COVPCOSI TI ONS AND METHODS FOR PRODUCI NG | SOPRENE CROSS- REFERENCE TO RELATED
APPL| CATI ONS [ 00011 This application clains priority benefit of United States
Provi si onal patent application No. 61/013,574, filed on Decenber 13, 2007. The
content of that |ication is hereby incorporated by ereininits
entirety. FIEMY BHAE | NVENTI ON [0002] The present in%@l@?ogﬂ&?%{]at es
generally to nmethods for producing isoprene fromcultured cells and
conpositions that include these cultured cells. BACKGROUND OF THE | NVENTI ON

[ 0003] Isoprene (2-methyll,3-butadienc) is the critical starting material for
a variety of synthetic polyners, nost notably synthetic rubbers. Isoprene is
natural |y produced by a variety of mcrobial, plant, and animal specks. In
particular, two pathways have been identified for the biosynthesis of

i soprene: the neval o ({SM?SMWWOWWWWSWWQM%te (DXP) pat hway
(Figures 19A and 198). However, the yield of isoprene fromnaturally-occurring
organi sns i s commerci al | yc%mﬁﬁF%F?%EQ%SmA%é&Wstons per year of

ci s-pol yi soprene _are produced fromthe _palynerization of isoprene; nost of
this polyisopt R <% &8IF R 't AT S VP EHIRT Prl"ﬂsd"ﬂ@f’*}‘%‘}t.apﬂhg‘ﬁﬁlr ene is al so
copol yneri zed fXor6l1(98%574$ledoniepembrat 2008 | Tastonsereat thptpppbeatinais betwduct s such as

f oot wear, mechambogéhteddy Rtk Serein®@icady. product s, sporting goods, and | atex.
[0004] Currently, the tire and rubber industry is based on the use of natural
and synthetic rubber. Natural r wurerorsEabtearmed fromthe m | ky juice of
rubber trees or plants found in the rainforests of Africa. Synthetic rubber is
based primaril yoon |t @dineinentioDle yEsRE sl omhetHofi@s erofacihdistpes frobut adi ene i s

obtai ned as a cQnphoHULE cofhRMEhAYLERM 2GR LRY| ene manufacture. [0005] While
i soprene can be obtained by fractionating petroleum the purification of this

material is expensive and ti ngs&@RBUND BITHRRVEQHEBNM cracki ng of the C5 stream
of hydrocarbons produces only about 15%isoprene. Thus, nore econoni cal

met hods for prQggi NGprkes BREBINE, 336848 RAR drticdl RerB@ bbb LR arieyBE hods that produce
isoprene at rates .titers Ly that are sufficient to.meet the demands

n
Hetic. polymers ﬁ]os?‘ ogbl sp e oprene 1§ naturally pro a varje
of a robust conterci'al process are desirable. Arso désired are systens for

produci ng i sopréRErbitelY beFaliecie opErien A rHurEMTvabgn idenffef PR B et al :
"First isol ati diesyohes@nfijogrepriemevapyant (WY3Epatyesyendtreomm-roqduay (DXA successf ul

exglr _es?]i gn o:‘_ t;}ﬁ@\i%?foﬂﬁreiz fgg%@qb@rh&&zeaé&%h Sf,iso_réaéhg%l amMp,Locclu%tlé, NO]; 3, |

publ i shed online es - i scl oses isolation of an | soprene
syt hnase gene é)rr%masméﬁgér”é%erscf%yﬁ}%%%c?ﬁeﬁé’égﬁgzéoﬁ?ﬂﬁef ol fw'pf / °|‘_’1§‘E|Qfe B.: "Erstnalige
i solierung ei n@&ELPPEHSYHTHRLR-CTRREIHARY Rt RSPRIFR'S B)4IP BSET Bfh des aus der
Pappel st anmendeier Gdnsy. omkre is @rap@lyingiz¢dddrere arrgyntetc eBitngeingiegene des

Meval onat - unabhaRgls GRMas kR SRcRlich JlaQsYMUBESeNRISS iR YSfam.Cy anobakt eri um
Synechococcus”, | NTERNET Cl TATI QN, 2001, pages 1-2, Retrieved fromthe

I nt ernet: [0004] Currently, the tire and rubber industry s based on the use of natural and synthetic
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BRI EF SUMVARY CEMeest of MRANTEENC [MPRIOB e Primg s opeiptiet pobvifie Ferdifent i on f eat ur es
cell's in cult urelybdibutapierocobtenct ssepe-priact fbmetyBnendmdygehe menkgywe. t he | nventi on
provides cells In culture that produce greater than about 400 nal e of

i soprene/ grai n [#05]c éVhlisisdpgre cintpe obrined hydiggbriating petrblbve, bedulicitooefitbis( nnol e/ g", n/ hr)
01;] [ sc()p; ene. ljnnaﬁﬁcﬂrﬁF@m%mtc&sun{hQEP&el}ﬂnﬁma&fégﬂ@ daazea);; &l ogous nuclbfei cI facikdcI
that (i) encodes,an i soprene nt e polypeptide an i s operably linke
to a pronoter. q?%ocgr%o.ns r%?fg%oﬁiysﬁl%)ﬁttlg? %(t’pﬁege' (:ﬂe{‘%ngs)(’reéagog’_mécﬁﬁ?e&?%&fl n a culture medi um
that includes @ CEPHEWBGLHEE SPEHe s medplt MahREeue isPr e =eb ity W¥ar bohydr at e
(e.g., xylese or glucose), acetate, glycerol, glycerine, dihydroxyacetone,
one-carbon source, oil, aninmal fat, animal oil, fatty acid, lipid,
phosphol i pl d, glycerolipid, nnnoglycerige, di gl ycerl de, triglycende, renewable
carbon source (e.g., a hydrolyzed bi omass carbon source), polypeptide (e.g., a
m crobial or plant protein or peptide), yeast extract, conponent from a yeast
extract, or any conbi nation of two or nore of the foregoing.



[ 00071 In sone enbodi nents, the Invention provides cells in culture that have
an average volunetric productivity of isoprene greater than about 11
mg/L,,,,,mMhr. En some enbodi ments, the invention provides cells in culture

t hat have a peak volunetric productivity of isoprene greater than about 0.6
mg/ Lb,,,th,/hr. In sone enbodi nents, the cells have a heterol ogous nucleic
acid that (i) encodes an isoprene synthase pol ypeptide and (li) is operably
linked to a iRt suifitidht (6 AERICRROME FBRLSE doRBer&PhrboBssaleQestdblefAloed in a cul ture

medi um t hat id ﬁzl.dté%es%te%s %P&Q%g% ngﬁo I&Q&FEinéarﬁnQ HL‘BI’BQI{MILJER? é QQk to, a

car bohydrate (€. Q. | ose Or ucose cetate | ycero | ycerine, d I
hydr oxyacet on(-:-rjgt 's‘cg)lﬁtgg %:%? ‘E)Ogrﬁnes%"ﬁrrg ?:eeq?ne?)rf_ bopgrrﬁnén%'fsce?sg%f o ea‘f’ﬁ?nnc%?e %In " fatty acid,
i pid, phosphertishiacolJDArGH #18iNe: 3 prolisbrg ogReiORHE0: PR GEBAEEsY 1 i gl yceri de,
renewabl e cafsPafian Youbwengsehngse tenp apdtpressigydile sehoneLe! dAkUSBP source), -

pol ypepti de (@stgaige Iliaming siebisehengynthgaé-aem uid hatréson Eoresspe pdsiagkalpr, Pagpelast ext r act
conponent fr e@meny@dehs sowd ChaGikierGIERRAY EGGATREAA Ids MBvaliar-inashamdigerTOr € of the
foregoi ng.  [QQ0BkbIsIhirB QIR ELADRMI TEBIReruh BehednBUENE I BRMTRYAFRS, Cel I's in

culture that2§§g¥§%ggngﬁgahgngﬁﬁﬂﬁéUgjﬁg&%%ﬁgm$he carbon In a cell culture
()

mediuminto i i sone _enbodl nents, the cells have het er ol ogous

nucl ei ¢ aci d RAEUISs eI ES TR PaepeHE T =S raTASEEE and (11) i s
oper abl y | i nK&gas"g/seprepp Biiseier . | n some enbodi nents, the cells are cultured in
a culture nmediumthat includes a carbon source, such as, but not limted to, a
car bohydr at e BREF gUMMARYIOBSBE IDIVENJIancose) , acetate, gl ycerol, glycerine,

di hydr oxyacet one, one-carbon source, oil, animal fat, animal oil, fatty acid,

l'i pi d, phosphbd) Aok as@kkeGivOhidnafires EINREIVEESE brilee b MELIE de, triglyceride,
renewabl e Cafe,laQo’&imirﬂé%rhEﬁveE%n r9¢vfdrsa¢elﬂmnlele¥%ﬁ%d 2% ?E@Qﬁsa C}%J;u%@néo%‘rce), pol yp

eptide (e.g., a mcropia r nt ., protein, or peptide east extract,
cgnponegt ?rSﬁVﬁE@@Q§°d§ V&H%@%ﬂ%yﬁﬁﬂ?&@Sﬁgpﬂﬂ“F%h°%?r?ﬁéugpannre of the
foregoi ng. [ GOBRITeNH he esrdave RHEIEPIPAPLCIEIcRFGIgt ANFBRITSE HEBERWYHBE cells in cul ture
t hat conpri s@oleeiies af @] vyesery fkat! @ Premeiesi roanerweditryis.dns ctlsprubified sy nt hase

pol ypept i de. cliare sedien tetrbaddesmemde soutdasucies, big ndhtwited ta 2 befoaeledgougosaucl ei ¢ aci d
that (i) encegfsosaackisipRBegEY AL BTSRRI ERIciE saRE of bial fatsanafaier abl y | i nked
to a pronot eky, fatfacR NFE pRSHRGEH, TR ofpid, hihSae&lid, SaiRERe, Gldite 8Ghelddiea cul ture medi um
that incl ucje%ar@cmgé% %Q';E r%lgz%d bighlrégaa@ w\p&-}, JwéptiJel(erH.,Fa%groBiQpr p%ntcar bohydr ate

e car bon sGUFBE R o3 eluin g byep e Py Rdin GO F Ry 2ot o
pbospholipidP”&VV@@P%Iipid, nonogl yceri de, diglyceride, triglyceride,
renewabl e carbon source (e.g., a hydrolyzed bi onass carbon source),

pol ypepti de (@97insonge embagimets, the in@ntioppreMires qelsdtogliure therhappaptvedgs) voluystigst extr act,
conponent fr eRu&iye@BdpreBXdrdaRtthan atbiit 0AIMYLAGHADH Brdre eOtbdiaénts Monvattomor e of t he
foregoi ng. [ QRIE: cdifin QRGe B8 RREL peall PRMERVRBLIVAI L ERRRLY B! thRbIGS Of produci ng

i soprene, su %/Lhaw%hrnfﬁ LJ?nQ gtﬁboginenlrg,st!h@cglls%% aqgterslébgus%ﬂelc §0|0qga$6:) Iél']c@cﬁg arrl erein to

produce isoprene. In so odl. ment the method involves culturing cells
under condit i'SSFr){%"eé’ﬂP' ?ﬁ?g%?ﬂ'&?@j@ﬁs&aﬂ%g "6‘?@%? g?mogeﬁgﬁoné egé??’sn}f% "unol e/ g"orn/ hr
of isoprene. °F'R%EEHEeEMbYHTGREALE DatirehR Rt Y s e Fretdd ™t Bcbver i ng i sopr ene
produced by terieehydestd (89 Wippe SisiveosirdRil: RrAP'sdvetrimredbydrppesatonerrsferes puri f yi ng

i soprene pr odecechizyimdl e ardnet dilFatty kep, Broinmbospimlindiddlyreeibi motchizcenvet hod i ncl udes

pol ymer i zi ng digh@rideSHyleinerenewitlessaitEh sendaQek. Aatcgzed biitas€@ibbssoliesye a het er ol ogous
nucl ei ¢ aci d ;bif}RLiadkENERALER RPark SARK & PSHIRY HdBSE:, BRIYRARLH Q%a@nd (ii) is

operably lin t 03 BIR0BE 8o of RS PHE S dinments, the cells are cultured in
a culture me |uﬁf%ﬁ§f |h%?d%e§°a gg}@%g‘ ogrce, such as, but not limted to, a

carbohydrate (e.g., xylose or glucose), acetate, glycerol, glycerine,

di hydr oxyacet one, one-carbon source, oil, animal fat, animal oil, fatty acid,
i pid, phospholipid, glycerapid, nonoglyccride, diglyceride, triglyceride,
renewabl e carbon source (e.g., a hydrolyzed bi onmass carbon source),

pol ypeptide (e.g., a mcrobial or plant protein or peptide), yeast extract,
conponent from a yeast extract, or anysconbination of two or nore of the
foregoi ng. 100111 In one aspect, the invention features methods of producing
i soprene, such as nethods of using any of the cells described herein to
produce isoprene. In sonme enbodi nents, the nethod involves culturing cells
under conditions resulting in an average volunetric productivity of isoprene
greater than about 0.1 ny/14,,0,h/hr. In sone enbodi nents, the nethod invol ves
culturing cells under conditions resulting in a peak volunetric productivity



m crobial or plant protein or peptide), yeast extract, conponent from a yeast
extract, or any conbination of two or nore of the foregoing. [00131 In sone
enbodi nents of any of the aspects of the invention, the cells in culture
produce isoprene at greater than or about 400, 500, 600, 700, 800, 900, 1, 000,
1, 250, 1,500, 1,750, 2,000, 2,500, 3,000, 4,000, 5,000, 10,000, 12,500,

20, 000, 30, 000, 40,000, 50,000, 75,000, 100,000, 125,000, 150,000, 188,000, or
mor e ni nol e/ goops) I/sbfie dmbetteRs) @ inlditioh PRI EFRGCHuIRMaSonvkdRor€Bdnlasoui N cul ture have
an aver age VQlogs¥Rdiik Carnfh qu@lultyrb];nYdlﬁfmtd&Qrgﬁeeln&m@temtgnﬁﬁ@nﬁsetﬁectenﬂglegr about 01,

1100, 1200, £308°5 it B~ t b 85t %00, 5. 000, 2. 100,

2,200, 2,300, 2,400,

2a



2,500, 2,600, 2,700, 2,800, 2,900, 3,000, 3,100, 3,200, 3,300, 3,400, 3,500,
or nore ng of isoprene/L of broth/hr (ng/Lbrodlar, wherein the volune of
broth includes the volune of the cells and the cell nmedium. In sone

enbodi nents, the cells in culture have a peak volunetric productivity of

i soprene at gr¥2e¥POWUHAN or about 0.5, 1.0, 10, 25, SOFCT@§@”T§@9 200, 250,
300, 400, 500, 600, 700, 800, 900, 1,000, 1100, 1200, 1300, 1,400, 1,500,

1, 600, 1,700, 1,800, ],900, 2,000,

is operably linked to a promoter. In some embodiments, the cells are cultured in a culture
medium that includes a carbon source, such as, but not limited to, a carbohydrate (e.g., xylose or
glucose), acetate, glycerol, glycerine, dihydroxyacetone, one-carbon source, oil, animal fat,
animal oil, fatty acid, lipid, phospholipid, glycerolipid, monoglyceride, diglyceride, triglyceride,
renewable carbon source (e.g., a hydrolyzed biomass carbon source), polypeptide (e.g., a
microbial or plant protein or peptide), yeast extract, component from a yeast extract, or any

combination of two or more of the foregoing.

[0009] In some embodiments, the invention provides cells in culture that comprise a
heterologous nucleic acid encoding an isoprene synthase polypeptide. In some embodiments,
the cells have a heterologous nucleic acid that (i) encodes an isoprene synthase polypeptide and
(i3) is operably linked to a promoter. In some embodiments, the cells are cultured in a culture
medium that includes a carbon source, such as, but not limited to, a carbohydrate (e.g., xylose or
glucose), acetate, glycerol, glycerine, dihydroxyacetone, one-carbon source, oil, animal fat,
animnal oil, fatty acid, lipid, pkospholipid, glycerolipid, monoglyceride, diglyceride, triglyceride,
renewable carbon source (e.g., a hydrolyzed biomass carbon source), polypeptide {e.g., a
microbial or plant protein or peptide), yeast extract, cornponent from a yeast extract, or any

combination of two or more of the foregoing.

[0010] In one aspect, the invention features methods of producing isoprene, such as methods
of using any of the cells described herein to produce isoprene. In some embediments, the
method involves culturing cells under conditions sufficient to produce greater than about 400
nmole/gwemfhr of isoprene. In some embodiments, the method also includes recovering isoprene
produced by the cells. In some embodiments, the method includes purifying isoprene produced
by the cells. In some embodiments, the method includes polymerizing the isoprene. In some
embodiments, the cells have a heterologous nucleic acid that (i) encodes an isoprene synthase
polypeptide and (ii) is operably linked to a promoter. In sorme embodiments, the cells are
cultured in a culture medium that includes a carbon source, such as, but not limited to, a
carbohydrate (e.g., xylose or glucose), acetate, glycerol, glycerine, dihydroxyacetone, one-carbon
source, oil, animal fat, animal o1}, fatty acid, lipid, phospholipid, glycerolipid, monoglyceride,

diglyceride, triglyceride, renewable carbon source (e.g., a hydrolyzed biomass carbon source),



2,100, 2,200, 2,300, 2,400, 2,500, 2,600, 2,700, 2,800, 2,900, 3,000, 3,100,
3,200, 3,300, 3,400,
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polypeptide {e.g., a microbial or plant protein or peptide), yeast extract, compornent from a yeast

extract, or any combination of two or more of the foregoing.

[0011) In one aspect, 1he invention features methods of producing isoprene, such as methods
of using any of the cells described herein to produce isoprene. In some embodiments, the
method involves culturing cells under conditions resulting in an average volumetric productivity
of isoprene greater than about 0.1 mg/Lyqn/hr. In some embodiments, the method jnvolves
culturing cells under conditions resulting in a peak volumectric productivity of isoprene greater
than about 0.5 mg/Lyon/hr. In some embodiments, the method also includes recovering isoprene
produced by the cells. In some embodiments, the method includes purifying isoprene produced
by the cells, In some embodiments, the method includes polymerizing the isoprene. In some
embodiments, the cclls have a heterologous nucleic acid that (1) encodes an isoprene synthase
polypeptide and (ii) is operably linked to a promoter. In some embodiments, the cells are
cultured in a culture medium tbat includes a carbon source, such as, but not lirnited to, a
carbohydrate (e.g., xylose or glucose), acetate, glycerol, glycerige, dihydroxyacetone, one-carbon
source, oil, animal fat, animal oil, fatty acid, lipid, phospholipid, glycerolipid, monoglyceride,
diglyceride, triglyceride, renewable carbon source (e.g., a hydrolyzed biomass carbon source),
polypeptide {e.g., a microbial or plant protein or peptide), yeast extract, component from a yeast

extract, or any combination of two or morc of the foregoing.

{0012] In some embodiments, the method includes culturing cells under conditions sufficient
to convert more than about 0.002% of the carbon in a cell culture medium into isoprene. In
some embodiments, the method also includes recovering isoprene produced by the cells. In
some embodiments, the method includes purifying isoprene produced by the cells. In some
embodiments, the method includes polymerizing the isoprene. In some embodiments, the cells
have a heterologous nucleic acid that (i) encodes an isoprene synthase polypeptide and (ii) is
operably linked to a promoter. In some embodiments, the cells are cultured in a culture medium
that includes a carbon source, such as, but not limited to, a carbohydrate (¢.g., xylose or
glucose), acetate, glycerol, glycerine, dihydroxyacetone, one-carbon source, oil, animal fat,
animal oil, fatty acid, lipid, phospholipid, glycerolipid, monoglyceride, diglyceride, trglyceride,

renewable carbon source (e.g., a hydrolyzed biomass carbon source), polypeptide (e.g., 2



3,500, 3,750, 4,000, 4,250, 4,500, 4,750, 5,000, 5,250, 5,500, 5,750, 6,000,
6, 250, 6,500, 6, 750,
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microbial or plant protein or peptide), yeast extract, component from a yeast extract, or any

combination of two or more of the foregoing.

[0013] In some embodiments of any of the aspects of the invention, the cells in culture
produce isoprene at greater than or about 400, 500, 600, 700, 800, 900, 1,000, 1,250, 1,500,
1,750, 2,000, 2,500, 3,000, 4,000, 5,000, 10,000, 12,500, 20,000, 30,000, 40,000, 50,000,
75,000, 100,000, 125,000, 150,000, 188,000, or more nmole/guwem/lir isoprene. In some
embodiments, the cells in culture have an average volumetric productivity of isoprene at greater
than or about 0.1, 1.0, 10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1,000,
1100, 1200, 1300, 1,400, 1,500, 1,600, 1,700, 1,800, 1,900, 2,000, 2,100, 2,200, 2,300, 2,400,
2,500, 2,600, 2,700, 2,800, 2,900, 3,000, 3,100, 3,260, 3,300, 3,400, 3,500, or more mg of
isoprene/L of broth/hr (mg/Lusw/hr, wherein the volume of broth includes the volume of the
cells and the cell medium). In some embodiments, the cells in culture have a peak volumetric
productivity of isoprene at greater than or about 0.5, 1.0, 10, 25, 50, 100, 150, 200, 250, 300,
400, 500, 600, 700, 800, 900, 1,000, 1100, 1200, 1300, 1,400, 1,500, 1,600, 1,700, 1,800, 1,900,
2,000, 2,109, 2,200, 2,300, 2,400, 2,500, 2,600, 2,700, 2,800, 2,900, 3,000, 3,100, 3,200, 3,300,
3,400, 3,500, 3,750, 4,000, 4,250, 4,500, 4,750, 5,000, 5,250, 5,500, 5,750, 6,000, 6,250, 6,500,
6,750, 7,000, 7,250, 7,500, 7,750, 8,000, 8,250, 8,500, 8,750, 9,000, 9,250, 9,500, 9,750, 10,000,
12,500, 15,000, or more g of isoprene/L of broth/hr (mg/Lyan/hr, wherein the volume of broth
includes the volume of the cells and the cell medium). In some embodiments of any of the
aspects of the invention, the cells in culture convert greater than or about 0.002, 0.005, 0.01,
0.02, 0.05, 0.1, 0.12, 0.14,0.16, 0.2, 0.3, 0.4, 0.5, 0.6,0.7, 0.8, 0.9, 1.0, 1.2, 1.4, 1.6, 2.0, 2.2,
24,26,3.0,4.0,5.0,6.0,7.0, 8.0,9.0,10.0, 11.0, 12.0, 13.0, 14.0, 15.0, 16.0, 17.0, 18.0, 19.0,
20.0, 21.0, 22,0, 23.0, 23.2, 23.4, 23.6, 23.8, 24.0, 25.0, 30.0, 31.0, 32.0, 33.0, 35.0, 37.5, 40.0,
45.0,47.5, 50.0, 55.0, 60.0, 65.0, 70.0, 75.0, 80.0, 85.0, 90.0 molar %, or more of the carbon in
the cell culture mediurm into isoprene. In some embodiments of any of the aspects of the
invention, the cells in culture produce isoprene at greater than or about 1, 10, 25, 50, 100, 150,
200, 250, 300, 400, 500, 600, 700, 800, 500, 1,000, 1,250, 1,500, 1,750, 2,000, 2,500, 3,000,
4,000, 5,000, 10,000, 100,000, or more ng of isoprene/gram of cells for the wet weight of the
cells /br (ng/gwem/h). In some embodiments of any of the aspects of the invention, the cells in
culture produce a curnulative titer (total amount) of isoprene at greater than or about 1, 10, 25,
50, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1,000, 1,250, 1,500, 1,750, 2,000,



7,000, 7,250, 7,500, 7,750, 8,000, 8,250, 8,500, 8,750, 9,000, 9,250, 9,500,
9, 750, 10, 000,
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2,500, 3,000, 4,000, 5,000, 10,000, 50,000, 100,000, or more mg of isoprene/L of broth
(mg/Luron, wherein the volume of broth includes the volume of the cells and the cell medium).
Other exemplary rates of isoprene production and total amounts of isoprene production zre

disclosed herein.

[0014] In some embodiments of any of the aspects of the invention, the cells further comprise
a heterologous nucleic acid encoding an ID] polypeptide. In some embodiments of any of the
aspects of the invention, the cells further comprise an insertion of a copy of an endogenous
nucleic acid encoding an IDI polypeptide. ln some embodiments of any of the aspects of the
invention, the cells further comprisc a heterologous nucleic acid encoding a DXS polypeptide.

In some embodiments of any of the aspects of the invention, the cells further comprise an
insertion of a copy of an endogenous nucleic acid encoding a DXS polypeptide. In some
embodiments of any of the aspects of the invention, the cells further comprise one or more
nucleic acids encoding an IDI polypeptide and a DXS polypeptide. In some embodiments of any
of the aspects of the invention, one nucleic acid encodes the isoprene synthase polypeptide, IDI
polypeptide, and DXS polypeptide. In some embodiments of any of the aspects of the invention,
one vector encodes the isoprene synthase polypeptide, IDI polypeptide, and DXS polypeptide,
In some embodiments, the vector comprises & selective marker, such as an antibjotic resistance

nucleic acid.

[0015] In some embodiments of any of the aspects of the invention, the heterologous isoprene
synthase nucleic acid is operably linked to a T7 promoter, such as a T7 promoter contained in a
medium or high copy plasmid. In some embodiments of any of the aspects of the invention, the
heterologous isoprene synthase nucleic acid is operably linked to a Trc promoter, such as a Trc
promoter contained in a medium or high copy plasmid. In some embodiments of any of the
aspects of the invention, the heterologous isoprene synthase nucleie acid is operably linked to a
Lac promoter, such asa Lac promoter contained in a low copy plasmid. In some embodiments
of any of the aspects of the invention, the heterologous isoprene synthase nucleic acid is
operably linked to an endogenous promoter, such as an endogenous alkaline serine protease
promoter. In some embodiments, the heterologous isoprene synthase nucleic acid integrates into

a chromosome of the cells without a sclective marker.



12,500, 15,000, or nore rag of isoprene/L of broth/hr (rog/Lb,oillir, wherein
the volune of broth includes the volunme of the cells and the cell nmediun). In
sonme enbodi nents of any of the aspects of the invention, the cells in culture

convert greatg&ogg%ﬂagg about 0.002, 0.005, 0.01, 0'02chuﬁémq&%ﬁ’ 0.12, 0.14,

0.16, 0.2, O. 5 0.6, 0.7, 0.8, 0.9, 1.0, 1.2, 2.0, 2.2,
2.4, 2.6, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0, 12.0, 13.0, 14.0,
15.0, 16.0, 17.0,

[0016] In some embodiments of any of the aspects of the invention, at least a portion of the
cells maintain the heterologous isoprene synthase nucleic acid for at least or about 5, 10, 20, 40,
50, 60, 65, or more cell divisions in a continuous culture (such as a continuous culture without
dilution). In some embodiments of any of the aspects of the invention, the nucleic acid
comprising the isoprene synthase, 1D, or DXS nucleic acid also comprises a selective marker,

such as an antibiotic resistance nucleic acid.

[0017] In some embodiments of any of the aspects of the invention, the cells further comprise
a heterologous nucleic acid enceding an MV A pathway polypeptide (such as an MV A pathway
polypeptide from Saccharomyces cerevisi, Methanosarcina mazei, or Enterococcus faecalis). In
some embodiments of any of the aspects of the invention, the cells further comprise an insertion
of a copy of an endogenous nucleic acid encoding an MVA pathway polypeptide (such as an
MVA pathway polypeptide from Saccharomyces cerevisia, Methanosarcina mazei, or
Enterococcus faecalis). In some embodiments of any of the aspects of the invention, the cells
comprise an isoprene synthase, DXS, and MVA pathway nucleic acid. In some embodiments of
any of the aspects of the invention, the cells comprise an isoprene synthase nucleic acid, a DXS
nucleic acid, an IDI nucleic acid, and a MVA pathway nucleic (in addition to the ID] nucleic
acid).

[0018] In some embodiments of any of the aspects of the invention, the isoprene synthase
polypeptide is a naturally-occurring polypeptide from a plant such as Pueraria (e.g., Pueraria
montana) or Populus (e.g., Populus tremuloides, Populus alba (P. alba), Populus nigra, Populus

trichocarpa, or the hybrid, Populus alba x Populus tremula).

[0019]) In some embodiments of any of the aspects of the invention, the cells are bacterial
cells, such as gram-positive bacterial cells (e.g., Bacillus cells such as Bacillus subtilis cells or
Streptomyces cells such as Strepromyces lividans, Streptomyces coelicolor, Streptomyces
coelicolor, Streptomyces albus, or Streptomyces griseus cells). In some embodiments of any of
the aspects of the invention, the cells are gram-negative bacterial cells (e.g., Escherichia cells
such as Escherichia coli cells or Pantoea cells such as Pantoea citrea cells). Insome
embodiments, the E. coli cells are E. coli FadR atoC mutant cells. In some embodiments, the E.
coli cells express (such as constitutively express) ybhE (also known as pgl). In some

embodiments of any of the aspects of the invention, the cells are fungal, cells such as



18.0, 19.0, 20.0, 21.0, 22.0, 23.0, 23.2, 23.4, 23.6, 23.8, 24.0, 25.0, 30.0,
31.0, 32.0, 33.0, 35.0, 37.5, 40.0, 45.0, 47.5, 50.0, 55.0, 60.0, 65.0, 70.0,
75. 0,

WO 2009/076676 PCT/US2008/086869

filamentous funal cells (e.g., Trichoderma cells such as Trichoderma reesei cells or Aspergillus
cells such as 4spergillus oryzae and Aspergillus niger) or yeast cells (e.g., Yarrowia cells such

as Yarrowia lipolytica cells).

[0020] In some embodiments of any of the aspects of the invention, the microbial polypeptide
carbon source includes one or more polypeptides from yeast or bacteria. In some embodiments
of any of the aspects of the invention, the plant polypeptide carbon source includes one or more
polypeptides from soy, com, canola, jatropha, palm, peanut, sunflower, coconut, mustard,

rapeseed, cottonseed, palm kernel, olive, safflower, sesame, or linseed.

|0021] In one aspect, the invention provides a tire comprising polyisoprene. In some
embodiments, the polyisoprene is produced by (i) polymerizing isoprene from any of the
corapositions or methods described herein or (il) polymerizing isoprene recovered from any of
the compositions or methods described herein. In some embodiments, the polyisoprene

comprises ¢is-1,4-polyisoprene.

[0022] In one aspect, the invention features a product (such as a tire) produced by any of the

compositions or methods of the invention.

[0023] Tt is to be understood that one, somme, or all of the properties of the various
embodiments described herein may be combined to form other embodiments of the present
invention. These and other aspects of the invention will become apparent to one of skill in the

art.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Figure 1 is the nucleotide sequence of a kudzu isoprene synthase gene codon-optimized
for expression in E. coli (SEQ ID NO:1). The atg start codon is in italics, the stop codon 15 in
bold and the added PsI site is underlined,

[0025] Figure 2 is a map of pTrcKudzu.

|0026] Figure 3 is the nucleotide sequence of pTrcKudzu (SEQ 1D NQO:2). The RBS is
underlined, the kudzu isoprene synthase start codon is in bold capitol letters and the stop codon

is in bold, capitol, italics letters. The vector backbone s pTrcHis2B.



80,0, 85.0, 90.0 nolar % or nore of the carbon in the cell culture nedium
into isoprene. In sone enbodi nents of any of the aspects of the invention, the
cells in culture produce isoprene at greater than or about 1, 10, 25, 50, 100,
150, 200, 250,y39R.,A489. 500, 600, 700, 800, 900, 1, oogcw%wa§9%m§ 500, 1, 750,
2,000, 2,500, 3,000, 4,000, 5,000, 10,000, 100,000, or nore ng of
isoprene/gran1of cells for the wet weight of the cells Aar (ng/g"/h). In sone
enbodi ments of any of the aspects of the invention, the cells in culture
produce a cunul ative titer (total amount) of isoprene at greater than or about
1, 10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1,000,
1, 250, 1,500 1, 750, 2,000, 2,500, 3,000, 4,000, 5,000, 10,000, 50, 000,

100, 000, or ra i.sopren broth (ng/L,,,i,, wherein the vol une of
broth includes ﬁﬁ@lg%ﬁﬁ >4 pgﬁgé%%;F¥“and the cell medium. Other exenplary
rates of isopre ductlon t ot al 2 S. 0 ne production are

di scl osed herei ﬁ&gfolgﬁ‘if]s'ﬁt?fngc “e%‘éfa SH( “&ﬁgﬁﬂgghe aspects of the

i nvention, the ﬁﬁgls fu%t er E@Pr 28,2 helerologous nucl ei ¢ acid encodi ng an
I N pol ypepti de. TR} STHE B80T RerfE™8F" any of the aspects of the invention,
the cells furth onpri.se an insertio C endogenous nucl ei c

aci d encodi ng aﬁsﬁog P%L(r)l@“}é”%de qese uﬁ"cg%ﬁg{ & dﬁp( Og%) any of the aspects of
t he inventi on, C urther a _het erol.o i c acid encodi ng
a DXS polypeptltgghei}Il'eg"re%‘Al 5@%3 %F%Dﬁgmnd“qm?e?ﬁeggggéc NMSP the invention,
the cells furth®&'conprise an insertion of a copy of an endogenous nucleic
acid encoding a DXS poly ge ptide. In sone enbodi nents of any of the aspects of
the invention, Pﬁ%]dgpﬁ§ s Peato g pprrisgiont somsre pfree! gl aci ds encodi ng
an | DI polypeptﬂnemah¢ma DXS pol ypeptide. In sone enbodi nents of any of the
aspects of the invention, one nucleic acid encodes the isoprene synthase

pol ypepti de, | Di0033DbI Kipre3€iisd eraphalimetin DX Sprppiadtippe ooradein £lepi B@hellertbodi nent s of any
of the aspects gfkdi@ i nvention, one vector encodes the isoprene synthase

pol ypepti de, 101 pol ypeptide, and DXS pol ypeptide. In sonme enbodi nents, the
vect or conpri seposa) SehuedhiigrafFRidéaE the Srblukliodd isddenai ki b M1 @1dwaGi St ance nucl ei ¢
aci d. 10015) In sQnexeppodi ments of any of the aspects of the invention, the
het er ol ogous |soprene synt hase nucleic acid is operably linked to a T7

pronoter, such @&35 ﬂme%%’l%ﬁrsho%@bﬁ'oﬂﬁ%e opfeﬂle%g{ olf|g1091r hi gh copy pl asmd. In
sone enbodlnent§%9 the invention, the heterol ogous

0
i soprene syntha Hﬂgﬁé?e"ﬁcrﬁfgip§dé??ﬁwv | i nked to a Trc promoter, such as a
Tic promot er CO@&S@L 9sthérg}!%dﬁoldmﬁ gc%)rene ;?%uchonpo¥ergr8i o§¥n entatlou ofSEOgJ‘F embodi ment s

of any of the a ete OUs™"Spt Ene synt hase
nucleic acid |SB%%@Fébﬁ?“HﬂﬁwﬁéﬁﬁﬁdéﬁﬂﬁémﬁronDter such as a Lac pronoter
contained in a | ow copy asmd. In sone enbodi nents of any of the aspects of
t he inventi on, Wﬁ%]H@P§H§$Bg@ﬂ%ﬂP%ﬁ@W@W@“@Vﬁfﬁ§§@“hﬂ@@éfﬁﬂh€ﬁﬁmls oper abl y

| i nked to an endmgemmMSmemmmm@m¢memshmas ary @éndogenstsisalekal i ne swi ne

pr ot ease pronDtQQMmL@h&gﬁgﬁggnggmﬁgpts t he heterol ogous isoprene synt hase
nucleic acid integrates into chronosone of the cells wthout a selective

mar ker . [0038] Figure 10B is a graph showing the production of isoprene in Panteoa citrea expressing

pCL-lac Kudzu, Grey diamonds represent isoprene synthesis, black squares represent ODggg.

[0039] Figure 10C is a graph showing the production of isoprene in Panteoa citrea cxpressing

pTrcKudzu. Grey diamnonds represent isoprene synthesis, black squares represent ODgpq.



[ 00161 In sone enbodi nents of any of the aspects of the invention, at |east a
portion of the cells maintain the | acterol ogous isoprene synthase nucleic acid
for at |east or about 5, 10, 20, 40, 50, 60, 65, or nore cell divisions in a
conti nuous culyar&yds4deh as a continuous culture w thodtrghidbdeRs) - | N sonme
enbodi ments of any of the aspects of the invention, the nucleic acid
conprising the isoprene synthase, 1DI, or DXS nuclelc acid al so conprises a

sel ective marker, such as an antibiotic resistance nucleic acid. [0017] In
sone enbodi nents of any of the aspects of the invention, the cells further
conpri se a hei erol ogous nucl ei c acid encodi ng an MVA pat hway pol ypepti de (such
as an MVA pat hway pol ypeptide from Saccharonyces cerevisi N@thanosarcina

maze', or Enter us fereca IS n nbodi nent s of the aspects
of “the {nvent | dERL el SERLI BN MRS SRR T O B opy of - an
endogenous nucl@W@mammﬁw@ﬁ8@@%%@G&ﬁmwvﬁwpﬁva&ymﬁbﬁyﬁém¥m@QMVSuch as an WA
pat hway pol ypepitdp@e pfol@iitnSTERRBGIINALCRSs £ R ls@YisStad, wilMESRadzogasmbinkd mazei , or

Ener ococcus fae&ﬁk&%%mm&ﬂ)%Qﬂ%a?QPQQhﬁﬁﬂggmgf any of the aspects of t he
invention, the cells conprise an isoprene synthase, DXS, and MA pat hway

nucleic acid. | s§0P.eRofl MBOLS sQfeadRY, pB@ku&D;@é%%%%nOf the invention, the
cells conprise an isoprene synthase nucleic aci a DXS nucleic acid, an M

nucl eic acid, agg;a ﬂMme&Mayon&ugqtﬁ&gﬂ&m isgheleld stﬂhm cbn-tR L nucl ei ¢ aci d) .
[0018] In sone enbodln;nts ﬂﬁWbB t he aspects of the invention, the

i soprene syntha%%““°'“6mﬁV“ &5 "% hat ural I y- occurrlng polypeptlde froma

pl ant such as ar eraria u us (e.g. Popul us
trenul oi des, Po'fj)l'ﬁ%arfJl ‘ﬁsgm@°5qé:%°ﬁg”wﬁ &%m”%Vmcs 5037 PP chocar pa, or the
hybri d, PopulaﬂW&WHEﬁﬁﬂpﬁﬁﬂP&§”WW%nula) [01119] I n sone embodi nents of any of
the aspects of the invention, the cells are bacterial cells, such as

gram posi ti ve b3l fieye 1Tishs wolpoudegeavengsofyepyr gRPZEMPFESIYCER NGBHE | | us subtilis
cells or Streptomyces | s such as Streptonyces |ividans, Streptomyces
coelicolor, Strl 8n¥otF|’¥9'6é%‘s Bour rugsisgpescest etk RaE g B e @ St r ept onyces
griseus ceIIs)1whwmsanemeﬁbmd#ﬁén@sﬂ@@uahyowﬁSﬁﬁénﬁsﬁ@cts of the invention,
the cells are gramnegative bacterial cells (e.g., Escherichia cells such as
Escheri chi a cont®@él [Feugi? Pasrmgetdecabdne obShrshntas gl roedPortiraiaxcel | s). I n sone
enbodi ment's, t heplius reai) S@lecheSyiiak gdae (SEQID N&- 8.1 IR &ftGrMsbankh vdehd S. I N sone
enbodi nents, the | aﬁ&h$m&ﬁ&&s express (such as constitutively express) ybhE
(al so known as pg/ 5 I'n sone enbodi nents of any of the aspects of the

i nvention, the gabl %mﬁfwgpisuam chenGi@obiBni UG AR ol iR DY Tinal cell's (e.g
Trlchodenna cel | s such as Trichoderma reesei cells or Aspergillus cells such
as |fsperglllu§ g yzae and Aspergillus Inger) or yeast cells (e.g., Yarrow a

cells such as Yarrow. a tica cell 10020 n so i ments of any of

the aspects of ! 4@ ﬁ#&@ﬁﬁ'%xma$ &“ﬁf%ﬁ%ﬁf%ﬂm884VB%ﬁ?mgglgggﬁgn source incl udes
one or nore pol pti de om yeast bacterla odi nents of any of
the aspects of %@g F#W?%F%%ﬁwagﬁém%fgh?mﬁmf 85p?mﬁ§”@%&§@§ggource i ncl udes one
O Pr e POl YPERLeS L O S0, (O R oA Baclo B OBOR, LI Deanul,

€I
sunfl ower, coc es onsee olive,
0

Saf f1ower, . S-esaartﬁoll c.lt"rgure lgﬁssgowsa emgt%%zmnlmn (g%gmcnon @%e vectﬁréxt}flg]d g)nt i on pl‘ ovides a
[
3

tire conprisin yI'sop rene n SO oprene 1S

produced by (i) S ene. from an g ions or nethods
descri bed herelwﬁgr ‘?m; (1§ﬁ%fgffﬁﬁmwlSﬁ?%%enré%ovgf§gqﬁgﬁﬁ%any of the

conpositions or t ods b her. me_enbodi t he
pol yi sopr ene co[rrprl sEe s °lwsi{' ﬁq’f‘amdngbrmé‘ﬁt@pc ‘gﬁaﬁszfrmﬁmc@gseé"sﬂect t he

i nvention feat ufoggery "bl"f?&ﬁﬁét“L(PﬁYéh""’aé”é”t 10P%2) Thp Poliratrg édcrpyen afyeof i he
conpositions or nethods of the invention. [0023] It is to be understood t hat
one, sone, or all of the properties of fhe various enbodi ments descri bed
herein may be conbined to form ot her enbodi nents of the present invention.
These and ot her aspects of the invention wll becone apparent to one of skil
in the art.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0024] Figure 1 is the nucleotide sequence
of a kudzu isoprene synth ase gene codon-optim zed for expression in E. coli
(SEQID NO 1). The atg start codon is in italics, the stop codon is in hold
and the added \p§tdoo/skds8 1S underlined. [0025] Figure 2pifudeddRfs@f pTrcKudzu.
10026] Figure 3 is the nucl eotide sequence of pTrcKudzu (SEQ ID NO 2). The RBS
is underlined, (be kudzu isoprene synthase start codon is in bold capitol
letters and the stop codon is in bold, capitol, italics letters. The vector
backbone is pTreH s2B. [0027] Figure 4 is a map of pETNH sKudzu. [0028]
Figure 5 is the nucl eotide sequence of pETNH sKudzu (SEQ I D 140:5). [0029]
Figure 6 is a map of pCL-lac-Kudzu. 10030) Figure 7 is the nucl eotide sequence
of pCL-I ac- Kudz SEQ ID_NO. 7). 100311 Figure 8A is a graph show ng the
o ot i on of ; JEBPEEnE AR B et STt & AR Rr S8055) Figure 88
is a graph showrmeatuting thspeyeityefthedriicefd prigrspideleeh ¢f thesereferepries argpp pergig| | s wi t h
pCL- Lac- Kudzu 10&33thiedty gpiftietee lheir Sntigttigpapdalaginatiestgcet tohaypfoOidlyedpiiden of | sopr ene
in E C_Ol ! 8'—2_1ac§\§t£'ko§po%etpghemﬁ1@ll§y.g§HDXﬂ9a%4)]s). ﬂe&%ﬂe%ﬁ:%@ﬂ‘gr aph show ng the
producti on of |§o&n{§ e Lh E %%Ja %%%:} gellh%sj t(h, pg%g.\%]é_gl@%og% [ 0035) Figure
9A is a graph sH6Wr °3‘afﬁ'_’5 BEFe R B 1 &r kT AT B A B 6P L21/ pTreKucl zu
ina 14 liter fBYGHIYEpYheybRIYEEIAGRDase, 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: 21162122, 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-isomersse, IDI], 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 syntbase, IspD, EC 2.7.7.60. Assay: PNAS, 97: 64516456, 2000; CMK; 4-

Diphosphocytidyl-2-C-methyl-D-erythrito] kinase, IspE, EC 2.7.1.148. Assay: PNAS, 97:1062-

1067, 2000; MCS; 2C-Methyl-D-erythritol 2,4-cyclodiphosphate synthase, [spF, EC 4.6.1.12,

Assay: PNAS, 96:11758-11763, 1999; HDS; 1-Hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate

synthase, ispG, EC 1.17.4.3. Assay: J. Org. Chem., 70:9168 -9174, 2005; HDR; 1-Hydroxy-2-

methyl-2-(E)-butenyl 4-diphosphate reductase, IspH, EC 1.17.1.2. Assay: JACS, 126:12847-

12855, 2004.

|0054] Figure 198 illustrates the classical and modified MVA pathways. 1, acetyl-CoA
acetyltransferase (AACT); 2, HMG-CoA synthase (HMGS); 3, HMG-CoA reductase (HMGR);
4, mevalonate kinase (MVK); 5, phospbomevalonate kinase (PMK); 6, diphosphomevalonate
decarboxylase (MVD or DPMDC); 7, isopentenyl diphosphate isomerase (IDY); 8,
phosphomevalonate decarboxylase (PMDCY); 9, isopenteny! phosphate kinase (IPXK). The
classical MVA pathway proceeds from reaction 1 through reaction 7 via reactions 5 and 6, while
a modified MVA pathway goes through reactions 8 and 9. P and PP in the structural formula are
phosphate and pyrophosphate, respectively. This figure was taken from Koga and Morii,
Microbiology and Mol. Biology Reviews, 71:97-120, 2007, which is incorporated by reference in

11



[ 00361 Figure 913 is a graph show ng isoprene production over tine of
fermentation of E. coli BL2lipTrcKudzu in a 14 liter fed batch fernentation.
(0037) Figure WA is a graph showi ng the production of isoprene in Pant eoa
citrea. Contr t hout reconbi nant kudzu isopre :
di anonds repr g’lsl%?\ot%t}@’g)%mr ene synthesis, black squares rggrr@%gb%\t %%sa 100381
Figure 108 is a graph showi ng the productl on of isoprene in Panteoo citrea
expressing pCL-lac Kudzu. Gey di anonds represent isoprene synthesis, black
squares represent Don. [0039] Figure 10C is a graph showi ng the production of
i soprene inFa/noo citrea expressing pTrcKudzu. G ey di anonds represent

i soprene synthesis, black squares represent 0D650. [0040] Figure 11 is a
graph show ng the productl on of isoprene in Bacillus subtilis expressing
reconbi nant i sopFERE RATHRYE eBesGOEbTHIT] RVEPEes ElHPITEMES rai n wi t hout

pl asm d (nati verapszypFlemedifnd ¥¥hotthvon )s preCR A4 3xaBol8 59duareha@l prgangmB. subtili s
strain wth pBSkudzuearesanhizrant i soprene production). IS on the y-axis

i ndi cates isoprene. [0041] Figure 12 is the nucl eotide sequence of pBS Kudzu
#2 (SEQ I D NO 56955 [FQ:,QA’?(]shﬁsgruﬂhe:e]}aednﬁgrisheoﬂ&k@C&GﬂﬁdﬁszﬁﬂM&BCe of kudzu

| sopr ene synt Nasg, 4GA9RARhLT, ﬁg,.JQQ&am@es,&c,&a&b Qirh {gg@qusdgmo 3{cSEQ 1 D NO 8).

[0043] Figure 14 is a nap rising ZU 1 soprene synthase gene

codonopti m zed %qaseé%r&?f%ﬁm‘? %‘6’4‘5%}“8’\}\] e°f'f‘tf(3'ﬁ‘if]’°‘ﬁf"§ﬁf‘@‘df‘§5 is the nucl eotide

sequence of vector SPZl( MAY29 S NO 11). [0045] Figure 16 is the
nucl eoti de sequéfite &ﬁ’reflh‘%a’%qﬁﬁftsﬂ%g%(?d%“’&%ﬂﬁ KePrieraria nontane) isoprene gene

he nucl eot! de M3 SRB 51 w@eoné“ea%ﬁ%{%ﬁxé TEEs R CRRBRITE al ba’x Popul us
(remul a) isopre[wgg]s;{:nturg%lsms %‘””’&Sd’d“ ?5’(3“ re%ffmmge ATG start codon is in

bol d and the st'op cod ¢”fgA shows a schematic
outlini ng constFdERir&HzRn- \Féﬁf’toosr‘%e “ﬂ’YE’%{‘dl"“" PTHHQ0 ) The x-axis is

time after induction; the y-axis is ODgao and the y2-axis is total productivity of isoprene (pg/L

headspace or specific productivity (ug/L headspace/OD). Diamonds represent ODggo, circles
represent total isoprene productivity (ug/L) and squares represent specific productivity of
isoprene (pg/L/OD).

[0059] Figure 23B is a graph showing production of isoprene from glucose in
BL21/pTrcKudzu yID] kan. Time @ is the time of induction with IPTG (400 pmol). The x-axis
is tme after induction; the y-axis is ODggp and the y2-axis is total productivity of isoprene (pg/L
headspace or specific productivity (pg/L headspace/OD). Diamonds represent ODggp, circles
represent total isoprenc productivity (pg/L) and squares represent specific productivity of
isoprene (ug/L/OD).

[0060] Figure 23C is a graph showing production of isoprene from glucose in
BL21/pTrcKudzu DXS kan. Time O is the time of induction with IPTG (400 pmol). The x-axis
is time after induction; the y-axis is ODgqo and the y2-axis is total productivity of isoprene (pg/L
headspace or specific productivity (ng/L. headspace/OD). Diamonds represent ODggq, circles
represent total isoprene productivity (ug/L) and squares represent specific productivity of
isoprene (ug/L/OD).

[0061] Figure 23D is a graph showing production of isoprene from glucose in
BL21/pTrcKudzu yIDI DXS kan. Time 0 is the time of induction with IPTG (400 pruol). The
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[ 0048] Figure 18B shows a schematic outlining construction of the vector
PYLA(POP1). [0049] Figure 18C shows a schematic outlining construction of the
vector pYLA(KZ1) [0050] Figure 180 shows a schenatic outlining construction of
t he vector pY 051] Figure 18E shows a schemati g
construction Ia‘%ﬁﬁ%%\ﬁ/%gt or pYLI(MAP29) 10052] Figure 1 ET@#BJS}O%JBSCMWBU C
outlining construction of the vector pYLA(MAP29) [0053] Figure 19A shows the
NI VA and DXP net abolic pathways for isoprene (based on F. Bouvier etal.,
Progress in Lipid Res, 44: 357-429, 2005). The follow ng description includes
alternative nanes for each polypeptide in the pathways and a reference that
di scl oses an assay for neasuring the activity of the i ndi cat ed pol ypepti de
(each of these references e eac b |nc ora erence in their
entireties, parff@uﬁ“ﬁ??@ %‘g’ftﬁnr% axésdi&f?ﬂgng P“Pfsé?aﬁ i "c'x'gp FE&™activity for
pol ypept i des i n(PB/héﬁaWAC%Pmc’flxmd%m%%qupwpal @W@YWFW\HW AACT;

Acet yl - CoA acet yikckdrgnsdesa seyendta@imtiviGiel ) did dudes refssa Ypecifc.proBachigsi al ., 184
2116- 2122, 2002; QM@L,Wdr oxyrnet hyl gl utaryl - CoA syntl aase, MaS, EC
2.3.3.10. Assay Bacterial., 184: 4065-4070, 2002; HMCER

3- Hyd r OXy 3- met tﬂw29| #éuﬁ:léy}i is 52:%%5 Eh%@&ﬁon%ﬁﬁene% lluc’laseln B?L41 (ﬁs say. J.

Bacterial., 184 16- 2, t nase, 2, EC 2.7.1.36_
Assay: Can- Generfcg"]laé éznfi P e o Wl\ﬁ/ﬁosp By 7R o]ﬁaf”‘és‘iél"ﬁé %, ERGS, EC
2.7.4.2, Assay: infytfoo; s lviaxigh e adpiE-y§ e BB produgyity OfWWBGHWCﬁ!%S?phorreval onat e
decar boxyl ase, hiddific pE@mélu&@yL&!&dspa%sela)y DiaBbnOC EpesenSIy, circBSiefr33bbtal1 3362, 1994,

| DI; | sopent enykdli el i @udes QRIEBLAS R @ 2 spy: Biol. Chem
264 19160- 191755631?9 9, ng@éaﬁﬁvé; 2 %%Dec%iylg’ulggbgm (u%ﬁgsphate synt hase,

dxs, EC 2.2.1.7 00 Sﬁéﬁreilifpé%sh% ]meon@asoprlfgngm g]%nn PJL?%Q.XY D-xyl ul ose

5-phosphate red 1 SO hem
269: 4446- 4457, %(Swg‘fz @T%ﬁoﬁg‘e sh g“°“° d“i“g@f%ﬁ%‘f’lhﬁﬁ ’D”é"“s“ﬁn synt hase,

| spD, EC 2. 7. 7. BHctiondisayris irfiag aﬂdghf y2 e‘sz%ars@fw@mﬁe@meﬂ% heﬁt’space

Di phosphocyt i dy&sieifs-prdtchivity (B eaysbdae/OD)0 Piakiondarepeesen] Glads circe€refesdhy 2121148, Assay:
PNAS, 97; 1062-i5bR8Drod 809 (neMami sqefes Mty dpedic 8lodb Bl de @bprede zG¥6). 0di phosphat e
synt hase, | spF, EC 4.6.1.12. Assay: PNAS, 96:11758-11763, 1999; UPS,

1-1-iydr oxy rrmslaylpxg%re(zﬁ)rsbwpeghy\bmgélprahdampdaaseeroﬁgmotbaxsﬁ,zub@pG EC 1.17.4.3.

Assay: J. in E .

et hyl - 2- (E) hutgﬁadf“’gfgd?%ﬁg‘sﬂ%g“%‘”reg%?"”ése 4306‘#3“5%% P79 Assay: JA CS,
126: 12847- 12858 Heser mib@‘&fﬁ%ﬁ‘ﬁﬂ‘é%@%“#ﬁlRﬁ%’t‘ﬁ“&?@%@‘ﬁ‘@“@ﬁasm cal and

nodi fi ed MVA palekiwasesr spdeific prodttyit- (Gl reaisreteyD). i hde reprssent OPACTYles 2, HMG- CoA
synt hase (HVGS) mpraemhl!mb&%pmdu@(a@@ 2 dlsiVbsR)répredeat spBMS - QARALIQ oKi Na. se (MK) ; 5,
phosphor oeval ongf 6@55 (PW); 6, diphosphoneval onate decarboxyl ase (MWD or
DPMDC) ; 7, i1sope tenw i‘phosphate i sonerase (I1DI); 8, phosphoneval onate

decar boxyl ase ( %BC)Prﬁugmﬁ §98%mhg‘p#Pr@@g&popg%gm@og 8.l PK). The classical WA

pat hway proceeds reactl o ‘6qgf eact 1 on Via reactions 5 and 6,
while a nmodi fi e MAPECIREY Gol% TSGR H-aaet e g aide o 8nd PP in the
strucnral for muThax-arisds prvele hédceonalird-apyis Obhosiivat-egs ivtag pedttivingdfy,. This figure
was taken from kega (@fictheMide os spdWinE reaiioikyQ@yt. iaaaipabeVDS. BRIl LQNs ReVi ews,
71:97-120, 2007 é’s‘@\k@!@wo b?acllﬁa%ggsp &&Lt%gprpxgrgcﬁgtl@{yq ?addurhlle §rcent| rety,

particularly mnt% respect nuclelrc ac ypept| s of the nodified
MVA pat hway. TH@”ﬁﬁH?F?EBmWWKWﬂéfﬁﬁﬁym?g %%esent for exanple, in sone

ar chaeal organlsns such as Methanosar ci na tnazet [0055] Figure 20 shows

gr aphs represen@?ﬂg ﬁ@?ﬁf?%mﬁ¥”QH%KEﬂpﬁﬁmanalyS|s of |soprene production by
reconbi nant Y. tica strains mnthouR#%Deft W th § ght) a kudzu

i soprene syntha@%‘ H@“z%ﬁémﬁngﬁgm?ﬁﬂf§7 e @K%%HBHOP)WE of thc authentic
i soprene standard. [0056] Figure 21 is a map of pTicKudzu yLDIDXS Kan. 10057]
Figure 22 is the nucl eotide sequence of ;pTrcKudzu yl DI DXS Kan (SEQ I D NQO 20).
[ 0058] Figure 23A is a graph show ng production of isoprene fromglucose in
BL21/ pTrcKudzukan. Tine O is the tinme of induction with 1PTG (400 prinp. The
x-axis is tinme after induction; the y-axis is 01D600 and the y2-axis is total
productivity of isoprene (pg/L headspace or specific productivity (pg/L
headspace/ OD). Di anponds represent ODsoo, circles represent total isoprene
productivity (pg/L) and squares represent specific productivity of isoptenc
(ng/L/COD). [0059] Figure 23B is a graph showi ng production of isoprene from
gl ucose in



BL2// pTrcKudzu yLDI kan. Tinme O is the tinme of induction wth 1PTG (400 [ no.
The x-axis is time after induction; the y-axis is OD600 and the y2-axis is
total productivity of isoprene (pg/L headspace or specific productivity (pg/L
headspace/ QD) .. Di anonds represent 013605, circles represent total isoprene
productivity (PUFYY8A8 squares represent specific proBtYFPPEP%f i soprene
(pg/UOD). 100601 Figure 23Cis a graph show ng production of isoprene from

gl ucose in 8L2)/plrcKudzu DXS kan. Time O is the time of induction with | PTG
(400 prnol). The x-axis is tinme after induction; the y-axis is 0D600 and the
y2-axis is total productivity of isoprene (pg/L headspace or specific
productivity (pg/L headspace/ QD). D anonds represent 01D504, circles represent
total isoprene productivity (tig/L) and squares represent specific

producti vity of (0968logveaeis@s ¥ pgrrlef iGPfreUpsdeYeyFi gure 23D is a graph showi ng
production of isoprene fromglucose in BL21/pTrcKudzu yl DI DXS kan. Tinme 0 is
the time of indd¥Pl dreuwitt k2 mPRGecprEce ROl PrcHhesPathway SEQ P NO#)me aft er

i nduction; the y-axis is Duo and the y2-axis is total productivity of isoprene
(tig/ L headspacl@078k Fgyees :19v¢ 2 prrrdilieeisv eqptaippg P lorseMus prlevey @bjeest Di anonds
represent OL600ii f@iintegd1@8 infoatip BesMMtchibdsabe al BOPIEEN@. [pERGitedni/dsivbsyearpg/ L) and
squar es represeflic.SP8E kdh & sdled BGH VoA foriR@RES NBEGRGLE! (e [ 0062] Figure

23E is a graph show n roduction of i soprepe, from glucose L21/ pCL
PtrcKudzu. Ti rrese’ffe?rgtea[g‘?”fg"“f‘)fc#rgs‘fﬁes Rtiiiaal (gsﬁ 'len'JfIhmls'i-”‘?%“ (400> f%ﬁ(%ﬁ) . The x-axis
is time after ithoadtesnMVEhiadigledbeyeestimsvappkingn gene: RESYHKindicaes he  t ot al

producti vity ofyeissappienevalcdieganase BpadtpaedivORBSPBeinfof Be spriaduURBS-MPE Y (pg/ L
headspaceJOD) . ;RkaRDRdS.s B RSN onfdREBroxyhaiezEde G 4 BRESREN kRl @] 1 SOprene
productivity (pg/ %?E .gn}ngs_IggigJiems Lepresent speci, |R<_:Bspr9duc Jvity of isoprene
(pg/ L/ OD). [ 0063 Figure 23R 7& " graph show fig productidn of ‘i soprene from
gl ucose in BL21¥tpGemppiprdidireiss ihe jFrpator sl sqgne peotepsp gangeripyen teypinptoideet i on wi th 1PTG
(400 pnol). Thes xmeixieSBcidns SbdcRipdiafet e spdctirdinini r@istanct tegkeyy “gud ugstrkgn OD680 and t he
y2-axis is totakpeRtRMOtidarids¥ iRk rs)pag@{h@a})@mﬁ,& le@énlusch RRASRRALH.OF specific
productivity (pg/L. head space/ QD). Di anonds represent OD6ao, circles

r em(r]I esent tot a:c 1047910 3813 89 ipglﬁgéb?&eisiéhehﬁ ogdgﬁJnL)Fqn@mglg t&g%wm,x 5a§1@5ﬁ§(ﬁnt hs pecific
productivity of |soprene » ur e . aph show ng

production of iysc%sgggoﬁggp?t%’?n%:mﬁé’(:)s)sbémi %Oﬁf%f/aiot i lof‘és%t}ggﬁﬁ?))g(é; Time 0 is the
time of inducti Wt h TG unol). The x-axis is tinme after induction;
the y-axis is 0@}6‘0 ﬁ%ﬁgﬁg%mé)g?pg?&w% total productivity of isoprene (pg/L

headspace of SP iGudh DINELLNI M ARG frISAISRREG R/l Di aronds repr esent

OD60, circles represent total 1soprene productivity (pg/L) and squares

represent speci[f]d.,g RELIYEL L Mo L¥prRboplSOPT €Ne (pg/ L/ OD). [0065] Figure 23H is a
graph show ng production of r1soprene from glucose in BL21/pTrcKudzul DI DXSkan.

f
The arrow indi cgf,es ngnrgﬂigmdg,gdeisg&g&to} mea;(@ﬁ%ﬁmgﬁ 400 prol ). The x-axis is
time after induction; the y-axis I's OD and the y2-axis is total

productivity of ,i,500%£064 i P9 br PRRUSPAGK.QT specific productivity (pg/L
headspace/ 01)). Black di anonds represent ODi zo, black triangles represent

i soprene produchimfi teipak PO ddci R sitbhdeGr _k@dﬁﬁpf@pgsﬁéwo@&ecifi ¢ productivity
of isoprene (pg/L/OD). 100661 Figure 24 is a map of pTreK K Dyl klS kan. 100671

Figure 25 is a gl 8Ll e SEAYERRRuADXBKLEICICDYI kI S kan (SEQ I D NO 33).

[0079] Figure 37 is a nucleotide sequence of pTrcKudzuDXS Kan (SEQ ID NO:51).

[0080) Figure 38 is 2 map of pCL PtrcKudzu,



[0068] Figure 26 is a map of pCL PfrcUpperPat hway. [0069] Figure 27 is a
nucl eoti de sequence of pCL PtrcUpperPathway (SEQ I D NO 46). [0070] Figure 28
shows a map of the cassette containing the | ower MA pathway and yeast H for
integration into the B. suluilis chronosonme at the nprE_| ocus. nprE
upst r ean? downsYQ ¥AM’F%A4i cates | 1da each of sequence fF%?W%Z??é!“ﬁ?f?E | ocus for
integration. aprE pronoter (alkaline serine protease pronoter) indicates the
pronoter (-35, -10, +l transcription start site, RBS) of the aprE gene. MKI
i ndi cates the yeast neval onate ki nase gene. RES-PM indicates the yeast
phosphor neval onte ki nase gene with a Bacillus REI'S upstreamof the start site.
RBS- MPD i ndi cates t he yeast di phosphoneval onate decarboxyl ase gene with a
Bacillus RES upstreamof the start site. RBS-1D indicates the yeast idi gene
with a Bacil | us*fE Tigreer3P bapiclsqiide paensgoApql Fepiudzs SFQTANRADor i ndi cates the
temai nator al kal i ne serine protease transcription term nator from B.
arnyl i quef aci en¥9825pE8R 4P i@ epof B Frpfedzy géct i nonyci n resi stance marker. "nprE
upstreamrepeat for anp." indicates a direct repeat of the upstreamregion
used for anpl i f [988t i Bare 4} OIS ypres PBCL Peckpdpydé (EQLP §EBequence of cassette
containing the | ower MA pat hway and yeast idi for integration into the B.
subtills cl unr nB&8halte g2 taeRMHrE Argeis YIPSEQ | D Na47). [0072] Figure 30 is a
map of p9796- poPI ar. [00731 Figure 31 is a nucl eotide sequence of p9796- popl ar
(SEQ | D NQO 48) . |0p&5b 7guredp iy apusledide swense gl FGPuirrp EPEER B NOPH075] Figure 33 is a
nucl eoti de sequence of pTrePopl ar &ISEQ ID NO 49). [0076] Figure 34 is a snap
of pTrcKudzu ylI BPEKaRiewe D5 771P EPGUFEEB8OXE 4 nucl eoti de sequence of prreKudzu
yLDI Kan (SEQ I D NO 5_0?. [50078 . Figure 36 is a map of pTreKudzuDXS Kan. [0079]
Figure 37 is a Ml SOErde" SBGHUHCEVEr SATCRUZUORE R NPSEQ | D NG 53) |

[0088) Figure 46 shows graphs representing isoprene production from biomass feedstocks.

Panel A shows isoprene production from corm stover, Panel B shows isoprene production from

bagasse, Panel C shows isoprene production from softwood pulp, Panel D shows isoprene

production from glucose, and Panel E shows isoprene production from cells with no additional

feedstock. Grey squares represent ODgop measurements of the cultures at the indicated times

post-inoculation and black triangles represent isoprene production at the indicated times post-

inoculation.

[0089] Figure 47A shows a graph representing isoprene production by BL21 (ADE3)
pTrcKudzu yIDL DXS (kan) in a culture with no glucose added. Squares represent ODggp, and
triangles represent isoprene produced (pg/ml).

[0090] Figure 47B shows a graph representing isoprene production from 1% glucose feedstock
invert sugar by BL21 (ADE3) pTrcKudzu yIDI DXS (kan). Squares represent ODgpg, and
triangles represent isoprene produced (pg/ml).

[0091] Figure 47C shows a graph representing isoprene production from 1% invert sugar
feedstock by BL21 (ADE3) pTreKudzu yIDI DXS (kan). Squares represent ODgop, and triangles
represent isoprene produced (pg/ml).
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[0080] Figure 38 is a map of pCL PtrcKudzu. 100811 Figure 39 is a nucleotide
sequence of pCL |'trcKudzu (SEQ I D NO 52). 10082] Figure 40 is a map of pCL
Pft eKudzu A3. 100831 Figure 41 is a nucl eotide sequence of pCL PftcKudzu A3
(SEQ I'l'l NG53)..[0084] Figure 42 is a map of pCL Ptrc 100851
Figure 43 is 3’2'?1{9@’05%17% de sequence of p CL PfteKudzu y%%?@ébﬁ%% NG 54) .
[0086] Figure 44 is a map of pCLPftcKudzu DXS. [0087) Figure 45 is a

nucl eoti de sequence of pCL PtrcKudzu DXS (SEQ 1D NO 55). 10088) Figure 46
shows graphs representing isoprene production from bi onass feedstocks. Panel A
shows i soprene production fromcorn stover, Panel B shows isoprene production
from bagasse, Panel C shows isoprene production from softwod pul p, Panel D
shows i soprene production from glucose, and Panel E shows isoprene production
fromcells wthio#d] ditdietilnhedts 2 brepdptooks is@reprodgimries 1% fFXesent 01360D

nmeasur enent s of advf@eGUltbWBES (DE3)pheKeNdint Bk, | SgREes RP&Em ORAGH at | on and bl ack
triangles repr eselrgltg | sopr.ene Er%&?egg}ﬁ}ggn at the indicated tinmes pom nocul ati on.

[ 0089] Figure 4TRESROWS & gr a enting i soprene production by 8L21

(XDE3) pTreKudz | D i | b, | se added. Squares
r epr esent 0D600f,0|05%(11r1521 %l?%%:sr}llgvf&%{slghf_!ée%r(’%?gﬁétéfi%sfegtﬁ\f%%fé xg%b%ﬁ%%ge _&‘gg/ ml). [0090)
Fi gure 47B shoviodcig d’ﬁ’l‘?"’f‘\%‘b‘?’sé@é*ﬁf O °of PBPYENE PPBdTRerdid Vom 1% gl ucose

f eedst ock i nvertayspg@nntdyfyeBt &iac( KarBEFhow Thr kasckzsg ofjijopdkne DXSithiken) . Squar es
represent Don, @dehdd tARGh8Sngh@REESOAL citd PHENE isREeie @chdR@éml) . [ 0091]

Fi gure 47C sho . i I t .on 1% i nvert sugar
9 \Il_goi%?e%%ég- p%ﬁ,g{: %ﬁ%@&gﬁé %;Qéféﬁé(‘%gﬁ)mg ok 20 L) 9

feedstock by B C L . Squares represent Dam, and
triangl es repr €8t PPty é‘rFecoﬁFGWEéﬁba(*f“ﬂY’ﬁﬁ) . 100921 Figure 47D shows a
graph representing isoprene production froml % APEX corn stover feedstock by
BL2I ( XDE3) pTrIB%%szeﬁugr‘ﬁh“bﬁ%vhf FERAT R gP e PPUBIPRERH Ot Y B d tri angl es
represent i soprenié qf esthurendhigsjtic gireiyzu afdgthd 39 DKF gesmes. ABel dlvbpwstherapshs

denonstrati ng tdaseef fpeaidedity weast 50X biogetor B withgDEBe eprettCPhon. Panel A

shows the ti e GouGSBnOb.QRELGRL AL LY ol b RE URINOLS,{ £, Wi th varying
amount s of yeast B 0 e ti,ne cours | so%ene titer

extract. Pan shows. th of |
wi thin ferment of&f g{‘f ‘W‘fﬁ&?fg?weﬁﬂ“éer,\?@&%ie‘ée PfuctAREiter ALFPRRPT " Fhe titer is
defined as the farbtirpwdie ting eppiseeah vtalitopren eedicad Epm thi 108+ bigfeacforfedretht at i on br ot h.
Panel C shows tdneosefol @aiexpctyeast extract on i soprene production in E. eon
grown in fed-batch cul ture.
[0095] Figure 50 is a map of pJMupperpathway?2.

[0096] Figure 51 is the nucleatide sequence of pJMupperpathway2 (SEQ ID NO:56).
[0097] Figure 52 is a map of pBS Kudzu #2.

[0098] Figure S3A is a graph showing growth during fermentation time of Bacillus expressing
recombinant kudzu isoprene synthase in 14 liter fed batch fermmentation. Black diamonds
represent a control strain (BG3594comK) without recombinant isoprene synthase (native
isoprere production) and grey triangles represent Baci/lus with pBSKudzu (recombinant

isoprene production).

[0099] Figure 53B is a graph showing isoprene production during fermentation time of
Bacillus expressing recombinant kudzu isoprene synthase in 14 liter fed batch fermentation.

Black diamonds represent a control strain (BG3594comK) without recombinant isoprene
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[ 0094] Figure 49 shows graphs denonstrating i soprene production froma 500 L
bi oreactor with E. coil cells containing the pTreKudzu and yLDI and DXS

pl asm d. Panel A shows the tine course of optical density within the 500-L

bi oreactor fe i cose and yeast extract. Panel B time course
of isoprene t?‘?é‘%‘;"%ﬂg 7fL’ln t he 500-L bioreactor fed vvithpg @%@éggg%d yeast
extract. The titer is defined as the anobunt of isoprene produced per liter of
fermentation broth. Panel C shows the time course of total isoprene produced
fromthe 500-L bioreactor fed with glucose and yeast extract. [0095] Figure 50
is a map of p.iMipperpathway2. [0096] Figure 51 is the nucleotide sequence of
pJMupper pat hway2 (SEQ ID NO. 56). [0097] Figure 52 is a map of pBS Kudzu #2.

j 0098] Figure 53A is a graph showing growh during fernmentation tine of

Baci | | us expr essitigse e pripieprprrduckuitirdiereydenpaies reeressyy ArcHasrath PRKrdzu | j t er fed batch
fernmentati on. Blrackbighiadmedsoduepiiesent a control strain (BG3594com C) w t hout
reconbi nant i soprene synthase (native isoprene production) and grey triangles
represent Baci | ljaeo] Wrikhes pBSKiugaEpldshie cranbp. amicsi sopr ene production). [0099]
Figure 53B is a graph showi ng isoprene production during fernmentation time of
Baci | | us expressiing Fieconii Masm ak thel nudledtisopluarse Sasmidipherd ealbaHGB4SHQ t er fed bat ch
fermentation. Bhigagksfli amonds represent a control strain (BG3594conK) wi thout
recombi nant isoprene synthase (native isoprene production) and grey triangles

rF epr esent5 4Baci | l[0462) Wk ﬁ@%@(@jixﬁuc cgli_d'gn?iﬁgﬂbﬂin hﬁansigms@g?emmg&ti on%-A [050%3
I gures IS a.,nn\ as . a < | r an
are the nucl eot idléeesgoélg)cfﬁlgnégmo d%ﬁ'ﬂé?ﬁn cop %ﬁco Sal %%Jﬁf—t!%n%g%u@‘ﬁ%o 1 87). [0102]

Figure 56 is a &¥hematic diagram showing restriction sites used for
endonucl ease digestion to construct plasm d EW.230 and conpati bl e cohesi ve
ends between BsP'9 EHpitr Négraripeeid 7G283] Figure 57 is a map of plasmid

EW.230. 101041 Fi gures 58A and 583 are the nucleotide secgsuence of plasmd
EW.230 (SEQ | D @QST-gurcs 58A and 58B are the nucleotide sequence of plasmid EWL230 (SEQ 1D

NO:88).

[6105] Figure 59 is a schematic diagram showing restriction sites used for endonuclease
digestion 1o construct plasmid EW1.244 and compatible cohesive ends between Nsil and Pstl

sites.
[0106] Figure 60 is a map of EWL244,

[0107] Figures 61A and 61B are the nucleotide sequence of plasmid EW1244 (SEQ 1D
NO:89).

[0108] Figure 62 is a map of plasmids MCM484-487.

[0109] Tigures 63A-63C are the nucleotide sequence of plasmid MCM484 (SEQ ID N0:90).
[0110] Figures 64A-64C are the nucleotide sequence of plasmid MCM485 (SEQ ID NO:91).
[0111] Figures 65A-65C are the nucleotide sequence of plasraid MCM486 (SEQ ID NO:92).

[0112] Figures 66A-66C are the nucleotide sequence of plasmid MCM487 (SEQ ID NO:93).



[0105] Figure 59 is a schematic diagramshowi ng restriction sites used for
endonucl ease digestion to construct plasm d EW.244 arid conpati bl e cohesive
ends between Nsil and Pstl sites_ [0106] Figure 60 is a map of EW.244. 10107]
Fi gures 61A an 6113 are the nucl eotide sequence of pl 44 (SEQ I D
NG 89). [010 OEMQ 62 is a map of plasm ds MCVA84- g@ﬁyzﬁg%f Fi gures
63A-63C are the nucl eotide sequence of plasmd MCMi84 (SEQ I D NO 90). [0110]
Fi gures 64A-64C are the nucl eoti de sequence of plasm d MCMA85 (SEQ | D NG 9D.
[0111] Figures 65A-65C are the nucl eotide sequence of plasmd MCMA86 (SEQ I D
NO 92). 10112] Figures 66A-66C are the nucl eotide sequence of plasmd MCVA87
(SEQ I D NO 93). 10113] Figures 67A-67D are graphs of isoprene production by
E. coli strain (EW.256) expressing genes fromthe MA pathway and grown in

f ed- bat ch cul t uPE3latFiuikes74 570 aregrphse! gpretroetucyon Ak cadixrandBVLH8edi ng. Fi gure 67A
shows the tine &pekisess @b\ patensidepwilintdibchtcgrekbhelshiae eact or fed with
glucose. Figur &, 4R,y amtftmgrtﬁgmamwmeaxect,lﬁs@wosmdsugwm Wed hin the 15-L

bi oreactor fed &g éose he tlt% #?s efi ned he anpunt of isoprene
produced per Illtsé‘rblo N &P HEYRSET SHRUBP G ol (S a (‘f°’§ﬂ’6§)\§“‘?‘ﬂ% time course of
total isoprene Prldupredad fef pisraledie Tl%‘lfq_lsmﬁmdeﬁbeta@wnf@dowmwd%dmose. Figure 670
shows the t ot al i€ arbRaatin®ihd BneveIt sl tihatdarsy of Caopred@ prodtedd@abipl i ¢ activity
profile, w thingdiefrsc: Rl Qi{hegﬁ@ofsp&lgurgsim\éﬁomhalxmmﬁd,o,LQQJa;'of!allonEAtegur es 68A- 68E

expressi ng genes

are graphs of ene
fromgt hg MVA pa&ﬁ%ﬁ ”éi‘ﬁ%dﬁta%‘\"/\‘lﬁpf"ﬂlefé‘ﬂ” ﬁ%PH’°é%ﬁ‘Tﬁ§ “haFE“c‘lS%e 15-L scale with

yeast extract f | Fi ows th urs ptical density
within the 15- [ﬁﬁ o&%ﬁ‘cﬁ%g%é cfg\r/a\np ﬁp F%Bmgucml‘—'muf"?s%ggmg% the tine course
of isoprene ti twmsmstgmcww@h&%ﬂ?hmyefrd@@wmfedfb@@ cyliutelat iyl ork erglewittThe titer is
defined as the anoutk: f@ling. FQPE BAGKPE mduleeduspeﬂopdcalﬁeaﬁry@ftmﬁz&nmnt ation broth.

Fi gure 68C shovxﬁoréangfewmeglmurﬁg%m@énstm@.L mhe%apsre@n@prmcqgumgmt fgm the 15-L
bi oreactor fed w Al eactor%dw

ol u roductivity
within the 15- L5707 eacfthog?"%s d—llhgl“t‘fr’Sdef?“ﬁdca%seeam° it %o e’er“%gduce‘é'i’eﬁlétp ffo 1.1 g/ L/ hr
was mai nt ai ned F@eotagondbepiy Gigyre ?5‘@151}015%1“1‘(%“@56 o etk ieopreqgipfoprcsidmmthe &%k r act f eedi ng.
Fi gure 68E showsordafi@ o8 sitioghuaosel i Riptied&D sbanG hhiel balugiarrie @édgetifiGi)in thors-imet abol i ¢

activity profi I@oreamrtremvmgm&e aLeraQé\qut.e@@EQmﬁgméfﬂtatujadgxlaugg&?penc;h0115l Fi gures
69A- 69D shows p53o é S)oql eastexm g fro q}:c er eg}tg 1x1Jeevoﬂ .sources via t he MWA
(pat hway) . Fi gu¥e 68R Ehowe v& Fg"ée COrY B IE AR A St ai ns both t he
MWA pat hway andcl‘:%)d’ﬁi"’éﬂéhcs"*ﬁm‘ﬂﬁ’éf’é"é W“é‘ﬁ‘hé?%lh‘é‘r‘ea@?’déﬁéléglucwomass hydr ol ysat e,

gl ycerol, or acetate as the only carbon source. The different carbon sources
were added to aVddnEEeTeIpPERY ProdioR ofjsqerengier different cbRgaReFdiad@8nt rol with no
added carbon souvkeatwag). Figgt (9deidws (Svovwif B cWBRWVITEGBLithachtaisbooplie™Mal density at
600 nM Figure [ﬁ@%yﬁms)e&e:ﬁ%ﬁési 'oxpeltpe'} gaus@tbtomg Md@ﬂ‘ysaiesg@&mraeacameqm E. coil EWZ256

cont ai ning both th soprene hase qr.o on either
gI ucose, bi omastge o %a'\{)"/? soe ﬂ-.w%x}lffrent carbozi 50\9ces were aﬁ%{ad &o a conccnh-a KTH of IC);:II‘ %’gn source. The

di fferent carbdpf’d oW&aé? °W§?‘é”"&’d’dé"dd %O%O%steé?ﬂu?%t ‘Fre‘ﬁh i ﬂm%wdﬁs the nedia. A
negati ve cont r olptealdedsiyraosodad eticveasbdovs speifipedweadyy biiobree g £ 5anpl es were taken

190 mi nutes, 25Byi¥hdtdliinedREnSNva Bi aca@xs@fetle%ynmaga%éalg@&mm nd i soprene

Er OggfledE\bl\{ztsge lleOaSg grgss%yxyal sate gﬁcero{ orace#aasogg%oplsource Tge d{;{%?@ 8%10:28:’A§egr 0%2 Of

di fferent car bo‘ﬁ“f“s"b‘ﬂﬁf‘t’é@dWéf‘éceaﬂﬂ‘é‘(?fi%mé‘e E‘%ﬁ*?c@?fﬁ%“é%@@ﬁ‘“@‘?n%@éeﬂ n the media. A
negati ve cont r Cdarbabisbue Re il dhe 0SagalEshemn =B UFicenug 35Simoletdeéd ? nmraewt h was neasur ed

as optical densa'ﬁEr){no@iaucﬁQQﬂ Vg:l@ b@t@@aﬁ&Q%éﬂ@@d‘u@&é‘GM@%&' vity of

i soprene from ose or xylose as only
car bon source. ﬁ?ﬁéww%?gﬁﬁggéd 1@“53&“ ryo“as@dﬁﬁéﬁV?ﬁ?iOn of 1%in the
medi a. A negative control with no added carbon source was included. Sanpl es
were taken 260 m nutes, 322 mnutes and 383 mnutes after inoculation and

i soprene produced by the bacteria was nfasured using GC-MS. 10116] Figures 70A
and 708 show t he production of isoprene by E. coil strains fromglucose and
fromfatty acid, respectively. For Figure 70A eleven colonies fromthe
transformation of WM with pMCML18, the plasmid bearing the | ower neval onic
acid pathway, were picked to verify the presence of the | ower pathway. Cel
fromthe colonies were cultured in TMB nedi um contai ni ng 0.1% yeast extract
and 2% gl ucose. Aliquots of induced culture were assayed for isoprene
production after 4 hours of induction. Al colonies showed the production of
i soprene. The inducer IPTG had a strong growh inhibitory effect as was



101171 Figure 71 is a map of the E. coli-Streptornyces shuttle vector

pU NL201PW (6400 bp) used for cloning isoprene synthase from Kudzu. Tsr,

thi ostreptcmresi stance gene. Picture is taken fromDournith etal., Mt Gen.
Genet 264: 4774 0. 101181 Figure 72 shows isopr on by
Streptonyces a\ivégoé QM{J@ type strain ("w") and strai nsgﬁglr] zg({s}ﬁ%%dgpl asm d
pUW.201PW (negati ve control) or pUAL201 iso (encoding isoprene synthase from
Kudzu). [0119] Figure 73Ais a map of the M naze! archaeal Lower Pat hway
operon. [01203 Figures 73B and 73C are the nucl eotide sequence of the Al nazei
archaeal | ower Pathway operon (SEQ ID NO:1 13). 101211 Figure 74A is a map of
MCMB76 - MWK from M maze! archacal Lowerin pET20012 101221 Figures 74B and 74C
are the nucl eotide sequence of MCM376 - MVK from M in are! archaeal Lowerin
pET2000 ( SEQ | D'RGHHA fbor G 8y Hig @ syt e 8 g o 2 Bhd speci fi ¢
productivity of consbdpitien eddgicabiucduicomes ingpdeEVIERB G2 orpeed eschpticd dRM 1608- 2. Growt h
(0D550) is repr Qﬁmtlﬁgﬂre@b Jhm slmﬁotpa)dmﬁawm&enes&&slc&awmfmb;@www ty of

i soprene is repre oli.d bars X-axi s Id%"zlema (hours)

post -i nduction W th %“cfsﬁor)éﬂ%ff fSLl carbﬁ?%?“?ﬁcmﬁ’as%ﬁwma )0 (Fi gures 75C and
75D) uM | PTG Yeoroeriiag of ls/wb%raﬁewwwe Gpof @@ﬁ?@?ﬁécaﬁawwm hr) and Y-2 is
arbitrary uni t sindfdedStrptaivercteasiot yingts, 2 waue erigp himof afoSHculafibrgge val ues f or

the 00550 nust R&reRdpdabcd dy@d bRiriBuabBeaduRa RRE 8CMst he actual OD of the culture.
[0124] Figure 76 is a map of plasmd pBBRCMPA |.5-pgl. [01251 Figures 77A and

77B are the nuclee@t iJd@resmu@nﬁﬁsh&tm%rmm&fme%Luansﬁgi gh&RQ | D NO: 122) .
10126] Figures anﬁouz §1|t:y #Eu@ﬁ?%or%gm’e?}&Pguﬁggo&&e‘?ﬂ%&ét%'sfo% ibworCOI L strain

expressing M nea mava I soprene synt hase, and pgl

(RHML11608-2), ¢ W&PW%“‘F e T M C T S "Ct’drPé”“f[aS*-"Emé’E'éfF@ Fi gure 78A
shows the tine ecoiisercwic gptiloyairatdansted] froopibe delomestware cultiedtin TNY rerdieact or fed with
gl ucose. Fi gur ecof@8indodVBast i ctlahd P85 sGiddd. FEquak ofl IR RN velelz@iyedtbit i n the 15-L

bi or eact or fed }é\ép;epe ;%)ld &%ﬁer4ﬂ-ola§01llﬁd5§'5n ?coﬁgtslsﬂ)%gd LQE%ro%LQ on%ﬁ&% I soprenc

produced per |iter ernent at 1 on_ br ot for ca g |soprene

cunul ati ve i sopF & FrTIEET" 1R &8 HhiRon G HERT BT fopPthB44(°%0 1ire, L (=.1
g/ L broth. Fi gureduced8Q dersityan solvefamn 0P 09 iMreonerinatiog ef tesfindjesrdfistaaptehoilt er wit hin t he
| 5-L bi oreact oThel@gh siidwk Mat Glphi£iofQion, MRt a0 QEcifzailefils@tehd) GorlFERPT €NE:

kI nst ant aneous Jsapleng BaMN G R dAES o Saleh bl o0l o Taflih0 B9 hour's [=]
g/L broth. Figure 78D shows the 1. me Cic‘)—*i? rene produced from

the 15-L bior eaElF(S‘flm‘ng‘f &'t f?”@ﬁih“a%%md “@ﬁl"’éh %@glgﬁ%m?%gi"fﬁ?ﬁ ric productivity
within the 15- Lisdpicerasactsols ffuedupdiietindgdtioncfollowed biFp epg har isop @ ashyolegonrcar bon di oxi de
evol ution rate {&ERhe madle 5Esh@Bak bz ha€hdmlitey vapE OFf thd @me dituteRiittht Qe 15- L

bi oreactor fed Mu%lnm wrib{lcoqgﬁalyzed by a 12 hour isoprene accurnulation assay. The right bar shows
the value for a one hour isoprene accumulation assay of the culture that was induced for 13

hours.

10117] Figure 71 is a map of the E. coli-Streptomyces shuttle vector pUWL201PW (6400 bp)
used for cloning isoprene synthase from Kudzu. Tsr, thiostrepton resistance gene. Picture is
taken from Doumith ez a/., Mol Gen. Genet. 264: 477-485, 2000.

