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| NCREASED PRODUCTI ON OF | SOPRENE CROSS- REFERENCE TO RELATED APPLI CATI ONS
[ 0001] Thwe 2appi7pzyation clains priority to U . S. Provi si @0aiUuSPanssi099
Application No. 61/289,959, filed on Decenber 23, 2009, the disclosure of
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met hods for the increased producigpis@pringchem cals in E. coli, as well as
i mproved conpositions and nmethods for the iIncreased production of i soprene
in E. coli. BACKGROUND [ 0003] I|soprene (2-nethyl-1,3-butadiene) is an

i mportant organi ¢ cCORPOSREIERENCE EO K wDéi,PPéﬂCé@ﬂ)N&atl ons. For

i nstance, isoprene is enployed as an internediate or a starting material in

2l <o 2 0T St Oy Ll GRTPARI SO RN B BCABAMIR Spy, 2P 0y many

pl ant s EABIAHONtled on[meﬁa]aeﬂ B}QO@@] ehddisdomranf whiehlid kertbympoomperatddor
utilization in the synthesis of cis-1,4- polybutadiene when its
stereo1%%@%Péf@ﬁ“ﬁﬁ?Vﬁ@ﬁ?ﬂé¥¥on became commercially possible in the early

1960s. cis-1, 4-Polyisoprene pgde BY 1§HEINGERMEONT €gul at ed pol ymeri zati ons
is simlar in structure and properties to natural rubber. Even though it is

not identical to natural rubber it can be used as a substitute for natural
rubber [0002}arhis aipqdbimratdlamsto iFgrovied speaposfiossyandima¢thedsdosthe imsrmsb@i sopr ene

rubber |sdmndelg ﬁ arna uf cturing vehicle tire and ﬁ@ g

pr oduc tRIO4UFHPE OfRIGENTNIFYS I Enidlleps well %lfﬁprﬂ%ﬁ‘f%ﬁ%"éﬁ’r‘)&ﬁ&“ s (8 e‘Umes a
najor|hﬁq@&wa@ﬁxh@ﬁwﬁgfﬁbpﬂﬁ%1hqbkgh|n t he worl dwi de market. The renai ning

i soprene is used in nmaking other synthetic rubbers, block copolyners, and

ot her chem cal products. For |nstance |s ﬁ ene is used in making
but adi ene-i soprene rubbers, styrBnéK copol yner rubbers,
st yrenei sopr ene- butadiene rubbers, styrene |soprene styrene bl ock

copol ygHea] 1 [l §§R§u@i&?en@ 8% 1&391‘?& X Brdhic &gﬂ%ﬁhdﬁgﬁllhﬁ% gne used

in |ndustr|a app cat ns is typical y- product o t he
t her malarcwy &€ kpplgratdnsp dior ol seuee, asopnaehs bapiyed 8s at immrmeémteeortarsamtlegi from

pet rochem cal. r eans is is a relativel ene i nt ensi ve
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const angyli bﬂ%t%"i’(ﬁb%igal rh416ri 4 98t i OyntROPEE RRutaBly WP many plants and animals.
2011/07931 PCT/ US2010/ 062099 expected to rise ?o much hi gher levels in the

| ong- t dPB94reorirers begaint abithperyant soinprret el utihzaiop ic dwesynthes ef iis-l¢bncer n

that future suppli.es.of iso from em cal - based.,sour ces. w |
oo R 8 e R L oA LB BB o e L BOpe inthe
unpr ecedantiodnd. evel 8-Polcsrenedhde byt fiRh Steké-R giiaRd polyndrDatisr® i sigflai ce of
|soprene roma | ow cost, renewable source which is enV|ronnentan$%
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cis-1,4-polyisoprene rubber is widely used in manufacturing vehicle tires and other rubber

products. This demand for synthetic cis-1,4-polyisoprene rubber consumes a majority of the
isoprene available in the worldwide market. The remaining isoprene is used in making other
synthetic rubbers, block copolymers, and other chemical products. For instance, isoprene is
used in making butadiene-isoprene rubbers, styrene-isoprene copolymer rubbers, styrene-
isoprene-butadiene rubbers, styrene-isoprene-styrene block copolymers, and styrene-isoprene
block copolymers.

[0005] The isoprene used in industrial applications is typically produced as a by-product of
the thermal cracking of petroleum or naphtha or is otherwise extracted from petrochemical
streams. This is a relatively expensive, energy-intensive process. With the worldwide

demand for petrochemical based products constantly increasing, the cost of isoprene is



[ 0006] Several recent advancenents have been made in the production of

i soprene fromrenewabl e sources (see, for exanple, International Patent
Appl i cat iwo 2Pull7pat i on No. WO 2009/ 076676 A2). Such nePhods2q006200%

i soprene at rates, titers, and purity that may be sufficient to neet the

denmands of a, robust co rci al process, however praq S Lnprovenents to
" educe TRECGHIOTE S ALeh DEbes exelS ybihedete- G AN fs BBORY oM 128Y: ene
deri vedafd oidid RlREEGRkha® AHELRBpARY of RobRGE ERREpSHRhERicAf bdse@RERES WAlle

needed, such as the inproved conpositions and nethods for the increased
pr oducthegnadgfiuits epmeeteprojacted nersis ahéthat prieggoud rpolty pepeéadested &gyabsl e of

bi ol ogi cal activity.provided herein. [0007] All.patents, patent

appl | AR bRt SRS b Surer o e B G IEN s ERPERAYE accessi on
nunber soard wafiéh 6 le8Giréir@tal hefiehdyaTle infjFovdaaha@heds hardhipolyiohedRtehae in
their entirety. SUMVARY [0008] Disclosed herein are inproved conpositions
and nmethesds prayide syeh p seiea ebigoperR Gapablmofdieingsdnsived at log apst #1dfeed her ei n
are ir’rq&;l)e\(;;a%lec NpQsi tions and nethods for the increased production of

het er ol ogous pol ypepti des capabl e of biological activity. The invention is
based i[00@&ErSevernl tdaentaldsatceabntd hatdibden mhaderin senmbdidibe of abpene bnb-
phosphogl uconol actonase. (PA.) into E.. caoli strains which |ack nucleic acids
encodi A§NFHRPIPEUGSS (SFRelSt FPEENRlRpRsiRtiopHd anb dRetsaien Slubtsatica Nh W Py pes  of
pr oduct I ISR, 3 Q00 I in one
aspect ,ﬁ)toﬁ@q?%@é%tﬁ?o%cgr ovi d(ggﬁ?cg{ce E%g%lﬁg?ﬁ%%& t([l:tgllcgl’ %ﬂsd)ﬁg?tg)gﬂ&%g ﬁygri chi a
col i ( Buffadnt Yo skeetadhadernandsrod geolyust bemmerfcial pagaky, Bowéveppostass ng | sopr ene,
the cel.l conprising:. (a) one ar re copies of. a heterol.ogous nucleic

e o <yMEROBHIeNG @ et Bt pRBPr Corih e R e PERL ST SRR cor at ed
in the derive@ibmadis100RaBRIce@ Bl (Ohci@RR YIEIdIBY Bofieled e hedRUSsRHGS BleC aci d(s)
encodi ng i soprene synthase; wherein prior to the integration, the E. coli
cel | doewrewst cemppsifipnsandl re¢tbodsdpriihs jnaeasod pragueti®@@ igirsnsegpdiother and WO
2011/ 07%§G%AIPC(;I'/ U%%O%O(-(?e%%w% é’\@flgie%)ni tapeC I etsulg |€ﬁ%[ reeeclorrbi nant cell

pr oduc & S LgRe SR AP YIS AR Ot PP IR RO I are celI's that do
not conmpodAeAll pite@Bbatdnt applRAGSYs, Hdi’t:u&}r[b&‘lts(,)fluélé't&icﬁsaﬂﬂ?h&eih%é@jeﬁce O4igbaRE Nore
copi es of a heterol ogous nucleic acid encoding a nol ybdenum upt ake

pol ypepcrassion sugbarstang aetiqlss Gited agicky wa inceraosycEhergiy By efrenesddbisir | n any of
the aspgglsy herein, the nmolybdenum uptake polypeptide is selected fromthe
group consi 5t | ng of nodF, nodE, nodA, nodB and nbodC. In any of the aspects
herein, one or nore copies of a heterol ogous nucleic acid encoding a

gal act ose netabol i sm pol ypepti de iSUMAMARYonal |y integrated in the E. coli
chronmosone. In any of the aspects herein, the gal actose netabolism

pol ypept, is selected fromth r oup..consi.sti Q al.M gal K, gal T and
Do L RO PR S eisgpast i Ao RS By bR s e 8RR e O ogous
nucl ei pradicoR Bﬁﬁdkﬂaﬁe.%lg@bﬁﬁl@a%ef&{ AR GV 0bMPERLi briieina REk (IR fOF thBOT €
copi es of a heterol ogous nucleic acid encoding a nol ybdenum upt ake

pol ypephéraesed peodagiden eidiesdrplpgpwm pajypeptides aapatie ofbiotagiiqal a¢tivatyoddge. | n any
of the .aspects herein a) . the PQ. peptide is. an E cgli PG

pol ypertTagon B SEdln bt Jhnk et SRS e e ot e om t e
group ghospidkiveanslhctomal (PGDYlnto A0, stiatdBviactdlaop digleiandids encddhg; foal act ose
nmet abol i sm pol ypeptide is selected fromthe group consisting of galM gal K
gal T arfdlgapigpentidedmprayes thepredystien of diffeesnhtypatiel RiPeudbifaise*8APidi ng t he PGL
pol ypegg(gpggne S actHse. met abol i sm pol ypeptide, and nol ybdenum upt ake

pol ypeptide are part a 17,257 base pair piece as shown in Figure 20. |In any
of the [@8¢HcAxohEngiynin onbaspeet drbinnanionpedtidgrfodiecembinanprelitg oitn a hi gher
speci fi roductivity than that of the sane |1s that do not contain (a)
and (b)ﬁ.sc ‘O?f%i‘] Cqlh ﬁgltl%ﬁr%@r BY5ERY el srpabls ﬂiPrPg‘é%%}SHBfﬁPe’é]éq fehhas a
speci f '&nﬂﬁ@ﬁ%gfa') ¥hi ¥r QbredlopleR@sh ndrrdIBfdInlEleic! RidRMnEdih HE PEIPECT S
herein, the nucleéic acids encoding PG pol ypepti de, nol ybdenum upt ake
pol ypemolyfeptidnahoringh¢ aetleis acides aivegritsdnmdk ypeph thitemasené;rapth(,. onealri

strain K12 55 or derivative.of . E. coli strain K12 655. I n any of
the as 68%?&1%%‘?%‘?{5 "M'h 1Cca§fq(g)i cQogfingisoprsng S%‘Fﬁ%??nw%?re’l“r?r%%o @f’ the aspects
her ei n,infeBiti6R) the EScAH cdfi- dde@hbt @htadh Audhbid &eidgsﬂ cAdtVifa POE pa3sReptic, Aed el n,
the cell s of E. coli strain BL21(DE3). [0012] In any of the aspects
herein, the reconbinant E. coli cell further conprises (c) a heterol ogous
nucl ei ¢ acid encodi ng an upper neval onate (MWA) pat hway pol ypepti de and/ or
a | ower MWVA pat hway pol ypepti de. 3



[0013] In any of the aspects herein, the reconbinant E. coli cell further
conprises (d) a heterol ogous nucleic acid encoding an upper neval onate
(MWA) patwoayiipgbsspept i de and/or a | ower MA pat hway polPgpaseéides20bn any of
the aspects herein, the upper MA pathmay pol ypeptide is selected fromthe

roup consi.stin n ace oac Coenz e A s nth se ase

pol ypeptiaein i ﬁ%flﬁan%$%§@? RSty bans H Teens e RRE gt AL o
2011/ 07s%§1%5’@(hhﬁ%@ﬂ&/c9§1%§18e9(a9%d'aﬁptl de; and (iii) a

3- hydr oxy- 3- net hyl gl ut aryl - Coenzynme A reductase pol ypeptide. In any of the

aspect d08HNdnnany ohthelaspasts iawin parernayorp odpipegltd itterpbgeed misiadadidom t he

i nave hrige » 0 ceanhelEkBoBEGickt TR Bl by ke BRFROR0G 01 V) ©

i SOpent&whoséh&hnﬁ@fyaifehd SPBEE ﬁ&@m( Ith¥ Inolybdedity upfaké E@l yp&RRetiSsenetel n, (a)
t he PGL pol ypeptide is an E. coli qq&ol ypepti de; t he nol ybdenum
upt ake f M@%@mswl%pé@péﬁ fw%m gio Banémglﬂstln agy ef thegsiEctsnpdE,

ook L e o L L

t he as gﬁﬂ:;t;ﬁpﬁ&rsladdltlbhﬁly in@praaktindid Ehagechpohypent. i deny of fheapdepul us al ba.
[ 0014] The ipnvention al so provides for nethods of producing.iso rene t he
met hod @%rth%g%ctow)wteml%sm PHYPRtES o STt dFpne B sRyShHpS

" econbi HaRtefPhid URECTA QEFoﬂ‘ﬁE %%[A‘écéé@féf‘eﬁn b bR RloRe Goflidstird HeRRslo 61%”5 for the
production of 1soprene and roduci ng i soprene. 'In sone aspects, the

net hod Imolepracmbsncbdnltgra@almavrmtahmgsmhmlyp@pmm onknr otchecomeypect s, t he
reconbi nant. cel | eC|f|c roductivity greater. than about 15 ng/ OD hr
o - sogtEdofaraierti PosteoRoPLG B kR TRep e SR BT oduc ng
neval ongafe@ratddnf (LA heSMbdofieNdn ahRdf GElabpéctstBrén CRIRRSPEL @BlypePRIe Si Ng

the reconbi nant cell of claim 15 under suitable culture conditions for the

pr oductip @mEotfolnBGhIP@h@PEtl(t@nﬁD)(tbﬁ) mohybdein gpiake adlypentide iy selestadelrem tect s, t he

T o TR nt e e SRR RS kP o Rl TR BESE o

her ei n godyERpiidd RPeletad flokihe lgfddpg:oasﬁmtgecsﬂya@zgogmmgl@lmh@ ga.dnengoeditey a
PG pol ypeptide into an E. colj cell, wherein prior to the integration, the

E. col iaspestty heggsnuedsic acint aicading dhePGL aelpertjdes sdlagpisgnetabisnpol ypept i de:
b) all
the £ ONRRI SR B B DuRP PRSP IE a¥ PO S PEE Paldia BhE AL '
nucl ei dn&tdui¢ 8). lenapdf thg aB}Sfmr:sr}&mﬁn Sjiatdrasbinant @llEprodwdes isoptehe af Obitk¢r The
i nvention ?I SO provi d% or nposi tions conprising any of the reconbi nant

C

cel I | degesin BEpdHErai an 6@&@@% F arpe Fidls thatglaios conipid)ddd (Rerein are cell's
of an F[ﬁ@f‘ﬂrlh%m/ ef ﬁl@lak}l)eﬂsrlﬁlré]n tﬂé}ecgﬁl%ﬁlaﬁpéellef&‘%%@ ecﬂﬁg) giﬁdﬁ&h a't st
wherein the E. toli |'s conprise one or nbre coples het'er ol ogous
gene enidodg/p/ar. FI@_anp@vaylmpmﬂ@hamnhthomeclom arnlsenasbocPat.golygxpridgssi on
control ences nd nucl elc encodl a het er ol.qgous onp tide
SRR A e TS A S R A

het er olsqgﬁmmpicymgfdrd@eﬁam@l& FotobLliRBi10MGRE633. Vintay 3 t1R Sp&ed i C
productivity greater than that of the sane cells |acking one or nore copies
of a héweeinlthgeubisgéiecdnsodi By la amcpf qbglamgﬁthe&en wihegelo ireofdf. catistain

associ aéLeﬂ V\D 20%&1/ 0793%411'3%{1Lﬁ?@%?{soo%oggh ggr(aol %i%l ontrol sequences,
when t he ceI $"are CAPEUred T T nf el ' 5o Spects, the one or
more cqpoEy Iﬁfan§/ bethees siced h:egauSthged@en@nﬁ@dEr@heceH@rtmlcw@méscte) ath one or
nore associ ated expression control sequences is/are chronmosomal copies
(e.g., herelgeasariclei asid preogingay|uppehneyRtseiM VY An Pabiay felydeptide andeorg,
CO|I c sone aspects, the cells are of E. coli strain
B. In ?olhgvegg%]e% a&wa&y)@gﬂ%ti&are of E. coli strain BL21. In sone aspects,
t he cel[D813rle aof oEthemepdctssterdin thBiednbEEnt . Iamlzsuaﬁﬁ"ula]sqmommsetsr(d) m ni mal

medi um_is suppl emepnted with 0.1% (w v) yast Xtr ct or less sonme
aspect SCIHREMHSHIUEIC 3riuPRfvAing aélul,sBFrelﬁﬁYﬂ RN R A %@WFWOQP%&@ ngfor| esss.
In so 0 yeast
ext ract ore] g R oR i AR bEuE BRI AN R K

het er olm@maptl@felmeeleﬂc@ﬂlongtha gREp qookiytpegpefi dd anaceétpm}E-Cquym@Ar ain Ki2

M3L655 or .a der.iva . .col i r ai ects, the
ot or or-Sabas Gunlh peGarhis (B4 S B RkdeaB BRI Do R e s B8 L doronas.
In sonme aspects, the Pseudormnas i s Pseudononas aer ugi nosa

3



[0019] In sone aspects, the heterol ogous pol ypepti de capabl e of bi ol ogi cal
activity conprises one or nore pol ypeptides involved in the biosynthesis of
t er penoi awQizeom7estei d) or carotenoi d conmpounds, and thePCglusgolpnomare a
terpenoid or carotenoid at a higher specific productivity than that of the

ol y pepeliePie iofs 5 TrorauasSomiRud udraenon e o CoatERc A when
the celdpg 2GR a%ﬁéétéﬂﬁé%@in' the %\Kﬂérﬂ‘&IVA[Ti%ih\%@ pd1PpSHPAE i BRRREdSrorh t}f‘e grat;peno' dis

selected fromthe group consisting of hemterpenoids, nonoterpenoids
sesqui teonpetng ofs (1)dnetvet0fnet¢dtlma§e (M&d)e flt)ephpaﬁ@rrws’alonatﬁ kmapve(HMIiés (ii1)

hem ferREA TR EEbARAMIBEA SRy b BT cPTBRE R sgifrars o

3- met hyIDB: bub@oflé hspedts Hefey, |(a)3h@BGQIp£ypéEtld@fs ah g0 vali GLCpAgpePtidé;n sone
aspects, the nDnoterpen0|d i s geranyl pyrophosphate, eucal yptol, |inonene,
or pi ndhithe molxbsieaumspstkedol wrptidsas Gelpgted B@ﬁldtla groslpfcanﬁegga of yadbphosphat e,
artem s |

qer anyi AR, o 3BAR Blouc, e T TheAARRRAP mekBB1ich LBLERRs leqred frpmy
or aphitbé g@hp mondmlng@jfrgam PeEK sgalT hed LalFt dn peylof tdie laspes gU@kedimahoisoprene

| anosterol. In sone aspects, the tetraterpenoid is | ycopene or carotene. In
sone as“'é%@fl%e PALyRePHdF tstiEp P arilys ¢fiect ed from t he group consi sting of

xant honlyl4]STiRN Ay &RbALRY ovﬂié% féPﬁ%th%éP@Fﬁ@du&ﬁ@séﬁ%@QlE’é%HhoHs lutein or

zeaxanthin. I'n some aspects, the carotene is a-carotene, |3-carotene,
y- car oteengprising: G yplfwkent mmpmnlohyon;p)aamg ah Q020 réqonaindriveell deyabtd

oY LR S el S S b LA A PRS0 o

copi es @fprénchah 86k QGRS B8 R IERLRM B AfuREhr REOWPRR thdBoMihd) I9BMePr NODIre
aSSOCIated expressi on control sequences and a heter6l ogous nucleic acid

encodi rigpeets, ipopeaningifirehisea WECHTIIPORI3 I BETUSRO RO 0612009/ QIdhyplpt i de,
and V\herel n the cells have a specific productivity of isoprene greater than
that of W& %ame celI's I acki ng one or nmore copies of a heterol ogous gene
encodi Mg es]1Pde ip@nyipe AlsbeoviidsiToomethols DFred@ssofikadlethte R #8gioan contr ol
sequences, Wwhen the cells are cultured in mninml medium In some aspects,
the on&oBIPriEEe (DtEEndh cOMBONEPLIBTRIHHIShG ssrembinaslrHolelpa L peidppept i de
with o t / onosonal
AR T g e S AT SR O e S aod
E. col ilnceMmk aspes, the ntathdddaenprisas ﬁmﬂﬁraspming thd mevadehdts further conprise a
het er ol s _nucl eic acid encodi ng an pat hway | ypept i de. In sone
aspect 5[88f¢ieThw¢\Vfﬁ&9ﬂ\ﬂ}a9 Pﬁ%‘f@f‘ﬁéﬁt ‘ina@ofl%"fatﬁa‘lﬂﬁ%é? Rﬁ% ARERAhEtY pept i de.

I'n SONgya5RAhereid gtﬁn;%%"’ngo%&)ﬁ%ﬁu&% ¥ ReREIG s %ué‘leic%ﬁfedwé’in %tﬁ@}@y, ,

pol ypeptide. [00 sone ‘aspects,; the upper MA pat hway pol ypeptide is
sel ect qnblsfpepmlet llne) grﬂwp)lmﬂswhtrﬁmg)rw& to (he)integratiosttbatetofi celaagyore A

synthase ase

mar oot RTG RUEB SACoaBiE S Pl b rlidea gy eIyt nuseicard sprodive &

3- hydr ®QrL gol ﬁasdanélt@tﬂtégfwlm @Q@%M%hﬁrﬂ&@ﬁh@tﬁﬁﬁcpﬁt%@&%g 88 o HogONME
aspects, the upper at hway pol ypeptide is fromthe genus Enterococcus.
I n sonéwayweE@§IH¥helMmge}ﬂNWWﬁsaﬁmmﬂwSp@hywempﬂ360h§emrontEnterococcus

]]: ?gﬁ]a![ Hﬁ()l I']outsg:ollcr%r\ger?slios talsR rox;lcrilees tJOI)‘ (‘:Aéen;%o fons %m 1{1%1181‘ (ﬁf}%: Iré%:?arﬁb?na%?ce%ft ed
phosphqwayakamakﬁlklnase (PNK) (rii) dlphosphonevalonate decar boxyl ase

(MVD); and (iv) isopentenyl diphosphate isonmerase (IDI). In_sone asgects,

the | oBPT8IA ot Rspsyts pROyIdEp NPigH 31 calis N Ipshsrisépst fafestramhthabdres aspect s,

t he W Y. id pects, the
MK pol e e i B R B b R P o™ e
cel | s dreerdbghus geat encidirgy PGL pbiypsptid: wsipend s, moleesgelidtal eupeessionE. col i
strain BL21. In sone aspe the cells are of E. coli, strain BL21(DE3). In
sone a§ﬁ8€9lsseqt%e%ﬁqﬁw e fisading phrteiniageRuPlRIPige £9BlG <) yeast
extract ] t d with
19 (ot ) P e g R IRTRAE Sl bRt A FR i B PRI

suppl ertécvit)gmtalvacnhltjaatlaO/Sp(ewfm)prgctmstfltﬁgltewacthaorthdt o theanaie t@HS(IWEM)lg ghaigose or

o R RR BT REE Y st LR EAREP ISR, SIERCLRS, e D REBERLL e S

MG1655. In sone aspects, the heterol ogous gene encoding a PG pol ypeptide
is fromthe genus Pseudononas. In so aspects, the Pseudonobnas is
Pseudononas aerugi nosa. [0023] In sonme aspects, the cells have a specific
productivity greater than about 20 ng/ QD hr of isoprene. In sone aspects,
the ceIIs have a specific product|V|ty greater than about 25 ng/CIth of

o T o, o o o o



[0026] In sone aspects, the cells conprise (i) an integrated nucleic acid
encodi ng the | ower MVA pathway from S. cerevisiae conprising a glucose

i soner asewpront’esi4and a nucl ei ¢ aci d encodi ng neval onaPETRISR@SB6IBAVK) ; a
nucl ei ¢ acid encodi ng phosphoneval onate ki nase (PMK); a nucleic acid
encodi n hos$ oneval onat e, decar boxyl ase (MWD ;.anf a.nucleic acid
encodi rf Pfeé PR AR FeHiepFrS s ecgjgsn%i?a‘é]éur%ﬁltﬂ%“m‘@a spediupmy, 81 RE aci d
encodi N@pd¢s a{ehﬁlelo%%r@egpléyéﬁthaﬁ&eroﬁdgohé éheﬂalﬁ%cﬁhg a®eidpAPsMiRYiM nazei
meval on ?e kinase; and (iv) a nucleic aC|§ encodi ng the upper MA pat hway
f r om Ernerop owee assofiaied akpressigroeqmtios aggercen uséare clroawisomalepdis fggan

encod nGeH IR SRS P P B She P e SR e YRR Foer ana

a nucl ebmeashabtgHeQ@ilngredf3: DyM s@AY BIINRInY A @kett ahy belSQeN3yAR-oh sta@uct ase
pol ypeptide. [0027] In another aspect, provided herein are inproved nethods
of prodiledlndn iR Pedr-dBoelsHer 9fpfgm0 lcféra (PES)- Ipsomegsrests: etivity, the
met hod i i | 0 t S not
e e R IR g B R
copi es rmfmraalhﬁécﬁmmlmgmp&ngaﬁmel veitlc oghi (ngv)aglﬁﬁase poleype@swrdeaspetth thee or nore
associated WO 2011/079314PCT/ US2010/ 062099 expressi on control sequences
and a rBEIBRANSETRY IesPEEMTGLes WiEh Bl d @@{&hxeaﬁbwra@p% Ife 2Q Han{ve v bglucose

bi ol Og'o‘f%ss aﬁitsbfﬂe aXp ec?sn%e(l}%}er&()gﬁ}écgeﬁgeﬁ&%u{}q IEGElpg 1&01|s YIQEPE i &i)% capabl e
of biological activity, wherein“the cells duce t tero ogous
poIypeptndEKﬁlNﬁSHﬁécnhmbnpmn@uﬁﬁivwhy&gméﬁﬂéﬂGﬁﬁﬁhlmhanemmemhehsane cells

pol y perE IO EAOR &GP Rt RO LR Bt G SOHT LLBF O GBI GolfaBREes, when

the celdsgectd, eheCrlelidsiBbhds s m&uambnmymoshn sone aspects, the one or nore
copies 0 t he het erol ogous gene encodi ng a PGL polgpeptlde with one or nore

associ a[ﬂ@t?]elnpp@sgmmtswlnthpt@rolggw@ﬁb@sptaieeca@hbloﬁﬁ omglicat apively (e. g.,
|ntegrated into th

fur  hereRrsh G Fwie efBptufi BERDEMT e SRR B EGTuid ARoREGM e
capabl eapftedid®tOBpsidlds,adtlithd defls phdiieS8h tdrper@®r @sHerdis at 4 Righ&elpesfiare of E.
coli strain B. In sonme aspects, the cells are of E. coli strain BL21. In
sone aspedicsvity Handkat|os thersamgfcelts laglging oge prmArem|opEs Dléa)heterqiog%lﬁ@e@% pects,
the m ess.
| sonragtaE R POHR T EREAL SE aithd fsCerdifl it rofb Atk Sehco,
or | esshe tdllssoneulas@kiatsinirthiienddimnn Nl somedispattd, &e&ﬂ@ﬁh@d&ﬂﬁieﬂﬁﬂ:teﬁh ﬂrdsm(ﬁhel%

(wv) yeast extract or |less and 1% (wv) glucose or |less. In some aspects,

the het®PH SRYSIENDET JHRIRPACdsaPoRgemepOidE e gmesoids. sierpenighi st ' ain Ki2
MG1655 s@gteﬁergﬁ{dﬂsatﬁt&%eﬁ&dg tetFaQér etﬁﬁcﬁsahﬁﬂ fﬁ geWé@enélas IR g@m@@%‘% the
het er ol ogous pol ypeptide having PG acti vi m t he genus eudononas.
In sonﬂhahgnnﬁp¢mm®eIﬁﬁudﬂannhasﬂné2Hs$udbnbnasmamﬂdgen&smﬂhﬂﬂﬁﬁginﬂﬂ sone

aspects he 0 ous po tid abl e of oIo cal activit

o1 iy 2oRehEr EhaleB S0l b St kAt 6 T Rae B Brogirhine s biph

t er penqjyeb fhoSEHAEE B pt O 1iFdh& T BOpide e P pe@Ndhd 8-8q&RIp&hoRI Rduce a
terpenoi'd or carotenoid at a hi gher specific product|V|ty than that of the

sane cdhingsylpykiphgsphate, aitcmisingn, @obISélsolelf Irpsomest aspetto douditepeneidiscodi ng a PGL
pol ypept.ide, W th, one pr.es ont r ol uences, when
he coneengi) Blpebse Rt R B o e EE b S BB oo T s
sel ect adnieragpactd) ehegrieuifenonnisisgiidla1@ @fladderidl empenei a@pectmmb@at@@eﬁxbld $s

sesqui terpenoi ds, diterpenoids, sesterterpenoids, triterpenoids,

t et r at dYGWRBE ACATRLRRE- AR &rvae aspeFtytae puAnes is pelecteshiromdratoyp comsting of

hem t er h

5 et byt g ngt I Rome SRk W G BHBRTT 1 R or BB ERD o mf
aspect Sa,spetdma tlrmmtertqaenecmcbteme Genemgtie, wamrﬁmes[ﬁthtpeqxammabrylpt@enel i rmnene

or pin In sone aspects,. the sesquiterpenaoid is farnesy yr ophosphat e,
art eni S0P, N GROBESRBBHORrovdd BoRE M ﬁ%@t%f antﬁvféhedwﬁéﬁfgm {hat ddes'not

ger anyl gesany PGE%%@IEB@&' \dhEreid Gk célfstdoaghse BRY bGhoret c%gfég of horskolin,
or aphidicolin ohe aspects, the triterpenoid is squal ene or

| anost értdrologonssene casdetgt @PGLipel}meptncm\mﬂpemﬂnols aWDClated expression

2011/ 079314PCT/ US2010 0@% ﬂ? é ne ar. ca tene. In so aspects, the

car ot erfOMi0} SUELHE T 19TRIeRe E}f padd oy ‘?grﬁj“ BPPR AN "@Bﬁﬁ/l |'s and
carotenes. In sone aspects, the xanthophyll is lutein or zeaxanthin. [0030]
I n anot her aspect, provided herein are i nproved net hods of producing

i soprene, the nethod conprising: (a) culturing cells of an E. coli strain

t hat does not encode a PG pol ypeptide, wherein the E. coli cells conprise
one or nore coples of a heterologous ‘gene encodlng a PGL polypeptlde mnth

o o o o o S o, o S o o, - o o o



[0032] In sone aspects, the cells have a specific productivity greater than
about 20 ng/ OO hr of isoprene. In sone aspects, the cells have a specific
product i WOyogrwailer t han about 25 ng/ OD hr of i soprenePCrUSs@OM®oAgpect s,
t he heterologous nucl ei c acid encoding an isoprene synthase pol ypeptide is

o erabl i nk ronot e and wherein the .cell.s have a specific
or oductirEptgh i wheRHERE s6b30 shEp PG R S SO Betlor s
t he hetg¢ OlnROQUS 1R LI AGldle @m&déme@é}olo?@w §‘eﬁ'1@ eﬁydaﬁﬁg’a@ pGpol ypeptide is

operably linked to a pronoter, and wherein the cells have a specific
pr oductpomteptl@wah ene Dlhmnr@@mat@semyﬂ_mnwmrhlrseQIﬁencssopﬁ@nehe qe0l938] I n sone

ool ypogtttisd i AP RBRE sl 18 3SR E AR P bR PSR ogons

nucl ei Gea€ bfkto@NEadPGD parypb@idemlﬂy PG Hl6re abibci@dEexpsdsioh Sontidl8eG@inb&s
further conprise a chronbosomal copy of an endogenous nuclelc aci d encodi ng

an | DI ipfar psg|nal pppiesifes- dBtisaratasl intorfbe Eefalschrgmpsmane) cBnyeresispects,
heter O'tﬁgguéozﬁéé‘ﬁ's ‘E&e m%ﬁitﬁ'reeﬂl %ﬂierhgngfc@ﬁ é%‘ﬂ'fs YRERL b%ﬁgnéerh SQIBIRERECt S, the

cells fur chr an en €nous nuc elc aC|d

encodi nockidXH pm:loylmgmhll‘dvA ;banh\sgnpolgmpadé dn sbihe agedctssthk W VAegatiooaypr i se one
or nore nucl ei c acids encodlngwan | DI pol ypeptide and a DXS pol ypeptide. In

some adPpbreERtidegiian #aeedYlY ARt an e yeeptidaeniseBis rerre tss (st ¥ SeP3sV Yhept i de,

101 pol Eﬁﬂ?maﬁ@@e 9L hMQQ?Ebﬁ?ct da sonme aspects, one plasm d encodes
the is pr ne synt hase pol ypeptid 5) pol ypeptide, and DXS pol ypeptide. In
sone adfe2k]dn soie aswopr élpelppgdrMNaSspatpwhyp@ppémﬁde iissseiaectmltfmmltheygroqu:ur ring

| tide.f t h th
Dol peB ST (AT AP A  ASOT JER e RE T S RBHIST O Font ana. T
SONE agPRARS:3- hiaa]yngq@dafﬁ%eﬁyﬁﬁmss@n@@&aﬂﬂ%epqge aﬁdalllryatsmﬁ&éw fccurring

pol ypeptide from the genus Populus. In sone aspects, the i'soprene synthase
pol ypeptui:thﬂglugaral Ga@nnvmelfyre@@cmerpqigoep@ﬂ?ﬁep@md@‘SHeptﬁth@pmrd‘éVa\l ba. [0034]

the- | ouE R pchils “Trosh &L Btk ol P BB e rernce

pr onot gfattang @1@9&1@& C fﬁﬁm @n@%@@bmamml 1a @altne akpda@sele(lw&)Mvax nucleic

acid encodlng ghonevalonate Ki nase (Pwﬁéi a nucl ei ¢ aci d encodi ng

di phospHR8wEY; dejis salepiss jroasde @rp) congifdngotn yblegvalongiediente 6 VY

i sopent e i

alba is (ﬁgiﬁllosgh %%Eeekl%?s:%:l? mh&%} 5eilIp %osg(ﬂ:l I Ye%%%g‘?ggg‘daﬁﬂ&&m Wma%}ﬁnat e

Ki nase; (uamsbp(snt\tinylahpﬂmplwte:lsambﬂlse(Im)j ilm gorhd espeppethe WkrMthI&yh\i/aryom

Enteroggﬁcus faecalis i.sing a nucleic acid enfodln
K sy entid

acet oad@tXACPEteN AP eV @ 17 pome Aspsely: %6%}65@0 nge néome  wo
2011/ 07g% M@E%Hé%@%% %%Ql%% a§p‘e'cgs fRoq ¢ $peptide i 1s from Methanosarcina

3- hydr oxy- 3-net hyl gl utaryl - Coenzyne A syn ha pol ypeptide; and a nucleic
aci d encodi.ng a 3- hydr oxy-3-net hyl gl utaryl - Coenzynme A reduct ase

pol ypent. BRI EF DESCRI PTl ON THE. DRA 0035] Figure 1A s vvs t he
DV B OB T PR g A A Db { hpahB. (o b oBre e CReksalo A Ol i
Pr ogr es$/jistratal B . ReSom&4spe&?, thd E8is a2O000k. comefafnqktmmg) desemb a&pe@@
includes alternative names for each pol ypeptide in the pathways and a

r ef er erfbeminigral m€§@HOI§éEPIdea@S®W1ﬂ1&1%é‘H§O rypqrﬁg extiect gelepy il yorad agphets,

ncet y 1 Pai RGBT MEURENES § GVl K oSk o MRS PR gmecs the 100
2002; Hh@ﬁnalhh&ﬁﬁmymﬂpwn@ntﬁdaﬁﬂﬁ 0 @%A(vaﬁyéh@ﬁeﬁgtrawcﬁfbess fakd 293(wWdv LBlucdssay:

J. Bacteriol. 184:4065- 4070, 2002; HMGER, 3- Hydr oxy- 3-net hyl gl ut aryl - CoA
r educt 8 dess Nipapme pepertsy the heterolagausyaeng enqgieet PG polypaptderis fpnpb. capio?:

ERG 9- 14,
1991 N%X}%{ og/lp foéég\?)g gnat e%ﬁloﬁgs éol?g@?l%@ﬁé%?%%?J%%ﬁngpts,l\g? Cel |

Bi ol . J}&te@@l@g@&]gen&@&bm@m\m pbl yphpsqehie filewathe pames becdrhoxy] asemeMDl, EC
4.1.1.33. Assay. Biochem stry 33:13355-13362, 1994; 1D ;

| sopentaéh%ﬂtsaﬂpr#”ovg%%{wadé% f%?”ﬂ%ﬂ’%‘fs%é”g”l“ﬁﬂl EC 5.3.3.2. Assay: J. Biol.
Chem %@&%%ﬁ@gmé%%%@ts 2@ R o) EHYY@ rod@&%lti/]%%@(ﬁﬁﬁ/ LlquQ@'nﬁg'/@m%phat e
synt hase, 1.7. Assay: 4 1285 1997; DXR

1- Deoxyof Dsopydngl dilsszorﬁe @p@stp,hht eeltsmca@pmceplaéeqtlvdxrgxem tRargabbu25 Assay:

Eur . 26 4446- 4457, 20

D pnoeih SRR Tis gt i e Bhkss Ry hetbiPagHt Puslel afidpeodies 91 iropreps,
Assay: PNAS 97: 6451- 6456, 2000; CM;

4- Di phosphocyti dyl-2-C net hyl - D-eryt hfl tol kinase, IspE, EC 2.7.1.148.
Assay: PNAS 97:1062-1067, 2000; MCS; - Met hyl -D-erythritol

2, 4- cycl odi phosphat e synt hase, IspF, EC 4.6.1.12. Assay: PNAS

96 11758 11763 1999; HDS 1 Hydroxy 2- rret hyl 2 (E) butenyl 4- d| phosphate



[0037] Figure 2 is a map of plasm d pET24 P. alba HGS. [0038] Figure 3A-B
are the nucl eoti de sequence of plasm d pET24 P. alba HGS (SEQ ID NG 1).