[0118) Figure 72 shows isoprene formatior by Streptomyces albus wild type strain (“wt”) and
strains barboring plasmid pUWL201PW (unegative control) or pUWL201 _iso (encoding isoprene
synthase from Kudzu).
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[0127] Figure 79A is a map of plasmd 0201:19813. [0128] Figures 793 and 79C
are the nucl eoti de sequence of 0201: 19813 (SEQ ID NO 123). DETAILED

DESCRI PTI ON OF THE | NVENTI ON [ 0129) The invention features conpositions and
nmet hods for the production of increased anmpbunts of isopr In particul ar,

t hese conposi t\f%g‘] 9"3?1“# met hods i ncrease the rate of isgﬁﬁﬁsﬁgwﬁsﬁ% uction and

i ncrease the total anmount of isoprene that is produced. For exanple, cell
culture systens that generate 4.8 x | 04nnol e/ g"/ hr of isoprene have been
produced (Table I). The efficiency of these systens is denonstrated by the
conversion of 23.6 nmolar %yield (10.7 weight %yield) of the carbon that the
cells consume froma cell culture nmediuminto isoprene (% carbon yield). As
shown in the Exanpl es and Table 2, approximately 60.5 of isoprene per liter
of broth was gewgﬁgbt%@’e7?‘%6@?‘@’#&*“%@“&%1*}6&8"3 %/‘“h%{ayr?é%% specific rate of 1.88
x 105 ntnoUODThr (1.88 xnnol e/g / hr | f desired, even greater anounts of
i soprene can belO4Bt afisEd3FEEC Bt HeRoRbdarPEALLe ¥ reR el ¥ge descri bed
herei n. | n sonePdwaodirreEPESD N@:liBnewabl e carbon source is used for the
production of isoprene. The conpositions and net hods of the present invention
are desirabl e b#tdlsEsutelTdd/is aimbpaiMBMEE - MEE frre Henapa eéhgealdewerig gfT200Dhi gh car bon
yield, high isoprene purity, high productivity, |aw energy usage, |ow
producti on cost 0830 Figwee &BreitC arathohusiionde aiens pMCMBa M Yiohen MPlates ef fi ci ent

| arge scal e, bi gaydatiheéigeRimeesspNor114)SOpr ene producti on provi des an isoprene
source for synthetic isoprene-based rubber and provides a desirable, |ow cost
alternative to psBNgrigat LHASED shod Bewth anf i3 brodstivily @absGegodidibd ther bel ow, the

ampunt of isopr @@&s%&%&%@(so@@l&éw&@ﬁsséb%gsr@s@&ew w@x@m%s by i ntroducing a
het er ol ogous nucl ej c

nco an |.sopre ase gptide (e.g., a
pl ant i soprene §’§fﬂﬂ°ﬁ%§é‘w ﬁ%"é"ﬁ‘f‘iﬁ %@?eﬁteﬂf”’o@ sﬂg%?f IFCSX S R f‘@%‘/l‘gs synt hase
pol ypept i des corpiterdtctiof wideipd 28] (Figires di 4o BBhat @ GppPPrd PR oMiEEpr ene. As shown
in the Exanpl esy-1axd1eir@idabig@oitbprefLa0m/i8) sMont @ Bsirdrkudzon g deRBmgul us al ba
(Popl ar) isopr e?é?avééﬁBL K&%&? TE’eQJ WRER) bI8DWE Sy sFX RLERSEH sisbio BuiAfd €ty of host
cells, such as Esc 1%@ ol F colt, Panteoa citrea, BacCillus sub/ills, Yarrow a
fipolytica, and PP OPROAEP A reesei. As al so shown in the Exanpl es, a

het er ol ogous Newtqp SRS e%na mz @a(sg ﬁh qeval onat e ki nase (M/X) was
c BT

expressed in ?ﬁ’&’ﬁn aPf0i | to increase isoprene
production. lese d roduced, nore i he correspondi ng
cells wthout twﬁ In Sk 0g ou72B iBs%epnr"%wedesSVuefﬁ°P%Qm'§r€86§%| dtts-:- (?As illustrated
in Tables 1 and(SﬁQ‘qI&‘? e armunt s of isoprene are produced using the nethods
described herein. For exanple, B. subtilis cells with a heterologous isoprene
synt hase nucl ei E1%8ci st @dd&%ﬁ%kﬁﬁ&ﬂﬁﬁ?@%“%bﬂf‘ e grrsiEesiédbrene in a 14
liter fennentormihaavabine kpor,Pegipdogenngntronind pdl RBM1BIGE8L2), lddgrogehled- Wi t hout t he
bet er ol ogous nusalcsmuramhdls(J@m @lg&l73A1;msmmaiu&tsb&raprfaime@@wmgn&f i soprene per
liter of broth ( t he vol une of
the cell nmediuma haWL by B.
subtilis in feri'5rfé°r*ﬁ“’6ﬁ“§f‘1df’fd‘i %‘Q?Sés"rhfﬁ%{fs‘*%ﬁ"@iﬁf‘lh?%ﬁ‘f °féfﬁli5"t£iﬁ*ir%d”iﬁ1’ Pf soprene can be
generated (Tabl Ber2)fermbrkatichbsity dithodifg opuibive isqene: bawipive depsecbradivednsseven | ar ger

scal e or other &PQ@&nEénQ%luQ@zﬁ@g}lrb@gﬂ Qﬁﬁr@h rFlg@ﬁﬂSCQﬁoHJmhetuQeéo%Joher i ncrease the
amount of isoprene. t he experi nent al

n
conditions are a°£§&er‘1 %rﬁltorﬁaé?’”gud\? lgfmi% Pg\%\?dgoﬁg%glmmfh"é’wﬁx anpl es secti on.
Tabl e 1: Exenpl HPS}"“‘W@F é@feeefpfqd%wféhé’l«‘llfﬁ%ﬁﬁ’%—é)h‘a‘*ﬁéwrsl[dsk b Figt he cel |
cul tures and netdnees:s @f tirteh@urse M@ isbpeAe prolitved RGS@Y5-L. BibreABEEIMith figtodeSOPTr €NE
production i s dRSG kDG RuRIRN Exvky il 13 vorliBl: i aB38 e 2 SAMPLE WRS
renoved at one or nore tine points fromthe shak | ask”and cultured for 30
m nut es. The anmount of isoprene produced in this sarrpl e was then neasured. The
headspace concentration and specific ra%e of isoprene production are listed in
Table 1 and described further herein. Strain Isoprene Production in a
Headspace vi al * Readspace concentration pg/Lp,

Srf.go dorc{a%Me% W Lﬁlr%ose eFlgtuﬁ 7%1\)15 Shf P %e c%xﬁse otrl'sorrf:ne ?Ier uglﬁﬂ



Specific Rate pg/Lbrott/hr/01) (nmoUg,.",,,/hr) E. colt 8L21/ pTrcKudzu IS
1.40 53.2 (781.2) K co/181.21/ Pei DXS yidi Kudzu IS 7.61 289.1 (425 x 103) E
coli BL21/NICML27 with kudzu IS and entire MA 23.0

WO 2005/076676 PCT/US2008/086869

78F shows carbon dioxide evolution rate (CER), or metabolic activity profile, within the 15-L

bioreactor fed with glucose.

[0127] Figure 79A is a map of plasmid pJ201:19813.

[0128] Figures 798 and 79C are the nucleotide sequence of pJ201:19813 (SEQ ID NQO:123).
DETAILED DESCRIPTION OF THE INVENTION

[0129] The invention features compositions and methods for the production of increased
amounts of isoprene, In particular, these compositions and methods increase the rate of isoprene
production and increase the total amount of isoprene that is produced. For example, cell culture
systems that generate 4.8 x 10 nmole/g,./hr of isoprene have been produced (Table 1). The
efficiency of these systems s demonstrated by the conversion of ~ 23.6 molar % yield (10.7
weight % yield) of the carbon that the cells consume from a cell culture medium into isoprene
(% carbon yield). As shown in the Examples and Table 2, approximately 60.5 g of isoprene per
liter of broth was generated. Isoprene was produced at a peak specific rate of 1.88 x 10°
nmol/OD/hr (1.88 x 10° nmole/g../hr). If desired, even greater amounts of isoprene can be
obtained using other conditions, such as those described herein. In some erabodiments, a
renewable carbon source is used for the production of isoprenc. The compositions and methods
of the present invention are desirable because they allow high isoprene yield per cell, high
carbon yield, high isoprene purity, high productivity, law energy usage, low production cost and
investment, and minimal side reactions. This efficient, large scale, biosynthetic process for
isoprene production provides an isoprene source for synthetic isoprene-based rubber and

provides a desirable, low-cost alternative to using natural rubber.

[0130] As discussed further below, the arnount of isoprene produced by cells can be greatly
increased by introducing a heterologous nucleic acid encoding an isoprene synthase polypeptide
(e.g., a plant isoprene synthase polypeptide) into the cells. Isoprene synthase polypeptides
convert dimethylally) diphosphate (DMAPP) into isoprene. As shown in the Examples, a
heterologous Pueraria Montana (kudzu) or Populus alba (Poplar) isoprene synthase polypeptide
was expressed in a variety of host cells, such as Escherichia coli, Panteoa citrea, Bacillus
sublilis, Yarrowia lipolytica, and Trichoderma reesei. As also shown in the Examples, a

heterologous Methanosarcina mazei (M. mazei) mevalonate kinase (MVK) was expressed in
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874.1 (128 x 104) pat hway E. coillL21/ Pet N 56.6 1.49

WO 2009/076676 PCT/US2008/086869

host cells such as Escherichia coli to increase isoprene production. All of these cells produced
more isoprene than the corresponding cells without the heterologous isoprene synthase
polypeptide. As illustrated in Tables 1 and 2, Jarge amounts of isoprene are produced using the
methods described berein. For example, B. subtilis cells with a heterologous isoprene synthase
nucleic acid produced approximately 10-fold more isoprene in a 14 liter fermentor than the
corresponding control B. subtilis cells without the heterologous nucleic acid (Table 2). The
production of 60.5 g of isoprene per liter of broth (mg/L, wherein the volume of broth includes
both the volume of the cell mediwmn and the volume of the cells) by E. ¢oli and 30 mg/L by B.
subtilis in fermentors indicates that significant amounts of isoprene can be generated (Table 2).
If desired, isoprene can be produced on an even larger scale or other conditions described herein
can be used to further increase the amount of isoprene. The vectors listed in Tables 1 and 2 and

the experimental conditions are described in further detail below and in the Examples section,

Table 1: Exemplary yields of isoprene from a shake flask using the cell cultures and
methods of the invention. The assay for measuring isoprene production is described in
Example I, part II. For this assay, a sample was removed at one or more time points from the
shake flask and cultured for 30 minutes. The amount of isoprene produced in this sample was
then measured. The headspace concentration and specific rate of isoprene production are listed

in Table 1 and described further herein.

Strain Isoprene Production in a Headspace vial*
Headspace Specific Rate
concentration Rg/Lysow/hr/OD
Hg/Lgas (nmoVg, em/br)
53.2
E. coli BL21/ pTrcKudzu IS 1.40
(781.2)
E. coli BL21/ Pcl DXS yidi 761 289.1
Kudzu IS ' (425 x10%
E. coli BL21/MCM127 with 230 874.1
kudzu IS and entire MVA ’ (128 x 10%
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Hi sKudzu IS (831.1) Pantoea citrea /pTrcKudzu

colt w Popl ar

25.1 0.66 IS (368.6) E.

IS
WO 2009/076676 PCT/US2008/086869
pathway
E. coli BL21/ Pet N- | 49 56.6
HisKudzu IS ' (831.1)
Pantoea citrea /pTrcKudzu 0.6 25.1
18 ) (368.6)
E. coli w/ Poplar IS 5.6
[Miller (2001)] ) (82.2)
Bacillis licheniformis Fall 42
US 5849970 ) (61.4)
Yarrowia lipolytica with ~2
. ~0.05 pg/L
kudzu isoprene synthase (~30)
Trichoderma reesei with ~2
, ~0.05 pg/L

kudzu isoprene synthase (~30)
E. coli BL21/ 3

32x10
PTrcKKD, 1, IS with kudzu 85.9

(4.8 x 109

1S and lower MV A pathway

*Normalized to 1 mL of 1 ODggp, cultured for 1 hour in a sealed headspace vial with a liquid to

headspace volume ratio of 1:19.
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5.6 [MIler (2001)] (82.2) Bacillis licheniforms Fall 4.2 - US 5849970

WO 2009/076676 PCT/US2008/086865

Table 2: Exemplary yields of isoprene in a fermentor using the cell culfores and methods of
the invention. The assay for measuring (soprene production is described in Example I, part I1.
For this assay, a sample of the off-gas of the fermentor was taken and analyzed for the amount of
isoprene. The peak headspace concentration (which is the highest headspace concentration
during the fermentation), tiler (which is the cumulative, total amoupt of isoprepe produced per
liter of broth), and peak specific rate of isoprene production (which is the highest specific rate

during the fermentation} are listed in Table 2 and deseribed further herein.

Strain Isoprene Production in Fermentors
Peak Headspace Titer Peak Specific rate
concentration** (mng/Lyrom) Ng/Ly o /hr/OD
(ug/Lgas) (NmoL/gu.o/hr)
E. coli BL21
37
/pTreKudzy with 52 41.2
Kudanz 1S (543.3)
E coli 214
3 35
FM5/pTrcKudzu IS (308.1)
E. coli BL21/ tipl
colf triple 240
strain (DXS, yidi, 285 300
52 x 10°
19) (3.52x107)
E. ¢oli FM5/ tripl
colf ple 1808
strain {DXS, yidi, 50.8 29 ,
18) (2.65x 107}
E. coliMCM127
875
with Kudzu IS and 1094 250 .
entire MVA pathway (1:28x10)
Bacillus subtilis 0.8
. 1.5 | 2.5
wild-type 117
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(6L4) Yarrow a lipolytica wth -2 -0.05 pg/L kudzu isoprene synthase (-30)
Trichodenna reesei with -2 -0.05 pg/L

WO 2009/076676 PCT/US2008/086869
~30
Bacillus pBS Kudzu 5
Is 16.6 (over 100 T34)
' hours) '
Bacillus Morburg 245
6051 {Wagner and 2.04 0.61 '
359.8
Fall (1999)] ( )
Bacillus Marburg 6.8
4051 Fall US 0.7 0.1
1
5849970 (100)
E. coli
BL21/pCLPtrcUpper 5.0 % 10°
Pathway and 2.03x 10 3.22x10° .
B.66 x 10
gil 2KKDy1 aad (8.66 x 10°)
pTreAlba-mMVK
| —
E. coli
BL2]1/pCLPtrcUpper
Pathway and 128 x 10°
gi1.2KKDyI and 3.22x 10° 6.05x10° .
pTrcAlba-mMVE (1.88x 10
plus
pBBRCMPGI1.5pgl

**Normalized to an off-gas flow rate of 1 vvm (1 volume ofi-gas per 1 Ly per minute).

[0131] Additonally, isoprene production by cells that contain a heterologous isoprene
synthase nucleic acid can be enhanced by increasing the amount of a 1-deoxy-D-xylulose-3-
phosphate synthase (0XS) polypeptide and/or an isopentenyl diphosphate isomerase (1DT)
polypeptide expressed by the cells, For exarple, a DXS nucleic acid and/or an IDI nucleic acid
can be jntroduced into the cells. The DXS nucleic aeid may be a heterologous nucleic acid or a

duplicate copy of an endogenous nucleic acid. Similarly, the IDI nucleic acid may be a
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kudzu i soprene synthase (-30) E. colil3L211 3.2 x 103 pTrcl CKDyl kIS with
kudzu 85.9

WO 2009/076676 PCT/US2008/086869

heterologous nucleic acid or a duplicate copy of an endogenous nucleic acid. In some
embodiments, the amount of DXS and/or IDI polypeptide is increased by replacing the
endogenous DXS and/or IDI promoters or regulatory regions with other promoters and/or
regulatory regions that result in greater transcription of the DXS and/or IDI nucleic acids. In
some embodiments, the cells contain both a heterologous nucleic acid encoding an isoprene
synthase polypeptide (e g., a plant isoprene synthase nucleic acid) and a duplicate copy of an

endogenous nucleijc acid encoding an isoprene syathase polypeptide.

[0132] The ercoded DXS and IDI polypeptides are part of the DXP pathway for the
biosynthesis of isoprene (Figure 19A). DXS polypeptides convert pyruvate and D-
glyceraldehyde-3-phosphate inta [-deoxy-D-xylulose-5-phosphate, While not intending to be
bound by any pariicular theory, it is believed that increasing the atnount of DXS polypeptide
jncreases the flow of carbon through the DXP pathway, leading to greater isoprene praduction.
IDI polypeptides catalyze the interconversion of isopenteny! diphosphate (IPP) and dirnethylallyl
diphosphate (DMAPP). While not intending 1o be bound by any particular theory, it is believed
that increasing the amount of IDI polypeptide in cells increases the amount of IPP that is

converted into DMAPP, which in turn is converted into isaprene.

[0133] For example, fermentation of E. coli cells with a kndzu isoprene synthase, S. cerevisia
ID], and E. coli DXS nucleic acids was used to produce isoprene. The levels of isoprene varied
from 50 to 300 pg/L over a time period of 15 hours (Example 7, part VII). As another example,
fermentation of E. coli with M. mazei mevalonate kinase (MVXK), P. alba isoprene synthase, the
upper MVA pathway, and the integrated lower MV A pathway was used to produce jsoprene.
The levels of isoprene varied from 32 10 35.6 g/L over a time period of 67 hours (Example 10,
part 11I).

[0134] In yet another example, fermentation of E. coli with M. mazei mevalonate kinase
(MVK), P. alba isoprene synthase, pg] over-expression (RHM111608-2), the upper MVA
pathway, and the integrated lower MVA pathway were used to produce isoprene. The levels of
isoprene vary from 33.2 g/L to 40.0 g/L over a time period of 40 hours or 48.6 g/L to 60.5 g/L
over a time period of 59 hours (Example 13, part (ii)).
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(4.8 x 104) 1S and | ower MWA pat hway *Normalized to 1 ml, of 1 OD655,
cultured for 1 hour in a seal ed headspace vial with a liquid to headspace
volune ratio of 1:19. Table 2: Exenplary yields of isoprene in a ferrnentor

using the cell and nethods of the invention. or measuring
i soprene produ%ﬁ?@%H%gédescribed in Exanple |, part Il}gﬁggﬁﬁa¥g&a33ay, a

sanple of the off-gas of the fernentor was taken and anal yzed for the anount
of isoprene. The peak beadspace concentration (which is the highest headspace
concentration during the fernmentation), titer (which is the cumulative, total
anount of isoprene produced per liter of broth), and peak specific rate of

i soprene production (which is the highest specific rate during the
fermentation) are listed in Table 2 and described further herein. Strain

| soprene Product®&h Prioneemprdivesy Be IousRe o ke SH AT S AEENIsiapien* *

synthase, YD, and DXS nucleic acids causes cells to grow more reproducibly or remain viable
for longer compared to the corresponding cell with only one or two of these heterologous or
extra endogenous nucleic acids. For example, cells containing heterologous isoprene synthase,
ID], and DXS nucleic acids grew better than cells with only heterologous isoprene synthase and
DXS nucleic acids or with only a heterologous isoprene synthase nucleic acid. Also,
heterologous isoprene syuathase, ID], and DXS nucleic acids were successfully operably linked to
a strong promoter on a high copy plasmid that was maintained by E. coli cells, suggesting that
large amounts of these polypeptides could be expressed in the cells without causing an excessive
amount of toxicity to the cells, While not intending to be bound to a particular theory, it is
believed that the presence of heterologous or extra endogenous isoprene synthase and IDI
nucleic acids may reduce the amount of one or more potentially toxic intermediates that would
otherwise accurnulate if only a heterologous or extra endogenous DXS nucleic acid was present

in the cells.

[0136] In some embodiments, the production of isoprene by cells that contain a heterologous
isoprene synthase nucleic acid is augmented by increasing the amount of 2 MVA polypeptide
expressed by the cells (Figures 19A and 19B). Exemplary MV A pathways polypeptides include
any of the following polypeptides: acetyl-CoA acetyltransferase (AA-CoA thiolase)
polypeptides, 3-hydroxy-3-metbylglutaryl-CoA syuthase (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
{(PMIDC) polypeptides, isopentenyl phosphate kinase (IPK) polypeptides, IDI polypeptides, and
polypeptides (e.g., fusion polypeptides) having an activity of two or more MVA pathway
polypeptides. For example, one or more MV A pathway nucleic acids can be introduced into the
cells, In some embodiments, the cells contain the upper MV A pathway, which includes AA-
CoA thiolase, HMG-CoA synthase, and HMG-CoA reductase nucleic acids. In some
embodiments, the cells contain the lower MVA pathway, which includes MVK, PMX, MVD,
and IDI nucleic acids. In sorne embodiments, the cells contain the entire MV A, pathway, which
includes AA-CoA thiolase, HMG-CoA. synthase, HMG-CoA reductase, MVK, PMK, MVD, and

ID] nucleie acids. In some embodiments, the cells contain an entire MV A pathway that includes
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AA-CoA thiolase, HMG-CoA synthase, HMG-CoA reductase, MVK, PMDC, IPK, and ID]
nucleic acids. The MV A pathway nucleic acids may be heterologous nucleic acids or duplicate
copies of endogenous nucleic acids. In some embodiments, the amount of one or more MVA
pathway polypeptides is increased by replacing the endogenous promoters or regulatory regions
for the MVA pathway nucleic acids with other promoters and/or regulatory regions that result in
greater transcription of the MVA pathway nucleic acids. In some embodiments, the cells contain
both a heterologous nucleic acid encoding an isoprene synthase polypeptide (e.g., a plant
isoprene synthase mucleic acid) and a duplicate copy of an endogenous nucleic acid encoding an

isoprene synthase polypeptide.

[0137] For example, E. coli cells containing a nucleic acid encoding a kudzu isoprene synthase
polypeptide and nucleic acids encoding Saccharomyces cerevisia MVK, PMX, MVD, and IDI
polypeptides generated isoprene at a rate of 6.67 x 10" nmol/Lprm/OD g/ hr (see Example 8).
Additiopally, a 14 liter fermentation of E. coli cells with nucleic acids encoding Enterococcus
Jaecalis AA-CoA thiolase, HMG-CoA synthase, and HMG-CoA reductase polypeptides
produced 22 grams of mevalonic acid (an intermediate of the MVA pathway). A shake flask of
these cells produced 2-4 grams of mevalonic acid per liter. These results indicate that
heterologous MV A pathways nucleic acids are active in E. coli. E. coli cells that contain nucleic
acids for both the upper MVA pathway and the lower MV A pathway as well as a kudzu isoprene
synthase (strain MCM 127) produced significantly more isoprene (874 ug/Lyow/hr/OD)
compared to £, coli cells with nucleic acids for only the lower MVA pathway and the kudzu
isoprene synthase (strain MCM 131) (see Table 3 and Example 8, part VIII),

[0138] As another example, E. coli cells containing a nucleic acid encoding a P. alba isoprene
synthase polypeptide and a nucleic acid encoding M. mazei MVK polypeptide generated 320.6 g
(at a peak specific rate of 9.54 x 10° nmol/Luon/ODsop/hr (i.e. 9.5 x 107 mol/Lu,eny/ODsop/hr)) of
isoprene during a 67 hour fermentation in the absence of yeast extract feeding or 395.5 g (at a
peak specific rate of 8.66 x 10° mnol/Lyws/ODgge/hr) during a 68 hour fermentation in the

presence of yeast extract feeding (see Example 10).

|0139] In some embodiments, at least a portion of the cells rnaintain the heterologous isoprene
synthase, DXS, ID], and/or MV A pathway nucleic acid for at least about 5, 10, 20, 50, 75, 100,

200, 300, or more cell divisions in a continuous culture (such as a continuous culture without
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dilution). In some embodiments of any of the aspects of the jnvention, the nucleic acid
comprising the heterologous or duplicate copy of an endogenous jsoprene synthase, DXS, 1DI,
and/or MY A pathway nucleic acid also comprises a selective marker, such as a kanamycin,
ampicillin, carbenicillin, gentamicin, hygromycin, phleomycin, bleomycin, neomycin, or

chloramphenicol antibiotic resistance nucleic acid.

[0140] As indicated in Example 7, part VI, the amount of isoprene produced can be further
increased by adding yeast extract to the cell culture medium using E. coli cells with kudzu
isoprene synthase, S. cerevisia ID], and E. coli DXS nucleic acids to produce isoprene. In
particular, the amount of isoprene produced was linearly proportional to the amount of yeast
extract in the cell medium for the concentrations tested (Figure 48C). Additionally,
approximately 0.11 grams of isoprene per liter of broth was produced from a cell medium with
yeast extract and glucose (Example 7, part VIII). Increasing the amount of yeast extract in the
presence of glucose resulted in more isoprene being produced than increasing the amount of
glucose in the presence of yeast extract. Also, increasing the amount of yeast extract allowed the
cells to produce a high level of isoprene for a longer length of time and improved the health of

the cells.

[0141] Isoprene production was also demonstrated using three types of hydrolyzed biomass
(bagasse, corn stover, and soft wood pulp) as the carbon source (Figures 46A-C and Figures 69A
and 69B). E. coli cells with kudzu isoprene synthase, S. cerevisia ID], and E. coli DXS nucleic
acids produced as much isoprene from these hydrolyzed biomass carbon sources as from the
equivalent amount of glucose (e.g., 1% glucese, w/v). E. coli cells expressing P. alba isoprene
synthase and the MV A pathway produced isoprene at a higher initial growth rate from ammonia
fiber expansion (AFEX) pretreated corn stover than from the equivalent amount of glucose.
(Figures 69A and 69B). If desired, any other biomass carbon source can be used in the
compositions and methods of the invention. Biomass carbon sources are desirable because they
are cheaper than meny conventional cell mediums, thereby facilitating the economical

production of isoprene.

[0142] Additionally, invert sugar was shown to function as a carbon source for the generation

of isoprene (Figure 47D).
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[0143] Additionally, xylose, acetate, and glycerol were also shown to function as a carbon
source for the generation of isoprene (Figures 69A-69D). For example, E. coli cells with P. alba
isoprene synthase aud the MVA pathway grown on acetate as the only carbon source had a
specific productivity of isoprene about twice as high as during growth on glucose (Example 10,
Part 1V; Figures 69A and 69B).

[0144] In some embodiments, an oil is included in the cell medium. For example, B. subtifis
cells containing a kudzu isoprene synthase nucleic acid produced isoprene when cultured in 2
cell medium containing an oil and a source of glucose (Example 4, part III). As another
example, E. cofi fadR atoC mutant cells containing the upper and lower MVA pathway plus
kudzu isoprene synthase produced isoprene when cultured in a ¢ell medivm containing palm oil
and a source of glucose (Example 12, part II). In some embodiments, more than one oil (such as
2, 3,4, 5, or more oils) is included in the cell medium. While not intending to be bound to any
particular theory, it is believed that (i) the 0il may increase the amount of carbon in the cells that
is available for conversion to isoprene, (ii) the oil may increase the amount of acetyl-CoA in the
cells, thereby increasing the carbon flow through the MVA pathway, and/or (ii) the oil may
provide extra nutrients to the cells, which is desirable since a lot of the carbon in the cells is
converted t0 isoprene rather than other products. In some embodiments, cells that are cultured in
a cell medium containing oil naturally use the MV A pathway to produce isoprene or are
genetically modified to contain nucleic acids for the entire MVA pathway. In some
embodiments, the oil is partially or completely hydrolyzed before being added to the cell culture

medium to facilitate the use of the oil by the host cells,
Exemplary Polypeptides and Nucleic Acids

[0145] Various isoprene synthase, DXS, IDI, and/or MV A pathway polypeptides and nucleic

acids can be used in the compositions and methods of the inveation.

[0146] As used herein, “polypeptides” includes polypeptdes, proteins, peptides, fragments of
polypeptides, and fusion polypeptides that include part or all of a first polypeptide (e.g., an
isoprene synthase, DXS, IDI, or MVA pathway polypeptide) and part or all of a second
polypeptide (e.g., a peptide that facilitates purification or detection of the fusion polypeptide,

such as a His-tag). In some embodiments, the fusion polypeptide has an activity of two or more
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"Norrmalized to an off-gas flowrate of I vvm (1 volune off-gas per 1 Lbw), per
m nute). 101311 Additionally, isoprene production by cells that contain a

het er ol ogous i soprene synthase nucleic acid can be enhanced by increasing the
anount of a 1-deox%-[}xyl ul ose-5- phosphate synt hase (DXS gol g)epti de ancl | or
au i sopent eny™UFBHEShat e i sonerase (W) pol ypepti de E?('&)Jsé °§’8% %y the cells,
For exanple, a DXS nucleic acid and/or an IDl nucleic acid can bc introduced
into the cells. The DXS nucleic acid may be a heterol ogous nucleic acid or a
duplicate copy of an endogenous nucleic acid. Simlarly, the DI nucleic acid
may be a heterologons nucleic acid or a duplicate copy of an endogenous

nucl eic acid. In sonme enbodi nents, the anmpbunt of DXS ancVor |Dl pol ypeptide is
i ncreased by replacing the endogenous DXS and/or |IDI pronmoters or regul atory
regi ons with ot M¥A pphonpthesrtdeahgh onir@ddlidmordiMegeondctisheptyrsredst t i n greater
transcription ofnsb@mbdiSnens) @é Qtypdphle isRtiGhr@lyGecdtirg@Siypeite (oHEe enbodi nent's, the
cells contain bg&,t;sepﬁdeuf&&w3999»§0042M2Je9;,,- B b EREAL e sy synt hase
pol ypeptide (e.@., a plant i soprene synthase nuclelc aci and a duplicate
copy of an endo@‘é??ffﬁgp”fﬂﬂwaé(ip&”pé@id?ﬂ' encodi ng an i soprene synt hase pol ypepti dc.
[0132] The encoded DXS and | DI pol ypeptides are part of the DXP pat hway for
the biosynt hesi 161 PLBFSRRIPE LR EPTAS™ 2 ¥ APy Bt 18d & ®Bnvert pyruvat e
and Dgl ycer al deRS?c€0, 350p196 sprira aginp pridy 1h somd eeprdimddys e pelirerside Baphosphat e. Whi l e
not i ntendi ng t enhies Dedsrtelabby 2250y 75pAD b boC20b,A00, brBREEHigubls arhifo 40i8d loved t hat

increasing the aymunt OfefXdRALIREBLLAEs, 1L 89585, dhSsold W Rf, carbon through
t he DXP pat hway rene production. W poéﬁgeptl des

Jeading to greater isop _ _
catal yze the in?%@%B%%%?@ﬂ@ﬁggfmﬁgﬁﬁgﬁﬁg i e B RAPE e By
di met hyl al | yl deypléughrabesolfrEnag inchides a Wiingngof proite eptintagprd poiigearacdséahound by any
parti cul ar t heonayally-becirsng dedrdnesy@bhsd hrad, 1D pEVeagdtagy doly@ @B fine Of | D)
pol ypeptide in Gal kel 08RGRe f0Ge 8RN naRhs cdhfared DB sehRn e HIGALL €d | nto DVAPP
which in turn is converted into.iso rene.g&%ls ksggr gﬁangﬁe, fernmentation of
E coil cells wPPH"®BAEYE TEOBeREdPRTr 2885 855 Fr etV erd™*h , and E col t
DXS nucl ei ¢ aci edw#ids used to produce isoprene. The |l evels of isoprene varied
from50 to 300 ug/L over a tine period of 15 hours (Exanple 7, part Vii). As
anot her exanpl el9148kr Feastc apiodyments thepolypeplidr is gif itolgtedaoterpiede- Avesed hstmte | ci nase
(MVK), P. al ba iisbps@hygepsdnt vase of dlhery dfppiggepthiddAuqhat Ninaly of 2ahdo, ediey i nt egr at ed
| ower MVA pat hway,Wagtes §ilyptiRdeP5n8 4 4o 8 atddSOR 5i§AC one IABorkeR VR whicR i olcOPr €NE Vari ed
from32 to 35.6_q4$ ov%éh&itfnedggrkggéﬂquzagqu%sﬁéExgnplgw%ghnpart [0134] In
yet anot her exalfpi&: Y& e PR <o B Coli™ W PR W aze! “Hevalonat e ki nase
(MK), P. al ba rsEppidteodseitepelsertidygl over - expressi on (R1Th4111608-2), the
upper MA pat hway, and the integrated | ower MVA pathway were used to produce
i soprene. The | | stegpme ety fipenteths pARFRdR & prietsplogoubolypepidle By 9 gf L over a tinme
peri od of 40 hoUrsologoush8lyiGrtgé lis rteant 6lybepgie vh@y/tino acid sequercqienor idalticaifito 59 hour s
(Exanpl e 13, pafbht ofdndtde) polypeb@ik 3kan pSRdiB: whQdbso®Nt S, the presence of
het er ol ogous or extra endogenous | soprene synthase, naf, and DXS nucl ei c acids
causes cells t 0jo@doPWWadTRK Berdis PFQAEGEI ierOb o BITRK JUe BBl GeofiRE anlvnger conpared to
the correspondi pg, Geldie Weldl. BBk Y, SO Bheck 19, o LERSASE GL0l0g0YS or extra
endogenous nucl ei c acyés. -or “exanple, ce P% cont al ni ng he?erofogous i soprene
synt hase, |Dl, HA8*PREMIEFeIE Beirogrgrencpetciderearsparriecart €iniietth onl y
het er al ogous i sopiisdreot syt irgesecldrrdddXS grmag WEehcin die gedkgne rcuvingifnaorlof) a
het er ol 0gous i S@PERRG BHNIE SR nddldfe b inBed [ deriPlaSnk tRGERIQLOGQURsI SOPr ene
syuthase, D, and DXS nucleic. acid rably linked to a
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suggest i ng t hat vy e AeiResy sPlcetRerE Yol YpepttdescesaPYApe expressed in the
cell s without causing an excessive anount of toxicity to the cells. Wile not
intending to be bound to a particular theory, it is believed that the presence
of heterol ogous or extra endogenous iso&?ene synt hase and I D nucleic acids
may reduce the anmpbunt of one or nore potentially toxic internedi ates that
woul d ot herwi se accunul ate if only a heterol ogous or extra endogenous DXS
nucleic acid was present in the cells. 10136] In sone enbodi nents, the
production of isoprene by cells that contain a heterol ogous isoprene synthase
nucl eic acid is augnented by increasing the anount of a MVA pol ypepti de
expressed by the cells (Figures | 9A and 19B). Exenplary MA pat hways
pol ypeptides include any of the follow ng pol ypeptides: acetyl - CoA
acetyl transferase (AA-CoA thiolase) pol ypepti des,




10137] For exanple, K co/i cells containing a nucleic acid encoding a kudzu

i soprene synt hase pol ypeptide and nucl ei ¢ aci ds encodi ng Saccharonyces
cerevisia WK, PMC, WD, and DI pol ypeptides generated isoprene at a rate of
6.67 x 104 nmy, #, EQMW%% ODoco/ hr (see Exanple 8). Addit{opall¥sd,14 Iiter
fermentation o cells with nucleic acids encodl ng IZ:‘nt erococcus
farce/is AA-CoA thiol ase, synthase, and HMG CoA reduct ase pol ypepti dcs produced
22 grans of nevalonic acid (an internediate of the MA pathway). A shake fl ask
of these cells produced 2-4 gram of nevalonic acid per liter. These results

i ndi cate that heterol ogous MVA pat hways nucleic acids are active in E. colt.

E. con cells that contain nucleic acids for both the upper MVA pat hway and the
| ower MWVA pathway as wel| as a kudzu isoprene syntbase (strain MCM 127)
produced si gni fP’@?ﬁP‘FS’f °HEY e PraBist B PHGEIC T fraP Y oppreBiP¥t ed to E, coil
cells with nucl hsmeaor ONAGRzrON prgdutdd &y PaRRerstivhiA eplautivag\disesiah) t he kudzu i soprene
synt hase (strai ﬁhdéygmn;lo’ia&ede&@&esmta&&e;’aboa,&dmsEas 4nesy8masaom::§ m{ldkl). 101381 As
anot her exanpl e a nuc{éw 1 lSOCCOZQ) Q(I'lngno%ernuc% achen Lo} allgrnchgl ng a P. al ba

i soprene synt haSe 6’ e "Jhdd nuclei’c acid e dgn M7 Tazei  MVK
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nnonbr 0o/ ODs 00/ bkludes an@opréde &%se@%%ﬂmbﬂwwm@@an J)or pftof soprene during a

67 hour fernent aftolh&rﬂoxyp@pntaé“[@g alg@em@@t mma%eﬁ.ﬁsca@xsrrdagtlonf pedikg or 395.5 g (at a
peak specific r hour

a 4 nnol |r
fernmentation in %])ﬁ’ep%e Smhéisn%%s 0 ?éoﬁqéfmbo mg th elL i r?com%see %éam%l e 10). 10139]
I n some enbodi nﬁﬁ*ieg”c“”é{fy"}h@&?t a portion of the cells maintain the heterol ogous
i soprene synthase, DXS, and/or MA pathway nucleic acid for at |east about 5,
10, 20, 50, 75, "’iﬁb In 5 em@é‘ﬁ‘emso‘}‘e"H’iﬁer‘ce’c‘EéFF"“’Efil“&?”%‘i‘“fiﬁ%“’id n®a continuous cul ture
(such as a cont I'megolgmuoudidarrid’ ivied oucleic eidwhos orlyic acldieqerom® netindsodd mrent s of any
of the aspects @fthal Aot MRRE be@batubily@ouhdis hedfe RGEAl. conpri sing the heterol ogous
or duplicate copy of an endogenous isoprene synthase, DXS, |ID, and/or WA
pat hway nucl ei cjoas2) din@d0lGRbHRikk SO AclEedR ke sekd 6for mSGhndsic @ kananyci n,
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neonycin, or chlor arrp en| col tic resist 10140] As

i ndi cated in ExXple* emb‘%ﬂmteme/\he nuplgigacid sRshideE 6515 8PP i 15t 88ud can be
further increaséld 399 sRAWP. 8¢, y mers tonaeus prcieotifiey frprhanagelbtocquing sapenenmedi um usi ng E.
coli cells W t hsktidzakitisoRpDEREDISY MVAGRBYay Suclei€ &I WisGheambobmensadel E. col i DXS
nucl ei ¢ acl ds { g Q4GSnd & ARE Bl ns koA b e Ao orl D ATRUN edilcd SOPT ENE

produced was linearly proporti ong g g&D éeas extract in the cell
medi um for the SSHESEMTPAEIGHE: PEStRG*PH g‘h Aﬂﬁlt‘,‘)ayn“ﬂ B7°Ci 8% y, approxi mat el y
0.11 grans of i gopdens apcldctidlas @f oromstitaigase prodacwdtiony ktingeagel | medi um wi t h
yeast extract andugichigionse r{nkxaigslserefs syfimked DX IDE asMvpathlg nadenutis. of yeast

extract in the presencsiQf el mg(?a%ld;sq%égmeﬁgvangh My%ua]cﬁqme%ﬁmgﬁ' ng produced
t han i ncreasing. the armuné)&9 f% ucos resence of yeast extract. Al so,

i ncreasing the SREEHY BT AR ayaﬁ"'P’??Wg the cells to produce a high

| evel of isopre |, onger 1 ength of tinme and unpr.goved the health of the
cell's. 101411 I@g%i eﬁ@'ﬁ’ﬂfie&ﬁ‘ &1 TR RAYEPE Y T EMEITSTF & YB"EJE"IZ’WQ“P% ee types of
hydrol yzed bi onessisotifasenyeessrathoniafirciipsdhe eyeracid geppdncs of i engpded elolypertip) Thes t he car bon
sour ce (Fi gur esskdiederfsanadnetil kb gpor @S c B biansthiG@B)y.a sfecif@bs ceCRhutage o t h kudzu
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much i soprene fromthese %1 bi omass carbon sources as fromthe

equi val ent anou Fmg?wﬁPﬁﬁﬁ’Enfgmée “F@”ﬁ?ﬁ@é@@emVWW?““@“@BNF“%?FIs expr essi ng
P. al ba |sopren@ﬂﬁyhﬁhas@manuOﬁh@nNMﬁ@maﬁﬁwdyﬁpm@duéedﬁwévﬁmeﬂ@ at a higher
initial growth gae@osfdel@m ammoni a fi ber expansi on (APEX) pretreated corn stover
than fromthe equivarent anount of glucose. (Figures 69A and 69B). If desired,
any ot her bionmass carbon source can be ysed in the conpositions and net hods of
the invention. Bionmass carbon sources afe desirabl e because they are cheaper

t han many conventional cell nmediuns, thereby facilitating the econom cal
production of isoprene. 10142] Additionally, invert sugar was shown to
function as a carbon source for the generation of isoprene (Figure 470).
[0143] Additionally, xylose, acetate, and glycerol were also shown to function
as a carbon source for the generation of isoprene (Figures 69A-69D). For
exanple, E. coil cells with P. alba isoprene synthase and t he MVA pat hway
grown on acetate as the only carbon source had a specific productivity of

i soprene about twice as high as during growh on glucose (Exanple 10, Part 1V,



[0144] In sone enbodi nents, an oil is included in the cell medium For

exanpl e, B. subtilis cells containing a kudzu isoprene synthase nucleic acid
produced i soprene when cultured in a cell nmediumcontaining an oil and a
source of glu pple 4, part 111). As anot her ex oil fadR atoC
nmut ant cells 5§§?g&ﬁé95 t he upper and | ower WA pathma?ggpﬁgméﬁszu i soprene
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and a source of glucose (Exanple 12, part 11). In sone enbodi nents, nore than
one oil (such as 2, 3, 4, 5, or nore oils) is included in the cell nedium
While not intending to be bound to any particular theory, it is believed that
(i) the oil may increase the anmount of carbon in the cells that is avail able
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and/or (ii) the pitvlay sByepfileOMd ASeix1is 26 okl it AREHAS 1 (1R abdaSior@inbess,of Whi ch 1S
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pat hway | n sone aesebaghs Be ihiso, acil 1€ n@leik acidSeqPartet &fa\hrhe)bumm@aﬁmbﬁanel y hydrol yzed

before being addgegl.. h " d e 5 use of the oi
by the host cel f_;ggg ngyﬁ 5gb MLH M‘a‘&? wmdkghcg%lscé AcCi S%Eghlﬁl Vari ous

n
i soprene syntha?@ “ﬁkﬁmRTEf%méﬁﬁ%gwm%ﬁﬂmﬁé?ﬁﬂggmﬁbF?ﬁﬁ6??8@%“ fd nucl eic acids
can be used in tvhieh eereb bsiby oesrpgratedil refpecnds drdksir oftiretidsepartipyip@ntibespect 00146] As used
herein, "polypeptitlgscid i 6lcldid @5 sppinyepapbp-aie Smindsd, DKB I snu@epui des, fragments of
Bg: )}nggi: ggs( eagﬂxvfa}’p%lyﬁ’egnﬁ&wr%%dcqs‘?%E&@Emﬂoﬂ&inH%ﬁeJ?%Erfa of e nsérln!ne 0; Sor Iy:);totl de)
and part or aII98?“§%§g®®ﬁﬂsﬁ§?aB@%Y?Bgm@@mﬁmMLHm BasFE s @wf%&Fm?aCI|ltateS
purification or idgeieaglee seanance publichyavflthiiopRecpepenpaphiodecemer ¢ h2®% sigh#si s-tag) . I n
sonme enbodi ment suy of thedudiSds Mt cPBIpYHA @by @l e RREeSsioa AurdEt ih WppeadixQfor @ or nore WA
pat hway pol ypepfm% G RnckHED: 1@@“&'@%&% ot nacﬂioﬁ.ﬁeaer@pﬂ@m (Rt BHYIGEas e

pol ypepti des) nat urally-occurring
pol ypepti de (sugﬁmdggfiﬁmﬁﬂPfeggﬁﬂﬂiud% g§€§%ﬁy anrﬁﬁﬁg?OCoccus faecal fs mvaE
nucl ei ¢ acid) that ha re MVA pat hway pol ypepti des.
101471 In vari ogsmﬁl‘%go i 't"Lase‘Aﬁy‘ye ’i"““"‘@%’a C%s at |east or about 50, 100,

150, 175, 200, ani no. aci n so enbodi nent s,
the pol ypeni de ﬁ)?g t’ed a%ove xso%'ene %Ttg;lseepag?epudes coszzertdt%n ]Sll %pho%{mloo 150,
200, 300, or nor & ﬁllrt@ﬁ@&‘ge érﬁmﬁ‘awa?fredfs%ﬂra&m'w”d%rmlr“{sﬁ?jw%%l ypepti de and has
at | east or abotrienB94of bBPeptidRQBéptidBOAM fuh@Rpolyp@éifes B4 Uye of B onBOHGty @@1% 95% or

100% of an aCt"lébﬂreMestfthaﬁpGl eﬁlﬁ§Qﬁm%mgdmahbelu&@gtdaenﬂﬁéMQ@@E' de. In particular

enbodi nent s, the Xertl c u es.a.se nt of th entlre am no acid
ptide’ fas )soprcne s ase po tl € ac measu (he abﬂ.lt)b
sequence of any f urrin so re ase D, or MA

n
pat hway poIypepP@H@m“WHm§ﬁ%%MéWbﬁﬂWﬁ§ﬁT"WWh%a ﬁFVﬁ%ﬁVFH@ Hé% one or nore
mut at i ons conparedplirpasiai ecllseguerepepak bagravilgd stajnies., (ie Eev/j/pTacks&@guence occurring

in nat % eé |SOFE@H@es&MQ@Q%%&%ﬂaLk[RlethocpaEde:W{ﬂd%me Mﬁé&@tﬂf&issde- 50%48]_ I'n
sorree odl nent s e n,.s at e | use ereln,
r:deEete a{)pg)x;uxgl P(} mJ.fs of celﬁs are Befleted% uﬁae a¥’8808 xI qO

an "isolated po pti des, such as a
library of 2, SmWT@aMQGmW%Qﬂ&P }@BHWPFéW@Wijbﬁ%&ﬁ@bﬁﬂd%§a§ﬁﬂhls separ at ed
fromat |east oResgonpshgdndan idoedwhs alemativelp e ellsard tratgd adtuly®zymAn | sol at ed

pol ypepti de canhgy Qgt$g0m801£,95Eﬁe%atrspiﬂenaﬁ@ee/@mc.@w on of a reconbi nant
nucleic acid encodlng he pol ypeptide. [0149] In some enbodi nents, the

pol ypeptidc is a heterol ogous polypeptide. By "heterol ogous polypeptide” is
nmeant a pol ypepti de whose ami no acid sequence is not identical to that of

anot her pol ypeptidc naturally expressed_in the same host cell. [0150] As used
herein, a "nucleic acid" refers to two ot nore deoxyri bonucl eoti des and/ or

ri bonucl eotides in either single or double-stranded forrn. In sone

enbodi ments, the nucleic acid is a reconbi nant nucleic acid. By "reconbi nant
nucl eic acid" neans a nucleic acid of interest that is free of one or nore
nucleic acids (e.g., genes) which, in the genone occurring in nature of the
organi sm from which the nucleic acid of interest is derived, flank the nucleic
acid of interest. The termtherefore includes, for exanple, a reconbi nant DNA
which is incorporated into a vector, into an autononously replicating plasmd
or virus, or into the genom c DNA of a prokaryote or eukaryote, or which



[0152] In particular enbodi nents, the nucleic acid includes a segnent of or
the entire nucleic acid sequence of any naturally-occurring isoprene synthase,
DXS, M, or N VA pathway nucleic acid. In sone enbodi nents, the nucleic acid
i ncludes at Ie\%goo%mg out 50, 100, ISO 200, 300, .400’PC 198008;396969 700, 800, or
nore conti guous nucleotides froma naturally-occurring rsoprcne synthase
nucl eic acid DXS, M, or MA pathway nucleic acid. In sone enbodi nents, the
nucl eic acid has one or nore nutations conpared to the sequence of a wild-type
(i.e., a sequence occurring in nature) isoprene synthase, DXS, 1D, or WA
pat hway nucleic acid. In sone enbodi nents, the nucleic acid has one or nore
mutations (e.g., a silent nmutation) that increase the transcription or
transl ation of i rene synt hase, DXS, .| Dl r . MVA pat hway_nucleic acid. In
some enbodi ment @%ﬁ)he@ﬁcﬁ% e'lgafzepéléﬂle R?ascﬁvétyﬁg’b%eﬁ§7“§°f%"vea”Felaseuarﬁ%/fc’b amé.’%y nucl ei ¢ aci d
encodi ng an i sopveEnebesy Aivaeesd; . PIXS hen- 1309301858 30MIR 1rad 1eiRisRPes 8P pept i de. [ 0153]
"Codon degener acith drahd hebly Qcothiomed tg edfteBeelinthdrl@ireg@ patidvlryodd &sgee@rom t t i ng
variation of the.Rueli&pkl.deuaetieneR Mty BMhrBEESES tsleRthrdi® BREN0 aci d sequence
of an encoded PolYDeDLL d6; dl&, Skl ed AL AN of Mo M6l AURLE,OF, L he
"codon- bi as" exABiAed By e Be P ET RA P RBI T o R T Agd BY PRl ™ot i de codons
to specify a gi VeorPhainhufes PAEP epd stpiat-&F By & penffye fe $5ph 2 FRE Pt g o Mucl ei ¢ acid for
i nproved expr es$ig0R ! imM @50hgat) DEAPE, 65 1il bf Piast EgkexstiBo@kb{PEB)i($0 ndOTE-HERPOdi ments to
design the nucl QGo afd Mbch Usdbiykdidtand 2t HTE BUARRCY 250 orcNdRR e HS3GE approaches the
frequency of preferted, codon.dsade ol hhg Dashclhl o hdlpdl ol accession
numbers of exenpfary i aoprene Synthase CHRE” IO P UREFET 'RVABSY hway pol ypept |
des and nucl ei ca@évla@daﬁgqfqrﬁ@wwﬁwitb%@ha?exeaf“m(w@n%%w&wHhvfnbers of
Appendi x 1 and btiveiM ERDY @&Sp0fidibnNGC/i8e guahibesn Bragplhigpagilln | Nncor por at ed by
reference in their entireties, particularly with respect to the amno acid and
nucl ei ¢ aci d sedughcesmpiry is@aprsenese syhic hdat esludOXSleic kddk (hatandieor MVA pat hway
pol ypept i des andopeleifmacdrdplypeptlGetfitg e rdat ARad . @hi3R .080bRI NS the am no
acid_and nuct ei & agl.fl, SEAUENGES. Al ITELOUR CXSIPL ALY, LRORIENS, Synt hase, DXS,
m , and/or MA pathwa ,ppoT y|31épt| S an nﬁ’c el _acyl_ S ()ge for exanpl e, the
wor | d-wi de web &‘tdmg‘é%WCPW%%PHW‘F%BFWEﬁMWﬁt/i’ﬁ'hes%lﬁﬁ t he sequences
t herei n, whi ch ageiseadriyehegings valgonpormaletidbyndredegragiydeivédion reiof entireti es,
particularly W ihsdiesPsitmsli@cdbbi8eam no aci d and nucl ei ¢ acid sequences of
i soprene synthase, DXS, 1D, and/or MVA pat hway pol ypeptides and nucleic
acij;zls) ; lvlvg Somﬁ[@5@Oﬂismﬂﬁnﬁqdinﬁft@mgﬁopmrsﬁuh&fe pd@rideSOREGIEId 8 bk fRas e, DX_SalDl_, |
and/ or pat . . ence identica
o = sequence pral orBant agrLARsl Mok g Sl 5y K58, SEETT 10008
such as any of PHEREPUBTEEE HRRLPERSHTBRSEREFATEm AP Bt He 4 e essi on nunbers
i n Appendi x 1 ofShakey e/gf, Plati@bysielogy @ c 88 7)3r 880 fterdria lobdwe pidedgcldafabase. Addi ti onal
exelrrp! ary i;opr Q/B@P@ymmgapulmﬁocbrﬂ,PT:Mbﬁﬁlrwlﬁ(@&jafwl rma}h;&pept ihdes g”f'
nucl ei c acids ar e el Qv : r n nt hase Pol yp
epti des and Nucfz@f)ggai%{elég" [ﬁgir%’%’s%g(,lﬁ%tg Sg%w u?é%al"riaﬁgag'ﬁ%%‘se
pol ypepti des cofPEraPepfstReyn4r f’%”’&’ideﬁ)r{ﬁ’é"ffﬁéf’["emfHfVF)Agﬂi)o']?lﬁ'tl >} €opr ene.
Exenpl ary i sopr émsshdyhithaseropol Gipepted de%0 p4ii50dehighatk yaddpetydes, fragnments of
pol ypepti des, papdjoliRsuy iatithed iMlBliQRSiROIYPRRY WS &k hatopRRRmat | east one
activity of an hagRrene. sYabnase,RoluPERLLdSy, Flandald aeLbods,can be used to
po ypeptpl e h I

|
det erm ne whet her a Pt as I s rene s nt’hase po ptide activity by
neasuring the aBPretd aE?F‘“t"ﬁéedf)‘bﬂhS?b‘é‘iﬂt"‘?“ElgV fepPa FFéSPFNﬁI\/&ﬁﬁ&%nto i soprene in
vitro, in a cel AY&XEM.ACRTI3Tr ATRFI0N] awdAY IBI24 Anhicheemph kereyy iaepayedbgel | extracts are
prepared by grOoWreRee il bfikeles (pBri@lasly it @sgeet oG QdnbePdiliseiOZ bhaSetnbicn descr i bed
herein) in the shake flask nethod as described in Exanple |I. After induction
is conplete, approxinmately 10 mls of cells are pelleted by centrifugation at
7000 x g for 10 m nutes and resuspended;in 5 m of PEB w thout glycerol. The
cells are lysed using a French Pressure cell using standard procedures.
Alternatively the cells are treated with |ysozyne (Ready-Lyse |ysozyne
solution; SpiCentre) after a freeze/thaw at -80C. 10156] |soprene synt hase
pol ypeptide activity in the cell extract can be neasured, for exanple, as
described in Silver et al., J. Blot 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 pol ypeptide
activity. DVA?? (Sigma) is evaporated to dryness under a stream of nitrogen
and rehydrated to a concentration of 100 nMin 100 nmM pot assi um phosphat e



Exenpl ary DXS Pol yp eptides and Nucl eic Acids [0159] As noted above, |

- deoxy- D- xyl ul ose- 5- phosphal e synt hase (DXS) pol ypepti des convert pyruvate and
D gl ycer al dehyde- 3- phosphat e i nto 1-deoxy- D xyl ul ose-5-phosphate. Exenpl ary
DXS pol ypeptides incl ude polypeptides, fragments of polypeptides, peptides,
and fusi ons pol9p&pt’fdts that have at |east one activi F%’Q’B%g“a"’ S pol ypepti de.
St andard net hods (such as those described herein) can be used to determ ne
whet her a pol ypepti de has DXS pol ypeplide activity by nmeasuring the ability of
t he pol ypeptide to convert pyruvate and D- gl yceral dehyde- 3- phosphate into

| - deoxy- D- xyl ul ose-5-phosphate in vitro, in a cell extract, or in vivo.

Exenpl ary DXS nucl eic acids include nucleic acids that encode a pol ypepti de,
fragnent of a pol ypeptide, peptide, or fusion polypeptide that has at | east
one activity of agds BXSlypertifgsep tomd enbodine@impiedpyenDXShasaioly pretpt praesricand nucl ei ¢
acids include natbth adukaiy-OG ez pblyHeptiBk WREPIcliGes omndls Dblel: 8] ke iRginds from any of
the source or gag, s, 45561 LARHIGE Shiloft Weble A5,HHE3MRALYREPLT des and

nucl ei ¢ acids derive rom any ource ordani sns _descri bed herein.
Exenpl ary W Pof%i7ept ‘?Hé’%“‘é.‘h%f’°m8tldé?‘8“°}ilf|“?ﬁ‘§f‘°f(53f 8 "Peb eRPenyl  di phosphat e
i sonerase pol ypepoiidas, i issprpe pobnyiucledd 4 osplzetd: detatuailsomemase or M)

catal yses the | pligem@nvatist 21 t6h pdpBi0 pRbheRyddindh hos@phadsgriade r)eicand

di met hyl al I'y1 dsﬁ@f}wa@?&o@,sg}?wnmuyQ(gmgngpol%weeo b0k DVAPP andi or

converting DVAI o 1PP ypepti ncl ude pol ypepti des,

fragments of poIE%QIg; b ,edpstal,,pﬁ,g,m,@;bg fusi ons pol ypeptides that have at
| east one activity o po ypeptide. Standard nethods (such as those

described her ei s amsnbt@damcl oy 5L BLDY aﬁspmwas{e@wl% GRLi de has 1D1

pol ypepti de acti Vi surin ride to

i nterconvert 1PP" eﬁ\éy“t%}ﬁggg gﬁciﬂl‘gwg Iih?fphé‘ei?g’l Idwé&br"é@?ses 'E’SPF "vivo. Exenplary
DI nucl ei ¢ aci &smplnBXYrplypantidst iedluge natypegtislos ﬁf?aft\méﬁ@ebl@m&“wﬁ@?ﬁép‘ii de, fragnent
of a pol ypept i desiodd eiptpdes thd havé 1 RhsOdie pBlity {Fe PKB pleyptphdt Sthasd adtholiseast one

activity of an @uchpﬁﬂoy@@@&ueﬂﬁremﬁ%ﬂm e@uezmevmm,evpg,%apﬁd@ms@mi nucl ei ¢ acids
i ncl ude natural I eurri g}gﬁ)@a? gﬂoéh fst?epg?epngcwglfl&n%{%vggmf pom any of the

source organlsnﬁ scrl ptrdes and nucleic
aci ds derived f plreldnyicdphotiae @@uﬁ@@"%ﬂ@*&’ﬁﬁ W@ém’ﬁ%@ﬁ“ﬁ@f’@i frir Exenpl ary MVA

Pat hway Pol ypeptitddegmalag DXBInkiet gidfeidsnublBd6il] hitsempi miyyepide Aapabthiay

pol ypepfi des i ng%}&ﬁgt@cpe}m or@sar% MJe thmn%ham@@cu(]@%%m L@@ e)

pol ypept! des, gl’ 053\53 1 1des fmﬁd 1cacl mc S:O -0C umn o} li;.m'éméosynt hasc)

pol ypepti des, yﬁ@i Eo d'uc? SEPURY A reduct ase)
pol ypepti des, n%‘\? ‘Féff?& & qey ﬁ%@%%y5$6ﬁ%@ﬁf¢‘ﬂ@§ellﬁ%@%h@ﬂ?@(}?ﬁ onat e ki nase
(FMK) pol ypept i agsycled kqiis dsipdd G va b Omtseircd egasdrokyditasierein WD) pol ypept i des,
phosphor neval onat e decar boxyl ase (PMDC) pol ypepti des, isopentenyl phosphat e

| ci nase (| RK) pé&teypepii Pdesride &K Npalcypépt | des, and pol ypeptides (e.g., fusion
pol ypepti des) having an activity of two or nore MVA pat hway pol ypeptides. In
particul ar, MAIIp@EL hismyotemo Hipipeprtd idesask priybapties poakypdpivhargs defi agnent s of

pol ypepti des, pﬁmeiast%slm)amysés%smasnv@mnm@pénie@%phsmte dBeve at | east one
activity of an !}N&ly%ﬂﬁlgvp%)hape (ngﬁg?;g Colnve%xejigplae and,gracgnge Y nucl ei ¢ aci ds

i ncl ude nucleic ragnen a pol ypepti de,
peptide, or f usPMﬁPPp‘E)‘PVBbﬁﬁ“EEWtLWa?WPHﬁ%“ Hfh‘dF é"éé@@“?fhé‘“@é‘t*ﬁ °§| ty of an MVA
pat hway pol ypeppdiietidcEretifel, awd yushidAolpatileay hpoit ispept wcdeg olamblnucl ei ¢ aci ds

i ncl ude natural quyp@e&ustmdmmmhs&(ﬂ@n& ihs!@eﬁscamhamma@b&,seaw &iSmfak oM any of the

source organi sns as_nmut eptid and nucleic
o ts der fved f FraRIgEt HabEly Bk M onEa M A REAPRRLRER, 20T 01 -

particul ar, aceﬁvvmfﬁ%ﬂﬁﬁ%?VﬁW?@ﬁ§¥%F&%émﬁbebEWtFH@§“X¥@W%%W@¥%|olase or
AACT) convert two nol ecul es of acetyl-CoA into acetoacetyl-CoA. Standard

met hods (such as those descri bed herein% can be used to determ ne whether a
porypepti de has AA- CoA thiol ase pol ypeptide activity by measuring the ability
of the polypeptide to convert two nol ecul es of acetyl-CoA into acetoacetyl - CoOA
invitro, in a ceU extract, or in vivo. [0163) 3-hydroxy-3-nethylglutaryl-
synt hase (1-1 MG CoA synt hase or HMGS) pol ypepti des convert acetoaeetyl - CoA

i nto 3-hydroxy-3-nethyl glutatyl-CoA. Standard nethods (such as those descri bed
herein) can be used to determ ne whet her a pol ypeptide has 13M5 CoA synt hase
pol ypeptide activity by measuring the ability of the polypeptide to convert
acet oacetyl CoA into 3-hydroxy-3-nethylglutaryl-CoA in vitro, in a cel

extract, or in vivo.



[0164] 3-hydroxy-3-nethylglutaryl-CoA re duotase (I-1Ms CoA reduel ase or

I -1 MER) pol ypeptides convert 3-hydroxy-3-nethyl glutaryl-CoA into neval onate.

St andard net hods (such as those descri bed herein) can be used to determ ne
whet her a pol ypeptide has |1 M5 CoA reductase pol ypeptide activi by neasuring
the ability o?‘w(f B8’ pepti de to convert 3-hydroxy3- nEth F‘ai’/‘ﬁ,ﬂfﬁgyw -CoA into
nmeval onate in vitro, in a cell extract, or in vivo. [0165] Meval onate ki nase
(MVK) pol ypepti de phosphoryl ates neval onate to form neval onat e- 5- phosphat e.

St andard net hods (such as those descri bed herein) can be used to determ ne
whet her a pol ypepti de has MVK pol ypeptide activity by measuring the ability of
t he pol ypeptide to convert neval onate into neval onat e-5-phosphate in vitro, in
a cell extract, or in vivo. [0166] Phosphorueval onate kinase (PM C)

pol ypept i des phBYEreAEE 20idp82t aeerak AL SReRs @ s aRRIde Gerfidsy gfusion

meval onat e- 5- di phpoide sthtas aStaatpatattdin e il TDOSlyfeplde ExapatyhDipay@eiss pidbed her ei n)
can be used to getelfl Ag.dRELIREcFinPAIYOERE LigBaRia M PPl WPEREd de activity by
measuring the abili Ly, ofb the. [a)ol Xpenp;[axlqtdq ta convert rdr;lgv.al anat e-f5- phosphat e
1.1110 neval onat B 82 G PROSHRATE” I VT BB =g "E& PRET TR *¥F i n vi vo.
[0167] Di phosph@tasvesiosrtses thesde hosty| ase (MWD or DPMDC) pol ypepti des convert
meval onat e- 5- di phosphate i nto isopentenyl diphosphate (IPP). Standard nethods
(such as those g‘é’@‘lf‘f’ﬁ%‘éﬁ%f’fé‘?y@?%@’éﬁﬁ"%dﬂ%@ to determ ne whether a

pol ypeptide has MVD pol ypeptide activity by neasuring the ability of the

pol ypepti de to CHAL & em foRdt e PEYRIPET FER B AP ECH IES Pl i tro, in a cel |
extract, or in Qdiaelasp)OdGgliddl3asphreneealural-SodgnasdBMGICas enthdyDC)

pol ypepti des comp p&denw@}ognﬁmdy%ma@t@méaa&a& (6L ok RARGRISRENiaRhOsphat e (1 P).

St andard net hods_(.such as S escribed herein be used to determ ne
whet her a pol ypep lfnaténﬁaécsmgg%@)zg&ld%s pehﬁiptlmalév_alg[@% i}“\lllilsf @ﬁgbp" Fr)f%e Lting the ability
of the pol ypept fiberiogeamiLra ol Yhae B dpHBSprRAtdorR i RN vitro, in a
cell extract, o@MDA)pgiyrepdes, fPdE8) rhogmpdintse BY) pgirasEhdRl@olipemias,end | PK)
g_ol erpth i fleS( Fg%s,p@suew%tf@mh m@m&wmv&@@oﬁmw&m(oloﬁ);oagh@wt Ry sopent )cnyl o

i phosphat e . ar. mgf‘llo such .as. descrl erein) can be
used to determ %O}é/pw?ee?h@n r_mgulafio _yp?g%%asaogypﬁéges ]In{ﬂ{ég O??Ffsdésp%?g%gn@é’gt ivity by
nmeasuring the aBPPPEYS BPIEHEd Bty OB BV R Er: h® s MY4 PP in vitro, in a
cell extract, owathivey poiynepide. BRpBl MYéematplapyclelc Blids pohdg pepoke aite Satamele nucl ei ¢ aci ds
are described abQufpidtesRhalypoMRbNOISd 0k iliGQbideptioGn el RlsConfiCi ds 101711

| soprene synt hagg,. XSy e MVA IWRSQ( cleic..aci an be isolated
usi ng standar daémﬁ;?%o S. k‘/gtﬂ}%gﬁs%%e%do&bt al pﬁaﬂlg _eatslll%&epal?pr‘i’ﬂchggéédg&ggi ds froma
source organi sl "t BPELYOcrERe PR IS BAREEF 14 THPRBHET 8F% common and wel |
known in the ardtsapfnssetrdedHeraip atyied bsogipnt pewertidef g m@lern pgyls éerive\@R904] 033646 and
references cit et dohalbghdbns Wakiehradie each hereby incorporated by reference in
their entireties, particularly with respect to the isolation of nucleic acids
of interest). Fote2eXapalcRar, abdiyl-tEracERGUBRCSRfeptlibi@s AU BibiGe QiadT) S known (such
as any of the kngunwaUohelC.aeh 4sdeSEidRet-ACt el n. Rl hal fopenorni

t tr donucl ea I

libraries may be created restriction e ] se estion and may be
screened with p%ﬂ@gheéewg%ﬁqf%jf‘ﬁmt%w?eﬁ@aﬂ‘é’@F“f‘%&dmsﬁu‘\C@é‘i °li§ti d sequence. Once
t he sequence i spoiyswlieaidty by hesubDidahergilty tfehe agiypkatifd tegnvwgs imagolssulggvdlar d pri ner
directed anpli ficealco®RonBicRefSTos BoHoaSa ROENBERSBRoChal N reaction (PCR) (US.
Patent Na 4, 683,202, which is incorporated by reference in its entirety,
particularly w fols3y espast-3h@nRERdRbh gdsk: HMcahainasaspriass of DNA sui tabl e

for transformatjon usi rate v .S 2lc A tenhatively, isoprene
synt hase, DXS, L}o .iphhggncglﬁér_?&%g%g(ﬁf\%%yEy%{fg){%fmgly %%ﬁzﬁicoé s%‘% J‘%éem‘é%y i soprene
synt hase, DXS, §i9F 2 K4FGPeARAD 52 hivad/o FrFErRivee e raerenide bs BMERSwn nucl eic aci d
sequence) can be chem cally synthesized using standard methods. [0173]

Addi ti onal isoprene synthase, DXS, ID,_or MWA pathway pol ypeptides and

nucl ei ¢ acids which may be suitable for*use in the conposi tions and net hods
descri bed herein can be identified using standard nethods. For exanple, cosmd
i braries of the chronmosomal DNA of organi sms known to produce isoprene
naturally can be constructed in organisns such as E. coil, and then screened
for isoprene production. In particular, cosmd libraries may be created where
| arge segnents of genom c DNA (35-45 kb) are packaged into vectors and used to
transform appropriate hosts. Cosm d vectors are unique in being able to
accomobdate | arge quantities of DNA. Cenerally cosmd vectors have at |east
one copy of the cos DNA sequence which is needed for packagi ng and subsequent



[9174] Typically to done cosm ds, heterologous DNA is isolated using the
appropriate restriction endonucl eases and |ligated adjacent to the cos region
of the cosm d vector using the appropriate |igases. Cosm d vectors containing
the linearized heterol ogous DNA are then reacted with gi ng vehicle
such as baderl%%??ﬁgéoémbdrl ng the packagi ng process, gcwooglgjsf%e%g are cl eaved
and the heterol ogous DNA is packaged into the head portlon of the bacterial
viral particle. These particles are then used to transfect suitable host cells
such as E. colt Once injected into the cell, the heterol ogous DNA circul ari zes
under the influence of the cos sticky ends. In this manner, |arge segnents of
het er ol ogous DNA can be introduced and expressed in host cells. 10175]

Addi tional methods for obtaining isoprene synthase, DXS, |Dl, and/or WA

pat hway nucl ei c SAEFEROYPREJe aMY SR Pewrpeily ality ?féFﬁ?j’@FP@i‘ﬁ“wa‘ie’b?C%f?af}e‘%'y assay (such
as t he headspacé€oasgsayydestmneltthahyee in)iroin 2l cR@Rougvieg priners directed

agai nst nucl eoti des encoding for a |l ength of conserved am no acids (for

exanpl e, at | ea#fi64d eriverismechy@imoCoacidesye HIZGFserdeee oriiM{®) aci ds can be
identified by abiigeitiigcavthBOydaky-InSSGUERCES 10 nkNOWA SLSQRRIMEAs SyNt base,

XS, 1 D1 and/or (M3, PRI A RALYRERLHRS e ERNAELYEFh ATLAR, 6LcR T Or | SOPr ene

synthase pol ypept i des can sequences of known

i soprene synt ba&8"BIPYFERs sqEEY oy R Birg BHiClm ot BLPeE® proic é‘yq’%‘bpr ene

natural | y can bénstatigheatl-€ch hio meeamttanrdropr otelkpacperrit fiocat i on net hods (which are
well known in the art) and the resulting purified polypeptide can be sequenced
usi ng standard (Peshodlsvalo@efrerse (rtkhepdiserade ehobrberridesmavalorpes t4 fomer at ur e (see, for
exanpl e, | ul si nge@lonate!s,phddftiptk.i RfldardMlefbsdd Riichbs. thokd daski@6dHa@ik) canffo used:377- 84, 2007,
Wthers et at, eprrammgthé} Q&Iyggpﬁ;c{e 9%3 WKﬁol;p%sn%Qz)cnv%gy me&él %Qz%?xty omé C h are each

her eby |ncorporate refer eir tireties, particularly with
respect to idenP¥PFrd ‘?3ﬁ”%T“HﬂB?EP8EE@F$?‘Wﬁ?ﬁ?@éﬁo ?%%“ﬁbﬁfhe5|s of

i soprene). [01¥®1 Additionally, standard sequence alignnent and/or structure
predi ction prograns can be used to identify additional DXS, ID, or MWA

pat hway pol ypeptit¢fesPhamePraopasikiesa Vi pdyaspdds mypsphohybitesiigvilengieft y of their
primary and/ or piogbitd Beh peilaspeptiptd@hde sedidamyhosd (futtck @ssedegdibda t hat of known
DXS, 1D, or W&rmtanmedmemﬁpaﬁeﬁ%paﬁdpnmm@po@ﬁ: ﬂgacnﬁwﬂdard dat abases

such as the SW SS SY- org", Sw ss
Institute of Bi oﬁn"f"o%“hea[’ﬁe ‘g\&qg’ep“ f°§wcft8’ﬁval°ﬁf\e7%"3h£§m? Lﬁ‘emﬁ)la?g Servet CH 1211
CGeneva 4, SMAtzéﬂp@ﬁﬁy”Eﬁhméfﬁé“%%°ugéw to |dent|fy i soprene synthase DXS,

I D], or WA pathmaY goly eptldes and nucl ei c acids. The secondary and/ or
tertiary struct (ff@! oPirierphomsyiinie fraarowis S8 or PEDC) presideMyRchat hway pol ypepti de
can be predi ct edevdsiapg-dphephaefha isbtent@@tdtphasgae @FP). Staadad artods (urchigstiasee predi ction

EBS%;&WBSA)S u CQJ @eﬁanJd?gélgch'Bms&ﬂ el lwm;[a’pol §|d§k§ ’eb pol)@%@é’elauwwewt Yor r N. Yf
er natl secC ary structure o
%)has %&gb\’[ Ht)[ %ﬂle po P}‘J t‘\?KWC IFC‘HQOHXIC ?dchos Late ugcaﬁ”b

an isoprene syn eptide Can be determ ned
usi ng standard Hﬁ%ﬁ@d@””ﬂﬂd¥WW@hal i soprene synthase DXS [DI, or MVA pat hway
nucl eic acids can also be identified by hybridization to probes generated from
known i soprene @yﬁlhﬂ@@W“DXBFmﬁﬂwynﬂﬁeéMRCH§HHWHV“ﬁH€P§?€“3E?ds Exenpl wy
Pronot ers and Vgoipbatesotp ©chahichyl frayphaof(IP). [fendagiopthen@ucs Jsnateciasded XS, |1 D, or WA

Rat hwgy n:Jcl ei ccaagé&dqﬁ&@mnbe@maerpe;{p@puqmsmdpesllemegiuauylhﬁ&esu% rmlre vect O(r]I S.
ccordl ngly, e |1 O a eatures v e nucl el c acl ds
gf ﬁﬂ\@ o?‘rhtb]% gﬁegllds %c?nﬁertmeva oﬁikge p%f)ﬁ%aﬁa mto IE’ W’KO, l{

encodi ng any of i SO way pol ypepti des
that are descri BEtf-Ref Bon. As used herein, a vector means a construct that
is capable of delivering, and desirably expressing one or nore nucleic acids
of interest in a host cell. Exanples of vectors include, but are not limted
to, plasmds, viral vectors, DNA or RNA expression vectors, cosnm ds, and phage
vectors. In sone enbodi nents, the vector,contains a nucleic acid under the
control of an expression control sequenCe, [0178] As used herein, an
"expression control sequence" neans a nucleic acid sequence that directs
transcription of a nucleic acid of interest An expression control sequence can
be a pronoter, such as a constitutive or an inducible pronoter, or an
enhancer. An "inducible pronoter" is a pronoter that is active under

envi ronnent al or devel opnental regul ation. The expression control sequence is
operably linked to the nucleic acid segnent to be transcribed. [0179] In sone
enbodi nents, the vector contains a selective marker. The term sel ective
marker" refers to a nucleic acid capable of expression in a host cell that



and famliar to those skilled in the art (see, for exanple, WO 20941033646 and
references cited therein, which are each hereby incorporated by reference in
their entireties, particularly with respect to vectors for the expression of
nucl ei ¢ aci ds st). Virtually any pronoter capg L Vving t hese
nucl ei ¢ aci ds \?(552 &&7?&@ e for the present invention i nc&’ 26)()gf'Ja%E)ut not limted
to, CvyCl, H S3, CGAL], GALI O, ADHL, PCK, PHO5, GAPDH, ADCI, TRP1, URA3, LEUZ,
ENO and TN (useful for expression in Soecharonyces); AOX | (useful for
expression in Plc/Ha); and lac, up, ?PL, APR, T7, tac, and Ire (useful for
expression in E. cob). 101821 In some enbodi nents, a gl ucose isonerase
pronoter is used (see, for exanple, U S. Patent No. 7,132,527 and references
cited therein, which are each hereby incorporated by reference in their
entireties, par 16l ashenrenyiphdphatespedPKprionpiiepsssingapbaem dossiyst ens f or
expressing pol yraemfoslﬁ@péaa‘enyu Mh@slbﬁ§t(ﬁ’]°) &M&@ms@hmp@@caeme@&? pronot er

nutants can be us%eusedlo %finTXniewpe%erc?pPlg)e]E 1‘%«31135%;1S cgyspémé)e acuw bémeaSLBlr%t epeptl de encoded

by a nucleic aci'd o noter (U.S.
Patent No. 7, 132b‘1532°f)hepq1>ﬁ°9¥}‘3fﬁ9°6%¥§“1@|%%?’f‘rié”ﬁ‘t §‘“‘ﬂ‘ﬁ’é‘aﬁ’l°ﬁ'w$"e i soi nerase pronoter
IS contalnedlnalow medi um or opy plasmd (U S. Patent No.
7,132,527). 1018370 Fﬁev}%l?fv%?l@%%mﬂg@ﬁ‘flgwdaﬁeqe%bﬁil@hVé synt hasc, DXS, W,
and/ or WA pathway nucleic acid is contained in a |ow copy pl asmi d (e.g., a

pl asni d that isZHEPAYXFtedtodicldsdttea49 about 4 copies per cell), nedi um copy
plasmd (e.g |asm d that is nmintained at about 10 to about 15 copies per
cell), or h| gh é%%& [sPrecas ppgse( RSy DL and/opM¥4 Rty b Helte 3¢ crrhe fP'aTER at about 50
Oor nore copi es pedargedtiols. Methods girEamnEGaidmeRicgsidsibrea fvateersmliogpbdus or extra
endogenous i SOPERRE (53 Itadddal gld¥) ark-dmmordind W Andaa taliheay oftildieduRti olgg i d i S

oper abl y 'i”kedgfe fo?‘exﬂleﬂ%’%ﬁ/ 364 sLn’Elb%gg'HE Pﬁﬁ% %}@m&ﬂ&ﬁ‘a er ol ogous or

extra endogenous i sopr éne synt hase nucl eic acid
operably |inked™ %% e'I"i’y Hretot @?’”F‘ge“ﬁso‘?"ffngil"ﬂéﬁ“hirﬁpe&‘ ‘?ﬁé"df°lﬂﬁ”6¥““ﬂ?"gh copy

pl asm d. | n sonecidphiodisdrdiot samptehbthdrearol hemesc ol issxawe Sudpdagefous | soprene
synthase, DXS, k8 fikcleibAhls ki bodBycin)) dGtid genodiiblaricSma) pedrad by dsttidted to a Tre
promoter. | 1 _SOR.AIAAdIIENRyd Rtk ahoLAga) e rhadeafmggpous i soprene
synt hase, DXS, | D I§NA nucl el ¢ aci ab g I nked to a Trc
pronoter is confcédlsﬁ%‘(".!‘ﬂ ﬁ’“é‘hﬁéea‘i“’fﬁ‘r‘?/b‘f"a‘fﬁ GHONOPY ‘]'b ¥inE RS FRB enbodi nent s,
t he bet er ol ogougdiregipd @thflc%lmemﬂvgewbmoll’wmcmeastmﬂ’ﬁ&)é@S BXENo-M , or WA

pat hway nucl ei ¢ 4a0j20k, wisch@Rbpdddied b lefalé6lin frQen@er), pEticpERIRL Rdpect tb ncxsorre

enbodi nent s, th%etn&a;)%rogmg%ﬁs&mmtgbﬁfo%@gggﬁumy&m@%gnq@eecwnt hase, DXS, |DI,
or WA pathway nucleic acid operably linked to a Lac pronoter is contained in

a | ow copy pl asig; Al&ﬁtﬂ@? 15651%9%@5@@5% 15 NEu BV RLALAP QIS Mds@%ﬂra endogenous
i soprene synt hase 5 Dgé’g{»,\/ 8ﬁatvwa nuciel C a(:dhqﬂ er ably linked to
an endogenous pPGROTPRT ThEk & %g%% Y "ESERBY M EhT °wnlﬂé %eoa, Bacill us,
Yarrow a, Strepeuitpeense) cappe crntiehcadryaadespe tmstdarcted an endogenous al kal i ne
serine protease, isoprene synthase, DXS, 1DI, or N VA pathway pronoter. In
sone enbodi ment $173 haddifietabipopiersgainase. KSR ey VérrdbYe pdetifes ppusiie synt hase, DXS,
DI, or MVA pat baayhitii@l B sGitsBlEforbs€ip@E @hbditdns O BehdiOie@ibeeiRERgRBOUS pronoter is

contained in a Do B GORN il B B il FL&xéaglg%osm%eH&%§won¥o!$ﬁ;a1\6§ﬁtopr is a
replicating plasraid that does.not mtg}gvgge into . a chronosone an the cells.

ha some enbodi n&RTE™S PR BIULPPEE PR B HIEPFRTEE Y RESE chr onpsone in
the cells. [ 0184 themscsesprefordsabyerd Pradupiios 1o paigulapaestigiibrprgs maype geaied werewhi ch when
i ntroduced i nt Olage fepigRbs ghRGL DERl(15-45 Bv) hrbifa@@gedin@ ecioR i@ uteh @ chesin cel | genone and

I's replicated. %?pﬁo afeHGE. bogmlm&star‘?urﬁdﬂgm Eéd@gtﬁéto Sé&;%%&%%%ﬁ&%es@?m er Catal ogue

of Strains (FGS d e references cited
t herei n, which BP@ ‘ée&?fﬂlyﬁ‘é?“éﬁift°fsﬁ@’6?tﬂfésf“§f%’By°5§1 FEPRP BRER° MH Y hei r entireties,
particularly with respect to vectors) for a list of vectors. Additional
exanpl es of suitable expression and/or Phtegration vectors are provided in
Sanbrook at at, Mdl ecular doning: A Laboratory Manual, rd ed., Cold Spring
Har bor, 1989, Current Protocols in Mlecular Biology (F. M Ausubel et at
(eds) 1987, Suppl enent 30, section 7.7.18); van den Handel et al. in Bennett
and Lasure (Eds.) Mre Gene Manipul ations in Fungi, Academ c Press pp.
396-428, 1991; and U.S. Patent No. 5,874,276, which are each hereby
incorporated by reference in their entireties, particularly with respect to
vectors. Particularly useful vectors include pFB6, pBR322, PUC18, pUC100, and
PENTR/ D. [0185] In sone enbodi nents, an isoprene synthase, DXS, 1D, or MWA



incorporated by reference inits entirety, particularly with respect to the
screeni ng of appropriate DNA sequences and the construction of vectors).

Met hods used to ligate the DNA construct conprising a nucleic acid of interest
(such as an i nt hese, DXS, 1111, or MA path & acid), a
pronoter, a tzgﬁlﬁg'M§¥ and ot her sequences and to |n32@¥ ?ﬁ@h&%nto a suitable
vector are well known in the art. For exanple, restriction enzynes can be used
to cl eave the isoprene synthase, DXS, 1D1, or 1VD/ A pat hway nucl eic acid and
the vector. Then, the conpatible ends of the cleaved isoprene synthase, DXS,
LD1, or MA pathway nucleic acid and the cl eaved vector can be |igated.
Linking is generally acconplished by ligation at convenient restriction sites.
I f such sites do not exist, the synthetic oligonucleotide |linkers are used in
accordance wi t h "e8TNRSPRETEPERNd Hegadni cirpulapeting of GeffPlessIs DAY BrdditpiCecul ar A oni ng:
A Labor at ory Manhgads seq@iiceaigse vec@olaldo Span agrigient splicatiol 9895 CofilerdBmanet t and Lasure,
More Gene Mani puds@bdebkerd Rot Dghkleic ARG £ afii@BESor neSBRinPMEBAs of {hg 70- 76, 1991,
whi ch are each Qﬁ&%t&%wh?&% &9&%&&& J?é’uln{b% bSel Jﬁi‘ﬁa‘é‘ls %irpwgllra&!:r%\ Cfgri‘éahnﬁr@ i es,

particularly with respec aIIy, vectors
can be const r uct& XRTFYY IRWW%'?}WF”H%\T% &t Cl"@é‘i‘im’dad@é IPE¥GhS | nvitrogen Life
Technol ogi es, Gatrenwayerpeedhyodiagse)n its Oile8 Ohrituiny widesgeathodisfoertisy, it nay be
desirabl e to ovelm&xpress isoprene synthase, DXS, EDI, or MA pathway nucleic
acids at levels far higher than currently found in naturally-occurring cells.
This result may ja®) aceRAR kdcmhadnny, hah@og&elnamsilséated:dsmmagpr@m& he nucl ei c acids

encoding those POlYBRRLLIRR, A SuULLLERRY (B, §§J@fal§co%dmmg%%ét hose nucl ei c

aci ds under a strong ucl dnsti t ronot er

over - expr essi ng a‘ffé’§?“r‘eé'élaseﬁo¢‘§‘b‘8b"f‘f”ﬂ%mﬁ??e‘hedﬂ??ﬂﬁﬁ STIRUEUEPYA RNRN i n t he art of
nmol ecul ar bi ol ogpypetedrmih @XREnptkesngveilelyeh fsdesrrdorhage. Sandytho pdckagibgdrocess, Mbl ecul ar

Cl oni ng: A Laboidtdkiys drrlad and Bélete@Pgons K30 i€lpaSiaget R teladad@btion k289, which is

her eby Incorpor@xcﬁgalnxlpm&@ﬁﬁ@@pqmma;eth;@m@maJasgw,suup@erhut&msa{haygW'th respect to
cl oni ng techni ques. squrces 1nclu descri ptions of

addi tional genef%t © H%t"ﬁ%ﬁd‘l‘°‘§°)f°]hgé?eﬁ\f%°?‘%“% 8’1"&%’%&“ W‘hfﬁg'fePﬁS i%fvent i on:

Krei gl er, Gene Tsatitiofets e "Eopy essiants Abdtedingrua P4 o MEpgddced 219990 and Ausubel
etal ., Eds. Cur egrtsed? @itool s i n Mol ecul ar Bi ol ogy, 1994, which are each
hereby incorporated by reference in their entireties, particularly with
respect to nol ecubsar AbiiotaDEyhodnd oldicigiistigent §6hH, XIS B, alke MK adtywaSOUr Ce

Or gani sms 1019J,Jdeic§@aa;nam@scsexmgmegmpssfﬁbm%Q;assap(eucmmmmwsa pucl ei ¢ aci ds

(and t hel r encog bgi%LTXBeH;t IPgI?nx%nﬁg‘nmers%ﬁ%é)algﬁst nuc COH:!}S encoMo E?aﬂ';” Sm t hat

natural |y contaifig | soprené finvdy nucleic
acids. As not edC%‘—a‘wmlm%ﬁ@ﬁ@mw&a*fliﬁ?‘ﬁrémseﬁ&tawawdy) SPS“'&’“%/WII%‘P%? of organi sns,
such as bact eri agnbvy@asted bypligig syincaridlscqaichsl Bowlogratisdiiie, OARUEL N t he WA

pat hway, TDCP patdv@ya a%ams,&p&dtgecé&/e%e@mno%’fa?gspl;mwﬁhaie%yp@st@é!UCI ng isoprene
(Figure 19). Thus,bfj%ﬂsrd d | G aci ds caﬂmbe .0b 8 e ﬁ‘ from any organi sm
that contains tRe patinay” Bre €on °€?asl°ns°"6101°?1r°"teﬁn MRVBREDRP pat hways. EDI
and i soprene syﬁ%ﬁ&@é’%ﬂf@i’%‘ isgpEqnejRptuE By raties sevisetetieepdardgrofgin purflip§en any or gani sm

t hat cont ai ns t hehddb/higtaddwanynowDXRe Patdd wayesuking pubfdd olfpkpeideddreand DXP pat hways.

MVA pat hway nucLeqaegcemngssmmmemsa&o&a@m@dsareerougd in thé an-EF! i@kgapk sm t hat
contains the WA ath hways [0192] In

some enbodi ment %“ISB’ %/f’"f V(‘fmg%laédo’“h" ‘éhée of’ I}{é‘éhe 1’86 reﬁ’g BVHt hase, DXS,

101, or MA pat I‘WV&V‘OM}@P)#F § 2007 cldirk pre gprh he@bwm@w@ﬁe@ﬁ@@wm their nucl ei ¢ aci d
that is produceehtiyesgaycundly it esfeatoli@uifingoni galit ASintolvedinhesyRhesid ¢T SOME

enbodi ments, thg,anyno acid sequence of the isoprene synthase, DXS, D!, or
WA pat hway pol ypeptide is identical to the sequence of a pol ypeptide that is
produced by any of the follow ng organisns in nature. In sonme enbodi nents, the
i soprene synthase, DXS, 1D, or MVA pathway nucleic acid or polypeptide is a
mut ant nucl eic acid or polypeptide derived fromany of the organi sns descri bed
herein. As used herein, "derived from' refers to the source of the nucleic
acid or pol ypeptide into which one or nore nutations is introduced. For
exanple, a polypeptide that is "derived froma plant polypeptide” refers to
pol ypeptide of interest that results fromintroducing one or nore nutations
into the sequence of a wild-type (i.e., a sequence occurring in nature) plant
pol ypeptide. 10193] In sone enbodi nents, the source organismis a fungus,
exanpl es of which are species of Aspergillus such as A otyzae and A. niger,
speci es of Saccharonyees such as S. cerevisiae, species of Schieosaccharomyces



koni ngii, Trichoderma harzianzan)(Sheir-Neirs et at, App). Mcrobiol.

Bi ot ecl um 20: 46-53, 1984; ATCC No. 56765 and ATCC No. 26921); Penicillium
sp., Hum col a sp. (e g., 1 1. insolent, H Ianuginose, or H grisea);

Cht ysospori u C. luckntnvense), diocladiums illus sp.
(e.g., A or yi’%{gm%ﬁ”“ﬂ? ger, A sojae, A japonicas, A ﬁ?ﬁ?ﬁz‘é?ﬂ Spgg

cnvanori) (Ward et at, Appl. McrobialL Biotechnol. 39: 7380743, 1993 and
Goedegebuur et at, Genet 41: 89-98, 2002), Fuson= sp., (e.g.. F. roseum F.
grami num F. cereals, F. oxysporuim or F. venenatun), Neurospora sp., (e.g..
N. crass a), Hypocrea sp., Micor sp., (e.g., M mehei), Rhizopus sp. and
Enmericella sp. (see also, Innis et at, Sal. 228: 21-26, 1985). The term
"Thi choderma” or "Trichoderma sp." or "Trichoderma spp."” refer to any fiingal
genus previ ous| WIEF &ddtiprelis $tapdaed seeicd diggergmd/qrsirusio dedigyen prop@hg4dbel N sone
enbodi nent s, th&ecftumgid@a&d&oﬁmxﬁ b loAn A paAwa@wwprdis,andAuchrammedoA acul eat us,

A. niger, A S X . solani.
Aspergill us st rga?%%&g gﬂh frgrgzr{?agy gd/drf)rl-dliﬁg?cg}p%ﬁdesgmd% ﬁﬁ%ﬂ%“%l al . Biotechnol.
39: 738- 743, 199%“0%’81"568%&86%m&‘}’v%&%(l’epﬁd“ea"r“emk‘c%ﬁ@ ﬁ‘iﬂdgéda%““ , which are
each her eby i nctr posmdt-aenbbdatabaef(aerdnide wetret tehpety prek fissirgtitited, particularly with
respect to fungBicinfofaf@Blbibs@ibl géup EMOO G I BiRhebServetl T 1R 1IN@bESa 4, SwiGensday ai N Of

Tri chodenm suc of T es S are known and
non- 1 m t1ng. exaiaree f Py Yy R B8 s okl Ry i SRSR, 4 2 PS8 B
ATCC No. 56765, “ATEXSIdRGIEe 577 U riRgRiEoner ergsoreh meResa PES e her eby

i ncor por at ed byMvapeivenpdypipidetcdndt predifrtl psing the &Sult st ofcterldad foyctud t h respect to

strains of T. rgef@bnprogBnS Qbfas BEdMIGUdiREH Sest 1 BEstb BB 219 [Ne@ivBrinsy.a derivative of
AL-237. AL-237 BO% Zdbggl Bﬁgng!ﬂ? th§;r5§xﬁl secm%h?zﬁldlgrne% H’stnAQr@lof‘an d)ﬁzr Ob' ol .

Bi ot echnol ogy 2 corporate Xl reference inits

entirety, parti ¥8Fsp Pffs\%? t%”‘?’é%@@i’pquepgﬁefﬁlbﬁ‘?‘e‘BT“edlﬂsm?iéaé%”é’ime P9195] In sone
enbodi nment s, t héddgiow iseremrsgthase. S| 1B, or M\amtway gustels 2@d cBaletadectifgices sp.

Schi zosacchar onyagsdBHion to Rbteidera®p from BbwGRHeHe elamsy DX, 0IXH lavhn sone
embodi ment's, the.solrg8 Qgganismis a bacterium such as strains of Bacillus

such as B. Ilchenf orms or B. subtilis, strains of Panwea such as P. citrea,
strains of  Psepdonnnas, sHch. gaeg,o,l? al cal | genes, strains of Streptonryees such
as S. albus, S. Ilividans, or S. rubiginosas, or strains of Escheriehia such as

E. call. [0197] (of% U&@qﬁh@{o&wm zsb%xg%umﬁmwa%uc]eﬂcmdldg@l%gd all species
within the genu in the art, including

0
but not Iim tedEefem °§‘Cbe ‘“°‘b”?"d T F‘E o ’%’“’ e‘f‘ g‘?ﬁ° é’(n‘h" mv‘“‘B“"“l"“?ﬁf“‘fis S brevis, B.
st ear ot her r nophPipge mqs: ““%{?lkaa‘ldi?m?iﬂpwy of B¢ iseprpid Smﬂiﬂijd?}fsa@i esvABvy| ausii, B.
hal odur ans, B. p®Bgati®s ha i deBribed Bagll |AA NS belin, aCVebtartih@ms:, colBructlttaut us, and B.

thuri ng! ensis. éa};abie%f&ﬁ/@r%gth?dgﬂabﬁﬂ%res&x&%n&%&énuﬁé&dmudﬂ&te&é?[ﬁta'h&ues to undergo
t axonom cal reor

i ncl ude
speci es t hat havga}gé‘%ﬁes?g & %CH% %"&im ‘?°h]3’1“edzﬁ’ ﬁlasmﬁif!tv"%oefmrls nigf’s’t o such
organi sns as B. exsrewian §eie1e FRGRHE Phags, veddst @hom@mW@Wemﬁwcm @GB%@ |l us
st ear ot hennophi hudsic dcid Ghder 1prcaghiol ine@xpreadion k@sdl Shwaitt, endospores in the presence of
oxygen is considered the defining feature of the genus Bacillus, although this
characteristic BIBD &Pk begn, ir0eiphgior @6@Ndeduyncétar@ela ribi¢icayie baglesee ibhtl US,

Anphi baci | | us, mawahsmpla@&rixluua@ acﬁ@ﬂa&a&esb%wpkggﬂ coﬁfo@s\éa,ubf@&amh teyS, Filobacillus,
GaC|I|baC|IIus Halo E aC|I|us Ther mobaci | | us,

[ Sat |
Urei baci | | us, al¥ir§i mve ex é%iepfoﬁmtero%%“e@]%%rdl AP t he source
organismis a grrmﬁleﬁosqu\?@r %’éfcé\‘elumﬁ enwewew‘mdp‘iehgﬂeefxlawwe% Thencl ude strains
of Strept onyeesexp®ssign contD! seqatdddiSqperoly Ilnked todi@AGkeic &eid eg@htic®bDEcive@r S. gri seus)
and Bacillus. In sone enbodi nents, the source organismis a gram negative
bacterium such as E. coli or Pseudonbnas sp. [0199] In sone enbodi nents, the
source organismis a plant, such as a plant fromthe fam |y Fabaccae, such as
t he Faboi deae subfamly. In some enbodi fents, the source organismis kudzu,
popl ar (such as Populus alba x trenula CAC35696 or &pal ns al ba) (Sasaki etal.,
FEBS Letters 579(11): 2514-2518, 2005), aspen (such as Popul us trenul oi des),
or Quercus robur. 10200] In sone enbodi nents, the source organismis an al gae,
such as a green al gae, red al gae, gl aucophytes, ehlorarachni ophytes,
eugl enids, chrorrdsta, or dinoflagellates. [02011 In sone enbodi nents, the
source organismis a cyanobacteria, such as cyanobacteria classified into any
of the follow ng groups based on norphol ogy. Chroococcol es, Pl eurocapsal es,
Oscill atoriales, Nostocales, or Stigonematal es. E.xenplaly Host Cells



[ 02021 A variety of host cells can be used to express isoprene synthase, DXS,
| DI, and/or MA pat hway pol ypeptides and to produce isoprene in the nethods of
the clained invention. Exenplary host cells include cell S from any of the
organisns listed in the prior section under the headi ng rTP| ary Source
Organi sms. " ThEORABYCeI 1 may be a cell that natural |y pVEHEEE P soprene or a
cell that does not naturally produce isoprene. In sone enbodi nents, the host
cell naturally produces isoprene using the DXP pat hway, and an isoprene

synt hase, DXS, and/or W nucleic acid is added to enhance production of

i soprene using this pathway. In sone enbodi nents, the host cell naturally
produces isoprene using the MVA pat hway, and an isoprene synthase and/or one
or nore MVA pat hway nucl ei ¢ acids are added to enhance production of isoprene
usi ng this pat hWa¥] ITnsemsenwdiappsobi vason eogteing saelectivg gerkas-eThe tepmitsalaey® | y  produces

I Soprene usi ng mbkerrreers P akudvestidaipabldnh &pedsiol s s MilAa iR wayasdbacl ei ¢ aci ds are

added to produc%1&@9&@%&%05%%@&1&@% %d@édlmgfcamevééw paplvgy as well as the
DXP pat hway. In ost cel natura Ix’/%‘groduces i soprene

nme
usi ng both the [’5??9 ﬁB‘kWﬁ?hﬁa?‘H%S‘f’é T o (s 1) - gb151e%E synt hase, DXS,
W, or MJA pat kenemyeimaedielis cagheticiin, saniamigicldesboy on, tfarteelqormesduct i on of i soprene
by one or both ebmjiches enldablivesy)andoEXeBpicat §iat dohanSicatdreddlangeMehhnds [ 0203]

| soprene synt ha%no%%amyé% on tf?él@!t an. M&lﬁ%@&%éﬁ sJIeUtRL E&Eers%luﬁlestho% vectors

contai ning them can Inserted | nto ant cell, a
finagal cell amﬁ%"ésé‘{]”’éé’lt'i‘emﬁfl"még ffé%t“‘@ﬂ”élM"IE’%FF“"BB%‘&"%WB@H’“E{@? ein) using
standard techni tuefgmftiop of @xqhederys o kot in thh st (eep c @ Fddteliteio Braptere isynt hase, DXS, W,
and/ or MVA pat heaychp®gy FeinkaRs Fubf FinRdbeatet 0 E/0 Burdrvb R eeonat, Bbk&h, Or vector into

N T

| i pof ection rred?lé‘ikgﬁ‘cag?m“[%& 93‘% %W%ﬁﬁdgf@cf“&’d%}%f‘g‘&f‘ F’Bf‘f‘g'btigrelfyr ansf ect i on
usi ng a reconbi merreraphygREerapsern fagj entirgties Horeuiagnwithirgsitsct eoablesHymafstiisbhat e DNA
preci pitate, hi ghnewaodgdnts)hebadatiameire @the whdshuclNieid oadhestodss ¢ @pme) ecti | es, and

protopl ast fusi Sb@ta:nx%enﬁlﬁ\ﬁjzgt&ﬁsﬁa%fi suimg]wshat—,e%m@ssqu@gge@ G KPR kN the art

(see, e.g., Cur r ent Pr ot ecul el at at
(eds) Chapt er 9, @‘?’I”"sé’m%%nuae’%aca? salselecnwmgtf Id%l‘?r% mé%ﬁ’ jl alAA%S dtjjgr atory Manual,
rd ed., Cold Spf‘ #Hig * 1% Hopd Perigg al, gerd O ICaHIePY (Wiichpre eﬂC’G}fePy Genet 16:53-56,
1989, V\:hl ch ar eme:moiatecherr@daeyce|mmreqnmat;ﬁdcuhyy viefrere medective ntalk@$)r hent i ret i es,

particularly w {ofe Erﬁ;%cﬂ:ﬁ‘&.!s ah Ro Feﬁ@ ﬁa@rrb”ﬁ&st 1090: MIRA ﬁl@d@)nuc_le_mad gxgngssi on of
het er ol ogous pol i S descrl bed in U S. Patent No.

6, 022, 725: U.S. ?f/’a “%°S e&"é“i %é%““tf%‘*”"ivatent No 7,262,041 : VO

2005/001036; He Enzyme M.cro& 27-23 91 Har kki
etal,, Die Techh‘tﬁﬂ. s‘?tﬁgéécgﬁge}ﬁiﬁg b al‘fﬁorﬂpﬁ%&f@g f‘-S TEPE, 4smz§§r:1d Neva | ai nen
at at, "The Nbl ¥EEF &R RSBy <eFrleTaberartaviahEch tsgctngspies B i¥n to t he
Expressi on of B deriveiogagk)ogpoursd, ayvabt, bistpRaitoPragpoli ®r Beinessnd using sivbteggul ar | ndustri al
mthOLogy, EdS-h k@ﬁ@ﬁ:t@ﬂ@efﬁﬁ@hr@(@w féva;aggle smkok@rmzl M@ec;laMnQ?At 129t 148, 1992,

ich are eac r | NEQkpOr e n their entireties,
particularly wi P% qo’ng%q gtcfltgggr?"é 1&5 ?nch Séere? mco??’%‘eﬁj%ﬁet hods). Reference
is al so made to’eﬁﬁeét“s‘%&t‘rew@W‘”‘@”“QQ"FC%G@E“S%’W‘S EP 238023; 'and Yel ton at
at, Proceedings. Natl. Acad. Sci. USA 81:1470-1474, 1984 (which are each
her eby i ncor por BiBY Higmores s MeHae T e He ppy PeopptErtat prsdons e Jorteilicar |y wit h
respect to transfusdfatxpresionns bdioged sfnbese, DX&IBE @ MYaprlorey afcleidgqpierte | | us strai ns.

The introduced i;usl&hﬁunqla@ea'c&igolﬁgynsb@ranm&@wh@ﬁmsaﬁmoqnm (MISCVEl | DNA or

mai nt ai ned as exg%%p r.ononso ﬁ? £ athp&ma %gpggswmcgsue4 An met hod known
in the art may b@ru§€§‘ t'o 'S éct rANSTornant s ne ‘non- i ng exanpl e,
stabl e transformants including an andS mar ker are dlstanU|shed from unst abl e
transforrnants by their faster growh rate and the formation of circular
colonies with a snooth, rather than ragébd outline on solid culture nmedi um
contai ning acetam de. Additionally, in sone cases a further test of stability
is conducted by growing the transfom ants on a solid nonsel ective nedi um
(e.g.) a nediumthat |acks acetam de), harvesting spores fromthis culture
medi um and determ ning the percentage of these spores which subsequently
germ nate and grow on sel ective nedium containing acetam de. (02051 In sone
enbodi ments, finigal cells are transformed by a process involving protopl ast
formati on and transformati on of the protoplasts followed by regeneration of
the cell wall in a known manner. In one specific enbodinent, the preparation



[ 02081 Cenerally, the m xture is then cultured at approximately OC for a
period of between 10 to 30 mnutes, Additional PEGis then added to the

m xture to further enhance the uptake of the desired nucleic acid sequence.
The 25% PEG 4Q00, 1.5 796«;{1er ally added in volumes of 5 to,lo, SIE JoBssch he vol ume of
the transformation mXx ure; however, greater and Iesser vol unes may be

sui table. The 25% PEG 4000 is desi rabl y about 10 tinmes the volune of the
transformation m xture. After the PEG is added, the transformation mxture is
then cultured either at roomtenperature or on ice before the addition of a
sorbitol and Cad 2 solution. The protoplast suspension is then further added
to nolten aliquots of a growth nmedium Wen the growth medi um i ncl udes a
grow h selection (e, g., acelamde or an antibioti ?c;é permts the growh of
trausf or mant s o?’i’fj%f“'l‘?'(ﬁcﬁﬁféﬂsw?‘?é“ 425 &% %?eﬁ%ﬁpie oh° 6P @?@’Ffegffencé%ﬂ“fds may be

per f ormed accor g whih acorlyeereby igrambrateipy eéscace inghegentiredgs pa@gletyivtited i n Sanbr ook et
al ., Ml ecul ar Qp&ﬂfbn@torsﬁsr&aéiﬁfsﬁfﬁu(%fﬁﬁclmidﬁdfmg&hﬂ v&qamys}gprl-mm@rpablel982 which is
her eby 'ncorpor&%%(% se LELRLEDE Sudofl lr® pBRA L PRI G 1 I¥o Wi th respect to

transfornmation Thé i nvention al so

i ncludes a cell o %fsz’pﬁﬁlull 9‘%?8’&’%‘? POEIHHOS PRI APGH SR h A3 pridduce i soprene. By
"cells in cultukd, agd§Ptesefrtor bxmgssior in fageheromeksh; 4 OK h(ugfuliodexrgssiom in( €. g., a cel |

medi um) that al biows, «AdiR, elp], 8Pl O, DA s RIS eQFesshRME. &) | di Vi si ons. "Cells in

culture” do not include plant cells that are part of a living, mu iticcllular

pl ant cont ai ni ngieelh smt babdhare grd&ota‘lsaﬁemiara&&dls bebd (@, dr abpld, USSUES. | n vari ous

embodi ment s, thf‘mea% 7, 1%& 4 QreleE cug%ﬁmﬁtwhtcﬁﬁ%ach%eb% a«,@mwb 20, 50, 100, 200,

500, 1,000, 5,000, 100 nore cel on_source can be used
to cultivate th’éfe’ﬁﬁé‘f”hél ?“1“§““ PRSP R e UM CE FPREUE YEMEPE t o one or nore
car bon- cont ai ni figressTRRERIPIYS ofiptpeth] Reparfed Pespn ormratcalyobtrzadatiyyn g visbst cel | or
organi sm_ For exadphdeveltoli@pr&sQbn of BEDIyptlidd EnRslled v a Budleit iciaapembly Bdetost cel |'s may

include any cargon ﬁs@%’&fé&é.‘dh&@%§PI:&YNWB@E?!?]%J&QO&J}SMYA&PH i ty or grow ng
t he host cells In So eis a

b u
car bohydr at e (sﬂ%ﬁ“ S S BA HATALD - B SR T S G L ETHAr | de, or
pol ysacchands) ,N¢hi#@#3)-sugar (e.g., enzymatically treated sucrose syrup),
gl ycerol, glycerine (e.g., a glycerlne byproduct of a biodiesel or soap-naking
process), di hydPBRy deerionentodneiscaiswesne sutarcceXs, B pudegMyd pabarayp| ant or veget abl e
oi | such as corsgleip@idmcondineSinyIbe eofly Pistill (e.¢8 6 Aisatdehat iabintibd «f @byt 1 @ni mal oi |,

fatty acid (€. Quppu Reofi@dlpbilc 3%&%% 1aagaezg m@m mgz%ggwmfawoual@uod or

pol yunsat ur at ed fa aC| J nonogl yceri de,
di gl yceride, trf il yt °rh’3§ °°Efztpa§'"‘9%é aplas‘% i sqm}éﬁmed “%‘R‘ Ant protein or

peptide), renewadt @mt‘a?r h I%Semwéode@mg thehaerct#igmﬁmemas@hs ipEcce such as a
hydrol yzed bi ongsBscCaxhHm, oslaVA vy i@ ekskid @XxperaBlg tinkedo TP @REOEr. Ik@i® a yeast

extract, pol yneermbocﬁsewmeaéz&&mgk oreﬂad@b@é@@s 1solﬁ£,te%sase %519, @i, succi nate,
| actate, acetate of the foregoing.

In some enbodi n%ihf’?'m?eﬁ zcidope rf)bc]?ﬂ%e i arc}zprf"%meéils °°ma ed“i %?’”mmé"ﬁ 68y nt hesi s,
i ncl udi ng, but T ’iﬂPﬁ“leefeP°ﬁ1t§?msg¥edletefsleg°Usl°hex§*tﬂ1®8"é?1dbG@feﬂeémthaset% car bohydr ate
is xylose or glmgeseva hBRdyI)cldeeadipb@myly Ifkdosatoiabied @Sohatabddeengl ucose and

fructose; exemha&yroggobgpaa%wnm@&rénpglmeenk@ﬁi Qsﬁv@mwmqmée and
exenpl ary polys c1% tarch and gel I

car bohydr at es” i HELAE @y@%a“%a ?%NT"@“mmTvdE?g o %%@8“m§§F%Efose or

gl ucose) and C5erabedieers “’Géﬁtegf’IOEOUXVIeﬁ@endeEenoa?la’meWG@é?“ D RlgwdVénbodi ment's, the
cel | medi um i nclatid8Sudicaad b alayily 1akd xS adyedudoteA 3n sBmCabddiiints aelr ce ot her than a
car bohydrat e ( &Griopd Y68k gahogengismﬁgng ;}ﬁhaséﬂbﬁyﬂfx%wg B e Car bon sour ce,
oil, animal fat, ani mal fatty acrd, lipid, phospholipid, glyeerolipid,
nDnoegcerlde dlglycerlde, trlglycerlde renewabl e carbon source, or a
conponent froma yeast extract). In sonp enmbodinents, the cell nediumincludes
a carbohydrate as well as a polypeptide (e.g., a mcrobial or plant protein or
peptide). In some enbodi nents, the mcrobial polypeptide is a polypeptide from
yeast or bacteria. In sone enbodinments, the plant polypeptide is a polypeptide
fromsoy, corn, canola, jatropha, palm peanut, sunflower, coconut, nustard,
rapeseed, cottonseed, pal mkernel, olive, safflower, sesame, or |inseed.

[0214] In sone enbodi nents, the concentration of the carbohydrate is at | east
or about 5 grans per liter of broth (g/L, wherein the volune of broth includes
both the volume of the cell nmedium and the volune of the cells), such as at

| east or about 10, 15, 20, 30, 40, 50, 60, 80,100, 150, 200, 300, 400, or nore



102161 Exenplary oils are lipids that are liquid at roomtenperature. In sone
enbodi nents, the |ipid contains one or nore C4 or above fatty acids (e.g.,
contains one or nore saturated, unsaturated, or branched fatty acid with four
or nore carbo | n me enbodi nents, the oil is obtained fr oy, corn,
canola, jatrop ézooggp%? peanut, sunflower, coconut, k?ﬁﬁ%oosg%éseed,
cottonseed, pal mkernel, olive, safflower, sesane, |inseed, ol eagi neous

m cr obi al ceIIs, Chi nese tallow, or any conbination of two or nore of the
foregoing. [0217] Exenplary fatty acids include conpounds of the formula
RCOOH, where "R' is a hydrocarbon. Exenplary unsaturated fatty acids include
conpounds where "R' includes at |east one carbon-carbon double bond. Exenplary
unsaturated fatty acids include, but are not limted to, ol eic acid, vaccenic
acid, |inoleic &by igsesiqadiot Rsymsice eontaiadd o 2 logitepy alesaich ilekomt cbeddienls: Exenpl ary

pol yunsat ur at ed t Btetojog@eireisra bndGenstiesoporpotiad Sxaur e MyRbatvaghuddes a plural ity

of carbon-carbo Elzlrﬂpéémab%r QA Q%0 en@gamg t,,%aer,%@etl ttraﬁttnegiertoatﬁwer@&t ds include
co npou nds Vmer e anlleoa E?acxllgs‘ ?arrowxa g'l) elp my&fr %ﬁ:%}d%rgf ﬁ moteporan endo§en8uﬁ a]?alnbOdl e nt S t he
Cl

carbon source i ncludes Ohe or as a C12
sat urat ed fatty seaespepleass SOrRe Wahayy B%%éPItan&Paétmandpronawcirssoaat urated fatty acid,
a Cg saturated enﬁtanxﬁnynsamihdgrolagoﬁzﬂexsea:hdageatuedopfe&tsmmm)d IDDbr MVAC22 sat ur at ed

fatty acid. In %ﬁméé@fd){peﬁﬁpﬂfﬂédmtendogeﬁgsptﬁ{)&%s@ﬁ&n@d]n%h@l@éo@' tic acid. In

some enbodi ITEH'[S nie em ogtmez% th vectrls epEcatn 1 mld%tatdaes Xtmtegratemt{) g., an
unsaturated fat Py"5el 33 erivat I've “Sf P APt e g7 “ 4R “unsat ur at ed

fatty acid), or cEenogme g C"éis d’é%"t’l‘%/"étbPWﬂ‘é)Partoa‘t“W nEfte "’(eél"‘gs momn unsat ur at ed
fatty acid). Suttrabboee Baletes.i ncl ude, but are not limted to, lithiumsalts,
potassiumsalts, sodiumsalts, and the like. Di- and triglycerols are fatty
acid esters of sstehoime chi®2hBls, thavesnivenyerrbodiidehdngyrodutre npeioght at i on of t he

lipid, oil, fat hostcatltmeamdmom&ogh e EelafdBs repilia@h VG RFchd 8 maRlo el | gl YCeride is at
!eaSt or about Bsegtoc% e!:nﬁrrCap‘to E&E%}s&ﬁs& thg%%f\?her"regnefgscgétune of broth

i ncl udes both the vo the cells), such
as at |east or a°66bﬁf°f55’“°esl°€5“d thEgin, sWsh arggeh barepy ingpgporaggh by rgfpyenceipier 150, 200, 300,
400, or nore g/ kotireligs, pginvecyerith gshiear@ntcsrs) ohudist o Drden iddtiond rranflesbthe |1 pid, oil,

fat, fatty aci dsuitiRRSkE Mot RegrdbnOtykRreipGded Arsatbrdo@biyC MoleddRr | S bet ween about

10 and about 408i.gld) el A R0lBS00ALkAP A0S A0NAR0 Of L, Detween

about 60 and ab g/L. In sone
embodi nent s, thB“’E‘ﬂHt:BéﬂtgrSftthtSWbﬂ6’|at18%%19%§"?t‘8tea|3° SR B 1ipid, oil,
fat, fatty aci dHondvroginperoeti adelasughi (Edsydor CaleMangpulaops igFwgercidgac Prisat 1 s added
bef ore and/ or dwtgagzs‘, fver; eddlutsUiFale Qo Bf8 74 1€ whittSite 6@ hdrby indoposeiBp enmbodi ments, the
car bon sour ce i gl ettgﬁqhepatgmt b ; ttsts;,ec%Vecﬁtsatamctat,teéﬁtﬁgtw% monogl yc, eri de,

di gl yceri de, cerl car bohydrat e, "such as glucose. In sone
enbodi nents, t héwlt‘dé?]f p('?fc’zgﬁéjcfgi’ 00,33 PENTRDY “fatty acid, nonoglyceride,
diglyceride, or trlglycerld to the carbohydrate is about 1:1 on a carbon
basis (i.e., on8! %arlﬂé‘i?“‘ﬂb°?’ﬁ‘§"slﬁ”ﬁi’pdcne e P LDIP&VYQP%"FY(J"UCIWBQI yceri de,

di gl yceri de, or isopefably yrkedto ghaitapleprorecter i bhp o tatserirtar beimy.in 4 frpep Basteple ul ar

enbodi nents, t hehe@fmu&tmapﬁe dérk@ floinPheGr mddd dugleid ks encfo&iﬁéa}bol@&jntﬂe id@wnogl yceri de,

di gl yeeride, or elthgr ergikéégogg dr Qe%rdloioupgtth\é@%gﬁ@xpsu&e e@godmgs tlhggrorg(!telr is useﬁlnd the anmount

of the carbohydrate 1S t ween H} Exenpl ary

m crobi al poIyp@ﬁ??ﬁ%”@ﬂ?ﬁbﬁmggﬁpﬁggmﬁﬁﬁVﬁﬁ%ﬁHﬁgm F”Hﬁf@hﬁ 2f8pt i des” from
yeast or bact er & pek &bh ek yripid pty. pobysreptdindas, haprbyeter s ong thatéssativacl ude one or
nore pol ypept i deshehés0oan. FoyexanBR/iMsomEdedimedts wﬂteﬁﬁ"ﬁ&ﬁha&le}Baltmproﬁ&aﬂ?} , sunfl ower,
coconut, nustar o v, ower, sesane,
or linseed [822§TVé§95§F§9$“r@%%ﬁg@?ggggﬁﬁgﬁhgﬁugﬁggﬂ.%ﬁwﬁ’e cheese mhey
perneate, cornsteep |iquor, sugar beet nolasses, barley malt, and conmponents
fromany of the foregoing. Exenplary renewabl e carbon sources al so include
acetate, glucose, hexose, pentose and xyl ose present in bionmass, such as corn,
sw tchgrass, sugar cane, cell waste of fernentation processes, and protein
by-product fromthe mlling of soy, corn, or wheat. In some enbodi nents, the
bi omass carbon source is a lignocellulosie, hemcellulosic, or cellulosic
material such as, but are not Limted to, a grass, wheat, wheat straw,
bagasse, sugar cane bagasse, soft wood pul p, corn, corn cob or husk, corn
kernel, fiber fromcorn kernels, corn stover, switch grass, rice hull product,
or a by-product fromwet or dry mlling of grains (e.g., corn, sorghum rye,
triticate, barley, wheat, and/or distillers grains). Exenplary cellulosic



[ 02221 In sone enbodi nents, the renewabl e carbon source (such as corn stover)
under goes amoni a fi ber expansion (APEX) pretreatnent before it is added to
the cell culture nedium (see, for exanple, Farzaneh al., Bioresource

Technol ogy 96 0%) 4-2018, 2005). During APEX pret renewabl e
carbon source vlg'(i? %"gé;?%d wi th liquid anhydrous ammoni a£(glt%slrrg@mégr68§?e
tenperatures (such as about 60 to about 100 C) and high pressure (such as
about 250 to about 300 psi) for about 5 mnutes. Then, the pressure is rapidly
rel eased. In this process, the conmbi ned chem cal and physical effects of
lignin solubilization, henitellul ose hydrolysis, cellulose decrystallization,
and increased surface area enabl es near conplete enzymatic conversion of

cel lul ose and hem cel lul ose to fernentabl e sugars. APEX pretreatnment has the
advant age t hat Bé&aiPk yromdidr and haspesedepasived imiCanbedmndserceaso e Déd > antichieused, whil e
the remai ni ng SatvRGeAS rdlrdntc(e Bntif Qg OwithidsiE 0deEnoted. JdOWAST r eam pr ocesses.

Al'so, a wash st Ram .8 MQlombERbhd s bRfolhRES P Ffl ORI B her exkyhSor dry maLLEr
recovery follown I e%sentl al l'y 1009% X is basically a

‘glthe Sétreatg;ent S f ] o APE

dry to dry procB&E POPREs PeesprapPersdtBRE BTE Cih B CoTEE S ®{% bl e for | ong
peri ods and can(ebé) Federat aly &phCel Bight:B84-33¢P. 18l Begb #nEMaCRB-¢ hydrol ysis or
fermentation pr mgsgg&hicmd dadnlhaaaeinaaaﬂradaﬁqyir@eeam&euﬂ (DEre@nticetid, padularlypri@ser ved in the
APEX process, W'reép_l?& b 'prok&ﬁs);%pe%zmq,?gg_f aﬁﬁLaahM%% Asﬂ?ﬁﬁu?w&z%e N ANGHL. fror

neutralization prior to the ‘enzynuti.c. hydr.o 1's of .a renewabl’e carbon source
LSRN AN AR B R e R L R L i i
carbon sources psfutiaBdseprpanticbdyarit strerivprofgirs)subsequent fernmentati on use.
102231 In sone enbodi ments, the concentration of the carbon source (e.g., a
renewabl e car bol'8bui ey eptsdipeptsi tegkrmpion vastogalso jnelufeta ypinatipysepeenes: 1, 0.5, 1, 1.5
2, 3, 4, 5, 10, Tebhipatid(tpntB0ggioddnay 0o bbDLveq) ratC@S@s euek Wakive tolthecroe @i Mal ent anount of

gl ucose can be dgt &fiiliReE, RYerkiStNGeddhangafd HRL G tBlRRds Wi R mg! ucose as a

reference to negx%ugogrct eano rgroelf}lggd'moegt tgelté'ln%gsioe 5 %Qnggisatngoden];lfs%r}ae%cnsecel?ar bon source.
In sone enbodi NBAtS, tHe cOncentTation Of the cafbon sourte (e.g., a renewable
carbon source) guisHeyEPRgItmioEor pratepss 819044 Broitrd fom 4 Trigaderabdieit 20% gl ucose, such

as between abouf r@se) @mclussfiidutal &OGiGh OGS B¢ tedoibwegem adbord o0t 5 and about 10%
gl ucose, bet weep, Ahoicoahy e fucRR M NhOX Db UFDSCH BHELWELHA 1 52RMbL Hoer@Nd  about 5%
gl ucose, or bet yeen, aHoul..1, A0d.AROUL, 2064l UC05e . . d0224] N, some enbodi ment s,
the carbon sour&&" FHCT lides yedst eXtt act of Ohe B hore g6ipofient s of yeast
extract, |n sonBtigiehayicHavdh regrpreto SBsEEHInMD BIOBEY, yeBitiope PYY is at | east 1
gram of yeast etlrdat Forpéictie lpessionds the payipptideg DNA embridizie polypkpadev®l une of broth

i ncl udes bot h t R&ea\bpd-diyBrRfh ifikEonCeIods I TBCHLEHAREh iRl V@hio® v@f the cells), such
at | east or aboyt 5 0 60, .80, 100, 150, 200, 300, or

10, . 20, 40, . 50
nore g/L. In soﬁ%resélﬁgb%sa?sr?’el%f%rfm%gg’éaHr(‘:)%nr?‘tep gsﬁn%%m\b yeast extract is between

about 1 and abo E87§8L85c8§/f!€1?b0 ug)s &%rogglgr\/\cgg%, rg‘%%%yaé %maﬂgl(%d ?noylflx%_te;go(r)no g/ L, between

about 5 and about. et wee out nd’. or between about
5 and about 60 §7forereiy gt *EnBb eivheps 2y pipsicadHe kafrratt dhofhcl udes the total
amount of yeast emdxdinac;tthetchiang regisn farddsarelraixre, RHSADD pr MNIT pathgaytndv@iccul t uri ng of
the host cells. aa iSQRBIn@IRAGPBRbSxprd iR vGRF NAMLBIOEEL mE Redyiles both yeast
extract (or one.gf, FRLE,COMPONGI SolNeLeRll, AN, a0010er, carbon, sour ce, such as
gl ucose. In sone enbodi nments, t e'ratl 0 Of 'yeast extract to the other carbon
source i s about 8etes 5 pahBEief arepinsqryd dogypstrep i e syomp @bt pipRger- [ 0225] Additionally the
carbon source may al so be one-carbon substrates such as carbon di oxi de, or

met hanol . G yce“’fvﬂ81 pAoUErET PBhest PSR ¢ H1V4 petiray Bitslels trifotnds infogrogted et hanol |

f or mal dehyde, ook extmiune)as inagprdsere mectoe pog trandard urhrigts{§anbbakephi ¢ yeast s ( Yanada
et al., Agric. Bhobu@ramy 2Rl ks Bhdsnid8 3, B GlniSAsr eby incor por at ed
by reference inits entirety, particularly with respect to carbon sources) and
in bacteria (Hunter et al., Biochem str%/, 24, 41484155, 1985, which is hereby
incorporated by reference inits entire 4y particularly with respect to carbon
sources). These organi sns can assim |l ate single =bon conmpounds, ranging in

oxi dation state fromnethane to formate, and produce glycerol. The pat hway of
carbon assim lation can be through ribul ose nonophosphate, through serine, or
t hr ough xyl ul osenonophosphate (Gottschal k, Bacterial Metabolism Second
Edition, Springer-Verlag: New York, 1986, which is hereby incorporated by
reference inits entirety, particularly with respect to carbon sources). The
ri bul ose nonophosphate pat hway invol ves the condensation of formate with

ri hul ose-5-phosphate to forma six carbon sugar that becones fructose and



[02291 WMaterials and nethods suitable for the maintenance and growth of
bacterial cultures are well known in the art Exenplary techniques nmay be found
in Manual of Methods for General Bacteriology Gerhardt et at, eds), Anmerican
Society for M crobiolog Washi ngton, D.C. (1994) or Brock in Biotechnol ogy: A
Text book of | RARAZPYE7E7C M cr obi ol ogy, Second Edition (1888YS28¥KHEr Associ at es,
Inc., Sunderland, MA, which are each hereby incorporated by reference in thelr
entireties, particularly with respect to cell culture techniques. In sone
enbodi nents, the cells are cultured in a culture medi um under conditions
permtting the expression of one or nore isoprene syntbase, DXS, 1131, or WA
pat hway pol ypepti des encoded by a nucleic acid inserted halo the host cells.

[ 0230] Standard cell culture conditions can be used to culture the cells (see,
for exanpl e, WORPERHIOBIEAGCEnE eptieshepeainday with reseedt t¢ theeseresning ofwipiopttear e each

her eby i ncor por aNgeeqldyces B BE @GR idnRS Tedd@d).r M3l ube@ tollig, thef¥MAtcbsttkar | y wi th
respect to cell ML&&Q&&@%J&&@:@@&&Lssqplsoggm;nnh'as@%&s mFaJIJnﬁ f§,y9r own and

mai nt ai ned at appropriate tenperature, g E such as at about
2010 about 37C, “‘5{"”5"&)"6&%“’6@}“ aéer’ﬁ‘bab‘i&f‘“dé’k?/” “@‘62““3 ‘d‘”é"c“”limm—?aﬁ #teen about 5 to
about 9). hi sonstoerbetknent i art Eprlexmple, eestgtiovaneyaits c35e Bed taclgre tigppr opri at e cel |
medi um 1 N SONE isEdaOEHhRRbES, 108, oMYA Fabhvbyli@sc aal frd @lldotdt @Bbnate approxi mately 28 C
In appropriate nﬂfé“eddpof%bé}meg%b&lré‘nysry%se% n%ﬁ)ﬁ OHWA QaHh%/a}HI!&éJamﬁ'%%' red amount of

i soprene production IS achi ranges for
fermentation ar &8 BEYHEES S ?f\L{I‘Fatefﬂ-Ir“%’“é‘sFe(?e’%l'%‘ﬁ?mpﬂi dé’ybga{“?ﬂ E“"ﬁ'é“‘about pH 6.0 to
about pH 8.0 or regttiensit®, Bsuptopitesdoret exipt, W) syntiRécptigopuslagidninyersges upseinf or med under

aer obi ¢, anoxi C acc@and MaedoditiGnaledaitti (s&emaﬁbr&as:edmncmaheorr@quidb@meﬁts of the host

cells. EXG”D' ar )ﬁa&H'iﬂéE %o?d%ﬂ%'ghkr@&?%sﬁ%d B%mQ& éﬁ@ﬂasiré hBARBE SpHAGUS are known

in the art and iter re and/ Iy fromthe
source of the f?]ﬁé‘ig‘ 2@8"}‘{" g’éesst%ébﬂ%?e@ﬁézﬁtl#yﬁémﬂﬁefﬁg‘gé{’wf"lrpéﬂegd’n and Fungal
Genetics Stock @é&rrpeen thefr @Pigtidgs, ppraculpsiy Wit grapect iotstirdimieatiedinkepsh hdgidgndlly, are gr own

usi ng any known veaod e 64 cofseicRB@iting krio@frecoSbifon@shnlyads ¢y, Infiegkedaatt ch, or conti nuous

processes. In sqsgmmgggqggemgmo@y batch net hod of fernmentation is used.
Cl assical batch fernentation is cl osed system where the conposition of the

nedia is set athfe Q@me@mo&gm&fm %ecfeﬁxréﬂmggx@ttelxlgasJ%Qnésﬁnhg's@tDX%lJbl ect to
artificial al teﬁﬁt' on uri ngmacﬁs atpver%f e% |t§a?hmf%gso%ndmnam (I}ghbegl nni ng of the

fermentation the ceﬁ‘4 Redium rs I'hocu e8i"fed "host cells and
fermentation i s°jerasictl e"a‘sfeﬁm@t?b'?}rmaﬂﬂfhﬁ’d’yH’ﬁfehfqﬁgd‘tntﬁg e nsleispidin  Typi cal |y,
however, "bat chéncfding nesapapipGies in® mbligitopyplawhidsiar plagisgi@ednudiar ativendckdi t i on of  car bon

source and attegmﬁg?ind@tﬁ@eopffoﬁs@tﬂhvgﬁgﬁ'ote@-t\de%@a}tf&mexl exﬁ&s,ﬁgaa@$rsarpslé,§ﬂfat1 RS pH and
oxygen concent I’atl on bat ch I omass

and w%]l kaown,i1 the ax Sft molﬂ;g{lax bl? ?gg n%t iamﬁest%ébeqound in

conmposi tions of change the fernmentation
is stopped. Wt ﬁ‘i”ﬁmh‘%ﬂ fthE‘Eﬂ“f'lﬁ%@g A&éﬁ“l"‘@ryﬁﬁﬂ’é'r%teé P BingheEesfRt i ¢ | ag phase
to a hi gh growt iitioghephasepasnd b iefaarct iy itd eptirety, par@blintyrvéth espprh@sieningher e growt h rate
i's dimnished oguhadt.ed. I n sone enbodi nents, cells in |og phase are
responsi bl e for the bulk of the isoprene production. In some enbodi ments,

cells in stati opaoy ma&ﬁay@rrgak&ﬁnausm&@a&soda&%;’d gel:éﬂ:l mﬁsﬁ‘olo%m@eal ments, a

variation on the standard batch system is used, suc Fed- Bat ch system
th d
Fed- Bat ch fernentation processes conprise & 1y E’%?refswﬁia‘?“a]ﬁors stemwith the

exception that PW@“&%PBH@“?BUW&%E*é”ﬁﬂﬁ%ﬁmﬂﬁmxﬁEW@H%ﬁﬁglgﬁ‘ﬂﬁ%“fernﬁntatlon
progresses. FedeBatccty igysdranity afence s @fiudntimike pagaliryvdh ietpet v @ple@ssi on is apt to
inhibit the netgggbh§mb9&p&g§ﬁgells and where it is desirable to have |imted
anounts of carbon source in the cell nmedium Fed-batch fernentations may be
performed wth Ehgusasheiososrce (e.9., glucose) in alimted or excess
amount. Measurenent of the actual carbon source concentration in Fed- Batch
systens is difficult and is therefore estimated on the basis of the changes of
nmeasur abl e factors such as pH, dissolveésoxygen, and the partial pressure of
wast e gases such as CO2. Batch and Fed-Batch fernentations are common and wel |
known in the art and exanples may be found in Brock, Biotechnology: A Textbook
of Industrial Mcrobiology, Second Edition (1989) Sinauer Associates, Inc.,

whi ch is hereby incorporated by reference in its entirety, particularly with
respect to cell culture and fernentation conditions. [0233] In sone

enbodi nents, continuous fernentation nmethods are used. Continuous fernentation
is an open system where a defined fernentation nmediumis added continuously to
a bioreactor and an equal anobunt of conditioned nediumis renoved



10237] If desired, a portion or all of the cell nediumcan be changed to
replenish nutrients and/or avoid the build up of potentially harnful netabolic
byproducts and dead cells. In the case of suspension cultures, cells can be
separated fromthe nmedia by centrifuging or filtering ion culture
and then resusPEi® %Yt he cells in fresh nedia. In théhgﬁggwgﬁgggherent
cultures, the nedia can be renoved directly by aspiration and replaced. In
some enbodinents, the cell nmediumallows at |east a portion of the cells to
divide for at |east or about 5, 10, 20, 40, 50, 60, 65, or nore cell divisions
in a continuous culture (such as a continuous culture w thout dilution),

[0238] In some enbodi ments, a constitutive or |eaky promoter (such as a Trc
pronoter) is used and a conpound (such as IIDIG is not added to induce
expressi on of tIA8Y JyprepateyREhIAer MVpgatiway pypleic gids RagAep epctfitay nucl ei ¢ aci d(s)
oper abl'y | i nkecpolypeptdeacapbaptmibe from ko oigaive thevbodiy penisisopanecompaund (such as

1PTQ is added g, ID?%&%{%M%% uQQc aQ{fis A0Sk %@f@oﬁx%ne%%M%any@(S W, or MA
pat hway nucl ei c acbogor el suc% ary Pr oduct i on

inke r

of Isoprene [0Z38]*°h"E0He €nd ob\émmﬁfm plaf‘tﬁéﬂd(?né'f’{?s%agrmsmsc ttwd?bggk'l naculture
medi um under C ORI B2ty o ot o YAt red 5P getbrets fesarodting issistedfigry the cel |'s. By
"peak absol ut e 19). GousdPiSwideie'scidsSantesbRined, £ @y Migaisaliscbude haunt of i soprene
I( n the ?L f- gaftgémgyragcoéth@b&nl%émk&goﬁpa@.@usSmfze&m@?e&esynma&u{cﬁﬁamrl ;)d gf ti rrek
e.g., e culturing.of ce ar. fe i un y "pea
absol ute pr OdUCt Itill §eg ﬁ'égmf)n any (}rgams a?‘cogtm?s ﬂie%w;\tpathway ]ﬁ& %r_?‘w rorr‘)olrk.l
ferment ati on rLfFFWﬁ%WdPﬁ}épa&bﬁélbﬁ‘fﬁep‘*&ww%e‘cdf‘ds°"§1(9E)?bé‘ﬁéi f«‘h ﬁ’E”I’1é"‘>’off gas is at a
maxi mum dur i ng dda@sactbdt toutpinsnig MIfA meewdy or chipdins otplrM YAl BXP péwayod of tinme (e. g,
the culturing of cells during a particular fernmentation run). In sone

enbodi ment's, t Heéi9%2is dprenenbeldinpas the pgleivgdisemeck ofithe itopenepmttkse, AX§OPLIt € productivity
tinme point. In SoWR pammlefefatd&mcahbeleﬁ@@&e&bs&iewm ROl Miabyosf Or the cells

i s about any Of e:[fg]meEooré%mgrﬂ lunmbkﬁgomegmh%ﬁlmnéqg: ammg %!d?dunmg, fllg)e.l By "peak

specific produc oprene produced per
cel | during thé5°8’ﬁrlet“3ififhi’sﬁ§x5'fm’c‘éll‘4vs‘\ PRBY2Y BB ERte ‘Sdiﬂ“%i?l ‘%’%‘?rsfqb"dcedfa time (e.g., the
cul turing of ceallyspiethitmgrogucdy tuy clibedellofieg ongeyidra ningwe.rlusee By "peak speci fic
productivity tidBod@ht)ine isbpfend Bidiale, BABCIDL, b BV PRIGLy sChiic D Porbbieiibtid Uri ng of cells
for a particul alnpgriad ol l)&ﬁmge%e edﬁomﬁomiog ki 00U 1O

particular fer rrent at1 o I Soprene tuced per cell is
at a nmaxi num THE hiﬁ%‘hl@e’?ﬁ%{’: fef,"“b?%"’d%cfPﬂ}liet“kf“’fcé"“b‘léf"é’fpfﬁ“ﬁé’ﬁo thl vi di ng the
total producti vntg myymbthfensayngudicedofor gehitls 2 poayserdie thetnstiaied yyappt | cal density at
600nm (0D600) . poRpesiderRer@D BlipEPRtoSintertshiBat teSOIFoRMBEoROELLAE or Sre NEASUr €d at the
peak speci fic RLAUCL ¥l Ly.chd BE AOLALe. LR RQR.CHDALIBNL, the peak speci fic
productivity for e cells 1s about” any of I'soprene "amounts per cell

di scl osed her elpﬁype["(5‘2411 By "peak volumetric productivity" is meant the

maxi mum anount of i soprene produced vol upe of broth |ncI udi ng the vol une
of the cells ar¥hd %@T ?mbﬁ‘@&”f“ﬁﬁfs°dii$‘?’$?§imf‘ﬁ%f“’tgﬁﬁ PEHPHNG "OF EEPTE for a
particul ar per io8dwrefiiiss pudipas (Leongre sudtdhages srletiaa piSaghaotryeeiidhgs Yeeravisigp, a parti cul ar
fermentati on r Upeies dBYcrizdd@eHkrofmR@Ghch b, pb@bewampsciecofpmmwiatsyr&ekerre point" is
meant the tine Lpgbgzmb%éngghetsaﬁ:e?rgaln Ys'aﬁxgme%us%!galléeu Iétc:%} Rhhlgul ar period of

time (e.g., the culturin uring I cu ernentati on run) when
t he anount of |f§“(§‘pfe§eﬁé°aﬁ?&ﬁ@(‘f’éﬂmﬂé?m\?Sﬂbﬂﬁ%“(g‘f‘m}ﬁ?“ai(I’f’e iAexPP% Grixi mum  The peak
speci fi c vol unetsdcnphottuydtyroldey, Wilkys NebeX ogp). riibrre tinddyre dipyctediediyy 2t he t ot al

pL oductivity bWeéeh@ae\l@deM@yi@ﬁce‘DEthJ&m%@:doﬁ:ﬁwmml&i artdioﬁr&conilp[}xsone errbgdi ments,

the isoprene a t productivity
ti me point. Inms(:])lu &hm?%o ??rlg&r;]e'?tgu%n ge%3 Tg%élﬁaggﬁ‘y gvcalp Ir“"":i]chypr oductivity for
the cells is about any of the isoprene anounts per volune per tine disclosed
herein. [0242] By "peak concentration” |s neant the maxi num anount of isoprene
produced during the culturing of cells Por a particular period of tine (e.g.,
the culturing of cells during a particular fernentation run). By "peak
concentration tinme point” is nmeant the tine point during the culturing of
cells for a particular period of tinme (e.g., the culturing of cells during a
particular fernentation run) when the anount of isoprene produced per cell is
at a maxi num In sone enbodi nents, the isoprene anmount is neasured at the peak
concentration tine point. In some enbodi nents, the peak concentration for the
cells is about any of the isoprene anpbunts disclosed herein. (0243) By
"average volunetric productivity” is nmeant the average anount of isoprene



[0244] By "cunul ative total productivity" is nmeant the cunul ative, total
anount of isoprene produced during the culturing of cells for a particular
period of tinme (e.g., the culturing of cells during a particular fermentation

run). In soneggﬁgﬁgﬂgagfﬁentge cunul ative, total annun; zhﬁﬂ%ﬁ@ne IS

measured. In t he cunul ative total pro YV y for the cells
is about any of the isoprene anmounts di sclosed herein. [0245] In sone

enbodi ments, the cells in culture produce isoprene at greater than or about 1,
10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1,000,

1, 250, 1,500, 1,750, 2,000, 2,500, 3,000, 4,000, 5,000, 10,000, 12,500,

20, 000, 30, 000, 40,000, 50,000, 75,000,

distinct from yeasts. Vegetalive growth by filamentous fungi is by hyphal 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 T. longibrachiatum, Trichoderma viride, Trichoderma
koningii, Trichoderma harzianum) (Sheir-Neirs er 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, 4 sojae, A. japonicus, A. nidulans, ot A. awamori)
(Ward et al., Appl. Microbiol. Biotechnol. 39: 7380743, 1993 and Goedegebuur et al., Genet 41:
89-98, 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” ot “Trichoderma sp.” or “Trichoderma spp.” refer to any fupgal genus

previously or currently classified as Trichoderma.

[0194] In some embodiments, the fungus is A. nidulans, A. awamori, A. oryzae, A. aculeatus,
A. niger, A. japonicus, T. reesei, T. viride, F. oxysporurn, or F. solani. Aspergillus strains are
disclosed in Ward et al., Appl. Microbiol. Biotechnol. 39:738-743, 1993 and Goedegebuur et al.,
Curr Gene 41:89-98, 2002, which are each hereby incorporated by reference in their entireties,
particularly with respect to fungi. In particular embodiments, the fungus is a strain of
Trichoderma, such as a strain of T, reesei. Strains of T. reesei are known and non-limiting
examples include ATCC No. 13631, ATCC No. 26921, ATCC No. 56764, ATCC No. 56765,
ATCC No. 56767, and NRRL 15709, which are each hereby incorporated by reference in their
entireties, particularly with respect o strains of T. reesei. In some embodiments, the host strain
is a derivative of RL-P37. RL-P37 is disclosed in Sheir-Neiss et al., Appl. Microbiol.
Biotechnology 20:46-53, 1984, which is hereby incorporated by reference in its entirety,

particularly with respect to strains of T. reesei.

[0195] In some embodiments, the source organism is a yeast, such as Saccharomyces sp.,

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

[0196] In some embodiments, 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
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63 100, 000, 125,000, 150,000, 188,000, or nore nnole of isoprene/gram of
cells for the wet weight of the cells/hour (nrriole/gwern/hr). In sone

enbodi ments, the anount of isoprene is between about 2 to about 200, 000

acool e/ g/ hx, such as between about 210 about 100 nnol e/ g"an/ hr bout 100 to
about 500 nr 067%?0&9107?%? about 150 to about SOO unol e/ é‘g”& W’W%?, about SOO
to about 1,000 nnole/g""/hr, about 1,000 to about 2,000 anvole/gw ",/hr, about
2,000 to about 5,000 nmolc/g",",/hr, about 5,000 to about 10,000 nnol e/ g/ hr,
about 10,000 to about 50,000 nnol e/ g, cni hr, about 50,000 to about 100, 000
nnaol e/ gy"",flar, about 100,000 to about 150, 000 nnol e/ gwani ku-, or about
150, 000 to about 200,000 nnol etwar,/hr. In sonme enbodi nents, the anount of

i soprene i s between about 20 to about 200, 000 nnol e/ %vval hr, about 100 to about
5,000 nmol ef g", FHomoats i 2otk atizsrea Bt °f S DO HoE: 8P ””HW"’"&“D%(ST 200 to about
1, 000 nnol e/ g/ hrubxgzmmm@@@fﬁ@hea@@whasmm ru-nole/g,"",/hr, about 400 to
about 1,000 nnole/g,"",,,/hr, about 1,000 to about 5, 000 runol e/ g/ hr, about
2,000 to about RO70 08 uper hapdine /gy \gtnus'Bagiliys”, inchide bt sp&ieO@0iInthe galydBacillz0, 000

nrool e/ g",", / Nras ke iblhodeds RAG dear aRRAUL; bAQOLROQ (THTRbBL S, lichen)hit 5. about 20, 000

to about 150 OOP nlzﬁ?j%?\/ 5_?% !s‘!eardt%enno%hd%rB %Pa?ogzllug 9 ’09}9 QquFeﬁzczgzp% c ausnop 000

nmol e/ g, ol e/ gwer a/ hr can
be measur ed as ﬁ’i("g’ﬁ‘l’”ége’ﬂeg‘i”ﬁ’"’ﬁ’i Broagagpsehh trpiars BS“’S’&Q“@%G’”"WT’E HiFs her eby

i ncor por at ed byreqogrfized o thegeny Back!gs eminges e taderzqiapiomsel Fegnednizating. tThusrigspect to t he
measur ement of LSRR RNGe 20 AbEk kpodhs thirQive E%AEIRETed, IhWRiHFbu n@fimeadSpace (e. g.,

headspace from g,c %rﬁsgoé%asy&gfﬁ%op%ﬂﬂwm%1s90'd) %‘%L eceﬁéél ;hgr ed in sealed vials at

32 C with shaking roxl ours) are analyzed for
i soprene using %‘?”’é’f”%{ﬁ@f’éV’ﬁ Ja%"“@?ﬁ‘?? Tﬁ@?%‘ﬁfﬁ*ﬁ“?)}’é‘?ed’ﬁen@ﬁ%y%s a system oper at ed
i sot hermal | y ( 8&ns@predibd dafivgpn feptwe efitig m@fygiorids iathogh o khanvienftilalsd pdies tAssoci at es,
ljnc DeeE fT i el die rleaerlny)lanamizmmbu@bzada»tpmauﬁqaanmcmumn@xyamﬂe r edugi Onbgas

et ect or race L eenberg et
ol At mos. | Envi Lot gl VRS- TRtk RS SRR RHRTE B RO
97: 1588- 1591, 1Y¢1° Wsclﬁe'%i’ﬁ@”é‘adc‘f‘(gﬂ@fjléby i ncorporated by reference in their
entireties, part| cul ar Iﬁgﬁ\%t h respect to the nmeasurenent of i sopr ene
production). ThE§ades ‘E”B"d‘fsa?fﬁ‘i}"C&Préaa’s'ﬁﬁiaﬁTém BREV OIS e B0 ol i sopr ene
via a standard e ariale e ftepawico fr-gc dlalblyr Bitiden eeieder, ar fi edore enbodi nment s,
t he val ue for thezqgnanm sehe seeddosntd, @& sofirkbrdaedn iVragdegaate thdveung @l & 1 s cal cul at ed
by obtaining thg kaig.wglHgfor a sanple of the cell culture, and then
converting the A60D value to grans of cells based on a calibration curve of

wet wei ght S for[Ofb@f llnSbUJltErﬁUo@éenWﬂEeru?ce &‘QQ%IS%‘@IQ]@ s&é@isqslanth&tﬁ%ml enbodi nent S,
the grans of thfbcel suchas%heg e ljter of broth

n
(i ncluding cel oIy andﬁﬁldﬁaﬁsg%‘w?'tlﬁm{fﬁe’ig %g??gfheéwmfwlga“ﬁ’ﬁés a wet cell

wei ght of 1 gr almizu'phléarcsaqha#’op@usaIst@emlwlt@éﬁ%gfPpﬂqé{sqﬁl{ghfﬁﬁ?kl@fvl fidiirs the culture
has been i ncubateags7é(on:258L6M, 286), bdidn@@ctROPHBus 24, of (vesBIBwENDOdI MENt S, the
cells in culture produce isoprene at greater than or about |, 10, 25, 50, 100,
150, 200, 250, @20, 406k cdiO0Bment R, sourdQganSOB an HBOsucklas DR aldae, 250, 1, 500, 1, 750,
2, 000, 2,500, 3300000038000 d 8800, 10800 Bscoffi0r e 1O Of
|soprene/gram of cel for the wet” weight of the cells/tar (ng/g/la). In sone
enbodi ment s thﬁz@mymne gﬁboalaaerta@amh agmme@a@no@k%tsu& af QasBQU, 5, 000

ng/ g, ,, il_f) rheglmtoan %(\fge{n1 ab out %; g out 6(2 . about 100 to about 500
ng/ gt h, about 505 D8BTS PO GYHE BYPY O TR PAB %t 'fcﬁﬁffesto about 2, 000

negwer ot h, or aﬁawapyle@wﬂfa@”%d\(wocyemé"gwgrg«ar| h. ha some enbodi nents, the
anount of isoprene is between about 20 to about 5,000 nWjywcr ot h, about 100 to
about 5, 000 ngtfgPiaiostgslut 200 to about 2,000 ngigtvortih, about 200 to
about 1,000 ng/gworc/in, about 300 to about 1,000 negwool h, or about 400 to
about 1,000 ng/g""th. The anount of isoprene in negborill can be cal cul ated by
mul tiplying the value for isoprene production in the units of anole/g"/hr

di scussed above by 68.1 (as described in Equation 5 bel ow).



10248] In sone enbodi nents, the cells in culture produce a cunul ative titer
(total anmount) of isoprene at greater than or about 1, 10, 25, 50, 100, 150,
200, 250, 300, 400, 500, 600, 700, 800, 900, 1,000, 1,250, 1, 500 1, 750,
2,000, 2,500, 000, 5,000, 10,000, 50,000, 100 pere ng of

i sopr ene/ L of Vg?gotgﬁm (ﬁf g/Lb roily wherein the vol une oFQ‘BQS i ncI udes tbe

vol unme of the cells and the cell nmediunm). In sone enbodi nents, the anount of

i soprene i s between about 2 to about 5,000 ngflLbrour, such as between about 2
to about 100 ng/Linto,, about 100 to about 500 ngy/1, 1, Tc% about 500 to about
1,000 ng/Lbrod" about 1,000 to about 2,000 ng/Lhop% or about 2,000 to about
5,000 ng/4nb I n sone enbodi nents, the anount of isoprene is between about 20
to about 5,000 ny/Lhoch, about 100 to about 5,000 ny/Lbroth, about 200 to
about 2,000 g/ FRRthvarisond st cotyern b TS 1spes SrGIRdPherdahout 300 to about
1, 000 ng/ Lr ovabMua paittsapiolydepilietaad tayodute isbpr@OD trgpethdds @rve IOBAvenfidne specifi c
productivity OfEﬂexﬁﬂa‘?f&ﬂ@ell&&lﬂgceﬁkfﬁoinsﬁﬁfma&smsQitedbﬁ@@ﬁ@@&tﬁnfxd’d@ﬁﬁeshake flask or

ST 3 ol uUr op 06 BB b LKL a1y SBIBUE LG LD co |

culture at an O roxi mat 20 nL vi al,

i ncubating for SUreRioRtrbEat dostgt ially Pf?é‘%i%’fﬁpfei‘?gl“tsi’i@eﬁ]’?dmﬂ“ Bopsdpr ene i n t he
headspace (as desocly dreates ifopene estgip PEP pathwayboed apiogrent synpae, DX$,Bud/ok ik he 0900 val ue
is not 1.0, theﬁclslmldm@@eﬁm eﬂmmpme@ﬁbnfaﬁso@@;remgiuz@dm@ @Ra@D500 value of 1.0

by di vidi ng by th 618nafu?alygﬁolducals%pr n?usmﬁgﬁh%gﬁ{ufw@e/% headspace can be

converted to ture brot ing by a factor of
38. The val ue |‘FPP‘ES?ESF@"S&F‘WH@‘FL%HWFWrd‘lpﬁll"%@“"‘&‘&??‘dbﬁeWt“’ﬁ“l"#céd by the nunber of
hours and t he QD@Ectivedl! @rebeosiadybispathwiyh & sowprvmb@imenetht hobtedil npamaliyni t s of nyg of

i soprene/ L of bg@itdls isop@R a0k tle DXS PIR 2 2RADOE briFRROBIA phiBhy GRlelc &cids e CUl t Ur € have an

aver age vol unet r.i ucti vit. r n.or about 0.1, 1.0,
10, 25, 50, 100 digb"%mg‘%%‘s°"’§%cd’s‘y%’8%°r b %&Qﬁwégﬁ%%g’ Bg%‘if‘hw 1,000, 1100,
1200, 1300, 1 4010 somg e@@@menf Wt cc nayﬁa({jy produces isoprene using both the DXP and MV

pathways and one or more jsoprene synthase, DXS, 1IDI, or MVA pathway nucleic acids are

added to enhance production of isoprene by one or both of these pathways.
Exemplary Transformation Methods

[0203] Isoprene synthase, DXS, IDI, and/or MVA pathway nucleic acids or vectors containing
them can be inserted into a host cell (e.g., a plant cell, a fungal cell, a yeast cell, or a bacterial
cell described herein) using standard techniques for expression of the encoded isoprene synthase,
DXS, ID], and/or MVA pathway polypeptide. Introduction of a DNA construct or vector into a
host cell can be performed using techniques such as transformation, electroporation, nuclear
microinjection, transduction, transfection (e.g., lipofection mediated or DEAE-Dextrin mediated
transfection or transfection using a recombinant phage virus), incubation with calcium phosphate
DNA precipitate, high velocity bombardment with DNA-coated microprojectiles, and protoplast
fusion. General transformation techniques are known in the art (see, e.g., Current Protocols in
Molecular Biology (F. M. Ausubel ef al. (eds) Chapter 9, 1987; Sambrook et al., Molecular
Cloning: A Laboratory Manual, 2" ed,, Cold Spring Harbor, 1989; and Campbell ez al., Curr.
Genet. 16:53-56, 1989, which are each hereby incorporated by reference in their entireties,
particularly with respect to transformation methods). The expression of heterologous
polypeptide in T¥ichoderma is described in U.S. Patent No. 6,022,72.5; U.S. Patent No.
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1, 800, 1,900, 2,000, 2,100, 2,200, 2,300, 2,400, 2,500, 2,600, 2,700, 2,800,
2,900, 3,000, 3,100, 3,200, 3,300,
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6,268,328; U.S. Patent No. 7,262,041;WO 2005/001036; Harkki et al.; Enzyme Microb. Technol.
13:227-233, 1991; Harkki et al., Bio Technol. 7:596-603, 1989; EP 244,234; EP 215,594; and
Nevalainen et al., “The Molecular Biology of Trichoderma and its Application to the Expression
of Both Homologous and Heterologous Genes,” in Molecular Industrial Mycology, Eds. Leong
and Berka, Marcel Dekker Inc., NY pp. 129 — 148, 1992, which are each hereby incorporated by
reference in their entireties, particularly with respect to transformation and expression methods).
Refercuce is also made to Cao et al., (Sci. 9:991-1001, 2000; EP 238023; and Yelton et al.,
Proceedings. Natl. Acad. Sci. USA 81:1470-1474, 1984 (which are each hereby incorporated by
reference in their entireties, particularly with respect to transformation methods) for
transformation of Aspergillus strains. The introduced nucleic acids may be integrated into

chromosomal DNA or maintained as extrachromosomal replicating sequences.

[0204] Any method known in the art may be used to select transforrnants. In one non-limiting
example, slable transformants including an amdS marker are distinguished from unstable
transformants by their faster growtk rate and the formation of circular colonies with a smooth,
rather than ragged outline on solid cuiture mediuvm containing acetamide. Additionally, in some
cases a further test of stability is conducted by growing the transformants on a solid non-
selective medium (e.g., a mediumn that lacks acetamide), harvesting spores from this culture
medium, and determining the percentage of these spores which subsequently germinate and

grow on selective medium containing acetamide.

[0205) In some embodiments, fungal cells are transforrmed by a process involving protoplast
formation and transformation of the protoplasts followed by regeneration of the cell wall in a
known manuer. In one specific embodiment, the preparation of Trichoderma sp. for
transformation involves the preparation of protoplasts from fungal mycelia (see, Campbell et al.,
Curr. Genet. 16:53-56, 1989, which is incorporated by reference in its entirety, particularly with
respect to transformation methods). In some embodiments, the mycelia are obtained from
germinated vegetative spores. The mycelia are treated with an enzyme that digests the cell wall
resulting in protoplasts. The protoplasts are then protected by the presence of an osmotic
stabilizer in the suspending medium. These stabilizers include sorbitol, mannitol, potassium

chloride, magnesium sulfate, and the like. Usually the concentration of these stabilizers varies
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1,400, 3,500, or nore ng of isoprene/L of broth/hr (ng/Lb/hr, wherein the
vol ume of broth includes the volune of the cells and the cell nedium. In sone
enbodi ments, the average volunetric productivity of isoprene is between about

0.1 to about 3,50 4. 0".0ai hr, such as between about ut 100
mAL1, 0" 1,/ hr, %@8@?5%86 to about 500 ng/Lb, 00,/ hr, aboﬁeméﬁbg@%ggbout 1, 000

ng/ 400, / hr, about 1,000 to about 1,500 ng/4,0,h/hr, about 1,500 to about 2,000
ng/ 4, 00/ hr, about 2,000 to about 2,500 ng/Liaanthr, about 2,500 to about 1, 000
nmg/ Lb. th/ br, or about 3,000 to about 3,500 ng/4s/hr. In sone enbodi nents, tbe

average volunetric productivity of isoprene is between about 10 to about 3,500
nmg/ Lb: nth/lir, about 100 to about 3,500 ny/Lbroaillr, about 200 to about 1, 000

ng/ 4. 0, h/ hr, about §381t§1§§°Ht %d pO ngéLbn? qr, gboutrl 000 to about 3, 000
mg/Lbn, ,,,/hr, SFeaBsdteeql 580" ¢ & Bl 660 NP Lt 8PERF 202511 1n some
enbodi nent s, t hespereipdrzedivm. cul t ure have a peak volunetric productivity of
i soprene at greater than or about 0.5, 1.0, 10, 25, 50, 100, 150, 200, 250,
300, 400, 500, 606, Upaksof Bintogebost Ticlgdnma s 100, is dipient vwpshecalcitn 90, 1, 500,
1,600, 1,700, Il;oRfkation. Generally, between about 10 mM CaCly and 50 mM CaCl, is used in an uptake

solution, In addition to the caleium ion in the uptake solution, other compounds generally

included are a buffering system such as TE buffer (10 Mru Trs, pH 7.4; 1 mM EDTA) or 10

mM MOPS, pH 6.0 buffer (morpholinepropanesulfonic acid) and polyethylene glycol (PEG).

‘While not intending to be bound to any particular theory, it is believed that the polyethylene

glycol acts to fuse the cell membranes, thus permitting the contents of the medium to be

delivered into the cytoplasm of the Trichoderma sp. strain and the plasmid DNA to be

transferred to the nucleus. This fusion frequently leaves multip{e copies of the plasmid DNA

integrated into the host chromosome,

[0207] Usually a suspension containing the Trichoderma sp. protoplasts or cells that bave been
subjected to a permeability treatment at a density of 10° to 10”/mL (such as 2 x 10%mL) are used
in the transformation. A volume of 100 pL of these protoplasts or cells in an appropriate
solution (¢.g:, 1.2 M sorbitol and 50 mM CaCl,) are mixed with the desired DNA. Generally, a
high concentration of PEG is added to the uptake solution. From 0.1 to ! volume of 25% PEG
4000 can be added to the protoplast suspension. In some embodiments, about 0.25 volumes are
added to the protoplast suspension. Additives such as dimethy! sulfoxide, heparin, spermidine,
potassium chloride, and the like may also be added to the uptake solution and aid in
transformation. Similar procedures are available for other fungal host cells (see, e.g., U.S.
Patent Nos. 6,022,725 and 6,268,328, which are each hereby incorporated by reference in their

entireties, particularly with respect to transformation methods).

[0208] Generally, the mixture is then cultured at approximately 0°C for a period of between 10
to 30 minutes, Additional PEG is then added to the mixture to further enbance the uptake of the
desired nucleic acid sequence. The 25% PEG 4000 is generally added in volumes of 5to0 15
times the volume of the transformation mixture; however, greater and lesser volumes may be
suitable. The 25% PEG 4000 is desirably about 10 times the volume of the transformation
mixture, After the PEG is added, the transformation mixture is then cultured either at room

temperature or on ice before the addition of 2 sorbitol and CaCl, solution. The protoplast
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1, 900, 2,000, 2,100, 2,200, 2,300, 2,400, 2,500, 2,600, 2,700, 2,800, 2,900,
3, 000, 3,100,
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suspension is then further added to molten aliquots of a growth medium. When the growth
medium includes a growth selection (e.g., acetamide or an aatibiotic} it permits the growth of

transformants only.

[0209] The transformation of bacterial cells may be performed according to conventional
methods, e.g., as described in Sambrook ef al., Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor, 1982, which is hereby incorporated by reference in its entirety, particularly with

respect to transformation methods.
Exemplary Cell Culture Media

[0210] The invention also includes a cell or a population of cells in culture that produce
isoprene. By “cells in culture” js 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 p)ant containing cells that have differentiated into
plant tissues. In various embodiments, the cell culture includes at least or about 10, 20, 50, 100,
200, 500, 1,000, 5,000, 10,000 or more ¢ells.

[0211] Any carbon source can be used to cultivate the host cells. The term “carbon source”
refers to one or more carbon-containing cornpounds capable of being metabolized by a host cell
or organism. For example, the cell medium used to cultivate the host cells may include any

carbon source suitable for maintaining the viability or growing the host cells.

[0212] In some embodiments, the carbon source is a carbohydrate (such as monosaccharide,
disaccharide, oligasaccharide, or polysaccharids), invert sugar (e.g., enzymatically treated
sucrose syrup), glycerol, glycerine (e.g., a glycerine byproduct of a biodiesel or soap-raaking
process), dihydroxyacetone, one-carbon source, oil (e.g., a plant or vegetable oil such as comn,
palm, or soybean oil}, acetate, animal fat, amimal oil, fatty acid (e.g., a saturated fatty acid,
unsaturated fatty acid, or polyunsaturated fatty acid), lipid, phospholipid, glycerolipid,
monoglyceride, diglyceride, triglyceride, polypeptide (e.g., a microbial or plant protein or
peptide), renewable carbon source (e.g., a biomass carbon source such as a hydrolyzed biomass
carbon source), yeast extract, component from a yeast extract, polymer, acid, alcohol,
aldehyde, ketone, amino acid, succinate, lactate, acetate, ethanol, or any combination of two

or more of the foregoing. In some embodiments, the carbon source is a product of
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3,200, 3,300, 3,400, 3,500, 3,750, 4,000, 4,250, 4,500, 4,750, 5,000, 5,250,
5,500, 5,750,
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photosynthesis, including, but not limited to, glucose. In some embodiment, the

carbohydrate is xylose or glucose.

[0213] Exemplary monosaccharides include glucose and fructose; exemplary oligosaccharides
include lactose and sucrose, and exemplary polysaccharides include starch and cellulose.
Exemplary carbohydrates include C6 sugars (e.g., fiuctose, mannose, galactose, or glucose) and
CS5 sugars (e.g., xylose or arabinose). In some embodiments, the cell medium includes a
carbohydrate as well as a carbon source other than a carbohydrate (e.g., glycerol, glycerine,
dihydroxyacetone, one-carbon source, oil, animal fat, animal oil, fatty acid, lipid, phospholipid,
glycerolipid, monoglyceride, diglyceride, triglyceride, renewable carbon source, or a component
from a yeast cxtract). In some embodiments, the cell medium includes a carbohydrate as well as
a polypeptide (e.g., a microbial or plant protein or peptide). In some embodiments, the microbial
polypeptide is a polypeptide from yeast or bacteria. In some embodiments, the plant polypeptide
is a polypeptide from soy, corn, canola, jatropha, palm, peanut, sunflower, coconut, mustard,

rapeseed, cottonseed, palm kernel, olive, safflower, sesame, or linseed.

[0214] In some embodiments, the concentration of the carbohydrate is at least or about 5
grams per liter of broth (g/L, wherein the volume of broth includes both the volume of the cell
medium and the volume of the cells), such as at least or about 10, 15, 20, 30, 40, 50, 60, 80, 100,
150, 200, 300, 400, or more g/L. In some embodiments, the concentration of the carbohydrate is
between about 50 and about 400 g/L, such as between about 100 and about 360 g/L, between
about 120 and about 360 g/L., or between about 200 and about 300 g/L.. In some embodiments,
this concentration of carbohydrate includes the total amount of carbohydrate that is added before

and/or during the culturing of the host cells.

" [0215] Exemplary lipids are any substance containing one or more fatty acids that are C4 and

above fatty acids that are saturated, unsaturated, or branched.

[0216] Exemplary oils are lipids that are Jiquid at room temperature. In some embodiments,
the lipid contains one or more C4 or above fatty acids (e.g., contains one or more saturated,
unsaturated, or branched fatty acid with four or more carbons). In some embodiments, the oil is

obtained from soy, corn, canola, jatropha, palm, peanut, sunflower, coconut, mustard, rapeseed,
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6, 000, 6,250, 6,500, 6,750, 7,000, 7,250, 7,500, 7,750, 8,000, 8,250, 8,500,
8, 750, 9,000,
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cottonseed, palm kemel, olive, safflower, sesame, linseed, oleagineous microbial cells, Chinese

tallow, or any combination of two or more of the foregoing.

[0217]) Exemplary fatty acids include corapounds of the formula RCOOH, where “R” is a
hydrocarbon. Exemplary unsaturated fatty acids include compounds where “R” includes at least
one carbon-carbon double bond. Exemplary unsaturated fatty acids include, but are not limited to,
oleic acid, vaccenic acid, linoleic acid, palmitelaidic acid, and arachidonic acid. Exemplary
polyunsaturated fatty acids include compounds where “R” includes a plurality of carbon-carbon
double bonds. Exemplary saturated fatty acids include compounds where “R” is a saturated -
aliphatic group. In some embodiments, the carbon source includes one or more C-Cy, fatty
acids, such as a C); saturated fatty acid, a C4 saturated faity acid, a Cy¢5aturated fatty acid, a Cg
saturated fatty acid, a Cyosaturated fatty acid, or a Cz;saturated fatty acid. In an exemplary
embodiment, the fatty acid is palmitic acid. In some embodiments, the carbon source is a salt of
a fatty acid (e.g., an unsaturated fatty acid), a derivative of a fatty acid (e.g., an unsaturaled fatty
acid), or a salt of a derivative of fatty acid (e.g., ao unsaturated fatty acid). Suitable salts include,
but are not limited to, lithium salts, potassium salts, sodium salts, and the like. Di- and triglycerols

are fatty acid esters of glycerol.

[0218] Insome embodiments, the concentration of the lipid, oil, fat, fatty acid, monoglyceride,
diglyceride, or triglyceride is at Jeast or about 1 gram per liter of broth (g/L, wherein the volume
of broth includes both the volume of the cell medium and the volume of the cells), such as at
least or about 5, 10, 15, 20, 30, 40, 50, 60, 80, 100, 150, 200, 300, 400, or more g/L. Insome
embodiments, the concentration of the lipid, oil, fat, fatty acid, monoglyceride, diglyceride, or
triglyceride is between about 10 and about 400 g/L, such as between about 25 aad about 300
g/L, between about 60 and about 180 g/L, or between about 75 and about 150 g/L.. In some
embodiments, the concentration includes the fotal amount of the lipid, oil, fat, fatty acid,
monoglyceride, diglyceride, or triglyceride that is added before and/or during the culturing of the
bost cells. In some embodiments, the carbon source includes both (i) a lipid, oil, fat, fatty acid,
monoglyceride, diglyceride, or triglyceride and (ii) a carbohydrate, such as glucose. In some
embodiments, the ratio of the lipid, oll, fat, fatty acid, monoglyceride, diglyceride, or triglyceride
to the carbohydrate is about 1:1 on a carbon basis (i.e., one carbon in the lipid, oil, fat, fatty acid,

monoglyceride, diglyceride, or triglyceride per carbohydrate carbon), In particular
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9, 250, 9,500, 9,750, 10,000, 12,500, 15,000, or nore ng of isoprene/L of
brothi hr (ng/Li"oollar, wherein the volune of broth includes the volune of the
cells and the cell nedium. In sonme enbodi nents, the peak volunetric
productivity of isoprene is between about 0.5 to about 15,000 ng/40, 1/ hr, such
as bet ween abo¥®20%5¢¢ about 10 ng/L,,,/hr, about 1.0XEVEBHEHH0

ng/ Lbnt ht hr, about 100 to about 500 ng/L,/hr, about 50010 about 1, 000

ng/ Lbr odhr, about 1,000 to about 1,500 ng/Lbro,b/br, about 1,500 to about
2,000 ng/L,00,,h/hr, about 2,000 to about 2,500 ng/Limnthr, about 2,500 to
about 3,000 ngy/L,,/hr, about 3,000 to about 3,500 ng/Lbm h/hr, about 3,500 to
about 5,000 ng/l-br0Oth/11r, about 5,000 to about 7,500 ng/l-broth/1lu, about
7,500 to about 10,000 ng/1-1,"athr, about 10,000 to about 12,500 nyg/ Lbroul h,

or about 12, 500¢bodimtytstie apernO0Oe pisy dil- B gty hsidamonoglyrerglp fislyeridsodi nent s, the peak
vol unmet ri c pr oduighdeNdebsybet®en kbSQ Py RNBO b/B, aRk\RQR Ol @atd iPbeaReut 15, 000

ng/ Lbr ot hi hr, agBMRm%QgeégpabOUt 2,500 ng/ Lbrodhr, about 1,000 to about 5,000
ng/ | - boot har, about 2,500"to about 7,500 ng/LI",,th/lar, about 5,000 to about

10, 000 ng/ Lb, "t ] rExeggmifrg},ri%%%ﬁpgd[eg%&w}jzm%inQQaQomld&mﬂf&mgs, or about

10, 000 to about 15, 000 ng/ | 52 e I nstantanedus I soprene
producti on rat e 7RG BEGTh PEFP RN Pat HOBPRER £251° LR BEYT8%SUTEd by taking a
sanpl e of the franefdcoiopby, camenelanEirirziaimgpeint, fugflowertrecoputyoustard, of | soprene (in
units such as nBpexkd, b&dE P Re, bR, JafBSer d@&RI drbaetg for exanpl e, in Exanpl e!
part Il and multiplying this value by the rate at which off-gas is passed

t hough each | it pr20pf Exby@dhrer(e@abl carbo bourdes hviife (hé@t wiiFRpeatficatd cdrdsie@liitie  Of

broth/ m nute) tHispdeSudBQes 20 R boa R PEIents %Qﬁyofégfogécﬁn‘ggﬁémﬂla‘?y el of 1 ng/LE"
corresponds to an |nsR§£taneo§§m roduction rate of 60 ,, |l br at air

5 [ ate rn/LbW.

flow of | win. TFHESFPECTEHE YARETHELRE Hivite™ BFyé‘g“rﬁ“’ﬁ‘i“ %an be divi ded
by the Mt h val tignesosugist ®MnsMittieras peeictar celipvatiert feppenipior mocgses. mig/piolsinor k/ br / OD.  The
aver age val ue oby-grajudt S@pheatibhdof soy,Ca obest ANbBE dndoHiriets, thaBorbagtcabonpr oduct

pr Od_UCt i Yi ty (_ggo@'@s thn&célglgﬁc,eﬂﬁ:jcaﬁlesié, ért:@[‘llosgfmaiexeaﬁﬁaﬂg,j@&tiaz@%t Q’ﬁl@& tb;a rrg/ Lh) by
mul tiplying this aver age off-ggs i soprene concentration b e total amount of

t t
of f - gas  spar ged®perTt T O FErmdRtatt oA 6r'd ”Fl°‘_°§i’ﬂ’?pf°r?m’ °t°'l11’>é°bf° l(gl'@r“‘?lr(tant ation. Thus,
an average of f - PEKPSEPT EPFRCOTIABENPRALTEO FvieT T8 Boe g/ ProBicaPiaby- 8% 10 hours at 1
VVIn correspondsont et & diyadiltdg oferaxd (G, cobpeRAt, fyg triticue, @fley 306, brdgyr | Sopr ene/ Lbr ot h.

[0253] I n sone eihadi HBRY Sxerbll§ cBfbsleSatkdhis Gl de Wb, HRNME LT, G€at er than or about
0.0015, 0.002, 0.005 b5 Bkl : R AT 0.2. 0.3, 0.4,

. 0.01 0.q2 0. 05 %@1 .1@ 0.1 0
baceoul plapts, and fruit .o soine enibodiments, the ¢ h inclpdes any pl
0.5, 0.6, 0.7, G &QPYS Gy sope groodmets, i cggboh spuige incpdg atyplayt = 370, 4. 0,
5.0, 6.0, 7.0, Brouches syms, gpinpIooty gr opers Ppsoge empglinents, phorgart of gy gfhe1 6. 0, 17. 0,
following plants are used as a carbon source: corn, wheat, rye, sorghum, triticate, rice, millet,
barley, cassava, legumes, such as beans and peas, potatoes, sweet potatoes, bananas, sugarcane,
and/or tapioca. In some embodiments, the carbon source is a biomass hydrolysate, such as a

biomass hydrolysate that includes both xylose and glucose or that includes both sucrose and

glucose.

[0221] In some embodiments, the renewable carbon source (such as biomass) is pretreated
before it is added to the cell culture medium. In some embodiments, the pretreatment includes
enzymatic pretreattnent, chemical pretreatment, or a combination of both enzymatic and chemical
pretreatment (see, for example, Farzaneh et al., Bioresource Technology 96 (18): 2014-2018,
2005; U.S. Patent No. 6,176,176; U.S. Palent No. 6,106,888; which are each hereby incorporated

by reference in their eatiretics, particularly with respect to the pretreatment of renewable carbon
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18,0, 19.0, 20.0, 21.0, 22.0, 23.0, 212, 214, 23.6, 23.8, 24.0, 25.0, 30.0,
31.0, 32.0, 33.0, 35.0, 37.5,40.0, 45.0, 47.5, 50.0, 55.0, 60.0, 65.0, 70.0,
75.0, 80.0, 85.0, or 90.0 nolar % of the <carbon in the cell culture nedium
into isoprene. enbodi nents, the percent conver bon into

i soprene is be‘f’(\g/\@g’zoggg%ut 0.002 to about 90.0 nol ar %%ﬁ&h&%%sg%%out 0.002 to
about 0.005% about 0.005 to about 0.01% about 0.01 to about 0.05% about
0.05 to about 0.13% O0.15 to about 0.2% about 0.210 about 0.3% about 0.3 to
about 0.5% about 0.5 to about 0.8% about 0.8 to about 1.0% about 1.0 to
about 1.6% about 1.6 to about 3.0% about 3.0 to about 5.0% about 5.0 to
about 8.0% about 8.0 to about 10.0% about 10.0 to about 15.0% about 15.0 to
about 20.0% about 20.0 to about 25.0% about 25.0%to 30.0% about 30.0%to
35.0% about 35”6%*)18S%‘efet*}%d“‘%%ﬁimﬁgab%%f%wsfee Y BOOPP'EY 0% t 0 55. 0% about
55. 0% t o 60. 0% hydolgagé be®E.i109%4dcdto@B cdl¥lumbealim. 65. 0% t o 70. 0% about 75.0%to
80.0% about 80.0%to 85.0% or about 85.0%to 90.0% I|In sone enbodi nents, the
percent conver si0@a df scpasibodiminnily riaeeps @men spisce et weeen steMsd wrder@e00210 about 0. 4
mol ar % 0. 002 J&oambtteprmiﬁ(Amba{m%en&eM itisQdRDO Wt cel culre AOAIsed0 about 0. 005

to about 0.3 m%rae%a ?CF%?b éfll a? BQJregﬁu ceﬁggy}gb%él% Q(RJI %{18 %05) gunﬁ% 05 to about 0.3

mol ar % about Iar % about 1.0
to about 5.0 nol"&FUeRh HHH 'e?rbf"bs°‘§ﬁb§lﬁlf"“e§“’@’ lﬁ‘B‘f‘ﬁ]Pyd'%s “5.‘5‘8[31’“"8""6‘?0 about 10.0

mol ar % about Fmpeetusetigehtas bout 60 ahpun 00 8%) arg highurressw@ (s&h esgbaat26Ub ab2Q30 nol ar %
about 12 to abops) foPends Mitteal ThEA) thedaOuk is LEidliPreRRAQUL thdQroflss M cahbu¥a about 18 to
about 20.0 nol aJherﬁ@all mg%ycal%écl%ghég’) s(%:bﬁgllé%rher}(@ll%&p@%ﬁ%sﬁsgcﬁlh%sez3' 6 mol ar % about

| S to about 23 bou . ) Vo, about 18 to about
25.0 nol ar Vo, HBBEIZ25076" BHE6T S E6° 37 AP PR ST STTE ®Wbut  40. 0 nol ar %
about 30 to aboqslﬂub@@nd)wwlmse Ofernzehiehletsue®O AFBX prartenG@s @ afvritagg )y about 3010
about 70.0 nol atearYou @BOLIoBDcah & r@abekd andehsdd, vﬂmﬂtﬁ:rrem\fﬁmgﬁrﬁ/esmmdﬁenabout 30 to

about 90.0 nol %M&%ééum mfu@ae,rp@m;es %wagsm&,p,fotrgqfa&etmm&t0 i soprene (also
referred to as "Vo car onﬂ% measur ed di vi Hoos‘tg) t he nol es carbon
u

in the i soprenePFEuticEy® mf"i‘i’éecf’r‘ﬁfyé@mﬁ‘!ﬁr‘hﬂéﬂmf tﬁa“f“ﬁ‘é’ TR rce (such as the
nmol es of car bonAREXR isthesicabie dry lidd Ploeeeh. it treloig eneverhld cajbermsotceasstblaletldng Thi s nunber is
mul tiplied by 1Q686 hocaghe\a abePREGRRAIAGRSs ¥ alrtichasolysibdifteab@dn | N Equation 1).