[ 0039] Fiwore17934a schemati c di agram showi ng restri ct iPOR/US201096208¢d f or

endonucl ease di gestion to construct plasm d EW.230 and conpati bl e cohesi ve
ends bet e site 0040 map.of plasmd

Bt 230 Y OGO Breglinos WA BT b AT Ust S e e ShetiRas i 4 B 230

(SEQ I Ef)r&@caxlty g@%@ lhaﬁla%ﬁtezo7mg/@mlssﬂ%mﬁec 1L REE APeshane ReleroBslont ction

sites used for” éndonucl ease digéstion to construct plasm d EW.244 and

conpat ithkicasiesiopdingrds sdpetngsgnthis pol gregtifs islopsiablslinfed@a 3pramgerands is a
map of d EW 24 ure 9A- B t ucleoti de sequence of
b1 s dE0RD 45 SR TS RgH 5 GOt TP S DY SO e 1 mase

ar chaegbo2ivigkomatkpval, @eeidpene[sORdbde Jol @epade LQAB&ataoprdnagyntigdecot i de
sequence of the M nmazei archaeal Lower Pathway operon (SEQ ID NO 4).

[0047] molyggpiade Tnsenae asprets tBe clboNBIBRIMPRIPHS® AhRerahegoss naglelsaeis encediBe i n

e T N L R A

a map ahdpgeasts tudBBRENVRE it agIDI }{O(Dﬁftﬁ]lddzlhgwrﬁﬁ aspaéts Bhacdlstthaherucl eot i de
sequence of plasm d pBBRCMPA 1, 5-p &#D NQG. 6) . % 051] Fi ures 14A-F
are gr 9APISE 2 e esnas a%laﬁ&ﬂdoeﬁlca@mga polypeniidg. somespscts: e Gells e

meval ongfferkioRpFie a@hroﬁlo@@mh %@En% Qﬁ‘&%mu@féﬁt R ¢ &Bhﬁ{%%]@ﬁ §-2), and

grown in fed-batch culture at e 15-L scale. Figure 14A shows the tine
cour se pmﬂyp&puda:éﬂl smmenssptg/ts Whe belbs fuhherlcﬁmpnbe oneachor Muektiomcids egborhmge

Figure 1 shows se 0 soprene titer wi.thin the
b o ot dD RORPRR R gt ToxS POl REr e, b SR Hatdhene 2t Rt BEndR e | sopr ene
produceghR&fe dyhin@te ﬁlyﬁe?ﬁﬁ@ ']D%b@zgeﬁt{dét thd RS pepidC 2 Edih@£§p8&s 'o"h@pr ene

cunul ative isoprene produced g/ Fermentor vol une at hrs, L [=1
g/ L br gilsmifiegendes twGarens syhthw pqm)eprld@ IDbaelyeepside; @dﬂb&ﬁ@ommmdm thin

the 15_[[705%]%5%8&1% %Epefc{es th\émlstorf)r syn hfse p'v? peBgde is a naturally-occurring
polypeptide from the genus Pueraria. In some aspects, the isoprene synthase polypeptide is a
naturally-occurring polypeptide from Pueraria montana. In some aspects, the isoprene
synthase polypeptide is a naturally-occurring polypeptide from the genus Populus. In some
aspects, the isoprene synthase polypeptide is a naturally-occurring polypeptide from Populus
alba.
[0026] In some aspects, the cells comprise (i) an integrated nucleic acid encoding the lower
MV A pathway from S. cerevisiae comprising a glucose isomerase promoter and a nucleic
acid encoding mevalonate kinase (MVK); a nucleic acid encoding phosphomevalonate kinase
(PMK); a nucleic acid encoding diphosphomevalonate decarboxylase (MVD); and a nucleic
acid encoding isopentenyl diphosphate isomerase (ID]); (ii) a nucleic acid encoding P. alba
isoprene synthase; (iii) a nucleic acid encoding M. mazei mevalonate kinase; and (iv) a
nucleic acid encoding the upper MV A pathway from Enterococcus faecalis, comprising a
nucleic acid encoding an acetoacetyl-Coenzyme A synthase (thiolase) polypeptide; a nucleic
acid encoding a 3-hydroxy-3-methylglutaryl-Coenzyme A synthase polypeptide; and a
nucleic acid encoding a 3-hydroxy-3-methylglutaryl-Coenzyme A reductase polypeptide.
[0027] In another aspect, provided herein are improved methods of producing a heterologous
polypeptide capable of biological activity, the method comprising: (a) culturing cells of an F.
coli strain that does not encode a PGL polypeptide, wherein the E. coli cells comprise one or

more copies of a heterologous gene encoding a PGL polypeptide with one or more associated



WO 2011/ 079314PCT/ US2010/ 062099 for cal cul ating i soprene: f(Instantaneous
i soprene production rate, g/L/hr)dt fromt = 0 to 59 hours [=1 g/L broth.
Fi gure 1ADo2htovis9ithe time course of total isoprene prodcCediseelomsione 15- L
bi oreactor fed with glucose. Figure 14E shows vol unetric productivity
within the 15-L bi greactor fgd W th aglggcosg.. Fi}gur 14F s?ows. ar bob

di oxi d&*BIFSTIOR FUNTY SrBiepesernd agrclsis Aisbrncedigg aliaslogis ol Per s HPRC I he
15-L bigrmeasgiesl abedoahl (19 préaR g t_hQQé_aﬂoﬁgSogslg_@@pé&ﬁe%aﬁme St &phgicahow ng
anal ysis of off-gas fromfernmentation in 15L bidreactors. Sanple Ais

st rai n 8RNIty 608+edn dwmslle dragucsihe Setgonlpgous Palypeptid® 4t 9 speqifaé profwWtdsE was E.

rour s. yttraehteCoat BFCer KTRV e ok SR FoaB GG RS 88 Tor “botn

sanpl esncdBNS3PCE gB1§RpliBAwSIADAE of hobX SRPiakey eié;i@@ﬁcﬂfkﬁ)nfﬁpwqﬁéﬁéey, Rifen
[ 0054] Figure 16B shows an exenpl ary isoprene desorption/ condensation
set up. thoedbareeyiwed mmigHaglanedivry Inspmerspaeht HigransosMmois coreefdhe product .

Th t.eri al ' A i A- C show th
& b S B e LR G o8 B b o AR s e Sy ot ot
wi t h alcsniroiaseqinces arsichtob@osOfahl coplies (b.gopitegratefamls thesk.novi hhowssonte).tlhese

chromat ograns. [Q057]  Fi %ure 19A shows a map of plasm d pDWB4, encodi ng a
t r uncatSeEeEPest o Hegnethod Hirthgr carppisen e Hasevenrnthgdeteaplpgotinder t he

control,pf efé@ge 5}5&16:%‘?9@@‘?&1%&%% mazei MVK. Figure 19B-D shows the
conpl ete rPu | eotrde sequence of plasmd pDWB4 (SEQ ID NO 7). [0058] Figure

20 shovi#028jdncbme memotvatheeelyame i orli gfaiEB. bhodomekkpeds, tla cellMael®@55 ar ound

the pgl 1. h i ted . c. T i on del eted i
oo oSl o Sty e Tl REE TS HEEah TP S s
CVP215 (paghiRRERdiuth SRAYMehBnbd 36keL 5% (The yRE@dkeieer ORF 1RforhbespxbgS gene

is circled. Aforward arrow () indicates thé annealing site of the gal MF

pri ner thSp@iml nedigm isAuppemenied sithd@p (/v aliicesetadesshla samgaapdctrgthsi t e of

ol ot o F DA TR r e e S bk P ehy § B SRR B ana

PGL- (QVR323h sohetabipess, tHBlReHolbsban@l \epadong itdBGK-aawvisy i Mint Bt &/mwhen
of fline sanples were taken. Ot her OD vaFues are interpolated. [0060] Figure

22 showitrainsiopt Mitel o9p o pdrEvBIEPhét reff sRipKIEMPAGM. hn eorae aprenttae i on

exper TR o EAARL Rl e Uk A R AP bl 8

OD val ugpecs, éhel Piegdpabats @dPseudomonas aeruginosa.
[0029] In some aspects, the heterologous polypeptide capable of biological activity
comprises one or more polypeptides involved in the biosynthesis of terpenoid (isoprenoid) or
carotenoid compounds, and the cells produce a terpenoid or carotenoid at a higher specific
productivity than that of the same cells lacking one or more copies of a heterologous gene
encoding a PGL polypeptide with one or more associated expression control sequences, when
the cells are cultured in minimal medium. In some aspects, the terpenoid is selected from the
group consisting of hemiterpenoids, monoterpenoids, sesquiterpenoids, diterpenoids,
sesterterpenoids, triterpenoids, tetraterpenoids, and higher polyterpenoids. In some aspects,
the hemiterpenoid is prenol (i.e., 3-methyl-2-buten-1-ol), isoprenol (i.e., 3-methyl-3-buten-1-
ol), 2-methyl-3-buten-2-ol, or isovaleric acid. In some aspects, the monoterpenoid is geranyl
pyrophosphate, eucalyptol, limonene, or pinene. In some aspects, the sesquiterpenoid is
farnesyl pyrophosphate, artemisinin, or bisabolol. In some aspects, the diterpenoid is
geranylgeranyl pyrophosphate, retinol, retinal, phytol, taxol, forskolin, or aphidicolin. In

some aspects, the triterpenoid is squalene or lanosterol. In some aspects, the tetraterpenoid is



WO 2011/ 079314PCT/ US2010/ 062099 [ 0061] Figure 23 shows a tinme course of
optical density in a 15-L bioreactor fed with glucose. [0062] Figure 24
shows a twoeotoIsHe of isoprene titer in a 15-L bi or eactPor/uSeelox10n9

gl ucose. Isoprene titer is defined as the anount of isoprene produced per
I|ter qf fermentation broth guat j on. forlca(fﬁlat%ng isogrene titer
is: f(I'NSIPERT SnEGRIENS: %‘bb‘?fﬁ‘h%spﬁ?térf %F?YBWHP%%SC 729 Heydhe BroyRcPnssSiiecd ¢ hrs
[=1 9/ Raﬁf}ﬁbﬂylls[a(ﬁg@gﬂotéﬂegllﬁ%or%@ aWtysth%%nﬂqbﬁl?ym@%a% Rzed@h@in.i soprene
produced fromthe 15-L bioreactors fed with gl'lucose. [0064] Figure 26 shows
i sopr er{QOSHequahotbemsmmcpmwﬁw hevetnire 1mp¢@v@_c5m|§thodep%12rodmmg fsepreng.tthe

gl ucose, ation.faor ecifi.c Productivity eI ~ (g

Psopr ertbs ol R LR RGBSt e ok A B o) 1(2. 7
ODL /| m@lfRblidd, whetein tHeQ). cb tellbconFRRE @RELHMBR! dopls. ofhﬁh@@&]lo%‘m@tgrs@e 27 shows
a tinme course of optlcal density within the 15-L bloreactor ed with

gl ucosencqdiag p&GL B(&mﬂpéldwsthamé@r mereasspciated grpresiPRcPptrolryegueises akbpl e

f f
ros 2 DRy ly ENERRR o 09 KhOHLE AR RaNSE b MRARRH 52 ©F
def i neds@ﬁeﬁehe/hanmwhb celfis haseprspedfip paducedtypsisdprénergradterftRamibng @tthon br ot h.

The pgl + sanfle was a culture of strain CMP312. The pgl-_sanple was a
cul t ur éa@F cel't BFHNEZRPBOBMOKSPRISS Oh 2 Bl agqus 1881RS %Ofl@s&rl’éﬂepqﬂ%aﬂde

f(1nst %&@W%b&%%o%ﬁ%d :@Péé%h QBntf A sEquedéds! FhdHihef cEf?{%s cTltfeli®y 20 hrs
[=1 g/L broth. [0067] Figur shows i soprene specific productivity within
t he 15-rhmhnnirmahnmrlnfwdlevasp¢ctg kheomser nidre cpgtstofsherpéterolpdua gend dnaodng f
strain The, pal le was a culture of strain CVMP323. Equation for
cal cul 4t ISP%BQSI?WC ‘%ﬁ} ‘g‘p PO AFS LR PTG CYYFY SRECICS | soprenet o) /
ROD550tchkoés@hfal Eopie Qh@etatddifNhO k. ddiZehfoBtdmd). B ©flelakpdetd the t0) [=]
ng i soprene/g ceII/h [[0068] Figure 30 shows a tine course of optica

densi t ymmwd meshadstuythey) eomeraiseo step af wecavanggiEhe sopienk iR seme aspecty3he 655 f ed
W th qu Fi cour e titer within
the 1S EpREMSh TR o FioRge s R I G AN AL FaSpddf

gl UCOSESom-Ehi@péctst e M¥ Adgfthwedpa§pdpiie AMAEpePMV & QRINGAS parypeptc@dhper liter
of fermentation broth. Equation ? calculathaﬁlsoprene Titer:

f (1 nst aﬁﬁm&r@ém%s r@d\@ﬁ’é\q@a bwwn@vp%nrﬁldm@o“@fM )P@thwammpeatl@ tot hrs [=]
/L b | duced
Pt om 1 HLOSHRSGRE Gl the SEpeilANR Bl P pEOIFR RS X sel bl BREADG, PLOT o

gl ucos e:on51st1ng of: (i) an acetoacetyl-Coenzyme A synthase (thiolase) polypeptide; (ii) a 3-

hydroxy-3-methylglutaryl-Coenzyme A synthase polypeptide; and (iii) a 3-hydroxy-3-
methylglutaryl-Coenzyme A reductase polypeptide. In some aspects, the upper MVA
pathway polypeptide is from the genus Enterococcus. In some aspects, the upper MVA
pathway polypeptide is from Enterococcus faecalis. In some aspects, the lower MVA
pathway polypeptide is selected from the group consisting of: (i) mevalonate kinase (MVK);
(i1) phosphomevalonate kinase (PMK); (iii) diphosphomevalonate decarboxylase (MVD); and
(iv) isopentenyl diphosphate isomerase (IDI). In some aspects, the lower MV A pathway
polypeptide is an MVK polypeptide. In some aspects, theM VK polypeptide is from the genus
Methanosarcina. In some aspects, the MVK polypeptide is from Methanosarcina mazei. In
some aspects, the cells are of E. coli strain B. In some aspects, the cells are of E. coli strain
BL21. In some aspects, the cells are of E. coli strain BL21(DE3). In some aspects, the
minimal medium is supplemented with 0.1% (w/v) yeast extract or less. In some aspects, the
minimal medium is supplemented with 1% (w/v) glucose or less. In some aspects, the
minimal medium is supplemented with 0.1% (w/v) yeast extract or less and 1% (w/v) glucose

or less. In some aspects, the heterologous gene encoding a PGL polypeptide is from E. coli



WO 2011/ 079314PCT/ US2010/ 062099 [0071] Figure 33 shows a tinme course of
i soprene specific productivity in a 15-L bioreactor containing E. coli
strain KMOM@B&lﬂed wi th glucose. Equation for cal cul CIrA$2610061099 c
productivity: (ng isoprenet - rrg i sopreneto) / ROD550t *L broth t -

OD550t O* L. 2.7 OD*L [/ ceII i SO ne/

cor 17 bt b s o s Samattia it % e KIRALG) B3 B e3P enEr g Ot he
upper W&@@%M@@@@hdﬁ%@d PEE gp@([kdls meAShE e EMeRIORARL e shagcal i s.
Figures 34B-D shows the conplete nucl eotide sequence of plasmd pDWM5 (SEQ

| D NO akprcts, @078 dFenas és BEeudm:wsasmwlwat e specific productivity of
bacteri trains in nt ai ea ext and
o o B 3R alRe MLl e STREHIRRAL AR Ayl il HERR op G OB

St r ai NSHrad a@smrgoh%cts{)&tm&:eﬂghmda spacﬁat;Jr@iu%avuﬁgl%iteﬁtm@labM%Upper =
strain 70; BL21 pgl + pCL pTrcUpper = strain MCMB74; BL21 + pBBR

pTr c Uppae/Ob/Bi ofpeprafvBTsomesspactp ghe hetpypismopTralpip a¢id-engqding #n ivemBrS: BL21

;r g\-/l;{ ﬁggﬁt%ése p%ﬁ\é%aé? g?}h@%d?g é %ké%%gé% an&\%ﬁl thL le?ﬁzlllavg 3%&&?&3 6 shows

cont ai rprognclyRyY Yoeyea gianebiitedO mg/dD/h/o Oikoinose In §O0 dpetts ghi¢ RetSrdlcioaws
nmeval onat e production rate of E. coli strains MCMB72 (BL21 pTrcUpper) and
MOMB76 Tusleiciacifenageng apdsnnrgne; synthige RALYRCRE e ﬁ@&?{fﬁ%ycléﬁieémﬁ REPDECD2089 east

extr athl?éi‘Qn %}{é’ @ng:l%a sﬂe@ﬁ%&]roclfdcgv Kgéﬁté BOWSIbLIE SGRPAS /ﬁf’-&f Qb e, MV AS
protein per In E. colli al ns BL21 pTrc- per 76 (BL21

pgl pTr[ﬁOiﬂjdersymerasm tinensorpednersgnhhalmmlyp@pﬁdé)ﬁ%gla&siopmrsymhaset aken at
two different t:I oints 7%fFéﬁure 39. shows the con tion,.of MaE
per OD ROWREPIYG 1? s "r%ﬁpﬁ%tsl\?g% grogeries Bﬁﬁtsﬁl%?ﬂan 7‘161 BEAING |
PTrc- Unpani Gfﬁwldenlnmﬁlerﬂsﬁéd@khé’f&@l's WA BmBri 2o B8RS 0B IcbpE bf arl 0078]
Fi gure 40A shows the am no acid sequence of 6-phosphogl uconol actonase (PQ.)

f rom E.endeganord puaial 658 cpSEing @ N poiypeptily dn eomoBpshiswibe edlls fartheio aci d

e s ek pRE AR ERABE RIS Relvpdilde, T e Bsf AR 05

shows  aurthdric@RPeRE a GhrobltBo@nl Py A€ bfl em@m@eﬁlcmc deid &Rotinf@DRRd P
aerugi nosa PGE. ldentical am no acids are shown highlighted in grey.
Conser \p&ﬂmétl%ﬁnlm Prae ppeeisiBe FellitfhBhey camwrisheumoHn gl uglsicetridsensrdiag .

0079 h

cvp25s Taehpgh Bt PR BELBEME I Pt Rbcct She bOURREICGRRIT T D
medi umlécﬁ)rgiel_symakmype@tlgé IIDIKbIaB@éptldé ndD X SNaGhepdes [igédmd\indpedts, dﬁel m\/l
CaC12, mvi Mp504) caont ai ni ng 0. 4% (W V) il ucose. Grow h s nmeasured at

0D600. Hiﬁlsgmi ENoPARS dRAsPreees YIRSl RS PG e, ABERP IRORS S/ F8IB3S PehBRPYf BL21
and st rIﬂ'stgXEé%léé ﬁlle%kéfé s?ﬁ‘th%leﬁ%lyg%?ﬁde s'a%ﬁﬁa glt heﬁ’%}é@lgﬁ?ﬂﬁé Eroff OW D

rate (i1) of BL21 with"and W tho Restorin p deletion
conpri sthﬂgerplglPuemr&MScmcswa@s,lthe mopienabynthdst polypeptntd 14 sWaturedlyease in

specific rowth rate 00 re 42A shows .CO soprene
SPr e e e PR fIB i SuBe Byregy TR pT e SyRbater T ned as
t he anyyn fpepa‘idé fstamaﬁﬁmps&%@@gipcn%e kiié Bonohe %@ﬁdﬁmﬁpﬁlwoﬁ BhRtRpectd) éhe

equation for calculating isoprene ti ter is: | nst ant aneous i soprene
pr oductibapeneasyathagy polhpeptiee fsraoraturatty-gcquaring mls’pf{mﬂe drom Bepytlins alpigur e 42B

shows i neseC|f uctivit L bioreactors, fed with
ol ucosdP0H) e RSk CuP LRttt Bl Aot A O I

i soprendy A ]i)dfgwaﬁﬁﬁﬁl@@&@)/lslaeR%ﬁ@ﬁlﬁb gbﬁdbts@mbmera@ﬁﬁﬂi&éﬂ-anbraﬁuble@ 1(2.7
oL / g.cell)]/l (t - to ng/lsoprene/g cell/hr.
acid encoding mevalonate klnase (MVK); a nucleic acid encoding phosphomevalonate kinase
(PMK); a nucleic acid encoding diphosphomevalonate decarboxylase (MVD); and a nucleic
acid encoding isopentenyl diphosphate isomerase (ID]); (ii) a nucleic acid encoding P. alba
isoprene synthase; (iii) a nucleic acid encoding M. mazei mevalonate kinase; and (iv) a

nucleic acid encoding the upper MV A pathway from Enterococcus faecalis, comprising a

nucleic acid encoding an acetoacetyl-Coenzyme A synthase (thiolase) polypeptide; a nucleic

10



DETAI LED DESCRI PTI ON [0081] E. coli BL21 and BL21(DE3) are wi dely used
hosts for the production of reconbinant proteins. They can al so be used to
produce ovbheniipredlucts, such as isoprene. Yields of receciiusaen/opose eins,

bi ochem cal s, and other products in such E. coli strains can be inproved by

increasing activity of th entose ph hat e pat a netaboljc pat hwa
i rrportaﬁ‘itcpefn&PélB%Iaﬁyl@ng%}h? R el oI TRE A ShireY e Sa i ol T
BL21 prrﬁlraetcezst@yn&aﬂgm LRPABL ¢3-hShylgh@dy BCodymdsA thlué‘t@se’]\-%llggggﬂﬁe Genore

Anal yzer 11 (GA I equenci ng Systemto that of E. coli ( GenBank
Accessi on No. U00096) reveal ed that the E. coli BL21 genone carried a

del etion of 17,257 bp BRIEROEXRIBAI@NCHITHE BRAMNINGY ol ved in the

utilitization of galactose as well as other genes that are described in

%ﬁ?g Gﬂ]ilih%uﬁéeikeéh%mW@Bﬁ%ﬁpﬁ@ﬁo&%ﬂ%@ 8 89 @ﬁ‘e“@) zozlﬁtf«e’rt hg_,

"I dent |Bcnﬁ/&tr|eonl dfrogiess ikddpidRes M4 3601429 KRAD3). yﬂhleEolg@meg alesqmghon arbaelds ng
6- phosphogluconolactona 186: 8248- 8253 (2004)), which encodes
the enAREAEYHRYEFHE @F%@&?&P&Et@?ﬁgé@ PPRYSYS ande rekeEdiva el dpriesssngaeny

pent Osefopﬂlgéﬁﬁﬂ% %@?ﬁglg%’t?)ﬁf thghﬁdlgﬁefgélgﬁe&) a aﬂgﬁiﬁo&l’e H}{h{)vw ‘%’A?ﬁ“l R@etgf E |

parent straln o BL21 and transduction (St udi
Daegel €A Betyliremgénge, RIvaEVES] HY. . 9SA,ssaIzit mBagteFio]. 1'8¢h2d &6-x12RA200G; HMGS;

differ bet wee en equen ichia cal REL606
and LIRS LpA T SO OF e N8 LCar 80 it 1 Boefermb 05 -

Bi ol . piohbi BvedHAGRA Py syl nSeeluh-GRORuckRNsaGeert 11154, col | 821
and BL21(DE3) [ack both PGL act|V|ty and the ability to utilize gal actose

as a cakisayi JsBaeteol. {Hoal 62512, 2008@15?5&%@@@%@51@1&8&@@12 difak.7.1.36.

I I t f f
Zechor /it Cr BendtFst . BR0Y T kR DRarmt) T5 5 G0 ERREOEDE 79210
2011/ 0783331 CISLBID/ 066220963 1,008 2] DAMGIC;imipRdIpiiomEVigorthed @dch®dx flasQ
i ncl uded nes required for high affinity transport of nolybdate. Wile
oqui r ViR BRI 4 L BacasaoBisehsmisty yBdeatin bl S04 kaﬂéﬁﬁeﬁﬁ‘tlylrol ein

I
cnzymat) EeRRrRe B PR ORI 3y ox.*ﬂﬂ% R
reacti os9. IDKH)PsittaNayr DX dFDeaxlyeylutosaiSt progpimterghnainee, |dsm Eeadz, 1.pakdsagul arly
(oo TS UpSCES, RS Bl M AT SRR LS &
Shanmugaiy Y. £ Menahi PiochER; 36538R44430960). MEQOEipfhienaRU9RSC
8 H and pentoses

phosphat e pat hway (PPP) is used during growth to provi
(5-car boﬁhglulgecmg)lrl(oﬂ\leyIdhms,tI,splF EC Qﬁg’r‘ ahakysayt. PN&n 87:8¢ hkescth 6 S2000MMKL990,

e subivRsteSaRgy Chdrueraa el 1 FERL R 08 R AL dat i ve

phase, g7m106hi 0G7 I%I@BHMGB . 2€NRletlyR W3 0Hit61D) 4 L P@odiPRoprhE alhuSeSKprEesi s of

5-car bon sugars The PPP is an alternative to glycolysis, and while it does

i nvol vet@kil azt\ssem HﬂA§|9@cld§é8 1i1763. gPPNXeI St bHedfoxyzhastiyi-2-(Exbhenykhan
catabol I‘IITB. of , the pat are t r n of
¢ aduct gt Te PHPRE PR 1378 SaBR O Sr RS Lo Ty BT Dg! ADRE

bi Osyntth§fd1’:‘§)x§/Qatﬁbﬂh9D3 (E@ btitbﬂylcztedhbﬁospﬁate hedagtak@titpH,aad d. 19y resays; (2)
production of rib -5-phosphate (R5P), used in the synthesis of

nucl eotliAdexs 1%62%7CI%35C5 #0%s; and (3) production of erythrose-4-phosphate
(E4P), m no aci ds,
R BS80S NTLRE ol L ATMIO AR AT OB AT 0 2
sugar s adetyitvoadfefase (A AKH) 01, FBEG-O0A afntharel (BIMGAY i3d EM@GCdreredettairol | zed

R

inter W&ﬂ;@sﬁl%mémdﬁamtmotﬁ%eﬁmee@wme&cylw%g Fsgllltxnﬁr(lhﬁ H%Yé oplasm and
is one o three main ways the body creates nolecul'es wth reducing

power , iswooaset(lR; $mhoamim@vakmaateldyC@b)%ydﬁseW)p?od@pmtemml phosphat@ans.

0084] .Rest 1t t ed t
L oaoandaurt o phd'asfEn RRRS oS 1y Bl R R GRS R BRI P

growt h Biehd § and@s, White PRIOHIRE NIVASRIARY S, £k INBYgfaMiFhe S n8dUPiang PP
equi val ents for use in reductive biosynthesis reactions within cells, such

as fatty acid synthesis, ribose-5-phosphate (R5P) for use in the synthesis
of nucl eotides and nucleic acids, and (3) erythrose-4-phosphate (E4P) for
use in the synthesis of aromatic amng,acids. In addition, it wll be
useful for industrial purposes to have a honol ogous strain (e.g., an E.

coli BL21 or BL21(DE3) strain) able to utilize galactose, in order to
extend the range of avallable carbon ‘sources. [0085] FurthernDre restoring

Y Y o e o



[ 0086] Accordingly in one aspect, the invention enconpasses reconbi nant
cell (s) of an Escherichia coli (E <coli) strain capable of producing

i soprene,wotrerigi7psithe cel |l (s) conprise: (a) one or norePCHAISeE10062089

het er ol ogous nucl eic acid(s) encoding a PG pol ypepti de wherein the nucleic
acid(s). is/are integrated in the E. coli chronosone; an one or nore
ot 1 ol BBLBUE CPEN Tt R P AT oS Sy Rr1sDe TG Habr i o to
the i ntganatd R Koghifd MoriOMicr66blogdare M BRI Reield) 1:09Chel SoorCTAE S) t hat
encodes a encoding a PG pol ypeptide, and wherein the resulting reconbi nant
cel | prroedibed M 6d prémayas prasapt.dat erantple.én serhaarchirat oxghnisime, siahes cel | (s)
that d ntat corGCri se ((ga) and (b). In sone cases, the reconbinant E coli
cel | can® g%osﬁfén%ﬁlﬁze‘ndogenous pronoter(s) and/or its other regulatory

syst eng0037]ragutatiea g JfipkRaGd pRT2OR. @bdHEIshsequent expression of the
integrated PA nucleic acid. In such cases, the expression of th

e
het er ol (883 Fignre 3&-B athggueleotide sepance of plagypidepteh 24 B atha HESASERLIDX i ve
expresa{l@q)dri ven by a plasmd or elenents on a plasmd. In other cases,
the reconbinant E. coli cell can use pronoter(s) and/or other regulatory
syst enq003HtFifav e ibeechentitic dihgean showihpecshictoalsitecadet! forendegullake t he
transcrj pti.on and subsequent _expression of the integrated PG nucl eic acid.
[0087] EStPHiRsRIs it A B RAInpRsed sopppiile gphesiyecBehbgtvesn BsrRIGIadst r ai n
that dogs,[RRLs encode a 6-phosphogl uconol act onase (PGE.) pol ypeptide, wherein
the E. coli cells conprise one or nore copies of a heterol ogous gene

encodi HG040]1PGEupdliy p eptpi ddelasntih ESVIE30r nore associ at ed expressi on contr ol

sequen a nucleic acid encoding a heteral j de capabl e of
o1 o o0 1001 deedter b5 1 B b ERER R g S SBI b ERRE NG Ehcotod by
nucl ei qoa4a]dsg@8 7as Rk@®Matic diddr&RWEowinP 8&tifotiohRReFused 9bil en@BhildeaRE 0duce the
pol ypepti de capabl e of biological activity at a specific productivity

gr eat erdigdstian tcheansighct phremad iV I8 aad [capipiit)e oplesiye endy ectwopi Nsil and Bstl

het er olscl)tgspus gene encoding a PG pol ypeptide with one or nore associ ated
expressi ofi control sequences, when the cells are cultured in m ninal

medi um[o@4 3 Fipiie \8iid e thapeyriRmad EWINRKoved net hods of produci ng heterol ogous
pol ypepti des capabl e of biological activity, conprisi n& t he st egs of

cul t ur i[ABA4IHEgwEes 2HtH aredhe ualepside geausaee efieaad £WEAHABRHEIN@S) i n ni ni nal
g ey .
2011/ 0 1SS REb e85 7 koG SRl P fereq) ERR: Py operen: oo ng a Pt

pol yped004l8 Figirhs dOR-(Dare th uchoside safuentceax phiess habei aanihedlLoseq Pethoag and a
nucl eic aci d_encodj ng a heterol ogous pol ypepti de capabl e of bi ol ogi cal

act i vi tPeroRAdER BUEF Ny t he het er ol ogous™ pol ypeptide. In some aspects, the
cel I s qoosyas 151@%!&%%&19&&9%@1\@%%?@ 88 2 née? ReRAdA Eo@éﬁﬁgﬁ‘mﬁbby
greater than %hat of the same cells lacking one or nore copies of a

het er ol [00d8] Figene 1 Br€oat thy mickRGtidp sdqppegtdf MCMX70-MNK Gommdreamgsoci at ed
expressi gn ntrol. sequenc the cells are cultured in m ninmal

medi umar%ﬁééoweﬁl% ]g?r 5”@’&@‘3%%gvi ded herein are cells of an

Escher i[0bd9 [kt 194§ 2hfdp o plasSRESBBREMINGAGEp&. PGL pol ypepti de, wherein the
E. coli cells conprise one or nore copies of a heterol ogous gene encoding a
PGL poll)8¥NtHigeresul 34 Forre tlor nypbroside sesenest @fdplasxpd @BWSGM-MEI Sdgulnces
and a t}@b? ol ogous nucl ei c acid encodi ng an upper neval onate (MWA) pat hway
pol ypept i 3: a |l ower WA pat hway pol ypeptide, and/or an isoprene synthase
pol ypeqbosig.FitireS 0&-FosP @Eiphs of REprene Frobicti@l HysE. %M%tr@in&&?fﬂsﬁhg?M. mazei
productivity of isoprene greater than that of the sane cells |acking one or

nore cdpf@ongte kinases Bradbosepisng eyishasacnding RHMGL Lo- b apd ganipifed-one or
nore a i 561 co; . tured
o i oy UG R PEEIOe ROl ese SINRIRE e BB PSR i Sl 1 ng
i sopr erntke 18-0rpoiesétogfeti vatisgle@se oFignd t4B shagvstthe tilme cootse of &bpent ligr do not
encode a PGE. po eptide in mniml nedium. wherejn the cells conprise one
or nor V'dYpf _1%¥%é0rﬁ3é?ﬁ€rf6q_l ws@éucgé%eT%%tsaisﬁggaeﬂla@L%am%@&f 498"t h one
Or 1MOr &, 85308 bAlIRE: SHRARSTARIA TOR! NkhSERN CRCRRANRofrefEIGhRILERUS nucl eic
aci d encodi ng  an upper neval onate (MWA) pat hway pol ypeptide, a | ower WA
pat hwayisquoénegepducdé in 59 hang/iFsopmeorerobyme hedehrpdl {rdeyft boeh. Eigdreprdédaled ng

i soprene. In sone aspect.s, the.cell Y% specifi r.oduycti vi of

| sopr engoys Bt BT e R Gisterine v inde B P STRER U o B B B o5 o
a heterol ogous gene encoding a PA pol ypeptide with one or nore associ ated
expression control sequences, when the,cells are cultured in m ni mal

medi um General Techni ques [0089] The practice of the present invention

wi Il enmpl oy, unless otherw se indicated, conventional techniques of

nol ecul ar bi ol ogy (including reconbinant techniques), mcrobiology, cell

L T o Y "




[ 0093] As used herein, an "isol ated pol ypeptide" is not part of a library
of pol ypeptides, such as a library of 2, 5, 10, 20, 50 or nore different
pol ypept iWOx0HMd931e separated from at | east one conponeRCTWISROL0MGI0EN |t
occurs in nature. An isolated pol ypeptide can be obtai ned, for exarrpl e, by
expressjon of a reconbinant nucleic acid encoding the po peptr

i sol at 48T FAFYHEIS I RECREs H IFEnAnsaps QR ERePIOYUG ORI TE] ﬁ&%tﬂ% géo >90094]
By " hetigf,l b, YRERE 198’ sty s TRAhe Bol0d YRBRI Isdpreil thesledofr @ dhic! ei c
acid sequen[clzgg“err veéﬂgr om a Sgil ?fger enteor gan(rysrn ssp rca’rﬁeg or strain than

t he hoslit5-k éidreactan fecbwﬁh@hme&t. shigareHéEeshowe golusmepad Brpetp:ttwde withimte liSelent i cal

to a wild-t pepti de_t hat found. in the sanme host c in nature.
[ 0095] bﬁ&reﬁégﬂf H éﬁ‘? coge- ﬁtﬁ&teet‘@s oMy CaﬁbBFélrQé‘lteothggdﬁl"BrratﬁtS&Ek)
deoxyr i Qi ceaetlrgeﬁmar%ﬁrmﬂtheqe%be%abe%@wagﬁl%tey joined together in

ei ther single or | e-stranded form [0096] reconbi nant nucl ei ¢ aci d”
i s mearlPOR]igwres &54d @re@taphntsecr\@sg andlysis psoflfrgeefrofn formeentationgnd Shucl ei ¢

or gani SPrstatranie R el RV IT6RE2SRPRE G GLY PP daPROBLE 1P h e ne

nucl ei EWERE6 Qs ENEAT Bstzl (DB®), peLrph&et@ROFi. 2L}FIQKD(§E§)Tr&QIbaWWﬂ¢ e, a
recombi nant DNA which is incorporated into a vector, into,

2011/ 079BPEEETAUSIONDY dhzoomnLn deiaetetharmygshsbaseling @5 n i ptoars) i9icbodt virus,
or intq Bl%o g..genom ¢ DNA of a prokaryote or eukaryote, or which exists as a
separate Yecul e (e.g., a cDNA, a genom c DNA fragnment, or a cDNA fragnent
pr oduceqd0$3] IREiRe ALArdSvE ae tkanplenydesprelcaasevety geist i on) i ndependent of ot her
sequences. . I n sone_aspects, a recanbinant nucleic acid is a nucleic acid

t hat er{Q%‘EsFlaurﬁdﬁBrra?w Al PYERRIALYH FORAENeisPYipEBR/PoRdens NG #§UBy ~ het er ol ogous
nucl ei qogsd)dichis 1TRAMNs Qd@)ﬁhﬁbﬁoﬁtﬁto% aﬁl‘?gf‘%{‘ﬁ@px‘éﬁé bRt THéT}néteﬁ'af \fvﬁsr ent

or gani sm spe%r es or stralin than h . I'n"sone aspects,

het er ol degomsneducbeP.78cpwdei s not identical to a wl d type nucl ei ¢ acid that

is fo he el i nt re. For al
encod 03 seEEa B ap e T i/ ARforsfasmi el i Raeis Rarhe Mo o
deri vatjnMerthesL@bnt Wit ﬁgftﬁﬂae@)'o?gl@icﬁ k@) Cf}fquﬂiﬁél{gepegfi iot GRbwn BLALDE3) Dby

P1 transduction and expressed in the cell is a heterol ogous nucl eic acid.
| n one chspedograms” het er ol ogous nucl ei ¢ aci d" can rrean the |ntroduct| on of a

| | |
Casee 9051t dE 08 A00RE albieio gl ipid BR P AP nit e 4 Pl Bicn S ki T
in the jgdprentyhtha@PIESIvatient) hdedl it @haBLeStharlrapdmoke aadhe ndeuas i.he
context_of the teaching accordin Cgég)éép[OOQB] As used herein ression

an
cont r olFigegUd&Rda sheresaihs camaletd e deayebEsctfddasnha pDYY 3 XEQ 1P ME} i pt i on
O 2 N0 e S0 Qhol D iR Imo s PERA RO AL I I 1S EAHANEA 053 BrcRfig 2

pr onot uch as a cons utive or a&n nduci bl é pronmoter, oOr an enhancer.
An exprtes pildocsdGrapl inpedbd fiom wamw .deecydain v Ehe aigidrededsted dgausli A native
expression control sequence is derjved fromthe sane orggnr sm(:%[%?cr es, or

strai n #ls” {RES henterased tog «xfifeldsMB6 oA g festsr oot it iYEs s PRI

sequenc@oh i iflGfakN&d Ifhr iﬁé&ct% be@f&fQBe% hé'f@cn%ﬂ)é%ic'zﬁorwgfd atdwe(3)as the
gene beli ng expressed i nduci bl e pro Is a pronoter that is active

under andicatontine ranaetahog snkevfeﬂhergaﬂri‘iﬁ atlmreeg‘iﬂ(aﬂDNO 8Thé revepsesssivofgont r ol
sequence . s oper abl to nucl el i gnent to be transcribed.
[ 0050] diieetenareting sPrat be 2l e R ENRT O i it medi a1 of ef
to gr 0%059]&@% HENGAALRE Bhtal Hétﬁlt?‘((DDWIBthﬂrﬁ@Eo‘ferﬁ%ﬁah@h%x;ﬁ&fm&@d | grow h,
generally wi thout the presence of am no acids. Mninmal nediumtypically

cont ai reondyctgd ‘alth,g b3 128 and PGhad CMERD) gelbwesh ;Blagk trinaglepalong Hiet s,

whi ch var y terial eci r ng _conditio and (3)
wat er . rﬁﬁé“&% boh sgur)ﬁgl CHIRISH @ergrt%nrf?%g%t(?@{ E’Fo?ﬁemt Oa%":sdugars li ke

gl ucosq0060]ME@e QQ¥RORXisBy@hO by HaSoictiOlth plotdiromBARrofStdnta@i®ny east
extract, as discussed in nore detail below. The salts generally provide

essent | APeiaNens Aerdus e v iEsPEhg KeMPiD) #id Roge i, MBRIDsHErIFS, Black Bangiasr t o
al | ow tah&ﬁ%ﬁé Béay{l&n%ﬁ’c'atef\?ﬁé H{C%Elﬁll[p[k% I RUE Gth%rﬁﬁjgﬁues'\g g' mal ”'30“ Um
can al e suppl enented vvrt sel ective agents, such as antibiotics,

sel ect ifierpdided.mai nt enance of certain plasmds and the |ike. For exarrpl e,

if a mcroorgani sm W 2011/ 079314PCT/ US2010/ 062099 is resistant to a
certain antibiotic, such as anpicillin or tetracycline, then that
antibiotic can be added to the nediumin order to prevent cells |acking the
resi stance from grow ng. Medi um can b suppl enented with ot her conpounds as
necessary to select for desired physi o?ogi cal or biochem cal
characteristics, such as particular am no acids and the |ike.