10255] Equati on,d... % %ugg%d\geﬁlzeqmose &JG%hS‘:%&@EnQ}Q'AﬂF%:#o&Q%ﬂI&E ofkoduced)/ (ol es

carbon in carbon source IS Ca st extract can

be assunmed to cSHtEICH T@%?’)Swn\eﬁd@ (&) "°A§“°‘éff’l’h%‘3?§'%1°g’ 38?0 f’ﬁ 0 liter

descri bed i n Exahpseme hpapstundgigne Nﬁwﬁwweﬁv%ﬁvéﬂs‘lsefﬁféf( tf@?&fl bon into

i soprene can becaGalsauttsatoddesaban Stae Wrarstor EnBsddbnt Bimentatio] 257] Equati on 2 % Car bon
Yield = (39.1 g isoprene " 1168.1nol/g * 5 Cnol)/[ (181221 g glucose * 1/180
nmol Il g * 6 Chnol 229 (Ids6A8Onboiryea@ e c@xch¥aBaitof He Brbdm sdurct (el 2a mamelvib@)dvohh 100 =0. 042%

[0258] For the ;;,m) 159;9vaj.le|mtt@£t 1efsPd: BRI 0N 85 £85CT, {PRD NGB NsofFxampl € 7, parts
VIl and VIII ) @’?"%@p agenvegu%{ ?gu oj car r ct(gn i ‘ﬁi 0.l soprene was bet ween
0. 04- 0. 06% BT B RS S B SRR AR R A 14 1iter systens
as descri bed herpeé]oqﬁ with glucose as a reference to measure the amount of glucose generated from the

carbon source. In some embodiments, the concentration of the carbon source (e.g., @ renewable

carbon source) is equivalent to between about 0.1 and about 20% glucose, such as between about

0.1 and about ]0% glucose, between about 0.5 and about 10% glucose, between about 1 and

about 10% glucose, between about 1 and about 5% glucose, or between about 1 and about 2%

glucose.
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10259] One skilled in the art can readily convert the rates of isoprene
production or amount of isoprene produced into any ether units. Exenplary
equations are |isted below for intereonverting between units. Uni ts for Rate
of |soprene pr oduct| on (total and specific) 10260] Equation

i soprene/ Lod/ hY® 2°Y#57° rmol i soprene/ Lbww/ hr (total vof’ﬁ%ﬁz?ois@“?“ét e) 10261]
Equation 9 1 runol isoprene /g,"",/fir =1 nnol isoprene /Liggear/00600 (This
conversion assunes that one liter of broth with an 01) 600 value of I has a wet
cell weight of I gram) [0262] Equation 5 runol isoprene/g"../hr = 68.1 ng
i soprene/ gm hr (given the nol ecul ar wei ght of isoprene) (02631 Equation 6
nmol isoprene/Lg. 02/ hr = 90 nnol isoprene/lLbrgth/lar (at an 02 flow rate of
90 L/ hr per L of culture brot h) [0264] Equation 7 | ug isoprene/lLg. isoprene
in of f-gas 60 ul?Xkdproenenreris tecarkpp sogred indndesyeept&xpd O'GEF L Hoe per LbrA h G VW
Units for Tit ercofpb@tmdlof @mckxspe Bisrhe@ybddih2BSthe dutpetrbtioD 6f yBist exwact is at least

1 gram of yeast extract per liter of broth (g/L, wherein the volume of broth includes both the
volume of the cell medium and the volume of the cells), such at least or about 5, 10, 15, 20, 30,
40, 50, 60, 80, 100, 150, 200, 300, or more g/L.. In some embodiments, the concentration of
yeast extract is between about 1 and about 300 g/L, such as between about | and about 200 g/L,
between about 5 and about 200 g/L, between about 5 and about 100 g/L, or between about 5 and
about 60 g/L. In some embodiments, the concentration includes the total amount of yeast extract
that is added before and/or during the culturing of the host cells, In some embodiments, the
carbon source includes both yeast extract (or one or more components thereof) and another
carbon source, such as glucose. In some embodiments, the ratio of yeast extract to the other

carbon source is about 1:5, about 1:10, or about 1:20 (w/w).

[0225] Additionally the carbon source may also be one-carbon substrates such as carbon
dioxide, or methanol. Glycerol production from single carbon sources (e.g., methanol,
formaldehyde, or formate) has been reported in methylotrophic yeasts (Yamada et al., Agric.
Biol. Chem., 53(2) 541-543, 1989, which is hereby incorporated by reference in its entirety,
particularly with respect to carbon sources) and in bacteria (Hunter ez. al., Biochemistry, 24,
4148-4155, 1985, which is hereby incorporated by reference in its entirety, particularly with
respect ta carbon sources). These organisms can assimilate single carbon compounds, ranging in
oxidation state from methane to formate, and produce glycerol. The pathway of carbon
assimilation can be through ribulose monophosphate, through serine, or through xylulose-
momophosphate (Gottschalk, Bacterial Metabolism, Second Edition, Springer-Verlag: New York,
1986, which is hereby incorporated by reference in its entirety, particularly with respect to
carbon sources). The ribulose monophosphate pathway involves the condensation of formate
with ribulose-5-phosphate to form a six carbon sugar that becomes fructose and eventually the
three carbon product glyceraldehyde-3-phosphate. Likewise, the serine pathway assimilates the

one-carbon compound into the glycolytic pathway via methylenetetrabydrofolate.

10226] In addition to one and two carbon substrates, methylotrophic organisms are also known
to utilize a number of other carbon containing compounds such as methylamine, glucosamine

and a variety of amino acids for metabolic activity. For example, methylotrophic yeast are
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1 ninol isoprene/ng cell protein = 150 nnol isoprene/Lbl3tb/OD600 (This
conversion assunes that one liter of broth with an Domvalue of 1 has a tota
cell protein of approximately 150 ng) (specific productivity) 10266] Equation
9 1 g isoprenevdbmydrbs7= 14.7 mmol isoprenc/l-b", o0, (topalwshikesico| 0267] |f
desired, Equation 10 can be used | o convert any of the units that include the
wet weight of the cells into the corresponding units that include the dry

wei ght of the cells. [0268] Equation 10 Dry weight of cells = (wet weight of
cells)/3.3 [0269] In sone enbodi nents enconpassed by the invention, a cel
conprising a heierologous nucleic acid encodi ng an i soprene synthase

pol ypepti de produces an anount of isoprene that is at |east or about 2-fold,
3-fold, 5-fold, m&Qrt$ﬁJu§,me2a§soﬁﬂéndmea@Qmﬁoxbdmtile%a‘dag%mﬂ(@éamﬁ@bﬁ 200-fol d, 400-

fold, or great eif,croi‘%%thQ‘?ﬁm”PL{ﬁF Syng M59¢prf§Q§ 58{08%1“% e[fzzr Pub s O espondi ng

cell grown under tions wt e ‘het er ol ogous
nucl ei ¢ acid en%‘é'&*i%@“@‘f‘ié%s‘%r‘&‘fé‘%ﬁiﬁtf H&’%’a‘ﬁ‘tﬂy\?&é“ﬁiel"dée““fEM?O] In sone
enbodi ment s encenipeeseith riyectitdrarbonyoiedd) Simijarha vagels bpearo pfiflanddangrabolifret er ol ogous
nucleic acid erm‘aegé&gxelanxdi(ﬁﬁmz%namwmrmeszpphas@enpbd dﬁchm@teb@ne or nore

het er ol ogous nuc] ei Ci [ | pat hway pol ypepti de
produces an am)un?mm?d%?'rsegerel?cg Q?nhre pngU?@ tlheS'temg)r é ol ices -fold, 3-fold,

5-fold, 10-fol d[l) ?]5 fs%mgen%bgaq)memg cgl's arg'QJQm%IOH! adsandta:g cgritamzm 0- fol d 400- f0| d, or

greater than the & corr ondi ng cell grown

under essenti al%F °f°ﬁ‘éal ?L&r‘?%d”&?ﬂﬁg (e 6?15P°\?W"E"’I'1Jo‘t’ﬁt’1 ?‘ﬁ‘é‘“ﬁ%’tyé’?d&e’if s nucl eic acids.
Exenpl ary | soprehdosPnsiadatioadtds. et/ vh deder P27 dp- 11136,9 tffenddimbroddilnent s, any of the
nmet hods descri hggh herimcbui. 632ps-1306 1 997 Guit UL fdeBPindohtrattco RIRe. For exanpl e,

the isoprene prlf?ﬁupeﬁﬂcr%é?bapagul}r@@ e R§Le§1 ancﬂxz @Qﬁ%m%&ﬁ&%m? e cEQﬁ%u' nvention can

be recovered using stand ar({dfg echni u g\? ? racti onation,
adsor ption/ deso"f’ﬁ‘f‘?‘%ﬂyp’ﬁ’érf it H“anrI‘i‘é‘ P’°‘Bﬂ5 ’é[?ﬂﬁafﬁ“&‘é ¥t%on of isoprene

froma soLid phioemedn @XY breietQlpndebfed promprts grewth mpdirna ilodedusek andbsor bed to a
solid phase W td agpr&aitaridim o8 @8yth §1@EniRX 300, ardknSvn bPattnedat skNass wd, 703, 007 and

4,570, 029, whi ch AkEa8a g?or@e%egg%ng&gggpor ated by reference in their entireties,
partl cularly with respect to isoprene recovery and purification methods). In

some enbodi mentgygt h@adﬁl%%Vaﬁﬁﬁﬁro?Jate caﬁ&HEoﬁx@@m&é@de}{ﬁ%esﬁrR@ cbn’%&l; &be?n of isoprene
|naI|qU|dform sol ution of 1so so ution of

i soprene in a s’%‘? nsfds °°‘S@é 2‘?[?‘? °H‘§°?“?’i’\28‘?"§}‘§%w“t"ﬁ£ serg i soprene vapor
from t he fer merigblp @Whecﬂfef‘”ﬂﬂg’é@e @W@&Yﬁqewaﬁcwwﬁm@@m@mﬁeﬁs f.°f Such renoval can
be achi eved i n saeyerwd 20d4/63B@s edatefar@ysScitdtckein@bd Vg0 968196 @ tefekehddd dited t O,

adsorption to aheﬁegll mhg@@a%puere%cwpéam }emk&eamugwe@s FJ?@&% ywRf direct
condensati on. a dilute isoprene

;
vapor stream abrf)s'\"/eéit Cf %ﬁsea\ﬁgcﬁé e é°flmf%f’i‘ R %?B%‘?mb?cjé“éeﬁ‘f ’f"?eﬁﬁn F®“the condensation of

| i q uidis opre nesynthase, DXS, IDI, and/or MVA pathway nucleic acid is under the control of an inducible
promoter, the inducing agent (e.g., a sugar, metal salt or antimicrobial), is desirably added to the
medium at a concentration effective to induce expression of an isoprene synthase, DXS, IDI,
and/or MVA pathway polypeptide. 1n some erabodiments, cell medium has an antibiotic (such
as kanamycin) that corresponds to the antibiotic resistance nucleic acid (such as a kanamycin
resistance nucleic acid) on a vector that has one or more DXS, ID], or MV A pathway nucleic

acids.

Exemplary Cell Culture Conditions
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[0272] The recovery of isoprene may involve one step or multiple steps. In
sone enbodi nents, the renoval of isoprene vapor fromthe fernentation off-gas
and the conversion of isoprene to a |iquid phase are performed sinmultaneously.
For exanpl e, iswopigetes’can be directly condensed from t ReT/BI2Pi8gHE82st reamt o
forma liquid. In sone enbodi nents, the renoval of isoprene vapor Fromthe
fermentation off-gas and the conversion of isoprene to a liquid phase are
performed sequentially. For exanple, isoprene may be adsorbed to a solid phase
and then extracted fromthe solid phase with a solvent. [0273] In sone

enbodi nents, any of the nmethods described herein further include purifying the
i soprene. For exanple, the isoprene produced using the conpositions and

net hods of the [opespnuiGas Gamncdes spidblt i ROn&ing 2R pand af et dig chiie ke s .

Purification r e&&lrkﬁo“ﬂa%t@apré}%%ﬁ/ el Qéégfﬂ tVé’@c!uEJ]n M&Qa%f‘%ﬂﬁ'mds?or é@ﬁ@r?ir ated from one
or more conmponent s rene 1s gro duced. In sone

enbodi nent s, thgmie‘é%ﬁ’Féﬁ’f’é‘dieéBoaS;M%cG“ %é‘“éfc’éhd‘ﬁrglf’ BrivEE O ite | qui d. Exanpl es
of purificati on(PgtdBudek if Hedchpdiesy( 4 Yexthpaktof Ihdusial MwrofiglamSecomididiien on in a I i quid
extractant and (1bdv)sidaitr QERkOIhABAMelaASMUSAE: Bedhainteby Tnpdtfolafed ®d 1 SOpr ene™ neans
i soprene that h@f'%m%ﬁrz}lm?&%fc%a‘%ﬂuﬁrfy%Qé}?cn%eu@{%rﬁte&%qﬂpri#ﬁ% that are present

when the isoprene |s Pro duced. sonme enbodi nent s, I soprene is at |east
about 20% by wWEPgHess fl}eéeéJST‘?%‘H‘l’%ﬂ“ﬁé?lm{?&}ﬁﬁj‘iﬁ%‘@?ﬁ%’“‘?‘ﬁ%ftpe’ﬁi"é’gB’F esent when the

i soprene is protkeresion of pnq onpggrejisopene eynthod PHd lsr MVA pativavpsiveqnide escogad | east  or
about 25% 30% byA086eic20@4pse@0 MU0 hEBEGce6D5% 80% 90% 95% or 99% by weight,
pure. Purity can be assayed by any appropriate nethod, e.g., by colum

chr omat ogr aphy, [0246L Granalcyishisye c@iditiéoCedvie 18428d cylSikeShe celld O, A Exalnple, 01 enbodi nent s,

any of the met h@@ﬁos?@%ﬁﬁ k@@gtesn@erd%e@mmrcﬁ n%chlhaw{g%om& ¥R ng the isoprene.
For exanpl e, urified isoprene

rd
to formcis-p * L%le"oenp“m"cs aré“r’"?ag H”cs 6\}\21“@?“?“5" S 8 ?“S%alﬂ'%“[cé’"dﬁ‘g‘?sﬂgeug%randard net hods.
10275] Addi ti on&iP mretHeHScRHE a@@ﬁﬂ?&éﬁ‘@?rﬁﬁsgﬁﬁlé“ﬂééw (e ptabowP tted St at es
Provi si onal pat oot 37applsbaetd 0iwoNet% G/ 00 3 B6gweeh kbo@ d toabouSe plu@sdeer 15, 2008,
United States Pr@ViisdQRak ar @mrattssa@md %ﬁsangncemdmﬁlan&,ze,eJa&%merttg led on
Sept emper 15, 200801’11 andecqmrn%ala 1mat§ 91\2/1 So r?r}:?'ne Pm enakecﬁglpl |.cation No.
61/ 097, 163, fil &% “on S8 PP A NS - M APOPE R TR AT S 5t Br por at ed by
reference in t h@ﬁ"ﬁem‘éﬁﬁ“r‘if&i"‘éé"“°“Hz§f‘f°ﬁ°’i§‘iflpé?ﬁi“°\iﬂ“fsﬁ"hfeé’§pléé,‘imcfféb"&‘@?i“&o‘éﬁ ti ons and
met hods for pr oglieigador feg@prtionge be XA NRLES 5DO2¥GIpHPIEudMapl #56.0whi ch are

i ntended to be @uﬁakyo&mmk@rayoup;f@ tdascuanpmgm;ge@&meanﬁeraaml Hothgrefore not be

consi dered to | it Lhe.dnventl,n. L. any, aay, ol 30, deseil.be,and, detail aspects
and enbodi nents invent i on discussed I ndi'cat ed ot her wi se,

tenperature is P& fEEROEHIRS Gfrkae ”&Pf‘d"‘p‘rd&)s'?‘irf‘é‘"q %‘h%tsf‘e’tﬁ'ﬁc Hesre at mospheri c.
The foregoi ng exdplos e snde et Qug ech o dsamdrph e Cawwe Cokdier adfigal way of
illustration ang.fa@isidycaway of limtation_ Al publications, patent
applications, and patents cited in this specification are herein incorporated
by reference asppsh) afehouk Bebbdthaldale 8B LeAtLiRIny ReieRke ARRAsBL I On, or patent

were specifical l abnfcj‘,%lfeggat\ﬂlor coahnll%fyl)r%cslhccsaltnsomc ert?bopmenlsn%atchpn%&aot ?d by reference.

I n particular, i cati ons. ci are expressly |ncorporated herei n
by reference fofF'mF‘Haé‘"’]diﬂsiﬂ*og’é“‘&aF bage SEtertpionty 2 dtief SWies b famRoE¥BSSi ti ons and
et hodol ogi es v reddia isgithe brginvigeithe frmeamioresd is onsuitct thartfivel almaienst i on. Al t hough

the foregoing IJ&M@%&&M@@& m@nm@ls‘e@ﬁmgtwﬂe ferbhe %001 e AR Lm Qy way  of ,
illustration and exay qlng, it will be

readi | y appar en{loc% a rIﬁL Ee es) dﬁ)gaﬁﬁglgférme&mtlo? 1S f)emngeﬁ% occuiaqgﬁ nf)t 9%1 of the

t eachi ngs of th@%”$%¥§ﬁ#@6dwvﬂﬁtb%%r Beraieh Ak sthanrrct bR 2fdioarh ons may be made
thereto without departing fromthe spirit or scope of the appended cl ai ns.
Exanpl e 1: Production of isoprene in E. coil expressing reconbi nant kudzo

i soprene syn thase |I. Construction of v&ctors for expression of the |cudzu

i soprene synthase in E. coil 10277] The protein sequence for the kudzu
(Pueraria nontana) isoprene synthase gene (IspS) was obtained from GenBank
(AA@B4170). A kudzu isoprene syrrthase gene, optimzed for K coil codon usage,
was purchased fromDNA2.0 (SEQ ID NGO 1). The isoprene synthase gene was
removed fromthe supplied plasrnid by restriction endonucl ease digestion with
BspLU 1 11 IPsrl, gel-purified, and ligated into pTreH s2B (I nvitrogen) that
had been digested with Neoll Estl. The construct was desi gned such that the
stop codon in the isoprene synthase gene 5 to the Pstl site. As a result,
when the construct was expressed the His-Tag is not attached to the isoprene




[0279] The kudzu i soprene synthase gene was also cloned into the | ow copy
nunmber plasm c' pCL1920. Printers were used to anplify the kudzu isoprene
synt hase gene from pTrcKudeu descri bed above. The forward priner added a Hi nd
11.1 site and va®20m07€0é | consensus RBS to the 5 end. ddweusiivbedsani ng site was
al ready present in pTrcKudzu just 3' of the stop codon so the reverse priner
was constructed such that the final PCR product includes the Pstl site. The
sequences of the primers were: Hindlil-rbs-Kudzu F. 5 -
CATATGAAAGCTTGTATCGATTAAATAAGGAGGAATAAACC (SEQ I D NG 6) and BarnHl- Kudzu R
102801 5' - CGGTCGACGGATCCCTGCAGTTAGACATACATCAGCTG (SEQ I D NO 4). The PCR
product was anplified using Hercul ase pol ynerase with priners at a

concentration otarb%psom%damgtsmm}nad@gcmmuﬁg@ghr@m DDA BILEKudZU) . The

anplification protocol |ncl mnute, 60 C for |

mnute, 72 C f of S i Hut&df Y e ﬁ?%%fcl‘é ““%é“a%mgﬁ%st“%“d éﬁ‘ HPiReE1. 11 and Psi
and |igated i nt eopr@IyOP e i thdfernentiticrlisstoproe diithinbatgeaitae, olisthdersfei nd111 and Psi '
The ligation m Mrowas sthic@ig Sifa@fdmGh EiMtDlogphase @id Finalop a $onaSemervate t r ansf or mant s

were checked by, seauRAGHREke bNGIe & Whik kmdlmnascmsmmﬁasedﬁ%&weqa
pCL. - | ac- Kudzu g on.o sﬁgg‘ﬁne producti on

u
[ 02811 For the ﬁ{?i"%c’f‘%'égrﬁ“e(?{?ﬁc%ff'elgwm(ﬁﬁ%° e“@fcalgiméiﬂfci“ﬂ’?%’“ transferred from
shake fl asks tois®®:i CTC beadspace vials (Agilent vial cat9 5188 2753; cap
catt 5188 2759). The cap was screwed on tightly and the vials incubated at the
equi val ent t enp8BEt upemirrRiRtHiskviTgionen UZsEdphirich Rerdy usdGuahpyibefe’s the vial s
were renmoved frBrankjsem.i fa¢Bdva featien@tivtlpradasds ya@ ke agpickeack iybedvibeeow (see Tabl e |

for some experi %Jamlmatwﬂlcgﬁoﬁ soﬁl&amdﬁéamm@am)mférﬁa?n&aélnplo@re&@sff%@ wher e isoprene
production in f m ne o 0 omthe of f-gas

of the ferrnent g?‘chs Stﬁms m“f’e%‘”tﬁ"Ccf}a&htetref’r“s‘bmsﬁ’gggg &Bg\%neﬁbﬁﬁ'smggsee Table 2 for
sonme experi ment %ﬂd“U“éﬁ‘U%@S“Ptrl‘ﬁ?r’i‘at’ﬁi’%‘eda@g‘avyfCarl‘wzf%‘)‘“Wﬁ?“&ﬁ%“y FS was perforned
usi ng an Agi | enbatct 883ntEohshBy Bypefosnl wittiercirte edrcie b helaosTTG liAhaloyt | es

(Switzerl and) CoudiBbls: m&mmﬁsac@n%@ﬁ §oﬁgecbﬂcnb§@id1§p@%c sisAN Agi | ent

HP- 5M5 GC/ Ms col H,m?nagﬁ g3 used for
separati on of anar gL of headspace
gas. The GC/ MBS Pl‘fét’l}‘Féﬂ"yEFP1aP4‘§eé’éF %@F’F‘iﬁﬁf&%“eﬁﬁﬁ SLE%%SFP@ alghpad Bef-Baeht | ow of |

m / m nutes The femjesgbisen cqpamnb andad] aexndh tiztart 20 @xa@plvintanbedousoh Biockr at i 0 of 50: 1.
The oven tenper §%Wh§olo\§@§”fg@c]ogc otndudifal MictoBiblodyBcokd E’Hitf@dkﬁ@f))@%@;ti on of the

anal ySi s. The Agi lc% Inc 7\%:13(: isli:lra Smselor%gatb reeegceetinelfcen%{e uEar n si ngl e ion
rmnltorlng(SINg (§ 57 "TH PECTor Was SWit che offrom14t017
mnutes to all OWPE%@“‘@IC‘EIWG‘H%T‘”b‘é’Pﬁﬁﬂ@H% gases. 'Under these conditions

i soprene (2-nmethyl-1,3-butadiene) was observed to elute at 1.78 mnutes. A
calibration tabiY&3a SYre SRroE B SIHEPS ARG R s GeNiRo%f | soprene and was
found to be | i n&aentitonimnbpggystm tiprea@ineddénhentalldnaediynns tddgd fonthapusig toiaon  was

estimated to bebi&hcibrandedChui) GhduntUdosiGiodeNingiiuiBe rhad simhilzheousPEHOduUCt i on of i soprene
in shake flasks r%%ﬁ&g'cnﬁn%uﬁe &lenﬁgngradg%aﬁéﬁsr&cﬁluQQat£ gs%m?u f?‘nsﬁ | soprene

synt hase 102841° tors descri Wer e Introduced coil strain
8L21 (Novagen) rresrlbaterEedy pdeAesgostf pneKudzu, BL21/ pCl. 4ae- Kudzu and

11L21/ pETH sKudzu. The strains were spread for isolation onto LA (Luria agar)
and car beni ci | | %% s BY7HiEmeniior ﬁ”ﬁ“(fu‘b’abf BefuaNPa PPt e3Pt oL Si ngl e col oni es
wer e i nocul at edfagters that FEO caticrolyd bofijoprehe shadiken f foagi®lecomhationnsieii@® nm Luri a

Bertani broth (lkdingditeenGahRamicbdskdufte & 3@0keBVelbl) fixedhid LWAIBS: MBREL QI OWN
Over nl ght at 20%8\1’,}‘461%]1‘?10%9 k!enlq ot Ctr S StQdea 11911%%& Cgrg ctor??fﬁacnn%?jvmﬁﬁa %%;enl ght CU| t ur eS

were neasured a e cul tures fed shake flask
cont ai ni ng 30 nforPEYPENEE hacel foRsFItRYE fren 1he SR RN BERITEPY Pidit oi® ug/ ml) to an
ODeso - 0.05. The culture was incubated at 30 C with shaking at 200 rpm Wen
the ODE. % - 0.5 - 0.8, 400 plVl I PTO was added and the cells were incubated
for a further 6 hours at 30 Cwith shaking at 200 rpm At 0, 2, 4 and 6 hours
after induction with IPTG 1 m aliquots of the cultures were collected, the
(Moo was determ ned and the anount of isoprene produced was neasured as
descri bed above. Results are shown in Figure 8.
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' V. Production of |soprene from BL21/pucKudzu in 14 |liter fernmentation 102851
Large scal e production of isoprene fromE. coil containing the reconbi nant
kudzu i soprene synthase gene was determ ned froma fed-batch culture. The
reci pe for thewbenwnenirati on nmedia (TM2) per liter of fe¢cHesedvicsd nmedi um was
as follows: K21-1104 13.6 g, K1121304 13.6 g, MyS™4 7H20 2 g, citric acid
nonohydrate 2 g, ferric amoniumcitrate 0.3 g, (N144)2804 3.2 g, yeast
extract 5 g, 1000X Modified Trace Metal Solution 1 m. Al of the conponents
wer e added together and dissolved in dil170. The pH was adjusted to 6.8 with
pot assitun hydroxide (KOH) and g.s. to volune. The final product was fitter
sterilized with 0.22 u filter (only, do not autoclave). The recipe for 1000X

%‘é&‘ eazgr gge %Lnsm@mnms 8Sns @8ve td RinlaQ Wy Qtetg{:c)w@l cémolsh@ ﬁu31§22040 3,1320 .
* g g, ZnS0O *

g, QuSM45132.0 1 ﬁsﬁdue?%%%gﬁlg%‘ﬁ”ﬁfﬁ b%\gqg;éd@%bst% if@“@ LL Each conponent
was di ssol ved ofy@entiong Mefheppofimyduiingprgments prdigryw fagtossfog qunl&uvfmmqﬂont hen u.s. to
vol unme and fil t @scesst el is zedliquek fohmain{king 2ipfaie bipeiduct 2B hre FhliksSov@¥per i ment was

carried out in tikémloflmumamgsmog;gdmaut;o%etﬂoa‘sqm&mbp%mﬁlbl&&ofogpm gl ucose at

the desired fer a nocul um of E. coil
strain 8L21/ pwe %tzh&(’li(f’gf(déﬁpﬁf“ 8?%’%0 ’éln%\‘}?“Zf-"yd\ng%"“ﬁﬁés °lat°§’dn° ‘ﬁh‘Lséoyt one- yeast
ext ract - gl ucose's kst W"r?&‘fdtbéfefe{e?félwlthﬁéfﬁtv’m?wulgfﬂyéwhfeéPeTBDES’G“lG“GDd two 600 m

fl asks were centmifaigechdsind t he contents resuspended in 70 m supernatant to
transfer the cell pellet (70 mM of OD 3.1 material) to the bioreactor. At
various tines af38r I snocubaltmnon cellsaaipimelslizyien e suberoas @tlolemitcatlses aahount  of

i soprene producggev@s raRh@loMondithnXs: i 98&E frbd&Eh. above. Results are shown in
Figure 9. Exanple 2: Production of isoprene in E. colt expressing reconbi nant
popl ar i sopr enepsyNtihaseenibiZ& 4k, bddhe oflig6d @kurk a&@ﬁuemﬁk&moraehe popl ar (Popul us

al ba x Popul us tr &x%engoglgﬁ){uﬁgg m“l“%g“?fg(‘ﬂﬁﬁ‘n&‘ 561?9% P et al. (2005)

Pl anta 222:777- u}tg’g was o ene, codon

optim zed for EOREIePts am&%"aﬁwwﬁ%}%@aﬁwamﬁw fB@?@%Pﬁﬂrﬁ‘l‘ ¥, Figures 30 and
31). The i sopr eter wydiim evhglenalnyes erevenrbieeichplfst mmanmewlppﬂdlb@eISWasr ni d by
restriction endQadiGleaste,Hp@as bdipp Wi-bdrcBagptdibddd indiBSdd can Bhegaer i fi ed, and
ligated into PTLGHSRIhel 1Ak 088, BERR: 95 Bl itNEALLARL co,The const ruct

is cloned such t ‘Pst1 site,
which results i'f% I‘é‘iﬁﬂ%“t"?”iﬂ’é?’°li‘dt"ia\'mir O AP SR P& K5t %et ached to the

i soprene synt hadfreprapeityes, iihidityrlevely brt. | Irrgbaots eps prindin g Pt (¥ gures 32 and
33), was verifiwedizbyss@eaanci ng. Exanpl e 3: Production of isoprene in Panteoa
citrea expressing reconbi nant kudzu i soprene synthase [0288] The pTrcKudzu and
pCL-1 ac Kudzu phbasgr nfdsediepaibs & eltofina cebxaadiga] cen bk chaikero ebletsh eRes ated into P. cib

ea (U S. Pat. ’\Hd/oero%ZH:béng})of pJJn@Jﬂ?EWb%hc Jr&ués%l:xﬁﬁ&d%gls qulthL'A cont ai ni ng
carbenicillin ( tlvey Pr oducti on

of isoprene fr oﬁegﬁgsﬁeés’?”l"%?if% eﬁ?ﬁ“ e&fé‘ipg%/”?ﬁﬁi‘i‘é{ghf@ﬁdoa ¥ c‘i"%‘lg‘ toedf | soprene
produced was perpespipretfuggnddies tepupisestipe tha cefisiming edip. IP@FCHE‘?Of@MTqm strains
expressi ng r ecodilires a@ta tnedd teizid renS@PHIL AR bBagiihtda 5@ replRes Ul Home abadisgwn |1 N Fi gure

10. Exanple 4: tﬁ’erc%laﬁﬂﬂn?lﬁw%ueésﬁa%%%‘?méé@usE@é}J Jelrdé§1e§s‘r'9 tolm'ssmez’é%eSS' ng
reconbi nant kudzu i fogrene nstructl on uhri

o O R 2 St T OO &6, e |

dilution}.

[0238] In some embodiments, a constitutive or leaky promoter (such as a Trc promoter) is

used and a compound (such as IPTG) is not added to induce expression of the isoprene synthase,
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10289] The kudzu isoprene synthase gene was expressed in Bacillus sight/Us

apr EnprE Pxyl cornK strain (263594conK) using a replicating plasmd @SI9 with
a chl orarnpheni col resistance cassette) under control of the aprE pronoter.
The i soprene syntfwsmsrgene, the aprE pronoter and the trcansomsiogsdon term nator
ware anplified separately and fused using PCR The construct was then cloned
into pBS19 and transfornmed into B. sub/ills. a) Anplification of the aprE
pronoter [0290] The aprE pronoter was anplified fromchronmosomal DNA from
Bacillus sighed's using the followng primers: CF 797 (+) Start aprE pronoter
Mel 5'- GACATCAATTOCTCCA FI TICTTCTGCTATC (SEQ I D NG 53) CF 07-43 (-) Fuse
aprE pronoter to Kudzu ispS 5 - ATTGAGAAGAGGTCGCACACACTCTI TACCCTCTCCTTTTA ( SEQ

I'D NO 59) b) Aww&,fxbgamr}amaym@ipLcﬁ@fspamﬁ;, SRR S EnAENE sdf0291] The kudzu

i soprene synt hag}gbo .eg% Wasp ag%#l:g:;glggo)ésggqyga tgk%scmx%fsﬁ%ro?gy%zp%ne( SEQ I D NO 2). The
gene bad been c&USN"BptT T Zed T o) % ST 2edPBY DNA 2.0. The

fol | owi ng pri mepsthye PESiRled MVapatypry 4pleic 40dGrpeadinined ghe Foprdnot er to kudzu

i soprene synthase gene (GIG start codon) 5'-

TAAAAGGAGAGGGT AARARET BrasT@eaforTel 1 TCAAT (SEQ I D NO. 60) CF 07-45 (-) Fuse

the 3" end of kudzu isoprene synthase gene to the term nator
[0239] In some embodiments, the cells are cultured in a culture medium under conditions

permitting the production of isoprene by the cells. By “peak absolute productivity™ is meant the
maximum absolute amount of isoprene in the off-gas during the culturing of cells for a particular
period of time (e.g., the culturing of cells during a particular fermentation run). By “peak
absolute productivity time point” is meant the time point during a fermentation run when the
absolute amount of isoprene in the off-gas is at a maximum during the culturing of cells for a
particular period of time (e.g., the culturing of cells during a particular fermentation run). In
some embodiments, the isoprene amount 1s measured at the peak absolute productivity time
point. In some embodiments, the peak absolute productivity for the cells is about any of the

isoprene amounts disclosed herein,

[0240] By “peak specific productivity” is meant the maximum amount of isoprene produced
per cell during the culturing of cells for a particular period of time {e.g., the culturing of cells
during a particular fermentation run). By “peak specific productivity tire point” is meant the
time point during the culturing of cells for a particular period of time (e.g., the culturing of cells
during a particular fermentation run) when the amount of isoprene produced per cell is at a
maximum. The peak specific productivity is determined by dividing the total productivity by the
amount of cells, as determined by optical density at 600nm (ODsggp). In some embodiments, the
isoprene amount is measured at the peak specific productivity time point. In some
embodiments, the peak specific productivity for the cells is about any of the isoprene amounts

per cell disclosed herein.

[0241] By “peak volumetric productivity” is meaut the maximum amount of isoprene
produced per volume of broth (including the volume of the cells and the cell medium) during the
culturing of cells for a particular period of time (e.g., the culturing of cells during a particular
fermentation run). By “peak specific volumetric productivity time point” is meant the tirne point

during the culturing of cells for a particular period of time (e.g., the culturing of cells during a
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5' - CCAAGGCCGGL1I | TI TTAGACATACATCAGCTGGTI AATC (SEQ I D NO 61) c) Amplification
of the transcription term nator 102921 The term nator fromthe al kaline serine
protease of Bacillus anyliquefaciens was anplified froma previously sequenced

plasm d pll-113gexR@enisi Ng the followi ng priners: CF Ojcfifsdoshsckigse the 3' end
of kudzu isoprene synthase to the term nator 5'-

GATI AACCAGCTGATGTATGTCTAA_AAAAAACCGECCTTGG (SEQ 1D NO 62) CF 07-46 (-) End of
B. anyliquefaciens terminator (Sarni-I11) 5 - GACATGACGGATCCGATTACGAATGCOGICTC
(SEQ I D NG 63) [0293] The kudzu fragnment was fused to the term nator fragment
using PCRwith the followng priners: CF 07-42 (+) Fuse the aprE pronoter to

kudzu i soprene synt hase gene (GIG start codon) 5'-

TAAAAGGAGAGOGTAAA( CITCTCAAT 07-46 End of
A R o RS, (1

B. anyliquefaci éns " erm na TABGAATGCCGTCTC
(SRO I D NO 63) 18294} TW*I@EF&EW°P@?%PF?5%°6YWFF%‘@W#HPY‘B\)%E“EFJM?@H to the pronoter
fragnment using B@Bﬁcm&hmehemﬁemfﬁmmmgqombﬂma i soSbemb@dmdats )theSbaent apr E pr onot er

M el amount is measured at the peak specific volumetric productivity time point. In some
embodiments, the peak specific volumetric productivity for the cells is about any of the isoprene

amounts per volume per time disclosed herein.

[0242] By “peak concentration” is meant the maximum amount of isoprene produced during
the culturing of cells for a particular period of time (e.g., the culturing of cells during a particular
fermentation run). By “peak concentration time point” is meant the time point during the
culturing of cells for a particular period of time (e.g., the culturing of cells during a particular
fermentation run) when the amount of isoprene produced per cell is at a maximum. In some
embodinents, the isoprepe amount is measured at the peak concentration time point. In some
embodiments, the peak concentration for the cells is about any of the isoprene amounts disclosed

herein.

[0243] By “average volumetric productivity” 1s meant the average amount of isoprene
produced per volume of broth (including the volume of the cells and the cell medium}) during the
culturing of cells for a particular period of time (e.g., the culturing of cells during a particular
fermentation run). The average volumetric productivity is determined by dividing the total
productivity by the volure of broth and amount of time. In some embodiments, the average
specific volumetric productivity for the cells is about any of the isoprene amounts per volume

per time disclosed herein.

[0244] By “cumulative total productivity” is meant the cumulative, total amount of isoprene
produced during the culturing of cells for a particular period of time (e.g., the culturing of cells
during 2 particular fermentation run). In some embodiments, the cumulative, total amount of
isoprene is measured. In some embodiments, the cumulative total productivity for the cells is

about any of the isoprene amnounts disclosed herein.

[0245] In some embodiments, the cells in culture produce isoprene at greater than or about 1,
10, 25, 50, 100, 150, 200, 250, 300, 400, 500, 600, 700, 800, 900, 1,000, 1,250, 1,500, 1,750,
2,000, 2,500, 3,000, 4,000, 5,000, 10,000, 12,500, 20,000, 30,000, 40,000, 50,000, 75,000,
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5' - GACATCAATTGCTCCA 11 1 | CTTCTGCTATC (SEQ I D NG 64) CF 07-46 (-) End of B.
anyliquefaciens termnator (BanmH ) 5' - GACATGACGGATCCGATTACGAATGCCGICTC ( SEQ
I D NO 63) 10295] The fusion PCR fragnent was purified using a Qagen kit and
di gested wi th wheoweséni cti on enzynes Mel and Bar nH]). pChusodiogest ed DNA
fragment was gel purified using a Qagen kit and ligated to a vector known as
pBS19, which had been digested with EcoRI and BanmH and gel purified 102961
The ligation mx was transformed into E. call Top 10 cells and col onies were
selected on LA and 50 earbenicillin plates. A total of six colonies were
chosen and grown overnight in LB and 50 carbenicillin and than plasrnids were
isolated using a Q agen kit. The plasm ds were digested with EcoRT and BarnHl

to check for insgydos 13m6b, Is56@EeQF00, oM Eor&Rblk 8Goprt/@eAbASIs WEREveS S 1 N T Or

sequencing with e | 1 owi rijers: CE 149 (+ oRl start of aprE pronoter
5 - GACATGAATTC&E‘E?&X%?%&”'(%% “FBREE “El)’—”ng‘i’?” 9= E&Tence i n pXX 049
(end of aprE pr ébat2et 3pous200,008 cpplesnGirmTmaa & sy | Poreysef CF 07- 45 (-)
Fuse the 3' end apht Ibtigizy S0s0p¢ SR, sStpnil flaseodt §0 tuhee/d.arbriivatserto 5' - CCAAGCCCGG
1111 1111AGACATACATIGASRFERT AT 1(o5Fkdtb2, WoubdYe, G, 064 B0okshbosSEqUENCi NG pr i MET

for kudzu | SOpr &R Sy NASE, 5 ooyl LLI (KA CACOACTIGIG( SEQ, A0 67) CF 07-49
(+) Sequencing ih ku 2t sog)r ehe synli ase
nmole/gwcm/hr, about 50,000 to about 100,000 nmole/guw.m/br, about 100,000 to about 150,000

nmole/g..m/hr, or about 150,000 to about 200,000 nmole/ge.n/hr. In some embodiments, the
amount of isoprene is between about 20 to about 200,000 mmole/gwem/hr, about 100 to about
5,000 nmole/gwen/hr, about 200 to about 2,000 nmole/gy,/hr, about 200 to about 1,000
nmole/gucm/hr, about 300 to about 1,000 amole/gy.m/hr, about 400 to about 1,000 nmole/gy.m/hr,
about 1,000 to about 5,000 nmole/guw./hr, about 2,000 to about 20,000 nmole/gym/hr, about
5,000 to about 50,000 nmole/gwcn/hr, about 10,000 to about 100,000 nmele/gy../hr, about
20,000 to about 150,000 nmole/gucn/hr, or about 20,000 to about 200,000 nmole/gy.n/hr.

[0246) The amount of isoprene in units of nmole/gycm/hr can be measured as disclosed in U.S.
Patent No. 5,849,970, which is hereby incorporated by reference in its entirety, particularly with
respect to the measurement of isoprene production. For example, two mL of headspace (e.g.,
headspace from a culture sucb as 2 mL of culture cultured in sealed vials at 32 °C with shaking
at 200 rpm for approximately 3 hours) are analyzed for isoprene using a standard gas
chromatography system, such as a system operated isothemmally (85 “C) with an n-octane/porasil
C column (Alltech Associates, Inc., Deerfield, 111.) and coupled to a RGD2 mercuric oxide
reduction gas detector (Trace Analytical, Mcnlo Park, CA) (see, for example, Greenberg et al,
Atmos. Environ. 27A: 2689-2692, 1993; Silver et al., Plant Physiol. 97:1588-1591, 1991, which
are each hereby incorporated by reference in their entireties, particularly with respect to the
measurement of isoprene production). The gas chromatography area units are converted 1o nmol
isoprene via a standard isoprene concentration calibration curve. In some embodiments, the
value for the grams of cells for the wet weight of the cells is calculated by obtaining the Agpg
value for a sample of the cell culture, and then converting the Aggg value to grams of cells based
on a calibration curve of wet weights for cell cultures with a known Aggp value. In some

embodiments, the grams of the cells is estimated by assuming that oue liter of broth (including
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5' - GOCGAAATGGTCCAACAACAAAATTATC (SEQ I D NO 68) 10297] The plasm d desi gnat ed
pBS Kudzu #2 (Figraes 52 and 12) was correct by sequencing and was transforned
into BC 3594 conK, a Bacillus subtilis host strain. Selection was done on LA
and 5 chl or anplig¢ios@kcrpl at es. A transfonnant was chosepcaingdoostgsssck t o singl e
colonies on LA and 5 chl oranphenicol, then grown in LB and 5 ehl oranpheni col
until it reached an Obsoa of 1.5. It was stored frozen in a vial at -80 Cin
the presence of glycerol. The resulting strain was designated CF 443. I1.
Production of isoprene in shake flasks containing B. subtilis cells expressing
reconbi nant i soprene synthase [02981 Overnight cultures were inoculated with a
single colony of CF 443 froma LA and Chl oranpheine, o0l (Cn 25 pg/nl).

Cultures were gEéﬂ%dlﬁnnankEéugmanoﬁ&lué%h&N&&u&k&@i@fﬁgwﬁtmgmersm These
overni ght cul ture%vd . ‘%l nfré used Fnocu Ei nt%! gaffled shake fl asks
contai ni ng 25 nf  EFRRTE™M T FrEgA SN °ca|’°i B ANpHENT su “at " a°final concentration

of 25 ng/rol. s, 11 Media re t one HPOd, 75 ¢

gl ucose, 3.6 g%’%il 151 TR ﬁ?c%%‘“%ﬁ“e"g?’“‘f ’L““‘gi""ﬁ‘eﬂ?b“l" |§2 .2: 10X MOPS
reci pe was 83. 7% &> NOPS 1507202?5‘@3‘1°r4p%ﬁ‘}9é00 1%, 890 ROH (8 1 P8t 15500, 1@50m 0. 276M | C2804
sol ution, 10 m 20052808 MyLR0, S,000LDL@NL00,RY, o2 Rorgpg NEiIESrene FRAA oftells 10 BX

mi cronutrients, g8 mt,fqhe%euym\mgﬁgmfﬂsl%Qome@mdl%@r@%m&w%ﬂng@se&esﬂecI pe was 1.47

g CaCl2*2H20, 4*H20, 0.05 g

Cud 2* 2H20, oﬁb&Tg@é’%f?g"w‘&%iﬂ""Q sﬁa%%%ﬁ%°ﬁ8“°"“a° ”%’ﬁﬁpﬁof”*%‘% H20. Shake
flasks were i ncEPGﬁt5@dlg’&tﬂm’*B7b°'€5@r¥tfb§lahgﬁP’égégwm@raé"“tl A 2batt 2.9 ne/pu/h, and 44 hours.
At 18 hours t heohead¥)0@0 esucH0GE 4. ZomdchbodZoms, hodmesdt pfadopener e sanpl ed. This

represented 18 BQwtSaf 20268 MoahdQ0m Aboud @mmmgooomgwmmw&oo%‘ i soprene was
det erm ned by 9% ut%g@oglrr?\%%ggbgﬁ%tﬁaﬁougle&g ég,a{;ouwlgﬁ(toaout?oojo duction of

i soprene was enhance econty na’f"lf‘vc Sopr ene
synt hase (Figur® ah"f)“oo‘l‘llﬂq"u”ﬁ‘?odé'&eﬁ W%P“I‘%@t?feéﬁé“ﬁ@y oD Bcalopipted 4 |

ferment ati on 028Sdultplyingée wpafossopewdudttioon tefnits sfoprigne./ f dionscBabosubt i | i s
containing the $LRAMLLRNM ikdehdds siba®hr ene syndi ase gene on a replication
plasm d was determned froma fed-batch culture. Bacillus strain CF 443,
expressing a kugiis iﬁ@meexa@d@mt&aeaﬁ,ngam@pro@kemwnodmes&mnnomo@h does not

express a kudzu n r I vent i onal
feg batch fer nels$p§69e°a§8€59err§éﬁ%$a@9n§f31<9% 50, @F 150, ob 2§d YRLES s R0l X! 8%6‘( Cargill),

sodi um and pot ad¥i kY bir8sipiht &0 2l et égﬂofsagp%loé)rqgﬂ%oo%qo&gq ¥n of citric

acid, ferric chinoeinelef isamce/hafvgdriege«c Whesmtigeoluoirof et hapdésele pgynteat | on t he nedi a
i's macerated fothe &0 1 BdbkiBSedils). mgso,aemaatnuﬁtemeimoexnzm&e tsB&hddchibirg cel | ul ase, s,
henneel | ul ases ?B%&?%%Bd sessughsagt% eéﬁ@?og 284;0;’{,4 00 me a&ﬁtlﬁﬁo%‘? ,mentations are

fed with 60% wt ex greens or
Dani sco invert &4 )'°"‘ai’h‘i’.1“5§ OFRE /]WOWL?”‘*‘(W%O@?ﬁalifg%o?(ﬂ}"ggw BFPL “where t he
99% Wt /Wt i s t ha0ldtrreentWOtne/loman &f song dmbisiafenss, the prpoupaSsoprehd &detveen e cel | cul ture
medi um) . Feed wago sbabb@ehgnhigibal m@@&xamisnootdg&,.,gaammoumbommeodet ectabl e. The

feed rate was r Qil on an
equal carbon bagigpb“’m"?'%}{t%mg%&ﬁﬁgdgr? ’"° tx\@b%lgquo bm'h’°¥£§@AWv anmmoni um
hydr oxi de. In c%P@%‘B‘fO“Tg’&m ng, anti foam agent was added to the nedia. The
fermentation ten%rature was controlled at 37C and_the fernentation culture
was agitated at “78b TSRCATAPAEEEY ftsrare P aE S ars cBGeR s SopiEe DYy airfl ow,
and pressure weflak ereimild oxiteres cidbe pergird bttt e | ehepridioprtipcdisgureThe DO% i S

mai nt ai ned abovepgQalusaiFploSSateVarSputiadieiia V@S vial, Meublting®r 30 @tSLan®hen36 hour s and
anal yzed for Cek&&ﬁﬁ%&&@@é%ﬂb lﬁﬁlghekd%%r(a?gé?c BJdOerLéQaﬁn IQWEXB%%H' ts of these

experinents are presente In Flgur gratl on of the
kudzu i soprene Byt HEBE 14 ¥Sf "' hOgen @UB?"I“PF‘%“‘ °‘""?LEfS“®‘B‘?L"Z°FH‘éa“Q 828" sopr ene
synt hase gene was cloned in an integrating plasmd (p. THLO1l- cnpR) under the
control of the aprE pronoter. Under theéronditions tested, no isoprene was
det ect ed.



Exanpl e 5: Production of isoprene in Trichoderma |I. Constntction of vectors
for expression of the kudzu isoprene synthase in Trichodetina reesei [0301]
The Yarrow a |ipaytica codon-optim zed kudzu IS gene was synt hesi zed by DNA
2.0 (SEQ 1D N@&dodidrécgyire 13). This plasm d served as tdgusbRepbas e for the
following PCR anplification reaction: 1 ill plasmd tenplate (20 ng/ul), 1 pl
Primer EL-945 (10 uM GCTTATGGATCCTCTAGACTATTACACGTACATCAATTGG (SEQ I D NG 9),
1 pl Primer EL-965 (10uM 51- CACCATGTGTGCAACCTCCTCCCAGL11AC (SEQ ID NO 10), 1
ul dNTP OmM, 5 }il 10x PfilUtra Il Fusion HS DNA Pol ynerase Buffer, 1 nl
PfaUltra Il Fusion HS DNA Pol ynerase, 40 pl water in a total reaction volune
of 50 pl. The forward priner contained an additional 4 nucleotides at the
5'-end that did t i P tin zed kudzu
|soprene eynt hadd QE Ju{g%iﬂ 652!00%% %L?va‘ﬁeofjfm(% %%&i&@u&?&%&ﬁ enJE'ENTR/ DTOPO
vector. The rever¥, WC}?@F°f6‘6'i‘|‘[°BEP‘hBVd“"é{ﬁly‘%‘HlaW‘&’ri’é?s %‘f"ﬁﬁfd?‘é‘bsﬁdes at the
5'-end that di dngllotwt/OPhesiemdtitlied ty khe niviberlof howt a4 the@De@ odheorobteiptie m zed kudzu
i soprene synt hasLugeaRer il o) o@isdpRsArdrgsinf or cloning into other vector
backbones. Using the 2VLI Research PTC-200 Thernocycler, the PCR reaction was
perfornmed as f obisoMIa soRSerbodimidnis,2he RAIIAK b @Sre fahvd h Slera@eWelhBenRPloduktivitd® C for 30

seconds, 85 C 1 9eA0, 2860005l G 02530, E6ANME LT SRS sh Ok, 27 oVOl €5), 72C

for I mnute af al yze on a 1.2%
E-gel to confirfPEPctdddphioh ?ll?‘opdé?or b??odfsoot W0 V809 1 BBRY% 7(:1;3 'codon- opt i ni zed
kudzu i soprene %3pH2RHsHA0HEAE, 2,00 3012500 &9CR0G 8. 9S00, W8, 3t46&m50] oned usi ng t he
TOPO pENTR/ D- TQP&Qorkhn@ biisdgfenki. be tiodnk MLAGmWRED 86 LdbnR bf tSodicab@eel © 1 pl PCR
reaction, L bl SahleSoLil Lol cotyfn] FLPEMIRLETEONRCHGL AN 3 4 vater in a

total reaction volune o feaction was incubate room t enperature
for 5 mnutes. wéﬂlﬁvefkmf@%ﬁ&bewm POS PR P Yl P POYHER nt o TOP10
chem cal | y conpklttesput BOap/Liwdeibby 100 Treout 0GmsE-erinabruicsOfje proutdf0ect ed on LA and
50 jig/ml kanargi,pmplkataoo Seve i sdo mgol. o S6u Web & apuclethandrgach was

i nocul ated int oabanz‘?oomoaﬂ;ou@%o@gﬂ w'amzls&tmm&oa mm?mgbda and the

cul tures grown overn @ % h n'gr at 2 rom. Pl asm ds were

i sol ated from t'A&EFAP e Eﬂsf”ﬁereg’ ‘fdﬁ’t%’ss‘ BETRRS ﬁ%‘?g SN M ni prep Kit,

fol | owi ng nanuf‘&’e’ﬁlljr’SéDFfWSmWﬁtlQ)‘e&m.“3Sé’\rf@ﬂadlhm19¢balsiﬁ°@§b%é3r5é0§éﬁuémed to verify
that the DNA sefeence awas 000fg/Rebr, afd303$ abbut §500 Gb/e.iNbéud [pod GPO pl asmi d,

encoding a Y. Igb&,pgwbh%m%doqggogpgdoma%@@d@ygﬁ% Jsoprene synthase gene, was
used for Gateway Cloning Into a custom made rex3g vector. Construction of

P ¢ S LR e T S s
W u u S V4 X Kl
9 1soarez]5al glreater ﬂPaix oré éd {0 }5 5% 15;6;5653%8/6%%0 @g%@ y

(I'nvitrogen): synt hase gene
pENTR/ D- TOPO ddﬁ@;ﬁoov%%ﬂ@?o 11§90, ZP%T}%)%%@) U@%tlﬁ??aﬂo%ﬁ SQPeb%P 00062, 189> TE buffer, pH
8.0 in a. tot al2eaedj2m0,2,64001680,0,70082,900, 2,900} 00, & 800132000 3,9@S3 400 EEDAt ed at room

temperat ure fors o Beders 30d sdoneno, 3 ofl s 26, 9%(%'5“7@@}_@00‘6 6?2% @Bdo%sd"@&)oadded and the
e o0 ok B B D et o o v

transforned int® e transfonnants
were sel ected o O‘PPAPYHJﬂ'deQf'%OPT@F/HP%b&%“ﬁémS@M&M heps|n e &dumeQEylly ipgudss ol oni es wer e
pi cked and eachnenaismd di GEethh®Ee deiha@iud). 3n stihe dnbidifoe@Q Mt phlNongenicB and 50 pl g/ ml

carbenicillin muctlngoﬁgkwcs%mmb@mesQmutqy%&wb,onmchazb&ew th shaking at

200 rpm Pl asm es using Q Aprep
Spin M niprep Kg? %%f% ﬁgmgﬁﬂﬂfa&?qwl 8Wﬁ%ﬁ?§6¥ﬁf@&”§mﬂf§{ocol Sever a

pl asnmi ds were S@ﬂueﬁeéamﬁ@“vépwﬁQmwﬁéﬁm@m@mDNmo@éﬁﬂ@ﬁ@%mﬂbsﬁmorrect. [ 03041
Bi ol i stic transbat nmt ioasutfoottng/l, 1.0 kysiti20e0 1€0660%)500 pE/L/Eedokydzd | soprene

synt hase pTrex3g plasmd (Figure 14) into a quad del ete Triehoderm reese
strain was performed using the Biolistic PDS-10001HE Particle Delivery System
(see WD 2005/001036 A2). Isolation of sgable transformants and shake fl ask
eval uation was perforned using protocol listed in Exanple 11 of patent
publication WO 20051001036 A2. U. Production of isoprene in reconbi nant
strains of T reesei 10305] One m of 15 and 36 hour old cultures of isoprene
synt hase transformants descri bed above were transferred to head space vi al s.
The vials were sealed and incubated for 5 hours at 30 C. Head space gas was
nmeasured and isoprene was identified by the nmethod described in Exanple I. Two
of the transformants showed traces of isoprene. The amount of isoprene could
be increased by a 14 hour incubation. The two positive sanpl es showed i soprene
at levels of about 0.5 pg/L for the 14 hour incubation. The untransforned



ICL1 3 5'- GGITGAATTCAGICTACTGGGGATTCCCAAATCTATATATACTGCAGGTGAC (SEQ ID NG 69)
| CL1 5 5' - GCAGGTGGGAAACTATGCACTCC (SEQ ID N0:70) )PR 3 5' -

CCTGAATTCTGNGGATI GGAGGATTGGATAGTGOG (SEQ I D NO 71) XPR 5 5' -

GGTGT CGACGTACHKET 1863A@8rd Al TGACC (SEQ | D NO 72) XPRT3 5' BCT/US2008/086869
GGTOGGCCCGCATTTTGCCACCTACAAGCCAG (SEQ ID NO 73) XPRT 5 5' -
GGTGAATTCTAGAGGATCCCAACGCTGITGCCTACAACGG (SEQ | D NG 74)

about 3,000 mg/Ly,u/hr, about 3,000 to about 3,500 mg/Ly,.a/hr, 2bout 3,500 to about 5,000
ng/Lion'hr, about 5,000 to about 7,500 mg/Lygm/hr, about 7,500 to about 10,000 mg/Lian/hr,
about 10,000 to about 12,500 mg/Lurewn/h, or about 12,500 to about 15,000 mg/Lygp/hr. In some
embodiments, the peak volumetric productivity of isoprene is between about 10 to about 15,000
mg/Lyrw/hr, about 100 to about 2,500 mg/Lyew/hr, about 1,000 to about 5,000 mg/Lypxm/hr,
about 2,500 to about 7,500 mg/Lyow/hr, about 5,000 to about 10,000 mg/Ly..n/hr, about 7,500 to
about 12,500 mg/Lyen/hr, or about 10,000 to about 15,000 mg/Lyn/hr.

[0252]) The instantaneous isoprene production rate in mg/Lyow/hr in a fermentor can be
measured by taking a sample of the fermentor off-gas, analyzing it for the amount of isoprene (in
units such as mg of isoprene per Lg,s) as described, for example, in Example I, part IT and
multiplying this value by the rate at which off-gas is passed though each liter of broth {e.g., at 1
vvm (volume of air/volume of broth/minute) this is 60 L, per hour). Thus, an off-gas level of 1
mg/Lg,s corresponds to an instantaneous production rate of 60 mg/Lyon/br at air flow of 1 vvm.
If desired, the value jn the units mg/Ly.w/hr can be divided by the ODgon value to obtain the
specific rate in units of mg/Lyon/hr/OD. The average value of mg isoprene/Lg,s can be
converted to the total product productivity {grams of isoprene per liter of fermentation broth,
mg/Lyon) by multiplying this average off-gas isoprene concentration by the total amount of off-
gas sparged per liter of fermentation broth during the fermentation, Thus, an average off-gas
isoprene concentration of 0.5 mg/Lyun/br over 10 hours at 1 vvm corresponds to 2 total product

concentration of 300 mg isoprene/Lyrom.

[0253] In some embodiments, the cells in culture convert greater than or about 0.0015, 0.002,
0.005, 0.01, 0.02, 0,05, 0.1, 0.12, 6.14, 0.16, 0.2, 0.3, 0.4, 0.5,0.6,0.7, 0.8, 0.9, 1.0, 1.2, 1.4, 1.6,
2.0,2.2,2.4,2.6,3.0,4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0, 12.0, 13.0, 14.0, 15.0, 16.0, 17.0,
18.0, 19.0, 20.0, 21.0, 22.0, 23.0, 23.2, 23.4, 23.6, 23.8, 24.0, 25.0, 30.0, 31.0, 32.0, 33.0, 35.0,
37.5,40.0, 45.0, 47.5, 50.0, 55.0, 60.0, 65.0, 70.0, 75.0, 80.0, 85.0, or 0.0 molar % of the
carbon in the cell culture medium into isoprene. In some embodiments, the percent conversion
of carbon into isoprene is between about 0.002 to about 90.0 molar %, such as about 0.002 to
about 0.005%, about 0.005 to about 0.01%, about 0.01 to about 0.05%, about 0.05 to about
0.15%, 0.15 to about 0.2%, about 0.2 to about 0.3%, about 0.3 to about 0.5%, about 0.5 to about
0.8%, about 0.8 to about 1.0%, about 1.0 to about 1.6%, about 1.6 to about 3.0%, about 3.0 to
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Y] 8S3 5' - GGIGCEECCCCTGICTGGACCTOOTGAQTTTCCCCG (SEQ ID NGO 75) YI8S 5 5' -
GGTGOGCCCATTAAATCAGTTATCGTI TATTTGATAG (SEQ | D NO: 76) YURA3 5' -
GGTGACCAGCAAGTCCATGOGTOAE TTGATCATGG (SEQ I D NO 77) YURA 50 5' -

GGTOCGGCCGCC! WéEXahsah WZEACTCCAACTATG (SEQ | D NO: 78)  YURACHds260'8/086869
GCGGCCGCAGACTAAATI TATTTCAOTCTCC (SEQ ID NG 79) [0308] For PCR anplification
the PfuU trall polynmerasc (Stratagene), supplier-provided buffer and dNTPs,
2.5 n.Mprinmers and the indicated tenplate DNA were used as per the

manuf acturer's instructions. The anplification was done using the follow ng
cycle: 95 Cfor I roM 34x (95 C for 30 sec; 55 Cfor 30 sec; 72 Cfor 3 mn)
and 10 mn at 72 C followed by a 4C i ncubation. [0309] Synthetic DNA nol ecul es
encodi ng t he kughays.nsaRLeneo Syns. m%utg@ﬂﬁbouﬁwdﬂﬂ&mtli0m07a§ﬂdt 59%, expression in

Y, Ful | detail of
he conet ruct i ol Leitag-LApliont de iy T eyl ) mp@&& car Tyt ng the

synt heti ¢ kudz u35r°s’°e)‘19f"éﬁsé"’/§?/‘i‘?t°ﬁ”a:§’8“ é‘sé’r{‘é° W&eﬁb"“&?ﬂf"ﬁﬁs Oéfa %dhd | CU pronoters
respectively i séoptedenbedd » §5.0k ot 65.0%80 700eebeunTS. 0 tal9iechbour §9.0khe ch a mati ng
factor gene (NVARR9) orlsouisBSL1HbE6k. i1RsoRt ak6uidtts 3R phRABLARRN SHRbNARE gene vere
aLso construct edopgene 190%&%&1% Et O%MO &g 254 molar %, 0.002 to about 0.16 molar %, 0.04 to

about 0.16 molar %, about 0.005 to about 0.3 molar %, about 0.01 to about 0.3 molar %, about

0.05 to about 0.3 molar %, about 0.1 to 0.3 molar %, about 0.3 1(; about 1.0 molar %, about 1.0

to about 5.0 molar %, about 2 to about 5.0 molar %, about 5.0 to about 10.0 molar %, about 7 to

about 10.0 molar %, about 10.0 to about 20.0 molar %, about 12 to about 20.0 molar %, about

16 10 about 20.0 molar %, about 18 to about 20.0 molar %, about 18 to 23.2 molar %, about 18

to 23.6 molar %, about 18 to about 23.8 molar %, about 18 to about 24.0 molar %, about 18 to

about 25.0 molar %, about 20 to about 30.0 molar %, about 30 to about 40.0 molar %, about 30

to about 50.0 molar %, about 30 to about 63.0 molar %, about 30 to about 70.0 molar %, about

30 to about 80.0 molar %, or about about 30 to about 90.0 molar %

[0254] The percent conversion of carbon into soprene (also referred to as “% carbon yield™)
can be measured by dividing the moles carbon in the isoprene produced by the males carbon in
the carbon source (such as the moles of carbon in batched and fed glucose and yeast extract).

This number is multiplied by 100% to give a percentage value (as indicated in Equation 1).
10255] Equation |
% Carbon Yield = (moles carboa in isoprene produced)/(moles carboa in carbon source) * 100

[0256] For this calculation, yeast extract can be assumed to contain 50% w/w carbon. As an
example, for the 500 liter described in Example 7, part VII], the percent conversion of carbon

into isoprene can be calculated as shown in Equation 2.
[0257] Equation 2

% Carbon Yield = (39.1 g isoprene * 1/68.1mol/g * 5 C/mol)/[(181221 g glucose * 1/180 mol/g
* 6 C/mol) + (17780 g yeast extract * 0.5 * 1/12 mol/g)] * 100 = 0.042%

68



[0310] A simlar cloning procedure can be used to express a poplar (Popul us

al ba x Popul us trenol o) isoprene synthase gene. The sequence of the poplar

i soprene is described in Mller B. et al. (2001)Planta 213, 483-487 and shown
in Figure 17 (WwEQoddds 13). A construction schene for pthes:gengsati on t he

pl asm ds pYLA(POP I) and pYLT(POPl) carrying synthetic poplar isoprene

synt hase gene under control of XPR2 and | CL1 pronoters respectively is
presented in Figure |18A and B. 11. Production of isoprene by reconbi nant
strains of IClipolytica. [0311] Vectors pYLA(ICZ1), pYLI(1CZ1), pYLA(MAP29)
and pYL1( MAP29) were digested with Soon and used to transformthe strain Y.

| i polytica CUB 122 by a standard |ithium acetat e/ pol yet hyl ene gl ycol procedure
t ot uri fll ng(ypr ot msrsppngtg}e @}s mii&y&msnﬂ@ony@@eﬁﬁcd G (§xa19|§197\/\5!al, n;t Vi KERR), (| ;%) yfeast .
extract, o pept one 0 gl ucose). over ni we e by centrifugation
CA000 1 prre 15 PERR SRl SR8k R e b I E.000L L SPL SeR bl 1 0 97

| i t hi um acet at eYe'biis Gergehiersdesirg A HiErSent 25 4154 HWdtdr-of the cel | suspension were

m xed with linearized plasnaid DNA solution (1 0-20 jig), incubated for 10

m nut es at room%¥hpereadtllst & haptramcadibtromit e rates?f sopEreBUMCPES XYV i n t he same
buf fer. The suspemrsdprscdies @y btbar bdite rExémplayb@kt@eh afedistedbelbvofar at room t enper at ure
followed by a 2ifH.6W@svddafumphock at 42 C. Cells were then plated on SC his
Len plates (0.67% yeast nitrogen base, 2% glucose, 100 ng/L each of [ eucine
and hi sti di ne) . ydik apskQF BRRLS ARG abAA.BFd@f 3-4 days of incubation at 30 C
[0312] Three isolates fromthe pYLA(ICZ1l) transformation, three isolates from
the pYLI (K21) tpadosfuamii on, two isolates fromthe pYLA(MAP29) transformation
and two isolates fromthe pYLI (N A P29) transformation were grown for 24 hours
in YEP7 medi um ( d¥6ppeasl mexiaraciol isogtepE ARl volktite &) at 30 C wi th shaki ng.
Cells from10 m of culture were collected by centrifugation, resuspended in 3
m of fresh YEPizandeqphiaeed into 15 m screw cap vials. The vials were

i ncubat ed overnight at roomtenperature with gentle (60 rpm) shaking. |soprene
content in the heatspace:.qfrt he®Esogle!s, S isydedsidayss@asthg bleomat ogr aphy

usi Nng Mass- SPeCchL QPR Jif «I65.56hQhr B8s ARSEH bdalei Gubxample 1. Al transformants
obt ai ned with pYLA(CZ1l) and pYLI (KZ1l) produced readily detectable anpunts of

i soprene (0.5 u@hdy tRuakod9/ L, Figure 20). No isoprene was detected in the
headspace of the control strains carrying phytase gene instead of an isoprene
synt hase gene. Exaipneks./R-38Y6d itcBreR]../h3RRE B\ Boldtlar Feigh Qishpr&¥Pr €ssi ng kudzu

i soprene synthase and (di, or dxs, or idi and its |I. Construction of vectors
encodi ng kudzu jes@prep@.synt hase and (di, or dxs, or (di and ches for the
production of isoprene in E. coil i) Construction of pTrcKudzuKan (0313] The
bl a gene of pTr clutizddrededSSE i DBGUAMbIRog0ANRI/A (aldn MBS hiETOACRG Mt h t he gene
conferring kanaf, g&&mresistance. To renpove the bla gene, pTrcKudzu was
digested with Bsp}1ll, 'treated with Shrinp Al kaline Phosphatase (SAP), heat
killed at 65 C’WLQFQﬁEH -filled with Klenow fragnment and dNTPs. The 5 kbp

| arge fragnment was purified froman agarose gel and ligated to the kart' gene

whi ch had been 2 i tied frem.peR Bl L Iy riyers MCM22 5° -
AR RS TR b
|1

GATCAAGCTTAA
GATCCGATCGTCAGAA(RRCTCGTCAAGAAGGC (SEQ ID NO] 5), digested with Hindlll and

Pral, and end-fj |l " tra sf%(rnant carrying a plasm d conferring kananycin
resi stance (pTi@%ﬁggggé%ﬁ¥m%€§Lgelected on LA containing kananycin 50 pg/m.
i) CbnstructioQ of Trgﬁudzu yl DI Kan [0314] pTrcKudzuKan was digested with
Pstl, treated Wit Yo eat killed and gel purified. It was ligated to a PCR
product encoding idi fromS. cerevisiae with a synthetic RBS. The prinmers for
PCR were Nsil-YLD 1 F 5'- CATCAATGCATCGCCCTTAGGAGGTAAAAAAAAATGAC (SEQ I D

NO: 16) and Pstl YLDl | R 5 - CCTTCTGCAGGACGCGT1' GTTATAGC (SEQ ID NG 17); and
the tenplate was S. cerevisiae genom c ®NA. The PCR product was digested with
Nsd and Psd and gel purified prior to ligation. The ligation m xture was
transfornmed into chemcally conpetent TOPIO cells and selected on LA
containing 50 jig/m kananycin. Several transformants were isol ated and
sequenced and the resulting plasrnid was cal |l ed pTrcKudzu-yl1DI (kan) (Figures
34 and 35).



iii1) Construction of pTrcKudzu DXS Kau 10315] Plasm d pTrcKm zuKan was
digested with PA treated with SAP, heat killed and gel purified. It was
ligated to a PCR product encoding dxs fromE. coil with a synthetic RBS. The
primers for PGR weiesshCML3 PCT/US2008/086869
GATCATGCATTCOCCCT' FAGGAGGTAAAAAAACATGAGTTTTGATATTGCCAAATAC CCG (SEQ I D NO: 18)
and MCN114 5' - CATGCTGCAGITATGCCAGCCAGCGCCTTGAT (SEQ I D NO 19); and the
tenplate was E. coil genom c DNA. The PCR product was digested with Nsil and
Pstl and gel purified prior to ligation. The resulting transformati on reaction
was transfornmed into TOP) O cells and selected on LA with kanamycin 50 pg/m .
Several transfornauts were isoI ated and sequenced and the resulting plasmd

was cal l ed pTrcKugdzuN%s r&eﬁlﬁwml l?age[@mb,m/%%?warmsc)snvs:s?&s%;smgmton of

pTr cKudzu-y1D1- dx dzu ested with Psi!,
breated with SAPS UG °§?‘%lh%§%§“@§ﬁa i asen e G988 o a poR
product encodi n@PeEﬁcftE‘@i*CP"“QI)(s with a synthetic RBS (priners I\/CM13
GATCATOCATTCGCCCI 1' AGGAGOTAAAAAAACATGAGL111GATAL TOCCAAATAC CCG (SEQ | D NO 18)
and MCML4 5' - CAIGCTREAGITATGCCAGCCAGGCCTTGAT (SEQ 113 NO 19); tenplate TOPIO
cells) which had been digested with Nsil and Pal and gel purified. The final

pl asm d was cal | &Prisrflewti ] 2ae Famrelhestof] #&n) (Fi gures 21 and 22). V)
Construction of PtrcKudzu 103171 A fragnment of DNA containing the
pronoter, st ruc{"?PF}alH‘&é’ﬁ‘éﬁﬁ’ﬁ‘t}’“ﬂ‘bcﬁ‘rﬁeﬁsa?‘GF"“Yef‘é‘m"Ek"d‘Pr'ﬁI“E"Tluéf‘d?f\)’ét was di gest ed
from pTreKudzu weghnghSspd intathekogeiondngntif ihg cheludetthe i seitht gaeedls. t 0 pCL1920 whi ch
had been digested with Pvull, treated with SAP and beat killed. The resulting
| i gati on m xt ur B268asEqpatiemn@f ormed into TOPIC cells and selected in LA

cont ai ni ng speetinonmycin 50 ng/m . Several clones were isolated and sequenced
and two wer e sePeotigtlof cpiCE (WRtwreaotizis)dhd pCL PtrcKudzu (A3) have the insert in
opposite orientations (Figures 38-41). vi) Construction of pCL PtrcKudzu yLDI
10318] The Nsi | Wm8ke| o ghing embpdigents grspmppsrd by thaghentipipp RERMATHIE B kesrelokqudom (ii) above
was | igated i ntfucdpCleidBuediigdzisbpiatiisgihad gk ppe@protlicg @sdRtht Misbprendsdt sat treated with

SAP, and beat Kkjyl{ efo.TRE, Jfoﬂastfinﬁ’ﬁ‘o BlaXds Wi sovag, 180 siatiresh.dintg. TOPI C cel l's
and sel ected in_LA cont Eﬂ?}' Oéemro§Ct| no everal, cl ones were

i sol ated and sefUehEEY ! LUFEPR Cﬁj?'gfgfwggep%lgg HPBYPCL Pt r cKudzu
yl D1 (Fi gures 4@sepiady e3gme copidiigns @ty the eieroflogns ryfleipaCd etPpding KeidopsneDXS 10319] The
Nsi | - Pst 1 di gesiyethse pg@deptiair i fi ed, DXS PCR &mrph con from (iii) above was
ligated into pCL PtrcKudzu (A3) which bad been digested with Pstl, treated
wi th SAP, and hpam} Kh fomeehbodididdts kdcepipbdsed By Hd e itioE 2 W Sorrpitisp S fe@FoltRdls | nt o TOPIC

cel s and sel ec,tuadcac;aemmfggrnwewgﬁ asépc%gaxph&qm;aapméQhelclogémméi@ver al clones
at

V[\)K>5‘<I’Se( IFIS gL?tegd42£<]:%s eacog]g zn%% ID?l an A pa way po ypegudgproduces agl a:lncﬁmt gsoprene pCL PtrcKudzu

that is at least or about 2-fold, 3-fold, 5-fold, 10-fold, 25-fold, 50-fold, 100-fold, 150-fold, 200-
fold, 400-fold, or greater than the amount of isoprene produced from a corresponding cell grown

under essentially the same conditions without the heterologous nucleic acids.
Exemplary Isoprene Purification Methods

10271} In some embodiments, any of the methods described herein further incfude recovering
the isoprene. For example, the isoprene produced using the compositions and methods of the
invention can be recovered using standard technigues. such as gas stripping, fractionation,

adsorption/desorption, pervaporation, thermal or vacuum desorption of isoprene from a solid
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1. Measurenent of isoprene in headspace from cul tures expressing kudzu

i soprene synthase, id!, and/or des at different copy nunbers. 10320] Cultures
of E. colt BL2I(XDE3) previously transfornmed with plasrnicts pTrcKucLzu(kan)
(A, pTrcKudzuyybddozkan (B), pTrcKudzu-DXS kan (C), pTecHugdaaesssd DXS kan (D)
were grown in LB kananycin 50 petal - Cultures of pCL PtrcKudzu (E), pCL

Pt rcKudzu, peL PneKudzn-y1Dl1 (F) and pCL PtrcKudzu-DXS (G were grown in LB
spectinonycin 50 ug/nmL. Cultures were induced with 400 W IPTG at tinme O
(ODO00 approximately 0.5) and sanpl es taken for isoprene | aeadspace
measurenent (see Exanple 1). Results are shown in Figure 23A-23G 10321)
Plasm d pTrcKudzu-yl DI -dxs (kan) was introduced into & coil strain BL2l by

transformation. Ine, [esHl bk re&%rﬁébﬂzeghéﬂ%m} & s!ﬂd%% JngL §§(sééfar§f grown

overnight in LB"Cont al ni nq cln used to inocul ate
shake flasks of *FRBS P26 Yoo a4, 6.0 W’E‘ff‘f?i?“bgf“’bﬁmﬁ‘pﬁa“i\?ﬁ’sw*7H20) 2.0 g
citric acid nonofypdre atteir er@re@:s,garfieiany vith grpag e iisopmneietor et aed pugficiog ( NH4) 2304, 0.2 ¢
yeast extract JnetEhad).r Th bomd QRN mMR A réce@ry Triadgrene Modnal mSelatidniotikbpredi aist ed to pH
6.8 and g.s. acgn}ag%m @crl]gsafnlaalt£oﬁxrlonz§{881|elleoZa%g%uox?mt‘)ﬁénmn@ dvln(f glucose. Fl asks

wer e i ncubat ed unt i was reache d then induced
with 400 p. M | PTEEPRESEYPHFERe smeraLef ﬁva&"tr&?}’élp‘?ffiﬁgm“f‘?“rf’gsg”é‘f?‘éi“ i nduction and the
anount of isopr eqn@uvunmtnhte Srearemogyh cep &e s edimsasal dfregtsvad aslediigiethol N Exanpl e | .
Results are showitl i, aioglin@ ad@ili bhasel fattitionRitRdiGd ph@8), obdiredt SBRJs@AL 1hr OM bi omass in

E. coli/pTr CKUdgoHleYJlprlmQésne%pr%%%&ﬂcﬂlﬁ &dmé @&%&I&&*ﬁ%%%&' DXS was tested

for the ability to generat soprene from t ree pes of bionmass; bagasse,
corn stover and?¥df °\Xi?6’d°sﬂiﬂgﬁl C?‘Fiw@af‘??(?ﬁléqé’d ‘?’e&c control Hydr ol ysates of the
bi omass were prepared by enzymatic h SIS rown, L and Torget, R, 2996,
NREL st andar of al20) et EXRRO0s AT & RO 1T Eat i on of

Li gnocel | ul osi ceBietynersgtcyemaritiofipgrizie wepor éOﬂ@i‘ihq feroprptionsEsesdndirorrveiiatcos e

equi val ent's. | noftidapréne @ aqipi pease G eC@BA sidE|Uheuialy ENE Sarni! opeGpialbet 0 1% gl ucose. A
si ngl e col ony fﬁjQEﬂy@on%éE Eodd mm%u&&%ﬁgngﬁdlncﬁ%e eébo%aeﬁé—@éwﬁ@ﬁ@ pTrcKudzu
yEDI DXS (I an) vas tEr nﬁcula}l 15 (? %g n r’% n (350 pg/m). The
cul ture was inclbate “8“8% SRR oo A FHORRY °p'e';f‘h° fP8% ng day the
over ni ght cul tuFfePWF%fg’eddfqu”é‘tl Hovxawlcw@%m@rbeedswdFOrechlSPwea@fﬂmrNB and 0.2% YE
and 1% f eedst oc kxwackh gonf teesdigifplsdwivasovedr N st over, bagasse, or softwood pul p.

G ucose was used as a positive control and no gI ucose was used as a negative
control . Cult ur @373nekh em aotdliatoethnadf ths Betiodinietctibesiralcifimper atludk 80ifinpm The cul ture

was nonitored fgs,s eap&le%ﬁpth'etsop?e%@;ﬁ@@xgdlﬁlﬂgt%%m@;ns ﬁm&l&k&yres wer e

anal yzed at I nVCﬂth Cange m%ﬁ sin argtec%ﬂ %CS m%callngCfearsoal?Osccr I n Exarrpl e I
Cul tures are nof aced A IE ur s ai i ng. adaed fséeﬁ ock produce

i soprene equi val”@ﬂ‘t“%'ﬁ’etsrsf‘@g@edé@mf"ﬁé’ l@qr%%@éeﬂ'ﬁtﬁgtﬁl'? Prﬁsémli’bfﬁfhﬁ BtPrerEXx per i ments wer e
done in dupli capredandn smeerstadinwnts) U idoprepid fs@0tedd ash MbstdRtOirpetlingd of i soprene from
invert sugar i Nekmp&@hupkheibeiidd iFhXS disliQB2&dm a'%ol&loﬁlglaﬁquﬁ(ajmgﬂéﬁl froma plate

freshly transforgigﬁ cel | s Qf Asusedhere%]BglEngédjxsp gng}gntléﬁlm%#ﬁn%)&apgsbgkan) was used to

inoculate 5 nL O cin ure was i ncubated
over ni ght at 255“@"%“?1’?‘ %”Fl%ﬂ{’i°f?g°mp‘f’l‘?é‘s PP HW“ﬁUheﬂ'éiﬂ“tPﬁ@ it GHPmcul ture was
diluted to an Wbwodifen@, i3 Tsoprane 25t laait atofit 200/By woipth, B B86 Xier @mpbndh®othteedst ock.
Feedst ock was g}hleRSkn thk BpREL ﬁpodgdempﬁﬁoupémbsoqﬁens %Iegypeerne s Ilﬂ:@st araaéart sugar

feedst ock (DN 360 ONS! Lo HaRt, Yoswpr BhaRe, bY, eNauIBLlcall L (1 eati ng

sucrose syrup. Stover ow (Part V). The
cells were gr O\APFaé?EW%aQaW“%‘W“‘P‘F Féth§%F¥°W§fa%é‘§‘cﬁ”éﬂysiﬁﬂéﬁct he cul tures
reached an OD60®MiISefly@- 1.0 (0O hour). The cultures were anal yzed for growh as
nmeasured by 0D630 and for isoprene production as in Exanple 1 at 0, |I and 3
hours. Results are shown in Figure 47. V. Preparation of hydrolysate from
APEX pretreated corn stover 71



103241 AFEX pretreated corn stover was obtained from M chi gan Bi ot echnol ogy
Institute. The pretreatnent conditions were 60% noi sture, 1:1 anmoni a | oadi ng,
and 90 C for 30 mnutes, then air dried. The noisture content in the APEX
pretreated conyoMew®Esiavas 21. 27% The contents of gl ucgdrr@adsieydso an i n the
APEX pretreated corn stover were 31. 7% and 19.1% (dry basis), respectively.
The saccharification process was as follows; 20 g of APEX pretreated corn
stover was added into a 500 mM flask with 5 mM of ) Msodiumcitrate buffer pH
4.8, 2.25 m of AccelLlerase 1000, 0.1 nil of Gindanyl 11121 (Danisco xyl gnnse
product from Aspergillus niger for bread-making industry), and 72.65 nl of DI
water. The flask was put in an orbital shaker and incubated at 50 C for 96
hours. One sanpl,g was taken.fromt S usi ng HPLC. The
hydrol ysate cont allrv1vaI a°°38 "B WSy Q%&‘B‘gbé’ Sdﬁsiz%éﬂ' fliwemg‘idosc and 10.3 g/ of
ol i gomers of gl %%é‘“&ﬁﬂ%%?"%(ﬁ?’é@éple stapplard “Fl*i@dsé@ ised ‘levé’é%‘f’e extract on

i soprene pr oduciurifddd isbpfento fopr@tid-polyls@pvenie dr sthek @tha b@tncitodatslutingrsendpl®325. 1 Fer ment ati on
was performed atedie 14-L scale as previously described with E. con cells
containing the pTreKudzu yl DI .DXS plasm d descri bed above. Yeast extract (R o
Springer, Montr ggk Qdﬁ&@l%eth@@ﬁﬁ%‘)posﬁ@ﬁmfe@gcn%ﬂﬁlt@&@@fmfsﬂoﬂlpaﬁ@te The tot al

amount - of yeaSt%)gh)é;[n#m 0. 6%17 SX%Hega:éﬁtemtberqS 3&)@ r@l{tedgwt]{:svi?%lsmna{émtenq bet ween 70-830 g

during the 40 h nment ati on broth was
measured at a \Aﬁ%f"@?@‘t PI”OB?ISQB"‘GC‘ plepive 1, 2Pp& o ptgdSates TSt i t hi n t he
fermentors was prigporia. 6AY,168,diletl breSepember§, 298, aly fadich apsdtcoraatteddelded ( Fi gure
48A) . The i soprgBeact @VEH eatifles{phBcuBf §ith@RBctid OBPotidtes hOh0AN: pocwms det ernined as
previ ously descrihed. The isoprene titer increased over the course of the
fermentation (Fméure 4813). The anmpunt of isoprene produced was linearly
proportional to the amount of fed yeagl,#xkract (Figure 48C). VII. Production
of isoprene in 500 L fernentation of pTrcKudzu DXS yl DI 103261 A 500 liter
fermentation of 5 dXCﬂL gxarﬁp% | \iotMed s men@edm(é;ﬁueg A0S IEnS KO n@ﬁ@mouﬁ- cerevi si oe

1D, and E. coi nucl'ei’c acid g“lc % Trc Kudzu cbcs
yidi) was used P& %?’Bbqﬁé‘gs‘?c%ﬁﬂ‘@‘ﬁﬁ‘“ PRI Pavafts AT RS B & *FEFi ed from 50 to
300 pg/ L over aand ppppdippeais pigle inyfotidomlispreped agove (Yplepshmichielotheywigrf tepsratuggiser age i sopr ene
concent r at i ons, in dgRes@ LAY Endiple@Uie &5 RIoAldG Brrbiperid avd fegomgidlanipheane Xt ent of i soprene

breakt hrough, the;a004 ?J;ons}toﬁeﬁe@WﬁpsmﬁxQJaJm@gmaby@g oﬁmnma,!, afyed to be

approxi mately 17g VI | %{}g {eé Eren in L fernmentation of E.
coli grown in f® ‘Ci)uﬁ‘ﬂstﬂ%‘e%ﬁﬂplﬂcﬁ'}"és SN R = Bé"e“(’%é"r‘mﬁl{e@?‘ FRREAL ati on medi un)
103271 K2HPO4 ThySefqgencelpyiS@drindividual pbliction, patent gpplictiony eripelenhwarrobeyifieeit@d 2 g, ferric
ammoni um ci t r at editkduadly Ghdical@ &St inedxdofa@Cly réerdnceq In pAABRGIMMtdibne dieditene Met al
Solution 1 m. @ld,Qb, ,Léagorggamgam@en\éﬁar%e@ggt@edofEeggqs;mﬁcrdxsa& ghgdi ssol ved in

di H20. This solution was autqcl ave was a St 50wnth amroni um
gas (N113) and ‘Eim%“‘m‘f”f)a“ ’oﬂf%ﬁgogle@%{é&% itfgg“‘imﬁf‘ ’Fﬁl’ﬁ' e*"“‘iii&“o 1 g, and

anti bi oti c wer eAldeidede afgome ingnion hds peendebcsbrd Aeoe g il jrarof wshition 49328]  1000X

Modi fied Trace dabpslforS@posds bf@ncity pfQBd2Sthndfak, it filibe Atditgparehtd RQM oginah SO4* 1120 30

, NaCl 10 g, Feg4 me7{1ml,§190flhe%ac Gk 55 infhiion 9 cehtaien &%%odnga{}r%p 19, Cuso#*
51-120 100 ng, H3 onponent i s dissolved

0
one at a time i figﬁe“’n%ihf"i‘?f”%““ééw %?1“”F1°Cf°7"ﬁl§n8?—eiappte?‘?édrfﬁ t*s. to volume and
filter sterlllzgx w% r;ncronfllf [{'g b rndgntatlon was per for med
in a 500-L bior @3RMSE TGgdpsonet sgRaene inEafel! EPESHE K H‘@"ttkh "S°PFeKudzu yl D1 DXS

plasm d. This expb#t ment was carried out to nonitor isoprene formation from

gl ucose and yeast extract at the desired fernmentation pH 7.0 and tenperature
30 C An 1. Construction of vectors for expression of the kudzu isoprepe synthase in E. coli
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i noculumof E. colt strain taken froma frozen vial was prepared in

soyt one-yeast extract-glucose nedium After the inoculumgrew to OD 0. 15,
measured at 550 urn, 20 m was used to inoculate a bioreactor containing 2.5-L
soyt one-yeast @wvhideicsgl ucose nedium The 2.5-L bi or eagtpisiass@ipown at 30 C
to OD 1.0 and 2.0-L was transferred to the 500-L bioreactor. 10331] Yeast
extract (Bio Springer, Mntreal, Quebec, Canada) and gl ucose were fed at
exponential rates. The total anount of glucose and yeast extract delivered to
t he bioreactor during the 50 hour fermentation was 181.2 kg and 17.6 kg,
respectively. The optical density within the bioreactor over tine is shown in
Fi gure 49A. The isoprene | evel in the off-gas fromthe bioreactor was
determned as p o] descri he I Sopr ene titer increa over the
course of the fé&%n?%tpl%gn i“—‘ncet?(’rrg' Egzge(\})”e'f’h R N R i i §§§pr ene produced
during the 50 ho@torEvReRCaBrY W§17@5A§”C‘Q’@P{d‘°ﬂﬁ@asf$ema°Pé@’a?d§‘éEof product i on
i's shown in Fi gusieodt®ageuamipbaed@om BROOSEQ NS, TIeapir@ngmthase ggne COl t

expr essi ng kudzy,, rs@oo{d%ﬁ mswéhb%sz&m es&%gamnn@m;e dEYALANG @AG d pat hway
genes . doni n?\}’g;,tgﬁ Q'V\fand i a%eyFt(SF?r&PH%YLﬁénoFen) ﬂéat hadgec% 1%eshetd?vg%vf or cl oni ng the

| ower neval oni e nes alonic acid

bi osynt hesi s patMatk&s: T truetrvatcé&aneqswa@@ tqemdonmm@wmwﬁe ki nase
(PVK), di phosphoneai ante :aecardeoxsycbase: aMvi)ed andisTappentemyto idi phosphat e

i somer ase genes ;WRLEs A ﬂrJtélnedhebéﬁulgngBasﬁxIa?m&uszWaﬁ)éxllf@l R8ettgmosomal DNA and
cl oned i ndi vi dug}l Y. %% the pCR Bl ood] TOPO plasmd (I'nvitrogen). In sone
cases, the id/ géfe’ was arrpllfled fromE «colt chronbsomal DNA. The priners
wer e desi gned Sy cons SEQ 1D NO 80) or
AAGGAGG (SEQ I D %] %2;; VA S"mrl%a?egre‘t’e & ar’ q?nﬁéllmg%éb% Vﬁgeg TPaam of the start
codon and a Pst [isoR§¢ @™t %g""ﬁd”diéﬂf“ﬁ?ml"ﬁ%“@S““ér‘i’d‘m"’ﬁ’?@“bg’é‘hé@r%?’%ha’tehen cl oned one
by one into the ppfincdnling2is \ewing Histrat Th istpiree pnitziersenc pathpidyd fwas assenbl ed,

[ 0333] Chr onDsormLKMyﬁ@m@he&%gr@é{b@mﬁ&gﬁﬁq was obt ai ned from ATCC (ATCC
2045080) . The Wﬁf cerevisi ae

usi ng priners %Egi@em%@ %@% q’ dOtEIr? GC SEQ I D
NO 21) and MVK- B8¢-RE-fEETCGACGGATCCCTGCAGTTAGACATACATCAGCTG (SEQ ID NO:4).