[0100] As used herein, the term"terpenoid" or "isoprenoid" refers to a
| arge and diverse class of naturally-occurring organic chemcals simlar to
t er penes.wleppaedlds are derived from five-carbon i sopr@cg/uspéwsecnssenbl ed
and nodified in a variety of ways, and are classified in groups based on

t he nu . isqprene units used._.in. up. menb .,.Hem t erpenai ds have one
| sopr en0GH Hiet R sRar bEABIE T AT P FEBiF he |t PEASBE K E peno, ds
have thijg@sé.soprene units. Diterpenoids have four isoprene units.
Sesterterpenoids have five isoprene units. Triterpenoids have six isoprene
uni ts. [083]dtigmp@dchess htive cobghtof isoppene fiter imi t §-L Potepeter rdnwitiiglupesee nore
t han eight isoprene.unjt 0101] -As used herein, .the term "carotenoid"

ot or o ROsieBLS LA bR o (PpIERE Perb Bt Rt o pEERO R e
chl or opfRsdqsaditor BRI RS Sre R tiRl ANYanst@ftatBi®isopRBE pRIAGtRYALhet i ¢
organi sms, such as algae, in sonme types of fungus, and in some bacteri a.
Car ot ergsldhg)di fromutde0 tdehre kylgggh-bewsht ai ni ng xant hophyl I's and t he

a1 ¢ o IRRUA R B e e i B oS P PR Wi R e

comonlfyd wielsdos@d by one of ordinary skill in the art to which this
i nvention zf)er‘tai ns. [0103] As used herein, the singular terns "a," "an,"
and "t H80641Hagwedoshewpisapighe preciicarieductiite 84thithdie d§rt bivreaglosaieywithdi cat es

ot her wi 0 - I Sl 1 : i) : [.c limtation
gi ven thFsinsarch iy SRR bR PRt MRS WAL IRERNL Cole, )
|'i mi t atibapieneas/ [(ODSGOHLI bovehy - QDEEO,*Eabrothi, hri {221 ODAE. M) EXpr @5 $Eymeri tt en
herein.. Every mnimum nunerical limtation given throughout this

speci f i1 2QREHTE GV i ncl ude every higher nunerical limitation, as if such

i gher [HogEAGEE 2ibah iR OIRE Sr SHRLPASI Wil 6 139T BloReactey S fiier | cal
range given tnroughout this specification mYII I ncl ude every narrower

nuner i caiicosandiee pglatsadalel vgasva dulbiure afischindCMEde2. Mhepgli- cahpleavmge, cultsre df such
narrower nu i.cal ranges were all expressly witten herein. WO

2011/ 078%@1@?/3%%2010/ 062099 Genes Encodi ng Pol ypepti des Restored to E.

col i_BYBdea1Fi B D6 RS h AMRRbuter AEpAd kR it as-1L BiotdieioFrec0lih BL2L
and BL21(DE3) genones includes the yghE gene (PGA.), genes encodi ng proteins
i nvol vegludose.t Hlee titer [sideéinedas the agahaicif oswrens podmedoer Igoeidermaatios encodi ng

t ei i | ' | ybd t | | I h
o unlr B TR e oy 2 SEMT bF AERAERE B2 48 et SR e nlboIF RGO Ves
in the ghhid CR@BLONEGRat DR STl RS Bat s M TikHr C R 1RRERHRSUS isoprene production

gal act ose- 1- epi nerase, gal K, whi ch encodes gal act oki nase, gal T, which
encodegagap/ddrgl drom phOdpRates el igdybsptht.r ansf er ase, and gal E, whi ch encodes

UDP- gl 4- epi . Th j ins nvol ved.i | ybd
tr anopdPPeA e 8 AEEhGRF ipPishe SHRET MRTRTNEE MRy Bdod PYEBE Rty Bibani cs
of the MN¥ossUPRE p@mishdple b, culidiCdt seamodeP3t DEeThepsle seapleGhastat@ltiRAABC

operon for nol ybdenumtransport, and nodA, nodB, and nodC, which each
encode s#aingtNIEda? eEavasion por ¢adqulaingipeeifis FoedichHvity Byels] (g dwPainggt g

aci ds. dnesliig) WOBE B0t ORa PR 1 e LEPPRRL & B SR P P on of

het er oliegoers/geatl/iei ¢ aci ds encodi ng for isoprene synthase (e.g., P. alba
i soprene éﬁnt‘haseb can increase the total titer and/or specific activity
for isdPPeHd predlchomna imscoHise RbPRicY denstyiveithiha d oLt biarepeter FoaBINgt i on,
one or FLe WenNgSiEMeAdss e Pk Rt gjulaései_ nvol ved in the utilization of

gal actose as a carnbon source or “proteins involved in nol ybdenum transport
can al 46064 Higire Gdlsbeds a e dohese Bf isoptene ¢edr within thedbdaberdah®r oveninidg

fitness,of . r econbi el.l, which, in turp, can |ead to increased
br oduc i Gh1 81 17 S5 SRGT O Ptk T fieb HeleBinee fis W Aot ¢Eorst e or
i nt egr 3Jr68LicBSbeil e CHMBING AR BMbthD FRNSIA fofBAI8uIIENEROFRAOT Y Proteins
involved in the utilization of gal actose as a carbon source or proteins

i nvol vddnitantamdoypb theptene pradnstior tateagd /eodt feorplt 20t tirt [+] /It hetlscope of t he
i,n, some .aspects

i nventi us, , .the .gene restor to.t BL21 or
b 55¢ D070 TS S anSRL i OgE oLl e o R o eE TS daPPRagkE BL21 or
BL21( DE3htaUBROPBAH R-1B@raBG1655 fed with glucose.
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gal M In sonme aspects, genes restored to the BL21 or BL21(DE3) genone are
PA. and gal K. I n sone aspects, the genes restored to the BL21 or BL21(DE3)
genonme arwOR@G/@Emd4gal T. I n sonme aspects, the genes resPOTAS2010/063009 BL21 or
BL21(DE3) genone are PG and gal E. In sorre aspects, the genes restored to

genes DOTHEE G Sohby B BReGoORE o1 (eRe SRt/ uta i bl 0 I DR T 1
some a%ﬁtrahﬁngEEh@ozgﬁﬁ%Kﬁ@M@I@% @ valdﬁeghﬁ’cle%é Piuddbgd %I%@ulﬂﬁ%%?&: e e PG,

gal M and gal In sone aspects, the genes restored to the BL2
BL21( DE8ydugtimtsyre (rag esopmtmgmpgmmﬁcm)lgmmbMGwif@m*Lgm¢tmo) HRAd gal T.

In o) cts e .genes _restor the BL21 or BL21(DE3) genone are
SE?Q%ZE(SC%}@*% Pjé?%ls%rﬁlégggel?qlﬁe genes restored to the BL21 or
BL21( D&Bi»memﬁﬂe 3aR&shBs a ngl o, plaftd GBWEL 5, leRpiS ik tehslappérswvmgl BeHLeSs

restored to t BL21 or BL21( DE3) genone are PG, I M_gal K, and galT. In
some adisbyeptidesamd: andgrvsiddeprn @nferfi@b@tezfa@ﬂllBLﬁlgwEéﬂBgQﬁhﬂféﬂ Hee PG, gal M

gal K, h he BL21 or BL21(DE3)
genornsac:'glsﬂ1 %fnclé&c%%g%eﬁgggféﬂ38m I%W gﬁ%%(?lﬁ(rilk@sg 3 aspects, genes

rest or §d013] Hif@eBE2hows mBlLﬂﬂ\(ld}E@ecgﬁ:rmﬁﬁJcaﬂV&y BEGhacthl swalhs inl VS aiigirasipect s,
the genes restored to the BL21 or BL21(DE3) genone are PG and npdE. In
some adpetivm copming(d® yeaskeyiraet ang 17 &lugpssq Typemponts pesd rigdpbimlicalce PGL
and o4,y 'ﬁﬁﬂlﬁe c@l@ﬁileﬁmgﬂzamé Qre%ﬂ%b%ﬁ@r?ﬁlto?e dété]?lng%?e%g est of @%GLO the BL21
or BL21(DE3) ‘genone are PG, F, and nodE. In sone aspects, the genes
rest or e;[Trd:Idppdner ﬂaﬁﬂM@Mﬂ(Q B(LDE?,)EI g@ﬁlhmif raUppd?@_stramNF:M&i)éd/BLZrmld@BHnd

e PG TIOHET Bak Mt | S meut P Bbie P S gentr M S Gerie st or ed o
the BLZlrwétp Iﬁlfzmmnggmm%gmgTP@p efoicM¥edE, nodA, nodB, and nodC.

[0109] In sone aspects, the genes restored to the BL21 or BL21(DE3) genone
are PGLOOYHIFguradé shewFeromih Qbﬁewdlsqﬁl@tnSSI\/ICMi?@%@dééCB@gé@m e} winimal BL21 or

BL21( enaone. ar e In sone aspects, genes restored
to the (%‘)Ldi’%nop %L%“”(%E%O yé:’g a&ragdg%_gElu&asleM and modA, nodB, and nodC. In
sone as{DG’!H]$1gﬁrB@7gﬁdil\e§ml’ee§bﬁ>it6§rddﬁctﬁchﬂa%|-&:llf @bli Bl-2a{ MENISYR(BINE gre- PG,

gal K, and nodF. In sone aspects, the genes restored to the BL21 or

BL21( DE3ypegerid M CAIy 6pBL21 @al K rcdirpend EM3 minigte medpar eantainhg OgBfes

restor 21(DE3) genone are PGE., gal K, nodA, nodB, and
%%aést%ﬁgggéﬁgg%sgﬁcﬁg genes restored to the BL21 or BL21(DE3) genone

are PG.[()O'gﬂleguraBG shmdsi:thelclnmnﬁtlasomtvss ptdidin pen®@b indstoli ehiho t he BL21 or

BL21( DE3 nome are PG, n dE. In sone aspects, the genes
restoré\él@&%%@%&ﬂr‘bppe@ 17 Mg&%lawgépﬁa Upgah 1 TNGmndlas, and
modC. Irﬁecﬁmlaﬁ@@%néyeamﬁugan@ﬁeﬂm\l;verdﬁ@er&gt ofkgl or BL21(DE3) genone
are PGE., galK, I n sone aspects nes restored to the BL21 or
BL21( DH897Ydrigure 38rskow@he cgadechfraaomoitde & prnOEaIrdE aslpetetisy MAMS G2 1

rmdc. s pperd aos s e Drelb SET R Bt v rimm Brstaf el 1 Des)
genone B0y, Hedst ctddcM gal K, and nodF. In sone aspects, the genes restored

to the BL21 or BL21(DE3) genonme are PGE, galM gal K, and nodE. In sone
aspect 400§ digend9Arshaws thecrnioo apid sBLZncOHef 6-Pimspbaginomobramas (BSEO10/ 062099

oot T AEPOTR 130Fa {35 B0 10 NERL ) s0f J0RE G TR arg AR P uen R0 0T

gal T, AL AP, deu ERHR: (BEQBIQII NO: IJ)eFlga@m@crmbv@rtmrhmotabﬁ sBluZhcObf
BL21( DE3 enone are PCGL aIT and modE. In_sone aspects, the genes

r est or 6§k Hophd CBLezwfr(SEngIR NE3)3) geiguieet Okt %hom_an afjgnpentgd|the aming aggd A,

nodB, C n or

21 oE Beng it 2ol ol AREE ﬂﬁiﬂgl’“fké FARSRAEH Shi Sl % he genes
r est or edghlightdden Bkl CbInthzﬂﬂ.\(eD%)lo gaﬂcm’estmnteanﬁ@tc shgainMigldahted iabthckodE. | n

some as t he enes re tored to t 1 or BL21(DE3 enaonme are PG,
gal M dﬁﬁ@ﬁ Bigye fdaaB e&FRi’VtHﬁEFGO %ﬁ]ﬁlﬁva@&’seﬁé%‘% Stram)@%b”géés restored
to the Bledylfk) %%%@Lﬂ?g?”@r%tﬁ Wilslasse@dn M@hhinAMthedRG 6 40 SONE

aspects, the genes restored to the BL21 or BL21(DE3) genome are PGE., galK,
gal T, avdHPOUE] gllnKEolfR., Asp@ENClt Bié gde NeECldst oM faCh, 2 eMIBIEIOOr

2t o T 2l ol b i e TR Opr BRI ATRaN s 01y * e K

gal E, and rmdF In sone aspects, the genes restored to the BL21 or

BL21( DE3) genone are PGE., gal K, gal E,1 nd nodE. In sone aspects, the genes
restored to the BL21 or BL21(DE3) genone are PG, gal K, gal E, and nodA,
nodB, and nodC. In sonme aspects, the genes restored to the BL21 or

BL21( DE3) genome are PGL gal E, gal T and rmdF In sone aspects, the genes

. o Y o ~ M~ A ~ M~ A s\ o o o o ™ 7~



WO 2011/ 079314PCT/ US2010/ 062099 [0112] In sone aspects, the one or nore
copi es of one or nore genes encoded on the 17,257 bp genom c piece (except
for PA) woeorgspiined to E. coli BL21 or BL21(DE3) on aPplraseeid/o6on some
aspects, the one or nore copies of one or nore genes encoded on the 17, 257

et e R bR P abeio S a B o e oedPeiopi es of
one or JipWe Igertg§ogné%)gﬂ%@th%dtvhﬁmw%%a5ﬁe§m@e¢ﬁem7 ©5PbpaslcBbLcoRpli@hed to E

coli BL21 or 3) on an inducible plasmd. In sone aspects, the entire
17, 257 pghingBhdhiesuly woestiag with hresinil dS®hinelgasegn tspeonfed govdltiratnt o E. col i BL21

BL2 ‘
qencs IMSIKIEGH Pkl 3T SREE R incb NG 20E 184S BRI Rl "5 7 ™
depi ct egudole.Fisgpicfe 8} id defined 6Othk aBloddt &ffisdPreik(Jdbd)cely elctttep@mgﬁaitatlon

integration. In some aspects, the entire 1&1257 bp genomic piece is
r est or duotho The equ)attongglzqal@ﬂatgtgzgqm)tltgylsc Iestansangals iseprees profeiion] 0113]

6 o Sk B R PEndE e LT PTGy rA® b SpRet isarsomseifisne 1o o

phosphqgbuieanay ¢ithEx@BNbar tioRaktoRofed R dgtd@sse | pghdida fpOtAREAIBRScific
fragments of pol ypeptides, peptides, fusion poI ypepti des that have at

| east difedugtivity ﬂqulsm(ma mmzerwot ;rtgelmprqe:m) ELERISAr Y- tragh: p@Dppeptli Bred and
nucl ei ¢ i in a | ypepti des and nucl ei ¢ acids
from ar“ggf&? gc():&% /e(reottgalz1 r%ﬁ(gégﬁé/%ggdﬂﬁer ein as well as nutant

pol ypepti des and nucl ei ¢ acids derived fromany of the source organisns
descri bed herein that have aDHIRAS$EDODESGRIPTIAN of a PG. pol ypepti de.
[0115] Mutant PGL pol ypepti des include those in which one or nore anino

acid r r aci subti utio while retaining PG
Sotivi gt o i B ey B\ R bae BB RoumE ebtar it et ThOnan

6- phospheglicpat@h alletbet@éﬂtaq)re@acé oBiR pEddublts] Q{aﬁ afRYpREe CPRRRIYat i ve or
non- conservativé and such substituted am no acid resi dues may or may not be
one encr@@mblba}nttprmelgemthnw@eandrhteelsmrad@m111SnJWeEt yolattramtﬁ coibd " al phabet "
has been di vi siml of. their side

chai ns PGS g%e 1nchasm aC%(Y,]ItYJ 8% the % ntose @ho&gﬁzﬁ P%tﬂgza% i m&t l}lc CR‘Iath

e c Si alnsy(eg,

| ysi ne,impbghitifbeselNdrswitd lozbﬁtpanm &ltﬁe Sérideni€ h@jueﬁce(cmg colz@ﬁmrﬁréﬁtr@pbﬂ
glutam c acid), uncharged &gl}ar si de chai ns . yci ne, asparagi ne,

gl ut amiGrelongegnopecs Shdesi NKO) usineont e ml@%@t@mf‘ezj\nalmmébt% 15 SgeucaRHiEns
e.g., gl r I

ot b orAE @natehE, 08 MEHEBen b S0 NBLORIOR) ARERILRLAN Ko

val i ne BEZslogemumemebneamﬂewt@m i1g,287 die nchmrago(l en@dingt geme§1nnetved in the

phenyl al anl ne, E}éo phan, histi di ne). A "conservative amno_acid
%fg@

subst i tUititiggfon e ay Pl AS PIHE SREEH Mabue dlescbed ingrieater Rtk RFENY t h an

am no agj Béﬁédl?%ﬁathtﬁlféu%ﬁ af’so%ﬂ@éﬂlga%'sé&/the V02,204 @RIRAHRCT! e8a1p/ 062099
simlar side chain (i.e., replacing an am no~aci d having a basic side chain
wi t h araattagA., :Khalnoa aR‘.ladd Ravsnarg) . A Thagificagdrdet théBisahericla t:nbl&bbmlstdfr gatei ve

oL 10,88 SHOShL L ST B0 0L RS BILE S g Sy = 1P 2o

repl acidigod R I9ma d;Sh dehgtoRoRedhsseIPAL) ahaiddond kL yaleah RS peaidseo aci d
havi ng an aromatic si al n). [0116] Am no acid substitutions in the PG

pol ypeprthosdhateaprtiyeay. nkheatilatiod was maﬁprbd\léthheimtmmflWnttstyalefoftﬁheolno| ecul e.
For ex am nq .ac stitu a h finity of
he Patieth yEaR A b MR b O0E P PloekB PrEfll R (aBhPR i
conver t].18; “tmtuess@hﬁlgtgx@e ﬂﬁt@&t&hsetmerﬁg@tm&péaqgémepﬁa&ehmz@eolt Btstratlyced

into the PG po:%ia eptide. In some aspects, the nutant PG pol X}ééptldes
cont ai rRIgH06cdFr2d (RBALwIdcemprE senelrbe derel! Bapd -1 LEsnames. 1 Eohspect s,

t he nut S no acid
subst | (g P R SO L ot e b o 2 o K B8, ™ e
and P. tothVBGLraativity mdlibe hbifityofo wihee ghlhctosnmynmsbaf soufte. Qxindatl.ye pent ose

phosphate pat hwa yconos- deI -l actone in Saccharonyces cerevisiae," J.
Gon. " M OrBBeBIne ﬁ%ﬁrafgllesoa ﬁélce& ajon %fﬁﬁt%%b&eea)rttsma@tfétww “whet her a
POl YPERILA8eMaSof I A bdiNw ABYI REASHI hiigrdiiis, ARbAG bk @oosy pol ypepti de to
reduce H I'n an exenplary assay, PG activity is assayed by
pre-incubating a reaction m xture containing 501AM gl ucose- 6- phosphate 0.5
mM NADP+, and 0.5 units gl ucose-6-phosphate dehydrogenase in 50 nM MES
Buffer, pH=6.5, 25 nmM KCl, 10 nM MyCl until the reaction was conplete.
This was followed by addition of 1 unit of 6- phosphogl uconate

dehydr ogenase which resulted in a slow increase in fluorescence due to
spont aneous hydr oI y5| s of the Iactone for rred duri ng the earl ier reactl on.

e o o o . o S . R 1A NN .




the previous blank rate fromthis final rate. [0118] Alternatively,
conversi on of 6-phosphogl uconol actone to 6-phosphogl uconate can be
nonitoredwbyonuUHHAr magneti c resonance (NVR) spectrosc®py/US386/0699y., E.
Mclet et al., "NVR Spectroscopic Analysis of the First Two Steps of the

Pent t El dat t he Rol
6eBh8§§ﬂ§§ﬁff§%ﬁ sl e Qbleton Ssefefoietigi: Torecs/y: WahABInRB ) . wo
2011/ 073s1) Aded/ We2@ %&H&@awsnlwﬂaée%mgmmh@wd&% ;Elh'§n‘s| A &@ﬁh&%kﬂﬁl ude

nucl eic aCids that encode a pol ypeptide, fragnent of a polypeptide,
pept i descvanl mefsbdir pdhwpept Ald ergahatnShMolabddt@awecbaﬁeamymawcqffactar PG

pol ypepti de, a re nthase po cleic acids
P! baakifi it FURbEaf RO TRy U AR R E B B 2 of t he
sour ce REFERIHsETEnd q)aﬁrduhﬂq iR eHedale aSandBlobicagspititiaftcopelirsps eaasy and
nucl ei ¢ aci ds derived fron1an% of the source 022an|sns descrlbed her ei n.

€

Exenpl dr9dywgpnn(iered- & 8lf elsali. Ret Hdeobiobrl5dédhpi2é (2@a): Guwden &d from E. col |

K12 NE%Q% t e Accession No. EGL3231; part of
E. col ?gﬁkﬂﬁﬁég%%%%éﬁig gﬁgﬁgi%%ﬁﬁ ?ﬁﬂénced by GenBank Accessi on No.

U0096; [998]ﬂl&@eh&ﬂs@pb@sﬁ&t&pﬁ&&aﬂ(ﬂ?)ﬁi@ amlsdung NoowRI3 PR ideAIBADPH and
pol ypeptide)) (see Figure 40A and SEQ I D % PGA isolated fraom

PseudorRSALSCHerdirodgast (Neidhapala Ile&ré&% I7.agd Baheeghten M chih RRYSQI08¥% si on
No. AEQQQ]Qeggz)cterﬁﬁgelﬁla%lgﬁpﬁaa ﬁrdA‘Eﬁ) ﬁzhf%? A|§’§bc1d%&%%5§9ncﬂcﬂ(aﬁ)@MA . The

pol ypeptide)) (see Figure 4OB d SEQ 1D NG 12); and PG 1 sol ate “from
Sac charkRiB/lcsswoeistmctsphases( [ bcths ofmlgtlviﬂ-iﬂihﬁa\i\ﬁ wﬂnc@eNBaPH heecegsicdmnNg?)

NC 001140; see .also UNI Prot KB/ SW ss- Pr essi 0 P38858

pol Typephf By prdadverygiheds E%E' " SERY'T- %L‘ﬁ%%%é)g an éf G TAGHE r%ﬁ‘f%]&é?lsp@_d nucl ei ¢
aci ds Qﬁlﬂleﬁ@dbé%%ﬁ&oilﬂﬁmm}gl&%wSts'pﬁrﬁaﬁ‘ﬁr&l@m dnﬂbcﬁf&txﬁfh@p@ﬁh ghthBsIRAE

i ncl udi ng, for exanple, Alishewanell Al t'er ococcus, Aquanonas,

Gtr obéﬂtemﬂm@v orrobiact e pataasiagsi @) ﬂ@ gemerntonblictieting pUuEIHEenss math(: e.g.

K ebsi o\ 8 PRAITEN B2} P 08 £ B PIRLIER, BioCRL o RLBHG 5 O

Shi gel Isgnthagiet (Yepidtiiition(of ribose-YPhsiphag: (RSPS, luséd inkeX e gpltiads s SBaalebaEs
thabollsn1Ponp%Ft|des and Nucleic Acids [0120] Gal act ose-1-epi nmerase

(gal M) %Bdmarly shendc@nperdsriénn fferghpsgdtpiospivée (hPadses i e sybesis of

Ex I
R e Gl R B e T

| east quehvanti Dietayy péntasegabasdoseed frapithedigsiopof yipedpiciadies nE)yebafpl ary
gal act ose-| - epi mer ase pol ypepti des and nucl ei ¢ aci ds incl ude

| -
nat ur alM§talRliad Firagehibe ppipic RiwsPhafuPaibweaad s @eoonskaiciony obflictane sour ce
or gani SR, &%&h?&gﬂﬂﬁﬁﬁk&mﬁﬁn dmdﬁ%dﬂ#gﬂﬁbn HRERLHES R0 dn RiEABAIS, aci ds
derived fromany of the source organi sns described herein that have at
| east chePBERoraurs yxabdsiveelyal tact:wmalsmezpndmepasef qholtlgrp@ptaud\eays[thdmc}y
Gal act oki nase | K). catal yzes the | ation of
D gal act e motieabi fdiclER Shpenrstoan e foepRisEnuehyBEet SELHECI Dae
pol ypegirbdliRsion it RefBRAt s of pol ypeptides, peptides, and fusion pol ypeptides
that have at |east one activity of a WO 2011/079314PCT/ US2010/ 062099
gal act dQO%@spmwp@PG&@enEm{rm @5901@9@ amrm(sma@@trpbﬁegp@pﬁ el cgzhd nucl ei c
acids i Qccurrin ept i des nuchei ¢ aci ds m any
of the és}giurcé%ﬁo%l Pi%ékr%tr Geser be %ﬁertéﬁtﬁaq go%l en%ét fru aﬁ?nt Iﬂl e%}fl des and
nucl ei gadtiSpreeidevedudin®equailedd fdrhige FOLEGCR]Ive bIRRhHEES MS@@ﬂsbﬁdnﬂﬂer ein
that have at | east one activity of a gal act oki nase pol ypeptide. [0122]
Gal act ¢§Hs pughtssiarneed syntassisy| P%Fnéﬁ)é@%@te((gémor@awl ¢ e¥thass Afecond st ep
of the U se and
gal act oo B P e SRRy
galactas@ﬂmmphmmphameIMmﬂdybyJmmaﬂbéamﬁﬂﬁbpaﬁyu&ﬂﬁndﬁsesnmmuﬂe

pol ypepti fragnents of. pol tide ptides, .and fusio ol ypepti des
t hat hé\?&l@i?gquéag%méﬁé afi wltﬁﬁgfoaBbgl@Eﬁ%%a@ e otz galactose ih

uri dyl yd b&qan ek @naaR r%%ey&%%ﬂéi!ﬁe ARG RIuddey, gal act ose- 1- phosphat e
uridyl yltransterase pol ypeptides and nucleic acids include

nat ur al[0985 dautheimye pektppep gérbe shaanucoda bigh affiaity d@lyfhd@mtmmypomf piofegnssour ce
organi s descri be n well as. nmut 0 ti.des nuclelc aci ds
e e BT ST SEuRE L Bt e h R RROL S B E i F i 508 o

| east one activity of a gal actose-1-phosphate uridylyltransferase
pol ypepti de. 17



[0123] UDP- gal act ose-4-epi nerase (gal E) catal yzes the reversible conversion
of UDPgal act ose to UDP-gl ucose. Exenpl ary UDP-gal act ose-4-epi ner ase

pol ypept iwex0imsbitde pol ypepti des, fragnents of pol ypepPCaasopspovsies, and
fusi on polypeptides that have at |east one activity of a

UDP- gal act.ose- 4- epi nerase. pol ypepti de. Exenpl ary UDP- act ose-4- epi nerase
Rt T S iR (R e ek i Vo e
nucl ei Gnaghpsséd itPrévdd methddi@nd RUIPEsiAbSARI RIBmBBRAT bRRYah&lRIRpRSiME! | as
mut ant pol ypepti des and nucleic acids derived fromany of the source

or gani shietatelogrihagldierad aneadatg HBUE patypeptadst intpgeateciniothe pagsérial

UDP- gal act ose- 4- epi as ol ypeptide. [0124] Ex | ar al act ose netabolic
ucl o SRS de el o P gy B et BT RaR P ar 86T Fagment of
a pol yprpdrbldgousirpleidfiddnchbdit s @olypeptides piri gdRictRi@inehdsliah ah@ast one
activity of a galactose netabolic polypeptide. Exenplary gal actose

net abolMelybdfaus) gansperg san Wsrovrea recombianbiceeriabegllar ity fapthamsrdustigenes
isolated.fromE. coli K12 M5 1655 or derivatives thereof; gal actose

met abol1¢C é)enes i sol ated from Pseudononas aerugi nosa strain PAOl; and

gal act géeséreaabalingly gieomsaspsal e éthehtiomeEaapaseo mrombimear @lli(giof an O her
exenpl ary gal actose netabolic nucleic acids can be isol ated from any genus
in t he FERTPIEr B DY ¥rihea@allcioh BTaddring sopameewBspinghe agll(Srraimpiist a,
Al t er 0GQrGHSy: A RTMBASE a [REHLRRBEL RilcleiChOARY BERne FFMRIARI e wherei

Ent er ogggt er ,r Kl ebsi el | aa(et. ggj,%%Kl ebosfinel I ags\D 201an 0793 4@&'{7 USZV(%166?1862099
pneunorthaelgleiPantiGe &/4re igegrated m thed:. chli ok@mosémet @wdg b encgor,méeot eus

vul gari.s), Salnone|lla, .Serratia (e.g., Serratia marcescens)., Shigella, and
Yer o nisplogow Tpelest i SLbpn By Sefbssy By S\ R ERer i s SR B hE

Pol ypept, i-dg2clasesNt k@ﬁtﬁinﬁﬁ) $l=1diOdZak) thaeeRRebsPeRichdig arendss ypypiidee nodF
gene is an uncharacterized nenber of the fused nol ybdate transSporter
subuni tagdofhepBCtheuparfizgrccymbimreimsllargdugetiBopmedpaadeputitpepthag gt phibeude

ha naveeaensLOBPRER aRerbP 1o/ RPN TR R ERLGE SR 1EPputRl Al P EslREor

nmodF engededwha@hiipepbidasned(snued/6t € ahéidsgilpohydatensttdiédulate eecurri ng
pol ypepti des and nucl eic acids from any of the source organi sns descri bed
her ei n tEgsgEItion a8d gufsaauenp sxRrpsisn af dae wrgraedPelausaleicrsid elnsyelicdsedom any of

the so i | e >t lvity of a
modr onto Ut AR AT, MESEledfoRRigAe: (O], POH S RbplchREh 0T RR Y

nol ybdemprastioadspar by { plasti)d @algnpend orde plasmal. riagtheatcasey, the aicembidahak. i s

bel i eved to feedback inhjbit the transcription of the nod. ABC operon in the
pr esenc@/iGFll cB YisaapmOteER by g eratE diRpoE My Shaf par I)f‘&@s}f_ﬂir?facaﬁ@ the

pol ypept i g3l td RARR He AhnRAbYHERd I8SequPRikbASSon %%Jm@@%%ypepu des
that have at |east one activity of a m)é]E encoded pol ypeptTde. Exenplary
nmodE enuoledagpdl ypepti des and nucl eic acids include naturally-occurring

pol ypept and nucl ejc acids from.any o he source organi sns descri bed
hor of n OSSR Gn 8156 Bt RLS O wlereie 4L it BEF EOSaE  om any o
t he souwhe8dol @pRbsHRBgIHESIdRSME @ LDl fIRptidka e din HRAS oRREIIAGpHstY of a
nodE encoded pol ypep%l de. [0127] The high affinity trinmeric nol ybdenum

t r anspomeer nproceies drdwialopgusngsdacneadd® 2 Bab pebepiide with one or more

menbr ane- associ at ed. ABC-t(ylpe transatl)l(arter]fe%%/st.gm fa&ét I'ﬁatéjrgltoake of

associlated €xX $510n contr uences a nuc Cld enc ane ous
nmol ybdenum'n o e °CePT T “\Vihen any one o e mod, genes are nutated or

absent ,poleptidtad Hable a0 BRAGdicdl Sctad 60 IPdhestipetthie P, fBlppypeissiok Eioded
transport systemor by a nonspecific anion transporter, but wth about 100
times |Rysuickiq acddseqqed/plagmig fin gpmgpspectsothe £. relé celijinepdise e polwzeptida - 321) .
Exenpl . { i I i nts of
ol ypentt e A RErCBRaPHRR IR ¥ BRIACIEBaN A Il AR O bR e

acti vi tlyckidg enenardABE copieo dedhgialojqrept pee. enExdingh RG] . pad gBEde nithcaed or

pol ypepti des and nucl eic acids include nat uraI]I y-occurring pal yf)epti des and

nucl ei CPAEIRHFOCIHGHARATS 18R COME seiieReesorgahihe sl tus cHityed et as wel | as
mut ant pali¥ReRIbILSyiARChIM Ak 1 p’i‘&IéﬂlSmé’cﬁBdchﬁfq)rc‘;c{dé{Hg}{&’er&fogéﬁepo‘iﬁ%bﬁ@es
organi snms descri bed herein that have at |east one activity of one of the
mod ABC aepddelefibipbigiqaepttivaie scompABir@0thd s ©FosRaTing IS8R0 0o 62100ha{ 1R8]

Ex I I tr t | gi ids jnclud | ei i ds that
encote S ROt FIg ReRtm Droes it SRR S SRmPHE: Shrofefon

pol ypeptide that has at |east one activity of a nol ybdenum transport

pol ypepti de. Exenplary nol ybdenumtra gport nucl ei ¢ acids include, for
exanpl e, nol ybdenum transport genes isolated fromE. coli K12 MGL655 or
derivatives thereof; nolybdenumtransport genes isolated from Pseudononas
aerugi nosa strain PAOl; and gal actose netabolic genes isolated from



[0129] E. coli host cells can be used to express isoprene synthase, PG

pol ypepti de, DXP pat hway pol ypeptides, 1D, and MVA pat hway pol ypeptides in
t he net howle 2daig0p3tbed herein. I n one aspect t he host ce@CI/tUSg01/0s®eONbhI nant
cell of an Escherichia coli (E. <coli) strain, or progeny thereof, capable

of producin gne, t he cel ne or nore copies of a

et br ol BBHL! HOEPIaEs LS e EE - aolpsgipt'ﬁis MR R EEr A e nuc ei c
aci d | exbRtss abebl iséyel&sfnd @ RubleHcRIMORO0RE a3RErdIB0RNRIWepi®! pable

het er ol ogous nuclei c acid(s) encoding isoprene synthase; wherein prior to

t he i ntaédiclegion activiey, Bnd puiducioglthe hidaslogots poyieptide.ducbmp @smctSd@s)cel@codl ng

a PG poal ti the resultin t roduces

" sopr engodREG Rerp RO Pl oligh ACh SRS S LR ERAR Hapi o BTt

conpr i seli§ &):klagdmé by motdbmfame@émgodstgen@@@dodﬁ@d BGBpelypasierwiat cells
of an Escherichia coli strain that does not encod

6- phos pwé@r OS5 d1saeifisA s5Ref I gonyel saseprgesevhen the ﬁfé]rs Epaprured wgnisiealor nore
copi es [ﬁ anheterol ogous gene encoding a PGL pol ypeptide with one or nore
associ a ed expression control sequences and a nucleic acid encoding a

het er ol[0088]n pabtpeppedeproaidad herenf ard ellsagiaa dscieidnia doyi stlain thandeaspect s,

the bacterial _cells produce the heterol O%ECUS pol ypeptide at a specific

pr oduct§NP482 P EROBIPEPYen WIRLEED BF ft Ko/l SeheroamIise ONGNAY SORESSF 2nor e copi es
of 3 NefehobOBRUROERDIRACPANGoR pBRAPHY BRPL H6rels{ i RRFeBhc TR

associ at eé e pre%gl on contro g)eg'ge ces when the ges slaree uestured in

m ni malconedi sequences swhnehagplgbss nudic acié eocodiny & wpei ssvabnae VeY)ol ogous
gene encqdin ol ypeptide with one or associ at ed expression

dont  oP Bty P S PSRN atht B PRSP Ty eR g PRI he & col i
chr Orm?bgﬁe tidd I'$ S8HBe l@@t@'ttﬁeﬂgﬁl Eells%ﬁbéaﬁ%c{fﬁ: b&uckiNitG Bl IsepRne gMbler
2011/0 E’CT/ USZOlO/ 62099 [0130] In sone aspects, the heterol ogous

pol ypeﬁhtﬂd@at:efﬁh@taén@tellb |1:tﬂkag| leor mrt: v<i>p1§rs @fcmlmtftrgbgown@ eneaskieg a PGL

pO ypept d%st Jﬁ eo r oc (%/X es nc nto S l?eno sd ?lgecegmqs) or
car of oS 86‘?&‘8 q8s AL et'“}?% CBPT SFRAY Sisnegnyols SCOEIR arot éhoi d at a
hi gher C$1ﬁﬁﬁ‘)dflh i PR uetinn. tA1sé paRidedabreaf ak hﬁpﬁﬁl@@ neeldds ot proldusigg one or

nore copi es of a heterol ogous giene encodi ng a PG pol ypeptide with one or
nor e aslg%tnﬁ EAMBIPREESSERS ebAY tuelngéleq@@?él@lﬁ\ﬁeﬁde HPttf‘t!ilF@QF 3 RGHKi ni nal

medi um recovering
t he terp OP gg%lrn q’glgrﬁ’g%l:[%%l .%}ﬁ %%T‘]dth% H&fsg%lpglggg%ét élelﬁoﬁé:%h%gto P%‘:el | s are
bact er |}&terclelgdns; gehe amcodphePGL pobypeplide with andlort haite .daetabéxpesisiode a

6- phosphogl uconol act onase (PG.) pol ypeptide, further corrprl Si n one or nore
copi es CGPg ol ReraIet YYLactgRIRgonRsiingcd epesdingAn st Maedlanats (N&Vor nor e
assom Q) QQJJ&JM'\/AS AHGRG BSI de, fetgs hﬁé@' eic acid
encodl an |so%7%§r%e gynt hase p ypg%? (‘i/gélgl In some cngpec st t he bacteri al
cells mmpeda, sog pedeciag m)psqnedmfspmeptsmtwcthe\neﬂyhg»reeaaipemfm:Ipacvdux:tiaitty of the
sanme cells | ackin (o]0) s.of . a het erol ogous e encodi ng a PG
ol y peti BT EEisThgy Pris A sErielh Wik e he Cairy 31 IEATOERRES. when
the celdege eﬁ&dﬁfggwecﬂ)olﬁe_}fﬁd@moﬁ&l HMe alsEbidd dxpr&oidR cantPsIGtguentdie cells
further conprise an hway pol ypeptide. In sonme aspects, the MVA

pat hwawltﬁﬁlng@e@tsiadeculglr nupmemall\vw&mt hway pol ypeptide. In sone aspects,
the MVA pathway pol ypeptide is a | ower MWA pathway pol ypeptide. In sone
aspect SGerfepcﬁ ]tép er WA pat hway pol ypeptide is selected fromthe group
consisting o }? ? an acetoacetyl - Coenzyne A synthase (thiol ase)

pol ypepti de; (| i) a 3-hydroxy-3-nethyl gl utaryl Coenzynme A synt hase
pol yped00&H; T}&rpiac(tm'e ioJ the poedeydinoontiod-wiltehllgy, uhksybthEiodszindeatddr educt ase

pol ypepti de. t he per path y pol ypeptide is fromthe
genus W&?@&B@éﬁ@mwsg W@feaglﬁéwﬁowﬁew ffgfm?ieyf) Ok ypeptide is

from E%ﬁf&?&@gu%elfl @ﬁﬂggy BiochdmRRYBArASRGRIS]og ?h@h cH‘ﬁ@éwi\Mﬁ (RALIGINRBY the
pol ypeptide is selected”fromthe group consi s f: nmeval onat e ki nase

( MVK) ; aff. S)lclpwglmpmmevea¢mhan@1 ﬂuillmam; the(HWKyure (¢ Mqlf)cuthrﬂi@tspgtoh@ahdmm e

Sore SRETS SaTkER Snt ek ROy ToEY ol R SRR R detRae 1

SOMe asfeqhHs4); thﬁli"@e[l@Mﬁ%“('RdQ Fréshhé?f@dt hQSD)enM%tHMBE AR | n sone
aspects, the MVK pol ypeptide is from Met hanosar ci na mazei. [0133] In some

aspects, the one or nore copies of a heterol ogous gene encoding a PG

pol ypeptide with one or nore associ ated expression control sequences are
chronosonal copies (e.g., integrated hgto the E. coli chronosone). In sone
aspects, the E. coli cells are in 011/ 079314PCT/ US2010/ 062099 cul ture.
In sone aspects, the bacterial cells are of E. coli strain B. In sone
aspects the bacterlal strains are of E CO|I strain BL21. In sone aspects,

[T o o Y p— o L A A 7 SN\



Exemplary Cell Culture Media [0134] As used herein, the terns "m ninal

medi um® or "mnimal nedia" refer to growth nedium containing the m ni nrum
nut ri ent swpasstiidsba4f or cell growth, generally, but not &CRaE210@6200DUt t he
presence of one or rmre am no acids (e.g., 1 2, 3, 4, 5,6, 7, 8, 9, 10,

S our o6 MgEe Bitsfohe o e erint pELOlTh B Elly 1&”“?%%@5%%}0?@%9

bact eriajg7 Sa‘?ﬂ%ieﬁ%d@fﬁ?dﬂégw mRogredMlyﬁasse ensln Rhcoit emMulliber gaedon source
can vary significant fromsinple sugars |ike glucose to nore conpl ex

hydr ol yida#sSioglemnive al Dhictienssy obMa¢robiologyawt! l\éOde@tBlobpsycIlné cds$eWilen nore

R T e e T e e e L

synt heSMZ@aﬁfsﬁithﬂl Stuat@rdWE leel, folacilisy &M o sBlewTBSHkURN X.aIH9a), $eovide one

suppl emented with sel ective agents such as antibiotics, to select for the
mai nt erkHied ipfhecist with 4 generalguids tarpryid th leems s ie hergsesent appligation.

m croorganismis resistant to a certain antibiotic, such as anpicillin or
tetracyg) éwq’? ;then that antibiotic can be added to the mediumin order to
prevent s lacking the resistance fromgrow ng. Medium can be

suppl enented with ot her conpounds as necessary to select for desired

physi ol[0¢#0alhegernbi‘isopremd geferclodk methgt- nstbmmiemmsa@ p#r-bi)clcar bathieno

d d th | t dt
Ul £ vt 78 st Folebiele hxhipgrear ko R TGUTURP B PR 4N ORESE o e
for examplanetVAanyinyrehobRdiiDNASPT ¥Bmi ﬁbmbom@mequu@a&fpo pobrh@tza@én V0

m ni mal nmedi um cont ains (1) 200 m sterile M salts HPO4- 7H20, 15
g KH2POA PP HEﬂ@uNa@lDl\éABP BlcaeogllemHZF@st tayay “ifdpreney is lqozgelzernlﬂy tmtenlieMQ\lgfsm

(sterile or_ ot her.carbon source); and (4)
100 p1 1o ﬁefl( 1%&%?% per?l C(h ?esﬁlnﬁlcﬁéég Oo}}er‘?%tﬁﬁ‘rleﬁ} mal medi um cont ai ns
(1) 13.160911K2HRSY hefed, tﬂe&eﬁn g6lﬁh8ﬂﬂ6glu(:&)ola%t@1ef\@§@% td Isz;ﬂl,oslﬂfb)nglgcdabt ric
Aci d Monohydr at g; >S§*% 393 Ferric Ammonium Citrate,; ? (NH4) 2504,
(7) 0.2 aw@asﬂcé ¢1-810dA¢ Byedmhersin.ghe LODOR-Phosos ceﬁeéﬁts %tm@. on; pH
is adj JA8. |on|sf|Iter sterilized. Each liter of
1000X 'L#’%g& é?ég}r'gco?%t%gg %2?%2%2@) 40 g Gitric Acid Monohydrate; (2) 30 g
MhSO4* HB092] A8)sed Begridyalid tcrrfl@)oljap@tlﬂeSG)ﬂélii&l%Qjoh(p@))ﬁd@ ol peRdtes,(5) 1 g
ZnSO4*7H20 Sd{fi 1&0 CuSO4*5H20 %7}2‘%(3 H3B03; and (8) 100 ny

NaMb04 5180ttt Rolypspfidrst ¥l frgon BOlyPePties 2011/ 079314PCT/ US2010/ 062099
[0136] [60931CR¢ 15’5‘88 hefeid, @R “f‘s@fété?iepdi%gu&@ 1§H1)tt;5a‘ﬁaéfea ﬁﬂ?% ?Blﬁ;@f)tﬁ&s steg term
carbon source refers to one or e carbon- contalnl orfpounds’ capabl e
of bei mg adtrapoif 2z&d 00,5 0hanore different pot}@am@man&wsepmawglfm,m ateastel |

medi um used to ¢ It|v the host cell nma cl.ude .any carbon. s ce
Tort o RS R it iEn loaEedR Shpdfiey Rarehed Sors SR Fath A8MnEE s ome
aspect Sexaﬁlbl% Bﬁébﬁ@s SERUSFGE et Snin &R hAeBdicat &c()élldg %@ﬁol%ﬁa@CAh 4ol5l&d
di saccharide, oligosaccharide, or polysaccharides), or invert sugar (e.qg.,

enzynatﬂoémepvdﬁt ¢ At By Qwimfpl)g quwll@?l]de Exenpl ar y nmonosacchari des
i ncl ud fruct i cchar s |n | ude. ] act ose
and s uipg%g,c]? %‘eer‘(’;lé’ ApIar ypeg 1ys aed eé“rll %%Olyﬁer?c nCOd ¢ATaRd' acﬁ ul ose.

Exenpl aeyucpias b@ﬁwdrfaircs dimémdﬁgeﬁiﬁsrﬁ: L!;gécﬁés (>ﬁstgnn tHahlﬂlcet mecelm Ekﬁﬁce,
gal act ose, or glucose) and C5 sugars yl ose or arabinose). Exenplary

Cel | CsPesite 2bBHERIPEBH POHDERE]E 1%9@@?%}%?@W%ﬁmd)§lwpﬂ%qhét is Gpundra

mai nt e Tﬁl%g t he reconbinant cells of the invention are

descri ggggﬁl tgglpwtlﬁulﬂél t he Exanpl es section. O her materials and net hods
suit abl[9095q rAg ised ﬂmjem anandeicanid” gefomntth twb obamtaadaoabnbmﬂut:lcbmesamdlmel I

known in the ar ar echni ques be fou in I rnatl onal

Publ i catqogHe! Rﬂléwvz@ggg%?%ls%oge@esm %ﬁlﬁéﬁpglﬂﬁﬁﬁp sl Ty, 335, 071

( U. S. 3 J ]gp re&ggl%ﬁ%%%élgl%)amm gﬁ;ﬂ/ aQQ%‘{é@J ac1<'1J§f P ‘t@}cst t}ll\!t’ 18 @&]&7&94}?964
WO 2009/ 132220, US Publ. No. 2010/ 0003716, Manual of Methods for General
Bact er irodmglgacl@rdcwdsde gefgerds) whatisin, the\gerintarecBoiigen yafupy ofithe prganishogy

Washi n 1994) or Brock .in Biotechnol o book | ndustri al
M or on e agendas B E e Rl os i e s feid) o TR Re Sk sk ot RS dne kM an.
MA. | n (QERrémRREES foll H@NPR], h&e@hﬂn&dﬂt DN 2/ hiidh 1@1&@}1{0%&% Rslh VRN aRG
conditions permitting the expression of one or nore isoprene synt hase DXS,

| DI, DXP pat hway pol ypepti des or MWA pat hway pol ypepti des encoded by a
nucleic acid inserted into the host cells.

20



[0139] Standard cell culture conditions can be used to culture the cells
(see, for exanple, WD 2004/033646 and references cited therein). In sone
aspects, wol2os/&gpa4gr own and nai ntai ned at an appropri aPETIUSAQO06200Y €, gas
m xture, and pH (such as at about 20C to about 37C, at about 6% to about
84% CO2, and a bet.ween about .5 to.about 9). .l 0 ects cells
ore or i HnoRiey Re e aEE P By et ¢ itgac esnomic DO oL pRBRS O sHe  pH
ranges duQfiryber Bie\%l@hbsal@tsaars%sbﬁér%%@&w%goli DNAL @ galRMt DNA Yra@reticCh as
about pH 6.0 to about pH 8.0 or about 6 to about % 0). Reactions nay be
per f or med omi\él@rfraamﬁomreducaddvaCR olrreatnlamromds)nudn@ﬁtdnmtsorbamemdvnt ble

r equi rey of i t V\DE2011/ 019314 CT/ US? 010/%%@ 0140]

St andar< eéf &F‘H?P%esc ﬂé‘?lPF 8?P§C ein%lreﬁ% DAY AT G4 TS i teh?

f ed- batdfda na@iraltpsddunieUsolypaeat at i on, that can be used are descrl bed in

I nternational Publication No. WO 2009/ 076676, U.S. Patent Appl i cation No.
12/ 335, [60971(Ry, ‘Setquplepousngicleppmad 012@3@9923 nugir 2040LQEB00TRIIMES TREbR . No.
2010/ 00 0 I 0

Fod- Bat hC L HETa Beddeorsat Mo nooll HRet AR e BALALAANG, o e
may be rfuoleidadidisBioo tdentiBil ed £ ofildalpoyicldde I o dkfoahd Imttle Simeé Bd)st cell in

M cr obi ol ogy, Second Edition (1989) Sinauer Associates, |nc. 0141] In sone
aspect QatyrgeFargxamplg, @ nee.lFm%doeq&‘ﬁ g 3G plypeptide sodated tramik. 6rE K

“lim t%@aﬂl' M@%ﬁs Sfayfe T ARATAEY theke%f”iﬁ giatéd‘ﬁo hBnAMRIBe %% E%&l?ﬁﬁ@l(‘iﬂﬁkt) is
added is |l ess than or about ch as about 100% 90% 80% 70% "60%
50% 405 P1308%sd @084 and eipl%sedﬁn tliaeekimm;hﬂtemtogghmnmﬂ@c ahidt Imenccaspsa;tmad by

t he cel In particul ar ,aspects,. the amount .of gl .ucose th ded to
the oul o be o E S 230 Fied e nd Bt 2o e SERGote et SnERECE | hat
IS consdyaBhothave bt REM1EIE aid!l TRSorAe §d%@§'afﬂe€er616 biRGhuefeid Adi®can B SOME aspects,

the rate of cell growh is controlled limting the anount of added
gl ucos élesay@lhg@trmen@ hene ef $1gllgtr tmaattwmﬂé apm:@attehb@ digfgrenpes andmborbeeblatp t he

anount of m |In some aspects, glucose does not
accurruluﬁ?é %ﬁg ﬁtﬁ‘gttetac%g aﬁ%)n% E’s are cultured. In various aspects, the
cells 8[0698]%51 we@Getefl@n “bipredsRi @htteRquaREdnkhnsnictic 84 aéfienéd @ or
about 2, 3, 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, or 70 hours. In

vari ou§111€§§ﬁ§é@il§0ﬂpﬁlﬁé of ampgleigragideqfjintgrestd ARrIEFeSHPREPRED] GPQHEBERCHdIA t | ons
for gr . 0, 80,
00, 957 aroehgRE s FERHARe of ymbReisk oty fan danth, Axbaplliiod ™ i o
not i nteendolngqtiencbeabbaithtiby’ aretqralopowdl Aatativh eoprygssiort cdnsrobmquerweds t hat

limted glgé se conditions nmay all ow nore favora | e regul ation of the
cell's. 401 fromnt & RS USRS SPELe: U ANBIGS $RgTE Fwaeeja@ésege st extract or
one or H?E%rr&og ?f‘e@élén 9(§nt}’o‘?§§c}ueﬁ&@1rs@l&twed| fof QEBASRESEfisthNGeigOIGENT rati on
of yeast extFact % (W V), 0.09% (W v), 0.08% (wV), 0.07% (w V),

0. 06% (stwhin)as the g)fﬁ%b(evdg\ﬁ)xpr@se@lél%l( Wdu)qblc{)m@ﬁ%e(rwm progoG2 %a(t\m’ active onddd. 01%
(wv) yeast extract. |In so aspects, the carbon rce includes both yeast
ext 1 acto BPIBHMIGH drs P BEHBREHICOT /TBF SR L ho] HaPeirb B 8 ce, * such

as gl uapked td B AddlelchcRORBMARNE BeSranidi®el. Ccoli cells are grown in batch

culture. In sone aspects, the E. coli cells are grown in fed-batch culture.

I n sondﬂﬁ%‘kﬁe%& wsed hikgite theterms ‘éremllrgalam@hgm’c’)m“mmlm@hmwg’b@erda stawtd. I n sone
coli.cells are &,}élngsured rredl um aspects,

aspect s i m
the mnl EI}T(% mcogtalmn the'%mmlgnum e .ﬂeémble or ceﬂ glrowth nera azec?hou?t e M ni rral

medi umgrsseh®: ofeshidotcil MpiMalaseE6ihSypit 1B dﬂnwlﬁml(lnsdarum b&urddMdr medi um I n
WO 2011/ 079314PCT/ US2010/ 062099 some aspects, the mninmal nmediumis
suppl erhdaicadl siPwHY: {2)ovasiopmpalts. ﬁh@B@WV@FY pragag bacterigh pRecies gad EEOWiRSe ni ni el

medi um wv),

0. 6% ( dﬁgh%@? gmﬁ}i?%v@%eﬁ’“"ﬁ% ;Jax(‘@mf 1\.{1)08 %& ﬁ}%ﬂ/ﬂc&n 1(/ Vx\;}%n)@l !5%?543 (W V)
gl ucosegludoge cembei dmrrqﬂqocelqmolymdm cmddldrrhiommel,l such aw&stmxltmateaﬁ didcBset%m (W v)
or | ess yeast ract. In sonme aspects, the m ni mal diumis suppl enent ed
wi th 0.9 dgfabe el obis @ @ynerfé? Y9y 1dgRosen e Sderagnttyues 3s BAGROHY v) , 0. 05%
(W V), ReQf% PMS l)mruQ agg%?ll@ﬁ’/ tx)alloQ 020016\ ¥ %nthé%fze ch:f%% QM Micl¥ieasis ext ract.
I n sone aspects t e mnimal nediumis supplenmented wth 1% (wWv) gl ucose
or les d\/lammatlni%(lwav)alsorbelseppicmbmte@wmtia salepect agentshechian pmeliotsdioum i s

suppl ement e th.1% v 9% (W V), Q. 8% ( 0.7% (W. v 0..6% (W V),
o B0 (B Top Mot gnce gt soing iy wadialhs Forbapbidy A gediiate. and
with 0.1% (wv), 0.09% (wv), 0.08% (wWv), 0.07% (w v), 0.06% (wWv), 0.05%
(wv), 0.04% (wWv), 0.03% (wv), O. OZ%(V\/IV) , or 0.01% (wv) yeast extract.
In sonme aspects, the heterol ogous gené encoding a PG polypeptide is from

E. coli strain K12 M5 1655. In sone aspects, the heterol ogous gene encodi ng
a PGL pol ypeptlde IS froma derlvatlve of E coli strain K12 MG 1655. In

o e T . o o o B o ™ 7~ I o M - r T



[ 0144] The invention enconpasses reconbi nant cell(s) of an Escherichia coli
(E. coli) strain capable of producing isoprene, the cell(s) conprising: (a)
one or nowe 0upi7exn4of a heterol ogous nucl ei ¢ aci d(s) en®cwiusgo1s/0px8L9

pol ypepti de wherein the nucleic acid(s) is/are integrated in the E. coli
chronosone; an one nor e het er ol. ogous nucl ei c_aci.d(s). ..encodi

S opr SR LTy TG 6P LTS B, CERGENEEIC G does
not  confqaédiote hfetiﬁmﬁﬁi S8 o phalen€REI9 %((ﬁ])g tRe F‘e@fé%bé‘ﬂoﬁq JPvidOMikRaRY | de,

and wherein the resulting reconbinant cell(s) produce(s) isoprene at a

gr eat ercan be evpptléraentechwith ofher h@ms@m@ls oehe¢qesyry Waaeledb%x Hdasredphysiolvgicake (a)

Eraher rpathgsloal SR RO el G ARG Ceonol sot opace

(PQA) Hol0mens isde hefet!, theters OfBIenSid Gr OREp@hoIdD f&e@@@w&g@ﬁn@dlh%@r ol ogous
gene encoding a PG poI ypeptide with one or nore associ ated expression

cont r olclase qlieadly pseurEng ofgane dgaucrlnuilar © tprerse AeBERdids A dravish ene
synt hazgcfﬁ?'vw%gl%h ‘i's%iprén@ uﬁRéTEssgﬁﬁBfeﬁ nd Iﬁo'a?f Jhoﬁt ‘%@E y S Paater i al cells

of an erichnra co Stra oes no

6- phos pikogified dngloapt baad en ﬁl%(ﬁu)mbwbypepﬁehdemtmle&hegmhplﬁﬁerﬁtre@scri bed from
genes for gal actose netabolism (far exanple, galM gal K gal T, and gal E),

or pol qra%golfisr@mgew [seBrens B d\éﬂ%erP@Pl%lP%Yﬁd‘é(Pésoﬁ’Feélﬁé‘ﬁH?t (for

exanpl &g enm?ﬂ Fave éﬁi%&%%&é&@ﬁt@ﬁ@@%@é%@@%Qoﬁm%mgpdB and nmodC)
further c rrp sing one or re copies of a heterol ogous gene encodi ng a PG
pol ypepieseeemendidohe edivenprpeeaassi Bitepeesids besi onisoprehe ohitsequences, a

het er ol us nuc C ac d. encodi n i sopre synt hase po tide,

ot or ol OGPt BehtisEREGHG: BHateRRER Gate Boastas BRhLRaRehS Fs”

gal act ose netabol i sm pol ypepti des, and a heterol ogous nucleic acid encodi ng

one or [0P6H AORNe8heRin, Geefth “aa}b@ndsriai’ Yéffé!t@tt@a fcﬁi@&ﬂ@ﬁﬁ@ﬂl;ﬂf&cm@ﬁi@w@eﬁﬁc In
sone aspects t he one or nore COpIeS of the heterol ogous gene encodlng a

PGL polBigapits peodisadnin dhrechderoplsste and shiomepladtsex plaass pbspnewethelol sequences
are Ch IR OTRLCRARS Y Sy o dBle R AR bR iR LR bueagRsonE) . I
sone a pect nor e copr es o PRe h e%olo ous gene encodi ng a
PCGL polg4peehodideinctude tlmmcy(génmﬂitelnﬁfgpxaa&o@hyEMdhﬁé ﬁdsrob@g@ua:oganengncom ng
one or nore gal actose netabolism pol ypepti des, and/or the one or nore

copi es Bf°IKE het er ol ogous gene encodi ng one or nore nol ybdate transport
pol ypepti des are chronosonal copies (e.g., integrated into the E. coli
chrono OI@] URIOL48 nd Do BORR s ARRER! 1 teElﬂﬁcat?%ﬁ& @&é@dflcct@%ssus*%ﬁﬁe&in Eavecol i
strain B I'n some aspects, the bacterial strains are of E. coli strain
BL21. Ithe somemaspeg tsqomhenlyaotastioall by eht of endeaoy skill irc thieiartsd vdiich BLs21( DE3) .
In sone asQect S the mnimal nmediumis supplenmented with 0.1% (w v) yeast
ext r actMEPUPRPEMAINS "sone aspects, the minimal mediumis suppl emented with
1.0 % (wWv) glucose or less. In sone aspects, the mnimal nediumis

suppl emond3dA ided hd i, \Mevdingu@ar8aisway’) san®. U0 i cludd. tRYplundl 3 ferédc&% (W V) ,
0.5% (wWv), 0.4% (wWyv), O. 3%(w/v) 0.2% (W v), or 0.1% (wv) glucose. In
cert ai nmé@pé@t@nt%h@leﬁwnﬁﬁmﬁ@memws suppl emented 0.1% (W v) or |ess
yeast extract. In some aspects, the mnimal nediumis supplenmented with

0. 1% ( 0 V)i 0. 05%

(W v), \781'%43 }P I(Sw? tégl(ﬁé,(\{tﬁ%f%gr}{l)\[ﬁ%lgwély %)%/Q}c\%yf{%gt%(ya %lvgri&§f9v%/(h %t t%/uesast extract.
I n sonmepadsfietion, 1n<ﬂhu®smvanyrm'bve1rmdn¢rmal Em#ugpi, esisthetdlowet huheti¢al/ v) gl ucose
or less.and. 0.1% (w v) or Ies one aspects, the ni mal mediumis
suppl e LPNMEFE PRI VYTities /%”é NPy Wfi}ﬁﬂcab IR SN 0. 6% (W v)
0. 5% ( Wh\bhighlt ¥R §McWlcatiOn JT0 (ﬂMdﬁ): evehy BN herid] 11911@'&%2)1(1 Ws\D sudh Weghee and
with O. 1%%W/V), .09% (w'v), 0.08% ( W/V 0.07% (W v), 0.06% (w V), 0.05%
(W v), I@ln&xmz/@l(limm)uon@ w@&%)(mtsvl)y w@tt@aww Knery ournarl@ll %n(gw/gm)enylmasgh@lxt ract.

I n sone, as t he umis M .nmedi um or nmedi u | n, sone
aspoct Sh e R el ey e B R e st By TR i el

medi um HusneFiVB (EREH, UMf shéh SRR RRCFSal rif}Rs WeRd ARExpiBdlyUMiidh Meiedi um 1 n
sonme aspects, the minimal nmediumis TM3 nmedium In sone aspects, the

het er ol ogous gene encoding a PG pol ypeptide is fromE. coli strain K12
MG1655. I n sone aspects, the heterol ogous gene encoding a PG pol ypepti de
is froma derivative of E. coli strain K12 MG 1655. In sone aspects, the
het er ol ogous gene encoding a WD 2011/ 079314PCT/ US2010/ 062099 PG

pol ypeptide is fromthe genus Pseudononas. |In sone aspects, the Pseudononas
i s Pseudononas aerugi nosa. [0147] In ?Qme aspects, the cells further

conpri se an MA pat hway pol ypeptide. ' sonme aspects, the MA pat hway

pol ypeptide is an upper MA pat hway pol ypeptide. In sonme aspects, the WA
pat hway pol ypeptide is a | ower IWA pat hvvay pol ypept| de In sone aspects

o o T 1 I ] Y



WO 2011/ 079314PCT/ US2010/ 062099 i soprene. I n sone aspects, the E. col
cells have a specific productivity greater than about 18 ng/ QD hr of

i soprene.wWonosiaTes1aspects, the E. coli cells have a spe®cCTiuS2@ooa9e? i vity
greater than about 19 ng/ OD hr of isoprene. In sone aspects, the E. col

cells ve g specifi roducti vit reater an 0 ng/ Lbrot h/ hr of

i sopr e&ggnepﬂilggﬁ@g&%ﬁg&pglﬁef h@StEFg‘k%ll? cé’@lﬁ‘ﬁﬂ‘é?i‘aikﬁ]s cific productivity
gr eat erjoi 6y riRbOU574Db BB iR thedf. HE®ITANAI BID1$ORT) g&e%& shclddeedfs: col i
cells have 'a specific productivity greater than about 22 ng/ QD hr of

i sopr enghE|gang diel)agps egcoditgepibteinsghyolged inghatilazagion pegilhdtesemsachadtonyi t y
greater_ than about 53 /;Ith ?f i.S0 hene. Ig sone asgpﬁts t@ﬁ Eﬁ col

cel | s HAVESLLREETIP @gﬁ%awéw Yo 13 PR YR AR RS £5 DT A% PO P TSE

i sopr engned of HRABwWASRREbalit) BRe Hor 62dmpl6 SFiksre2BY 'ha gsR&GhYdIGedinaRdICt i Vi ty
greater than about 25 ng/ OD hr of isoprene. [0150] I'n other aspects, the E.
col i celtiligatipnef salncipspare 4a/Miwhigh engedes galectoseolderimierdse.\eadk. elbgyencpges 24,

o ooy fetabtokdithse kT Whicldicpddt satiot - pifdonadCaridybonip fnd furrp, OF ©

i mt obhispewiotlecUPPogluaist Midpymahseaab@hé génes @ncoblingBprofinslifiyolddd in12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 ng/OD/ hr of isoprene. %0151]
I'n sonen@pdeapa trangpor afedresdlogitich sigedssithe Bispdimakbdateritnaperics syhuats o

synt hasge REC/ ARy HoAREAAG] bR BRI ARPLBIA B Sheldifrof el | s have a
specific productivity greater than about 15 ng/ OD/ hr of isoprene. In sone
aspect snolybdenhet teanspogcnd mudd, eiodB aaiddnei(c odiiclgeah ensmisraemelybgatt hase

pol ypeptide is erably. linked to a pronoter, and the cells have a specific
pr oductTAFR]eGFE Eﬁ”?%gh about 16 ng/ OO/ hr of isoprene. In sone aspects,

t he heterol ogous nucleic acid encoding an isoprene synthase pol ypeptide is
oper abl[y106]k&Qrdifel, Hhktbﬁ%lj?fg., RN} b81sGeah bs ehaMeréd ®RfekfkCniQduats vity
greater than about 17 ng/OD hr of isoprene. In sonme aspects, the '

het er olegedisg aRELepdyRepiide enbodi agli aifomeospne nbitiogutivasd heisrglpequsingelejcs
operabl y.]inked t nd t ce Vv A tivity
or cat eriginc nt o iR <3 Lo AT T B R el Ui

het er ol thgaung/crypdificaadnitgl feneademgpradudt®ap FarRermon, hiaaddigon ydpPGle i s
operably linked to a pronoter, and the cells have a specific productivity
gr eat erNEERHOBHBIGOr P EFIODCRTOdTE Pretsitsd Aol vehindBertilizagias Pk galpqigse as a

het er ol lel i i i . i i

oper abl S R PP R RERHL RGN Bel e R TR PG RE IRRAREDRRE 1 1y
gr eat ercofilvah taboutas@e wyé@fhmese bf the oproarténank nels ovidclg speeh,can idad to
heteroLogous nu%#elc aci d encodi ng an isoprene synthase pol ypeptide is

oper abl TIPSR 8 8“%??#%&%?@?, and the cells have a specific productivity
greater than about 21 ng/ QD hr of isoprene. In sone aspects, the

het er ol [09®M SV 4k 8pGorRCf GnteMred PN, QI68S AR 1632 PG/ 10 688BRhaBHE Rith REe an

i soprene synthase pol ypeptide is operably linked to a pronoter, and the

cel | s Haveora geips €n¢edinpHpiothiet linwlwc? trteanehization of adlactosexss anggitamy seprcgfor

i soprene,. In.sone aspegt.s, the heterologous cl ei i d_enceoding an
| sopr ergoey RGeS DS L RO P R P TR REEER "t e
cel | s hHavetidansPaEd, fin Sorfd aPuat,ithé pahegeaieaito tHRBLAGBLAIDEY) &dokie iof

i soprene. In sone aspects, the heterologous nucl ei ¢ acid encodi ng an

i sopr erfClsy it waseaspentsy pespgangerasorespierthh P2 | phRE41EN et Glanrfl t he
cells LEd i Vi r

Soprcn!) o SRELEE AL g B8ty baRuRANRCAe T B Bl

i sopr erle ssynth@ss, polggpaeptitdedits theddrzlbonBIL2 IMREA) ganomeptro ROLemd galid Th he

cells have a specific productivit e about 2 /| QDY of
 Sopr er@meFORESy thergeagmiesiedde s Bk T le i) 8PIENG YF ik a"@o%'z@ i%e a
het er ol @ERUIHAHC LRl denBCicdoRIAGE UG 2Nof ﬂ2RPE§2§8{dn‘ij@are PGS QB asmAect s, the

E. coli cells further conprise a chronosonma py of an endbgenous nucl eic
aci d ergudili hyscame 4spectpchy ganpt rabeored w tho Bé.2asp 824 (DEhegeBome ald PGh) &M,
further go ise a heterol.ogous nucleic acid,en ' DXS pol tide or
ot her - 3B 3Lk Hiay PEar b iedenes FiSig s Bt BEIPED SRR PRt ur ¢ her
conpri s/M, &Y QTPS HmE/PYctOfth@ferRP AREREPWShE BEL @0 BRQI (DENCRALMEY are DXS
pol ypepti de or ot her DXP pat hway pol ypeptides. In sonme aspects, the E. col
cells further conprise one or nore nucleic acids encoding an |Dl

pol ypeptide and a DXS pol ypeptide or other DXP pat hway pol ypeptides. In
sone aspects, one nucleic acid encode 3the i soprene synt hase pol ypepti de,

| DI pol ypeptide, and DXS pol ypepti de O0r ot her DXP pat hway pol ypeptides. In
some aspects, one plasm d encodes the isoprene synthase pol ypeptide, ID
pol ypepti de, and DXS pol ypepti de or other DXP pat hway pol ypeptides. In sone

o . 1 o



i soprene synthase variants that can be used to practice the invention
include, but is not limted to, the isoprene synthases, variants thereof
and/ or i swpren#733mt hase nutants as described in WO 2009CT832®0/06209\D
2010/ 124146 (the contents of which are incorporated by reference in their

entiret especi al | ith respect to i soprene synt S, i s thereof
S or ety SR Snd gl Mo Ots SRS bR o YR 2 Eo Bl 2l et on of
| sopr engnb@d ad P@,@lk?ﬁ#d}@bl@ﬂgisﬂﬁ@ a§skcelte et idiBRdid i PIrBRGt or s have

produced i soprene nore efficiently, in larger quantities, in higher
puriti SLAKBESY ganionte aunPplie gilpurd gafE plofamesspeetndheratrivs destayéd fsrtbduci ng

commer cial | f uantitie f isoprene f.romrenewabl e resources are
descr O L RR TRl o Py stBP B ani il HEEPER Al B App cat i on
Publ i catitered N the V12008 BYTHIGDE 3 AdenobheSire PEI S RLINVARRIK Gall igQIE. Rulibineakpeaks, Nos.
US2009/ 0203102 Al, US2010/0003716 Al, US2010/0048964 Al, US2010/0086978 Al,
US2010/851673701ed to thgddbd bpioBh 3B E 3AEenaumge b 4 84k g, andugpidi0/ 0167371 Al
US2010/ 0196977 A, US2010/ 0196977 Al; U.S. Provisional Patent Application
Nos. 6 , 7 P ; erein are
I L b S B g B S it

i npr ovedodréet Inadnkaspgetso tiegenes restoppden ehecB®IDr o1sSBRE2 1(DEP) geddnur ara@GAL and

conposi ti onpri sing reconbi nant cel | of erichia caqlj . coli
strai nos pRSGRRRHE: drEenesanTed et B BHBmS g Pl fna )
conpr i shagk, nhdab, MBI C MR &n&‘&ﬁb_@&s,%e gedaﬂe%_{o%c%%@ BDY¢ g Bﬁzg@@i)_s)

encodi ng a PG. pol ypeptide wherein the nucleic acid is integrated in the E.
col i clgeooms ereel GlundodH.iand omdFoh sporeeashedtte thd gryossstones toithe BERHES) encodi ng
i sopre se; wherej rior to the jntegration, the E. coli cell does
ot cortia NOFaCRGion et BED, PanBoundly g dhe 8 boud it iReEerR ¢ ne
resul t irB@oreq&® el BIaNt ora®1l.1 1 (DEQHbKIR el FOPGENR0AL, Mol 833, ahd kOHCt han t hat
of the sane cells that do not co rlsg@§L% and (ii) and (b) producing the

i sopr erféme|agpessEhegspecicstorade thﬂ[%k%lx HRSS) sengmedia moggpiede,
conpris {he st f~ (a) culturing bacterial cells of an Escherichia

col i sﬂ&%ﬁhngﬁ%&gﬁiggd%bt encode a 6- phosphogl uconol act onase (PQ.)