AT GGCT GCAGGCCT ATBERAAAT SR AES TV F BAABTCEA BEE PARA TGRS, eBkielzBeNO, 22) usi ng

PfuTurbo as per Jmandiaatdiehid STrKNEA [dbkeibbdABS e, widBed GQEMPREDNS] 122 dasPCR pr oduct

(1370 bp) vas | Qi Lot 21581 LORRRLSSLALDL OOy Sl Fsgel (1 nvi roger)

and cloned into resu asmd esi gnat ed pMvKL.
The pl asnmi d pMREFETOYFGELE &dO s “‘S%R ‘”é?ﬁﬂ“eﬁéﬁfl‘“ U YPEPi%0H Bhdonucl eases
and t he fragnentChersiugebs dzestefl fvitte'@eldid | spdydanaldné i &b pifsekibh g2 Brodi gested with
Sac' and Est Bl . Eﬂﬁhsrﬂswaﬁdn&g(vﬂlﬁﬁsﬂﬂnﬁkdm &aMeao (i #:6IMY %ad Ihe ¢dn@:334] ghg second
gene in the nev | s%%t E e y PCR
Dsing prinors: %léu{ﬂgéle%tﬁ?% J?én& PR 1Dm%thekmlso%§ R Nolgetzl‘l's ) and Bsi HKA
1-PMKL F (5 - CGRETEERe ST AR @%W%@‘%ﬁﬁ? NO. 24). The PCR
reacti on was perforned, usi Pfu Turbo pol ynerase (Strata ene S per

manuf acturer's mggﬂr%t"\’%‘h‘é"gre*ﬁ@"h&%f"’?‘é‘ﬁaﬁal?l"?%e&mﬁ?rﬂﬁ JEPPYE %?b was di gested
with Pstl and ESFHRIO. Brimdrs|vrg aedid amptify dhe ppcIovKE S)dihgiesetl%f@m\mﬁlc@d@stl . The

resul ting pl asmdécibisbdlamectoit plrleKadded b BinddEde aadn £ R@; coldinsugrs wyer e ¢l oned in
the same manner 5’ tJt?ﬁhMﬁ cl&@n%&lc%rgs agé%y @nng TEJ?(%szJ’uLthorf hd Iéo%orPg ge MWD / it

(5' - GTGCTGGAATI CGCCCTTCT D NQ 259 A

(5' - GTAGATGCATG@A@&AWC&@E%“’FM@%&“ @6%‘“\‘%‘1%?“&65"3%6?"1 fy the MVD gene
and Pstl-VYI D 1 sfuefdss of hQTRFCTESEABENCBBEAGPFATAGC, SEQ I D NGO 27) and Nsil -YI D1
1 F (5 - CATCAATGCATCGCCCTTAGGAGGTAAAAAAAAATGAC, SEQ ID NGO 28) to anplify the
yl : D1 gene. In sone cases the | PP isornerase gene, idi fromE. coli was used.
To anplify idi fromE. coli chronosonmal DNA, the follow ng primer set was
used: Pstl-0ODI 1 R (5 - GIGTGATGGATATCTGAGAATI CG SEQ I D NO 29) and Nsil-Cl D
1 F (5 - CATCAATGCATCGCCCI TAGGAGGTAAAAAAACATG SEQ 1D NO 30). Tenpl ate DNA was
chronosonmal DNA isol ated by standard nethods fromE. coil fibil5 (WO 96/ 35796
and WO 2004/ 033646, which are each hereby incorporated by reference in their
entireties, particularly with respect to isolation of nucleic acids). The
final plasm ds were nanmed pK.K. DIy for the construct encoding the yeast idi
gene or pKICDIc for the construct encoding the E. coli idi gene. The plasm ds
were transforned into E. coli hosts BL21 for subsequent analysis. In sone
cases the isoprene synthase from kudzu was cloned into pl CKDly yi el ding

plasm d pl CKDI y1S. 10335J The | ower MA pat hway was al so cloned into pTrc



pTrcl CudzuKan, described in Exanple 7, was digested wth restriction

endonucl eases Apar and Psd, and the 3338 bp fragnent containing the vector was
purified froma 1.2% E-gel using the Q agen Gel Purification kit. The 3338 bp
vect or fragnenvoamderthe 5930 bp | ower MVA pat hway fr agremts2aeesessh i gat ed usi ng
the Roche Quick Ligation kit. The ligation mx was transforned into E. cod TOP
10 cells and tranformants were grown at 37C overnight with selection on LA
cont ai ni ng kananycin (50 pig/m). The transformants were verified by
restriction enzyne digestion and one was frozen as a stock. The plasnaid was
designated pTrcKanlCK.Dly. Il. Cdoning a kudzu isoprene wat hase gene into
pTrcKanl aDly 103361 The kudzu i soprene synthase gene was anplified by PCR from
p! rcKudzu, desC&AP&@AMG@&%%&A%TAH@AR@GR&WA%%1153&0;2and
GATCATGCATTCGCCUl JAGGAGGT AAAAAAACATGIGTGCGACCTul | TCAATTT ACT (SEQ 1D NGO 31)
and MCVB3 5' - CEEFCERAESBATCOCTGCAGTTAGACATACATCAGCTG ( SEQ ED NG 32). The

resul ting PCR fragnment oned into 1 _and t d into E. coil
TOPIO. This fra@ﬁ@htybcé‘%ﬁg?‘ﬁé(}ct‘ﬂgc %&ﬁﬁ&%ﬁ‘&é@%@gcﬁé&i&g@ﬁos%prene synt base
and an upst r eantic@gR priue oypreab it rgngieRES: fobammeE witlltmers Te gongfoidicant s wer e

i ncubat ed over nioHibl agd wiB 7 nfof Winblhle SI€A @TEHLAN). ORe dnPliR AL @dtdbl igudzdzobeni ci | 1in (50

pi g/ ml). The COpLeckokRSEN iR 68fc bl Sidl.38ERL MRy Bl hbhad.bY Sequencing and

this strain was des t 3..10337] T lasm'd fromstrain MCMB3 was

di gested with r%‘%eftF“{"g”p?[’dﬁuqé’ﬁigSﬁﬂ%ﬁ‘g&‘é‘g‘%‘%l%gﬁwﬁﬁ‘ga%?b““[dbgcﬁtelﬁf‘)”g} ate a 1724 bp

i nsert cont ai ni fAigd{ prd PREShedigetiokiy was rinsiopre e £y oplds &everd rasfapay bp fr agment
was separ at ed Oferéchdked %y Agatrcng erhdresy@g pRkhild ydd Bdsipda@OpALSichydd (Feuwedagen Cel
Purification kifgsaccording to the manufacturer's instructions. Plasmd
pTrcKanKKDly was digested with the restriction endonucl ease Ps/l, treated with
SAP for 30 mnutes at 37 C and purified using the Q agen ?CR cl eanup kit. The
pl asm d and kudﬁtbejesolglroggfes synt bé'ise encodi ng DNA fragnent were |igated using
the Roche Quick LiIrGatT on kKIr¥R&™’f gation mix was transformed into E. con
TOPI O cel I s and f.or man re gr verni gh 37 .Cwth selection on
LA cont ai ni ng KQ%*‘QEE*?&‘?%S%% ﬁaébc\(\l%ﬁefﬁ% .mq\‘iyr]?é&é"(%?" ?Se“%fs}e'fr%tgﬂnslf%kre Pr“\yﬁsttohz\%as verified by
restriction di geStCHfEatevitHaslsr e i U34S deergHRiLEd: Prerdl™eCDy| ki SKan

(Fi gures 24 andsc2&9d.on Tghilsnpthasariichbatwiests aqaveshtcrmpaaud wit chaBle206KDE3) cel | s
(I'nvitrogen). phl Afer 10S0REEHEVIAARA tebie®Rorf thORLHIBYAY HARLE:s hekbriked COl T expressing

t he reconbi nant, | ower | onat e .pa and. i soprene synthase front kudzu.
[0338] Strain 1%“5”3”\3%%% ¥?§f§}ﬁ’zwe é‘%ﬂ%%f‘%“& el n MOPS nedi um (Nei dhar dt et
at, (1974) J. B r 119: 736- 747, j ust . pl-1.7.1 d suppl enent ed
wi th 0.5% gl uco ﬁe:arzgnhc]i%e?g%{%erlr%%gﬂzBrgclluf:u%ré%if%ghgf%\é'%g%t%nglfléat]:gﬁ%ptleﬁ?’eemla%% al so set up
usi ng i denti cal TEYHEFGhSS B e AgbEed tHrely arfaictebilonf e 2%os Pl oni ¢ aci d.
The cul t ure wasexsdiardabdlupsiiomtignssover ni ght seed culture with a 1% i nocul um and
i nduced with 500 pM LPTG when the culture had reached an 0D505 of 0.3 to 0.5.
The cul t ures weles3grrvmalgsts WBre®npidiutipgsinddilem 6P C/B 6y sterpmerfafdd @vitipr oduct i on of

ijs opre Bedms E;lan’AZnGlSiﬁcs(Sh%l_lan) abdiviAL laelibplel @]g}adaym USbspe hda€ ARBglacS p:itg 2 assay
escribed in Vaxi r on Ny r.en S X

nnol./ 14Tot h/ C]Dﬁggyf?é%er e Fi‘d r’@fﬁ%?ig eﬁ]\%ol?muéneg88§ u%? %%ﬁ?mg%og fi ncl udes both
the vol une of tH&Eel'te IR WHicHRSP Ve 81 ifadsere seh&tC&Y S " the control culture
not suppl enent ediliyg bdiurme vha kot ©s aciiol of | di/mmotes Bheadste pereashedat?b®Ci soprene.  |V.
a oEi ng the uppein a%am'fMYhe[oQﬁ&&}emﬂ&&/ﬁwﬂﬂeﬁﬂmﬁaﬂlegmﬂhl@d@citi_&ﬁ)ynt hetic | g
pat hway, conpri L ee acti. s, was clone
from Enter ococcﬁ%sﬂ%ésgggﬁe?ggﬁ%ggﬁﬁvggggggéndgecgoﬁ‘é’%%é{%glég%rtng%ﬁ%ﬁgw the enzymatic
activities of b’a‘f‘iﬁ%{%?”yF@°&$932‘°é‘éaéf‘§)‘ﬂt”g%ﬁfé°f“ér4é°sle7 waipiess '3 2oy e Bl 4-

met hyl gl ut ar yl| - EovwnepiizasedBaBOA)se euidiostsages 2irhaylfl3batdicadidasbherredtopr ot ei ns i n t he
pat hway, and the nmvaS gene encodes second enzyne in the pathway, H Mz CoA
synt hase. The nvaE gene was anplified fysom E. faecalis genornic DNA (ATCC
700802D-5) with an E. coli ribosonme binding site and a spacer in front using
the follow ng priners:



CF 07-60 (+) Start of mvaE w PBS + ATG start codon Sac! 5 -
GAGACATGAGCTCAGGAGGTAAWAACATGAAAACAGTAGTTATTATTG (SEQ 1D NO 34) CF 07-62 (-)
Fuse mvaE to nvaS with RES in between 5 - 1 1f ATCAATCCCAATTGICATGL11 11

TTACCTCLlTATT% Lood FIFAAATC (SEQ |1 D NO 35) 103401 Thep@gvaRe@iens was
anplified fromE {aecal i's genornic DNA (ATCC 700802D-5) with a RBS and spacer

fromE colt in front using the followng priners: CF 07-61 (4-) Fuse

, hvaEtornvaSwi t 11 BBS i n bet ween
GATTTAAGAAAACAATAAAGGAGGTAAAAAAACATGACAATTGCGATTGATAAA (SEQ | D NO 36) CF
07-102 (-) End of mvaS gene Bglll 5 - GACATGACATAGATCTTTAGITTCGATAAGAACGAACGGT
(SEQ I D NO 37) [0341] The PCR fragnments were fused toget her with P CR using

the foll ow ng pr,i 0 Start of ABS + ATG start codon
Seel 5 - GAGACATEAGIATLK A%EA&A%R @ﬁ@bﬁ“)ﬁ"ﬂ‘l’ﬁm@f T8ES 1 D NO 34)
and was found to be linear from 1 pg/L to 200 p,,/L The limit of detection was estimated to be
50 to 100 ng/L using this method.

1II. Production of isoprene in shake flasks containing E. coli cells expressing recombinant

isoprene synthase

[0284) The vectors described above were introduced to E. coli strain BL21 (Novagen) to
produce strains BL21/ptreKudzu, BL21/pCL-lac-Kudzu and BL21/pETHisKudzu. The strains
were spread for isolation onto LA (Luria agar) and carbenicillin (50 pg/ml) and incubated
overnight at 37° C. Single colonies were inoculated into 250 ml baffled shake flasks containing
20 ml Luria Bertani broth (LB) and carbenicillin (100 pg/ml). Cultures were grown overnight at
20° C with shaking at 200 rpm. The ODg¢cq of the overnight cultures were measured and the
cultures were diluted into a 250 ml baffled shake flask containing 30 ml MagicMedia
(Invitrogen) and carbenicillin (100 pg/ml) to an ODgeo ~ 0.05. The culture was incubated at 30°
C with shaking at 200 rpm. When the ODggo ~ 0.5 - 0.8, 400 pM IPTG was added and the cells
were incubated for a further 6 hours at 30° C with shaking at 200 rpm. At0, 2, 4 apd 6 hours
after induction with IPTG, 1 ml aliquots of the cultures were collected, the ODggy was
determined and the amount of isoprene produced was measured as described above. Results are

shovn in Figure 8.

IV. Production of Isoprene from BL21/ptrcKudzu in 14 liter fermentation

[0285] Large scale production of isoprene from E. coli containing the recombinant kudzu
isoprene synthase gene was determined from a fed-batch culture. The recipe for the
fermentation media (TM2) per liter of fermentation medium was as follows: K;HPO4 13.6 g,
KH,PO4 13.6 g, MgSQ04 * 7H,0 2 g, citric acid monohydrate 2 g, ferric ammonium citrate 0.3 g,
(NH4)2804 3.2 g, yeast extract 5 g, 1000X Modified Trace Metal Solution 1 ml. All of the
components were added together and dissolved in diH,O. The pH was adjusted to 6.8 with
potassiwn hydroxide (KOH) and q.s. to volume. The final product was filter sterilized with 0.22
u filter (only, do not autoclave). The recipe for 1000X Modified Trace Metal Solution was as
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CF 07-102 (-) End of nmvaS gene Bell

5' - GACATGACATAGATCI TTAGTTTCGATAAGAACGAACGGT (SEQ I D NG 37) [0342] The fusion
PCR fragnment was purified using a Q agen kit and digested with the restriction
enzynes Sacl awnal20Bed7é676¢ Thi s di gested DNA fragnment was gelupasipkiced using a

Q agen kit and ligated into the comercially avail able vector pTrcH s2A, which
had been digested with Sad and Bell and gel purified. [03,13] The ligation m x
was transformed into E. coil Top 10 cells and col onies were selected On LA and

50 ng/mcarberticillin plates. A total of six colonies were chosen and grown
overnight in LB and 50 pg/nml carbenicillin and plastuids were isolated using a
Q agen kit. The plasm ds were di gested with Sad and Bgl Il to check for inserts

d CF 07-58
Start “ﬁfCﬁLLECZ,%ﬁJg@m%‘iWH@Q‘%‘%%%% RS, é‘%*ef 7‘*%%8%“? oF 0755 (1)

End of nvaE gen@&™8" & 2R TAf | &S50 1%*:’1:%2%@# D No: 39) CF
07-82 (4-) Starte cﬁachmma@ntg@rﬁ@swedonﬁﬁwmmfﬁwm @SEQ | D NO 40)
CF 0743 (-) EndiofuntviaSingeaized vitd 1083 ilEGATAAGAACGAACCOT (SEQ I D NO 41) CF
07-86 (-F) Sequence in nvoE 5 - GAAATAGCCCCATTAGAAGTATC (SEQ ID NO 42) CF
07-87 (+) Sequepesg) I This BAp@kintent was carried out in 14 L bioreactor to monitor isoprene formation fror

glucose at the desired fermentation, pH 6.7 and temperature 34° C. An inoculum of E. coli strain
BL21/ptrcKudzu taken from a frozen vial was prepared in soytone-yeast extract-glucose
medium. After the inoculurn grew to ODssp = 0.6, two 600 ml flasks were centrifuged and the
contents resuspended in 70 ml supernatant 1o transfer the cell pellet (70 ml of OD 3.1 material)
to the bioreactor. At various times after inoculation, samples were removed and the amount of

isoprene produced was determined as described above. Results are shown in Figure 9.

Example 2: Production of isoprene in E. coli expressing recombinant poplar isoprene

synthase

[0287] The protein sequence for the poplar (Populus alba x Populus tremula) isoprene
synthase (Schnitzler, J-P, e¢ al. (2005) Planta 222:777-786) was obtained from GenBank
(CAC35696). A pene, codon optimized for E. coli, was purchased from DNA2.0 (p9796-poplar,
Figures 30 and 31). The isoprene synthase gene was removed from the supplied plasmid by
restriction endonuclease digestion with BspLU11] /Psi1, gel-purified, and ligated into pTreHis2B
that had been digested with Ncol/Pstl. The construct is cloned such that the stop codon in the
insert js before the PsfI site, which results in a construct in which the His-Tag is not attached to
the isoprene synthasc protein. The resulting plasmid pTrcPoplar (Figures 32 and 33), was

verified by sequencing.

Example 3: Produclion of isoprene in Panleoa citrea expressing recombinant kudzu

isoprene synthase

[0288) The pTrcKudzu and pCL-lac Kudzu plasmids described in Example 1 were
electroporated into P. citrea (U.S. Pat. No. 7,241,587). Transformants were selected on LA
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5' - TTGCCAATCATATGATTGAAAATC (SEQ I D NO 43) CF 07-88 (+) Sequence in nil/22E
5'- GCTATGCTTCATTAGATCCTTATCG (SEQ I D NO 44) CF 07-89 (+) Sequence nvaS
GAAACCTACATCCAATCTTTTGCCC (SEQ I D NO 45) [0344] The plasmd called

pTr cH s2AUppenkatdneay#d was correct by sequenci ng and wesusiaosior ned into the
commercially available E colt strain BL21. Selection was done on LA and 50
ug/rril carbenicillin. Two transforrnants were chosen and grown in LB and 50
pgi nd carbeniciitia until they reached an Don of 1.5. Both strains were frozen
inavial at -80 Cin the presence of glycerol. Strains were designated CF 449
for pTrcH s2AUpper Pat hway4l in BL21, isolate #1 and CF 450 for

pTrel i s2AUpper Pat hway#1 in BL21, isolate 42. Both clones were found to behave

i dentical |y whep,anal ¥4&iinY200 Q/:%‘&r@;QmQmeHP?@!égM(ﬁesEé{v@xWodb&BrpofIOCL' 920 103451
The plasm d pTrcHi s2 Up‘?ag {;gt w?%{ f@ \e restriction

endonucl ease Sr ffPTo ¥e s3pd PREPT T RO iR 1P 8°8Wa§1E- m/aS- (Hi s
tag)-term nator perququqpegcnpquel for fecolhitraiostezpepsaipa sseqmdant g &hasped.  Thi s bl unt
ended 4.5 kbp f sagieHesunas sput infrigaeicf rom a 11% E-gel using the Q agen Cel

Purification kit. A dephosphoryl ated, blunt ended 4.2 kbp fragnent from
pCLI 920 was prepared by digesting the vector with the restriction endonucl ease

treating with S@Bn@nd ﬁ%&uc&uuxtoweﬁmn BdOR BokidetBrbsiflibcoMBibMOhe Q agen GCel
Purification kit fragments were |igated using the Roche Quick

Li gation Kit anﬁ“i“r"éﬂgé’?f? med into TOPI O chemically conpetent cells.
Transformants were selected on LA containing spectinomycin (50 ug/nl). A
correct col ony nasnstuenbdiialBiseldzibypli@eizerimidiiy te@fpressive ofkn@seimpee: sphhatiehe | nsert by
PCR The plasnm d was designated pCL PtreUpperPat hway (Fi gures 26 and 27). VI.
Strai ns expressiongy) t Tre kaoridoprere shnppene vand prbssedraadily abonipeErAcirg-Pat hways 10346]
To obtain a str@Mkswmt(@cﬁgmm%&fg@mﬁmwgm.@@@@ﬂg@bm@memous kudzu i soprene

synthase, plasm d%zix_]%}as @conk&oﬂheaprggfo[%%p he 150ppeg e bot h

transformed into compet ent AVI'LT O af genedh”!r)ansf onnants were
sel ected on LA BBRtAMi ﬁ&ﬂ%&%%@r"ﬁ°rmmmhﬁe§fepaﬁﬁv @%’E‘Psﬁéﬁ%ﬂﬁe (50 pg/m).
The transf or mantesme re tehénkiado 1P 1 pkdsnsiang neP. ¢diliensure that both plasirtids

were retained in the host. The strain was desi gnated MCM 27.
a) Amplification of the apr£ promoter

[0290) The aprE promoter was amplified from chromosomal DNA fromn Bacillus subiilis
using the following primers:
CF 797 (+) Start aprE promoter Mfel

5~ GACATCAATTGCTCCATITICTTCTGCTATC (SEQ ID NO:58)

CF 07-43 (-) Fuse aprE promoter to Kudzu ispS
5’- ATTGAGAAGAGGTCGCACACACTCTTTACCCTCTCCTTTTA (SEQ ID NO:59)

b) Amplification of the isoprene synthase gene
[0291] The kudzu isoprene synthase gene was amplified from plasraid pTrcKudzu (SEQ ID
NO:2). The gene bad been codon optimized for £. coli and synthesized by DNA 2.0. The

following primers were used:

CF 07-42 (+) Fuse the aprE promoter to kudzu isoprene synthase gene (GTG start codon)
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VU. Production of mevalonic acid fromglucose in E. co/i/pUpperpathway [0347]
Si ngl e col onies of the BL21/pTrcH s2A-nmvaE/ nvaS or FMb/ p pTreH s2A- nvaEhnvaS
are inoculated into LB and carbenicillin (100 pg/nl) and are gown overni ght at
37 C with shakigwgoads200 rpm These cul tures were dil ut@diseodd/@ss® m nmedi umin
250 m baffled flasks to an 0D600 of 0.1. The nmediumwas TM, or 2% gl ucose,
carbenicillin (100 ug/m) or TM3, 1% glucose. hydrolyzed soy oil, and
carbenicillia (100 ug/ral) or TM3 and bi omass (prepared bagasse, corn stover
or switchgrass). Cultures were grown at 30 C with shaking at 200 rpm for
approximately 2-3 hours until an 01:400 of 0.4 was reached. At this point the
expression fromthe nvaE rovaS construct was induced by the addition of |IPTG
(400 inM. cCul t:H.ﬁ%\AW@&EGA&R#Q@A@&bﬁ&&T&JA‘«EH‘&%T&QAI%EC{&BNB%W5 wi th sanples
taken at 2 hour intervals to 6 hour post induction and then at 24, 36 and 48
hours as needed. Sanpling was done by renoving 1 m of culture, neasuring the
013600, pel | et i¢f71¥he Fesekhe & epdrof ipndayiisonrest typflase gens taositaygindidne  super nat ant and
analyzing it far-cewaborsarrarnriradAt348¢andaddrdatrestd @egmmnicedij on of E. coil
cells with nucleic acids encodi ng Enteracoccus faecalis AA-CoA thiol ase,

HMG- CoA synt hase, and HM> CoA reductase pol ypeptides produced 22 grans of
neval oni ¢ aci d C&Nﬂ‘%ﬁaf\’ﬁ?%ﬁ”ﬁfﬁﬁp&?ﬁ‘cﬁmﬁ%‘%l ucose as the cell medium A shake
flask of these I roduced 2- rans of nmevalonic acid per liter with LB
nedi um and 1% dﬁzﬁ%!o?ég&“é““%‘?@"% Fiﬂka ’tils‘i”ﬁerpémeﬁ“éa@ﬁ?ﬁ?“s W@q"ﬁj?cbe Ui on of neval onic
acid in these smpiiehor apgivienly eduepdadriasnid el kB8 ysieaecds/lonegrrifoerfict i onal in E. col t
VIIl. Production of isoprene fromE. colil3L21 containing the upper and | ower
MWA pat hway pl UF RAHFUFFedls Breates kepvitoprans enthfspi8 A9 e e f ol | owi ng strai ns were
created by transf@MIAACLAGITEATATAIGTATBNBANSAACEASCTITGRI(GEQMD ds:6zy0oNnt ai ni ng t he
upper and | ower WA pathway and the kudzu isoprene synthase gene as descri bed
above and the p ] taining the.idi s, and dxr and isoprene synthase
genes descri be&@i%gngﬁqg' a’f%'lgﬁezag'e'ﬁgg?m’é’re@?"gﬁused were chem cal |l y cornpet ent
BL2L( XDE3) and Y16 CARGHEIGH SEATASOMIECHBIE B BRiBar d et hods.
Trarisformants were selected on L agar containing kananycin (50 uWrl) or
kananycin pl us §R8C kY &lghed PRLReIM thedera @G B EREtPPCOhin®Q 1t g/ L) . Pl ates
were grown at 37 C  The resulting strains were designated as follows: G own on
Kanar nyci n pl us lf\’;pe%‘i'l nonyciu (50 kg/ mL each) MCML27 - pCL Upper MVA and

pTreKl CDyl kI S ( i 21( XDE 1 - 192 Trel CKDyl kI'S (ken) in
BL21( XDE3) I\/Cl\/ll%g%z %%l’é 6&%? p‘ﬁ/ﬁ”a[gni%n“ §%D|P‘e°‘|‘°?ﬁ“sh§%§eg°(§gﬁ B °BL21( XDE3) G own on
Kananycin (50 pg/Mfars EGTWH@&EEG%A@F%C(%)@ UPBPPY( XDE3) MCMBO -
pTrcKudzu (kan) in BL21(X. DE3) MCML23 - pTrcKudzu yl D1IDXS DKR (kan) in

BL21( XDE3) [ 0356H07-34v© cadx@ ¥ mpilolicpe s 1e8ia0r @lkigpked from freezer stocks to LA
and appropri at e, antd, bi. ot i I i 7C. A single colony from
each plate vvasesuQSA?%%d%g%?%AE%%%?Fg?%E%@N%@)LB and the appropriate
antibiotic). The flasks were incubated at 22 C overnight wi th shaking at 200
rpm The next ntR%ii 1T udre-ehmimekigmes es fused ptfeeromed frigpemusdg PCR vikkcubat or and
grown for a furddig@bwids @mbours with shaking at 200 rpm The 25 nl cultures were
centrifuged to pellet the eels and the cells were resuspended in 5 nm LB and

t he appropri at ecramt ()8t e proddi@ Mvedil tures were then diluted into 25 M LB, %
gl ucose, and the [l ot O of 0.1. Two flasks for
each strain we:f Gé%@??ﬁ%ﬁgggccget fo?éfleg(%&ﬁg%%l Wt )OI PTO (800 KM the second
set was not induced. The cultures were incubated at 37 C with shaking at 250
rpm One set ofCRORES ©Fhd af B.asyligeyueiens paueedBadfiiler 1. 50 hours (i medi ately

fol | ow ng sanpls.rgchird®deairdotc AnracéiarreBTSRHJ BGolkk™® poi nt, the 013600 was
nmeasured and the anount of isoprene determ ned as described in Exanple 1.
Results are presented in Table 3. The anmpunt of isoprene nade is presented as
t he anmount at the peak production for tfhe particular strain.



Table 3. Production of isoprene in E. coil strains Strain |soprene
(ng/ Lbma, /b.r/ OD MCVMBO 23.8 MCMB4 289 MCML25 ND MCML31 Trace MCML27 874

WO 2009/076676 PCT/US2008/086869

10295] The fusion PCR fragment was purified using a Qiagen kit and digested with the
restriction enzymes Mfel and BamH]. This digested DNA fragment was gel purified using a
Qiagen kit and ligated to a vector known as pBS19, which had been digested with EcoRI and
BamHI and gel purified.

[0296] The ligation mix was transformed into £. cofi Top 10 cells and colonies were selected
on LA and 50 carbenicillin plates. A total of six colonies were chosen and grown overnight in

LB and 50 carbenicillin and then plasmids were isolated using a Qiagen kit. The plasmids were
digested with EcoRI and BamHI to check for inserts and three of the correct plasmids were sent

in for sequencing with the following primers:

CF 149 (+) EcoRlI start of apr& promoter
5’- GACATGAATTCCTCCATTTTCTTCTGC (SEQ ID NO:65)

CF 847 (+) Sequence in pXX 049 (end of aprE promoter)
5'- AGGAGAGGGTAAAGAGTGAG (SEQ ID NO:66)

CF 07-45 (-) Fuse the 3’ end of kudzu isoprene synthase to the tenminator
5’- CCAAGGCCGGTTTTTTITAGACATACATCAGCTGGTTAATC (SEQ ID NO:61)

CF 07-48 (+) Sequencing primer for kudzu isoprene synthase
5’- CTTTTCCATCACCCACCTGAAG (SEQ 1D NO:67)

CF 07-49 (+) Sequencing in kudzu isoprene synthase
5’- GGCGAAATGGTCCAACAACAAAATTATC (SEQ ID NO:68)

[0297] The plasmid designated pBS Kudzu #2 (Figrues 52 and 12) was correct by sequencing
and was transformed 1nto BG 3594 comK, a Bacillus subtilis host strain. Selection was done on
LA and 5 chloramphenicol plates. A transformant was chosen and struck to single colonies on

LA and 5 chloramphenicol, then grown in LB and 5 chloramphenicol until it reached an ODsgon
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ND: not detected Trace: peak present but not integrable. DC Anal ysis of

meval oni ¢ acid 10351] Meval onol actone (1.0 g, 7,7 not) (CASif 503-48-0) was
supplied fromSigma-A drich (W, USA) as a syrup that was dissolved in water
(7.7 m) and wasubdieated w th potacsiurn hydroxide (7.dchasedogoskdde or der to
generate the potassiumsalt of meval onic acid. The conversion to neval onie
acid was confirnmed by 'I-1NVR anal ysis. Sanples for HPLC anal ysis were
prepared by centrifugation at 14,000 rpmfor 5 mnutes to renove cells,

foll owed by the addition of a 300 ul aliquot of supernatant to 900 il of H20.
Perchloric acid (36 Ed of a 70% sol ution) was then added foll owed by m xi ng
and cooling on ice for 5 mnutes. The sanples were then centri fuged again
(14,000 rpmfor i n nd t he su . transferr Meval onic acid
standards (20, fg nﬂé ’)si‘“e“q’c?“é“‘g “aﬂfw\%é”ra‘ge"ffr“é"peé’rgeyée’?lﬁﬂ‘t e Slrrr%"‘fasm on.

Anal ysis of nevvafsEredeRi% (20 uL injection vol urre) was perfor med by HPLC
using a Bi oRad Am nex 87-H+ col um (300 nm eluted wwth 5 nM

sul furic acid af POUSigLY sepreH S’fah"'ffaﬁ‘FfOé‘é‘f"f‘% “%’H‘d@%s TIREY e BEET on.  Under these
condi ti ons nevabkoriegytesed el uted as the |aetone format 18.5 mnutes. Exanple

9. Constructi onpdk) tdvemitR Rfilies3RM il wiWAndhabiBapaYCH a1 rddiliBGEAt i on i nto
Bacillus sl|bti mm'phem%?{?ﬁlt £5H%b0§1m8‘; JEE%MPQE& anWéfm%&}Jé‘W%léhaM. Bacillus sub

tills 103521 Ell eracaccus taecal I s 1< nt egrated into

B. subtilis und@P“’B‘o °f""(91’e“?c5@lbt lﬁ@s phEes FEho el P&l ifistyapdtivay consi sts of
two genes; nvakEonyiinaZh meGrasdiasedip e chlok@pheaind at HIMBER oncentreliomyfa Sye/mihi ch encodes for
FIivlIGS. The tWera@an@siaakige babl 8doyidag € hhef kWb d.[753 gisdo@3.aae@Nod il bet ween, an

REIS site I T1oAb@L INAS a0 310, UBKIGEI 05 6811 £O oL g, apr € promoter. A

termnator is sjtuate nval ene “resi stance

marker is cl onetf S&OF@PEHEHAAR! 6@9‘«3”15&?8 l?ﬁH’S&WWﬁ&‘t‘“i‘ P 1eYrated at the
apr E | ocus by doobli@0miggsirenses.s- 9 iLrvih F{0a aidil ¢9§ micegitdmss regfe vaohilsogy. [ 0353]

Four DNA fr agnecdcs*aiceo.agpsofed o by MRSR S 6 he 2hasiohey scan*at,0, oaver hangs t hat
will allowt hen}éo%lz’t%ﬁzd( H?Eﬁaﬂh&%%&i@ﬁ ll%yl L%nLE %ﬁ@eq{agkg)\oerc 1Fg?leﬁam°l fications are

carried out USI I’l Her cul ase acc act urer s
instructions. 1°TPSEPE e P 3111§4'_z4 ("’%443‘{“% t ’8?“53‘?‘@ %?aﬁﬁsrﬁftcgf’ Spuie 5 -
GACATCTGCAGCT C@&\ﬂﬁoﬂﬂf@'ﬂ@ﬁwle@ S0 rpidsepiet lgmurs of accumulation of isoprene. The

amount of isoprene was determincd by gas chromatography as described in Example 1.

Production of isoprene was enhanced significantly by expressing recombinant isoprene synthase
(Figure 11).

[I1. Production of isoprene by CF443 in 14 L fermentation

[0299] Large scale production of isoprene from B, swbrilis containing the recombinant kudzu
isoprene synthase gene on a replication plasmid was determined from a fed-batch culture.
Bacillus strain CF 443, expressing a kudzu isoprene synthase gene, or control stain which does
not express a kudzu isoprene synthase gene were cultivated by conventional fed-batch
fermentation in a nutrient medium containing soy meal (Cargill), sodium and potassium
phosphate, magnesium sulfate and 2 solution of citric acid, ferric chloride and manganesc
chloride. Prior to fermentation the media is macerated for 90 minutes using a mixture of
enzymes including cellulases, hemicellulases and pectinases (see, W095/04134). 14-L batch
fermentations are fed with 60% wv/wt glucose (Cargill DE99 dextrose, ADM Versadex greens or
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CF 07-94 (-) Fuse PaprE to nvakE 5' - CAATAATAACTACTOTI TTCACTUf i i
ACCCTCTCCTTTTAA (SEQ I D NG 83) Tenplate: Bacillus su bulls chronbosomal DNA 2:
nvaE CF 07-93 (+) fuse nvakE to the aprE pronoter (GIG start codon) 5'-
TTAAAAGGAGAGCGTALMEASTGCAAAACAGTAGT TATTATTG ( SEQ | D NG r8d)s200B/088962 (-) Fuse
mvaE to mvaS with RBS in between 5. -

| TTATCAATCCCAATTGTCATGITTFEI TACCTCCTI TATTA 11 1 CTTAAATC (SEQ | D NO 35)
Tenpl ate: Ent erococcus faecalis chronosomal DNA (from ATCC) 3. nvaS CF 07-61
(+) Fuse nvaE to nmvaS with PMin between

Danisco invert sugar) and 99% wt/wt oil (Western Family soy oil, whexe the 99% wt/wt is the
concentration of oil before it was added to the cell culture medium). Feed was started when
glucose in the batch was non-detectable. The feed rate was ramped over several hours and was
adjusted 1o add oil on an equal carbon basis. The pH was controlled at 6.8 — 7.4 using 28% w/v
ammonium hydroxide. In case of foaming, antifoam agent was added to the media. The
fermentation temperature was controlled at 37°C and the fermentation culture was agitated at
750 rpra. Various other parameters such as pH, DO%, airflow, and pressure were monjtored
throughout the entire process. The DO% is maintained above 20. Samples were taken over the
time course of 36 hours and analyzed for cell growth (ODssg) and isoprene production. Results

of these experiments are preseoted in Figures 5S3A and S3B.
IV, Integration of the kudzu isoprene synthase (ispS) in B. subtifis.

[0300] The kudzu isoprene synthase gene was cloned in an integrating plasmid (pJH101-
cmpR) under the control of the aprE promoter. Under the conditions tested, no isoprene was

detected.

Example 5; Production of isoprene in Trichoderma

1. Construction of vectors for expression of the kudzu isoprene synthase in Trichoderma reesei
[0301] The Yarrowia lipolytica codon-optimized kudzu IS gene was synthesized by DNA 2.0
(SEQ 1D NO:8) (Figure 13). This plasmid served as the template for the following PCR
amplification reaction: 1 pl plasmid template (20 rg/ul), 1 ul Primer EL-945 (10 uM) 5°-
GCTTATGGATCCTCTAGACTATTACACGTACATCAATTGG (SEQ IDNO:9), 1 pl Primer
EL-965 (10uM) 5’-CACCATGTGTGCAACCTCCTCCCAGTTTAC (SEQ ID NO:10), 1 ul
dNTP (10mM), 5 ul 10x PfuUltra II Fusion HS DNA Polymerase Buffer, 1 pl PfuUltra II Fusion
HS DNA Polymerase, 40 yl water in a total reaction volume of 50 pl. The forward primer
contained an additional 4 nucleotides at the 5’-end that did not correspond to the Y. lipolytica
codon-optimized kudzu isoprene synthase gene, but was required for cloning into the pENTR/D-
TOPO vector, The reverse primer contained an additional 2] nucleotides at the 5’-end that did
not correspond to the Y. Jipolytica codon-optimized kudzu isoprene synthase gene, but were
inserted for cloning into other vector backbones. Using the MJ Research PTC-200
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5, - GATTTAAGAAAACAATAAAGGAGGTAAAAAAACATGACAATTGGEGATTGATAAA (SEQ I D NGO 36) CF
07-124 (-) Fuse the end of nvaS to the term nator 5'- CGGGECCAAGECCGGL11 111 1
1AG TTCGATAAGAACGAACGGT (SEQ I D NO 85) Tenpl ate: Bni erococcus faecalis
chronmosomal DN dosidse7@anyl i quef aci ens al kal i ne seni | e priiseasasdser m nat or CF
07-123 (+) Fuse the end of nvaS to the term nator 5'-
ACCGTTCGTTCTTATCGAAACTAAAAAAAACOGGCCTTGECCCCG (SEQ I D NO 86) CF 07-46 (-) End
of B. anyliquefaciens termnator Barrith 5 - GACATGACGGATCCGATTACGAATGCCGICTC
(SE() ID NO 63) Tenplate; Bacillus anyliquefaci ens chronposomal DNA

Thermocycler, the PCR reaction was performed as follows: 95° C for 2 minutes (first cycle
only), 95° C for 30 seconds, 55° C for 30 seconds, 72° C for 30 seconds (repeat for 27 cycles),
72° C for | minute after the last cycle. The PCR product was analyzed on a 1.2% E-gel to
confirm successful amplification of the Y. lipolytica codon-optimized kudzu isoprene synthase

gene.

[0302] The PCR product was then cloned using the TOPO pENTR/D-TOPO Cloning Kit
following manufacturer’s protocol: 1 ul PCR reaction, 1 pl Salt solution, 1 pl TOPO pENTR/D-
TOPO vector and 3 ul water in a total reaction volume of 6 pl. The reaction was incubated at
room temperature for 5 minutes. One microliter of TOPO reaction was transformed into TOP10
chemically competent E. coli cells. The transformants were selected on LA and 50 pg/ml
kanamycin plates. Several colonies were picked and each was inoculated into a 5 ml tube
containing LB and 50 pg/ml kanamycin and the culrures grown overnight at 37° C with shaking
at 200 rpm. Plasmids were isolated from the overnight culture tubes using QLAprep Spin
Miniprep Xit, following manufacturer’s protocal. Several plasmids were sequenced to verify

that the DNA sequence was correct.

[0303] A single pENTR/D-TOPO plasmid, encoding a Y. lipolytica codon-optimized kudzu
isoprene synthase gene, was used for Gateway Cloning into a custom-made pTrex3g vector.
Construction of pTrex3g is described in WO 2005/001036 A2. The reaction was performed
following manufacturer’s protocol for the Gateway LR Clonase I1 Enzyme Mix Kit (Invitrogen):
1wl Y. lipolytica codon-optimized kudzu isoprene synthase gene pENTR/D-TOPO donor vector,
1 ul pTrex3g destination vector, 6 11 TE buffer, pH 8.0 in a total reaction volume of 8 pl. The
reaction was incubated at room temperature for 1 hour and then 1 pl proteinase K solution was
added and the incubation continued at 37° C for 10 minutes. Then 1 ul of reaction was
transformed into TOP10 chemically competent E. coli cells. The transformants were selected on
LA and 50 pg/ml carbenicillin plates. Several colonies were picked and each was inoculated
into a 5 ml tube containing LB and 50 plg/ml carbenicillin and the cultures were grown
ovemight at 37° C with shaking at 200 rpm. Plasmids were isolated from the overnight culture
tubes using QIAprep Spin Miniprep Kit (Qiagen, Inc.), following manufacturer’s protocol.

Several plasmids were sequenced to verify that the DNA sequence was correct.
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PCR Fusi on Reactions 5. Fuse nvaE to "we CF 07-93 (+) fuse nvaE to the aprE
pronoter (GIG start codon) 5'- TTAAAAGGAGAGGGTAAAGAGTGAAAACAGTAGTITATTATTG ( SEQ
I D NO 84) CF 07424 (-) Fuse the end of nvaS to the term nator 5' - CGGGEGCCAA
GCCCGGL11 1 n vid AGHFIEGCATAAGAACGAACGGT (SEQ 1D NO 85) remm:abessss#2 and 3 from
above 6. Fuse nvaE-invaS to aprE pronoter CF 07-134 (+) Start of aprE
pronoter Pstl 5'- GACATCTGCAGCTCCAT111 CTTCTGC (SEQ ID NOM CF 07-124 (-) Fuse
the end of mvaS to tbe term nator

[0304] Biolistic transformation of Y. lipolytica codon-optimized kudzu isoprene synthase
pTrex3g plasmid (Figure 14) into a quad delete Trichoderma reesei strain was performed using
the Biolistic PDS-1000/HE Particle Delivery System (see WO 2005/001036 A2). Isolation of
stable transformants and shake flask evaluation was performed using protocol listed in Example

11 of patent publication WO 2005/001036 A2.

11. Production of isoprene in recombinant strains of 7. reesei

[0305] Oune ml of 15 and 36 hour old cultures of isoprene synthase transformants described
above were transferred to head space vials. The vials were sealed and incubated for 5 hours at
30° C. Head space gas was measured and isoprene was identified by the method described in
Example 1. Two of the transformants showed traces of isoprene. The amount of isoprene could
be increased by a 14 hour incubation. The two positive samples showed isoprene at levels of
about 0.5 pg/L for the 14 hour incubation. The untransformed control showed no detectable
levels of isoprene. This experiment shows that 7. reesei is capable of producing isoprene from

endogenous precursor when supplied with an exogenous isoprene synthase.

Example 6: Production of isoprene in Yarrowia

1. Construction of vectors for expression of the kudzu isoprene synthase in Yarrowia lipolytica.
[0306] The starting point for the construction of vectors for the expression of the kudzu
isoprene synthase gene in Yarrowia lipolytica was the vector pSPZ1(MAP29Spb). The
complete sequence of this vector (SEQ ID No:11) is shown in Figure 15.

[0307] The following fragments were amplified by PCR using chromosomal DNA ofa .
lipolytica strain GICC 120285 as the template: a promotorless form of the URA3 gene, a
fragment of 188 ribosomal RNA. gene, a transcription terminator of the Y. lipolytica XPR2 gene
and two DNA fragments containing the promoters of XPR2 and ICL] genes. The following

PCR primers were used:

ICL13
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5' - CGGGGCCAACGCCGGTITT | | MAG TTCGATAAGAACGAACGGT (SEQ I D NG 85) Tenpl ate #1
and #4 from above 7. Fuse PaprE-nvaE-nuaS to term nator CF 07-134 (+) Start of
aprE pronoter Pstl 5'- GACATCTOCAGCTCCAL111CTTCTGC (SEQ ID NO 82) CF 07-46 (-)
End of B. anylwguebawiens term nator BanmH 5' - PCT/US2008/086869
GACATGACGCGATCCGATTACGAATGCCGICTC (SEQ I D NO 63) Tenplate: 1/4 and 1/6 [0354]
The product is digested with restriction endonucl eases PsillBanHl and |i gated
to pJMLO2 (Perego, M 1993. Integrational vectors for genetic manipulation in
Bacillus subtilis, p. 615-624. In A L. Sonenshein, J. A Hoch, and It Losick
(ed.), Bacillus subtilis and other gram positive bacteria: biochemstry,
physi ol ogy, and nol ecul ar genetics. Anerican Society for M crobiol ogy,

Washi ngt on, D. Cs) cohéedrTeacriTgest@banredtaRsrddBahatacTdboecdicgatseqgn i s
transformed intgykog@l i TOP 10 chemically conpetent cells and transforrnants
are selected on LA containing carbenicillin (50 pg/m). The correct plasmd is
identified by sequencing and is designated plMJpperpat hway2 (Figures 50 and
51). Purified pldgdrfid DNA is transformed into Bacillus subtilis aprEnprE
Pxyl - conK and t sanshosramohgsararcesatai(es)) omolzoagar cont ai ni ng chl oranpheni co
(5 ug/mL). A correct colony is selected and is plated sequentially on L agar
cont ai ni ng chl oranpheni col 10, 15 and 25 pg/nl to anplify the nunber of copies
of the cassettexggﬁtaining t he upper pat hway. [ 0355] The resulting strain is
tested for nevalPbRFEC/AGTAIPREAATIGCOACHITCHROMFTRPG (PEQAUIBNOGMt ai ni ng 1% gl ucose
and 1% Cultures are analyzed by GC for the production of neval onic acid.
[0356] This strappsis used subsequently as a host for the integration of the

| ower neval onic aghgggg%gﬁﬁ%%¥%8§%7 X%&mkgkﬁgﬁ%ggﬂgriners are used to

sequence the varr

XPRT3
5’- GGTGGGCCCGCATTTTGCCACCTACAAGCCAG (SEQ ID NO:73)

XPRT 5
5’- GGTGAATICTAGAGGATCCCAACGCTGTTGCCTACAACGG (SEQ ID NO:74)

Y1883
5’- GGTGCGGCCGCTGTCTGGACCTGGTGAGTTTCCCCG (SEQ ID NO:75)

Y1855
5°- GGTGGGCCCATTAAATCAGTTATCGTTTATTTGATAG (SEQ 1D NO:76)

YURA3
5’- GGTGACCAGCAAGTCCATGGGTGGTTITGATCATGG (SEQ 1D NO:77)

YURA 50
5’- GGTGCGGCCGCCTITGGAGTACGACTCCAACTATG (SEQ ID NO:78)

YURA 51
5'- GCGGCCGCAGACTAAATTTATTTCAGTCTCC (SEQ 1D NO:79)
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Sequencing priners: CF 07-134 (+) Start of aprE pronoter Pstl 5'-
GACATCTGCAGCTCCATTTTCTTCTGC (SEQ I D NO. 82) CF 07-58 (+) Start of nmvaE gene 5' -
ATGAAAACAGTAGTTATTATTGATGC (SEQ I D NG 38) CF 07-59 (-) End of nvaE gene 5'-
ATGTTATTG Tl TGV A0AmEAT TTAAAATAGC (SEQ | D NG 39) CF O7p@8udshsc@part of nvaS
gene 5' - ATGACAATI GCGATTGATAAAATTAG (SEQ I D NO 40) CF 07-83 (-) End of nvaS
gene 5' - TTAGITTCGATAAGAACGAACGGT (SEQ ID NO 41) CF 07-86 (+) Sequence in nvaE
5- GAAATAGCCCCATTAGAAGTATC (SEQ 10 NGO 42)

[0308] For PCR amplification the PfuUltrall polymerase (Stratagene), supplier-provided
buffer and dNTPs, 2.5 pM primers and the indicated template DNA werce used as per the
manufacturer’s instructions. The amplification was done using the following cycle: 95° C for |
min; 34x (95° C for 30 sec; 55° C for 30 sec; 72° C for 3 rain) and 10 rnin at 72° C followed by

a 4° C incubation.

[0309] Synthetic DNA molecules encoding the kudzu isoprene synthase gene, codon-
optimized for expression in Yarrowia, was obtained from DNA 2.0 (Figure 16; SEQ ID NO:12).
Full detail of the construction scheme of the plasmids pYLA(KZ1) and pYLI{KZ1) carrying the
synthetic kudzu isoprene synthase gene under control of XPR2 and ICL] promoters respectively
15 presented in Figurc 18. Control plasmids in which a mating factor gene (MAP29) is inserted
in place of an isoprene synthase gene were also constructed (Figure 18E and 18F).

[0310] A similar cloning procedure can be used to express a poplar (Populus alba x Populus
tremula) isoprene synthase gene. The sequence of the poplar isoprene is described in Miller B.
et al. (2001) Planta 213, 483-487 and shown in IFigure 17 (SEQ ID NO:13). A construction
scheme for the generation the plasmids pY LA(POP1}) and pYLI(POP1) carrying synthetic poplar
isoprene synthase gene uader control of XPR2 and ICL1 promoters respectively is presented in
Figure 18A and B.

11. Production of isoprene by recombinant strains of Y. lipoiytica.

10311] Vectors pYLA(KZ)), pYLI(KZ1), pYLAMMAP29) and pYLI(MAP29) were digested
with Sacll and used to transform the strain Y. lipolptica CLIB 122 by a standard lithium
acetate/polyethylene glycol procedure to uridine prototrophy. Briefly, the yeast cells grown in
YEPD (1% yeast extract, 2% peptone, 2% glucose) overnight, were collected by centrifugation
(4000 rpm, 10 min), washed once with sterile water and suspended in 0.1 M lithium acetate, pH
6.0. Two hundred i aliquots of the cell suspension were mixed with linearized plasmid DNA
solution (10-20 pg), incubated for 10 minutes at room temperature and mixed with ] ml of 50%
PEG 4000 in the same buffer. The suspensions were further incubated for 1 hour at room
temperature followed by a 2 minutes heat shock at 42° C. Cells were then plated on SC his leu
plates (0.67% yeast nitrogen base, 2% glucose, 100 mg/L each of leucine and histidine).
Transformants appeared after 3-4 days of incubation at 30° C.
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CF 07-87 (+) Sequence in nvakE 5'- TTGCCAATCATATGATTGAAAATC (SEQ 1D NO 43) CF
07-88 (+) Sequence in mvakE 5' - GCTATGCI | CATTAC ATCCTTATCG (SEQ I D NO 44) CF
07-89 (+) Sequence nvaS 5'- GAAACCTACATCCAATCTTTTGCCC (SEQ 1D NO 45) [0358]

Tr ansf onnant s ves moseésect ed on LA cont ai ni ng chl or anpheritegshkoogtssss concent rati on
of 5itemM. One colony is confirned to have the correct integration by
sequencing and is plated on LA containing increasing concentrations of

chl oranpheni col over several days, to a final level of 25 pWwrd. This results
in anplification of the cassette containing the genes of interest. The
resulting strain is designated CF 455: pf Mipperpat hway#1 X Bacillus subtitis
apr EnprE Pxyl conK (anplified to grow on LA contai ning chl oranpheni col 25

pg/nmt). I1. Conﬁysfzpcmegraolga‘sfrgrb@em\h}q{zdw&fo%mme,sJLtcBé&dtLJ us subtilis [0359]

The | ower WA p sistin r ak |npd and idi are
conbined in a caE}sLs%?%slémnéo’hngmg’tMﬁ%lag?fmfnl anki n%a“sr°ma§‘ﬁ‘sfm Pdm t he nprE region

of the B. subti [st/&es&emp @W%P@S‘PFS@W%WF@@M@VGMW “’Df?é7 BpFE (% onot er, and
t he specti nomycyjeast &xesi, b papoe, JHEIoK e B0° Cwe shbking UCeBsrom8 0 e cud@} wereThi S cassette is

synt hesi zed by %@d@c@dﬂgﬁghtﬁm k.@k&%@h@qﬂafmsgyﬁﬁa@ndgfa&@mwﬁmuaica subtilis

containing the u gr at e he kudzu
i soprene synt hasgy%éennglw§eg§°6?t%§§65" 1i1!f 8 TR emtqu’ %’?ﬂ? g%i‘%é“ﬁ*. d described in

Exanpl e 4 and i 5oPrepemafob febsadsmieeot %ﬁ%"‘%‘t%@ﬁﬂ?ﬁw B\as b‘mﬂﬁm%ﬁ‘?@éﬁmand | ower
pat hways i nt egr aisegecrineairpdieetoa®desdibed thuRzinip@N. Hif rahs®oOne bh@inedwii. col I expr essi ng

M mazci meval opafagcds) aﬂ@?ﬁl(ﬁﬁﬁ Bduce@Fe@@y he‘t?e@lpdie%fﬂ&ﬁyrns%}éé paQnstruction of

vectors and strai.ns. e I\/r 0 ate i na ..and P. al ba
i soprene synt bas ;(? rb@o ?pﬁ% ‘f'aéﬁe%é ?haei“p Eecﬂmr Bf% 17 m@ﬁ M 2-00y')

phytase gene mstead of an isoprene synthase gcne

Example 7: Production of isoprene in E, coli expressing kudzu isoprene synthase and idi,
or dxs, or idi and dxs

1. Construction of vectors encoding kudzu isoprene synthase and id¥, or dxs, or idi and dxs for

the production of isoprene in E. coli

i) Construction of pTreKudzuKan

[0313] The bla gene of pTrcKudzu (described in Example 1) was replaced with the gene
conferring kanarnycia resistance. To remove the bla gene, pTrcKudau was digested with BspHI,
treated with Shrimp Alkaline Phosphatase (SAP), heat killed at 65° C, then end-filled with
Klenow fragment and dNTPs. The 5 kbp large {fragment was purified from an agarose gel and
ligated to the kan' gene which had been PCR amplified from pCR-Bluat-II-TOPO using primers
MCM22 5°- GATCAAGCTTAACCGGAATTGCCAGCTG (SEQ ID NO:14) and MCM23 5°-
GATCCGATCGTCAGAAGAACTCGTCAAGAAGGC (SEQ ID NO:15), digested with
Hindlll and Pvul, and end-filled. A transformant carrying a plasmid conferring kanamycin
resistance (pTrcKudzuKan) was selected on LA containing kanamycin 50 pg/ml.

ify Construction of pTrcKudzu yIDI Kan

86



[0360] E. coli BL21 (Novagen brand, EMD Bi osciences, Inc.) was a recipient
strain, transduced with MCMB31 P1 |ysate (lysate prepared according to the

nmet hod described in Ausubel, at al, Current Protocols in Ml ecul ar Biol ogy.
John W1 ey andvé@mnsarestaic. ). Transductants were sel ect eebfwreookygsspr eadi ng cel |'s
onto L Agar and 20 pg/pl chl oranpheni col. The plates were incubated overni ght
at 30C Analysis of transductants showed no colonies on control plates (water
+ cells control plate for reversion and water and Pl |ysate control plate for
| ysat e contam nation. [0361" Four transductants were picked and used to
inoculate 5 raL L Broth and 20 pg/pl chl oranpheni coL The cul tures were grown
overni ght at 30C with shaking at 200 rpm To nmake genom ¢ DNA preps of each

transduct ant fomslﬁiCBT@ﬁM@sdlgeszﬁfvnmlasrmem%&l@Axgi;ermkm@dalndgewu;lﬁeae wer e

centrifuged. T S resus nS| on Buffer
(20raM Tri s, m"éﬁﬁ,&dgggéfr %8fmg 1§ O’?r}g)mv”"’ w‘ﬂ”lsy'%%é se free (Roche)
was added. The migmpe&r K@rereMNst YA k- at 37C for 30 ninutes fol | owed by the
addi ti on of 4plcAR8BATANACATACGAGITARAAYAMATRACTERNRBE: 1K asitPetk sol uti on

(Signa- Al dri ch)ymih@s'letheérd@h@Até@dﬁafmAat(ﬁa%ﬁ@ﬁ lanm@ytempzawe cell lysate
was transferred igto 2ml Pha %u}‘? Koklaht, cel EeHan,f Eppendorf) and 200pl each
\: pH’ S 239 °l ncp'? ng ‘¢hi

of saturated phendl or mwer'e ddded. The tubes
were mixed wel IPUE?FGP‘T?F@P@E‘énWMaHW“#W% TangrRgdtiniachenicallyseprig™text r act i on was
done wi t h 400plrarhd @liseddselaneaomd Atchmingg iEgis khayer. Seas) taisinshereed to a new
eppendor f t ube. ;solRead SRR LN MBS RESEL R AL SHK RY il &R Belltd @n Of [ rnl of
100% et hanol and % ntrl fugation for 5 mnutes. The genom c DNA pellet was
washed with 1m*%0% et hanol, The ethanol was renoved and the general e DNA
pell et was all o to air fly. The genonic DNA pellet was resuspended
with 200p1TE 10\§e§0 : IDDOfP%%K){leﬁF)%(ra "Il DNA pol ymerase (Stratagene) and

200ng/ pl of genpnic ;»QL%I o ;?lscheqang‘Es%j&eséd wﬁhfﬁsf?ﬁg@é mfu%kghca mf’?ﬁﬁfrﬁac“ on tubes

wer e prepared accor 0 manu rer prot oco primers MCML30
and GB Cm Rev (Prafsf& W&ﬁhgﬂﬁr‘%"‘P&%‘@fff@iﬁ“‘@ﬂ%ﬁi’fse&°5‘ﬁafﬁ%ﬁ‘&éﬁ€ﬁf‘§Rﬁ%rrée successful |y

i ntegrated int orikrefoatORPeE MCHEUS.: PCR paraneters for set | were 95C for 2
mnutes (first cywhecontydcc@rhséaicrdassecandsschbatcimrrédesegands, 72C for 25

seconds (repeat y r set 2, primers
M/D For and I\/l\/[)C%(%%D 0418;219‘51\4&@14% %A%éémgxéﬁrsﬂregct d@AeH @rrglAg eron integrated

properly. PCR paFaleters 2 §f teurte s fust/cecwpsre Ifigy It ?P%pr‘ﬂﬂ‘fcé‘éas(’ TSt cycle only),
95C for 25 secontddsil BELpgeel PEilgipdotdisatiof 2IE risding 1Osfymgondstiumepeat steps 2-4
for 28 cycl es), tradsBfnel Gifo TOP 1WicIM £x@ selefiEtedh Y.8 iwh IRbanbR0 agipl Beas on a 1. 2% E- gel
(I'nvitrogen Corn, b S00WEM:ff k&l ienc‘éd dnf @%%QHSgtpﬁmxd &Jg@aﬂ&%ﬁéﬂdﬁx correct (picked
one and desi gnat ed as strain FW201) . Construction of Strain EW204 (BL21,
| oopout - G11. 2- I&ﬁ&?") Flgugsiad :ﬁhe chI orarrphenl col marker was | ooped out of

strain EW.201 usi . as CP s, descri bed by Datsenko and Wanner (2000)
(Dal senko et al ”)99*%8@ {nT“’K'%@éﬁS‘@%‘#‘ BUSA 97: 6640- 6645, 2000). One-step

i nactivation of chro es in ichia sing PCR products.
(Dat senl co etal. [031!5] I‘Qg%?“d@?’. Igﬁ‘gﬂméﬁﬁggw%ﬂ%femm%% K?lfﬁé eile grown in L
Broth to rnidl d{jﬂfﬁhé@es ligpied! t¢ 4FER PRépSTTRUdindr eod & itheasyrithaticiRBE (reipbel, steril e water.
An al i quot of S@iscf- cell suspension was mixed with I p.1 of pCP20 and the

cel | suspensi o ot YRS RE AR AL AR AT RUMRbLE: dir T ogen Cor p.

)
at 2.5 Volts an F or at Bio-Rad Inc.). Ind
of LB was Imﬁc&%@%’vﬂa@) @dgdtbgcﬁg‘ geﬂféroceﬁg%erﬁ% ch§39§{1ng9 Ta 14m
pol ypr opyl ene t(EHRIDNGAP) teeplakt TOPY i) vhiabadaten digeped B Milgndfisd endadl| owed t o recover
by growi ng for phrifik®.Uhe fal piddd wad dabeid pTrauaARIE-OMGE (BRleented2on L Agar and 20n/ pl
chl or anpheni col and 50pg/til carbenicillin and incubated at 30C overni ght. The
next day, a single clone was grown in 10nil L Broth and 50pg/pl carbenicillin at
30C until early | og phase. The tenperataare of the growing culture was then
shifted to 42C for 2 hours. Serial dilutions were made, the cells were then
spread onto LA plates (no antibiotic selection), and incubated overni ght at
30C. The next day, 20 col onies were picked and patched onto L Agar (no
antibiotics) and LA and 20pg/i.d chl oranpheni col plates. Plates were then
i ncubat ed overnight at 30C. Cells able to grow on LA plates, but not LA and
2Qug/ pl chl oranpheni col plates, were deened to have the chl oranpheni col marker
| ooped out (picked one and designated as strain EW.204). iii) Construction of
pl asm d pEW.230 (pTrc P. alba) [0364] Generation of a synthetic gene encodi ng
Popul ar al ba i soprene synthase (P. al ba HGS) was outsourced to T)NA2.0 Inc.



The P. al ba isoprene synthase PCR product was purified using Q Aqui ck PCR
Purification Kit (Q agen [0366J P. al ba i soprene synthase PCR product was then
digested in a 20glreaction containing I gl BspH endonucl ease (New Engl and

Bi ol abs) wi th w@plod@NEB Buf fer 4. The reaction was i peyiaigekséor 2 hours at
37C. The digested PCR fragnent was then purified using the Q Aqui ck PCR
Purification Kit. A secondary restriction digest was perfornmed in a 20gl
reaction containing 1 Il Pstl endonucl ease (Roche) with 2g1l 10X Buffer H The
reaction was incubated for 2 hours at 37C. The digested PCit fragnent was then
purified using the QLAquick PCR Purification Kit. Plasmd pTrcH s2B
(I'nvitrogen Corp.) was di gested in a 20gl reaction containing i p.|l Ncol
endonuc | ease (Rpc nslp)cﬂnl%&gm pendonucl ease, and 2g1 10X Buffer H  The
reaction was i ncub ours at 37C. The di gested pTrellis28 vector was

gel purified us & 2% lJnltroe cted using the
Q Agui ck Gel f{OZ%}g]CtaA ofb % ma(n A mog Qru Een mgﬁrfro%on_patl bl e

cohesi ve ends oﬁxmggﬁﬂlabfg(ﬁaasr{@taqed%qmtpgg ”%“‘E'G%ﬁplla‘idd%lf"fr@i’? ?é’é&f’@?‘%‘r‘f’ was prepar ed
cont ai ni ng 5pl fRL1%AY Blachirgibpr dnetesyintPhdlseatcavge A, an@igdtpilledc Thveestidng, 1 gl T4 DNA
l'i gase (New Engltgﬁ\_@ﬁimﬁiummasfom?e@ﬂuowﬁ0|ci.]]§]§b3Qleaﬁfﬁlﬁ’roontﬁrﬂﬂé sgefibdulycdC11320. The

|gation i xtur g 48P sLIGHRAL B Sl ATLLENPEL AL ULe Lok 40 Mgyl The | i gation

m xt ure was desal gtjm nitroce rane Biter
(M11ipore) in QHSPErEuEmst) bre Brdmeb? s apmairngeeds tgat i on nmixture gently
on top of the nitrocellul ose nenbrane filter for 30 m nutes at room

t enper at ur e. NCN)I@E@"‘E&‘P“I%PC(L@,E‘%{“%@Pfon 1) were grown in LB to mid |og phase
and then washed three tinmes . in.ic e water. An aligquot of 50pl of
cel | suspensi on®#8s T 8@ dercisey f‘fﬁ‘f’ I%@é%ﬂpé‘i‘jn i a@“&%éﬁ%@wl i gation mx.
The cel | suspenﬁL@HcKmu)mmbémdm@d@%@é?%ﬂ%ﬂﬂé@%ﬂ&ﬂ%h“@@ﬁette at 2.5 Volts
and 25uFd usi ngigaiokRiRAre R tSRTomizh RErOPI0 0418400 Kelectehind Ladondidglsgecnbieidi at el y added
to the cells, thep.t rs.@v@élfcggemge,Lo%te@au%élmm@mnmxrgmg%n@ma,ybaﬁed(u@@rstedt) with a
met al cap. Oells wer e recover by grow ng'f hour at 30C.

Transf or mant s \A?é’l"é“d?éf@éﬁt’%‘ﬁs‘gﬁ“dlf )Agar and 50gg4gl car ben| eillin and | OrnM
meval onic acid apﬁq |ncub ?}L g&g The next day, 6 trans fonnants were

pi cked and growd °nsn§°rr‘ﬁrl_ “YH&¥*S0gg/ g1 carbenicill in tubes overnight at
30C Plasrnid pr r er ul tures using Q Aqui ck
Spin M niprep K ﬁ{ﬁ] \6% ﬁm@ H‘ g?%’u’ﬁ& ngg&o ‘ﬁ%glfmgl" "‘%’m’e ¥51€%5¥ opagat i ng

pl asni ds, a nodi Pt 2“64‘3)M@HP%“HW@“%W“&BPWM@S\’M’ 24 bEBkildf f er 5X and PE
Buf fer 3X was iThe tgafno maxtuetvat iondfdireed Sittocliod Eroells amindkaCt Uk @ntaisingdr ot ocol f or

achi eving high spamhyctxﬁsopmsg@vga]@mweﬂ@ﬁmmswc@aﬁuﬁe&l@gpﬁmdﬂ Psrl in a

20111 reaction to.ensure th re d linear fragment. Al 6 plasnids
were the correct™ 151:32&*;“ “"Z‘ﬁ?’&gﬁ retso a&féﬁt ara Bi osci ences (Beikeley, CA) for

sequencing with prinmers MCM65, MCM66, ELI 000 (Table 4). DNA sequenci ng
results showed alto plasnids were correct. Picked one and designated plastnid
as EWL230 (Fi gliMegusmnt obmareniphesispas from punyrescupprssiog lrdpiiopess pyoitsadr i | d pEVL244
(pTrc P. al ba- raadd/iK)s afd¥86m toppnlRGEs. r eact i on was perfornmed to anplify the

Mer hanasar ci na amler(:u{dm%rngu)l _}91@\”&15! @hmmm&m&s the tenplate (see

section v), prit e Ta ltra Il Fusion
DNA pol yner ase ? ’\%gg%e ﬁc Lz (BE) 8? Cuiag kanr(ce)rﬁ”cﬁ ﬂ mU

FBNUT act ocol PCR

condi ti ons wer @WW@P‘P’WW”%@k%‘PY°Z5MEﬁHt ég'm(ef?ff’@tpﬁéwmo?ﬂly) 95C for 25
seconds, 55C f onrcRBasEr.endsdn-FIDOF ad pASrsacands (G)repagatnii s 28 cycles, with
final extension @Lmrz;&56ggmlcmm@weeemdm@w.mmm@rd\d\/&ﬁ;d? Qproduct was purified
usi ng Q Aqui ck I% CR Purification Kit (Q agen Inc.,) 10368] The M mazer MK PCR
product was then digested in a 40111 reaction containing 8il PCR product,
2n1Pmel endonucl ease (New Engl and Bi ol abs), 4 pl 10X NEB Buffer 4, 4111 10X
NEB BSA, and 22nl1 of ddi-120. The reactggon was incubated for 3 hours at 37C.
The di gested PCR fragnent was then purified using the Q Aqui ck PCR
Purification Kit. A secondary restriction digest was perfornmed in a 471.i1
reaction containing 2pl Nsil endonucl ease (Roche), 4.7pL 10X Buffer H, and
40111 of Pnet digested M mazer MWK fragnment. The reaction was incubated for 3
hours at 37C. The digested PCR fragnent was then gel purified using a 1.2%
E-gel and extracted using the Q Aquick Gel Extraction Kit. Plasm d EW.230 was
digested in a 40111 reaction containing I Opt plasmd, 2pl Pine! endonucl ease,
4p1l 10X NEB Buffer 4, 4pl 10X NEB BSA, and 20nl of ddH O The reaction was

i ncubated for 3 hours at 37C. The digested PCR fragnent was then purified



plasmd froma transformant was isolated and the insert sequenced, resulting
in MCMB76 (Figures 74A-C) vi) Construction of strain EW.251 (3L21(DE3),

Cm @1l 2-1C Cbyl, pTrc Ral ba-nmwIC) (03701 MCMB31 cells (which contain
chronmosomal copsbdbeissgi 1. 2KI CDyl encodi ng S. cerevi si aertevalgpat e ki nase,
meval onat e phosphat e ki nase, neval onate pyrophosphate decarboxyl ase, and 1PP
i sonaerase) were grown in LB to mdlog phase and then washed three tines in
ice-cold, sterile water M xed 5011 of cell suspension with I pl of plasmd
EW.244. The cell suspension m xture was el ectroporated in a 2nmcuvette at 25
Vol ts and 25uFd using a Gene Pul ser Electroporator. Ind of LB is imrediately
added to the cells, then the cells were transferred to a 14m pol ypropyl ene
tube with a net g for 2 hours at
30C. Tr ansforrngﬂn?gg%)?@g?g%n\g@{et%e%ljlgxﬁgﬁ%&%&%%g%mg%? %’fgﬁ?‘”&?” in and 5mM
meval oni ¢ aci d PPUE&EIHH" PREUDATEH at 37C One coI ony was sel ected and

desi gnat ed as stral n EW.251 vii). Co structl on of tral E\I%\LZSG (BL21( DE3),
Cm M . 2- 100\ 4, ¥4 BBt BLeRRIPEs e teoppiatd AE)“’E 251 cell's were
grown in LB to Wﬁbf@@%ﬁé%@"'amlm’t@ﬁlfvﬁ%héﬂWlmxéé’aﬂt&fmsvcm@ll’fd@- cold, sterile
wat er. M xed 50&dﬂtaﬂxf1g1&&|mbcnﬁ(ﬁ[&@,€iﬂb&i20m add tidad th pbeviert shple asmREBANB2 (Which is pCL

PtrcUpper Pat hway (g ﬂgPCEZOfg%&@&L}Y}-EOW 1mgdHyn@i§)lmtc,-EB§feﬁﬁ” suspensi on

m xture was el ectro orate]géj2 @%sﬁ am cuyet m §0 do %jﬁ% t25uFd using a
Gene Pul ser El efPPONBFE D28 D258t Ot B iAo A MY 544G M B the cell's, then
transferred to 8oMignddvuged ymt Gt ente Proutyefiigi tehlized) prokinhe Baghucosedlldls were al | ovned
to rccovcr by goewt ingbaed bt 3¢ Al an @b, 3008, wasleales, aoitiva ntsedwar o gdiract ed on LA and
50pg4i 1 car beni il |l AR PAGRE Gks SREGHLLBLAY aﬁ}aomé}ﬁsé‘p'?en@ﬂﬁxeﬁeﬁlﬁllbat ed at 37C.

gbgg/e 8782%3%? ﬁ%%%%@%%@%%@%&%%@a &i%ﬁ%&dﬁw&éﬂ& (SEQ I D NO 100)

1. Production of isoprene from biomass in E. coli/pTreKudzu yIDI DXS
[0322] The strain BL21 pTrcKudzulDIDXS was tested for the ability to generate isoprene

from three types of biomass; bagasse, com stover and soft wood pulp with glucose as a control.
Hydrolysates of the biomass were prepared by enzymatic hydrolysis (Brown, L and Torget, R.,
1996, NREL standard assay method Lap-009 “Enzymatic Saccharification of Lignocellulosic
Biomass”) and used at a dilution based upon glucose equivalents. In this example, glucose
equivalents were equal to 1% glucose. A single colony from a plate freshly transformed cells of
BL21 (DE3) pTrcKudzn yIDI DXS (kan) was used to inoculate 5 ml of LB plus kanamycin (50
pg/ml). The culture was incubated overnight at 25° C with shaking. The following day the
ovemnight cuiture was diluted to an ODgpg 0f 0.05 in 25 ml of TM3 and 0.2% YE and 1%
feedstock. The feedstock was corn stover, bagasse, or softwood pulp. Glucose was used as a
positive control and no glucose was used as a negative control. Cultures were incubated at 30°
C with shaking at 180 rpm. The culture was mounitored for ODggo and when it reached an ODgqo
of ~0.8, cultures were analyzed at 1 and 3 hours for isoprene production as deseribed in Exarnple
1. Cultures are not induced. All cultures containing added feedstock produce isoprene
equivalent to those of the glucose positive control. Experiments were done in duplicate and are

shown in Figure 46.

IV. Production of isoprene from invert sugar in E. coli/pTrcKudzuIDIDXS
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MCM66 CCAGGCAAATI CTGL 111 ATCAG (SEQ I D NG 101) ELI 000 GCACTGICTTTCCGICTGC7GC
(SEQ ID NO 102) MCML65 GCGAACGATGCATAAAGGAGOTAAAAAAACATGGTATCCTGITCTGCGCCGEG
TAAGAL 11 ACCTG (SEQ I D NO 103) 11. Construction of MCM442-449: BL21 and

BL21( DE3) W t hy§RisdEeR; FRT-gi | . x-m CKDyl i) Constructi giy@boodeRbate for
Reconbi nation [0372] FRT-based reconbination cassettes, and plasmds for

Red/ ET-nedi ated integration and anti biotic marker | oopout were obtained from
CGene Bridges GrbH (Gernany). Procedures using these materials were carried out
according to Gene Bridges protocols. Primers MCML93 and MCML95 were used to
anplify the resistance cassette fromthe FRT-gb2-Cm FRT tenpl ate usi ng

Snat agene Herculase Il Fusion kit according to the manufacturer's protocol.

The 50uL reacti wa cl.ed.as foll 20 seconds,

55C, 20 secondsB%]ch%S‘@/e°°I°“E]F°’38p]m§m&/%§°f§%°e]SJ%LQF@‘S&%I%%S%B seconds, 72C, 1
mnute) x 25; 72@13’93(kﬁ‘)rmf‘ésd‘°%‘G‘lﬁ°rﬂfﬂ+°fé%61dka“W§“§Pr‘ﬁﬂ/qﬂbBﬁ°Wa'§wﬁfur| fied by a

Q agei 3 PCR col utubatcaoeafghiarmg® ¢ eititsh&ngrahi bl Reihgifagthé SerfipDtudeOlas dihdd el ut ed i n 30uL

EB (El ution Buf a‘o%dnsoo%sW%mfiafmm@zWy@bndN%Gféeds@adFPgstoLwapg:@oszwL reaction
with | x Roche H buff BSA. est%dlnaIOJL

and
reaction cont ai nleﬂeﬁg"wﬁe‘"cmﬁw LrI%I ms"ﬁﬁ‘f%lem’ rqﬂ Z“n V@F"B“’fsf ef> ““React i ons
proceeded over nPYg’Wm%i‘Pa“B‘Y@mE&ﬁ@sefW@nA’éﬁ]‘t”WeW&éP‘WFq"fﬂeécdbeéhd"@ agen PCR
col ums and el uPedv)i The3disiker&itown T3¢ (RORLPAArO chbglt wnEBaskrédgadnatd cillao MCVB76 in a

reaction contai Richdad oﬂmo\z@s:t@(bhouéum E’l&;&s wole QgL or grmaRgm%d%i ck Ligase

Buffer 2, 5u.L ff ed. .and e rJﬁcnonagm T ﬂ;rlletorleag |on procee de room
terrperature for 3™AGuUrs and"t Was frans orrre nte nwtrogen TOPRPI C

cel | s accor di ng"¢%¥ “fhe manuf acturer's protocol. Transfonnants were sel ected on
L agar (LA) and chl oranpheni eol (10 ug/rnLO at 37C overnight. [03731
Transforrnant col onies were patched onto LA contai ning chl oranpheni col (30
ughnL) and kanaWyRépmratiob6f huiglysdie)frohmdfEXprarcageoranaersent t o Qui ntara ( Berkel ey,
CA) for sequencjong, ﬂ@%re@amms@mewaemewobml&ht@&él&u&olsgyﬁxfsmt@mﬁe nucl eoti des

at the "N' in priJ ’Jﬁ?ﬁn!\é%\&!n%%er"‘ﬁf/fmmsﬁ%“ldx agj%fmléagin ‘39&4%rf&§&mw§eq“e”ce for the

i nserted pronot er ones were ntail ni 1229 or anpheni col (30
ug/ mL) and kauat'¥2yeieh T(“S’G"‘iﬁ‘t’)‘i’cﬁ‘lj‘“‘&ﬁﬁ”‘%@&“‘faﬁ?“ﬁﬁ@“b‘?"’éb 4t ™n of plasmi d DNA.
Thi s pl asm d wasutenstof durafagt vy beid the AFEX ple@Rted @mcld gergh @% stdnalheiower e frozen as:

basis), respectively. The saccharification process was as follows; 20 g of AFEX pretreated corn
stover was added into a 500 m| flask with 5 ml of 1 M sodium citrate buffer pH 4.8, 2.25 ml of
Accellerase 1000, 0.1 m! of Grindamyl H121 (Danisco xylanase product from Aspergillus niger
for bread-making industry), and 72.65 ml of DI water. The flask was put in an orbital shaker and
incubated at 50° C for 96 hours. One sample was taken from the shaker and analyzed using
HPLC. The hydrolysate contained 38.5 g/l of glucose, 21.8 g/l of xylosc, and 10.3 g/l of

oligomers of glucose and/or xylose.

VI. The effect of yeast extract on isoprene production in E. coli grown in fed-batch culture
[0325] Fermentation was performed at the 14-L scale as previously described with E. coli cells
containing the pTrcKudzu yIDI DXS plasmid described above. Yeast extract (Bio Springer,
Montreal, Quebec, Canada) was fed at an exponential rete. The total amount of yeast extract

~ delivered to the fermentor was varied between 70-830 g during the 40 hour fermentation.
Optical density of the fermentation broth was measured at a wavelength of 550 nm. The final

optical density within the fermentors was proportional to the amount of yeast extract added
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Tabl e 5: MCOVA84-487 MCVA84 enR-nl.6-MWK(nmazei) in pET (clone Al-3, variable
nt A) MCM4A85 cnR-gil.0- WK(nazei) in pET (clone B4-6, variable at C | MCW86
cr,Rgil.2-MWK(mazei) in pET (clone Cl-5, variable at (3) Mow87

crnR-gil.5- W £l7d62d N PET (clone C3-3, variable at JorfhRabskRp of

Reconbi nati on Tar get ét ains MCM349 and MCMd41 10374] The cbl oranpheni eol
resistance (cnR) marker was | ooped out of strain MCM331 using plasmd pGB706
(GeneBri dges) according to Manufacturer's instructions. MCMB31 cells were
grown to md-log in LB and washed three tinmes in iced, sterile water. A luL

al i quot of pG8706 DNA was added to 50uL of cell suspension and this m xture
was el ectroporated in a 2inin cuvette at 2.5 volts, 25uFd followed i medi ately
by recovery in 500u for one hour at 30C. Transformants were selected on LB
cont ai ni ng tetr%W&#%Ahgbi‘%’p%"?ﬁfl)““éetdfﬁﬁ&"m$ﬁ%"‘F’5?’IW6W‘ﬁr§’mff{aa§/, a clone was grown
up at 30C i n LBrrevipntyadesiitag Thaitopmreyitet iicreased Ger(hppduse of e fefmentition Gieyre t ur bi d

(0D600- 0. 5- 0. 8) 48BY IhGanbhbt &ritbRenV\RSIuGE ¥4 Ble@T) p@Ftktdnd B3 tha Rtbug blame@ver ni ght at 37C.
A clone that wag.\nal t,elmxj{_) grow on LB cont ai ni ng chl oranpheni col (30 ug/ral)
or LB containing tetracycline (5 ug/nL) was frozen as MCM348. Pla_sm d MCM356
(pRedET carbencillin; GeneBridges) was el ectroporated in as descri bed above
and transfontan were sel ected LB cont aj nj rhenicillin (50 ug/ralL) at
30C. A clone vva{slﬁ‘ FFBuRon© 'S‘ifﬁned%l?oggﬁf’ﬁ“f"f’??{g‘kr%g%’é%gl’_@?at 30C and frozen as
MCMVB49.  10375] [055¢k ot 10 MeNpmatataast o pod at'edithigyuday igoptereornfiasascornitaag pl asmi d
MCMB56 i nt o EW.D@Q4ndaEsScoa byY @ucleiReio@honsii2l QDEY) bTrERBzcRidREs Gdka X- r oMK i nt 0

MCVMB49 and MCMA4J,.le 1ok Bsis Bt i SedVEMESE 54816 yﬁ%"“ e3Sio | ate for PCR
anplification &%ﬂl%@;}éﬁl e Gi'ZQE‘( d ® sﬁEln%”;&Irﬂ?eFusion Kit,

h priners 0 _and MCML96 and |iercul a
according to th °“rﬁ'1annut?eé’?:s’tsL‘ifrtgera'veéagTo1F°8rte'88%1f7mm??1"|ﬁ’§‘§ a‘?‘“@?ﬁ%%ﬁ’%& ghéer% “Fenpl ate were
carried out, w tRtheextent of igpprerg hieakphigrzh thepmenaisprreperalicetrdatiscalppye by cl ed as
follows: 95C, 2apporxreda7g(95C, 20 seconds; 55C 20 seconds; 72C, 1.5 m nutes)
for five cycles; (95C, 20 seconds; 60C 20 seconds; 72C, 1.5 mnutes) for 25
cycles; 72C for 3 mnutes; 4C, overnight] The three reactions froma given

tenpl ate were po@lechuands Biprchd ih 0L @RISR, BEEoh HiMEL @ Cl ued wWith 30 ul
EB at 60C. 50... DNA was digested with luL Dpnl in IxRoche Buffer A for 3

hours at 37C. This DNA was then mcrodial yzed agai nst excess water for 30

m nutes. [ 0377]MSirdicie GREiE Catepiac P9BHL LE contai ning carbenicillin (50

ug/ mL) from freR7stiedkS 7.4t MEOG *178:0c3, @B60I0 modfohyd@e 2 4,Guvivlabmenivabi nose was added
alnd cul tures \é\eé'it.&teio,ﬂfé,l&@@tte_ﬂﬁlct@k g,33(ﬁxf\/|ﬁ@iﬁelTécemgé}uﬁcgﬁml.sﬁm\mﬁ@ har veszI ed aggo ]
el ectroporate t ml i 59 a n overed in u
SCC at 37C for c‘icY'm%JR %‘lgﬁgﬁ?&éﬂ%‘_ %Lgeg%n? ?)qr% %ﬁfﬂ g’%ﬁ(g%ggdéﬂtlgn&daé%ngﬁe{ ,epl ates

cont ai ni ng chl otaHHERFLO0 T8 2BHemessattRreas PoYrE1 SRy &idrisénsi ti ve cl ones
were screened bYCIPCR afidpptibionserdaidhaliefstetlaaiompanh donmenPCR pr oducts from positive
cl ones were sequenced to verify the sequence of inserted DNA. A nplicons were
consi stent w t hif32Ble IFRXMyificdXrapddi@y$olutien: at t I n7 in MCMA41l and 348 being

repl aced by FRT-cnR-ERT-gil.x-nlC KDyl (The yK and nK designations refer to

t he nmeval onat e RI2Alag@nif Adsiyi' BAE lnadindfa/de® 30eeiady 109 B804 idkONMBtde@inbsar ci na nazei
respectively). dabl g zed,*The 1 gaub@wsmg 1&inkai,B6, Nehe NMOWH,M1dB cont ai ni ng

chl oranphcoi col {5, 4 ARk AR HLQFER: intd b, bl 3.0 with HCYNAOH, then q.s.

to volume and filter sterilized with 0.22 micron filter.

[0330] Fermentation was performed in a 500-L bioreactor with E. coli cells containing the
pTrcKudzr yIDI DXS plasmid. This experiment was carried out to monitor isoprene formation

from glucose and yeast extract at the desired fermentation pH 7.0 and temperature 30° C. An
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Nanme Parent Reconbi nation Anp] icon Tenplate MCMd42 BL21(DE3) cai R-gi 1. 6nKKDyl
Al) clone37 (A) MCMB49 MCWAB4  MCMA43 BL21(DE3) crtiR-gil.Om CK Dyl B4,
cl one27 (C) MCMB49 MCMAB5

WO 2009/076676 PCT/US2008/086869

inoculum of E. co/i strain taken from a frozen vial was prepared in soytone-yeast extract-glucose
medium. Afler the inoculum grew to OD 0.15, measured at 550 nrn, 20 m] was used 10 inoculate
a bioreactor containing 2.5-L soytone-yeast extract-glucose medium. The 2.5-L bioreactor was

grown at 30° C to OD 1.0 and 2.0-L was transferred to the 500-L bioreactor.

[0331] Yeast extract (Bio Springer, Montreal, Quebec, Canada) and glucose were fed at
exponential rates, The total amount of glucose and yeast extract delivered to the bioreactor
during the 50 hour fermentation was 181.2 kg and 17.6 kg, respectively. The optical density
within the bioreactor over time is shown in Figure 49A. The isoprene level in the off-gas from
the bioreactor was determined as previously described. The isoprene titer increased over the
course of the fermentation (Figure 49B). The total amount of isoprene produced during the 50

hour fermentation was 55.1 g and the time course of production is shown in Figure 49C.

Example 8: Production of isoprene in E. coli expressing kudzu isoprene synthase and
recombinant mevalonic acid pathway genes

1. Cloning the lower MVA pathway

10332] The strategy for cloning the lower mevalonic pathway was as follows. Four genes of
the mevalonic acid biosynthesis pathway; mevalonate kinase (M VK), phosphomevalopate kinase
(PMKX), diphosphomevalonte decarboxylase (MVD) and isopenteny] diphosphate isoruerase
genes were amplified by PCR from S. cerevisiae chrorsosomal DNA and cloned individually
into the pCR Bluntll TOPO plasmid (Invitrogen). In some cases, the idi gene was amplified
from E. coli chromosomal DNA. The primers were designed such that an E. coli consensus RBS
(AGGAGGT (SEQ 1D NO:80) or AAGGAGG (SEQ 1D NO:81)) was inserted at the 5’ end, 8 bp
upstream of the start codon and a Ps¢] site was added at the 3* end. The genes were then cloned

one by one into the pTrcHis2B vector until the entire pathway was assembled.

[0333) Chromosomal DNA from S. cerevisiae S288C was obtained from ATCC (ATCC
204508D). The MVK gene was aruplified from the chromosome of S. cerevisiae using primers
MVKF (5'-AGGAGGTAAAAAAACATGTCATTACCGTTCTTAACTTCTGC, SEQ ID
NO:21) and MVK-Pst]-R (5-
ATGGCTGCAGGCCTATCGCAAATTAGCTTATGAAGTCCATGGTAAATTCGTG, SEQ
ID NO:22) using PfuTurbo as per manufacturer’s instructions. The correct sized PCR product
(1370 bp) was identified by electrophoresis through a 1.2% E-gel (Invitrogen) and cloned into
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MCMA44 BL21(DE3) enR-gi 1, 2m CKDyl Cl, clone 16 (0) MCMB49 , MCMA86 MCMA45
8L21(DE3) enaR-gil.5m C CDyl C3, clone7 (T) MCOMB49 MOMAS87 MCOMA46 )3L21
eruR-gi 1.6rnl ClODyl Al -3 (A) MCM441l MOMA84 MCOMA47 BL21 enR-gi 1, Omi CKDyl 34-6

( C) WO 2009/076676 PCT/US2008/086869

pZeroBLUNT TOPO. The resulting plasmid was designated pMVK]. The plasmid pMVK1 was
digested with Sacl and Tag] restriction endonucleases and the fragment was gel purified and
ligated into pTrcHis2B digested with Sacl and BsiBI. The resclting plasmid was named
pTrcMVKL.

[0334] The second gene in the mevalonic acid biosynthesis pathway, PMEK, was ammplified by
PCR usipg primers: Pstl-PMK]1 R (5°-GAATTCGCCCTTCTGCAGCTACC, SEQ 1D NO:23)
and BsiHKA 1-PMK1 F (5’-CGACTGGTGCACCCTTAAGGAGGAAAAAAACATGTCAG,
SEQ ID NO:24). The PCR rcaction was performed using Pfu Turbo polymerase (Stratagene) as
per manufacrurer’s instructions. The correct sized product (1387 bp) was digested with Ps/I and
BsiHKI and ligated into pTreM VXK digested with PszI. The resulting plasmid was named
pIrcKK. The MVD and the idi genes were cloned in the sarne manger. PCR was carried out
using the primer pairs PstI-MVYD 1 R (5"-GTGCTGGAATTCGCCCTTCTGCAGC, SEQID
NO:25) and Nsil-MVD ] F (S’-GTAGATGCATGCAGAATTCGCCCTTAAGGAGG, SEQ 1D
NQO:26) 10 amplify the MVD gene and Pstl-YIDI 1 R {5'-
CCTTCTGCAGGACGCGTTGTTATAGC, SEQ 1D NO:27) and Nsil-YIDI 1 F (5°-
CATCAATGCATCGCCCTTAGGAGGTAAAAAAAAATGAC, SEQ ID NQ:28) to amplify
the yIDI gene. In somne cases the IPP isomerase gene, idi from E. coli was used. To amplify idi
from E. coli chromosomal DNA, the following primer set was used: Pstl-CID1 1 R (5°-
GTGTGATGGATATCTGCAGAATTCG, SEQ ID NO:29) and Nsil-CIDI 1 F {(5°-
CATCAATGCATCGCCCTTAGGAGGTAAAAAAACATG, SEQ 1D NO:30). Templale DNA
was chromosornal DNA isolated by standard methaods from E. coli FMS (WO 96/35736 and WO
2004/033646, which are each hereby incorporated by refercnce in their entireties, particularly
with respect to isolation of nucleic acids). The final plesmnids were named pKEDly for the
construct encoding the yeast idi gene or pKKD]c for the construct encoding tke E. coli idi gene.
The plasaiids were transformed into £, eoli hosts BL21 for subsequent analysis. In some cases

the isoprene synthase from kudzu was cloned nto pKKDIy yielding plasmid pKKDIyIS.

10335] The lower MV A pathway was zlso cloned into pTre containing 2 kanamycin antibiotic
resistance marker. The plasmid pTrcKK DIy was digested with restriction endonucleases 4pal
and Psrl, the 5930 bp fragment was separated on a 1.2% agarose E-pel and punfied using the

Qiagen Gel Purification kit according to the manufacturer’s instructions. The plasmid
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MCMA41 MCVAB5 MCWH48 13L21 cai R-gil.2m CKDyl C1-5 (0) MCM4A41 MCVA86 MCWVH49
BL21 enR-gi 1. 5rnl CKDyl C3-3 (T) MCM441 MCMA87 Table 63: Prinmers MCML20

WO 2009/076676 PCT/US2008/086869

pTrcKudzuKan, described in Example 7, was digested with restriction endonucleases Apal and
Pstl, and the 3338 bp fragment containing the vector was purified from a 1.2% E-gel using the
Qiagen Gel Purification kit. The 3338 bp vector fragment and the 5930 bp lower MV A pathway
fragment were ligated using the Roche Quick Ligation kit. The ligation mix was trapsformed
into E. coli TOP1Q cells and tranformants were grown at 37° C ovemight with selection on LA
containing kanamycin (50 pg/ml). The transformants were verified by restriction enzyme

digestion and one was frozen as a stock. The plasmid was designated pTreKanKX Dly.

11. Cloning a kudzu isoprene synthase gene into pTrcKanKKD]y

10336] The kudzu isoprene synthase gene was amplified by PCR from pTrcKudzu, described
in Example 1, using primers MCMS50 5°-
GATCATGCATTCGCCCTTAGGAGGTAAAAAAACATGTGTGCGACCTCTTCTCAATTT
ACT (SEQ ID NO:31) and MCMS53 5°-
CGGTCGACGGATCCCTGCAGTTAGACATACATCAGCTG (SEQ IDNO:32). The
resulting PCR fragment was cloned into pCR2,1 and transformed into E. coli TOP10. This
fragment contains the coding sequence for kudzu isoprene synthase and an upstreamn region
containing 2 RBS from E. coli. Transformants were incubated overnight at 37° C with selection
on LA containing carbenicillin (50 ug/mi). The correct msertion of the fragment was verified by
sequencing and this strain was designated MCM93.

[0337] The plasmid from strain MCM93 was digested with restriction endonucleases Nsil and
Psi1] to liberate a 1724 bp insert containing the RBS and kudzu isoprene synthase. The 1724 bp
fragment was separated on a 1.2% agarose E-gel and purified usiog the Qiagen Gel Purification
kit according to the manufacturer’s instructions. Plasmid pTrcKanKKDIy was digested with the
restriction endonuclease Psi], treated with SAP for 30 minutes at 37° C and purified using the
Qiagen PCR clearmp kit. The plasmid and kndzn isoprene synthase encoding DNA fragment
were ligated using the Roche Quick Ligation kit. The ligation mix was transformed into E. coli
TOP10 cells and transformants were grown overnight at 37° C with selection on LA containing
Kanamycin at 50 pg/ml. The correct transformant was verified by restriction digestion and the
plasmid was designated plTrcKXDylkISKan (Figures 24 and 25). This plasmid was transformed
into BL21(ADE3) cells (Invitrogen).
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AAAGT AGCCGAAGATGACGGT TTGTCACAT GGAGT TGGCAGGAT
OTTTGATTAAAAGCAATTAACCCTCACTAAAGGECOG (SEQ | D NO 109) MCML93
GATATACATATGAATTAACCCTCACTAAAGG (SEQ I D NO 110) MOML95 GCATOCATGACATGL

11111 TACCTCO7 WJ Tdi36¢-TCACAAT TAGTGOTTGAATTATTTOCT CAGEAT §ab635%#56NOT CAAGGGCO
COGCCGCGATCTAATACGACTCACTATAGGECECTCG (SEQ 1D NO)))) MCML96

AGGCTCTCA. ACTCTGACATGTI T1111CCTCCl TAAGGGTGCAGG

CCTATCGCAAATTAGCTTAATCTACTI TCAGACCI TCCTCGG (SEQ I D NO 112) IIl. The effect of
yeast extract on isoprene production in E. coli expressing genes fromthe
meval oni ¢ acid pathway and grown in fed-batch culture at the 15-L scale [0379]
Medi um Recipe (per liter fernmentation nmedium: [1:1380] K 21-1PO4 7.5 g,
MySO4* 7H20 2 g, cilric acid nonohydrate 2 g, ferric ammoniumcitrate 0.3 g,
yeast extract 0.5 g, 1000X Modified Trace Metal Solution 1 mi. Al of the
conponent s wer ellhHehede trgpttntom mainaiins ol iwedssinp telie¢d@BnantTées  sol ut i on was

aut ocl aved. Themmdom$amyﬁsk@mas%mzse@[omm anmoni um hydr oxi de (30% and q.s.

to volume. G ucqsg 1Q.9s1 Ir;'g.ﬁhﬂ sx'ZLQL QutdredSn M &3’“ 9Q!d9a§dt8§ were added after
sterilization air?d ] a%j % 03811 t0‘60‘5( ?/b ?’ Trace Netal Sol ution:
1974) J. Baclenology 119 736 74 ad_]usted to pH 7.1 and supplemented with 0.5% glucose

and 0.5% mevalonic acid. A control culture was also set up using identical conditions but
without the addition of 0.5% mevalonic acid. The culture was started from an overnight seed
culture with a 1% inoculum and induced with S00 pM. IPTG when the culture had reached an
ODggp 0£ 0.3 10 0.5, The cultures were grown at 30° C with shaking at 250 rpm. The production
of isoprene was analyzed 3 hours after induction by using the head space assay described in
Example 1. Maximum production of isoprene was 6.67 x 10* nmol/Lpsu/ODeao/br where Locom
is the volurne of broth and includes both the volume of the cell medium and the volume of the
cells. The control culture not supplemented with mevalonic acid did not produce measurable

isoprenc.

1V. Cloning the upper MVA pathway

[0339] The upper mevalonate biosynthetic pathway, comprising two genes encoding three
eanzymatic activities, was cloned from Enterococcus faecalis. The mvak gene encodes a protein
with the enzymatic activities of both acetyl-CoA acetyltransferase and 3-hydroxy-3-
methylglutaryl-CoA (HMG-CoA) reductase, the first and third proteins in the pathway, and the
mvasS gene encodes second enzyme n the pathway, HMG-CoA synthase. The mvaE gene was
amplified from £. faecalis genomic DNA (ATCC 700802D-5) with an E. coli ribosome binding

site and a spacer in front using the following primers:

CF 07-60 (+) Start of mvaE w/ RBS + ATG start codon Sacl

5’ - GAGACATGAGCTCAGGAGGTAAAAAAACATGAAAACAGTAGTTATTATTG (SEQ
ID NO:34)

CF 07-62 (-) Fuse mvaE to mvaS with RBS in between

5 - TTTATCAATCCCAATTGTCATGTTTTTTTACCTCCTITATTGTTTTCTTAAATC
(SEQ ID NO:35)
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[0382] Citric Acids *1120 40 g, Wh304* 112030 g, NaCl 10 g, Fe304* 71120 1 g,
Coax * 61120 | g, ZnSO4* 71120 1 g, Cu804* 51120 100 ny, 1131303 100 ng,
NaMb04* 2H20 100 ng. Each conponent is dissolved one at a tinme in DI H20, pH
to 3.0 with H4Nabbes:t hen d.s. to volume and filter spefddigfdse th a 0.22
mcron filter. 103831 Fernentation was perfornmed in a 15-L bioreactor with
8L21 (DE3) E. coil cells containing the upper neval onic acid (MVA) pat hway
(pCL Upper), the integrated | ower WA pathway (gil .21(.1CDyl), and high
expressi on of neval onate kinase from M nazei and isoprene synthase from P.

al ba (pTrcAl ba-mw1C). This experinent was carried out to nonitor isoprene
formation fromglucose at the desired fernentation pll7.0 and tenperature 30C.

A frozen vial of_the colj strain, t hawed and. i.ho ted into tryptone-yeast
extract medi um &% eT?‘eT‘i‘i%gef‘en“@&iﬁphfgf\?g?“é “fcdﬂﬁﬂmﬁ 8{“%&?&&%@& 550 rim 500
rnL was used t ovilbn8BindtrecerfronBi qofi hyifront esane tho folldyfng pgyiersy t he initial volune to
5-L. i) Production of isoprene in E.coli cells (EL256) grown in fed-batch

cul ture wit houtCRE&5E) serelce mfeg widhi 51§ be884) G ucose was fed at an exponenti al
rate until cells-reached the stationary phase. After this tine the gl ucose
feed was decr eagpgrh QoABACANRLARRIAGET AEIBNAS ATING ATPERATRERHLA Of gl ucose
delivered to th(g &g&@e%}%t or during the 67 hour fernmentation was 3.9 kg.

| nducti on was ath & y addi ng i sopropyl - bet a- D- 1-t hi ogal act opyr anosi de
(LPTG . The | PT& %ofdehtdraradernamas! br ought to 102 uM when the optical density
at 550 run (0D55FAcheaetradcaTVETNETIACGRATAAR@CELACG QXagsBRantNDat) on was rai sed to
192 uM when 013650 nEACReydAfuutie: QRROQuRLLI i) bbe bi oreactor “over

time is shown in Figure 67A. The isoprene level in the off gas fromthe

bi oreacl or was @eb.es Nede sk MR +Hrdelk dRgs..Spectroneter. The isoprene titer
i ncreased over e r Lan. to fi.nal of 35.6 ga,
(Figure 67B). ‘I%fg}eAtG%fq gféASGncgﬁﬁégﬁngg‘é‘g%&}‘ﬂmngr 0 uCcAeaAQ%TﬁéPI{GﬁgE%7 hour
fermentati on wa8™2®. 6 g and the time course of production is shown in Figure
67C. The net abalroc-1@c) Eniot yvapgeafAghie, as neasured by TCER, is shown in Figure

670. The nol ar yisgbrdfcauhbhiczeshant o hbakcomRbet REQPEGSHCI Ng i Soprene

during fernentatjqn 1 % The wei.ght percent yield of isoprene from

gl ucose was 8. %5%42_13-3%% - ?lglél%’?n%aﬁpu&ﬁ%imsm pr 1aﬁeé1'ﬂ;|: Cﬁlxg.ge(s:{o ‘Yl&_éhél | s (FL256) grown
in fed-batch cuPtioeegntehSlaridhele Thit dgeted PNA frargnt WpsBIB8E vP4fcose was fed at an
exponenti al r at@egerniitiadd ligadd bo® tree@divetilst duedlatdtvador OliasyA, phigisied bef ter this tinme the
gl ucose feed wag. 42GIEASEL K@ ABRLuRE abol i ¢ demands. The total amount of

gl ucose delivered to the bioreactor during the 68 hour fernentation was 7.1
:(gd At_tot al of (3446 TkegigglfonMﬁagtmﬁﬁsxgle_aﬁ&%%@@h%ensfaﬂ%lw;&iw%}_gseiem feL ment ﬁtl on.
nducti on was achi ev i I e G.concent ration was broug o]
208 uM when & he o Eraa o sbanffpbe Sloutitf BhuEEIEEIRIRD T8 Of 7 e

| PTO concent r atT&HEMASE P24 PShs! 5o 9s TR En oS8! Fastdiwe 8te The 011/ 250
profile w thin plabrgdstyien digaed wh Saver 84/ weherkSorgdsawumd pra cdFieqy plesid68A. The | soprene
|l evel in the ofdg.gas win @mmithe Riekeact or was determ ned using a H den mass
spectroneter. The isoprene titer increased over the course of the fernentation
to a maxi mum vatreesof) skao2m@k kend Fi gure 68B). The total anount of isoprene
produced during.t 98 , ] i 95. 5 g and the tine course of
production is g;honv\fﬁbl n E?gﬁ?iﬁ%%%t&ﬂfﬁ‘%é“ﬁ?’se of volumetric productivity
is shown in Fi JUr&v8E¥dpeenbws that an average rate of 1.1 g/L/lu was

mai nt ai ned for HedATEEATR AN TE3ATAIT BAAARTAGHEEQRDNO:-) activity profile, as
measured by CERor-82 G¥eWas ks fehegur € 68E The nolar yield of utilized carbon
that went into pr J I i iation was 10. 3% The wei ght
percent yield osf'%g}fs‘gggé@%gg Alf%%ﬁawmgégw}f?l V. Production of isoprene
fromdifferent carbon sources in E. coil harboring the nmeval onic acid ( MWA)
pat hway and i soprene synthase (EW.256) ;03871 Media Recipe (per liter
fernmentation nedia): 103881 K211PO4 13.6 g, | CH2PO4 13. 69, My804 * 71120 2 g,
citric acid nonohydrate 2 g, ferric ammoniumcitrate 0.3 g, (NH4) 2804 3.2 g,
yeast extract 0.2 g, 1000X Modified Trace Meal Solution 1 nil. Al of the
conponents were dissol ved sequentially in di1l-120. The pH was adjusted to 6.8
wi t h anunoni um hydroxi de (30% and brought to volume. Media was filter
sterilized wwth a 0.22 mcron filter. Carbon source was added to a fi nal
concentration of 1% Required antibiotics were added after sterilization and
pH adj ustnment. [0389] 1000X Trace Metal Solution (per liter fernmentation
media): [0390] Citric Acids 1-12040 g, MnSO * 112030 g, NaCl 10 g, FeSO»4 *



. Each conponent” was dissolved one at a tine in diH0, pHto 3.0 with
HC1/1) 11a0H, and then brought to volune and filter sterilized with a 0.22
mcron filter. i) Preparation of APEX bi omass hydrol ysate [0391] AFDC
pretreated cor was hydrol yzed to prepare biom ate
cont ai ni ng botﬂﬁ@o%@gf gl ucose and acetate. [0392] APE?(T/E%EI{S@%%?M corn
stover, received from M chi gan Bi ot echnol ogy Institute, was used. The
pretreatnment conditions were, 60% noisture, 1:1 anmonia |oading, and 90 C for
30 minutes, then air dried. The noisture content in the AFEX pretreated corn
stover was 21.27% Content of glucan and xylan in the APEX pretreated corn
stover were 31. 7% and 19. 1% (dry basis) respectively. The enzyne used was
accel |l erase 1000, G.indanyl H121 (Danko xyl anase product from Aspergillus
ni ger for bread-cﬁﬁk§3ﬁ'bE’idﬁ €¥4%7) . [03931 For sacchari Ecation, 20 g of APEX
pretreated cornSstBREITIRASTAHISGCAAETTLSBDIO N4IX | ask, together with 5 nil of 1
M pH 4.8 sodi umceuts6at)8eqidafefietver 2. 25 M of Accell erase 1000, 0.1 ml of
Gindanyl H121, sand sA2:88dtarPlcREWet 8kn mhitSsf | ask was put in an orbital
shaker, and incubated at 50C for 96 hours, [0394] For analysis, one sanple was
taken from the Shak&™) S¥HH°4HEBFYzed using HPLC. The hydrol ysate contai ned 37.2
g/l of glucose andT24CAATGATATIATXGMYEC (FHIPFOB3)go. ., of oligomers of gl ucose
and/ or xyl ose. Addi-fsico8ahdnyt,in A hydrol ysate al so contains 1.17 g/L acetate.
i) Experinental, pfogasigstO325tc A TdPREGI0.4he E coli strain EW.256
contai ning the MVA pathway and, i soprene synthase was taken froma frozen vi al
and streaked ontC5°7é8§(Jﬂ§eqb BtH*agar pl ate containing spectinomycin (50 ug/ )
and car bi ni cl | i & (B*AGETAGIFCARETTHOGRAE] TarO:30C over ni ght. A single col ony
was i nocul at ed in44p TYBlastedklAd CIodHs2A UpbdaB thGiyHOOS @recXtylsasasingghdp@er ol , acetate or

bi onass as only (GatRoN.SOMEEANY 3008 VELiH1 9N tseBiordACon Bl h Saar OW 0N

acetate reached i.gni ficantl ower optical density. I grown on gl ucose,
gl ycerol, bi onag(g”g%‘i‘{‘g’fq’ fc)’)s”é?”ew%arDSf%"Eaé'Févf§°hﬁ%??dﬁf"’(“d‘f%%fmfI‘%e“é)"go nL of TMB nedia
cont ai ni ng t he rEspEEY nYldhersichidar Youpides Betosrrigsaeh fepr ippritleatl’ densi ty of

bet ween 0.1 neasspreehcads glRON Sddins Aern@g @bt MEF semiphollis2AObpeP@Rtagiind Ng any car bon

source was prepafAdsal@Mnk 858 ko PRSR2 ANEEFUGRE £ B4 ULBre sA F3ERRIAL € experi ment
was perforned V\nthf%ldg}g}&%ve 'ﬁaeﬂga]lXXLeg§ea g\lnere the cultures were diluted to an
optical density"6f 0. 05 A EUI tUF & ¢Bhdi ti ons (except for acetate and
glycerol) were tested in duplicates and the presented results are averaged
bet ween these cultures. Production of isoprene was induced wth 200pM | PTG
from t he begi nniVrigerde oftUaesEUpRAFAERN? PCLARR 1 asks were incubated at 30C in an
orbital shaker (0260 Thep)smaipdciir2BWbiPuwasy oldsawedthine ramgasieniagleapt | cal density.
After the gl ucogg: ik RE:sEdalhth @Sl pTreAGRGHasAtlis QP kdrRidkor A8 MRS ibhef appr oxi mately
0.4, samples wele,apal et hon HOORLENS: Produstlon. fLomeaLl  bag ested carbon
sources every hour’ or fohree ch_our_s._ anples’ of T06° % " Were transterred in
duplicates to 2efsingfhyQiasey,fehfusificadoait oydeptoephqntiteibiiptanfed b kB EREMEA at 30C. The
bacteria were t bhenpdiéRo wiplepagdbyoipedtimohayedar eith taresi8OiGh dndurucBasaPnilit es. The anount
of produced i SORLERSINES FRATUEBEL AoiaN gy EleGuddB 13 0dges PO IdcSioi0duCt i Vi ty

(pg/L*hr) was cal culated iii) Resylts 103961 Signlficant nroduction of
RS ARRy vl el RSt Gt sh ka8

A ed 1nto
i soprene coul d be denbns sted carbon sources.

These carbon solifdReeairly @raiplces brksuorreatcetBi-4 coo8igani ¢ aci ds, sugars
cont ai ni ng 5 or specticaydoid0 nemilx 8 cfred caomy €6 )identifieidhy e ds hhyeberod ofgat e. [ 0397] The
initial growh paky @R DiQRBSEwd NGEAlY SAlPec ViR RaLADIEGd9). the growth rate
on glucose (Figure 69A). The initial specific productivity during growth on
bi omass hydrol ysate was significantly higher than during growth on glucose_
Thi s denonstrates that bionass hydrol ysate can be used as an efficient source
of carbon for the production of isoprene. The specific productivity declined
after 255 m nutes of growth on bionmass bydrol ysate (Figure 698). The bacteria
had a slower growth rate with xylose as only carbon source when conpared to
gl ucose (Figure 69C), but a significant specific isoprene productivity was
nmeasured (Figure 690). This shows that both C5 and C6 sugars can be utilized
for the production of isoprene via the neval onate aci d pat hway.



[ 0398] Suprisingly, bacteria grown on acetate as the only carbon source had a
specific productivity of isoprene approximately twice as high as during growh
on glucose (Figure 69A). The bacteria grew sl ower on acetate when conpared to
gl ucose (Figungy §RB)eput the performed experinent de §dbRsot hat acetate
can al so be used as a carbon source for the production of iIsoprene. Acetate
was al so present in the bionass hydrol ysate as neasured by HPLC. 103991 The
bacteria grew well with glycerol as only carbon source (Figure 69A) and
significant production of isoprene was denonstrated (Figure 69B). This shows
that common al cohols nmay al so be used as carbon sources for production of

i soprene via the nmeval onate acid pathway. Exanple 11: Expression of

i soprene-syntbase fromplant in Streptonzyces sp. [Q400] The gene for isoprene
synt hase Kudzu \Xb§“8b’f"ﬁresﬁ‘éﬂh?CP’BWC?)V@EWT‘*&"ﬁej%"f”’i@@f@z“h‘ﬁy%sm d pl 201: 19813
encodes i soprendé3&ynidrasiea firipritRurempitcanelaisia e pftkud eles kplzamdpienaand was
cadon-optim Zedsny@d'se B&ﬁmd@mﬂu&iau@ﬂg@@mperﬁaﬁmmm@anﬂ&mdﬁl@q

Rhodopseudonona en ) ol SEQ ID
NG 125)) - D1 goor L opes vy Rall dEARTRLALEEINAR W S Bl T2 el and

Bam Hl | i ber at e AR P%T?S‘i%“"?‘ﬁ%’t“%%"gf"ingQ’Eeéﬂ“@ TR YoFrehegied %th omyces- E. col i
shuttl e vect or pPeWIRGEPYYSEBOWIUL Hpsmitls wte retafyied in Gelrest. Te rrain wasdigdknated77- 485, 2000;
Figure 71) to gswasmate pUW201_iso. Successful cloning was verified by
restriction analysis of pUA201 iso. Expression of isoprene synthase i s019813
was under control of the armpronoter which allows for constitudve expression

in Streptonycet gg Pﬁoﬁﬁﬁdn%ﬁnevﬁéﬁkaﬁ@ﬂomfg%osﬁéﬁ 9&%&&&»&1 E. colt [0401) PUW201PW
(no insert) and

UWL in Str es a bus 31074
(Sanchez et at, w%?brﬁz’“g%_c?}?m“éﬁmﬁwgﬁ&zﬁmﬁm f/”W%(‘E%Tf%% f’Y"ﬁﬁ’”"gf prot opl asts
as descri bed byafm?yweieﬁdm@tB@ﬁcabemﬁ@(mhﬁmlvﬁﬁmmvowmwhﬁaoﬁ CM8Y Wi ch, 1985.
10402] A 200 i | bhaiédgiapo®©dpm Oftesp Euliiir@pled Sllutes WS PEASHeAIRS in\MASH] bafmasdkaiied with 1.9 pg

pPUML201PWor 2. % M‘?hg;]md éﬂwas’ﬂtﬁ @&2%@&%@@&1%%1]91\{@16 Gé/rglpt;r'lﬁg 1%80 on

non-sel ective R | at es n were sel ected by further
i ncubation for “°8%3‘§8°1¥%3df?‘/3‘”1 cﬁ% %ﬁ‘ég?s EZ‘?{ g@ﬂ?"a&waﬁs%‘é"f‘rf“gpton (250 pg/ mi).
Thi ost rept on re%@teaﬁlpswmw@wﬁﬁhtcsmww@s’éwfamméd"whéia&kumﬂé?%we@rof t he

PUWL- pl asmi ds byppipi@sds 3-Thops @plak QDde@M. Uk RGhd?| asind pindemipreliioh ) agen) .

Prepared plasm ﬁiemé\mvx@&n;@astrﬁamqmmmﬁnofﬁ»%l(4oalﬂ§acﬁtge,g@aer ate sufficient
anounts of ple QL%ISI s. Positive

str
t ransf or mant s V\%’cr"ga‘e fﬁ”‘ﬁ‘f%mdz‘%°r4'3%‘°"x fap%ﬁ?\s'%%agho"rmte”alff agar*®pl at es and i nsert
anal ysi s was dofigctpy adihgesis %Ssr‘imdd‘l8 hwrsafswdeﬁ wlmgvoiaﬂqnemwovaﬁdm% nl dI
endonucl eases. &80pmeREInSYIIREPE D e tellend mitbfegd, rasviag e sipettbanf néignent i n
positive pUNL20L.i5R ¢ R8s MMl € i n the control strains (pUAL201PW no such
fragment was observed. [0403] WId type strain and trattsfonnants of S. albus

C&r;\tL glo 2' r g conjoidp pm@amf{émm&%%mﬁ\émﬁnuui@;zrd%&mmten@é@senco:lllt ng o
P | 0 Weofzec? %Ad,zﬁ olast H]{lé%’z{ ﬁﬁ 'coﬁreduftgré%&)g?pgéﬁere cultivated in

duplicate on s in presence or
absence of thi oo epEFrme 2‘0@"3 Q‘F??E‘)“"Qﬂéﬂf’F“ﬁ‘Eiﬂ‘b*‘a‘i%’tﬁllF‘afP”@eﬁé%d“a’t 28C in sealed
head- space Vi al & siatedibsi bf thegd ctllrpro@€ed ot pram & Bevalbnidasiaet: Bp atieLisaaphes (end poi nt
nmeasur ement's) Weg 884 &l ikz8d e nfdalVEnl RodMVbIPHS a8 ik S QRL 8RR Was i denti fied
according to refgagggqmgﬁbgngtﬁwgnwgsl rrg],g ng npl ecul ar masses (67 in/z).

| soprene present i fiead space s el es™was “quant i fi ed by previ ously generat ed
calibration curves. Wiile wl d type S al bus and control strains harboring
PUANL201PW produced i soprene in concentrations slightly higher than the
detection |im t ViilpPrgiyction qisgprengfipmyE; coSBL eonipigiop s t9pr¥ i1 BVH MNP2EY4 so pr oduced

i soprene in at pieasdu topriccinthasexcess conpared Mcontrols (0.75 ppm Figure 72).
The results denonstrate successful expression of plant-derived isoprene
synthase in a prokaryotic organi smof t Actinonycetes group. Exanple 12:
Production of isoprene or tnevalonate fromfatty acid or palmoil in E coil
fail? atoC LS521S contai ning the upper or upper and | ower Meval onic Acid

pat hway plus kudzu isoprene synth ase. 104041 Escherichia colifadR atoC strain
L85218 (#6966) was obtained fromthe Coli Genetic Stock Center. FadR encodes a
transcription repressor that negatively regul ates expression of the genes
encodi ng fatty acid degradation enzynes (Canpbell et al., J. Bacterial. 183:
5982- 5990, 2001). AtoC is a response regulator in a two-conponent regulatory
systemw th AtoS, regul ates acetol actate netabolism The fadR atoC strain

all ows constitutive expression of the fatty acid degradati on genes and

:ﬂ




exanpl e Porcine pancreatic |ipase, Candida rugosa |lipase, or other simlar
| i pases) or chem cally by saponification with a base such as sodi um hydr oxi de.
1) .E. con jadR al oe strain expressing the upper Meval onic Acid pat hway 10405]
Strain WM was,gl. by el ectroporating pCLPtrcUpperR b at,0 LS5218
usi ng standar dw%@ﬁ/gﬁgs( Sanbr ooke el al., Mdlecular d gﬁ?/ﬂéy:a%ﬁbGEégbor atory
Manual , 2nd ed., Cold Spring Harbor, 1989). Incorporation of the plasm d was
denonstrated by the production of nevalonic acid (MVA) when cells were
cultured in TMB medi um suppl enented with either 02 fatty acid (FA) or palmoil
as the carbon source. To denonstrate production of WA by WM fromfatty acid,
cells froman overnight culture were diluted 1 to 100 into 5 rriL of nodified
TM3 nedium (TMB w t hout yeast extract) supplenmented with 0.25% C12 FA (Si gna
cat L9755). The B} sThe&qjtiresraigamne 16 ‘Ué‘f‘is‘g‘ﬁ“%?d“f?&/°ﬁ’)’b‘%}éf§s‘§ppar ent after
over ni ght i ncubaksmdincoatiniZ)E vpfer dndlewdr MY Epithvdyice de lpddutsupree syRhaachaets on | ncr eased
qver tthr e days gatrbdd aﬁob&fné thmalsmih&vxmmmf@thc {h%_s,lrmlmqlﬁd itdMbnepyn@elueed. To e ooult
enonstrate producti.on. o [om oi. n_.Qvernig culture
were diluted 1t0 1 %ﬁ mgrhﬁ?m o lenh;{‘)/@?eﬁ %&%%w%%fﬂﬁlyscﬁﬁ%le%%%ﬁ %gﬁdt 7 200 r ug of
di gest ed pal m offesiyBption e g5t bypRBIHBEP M TaTfRE S PSE SCETYA" bIE*WA production (50
ng/ L) was appar emtiniad tagmydn (&4 ugindjlot kanamgairipéus speatinoptycit (hah 4t d tof@tptpdotced cul ture at
30C. Product i on s pedieaseteRYRHn 4 i €eTid Sk varchisRalea bsadglhs: of 500 ng/L of
MVA produced. ii) E. coli fadR atoC strain expressing the upper and | ower WA
pat hway pl us kudzbn biSQREQAENS ¥itbhasen [s0ddfidacischerichia coli strain WM

(LS5218 fadR at _Pt.r P b d with plVviCML18
[ pTrcK K Dyl kI S to%%%y%vﬁxfoa?é#ﬁg@yr%%? Solglgt&iﬁéﬁﬁgf the piasm d was

denonstrat ed by &V HeATE B dUEHIE bt Bh4 G ene when the strain was

cul tured in TM3M&N25gbtickrse Myndnd AigHisdkamiit BL2L(EIES (100, 300, or 900 uM. The
strain was relatively sensitive to | PTG and showed a significant growth defect
even at 100 uM LRTG, «These, & s are shown in Figure 70A. [0407] To test

i soprene production from docl ecanoi c aci d,E WV 10 was cul tured overnight in L
broth cont ai ni ng¥pERITREAYER*E B8P 8GN EYand kanamycin (50 ug/m) at 37C
wi t h shaki ng at MZBER ppfudfiHken)deBl2sWSt e washed with nodified TM3 nedi um by
centrifugati on mxshizesus@ensiponxs DK @) ih Brmpemal culture volune with this
medi um The washed and resuspended cells fromthis starter culture were

di luted! tol00 lfo 10 into 5 f di fied TMB nedi um caont ai ning 0.125%
Qi Farty Acid RathrReehe o Gyt e A 1SR PP BBt | on of

meval onat e fronegarm wfrhight 3t A8 Cop singieeslopyfiad pagomaeads widtihindcplpadde at 37C and 250
rpm for several fndays il OB ine hegpepriat nibiakt Yhedekdgre(i@Wagenee cofentpydr ol ysi s was
judged by the foamiaL AR QR bl BESMNE! Bk Sk SN erea A9 il pdddi ti on, a

culture was set u y.diluting the washed ce|l t | to 10 into nodified TM3
medi um cont ai nef*Th"t t‘er%%!b(’é“gw%sgﬁmﬁ%ﬁpﬁmﬁ'ﬁLezim?ﬁP‘felﬁé' ref_eﬁt[ﬁ%g s set up by the
addi tion of 0. 1289herdrad herelisivere raprgidetiet (2 25 theaprropriggfantibiptic. s hed cel | s

Wi t hout further cthrtstiede QEn gliedOCOITVIE LB, %Ny ase, Ald the bppBpridl adtiBibkic$o 000Dgs omt h at 30C

W th shaking at of;%ﬁpfr&oq{ﬂkﬁﬂolea@fstmﬁn%regét‘&pt,&E&ﬁfo%ﬁﬁéﬂo&ﬁﬂﬂ%@%o@?ﬁuﬁﬁw addi tion of 50
uM I PTG | ncubati on was co ti (Cjulfo ich line 200 uL of each

. nye r 4 hours er )
of the cul tures™#8S %"?%’é’i/@‘!c;’fefj of st%rﬁrwéﬁé“_cug%eé?ﬁﬁa{%ﬁhélﬁ? ¥ 702 08 fi ed head
space assay (1 poiie atteenee #iicental 300 Gretizdhalkorngsaapliog Oge peipity-.  An
addi ti onal i sopaead s@aB5gYmyyaG:, GOODOkEtksiyd Ad hfadoouds isbpdeeaiiensof t he assay

gl ass bl ock pri ;Qegcrigegin leqnﬁt!s‘}f@Lr;§presénQ§HQ§o§ei3.o@he%ou&taﬁiscjpgge%geqs C_U| tures was
conti nued overni ght an .‘%aal n_assayed for isoprene

d 200 ul aliquots re a
production (1 hB FFd§ﬁ“d@§?a@@ﬁ”%ﬁ%ﬁﬁ%@ﬁ¥ﬁ%ﬁm§ 5%8P) the foll owi ng nor ning.
Anal ysis of these cultures showed the production of significant |evels of
i soprene. The highest |evels of isopreoe were observed in the culture which
was seeded at 1/10 dilution fromthe ovgrnight starter culture after it had
been i ncubated and i nduced ovem gbL This result suggests that this culture
continued to grow and increase in cell density. These results are shown in
Figure 7DB. Cell density could not be neasured directly because the fatty acid
suspensi on had a turbid appearance. Cell density of this culture was therefore
determ ned by plating an aliquot of the culture and showed 8 x107 col ony
formng units. This corresponds approximtely to an 013600 of 0. 1.
Neverthel ess, this culture provided significant isoprene production; no
i soprene is observed for simlar strains w thout the pathway described in this
exanpl e. Exanple 13: Inprovenent of isoprene prate-lion by constitutive



104101 Thi s exanpl e shows production of isoprene in a strain constitutively
expressing yME (pgl) conpared to a control strain with wld type ybh. E. The
gene ybirE (pgl) encodes a 6- phosphogl uconol act onase that suppresses
posttraosl ati q{p@koog{%?%pnyl ation of heterol ogously exprgssgd,piedsi ns and

i nproves product solubility and yield while al so inproving %IOHHSS yield and
flux through the pentose phosphate pathway (Aon et al. Applied and

Envi ronnental M crobi ol ogy, 74(4): 950-958,2008). [0411) The 8L21 strain of E.
cob' producing isoprene (EW.256) was constructed with constitutive expression
of the ybhE gene on a replicating plasnaid pBBRLMCS5( Gent ar nyci n) (obtai ned
fromDr. K Peterson, Louisiana State University). 10412] FRT-based

reconbi nation cassettes, and plasm ds for Red/ ET-nedi ated integration and
antibiotic marker |oopout were obtained from Gene Bridges GrbH (Ger many).
Procedur es usi ngab!ehesnedmeﬁioa*e@im@rce’fs(ra?nsri ed out according to Gene Bridges
protocol s. Primgns Pg ysﬁﬁr—cna@ng Iobl. 5-R were used to anplify the resistance
cassette fromthe FR'I'- -Cm FRT tenpl ate using Stratagene Hercul ase Il Fusion
kit according to the manuf acturer's protocol. The PCR reaction (50 uL final

vol ume) cont ai n¥EM%5 |88 buffer, 1 (L tenpl ate DNA ( FRT-gb2-Cm F from Gene
Bridges), 10 pnutmeof2mach pri mer, and 1.5 ul. 25nM dNTP m x, made to 50 ul.
wi th dH20. The Mgﬁmlﬂﬁ was cycl as follows: x 2 mnutes, 95C then 30 cycles
of (30 seconds at 63C, 3 minutes at 72C). [0413] The

resul ting PCR pH ot T’Wés purified using the Q aQ ck PCR purification kit

(Q agen) and el ¥EMiBpditated i nto el ectroconpetent MG 655 cells harboring the
pRed- FT reconblmsla-d&&m aining plasmd as follows. Cells were prepared by
growing in 5 oils of, d 0D600-0.6 at 30C. The cells were induced
for reconbi nase{%x ré ﬁg%ﬁtt mgﬂ%ﬂaaddl tion of 4% arabi nose and all owed to grow
for 30 mnutes at 30C foll owed by 30 mnutes of growth at 37C. An aliquot of
1.5 nals of thelXc&llysgsofmevalppeshiéd 3-4 tinmes in ice cold aka The final cell

pell et was resuppendedadntlade @b g0l mnci@Caot M3 -¥ilo) 26 sapiekd 2ondsighla- Of t he PCR
product was addgg,:; Kheu@h %%&@%{v@awgawm&ma {1 hi§haQl rellh v - T 0P Cuvettes,

at 1.3 kV in. a Gene Pul ser ect ropor at or 3i 0-Ra ). Cells were
recovered for P°§“ﬁ8ﬂ¥dé°’“§‘fU%G‘C"%’ﬂ&“%f"éf"é‘éﬁ Brpofrsskg syt Of‘,’Ber‘i‘t] A°Ahd chl or anpheni col
(5 ug/ m). Fivesorrenipsth oevatems agid wescent aquyyliwwlypatsﬂm*ﬁdfos@&@ewbmg usi ng
primers flanki NgedgagarddBy giMfaliddn 18 j0doepn{ & SPRHAURED ret:@le Sélls, pUbwedbdne49 rev and 3'
EcoRV- pgl st op; ﬁar,on]gmse’aﬁ%[q@ms;&;%mﬁ% %0 VB 6IA Gk n BOLLEGR T ansf Or mant was
selected and this stra ed G;sl [ 0414] The

chr omosomnal DMOB?O"W%%]gx\%ﬁT °5’ed H“x@ﬁ/ﬁ‘ \?\ﬁ’éﬂgﬁgﬁﬂf‘” T"@%T’easf‘%p Yo generate a PCR
fragment cont ai vraieps e fupFERTE2EKAROP0RI T1510is 2ad thelyhppEnatsgiiatsfrdto BPTRI s construct was
cl oned i nt o pBBRAGRhGEeBEAAR0]10,)5, 1@8d ¢ 0V @usSprepdian fif AgamAby. Aheye on referred

to as CMPG | . 5- vaaloy\@a%ld%mmjm%mmpte&ﬁmﬁbymbwga gkmmae;m Fand 3
primer 3' EcCoORV: e_resultin oned using the

| nvi trogen T@d%ﬂd?ﬁm'ﬂé?ogﬁ’imﬁéminf@ ey %‘%Mgﬁ‘ﬁéﬂfﬁ‘i da"LQS/%%ItAB‘r“W CR- Bl unt | | - TOPO as
suggest ed fr om efretiveraten fFlckeentiey Uﬂ@ﬁéﬂﬁ%ﬂ“ﬂﬁfﬂ&‘@hﬂ%“h‘&?@@ﬁflﬁ@n% he Cv2-011. 5- pgl
fragment was clemedsisatimet he Pstl site of pBBR I MCS5(Gentanycin). A 20ul
ligation reaction was prepared containing 541 CWP-Gl1.5-pgl insert, 20l

pBBRI MCS5( Gent enyci n) vector, |tsl T4 DNA |igase (New Engl and Bi ol abs), 2111
10X |i gase buffﬁamplwc&oa&rﬂ.mmqp p V8 bl YA Ol 1 MefaiR5d NCUDAL ed At T oom
terrperaturefor 40  m nut es -9 uL were el ectroporate |nto

el ecut conpet ent “‘f*g‘b‘f(’f"’é‘el S (I nV| trogen) usi ng the paraneters disclosed above.
Trausf onnant s wefFestseceefttsdprsnMVA prary ie atiaisyivfrg 10 ug/ ml chl or anpheni col and
5 ug/m Gentanycin. The sequence of the selected clone was determ ned using a
nunber of the primers described above as well as with the in-house T3 and
Reverse priners provided by Sequetech, qu This plasm d was desi gnat ed
pB8RCMPA 1. 5-pgl (Figures 77A-B and SEd D NO 122) 10415] Plasmd

pBBRCMPG 1. 5- pgl was el ectroporated into EW.256, as descri bed above in Exanpl e
10 and transfonnants were plated on L agar containing Chloranpheui col (10

ug/ m.), Gentamycin (5 ug/nlL), spectinonycin (50 ug/nL), and carbenicillin (50
ughnli). One transformant was sel ected and designated RML1608-2. Priners: Pgl -
5, - ACCGCCAAAAGCGACTAATTTTAGCTOTTACAOTCAGT TOAATTAACCCTCACTAAA GGEGCGECCEE- 3
(SEQ I D NG 115)




Pgl G1L1. 5- R OCTOGCGATATAAACTOTTTOCTTCATGAATOCTCCTTTGOGT TACCTCCGCGAAAC
GCGOTTGATTTGTTTAGTGGTTGAATTAI 11 GCTCAGGATGTGOCATAGT CAAGGGC
OTGACGOCTCGCTAATACGACTCACTATAOOOCTCGAG- 3" (SEQ ID NGO Iid) 3" EcoRV-pgl stop:
5'-CTT GAT TGC OIT AAC CAC CAC (SEQ I D NO 49 rev
CGTGAATTTGCTG&F%&%Q SEQ D NO 118) Bottom Pgb2: ;’%&é‘%"’?’%&égf&wmm ( SEQ
ID NO 119) Top GB's CW? (946): ACTGAAACG 1CATCOCTC (SEQ I D NG 120)

Pgi confirmF 5' - ACCGCCAAAAGCGACTAATTI TAGCT-3' (SEQ ID NO 121) i) Small scale
anal ysis [0416] Media Recipe (per liter fernentation nedia): [04171 K2HPO4
13.6 g, KH2PO4 13.6 g, MbSO4* 7H20 2 g, citric acid nonohydrate 2 g, ferric
anmoni um citrate 0. 3 g, (NI-14S04 3.2 g, yeast extract 1 g, 1000X Trace Metals
Sol uti on m . £ t he c‘gn%%nents wer f{ﬁ%%ded t oget her nd di ssol ved in

di 1120. The pH W& adjeysragy %“?"chcﬁ‘s hﬁ‘ﬂ?ﬁaﬁyﬂ?gxfi‘d' ¥%699 and brought
to vol unme. Medi aonfelsf theeprEromgitre Fliebirgraeihwa tohsisy o wognasimyelonhifhiehepdsy . G ucose 5.0
g and anti bi ot i G&Aaner &d ai0R Gndh ke hiGleRbded bZABIGSO Mhedkidhepbhraf@jedisicment [ 0418]

1000X Trace Met gl 7Q), WabBRbetRES anlrish 8 infaBl BRIk QDuBR AL Bhrrol of the

aprE promoter. A terminator is situated afier the mvaFE gene. The chloramphenicol resistance

marker is cloned afler the mvaF gene and the construct is integrated at the aprE lacus by double

cross over using flanking regions of homology.

[0353] Four DNA fragments are amplified by PCR such that they contain overhangs that will
allow them to be firsed together by 2 PCR reaction. PCR amplifications are carried out using

Herculase palymerase according to manufacturer’s instructions.

1: PaprE
CF 07-134 (+) Start of aprE promater Psil
5'- GACATCTGCAGCTCCATTTTCTTCTGC (SEQ ID NO:82)

CF 07-94 (-) Fuse PaprE to mval
5’- CAATAATAACTACTGTTTTCACTCTTTACCCTCTCCTTTTAA (SEQ 1D NO:83)
Template: Bacillus subtilis chromosomal DNA

2: mvakl

CF 07-93 (+) fuse mvak to the aprE proxmoter (GTG start codon)

5- TTAAAAGGAGAGGGTAAAGAGTGAAAACAGTAGTTATTATTG (SEQ ID NO:84)
CF 07-62 (-) Fuse mvaF to mvaS with RBS in between

S’- TITATCAATCCCAATTIGTCATGTTITTITACCTCCTTTATTGTTTICTTAAATC
(SEQ ID NO:35)

Template: Enterococcus faecalis chromosomal DNA (from ATCC)

3. mvaS

CF 07-61 (+) Fuse mvaFE to mvaS with RBS in between
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10419] Citric Acid *1120 40g, Mh504* H20 30g, NaC 10g, FeSO4* 71120 |g,
CoCl12* 6H20 g, Zn804 71120 Ig, CQuS™ *5H2.0 100ng, 113B03 100nmg, NaMo04* 2H20
100nmg. Each conponent is dissolved one at a tine in di H20. The pH is adjusted
to 3.0 with H(;J‘,{l)\lgJ nd then the solution is brought and
filter-sterilize gérm&gﬁﬁga 0.22 mcron filter. a) Experi %‘%ﬁ?s\g@h/%gedure [ 0420]

| soprene production was anal yzed by growing the strains in a Celleratorrmfrom
M cr oReact or Technol ogi es, Inc. The working volunme in each of the 24 wells was
4.5 nL. The tenperature was naintained at 30C, the pH setpoint was 7.0, the
oxygen flow setpoint was 20 sccmand the agitation rate was 800 rpm An

i noculumof E. coil strain taken froma frozen vial was streaked onto an LB
broth agar plate (with antibiotics) and i ncubated at 30C. A single colony was
inocul ated into’nmedia with antibiotics and grown overni ght. The bacteria were
di luted into 4.8ATiHTAsGAsRdIAATHALGG 0BT BAMAACRTCACA/TAGHRGAITGapAAcal density of

0. 05 neasured alse§phd£¢21] O f-gas analysis of isoprene was performed using a
gas chromat ograph-mass spectroneter (GC-MS) (Agilent) headspace assay. Sanpl e
preparation was as follows: 100 1.11, of whole broth was placed in a sealed GC
vial and i ncubat®H-1&tO)3Geht o ofavaStdederpit®s of 30 minutes. Fol | owi ng a heal

kill step, cons§stdauGCOMAGEHGOATTIONIRAGTVRACAT&GAACGRANGESSEGIDe sanpl e was

| oaded on the (p)0422] Optical density (OD) at a wavel ength of 550 nm was
obt ai ned usi ng _fl nf'atc,rEo,QI ate egd%r gS EBEH”HX) during the course of the run_
Speci fic productiVity was BBl hed By dirvi di ng the i soprene concentration
(pg/L) by the OD reading and the tinme (hour). [0423] The two strains EW.256
and RM 1608- 2 wepBemagspsise akatite s@Oprand tedfhiotM 1PTG i nduction | evel s. Sanpl es

were anal yzed f@fo7liSAPIESR. RiaGGES b @R Afocel | growh (0D550) at 1, 2.5, 4.75,
and 8 hours post,-} ' I ' I b) Results 10424]
The experi nent %é%%%ﬁ@?@?ﬁ%‘?wgﬁF&Egﬁgé%‘ff@ Shs of IPTG the

strain expressi¥g3®he ybhE (jig!) bad a dramatic 2-3 fold increase in specific
productivity of isoprene conpared to the control strain. ii) |Isoprene
fermentation fremgiks 0Rh br BEXDERSSINEAlr BBEZEI Neval onate ki nase, P. al ba
i soprene synth - I i 08-2) and grown in
fed-batch cul tﬁfgc%?‘qgﬁ(g&%g%géﬁgﬁ%?@%é&%pe (per liter
fermentation nmedium [04261 1C2HPO4 7.5 g, MgSO4* 7H20 2 g, citric acid
nonohydr ate 2 (lembler:Bradivoamyk@hicamcsotosakedNd. 3 g, yeast extract 0.5 g, 1000X
Modi fied Trace Metal Solution 1 m. Al of the conponents were added together
and di ssol ved igp.di FPQ. This sol ution was autoclaved. The pH was adjusted to
7.0 with ammoni um hydroxide (30% and g.s. to volune. ducose 10 g, thiamne *
HCl 0.1 g, and antibiotics were added after sterilization and pH adj ustnent.

5. Fuse mvak to mva$

CF 07-93 (+) fuse mvakF to the aprE promoter (GTG start codon)

5’- TTAAAAGGAGAGGGTAAAGAGTGAAAACAGTAGTTATTATTG (SEQ ID NO:84)

CF 07-124 (-) Fuse the end of mvaS to the terminator
5'- CGGGGCCAAGGCCGGTTTTTTTITAGTTICGATAAGAACGAACGGT (SEQID
NO:85)

Template: #2 and 3 from above

6. Fuse mvaE-mvaS$ to aprE promoter
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104271 1000X Modified trace Metal Solution: [0428] Ctric Acids * 1420 40 g,
M]Sal * H20 30 g, NaCl 10 g, FeSO4* 7H20 1g. CoCl2* 6H20 1 g, ZnSO4* 71-120 1
g, Cu804 * 5H20 100 ng, H3EO3 100 ny, NaMoai * 21120 100 ng, Each conponent is
di ssol ved one in D H20, pHto 3.0 with HCl/ 90.s. to

vol ume and fi Ivt%e%ﬁs%er%lsllzed with a 0.22 mcron filter 104 9%’5%%rrrentat|on was
performed in a 15-L bioreactor with BL21 (DE3) E. coli cells containing the
upper neval onic acid (MVA) pat hway (pCL Upper), the integrated | ower WA

pat hway (gi 1.21U(Dyl), high expression of neval onate Icinase fromM nazei and
i soprene synthase fromP. al ba (pTrcAl ba-rnWK), and hi gh expression of pgl
(pBER-pgl). This experinment was carried out to nonitor isoprene formation from
gl ucose at the desired fernmentation pH 7.0 and tenperature 34C. A frozen vi al
of the E. coli strain was thawed and inoculated into tryptone-yeast extract
medi um After tloeof-recykeiaigremodoerSD 1. 0, neasured at 550 mu, 500 m .. was
used to inocul at eGﬁCAk@TGCM@E@WTT@fG@@E@Q)Nd’@ initial volume to 54_ [0430]
G ucose was fed at an exponential rate until cel fs reached the stationary
phase. After this tinme the glucose feed was decreased to neet netabolic
demands. The t ofRAl7-ahodike befd g7 edsibe @iriFer ed to t he bi oreactor during the 40
hour (59 hour) $ecomrHCabbOECAUSBSTRTITIAGT{H.GATKYGAACBACAGUESEQ IO nduct i on was

achi eved by addypgs)| PTG The | PTG concentration was brought to 110 uM when the
optical density at 550 nna (0D550) reached a value of 4. The I PTG
concentration was raised to 192 104 when ()Dmreached 150. The 0D550 profile
Wi thin the bior &merer! BYEoPrwE i s shown in Figure 78A. The isoprene level in
the off gas fromthe bioreactor was determ ned using a Hi deo nass
spectroneter. Thepugcs,gbpgmg@mgdgto%&mr eased over the course of the fernentation
to a maxi num value of 33.2 gfL at 40 hours (48.6 g/L at 59 hours) (Figure
7813). The isoprene titer increased over the course of the fermentation to a
maxi mum val ue off o3ty osprfA™REUrS (60.5 g/L at 59 hours) (Figure 78C). The
total anount ofﬁi@@mTéﬁ@CmC@dme@Gﬂﬁfg(Sm@Mhour (59-hour) fermentation
was 281.3 g (451 g at 59 hours) and the tine course of production is shown

in Figure 78D. vol u productivity is shown in Figure
78E and shows t h%d E’uegam sq)efrmlri%bﬁmﬁill_/ hr was mai nt ai ned between 0 and

aver
40 hours (1.4 of L?WFAS%%@%AET@CS%T%GH&H()SEQWWet abol i ¢ activity
profile, as neasured by CER, is shown in Figure 78F. The nol ar yield of
utilized carbonrddat: #vatks | nto producing isoprene during fermentation was
19. 6% at 40 hours (23 6% at 59 hours). The wei ght percent yield of isoprene
fromglucose was_8. 9% at 40 hours (10.7% at 59 hours 10431] Unl ess defi ned
otherwi se, the HEAhi Hgeods sdieries WRAHTEig cndgperleaey aHba i wi farh used herein are
t hose conmonl y piMd@(Xteopbl. 1993. prgatiofal vaddrd r gemqtictohe@puititn it Zycilfain@iistphi s | nventi on
bel ongs. Si ngl e4;181m24. Bita. a&onex&e&tj AnReyandk. IMikr@abiselnoysiandld Mal geul ar  Bi ol ogy,

2nd ed., John W|. ; ) end@d, @ga rham The Har per
Col I'i ns Dicti o\r%% ;E;)ég ?C‘gcémml\lﬁg J%?%déﬂgbz%ﬁ%sfg& l‘fscgﬁé ) provide one of
skill with a geMEryf! °gél1%isl?’ &W)WCWM?SWW"P%M{”’@?WW?&P’? n this invention.
It is to be undergimnddidirat T shemigalig primpait dels apfotansformantt aeabeltcgd prhe parti cul ar

rrEt |h|0d0| ogK, Pr oA @6:ethiSs carBdddilnih SYSAN. Slhd@ﬁré‘cl’ﬂlabﬂidisic@xﬁiﬁidhﬁ&@eﬁﬁhlanuﬁi y. IO’le ofI

ski in the ar : . rials simlar
or equi val ent t%)es’%xl (L)Jspéﬂg%g%a?%ﬂg%mg%ga%@%ﬁ a%(dspgEI 'ng'?'sgmﬁ’omprgcu ce or test
the invention. 494s3P HrHREREIaGE Pt FITIBISAE Fbr'H OBk e f8t2q5eni t at i ons of the

vari ous aspect schoramphebi@tid negnl. & cofrecttchleny iisngieind 40 iy piwikr sednentiinoieaghiad by ref er ence

to the specifi cagthleﬁgca;&maphmglle 15 0533 k@bplESR iRk Apiesiith&ssene| ear |y

i ndi cat ed othermhggﬂt%u e tﬁe terms "a", "an," and the like refers to one or
nore. 104341 Refererce Lo R %5ut" a val ue or paraneter herein includes (and
descri bes) enbodlnents that are dlrectqg to that val ue or paraneter per se.

For exanple, description referring to &bout X" incl udes description of "X "
Numeri c ranges arc inclusive of the nunbers defining the range. 104351 It is
understood t hat aspects and enbodi ments of the invention described herein

i nclude "conprising," "consisting," and "consisting essentially of' aspects

and enbodi nent s.



Appendi x | Exenplary 1-deoxy-D- xyl ul ose-5-phosphate synthase nucl ei c acids and
pol ypepti des AT1-1: AT3021500(D3C _PS1) AT4015560( CLA1l) AT5011380( DXPS3) USA:
4338768 4340090 4342614 CME: CMFOS9C PFA: MAL13P1. 186 TAN: TA20470 TPV:
TPO1_0516 ECO,bh0d«Ptdxs) ECI: 1wW410(dxs) ECE: Z0523 ﬁ%@00§%9E0:30474 ECC:
c0531(dxs) EC1: UT189_C0443(dxs) ECP: ECP_0479 ECV: APECO1_1590(dxs) ECW
EcE24377A 0451(dxs) ECX: EcHS _A0491 STY: 8TY0461(dxs) STT: t2441(cbcs) SPT:
SPA2301(dxs) SEC. SC0463(dxs) STM STM)422(dxs) YPE: YP03177(dxs) YPK:
y1008(dxs) YPM YP_13754(dxs) YPA: YPA2671

[0355] The resulting strain is tested for mevalonic acid production by growing in LB
containing 1% glucose and 1%. Cultures are analyzed by GC for the production of mevalonic

acid.

[0356] This strain is used subsequently as a host for the integration of the lower mevalonic

acid pathway.
[0357] The following primers are used 10 sequence the various constructs above.

Sequencing primers:
CF 07-134 (+) Start of aprE promoter PstI
5'- GACATCTGCAGCTCCATTTTCTTCTGC (SEQ 1D NO:82)

CF 07-58 (+) Start of mvaE gene
5’- ATGAAAACAGTAGTTATTATTGATGC (SEQ ID NO:38)

CF 07-59 (-) End of mvaF gene
5’- ATGTTATTGTTITCTTAAATCATITAAAATAGC (SEQ ID NO:39}

CF 07-82 (+) Start of mvaS gene
5’- ATGACAATTGGGATTGATAAAATTAG (SEQ ID NO:40)

CF 07-83 (-) End of mvaS$ gene
5’- TTAGTTICGATAAGAACGAACGGT (SEQ 1D NO:41)

CF 07-86 (+) Sequence in mvak
5'- GAAATAGCCCCATTAGAAGTATC (SEQ ID NO:42)

CF 07-87 (+) Sequence in mvaF
5'- TIGCCAATCATATGATTGAAAATC (SEQ 1D NO:43)

CF 07-88 (+) Sequence in mvak
5’- GCTATGCTTCATTAGATCCTTATCG (SEQ 1D NO:44)
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YPN: YPN_0911 YPP: YPDSF 2812 |FS: YPTB0939(dxs) YP1l: Yps1P31758_3112( dxs)
SFL: SF0357(dxs) SEX: S0365(dxs) SFV: SPV_0385(dxs) SSN: SSON _0397(dxs) 5130:
880_0314(dxs) SDy: SDY_0310(dxs) ECA: ECA1131(dxs) PLC. pl u3887(dxs)

BUC: 131. 1464( dx§)ooBPas¢ BUsg448(dxs) VWBR WG pl44(dxs) gQas:pdtene KPN:
KPN_00372(dxs) EEL: 811238(dxs) EPN. BPEN 244(dxs) 1-L1N. 1-01439(dxs) HT:
NTH11691(t hs) CGSHi EE_04795 111Q CGSHI GG 01080 HDU: i D0441(dxs) HSQO
HS_0905(dxs) PMJ. PMD532(dxs) MsSU: MS1059(dxs) Apra! APL_0207(dxs) XFA: XF2249
XFT: PD1293(dxs) XCC:. XCC2434(dxs) X03: XC_1678 XCV: XCV2764(dxs) XAC
XAC2565( dxs)

CF 07-89 (+) Sequence mvaS
5’- GAAACCTACATCCAATCTTTTGCCC (SEQ ID NO:45)

[0358) Transformants are selected on LA containing chloramphenicol at a concentration of 5
pg/ml. One colony is confirmed to bave the correct integration by sequencing and is plated on
LA containing increasing concentrations of chloramphenicol over several days, to a final level of
25 pg/ml. This results in amplification of the cassette containing the genes of interest. The
resulting strain is designated CF 455: pJMupperpathway#1 X Bacillus subtilis aprEnprE Pxyl
comK (amplified to grow on LA containing chioramphenicol 25 pg/ml).

II. Constructjon of the Lower MV A pathway in Bacillus subtilis

[0359] The Jower MVA pathway, consisting of the genes mvkl, pmk, mpd and idi are
combined in a cassette consisting of flanking DNA regions from the nprE region of the B.
subtilis chromosome (site of integration), the aprE promater, and the spectinomycin resistance
marker (see Figures 28 and 29). This cassette is synthesized by DNA2.0 and is integrated into
the chromosome of B, subtilis containing the upper MVA pathway integrated at the aptE locus.
The kudzu isoprene synthase gene is expressed from the replicating plasmid described in

Example 4 and is transformed into the strain with both upper and lower pathways integrated.

Example 10: Production of isoprene in E, coli expressing M. mazei mevalonate kinase and

P. alba isoprene synthase

1. Construction of vectors and strains encoding M. mazei mevalonate kinase (MVK) and P. alba

isoprenc synthase
(i) Construction of strain EWL201 (BL21, Cmn-GI1.2-KKDyl)

[0360] E. coli BL21 (Novagen brand, EMD Biosciences, Inc.) was a recipient strain,
transduced with MCM331 P1 lysate (lysate prepared according to the method described in
Ausubel, et al., Current Protocols in Molecular Biology. John Wiley and Sons, Inc.).
Transductants were selected for by spreading cells onto L Agar and 20 pg/pl chloramphenicol.

The plates were incubated overnight at 30°C. Analysis of transductants showed no colonies on
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X00: X002017(dxs) XOM 11(00_1900(3(001900) VCH. VCO889 WU. WI _0315 WY:
V0868 ' VI A: VP0686 VFI: VFO711 PPR PBPRAO8S05 PAP: PA4044(dxs) PM:
PA14_11550(dxs) PAP: PSPA7_1057(dxs) PR): PP_0527(dxs) PST: PSPTO_0698(dxs)

PSB: Psyr_0604,PSE;ESPPH_0599( dxs) Pit: PFL_5510( dXS) p@hidoRlskec5007 PEN:
PSEEN0600( dxs) " PMY. Brien_3844 PAR = Psye 0221(dxs) PCR  Peryo. 0945

control plates (water + cells control plate for reversion and water and P1 lysate contsol plate for

lysate contamination.

[0361] Four transductants were picked and used to inoculate 5 mI L Broth and 20 pg/pl
chloramphenicol. The cultures were growa overnight at 30°C with shaking at 200 rpm. To
make genomic DNA preps of each transductant for PCR analysis, 1.5mL of overnight cell
culture were centrifuged. The cell pellet was resuspended with 400l Resuspension Buffet
(20mM Tris, ImM EDTA, 50mM NaCl, pH 7.5) and 4p] RNase, DNase-free (Roche) was
added. The tubes were incubated at 37°C for 30 minntes followed by the addition of 4pl 16%
SDS and 41| of 10mg/ml Proteinase K stock solution (Sigma-Aldrich). The tubes were
incubated at 37°C for 1 hour. The cell lysate was transferred into 2mi Phase Lock Light Gel
tubes (Eppendorf) and 200pl each of saturated phenol pH7.9 (Ambion Inc.) and chloroform were
added. The tubes were mixed well and microcentrifuged for S minutes. A second extraction
was done with 400ul chloroform ang the aqueous layer was ransferred to a new eppendorf tube.
The genomic DNA was precipitated by the addition of 1ml of 100% ethanol and centrifugation
for 5 minutes. The genomic DNA pellet was washed with 1ml 70% ethanol. The ethanol was
removed and the genomic DNA pellet was allowed to air dry briefly. The genomic DNA pellet
was resuspeaded with 200pl TE.,

[0362] Using Pfu Ultra I DNA polymerase (Stratagene) and 200ng/ul of geromic DNA as
template, 2 different sets of PCR reaction tubes were prepared according to manufacturer’s
protocol. For set 1, primers MCM130 and GB Cm-Rev (Table 4) were used to ensure
transductants were successfully integrated into the attTn7 locus. PCR parameters for set 1 were
95°C for 2 minutes (first cycle only), 95°C for 25 seconds, 55°C for 25 seconds, 72°C for 25
seconds (repeat steps 2-4 for 28 cycles), 72°C for | minute. For set 2, primers MVD For and
MVD Reyv (Table 4) were used to ensure that the gi].2-KKDy! opcron integrated properly. PCR
parameters for set 2 were 95°C for 2 minutes (first cycle only), 95°C for 25 seconds, 55°C for 25
seconds, 72°C for 10 seconds (repeat steps 2-4 for 28 cycles), 72°C for | minute. Analysis of
PCR amplicons on a 1.2% E-gel (Invitrogen Corp.) showed that all 4 transductant clones were
correct (picked one and designated as strain EWL201).

ii) Construction of Strain EWL204 (BL21, loopout-G11.2-KKDyT)
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ACl : ACI AD3247(dxs) SON: SO_1525(clxs) SDN: Sden257) SFR Sfri_2790 SAZ: Sarna
2436 SBL: Shal _1357 SLO Shew2771 SHE: Shewm4_2731 SHM Shewnr 7_2804 SRN:
Shewana32901 SHW Sputw31 81_2831 |1LO 1L2138(dxs) CPS: CP8_| 088(dxs) PHA

PSHAa2366( dXS)wiAlieBad | _1319 SDE: Sde 3381 PIN Ping 22d@:ddsd/bg a 2438
MCA: MCA0817(dxs) FTU: FTT1018c(dxs) FTF: FTF1018c(dxs) FTW FTW 0925(dxs)
FTL: FTL_1072

[0363] The chloramphenicol marker was looped out of strain EWL201 using plasmid pCP20
as described by Datserko and Wanner (2000) (Datsenko et al., Proc Natl. Acad. Sci USA
97:6640-6645, 2000). One-step inactivation of chromosomal genes in Escherichia coli K-12
using PCR products. (Datsenko et al., PNAS, 97: 6640-6645, 2000). EWL20] cells were grown
in L Broth to midlog phase and then washed three times in ice-cold, sterile water. An aliquot of
50ul of cell suspension was mixed with 1ul of pCP20 and the cell suspension mixture was
electroporated in a 2mm cuvette (Invitrogen Corp.) at 2.5 Volts and 25uFd using a Gene Pulser
Electroporator (Bio-Rad Inc.). 1mi of LB was immediately added to the cells, then transferred to
a 14m) polypropylene tube (Sarstedt) with a metal cap. Cells were allowed to recover by
growing for 1 hour at 30°C. Transformants were selected on L Agar and 20pg/pl
chloramphenicol and 50pg/ul carbenicillin and incubated at 30°C overnight. The next day, a
single clone was grown in 10ml L Broth and 50pg/ul carbenicillin at 30°C until early log phase.
The temperature of the growing culture was then shifted to 42°C for 2 hours. Serial dilutions
were made, the cells were then spread onto LA plates (no antibiotic selection), and incubated
overnight at 30°C. The next day, 20 colonies were picked and patched onto L Agar (no
antibiotics) and LA and 20pg/pl chloramphenicol plates. Plates were then incubated overnight
at 30°C. Cells able to grow on LA plates, but not LA and 20pg/ul chloraruphenicol plates, were
deemed to have the chloramphenicol marker looped out (picked one and designated as strain
EWL204).

fif) Construction of plasmid pEWL230 (pTrc P. alba)

[0364] Generation of a synthetic gene encoding Popuius alba isoprene synthase (P. alba HGS)
was outsourced to DNA2.0 Inc. (Menlo Park, CA) based on their codon optimization method for
E. coli expression. The synthetic gene was custom cloned into plasmid pET24a (Novagen
brand, EMD Biosciences, Inc.) and delivered lyophilized (Figures 54, 55A and 55B).

10365] A PCR reaction was performed to arnplify the P. alba isoprene synthase (P. alba HGS)
gene using pET24 P. alba HGS as the template, primers MCM182 and MCM192, and Herculase
11 Fusion DNA polymerase (Stratagene) according to manufacturer’s protocol. PCR conditions
were as follows: 95°C for 2 minutes (first cycle only), 95°C for 25 seconds, 55°C for 20

seconds, 72°C for 1 minute, repeat for 25 cycles, with final extension at 72°C for 3 minutes.
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FTH: FT14_1047(dxs) PTA: FTA 1131(dxs) FIN. FTN 0896(dxs) NOC: Noc_1 743 AEH;
Mgl 381 1TCH 11Cl1 05866(dxs) CSA: Csal 0099 ABO. AB 0 2 | 66(dxs) AHA:

AHA 3321(dxs) BCl: BCl_0275(dxs) RMA: Rmag 0386 VOK: C08Y _0360(dxs) NM E:

NVBI 867 NVA: } s) NMC. NMCOB52(dxs) NGO NG00 2602(dxs) RS
0: %czzzl(dx% A MNossn Rere i " A2732( dxs) ey ol 2 002
BMAAO330( dxs) BM V: 13MASAVPL 1512(dxs) BML: BMA10299 1706(dxs) BMN:

3MAL0247_ A0364(dxs) BXE: Bxe B2827 BUR. B cep] 8 941322] 1 BON: Bcen_4486 BCH
Bceu2424 3879 BAM Banb 3250 BPS: BPSS1762(dxs) BPM BURPSL71Db_A0842( dxs)
BPLBURPSI106A A2392(dxs) BPD. S8URPS668 A2534(dxs) BTE: BTHL1061 4(dxs) BPE:
BP2798(dxs) BPA: BPP2464(dxs) BBR BL31912(dxs) RFR Rter 2875

The P. alba isoprene synthase PCR product was purified using QlAquick PCR Purification Kit
(Qiagen Inc.).

[0366] P. alba isoprene synthase PCR product was then digested in a 20ul reaction containing
1ul BspHI endonuclease (New England Biolabs) with 2pl 10X NEB Buffer 4. The reaction was
incubated for 2 hours at 37°C. The digested PCR fragment was then purified using the
QIAquick PCR Purification Kit. A secondary restriction digest was performed in a 20pl reaction
containing 1ul Ps¢I endonuclease (Roche) with 2gl 10X Buffer H. The reaction was incubated
for 2 hours at 37°C, The digested PCR fragment was then purified using the QlAquick PCR
Purification Kit. Plasmid pTrcHis2B (Invitrogen Corp.) was digested in a 20y reaction
containing 1l Ncol endonuclease (Roche), 1l Psil endonuclease, and 2pl 10X Buffer H. The
reaction was incubated for 2 hours at 37°C. The digested pTrcHis2B vector was gel purified
using a 1.2% E-gel (Invitrogen Corp.) and extracted using the QIAquick Gel Extraction Kit
(Qiagen) (Figure 56). Using the compatible cohesive ends of BspHY and Ncol sites, a 20ul
ligation reaction was prepared containing 5pl P. alba isoprene synthase insert, 2ul pTre vector,
1l T4 DNA ligase (New England Biolabs), 2ul 10X ligase buffer, and 10pul ddH0. The
ligation mixture was incubated at room temperature for 40 mioutes. The ligation mixture was
desalted by floating a 0.025um nitrocellulose membrane flter Millipore) in a petri dish of
ddH;O and applying the Jigation mixture gently on top of the nitrocellulose membrane filter for
30 minutes at room temnperature. MCM446 cells (See section II) were grown in LB to midlog
phase and then washed three times in ice-cold, sterile water. An aliquot of 50p1 of cell
suspension was mixed with 5pi of desalted pTre P.alba HGS ligation mix. The cell suspension
mixture was electroporaled in a 2rm cuvette at 2.5 Volts and 25uFd using a Gene Pulser
Electroporator. 1ml of LB is immediately added to the cells, then transferred to a 14ml
polypropylene tube (Sarstedt) with a metal cap. Cells were allowed to recover by growing for 2
hour at 30°C. Transformants were selected on L Agar and 50pg/pl carbenicillin and 10mM
mevalonic acid and incubated at 30°C. The next day, 6 transformants were picked and grown in
Sml L Broth and 50pg/pl carbenicillin tubes overnight at 30°C. Plasmid preps were performed
on the overnight cultures using QlAquick Spin Miniprep Kit (Qiagen). Due to the use of BL2]
cells for propagating plasmids, a modification of washing the spin columns with PB Buffer 5X
and PE Buffer 3X was incorporated to the standard manufacturer’s protocol for achieving high
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POL: Bpro_| 747 Pnap_1501 AJS: A s_1038 MPT: Moe_A2631 HAR BEAR0279(dxs) MVE:
rama 0331 NEU. NE1 | 61(dxs) NET: Neuti 50] NM]: Nnul A0236 EBA:
ebA4439(dxs) AZO azol198(dx_s) DAR Daro_306] TBD: Thd 0879 M-A Mla 2133

RP?: HP 0354( q‘é@%"%@%ﬁj hp0328(cLxs) I11PA: HP Am_034?%})?§§608§%g§08(dxs) HAC:

Hac_0968( dxs) 996 TDN: Tnden 0475 CIE: G 0321 CE0366( dxs)
CJE1176_0343(dxs) C8J_0298(dxs) Cl D HD26997 1642(dxs) CFF. CFF8240_0264( dxs)

quality plasmid DNA. Plasmids were digested with Pstl in a 20pl reaction to ensure the correct
sized linear fragment. All 6 plasmids were the correct size and shipped to Quintara Biosciences
(Beikeley, CA) for sequencing with primers MCM65, MCM66, EL1000 (Table 4). DNA
sequencing results showed all 6 plasmids were correct. Picked one and designated plasmid as
EWL230 (Figures 57, 58A and 58B).

iv) Construction of plasmid pEWL244 (pTrc P. alba-mMVK)

[0367] A PCR reaction was performed to amplify the Methanosarcina mazei (M. mazei) MVK
gene using MCM376 as the template (see section v), primers MCM165 and MCM177 (see Table
4), and Pfu Ultra IT Fusion DNA polymerase (Stratagene) according to manufacturer’s protocol.
PCR conditions were as follows: 95°C for 2 minutes (first cycle only), 95°C for 25 seconds,
55°C for 25 seconds, 72°C for 18 seconds, repeat for 28 cycles, with final extension at 72°C for
1 minute. The M. mazei MVK PCR product was purified using QILAquick PCR Purification Xit
(Qiagen Inc.,)

[0368] The M. mazei MVK PCR product was then digested in a 40p1 reaction containing 8l
PCR product, 2pl Pmel endonuclease (New England Biolabs), 4ul 10X NEB Buffer 4, 4ul 10X
NEB BSA, and 22p! of ddH»0. The reaction was incubated for 3 hours at 37°C. The digested
PCR fragment was then purified using the QlAquick PCR Purification Kit. A secondary
restriction digest was performed in a 47p] reaction containing 2pl Nsil endonuclease (Roche),
4,7ul 10X Buffer H, and 40u] of Pmel digested M, mazei MVK fragment. The reaction was
incubated for 3 hours at 37°C. The digested PCR fragment was then gel purified using a 1.2%
E-gel and extracted using the QIAquick Gel Extraction Kit. Plasmid EWL230 was digested in a
40p] reaction contaimng 10ul plasmid, 2pl Pmel endonuclease, 4pl 10X NEB Buffer 4, 4pl
10X NEB BSA, and 20p] of ddH;0. The reaction was incubated for 3 hours at 37°C. The
digested PCR fragment was then purified using the QlAquick PCR Purification Kit. A
secondary restriction digest was performed in a 47ul reaction containing 2ul Ps¢l endonuclease,
4.7ul 10X Buffer H, and 40ul of Pmel digested EWL230 linear fragment. The reaction was
incubated for 3 hours at 37°C. The digesied PCR fragment was then gel purified usinga 1.2%
E-gel and extracted using the QIAquick Gel Extraction Kit (Figure 59). Using the compatible

cohesive ends of Nsil and Pst] sites, a 20p] ligation reaction was prepared containing 8p1 M.
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CD!I: CCV52592_1671(dxs) CCV52592_ 1722 CHA: CHAB381 1297(dxs) CCO
CCCl 3826_1594( dxs) ABU: Abu_2139(dxs) NI'S: N S 0391(dxs) SUN: SUN 2055( dxs)
GSU: GSUD686(dxs-1) GSU | 764(dxs-2) GVE: Gret 1934 Gret 2822 PCA: Pcar_ 1667

PPD: Ppro_119 3 DVU DVLJI 350(dxs) DVL: DvO1_ 7 pde_2200 LI P:
L1 0408( dsx) P Bl oY Adeh_1097 MXA: MXAN 4643(dﬂ1§%@;$%SYN 02456
SFU. Sfum| 418

mazei MVK insert, 3ul EWL230 plasmid, 1pl T4 DNA ligase, 2l 10X ligase buffer, and 6ul
ddH;0. The ligation mixture was incubated at overnight at 16°C. The next day, the ligation
mixture was desalted by floating a 0.025pm nitrocellulose membrane filter in a petri dish of
ddH;0 and applying the ligation mixture gently on top of the nitrocellulose membrane filter for
30 minutes at room temperature, MCM446 cells were grown in LB to midlog phase and then
washed three times in ice-cold, sterile water. An aliquot of 50pl of cell suspension was mixed
with 5pl of desalted pTre P.alba-mMVK ligation mix. The cell suspension mixture was
electroporated in a 2mm cuvette at 2.5 Volts and 25uFd using a Gene Pulser Electroporator. 1ml
of LB is immediately added to the cells, then the cells are transferred to a 14ml polypropylene
tube with a metal cap. Cells were allowed to recover by growing for 2 hour at 30°C.
Transformants were selected on LA and 50pg/ul carbenicillin and 5mM mevalonic acid plates
and incubated at 30°C. The next day, 6 transformants were picked and grown in Sml LB and
50pg/pl carbenicillin tubes overnight at 30°C. Plasmid preps were performed on the overnight
cultures using QIAquick Spin Miniprep Kit. Due to the use of BL21 cells for propagating
plasmids, a modification of washing the spin columns with PB Buffer 5X and PE Buffer 3X was
incorporated to the standard manufacturer’s protocol for achieving high quality plasmid DNA.
Plasmids were digested with Pstl in a 20pl reaction to ensure the correct sized linear fragment.
Three of the 6 plasmids were the correct size and shipped to Quintara Biosciences for
sequencing with primers MCM65, MCM66, EL1000, EL1003, and EL1006 (Table 4). DNA
sequencing results showed all 3 plasmids were correct. Picked one and designated plasmid as
EWL244 (Figures 60 and 61A-B).

v) Construction of plasmid MCM376 - MVXK from M mazei archacal Lower in pET200D.

[0369] The MVK ORF from the M. mazei archaeal Lower Pathway operon (Figures 73A-C)
was PCR amplified using primers MCM161 and MCM]62 (Table 4) using the Invitrogen
Platinum HiFi PCR mix. 45 uL of PCR mix was combined with 1 uL template, 1 uL, of each
primer at 10 uM, and 2 ul water. The reaction was cycled as follows: 94 °C for 2:00 minutes;
30 cycles of 94 °C for 0:30 minutes, 55 °C for 0:30 minutes and 68 °C for 1:15 minutes; and then
72 °C for 7:00 minutes, and 4 °C until cool. 3 uL of this PCR reactior was ligated to Invitrogen
pET200D plasmid according to the manufacturer’s protocol. 3 ulL of this ligation was
introduced into Invitrogen TOP1Q cells, and transformants were selected on LA/kan50. A
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PUB: SARI

1051 1(dxs) M.O nir7474 MES: Meso_0735 SME: SMc00972(dxs) ATV:

Alu0745(dxs) ATC. AGR C 1351 RET: RRE CH00913(dxs) RLE: RL0973(dxs) BME:
BVEL1498 BMP: 3ABL_0462(dxs) EMS: BRO436(dxs) BMB: BraAbl_0458(dxs) BOV:

BOV_0443( CLXS)wiMos@ihe651( dxs) BRA: BRAD02161(dxs) BBFem@Bi
12_PA0952(dxs) RPB: RPB 4460 RPC. RPC_1149 RPD. RPD 4305 R _PB:

Nwi 0633 NRA: Nham 0778 BRE: 8H04350(dxs) BQU: BQD3540( dxs)

plasmid from a transforment was isolated and the insert sequenced, resulting in MCM376
(Figures 74A-C).

vi) Construction of strain EWL251 (BL21(DE3), Cm-GI1.2-KKDyl, pTrc P.alba-mMVK)

[0370] MCM331 cells {(which contain chromosomal construct gil . 2KKDyl enceding S.
cerevisiae mevalonate kinase, mevalonate phosphate kinase, mevalonate pyrophosphate
decarboxylase, and JPP isomerase) were grown in LB to midlog phase and then washed three
times in ice-cold, sterile water. Mixed 50pl of cell suspension with 1p] of plasmid EWL244.
The cell suspension mixture was electroporated in a 2mm cuvette at 2.5 Volts and 25uFd using a
Gene Pulser Electroporator. 1ml of LB is immediately added to the cells, then the cells were
transferred to a 14ml polypropylene tube with a metal cap. Cells were allowed to recover by
growing for 2 hours at 30°C. Trensformants were selected on LA and 50p g/l carbenicillin and
5SmM mevalonic acid plates and incubated at 37°C. One colony was selected and designated as
strain EWL251.

vil) Construction of strain EWI.256 (BL21{DE3}, Cm-GI11.2-KKDvI pTre P.alba-mMVK, pCL

Upper MVA)
[0371] EWL251 cells were grown in LB to midlog phase and then washed three times in ice-

cold, sterile water. Mixed 50pl of cell suspension with 1l of plasmid MCM82 (which is pCL
PrcUpperPathway encoding L. faecalis mvaE and mvaS). The cell suspension mixture was
electroporated in a 2rom cuvettc‘ at 2.5 Volts and 25vFd using a Gene Pulser Electroporator. 1ml
of LB was immediately added to the cells, then transferred to a 14ml] polypropylene tube with a
metal cap. Cells were allowed to rccover by growing for 2 hour at 30°C. Transformants were
selected on LA and 50ug/pl carbenicillin and 5Qpg/pl spectinomyein plates and incubated at
37°C. Picked one colony and designated as straim EWL256.

Table 4: Primer Sequences

Primer Primer sequence
name

MCMI130 | ACCAATTGCACCCGGCAGA (SEQ 1D NO:94)

GBCm  GCTAAAGCGCATGCTCCAGAC (SEQ 1D NO:95)
Rev

MVD GACTGGCCTCAGATGAAAGC (SEQ ID NO:96)
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BBK: BARBAKC583_0400(dxs) CCR CC 2068 SIL: SP00247(dxs) SIT: TM 1040 2920
ASPI RSP_0254(cLssA) RSP _1134(dxs) |AN: Jann 0088 Jani 0170 RDE:
RD1_0101(dxs) RDI_0548(dxs) MVR Mhoar 100849 HNE 1838(dxs) ZMD. ZMD1234(dxs)
ZMD1598( dxs) NAR: 0161 SAL: Sala 2354 ELI: ELI 12 . G DX0252 GBE.
GoC@NlHl_ozzmﬂz@{ﬁ%En 2404 RAU. Rru_A0054 RnLAzalgé‘%ﬁﬁg%%r%%m MGM
Mircl 1048 SUS: Acid 1783 BSU: BGL1715(dxs) BHA: BH2779 BAN: BA4400(dxs) BAR:
GBAA4Z00( i xS)

For

LI\i[VD CAAACATGTGGCATGGAAAG (SEQ ID NO:97)
Rev
MCMI182 | GGGCCCGTTTAAACTTTAACTAGACTCTGCAGTTAGCGTTCAAACGGCAGAA
(SEQ 1D NQ.98)

MCM192 | CGCATGCATGTCATGAGATGTAGCGTGTCCACCGAAAA (SEQ ID NO-99

MCM6E5 | ACAATITCACACAGGAAACAGC (SEQ ID NO:100)
MCM66 | CCAGGCAAATTCTGTTITATCAG (SEQ ID NO:101)
EL1000 | GCACTGTCTTITCCGTCTGCTGC (SEQ ID NO:102)

MCMI165 | GCGAACGATGCATAAAGGAGGTAAAAAAACATGGTATCCTGTTICTGCGCCGGG
TAAGATTTACCTG (SEQ ID NO:103)

MCMI177 | GGGCCCGTTTAAACTITAACTAGACTITAATCTACTTTCAGACCTTGC (SEQ ID
NO:104)

EL1003 | GATAGTAACGGCTGCGCTGCTACC (SEQ ID NO:105)

EL1006 | GACAGCTTATCATCGACTGCACG (SEQ ID NC:106)

MCM]I6] | CACCATGGTATCCTGTTCTGCG (SEQ 1D NO:107)
MCMI162 | TTAATCTACTITCAGACCTTGC (SEQ 1D NO:108)

1I. Construction of MCM442-449: BI.21 and BL21(DE3) with FR T-emR-FRT-gil . x-mKKDyl
1} Construction of Template for Recembination

[0372] FRT-based recombination casseties, and plasmids for Red/ET-mediated imegration and
antibiotic marker loopout were cbtaincd from Gene Bridges GrobH (Germany). Procedures
using these materials were carried out according lo Gene Bridges protocols. Pomers MCM]93
and MCM]195 were used to amplify the resistance cassctte from the FRT-gh2-Cm-FRT template
using Stratagene Herculase II Fusion kit according to the manufacturer’s protocol, The 5Gul.
reaction was cycled as follows: 95°C, 2 minutes; (95°C, 20 seconds, 55°C, 20 seconds, 72°C, 1
minute} x 5, (95°C, 20 seconds, 6G°C, 20 secands, 72°C, 1 minute) x 25; 72°C, 3 migutes; 4°C
untii cool. The amplicon was purified by a Qiagen PCR column according to the manufacturer’s
protacol and eluted in 30ul. EB (Elution Buffer). DNA was digested with Nefel and Peil in a
20ul reaction with 1x Roche H buffer and ¢.5uL BSA. Plasmid MCM376 was digested in a
10uL reaction containing Jul eack of Ndel, Ncol, and Roche E buffer. Reactions proceeded
avernight at 37°C, and 1hen cut DNA was purified on Qiagen PCR columns and eluted in 30uL
EB. Tke PCR product was ligated into MCM376 1u a reaction containing luL vector, 3ul. PCR
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B AA. BA 4853 BAT: BASICS) BCE: BCA176(dxs) 13 CA: BCE 4249(dxs) BCZ:
BCZK3930(drcs) )3TK: BT9727 3919(dxs) BTL: BALH 3785(dxs) ELF BLO1523( dxs)
BLD: 3L102598(dxs) BCL: ABC2462(dxs) BAY: REAM 022600 BPU. BPUMR159 GKA:
01(2392 GING 232 20dd¥kdss | M01365(tkt B)  LMF: LMDf 2365_138:2(6ksinsssco

i n1402(t 1dB) LANE: 1we1380(11a)

product, TuL Roche Quick Ligase Buffer 2, Sul, Bufferl, and 1uL Ligase. The reaction
proceeded at room teraperature for 3 hours and then SuL was transformed into Invitrogen TOP10
cells according to the manufacturer’s protocol. Transformants were selected on L agar (LA) and

chloramphenicol (10 ug/mLO) at 37°C overnight.

[0373] Transformant colonies were patched onto LA containing chloramphenicol (30 ug/mL)
and kanamycin (50 ug/ml) for storage and sent to Quintara (Berkeley, CA) for sequencing. Four
clones, one each with the four different nucleotides at the “N” in primer MCM 195, were found
10 have the correct sequence for the inserted promoter. Clones were grown in SmL LB
containiag chloramphenicol (30 ug/mL) and karamy¢in (50 ug/mU) and used for the preparation

of plasmid DNA. This plasmid was retransformed into TOP 10 cells and strains were frozen as:

Table 5: MCM484-487

MCM484 | cmR-gil.6-MVK(mazei) in pET (clone Al-3, variable nt A)

MCM485 | cmR-gil.0-MVK(mazei) in pET (clone B4-6, variable nt C)

MCM486 | cmR-gil.2-MVK(mazei) in pET (clone CI-5, variable nt G)
| MCM487 | cmR-gil.5-MVK(mazei) in pET (clone C3-3, variable nt T)

1) Creation of Recombination Target Strains MCM349 and MCM441

10374) The chloramphenicol resistance (crnR) marker was looped out of strain MCM331 using
plasmid pGB706 (GeneBridges) according to Manufacturer’s instructions. MCM331 cells were
grown to mid-log in LB and washed three times in iced, sterile water. A 1uL zliquot of pGB706
DNA was added 10 50ul. of cell suspension and this mixture was electroporated in a 2imun
cuvette at 2.5 volts, 25uFd followed immediately by recovery in 500ul LB for one hour at 30C.
Transformants were selected on LB containing tetracycline (5 ug/ml) at 30°C. The following
day, a clone was grown up at 30°C in LB containing tetracycline (5 ug/ml) until visibly turbid
(OD600~0.5-0.8). This culture was streaked onto LB and grown overnight at 37°C. A clone
that was unable to grow on LB containing chloramphenicol (10 ug/mL) or LB containing
tetracycline (5 ug/mL) was frozen as MCM348. Plasmid MCM356 (pRedET carbencillin;
GeneBridges) was electroporated in as described above and transformants were selected on LB
containing carbenicillin (50 ug/mL) at 30°C. A clone was grown in LB carbenicillin (50 ug/mL)
at 30°C and frozen as MCM3489.