pol ypeptide in mniml nmedium wherein the E. coli cells conprise one or
nor e cdpiey lafsome heiecetspthegens rganedended ] @ HQAI(PEBY gaphiedee RGIH one or
nore associ ated expressi on control sequences and het er.ol.ogous nucl eic

aci d erf¢oli ty' aeh -565?@%8%% ﬁ5?5§§neﬁdfi}jbf€§t“? the;Bla oér?EW _ﬁghsﬁnﬁalei %opr ene,
wher ei pde oy &R hofe! inssoH?eVa%pébtsS, %@Eésfrbs(iorgfl edue st B2 ((SeBy Sh6n@r eat er
than that of the same cells |acking one or nore copies of a heterol ogous
gene ercobGhgg@MP@hd pokpeptdB deadwidde . dnesome anpace, tegeoeaesdred\idthe

2011/ 07 4P /062099 ressjon,cont.rol sequences, when the cells

re cultareel WP hRTORETE Rt R oed Gefbe TSR PEtTS 165 E4ier KGR o5 o

a heteﬁ@HﬂQ@H§lQﬁBE2RﬂEB@g&ﬂm%HR@PCHQ%Mﬂﬁﬁhﬁgﬂuﬁ!q@aﬁﬂ@a@kdﬁﬂh@gé&§0C|?ted

expression control sequences are chronosonal copies (e.g., |n2§?rated into
ﬂév’@ddgr@tn -

t he E. regpiedéh thersdne)BLIIKDESheerngsseee BGLy he/Ki, mo e aedét Ipr oduci ng
i soprene further . .conprises st.e re j the isQ ne. .4 0156] In
sone. aopR sbE tRBE SR bNEER e BrBEYEPST S RPN A B T he ot eps
of cul trsdMdintsBmeraesah tHeairhe Lebtofedde i B 2o BY. 2l (DBE3N deiontond PGIQNS
suitable for the production of isoprene and allow ng the reconbinant cells
to prodi¢ée g ndl SPIRE agheets aldp gencs rettorsd e fled HdtlnddPES) gremscihg

i sopre onpiinS e Il i 7]

W Pout Bei i B e TRE R Aodt OB S SERKE b Rl RaPLRRERLODRE Ty

i nt egr aBledl (DEB pgalocagaus PGS k@IkG avd ind8F e he athhagy pBEEL, thoggree pistaded fortbeluce

i soprene at i r.titer an hi gher specific productivity than cells
wher e 2%&@?%‘%3@%@ PACTHLY Bl Gefatiant -fa{np% Sgectss hesidng; ngfﬂy?de
reco”bHBQMJBEQibﬁBE@HPEB§g&ﬂnﬁﬁﬁe?iﬂﬂghﬁi%RQM?%oQ@ﬁ&BG&ﬂR§O”H||y i ntegrated
PA. pol ypeptide, and optionally wth one or nore copies of one or nore

pol ypepti des encoded by chronosomal |y integrated gal act ose net abol i sm genes
(for eX@hdn sgak wpegksl tie ggagsTestagddaite)B LA/ B2 IghE3 bgenvpreeare Bpiles of one

or nore tifdes encoded b hr.onosamal j nt d um

et anspcr TR MBS B EX RS Aler R BHE Rhoked BB RR e PRl onvey a
subst antehaine @reoMth, KeMebLK, hid HDEECE ddine @pbitghRrd gdret edst@éd iotROBENE or
production, and/or a higher specific production o% i soprene versus cells
conprising a heterologous PG nucleic acid on a plasmd. [0158] Therefore,
in one aspect the inproved nethod of R oduci ng i soprene conprises the steps
of : (a) culturing bacterial cells of an Escherichia coli strain that does
not encode a 6- phosphogl uconol act onase (PG.) pol ypepti de, one or nore

pol ypepti des encoded by genes for gal actose netabolism (for exanple, gal M



specific growh rate, specific productivity of isoprene and/or titer
production of isoprene than that of the sanme cells wherein the heterol ogous
gene encodpregiiR@3i4s | ocated on a plasm d. [0159] |n SORETASPEO062092 he
cells further conprise an MVA pat hway pol ypeptide. In such cases, the

i nventi o enpl at es 0sjtio and t ho for ci ng neval gnate as
wel 1 e ERAE Rt PO G5l R A D (ORGSO BT By at od
PG hosten&elebtoRisth @R BRI SPBLONBIH3Y gbithdisle PORC QU Yo oT, dnliSndivahedate. I n
sone aspects, the MVA pat hway pol ypeptide is an upper MWA pat hway

pol ermsp@es., thergﬁggﬁwsfasq%t@ttbe, BLABoMIYA2 HExHIWgynqrad y1p di8ili. de /M sgadl’| ander WA
i . [0160] | . MVA
o e P IRSRlS b MRk SR DRESH 2 of B BB it e

acet oacgiM| gHPeRaNnBl A niyiB, hadRodt hiDasedsppak ¥ pdned esstdréd o the B1.21 or
hydr oxy- 3- net hyl gl ut aryl - Coenzynme A synt hase pol ypeptide; and (iii) a

3- hydr B&213DEgbeenemy) aie B s@dbwaifnandmogddudh aa18e pHICGisclhe ReRes IPSHored e
aspect ypept,i i age - A

ynt hasie PRt 87 BER) 0 RRh e R Rl B R B P S PEF IS o e 16
3- hydr axyeSSrepmteayb theUBB2 iy br BOENDE3R génydndrd REH., gol pepk | ahd.mddA, soaB,

aspects, the upper MVA pat hway pol ypeptide is_3-hydroxy- 3-
met hy| Gnd2a4H: -Ie%éeﬁlfw&e% s gigagsagdoreflfo &t?r%L%sze%Ir%lﬂDéﬁégwg@rarW@pat hway
ﬂﬁaﬂ%yﬁﬁgmgggjs fromthe

pol ype%ldlﬁ,egdlﬁ b YDA BASLRE iaégﬁ&ts' {he $OIE BtHLAES the
pect s rom Ent erococcus

t
genus Enterococcus. In sone a bacteriumis f

f aecal i @nomd 1EIRG L@k gl EspeotsiE. theomewepeck/hegaténmastoredity fepBleor s

sel ect r he grou nsisting of: (i) neyal onate kinase (MK); (ii)
hosphduevabbesoRie e BCERRAR e Rid wbishobHE #Ed Brghatt Bt Bty hhse
(MVD) ; 2Rek fektdled 5 @REBL2NYI BO? ADISPB&Ifnd S0 Me1a$8/K, IR, andl logPMen §sRECt S,
the | ower MVA pat hway pol ypeptide is MK, |In sone aspects, the MK is from

t he gerfsBechkthvagrosaiesiorrd. tojthe BbAkonBbebiDE3) ghroman &i6ds gtk . igalk,and

Met h i i I h ide i
Lo a8 AR, e F BRI A R R RRRPL L

SaccharQimy CRSE, dnd rsdiMe nddBesidSmodd eInSdeenapeony ¢iRsgdnss BIGEdBOARY BES] or
cerevisiae. In sonme aspects, the | ower WA pat hway pol ypeptide is PWK. In
some adpet(BE3} grnomgrarg BGlLy @Akt a@ngmocé%cgth@ﬁwﬁ@é% thengegphisstoegset s, t he

S N8 B ST SN LS LOTIIE RS AL 0N,

pat hway pol ypept ne ‘aspects, m t he
genus Sagciledrethedds21 drBISHTPEAs gaoh, aré RELSaa/Eh ad/GyclesodA raals had omyces
cerevisiae., In some aspects, the | ower WA pathway WO

2011/0 PCT/ US2010/ 062099 pol ypeptide is ID. In some aspects, the | ower

MVA pat hway pol ypeptide is fromthe genus Saccharonyces. In some aspects,
the Saqoiipr|anK6@se alecRadeRRIAHGER 1S IHRVBISI 126 BILDTOEE) bdhodBe BEPECtS, the
i soprene synt hase pol ypeptide is froma plant. In sonme aspects, the plant
i s kudze/M) gnlopw/Tasgectid, Inkemphinectsi e gopdsaest¢pd puthedIalliva BLAIKRRS] a

CAC35696) . | ts, t t i Popul t | pj o
some. adshang IHIE IR S0k el B A0l PRRChatonil §hel FORRRIBEL: The
pl ant isLRoRUIUS] (BEBRgerGnltate PSOREEME sSYR\IdAEE and loyReRblB &M dFhod (S ORr ene

synt hase variants that can be used to practice the invention include, but
i s not sPMgiappasts, He genes jestopddn shash? hasBE21(PES) gertane de PEDS. gafd/sfKi sopr ene

synt hase a cri i he
cont ontQ SEERLIE" T ARREILRRE ol PRI Re BT of LAV DR bl
especi &Gy, gl MhgdI&S pAEY aridomb@o PIneddenesas pédiaq siesSgenvaras@iddstottheBERT oand/ or

i soprene synt hase nutantg%b [0164bgln sone azpects the E. coli cells

f ur t herBledthER sgenenkete Poilog¢ils g4 Mgﬁ%aééWH’éﬂ@@é?ﬁ@déﬁxﬂbﬂnﬁGHVpeptide. n
some asa@ﬁ&:&ss, thel é%ﬁesEresL%Péd' to G dﬁﬁﬁ bt Bﬂ@f(lﬂ%?géﬁo?ﬁc A gmﬁ a#ORY BB of an
endogenous nucl®&ic acid encoding an D polypeptide. In"so aspects, the
E. col iandetdd . flnsoine asprotspthe gena restoiedvs dredd L op\Bldf 1 (BR3 pgaogenoe 8Ghuc! ei ¢
acid encodi ng_ an | DI pol tide. In some aspects, the E._col]j ¢

Fur ¢ ners bt dah anabadt JBSUSE Airers: Be ger ToCERIhEe AT IERED) de or
ot her [XRoRahWayL PRl PERK] 488 aniaTRABPaE Rogd he E. coli cells further
conpri se a chronosonal copy of an endogenous nucleic acid encoding a DXS
pol ypepti de or other DXP pat hway pol ypeptides. In sonme aspects, the E. col
cells further conprise one or nore nucleic acids encoding an |Dl

pol ypeptide and a DXS pol ypeptide or other DXP pat hway pol ypeptides. In
sone aspects, one nucleic acid encode§ the i soprene synthase pol ypepti de,

| DI pol ypeptide, and DXS pol ypepti de. ?n sonme aspects, one plasm d encodes
t he i soprene synthase pol ypeptide, |DI polypeptide, and DXS pol ypepti de or
ot her DXP pat hway pol ypeptides. In sonme aspects, nmultiple plasm ds encode



MG 1655 pol ypeptide having PG activity is SEQID NO 11. In sone aspects,
the E. coli K12 strain MGL655 pol ypeptide having PG. activity conprises 1,
2, 3, 4, ®p2611/079318, 9, 10, 11, 12, 13, 14, 15, 16, 17, PC/US2@0/02999 or nore
am no acid substitutions conpared to SEQID WO

2011/0 PCT/ US2010/ 062099 NO 11. nme aspects, the a i

obet i T s A lso e A0 GBmofa capihol QB8 QR RBTE s SrboHey by 17.257

subst i tw%egaﬁlcaﬁlgcé\(ﬁgce%@fb?qutdré/ Rstolddl AR ARG L5 ’BLzh?/)E‘QG(V %laéﬁhzl strain
Q Q

M3L655 pol ypepti d aving PG activity has 99% 98% 5% 95%
93% 9d%s0mE WpegBUhe@BY/Pr BRI cBTHOf @B/ morEEHsaniardeden thesldciddripe i dentity

PaL poISyBRBE HIES &° TR bhed R R eI AL S £ogsREREyaEpe.Sp5a” o °
Pseudorpisasidi s Reel£psanase aeho@i dapfeaof biie 6:0fBrea®R@CINSodddsh the 1aa5wgﬁnosa

pol ypepti de having PG acti vi té SE%,IL D NO. 12. In sone aspects,
aer ugl rASBAMSANoGseiye rageorerhie fh goPdL2d «riBL A {DEdgIr dsisgduaibleplasgid. 4In spmeg 7,

ubst TOPTORECaL LA Tt GerTRPiGt syt s HonMRRC RS o o

subst i tBILJlooquIaIlQDEGn&&rsvam botRe adpBctSahe oRspende, copf‘b@ ofiohder racitetkenes
substitutions are_ngn-conservative. In sone aspects, the E. coli Kl2 strain
MGL655 $H6P4rdepttheid’- ﬁé@bhgemc RIGCP e iFstAsed <9g%as dested mEizesod0) ¢ud, 950
93% 92%; ﬂf’f’or%ﬁ@l ?@b}ggh@)m%zo{?lalgﬁte/%raﬁ{)n 83yaam Qﬁ)e@t@'tﬂe %&%%%7% entity
to SEQ I D NG 12. 67]  I'n sone aspect t he het erol'ogous gene encoding a
PGL polgepepid @eceii 1s refstcamd tohle q@6BIs2 1SaddiPd(DEY cleschrbmosond issgmtos, t he
Saccharonyces is Saccharonyces cerevisiae. In sone aspects, the S.

cerevi sj I ti vi ng. PG tivit s SEQ ID NO 13. In sone

aspect zb?ﬁ?@%ﬁ?ﬁﬁéﬁi ‘i?glflysp%rtﬁfﬁ'&% ﬁﬁ%ﬁl g PGL activity conprises 1, 2,
3, 4, J01H4] @%h(ﬁphcggluéb(ﬁola&ﬁbnaMPGlﬁcoﬂ:ﬂfﬁsE ho §Mon§l§ctoﬂ€9to @0, or nore

am no acid substitutions conpared to SE In some aspects, the
am no é&lpépl@ﬁb@t)il%t@t Ewesplary %ﬁgbpmﬁdeﬁwclud@ p@bsf?ép%\fé@@e&%gnemh@f am no acid

b K12
VEro55 R P Bl ARG PRl TR EIPeG Bre AR TosiF Yoo oz -
93% 93MiypRpiHde. %%n;ﬂ&%P@B%lyﬁeﬁﬁﬁieBﬁ%n@lelﬁﬁéi’d@mrblmde aaufhllgeﬁuammg identity

to SEQ I D NO.13. [0168] In some aspects, the bacterial_cells of an
Escher i ROMPSPEES] anétnf‘l‘élF’ﬁ et aty ofdhe svieriersanipns dpsrippbpirides aydl of E.

col i SLhhR Riyde Eu&égraﬁd%%a%@ta%ldstd@ﬁvgﬁﬁ{nﬁ chglof Bl ofreBlfelnfs aekQieaSt raI N
BL21. In so ects terial s are of E. strain BL21(DE3).
[ 0169] Hereis drmehaspe ddast ortehretitity oftd PGL.glolypeptide. cul t ur ed | n m ni mal medi um
In some aspects, the E. coli cells of E coli strain B are cultured in

m ni mal cts cells of E. coli strain BL21
nre calP BRI MMnt Pof BB oS s Bonrn S FE orfred aminegitid i of “E
col i styagé OndlegddeArdmiad Gci8 Yhbdh@bni whil¥ BialBhg DB 4d0Vit) [1.¢S AREatASREst S, the
m ni mal mediumis supplemented with 1% (w v) or | ess gl ucose. In sone

aspect §0nv¢ré6mhmph9gluﬁ@mlwnest0§trﬁpﬁm aatﬂ) t Fhelamipoaciy, sub)st@%qmﬁm)y, 0.8%

(1Y) PR 000 0%, N0 0L U OCRLIECTLLSRAROY BCO9, LN o By ORA(W V)
b"454 (WP b eaof o R TR ARY SROSILY el
aspect se dnb enmdad &l thBdhietigtdde. $u@ Ethﬁdﬂi‘dl t\eé:htﬁ) aﬁh%o( awid/)alpnabbteslas peast
extract In sone aspects, the mn mediumis supplenmented with 0.1%

(wv), Bvidessntariemicy fogdics hasest oncﬁlro#%tmf {heir sgdeggbagnewThpse famplis, (w v)
0. 04% 0%
S0 A b G, SR SR i "

| ess ar(d £0 adpdrianvioid, g]mtaine:samd)l ancharged s e sids chdihe(eg. nglp@Eihe, rephiragin

supple nted with 1% (w v) 9% (w v 8% 7% (W V), 0.6%(wWvV),
. 5% (Uﬁ’ﬁwml@ HPCWNACI N @@85(1%/ Wswlé‘g)z%‘(ﬂﬁﬁf)ﬂ 661)“31(‘}‘5 (96 (é&ﬂ’@l}le’g‘iag%se and

W' th 0. léiﬂl(é’vés\())eucfﬁeO%rcﬁlﬁé"’/p‘lﬁénylgalgﬁe@rﬁé’i’ﬁi\()}nneotr% BHa) \okta DaRG¥% WEV) » 0. 05%

(W v), 0.04% 03% (W'Vv 0.02% (W v or 0.01% (w v) yeast extract.

I n som:s:hampércg sthrd:dnenemvmlnrmaiso}mdlmlmndsarmatnmddwhms (F)¢B tymodiingm | n sone

aspects e m ni rral In sone. ect he m ni nmal
rregl umﬁhg )til pql%ln hlSthilne)NR conservatlve Hmind acid's stltuabntls one in

which the amino ac1d residue is replaced with an amino acid residue having a chemically
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[0170] In sone aspects, the E. coli cells have a specific productivity
greater than about 15 ng/Lbroth/hr of isoprene. In sone aspects, the E
coli cel I wohrauen7931dpeci fi c productivity greater than ab®aT/ubGonys10B¥ hr of
i soprene. In sonme aspects, the E. coli cells have a specific productivity

greater .than. about 17 /O hr of. isoprene. In so spects, the E.. col
der s iRl e FHAHRR TAmigo g BAraR e QbB U e et e

i sopr engid HRi sﬁsg@&ecérﬁié%; Renbi-c6Relvatiod hgidvanal @aibsaabl i§ oRE afWRichVi ty
greater than about 19 ng/ hr of isoprene. In sone aspects, the E. col
cel | s Hhyemmogigabiesidue prroplacadi with gn gmomtasid tekidne hboug a 2ite gl BDAiHerenf

i soprene, Ln.sonme aspects, the E .coli cells.haye a specific productivity
or eat e Sar TR T s a5 dipsadhie SR e BERER SRR o)
cel | s havegansp&sitd Gdpemeyct i vity greater than about 22 ng/ O hr of

i soprene. In sonme aspects, the E. coli cells have a specific productivity
greater than about QD hr of isoprene. In sone aspects, the E. col

bout . 23 ny/ | . . ]
cel | s HAVBIABHOECH whbptitgHersinghe YOG meheptidertan bspetrdused togmprgysrthe s
i sopre ol 1. cel : I TLvity
ar oat o PSR (RSBBRL e B e R Rl A TREGh L £ REHHER LY
het er ol affinitsofitie PGl cpadypeptiean foodlis ngbsaimate, sothneimereymithasitypocypepta-de i s
operably linked tq a pronpter and the E. coli cells haye _a _ specifi.
pr oductﬁf\?ﬁﬂlg?g&ﬁaaﬁ@mfm??@wa OL UCORBIE PP ﬁf injrodicesipispae PR Eﬁwpaéﬁa_ect s,
the hetigleheAMER NI Infilen@E 19 pSIYSGHIIBIcAHaih DRP bERBrSIHALNIE R ¥HaRI de i's
operably linked to a pronoter and the E. coli cells have a specific
pr oductsubititytigrsedn eyme hpactasbeimutait RLQIypeptfesi coopiree: orlmosawe- aspect s,
t he heterolqgous nucl ei c afh&.encoding an isoprene synthase pol ypeptide is
oper abl Y RS AFUIRGY SWBIEIMid the E. coli cells have a specific
productivity greater than about 17 WD 2011/079314PCT/ US2010/ 062099
mg/ OO/ 01 Df] Stsapremetholls) see® tB6Ralkb& ibetiby Aedifi0dnddoKs Malted, €irclua@driof
encodi ng an i soprene synthase pol ypeptide is operably |linked to a pronoter

and t hesPecifig gnzymes|of sheippjdatiye Ppateses phosphrasciprthviy by ghiceng-eeltarlagtanabout 18
ng/ QDY i : »S : X 3 u e acid
encodingg%"?@g%#gﬁgvg%%tHgg%nggﬁg%%%%ﬂ%gg§§§g§§fgg?§LF?ﬁ@%ﬁs?gja pr onot er
and t helelermix@l whatledrlagpolwpeptide SpEGIE haiviyoblyinkhsniring tigr ddligrof tipatypaptdd 19

ng/ OO/ hr of 1soprene. |n me aspects, the heteral ogous nucleic acid
encodi g et E‘pﬁ?%h@ %Ptl’%ﬁ%%aw%wiaaw 28_ SHEY RRDEY P a pr onot er
and t h%nﬁlbaﬁﬂé h r&elibS AR cdnfRffé 5o ﬁl\@%lﬁ%k‘éld-b’ﬁ&sphﬂé 838k NA®Pabgut 20

ng/ OO/ hr of 1Soprene. In sone aspects, The heterol ogous nucleic acid
encodi S anity goprsetfepleyplidtadeh ydolggpeptn e mM Mipe Babley pH=tke a5 oMK @k, onot er

and t he E. i,cells. have.a specifi.c aducti.vjt reat.er than abaut 21
o o O TRt Bt e RS GG PERE SR fellebegdy GRb figalat By
encodi Qﬂloé’ﬁhoigﬁfé@ﬁaﬁél ae@ﬂ%é%ﬁ% vﬂﬁblyi%@ﬁ)ﬁédiﬁ al sfovP Bﬁ:&@a@é h flidHRendeQiud tdr onot er
and the E. coli cells have a specific productivity greater than about 22

my/ ODY HPoRngGoss hydiekysis|af tkolretons puamed dutipng theepdics reagoes Naxs|celldregei d
encodi ng, an. i sopf.e synt hase pol ypepti IS, .oper abl i to,a pronoter
and t he it gRARUER T GO SudRAP FRE PR AR PR Sk NATPR AL 0L 5
my/ OO Hectohast s@pfiéeatallyedNBGBSPRCictual 1d3®nhad tedk ogoulsted bg|sebgactiap d
encoding an isogrene s%pthase,polypeptide is operably linked to a pronoter
and t hehgpregigup blagk rate frgpethis 5 &4te.i ¢ productivity greater than about 24
ng/ OO/ hr of isoprene. In sone aspects, the heterol ogous nucleic acid
encodi Ng17] ARGRARRE, SHVRASLMRLNRBRE S B HoR RGB! ol dHREREohRe ByriScomOt er
and thg Eﬁncoli celﬁg have a %pe i@?c %rod&cfivity 5¥8§{eg t%aneabout 25
ng/ OD/ hmorofor¢dslopmerter nlagnstones@specMEYIR) bpgechetw@pyl Segous. Hudielet eadi, d

encodi n | soprene synt has . tide is rably linked to a pronoter
ona "t no R SpprRE e M AR T e SR PE g Sus oA BRSE iR Bk e 25
g/ O M ju@fatb S@RRINCof @ PREQUb1:EEhoTM AR 1. Biol. TRRHETTS(3T)B4320B485PECT S,

t he heterol ogous nucleic acid encoding an i soprene synthase pol ypeptide is
oper abl(300i)nked to a promoter and the E. coli cells have a specific
productivity greater than about 15 ng/ OY hr of isoprene to about 100
ng/ OO hr of isoprene. [0172] The invention also provides for reconbinant E
coli cells with PG integration that have been engi neered to produce

i soprene that al so have better growth due to their increased overal
fitness. One of skill in the art can appreciate that increased growh rate
can | ead to enhanced production of isgprene, such as higher specific
activity, nore isoprene produced over "a period of time, or higher isoprene
titers. In one aspect, the reconbinant E. coli cells with PG integration
t hat have been engi neered to produce isoprene has at |east 10% i ncreased

o o b o o,y



than that of the sane cells | acking one or nore copies of a heterol ogous
gene encoding a PG polypeptide with one or nore associ ated expression
control sequenassil4when the cells are cultured in m ni MCTASANINO620PN Some
aspects, the one or nore copies of a heterol ogous gene encodi ng a PG

ol e ith_on r re assocj ated expressi on contro ences are
Chr ood b Rspihudy Belgnicic p S5 ek AieERRES E1et Cofae CHPIBERS) . 1 some
aspect g rgrxﬁb@‘ltgfaﬁél Lbepik] gepBi® dr Pustd foIySeptii® tROAR ﬁ%@@s&,a&ltﬂl bfproved

pr Ipogous /p

met hod o oduci ng hetero 011/ 079314PCT/ US2010/ 062099
pol ypepﬂ(ﬁldeelypapalbl Exmmbuyoisqucmaﬂyndn@m ralygeptides dindmuglsigadidsagscladst ep of

recover | tid 017 e bacterial cells of
L D e e AP Ry R i b et s T B RRESE B b S PSRRI ore of O
col i stdesdribeBhetein S0ONE asReEhSpolyhptidacirl ileiCalidsdedived BbonFanycdlthe St ai n

BL21. In sone aspects, the bacterial cells are of E. coli strain BL21(DE3)

[0176] SPHYC§@ﬁ&anbﬁ§kﬁé¥?ﬁ‘§‘l edperaiie t Bremyy ROlgardeis geidd insdds. h@ﬁxmplyp%@h de is
from Elso%’t' th*ﬂfz 1%61%%? rh&léa? s ARREE [od FH%AQS"&F’ L hfrg.l%f]ls%ge

encodi ng a £f om 3 rlvatlve o]
MGL655. palrtrbeE)E]‘Blz KQQMG$653 gtﬁloE:nc suendégfesdncad By M&lBﬁtﬂﬁAD@lsMplerl de havi ng

PA activity is SISQ . I'n sone, aspects, coli K12 strain
VG655 Wb 54 SRR RGBS R ARy Saipr 1068 OB polspeptideiig. 7 s, o,
10, 11,p

e 140A3and%%Q ﬂl§ Nd-91 gE) aL 1%&21&3& ?ron?pseugﬁmg}%ﬁae@ﬁ@zﬁ&saas%‘agl PAOI1

subst i tuti ons conpared to I n some aspects, the ami no acid
subst i t(ﬂbcuﬁﬁagd?@mnﬁé}mﬁunlvéccdssnosmA:Eﬁ)pé@ﬁ]s setemévoa(ﬁnnﬁanhacdessmn

substit n servati In s a , E. i.Kl2 strain
e 655 Nioi/RaReT el SR AT Braldabire Figre Al aBbSEGgbNG ey ogT 10Dl egeos
93% 9%{)1/@m%&c@ha%@cegge@w%/‘{L&ﬁs@Ta§%RFH?)V@%%/G@HBM AR&dedsisefgence identity
to SEQ ID NO 11. [0177] In sone aspects, the heterol ogous gene encodi ng a

PGL pollYpe(tlilde see afso SN PrKgéhiss PeesutsatsirisNo. IR§8§6 @k pelypsptidehiesee
Pseud ' :
ol ypentPae HevatRels ST s Rl RO SRR Gunh B O 5

aer ugi neg @ i REPlahdls NaviobdcPidkceat iichidiyg, @mah@&SAhshezuanSLla 4, 5, 6, 7,
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or nore amno acid

subst i tAerur@Wgczev@AﬂW@@%C@E@aF@ Nionalpicier nEdyenrdsiabp deveobydier, Kiabws!laci d
substitytl gns, ane p%?%%)ﬁ@ém%oe& Qe 2 OPEn B PEEHSa F)Po?epf&'l‘e 0BGty

subst i tUti’ons ‘ar e ‘non- conservative. 1n sone asp aerugi nosa

pol ypepmigllﬁlsb]@allmgieﬁwéi%ia\(etgy SaagiiQ e 88hs), %%ellg,ﬁe%d MﬂmlaQE% 93% 92%
91% 0% 89% %% 87% 86% or 85% am no acid sequence identity to SEQ ID
NO 12. eM’?’S’]PeFW sonme aspects, the heterol ogous gene encoding a PG

pol ypeptide is fromthe genus Saccharonyces. In sone aspects, the

Sacchargppigfisry €alRicEMATHERM Pﬁfy%\é?ﬁﬂé%md' NudltR@dpects, the S.
cerevisiae polypeptide having PG activity is SEQ ID NG 13. In sone

aspect 4012 G Bacteer eopisicame pgrtl&r@epmlydes tﬂlavomgarmioﬁ[&ﬂ) galagtoegnr-Dses 1, 2,
3, 4, 5, .6, 7, 8, 11, 12 , 18,. 19,. 20, or nore
ani no a4 %Sabst i- tlg’f%ﬁ%rycg&}?ﬁma %mgéeﬁ IP‘%I)‘/N@@%S inflyde ppypertigleet s, t he

ami N0 7o ROl yHDARS, AHRUSORRERKRN YfypehRI SR RAIPROLS. oﬁmt@q@@ aci d
substi tutions are ‘non- conservatlve I n sone aspects the E. coli Kl2 strain

MG1655 a galactose-1-epimerase polypeptide. Exemplary galactose-1-epimerase polypeptides and
nucleic acids include naturally-occurring polypeptides and nucleic acids from any of the
source organisms described herein as well as mutant polypeptides and nucleic acids derived
from any of the source organisms described herein that have at least one activity of a

galactose-1-epimerase polypeptide.

[0121] Galactokinase (galK) catalyzes the phosphorylation of D-galactose to D-galactose-1-
phosphate. Exemplary galactokinase polypeptides include polypeptides, fragments of
polypeptides, peptides, and fusion polypeptides that have at least one activity of a
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WO 2011/ 079314PCT/ US2010/ 062099 pol ypepti de having PG activity has 99%
98% 97% 96% 95% 95% 93% 92% 91% 90% 89% 88% 87% 86% or 85%
am no aciwoenquese i dentity to SEQ ID NO 13. [0179] | nPsosS2@opews, the
bacterial cells of an Escherichia coli strain that does not encode a

6- phosphogl uconol act onase_ ( PGL ol tide are cultured . in niniml, medium
r o e b bR BN paplas e A Rh4sE ofiEp &t i iR s ihas e
i ni rralnaﬁﬁaiigua&cu!rﬁhgs pepBRECARL nucee R3EL @6thahy 6Bk So@ke BrgafRhds strain BL21

are cultured in mninmal” medium In sonme aspects, the bacterial cells of E
col i stdeadribeBlhere{iDE3Yyclapemotant pelgekptidendnd mgleineaddudarived froonamyadlect s, t he

1 ni mal di I | ted . wth 19 . I .
Rl RO TSRl e SN PS5 B0 Gb 35T . oo
(W V), 7%G6adv), 0.6% (W v), 0.5% (Wv), 0.4% (Wv), 0.3%(wv), 0.2%

(wv), or 0.1% (wv) glucose. In certain aspects, the mnimal nediumis
supplenented 0.1% (W Vv) or |less yeast extract. In sone aspects, the m ninal
medi um P2 (pRirdassnt-alosrhats updylodtiappisyase (eadbbgatalyaes theeoawd (i ¥ the 0. 07%
(Wv), 9 0 : 9 ) 39 v, % (W v), or
0. 010 (/0 FyalaY ath itk b S D el St o

suppl emhotgdtenotghuche (\phwiphglewnnd$DBpalaetese. divabnthldifoghlatctoe-drphogsmte | N sone
aspects, . t m ni nmal diumi.s s lemented with 1% (wv),. 0.9% (W v), 0.8%
oy SO bRl i DRIV GEARERP L RO BRSO RPRESG) 2o
(W V), 0 BsidVpaIheptided $8O8ReANR—aWMdnB a 1\31%?((9’54 gﬂact&egg}%ﬁo(s A, 0.08% (wv),
0.07% (W v), 0.06% (wWv), 0.05% (wv), 0.04% (Wv), 0.03% (wv), 0.02%

(W' v), widylyl@asserase\pplypepsde. ditengdary ghlacoeerd-phsgrbotesuridyhdtrmisiiragl nedi um i s

M® nedi um or .TM3 dium In.s aspects, the m.ninal, nedj umi.s medi um
" comPehrpude and Rt et ARRREY St Ee Py RbeRgs BE S M Ge
her ei n fadrf ahyTBF G¥ 86ITBbRARS MK Aesdribed Ré@HME ANasGhut@h i@y fptiessaind dRbRic

pol ypepti des capabl e of biological activity. In sone aspects, the inproved

met hod asfdsgeguescirery anE oé thsl sousa 910l sypelssirthed heeppathabhayk apjegbtoyiccal
tivity,. ' f:. i | s of Escheri chi | i
o LSRR BRR 08 BAGRR Rl Bl SN pORREIAS of an Escherfohi s coll

a gene that encodes one or nore gal actose netabolism pol ypeptides (for
exanpl 0123 DPgalaktosgdtepimanst @alH)catabyzdd tie revegeble cohadrsiemodUBP-one or

nor e nol ybdenum transporter I ides (for exanple, nodF, .nodE, nodA,
modB, aRlrcHsaey Y r@ﬂ&secﬁ?ﬁaﬁﬁ@%ﬁﬁgﬁ-ﬁ@%@gﬁg—rﬂsl%g@ Tyerddésdpeidt ogous

gene e i i i i r {on
HoPfHePEded, B%m&% Mpﬁ&%ﬁéﬁﬁdw, bgpd?fé@ a3l fﬁé‘?ér?%c;l?ﬁéri%:dg% glgts l?iézg laﬁ%g%t e

control” sequences and a nucleic acid encoding a e
capabl enefactvil afgi CBP-g@dctose tyspimaesopolyprpeide o presplafy BDRegadactdsegous gene

encodi ng. one or  nor al act ose net abqgl i, sm pol.ypepti.des )

50101 0 FDE TR UET e A OB GYE ok e S BB RER e Bolyp i s of ogous
gene eﬁﬁ@@kﬂ&k&ﬂﬁnﬁﬁnﬁef@w@@b&@d@ﬁﬁﬁhﬁ&@ﬂﬁﬂ@ﬂhm@ﬁh%nﬂﬂt&Q@ﬁwn@nd (b)
produ0|n? t he het erol ogous polyeggtlde, wherein the E. coli cells have a

speci f irolypepddstang inpgleisfacids deruedeironagy 9§ thssoyise prgadesmyrdeserdied thegmn t hat  of
the sang,Gell s Lacklng. oRe 9% 1985 GOBLER. Bl SL AT A QgoUs gene encoding a
PGL polypeptide W thSone "o fore associated expr SSIFOR "Cont r ol sequences,

one or nore copies of a heterol ogous gene encodi ng one or nore gal actose
met abol[0$24] EXeyipdpt igdlastosamd{aboliomelae acios schdpinasleifachls it enalde@ous gene

encodi ng_one or nore nol ybdenum transport pol ypeptides when the cells are
cul t ur SWIYAEPHIG TREMeRERi AR YRCRU LS REPp BE s ontPRE PSRRI hate ¢ (98Yio88 of a
het er ol QOO o BL R &EEAHLHISbIR JoRpepRAe, %&Eﬁrﬁﬁ Walalt QP FrePibo IO G148 908} at ed
expressi on contfol sequences, the one or re copi es of a heterol ogous gene
encodi rigclode farexampe, galhetoscsetabelicagrabs snlapal fypept rdeK12 MA1@T5 drthe one or

nore copi.es.of a heterol ogous ne encodi ng .one or nore nol yhdenum .