113



LLA: L108911(dxsA) L123365(dxsB) LLC: LACR 1572 LACR 1843 LLM | 1nB_0749(dxsB)
SAX: SAI C 0253 LPL: 1p2610(dxs) LJO L10406 LAC. LBA0356 LSL: L8L_0209(dxs)
LGA: LGAS 0350 8TH: STH1842 CAC. CAC2077 CA P0106( dxs) CPE: CPE1819 CPF:

CPF_2073(dxs) .CPR. CPR 1787(dxs) CTC. CTCD1575 CTH
Ct he_0828 CDRVgET Y¥I°&s) cHO ©B01881(clxs) CB A CLB%%gﬁﬁ?gﬁéé

CLC 1825(dxs) CBF: CLI_1945(dxs) CKL: CKL_1231(dxs) CITY: CHY 1985(dxs) DSY:
D5Y2348 DRM Dred_1078 PTH. P1l-1_1196(dxs) SWO Swol 0582 CSC. Csac_| 853
TTE: TTE1298(dxs) MIA: Mth 1511

[1375] Strajin MCM441 was created by electrotransforming plasmid MCM356 into EWIL.204

as above,

1ii) Recombination of FRT-craR-FRT-gi 1. x-mMVK info MCM349 and MCM441

[0376] Plasmids MCM484-487 were used as template for PCR arnplification with primers
MCMI120 and MCM196 and Herculase IT Tusion kit, according to the manufacturer’s protocol.
Three reactions per template were carried out, with 0, 1, or 3ul. DMSO. The 50uL reactlions
were cycled as follows: 95°C, 2 minutes; (95°C, 20 seconds; 55°C 20 seconds; 72°C, 1.5
minutes) for five cycles; (95°C, 20 seconds; 60°C 20 seconds; 72°C, 1.5 minutes) for 25 eyceles;
72°C for 3 minutes; 4°C, overnight.] The three reactions from a given template were pocled and
purified on Qiagen PCR columns and eluted with 30 uL EB at 60°C. 5ul. DNA was digested
with fuL Dprl in 1x Roche Buffer A for 3 howrs at 37°C, This DNA was then microdialyzed

apainst excess water for 30 minutes.

[0377] Strains were grown in Sl LB containing carbenicillin (50 ug/mlL) from fresh streaks
at 30C to an OD600 of ~0.5. 40mM L-arabinose was added and cultures were incubated at 37C
for 1.5 hours. Cells were harvested and electroporated with 3ul dialyzed amplicons above, and
then recovered in 500ul. SOC at 37C for 1.5-3 bours. Transformants were selected on LA plates

containing chloramphenicol (5 ug/ml) at 37°C.

[0378] Xanamycin sensitive clones were screened by PCR for insertion of the amplicon. PCR
products from positive clones were sequenced to verify the sequence of inserted DINA.
Amplicons were consistent with the FRT-gi) 2-yK KDyl at attTn7 in MCM441 and 348 being
replaced by FRT-cmR-FRT-giL.x-mKKDyI (The yK and mK designations refer to the

mevalonate kinase from Saccharomyces cerevisiae aud Methanosarcina maze! respectively).

Table 6A: The following strains were grown in LB containing chioramphenico! (5 ug/mL) and

frozen.
Parent Recombination
Ammplicon
Straip ID | Name Template
BL21{DE3) cnR-gi].6mKKDyl Al, MCM349 | MCM484
| MCM442 | clone37 (A
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MPE: MYPE730 MCA: MGA_1268(dxs) MrU. Rv2682c(dxsl) Rv3379c(dxs2) MIC
Mr2756(dxs) MBO Mbh2701c(dxs Mb3413c(dxs2) M LE: M.1038(dxs) MPA:
MAP2803c(dxs) MAV: MAV_3577(dxs) MSM MBMEG 2776(dxs) MMC: Mhts_2208 CA.:
NCg11827(cg11902 ... €g2083(dxs) CEP: CEI 796 CDI:

j k1078( dxs) NF‘%?)Z??%%?MOMXS) RHA: RHAI _ro006843 SCO. g@%&@?%l@ 01)
SC06768(3 CBA5.17) SMA: 8AV1646(dxsl) 8AV2244(dxs2)

BL21(DE3) cmR-gil 0mKKDyl B4, MCM349 | MCMA485
MCM443 | clone27? {C)
BL21(DE3) craR-gil 2mKKDyI Cl, MCM349 | MCMA436

MCM444 | ¢lonel 6 (G)
BL21{DE3) cmR-gil SmEKXDyl C3, clone7 | MCM349 | MCM487

MCM445 | (T) )
MCM446 | BL2) cmoR-gil .6mKKDyl Al-3 (A) MCM441 | MCM484
MCM447 | BL2] cmR-gil 0mKKDyl B4-6 (C ) MCMA441 | MCMA485
MCM448 | BL2] cmR-gil 2mKKDyI C1-5 (G) MCMA441 | MCM486
MCM449 | BL2] cmR-gil,5raKKDyl C3-3 (T) MCM441 | MCM487

Table 683; Primers

AAAGTAGCCGAAGATGACGGTITIGTCACATGGAGITGGCAGGAT
GTTTGATTAAAAGCAATTAACCCTCACTAAAGGGCGG (SEQ 1D
MCM120 | NO:109)

MCM193 | GATATACATATGAATTAACCCTCACTAAAGG (SEQID NO:110)
GCATGCATGACATGTITIITTACCTCCTTIGTTATCCGCTCACAAT
TAGTGGTTGAATTATITGCTCAGGATGTGGCATNGTCAAGGGCG
CGGCCGCGATCTAATACGACTCACTATAGGGCTCG (SEQ ID
MCM195 | NO:131))
AGGCTCTCAACTCIGACATGTITITIICCTCCITAAGGGTGCAGG
CCTATCGCAAATTAGCTTAATCTACTTICAGACCTTGCTCGG
MCM196 | (SEQ ID NO:112)

111, The effect of yeast exlract on isoprene production in £. cofli expressing genes from the
mevalonic acid pathway aod grown in fed-batch culture al the 15-L scale

[0379] Medium Recipe (per liter fermentation medium);

[0380] K,HPQ, 7.5 g, MgSO4 * 7H;0 2 g, citne acid monchydrate 2 g, ferric amumonium
citrate 0.3 g, yeast extract 0.5 g, 1000X Modified Trace Metal Solution | ml. All of the
components were added together and dissolved in ¢iH>0. This solution was autoclaved. The

pH was adjusted to 7.0 with ammonsium hydroxide (30%) and q.s. w0 volume. Glucose 10 g,

thiamine * HC1 0.1 g, and antibictics were added afier sterilization and pH adjustment.

[0381] 1000X Modified Trace Mctal Selution:
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TWH TW484 TWS: TW280(Dxs) LX X: Lx.x10450(dxs) CM: CMM 1660(dxsA) AAUL
AAur _1790(dx. $) PAC. PM 1062 TEU: Tfu_1917 PRA: Francci 3_1326 PAL:
FRAAL2088(dxs) ACE: Acei | 393 SEN. SACE 1815(dxs) SACE 4351 BLO

13L1132( dxs)
CT331( dxs)

513(dxs) FNU: FN1208 FN1464 RBA, go%g%
?gwwﬁgg(dxs) CMU: TCO0608 CPN: CBlO6O(f(?J§% gg%PA CP0790

CPJ: CPj1060(tlctB_2) CPT; CpB1102 CCA: CCA00304(dxs) CAB: CAB301(dxs) CFE:
CF0699(dxs) PCU:. pc0619(dxs)

f0382] Citric Acids * H,0 40 g, MnSO4 * Ho0 30 g, NaCl 10 g, FeSO4 * 7H,0 1 g, CoCly *
6H;0 1 g, ZnS04 * 7TH20 1 g, CuSOs * 5H;0 100 mg, H3BO; 100 mg, NaMoO4 * 2H,0 100
mg. Each componeut is dissolved one at a time in Di H;0, pH to 3.0 with HC/NaOH, then q.s.

to volume and filter sterilized with a 0.22 micron filter.

|0383] Fermentation was performed in a 15-L bioreactor with BL21 (DE3) E. coli cells
containing the upper mevalonic acid (MVA) pathway (pCL Upper), the integrated Jower MVA
pathway (gil .2KKDyl), and high expression of mevalonate kinase from M. mazei and isoprene
synthase from P. alba (pTrcAlba-mMVK). This experiment was carried out to monitor isoprene
formation from glucose at the desired fermentation pH 7.0 and temperature 30°C. A frozen vial
of the E. coli strain was thawed and inoculated into tryplone-yeast extract mediumn. After the
inoculum grew to OD 1.0, measured at 550 nm, 500 mL was used to inoculate a 15-L bioreactor

bringing the ipitial volume to 5-L.

i) Production of isoprene in E.coli cells (EL256) grown in fed-batch culture without yeast extract

feeding

[0384) Glucose was fed at an exponential rate until cells reached the stationary phase. After
this time the glucose feed was decreased to meet metabolic demands. The total amount of
glucose delivered to the bioreactor during the 67 hour fermentation was 3.9 kg. Induction was
achieved by adding isopropyl-beta-D-1-thiogalactopyranoside (IPTG). The IPTG concentration
was brought to 102 uM when the optical density at 550 nm (ODssp) reached a value of 9. The
IPTG concentration was raised to 192 uM when ODss reached 140. The ODssq profile within
the bioreactor over time is shown in Figure 67A. The isoprene level in the off gas from the
bioreactor was determined using a Hiden mass spectrometer. The isoprene titer increased over
the course of the fermentation to a final value of 35.6 g/L (Figure 67B). The total amount of
isoprene produced during the 67 hour fermentation was 320.6 g and the time course of
production is shown in Figure 67C. The metabolic activity profile, as measured by TCER, is
shown in Figure 67D. The molar yield of utilized carbon that went into producing isoprene

during fermentation was 17.9%. The weight percent yield of isoprene from glucose was 8.1%.

[0385] Production of isoprene in E.cofi cells (EL256) grown in fed-batch culture with yeast

extract feeding
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TM TP0824 TDE: TDE1910(dxs) LiL: LA3285(dxs) L1C. L1C10863(dxs) LBJ:
LBJ_0917(dxs) LBL: LBL_0932(dxs) SYN, sl[]945(dxs) SYW SYNW292(Dxs) SYC
sycl 087_c(dxs) SYF. Synpcc7942 0430 SYD: Synce9605 1430 SYE: Syncc9902 1069

SYG sync_141Q§gX%5dea¥R SynRCC307_1390(dxs) SYX: SynWdi/$0Qmsdsdsd(dxs) CYA
CYA 1701(dxs) CYB; CYB_1983(dxs) TEL: 010623 Gv1: g110194 ANA: alr 0599 AVA:

Ava_4532 PMA: Pro0928(dxs) PMM PMW907(Dxs) PMI: PMIo685(dxs) PMN: PMN2A 0300
PML: PMI9312 0893 ?Mrh A9601_0954 (dxs) PMC. P9515 09901(dxs) PMF: P9303_15371
(dxs) PMG P9301_09521(dxs) PAH. P9215 09851

[0386] Glucose was fed at an exponential rate until cells reached the stationary phase. After
this time the glucose feed was decreased to meet metabolic demands. The total amount of
glucose delivered to the bioreactor during the 68 hour fermentation was 7.1 kg. A total of 1.06
kg of yeast extract was also fed during the fermentation. Induction was achieved by adding
IPTG, The IPTG concentration was brought to 208 uM when the optical density at 550 nm
(ODsso) reached a value of 7. The IPTG concentration was raised to 193 uM when ODsso
reached 180. The ODssp profile within the bioreactor over time is shown in Figure 68A. The
isoprene level in the off gas from the bioreactor was determined using a Hiden mass
specrometer. The isoprene titer increased over the course of the fermentation fo a maximum
value of 32.2 g/L. (Figure 68B). The total amount of isoprene produced during the 68 hour
fermentation was 395.5 g and the time course of production is shown in Figure 68C. The time
course of volumetric productivity is shown in Figure 68D and shows that an average rate of 1.1
g/L/hr was maintained for between 23 and 63 hours. The metabolic activity profile, as measured
by CER, is shown in Figure 68E The molar yield of utilized carbon that went into producing
isoprene during fermentation was 10.3%. The weight percent yield of isoprene from glucose

was 5.2%.

1V. Production of isoprene from different carbon sources in E. coli harboring the mevalonic acid

(MVA) pathway and isoprene synthase (EWL256)
10387] Media Recipe (per liter fermentation media):

[0388] K,HPO, 13.6 g, KHaPO4 13.6g, MgSO, * TH20 2 g, citric acid monohydrate 2 g,
ferric ammonium citrate 0.3 g, INH4):S04 3.2 g, yeastextract 0.2 g, 1000X Modified Trace
Metal Solution 1 ml. All of the components were dissolved sequentially in diH,O. The pH was
adjusted to 6.8 with ammonium hydroxide (30%) and brought to volume, Media was filter
sterilized with a 0.22 micron filter. Carbon source was added to a final concentration of 1%.

Required antibiotics were added after sterilization and pH adjustment.
[0389] 1000X Trace Metal Solution (per liter fermentation media):

[0390] Citric Acids * H0 40 g, MnSO4 * H,0 30 g, NaCl 10 g, FeSO, * 7TH,O 1 g, CoCl, *
6H20 1 g, ZuSO, * 7TH20 1 g, CuSO,4 * SH,0 100 mg, H3BO3 100 mg, NaMoQ4 * 2H,0 100
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PMJ: P9211 08521 PME: NATL1 09721(dxs) TER Tery 3042 Bit: BT 1403 BT_4099
BFR. BF0873 8F4306 BFS: BF0796(dxs) BF4114 PG : PG2217(dxs) CHU:
CHI J_3643(dxs) CEO GFO_3470(dxs) FPS: FP0279(dxs) CTE: C10337(dxs) CPH:

Cpha266_0671 PY|: Cyvib 0498 PLT: Plut 0450 DET: DET074 :
cbdb_A720(dxs)VyAd3%’%{3??1475 DGE: Dgeo 0994 TTH: TTC16€C(ﬁIF%§/JQ%OOO6 AAE:
aq 881 TMA: TML770 P140: Praub 1001

mg. Each component was dissolved one at a time in diHzO, pH to 3.0 with HCI/NaOH, and then

brought to volume and filter sterilized with a 0.22 micron filter.
i) Preparation of AFEX biomass hydrolysate

[0391] AFEX pretreated cora stover was hydrolyzed to prepare biomass hydrolysate

containing both xylose, glucose and acetate,

[0392] AFEX pretreated corn stover, received from Michigan Biotechuoology Institute, was
used. The pretreatment conditions were, 60% moisture, 1:1 ammonia loading, and 50 °C for 30
minutes, then air dried. The moisture content in the AFEX pretreated corn stover was 21.27%.
Content of glucan and xylan in the AFEX pretreated corn stover were 31.7% and 19.1% (dry
basis) respectively. The enzyme used was accellerase 1000, Grindamyl H121 (Danisco xylanase

product from Aspergillus niger for bread-making industry).

10393] For saccharification, 20 g of AFEX pretreated com stover was added into a 500 ml
flask, together with 5 ml of 1 M pH 4.8 sodium citrate buffer, 2.25 ml of Accellerase 1000, 0.1
ml of Grindamyl H121, and 72.65 ml of DI water. The flask was put in an orbital shaker, and
incubated at 50°C for 96 hours,

[0394] For analysis, one sample was taken from the shaker, and analyzed using HPLC. The
hydrolysate contained 37.2 g/1 of glucose and 24.3 g/L of xylose, and 7.6 g/L of oligomers of

glucose and/or xylose. Additionally, the hydrolysate also contains 1.17 g/L acetate.
ii) Experimental procedure

[0395] An inoculum of the E. cofi strain EWL256 containing the MV A pathway and isoprene
synthase was taken from a frozen vial and streaked onto an LB broth agar plate containing
spectinomyein (50 ug/ml) and carbinicllin (50 ug/mL) and incubated at 30°C overnight. A
single colony was inoculated into TM3 media containing glucose, xylose, glycerol, acetate or
biomass as only carbon source and grown overnight at 30°C. Cells grow on acetate reached a
significantly Jower optical density. Cells grown on glucose, glycerol, biomass hydrolysate or
acetate were diluted into 20 mL of TM3 media containing the respective carbon sources to reach

an optical density of between 0.] measured at 600nM. A negative control not containing any

118



Exenpl ary acetyl - CoA-acetyl transferase nucl eic acids and pol ypepti des

38( ACATI) 39(ACAT2) PTR 451528( ACATI) MCC. 707653( ACATI) 708750( ACAT2) MM J:
110446(Acat |) 110460(Acat2) RNO 25014(Acatl) CFA: 484063( ACAT2)

489421( ACAT1) , 68( ACAT1) 421587( RCIML304_34i 5) :

379569( M306909 fﬂ%@%% MBC81403) 414639( MD081256) 445%6?\9&%%64) XTR:
394562(acal 2) DRE: 30643(acat2) SPIl: 759502(L00759502) DME: Dnel _C0I 0932
Onmel_QC09149

carbon source was prepared from the glucose avernight culture. A separate experiment was
performed with glucose and xylose, where the cultures were diluted to an optical density of 0.05.
All culture conditions (except for acetate and glycerol) were tested in duplicates and the
presented results are averaged between these cultures. Production of isoprene was induced with
200pM IPTG from the beginning of the experiment. The flasks were incubated at 30°C in an
orbital shaker (200 rpm) and growth was followed by measuring optical density. After the
glucose fed cultures had reached an optical density of approximately 0.4, samples were analyzed
for isoprene production from all the tested carbon sources every hour for three hours. Samples of
100 pL were transferred in duplicates to 2 mL glass vials, sealed and incubated for 30 min at
30°C. The bacteria were then heat killed by incubation at 80°C for 8 minutes. The amount of
produced isoprene was measured using GC-MS and specific productivity (ug/L*hr) was

calculated.
1i1) Results

[0396] Significant production of isoprene could be demonstrated during growth on all the
tested carbaon sources. These carbon sources are examples of common alcohols, organic acids,

sugars containing 5 or 6 carbon units (C5 or C6), and biomass hydrolysate.

[0397] The initial growth rate on biomass hydrolysate was comparable to the growth rate on
glucose (Figure 69A). The initial specific productivity during growth on biomass hydrolysate
was significantly higher than during growth on glucose. This demonstrates that biomass
hydrolysate can be used as an efficient source of carbon for the production of isoprene. The
specific productivity declined after 255 minutes of growth on biomass hydrolysate (Figure 69B).
The bacteria had a slower growth rate with xylose as only carbon source when compared to
glucose (Figure 69C), but a significant specific jsoprene productivity was measured (Figure
69D). This shows that both C5 and C6 sugars can be utilized for the production of isoprene via

the mevalonate acid pathway.

[0398] Suprisingly, bacteria grown on acetate as the only carbon source had a specific
productivity of isoprene approximately twice as high as during growth on glucose (Figure 69A).

The bacteria grew slower on acetate when compared to glucose (Figure 69B), but the performed
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CEL: T0205.410205.7 10205. 8(kat-1) ATH AT5048230( ACAT2/ EMB1276) OSA: 4326136
4346520 CMVE: Clvl A042C CMCEO87C SCE: YPLO28WERG | 0) AGO. AGOS_ADRL65C Pl C
Pl CST _31707(ERG | 0) CAL: Ca019.1591(ergl0) CGR. CAGLOL12364g SPO

SPBC215. 09¢ - 755 MGD_13499 ANL: AN14091 AFM 00
AFUA_8004000%“%ﬁg‘élosooomz A0090103000406 CNE: d@%g&%ﬁ% UMD3571. 1
DD1: 0013 0231621 PFA: PF149484

experiment demonstrates that acetate can also be used as a carbon source for the production of

isoprene. Acetate was also present in the biomass hydrolysate as measured by HPLC.

(0399] The bacteria grew well with glycerol as only carbon source (Figure 69A) and
significant production of isoprene was demonstrated (Figure 69B). This shows that common
alcohols may also be used as carbou sources for production of isoprene via the mevalonate acid

pathway.

Example 11: Expression of isoprene-synthase from plant in Strepfomyces sp.

[0400] The gene for isoprene synthase Kudzu was obtained from plasmid pJ201:19813,
Plasmid pJ201:19813 encodes isoprene synthase from Pueraia lobata (Kudzu plant) and was
codon-optimized for Pseudomonas fluorescens, Pseudomonas putida, Rhodopseudomonas
palustris and Corynebacterium (Figures 79A-79C (SEQ ID NO:123}). Digestion of plasmid
pJ201:19813 with restriction ¢nzymes Ndel and BamHI liberated gene isol19813 that was ligated
into the Streptomyces-E.coli shuttle vector pUWL201PW (Doumith er al., Mol. Gen. Genet. 264:
477-485, 2000; Figure 71) to generate pUWL201_iso. Successful cloning was verified by
restriction analysis of pUWL201_iso. Expression of isoprene synthase is019813 was under
control of the erm-promoter which allows for constitutive expression in Streptomycetes species,

but not for expression in E. coli.

[0401) PUWL201PW (no insert) and pUWL20! _iso were introduced in Strepromyces albus
J1074 (Sanchez et al., Chem. Biol. 9:519-531, 2002) by transformation of protoplasts as
described by Hopwood ef al., The John jnnes foundation, Norwich, 1985.

[0402] A 200 pl aliquot of protoplast suspensions was transformed with 1.9 pg pUWL201PW
or 2.9 pg pUWL201_iso. After incubation overnight at 28°C on non-selective R5-agarplates,
positive transformants were selected by further incubation for 4 days in R3-overlay agar
containing thiostrepton (250 pg/ml). Thiostrepton resistant transformants were examined for
presence of the pUWL-plasmids by plasmid preparation using Plasmid Mini Kit (Qiagen).
Prepared plasmid DNA was reintroduced in £. coli DHSa to generate sufficient amounts of
plasmid DNA to be analyzed by restriction analysis. Positive transformants were selected on

ampicillin-containing L-agar plates and insert analysis was done by digestion of plasmid DNA
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TET: TTHERM 00091 590 TTHERM 00277470 TTHERM 00926980 TCR 511003. 60 ECO.
.1Wp218(at oB) 1Ws453(yqgeF) ECE: z4164(ygeF) ECS: ECs3701 ECC

b2224( at oB)

c2767( at oB) c3441(yqu) EC :

EC? 2857 ECV:
A2365 STY: ST

STM STMB019(ycl eF) SFL: 5F2854(y

UTI 89_C2506( at oB) UTI 89_C3247(yqeF) ECP: ECP_2268

62(yqu) APEC01_4335(at 0B) APECQL. #3332
yqe ) SIT: t2929(yqeF) SPT: SPA2886(yqgeF) SEC.

oB) ECX: EcHS
8C2958(yqeF)

geF) SEX: S3052(ygeF) SFV: SFV_2922(yqeF)

SSN: SSON _2283(at 0B) SSON 3004(yqu) SBO 8130 2736(yqeF) ECA: ECAl 282(at 0B)
ENT: En1638 3299 SPE: Spro_ 0592

with Ndel and BamH]I endonucleases. Jsoprene synthase was identified as a 1.7 kb fragment in
positive pUWL201 iso clones while in the control strains (pUWL201PW) no such fragment was

observed.

[0403] Wild type strain and transformants of S. albus containing control plasmid
pUWL201PW or isoprene synthase encoding pUWL201_iso were analyzed for isoprene
formation. Strains were cultivated in duplicate on solid media (tryptic soy broth agar, TSB; 2.5
ml) in presence or absence of thiostrepton (200 ug/ml) and incubated for 4 days at 28°C in
sealed head-space vials (total volume 20 ml). 500 ul head-space samples (end point
measurements) were analyzed by GC-MS in SIM-mode and isoprene was identified accordiﬁg to
reference refention times and molecular masses (67 m/z). 1soprene present in head-space
samples was quantified by previously generated calibration curves. While wild-type S. albus and
control strains harboring pUWL201PW produced isoprene in concentrations slightly higher than
the detection limit (0.04 — 0.07 ppm), S. albus harboring pUWL201_iso produced isoprene in at
least tenfold excess compared to controls (0.75 ppra; Figure 72). The results demonstrate
successful expression of plant-derived isoprene synthase i a prokaryotic organism of the

Actinomycetes group.

Example 12: Production of isoprene or mevalonate from fatty acid or palm oil in E. coli
JSadR atoC 1L.S5218 containing the upper or upper and lower Mevalonic Acid pathway plus

kudzu jsoprene synthase.

[0404) Escherichia coli fadR atoC strain LS5218 (#6966) was obtained from the Coli Genetic
Stock Center. FadR encodes a ranscription repressor that negatively regulates expression of the
genes encoding fatty acid degradation enzymes (Campbell et al., J. Bacteriol. 183: 5982-5990,
2001). AtoC is a response regulator in a two-component regulatory system with AtoS, regulates
acetolactate metabolism. The fadR atoC strain allows constitutive expression of the fatty acid
degradation genes and incorporates long chain fatty acids into long-chain-length
polyhydroxyalkanoates. When palm o1l is used as a carbon source for either mevalonate or
isoprene production, the palm oil was converted to glycerol plus fatty acid. Methods for this are

well known in the art, and jt can be done either enzymatically by incubation with a lipase (for
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H T: NTHL10932(atoB) XCC. XCCl297(atoB) XCB: XC 2943 XCV: XCVI
XAC1348(at oB) X00: X001881(atoB) XOM X00 | 778(X001778)

VC3395_0630 WTJ W2_0494 W2_0741 VWVY: VWA1043 WA 210 VPA: VPA0620 VPA1123

VPAl 204 PPR:
PA3925 PAU:. PAl4

401(thl A) ) CAC
VCH. VCA0690 VCO:

55%@%%%% PBPRB1840 PAR. PA2001( at 0B) Aéﬁgﬁaf?& 4 PA3589
atoB) PPU; PP _2051(atoB) PP 221 3754 PP_4636
PPF: Pput_2009 Pput 2403 Pput 3523 Pput_4498 PST: PSPTO_0957( phbA-

PSPTO_3164( phbA-2) PSB: Psyr 0824 Psyr 3031

example Porcine pancreatic lipase, Candida rugosa lipase, or other similar lipases) or chemically

by saponification with a base such as sodium hydroxide.

1) E. coli fadR atoC strain expressing the upper Mevalonic Acid pathway

[0405] Strain WW4 was created by electroporating pCLPtrcUpperPathway into LS5218 using
standard methods (Sambrooke et af, Molecular Cloning: A Laboratory Manual, 2™ ed., Cold
Spring Harbor, 1989). Incorporation of the plasmid was demonstrated by the production of
mevalonic acid (MVA) when cells were cultured in TM3 medivm supplemented with either C12
fatty acid (FA) or palm oil as the carbon source. To demonstrate production of MVA by WW4
from fatty acid, cells from an overnight culturc were diluted 1 to 100 into 5 mL of modified
TM3 medium (TM3 without yeast extract) supplemented with 0.25% C12 FA (Sigma cat #
19755). The first sign of MV A production (24 mg/L) was apparent afler overnight incubation at
30°C of the IPTG induced culture. Production increased over three days with the final level of
194 mg/L of MVA produced. To demonstrate production of MVA by WW4 from oil, cells from
an ovemight culture were diluted 1 to 100 into modified TM3 medium supplemented with 200
mg of digested palm oil per 5 mL of TM3 medium. The first sign of MVA production (50
mg/L) was apparent after overnight incubation of the IPTG jnduced culture at 30°C. Production
increased over three days with a final level of 500 mg/L of MVA produced.

ii) E. coli fadR atoC strain expressing the upper and lower MVA pathway plus kudzu isoprene
synthase

[0406] Escherichia coli strain WW4 (LS5218 fadR atoC pCLPtrcUpperPathway) was
transformed with pMCM1 18 [pTreKKDyIklIS] to yield WW10. The incorporation of the
plasmid was demonstrated by evidence of production of isoprene when the strain was cultured in
TM3 and glucose and induced with IPTG (100, 300, or $00 uM). The strain was relatively
sensitive to JPTG and showed a significant growth defect even at 100 uM IPTG. These results

are shown in Figure 70A.

[0407] To test isoprene production from dodecanoic acid, WW 10 was cultured overnight in L
broth containing spectinomycin (50 ug/ml), and kanamycin (50 ug/mi) at 37C with shaking at
200 rpm. The cells were washed with modified TM3 medium by centrifugation and

resuspension in their original culture volume with this medium. The washed and resuspended
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cells from ths starter culture were diluted 1 t0100 and ! 1o 10 into 5 mL of modified TM3
raedium containing 0.125% C12 Fatty Acid (Sigma cat # L9755).

[0408] To demonstrate production of mevalonate from palm oil, the oil was predigested with
lipase at 37°C and 250 rpua for several days to release the fatty acids (evidence of hydrolysis was
judged by the foam formed when tubes were shaken),

|0409] In addilion, a culture was set up by diluting the washed cells at 1 to 10 into modified
TM3 medium contained in test tubes with palm oil. A further tube was set up by the addition of
0.125% CI12FA to the remainder (2.5 mL) of the washed cells without further dilution
(bioconversion). After 3.75 hours of growth at 30°C with shaking at 250 rpm all of the cultures
were induced by the addition of 50 uM IPTG, Incubation was continued for 4 hours after which
time 200 uL of each of the cultures was assayed for isoprene accumulation with 2 modified head
space assay (1 hour accumulation at 30°C with shaking at 500 rpm). An additional isoprene
assay was condueted by a 12 bour incubation of the assay glass block prior to GCMS analysis.
Incubalion of the induced cultures was continued ovemnight and 200 uL aliquots were again
assayed for isoprene production (1 hour, 30 deg, 500 rpm Shel-Lab shaker) the following
morping. Analysis of these cultures showed the production of significant levels of isoprene.
The highest levels of isopreoe were observed in the culture which was seeded at 1/10 dilution
from the overnight starter culture afier it had been incubated and induced overnight. This result
suggests that this culture contioued 1o grow and increase in cell density. These results are shown
in Figure 70B. Cell density could not be measured directly because the fatty acid suspension had
a tarbid appearance. Cell density of this culture was therefore determined by plaling an aliquot
of the culture and showed 8 x10” colony forming units. This corresponds approximately to an
ODyggp of 0.1. Nevertheless, this culture provided significant isoprene production; no isoprene is

observed for similar strains without the pathway described in this example.

Example 13: Improvement of isoprene production by constitutive expression of ybhE in E.
coli.

|0410] This example shows production of isoprene in a strain constitutively expressing ybhE
(pgl) compared 1o a control strain with wild type ybhE. The gene ybhE (pgl) encodes a 6-
phospliogluconolactonase (hat suppresses postiraoslational gluconylation of hetsrologously

expressed proteins and improves product solubility and yield while also improving biomass
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yield and flux through the pentose phosphate pathway (Aon et al. Applied and Environmental
Microbiology, 74(4): 950-958, 2008).

[0411]) The BL2I strain of E. coli producing isoprene (EWL256) was constructed with
constitutive expression of the ybhE gene on a replicating plasmid pBBR1IMCS5(Gentamycin)

(obtained from Dr. K Peterson, Louisiana State University).

[0412] FRT-based recombination cassettes, and plasmids for Red/ET-mediated integration and
antibiotic marker loopout were obtained from Gene Bridges GmbH (Germany). Procedures
using these materials were carried out according to Gene Bridges protocols. Primers Pgl-F and
PglGI11.5-R were used to amplify the resistance cassetle from the FRT-gb2-Cm-FRT template
using Stratagene Herculase 1 Fusion kit according to the manufacturer’s protocol. The PCR
reaction (50 uL final volure) contained: 5 uL buffer, 1 uL template DNA (FRT-gb2-Cm-F from
Gene Bridges), 10 pmols of each primer, and 1.5 uL. 25mM dNTP mix, made to 50 uL. with
dH20. The reaction was cycled as follows: 1 x 2 minutes, 35°C then 30 cycles of (30 seconds at
95°C; 30 seconds at 63°C; 3 minutes at 72°C).

[0413] The resulting PCR product was purified using the QiaQick PCR pwrification kit
(Qiagen) and electroporated into electrocompetent MG1655 cells harboring the pRed-ET
recombinase-containing plasmid as follows. Cells were prepared by growing in S mLs of L
broth to and OD600~0.6 at 30°C. The cells were induced for recombinase expression by the
addition of 4% arabinose and allowed to grow for 30 minutes at 30°C followed by 30 minutes of
growth at 37°C. An aliquot of 1.5 mLs of the cells was washed 3-4 times in ice cold dH;O. The
final cell pellet was resuspended in 40 uL of ice cold dH,0 and 2-5 uL of the PCR product was
added. The electroporation was carried out in |-mm gap cuvettes, at 1.3 kV in a Gene Pulser
Electroporator (Bio-Rad Inc.). Cells were recoverced for 1-2 hours at 30°C and plated on L agar
containing chloramphenicol (5 ug/mL). Five transformants were analyzed by PCR and
sequencing vsing primers flanking the integration site (2 primer sets: pgl and 49 rev and 3'
EcoRV-pglstop; Bottom Pgb2 and Top GB’s CMP (946)). A correct transformant was selected
and this strain was designated MG1655 Gl1.5-pgl::CMP.

[0414] The chromosomal DNA of MG 1655 G11.5-pgl::CMP was used as template to generate
a PCR fragment containing the FRT-CMP-FRT-GI1.5 - ybhE construct. This construct was
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cloned into pPBBRIMCSS5(Gentamycin) as follows. The fragment, here on referred to as CMP-
Gl1.5-pgl, was amplified using the 5* primer Pglconfirm-F and 3 primer 3' EcoRV-pglstop. The
resulting fragment was cloned using the Invitrogen TOPO-Blunt cloning kit into the plasmid
vector pCR-Blunt II-TOPO as suggested from the manufacturer. The Nsil fragment harboring
the CMP-GI1.5-pgl fragment was cloned into the Ps/I site of pPBBRIMCS5(Gentamycin). A
20ul ligation reaction was prepared containing Sul CMP-GI1.5-pgl insert, 2pl
pBBRIMCS5(Gentamycin) vector, 1ul T4 DNA ligase (New Epgland Biolabs), 2u] 10X ligase
buffer, and 10ul ddH,0. The ligation mixture was incubated at room temperature for 40 minutes
then 2-4 uL were ¢lectroporated into electrocompetent ToplO cells (Tnvitrogen) using the
parameters disclosed above. Trapsformants were selected on L agar containing 10 ug/ml
chloramphenicol and 5 ug/ml Gentamycin. The sequence of the selected clone was determined
using a number of the primers described above as well as with the in-house T3 and Reverse
priruers provided by Sequetech, CA. This plasmid was designated pPBBRCMPGI1.5-pgl (Figures
77A-B and SEQ 1D NO:122).

[0415] Plasmid pPBBRCMPGI1.5-pgl was electroporated into EWL256, as described above in
Example 10 and transformants were plated on L agar containing Chloramphenicol (10 ug/mL),
Gentamycin (5 ug/mL), spectinomycin (50 ug/mL), and carbenicillin (50 ug/mL). One
transformant was selected and designated RM11608-2.

Primers:
Pgl-F

5
ACCGCCAAAAGCGACTAATTTTAGCTGTTACAGTCAGTTGAATTAACCCTCACTAAA
GGGCGGCCGC-3? (SEQ ID NO:115)

PgIGI1.5-R
5.
GCTGGCGATATAAACTGTTTGCTTCATGAATGCTCCTITGGGTTACCTCCGGGAAAC
GCGGTTGATTTGTTITAGTGGTTGAATTATTTGCTCAGGATGTGGCATAGTCAAGGGC
GTGACGGCTCGCTAATACGACTCACTATAGGGCTCGAG-3’ (SEQ ID NO:116)

3' EcoRV-pglstop:
5'-CTT GAT ATC TTA GTG TGC GTT AAC CAC CAC (SEQ 1D NO:117)
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Bottom Pgb2: GGTTTAGTTCCTCACCTTGTC (SEQ ID NO:119)
Top GB’s CMP (946): ACTGAAACGTTTTCATCGCTC (SEQ ID NO:120)

Pglconfirm-F
5’-ACCGCCAAAAGCGACTAATTTTAGCT-3’ (SEQ ID NO:121)

i) Small scale analysis
[0416] Media Recipe (per liter fermentation media):

[0417] K;BHPO, 13.6 g, KH,PO, 13.6 g, MgSO4 * 7H,0 2 g, citric acid monohydrate 2 g,
ferric aromonium citrate 0.3 g, (NH,4)2,S04 3.2 g, yeast extract 1 g, 1000X Trace Metals Solution
1 ml. All of the components were added together and dissolved in diH,0. The pH was adjusted
10 6.8 with ammonium hydroxide (30%) and brought to volume. Media was filter-sterilized with
a 0.22 micron filter. Glucose 5.0 g and antibiotics were added after sterilization and pH

adjustment.
[0418] 1000X Trace Metal Solution (per liter fermentation media):

|0419] Citric Acid * H>O 40g, MnSO4 * H,0 30g, NaCl 10g, FeSO4 * 7TH,0 1g, CoCl, * 6H;0
g, ZnSO4 « TH,0 1g, CuSO4 * SH,0 100mg, H3BO; 100mg, NaMoO4 * 2H,;0 100mg. Each
component is dissolved one at a time in diH,O. The pH is adjusted to 3.0 with HCI/NaQH, and

then the solution is brought to volume and filter-sterilized with a 0.22 micron filter,
a) Experimental procedure

[0420] Jsoprene production was analyzed by growing the strains in a Cellerator™ from

MicroReactor Technologies, Inc. The working volume in each of the 24 wells was 4.5 mL. The
temperature was maintained at 30°C, the pH setpoint was 7.0, the oxygen flow setpoint was 20
sccm and the agitation rate was 800 rpm. An inoculum of E. ¢oli strain taken from a frozen vial

was streaked onto an LB broth agar plate (with antibiotics) and incubated at 30°C. A single
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nm.

[0421] Off-gas analysis of isoprene was performed vsing a gas chromatograph-mass
spectrometer (GC-MS) (Agilent) headspace assay. Sample preparation was as follows: 100 pL
of whole broth was placed in a sealed GC vial and incubated at 30°C for a fixed time of 30
minutes. Following a heat kill step, consisting of incubation at 70°C for 5 minutes, the sample

was loaded on the GC.

[0422] Optical density (OD) at a wavelength of 550 nm was obtained using a microplate
reader (Spectramax) during the course of the run. Specific productivity was obtained by

dividing the isoprepe concentration (pg/L) by the OD reading and the tire (hour).

[0423] The two strains EWL256 and RM11608-2 were assessed at 200 and 400 uM IPTG
induction levels. Samples were analyzed for isoprene production and cell growth (OD550) at 1,

2.5, 4.75, and 8 hours post-induction. Samples were done in duplicate.
b) Results

[0424] The experiment demonstrated that at 2 different concentrations of IPTG the strain
expressing the ybhE (pgl) bad a dramatjc 2-3 fold increase in specific productivity of isoprene

compared to the control strain.

ii) Isoprene fermentatjon from E. coli expressing M. mazei mevalonate kinase, P. alba isoprene
synthase, and pgl over-expression (RHM111608-2) and grown in fed-batch culture at the 15-L

scale
[0425] Medium Recipe (per liter fermentation medium)

[0426) K HPO4 7.5 g, MgSO, * TH,O 2 g, citric acid monohydrate 2 g, ferric ammonium
citrate 0.3 g, yeast extract 0.5 g, 1000X Modified Trace Metal Solution 1 ml. All of the
components were added together and dissoived in diH,O. This solution was autoclaved. The
pH was adjusted to 7.0 with ammonium hydroxide (30%) and q.s. to volume. Glucose 10 g,
thiamine * HCI 0.1 g, and antibiotics were added after sterilization and pH adjustment,
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[0427] 1000X Modified trace Metal Solution:

[0428] Citric Acids * H,0 40 g, MnSQ, * H;0 30 g, NaCl 10 g, FeSO4 * 7H;0 1 g, CaCl, *
6H20 1 8 Z.I]SO4* 7H7,0 1 g, CUSO4 * SHzo 100 mg, HjBO; 100 mg, NﬂMOO4 * 2Hzo 100
mg. Each component is dissolved one at a time in Di H;O, pH 10 3.0 with HCI/NaOH, then q.s.

to volume and filter sterilized with a 0.22 micron filter

[0429] Fermentation was performed in a 15-L bioreactor with BL21 (DE3) E. coli cells
containing the upper mevalonic acid (MVA) pathway (pCL Upper), the integrated lower MVA
pathway (gil.2KKDyl), high expression of mevalonate kinase from M. mazei and isoprene '
synthase from P. alba (pTrcAlba-mMVK), and high expression of pg! (pBBR-pgl). This
experiment was carried out to monitor isoprene formation from glucose af the desired
fermmentation pH 7.0 and temperature 34°C. A frozen vial of the E. coli strain was thawed and
inoculated into fryptone-yeast extract mediurm. After the inoculum grew to OD 1.0, measured at

550 nm, 500 mL was used 1o inoculate a 15-L bioreactor bringing the initial valume to 5-L.

[0430] Glucose was fed at an exponeatial rate until cells reached the stationary phase. After
this time the glucose feed was decreased to meet metabolic demands. The total amount of
glucose delivered to the bioreactor during the 40 hour (59 bour) fermentation was 3.1 kg (4.2 kg
at 59 hour). Induction was achieved by adding IPTG. The PTG concentration was brought to
110 uM when the oplical density at 550 nm (ODssp) reached a value of 4. The [PTG
concentration was raised to 192 uM when ODssg reached 150. The ODssq profile within the
bioreactor over time is shown in Figure 78A. The isoprene level in the off gas from the
bioreacior was determined using a Hiden mass spectrometer. The isoprene titer increased over
the course of the fermentation to a maximum value of 33.2 g/L at 40 hours (48.6 g/L at 59 hours)
(Figure 78B). The isoprene titer increased over the course of the fermentation to a maximum
value of 40.0 g/L at 40 hours (60.5 g/L at 59 hours) (Figure 78C). The total amount of isoprene
produced during the 40-hour (59-hour) fermentation was 281.3 g (451.0 g at 59 hours) and the
time course of production is shown in Figure 78D. The time course of volumetric productivity is
shown in Figure 78E and shows thal an average rate of 1.0 g/L/hr was maintained between 0 and
40 hours (1.4 g/L/hour between 19 and 59 hour). The metabolic activity profile, as measured by

CER, is shown in Figure 78F, The molar yield of utilized carbon that went into producing
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isoprene during fermentation was 19.6% at 40 hours (23.6% at 59 hours). The weight percent

yield of isoprene from glucose was 8.9% at 40 hours (10.7% at 59 hours).

[0431] Unless defined otherwise, the meanings of all technical and scientific terms used herein
are those commonly understood by one of skill in the art to which this invention belongs.
Singleton, er al., Dictiopary of Microbiology and Molecular Biology, 2nd ed., John Wiley and
Sons, New York (1994), and Hale & Marham, The Harper Collins Dictionary of Biology,
Harper Perennial, N.Y. (1991) provide one of skill with a general dictionary of many of the
terms used in this invention. It is to be understood that this invention is not limited to the
particular methodolegy, protocols, and reagents described, as these may vary. One of skill in the
art will also appreciate that any methods and materjals similar or equivalent to those described

herein can also be used to practice or test the invention.

[0432] The headings provided herein are not limitations of the various aspects or embodiments

of the invention which can be kad by reference to the specification as a whole.

[0433] For use herein, unless clearly indicated otherwise, use of the terms 2", “an,” and the

like refers to one or more.

[0434] Reference to “about” a value or parameter kerein includes (and describes)
embodiments 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.

[0435] Itis understood that aspects and embodiments of the invention described herein include

“comprising,” “consisting,” and “consisting essentially of”’ aspects and embodiments.
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Appendix 1

Exemplary 1-deexy-D-xylulose-5-phosphate synthase nucleic acids and polypeptides

ATH: AT3G21500(DXPS1) AT4G15560(CLAL) AT5G11380(DXPS3)
OSA: 4338768 4340090 4342614
CME: CMF089C

PFA: MALI3P1.186

TAN: TA20470

TPV: TP01_0516

ECO: b0420(dxs)

ECJ: JTW0410(dxs)

ECE: Z20523(dxs)

ECS: ECs0474

ECC: c0531(dxs)

ECI: UTI89_C0443(dxs)
ECP: ECP_0479

ECV: APECO1_1590(dxs)
ECW: EcE24377A_0451(dxs)
ECX: EcHS_A0451

STY: STY0461(dxs)

STT: t2441(dxs)

SPT: SPA2301(dxs)

SEC: SC0463(dxs)

STM: STM0422(dxs)

YPE: YPO3177(dxs)

YPK: y1008(dxs)

YPM: YP_0754(dxs)

YPA: YPA_2671

YPN: YPN_0911

YPP: YPDSF_2812
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YPI: YpsIP31758_3112(dxs)
SFL: SF0357(dxs)
SFX: S0365(dxs)

SFV: SFV_0385(dxs)
SSN: SSON_0397(dxs)
SBO: SBO_0314(dxs)
SDY: SDY_0310(dxs)
ECA: ECA1131(dxs)
PLU: plu3887(dxs)
BUC: BU464(dxs)
BAS: BUsg448(dxs)
WBR: WGLpl44(dxs)
SGL: SG0656

KPN: KPN_00372(dxs)
BPL: Bf1238(dxs)
BPN: BPEN_244(dxs)
HIN: HI1439(dxs)
BIT: NTHI1691(dxs)
HIP: CGSHIEE 04795
HIQ: CGSHiGG_01080
HDU: HD0441(dxs)
HSO: HS_0905(dxs)
PMU: PM0532(dxs)
MSU: MS105%(dxs)
APL: APL_0207(dxs)
XFA: XF2245

XFT: PD1293(dxs)
XCC: XCC2434(3xs)
XCB: XC_1678

XCV: XCV2764(dxs)
XAC: XAC2565(dxs)
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RSH: Rsph17029 0022 Rsphl17029 2401 Rsph170293179 Rsphl17029 3921 RSQ

Rsphl 7025_0012 Rsph17025_2466 Rsph17025_ 2833 JAN:. Jann_0262 Jann_0493 Jan n
4050 RIDE: RI)] 0025 RD10201(blctB) RD1_3394(phbA) PDE: Pden2026 Pden, 2663
Pden_2870 Pdeng80Q4,kden_4811 Pden_5022 DSH Dshi _0074 Bshis.a@f8sdshi 3331 MWR
Mrar 10 0697 HNE: ENE 2706 8NE 3065 HNE2133 NAR Sara 0809 Sara 1069 Saro 1222
Sara 2306 Sara 2349 SAL: Sata 0781 Sala 1244 Sala 2896 Sal a 3158 SW.:
Swit_0632 Swit 0752 Swit2893 Swit_ 3602 Swit_ 4887 Swit 5019 Swit 5309 ELI ELI
01475 EL1 06705 ELI 12035 OBE: GoCGDN1H1_ 0447 ACR: Acry_ | 847 Acry_ 2256 RRU.
Rru_A0274 RruAl1380 Rro_Al1469 Rru_A1946 Rru_A3387 MAC anab0842

X0O0: X002017(dxs)
XOM: X00_1900(X001900)
VCH: VC0889

VVU: VV1_0315

VVY: VV0868

VPA: VP0686

VEL VF0711

PPR: PBPRA080S
PAE: PA4044(dxs)
PAU: PA14_11550(dxs)
PAP: PSPA7_1057(dxs)
PPU: PP_0527(dxs)
PST: PSPTO_0698(dxs)
PSB: Psyr_0604

PSP: PSPPH_0599(dxs)
PFL: PFL_5510(dxs)
PFO: P1_50Q7

PEN: PSEEN0600(dxs)
PMY: Pmen_3844
PAR: Psyc 0221(dxs)
PCR: Pcryo_0245

ACIL ACIAD3247(dxs)
SON: SO_1525(dxs)
SDN: Sden_257)

SFR: Sfri_2790

SAZ: Sama_2436

SBL: Sbal_1357

SLO: Shew_2771

SHE: Shewmr4_2731
SHM: Shewmr7_2804
SHN: Shewana3_2901
SHW: Sputw3181 2831
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MGM Mhcl 1165 ABA: Aci d3452239 13SU: B011319(uungA) 3613063(yhfS) BHA: BH1997
BH2029 BH3801(nungA) BAN: BA3687 BA4240 BA5589 BAR GBAA3687 0BAA4240 08AA5589
BAA: BA 0445 BA 4172 BA 4700 BAT: BA83418 BAS3932 BAS5193 BCE: BC3627 BC4023

BC5344 BCA: B 4076 BCE 5475 BCZ: DCZK3329(r 3780(thl)
e T2t YRR

BCZK5044( at 0B) cer98 2722 Bcer98_3865 Bit: BT9
8T9727_3765(thl) BT9727 5028(atoB) BTL: BALH 3262(nungA) BAL11 3642(fadA)
BALI -1_4843(atoB) BLI: BL03925(rrungA) BLD: BLi G3968( nungA)

ILO: IL2138(dxs)

CPS: CPS_1038(dxs)
PHA: PSHAa2366(dxs)
PAT: Patl_1319

SDE: Sde_3381

PIN: Ping 2240

MAQ: Maqu 2438
MCA: MCAO0817(dxs)
FTU: FTT1018c(dxs)
FTF: FTF1018c(dxs)
FTW: FTW_0925(dxs)
FTL: FTL_1072

FTH: FTH_1047(dxs)
FTA: FTA_1131(dxs)
FTN: FIN_0896(dxs)
NOC: Noc_1743

AEH: Mlg_1381

HCH: HCH_05866(dxs)
CSA: Csal_0099

ABO: ABO_2166(dxs)
AHA: AHA_3321(dxs)
BCI: BCI_0275(dxs)
RMA: Rmag_0386
VOK: COSY_0360(dxs)
NME: NMB1867
NMA: NMA0589(dxs)
NMC: NMC0352(dxs)
NGO: NGO0036

CV1: CV_2692(dxs)
RSO: RSc2221(dxs)
REU: Reut_AQ882
REH: H16_A2732(dxs)
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BCL: ABCOB45 ABC2989 ABC3617 ABC3891(nungA) BAY: RBAM 022450
BPU: 13PUM 2374( yhf S) BPUM 2941 BPUM 3373 011-1: 0B0676 OB0689 0B2632 0B3013
GKA: K1658 GLC3397 SAU: SA0342 SA0534(vraB) SAV: SAV0354 SAVO576(vraB) SAM
MAD330 MAD531( WiaRhoeSAR SARD351(thl) SARO581 SAS: SASR33Qs8ARREad SAC:
5AC0L0426 SACOL0622(atoB) SAD: SAB0304(thl) SAB0526 SAA: SAUSA300 0355
5AUSA300_0560(vraB) SAQ SAOUHSC 00336 SACLI HSC 00558 SKI: Saar JH9_0402 SAN:
Saw- Th[ 1_0412 SEP: 5E0346 SE2384 SER SERP0032 SE1t P0220 SBA: SH0510( mvaC)
8112417 SSP: SSP0325 85P2145

RME: Rmet_2615

BMA: BMAA0330(dxs)

BMV: BMASAVP]_1512(dxs)
BML: BMA10299_1706(dxs)
BMN: BMA10247_A0364(dxs)
BXE: Bxe _B2827

BUR: Bcepl8194 _B22]1
BCN: Been_4486

BCH: Been2424_3879

BAM: Bamb_3250

BPS: BPSS1762(dxs)

BPM: BURPS1710b_A0842(dxs)
BPL: BURPS11064_A2392(dxs)
BPD: BURPS668_A2534(dxs)
BTE: BTH_I10614(dxs)

BPE: BP2798(dxs)

BPA: BPP2464(dxs)

BBR: BB1912(dxs)

RER: Rfer 2875

POL: Bpro_1747

PNA: Pnap_1501

AlJS: Ajs_1038

MPT: Mpe A2631

HAR: HEAR0279(dxs)

MMS: mma_0331

NEU: NE1161(dxs)

NET: Neut_1501

NMU: Nmul_A0236

EBA: ebA4439(dxs)

AZQ; azo1198(dxs)

DAR: Daro_3061

TBD: Tbhd_0879
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LMO Inmo 1414 LI AR LMD2365_ 1433 UN: 11n1453 LWE: 1we1431 LLA: L11745(111)
L25946(fadA) LLC: LACR 1665 LACR 1956 LLM |1 ng_0930(thils) SPY: SPy J1140 SPy
1637(atoB) SPZ: Ms005_Spy 0119 M5005_Spy 0432 Mp005_Spy 1344(at oB) SPM

spyl vl 8 0136wspyMBs:d645(at oB) SPG SpyMB_0108 SpyMBrddv&iabaky SPS: SPs0110
SP60484 SPH MGAS10270_Spy0121 MGAS10270 8py0433 MGAS10270_Spyl461(at oB) SPI
MGAS10750_Spy0124 MGAS10750_Spy0452 MGAS10750 5pyl453(atoB) SPJ:
MGAS2096_Spy0123 MGAS2096_Spy0451 MGAS2096_Spy1365(at oB) SPK: MDAS9429 Spy0121
MDAS9429 Spy0431 MDAS9429 Spyl 339(atoB) SPF: SpyMb0447(atoB2) SPA: M5_Spy0166
M6_3py0466 M53py1390

MFA: Mfla_2133

HPY: HP0354(dxs)

HPJ: jhp0328(dxs)

HPA: HPAG1_0349

HHE: HH0608(dxs)

HAC: Hac_0968(dxs)

WSU: WS1996

TDN: Tmden_0475

CJE: Cj0321(dxs)

CJR: CIJE0366(dxs)

CJJ: CJI81176_0343(dxs)
CJU: CBJ_0298(dxs)

CID: JID26997_1642(dxs)
CFF: CFF8240 0264(dxs)
CCV: CCV52592_1671(dxs) CCV52592_ 1722
CHA: CHAB381_1297(dxs)
CCO: CCC13826_1594(dxs)
ABU: Abu_2139(dxs)

NIS: NIS_0391(dxs)

SUN: SUN_2055(dxs)
GSU: GSU0686(dxs-1) GSU1764(dxs-2)
GME: Gmet 1934 Gmet_2822
PCA: Pcar_1667

PPD: Ppro_1191 Ppro_2403
DVU: DVU1350(dxs)

DVL: Dvul_1718

DDE: Dde_2200

LIP; L10408(dsx)

DPS: DP2700

ADE: Adeh_1097

MXA: MXAN_4643(dxs)
SAT: SYN_02456
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SPB: M28_Spy0117 M28_Spy0420 M28_Spy1385(at oB) SAX: SAK 0568 LI O UL609 LAC
LOAO626(thiL) | SA: LSA1486 LDB: D1130879 LBU: LBUL_0804 LBR LV1S 2218 LCA-
LSE1_1787 WA: LGAS 1374 LAE: Lreu_0052 EFA: EF1364 OOE: OEOE0529 STH. STH2913

ST1-1725 STI - 1894,,56AG CAC2873 CA_P0078(thi L) CPE: CPERL95(ataR), CPF: CPF_2460
CPR CPR 2170 CQ :0%5%0312 CNO. NTOLCX0538 NTOLCX_ 0603 CDF: CDLO59(t h1Al)

CD2676(th1A2) CBO (C803200(thl) CBE: Cbei 0411 Cbei 3630 CKL: CKL_3696(t hl Al)
Cl CL_3697(th1A2) Cl CL_3698(th1A3)

SFU: Sfum_1418

PUB: SAR11_0611(dxs)
MLO: ralr7474

MES: Meso_0735

SME: SMc00972(dxs)
ATU: Aru0745(dxs)

ATC: AGR_C_1351

RET: RHE _CH00913(dxs)
RLE: R1L.0973(dxs)

BME: BMEI1498

BMEF: BAB1_0462(dxs)
BMS: BR0436(dxs)

BMB: BruAbl_0458(dxs)
BOV: BOV_0443(dxs)
BJA: bl12651(dxs)

BRA: BRADO2161(dxs)
BBT: BBta_2479(dxs)
RPA: RPA0952(dxs)

RPB: RPB_4460

RPC: RPC_1149

RPD: RPD_4305

RPE: RPE_1067

NWI: Nwi_0633

NHA: Nham_0778

BHE: BH04350(dxs)
BQU: BQ03540(dxs)
BBK: BARBAKC583_0400(dxs)
CCR: CC_2068

SIL: SPO0247(dxs)

SIT: TM1040_2920

RSP: RSP_0254(dxsA) RSP_1134(dxs)
JAN: Jann_0088 Jann_0170
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AMT: Amet 4630 ACE: Cl os_0084 Cl os_0258 CHY: CHY 1288 CHY_1355(atoB) CRY 1604
CHY1738 DSY: DSY0632 DSY0639 DSY1567 DSY1710 DSY2402 DSY3302 DRM Dred_0400
Dred 1491 Dred_1784 Dred_| 892 SWO Swol 0308 Swol 0675 Swol 0789 Swol 1486
Swol | 934 Swolwo205dcd;7E0549( paaT) MTA: Moth 1260 MIU: pRyidddBisciy 1 323(f adAd)
Rv3546(fadA5) MIC. MI1365(pbbA) MBO M1167 Mb1358(fadAd) M3576(f adA5)
Mb3586¢(fadA6) MBB: BCGL 197 3CG 1385(fadA4) BCG 3610(fact A5) BCG 3620c(f adA6)
1VELE. M.1158(f adAd)

RDE: RD1_0101(dxs) RD1_0548(dxs)
MMR: Mmar10_0849

HNE: HNE_1838(dxs)

ZMO: ZMO01234(dxs) ZMO1598(dxs)
NAR: Saro_0161

SAL: Sala 2354

ELI: ELI_12520

GOX: GOX0252

GBE: GbCGDNIH]1_ 022} GbCGDNIHI_2404
RRU: Rru_A0054 Rru_A2619
MAG: amb2504

MGM: Mmcl_1048

SUS: Acid_1783

BSU: BG11715(dxs)

BHA: BH2779

BAN: BA4400(dxs)

BAR: GBAA4400(dxs)

BAA: BA 4853

BAT: BAS4081

BCE: BC4176(dxs)

BCA: BCE_4249(dxs)

BCZ: BCZK3930(dxs)

BTK: BT9727_3919(dxs)
BTL: BALH_3785(dxs)

BLI: BLG1523(dxs)

BLD: BLi02598(dxs)

BCL: ABC2462(dxs)

BAY: RBAM_022600

BPU: BPUM_2159

GKA: GK2392

GTN: GTNG_2322

LMO: Imol1365(tkiB)
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MPA: MAP2407c(fadA3) MAP2436¢c(fadAd4) MAV: MAV_1544 MAV_1573 MAV_1863 MAV_5081
MSM NMBMEG 2224 MBMEG 4920 MUL: MJL_0357 M/A: Mran 1976 Mvan_1988 M/an_4305
Mran_4677 Mran_4891 MGT: M Iv_1347 MI|v_1484 MI|v_2040 MIv_2340 M| v_4356
Mlv_4368 MVC.\,MiBRsed#sp81lvbnes_1769 Mknek_3796 M ncs 386dydviehbssidkr ns_0251
Mans | 540 Mkins | 805 Mkres 1816 Mcns_ 2836 kans 3159 Mkrns 3286 M uns_3869
Mons 3938 Mkrns_ 4227 Mcns_44 | 1 Mcns_4580 Mcns_4724 M cns_4764 NKkrns_4776
MIL: MIs_0231 MIs_1739 MIs_1750 M1s_2819 MIls _3119 MIs_3235 M| s_3800
MIls 3850 MLs 4110 MIs_4383 M 16_4705 M|s_4876 M1s_ 5018 M 1s_5063
MIls_ 5075 CGE.: NC812309(cgl2392) CGB: cg2625(peaF) CEF: CEO0731 CE2295 CJK:
j k1543(fadA3) NFA: nfal 0750(f adA4)

LMF: LMOf2365_1382(dxs)

LIN: lin1402(tktB)

LWE: lwe1380(tktB)

LLA: L108911(dxsA) L.123365(dxsB)

LLC: LACR_1572 LACR_1843

LLM: llmg_0749(dxsB)

SAK: SAK 0263

LPL: Ip_2610(dxs)

LJO: 110406

LAC: LBA0356

LSL: LSL_0209(dxs)

LGA: LGAS_0350

STH: STH1842

CAC: CAC2077 CA_P0106(dxs)

CPE: CPE1819

CPF: CPF_2073(dxs)

CPR: CPR_1787(dxs)

CTC: CTC01575

CNO: NT0ICX_1983

CTH: Cthe_0828

CDF: CD1207(dxs)

CBO: CBO1881(dxs)

CBA: CLB_1818(dxs)

CBH: CLC_1825(dxs)

CBF: CLI_1945(dxs)

CKL: CKL_1231(dxs)

CHY: CHY_1985(dxs)

DSY: DSY2348

DRM: Dred 1078

PTH: PTH_1196(dxs)

SWO: Swol_0582

CSC: Csac_1853
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RHA: RHA | _rc01455 RHAI ro001623 RHAI _ro01876 RHAI _ro02517(cal F) RHA1 ro03022
R HA1 ro03024 REM ro03391 RHAl ro003892 R11A1_r 004599 RHA1 r 005257 RHAl _ro08871
SCO SCOb399( 8C8F4. 03) SMA: SAV1384(fadA5) 8AV2556(fadA 1) ART: Arthl 160
Art b2986 Arth_@gg@wg.,rﬁw_4o73 NCA: Noca_137 | Noca_1797 sNogaebsofdéd Noca_2764
Noca_4142 TF1J: T 1520 Tfu_2394 FRA: Francci 3 3687 FILE: Franeanl| 044
Franean | 2711 Franeanl 2726 Franeanl3 929 Franeanl4037 Franeanl_ 4577 FAL:
FRAAL2514 FRAAL2618 FRAAL5910(at0l13) ACE: Acel _0626 Acel 0672

TTE: TTE1298(dxs)

MTA: Moth_1511

MPE: MYPE730

MGA: MGA_1268(dxs)

MTU: Rv2682c(dxsl) Rv3379¢(dxs2)
MTC: MT2756(dxs)

MBO: Mb2701c(dxs[) Mb3413c(dxs2)
MLE: ML1038(dxs)

MPA: MAP2803¢(dxs)

MAV: MAV_3577(dxs)

MSM: MSMEG_2776(dxs)

MMC: Mmcs_2208

CGL: NCgl1827(cgl1902)

CGB: ¢g2083(dxs)

CEF: CE1796

CDI: DIP1397(dxs)

CIK: jk1078(dxs)

NFA: nfa37410(dxs)

RHA: RHAI_ro06843

SCO: SCO6013(SC1C3.01) SCO6768(SCHAS.17)
SMA: SAV1646(dxs]) SAV2244(dxs2)
TWH: TWTA484

TWS: TW280(Dxs)

LXX: Lxx10450(dxs)

CMI: CMM_1660(dxsA)

AAU: AAur_1790(dxs)

PAC: PPA1062

TFU: Tfu_1917

FRA: Francei3_1326

FAL: FRAAL2088(dxs)

ACE: Acel 1393

SEN: SACE_1815(dxs) SACE_4351
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SEN. SACE _1 192(mmyA) SACE 2736(fadA6) SACE 40l 1(catF) SACE_6236(f adA4)
STP. Strop 3610 SAQ Sare 1316 Sare 3991 Rxyl | 582 Rzyl 1842 Facyl12389 Rxyl
2530 FNU: FN0O495 BOA: BG0110(fadA) 13AF: BAP1CO_0110(fadA) LI U LA0457(thilLl)

LA0828(t bi L2) &?%@ﬁ%gq& L1C. LI C10396( phbA) LBJ:(LBQ%%?%@&&%%;-M LBL:
: ato )

LBL_0209( paal-4 Sir1993(phaA) SKIL SRU 121 | 47 CHU: CHU
1910(atoB) GFO GF0_1507(atoB) RIO Fjoh_46 12 FPS: FPO770 FPI 586 FPI 725 RRS:
RoseRS 3911 RoseRS4348 RCA: Rcas_0702 Rcas_3206 HAU. Baur 0522

BLO: BL1132(dxs)
BAD: BAD 0513(dxs)
FNU: FN1208 FN1464
RBA: RB2143(dxs)
CTR: CT331(dxs)
CTA: CTA_0359(dxs)
CMU: TC0608

CPN: CPn1060(tk¢B_2)
CPA: CP0790

CPJ: CPj1060(tktB_2)
CPT: CpB1102

CCA: CCA00304(dxs)
CAB: CAB301(dxs)
CFE: CF0699(dxs)
PCU: pe0619(dxs)
TPA: TP0824

TDE: TDE1910(dxs)
LIL: LA3285(dxs)

LIC: LIC10863(dxs)
LBJ: LBJ_0917(dxs)
LBL: LBL_0932(dxs)
SYN: s1t1945(dxs)
SYW: SYNW1292(Dxs)
SYC: syc1087_c(dxs)
SYF: Synpec7942_0430
SYD: Syncc9605 1430
SYE: Syncc9902 1069
SYG: sync_1410(dxs)
SYR: SynRCC307_1390(dxs)
SYX: SynWH7803_1223(dxs)
CYA: CYA_1701(dxs)
CYB: CYB_1983(dxs)
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DRA: DR 1072 AR 1428 DR 1960 DR 2480 DR _A0053 ACE: Dgeo_0755 Dgeo_1305
Ageo_1441 Dgeo | 883 TTH: TTC0191 TTCOB30 TTHAO559 TINE: Tnel 1134 FNO
Fnocl 0314 PMO Pnpb 0515 | NA: ni AC0O896( acaB3) rmAC2815(aca2) r mAC3497(yqeF)

rnmB0240(acal ) %BagQeAssacaB2) rnB0309(acal3l) TAC TaO5§§U§;}/gosJ\9/I\I0649 PTQO
PT01505 APE: APE 2108 SSO SS02377(acal3-4) STQO ST0514 SAl: Sac i_0963
Saci _1361(acaBl) MSE: Msed_0656 PAl: PAEI 220

TEL: t110623

GVI: gll0194

ANA: alr0599

AVA: Ava 4532

PMA: Pro0928(dxs)
PMM: PMMO0907(Dxs)
PMT: PMT0685(dxs)
PMN: PMN2A_0300
PMI: PMT9312_0893
PMB: A9601_09541(dxs)
PMC: P9515_09901(dxs)
PMF: P9303_15371(dxs)
PMG: P9301_09521(dxs)
PMH: P9215_09851
PMJ: P9211_08521
PME: NATL1_09721(dxs)
TER: Tery_3042

BTH: BT_1403 BT _4099
BFR: BF0873 BF4306
BFS: BF0796(dxs) BF4114
PGI: PG2217(dxs)

CHU: CHU_3643(dxs)
GFO: GFO_3470(dxs)
FPS: FP0279(dxs)

CTE: CT0337(dxs)
CPH: Cpha266 0671
PVI: Cvib_0498

PLT: Plut_0450

DET: DET0745(dxs)
DEH: cbdb_A720(dxs)
DRA: DR_1475

DGE: Dgeo_ 0994
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PI'S: Pis120029 Pisl 1301 PCL: Pcal 0781 PAS: Pars 0309 Pars 1071 CVA:
Cmag_1941 Exenplary |-B4G CoA syntbase nucl eic acids and pal ypepti des 1-1SA:
3157(1 1M3CSI ) 3158(1- ENA0082) PTR 45716901M3CS2) 461892( 1 1- W GCS1) MCC.
702553( HMGCS1) 713541( HMECS2) MMLJ: 15360Q 1ragcs2) 208715(Hngcsl) RNO
24450( 1-i ngcs 2YQU8AB7 64 rgcs1) CFA: 479344( HMGCS 1) 6079PG{MRADEISES6 BTA:
407767(HM3CS1) SSC. 397673(CH242-38B5.1) GGA: 396379( HMGECS1) XLA:

380091( kungcsl) 447204(MXC80816) DRE: 394060( hrugcsl) SPU 578259(L00578259)
DVE: Dnmel _C04311 (Brags)

TTH: TTC1614
TTJ: TTHA0006
AAE: aq_881
TMA: TM1770
PMO: Pmob_1001
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CEL: F25B4.6 ASH AT4011820( BAP1) OSA: 4331418 4347614 CME: CMMLBIC SCE:
YM_126C( ERGL3) AGO. AGDS_ADL356C FTC: PICST_83020 CAL: Ca019_7312(Ca019. 7312)
CGR CAGLOB04081g SP(); SPACAFS8.l4c(hcs) MGR M3G 01026 ANT: AN4923.2 AFM
AFUA 3010660 ARlJlA.8007210 AR A0090003000611 A009001Q00048%SNE: CNCCE080
CNGD2670

Exemplary acetyl-CoA-acetyltransferase nucleic acids and polypeptides

HSA: 38(ACATI1) 39(ACAT2)

PTR: 45]1528(ACAT1)

MCC: 707653(ACAT1) 708750(ACAT2)

MMU: 110446(Acatl) 110460(Acat2)

RNO: 25014(Acatl)

CFA: 484063(ACAT2) 489421 (ACAT1)

GGA: 418968(ACAT1) 421587(RCIMB04_34i5)

XLA: 379569(MGC69098) 414622(MGC81403) 414639(MGC81256)
444457(MGC83664)

XTR: 394562(acat2)

DRE: 30643(acat2)

SPU: 759502(LOC759502)

DME: Dmel_CG10932 Dmel_CG9149

CEL: T02G5.4 T02GS.7 T02G5.8(kat-1)

ATH: AT5G48230(ACAT2/EMB1276)

OSA: 4326136 4346520

CME: CMA042C CME087C

SCE: YPLO28W(ERGI0)

AGO: AGOS_ADRI165C

PIC: PICST_31707(ERG10)

CAL: Ca019.15%1(ergl0)

CGR: CAGLOL12364g

SPO: SPBC215.09¢

MGR: MGG 01755 MGG_13459

ANI: AN1409.2

AFM: AFUA_6G14200 AFUA_8G04000

AOR: A00%90103000012 AO090103000406

CNE: CNC05280

UMA: UM03571.1

DDI1: DDB 0231621
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UMA: UMD5362.1 ECU: ECULO_0510 DDI: DDBDRAFT_0217522 DDB_0219924(hgsA) TEL
TTHERM 00691190 TBR L6927.8.6110 YPE: YP01457 YPK: y2712(pksG) YPM
YP_1349(pksG YPA: YPA 0750 YPN. YPN 2521 YPP: PDSF1 517 YPS: YPTBl475 CBD:
COXBU7E912_193], TG J&r 1719 DNO DNO_0799 BMA: BMAAI 212 BRS. BP331002

PFA: PF14_(0484

TET: TTHERM_0C091590 TTHERM_00277470 TTHERM_00926980
TCR: 511003.60

ECO: b2224(atoB)

ECJ: JW2218(atoB) JTW5453(yqeF)

ECE: Z4164(yqeF)

ECS: ECs3701

ECC: ¢2767(atoB) c3441(yqeF)

ECI: UTI89_C2506(atoB) UTI8S_C3247(yqeF)
ECP: ECP_2268 ECP_2857

ECV: APECO1_3662(yqeF) APECO1_4335(atoB) APECO1_43352(atoB)
ECX: EcHS_A2365

STY: STY3164(yqeF)

STT: 12929(yqeF)

SPT: SPA2886(yqeF)

SEC: SC2958(yqeF)

STM: STM3019(yqeF)

SFL: SF2854(yqeF)

SFX: $3052(yqeF)

SFV: SFV_2922(yqeF)

SSN: SSON_2283(atoB) SSON_3004(yqeF)
SBO: SBO_2736(yqeF)

ECA: ECA1282(atoB)

ENT: Ent638_3299

SPE: Spro_0592

HIT: NTHI10932(atoB)

XCC: XCC1297(atoB)

XCB: XC_2943

XCV:XCV1401(thlA)

XAC: XAC1348(atoB)

X00: X001381(atoB)

XOM: X00 [778(X001778)
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BPM BUR2317101t A2613 BPL: BURPS1106A A1384 BPD: BURPS668 A1470 BYE:
ST14 111670 MXA: MXAN 3948(tac) MXAN 4267(nvaS) B SU. 5GL0926( pksG OM OB2248
SAU: “3A2334(nvaS) SAV: SAV2546(nvaS) SAM MAR467(nvaS) SAR. SAR2626(nvaS) SAS:
SAS2432 SAC: ;,g,,% SAB: SAB2420(mvaS) SAA SAUSA30Q.248thsS0R
SAOUHSC_02860 CRUT I HO 2569 SAM Saurffil 2622 SEP: 8E2] 10 SER 8ERP2
122 SHA. 8HO508( m/aS) SSP: SSP0324 LMD 1=1415 LMF: LMDf 2365 1434(nva5) UN:
linl1454 LVE |wel432(mva5) LLA!L13187(hmcM)

VCH: VCA0690

VCO: VC0395_0630

VVU: VV2_0494 VV2_0741

VVY: VVA1043 VVA1210

VPA: VPA0620 VPAI123 VPAI204

PPR: PBPRB1112 PBPRB1840

PAE: PA2Q01(atoB) PA2553 PA3454 PA3589 PA3925
PAU: PA14_38630(atoB)

PPU: PP_2051(atoB) PP_2215(fadAx) PP_3754 PP_4636
PPF: Pput_2009 Pput_2403 Pput_3523 Pput_4498

PST: PSPTO_0957(phbA-1) PSPTO_3164(phbA-2)

PSB: Psyr_0824 Psyr 3031

PSP: PSPPH 0850(phbA1) PSPPH_2209(phbA2)

PFL: PFL_1478(atoB-2) PFL_2321 PFL,_3066 PFL_4330(atoB-2) PFL, 5283
PFO: Pfl_1269 Pf1_1739 Pfl_2074 Pfl_2868

PEN: PSEEN3197 PSEEN3547(fadAx) PSEEN4635(phbA)
PMY: Pmen_1138 Pmen_2036 Pmen_3597 Pmen_3662 Prmen_3820
PAR: Psyc_0252 Psyc_1169

PCR: Pcryo_0278 Pcryo_1236 Peryo 1260

PRW: PsycPRwf_201]

ACIL: ACIADO0694 ACIAD1612 ACIAD25]6(atoB)

SON: SO_1677(atoB)

SDN: Sden_1943

SFR: Sfri_1338 Sfri_2063

SAZ: Sama_1375

SBL: Sbal 1495

SBM: Shew185_1489

SBN: Sball95_1525

SLO: Shew_ 1667 Shew_2858

SPC: Sputcn32_1397

SSE: Ssed_1473 Ssed_3533

SPL: Spea_ 2783
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LLC: LACR 1666 LI2v1: Iltng_0929(bmcM SPY: SRy 01381(mvaS.2) SPZ:
M5005_Spy_0687(mvasS. 1) SPM spyML8 0942(mvaS2) SPG SpyMs_0600(mvas.2) SPS:
SPs1253 SPH. MGAS10270_Spy0745(nvaS1l) SPI: | vl OAS10750 Spy0779(nvaSl) SPJ:

MGAS2096_Spy 07, ARld SPEC. MGAS9429 Spy0743(nvaSl) ; J$121(nvas)
SPA: NB_SpyO?O\ggg)g%z M28_Spy0667(awaS. 1) SPN. SP_1727 éﬁﬁ?”@g&@n( nvaS) SPD:

SPD 1537(nmvaS) SAG SAGL316 SAN. gbs1386 SAX: SAK 1347 SMJ: SMJ. 943c STC.
str0577(nvas)

SHE: Shewmr4_2597

SHM: Shewmr7_2664

SHN: Shewana3_2771

SHW: Sputw3181_2704

ILO: 1L0872

CPS: CPS_1605 CPS_2626

PHA: PSHAa0908 PSHA21454(atoB) PSHAa1586(atoB)

PAT: Patl_2923

SDE; Sde_3149

PIN: Ping 0659 Ping_2401

MAQ: Maqu_2117 Maqu_2489 Maqu 2696 Maqu_3162

CBU: CBU_0974

LPN: Ipg1825(atoB)

LPF: Ipl1789

LPP: Ipp1788

NOC: Noc_1891

AEH: Mlg_0688 Mlg_2706

HHA; Hhal_1685

HCH: HCH_05299

CSA: Csal_0301 Csal_3068

ABO: ABO_0648(fadAx)

MMW: Mmwyll_0073 Mmwyll_3021 Mmwyll_3053 Mmwyll_3097 Mmwyll_4182

AHA: AHA_2143(atoB)

CVI: CV_2088(atoB) CV_2790(phaA)

RSO: RSc0276(atoB) RSc1632(phbA) RSc1637(bktB) RSc1761(RS02948)

REU: Reut_A0138 Reut_A1348 Reut_A1353 Reut_B4561 Reut_B4738
Reut_B5587 Reut_C5943 Reut_C6062

REH: H16_A0170 H16_A0867 H16_A0868 H16_A0872 HI16_A1297
[116_A1438(phad) H16_A1445(bkiB) H16_A1528 H16_A1713 H16_A1720
H16_A1887 H16_A2148 H16_B0380 H16_B0381 H16_B0406 H16_B0662
H16_B0668 H16_B0759 H16_B1369 Hi16_B1771

RME: Rmet 0106 Rmet 1357 Rmet_1362 Rmet 5156
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STL: stu0577(nvaS) STE: STER 0621 SSA: SSA 0338(ruvas) SSU05_1641 SSV:
S51198 1652 SGO SQ)_0244 LPL: |p_2067(mvaS) LIG LJ1607 LAC. LBA0628( hntS)
LSA: LSA1484(nvaS) LSL: LSL_0526 LDB: Ldb0881(mvaS) LBU:. LBUL_0806 LBR:

LV1S_ 1363 LCA ywhSkel#85 LGA LGAS_1372 LRE: Lreu0676 BPEis:REbE:9868 EFA:
EF1363 OOE: OEOE 0968 LME: LEUML 384 NFA: nfa22l 20 SEN. SACE _4570( pks0) 13BU:
BB0683 BGA: B00706 BAF: BAPKO_0727 FJO Fjoh_0678 HAL: V1\Gl6156( nmvaB) HVA:
unAC1740(ruvas)

BMA: BMA1316 BMA1321(phbA) BMA1436

BMV: BMASAVP]1_A1805(bktB) BMASAVP1_A1810(phbA)

BML: BMA10299_A0086(phbA) BMA10259_A0091]

BMN: BMA 10247 1076(bktB) BMA10247_1081(phbA)

BXE: Bxe_A2273 Bxe_A233S5 Bxe_A2342 Bxe_Ad4255 Bxe_B0377 Bxe_B0739
Bxe C0332 Bxe C0574 Bxe_C0915 '

BVI: Bcepl1808_0519 Beepl808_1717 Beep1808 2877 Beepl1808_3594
BceplB08 4015 Beepl808_5507 Beepl1808_5644

BUR: Beepl8194_A3629 Beepl8194 _AS5080 Beepl8194_A5091
Bcepl8194_A6102 Beep18194 _B0263 Beepl8194 _B1439
Bcep18194 C6652 Beepl8194 6802 Beepl8194 _C6874
Beepl8194_C7118 Beepl8194_C7151 Beepl8194_C7332

BCN: Been_1553 Been_1599 Been_2158 Been_2563 Been_2998 Been 6289

BCH: Bcen2424_0542 Been2424_1790 Been2424 2772 Been2424_5368
Bcen2424 6232 Been2424 6276

BAM: Bamb 0447 Bamb_1728 Bamb_2824 Bamb_4717 Bamb_577] Bamb_5969

BPS: BPSL1426 BPSL1535(phbA) BPSL1540

BPM: BURPS1710b_2325(bktB) BURPS1710b_2330(phbA)
BURPS1710b_2453(atoB-2)

BPL: BURPS1106A_2197(bktB) BURPS1106A_2202(phbA)

BPD: BURPS668_2160(bkB) BURPS668_2165(phbA)

BTE: BTH_J2144 BTH_I2256 BTH_J2261

PNU: Ppuc_0927

BPE: BP0447 BP0668 BP2059

BPA: BPP0608 BPP1744 BPP3805 BPP4216 BPP4361]

BBR: BB0614 BB3364 BB4250 BB4804 BB4947

RFR: Rfer 0272 Rfer_ 1000 Rfer_1871 Rfer 2273 Rfer_256) Rfer 2594
Rfer_3839

POL: Bpro_1577 Bpro_2140 Bpro_3113 Bpro_4187

PNA: Pnap_0060 Poap_0458 Pnap 0867 Pnap 1159 Pnap 2136 Ponap_2804

AAV: Aave_003] Aave 2478 Aave_3944 Aave 4368

AJS: Ajs 0014 Ajs 0124 Ajs 1931 Ajs_2073 Ajs_2317 Ajs_3548
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HWA: HQR868A(nmvaB) NPH: NP2608A(mvaB 1) NP4836A(eavaB _2) Exenplary

hydr exyrnet hyl gl u taryl - CoA reducta_se nucleic acids 2nd pol ypepti des EI SA:
3156(1-rmocR) PTR 471516(H vl GCR) MCC. 705479(1- 1IMCR) MWJ: 15357(Hmgcr) RNO
25675(1- I nger ) wekRooA#A9182( HMECR) STA: 407159( HMGCR) G%I,USZOOB,UBG%Q

395145( RCl MB04_14nR4) SPU. 373355(L0C373355) DWVE: Dnel _CO10367(11 ngcr) CEL:
FOBF8. 2 OSA: 4347443 SCE: YLR4A50W I I M) ThlLO75C(1-1MGl) AGO. AGOS_AER152W
CGR CAGLOL11506g SPO. SP00162.09c(hregl) AN': AN3817.2 MM Al UA 1011230
AFUA2Q03700 AOR: A0090103000311 A0090120000217

Ajs_3738 Ajs_3776
VEI Veis_1331 Veis_3818 Veis 4193
DAC: Daci_0025 Daci_0192 Daci_3601 Daci_5988
MPT: Mpe_A1536 Mpe A1776 Mpe_A1869 Mpe_A3367
HAR: HEARO0577(phbA)
MMS: mma_0555
NEU: NE2262(bkiB)
NET: Neut_0610
EBA: ebA5202 p2A409(tioL)
AZO: azo0464(fadA1) az00469(fadA2) azo2172(thlA)
DAR: Daro_0098 Daro_3022
HPA: HPAG1_0675
HAC: Hac_D958(atoB)
GME: Gmet_1719 Gmet_2074 Gmet 2213 Gmet_ 2268 Gmet 3302
GUR: Gura_3043
BBA: Bd0404(atoB) Bd2095
DOL: Dole_0671 Dole_1778 Dole_2160 Dole 2187
ADE: Adeh_0062 Adeh_2365
AFW: Anzel09 0064 Anae109_1504
MXA: MXAN_3791
SAT: SYN_02642
SFU: Sfum_2280 Sfum_3582
RPR: RP737
RCO: RC1134RC1135
RFE: RF_0163(paal)
RBE: RBE_0139(paal}
RAK: A1C_05820
RBO: Al1l_07215
RCM: A1E_04760
PUB: SAR11_0428(thlA)
MLO: mlr3847
MES: Meso_3374
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CNE: CNF04830 LIMA: UWD3014.1 ECU. Ea: 110 1720 DM
DDB_0191125( hr ag. A) DDB_0215357( hngE) TBR. Tb927. 6. 4540 TCR. 506831. 40 50916720
LMAT Lnj F30. 3190 VCA0723 VCO VCCB95 0662 W2_0117 WY; WA0625 VPA: VPA0968

V197 VFA0841 wo 2000/076676 PCT/US2008/086869

PLA: Plav_1573 Plav_2783

SME: SMa1450 SMc03879(phbA)

SMD; Smed_0499 Smed_3117 Smed 5094 Smed 5096

ATU: Atu2769(atoB) Atu3475

ATC: AGR_C_5022(phbA) AGR_L_2713

RET: RHE_CHO04018(phbAch) RHE PC00068(ypc00040) RHE_PF00014(phbAf)

RLE: RL4621(phaA) pRL10030]1 pRL120369

BME: BMEI0274 BMEII0817

BMF: BAB1_1783(phbA-1) BAB2_0790(phbA.-2)

BMS: BR1772(phbA-1) BRA0448(phbA-2)

BMB: BruAbl_1756(phbA-1) BruAb2_0774(phbA-2)

BOV: BOV_1707(phbA-1)

OAN: Oant_1130 Oant_3107 Oant_3718 Oant_4020

BJA: bll0226(atoB) bl13549 bl17400 b117819 blr3724(phbA)

BRA: BRADOO0562(phbA) BRADO0983(pimB) BRADO3110 BRADO3134(atoB)

BBT: BBta_3558 BBta_3575(atoB) BBta_5147(pimB) BBta_7072(pimB)
BBta_7614(phbA)

RPA: RPA0513(pcaF) RPAQ531 RPA3715(pimB)

RPB: RPB_0509 RPB_0525 RPB_1748

RPC: RPC_0504 RPC_0636 RPC_0641 RPC_0832 RPC_1050 RPC_2005
RPC_2194 RPC_2228

RPD: RPD_0306 RPD_0320 RPD_3105 RPD_3306

RPE: RPE_0168 RPE_0248 RPE_3827

NWI: Nwi_3060

XAU: Xaut_3108 Xaut_4665

CCR: CC_0510 CC_0894 CC_3462

SIL: SPO0142(bktB) SPO0326(phbA) SPO0773 SPO3408

SIT: TM1040_0067 TM1040_2790 TM1040_3026 TM1040_3735

RSP: RSP_0745 RSP_1354 RSP_3184

RSH: Rsph17029_0022 Rsph17029_2401 Rsph17029_3179 Rsph17029_3921]

RSQ: Rsph17025_0012 Rsph17025_2466 Rsph17025_2833

JAN: Jann_0262 Jann_0493 Jaon_4050
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PAT: Pat1_0427 CBU. CBU 0030 CBU 0610 CBD: COXBU7E912_0151

COXBU7E912_0622( hrngA) TCX: Ter 1717 DNO DNO 0797 CV1: CV 1806 SUS: Acid_5728
Aci d_6132 SAU. 5A2333 (mvaA) SAV: SAV2545(nvaA) SAM MAR466( mvaA) SAB:
SAB2419c( mvaAwSERn&R2109 LVWE: 1we0819(mvaA) LLA: Li £43R6dosseey LLC

LACR 1664 LLM 11ng_0931(nvaA) SPY: SPy_0880(rnvaS.1) SPM spyM 8_0941(nmvaSl)
SPG SpyM3_0599(nvaS. 1) SPS: SPs1254 SPH. MGASI Q270_Spy0744 SPI :
MGAS10750_Spy0778 SPE MDAS2096_5py0758 SPX: MGAS9429_Spy0742 SPA: Ms_Spy0703
SPN: SP 1726

RDE: RD1_0025 RD1_0201(bktB) RD1_3394(phbA)

PDE: Pden_2026 Pden_2663 Pden_2870 Pden 2907 Pden_4811 Pden_5022

DSH: Dshi_0074 Dshi_3066 Dshi_3331

MMR: Mmarl0_0697

HNE: HNE_2706 BNE_3065 HNE_3133

NAR: Saro_0809 Sarp_1069 Saro_1222 Saro_2306 Saro_2349

SAL: Sala_0781 Sala_1244 Sala_2896 Sala_3158

SWI: Swit 0632 Swit_0752 Swit_2893 Swit_3602 Swit_4887 Swit_5019
Swit_5309

ELL: EL1 01475 ELI 06705 ELI_12035

GBE: GbCGDNIHI_0447

ACR: Acry_1847 Acry_2256

RRU: Rru_A0274 Rru_A1380 Rru_A1469 Rru_A1946 Rru_A3387

MAG: amb0842

MGM: Mmcl_1165

ABA: Acid345_3239

BSU: BG11319(mmgA) BG13063(yhfS)