{1 ans pFTSTI S (iF5ep SURRO et B SOvar o0 SioBL (g o s Ak WA IR o t he
E. col lp&cb{%ﬁsgﬁm@aose hiRtaHONE g @B §oldted b8 Jacc/hPbhy&SlcbRvaleeOkercul ture. In
sone aspects, the inproved nethod of producing heterol ogous pol ypeptides
capabl exemphirpdgitess metebolici nugleiqadidretan berigplitedFom anyegnes intee vl ng t he

pol ypeptide, [0181] |n,senme aspects, t.he bacterj.al cells,of an Escherichia
Pol § Moot e LRSI SRS R R W R S G Bl P64 e gl act ose
et abol ¢igrog&nes Crowshaller Ay @Hsi BN, EnfeRbRUSNKIPHL L BN DO KlpsioRs are of E.
coli strain B. In some aspects, the bacterial cells are of E. coli strain
BL21. In sone aspects, the bacterial cells are of E. coli strain BL21(DE3).
[0182] In sone aspects, the heterologggs gene encodi ng a PG pol ypepti de,
one or nore gal actose netabolic genes, and/ or one or nore nolybdenum
transport genes is fromE. coli strain K12 M3l655. In sone aspects, the

het er ol ogous gene encodi ng a PG pol ypepti de, one or nore gal actose

I o S o o o o R o S



WO 2011/ 079314PCT/ US2010/ 062099 87% 86% or 85% am no aci d sequence
identity to the native E. coli K12 strain Mal655 pol ypeptide. [0183] In
sone aspexO201fdiesthet er ol ogous gene encodi ng a PGL pol ypepiisee0/0629¢9 or nor e
gal act ose net abol i sm pol ypepti des, and/or one or nore nol ybdenum transport

pol ypepti des i romthe g gnus Pseud nas onMe aspect, t he
AR RN AR %P%mee@n?mﬁe%ﬁé ?{ﬁfé@f allegr: Pilmeaslfgi nosa
pol ypepsol-Agiahayi B8Rk ngtdsiirsy, ,Sh@@tz@%a%rﬁ%@gl 'Y@rs%& wmfsy and/ or

mol ybdenum transport activity conprises 1, 2, 3, 4, 5, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, or nore anino e0|d.subst|tut|ons
conpar elfzkemmlanel\ml)dﬁeum Tmngttanalypemendd‘éucleln Aridfe aspects, the

am no opser v S e no acid
oot TSRO0 B8 SPETIL IS8 AR ORPRE BB A
pol yDEFihstll&nbll@lddla’t@trEleoﬁ@ﬁSubuﬂilys,ofg%@@ﬁ}ﬁ&ﬁrrﬂ@t aEb@hi plar @ @lold¥ ényodednd/ or

nol ybdenumtransport activity has 99% 98% 97% 96% 5% 95% 93% 92%
019% 90WYPSDbgesgrdpdanalypaptioss. HRemsois ShPAFPeRtidgs. spea cidfygprity to the

native i I er ol ogous
gene. erobR RANE' BRYAER IKREDR i S lodk oo RRRRERG: LISy

pol ypephoﬂemwdﬂdlbmiypapndemndrmnk:R:ldmjlq,sbdelndﬂnzttnmﬂsmcmrnpg pylyppptidtesnd s from
t he genus. Sac¢ nyces, I n sone aspects Sacchar ces i S
Sacchar‘dﬁl?&“e%““ggf;% fay ghthe SRUISE AEgaR B’ééF%“ﬂIbFﬁBergm *Ee‘?’ SPdahol ypept i de
havi ng ﬂ%@peﬁﬁ&és‘éh&lﬁuclgﬁ'a%ﬁfs@%ﬁvé@ﬁré‘rﬁ%h& of ﬁfétstﬂCE)br%aﬁﬁﬁ{sQfeséTﬁJeMl?@f%ﬂpm
transport  activity conprises 1, , 11, 12, 13, 14,
15, 16,thdthavd &, leds®on@gtivaty Orﬁame?dé“mnnod@mocﬂyr@pb@ttl tutions conpared to the
nati ve Saccharomyces cerevisiae. In sorre aspects, the amno acid

substi ty are c ery spect

subst | AR Eor TR RNAR Y Snet B ARG Joniet PP EaBEkhrgenas
cerevi S‘rbgtﬂatbg} epi thdeisbanéved t«E’QedB&‘dkl iMhibit tha@arR8%pti ABHMthOfi%hlA B6%petno

95% 93% 92% (V 90% 89% 88% 87% 86% or 85% am no aci d sequence

i dent i tif ﬂteopreﬁr@amg mQQb%ecﬁa%ﬁ%@@%l%%aﬂdeql Belypatigsepciude popyesessiesi n sone

t t
2 pect SnabB ARG S B bl A FRIBHRR APl LR DRl RSSOt
met abola m@dlpaicy)ﬂappmldp@tldan H)kempkaf;emodE emdodedrpbly befeiasmuid mrdgontids

pol ypeptld s are cultured in mn |um In sonme aspects, the bacterial
cel I s dclpde paiyrall ¥1°F‘éﬁrﬁnBP3]1¥BeHﬂ§fF§ a%%rlq c Al Ham dnan SOPFFCLBHE dect s,

the ba%@éﬂb@h herdid & Wi & mﬁ&ht ﬁ&?@tlﬁe%lmﬁ[e@c £444 d-R4d FRnTAdY JFRhe Medi UM
I n sone aspects, the bacteri al I's of E. coli strain BL21(DE3) are

cul t ur eduica ongamisme denedied iereimthabive cas rasttane attatynofrd med nmbdddn is

suppl enen ted th 1% (wv) or WO 2011/079314PCT/ US2010/ 062099 | ess

gl ucosep Sie aspects, the mniml nediumis supplenmented with 1% (w v),
0. 9%(w/v) 0 8% (W V), 0. 7% (Wv), 0.6%(wWv), 0.5% (wWv), 0.4% (wWvV),

0. 3% (vi0¥27] ThedfieH ¥¥tivity t@heife A¥bAEVIM BhikpoEe: protei @idoatbRsPEL] MedB,he
mnimal nmediumis suppf/errent ed O. 1%(vv/v) or less yeast extract. In sone
aspect sindsl(nis ginpanbragetpisasipisd SR pitanedrnepprigr s ystan fopthopptake of 099 (wi v) ,

25% b L, WIS e DOy 80 i 0 0%

m ni rralmm@dalaumm@psup)Mcemphﬁddwytthe ABC- typv)sulgdtuqeﬁ@oarsyétems)rmd I{bnl% (W v)
or less. In sone aspects, the m ninmal mediumis supplenented with 1% (wWv),
0. 9% ( viPgsific anigyrapnpyter. Gutwith gt 106 tigags (e \?ﬁfwl@%%%w Rl PUodesn v)

0. 3% ( 09%
Cot vy GG S de e Méfd?é%%n&f%ﬁ%%%g@?&%y&“%&w?ﬁV)

0. 03% (fwlgvgem@f@z%p(ewidﬁ)s peqmtldéh @ﬂ%l(sw/n\polweaedesehatrmm at least sparectivgpeft s,

the m ni ma diumis or TI\/B 'um sone aspects themnlmal
o um A o e PPAPSBHE. SAEREHEY P e mOdeaR e Ee i urm
[0186] a|cﬂis%&ﬁﬁd&%@ﬁﬁﬂﬁocé@ﬁn@ﬁé@ﬁéﬁtﬁ@@é&ﬁi Ilﬂiéhé{cpﬁ‘cﬁ&d gemeapaptr whrdbi ol ogi cal
activity conprises one or nore polypeptides involved in" the biosynthesis of
ter penmrdar(lsrsmlﬁsemlmdd)erm ag web e noitant pelrypmmdé 8)d nepheic atids derived fimpduce a

t er penaoi d carotenoi d roducti vi. hat of the
sane oty S ecRis Rl gl AR g BB b AP ol et BB ng o Pet
pol ypephodiBOEidddeMBol9peptRese associ ated expression control sequences when
cultured in mnimal medium In some aspects, the nethod further conprises a
step of recovering the terpenoid or carotenoid. [0187] As used herein, the
term"terpenoid' or "isoprenoid" refe to a | arge and diverse cl ass of
natural l y-occurring organic chemcals”Simlar to terpenes. Terpenoids are
derived from five-carbon isoprene units assenbled and nodified in a variety
of vays, and are C|aSSIerd |n groups based on the nunber of i soprene units



Tetr at er penoi ds have ei ght isoprene units. Pol yterpenoids have nore than
ei ght isoprene units. One of ordinary skill in the art would be able to
i denti fy Woeteriagl7exy@aus pol ypepti des capabl e of bi ol ogi calPCaatSeMo0§209%. g. ,
capabl e of making terpenoids of various classes by assenbling t he

appr opr r of .ispprene units di fyi.ng them ro r'ate.
D aa A TR e B PP P st g e e PuE G R B B e
nat ur al JoyyReGK, ﬂa?&ef@tr&aarp&yﬁypgﬂ@ e StdR, BAHGRE polypepedLith@iLRL RatiHnand

chronopl asts of ants, of some other photosynthetic organi sns, such as
al gae, achvispoa tnyvbé)ﬂemfm frangpos, podypeplide. %mpéwtrmly@den@artmnem agldiac] ude

T N T

consi stdrrigriodtiviee met@fmagbd@unmmpeﬁ RemRiistated ﬁ@ﬁw’ﬁe@ﬂ@ﬁ(ﬁmﬂs%mglrzosa
di t er penoi ds sesterterpen0|ds triterpenoids, tetraterpenoids, and higher

pol yt erspandiAel; a sagpseabolic gencs i1pkaed BPmettsTrPEY ¢ SRS Oéh

3- et hy I
A PR R s

nonot eripeaobdcibBadcgeas &myiduﬁg(lfmﬁmﬁlptbanashmaﬁwp!tlwlmcohtutfm@mnomﬁ pi nene. In
sone azﬁects t he sequ|terpen0|d is farnesyl pyrop osphate artem sinin,

or bi sdbBIOBECten franbacissduiagdsielite FatardhqséokieDyielle  ankleheekny |

pyr Opﬁ?@bﬁbl@lae)r ?’Ezhl@% (e. ({ eb&rﬂ@éa J%X(})obrot%mgl ! Ffr?feﬁk%l (E'r’ls)ofalﬁzgmlgf colin.
In somé aspects, the triterpenoid is squal ene”or [anost I'n sonme
aspectéanhe(egLSaMHn@emwmﬂcmw)Bﬁ@@ﬁenmdd@nnmudagné%mhﬂapaﬂn)aspects t he
carotenoi ds are selected fromthe group consisting of xanthophylls and

carote ects, the xanthophyll is lutein or zeaxanthin. In
St T P e

sone a tene is a-carotene, 13-carotene, y-carotene,

13- cr yqoo2H . kol hokt deM@@cﬁﬂbeJseﬁ QLOGIresk RsopRiie saRRE! PGLIJIE peplides; ®XF gani sm
for the heterol ogous pol {pmgtlde capabl e of biological activity is a

f ungus .PafyvaymebyRespéast BD M‘\ﬁ‘h@a@wag palyppeitdes sn m@lmsi‘sgieﬁqnb@déla@m as A
oryzae nj ger peci c u vi siae, a
opeci estone &l 8o P ReE B R CE Y SEAERS ST VP G 2o E G

Tric hoqsa@gmysmbofa&pﬁbleroe@&&lucmgriscﬁa@etm e Relt tomptifieg Sauseorangarbsies f or t he
het er ol ogous pol ypepti de capable of blolo%jcal aCtIVIté]IS a fllanentous
fungal ¥eiheterelpsdsmaicleiqnreid(®) encpding piP4He PRIBRP NG NGAICIE BCI NPk iG acih

Tric hOClﬁ{egPatédQH%é?E Gl cﬁ&&ﬂ&so e; Yhd ¢ bﬂ{%n 3r mERMGblopods mPiZAE :
Peni ci | m sp., Hum col a I nsol éns, Tanug|nose ) grisea, rysosporium
sp., C.entodikyi ﬁmpmse syrfﬂmsemkzhdemrprﬁop tq thaspnegigiion, ue Bpco/i ellcleasotAoninyzae,

A. niger, A so ans, or A amanDr Fusarium sp.,
such adlgleiq “B:é nC?dmg ragﬁlnﬁﬂﬁ'ﬁeptlé&ra@gl‘?’}?relﬁ theo%??}%‘&% e B%an'i'—c ﬂvenenat um
Neur oS RR5@cePisopRHE e AfrelNer ﬁfe@ﬁfaﬁ 7thdﬂ56?%rs‘ﬁﬁle%@lls t%@@ﬁot%mprﬁb‘@ab a8 (M

m ehei, Rhi zopus sp. or Enericella sp. In sone aspects, the fungus is A

ni dul arls some aawatmﬁne ho cels gredactepal cetlsipbat Exhem\chlmcgle straipthjt dperictus, T.

F. | : ts, th
L?SZﬁ: At L6 pGepbeTBEYE aBmeStiBcr it s30PeE3858 &mbiar onyces
sp. , %0 586 BBRFPEROUE Seifdlencoling RIFGIS Polypéptideandh ha oF Paort AssdeRRdaspect s,

t he SaccEaronyces . 1's Saccharomyces cerevisiae. [0191] In some aspects,
the sOUEESHPY a@ntgqhsmwn@qﬁ@nﬁ ateelsicogslencpéing pdstarelegeuspabinsréde ¢ipablegi cal

acti Vi tof sy u@ﬁﬁ%ﬁﬁw. ?xlﬁ“(b:% spatl e BEc%ér%zﬂ c%{i& Rr%?cte%ﬁé H&Ho%oéggh the genus

Baci | | us, rms or e genu antoea such

as P. qodlypeptidd &tex specitis pRﬁiau«ﬂﬁtyDgraster thug thadisf e sahe adlisgadiasg orfé orfthdrieda, or
P. fluorescens, the genus Strepton%ges such as  S. lividans, S. coelicolor,
S. gri <@piss obp hsterql%wug errssinsoding @ Rydnpelypshtigh ahdicansar gire atopiated

Cor yne%g%f@glbymwfs eﬁé@wﬁeﬂ%ﬁ%%ﬂlﬁﬁ%ﬁ%ﬁ ml%edlﬁﬁcﬂl &ne

Rhodopseudononas palustris, or the genus Escheric , such as E. coli. In
sone asppsts thetdre doacirecopien d)fsl lmérebtgeuis gemorengrdinga EGhsicdypepgdowitBone
subtilis, B. licheniform.s, B. |lentus, revis, EE ste othernng ilus, B.

al kal ogh QT 2ssciate FRBIEHOL PAUTY ﬁ"s‘l“e%:eséfea posqgal gapigy (s ridteept

megat erjhithe B: cAP&8h8%me) Bin hleGUpRRS thel. dboftebliSare dEu1Rye t huUri ngi ensi's.
[0192] In sone aspects, the source organismis a plant, such as a plant
fromthe fam |y Fabaceae, such as the Faboi deae subfamly. In sone aspects,
the source organismis kudzu, poplar (such as Popul us al ba or Popul us al ba
x tremul a CAC35696), aspen (such as Popul us tremnul oi des), or Quercus robur.
In sone aspects, the source organisn15§ an al gae, such as a green al gae,
red al gae, gl aucophytes, chlorarachni ophytes, euglenids, chrom sta, or

di nofl agel l ates. In sone aspects, the source organismis a cyanobacterium
such ‘as cyanobacterlun1c|a55|f|ed |nto any of the follomnng groups based on

o o o o o o o o o . o R T s o o



WO 2011/ 079314PCT/ US2010/ 062099 net hyl - 1- but anal , 3- net hyl - 2- but anone,

1- butanol, 2-pentanone, 3-nethyl-1-butanol, ethyl isobutyrate,

3- met hy1l-wokotiniadls butyl acetate, 3-nethyl butyl acetat ®CT/US2010/062099

3-net hyl -3-buten-1-yl acetate, 3-nethyl-2-buten-1-yl acetate, 3-hexen-I-ol,

3- hexen.! - acetate, linpnene, geraniol.. . . .

Ctr ancTR1381dn RGFH Fis et Reianandlh polpopide sagrl pppiological acivity

(3, 7- di gaihids GreQrtfdte ilaoﬁrkaépti(feg}ﬁv%hf%d P16l bR O hehbsi3 o teBsdn@Id (i ®Ponoid) or
(2)-3,7-dinmethyl-1, 3,6-octatriene, or a |inear isoprene polyner (such as a
| i near dagggrroatheordpereds.cind dhd ¢eble produse ptespencid dpingarotdenii weahighennpetiéic

I ' i f |.tiple. i uni . _Prod derived f '
or otucatoqiebiiy Bl BeganPRIERE T A e et PP P Bl iR aFhG  oBl

bypr odugitsding a POTPSSIRsEptide hithesie lof Bibr@modhitell BRpBYsIdH @MLGE Sequénteqdded i on,
products derived fromisoprene produced fromrenewabl e resources may

cont ai rFuitBregdn AaiInTab medHint. 1o somp agnsctsythe medhnd farthersomprises gapieht  cheni cal
conversj - npounds i nclude those derived from

Di e|s-ifgefngggﬁgéﬁg?ﬁﬁ8§&% teg?@ﬁophiles to i soprene, or the oxidation of

i soprene. [0194] |soprene conpositions produced fromrenewabl e resources,

i ncl udi[atBPdntsomalagpectsy the didstaieH s are Hanterial delle sf armFechdasiin icbE dtrain thovr e det ai
in U S Provisiopal Patent | i cation .. 61/187,959 and WD.2010/ 14825.
[0195] dPReNRAfBERRS %?-Pﬁ%@gP@ﬁggﬁéﬁa%@éﬂﬂgﬁ)@&}x@Pe% HEHFREPTIYNE ARS ¥ased by
introd Lfﬁbl@%?iebéf £hAkRUPYSs P £ic6diRE h PANEATPPdA N ithIRR 0 ArS ¥RbHARE

pol ypeptide (e.g., a plant Isoprene synthase pol ypeptide), a DXS

pol ypepxprssiontorerol BXRepets hnd y howrglpgmisindelcicasd! @rcoding yAsopatniawesiythase

pol ypeptide jnto the cells,.e g.,.as described in International Patent

rob | o RPtRy 7 Lol SireRe bt S etis Taarge BashAT SRR no.
12/ 335, fdater thanthaFeXt tBO tan D] ls Gadkir oy mokd @S ddhetdidlod8bs ,

12/ 560,390, 12/560, 317, 12/560, 370, 12/560, 305, and 12/560, 366; U.S.

Provi sicsaedinga Pt pApRsiptide il PnreE Moge Asreciated @xpressiongerng gl seqgances wigsg:

us. P . 196 nd;. 2010/ 078457. [0196] Exenpl ary isoprene
synthaggé%%ﬁ?%%%ﬁ%%%p%éS§ﬁgdgngvéﬁi i soprene synt hase pol ypeptide), a DXS,
a DXP pat hway, or an MA pat hway pol ypeptides and nucl ei ¢ aci ds incl ude

nat ur al[D¥32idayomke agpepsl| thpeplls fhetheaduanprise laaiMV Agiatsy £y iy @pyidafln sbae sour ce
organi snms described herein as well as nutant polypeptides. and nucleic acids
deri vecPSP?CEJSmﬂ}erQ’(ﬁ PRtRwa Y, BRRYBEPUF fatl WSt B pruRs w&iymt}f?eef%mf‘ar y

| sopr engpYNHRANE LRANREPHSI RBG Nt VBV AGIal vl lifle. S@BRASPECt s,

the E. c%li cells cgnpr?£% gﬁﬂ%terologous nugkeicyg%?%kgﬁcoding an i soprene
synt hasepgtd, yipeppedilV A pathpage papentids,is tdlecté¢dspmehegwypchaseingolfy fept i de or

| ei WO / 079314PCT/.US2010/ 062099 id I the f i F ,
oh S ncp R R o Raue AP ol GanepeRiad cite S iadobd ey dymaac e
pol ypeitddiey NGIIRKEDAGHS: AdREWIERId08-OimdNALRYGYECh koM Puer ar i a

mont ana (kudzu) (‘Sharkey et al., Plant siol ogy 137: 700-712, 2005),
Puer ar iredycgisaralypppspsicaln sosiscispesss, Hespuppgs VaY A @athpay polypeplidsria fropoal us

trichocarpa,. or Populus alba x trenula C35696 |ler,etc-al., Planta
15" ag e n BBl e e e et I enh MY AEPRRTR by Slee By 51 7 S
270( 22)Erk@028rchdcalisd bJomeispkitgthsowea M Qpathewus pobipeplidd i€iseleeed et al .,
WO 98/ 02550). In sone aspects, the isoprene Sént hase pol ypeﬁ)ti de or nucleic
aci d i Srom e gipw FessEBg PR AP edprEnkinase{MEss (BbpRpsabrmenalanateriipisei ¢
acid. | j p ' jc.acidis
ot 2 rMEPA 7 REG o Aoh 80 LGRS, DY D DR ROl IR Phfie o7 o
Exenpl dsgmérsepiBhelnsspntchapecty dieylpept MAes pathel ap polypeptideds ds MV net hods of
measuring i soprene synthase activity are described in re detail .in

't or nd B AN RO H BRSNS MAB RSDOFDGY om fhe gems Merangsar it on No.
12/ 335, Qi b8P VINOpo 20RO RO AL DRI P3P07, US PUbI . No.

2010/ 0048964, WO 2009/ 1%2 , and US Publ. No. 2010/0003716. Exenplary DXS
Pol ypepti des and Nucl eic Acids [0198] Exenplary DXS pol ypeptides include
pol ypedP13Hdn spmagsnentssthefonpol meepedptksl agefsroldgeus genelenaedingrisP@bl ypept i des
t hat hav? att.éeasﬂtg Qne_ activi t% toc{ a_DXS pol%&espti de. St aﬂdard met hods
(such &8 HBLE Yed CPT Beld " het &1 A} “cal had' Usel™ Y o det"&F M & "WHEPREF a

pol ypepiobide (185 inPatb@ it et A d8/i @Bion¥dsbine NYn BBAS bipeB, thb & 8kl tdlks\reih t he

pol ypeptide to convert pyruvate and D- gl yceral dehyde- 3- phosphate into

1- deoxy- D- xyl ul ose- 5- phosphate in vitro, in a cell extract, or in vivo.
Exenpl ary DXS pol ypepti des and nucl ei gzaci ds and net hods of neasuring DXS
activity are described in nore detail "Tn International Publication No. WO
2009/ 076676, U.S. Patent Application No. 12/335,071 (US Publ. No.

2009/ 0203102), WD 2010/ 003007, US Publ. No. 2010/0048964, WD 2009/ 132220,
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Exenpl ary DXP Pat hway Pol ypepti des and Nucl ei ¢ Acids [0199] Exenpl ary DXP
pat hways pol ypeptides include, but are not limted to any of the follow ng
pol ypept ivo2011DXB1pol ypept i des, DXR pol ypepti des, MCT p@®CYASpe10862999 CVK
pol ypepti des, MCS pol ypepti des, HDS pol ypepti des, HDR pol ypeptides, 1D

pol ypepti des, and pol ypeptides. (e.qg., fusion poly tides) having an
Dot Vi GRS e fpeckb i bt SRt satinkay BoRypagareree: then

parti cWapierialRiRalhvey. RolyRREI e taad kpecBahy BeRtidess £t agpeals of
pol ypeptides, peptides, and fusions pol ypeptides that have at |east one
act i vi tsyrainvigd 20DEAR79314PCT/ US2010/ 062099 of a DXP pat hway pol ypepti de.
Exenpl ary DXP pat hway nucl eic acids include nucleic acids that encode a

pol ypepti de fr@eg[r@nlgurnggdi ol ypepti de, peptide, or fusion polypeptide that

has at '[€4¢ tlargne activity of a DXP pathway pol ypeptide. Exenplary DXP

pat hway0p3d|ypepct desim itk tied Ghihirdel risdiimt by d@ididblmhadib’y ref@-ad growiy

pol ypepti des and nucleic acids fromany of the source organi sns described
her ei n TBedigg|centgining, thgsringary puptentiaossihl e bgiewabiggaegly. Bt aot A BaYsany of
e SOUBROUARLIE. ALl B RELF sl 0209] » Bl @rys Bong! gt | des

i ncl ude polypeptides, fragnments of polypeptides, peptides, an usi ons

pol ypepiniide gcitif)aMitianad netlivne eypicatineodains v ( I)\a cafboa sbXSe fiad hapepihl glewtlSt andar d
met hods gsuch as those described hgrein can be used to qfternin zﬁhether a
pol ypept! YaIa salpsehish e iy aRORE PRSHFT4) SBFiGhed $FTHGS CRRALBRY RS (B t he

pol ypeptdide i cﬁ%\’l%ﬁrc@)&ﬁrWﬁ&%ig%ﬁﬂ:_aﬁhﬁ'fi/&ﬁ? Eﬁﬁ;ﬂ@ Elygiﬁs'lﬁ{e@ﬁ’&lé@ﬁi fofent O
1- deoxy- D- xyl ul ose-5-phosphatée in vitro, in a cell extract, or in vivo.

Exenpl aompixSyslodlypeptdf dder bivdnassichei a8 pobtdstractidandisdvosis! iofmaredstadi ng DXS
activity. are.described in nmore detail . .in International Publication No. WO
500/ 015k TH R W2l SRR SR B clert Db B8 B e bt

2009/ 0333 hdtus, YK 0ALPIONENPhe IS htheNge prftchd AHHMBRR4A: adid. NIBINAB2220,

and US Publ. No. 2010/0003716. [0201] In particular, DXS pol ypeptides

conver tmesivighan alsa ke serRiepededviB igldetive-agpes piah as aribiotics desfdgctdoxteul ose

5- phosp XP).. . St C e . 1.ne a

oo ocnd RS0k AR TR RO RS ] SrSS SIS, MORLAE 2,
pol ypept desi@int tibiibic educh py ampRilin anculk @lline ahal dahydididcphodphadel tomhesi tro,
in a cell extract, or in vivo. [0202] DXR pal ypeptides convert

1- deoxyPeflis|in Peiee taspig gy (el lackimsdhe resistancs fronpgtonying-Medivmysan §p

4- phos . t Qe j . her a

pol ype%’lta ?@gnﬁ%@%’%‘%ﬁ@ﬁgg’%ﬁ Fig&estshgg%ﬁ%sﬁ[} %7?&%&;&%053&3?@ t};k%}e()“%l)%/%ili%%y of the
pol ypepdtiocdhentical clommy@eristiOXRuchnasypartiaylar amiao eatl$ arekthe digke., or in vivo. [0203]
MCT pol ypeptides convert 2-C-nethyl-D-erythritol 4-phosphate (MEP) into 4-

cytidi ' - di phospho) -.2-nethyl -D-eryt hritol (.CDP- . Standard net hods
o be G A% BERERNPRUSIHBIMRD Ft it Frehiie Vot datratay

act i vi tifinBMalB&fuh 88t o Bhdlhdey f&fexhrﬂgleppi%ﬁﬁiﬁ)fhhl%ediﬁmcaﬁﬂVIWIS miviERhal N
vitro, in a cell extract, or in vivo. | 204](1 CMWK pol ypepti des convert

4- ( cyt ina¢diems Eaclylitsh e MiYonindm@- medinml comagnsy i h#G0 wl stedppiipalis{os g
2- phosphosdh eyt idipe 5 sdi Eo k@)Z t - " i(?‘]{l - VEP) .
St andaﬁ@aﬁ_l Prr@tcf%%&szbgéﬁ gblgﬂ %Jpgeidg' (%Slsae A %8%@&1 r gl[%)o :eé)piep Pé_e as CWK
pol ypem%sl@§(s@&;1¢)y(3mobm JTRRGW AP glubseabi bthéycafont 38rde R an@ et 10861 to@ 1
convert -ME in vitro, in a cell extract, or in vivo.
M Ca(l, (sterile). Each liter of TM3 minimal medium contains (1) 13.6 g K;HPO,; (2) 13.6
g KH>POy; (3) 2 g MgS04*7H,0; (4) 2 g Citric Acid Monohydrate; (5) 0.3 g Ferric
Ammonium Citrate; (6) 3.2 g (NH4),SO4; (7) 0.2 g yeast extract; and (8) 1 ml of 1000X
Trace Elements solution; pH is adjusted to ~6.8 and the solution is filter sterilized. Each liter
of 1000X Trace Elements contains: (1) 40 g Citric Acid Monohydrate; (2) 30 g MnSO4*H»0;
(3) 10 g NaCl; (4) 1 g FeSO4*7TH,0; (4)1 g CoCL*6H,0; (5) 1 g ZnSO4*7H,0; (6) 100 mg
CuS0O.4*5H,0; (7) 100 mg H3BO;; and (8) 100 mg NaMoO,*2H,0; pH is adjusted to ~3.0.
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[ 0205] MCS pol ypepti des convert 2-phospho-4-(cytidine 5

- di phospho) -2-C-nethyl -Derythritol (CDP-MEP) into 2-C nethyl-D-erythritol
2, 4-cyclwoizphiospiiate (Me- CPP or cMEPP). Standard net ho@#€Ta®a010®6208€d t o
det erm ne whet her a pol ypeptide has MCS pol ypeptides activity by nmeasuring

h i I ver - i itr in I

o oL R 6P bHBRN B S geBl bt et Rk !

2- G- met bl t@‘oﬁé ME Bbiret&lrbo%rcoﬁtaﬁﬁﬁé sthpivaapbiphBlelot being Bletdbolized by a host

hydr oxy- 3- met hyl but - 2-en-1-y1 di phosphat e (HVBPP or ~HDVAPP) gan dard

met hodscel an otganisge &ot exadertlarthd erdl mh@umemecétwlvm@thﬁdhesmﬂs HIDS ipdidepept i des
activity b rin bllt of . the I tldet Q tI\/E—CPPin
U tro. SRR RREL PeboP ey end PEuB% SRR b Bp T RALS T s

( E) - 4- higgecex yheafBinhysliietis 2c@BoHydyde dsuph%ﬁi@ab@cmmelcﬁmeﬁﬁrﬁl@yl

di phosphate (1PP) and dinethylallyl di phosphate (DVAPP). Standard net hods
can be Aigesncelpriger el yrachgtieraroranysst W%@l%nﬁé@am@ﬂYﬁ@PVSéb‘fm%s

acti vi ts?(m}f%fl nmeasuring the ability of the pol ypeptide to convert HVBPP in
vitro, " cell extract, or in vivo. [0208] 1D polypeptides convert

i sopent enyl di phosphate into dinethylallyl diphosphate . Standard net hods
can be [0%&H Emndﬂrngmcﬂmid&eunc@dacglwe@nﬂcﬂﬁuMa&e I:ﬂlmpﬂmdyypept i des

P NGBLER L D SO oL LI BB 82, 2 GERLGL Iy Lasgentons
Pol ypephiidesu1sd ERbab R cA6hiHRIrdi@280hdé %Qﬁ@ér@'@é’é ﬂh@tﬁgés H%h@sé ARRbES €

pol ypeptides (isopen enyI di phosphat e del t ai sonefase or cafal yses the
i nt er camgareosndCSi ssgpe . enyylosh praosipheses (1PP) and di rret hyI al |yl

di phosphate (DVAPP) (e.g., converting |PP into DVAPP and/or converting
DVAPP i ) L DI pol ypeptides include polypeptides, fragnments
of pol J%‘e%’fp %@scelFfé"Wﬁgé%dﬁ%sfusi ons pol ypepti des that have at |east one
activi t[9138] Mixetiids ap@mepriat baebleJoafdandn@Bittedsd gdveh ofthetbasabidggcr i bed

herein) can be used to determ ne whether a polypeptide has 1Dl pol ypeptide
act i vi tgllngf the dvgntipmareriesabier infiu. se- tipéhqlerapmlet segdon. Othat watoaband 1pp

and DURREALE AR o e Rafbon AL IOl SR KA RSP nbh i

pol yp &s ‘and nucl e ¢ acids an activity are
descri bed Eb(émphr}etedlﬁtl@nds mady Benfoend at InemadtioRaldbubtiatticorNNGV OEDRATE6 DY, 6676,

Ty T e

2009/ 13228(p). ﬁi"adszI%/d?H@bM NpQ ﬁ@@ﬂé@@ﬂﬁﬁ%@ubﬁ%@@mw@ﬂ@%w@%
Pol ypeptides and Nucl eic Acids [0210] Exenplary MA pathway pol ypeptl des

i ncl udd\/labedswbr GereratBugbtiolans Gerhast e( AACIA, Aimevicars §ycipyliypkidrpbiekgy,

3 hydr oXyngtn A3 Fof Wo2l Jreshiy Kt Padety ik e btne st PPt  des.
nmeval orgtenKEM@SE ((999K5inaadV/RRBEhEE Inc. PHARRARME WA ORddothekdspase tHeRMI)
pol ypepti des, di phosphoneval onat e decar boxyl ase (WD) pol ypepti des,

phosp howie e iserhing chisey ey magsley @n@@)onp PPy P the sxPresspeaitoan i mpm)s phat e

pory poptarigle SRRRAER, TRL, o plRAS B oEf e, PESER SRR SRt 1 s,

| n par téncodedrby M&l@@héﬁ&\@éeﬂ@i i)(lﬁe‘htelhda&‘cellf]d ude pol ypeptides, fragnents of
pol ypepti des, peptides, and fusions pol ypeptides that have at | east one

activit f an MVA pat hvvay pol ypepti de. Exenpl ar t hway pol ype t| des
and nudﬁﬁﬁ‘d Merdaed epirubtdsuditions ﬁ@a%fu%eﬁgo Fltbrur% .6\9 g @eérf I SESG ¥

mor € d%m%%ﬂd ﬂﬁ%ﬁ%ﬂc@@&{ed%l:fn ah 'sQr'ﬁe et 2N} OL6H H8d nhdiRainE@t ent
Application No. 12/335,071 (US Pub 2009/ 0203102y, WO 2010/003007, US
Publ . Noan 20 0p100d 8xtpkratiy®, Qﬁ&ﬁthﬁé,%ﬁ,pfhhdcw Pubbut 200C t@ Bt 0003 4a16.

about 6% to about 84% CO,, and at a pH between about 5 to about 9). In some aspects, cells

are grown at 35°C in an appropriate cell medium. In some aspects, the pH ranges for

fermentation are between about pH 5.0 to about pH 9.0 (such as about pH 6.0 to about pH 8.0

or about 6.5 to about 7.0). Reactions may be performed under aerobic, anoxic, or anaerobic

conditions based on the requirements of the host cells.
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[0211] In sone aspects, the cells contain the upper MA pat hway, which
i ncl udes AA- CoA thiolase, HMG CoA synthase, and HMG CoA reductase nucleic
aci ds. | rnweana/Egspects, the cells contain the | ower MWAPpaIUSAEY/062009 ch
i ncl udes WK, PMK, WD, and |ID nucl ei c acids. In sone aspects, the cells

t t hat AA- CoA t hi ql HMG- CoA
Sont nadeT Rt inds (R ol hpRE ek MBSO, DR RS R B e et Of n some
aspect sontifous $then&@Bh ah AN beRtdd fe MVAiBad hlvv%yerﬁan@hau MBlidaesn K- \GoA

thi ol ase, HMG CoA synthase, HMG CoA reductase, MVK, PMDC, 1PK, and | DI
nucl ei c209840&é676[ GBS_zliatéméthCat@mlN@é213§5@§ééUISQQ@IblhéioeiZ@O%%%éO%)oV\Hé used

hydr oge CBDRTLICS Y pALaPaR s B0 S0/ B022aR (S HRRPAYE” gp1 A 78

1, 3- pr apaaesidorol- BeRde RRiah by GanASE a0 Wenepbivles trnek AHdGIx@mGled Ghys,
polypeptldes and nucleic acids for genes related to production_ of

f er mentbgtfperd i Breck agehnplogand Txaibppk pt IndugrighMicr G@P@Ig@ epad Efigiongenes
rel ati r ptake can al so be used with the conpositions and
met hodsrw%éﬁcrl q‘ggglg%da %l%pol ypeptides and nucleic acids are described in
U.S. Publ. No. 2010/0196977 and WD 2010/ 078457. WO

2011/ O'I[QMHHEFbMSEEkatsO&E(&@Es Ix enfplrad ynddrtiindcsl glorost salditiomsg BNuUtingied Aci ds

0213] | h | D thway, MA pathway, PG,
hyr opHRE Sy Ge ARE TGP BAGH Dot ERHBH PO T e ol ef c
aci ds Ccapabguésel Mot 0i8h, U995 188nd a0, BBINS0%, 404! Bedsaoeh, $R0ad)vrag: desired

nucl ei c acids froma source organismof interest (such as a bacteri al
genome)anggt elghnorse dnd isvsinburkerbnthierselh1dn aalttlcdfar apkdsthanmbugladglucosee, for

| /033646 and..r ef. th h ds of
ol at Y THOEd e PR L i RS P PRRe b P RRCE U oRPOus vt Tiflces,
synt hesj so@ﬁm@u@beh&csm@ lddSng & dp&ﬁw Moﬁfof@ﬂ{éolﬂ Sonhd A¥padt,eRe rakCHRRNI NY of

cosmd libraries are escrl in International Publication No. WO
2009/ 0787 is gorgrollod tbadtminpg ecanquah of\lded 2hwwgs: ygh tl(auglem@ldﬁ gropgpat the

ana us e e B BRaRe PR am g R s S8 e R coMEn Rl 1 Ay

of the dls@pe ens oy nddnasdate Mg tBXIambahhwls ar¢ Bhlturdd/An palﬁdsmypecl%&he
hydr ogenase, %dr ogenase maturation, transcription factor, gal act ose

met abolGels agcyfteied ppfisndHaitshg! F?O&ﬁgﬂeﬁrltlower gieaten i or akatt i Hel ShEl ddn can
be inclyded Jyn3ong 66, d@Bfm’ﬁ&ﬁQﬁ vafG Rk Péé?@ltﬂeceﬁ% ar &%ﬁferd'lﬁﬂgr fgik& n are
vectors Wlth one m)re nucl el ¢ acl ds encog ng an he I Soprene synt hase
DXS, | RQilucoRXBorptitidnadys, grivhar that hinetyout PAQ, 16y21, ag,ema% 4(]3)‘56;6113@63&13 90,

mat ur at nscriptjon factor oI epti ct ose t ab

ol yport BL0EREHs Sbiubaf e PErdBare cltryn Spp el IminERPelued peo
her ei n.pyl My $ARRUBS RRGES /it ib IB@hélv%gtﬂ% hﬁ%a%w&s@cdﬁuﬁ Rk taRGdwunger the
control "of "an expressi'on control sequence. In sonme aspeCts, the expression

cont r olfaswghlencgulitonaf therdelle expression control sequence. In some aspects,
t he expression control sequence is a non-native expreSS| on control

seauenggy iy, SOE 3RRRCHS.c kS eel ol RNLALDS RSl SE R IBLKSL QL.

sel ect e nbrk N S0IMe aspéec rene Sy At Hase

pat hwayof yeist exthacd rIﬁgemaaepecﬁydlwgmaaumweaﬁﬂ exmacttlg anNSEEI/PY, 10009 %

regul atory, gal actose netabol and/ o mtransport nucleic acid
i nt egr 4069 Pﬁ% @/ehP S OE); <9f(56t‘7h@fv/c¥é|q QS%W(WHM 070 $81 8 Q- Ted Wit ker . 1 n

Some amg r'or' (ﬁ(ﬂy g\g 2}% Q)?t?&%t IPX§tne Ia%ects %g CQI%BHWCG: Wﬁ‘ld@g’%&ﬂay’

PG, hydrog se maturation, transcription regulatory,
gal act q&estrmtrahcjbn @ne camidre k:onmpbgdmhethanamf)raad apathér cadadneioarcacsudhianghgost es
into a chronosone of the cells with a sel ectabl e nmarker. [0215] Sui t abl e

vect or t hose whi ch_ar t| ble wit ost . cel | oyed

Cort opne R 3PEE oiRefonder rGRTAR T it ibet R e e, B8 1 r us
(such agkans %'g@cﬂ{ﬂﬁgﬁfeﬂoa&h AltMelfh @ald ééﬁ@ct@@l?@@)oolz&:eﬂ?%@g%wﬁluy east, or a
pl ant. Suitable vectors can be naintained in | ow,

2011/ 07984 @ROTcWSRD.10/s08RG9L:ctre tieumcobceld yh Cublpyd numm;mal medinm. fost cel | .

Pr ot ocol s for balmn and,.usi.n uch vec ar,e k vvntothos in the
or et O QgtersShecB b Mol REn B o fdlu 33 pR R IR b BogePBE G Ll or o
Manual ,mi2itgal@flediuad MOSREdifg. HaY0RRY aspdd8 We mbiinhBRE&uiES TM B megivaath bl e
with the cells and nmet hods descri bed herein are described in International
Publ i cati on No. WD 2009/076676, U.S. Patent Application No. 12/335,071 (US
Publ . No. 2009/0203102), V\02010/003og% US Publ. No. 2010/0048964, WO
2009/ 132220, and US Publ. No. 2010/ 0003716



[0216] Pronoters are well known in the art. Any pronoter that functions in
the host cell can be used for expression of an isoprene synthase, DXS, |D
DXP pat hwaig 20M0a9pat hway, PG, hydrogenase, hydr ogenase PERIUSREDI062999
transcrlptlon factor, galactose netabolic and/or molybdenum transport

nucl eic acid LN t he host c

nit atIO contr.o ns or ro ters
whi ch SPBe SRty ﬂ{e&nﬂlﬂrf%n%fhwpé%lw@ Gl L% ¢ i eaRs ol TR & Bicp
pat hvayson¥Whpdal hthrE@mediNﬂﬁQﬂ%@eﬁ%nt@Y\Qﬁl@gW@) 0.9% §W/V) 0. 8% (W/V)

mat uration, transcription factor, gal actose netabolic and/ or nol ybdenum
trans pd}’t'%rﬂwé\r)eﬁ) 6%a(i/Hs 0i 3% (et ALA% Hdt), @874 @v/a), 8. 2Fufrefvous Oclifd (Wami | i ar to
those skille d references

Lioed st o oBi Berels, MR RS S mseiAT R S nplRefra A e PRA R IS YT o

aci ds cafa&elnisett asg@dty dhénﬂmﬁngl bhe@sien isSOPEE@SEeP WL Bl (6v$©eo 0bar (wexanpl e,
U S. Patent No. 7 nd references cited ther e(H%ﬁ7SU|table pronoters
f

compat I i, CHEEGRTVE0 BT (VRS dedEr VUG Hehbiash veatiibed | n
pubt i catt Shong Tt EiBal B3 3P M R BT OR PR B E P 49 (o3 on”

vect or wailkls 0%i (ReV ) ugdessaof Esmmla(l 1 Br(wsequrédess eln sﬂiﬁfemlsmts ch‘e rﬁmnhalahediagl ons
may al so be derived fromvarious genes npativ

aspect s SYRPACREAGH With il %h(%/éh QeXfe &and: %%e(wrﬁ%%f%é?w/g é&uﬁ%é@”ar @5 %e(:“i/Y/)ed
fromt @4%%%)599‘70C®v/v)56'2@9%)%) t&b@%g&g@gl&%’é‘aﬁﬂﬁh 695PAIA D '0?)9‘% th the

cel I s and mnet Hods descti bed herei n ar cribed in International
PubI i ca('w/@no N8% WD BO@HW@W@Y@ 08 ani),0.® % Patver(.04%pivivoad.08% (Rl i cat i on

Wi paitHadg oot ) i Gnact: SHytef dB TS ARt LPBTF B C4pdehs ThpHBa s

f act or , pbaIshAsRI TEHBR. i 5/ 3RHNA 1 IBISTHRLAE G RIcE, BRI SABAR gene
|nc0rp0rated Into a vector, such as an expreSS|0n vect or, u5|ng standard

t echni quesdinsakbriopyReptias is, frovb hdetivativedf diicplg strain Kal@d\ﬂ@tl@ﬁx Inegroal , Col d
Spring Har 2 Sui t abl e tech ati:ble.wth the cells and

ot hode Bt el Rbpai e ah bR f S mer (SoE rE s koS ddeefioped i n
| nt er nahisomalasfdR| ine sk Qorhas WP 2R ENH GéRuighdsand U. S. Patent Application
Publ i cati on No. U52009/0203102 Al. [0219] In sone aspects |t may be

desirabl e t o _over-express isoprene synthase, MWA pat hway,

PGL, hyl14t)etiedBVentiol cGUmRIS &S HeobaRang ﬁell(ﬁ)r%f@cESF’E)ﬁ’?f&W ¢0ét&1%ﬁoll>g%qaabt ose
”etabolaa a@@?éﬁbdﬁ@%@’ggﬁf%%ntﬁé Sg%ﬁn fh'e ﬁfbldﬁo So%?e\é%kﬁ far higher

t han currtent foun at’'ura occ g ce me aspects, it may
be desiheshbdlogts mmkar acddpr @sedife ad’GL pmymmde whactin tatneiclear aouﬂ{ls)eis/a)e

i soprene synt hase, DXP pat hway, ,
o oo aRE BN ek A, T Obic B () Oriaar PRl O SR be
et aboldngoff ysra ﬂ%& @ﬁlm@/ WherBRl pHRY eOHi 4 EAAEHPO the Eocloyln%ntdo@@n&%fa@mg

nucl ei ¢ aci levels far below that those currently found in

nat ur al nuylem:fmml(s) thet anebdess) aSuicodibp e Pt padpipeptide. apderhergn therderltiegcpr essi ng
t he |so DXP . pat hway PA., h nase,
nyr 0ga NSRRI G T Gkl AR Bmpled e PP sut ais D B anal or

nDIybdemggu@haﬂﬁmqﬁgeggqhgqs)aC|ds conpatible with cells and net hods
descri bed herein are described in International Publication No. WO

2009/ 076676 A2 and U.S. Patent Appllcatlon Publ i cati on No. U52009/0203 102
Al . ExdAM1Y) sapgasecty Gahpstrslls ardurterislaste pbas e eia cokpryathAidg, 1 DI,

MWA pat r I
factorln) ag?ggéﬂﬂ¥gﬁ 0 |g§%ﬁ: %%(ﬁgﬁgg§§3ﬂ§$%r%ﬁ%%gfph%%gﬁgﬁ%Q%g&gs (and
their empmdeﬂabakymggmsgemjmmamngaI&hlpﬁ@pﬂnﬁm®nﬂam¢cmmg&aasnmhhat
natural ly cantains isoprene synthase, DXP path . DI at h

hydr og&fREESIOR Geftiesy é%@@cqsf&flﬁ PAEteBoL s Amslers ﬁ&fvgia%ﬁoﬁléétaBrlSOP@%‘Fé&\EA@éé‘

met abol ;Jo‘Pyp%BG'AeP n G8hy Qs‘il)%&%' hé HENIPN dre BHGERL CeREH AR Es’%ﬁern&ztt@golﬁgpa\ﬁ?

isoprene 1s formed naturally by a variety of organisms, such as bacteria,
yeast, thitaloesnotandoderd @h@sphﬁglgennommsm(tmlﬁ pohwepilk, palyhewrtides DXP pat hway,

or bot and DXP UCIn i SO ne, (Fi gure and
Thy - TSR T Rty e e s apet SR S etes oS B woft pEhe
Organ|$ﬁ1bﬁ@%mﬁﬁ@%@hﬂﬁmé@ﬁoﬁﬁﬁmﬁﬁﬂﬂ%@ﬂﬂ&hﬁﬂﬁﬁkﬁb@@bp@kﬁmﬂ@GmWNAn%W@ DXP
pat hways. | and i soprene synthase nucl ei c aclds can be obtained, e.g.

from any organi smthat contains the MVA pat hway, DXP pat hway, or both the
MA and DXP pat hways. MA pat hway nucl ei ¢ aci ds can be obtained, e.g., from
any organi smthat contains the WA paggmay or contains both the MVA and DXP
pat hways. Hydrogenase nucl ei ¢ acids can be obtained, e.g., from any
organi smt hat oxidi zes hydrogen or reduces hydrogen ions. Fernentation side
product MD 2011/079314PCT/U82010/062099 genes can be obtalned or



[ 0221] The nucleic acid sequence of the isoprene synthase, DXP pat hway,
| DI, MVA pat hway, PG., hydrogenase, hydrogenase maturation, transcription
factor, gabaectigseswet abol i c and/ or nol ybdenum transport PaldlSed10/062992s can
be isolated froma bacterium fungus, plant, algae, or cyanobacterium

Exenpl ary, sour ce organj.s i nclude, for exa uch as species of
SaccharBiffbaope fgfffgo et ne st SR RCOHER s S REP et

Escher igBbding & PGL p pe(f)ﬁhé Iith@ne %p%@%saélatw&%b@em &Infdl {Ruéhces, a

Met hanosar ci na mazelg/ plants, such as kudzu or poplar (e.g., Populus al ba

or Popdietpgolag@as nuctencemd an@Amg%QB)pr@w sasihew m@y@ptldP@ﬁwtqmlog@@nmctﬂmes)
Exenpl ar % ani sns are g bed in ntern% atl%n No. WO
2009/ 076 C° '8 pat BREC AEHTi% 8{1? 8¥1mR|8“’ gaiaf}%sﬁén a}’f%%" Pl No?hed

2009/ omﬁ&agous\mcm&)@@@% ddS oPutdre cdfites dbhe/0P BB ArdlybdEle 20@H0kd2220,
and US Publ. No. 2010/0003716. Exenplary Transformation Methods [0222]

| sopr erfelpAtidess dn SERPAPAERWEG Ong B MOIAPISS Oh igyhetardipgousaene graisding, a

hydr og t / or
ol ybaanrr e EisBiEone S E R BLLAD B Abn AR SRR ARG

i nser t edpiesi@g.aintasited altd tHed. goli cArophaniney: éh lsomaasfpeatgﬂhe Oﬁd: by marey@piis cel |,
or a bacterjal cell described herelRPi usi.ng standard techni ques for

i nt r odutheobetgplogopngene sacding PHL Biids aeoong ofgugre cepies deien as

t r ansf i n,

tr anst aerr o8l EhEERARY G horbliarely SLaPA Al pPhaet aRASFUG e

t r ansf ectmon coplest ofahs hetetqlmgmumgenagermodmg orrbonmnte rph]zygéatv tmogpprt | ncubati on
with calciu hosg}te DNApreC|P|taIe &%ﬁl ééﬁrgnbardment with
DNA- codt® ‘“’H%I TRRPFRY Copigg (e ok“&’&lr%{ 1“1‘% MASOMEL st or mat i on

techni ques are known in the art (see, Current Protocols in Mlecular
Bi ol ogy{0{46] IVsoeatiels, @k batteriflREdR) a@b’i@ e6/i Suraidl 88T sopdypeak teé al .
Mol ecul ar C oning: A Laboratory Manual , 2nd ed., Cold Spring Harbor, 1989

and Carhsbieripl stainglare ofduraoli seaieBL2 11 dn sEneaspeatsghy bacrmal celsasaaE Edcatucl ei ¢
aci ds h I

ext rac@éﬁlob%%irrgp%gé%‘ggmf ?%’Pecééﬁlggﬁcgs% rlaglir?% i Suﬁgfe Sﬁegggxq hgéggol W/‘f ed by
any netyeod ektamor ldds thgome taspe&s; ﬁlﬁbﬁhlﬁll’ﬂf&lﬁ’lﬁ'ﬁﬂdﬁn isuppeheatcdvgth T, a%mﬁvpmnt s
are descrl bed in International Publi catl on No. WD 2009/076676, U.S. Patent
Appl i ca&lTEse Rilessy 51 sopme gppects.(be mimal NsdiuppisorpBenared withd % 610).65%607, Us

2011/ 039414 Wéﬁ?%é%”&é@ﬁ‘%’<”ﬁ§§§%pur. ORGSR some

aspect gy Oalfy (wiv) gheose ihoamidepects ibe nii@mal meflunt enpplaabudéd 0d % tve/p) of

recovering the co nds produce l.n. s nme aspects, f

ocor | i sPgs FORp RS mp A o nbisy Gredhah SvupP i b @b‘gﬂ%er@v%rn some
aspect g, B8V [y ] g., US
Sy L O AU A 1 A b et Ll et Al
met hod9wdes 002 elv/heped A1 er&t/h)eyeastm@nadelnasomeeepp@fts teecminemphgedihe is

het er ol , f th t hods d i bed
nor o1 n PaRERepe SR (v el oGO EREFE TS PP e Danorhe §1ReSr B eno .
[ 0224] rPirh@lth&lipuris iup?mesn&drm&m%qwaﬂeocb%va@o% RO ®79eta), 0ieke U. S.

Pat ent Application Publication U52010/ 0196977 Al ; U.S. Provisional
Pat ent (appl P& ivdi). Net% 69173 B39/ VI R (Wek e DdJe&vvogspsemadiveifioh afe

exanpl f et 0, i soprene
and 5 qaPL8R GUERD.IR 0GR ol LR R 09 SANUBIE Riodboi T et on
Publ i calo3sa (Mo, (UBZ%IGJI/@;L&G@GF% (DD 3ehst Exaunpl Iasonk aopdee tHeanihithgues (e. g.,
decoupling isoprene production fromcell growth, nethods of producing

i sopr erfBeHRAS f)(l%la?féu@ﬁ%rTé\flf’ﬁtj %%d@éomeémecm theimipinal sedhiny kb Meopr ene
titers C VP prene and a
co- pr o&ﬁ‘%ﬁ? I.ngsg?nerﬁ% érkgsgZ}}lefr%mﬁano 19%;1§tr 3- pr@%gg{lgg%ﬁ %/Sp Qﬁ%ttﬁégan be used
Wi t h t heingeill rsedamd 1$7M9rmcﬂ;umehmrqrﬂwdphm ehemarnmab@sdinimbe dM hmediuer. fat i onal

Pat ent Publicatiqgn No. WD 2009/ 076676 ) a atio

Pubi | cAPMEAREL: Todbo Boias0n ot o Uab A DEEEHE Ao Eatsiore TS S6 Al
U52010/M1&3647, 8n Abma ashebR2AL QLRIHIL oo eﬂé@gﬂ%gﬂﬁjﬁﬁ&?ﬁe de 1§Jfr§fn

Provi si onal Patent Application Nos. § /187, 93 61/ 59, and 61/ 187, 941,
and | ntderimativegrdi. cPhserin KAZVIGd &b 3.dn sPub bspsatsi A hRigmlogADs 20044108446 A2 and
WO 1996/ 035796 A2. [0227] The invention can be further understood by
reference to the foll ow ng exanpl es, which are provided by way of
illustration and are not neant to be bj7n‘iting.



EXAMPLES Exanple 1: Construction of E. coli strains expressing the S.
cerevisiae gi 1. 2KKDyl operon, P. alba isoprene synthase, M nazei

meval onatwokdnAse314pCL Upper MVA (E. faecalis nvaE and meas)S2@ade30bhE (pgl)
(i) Construction of strain EW.201 (BL21, Cm G 1.2-KKDyl) [0228] E. coli

BL21 ( en brand, .EMD Bi osciences, Inc.) was a recipjent strain,

LT ansdURUAPAPPRPRENBETMEe BYRR/Se1i0eD Thiela rulche D8 AT 6% Ko met hod
descri bed, g ubsleinsYy. @l ., Current Protocols in Ml ecul ar Biology. John
Wley and Sons, Inc.). MCM331 cells contain chronobsomal construct

gi 1. 2KKD{‘|mencodi ng S. cerevisiae neval onate kinase, neval onate phosphate
ki nase,[0kEldnsnme espepisopi sshhbirderesepriso xy MY & paghwrylbypepbdedasenti | e. |

the gi 1, 2- KKDyI e r revi si aes ructi f ich is
doscrt afFeh M B P e AU AR MR PRES rofiBePlus Db 76676 a0
and U. Sspdad, et MARPpathahy polyPeptide 24 3Rved RV APStHRy polfyepti@) 0946Rr63102) ) .
Transductants were sel ected for_ by t%r eading cells onto L Agar and 20

14/ 111 3Pahs epteat MoA pathway patyasptigs s sslerterbipmdhe gopRcghistag ofog) an
Anal ysi r t : i . r o+
cor 1 4° cBefheNANRAIFRAN SuERRIRAIONG R ARbES R £IMER D ALETIANE © for

| ysat e Ce@ntyane Aadyintase pAZEPlidEcmd (i) arsshivdroanB-snatkylelupmrgk@ocenapae dsed t o
inoculate 5 ni f_ Br%h and 2014/ 1%%5: chl o&g\;ﬂgheni col. The. cultures were
grown JEIGASGRPLYREPHISCINNAME ASASHS- Hof WRPeD PATIWRY PRRIPEPUES Fiom

pr epar alehQNBn@foBAGH. Tn' BARIEIAN thef e Rpah¥al polypeptibe ifropver ni ght cel |
culture were centrifuged. The cell pellet was resuspended with
400p1ReSuspensupfieBufst Br squROashbars, it loweMVEDE Aaths0uyioNaeptidgibisfle@yd and 4111

e R P Gl AR R I T
10/ mMPMK e (iR 8hbs phbafekals Rt He@ibdx$l GEBvIAMDIE hfe(iv) iddiRnieHPIESE pMRPRate

i ncubated at 37C for 1 hour. The cell |ysate was transferred into 2 m
Phase LligfikerpsegfpDGa somgysgeqtEdiseansr MV Apath»ee pelypepeds ivfn 88YKr at ed phenol

B i dPsRys. A o Rte B8 B RPK PN BRSSP B T R a00p1

chl or ofsom@agpedtd, e Mykepslgpdptidels fnas Mdransherfdirdniiei.a new eppendorf tube.
The genomic DNA was precipitated by the addition of Im of 100% et hanol and
centrif ion for 5 mnutes. The genom c DNA pell et was washed with I n
70% \Aéﬁ%‘}ﬂl s romipem e 636 coRveden Haign hayhde bitks e P B and
the gengqisgeMNAREL RYtyWaS: A chavggk $h@ldmdEes kol dhe oF RrOEHQE & PNA

pel l et was resuspended"w th 200111 TE. [0230] Using Pfu Utra 1l DNA

pol ynmerleseolp Stusegeag emmdirgrdP@D@Pob/veptide with genanmereDhWcased exppdssive, 2

different sets of P reacti on tubes were prepared according to

manuf aGPUPE e ST BEEl SLlir AR T S apS VARSI i s CHIERY 397Dl e 1)
ver e us@dodifg 8PEH Solypepiad wed sl opBh EnRUGE 858 Eidddind NPEHIRA1ERplidH Bat he
attTn7 |ocus. PCR paranmeters for set 1 were 95C for 2 m nutes I()fl rst cycle
only), i95Ggraed x8o thedmtesll sdwomgsonds lssemedspect herbaetepsl eeds prageicy r epeat
steps 2-4 for .28 cyel es 72C for m nu For set riners MVD For and
M/D Rev Pabl aéaf?e#ef‘% R Y r%ar%esﬁ]}Pae“ %hﬁé?ef P&y i‘“’.”ﬁ-%%lé Gperon

i nt egr ajopids pf @ RetketologddCRe i n2BBINg AP G0 pols péptide WethorR e nid¥é adobiatedt es (first
cycle only), 95C for 25 seconds, 55C for 25 seconds, 72C for 10 seconds

(1 epeatexpfesyign somral gequepcesyegy)morg sepiehef 3 heiprglpgaus gegIcseding PneeR

anplic O k- (Vi 0 I duct ant
cl onesqﬂw(zrre %@%g?o;é%ééaﬁggghgégﬂ%étggggﬁgﬁge gggll) rgﬁ%t e %asttsoqjgihf %%AAO@XE (i)
Const r watoding ofie &Gt maiermdAvbh@de traBipdit pol ypopides whHeh cRHIKKD midifdBipkditihe

chl oranpheni col narker was | ooped out of strain EW.201 using plasm d pCP20

as desqri by Dat senk d \ r (2000)..(Datsenko et al , Proc | .
noad - M re e etnd CoboD] TbEabT e PRETARNS SrETHI AT o o

m dl og gbasg 1anth tihes: MeSBASDHRbERop AR SIn BricG8p&d, the B BliickEs MakAr . An
aliquot of 501.11 of cell “suspension was mxed with 1111 of pCP20 and the
cel | suppafic praduptivtygreatortbar et 1o pre/ @Dder af isogreaminggmstaspects, thei i.rcofjen
Corp.) a .5 Volts and 251..1Fd using, a ne er..El ect roporat or (Bi oRad
ey, Bl F 4 Rebis G &rgebBaldod TP DR i PRRERLf ot t o a
14ml poisgwmmé@Q@litcubﬁhz(v%@rsp&@ﬂ& rofiuttiviey greitdt the@pboueal Ing maaDB/Halk owed t o
recover by growing for 1 hour at 30C. Transformants were selected on L Agar
and 2014/ 1. 11 chl oranpheni col and 5014/ 1. 11 carbenicillin and incubated at
30C overni ght. The next day, a single,glone was grown in 10nilL Broth and
5011g/ill carbenicillin at 30C until early |og phase. The tenperature of
the growi ng culture was then shifted to 42C for 2 hours. Serial dilutions
were made, the cells were then spread onto LA plates (no antibiotic

o o, o N NN N N o o o S



WO 2011/ 079314PCT/ US2010/ 062099 pl ates, were deened to have the

chl or anpheni col marker | ooped out (picked one and designated as strain
EW.204) . Woi2031/0Ze318t ructi on of plasm d pEW.230 (pTrc P. ParA®po1p02229
Generation of a synthetic gene encodi ng Popul us aI ba i soprene synt hase (P.
al ba HGS% was_ out sour ced ei r

o odon GRS T BT oA ot Cells eca i Pa iy S ARRETEN DG v
cust omG/OTR; m&@ra{eam&naoﬁﬁé’&@ thNBVAGLRIDhaN [B%Bﬁc?rmwﬂ atel NC. )
and delivered |yophilized (Figures 2, 3A-B; SEQ I . [023 A PCR

react i dharv\id@upé?? g/ dr b isamshe f In folvee aispecasls blas E. S@flﬂr@Heh@W fpasidic( P. al ba

VOV o3 DIt RP eRAE thanabBuch b MCinar aR 1 & QiniBR I BNlresfie (o

manuf aataye @kp&eifi proaeavit %Qﬁté}(mﬁi 4Hoans1 WRIBDAS o‘f Q;bbﬁé\ﬁ@ In96fe fafec®, tenut es
(first cycle only 95C or 25 seconds, 55C for 20 seconds, 72C for 1

m nut e, E-rcefi glls hadﬁ apgediie pesluctiyiprereatpathan o 32 g1e/QD/lr e ifoprens. Wisetices .

e L ey

pr oductisopienet hesontt gpsdtedhd B @/i2@1phaveengetific praticeiity g@atkr fhan Bsidl24
endonucl ease (New Engl and Bi ol abs) with 'g“éill él10X NEB Buffer 4, The reaction
t

was i néﬁgfsltl%fbr ¢igpopretio li Lo A5BIRESs ﬂTfh@ ol &Y PR eF g frRHC A SEeRtSh

purifi Qﬂa&‘é’doﬂgz @)ﬁﬂ‘éki‘s‘é ggz Purification Kit. A secondary restriction
di gest was perforimed I n reaction containing 1 pl Pstl endonucl ease
(Roche) with 2 pl 10X Buffer H The reaction was incubated for 2 hours at

37C. Tk[@liﬂ]de:c)ﬂ@d afpErtsf thadhrenti ce‘/lbsshamemumﬁr ilifnieef yps¢ifig praveciyingef abkuPCR

ol 1 eacet O BoRt:A P oL Bi/NLbI e baonudrcde 0 ki iy or 1 iy OpgEr T " @ 20

endonuqls . IABthe? agPecth Oe Buwze&elﬁha%@wmqﬁmwf &flb@%lﬁl@ﬁeldy bor 2 hours
at 37C. The di 9ested pTrcH s2B vect or was % puri usi ng 2% E- gel
(1 nvi t rabgei. Gof . P, dhd leki-rideled Susd.ng. {hd SRR 8k 2ée24 B 2 a@g/D@rﬁhwft

(Q age % gure 4). Using the conpati bl e cohesive ends of BspH and Ncol
sites, OP: | igation reaction was prepared containing 5 pl P. al ba
isoprene synt hase insert, 2 pl pTrc vector, 1 pl T4 DNA |igase (New Engl and
Bi ol abg91514 Iplsoﬁ@Xsﬂeicgaﬁle hbtﬂ:hﬂegqusallndleikihcm erdtdtid@.an Tdoprdneganthase m xt ure was
i ncubat ed at roomte er ture for 40 m The 1 ion m xture was
desal t P RFPHIGAOPHY ko %mowrzéﬁ%?@QWwﬁe%z%am%%\g@

ni t rocegréaleé&ﬁéh mw&&mm&& 15()Me|nE'IB%§1): a'sﬁbc% Ql%tHeterSibg&sQTucﬁU‘!%Qd and
applying the ligation mxture gently on top of the nitrocellul ose nenbrane
filter enopdiBfamsnptces S)atthaso(pniypeptp@rlabmreblyﬂimﬂ® aslabtr@tanefn@ the oslls i n LB to
m dl og phase an shed three ti sterile water

2 1 quottiar 2 sptife BPSe R s erolohhES mefa it Rogieps 16romE e E B Tr o P.
al ba HEZtdrb18géusAucFicacid B0 Blg anS S5pRERSyBIhadd pdl i@ s dpehbly BRRUased in a
2 rrmcuvetteg(tét 2.5 Volts and 25 i.tFd Il?I/SI ng I?&G?e Pul(?gr I%Iectroporat or.

| M of Ar@nekss anchtkedgedls Bhye aamtflctmocmélvxﬁegre@ter th@@r@bwtalﬂsmg’ﬂwhr ¢fo a 14 m
POl YEr QB G 580 e i AL B R L agar

and 50q;’il)ﬂﬁj%pu@d ﬂsbpﬂramek@dMﬁﬁ‘ﬁﬂﬂtémhﬁd @e icéll g e lanpedifie pfbda&tna@c The next
day, 6 transformants were picked and Igrown in 5m L Broth and 5014/ 111
car beni €84t thay thees 1 Hng/@APgnof topsne, Inppas wsrecpr BisdiclgErlespisruglereasion t he

overni Q% %(%H%Eu:ﬂ s%ﬁl%eﬂéls Opa?gwlp%%tld%% B%&%ﬁl'}/@l‘hﬁ&i §' %I.I)I()Qo?egeﬂl)d thpclﬁ]hst o the

use of pl as cation of washing the
spin cdiaudanSpemfhdwprB&chwﬁtfy@redB@ﬁ tbzm:laHBEt B)anfgré(DDBﬁ(oﬁvBSpneneoImmmatagectm t he

st andar act urer' rot oc for achievin i | a DNA.
Pl asmi &g Hé?r@ %ﬁoa%gveféﬁc idign vg fiisgPIsHe Mlﬂ?a%s %BFPCl%dg ﬂéﬂﬁﬁéﬁlﬁk@f’c@r rect

si zed |j Regbtdr ! 2ATROellsAale § sﬁgcﬁg@rg&éﬁ[@ ot ARer G BBkt ) /DM 8P pped to
Qui ntara Bi osci ences (Berkel ey, for sequencing with prirmers MCVB5,

MCMG6, 1Euzt@®0h( SPaity] r@pic)ts, tBNeetsretpgenciuvieic egdleneodsipareidopthe §nlaasmi ds wer e
corr eCt a E}l as merabM?nkgd %okz? grocrineo%erg QI?& t‘lai o8t }PJVQ%TngiE(\:A%r%%gCéVE{yg ures S,

6A-B
greater than about 21 mg/OD/hr of isoprene. In some aspects, the heterologous nucleic acid
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iv) Construction of plasmd pEW?244 (pTrc P. al ba-mwK) [0235] A PCR
reaction was perfornmed to anplify the Methanosarcina mazei (M nazei) MK
gene usi NyoRENMB7831as t he tenplate, prinmers MCML65 and MENIUR2¢1986209abl e 1),
and Pfu UItra 1 Fusion DNA polyrrerase (Stratagene) according to

manuf act ur r ot ocol glndl i.ons \/\@1 ¢, gsdfoll oWs: 95%% | m nut es
(first <y %g 61?1 S;?)’ren%@t?%ﬂ? POLYPERIE & oPeraRly linkrd et WRRBfRisand7becslly 18
secondsav @Bﬁ‘&’iﬁé %bda&v%ycgr@a%er Mt zh)ofal mahlgﬁzml@ 3f ABpRhe. 18 GofmBlhaspectyl Myt €.

The M nazei roduct was purified using Q Aquick PCR Purification
Ki t (Qlag@nlogms r)ucleﬁcoq\"z@@}:nwﬁmgl\an ippregie swmhammlme@dd@ts qmmbtmmwutgest ed in

a 40 pl 8 PCR d
Enol and B BRksRR SRS R e R PARUS wrefishingabp RERDARSE {0,

The reagdprafe. Wesonhdepbas, etk hasrobgbodmscl@t add encotiney &H Q@@%ﬁ@syﬁl@ﬁsé ragment
was then purified umyr;g the Q Aquick PCR Purification Kit.

2011/ 0 P®bneptidy wsperablydgked & & BonHUe 9“@‘@§1C?1|1501151'V6ﬁSH?‘Q@%PMM%‘%@’Hor med in

a 47 pl,, 0X
R L e e R G L T T
was i noanb@dlﬁglaﬁ Q;bpﬁnh@yﬂtﬁasatpo@ﬁéptldEheophrglﬁstlmﬁe@m ﬁmﬁ@mmndmcélhen gel
purified using.a 1.2% E-gel and extracted using the Q Aquick Gel Extraction
Kit . p|1&§ﬁﬁapmczer9dmgmdlg§%tréaaq gpoyt %@g/ﬁ)la@épf BAPEBRt ai ni ng 10 pl

plasm d, 2 pl Pnel endonucl ease, 4 pl 10X NEB Buffer 4, 4 pl 10X NEB BSA,
and 20 [915 Inqgﬂﬁggspeyﬁeth'é@gbh eAIRRhéNGHRLEd hE@folg?gd%@%ﬁ@leﬁtac{%ﬁC The

di gested PCR fragnent was then purified using the QAquick PCR Purification
Kit. A eneednglanIDkpdypdptitie.dn sglung@snecma@led‘elctf)l@r:fribcfurtheracomrlpd: areaction

containin st | donycl ease Buf f and. 4 of Pnel
o oot ahre B et Rony SRS kil pBY Pt AL ot BP R T o oure. a
37C. Thepstkgeast edoRCRI1S flﬁ&@pcfﬂmpﬁ@s% atHe@Molg8buspiicicid K9 eidoBthga 3X8% E- gel and

extracted using the 3}}@ Aqui ck CGel Extraction Kit (Flgll;re 72 Usi ng t he
conpat i gl xpepidaoel afker pathwis ipPlyRerfidestIn sging aspects, depi cpli gells for ¢react i on

was pre |Aser I 1 pl
Ta- o P S BB fhpf s dh plRRENo MR BEd enolafle ESHRNREPE Sk o ule
was i nmlbatt@dP pxt@ivay @Blypaptidt6Qn sEFﬂﬁe anyxts, thayh,. cblheellsl fgahéradniprixé uficomas
desalted by floating a 0.025 pm nltrocel | ul ose nenbrane filter_in a petri

di sh ofm%ﬂﬁeleé:r?&ldaiﬁﬁ?%l%aﬁ Ralypsptionand &P&@Sepﬁwrlgle grotheiP 8P t he

nitroc n I I MCMV446
B e B v L LS

i ce-col mblypepeala 11%)1 p@ltypepﬁd@*andllb)&i&@blypéptﬁﬁ qlothet Doat pathwsgopoisp@mdmsln m xed
with 5 pl of desalted pIrc P, al anM/K ation mx, spensi on
m xt ure*%&é%qcésct’%%? {def‘dilcPﬁlFS @zlsﬁPﬁCE‘?ﬁ/Y %8° g? YEe%ld%ﬁe[sPo %@e @ usi ng
a Gene [Huk $61ypEpRELrARRY 708 patﬂwg} p@l}pé&d’e§ In"RRA Rp&LY nAdigiad pta@mme cells,
t hen the ceIIs are transferred t propy ene tube wth a netal
cap. Cainkedevtbe ssoptenowpidhase ppé@opteie By! Jgrlmﬁpnge,faod DX hpelypejttidg @Cother

Tr ansfﬁ{)gg Suler e seltec%t ed on LA and 50 pg/pl carbenicillin and 5nM

neval o Hzaglpg Y8EP'AMd" i ncubated at 30C. The next day, 6 transformants
were picked and grown in 5 m LB and 50 pg/pl carbenicillin tubes overnight
at 30C-[033§Sﬁisdm9hq&&tsy\&1fe@ el tarsmaghartohlpeiso ¥ BeRi@bious uhtlicesidisi ng

Q Aqui ck Cﬁl n Mniprep Kit. Due to the use of BL21 cells for propagating

pl asmi dgco HWISPPI@Q? PyKhase PRlSRPtHS- heomprasesdhaitAReNR syntipse pAbPeRtidsX and
PE Buffg A for
achi evi ngb [ g qua plogéﬁng%&%\ﬂ&%ﬁﬁcgﬁ%?ﬁgg% ?g%lgt géf qug)?

20 pl rs@ammecpblypmpadsuraeplnﬂtesapmmeghthssez;gﬂypepnéalin ﬁasragmt:ts t]ilalmpremé the 6

pl asm ds he Q rrect size and . shipped to Quintar osci.ences for
sequencYRf2 WRO?HYR?PP b5 TR -ontEeE PERTHES fr@m@egen%fmerw n some

2011/ 07a% %1&@%&9@4&@%@@&1%@9@ ial @Rb@11y-becdPy 314%2% bk PHMIR

showed a 3 plasm ds “were correct. One was’ pi cked” an signated as
pl asmi dn@t\mnlin fEnganpests.8hardp@ae Bynt@E@prpmde)ls a naturally-occurring
polypeptide from the genus Populus. In some aspects, the isoprene synthase polypeptide is a

naturally-occurring polypeptide from Populus alba. Other isoprene synthase polypeptides or
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v) Construction of plasmd MCM376 - MVK from M mazei archaeal Lower in
pET200D. [0237] The MVK ORF fromthe M nazei archaeal Lower Pathway operon
(Fi gures W0A0G/078H® | D NO 4) was PCR anplified using priPGES2MENEHY9 and
MCML62 (Tabl e 1) using the Invi trogen PI ati num H Fi PCR mx. 45 tL of PCR
mx was conmbined with 1 tL tenplate, rimer 101 tM nd2
T vansrenpanhad Aot <Gy B Brag Prisfir s 648 1iTids by hpsitated'S
cycles t@fthgfso?refn@rs%Zhngs NlaPW4(§ thercd? a&i/t)f)fsoﬂreﬁé) 3&%& %ﬁltﬁfwasﬁﬁes&lﬁearm 1 15

m nut es C for 7:00 m nutes, until cool. 3 jiL of this
PCR r ea¥0 20938220 gaVé201/ 12116 (thg emtprngﬂwm%laa@mdrpam@rw i¢éerenset he

manufacturer's. protocol,, 3.]JiL of this into
vt t 1 db I eaiB T i fosaRt b P b8 SR e BRY BRfanso. A
pl asm dsdpréi® gnthagnsbi@hgpnt was isol ated and the insert sequenced,
resulting in MCM376 (Figures 11A-C). vi) Construction of strain EW251

(BL2L(DEY), O G 1 2 KKDyl, pTrc Palbanwi [0238] MOVB3L cells (which
cont ai rMefpdnios Shadnceem PIR‘E‘CGP&" plrPYA¢encodi ng S. cerevisi ae neval onat e

Ki naseéxﬂ%%aéaglyp%gﬁggﬁh%eﬁ' €s 1n®¥1%£(981§th?w é{o‘aﬂ&% (qu ore

decarb I Ssonerase) were grown in og phase and then
washed dfficiesly, umH:Sgar Quanm}es dhdijghst purities andioe withMnigd imPupty pbfilesland
th 1 cell suspension m xture was

suspensi o | as 244. Th S
el ectr d’ﬁ?}g‘é&e‘ﬁ Br ué‘mg ﬁq% “%ﬁ%@n%?st‘g 1%?&?6“?@9“%@6""6 NGO Ene
Pul ser @@sﬁ:ﬁ@&ﬁi@t&émpﬂlﬁgﬁ £6f extaBrpleS ih EHLRSR] PadtldeshiiciddeuiRhdish and

then the cells were transferred to a 14 m pol ypropyl'ene tube with a netal
cap. Cé¥¢.sWRePeO/AT e R, tLbS rRatan dypphbigatipndinibhigatioarNes. HSGPEI/E2030T AL,

reval oy edng0F!  3E dRfRelaat BT s HheobhaRERr T Ao B2 IEndy ana

desi gnagsmh188) 138849 All Eyﬂmﬁbxmsxzim Amszolmlimm 10A1 SUs2010/FEVEETOA1,
(BL21(V[£$%O,1QQT}G1 KKDyl, pTrc P. al bamwk, per WA £0239] EW. 251

cells GRROTIA LS SoPrivéienl Baﬁa@teAmma@%NO h]@a Bhr 1§71 Helsandn i ce-
cold, sterdlggowater. Mxed 50 pl of cell suspension with 1 pl of plasmd
MCMB2 (‘conprisi ng WO 2011/ 079314PCT/ US2010/ 062099 pCL Pt rcUpper Pat hway

(al so known as "pCL Upper MVA"), encoding E. faecalis mvakE and nvas).