BHA: BH1957 BH2029 BH3801(mmgA)

BAN: BA3687 BA4240 BAS5589

BAR: GBAA3687 GBAA4240 GBAAS5589

BAA: BA 0445 BA 4172 BA_4700

BAT: BAS3418 BAS3932 BAS5193

BCE: BC3627 BC4023 BC5344

BCA: BCE_3646 BCE_4076 BCE_5475

BCZ: BCZK3329(mmgA) BCZK3780(thl) BCZK 5044 (atoB)

BCY: Beer98 2722 Beer98 3865

BTK: BT9727_3379(mmgA) BT9727_3765(thl) BT9727_5028(atoB)

BTL: BALH_3262(mmgA) BALH_3642(fadA) BALH_4843(atoB)

BLI: BL03925(mmgA)

BLD: BLi03968(mmgA)

BCL: ABC0345 ABC2989 ABC3617 ABC3891(mmgA)

BAY: RBAM_022450
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SAG SAG1317 SAN: gbs1387
SSA: SSA 0337(rnvaA) LPL:

STC. sv0576(mvaA) STL: stu0576(mvaA) STE: STER 0620
| p_0447(mvaA) LJO L51608 LSL: |ISL_0224 LBR

LVIS 0450 LGA: LGAS 1373 EFA: EF1364 NFA: nfa22110 BGA: B&708(nmvaA) SR U
SRU2422 FPS; RRg3d AdyP: MVP0087( hngA) PCT/US2008/086869

BPU: BPUM_2374(yhfS) BPUM_2941 BPUM_3373
OIH: OB0676 OB0689 0B2632 OB3013

GKA: GK1658 GK3397

SAU: SA0342 SA0534(vraB)

SAV: SAV0354 SAVO0576(vraB)

SAM: MW0330 MW0531(vraB)

SAR: SAR0351(thl) SAR0581

SAS: SAS0330 SAS0534

SAC: SACOL0426 SACOL0622(atoB)

SAB: SAB0304(th1)

SAB0526

SAA: SAUSA300_0355 SAUSA300_0560(vraB)
SAO: SAOUHSC_00336 SAOUHSC_00558

SAJ: SaurJH9_0402
SAH: SawJHI1_0412

SEP: SE0346 SE2384

SER: SERP0032 SERP0220
SHA: SH0510(mevaC) SH2417
SSP: SSP0325 SSP2145

LMO: Imol414

LMF: LMOf2365_1433

LIN: linl453
LWE: lwel431

LLA: L11745(thiL) L25946(fadA)

LLC: LACR_1665 LACR 1956

LLM: limg_0930(thiL)

SPY: SPy_0140 SPy_1637(atoB)

SPZ: M5005_Spy 0119 M5005_Spy 0432 M5005_Spy_1344(atoB)

SPM: spyM18_0136

spyM18 1645(atoB)

SPG: SpyM3_0108 SpyM3_1378(atoB})

SPS: SPs0110 SPs04

84

SPH: MGAS10270_Spy0121 MGAS10270_Spy0433 MGAS10270_Spy1461(atoB)
SPI: MGAS10750_Spy0124 MGAS10750_Spy0452 MGAS10750_Spy1453(atoB)
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MVQ Mrar C5_1589 MAC. MA3073(hngA) MBA: Moar _A1972 MVA: MV 0335 MBU: Mour 1098
MHU: Mouo_3004 MEM Memar 2365 MEN. Mioo 0137 M I1: MIH562 MST: Msp_0584( hngA)
MS1: Msm 0227 M CA: MKO355(HVGL) AFU: AF1736(mvaA) HAL: VNGL875G(mvaA) HVA:

r MC3412( mvaA) 215A(bngR) NPH. NPO368A(nvaA 2) , aA 1) TAC
Ta0406m TVG H%%&‘ lg;ETQ P101 143 PAB: PAB2106( mvaA) %%%%8 TKO TK0914

SPJ: MGAS2096_Spy0123 MGAS2096_Spy0451 MGAS2096_Spy1365(atoB)
SPK: MGAS9429_Spy012]1 MGAS9429_Spy0431 MGAS9429_Spy1339(atoB)
SPF: SpyM50447(atoB2)

SPA: M6_Spy0166 M6_Spy0466 M6_Spy1390

SPB: M28_Spy0117 M28_Spy0420 M28_Spyl385(atoB)
SAK: SAK 0568

LJO: 1LJ1609

LAC: LBA0626(thiL)

LSA: LSA1486

LDB: Ldb0879

LBU: LBUL_0804

LBR:LVIS 2218

LCA: LSEI_1787

LGA: LGAS 1374

LRE: Lreu_0052

EFA: EF1364

OOE: OEOE 0529

STH: STH2913 STH725 STH&04

CAC: CAC2873 CA_P0078(thiL)

CPE: CPE2195(atoB)

CPF: CPF_2460

CPR: CPR_2170

CTC: CTC00312

CNO: NT01CX 0538 NT01CX_0603

CDF: CD1059%(thlA1) CD2676(th1A2)

CBO: CBO3200(thl)

CBE: Cbei_0411 Cbei_3630

CKL: CKL_3696(thlA1) CKL 3697(thlA2) CKL_3698(thlA3)
AMT: Amet 4630

AOE: Clos_0084 Clos_0258

CHY: CHY 1288 CHY 1355(atoB) CHY_ 1604 CHY 1738
DSY: DSY0632 DSY0639 DSY 1567 DSY 1710 DSY2402 DSY3302
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RCl : RClI X1027(bngA) RC11X376(hngA) APE: APE 1869 1110: |gni 0476 HSU:

| -1but 1531 SSO 8S00531 STQ ST1352 SAl: Saci 359 PA): PAE2182 PI'S:

Pisl 0814 PCL: Pcal 1085 PAS. Pars 0796 Exenplary neval onate kin ase nucleic
aci ds and pol YRgRiehsess HSA: 4598( WK) MCC:  707645( MWK) pMybkzochi8R5( Mk) RANO;
81727( Mk) CFA: 486309(|WK) BTA: 505792( WK) GGA: 768555( WK) DRE:
492477(zgc: 103473) SPU:. 585785(L00585785) DVE: Drel _CG33671 OSA: 4348331 SCE:
YMR208W ERG12) AGO AGOS_AER335W PI C. Pl CST 40742(ERGL2) CGR CAGLOF03861g
SPO.  SPAC1366. 11c

DRM: Dred_0400 Dred_1491 Dred_1784 Dred_1892

SWO: Swol 0308 Swol_0675 Swol_0789 Swol_1486 Swol_1934 Swol_2051

TTE: TTE0549(paal)

MTA: Moth_1260

MTU: Rv1135A Rv1323(fadA4) Rv3546(fadAS)

MTC: MT1365(phbA)

MBO: Mb1167 Mb1358(fadAd) Mb3576(fadA5) Mb3586¢(fadA6)

MBB: BCG_1197 BCG_1385(fadA4) BCG_3610(fadAS5) BCG_3620¢(fadA6)

MLE: ML1158(fadA4)

MPA: MAP2407c(fadA3) MAP2436c(fadA4)

MAV: MAV 1544 MAV_1573 MAV_1863 MAV_5081

MSM: MSMEG_2224 MSMEG_4920

MUL: MUL,_0357

MVA: Mvan_1976 Mvan_]1988 Mvan_4305 Mvan 4677 Mvan_4891

MGI: Mflv_1347 Milv_1484 Mflv_2040 Mflv_2340 Mflv_4356 Mflv_4368

MMC: Mmos_1758 Mmcs_1769 Mmcs_3796 Mmcs_3864

MKM: Mkms_0251 Mkms_1540 Mkms_1805 Mkms_1816 Mkms_2836 Mkms_3159
Mkms_3286 Mkms_386% Mkms_3938 Mkms_4227 Mians_4411 Mkms_4580
Mkms_4724 Mkms_4764 Mkms_4776

MIL: Mjls_0231 Mjls_1739 Mijls_1750 Mjls_2819 Mjls_3119 Mjls_3235
Mjls_3800 Mjls_3850 Mjls_4110 Mjls_4383 Mjls_4705 Mjls_4876
Mjls_5018 Mjls 5063 Mjls_5075

CGL: NCgl2309(cgl2392)

CGB: cg2625(pear)

CEF: CE0731 CE2295

CJIK: jk1543(fadA3)

NFA: nfal0750(fadA4)

RHA: RHAI ro01455 RHA] ro01623 RHAI ro01876 RHA1 ro02517(catF)
RHAI 1003022 RHA1 1003024 RHA1 ro03391 RHA1 ro03892
RHA1 1004599 RHA1 ro05257 RHA1 ro08871

SCO: SCO5399(SC8F4.03)

SMA: SAV1384(fadAS) SAV2856(fadA1)
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MER: M3G_ 06946 ANL: AN3869.2 AFM AFUA 4007780 ACR: A0090023000793 CNE:
CNKO1740 ECU. ECU091 780 DDI: DDBDRAFT_0168621 TET: TTHER2v1_00637680 MR
Th927. 4. 4070 TCR 436521.9 509237.10 LMA: Lnj F31. 0560 CBU. CBU_ 0608 CBU_0609

CBD. COXBU7E9 ) LPN: 1pg2039 LPF: 1p12017 LPR;uLnpctas
BBA: 13(11027(?‘%@5@%‘%6?%@ MXA: MXAN 5019( nyk) O1H: osg§%§%A1J: 8A0547( mvaKl)
SAY: SAV0590(nvaKl) SAM MAM545(nvaK |) SAR 8AR0596(mvaK |) SAS: SAS0549

ART: Arth_1160 Arth_2986 Arth 3268 Arth_4073

NCA.: Noca_137] Noca_1797 Noca_1828 Noca_2764 Noca_4142

TFU: Tfu_1520 Tfu_2394

FRA: Francci3_ 3687

FRE: Franean] 1044 Franeanl_271] Franeanl_2726 Frareanl 3929
Franeani_4037 Franeanl 4577

FAL: FRAAL2514 FRAAL2618 FRAAL5910(atoB)

ACE: Acel 0626 Acel 0672

SEN: SACE_1192(mmgA) SACE_2736(fadA6) SACE_4011(catF)
SACE_6236(fadA4)

STP: Strop_3610

SAQ: Sare_1316 Sare_3991

RXY: Rxyl_ 1582 Rxyl 1842 Rxyl_2389 Rxyl 2530

FNU: FN0495

BGA: BG0110(fadA)

BAF: BAPKO_0110(fadA)

LIL: LA0457(thil.1) LA0828(thiL2) LA4139(fadA)

L1C: LIC10396(phbA)

LBJ: LBJ_2862(paal-4)

LBL: LBL_0209(paaJ-4)

SYN: slr1993(phaA)

SRU: SRU_1211(atoB) SRU_1547

CHU: CHU_1910(atoB})

GFO: GFO_1507(atoB)

FJO: Fjoh_4612

FPS: FPO770 FP1586 FP1725

RRS: RoseRS_3911 RoseRS_4348

RCA: Rcas 0702 Rcas_3206

HAU: Haur 0522

DRA: DR_1072 DR_1428 DR_1960 DR_2480 DR_A0053

DGE: Dgeo_0755 Dgeo_1305 Dgeo_1441 Dgeo_1883

TTH: TTC0191 TTC0330
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SAC. SACOL0636(ravk) SAD: 8AB0540(nvaKl) SAA: SAUSA300_0572(mvk) SAQ
SAOUHSC 00577 SEP: 5E0361 SER. SERP0238(nyk) SHA: SH2402(nvaKl) SSP: SSP2122
LM i nao0010 LNF LMDf 2365_001 | LIN: Laa0010 LWE: twe0011(nyk) LLA:

L7866(yea® LLGy, % 54 LLM 11mg_0425(nmvk) SPY: SPy.08766dsa%ade( 1)
SPZ: Mb005_Spy 0882(awa ) SPM spyM 8 _0937(mvaKl) SPG SpyM3_0505(nvaKl) SPS:

SPs1258 SP-1: MGAS10270 Spy0740( nvakKl) SPE MGAS10750 Spy0774(nvakKl) SP!:
MDAS2096_Spy0753(mval C1) SPK: MDAS9429 Spy0737(mvakl) SPF: SpyMs1126(mvaKl)
SPA: Ms_Spy0699 SPD: M28_Spy0662(nvalCl) SPN. SP_0381

TTJ: TTHA0559

TME: Tmel_1134

FNO: Food_0314

PMO: Pmob_0515

HMA: rmAC0896(acaB3) rrnAC2815(acal) rrnAC3497(yqeF)
mmB0240(acal) rrnB0242(acaB2) mB0309(acaBl)

TAC: Ta0582

TVO: TVNO649

PTO: PTO1505

APE: APE_2108

SSO: SS02377(acaB-4)

STO: ST0514

SAJ: Saci_0963 Saci_1361(acaB1)

MSE: Msed 0656

PAIL: PAEL1220

PIS: Pisl_0029 Pisl_1301

PCL: Pcal_0781

PAS: Pars_0309 Pars_1071

CMA: Cmag 1941
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SPR spr0338(miek) SPD: SPD 0346(muk) SAG SAGL326 SAN: ghs1396 SAK:
8AK_1357(nvk) SMJ. SMJ. 181 STC. str0559(nvaKl) Sit: sMD559(nvaKl) 5Th:
STER 0598 SSA: SSA 0333(nval C1) SSU: SSU0O5 0289 SSV: SSU98_0285 SGO

S@3239( navk) Pl : 735(nvakl) LJO LI 1205 LAC. LB 1C) LSA:
LSA0908(rrvaKl)‘JV{@E?"bEﬁ%‘i_oass(eRG) B: Ldb0999( nyk) LBU S%W“g%os LBR:

LV1S 0858 LCA: LSE1_1491 LGA: LGAS 1033 LRE: Lreu_0915

Exemplary HMG-CoA synthase nucleic acids and polypeptides

HSA: 3157(HIMGCS1) 3158(HMGCS2)
PTR: 457169(HMGCS2) 461892(XIMGCS1)
MCC: 702553(HMGCS1) 713541 (HMGCS2)
MMU: 15360(Hmgces2) 208715 (Hmgcs])
RNO: 24450(Hrages2) 29637 (Hmgesi)
CFA: 479344(HMGCS1) 607923 (HMGCS2)
BTA: 407767(HMGCS1)

SSC: 397673(CH242-38B5.1)

GGA: 396379(HMGCS1)

XLA: 380091 (hmges1) 447204(MGC80816)
DRE: 394060(hmgcsl)

SPU: 578259(LOC578259)

DME: Dmel_CG4311(Hmgs)

CEL: F25B4.6

ATH: AT4G11820(BAP1)

OSA: 4331418 4347614

CME: CMM189C

SCE: YMLI26C(ERG13)

AGO: AGOS_ADL356C

PIC: PICST 83020

CAL: Ca019_7312(Ca019.7312)

CGR: CAGLOH04081¢g

SPO: SPAC4F8. 14c(hcs)

MGR: MGG 01026

ANI: AN4923.2

AFM: AFUA_3G10660 AFUA 8G07210
AOR: A0090003000611 AO090010000487
CNE: CNC05080 CNG02670

UMA: UMO05362.1

ECU: ECUI0_0510
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WE: PEPE_0927 EPA: EP0904( nyk) OOE: OEOE1100 LME: LEUM 1385 NFA: afa22070
136A: B60711 BAF: BAPKO 0732 FPS: FP0313 MWP : |a/21335 MAE: Maeo0775 . MAC:
MAO602(mvk) MBA: Moar A1421 MVA: MM 1762 |vIBU: Mour 2395 MHU: Mun_2890 MET1:

Memar 1812 I\/El\kvow ,&GN&}B MST: Msp_0858(nvk) MSI: Msm 1?"%&%%5 0993( ERG12)
- N

HAL: VNGL145G( nv NNACO077(mvk) HWA: - HQR925A( mvk 50A(mvk) PTO
PTO 1352 PHO PHI 625 PAB: PAB0372(nvk) PFH: PF1637(mvk) TKO TI Cl1474

DDI: DDBDRAFT 0217522 DDB_0219924(hgsA)
TET: TTHERM_00691190
TBR: Tb927.8.6110

YPE: YPO1457

YPX: y2712(pksG)

YPM: YP_1349(pksG)
YPA: YPA_0750

YPN: YPN_2521

YPP: YPDSF_1517

YPS: YPTB1475

CBD: COXBU7E912_1931
TCX: Ter_1719

DNO: DNO_0799

BMA: BMAA1212

BPS: BPSS1002

BPM: BURPS1710b_A2613
BPL: BURPS1106A_A1384
BPD: BURPS668_A1470
BTE: BTH_1I1670

MXA: MXAN_3948(tac) MXAN_4267(mvaS)
BSU: BG10926(pksG)

OIH: OB2248

SAU: SA2334(mvaSs)

SAV: SAV2546(mvaS)
SAM: MW2467(mvaS)
SAR: SAR2626(mvaS)
SAS: SAS2432

SAC: SACOL2561

SAB: SAB2420(mvaS)
SAA: SAUSA300 2484
SAO: SAOUHSC_02860
SAJ: SaurJH9 2569
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ACE: LAC399(mvk) APE: APE 2439 HBLI: Hbut 0877 SSO 8800383 STO 512185 SAl:
Sacl 2365(nyk) MSE: Msect 1602 PM PAE3108 PIS: Pisl 0467 PCL: Peal ] 835
Exenpl ary phosphontval on ate ki nase nucl eic acids and pol yp eptides HSA

10654( PWK) PTR; (PWK) MCC: 717014( PWK) MV 6 CFA:
612251 ( PMVK) d%&?@@%ga PWI C) DVE: Dmel _CGL0268 ATH: g&%@%‘%"e&: 4332275
SCE: YMR220W ERG8) AGO AGOS_AER354W Pl C:~ P1CST_52257( ERG8) CGR CAGL01703993g

SPO SPAC343. 01c

SAH: SaurTH]1_2622

SEP: SE2110

SER: SERP2122

SHA: SHO508(mvaS)

SSP: SSP0324

LMO: Imo]41$

LME: LMOf2365_1434(mvaS)
LIN: linl454

LWE: lwe1432(mvaS)

LLA: L13187(hmecM)

LLC: LACR_1666

LLM: llmg_0929(hmcM)

SPY: SPy 0881(ravaS.2)

SPZ: M5005_Spy_0687(mvaS.1)
SPM: spyM18_0942(mvaS2)

SPG: SpyM3_0600(mvaS.2)

SPS: SPs1253

SPH: MGAS10270_Spy0745(mvaS1)
SPI: MGAS10750_Spy0779(ravaS])
SPJ: MGAS2096_Spy0759(ravaS1)
SPK: MGAS9429_Spy0743(mvaS1)
SPF: SpyM>51121(mvaS)
SPA:M6_Spy0704

SPB: M28 Spy0667(mvaS.1)

SPN: SP 1727

SPR: spr1571(mvaS)

SPD: SPD_1537(mvaS)

SAG: SAGI316

SAN: gbs1386

SAK: SAK_1347

SMU: SMU.%43¢

STC: str0577(mvaS)

158



MER: M30_05832 AN :

AN2311. 2 AFM AFUA

5010680 AOR: A009001000

0471 CNE:

CNMD0100 DMA: UMDO7643.1 DD1: DDEDRAFT_01845) 2 TBR Tb09. 160. 3690 TCR:
507913. 20 508277.140 LMA: Lnj F151460 MXA: MXAN_5017 OM OE0227 SAL):

SA0549( nvaK2)
SAS: SAS0551
SAQUHSC 00579

S

STL: stu0577(mvaS)
STE: STER_0621
SSA: SSA_0338(mvaS)
SSU: SSU05_1641
SSV: SSU98_1652
SGO: SGO_0244

LPL: Ip_2067(mvaS)
LJO: LJ1607

LAC: LBA0628(hmeS)
LSA: LSA1484(mvaS)
LSL: LSL 0526

LDB: Ldb0881 (mvaS)
LBU: LBUL_0806
LBR: LVIS 1363
LCA: LSEI_1785
LGA: LGAS_1372
LRE: Lreu_0676

PPE: PEPE_0868
EFA: EF1363

OOE: OEOE 0968
LME: LEUM_1184
NFA: nfa22120

SEN: SACE_4570(pksG)
BBU: BB0683

BGA: BG0706

BAF: BAPKO 0727
FJO: Fjoh_0478

HAL: VNG1615G(mvaB)

HMA.: mnACl1740{(mavaS)
HWA: HQ2868A(mvaB)

NPH: NP2608A(mvaB 1) NP4836A(mvaB_2)

592(mvak2) SAM MAD547(Tnvak2) SAR: BARD
063S SAB: SA130542(nvak2) SAA’ ?ﬁ@i@@é_‘%
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SAJ: Saul -1119 0615 SEP: SE0363 SER SERP0240 SHA: SH2400(nvak2) SSP: SSP2120
LMD | mo0012 LIVCF: LM)12365 0013 |in0012 LWE |we0013 LLA: L100l4<yebA) TLC
LACR 0456 LLM |1 ng_0427 SPY: SPy_0878(nmval C2)

WO 2009/076676 PCT/US2008/086869

Exemplary hydroxymethylglutaryl-CoA reductase nucleic acids and polypeptides

HSA: 3156(HMGCR)

PTR: 471516(HIMGCR)

MCC: 705479(HMGCR)

MMU: 15357(Hmgcer)

RNO: 25675(Hmgcer)

CFA: 479182(HMGCR)

BTA: 407159(HMGCR)

GGA: 395145(RCIMB04_14m24)

SPU: 373355(L0C373355)

DME: Dmel_CG103671mgcr)

CEL: FO8F8.2

QSA: 4347443

SCE: YLR450W(HMG2) YML075C(HMG]1)
AGO: AGOS_AER152W

CGR: CAGLOL11506g

SPO: SPCC162.09c(hmg])

ANI: AN3817.2

AFM: AFUA_1G11230 AFUA 2G03700
AOR: AO050103000311 AQ090120000217
CNE: CNF04830

UMA: UM03014.]

ECU: ECUI0_1720

DDI: DDB_0191125(hmgA) DDB_0215357(hmgB)
TBR: Tb927.6.4540

TCR: 506831.40 509167.20

LMA: LmjF30.3190

VCH: VCAQ723

VCO: VCO0395_0662

VVU: VV2 0117

VVY: VVA0625
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SPZ: M6005_Spy_0684(nvak2) SPM spyML8_0939 SPG SpyM3_0597(nvak2) SPS:
SPs1256 SPH. MGAS10270_8py0742(nval C2) SPE MGAS10750 Spy0776(nval C2) SPJ:
MDAS2096_5py0755( mvak2) SPK: MGAS9429. S2y0739(mval a) SPF: SpyMs1124(mvalC2)

SPA: 1v16_Spy0 P13: M28_Spy0664(m/ak2) SPN. 313 03 ,0340( mvak?)
SPD: SPD_0348(W§§32%)76§7§A SAGL324 SAN: ghs1394 SAX: iﬁ@%"’%ﬁ; SMU. 938

STC. str0561(rnval C2) STL: stu0561(nval (2) STE: STER 0600

VPA: VPAD968

VFI: VFA0B4]

PAT: Patl_0427

CBU: CBU_0030 CBU_0610
CBD: COXBU7E912_0151 COXBU7E912_0622(hmgA)
TCX: Tex_1717

DNO: DNO_0797

CVI: CV_1806

SUS: Acid_5728 Acid_6132
SAU: SA2333(mvaA)

SAV: SAV2545(mvaA)
SAM: MW2466(mvaA)
SAB: SAB2419¢(mvad)
SEP: SE2109

LWE: [we0819(mvaA)
LLA:L10433(ravaA)

LLC: LACR_1664

LLM: Ilmg_093 1 (mvaA)
SPY: SPy_0880(mvaS.1)
SPM: spyM18_0941(mvaS1)
SPG: SpyM3_0599(mvaS.1)
SPS: SPs1254

SPH: MGAS10270_Spy0744
SPI: MGAS10750_Spy0778
SPF: MGAS2096_Spy0758
SPK: MGAS9429_Spy0742
SPA: M6_Spy0703

SPN: SP_1726

SAG: SAGI1317

SAN: gbs1387

STC: sr0576(mvaA)

STL: stu0576(mvaA)
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SSA: SSA 0335(roval C2) SSU. SSU05 0291 SSV: SSWI8 0287 SGO SE0_0241 LPL:

| p_1733(mvak2) LIO: LJ1207 LAC. LBA1169 LSA: LS A0906(nvakK2) LSL: LSL_0683
LDB: Ldb0997(mvaK) LBU: LBUL_0904 LBR LA 5 0860 LCA: LSE1 1092 LGA: LGASJ. 035
LRE: Lreu_0913 - PEPE_0925 EPA: EF0902 NFA: nfa22090 B 710 BAI:

BAPKO 0731 NPI—YVS)@%@%%\ SSO  SS02988 STO ST0978 SAI: %é&&”ﬁ’&s “Exenpl ary

di phosphoneval onat e decar boxyl ase nucl ei ¢ acids and pol ypepti des HSA;

4597(WD) PTR 468069( WD) MCC. 696865( WD) MW 192156( Mvd) RNO 81726( Mvd)
CFA: 489663( WD) GGA: 425359(MWD) DME: Dmel _CG8239 SCE: YNRO43W NI VD) AGO
AGOS_AGL232C PI C. PICST_90752 CGR CAGLO0(B630g SPO. SPAC24C9. 03 MGR:

M3G 09750 ANI: AN4414. 2

STE: STER_0620

SSA: SSA_0337(mvaA)
LPL: 1p_0447(mvaA)
LJO: LY1608

LSL: LSL_0224

LBR: LVIS_0450

LGA: LGAS_1373

EFA: EF1364

NFA: nfa22110

BGA: BG0708(mvaA)
SRU: SRU_2422

FPS: FP2341

MMP; MMPO0087(hmgA)
MMQ: MmarC5_1589
MAC: MA3073(hmgA)
MBA: Mbar_A1972
MMA: MM_0335

MBU: Mbur_1098
MHU: Mhuo_3004
MEM: Memar_2365
MBN: Mboo_0137
MTR: MTHS562

MST: Msp_0584(hmgA)
MS1: Msm_0227

MKA: MK0355(HMG1)
AFU: AF1736(mvaA)
HAL: VNG1875G(mvaA)
HMA: rrnAC3412(mvaA)
HWA: HQ3215A(bmgR)
NPH: NP0368A(mvaA_2) NP2422A(mvaA_1)
TAC: Ta0406m

TVO: TVN1168
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AFM  AFUA 407130 ADR A0090023000862 CNE: CNI -04950 UVA: UMD5179.1 DD1:
DDBDRAFT0218058 TET: TTHERM 00849200 TER: Tb10. 05. 0010 Th10. 61. 2745 TCR
507993. 330 511281.40 LMA: Lnaj F18. 0020 CBU:. CBL1_0607(mvaD) CBD,

COXBU?E912—061\282%3(P“7|5PN: 1pg2040 LPF: 11312018 LPP; wlggs%gm“gggx: Tcr_1734

PTO: PTOL143

PAB: PAB2106(mvaA)
PFU: PF1848

TKO: TK0514

RCI: RCIX1027(hmgA) RCIX376(hmgA)
APE: APE_1869

IHO: Igni_0476

HBU: Hbut_153]

SS0O: SS00531

STO: ST1352

SAI: Saci_1359

PA1: PAE2182

PIS: Pisl 0814

PCL: Pcal_1085

PAS: Pars 0796
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M/O. DNO_0504(nvaD) Dd1629 MXA: MXAN 5018(mvaD) 0111: 080226 SALJ:
SA0548(nvaD) SAV: SAV0591(nvaD) SAM MA546(nvaD) SAR. SAR0597(nvaD) SAS:
SAS0550 SAC. SACOL0637(nvaD) SAB: SAB0541(nvaD) SAA. SAUSA300 0573(nvaD) SAO

SAQUHSC_00578 §A:2|2\§8%&4?1 00 614 SAM Saud H1_0629 SEP: SE%%%%M%%%; ¢

SERP0239( nvaD) 1(mvaD) SSP: SSP2121 LMD 1=0
LMDf 2365_0012(mvaD) UN: iin0011 LWE: |we0012(nmvaD) LLA: L90S93#eaH) LLC:
LACR 0455 LLM 11ng_0426(mvaD) SPY: SPy 0877(mvaD) SPZ: Ms005_Spy 0683(ravaD)
SPM spyML8_0938(nvd) SPG SpyM3_0596(nvaD) SPS: SPs1257

Exemplary mevalonate kinase nucleic acids and polypeptides

HSA: 4598(MVK)

MCC: 707645QMVK)
MMU: 17855(Mvk)

RNO: 81727(Mvk)

CFA; 486309(MVK)

BTA: 505792(MVK)

GGA: 768555(MVK)

DRE: 492477(zgc:103473)
SPU: 585785(L0OC585785)
DME: Dmel_CG33671
OSA: 4348331

SCE: YMR208W(ERG12)
AGO: AGOS_AER335W
PIC: PICST_40742(ERG12)
CGR: CAGLOFQ3861g
SPO: SPAC13G6.11c
MGR: MGG_06946

ANI: AN3869.2

AFM: AFUA_4G07780
AOR: A0090023000793
CNE: CNKO01740

ECU: ECU09 1780

DDI: DDBDRAFT 0168621
TET: TTHERM_00637680
TBR: Tb%27.4.4070

TCR: 436521.9 509237.10
LMA: LmjF31.0560

CBU: CBU_0608 CBU_0609
CBD: COXBU7E912_0620(mvk)
LPN: 1pg2039
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SPH: MGAS10270_Spy0741(nvaD) SPl: MGAS10750_ Spy0775(nvaD) SPJ:
MDAS2096_82y0754(mvaD) SPK: MGAS9429 8py0738(mvaD) SPF: SpyMs1125(mvaD) SPA:
M6_Spy0700 SPB: M8 _8py0663(mvaD) SPN: SP_0382 SPR spr0339(mvdl) SPD:

SPD—0347(mIaD)W§§@8{)7§3A‘)9 325(mvaD) SAN: gbs1395 SAlLC S,g\ggg%tﬁ@é%g@m S MJ

SMU. 937 STC. sa mvaD) SIL: stu0560(mvaD) STE: STER”

SSA 0334(nvaD) SSU. SSU05 0290 SSV: SSW98 0286 SOD: SGO 0240(nmvaD) LPL:

| p_1734(nvaD) 1.70: L.J1206 LAC. LBAI 168(ravaD) LSA: LSA0907(ravaD) LSL:
LSLJ1684 LDB: Ldb0998(nmvaD) LBU: LBUL_0905 LBR LVIS 0859 LCA; LSEl 1492 LGA:
LOAS 1034 LRE: Lreu_ 0914

LPF: Ip)2017

LPP: Ipp2022

BBA: Bd1027(ImbP) Bd1630(mvk)
MXA: MXAN_5019(mvk)

OIH: 0OB0225

SAU: SA0547(mvaK])

SAV: SAV0590(mvaKl)

SAM: MW0545(mvaK1)

SAR: SAR0596(mvaK1)

SAS: SAS0549

SAC: SACOL0636(mvk)

SAB: SAB0540(mvaKl)

SAA; SAUSA300_0572(mvk)
SAQO: SAOUHSC_00577

SEP: SE0361

SER: SERP(238(mavk)

SHA: SH2402(mvaK1)

SSP: SSp2122

LMO: Imo0010

LMFE: LMOf2365_0011

LIN: [in0010

LWE: lwe0011({mvk)

LLA: L7866(yeaG)

LLC: LACR_0454

LLM: llmg_0425(mvk)

SPY: SPy_0876(mvaK1l)

SPZ: M5005_Spy_0682(mvaKl)
SPM: spyM18_0937(mvaK1)
SPG: SpyM3_0595(mvaK1)
SPS: SPs1258

SPH: MGAS10270_Spy0740(mvaK1)
SP1: MGAS10750_Spy0774(mveK1)
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PPE: PEPE 0926 EFA: EF0903(nvaD) LME: LEUM 1386 NFA: nfa22080 BBU. 830686 BOA:
BO0O709 BAF:. BAPKO_0730 CFO OEO_3632 FPS: FP0310(nvaD) HAU: 1l aur_1612 HAL:
VN&593F dnd) HVA: nuACl1489(cl nad) HWA: HQL525A( nmvaD) NPH: NP1580A(ni vaD) PTO
P100478 PT0135 02989 STO. ST0977 SA. E: Sad] 24 . Msecl_3576
Ezernplary i sogl(g??%gw%%phosphat e kinas es (INC) nucl ei ggglé%gk@ﬁ% pol ypepti des
Met hanobact eri um t her nopaut ot r ophi cum gi 12621082 Met hanococcusj annaschii DSM
2661 gi 11590842 ; Met hanocal dococcusj annaschii gil 1590842 Met hanot her nobact er
t her maut ot r ophi cus gi 12621082 Pi crophilus torridus DBMB790 (10-57) gir48477569
Pyrococcus abyssi gil 14520758

SPJ: MGAS2096_Spy0753(mvaK1)
SPK: MGAS9429 Spy0737(mvaK1)
SPF: SpyM51126(mvaK1)
SPA: M6_Spy0699

SPB: M28 Spy0662(mvaK1)
SPN: SP_0381

SPR: spr0338(mvk)

SPD: SPD_0346(mvk)
SAG: SAG1326

SAN: gbs1396

SAK: SAK_1357(mvk)
SMU: SMU.181

STC: str0559(mvaK1l)
STL: stu0559(mvaK1)
STE: STER_0598
SSA:SSA_0333(mvaKl)
SSU: SSU0S5_0289

SSV: SSU98 0285

SGO: SGO_0239(ravk)
LPL: Ip_1735(mvaK]1)
1JO: LJ1205

LAC: LBA1167(mvaK)
LSA: LSA0908(mvaK 1)
LSL: LSL_0685(eRG)
LDB: Ldb0%99(mvk)
LBU: LBUL_0906

LBR: LVIS_0858

LCA: LSEI 1491

LGA: LGAS 1033

LRE: Lreu_0915

PPE: PEPE 0927

EFA: EF0904(mvk)
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Pyro coccus hori koshii 0T3 gi 13258052 Archaeogl obus ful gi dus D31144304
602648231 Exenpl ary i sopentenyl -di phosphat e Del t adsonerase (100 nucl ei ¢ adds
and pol ypeptides HSA: 34220011) 917340D12) PTR 450262(1012) 4502630011) MCC.

710052( 007100 §%04é%%§0(L00721730) MVU:  319554( 11) RNgEUggéééégﬁdul

420459( 1DH ) X 1(L0C494671) XTR 496783(i di 2) (L00586184)
CE!..: KO06147.9(idi-1) ATH. A13002780(1PP2) OSA: 4338791 4343523 CNLE: CMB062C
SCE: YPL117C(1011) AGO. AGOS_ADL268C PI C: Pl CST_689900011) CGR CAGLOJ06952g
SPO SPBC106. 15(idi 1) AN: ANO579.2 AFM AFUA _6Gl1160 AOR A0090023000500
CNE: CNA02550

OOE: QEOE_1100
LME: LEUM_1385
NFA: nfa22070
BGA: BGO0711
BAF: BAPKO_ 0732
FPS: FP0313
MMP: MMP1335
MAE: Maeo_0775

. MAC: MA0602(ravk)
MBA: Mbar Al42]
MMA: MM_1762
MBU: Mbur_2395
MHU: Mhun_289%0
MEM: Memar_1812
MBN: Mboo_2213
MST: Msp_0858(mvk)
MSI: Msm_1439
MKA: MK0993(ERG12)
BAL: VNG1145G(mvk)
HMA: mmACO0077(mvk)
HWA: HQ2925A(mvk)
NPH: NP2850A(mvk)
PTO: PTO1352
PHO: PH1625
PAB: PAB0372(tnvk)
PFU: PF1637(ravk)
TKO: TK1474
RCI: LRC399(mvk)
APE: APE 2439
HBU: Hbut_0877
SSO: SS00383
STO: ST2185
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UNI A: Ulv104838.1 ECU. ECUC2 0230 001: DDB_0191342(ipi) TET: TTHERM 00237280
TTHERM 00438860 TBR: Tbh09.211.0700 TCR 408799.19 510431.10 LI MA: Lnj F35.5330
EH : 46.100025 ECO b2889(idi) EC: JW857(idi) ECE: Z4227 ECS:. ECs3761 ECC:

03467 ECI: UTI \ggﬂ%@mms ECP: ECP_2882 ECV: APECO01_3638 %%SZ(%%EB%§%§77A3215U di)

SAI; Saci_2365(mvk)
MSE: Msed_1602
PAI: PAE3108

PIS: Pisl_0467

PCL: Pcal_1835
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ECX: EcHS A3048 STY: STY3195 SIT: t2957 SPT: SPA2907(idi) SEC: SC2979(i di)
STM STMB039(idi) SFL: SF2875(idi) SFX: 53074 SFV: 51W 2937 SSN: SSON 3042
SSON_3489(yhfK) SBO SBO_3103 SDY: SDY_ 3193 ECA: ECA2789 PLU: plu3987 ENT:

Ent 638_3307 SPE. Spro 2201 VPA: VPA0278 VFI: VF0403 PPR._ PBPRA0469(rnvaD) PEN:
PSEEN4850 CBU:WEHY/$6G9(rnvaD) CBD: COXBU7E912_0619( r nVaBySHBRESY pg2051 ~ LPF:
1p12029 LAP: | pp2034

Exemplary phosphomevalonate kinase nueleic acids and polypeptides

HSA: 10654(PMVK)
PTR: 457350(PMVK)
MCC: 717014(PMVK)
MMU: 68603(Pmvk)
CFA: 612251(PMVK)
BTA: 513533(PMVK)
DME: Dmel_CG10268
ATH: ATIG31910

OSA: 4332275

SCE: YMR220W(ERG8)
AGO: AGOS_AER354W
PIC: PICST_52257(ERGS)
CGR: CAGL0F03993g
SPO: SPAC343.01¢

MGR: MGG_05812

ANI: AN2311.2

AFM: AFUA_5G10680
AOR: AC050010000471
CNE: CNM00100

UMA: UM00760.1

DDI1: DDBDRAFT 0184512
TBR: Tb09.160.3690
TCR: 507913.20 508277.140
LMA: LmjF15.1460
MXA: MXAN 5017

OlIH: OB0227

SAU: SA0549(mvaK2)
SAV: SAV(0592(mvaK2)
SAM: MW0547(mvaK?2)
SAR: SAR0598(mvaK2)
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TCX: Ter 1718 BHA: 1-1hal. 1623 DNO. DNO_0798 RBA: ebA5678 p2Al43 DVU:
DVI J1679(i di) DDE: Dde | 991 LIP: L11134 BBA: Bd1626 AFW Anacl09 4082 MXA:
MXAN 5021(fni) RPR RP452 RTY: RT0439(idi) RCO RC0744 RFE: RF_0785(fni) REE:
RBE_0731(fai) RAJC. Al C 04190 RBO All 04755 RCM Al E gzﬁgg@ggr Al G04195
MO n) 46371 REPZBLESBDO0245(ypd00046) XAU: Xaut 4134 TSYD? 8731 SIT:
TMLO40 3442 RSA: RSP_0276 RSH. Rs2h17029 1919 RSQ Rsphl 70251 019

SAS: SAS0551

SAC: SACOL0638

SAB: SAB0542(mvaK2)

SAA: SAUSA300_0574

SAQC: SAOUHSC_00579

SAJ: SaurJH9_0615

SEP: SEQ363

SER: SERP0240

SHA: SH2400(mvaK2)

SSP: SSP2120

LMO: lmo0012

LMF: LMOf2365_0013

LIN: 1in0012

LWE: lwe0013

LLA: L10014(yebA)

LLC: LACR_0456

LLM: llmg_0427

SPY: SPy_0878(mvaK2)

SPZ: M5005_Spy_0684(mvak2)
SPM: spyM18_0939

SPG: SpyM3_0597(mvaX?2)

SPS: SPs1256

SPH: MGAS10270_Spy0742(mvaK2)
SPI: MGAS10750_Spy0776(mvaK2)
SPJ: MGAS2096_Spy0755(mvaK2)
SPK: MGAS9429_Spy0739(mvak?2)
SPF: SpyM51124(mvaK?2)

SPA: Mé_Spy0701

SPB: M28_Spy0664(mvaK?2)

SPN: Sp_0383

SPR: spr0340(mvaKk2)

SPD: SPD_0348(mvak2)
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JAN: Jann_0168 RDE: RD1_0147(idi) DSB: Dshi 3527 BSU: BGL1440(ypgA) BAN:
8A1520 BAR GBAA1520 BAA: BA 2041 BAT: BAS1409 BCE: BC1499 BCA: BCE 1626 BCZ:
BCZK1380(fni) BCY: Bcer98 1222 BTK: BT9727_1381(fni) BTL: BALH 1354 BLI:
BL02217(fni) BLD: )3L102426 BAY: RBAM 021020(fni) BPL1; BPUM 2020(fni) 0111:
080537 SAU: SAYP3WPH4PTF SAY: 3AV2346(foi) SAM M267( FEHUTHBEKE® saArR2431(fai)
SAS: 5AS2237 SAC: SACOL2341(fin) SAD: SAB2225c(fni)

SAG: SAG1324

SAN: gbs13%4

SAK: SAK 1355
SMU: SMU.938

STC: str0561(mvaK2)
STL: stu0561(mvaK2)
STE: STER_0600
SSA: SSA_0335(mvakK2)
SSU: S5U05_0291
SSV: SSU98_0287
SGO: SGO_0241
LPL: Ip_1733(mvaK2)
LJO: LJ1207
LAC:LBA116%

LSA: LSA0906(mvaK2)
LSL: LSL_0683

LDB: Ldb0597(mvak)
LBU: LBUL_0904
LBR: LVIS_0860
LCA:LSEI_1092
LGA: LGAS_1035
LRE: Lrec_0913

PPE: PEPE_0925
EFA: EF0902

NFA: nfa22090

BGA: BG0710

BAF: BAPKO_0731
NPH: NP2852A

SSO: SS02588

STO: ST0978

SAI: Saci 1244
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SAA: SAUSA300 2292(fni) SAO SAOUHSC 02.623 SEP: SE1925 SLR. SERP1937(f ni -
SHA: 5110712(fai) SSP: 55P0556 LMD 1rnol383 LMF: LMDf 2365 _1402(fni) LIN:
1101420 LWE |1vel399(fni) LLA: L11083(yet03) LLC. LACR 0457 LLM

|l my_0428(fni) SPY: SPy 0879 SPZ: M5005_Spy 0685 SPM spyML8 0940 SPG
SpyMB_0598 SPI¥O ZYoIsB& SpH. MGAS10270 Spy0743 SPI : VRS
MDA82096_Spy0756

Exemplary diphosphomevalonate decarboxylase nucleic acids and polypeptides

HSA: 4597(MVD)

PTR: 468069(MVD})

MCC: 696865(0MVD)
MMU: 192156(Mvd)

RNO: 81726(Mvd)

CFA: 489663(MVD)

GGA: 425359(MVD)

DME: Droel CG8239

SCE: YNRO43W(MVD])
AGO: AGOS_AGL232C
PIC: PICST 90752

CGR: CAGL0C03630g
SPO: SPAC24C9.03

MGR: MGG_09750

ANI: AN4414.2

AFM: AFUA_4G07130
AOR: A0050023000862
CNE: CNL04950

UMA: UM05179.1

DDI: DDBDRAFT_0218058
TET: TTHERM_00849200
TBR: 1610.05.0010 T510.61.2745
TCR: 507693.330 511281.40
LMA: LmjF18.0020

CBU: CBU_0607(mvaD)
CBD; COXBU7E912_0619(mvaD)
LPN: 1pg2040

LPF: 1pl2018

LPP: lpp2023
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SPK: MGAS9429 Spy0740 SPF: SpyM51123(fni) SPA: Mb_Spy0702 SPE!: M8 5py0665
SPN: SP_ 0384 SPR spr0341(fai) SPD: SPD 0349(fni) SAG SA01323 SAN: gbs1393
SAK: SALC 1354(foi) SMJ SMJ. 939 STC. str0562(idi) 8T1: stu0562(idi) 8Th:

SLER 0601 SSA:_ SSA 0336 SGO. S00 0242 LPL: Ip. 1732(i di 11208 LAC:
LBAL171 LSA: L“é‘i&i’%@?"’ﬁgi) LSL: LSL 0682 LDB: Ldb0996(F%?lyglﬁ)g{)}&ﬂBUL_OQOS LBR:

LVI'S 0861 LCA: LSEI _1493 LGA: LGAS 1036 LRE: Lreu 0912 EFA: EF0901 OOE:
OEOE_1103 STH: S TH1674 CBE: Cbei 3081 DRM Dred 0474 SWO. Swol 1341 MIA:
Mot h_1328 MITJ: Rv1745c(idi) MIC: Mr1787(idi) MBO Mol1774c(idi)

TCX: Ter_1734

DNO: DNO_0504(mvaD)
BBA: Bd1629

MXA: MXAN_5018(mvaD)
OIH: 0B0226

SAU: SA0548(mvaD)

SAV: SAV0591(mvaD)
SAM: MW0546(mvaD)
SAR: SAR(0597(mvaD)
SAS: SAS0550

SAC: SACOL0637(mvaD)
SAB: SAB0541(mvaD)
SAA: SAUSA300_0573(mvaD)
SAO: SAQUHSC_00578
SAJ: SawrJH9 0614

SAH: SaurJH1_0629

SEP: SE0362

SER: SERP0239(rnvaD)
SHA: SH2401(mvaD)

SSP: 8SP2121

LMO: Imo0011

LMF: LMOf2365_0012(mvaD)
LIN: 1in0011

LWE: lwe0012(mvaD)
LLA: L9089(yeaH)

LLC: LACR_0455

LLM: llmg_0426(mvaD)
SPY: SPy_0877(mvaD)
SPZ: M5005_Spy_0683(mavaD)
SPM: spyM18_0938(mvd)
SPG: SpyM3_0596(mvab)
SPS: SPs1257
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BCG 1784c(idi) MPA: MAP3079c MAV: MAV_3894(fni) MSM MBMEG 1057(fni)
MSMEG 2337(fni) MJL_0380(1d12) MVA: Man_1 582 Mvan2176 M3 : Mlvi 842 Mlv
4187 MVC. Mrcs_1954 NEM Mkins_2000 MIL: M |s_1934 CGL: NCgl2223(cgl12305) CGB:

2531(i d . 0TP1730(i di) NFA n1a1979 RHA:
RUA rgbolzégcg&fg@%%g‘;w(scww 33c§I X N1al9ToPeREAREIR,

SPH: MGAS10270_Spy0741(mvaD)
SPI: MGAS10750_Spy0775(mvaD)
SPI: MGAS2096_Spy0754(mvaD)
SPK: MGAS9429 Spy0738(mvaD)
SPF: SpyMS51125(mvaD)

SPA: Mé_Spy0700

SPB: M28_Spy0663(mvaD)

SPN: SP_0382

SPR: spr0339(mvdl)

SPD: SPD_0347(mvaD)

SAG: SAG1325(mvaD)

SAN: gbs1395

SAK: SAK 1356(mvaD)

SMU: SMU.937

STC: st0560(mvaD)

STL: stu0560(mvaD)

STE: STER_0599

SSA: SSA_0334mvaD)

SSU: SSUO5_0290

SSV: 55U98_0286

SGO: SGO_0240(mvaD)

LPL: Ip_1734(mvaD)

LJO: LJ1206

LAC: LBA1168(mvaD)

LSA: LSA0907(rovaD)

LSL: LSL_0684

LDB: Ldb0%9%98(mvaD)

LBU: LBUL 0905

LBR: LVIS_0859

LCA: LSEI_1492

LGA: LGAS 1034

LRE: Lreu_0914
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SMA: SAV1663(idi) LXX: Lxx238100di) CM: CN M 2889(idi A) AAU. AAur 0321(idi)
PAC. PPA21/5 ERA: Francei 3_4188 FRE: Franeanl5570 PAL: FRAAL6504(id JCRA:
Krad_3991 SEN: SACE 2627(idi B_2) SACE 5210(idi) STP: Strop _4438 SAQ
Sare_4564 Sare_4928 RXY: Rxyl 0400 BBU: BJ30684 BOA: BOO?O?C; s111556 SYC:
syc2161_c SYF: V8yipREF942 1933 CYA: CYA 2395(fni) CYB: YEYIZ" @W@f ni) TEL:

t 111403 ANA: all4591 AVA: Ava_2461 Ava_B0346 TER Tery_ 1589

PPE: PEPE 0926

EFA: EF0903(mvaD)
LME: LEUM_1386
NFA: nfa22080

BBU: BB0686

BGA: BG0709

BAF; BAPKO 0730
GFO: GFO_3632

FPS: FP0310(mvaD)
BAU: Haur_1612

HAL: VNG0593G(dmd)
HMA : rmAC1489(drad)
HWA: HQ1525A(mvaD)
NPH: NP1580A(mvaD)
PTO: PTO0478 PTO1356
SSO: $802989

STO: 810977

SAL: Saci_1245(mvd)
MSE: Msed_1576
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SRU: SRU 1900(idi) CHU: CHU 0674(idi) GFO GFO_23630di) FJO Fjoh 0269 FPS:
FPI 792(idi) CTE: CT0257 CCU Cag 1445 CPH Cpba266_0385 PVT: Cvib 1545 PLT:
Nut 1764 RRS: RoseRS 2437 RCA: Reas 2215 HAU: Haur 4687 DRA: DR 1087 DOE:
Dgeo 1381 TTH: TTI: TTI-B3110 M A ML0862 MWP

Mrar C5_1637 JI%Q/Q 67 0906 MVZ: Mmvar C7_1040 MAE: Naegdﬁl%@gﬁl\%% I\/Evan 1058
MAC: MAOG604(idi) MBA: Noar A1419 .OLVIA: M4 1764 MBU: Mbur 2397 MIP:

M he_0474 MHU: Mhurt 2888 MLA: M ab_1665 NEM Memar 1814 MBN: Mbo02211 MTH:
MIH48 MBT: Msp_0856(rni) MBl: Msm 1441 M CA: MK 0776(11dD) AFU. AF2287 HAL:
VNGL8186(i di ) VNGBOS1G(crt 1) VNGBA45G(crt 2) VNO7060 VNG7149 HVA:
FrnAC3484(idi) 1{WA H®R772A(idi A) HQR847A(i di B) NPH:

NPO360A( i di B_ 1) NP4826A(i di A) NP5124A(i di B_2) TAC. Ta0102 TVO. TVNO179 PTO
PT00496 PRO Pl 0 RCl: LRC397(fni)
APE: APE 1765. 1 Qéﬁ‘g%yEﬁﬁ"‘eﬂg’l‘%@%'Pf%h”%%%g?f’ﬂg%p°7’ﬂ'!°%§tz 0539 SSO 8800063
STO 8T2059 SAl: Saci 0091 NSE: Msed 2336"PAl - PAEOBOL Pl S Pi sl 1093 PCL:
Pcal 0017 PAS: Ratso:@in TPmadipehcd 2Ra1082

Methanococcus jannaschii DSM 2661 gi|1590842 ;
Methanocaldococcus jannaschii gi|1590842
Methanothermobacter thermautoirophicus gi|2621082
Picrophilus torridus DSM9790 (IG-57) gif48477569
Pyrococcus abyssi gi|14520758

Pyrococcus horikoshii OT3 gi|3258052
Archaeoglobus fulgidus DSM4304 gij2648231
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Exenpl ary i soprene synthase nucl eic acids and pol ypeptid es @nbank Accession
Nos. AY341431 AY316691 AY279379 AJ457070 AY182241 CLAIMS |.Cells in culture
t hat produce greater than about 400 runole/g)hr of isoprene. 2. Cells in

culture that hgye ah.average volunmetric productivity obe}59RkARK, Jreater than
about 0.1 nyg/Lb,r. § Cells in culture that convert nore than about 0.002

nol ar percent of the carbon that the cells consune froma cell culture nmedi um
into isoprene. 4. Cells in culture conprising a |acterol ogaus nucleic acid
encodi ng an i soprene synthese pol ypeptide, wherein the cells (i) produce
greater than about 400 ni nol etwou/ br of isoprene, (ii) convert nore than about
0. 902 nol ar percent of the carbon that the cells consune froma cell culture
mediuminto isoprene, ,or (iii) have an average volunetric productivity of

i soprene great er* B3N ’Sabeaé'f“-6%@5%&81“@'8%??“ &%l.) nUEEY pads ppg p(?ﬁ?e?'&drese conprising a
het er ol ogous nucl ei ¢ add encodi ng an i soprene synthase pol ypepti de, wherein

t he het er ol ogousisnuchenic) sasi@itys operably linked to a pronoter, and wherein

the production ofz.L3aRisREBY¥bii¢ cells is greater than about 400
nmol e/ g",/hr. 6. Cel I rising a heterol ogous nucleic acid

, | S 1’n culture co

encodi ng an i sompgﬁéooﬁgrﬁ%é@@) 6673%8%7{27})73@, wherein the heterol ogous nucleic
acid i s operabl yYMU:HREHIEYD a pronpter, and wherein the cells have an average
vol umet ri ¢ prodmasdisyisteiipf i soprene greater than about 0.1 ng/Lbnoitu. 7.
Cell's in culturgseopnedHipg a heterol ogous nucleic acid encoding an isoprene
synt hase pol ypegti_de, wherein the heterol ogous nucleic add is operably |inked
to a pronoter, He ‘WO e than about 0.002 nol ar percent of the carbon
that the cells &bud¥WABGdiom a cell culture nmediumis converted into isoprene.

SPU: 586184(L.OC586184)

CEL: KO6H7.5(idi-1)
ATH: AT3G02780(IPP2)
OSA: 4338791 4343523
CME: CMB062C

SCE: YPL117C(IDI1)
AGO: AGOS_ADL268C
PIC: PICST_68990(1D11)
CGR: CAGL0J06952g
SPO: SPBC106.15(idil)
ANI: AN0579.2

AFM: AFUA_6G11160
AOR: A0090023000500
CNE: CNA02550

UMA: UMO04838.1

ECU: ECU02 0230

DDI: DDB_0191342(ipi)
TET: TTHERM_00237280 TTHERM_00438860
TBR: Tb09.211.0700

TCR: 408799.19 510431.10
LMA: LmjF35.5330

EHI: 46.100025
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8. The cells of any one of clainms 1, 4, and 5, wherein the cells produce
greater than about 4.0 x 103 nrook/ g/ hr of isoprene. 9. The cells of claim
8, wherein the cells produce greater than about 4.0 x 104 nnol el gywi | ar of

i soprene. 10.wdhRosRIks of claim9, wherein the cell s pfQdieRsskeat er than
about 1.5 x 105 nnol e/gwurthr of isoprene. 11. The cells of any one of clains
1, 4, and 5, wherein the cells produce between about 400 nnol et,ar to about
2.0 x 105 nrnole/gitir of isoprene. 12. The cells of any one of clains 2, 4,
and 6, wherein the cells have an average volunetric productivity of isoprene
greater than about 100 rog/Lbrollihr. 13. The cells of claim 12, wherein the
cells have an average volunetric productivity of isoprene greater than about
1, 000 ng/La/hr,EC%%umFQE cells of .claim 13, wherein the cells have an average
vol unetric produc 1VI%__Of i soprene greater than about 1,500 ng/Ltrothihr.

15. The cells oﬁcﬁﬁvmﬁﬁﬁ)of clainms 2, 4, and 6, wherein the cells have an
aver age vol unet ECe zg2oductivity of 1soprene between about 0.1 to about 1,500
rog/Lt,,,,a/hr gd&scdhe cells of any one of clainms 3, 4, and 7, wherein the
cells convert n?&gcﬁgpn about 0.05 nol ar percent of the carbon into isoprene.
17. The cells of Cclaim 16, wherein the cells convert nore than about | nol ar
percent of the E&YBBN-tH{% isoprene. 18. The cells of claim 17, wherein the
cell s convert nbBCRECHa882 about 10 nol ar percent of the carbon into isoprene.
19. The cel |l s okcelapkdnilRs wherein the cells convert nore than about 20 nol ar

percent of the g@&ﬁggmgﬁkgzﬁggprene.
ECX: EcHS_A3048
STY: STY3195
STT: 12957
SPT: SPA2907(idi)
SEC: $C2979(idi)
STM: STM3039(idi)
SFL: SF2875(idi)
SFX: §3074
SFV: SFV_2937
SSN: SSON_3042 SSON_3489(yhfK)
SBO: SBO_3103
SDY: SDY_3193
ECA: ECA2789
PLU: plu3987
ENT: Em638_3307
SPE: Spro_2201
VPA: VPA0278
VFI: VF0403
PPR: PBPRA0469(mvaD)
PEN: PSEEN4850
CBU: CBU_0607(mvaD)
CBD: COXBU7E912_0619(mvaD)
LPN: Ipg2051
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20. The cells of any one of clains 3, 4, and 7, wherein the cells convert
bet ween about 0.002 to about 25 nol ar percent of the carbon into isoprene.
21. The cells of any one of clainms 4-7, wherein the isoprene synthase

pol ypeptide is a E/ ani i soprene synt hase pol ypeptide. P(‘ZI;QSZ(;BQ&&@I | s of any

one” of cl ai ms MR PP t her conprising a heterol ogons nuclelrc acid encodi ng an

| DI pol ypeptide. 23. The cells of any one of clains 1-22, further conprising
an insertion of a copy of an endogenous nucl eic acid encoding an Dl
pol ypeptide. 24. The cells of any one of clains 1-23, further conprising a
het er ol ogons nucl ei c acid encodi ng a DXS pol ypeptide. 25-The cells of any one
of clains 1-24, further conprising an insertion of a copy of an endogenous
nucl eic acid enc dli l?(g a DXS pol ypeptide. 26. The cells of any one of clains
1-25, further clop%pF ?ng one or nore nucleic acids encoding an D pol ypeptide
and a DXS pol ypeptpd®4 27. The cells of claim 26, wherein one nucleic acid
encodes the isopmemng 138nt hase pol ypeptide, W pol ypeptide, and DXS
pol ypeptide. 284,.The g8/ 1s of claim27, wherein one plasm d encodes the
i soprene synt has]g _p%J yoi?spti de, 1131 pol ypeptide, and DXS pol ypeptide. 29. The
cells of any ond G CHE s 1- 28, further conprising a heterol ogous nucleic
aci d encodi ng afBARASHaPIMMEY pol ypepti de.

DVU: bYU1679(idi)

DDE: Dde_199)

LIP: LI1134

BBA: Bd1626

AFW: Anae109 4082

MXA: MXAN_5021(fni)

RPR: RP452

RTY: RT0439(idi)

RCO: RC0744

RFE: RF_0785(fai)

RBE: RBE_0731(fai)

RAK: A1C_04190

RBO: A1l 04755

RCM: AIE_02555

RRI: A1G_04195

MLO: m(r6371

RET: RHE_PD00245(ypd00046)

XAU: Xaut_4134

SIL: SPO013]

SIT: TM1040_3442

RSP: RSP_0276

RSH: Rsph17029_1919

RSQ: Rsph17025_1019

JAN: Jann_0168

RDE: RD1_0147(idi)

DSH: Dshi_3527
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30. The cells of claim?29, wherein the M/A pat hway pol ypeptide is a
toeval onate [Muse (MVK). 31. The cells of claim30, wherein the WK is a
pol ypepti de from Merhanosarcina. 32. The cells of claim 31, wherein the MWK

is a polypeptige,fsop,Mthanosarci na mazer. 33. The cegllsonbodgy one of
clainms 4-32, wherein the isoprene synthase pol ypepiide Is a

natural | y-occurring pol ypeptide from Pueraria. 34. The cells of claim 33,
wherein the isoprene synthase pol ypeptide is a nanually-occurring pol ypeptide
from Pueraria nontana. 35. The cells of any one of clains 4-32, wherein the
i soprene synthase pol ypeptide is a naturally-occurring pol ypeptide from Pop
ulus. 36. The cells of claim35, wherein the isoprene synthase pol ypeptide is
a naturally-occ iLn | ypeptidc from Populus alba. 37. The cells of any one
of clainms 35 anﬁ&%QFQ#ﬁﬁ?%gr conprising a betcrol ogous nucl eic acid encodi ng
an MVA pat hway pofpgepfi de. 38. The cells of claim 37, wherein the MWK is a
pol ypepti de fromiMeshamesarchra. 39. The cells of claim 38, wherein the MWK
i's a pol ypeptidg,f.r@mMet hanosarci na nazei. 40. The cells of any one of
clainms 1-39, whereinthe cells are bacterial cells. 41. The cells of claim
40, wherein thePtePfE*%re gram positive bacterial cells. 42. The cells of
claim41l, whereBfE:BPA¥tells are Bacillus cells.

BCA: BCE_1626

BCZ: BCZK1380(fni)
BCY: Bcer98_1222

BTK: BT9727_1381(fni)
BTL: BALH_ 1354

BLI: BL02217(fn1)

BLD: BLi02426

BAY: RBAM_021020(fni)
BPU: BPUM_2020(fni)
OIH: OB0537

SAU: SA2136(fo1)

SAV: SAV2346(fai)
SAM: MW2267(fn1)

SAR: SAR2431(fni)
SAS: SAS2237

SAC: SACOL234] (fni)
SAB: SAB2225c(fni)
SAA: SAUSA300_2292(fni)
SAQO: SAOUHSC 02623
SEP: SE1925

SER: SERP1937(fni-2)
SHA: SH0712(foi)

SSP: SSP0556

LMO: Imo1383

LMF: LMOf2365_1402(fni)
LIN: lin1420
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43. The cells of claim42, wherein the cells are Bacillus subtilis cells. 44.
The cells of claim40, wherein the cells are gram negative bacterial cells.
45. The cells of claim44, wherein the cells are Escherichia or Pantoea cells.
46. The cells @} .&ba:&45, Wwherein the cells are EschepifhiguseRbd Or Pantoea
citrea cells. 47. The cells of any one of clainms 1-39, wherein the cells are
fungal cells. 48. The cells of claim47, wherein the cells are Trichoderm
cells. 49. The cells of claim48, wherein the cells are Trichoderna reesei
cells. 50. The cells of claim47, wherein the cells are yeast cells. 51. The
cells of claimb50, wherein the cells are Yarrowa cells. 52. The cells of
claimb51l, wherein the cells are Yarrowa |lipolytica cells. 53. A nethod for

produci ng isoprepe, t et hod conprising culturing cells under conditions
sufficient to p?‘gg‘d‘ﬁcéﬂgﬁf“g; er than about 400 nnol ei gko"thr of isoprene. 54. A
met hod for prodblei hgo$Pe&eh® ene, the nethod conprising culturing cells under
condi tions resubLtd:ngcR msan aver age vohunetric productivity of isoprene greater

t han about 0.1 Lm:%g_-oj,,z@@i)abr .
SPY: SPy_0879
SPZ: M5005_Spy_0685
SPM: spyM18_0940
SPG: SpyM3_0598
SPS: SPs1255
SPH: MGAS10270_Spy0743
SPY: MGAS10750_Spy0777
SPJ: MGAS2096_Spy0756
SPK: MGAS9429_Spy0740
SPF: SpyM51123(fni)
SPA: M6 _Spy0702
SPB: M28_Spy0665
SPN: SP_0384
SPR: spr0341(fni)
SPD: SPD_0349(fni)
SAG: SAG1323
SAN: gbs1393
SAK: SAK_1354(fai)
SMU: SMU.939
STC: str0562(idi)
STL: stu0562(idi)
STE: STER_0601
SSA: SSA_0336
SGO: SGO_0242
LPL: Ip_1732(idi1)
LJO: LJ1208
LAC:LBA117)
LSA: LSA0905(idi)
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55. A nethod for producing isoprene, the nmethod conprising culturing cells
under conditions sufficient to convert nore than about 0.002 nolar percent of
the carbon that the cells consume froma cell culture mediuminto isoprene.
56. A net hod fq& %%Q%g cing i soprene, the nethod conprlskgg &HJ%%% ng cells
conprising a hetéro gous nucl ei c acid encoding an isoprene syn
pol ypepti de, wherein the heterol ogous nucleic acid is operably Ilnked to a
pronoter, and wherein production of isoprene by the cells is greater than
about 400 runol e/gwarihr. 57.A nmethod for producing isoprene, the nethod
conprising culturing cells conprising a hetero/ogous nucleic acid encoding an
i soprene synt hase pol ypepti de, wherein the hnerol ogous nucleic acid is
operably linked to a pronoter, and wherein the cells have an average
vol unetric prodi@t 342 of i soprene greater than about 0.1 nglibtaih/hr. 58. A
nmet hod for produms:ngosseprene, the nethod conprising culturing cells
conprising a hefgyeb@dedss nucleic acid encoding an isoprene synthase
pol ypepti de, wh el?ﬁth het er ol ogous nucleic acid is operably linked to a
pronoter, and mﬁé? re than about 0.002 nolar percent of the carbon that
the cells consubh®£¥8r8 cell culture mediumis converted into i soprene. 59. A
met hod of productagchsopsene, the nethod conpri sing (a) culturing cells
conprising a hefgselpgays nucleic acid encoding an isoprene synthase
pol ypepti de undgg table culture conditions for the production of isoprene,
wherein the cel produce greater than about 400 nnol eig,, nf hr of
i soprene, (ii) @@%@é@%ﬁﬁﬁre t han about 0.002 nol ar percent of the carbon that
the cells consusms:$roemxa cell culture mediuminto isoprene, or Clip have an
average vol unet gicpf edyctivity of isoprene greater than about 0.1
ng/ Lb,",,/hr of%%agg en% and (b) producing isoprene. 60.The net hod of
any one of clai é) and 59, wherein the cells produce greater than about
4.0 x 103 nnole$@95€ﬂi%ﬂ of isoprene.

MTA: Moth_1328

MTU: Rv1745c(idi)

MTC: MT1787(idi)

MBO: Mb1774c(id1)

MBB: BCG_1784c¢(idi)

MPA: MAP3079%¢

MAV: MAV_3894(fni)

MSM: MSMEG_1057(fni) MSMEG_2337(fni)
MUL: MUL_0380(idi2)

MVA: Mvan_1582 Mvan_2176
MGI: Mflv_1842 Mflv 4187
MMC: Mmcs_1554

MKM: Mkms_2000

MIJL: Mjls_1934

CGL: NCgl2223(cgl2305)
CGB: ¢cg2531(idi)

CEF: CE2207

CDI: DIP1730(d1)

NFA: nfal9790 nfa22100

182



61. The net hod of claim 60, wherein the cells produce greater than about 4.0 X
104 noiety...insr of isoprene. 62. The nethod of claim®6l, wherein the cells
produce greater than about 1.5 x 104 unvol e/ gwadhr of i soprene. 63. The

met hod of any @ lai ms 53, 56, and 59 wherein the uce between
about 400 nnvle?gmﬁ&m%ﬁr to about 2.0 x 105 nnole/g,", fﬁﬁhgﬁm@%%grene 64.
The nmet hod of any one of clains 54, 57, and 59, wherein the cells have an
average volunetric productivity of isoprene greater than about 100 65. The
met hod of claim®64, wherein the cells have an average volunetric productivity
of isoprene greater than about 1,000 ng/Lbroalltr. 66. The method of claim
65, wherein the cells have an average volunetric productivity of isoprene
greater than about 1,500 m---PiLbrothihr. 67. The nmethod of any one of
claims 54, 57, B %4 -Weiein the cells have an average vol unetric
productivity of3¢%é9®@ﬁﬁxb§%ﬂé%n about 0.1 to about 1,500 ng/l-brat/hr. 68.
The net hod of amyAqmenﬁﬂmglalns 55, 58, and 59, wherein the cell's convert nore

than about 0. 05; 0 {ﬁent of the carbon into isoprene. 69. The nethod of
cl ai m 68, mhereln t e s . convert nore than about 1 nolar percent of the
carbon into |soﬁ¥% 4%rhe method of claim69, wherein the cells convert
nore than aboutAAQHﬁwLﬁﬁKp@rcent of the carbon into isoprene.

PAC: PPA2115

FRA: Francci3_4188

FRE: Franeanl_ 5570

FAL: FRAAL6504(:di)
KRA: Krad_3991

SEN: SACE_2627(1diB_2) SACE_5210(idi)
STP: Swop_4438

SAQ: Sare_4564 Sare_4928
RXY': Rxyl 0400

BBU: BB0634

BGA: BG0707

SYN: sll1556

SYC: syc2l61 ¢

SYF: Synpec7942 1933
CYA: CYA_2395(fni)
CYB: CYB_2691(fni)

TEL: 1111403

ANA: all4591

AVA: Ava_246] Ava_B0346
TER: Tery_158%

SRU: SRU_1900(idi)
CHU: CHU_0674(id1)
GFO: GFO_2363(idi)

FJO: Fjoh_0269

FPS: FP1792(idi)

CTE: CT0257
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71. The nethod of claim 70, wherein the cells convert nore than about 20 nvol ar
percent of the carbon into isoprene. 72. The nethod of any one of clains 55,
58, and 59, wherein the cells convert between about 0.002 to about 25 nol ar

percent of the carbon_into isoprene 73. The nethod of f clains
53-72, furthesv%%ﬁ%)?%? ng recovering the isoprene pr odﬂcc@frnéx%?/&?%g cells. 74.

The nmet hod of any one of clains 56-73, wherein the isopiene synthase

pol ypeptide is a plant isoprene synthase polypeptide. 75. The nmethod of any
one of clains 53-74, wherein the cells further conprise a heterol ogous nucleic
acid encoding an I DI potypeptide. 76. The nethod of any one of clainms 53-75,
wherein the cells further conprise an insertion of a copy of an endogenous
nucleic acid eqﬁﬁgkpg4ﬁp TM pol ypeptide. 77. The method of any one of clains
53-76, wherein e eﬁls further conprise a heterol ogous nucleic acid encodi ng
a DXS pol ypept i ofé" Crha2g6 03Bhe net hod of any one of clains 53-77, wherein the
cells further coapivibsiedsan insertion of a copy of an endogenous nucleic acid
encodi ng a DXS pelppepsi de.  79. The nethod of any one of clains 53-78,

wherein the celjhg,%u‘rgts@g# conprise one or nore nucleic acids encoding an | DI
pol ypeptide and a’ ol'ypeptide. 80. The nethod of claim 79, wherein one

nucl ei ¢ aci d entddBes£Hé i soprene synthase pol ypeptide, | Dl pol ypeptide, and
DXS pol ypept i dedau:8awr_48e net hod of clai m 80, wherein one plasm d encodes the
i soprcne synt hage. pRliy@epti de, DI pol ypeptide, and DXS pol ypepti de.

DGE: Dgeo_1381

TTH: TT_P0067

TTJ: TTHB110

MIA: MI0862

MMP: MMP0043

MMQ: MmarC5_1637

MMX: MmarCé_0906

MMZ: MruarC7_1040

MAE: Maeo_1184

MVN: Mevan_1058

MAC: MA0604(idi)

MBA: Mbar_A1419

MMA: MM_1764

MBU: Mbur_2397

MTP: Mthe_0474

MHU: Mhun_2888

MLA: Mab_1665

MEM: Memar_1814

MBN: Mboo 2211

MTH: MTH48

MST: Msp_0856(fni)

MSI: Msm_1441

MKA: MK0776(11dD)

AFU: AF2287
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82. The nethod of any one of clains 53-81, wherein the cells further conprise
a het el ol ogous nucleic acid encodi ng an WA pat hway pol ypeptide. 83. The
nmet hod of clain182 wherein the MVA pat hway pol ypeptide is a nmeval onate ki nase

( MVK) . 84. §§E&$ﬁp of claim 83, wherein the MW('fbﬁmﬁﬂbMﬁﬁpt'de from

Met hanosar ci na. met hod of claim 84, wherein the Kis pol ypepti de
from Met hcnosarci na nazei. 86. The nethod of any one of clains 56-85, wherein
t he i soprene synthase pol ypeptide is a naturally-occurring pol ypeptide from
Pueraria. 87. The method of claim86, wherein the isoprene synthase

pol ypeptide is a naturally-occurring polypeptide from Pueraria nontana. 88.
The nmet hod of any one of clains 56-85, wherein the isoprene synthase

pol ypept | de 115, 8, Bahk ALl OS6HIA A0y BALYRERLL S LBy RapY| us: 89, The met hod

of claim 88, wherei trde1s
nat ural | y- occurHNHg“ﬁG%Vﬁéﬁtlde from Popul us al ba. 90. The nethod of any one
of clainms 88 andwadnQX/uatiieyHQ@ompid®i ng a het er ol ogous nucl ei ¢ acid encodi ng

an MWA pat hway g@ﬂ{m@md(g@ 1) NEb26a GRS NPBQMiR0S) clai m 90, wherein the MK is a
pol ypepti de fro nosarcina. 92. The nethod of claim91, wherein the

IvIVK is a polygv&ﬁ‘ e from Met hanosarci na mazei. 93. The nethod of any one
of clains 53-92 &N the cells are bacterial cells.
PTO: PTO0496

PHO: PH1202
PAB: PAB1662
PFU: PF0856
TKO: TK1470
RCI: LRC397(fni)
APE: APE_1765.1
SMR: Smar 0822
1HO: Igoi_0804
HBU: Hbut_0539
SSO: S500063
STO: ST2059
SAl: Saci_0091
MSE: Msed_2136
PAI: PAEO8O]
PIS: Pisl_1093
PCL: Pcal 0017
PAS: Pars_0051
TPE: Tpen_0272
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94. The nethod of claim93, wherein the cells are grampositive bacteri al
cells. 95, The nethod of claim94, wherein the cells are Bacillus cells. 96.
The method of claim95, wherein the cells are Bacillus subtilis cells. 97.
The net hod of wherein the cells are gram neg rial cells.
98. The net hod O?MEP§%E197 wherein the cells are Eschgg?ﬁﬁggB%%EPantoea
cells. 99. The net hod of cIa|n198 wherein the cells are Escherichia call or
Panwea citrea cells. 100. The nmethod of any one of clains 53-92 wherein the
cells are fungal cells. 101. The nethod of claim 100, wherein the cells are
Trichoderma cells. 102. The nethod of claim 100, wherein the cells are

Thi chodenna r eesei ceIIs 103. The nethod of claim 100, wherein the cells arc
yeasi cells. 10'43-xem orlmsnmaenc% dﬂsmnpm e& eln the cells are Yarrow a
cells. 105. The ne?ﬁgﬁl’f S ar L6 WAErBrRPYYe cells are Yarrowia lipolytica

cells.
Genbank Accession Nos.

AY341431
AY316691
AY279379
AJ457070

AY18224]
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CLAIMS

1. Cells in culture that produce greater than about 400 mmole/gw.m/hr of isoprene.

2. Cells in culture that have an average volumnetric productivity of isoprene greater than
about 0.1 mg/Lyew/hr.

3. Cells in culture that convert more than about 0.¢02 molar percent of the carbon that the

cells consume from a cell culture medium into isoprene.

4. Cells in culture comprising a heterologous nucleic acid encoding an isoprene synthese
polypeptide, wherein the cells (i) produce greater than about 400 nmole/gy.n/br of isoprene, (ii)
convert more than about 0.002 molar percent of the carbon that the cells consume from a cell
culture medium into isoprene, or (1) have an average volumetric productivity of isoprene

greater than about 0.1 mg/Lpenfhr.

5. Cells in culture comprising a heterologous nucleic acid encoding an isoprene synthase
polypeptide, wherein the heterologous pucleic acid is operably linked to a promoter, and wherein

the production of isoprene by the cells is greater than about 400 nmole/gwcn/hr.

6. Cells in culture comprising a heterologous nucleic acid encoding an isoprene synthase
polypeptide, wherein the heterologous nucleic acid is operably linked to a promoter, and wherein

the cells have an average volumetric productivity of isoprene greater than about 8.1 mg/Liww/hr,

7. Cells in culture comprising a heterologous nucleic acid encoding an isoprene synthase
polypeptide, whercin the heterologous nucleic acid is operably linked to a promoter, and wherein
more than about 0.002 molar percent of the carbon that the cells consume from a cell culture

medium is converted into isoprene.

8. The cells of any one of claims 1, 4, and 5, wherein the cells produce greater than about

4.0 x 10° nmole/guem/hr of jsoprene.
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9. The cells of claim 8, wherein the cells produce greater than about 4.0 x 10°

nmole/gy./br of isoprene,

10.  Thecells of claim 9, wherein the cells produce greater than about 1.5 x 10°

nmole/gyw./hr of isoprene.

11. The cells of any one of claims 1, 4, and 5, wherein the cells produce between about 400

nmole/gyen/hir to about 2.0 x 10° pmole/guemfir of isoprene.

12, The cells of any one of claims 2, 4, and 6, wherein the cells have an average volurnetric

productivity of isoprene greater than ahout 100 mg/Lyceu/hr.

13.  Tbe cells of claim 12, wherein the cells have an average volumetric productivity of

ysoprene greater thao about 1,000 mg/Lyow/hr,

14.  Thecells of claim 13, wherein the cells have an average volumetric productivity of

isoprene greater thap about 1,500 mg/Lysou/hr.

15.  The cells of any one of claims 2, 4, and 6, wherein the cells have an average volumetric

productivity of isoprenc between about 0.1 to about 1,500 rog/Liga/hr

16.  The cells of any one of claims 3, 4, and 7, wherein the cells convert more than about 0.05

molar percent of the carbon into isoprene.

17.  The cells of claim 16, wherein the cells convert more than about 1 molar percent of the

carbon into isoprene.

18.  Thecells of claim 17, wherein the cells convert more than about 10 molar percent of the

carbon into isoprene.

19. The celis of claim 18, wherein the cells convert more than about 20 molar percent of the

carbon into isoprene.
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20.  The cells of any one of claims 3, 4, and 7, wherein the cells convert between about 0.002

to about 25 molar percent of the carbon into isoprene.

21.  The cells of aay one of claims 4-7, wherein the {soprene synthase polypeptide js a plant

isoprene synthase polypeptide.

22.  The cells of any one of claims 1-21, further corprising a heterologous nucleic acid
encoding au IDI polypeptide.

23.  Thecells of any one of claims 1-22, further coroprising an inserton of a copy of an

endogenous nucleic acid encodiog an 1D1 polypeptide.

24, The cells of any one of claims 1-23, further comprising a heterologous nucleic acid

encoding a DXS polypeptide.

25.  The cells of any oue of claims 1-24, further comprising an insertion of a copy of an

endogenous nucleic acid encoding a DXS polypeptide.

26.  The cells of any one of claims 1-25, further comprising one or more nucleic acids

encoding an IDI polypeptide and a DXS polypeptide.

27.  The cells of clajim 26, whercin one nucleic acid encodes the isoprene synthase

polypeptide, ID1 polypeptide, and DXS polypeptide.

28.  Thecells of claim 27, wherein one plasmid encodes the isoprene synthase polypeptide,

IDJ polypeptide, and DXS polypeptide,

29.  The cells of any one of claims 1-28, further comprising a hetercJogous nucleic acid

epcoding an MV A pathway polypeptide.
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30.  The cells of claim 29, wherein the MVA pathway polypeptide is a mevalonate kinase
(MVK).

31.  The cells of claim 30, wherein the MVX is a polypeptide from Merhanosarcina.
32.  The cells of claim 31, wherein the MVK is a polypeptide from Methanosarcina mazei.

33.  The cells of any onc of claims 4-32, wherein the isoprenc synthase polypeptide is a

naturally-occurning polypeptide from Pueraria.

34.  The cells of claim 33, wherein the isoprene synthase polypeptide is a naturally-occurring

polypeptide fromn Pueraria montana.

35.  The cells of any one of claims 4-32, wherein the isoprene synthase polypeptide is a

naturally-occurring polypeptide from Populus.

36.  The cells of claim 35, wherein the isoprene synthase polypeptide is a naturally-occurring

polypeptide from Populus alba.

37.  The cells of any one of claims 35 and 36, further comprising a beterologous nucleic acid

encoding an MV A pathway polypeptide.

38.  The cells of claim 37, wherein the MVK is a polypeptide frorn Methanosarcina.

39.  The cells of claim 38, wherein the MVK is a polypeptide from Methanosarcina mazei.

40, The cells of any one of claims 1-39, wherein the cells are bacterial cells.

41.  The cells of claim 40, wherein the cells are gram-positive bacterial cells.

42,  The cells of claim 41, wherein the cells are Bacilius cells.

1590



43.  The cells of claim 42, wherein the cells are Bacillus subiilis cells.

44.  The cells of claim 40, wherein the cells are gram-negative bacterial cells.

45.  The cells of claim 44, wherein the cells are Escherichia or Pantoea cells.

46.  The cells of claim 45, wherein the cells ate Escherichia coli or Pantoea citrea cells.

47.  The cells of any one of claims 1-39, wherein the celis are fungal cells.

48.  The cells of claim 47, wherein the cells are Trichoderma cells.

49.  The cells of claim 48, wherein the cells are Trichoderma reesei cells.

50.  The cells of claim 47, wherein the cells are yeast cells.

S1.  Thecells of claim 50, wherein the cells are Yarrowia cells.

52.  The cells of claim 51, wherein the cells are Yarrowia lipolytica cells.

53. A method for producing isoprene, the method cornprising culturing cells under

conditions sufficient to produce greater than about 400 nmole/g,./hr of isoprene.

54, A method for producing isoprene, the method comprising culturing cells under

conditions resulting in an average volumetric productivity of isoprene greater than about 0.1

mgﬂ-'bralh/hr'

55. A method for producing isoprene, the method comprising culturing cells under
conditions sufficient 10 convert more than about 0.002 molar percent of the carbon that the cells

consume from a cell culture medium into 1soprene.

191



56. A method for producing isoprene, the method comprising culturing cells comprisieg a
heterologous nucleic acid encoding an isoprene synthase polypeptide, wherein the heterologous
nucleic acid is operably linked to a promoter, and whereia production of isoprene by the cells is
greater than about 400 nmole/gycn/hr.

57. A method for producing isoprene, the method comprising culturing cells comprising &
heterologous nucleic acid encoding an isoprene synthase polypeptide, wherein the heterologous
nucleic acid is operably linked to a promoter, and wherein the cells have ap average volumetric

productivity of isoprene greater than about 0.1 mg/Ly,au/hr.

58. A method for producing isoprene, the method comprising culturing cells comprising a
heterologous nucleic acid encoding an isoprene synthase polypeptide, wherein the heterologous
nucleic acid is operably linked to a promoter, and wherein morc than about 0.002 molar percent

of the carbon that the cells consume from a cell culture medium is converted into isoprene.

59. A method of producing isoprene, the method comprising

(a) culturing cells comprising a heterologous nucleic acid encoding an isoprene synthase
polypeptide under sujtable culture conditions for the production of isoprene, wherein the cells (i)
produce greater than about 400 nmole/gu.n/br of isoprene, (if) convert more than about 0,002
molar percent of the carbon that the cells consume from 2 cell culture medium into isoprene, or
(iii) have an average volumctric productivity of isoprene greater than about 0.1 mg/Ly,on/br of
isoprene, and

(b) producing isoprene.

60.  The method of any one of claims 53, 56, and 59, wherein the cells produce greater than
about 4.0 x 10° nmo)e/gue~/br of isoprene.

"6].  The method of claim 60, wherein the cells preduce greater than about 4.0 x 10*

nmole/g../hr of isoprene.

62.  The method of claim 61, wherein the cells produce greater than about 1.5 x 10°
nmole/gean/hr of isoprene.
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63, The method of any one of claims 53, 56, and 59 wherein the cells produce between about

400 nmole/gycw/hr to about 2.0 x 10° nmole/guem/hr of isoprene.

64.  The method of any one of claims 54, 57, and 59, wherein the cells have an average

volumetric productivity of isoprene greater than about 100 mg/Lyom/hr.

65.  The method of claim 64, wherein the cells have an average volumetric productivity of

isoprene greater than about 1,000 mg/Lyqw/hr.

66.  The method of claim 65, wherein the cells have an average volumetric productivity of

isoprene greater than about 1,500 mg/Lyen/hr.

67. The method of any one of claims 54, 57, and 59, wherein the cells have an average

volumetric productivity of isoprene between about 0.1 to about 1,500 mg/Lyrow/hr.

68. The method of any one of claims 55, 58, and 59, wherein the cells convert more than

about 0.05 molar percent of the carbon into isoprene.

69.  The method of claim 68, wherein the cells convert more than about 1 molar percent of

the carbon into isoprene.

70. The method of claim 69, wherein the cells convert more than about 10 molar percent of

the carbon into isoprene.

71.  The method of claim 70, wherein the cells convert more than about 20 molar percent of

the carbon into isoprene.

72, The method of any one of claims 55, 58, and 59, wherein the cells convert between about

0.002 to about 25 molar percent of the carbon into isoprene.
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73.  The method of any one of claims 53-72, further comprising recovering the isoprene

produced by the cells.

74.  The method of any one of claims 56-73, wherein the isoprene synthase polypeptide is a

plant isoprene synthase polypeptide.

75. The method of any one of claims 53-74, wherein the cells further comprise a

heterologous nucleic acid encoding an IDI polypeptide.

76.  The method of any one of claims 53-75, wherein the cells further comprise an insertion

of a copy of an endogenous nucleic acid encoding an IDI polypeptide.

71. The method of any one of claims 53-76, wherein the cells further comprise a

heterologous nucleic acid encoding a DXS polypeptide.

78.  The method of any one of claims 53-77, wherein the cells further comprise an insertion

of a copy of an endogenous nucleic acid encoding a DXS polypeptide.

79.  The method of any one of claims 53-78, wherein the cells further comprise one or more

nucleic acids encoding an IDI polypeptide and a DXS polypeptide.

80. The method of claim 79, wherein one nucleic acid encodes the isoprene synthase

polypeptide, IDI polypeptide, and DXS polypeptide.

81.  The method of claim 80, wherein one plasmid encodes the isoprene synthase

polypeptide, IDI polypeptide, and DXS polypeptide.

82.  The method of any one of claims 53-81, wherein the cells further comprise a

heterologous nucleic acid encoding an MVA pathway polypeptide.

83.  The method of claim 82, wherein the MV A pathway polypeptide is a mevalonate kinase
(MVK).
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84.  The method of claim 83, wherein the MVK is a polypeptide from Methanosarcina.

85.  The method of claim 84, wherein the MVK is a polypeptide from Methanosarcina mazei.

86.  The method of any one of claims 56-85, wherein the isoprene synthase polypeptide is a

naturally-occurring polypeptide from Pueraria.

87.  The method of claim 86, wherein the isoprene synthase polypeptide is a naturally-

occurring polypeptide from Pueraria montana.

83.  The method of any one of claims 56-85, wherein the isoprene synthase polypeptide is a

naturally-occurring polypeptide from Populus.

89.  The method of claim 88, wherein the isoprene synthase polypeptide is a naturally-

occurring polypeptide from Populus alba.

90.  The method of any one of claims 88 and 89, further comprising a heterologous nucleic

acid encoding an MV A pathway polypeptide.

91.  The method of claim 90, wherein the MVX is a polypeptide from Methanosarcina.

92, The method of claim 91, wherein the MVK is a polypeptide from Methanosarcina mazei.

93.  The method of any one of claims 53-92, wherein the cells are bacterial cells,

94, The method of claim 93, wherein the cells are gram-positive bacterial cells.

95. The method of claim 94, wherein the cells are Bacillus cells.

96.  The method of claim 95, wherein the cells are Bacillus subtilis cells.

97.  The method of claim 93, wherein the cells are gram-negative bacterial cells.
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98.

99.

100,

101.

102,

103,

104.

105.

The method of claim 97, wherein the cells are Escherichia or Pantoea cells.

The method of claim 98, wherein the cells are Escherichia coli or Pantoea citrea cells.

The methed of any one of claims 53-92 wherein the cells are fupgal cells.

The method of claim 100, wherein the cells are Trichoderma cells.

The method of claim 100, wherein the cells are Trichoderma reesei cells.

The method of claim 100, wherein the cells are yeast cells.

The method of claim 103, wherein the cells are Yarrowia cells.

The method of claim 104, wherein the cells are Yarrowia lipolytica cells.
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