Pl lasm dOps3] Ao provifearheRan hwdsnpvasd cetisdds dot thel pmdudmnasﬂ ibgderen [kxampl e 8 of
I nternati onal PubI icati og WO 2009/ 076676 A2 EI Pat ent Appl i cation
No. 12/%Rto¥he ppethggyfor PESYFHEOPPEVY . COW&‘S%% CEE‘%‘H&%FWW Klure was

el ect 1 QpRfRL A rb&n%lgammy&tgnemhe&hﬁa Mt s conkh, 8 phLRguRiGeNe Pul ser

El ectropora of LB was i mmedi ately added to the I'Ts. Cells were
t hen t rapsilepf ptddtla)nglsﬂzp,rent tb@tqlbcmm[q;rism (i) obeommbie @prestodh he@mlogdels| s wer e

e RO TGN TR A YN SRR TS 1 R

at  37C.cofBrdibsome; WaB(il) bk 8AmBRthe#a8IogBR! RfdlAs aGd (s féritobMEIRPrene
synthase; wherein prior to the integration, the E. coli cell does not contain nucleic acid(s)
encoding a PGL polypeptide, and wherein the resulting recombinant cell produces isoprene at
a greater titer than that of the same cells that do not comprise (i) and (ii) and (b) producing
the isoprene. In some aspects, the improved method of producing isoprene comprises the
steps of: (a) culturing bacterial cells of an Escherichia coli strain that does not encode a 6-
phosphogluconolactonase (PGL) polypeptide in minimal medium, wherein the E. coli cells
comprise one or more copies of a heterologous gene encoding a PGL polypeptide with one or
more associated expression control sequences and a heterologous nucleic acid encoding an
isoprene synthase polypeptide; and (b) producing isoprene, wherein the E. coli cells have a
specific productivity of isoprene greater than that of the same cells lacking one or more

copies of a heterologous gene encoding a PGL polypeptide with one or more associated
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Table 1: Prinmer Sequences Priner nanme Prinmer sequence MCML30
ACCAATTGCACCCGGCAGA (SEQ I D NO 14) GB Cm Rev GCTAAAGCGCATGCTCCAGAC (SEQ ID
NG 15) MwBOR0T1/0G#3F GGCCTCAGATGAAACGC (SEQ | D NGO 16) MVD REW/US2010/062099
CAAACATGTGGCATGGAAAG (SEQ I D NO 17) MCML82

expression control sequences, when the cells are cultured in minimal medium. In some
aspects, the one or more copies of a heterologous gene encoding a PGL polypeptide with one
or more associated expression control sequences are chromosomal copies (e.g., integrated
into the E. coli chromosome). In some aspects, the improved method of producing isoprene

further comprises a step of recovering the isoprene.

[0156] In some aspects, the improved method of producing isoprene comprises the steps of
culturing the recombinant cells described herein under conditions suitable for the production
of isoprene and allowing the recombinant cells to produce isoprene. In some aspects, the

improved method of producing isoprene further comprises a step of recovering the isoprene.

[0157] Without being bound by theory, recombinant cells having chromosomally integrated
heterologous nucleic acids encoding PGL polypeptide produce isoprene at a higher titer and a
higher specific productivity than cells where a heterologous PGL nucleic acid is on a plasmid.
Surprisingly, recombinant cells comprising one or more copies of chromosomally integrated
PGL polypeptide, and optionally with one or more copies of one or more polypeptides
encoded by chromosomally integrated galactose metabolism genes (for example, galM, galK,
galT and galE), and/or one or more copies of one or more polypeptides encoded by
chromosomally integrated molybdenum transport genes (for example, modF, modE, modA,
modB, and modC) convey a substantial growth benefit to the cells, a higher titer of isoprene
production, and/or a higher specific production of isoprene versus cells comprising a

heterologous PGL nucleic acid on a plasmid.

[0158] Therefore, in one aspect the improved method of producing isoprene comprises the
steps of: (a) culturing bacterial cells of an Escherichia coli strain that does not encode a 6-
phosphogluconolactonase (PGL) polypeptide, one or more polypeptides encoded by genes for
galactose metabolism (for example, galM, galK, galT and galF), and/or one or more
polypeptides encoded by genes for molybdenum transport (for example, modF, modE, modA,
modB, and modC), wherein the E. coli cells comprise one or more copies of a chromosomally
integrated heterologous gene encoding a PGL polypeptide with one or more associated
expression control sequences, a heterologous nucleic acid encoding an isoprene synthase
polypeptide, one or more copies of a chromosomally integrated heterologous nucleic acid
encoding one or more galactose metabolism polypeptides and/or one or more molybdenum

transport polypeptides; and (b) producing isoprene, wherein the E. coli cells have a higher
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GGGCCCGTTTAAACTTTAACTAGACTCTGCAGT TAGCGT TCAAACGGCAGAA (SEQ | D NO: 18) MCML92
CCCATGCATGTCATGAGATGTAGCGTGTCCACCGAAAA (SEQ I D NG 19) MCMB5
ACAATTTCAUOCAGEASAEACC (SEQ | D NO 20) MCMb6 CCAGCCAAATTETEURINATCA® ( SEQ | D

NC: 21)

EL1000 GCACTGICTTTCCGICTGCTGC (SEQ I D NG 22) MCML65

sw%%é\;rowtg rate, specific proé%é\t-[wty (')Af-lisoprglgra%-rdjor titer produ-lcz'tai‘g}% i-gz)rf)bfene t al(l SEQ 1D

NO. 23)

that of the same cells wherein the heterologous gene encoding PGL is located on a plasmid.

[0159] In some aspects, the cells further comprise an MV A pathway polypeptide. In such
cases, the invention contemplates compositions and methods for producing mevalonate as
well. The methods for producing mevalonate using a chromosomally integrated PGL host
cell system can optionally include recovery of the mevalonate. In some aspects, the MVA
pathway polypeptide is an upper MV A pathway polypeptide. In some aspects, the MVA
pathway polypeptide is a lower MV A pathway polypeptide.

[0160] In some aspects, the upper MV A pathway polypeptide is selected from the group
consisting of: (i) an acetoacetyl-Coenzyme A synthase (thiolase) polypeptide; (ii) a 3-
hydroxy-3-methylglutaryl-Coenzyme A synthase polypeptide; and (iii) a 3-hydroxy-3-
methylglutaryl-Coenzyme A reductase polypeptide. In some aspects, the upper MVA
pathway polypeptide is acetoacetyl-Coenzyme A synthase (thiolase). In some aspects, the
upper MV A pathway polypeptide is 3-hydroxy-3-methylglutaryl-Coenzyme A synthase
polypeptide. In some aspects, the upper MV A pathway polypeptide is 3-hydroxy-3-
methylglutaryl-Coenzyme A reductase. In some aspects, the upper MVA pathway
polypeptide is from a bacterium. In some aspects, the bacterium is from the genus

Enterococcus. In some aspects, bacterium is from Enterococcus faecalis.

[0161] In some aspects, the lower MV A pathway polypeptide is selected from the group
consisting of: (i) mevalonate kinase (MVK); (i1) phosphomevalonate kinase (PMK); (ii1)
diphosphomevalonate decarboxylase (MVD); and (iv) isopentenyl diphosphate isomerase
(IDI). In some aspects, the lower MV A pathway polypeptide is MVK. In some aspects, the
MVK is from the genus Methanosarcina. In some aspects, the Methanosarcina is
Methanosarcina mazei. In some aspects, the lower MV A pathway polypeptide is PMK, MVD,
or IDI. In some aspects, the PMK, MVD, or IDI is from the genus Saccharomyces. In some
aspects, the Saccharomyces is Saccharomyces cerevisiae. In some aspects, the lower MVA
pathway polypeptide is PMK. In some aspects, the PMK is from the genus Saccharomyces.

In some aspects, the Saccharomyces is Saccharomyces cerevisiae. In some aspects, the lower

MV A pathway polypeptide is MVD.

[0162] In some aspects, the MVD is from the genus Saccharomyces. In some aspects, the

Saccharomyces is Saccharomyces cerevisiae. In some aspects, the lower MV A pathway
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GGGCCCGTTTAAACTTTAACTAGACTTTAATCTACTTTCAGACCTTCC (SEQ | D NO 24) EL1003
GATAGTAACGGCTGCCGCTGCTACC (SEQ I D NO: 25) EL1006 GACAGCTTATCATCGACTGCACG ( SEQ
| D NO 26)WORMuATITTACCATGGTATCCTGITCTGCG (SEQ I D NG 27) WCHG2010/062099
TTAATCTACTTTCAGACCTTGC (SEQ I D NO 28) WD 2011/ 079314PCT/ US2010/ 062099

VAR RTINS T W R e NACH ISR R e S o W

Saccharomyces. In some aspects, the Saccharomyces is Saccharomyces cerevisiae.

[0163] In some aspects, the isoprene synthase polypeptide is from a plant. In some aspects,
the plant is kudzu. In some aspects, the plant is poplar (Populus alba x tremula CAC35690).
In some aspects, the plant is aspen (Populus tremuloides). In some aspects, the plant is
English oak (Quercus robur). In one aspect, the plant is Populus alba. Other isoprene
synthase polypeptides or isoprene synthase variants that can be used to practice the invention
include, but is not limited to, the isoprene synthases, variants thereof and/or isoprene synthase
mutants as described in WO 2009/132220 or WO 2010/124146 (the contents of which are
incorporated by reference in their entirety, especially with respect to isoprene synthases,

variants thereof and/or isoprene synthase mutants).

[0164] In some aspects, the E. coli cells further comprise a heterologous nucleic acid
encoding an IDI polypeptide. n some aspects, the E. coli cells further comprise one or more
copies of an endogenous nucleic acid encoding an IDI polypeptide. In some aspects, the E.
coli cells further comprise a chromosomal copy of an endogenous nucleic acid encoding an
IDI polypeptide. In some aspects, the E. coli cells further comprise a heterologous nucleic
acid encoding a DXS polypeptide or other DXP pathway polypeptides. In some aspects, the E.
coli cells further comprise a chromosomal copy of an endogenous nucleic acid encoding a
DXS polypeptide or other DXP pathway polypeptides. In some aspects, the E. coli cells
further comprise one or more nucleic acids encoding an IDI polypeptide and a DXS
polypeptide or other DXP pathway polypeptides. In some aspects, one nucleic acid encodes
the isoprene synthase polypeptide, IDI polypeptide, and DXS polypeptide. In some aspects,
one plasmid encodes the isoprene synthase polypeptide, IDI polypeptide, and DXS
polypeptide or other DXP pathway polypeptides. In some aspects, multiple plasmids encode
the isoprene synthase polypeptide, IDI polypeptide, and DXS polypeptide or other DXP
pathway polypeptides.

[0165] In some aspects, the heterologous gene encoding a PGL polypeptide is from E. coli
strain K12 MG1655. In some aspects, the heterologous gene encoding a PGL polypeptide is
from a derivative of E. coli strain K12 MG1655. In some aspects, the E. coli K12 strain
MG1655 polypeptide having PGL activity is SEQ ID NO:11. In some aspects, the E. coli

K12 strain MG1655 polypeptide having PGL activity comprises 1, 2, 3,4, 5,6, 7, 8,9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, or more amino acid substitutions compared to SEQ 1D
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[ 0240] The BL21 strain of E. coli producing isoprene (EW256) was
constructed with constitutive expression of the ybhE gene (encoding E. coli
6- phosphoybrerisbHat onase) on a replicating plasm d pBBRCWTS3(1GOM089YCi N)
(obtained fromDr. K Peterson, Louisiana State University). [0241]

FRT- ba}?‘S' reﬁﬁs(r}bi nation cassettes, End ‘ﬂ{ asm ds for.Red/ ET-nedi ate

i nt egr atPon: MEASPEU R AP REI SPBY PR REF SISHY & e ! 19BTSRETE B i dges
GrbH ( GekiAs Ayl subdeaRAY hRSIdASIdASerV ABRETTRINRY dsBéds, WRY £ GATK12drapyit accordi ng
to Gene Bridges protocols. Priners Pgl-F (SEQ ID NG 29) and Pgld 1.5-R ( SEQ
| D NO 3d§5108Y polypendide bawing PLyactivdy hes?¥e e, Vde S6th. &5, 8dva, Ré%, 92%,

FRT- gb2; t S| St agene Hercul ase I1l. Fusi it ~accordi ng
Lot he PG Saraps e §74: 808 oF S AR 1Bl AR futroe 1T BN Q3T Cie
contained: 5 i _IL buffer, 1 i_IL tenplate DNA (FRT-gh2-CmF from Gene

Br i dgeqP166lQnpomk asktsete heRidloBsus ganéledeoling a RGL poivpeidiiR isfrsm thagendso 50

i IL with dH20. The reaction was cycled as follows: 1 x 2 mnutes, 95C then
30 cyclliegudamqrys. 18 eBRAsPests: S senyrnmies HolseHiorpBEs agruginie 8 same720) .

[ 0242] ubt j : 2de MBS, i £ [ ' r) PCR
Purifi caa él?cg:’lﬁ%% df %ggégée;?)pggﬁ)gﬂ%ﬁeect r por]'é{a&etg‘q%y;i? gﬁg fggpg:%qn%é@é%t MGL655
cel | s hapduty, thegP.tdeeu goired -pely pepidmiivirasiGc aciatydongprigkab @, d, 49, boT.188s.

Cel l's re prepared by growing. in 5 nms of, L broth to. and OD600-0,6 at 30C.
The. cel 105 Thalre ridubent & b1 Todb) Rade epina st HPBY S camaiien snSbR 4o

ar abi ngpenend. # {PNELpbQs FhONN IR acROuBLHESS RE cRREVRE!d, IS dYspdls M nut es

of gromh at 37C. An aliquot of 1.5 nLs of the cells was washed 3-4 tines
in ice tbohmindHRE! subkigtufipmsadre oeld-kopeivagye. Masomesspepentied. reli KO2istraih of ice

uas. cariPUR HBEs Pt fal geb Ol g B U I8, G o &R, 5ol Baproed ' o

El ect r opos,36008, 08, 887%2874:N86%; 0! 3% SmivRY Rid &LA¥RIeqaenkidy tolSEQ MOWNGE:1at 30C
and plated on L agar containing chloranphenicol (5 i _tg/nL). Five

transformants were anal yzed by PCR and sequenci ng using priners flanking
t he int[Qb¢7dtIPéﬁm§iaﬁ@ctsz&ﬁrhieﬁé?log‘é{%?n%@?w g uRGE @olyappefide is freprbe ggust op;

Bott om ' d f - cted
and ¢ iarery Bfect o Sihehsbds, o s O S e b BB GBI S6ihe

chr onoswepadts, DNAS. ek rdVisldegml y@eptife hoglng BYR acasityseSE@ID N B alinsotne agpaees; at e a
PCR fra nt caontaini ng the FERT- -FRT-A 1.5 - ybhE construct. This WO
2011/ ofgggzlfrﬂmvﬂ%@z_ P65 BERGL 56 ASTER ALYt helos 7. 91011112,
PBBRLMGSS (et agviei 13, @S 26, lioWe amiffadid 8BTBRtion \&Irfp L& {o@@%@@h@:@&as
CVWP-d 1.5-pgl’, was anplified using the 5 priner PglconfirmF (SEQ 1D

NG 31) lasdm8'aspecispéie aBlindcooivhlpgheioop aic SEG e tNe: IBXpmeBhpectse thel aniing
fragnment. was cl oned using the |.nvitrogen TOPO Bl unt,. ni n it _into the
bl 2o deifER P RRR e Tt castTabts 46 SHE Bubradnr Fori R RERIMGIERE: ° The
Nsil fr E&dé@ef POD b yIR-9GL 98909198 DeBNBY,, 98%. SIpned, iNvgy the Pstl
site of pBBRIMCS5 (Gentanycin). A 20 pl ligation reaction was prepared
cont ai M0g 895, B IRPLE Q%5 01pere amdr acid sequengsBERINCESSK@ARNMLS n) vect or,
1 T4 DNA |igase (New Engl and Biolabs), 2 pl 10X ligase buffer, and 10 pl
ddH20. i i I XEUR ' t e . f

i it oS TRl 9854 BfbcCly b et (oI UP R PR Bl R OO SRR B Bt o)

(I nvi t rrglepolypsptitlg athef pabvdnehiars. Idissot agedisathe bacterddlanlf ae iRt 8oer e
selected on L agilar cont ai ni ng. 10 tq/ml chl grampheni cgol and 5 i _tg/m

Gent am/&RH Bk 1o sQie ppectss the Racterd}! seilete of bnewltiieiyBleHad using a
nunber of the prinmers described above as well as with the in-house T3 and
Rever sqop§9) R sSme ra%ﬁéké?ﬁ'le%{ R UBL £E Bulte® inRIndmPl @SdL A, WA ndespanat ed
pBB G 1.5-pgl (Figures 12, 13A-B and SEQ ID NO 6). [0244] Plasm d
pBBRCVRIE £, &ipglls waE. et/ egtaimBoratddrédinoniBihd5ecdias. lesoridspatthéredi.n and

t ransf or mant s re,pl at n L ar .cont ai nj ng..Chl or anpheni col o ..
o e TRES ot SRR P AR SOR AR RO TR E R TS A ot

car benigilh bf B. dod0tiaint BLILDE3PAR dultaRafi@ hikintal WRIiue 18 6686 agiesd@si gnat ed
strain RML11608-2. Priners: Pgl-F 5'-

ACCGCCARBNTH AT T PARORGHAGAGT CAGT D@ ATT ANCCST GASTRe ARSKISMHIBSCCEC- 3

(SEQ I B NP8 Wedium is supplemented with 1% (w/v), 0.9% (wiv), 0.8% (wiv), 0.7% (wiv), 0.6%
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PglG 1.5-R 5' - GCTGGCGATATAAACTGTTTGCTTCATGAATGCTCCTTTGGGT TACCTCCGGGAA
ACGCGGTTGATTTGT TTAGTGGTTGAATTATTTGCT CAGGATGTGGCATAGTCAA

GGGCGT GAGBORTAGITAAT ACGACTCACTATAGGGCTCGAG 3'  ( SEQ | D NBC3A)S280/062099
EcORV- pgl stop: 5'-CTT GAT ATC TTA GTG TGC GIT AAC CAC CAC (SEQ I D NO 31)

2011/ 070404PETT Vb Pet 0E3099 ot G PSP IAETUEHENERPTIIETASEG |1 D

NO: 33
) aIﬁ&tsCﬁleSm%al(rﬁécﬁﬁm WTA @m%s@ S84t RN 1B4dme

PglconfirmF 5 I D NG 35) Exanple 2:
| Npr ov eAYpasLs, dfe msmpalen@dlpmod&mpﬂmnb@d withh 811i% (wfvyé) (&%(\eé/és,ng(ﬂB%f(wybhE (pgl)

in'a o PR CBaloen o goaRgRabe PR STER AT e RO o 2 "

cont r ol (wg¥)r2hst eR¥RIERMSORE APdths, @le tMinidalti@Buiney Qlppldnhented WM%‘S@N) The gene
ybhE (égl) encodes E. coli 6- phodghogluconolactonase t hat suppresses

post t r #44ose Pola angh WEBAYY atardess on sREeapRsiclig Begnipinaalgpediumds pipptesianiedand

i mpr ov ) | yield
and 100 ?gdu’? W BCRAN (ﬁ%? (wna)t & W)&d%@ yY, d)%\p 4 and
Envi ror()’I}’.%t(anV)ND (Z%J(b\r/oj 0g9. 1 74(W)) glaa&eaﬁawlma% (W/v), 0.09% (wiv), 008%

(w/v), 0.07% (w/v), 0.06% (w/v), 0.05% (w/v), 0.04% (w/v), 0.03% (w/v), 0.02% (w/v), or

0.01% (w/v) yeast extract. In some aspects, the minimal medium is M9 medium or TM3
medium. In some aspects, the minimal medium is M9 medium. In some aspects, the minimal

medium is TM3 medium.

[0170] In some aspects, the E. coli cells have a specific productivity greater than about 15
mg/Lyom/hr of isoprene. In some aspects, the E. coli cells have a specific productivity greater
than about 16 mg/OD/hr of isoprene. In some aspects, the E. coli cells have a specific
productivity greater than about 17 mg/OD/hr of isoprene. In some aspects, the E. coli cells
have a specific productivity greater than about 18 mg/OD/hr of isoprene. In some aspects, the
E. coli cells have a specific productivity greater than about 19 mg/OD/hr of isoprene. In some
aspects, the E. coli cells have a specific productivity greater than about 20 mg/OD/hr of
isoprene. In some aspects, the E. coli cells have a specific productivity greater than about 21
mg/OD/hr of isoprene. In some aspects, the E. coli cells have a specific productivity greater
than about 22 mg/OD/hr of isoprene. In some aspects, the E. coli cells have a specific
productivity greater than about 23 mg/OD/hr of isoprene. In some aspects, the E. coli cells
have a specific productivity greater than about 24 mg/OD/hr of isoprene. In some aspects, the

E. coli cells have a specific productivity greater than about 25 mg/OD/hr of isoprene.

[0171] In some aspects, the heterologous nucleic acid encoding an isoprene synthase
polypeptide is operably linked to a promoter and the E. coli cells have a specific productivity
greater than about 15 mg/OD/hr of isoprene. In some aspects, the heterologous nucleic acid
encoding an isoprene synthase polypeptide is operably linked to a promoter and the E. coli
cells have a specific productivity greater than about 16 mg/OD/hr of isoprene. In some
aspects, the heterologous nucleic acid encoding an isoprene synthase polypeptide is operably

linked to a promoter and the E. coli cells have a specific productivity greater than about 17
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i) Small scale analysis [0246] Media Recipe (per liter fernentation nedia):
K2HPO4 13.6 g, KH2PO4 13.6 g, MgSO4*7H20 2 g, citric acid nonohydrate 2 g,
ferric anwonrbum7gdtirate 0.3 g, (NH4)2SO4 3.2 g, yeast ePCTASR1D/062094000X
Trace Metals Solution 1 rri Al'l of the corrponents vvere added t oget her and

di ssol vedo&pB %jHZO Th was adj H%é ; cﬁ‘ ]13 .um hydr oxi de
(309 dREANYBUYHEOR By ¢ appe-dhoadereiqgens Deqldr pf f&&o g HOB82 i cron
filter. gy nH&assy adalsa@éra@m litNe@ttd ﬁ%rd’fﬁ‘(ﬁt@r MQE@EaJ‘:Jl%elﬁ %@&é 4 ygeRtficon and pH

adj ust msnt [0247 1000 Trace Metal Solution (per liter fernmentation
medi a) :praiuctiviy gesiatét HRO abOgf, 1 S0P/ of @mgenwmom@gspeaeabahmﬁm@gbg

CoCl2*6H20.1 Zn5Q4* 7H20 1 4*5H20 4*2H20
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mai nt alabedt Ht mg@I)/ht bkisphlese Upodmé aspasts,thd hetervdogoxy geacleitlaoid alecbcpﬁg at was 20
sccmand the agitation rate was 800 rpm An inocul um of E. coli strain
t aken fIPUHFNE Sfyrlﬁlqu}y%ﬂpt%gs %’F@é}k]é‘&(eérﬁ? 8 PEometey H1ddhe Eapdf colis haye Twith

ant' bi \%ﬁ&;é&ﬁé A cinarbaledndl atE21 hb r%f &Jg%% WednlenQpatkaipd i nto

th a t| bi ot1'cs and grown overni ght bacteria were diluted into
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vover omife Rt uBaf o RO bIF PlonteiE ko il TR b @ sicheid oy

during dnb@dlﬁg)b!ﬂi s8pRhe bthdse Polyppgiedefik Qp@ﬁlﬂglﬂﬁkéd/totzypféﬁﬁ)t@lah@m&% oY
di viding the isoprene concentration (i _tg/L) bé he OD reading and the tine

(hour) .ceflpbay)a SPﬁ@flﬁ\%O@ﬁlélﬂhgreEW@% abow 2RV BbBbrofiegreenss lewsied at 200

and 400&5 eeltM Rl-lé% {)lggbl&st ﬂlﬁfé&%ﬁ@ %?cod?%lrg?ll Sépgé%:er 45’?@%% a%(gﬁgepftlﬁé 15J cﬁ)%parb%ne

productl noand r owt a

post - i rihked tomproBanglaad ek ecodiaels havediypleti€iatpeoduchyityReudet Eha{l aﬁ&ﬁ]zﬂhe
experi ment dermnst rated that at 2 different concent rafi ona PTG t he
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productivity greater than about 25 mg/OD/hr of isoprene to about 100 mg/OD/hr of isoprene.
In some aspects, the heterologous nucleic acid encoding an isoprene synthase polypeptide is
operably linked to a promoter and the E. coli cells have a specific productivity greater than

about 15 mg/OD/hr of isoprene to about 100 mg/OD/hr of isoprene.

[0172] The invention also provides for recombinant E. coli cells with PGL integration that
have been engineered to produce isoprene that also have better growth due to their increased
overall fitness. One of skill in the art can appreciate that increased growth rate can lead to
enhanced production of isoprene, such as higher specific activity, more isoprene produced
over a period of time, or higher isoprene titers. In one aspect, the recombinant E. coli cells
with PGL integration that have been engineered to produce isoprene has at least 10%
increased growth as compared to those cells without PGL integration and/or the restoration of

the 17,257 base pair piece as described herein (see, for example, Figure 20). In other aspects,
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titer increased over the cou{'se dg(tnl;'t e fermentation to a naxi nrum val ue of
33. 2 g/drodtctidf) ofiogvaofat8afd @) pratucing nouatampte( Fi gure 14B) . The i soprene
titer increased over the course of the fermentation to a maxi num val ue of

40. 0 g/ 40 hours (60.5 g/L at 59 hqurs Figure 14C) . The .total anopunt
of 1 so PRl 18Saue dretioe ig Pt msThd i bt B B oM B Rae 281 3 o
(451. 0 @pale 6PLiBRILICR) aciVity (cBRplibdtRhE QUPsSEr: Qh) RMAHHE LéIRbIIaf FSPRMERIN Fi gure
14D. The tine course of volumetric productivity is shown in Figure 14E and

shows tdeitstram thteloggyeotreacedeot 6-phesphpglnpenoletonass i metypsetidse &itierand 40

ggl{rlls Og}:égfi) { L;O%%%E‘) T%%%%V\@gegsé)jf% h%peQOI%gmpsog%Elz' 'CIlCO\ﬁng a PGL polypeptide with one

or more associated expression control sequences and a nucleic acid encoding a heterologous
polypeptide capable of biological activity; and (b) producing the heterologous polypeptide,
wherein the E. coli cells have a specific productivity of the heterologous polypeptide greater
than that of the same cells lacking one or more copies of a heterologous gene encoding a PGL
polypeptide with one or more associated expression control sequences, when the cells are
cultured in minimal medium. In some aspects, the one or more copies of a heterologous gene
encoding a PGL polypeptide with one or more associated expression control sequences are
chromosomal copies (e.g., integrated into the E. coli chromosome). In some aspects, the E.

coli cells are in culture. In some aspects, the improved method of producing heterologous
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The metabolic activity profile, as neasured by CER, is shown in Figure 14F.
The nolar yield of utilized carbon that went into producing isoprene during
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NO:11. In some aspects, the amino acid substitutions are conservative. In some aspects, the

amino acid substitutions are non-conservative. In some aspects, the E. coli K12 strain

MG1655 polypeptide having PGL activity has 99%, 98%, 97%, 96%, 95%, 95%, 93%, 92%,
91%, 90%, 89%, 88%, 87%, 86%, or 85% amino acid sequence identity to SEQ ID NO:11.

[0177] In some aspects, the heterologous gene encoding a PGL polypeptide is from the genus
Pseudomonas. In some aspects, the Pseudomonas is Pseudomonas aeruginosa. In some
aspects, the P. aeruginosa polypeptide having PGL activity is SEQ ID NO:12. In some
aspects, the P. aeruginosa polypeptide having PGL activity comprises 1, 2, 3,4,5,6,7,8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more amino acid substitutions compared to SEQ
ID NO:12. In some aspects, the amino acid substitutions are conservative. In some aspects,
the amino acid substitutions are non-conservative. In some aspects, the P. aeruginosa
polypeptide having PGL activity has 99%, 98%, 97%, 96%, 95%, 95%, 93%, 92%, 91 %,
90%, 89%, 88%, 87%, 86%, or 85% amino acid sequence identity to SEQ ID NO:12.

[0178] In some aspects, the heterologous gene encoding a PGL polypeptide is from the genus
Saccharomyces. In some aspects, the Saccharomyces is Saccharomyces cerevisiae. In some
aspects, the §. cerevisiae polypeptide having PGL activity is SEQ ID NO:13. In some aspects,
the S. cerevisiae polypeptide having PGL activity comprises 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12,
13,14, 15, 16, 17, 18, 19, 20, or more amino acid substitutions compared to SEQ ID NO:13.
In some aspects, the amino acid substitutions are conservative. In some aspects, the amino

acid substitutions are non-conservative. In some aspects, the E. coli K12 strain MG1655
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polypeptide having PGL activity has 99%, 98%, 97%, 96%, 95%, 95%, 93%, 92%, 91%,
90%, 89%, 88%, 87%, 86%, or 85% amino acid sequence identity to SEQ ID NO:13.

[0179] In some aspects, the bacterial cells of an Escherichia coli strain that does not encode a
6-phosphogluconolactonase (PGL) polypeptide are cultured in minimal medium. In some
aspects, the bacterial cells of E. coli strain B are cultured in minimal medium. In some
aspects, the bacterial cells of E. coli strain BL21 are cultured in minimal medium. In some
aspects, the bacterial cells of E. coli strain BL21(DE3) are cultured in minimal medium. In
some aspects, the minimal medium is supplemented with 1% (w/v) or less glucose. In some
aspects, the minimal medium is supplemented with 1% (w/v), 0.9% (w/v), 0.8% (w/v), 0.7%
(wWlv), 0.6% (w/v), 0.5% (w/v), 0.4% (w/v), 0.3% (w/v), 0.2% (w/v), or 0.1% (w/v) glucose.
In certain aspects, the minimal medium is supplemented 0.1% (w/v) or less yeast extract. In
some aspects, the minimal medium is supplemented with 0.1% (w/v), 0.09% (w/v), 0.08%
(w/v), 0.07% (w/v), 0.06% (w/v), 0.05% (w/v), 0.04% (w/v), 0.03% (w/v), 0.02% (w/v), or
0.01% (w/v) yeast extract. In some aspects, the minimal medium is supplemented with 1%
(w/v) glucose or less and 0.1% (w/v) or less. In some aspects, the minimal medium is
supplemented with 1% (w/v), 0.9% (w/v), 0.8% (w/v), 0.7% (w/v), 0.6% (w/v), 0.5% (w/v),
0.4% (wlv), 0.3% (w/v), 0.2% (w/v), or 0.1% (w/v) glucose and with 0.1% (w/v), 0.09%
(w/v), 0.08% (w/v), 0.07% (w/v), 0.06% (w/v), 0.05% (w/v), 0.04% (w/v), 0.03% (w/v),
0.02% (w/v), or 0.01% (w/v) yeast extract. In some aspects, the minimal medium is M9
medium or TM3 medium. In some aspects, the minimal medium is M9 medium. In some

aspects, the minimal medium is TM3 medium.

[0180] Also provided herein are improved methods for the production of other heterologous
polypeptides capable of biological activity. In some aspects, the improved method of
producing heterologous polypeptides capable of biological activity comprises the steps of: (a)
culturing cells of an Escherichia coli strain that does not encode a 6-
phosphogluconolactonase (PGL) polypeptide, a gene that encodes one or more galactose
metabolism polypeptides (for example, galM, galK, galT, and galE), and/or a gene that
encodes one or more molybdenum transporter polypeptides (for example, modF, modE,

modA, modB, and modC) further comprising one or more copies of a heterologous gene
encoding a PGL polypeptide with one or more associated expression control sequences and a
nucleic acid encoding a heterologous polypeptide capable of biological activity, one or more

copies of a heterologous gene encoding one or more galactose metabolism polypeptides,
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and/or one or more copies of a heterologous gene encoding one or more molybdenum

transport polypeptides; and (b) producing the heterologous polypeptide, wherein the E. coli

cells have a specific productivity of the heterologous polypeptide greater than that of the

same cells lacking one or more copies of a heterologous gene encoding a PGL polypeptide

with one or more associated expression control sequences, one or more copies of a

heterologous gene encoding one or more galactose metabolism polypeptides, and/or one or

more copies of a heterologous gene encoding one or more molybdenum transport

polypeptides when the cells are cultured in minimal medium. In some aspects, the one or

more copies of a heterologous gene encoding a PGL polypeptide with one or more associated

expression control sequences, the one or more copies of a heterologous gene encoding one or

more galactose metabolism polypeptides, and/or the one or more copies of a heterologous

gene encoding one or more molybdenum transporter polypeptides are chromosomal copies

(e.g., integrated into the E. coli chromosome). In some aspects, the E. coli cells are in culture.

In some aspects, the improved method of producing heterologous polypeptides capable of

biological activity further comprises a step of recovering the polypeptide.

[0181] In some aspects, the bacterial cells of an Escherichia coli strain that does not encode a

PGL polypeptide, one or more galactose metabolic genes, and/or one or more molybdenum

transport genes are of E. coli strain B. In some aspects, the bacterial cells are of E. coli strain

BL21. In some aspects, the bacterial cells are of E. coli strain BL21(DE3).

[0182] In some aspects, the heterologous gene encoding a PGL polypeptide, one or more

galactose metabolic genes, and/or one or more molybdenum transport genes is from E. coli

strain K12 MG1655. In some aspects, the heterologous gene encoding a PGL polypeptide,

one or more galactose metabolic genes, and/or one or more molybdenum transport genes is

from a derivative of E. coli strain K12 MG1655. In some aspects, the E. coli K12 strain

MG1655 polypeptide having PGL activity, galactose metabolic activity, and/or molybdenum
transport activity comprises 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,

or more amino acid substitutions compared to the native E. coli K12 strain MG1655

polypeptide. In some aspects, the amino acid substitutions are conservative. In some aspects,

the amino acid substitutions are non-conservative. In some aspects, the E. coli K12 strain

MG1655 polypeptide having PGL activity, galactose metabolic activity, and/or molybdenum
transport activity has 99%, 98%, 97%, 96%, 95%, 95%, 93%, 92%, 91%, 90%, 89%, 88%,
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87%, 86%, or 85% amino acid sequence identity to the native E. coli K12 strain MG1655
polypeptide.

[0183] In some aspects, the heterologous gene encoding a PGL polypeptide, one or more
galactose metabolism polypeptides, and/or one or more molybdenum transport polypeptides
is from the genus Pseudomonas. In some aspects, the Pseudomonas is Pseudomonas
aeruginosa. In some aspects, the P. aeruginosa polypeptide having PGL activity, galactose
metabolic activity, and/or molybdenum transport activity comprises 1, 2, 3,4, 5, 6, 7, 8, 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, or more amino acid substitutions compared to the native
P. aeruginosa polypeptide. In some aspects, the amino acid substitutions are conservative. In
some aspects, the amino acid substitutions are non-conservative. In some aspects, the P.
aeruginosa polypeptide having PGL activity, galactose metabolic activity, and/or
molybdenum transport activity has 99%, 98%, 97%, 96%, 95%, 95%, 93%, 92%, 91%, 90%,
89%, 88%, 87%, 86%, or 85% amino acid sequence identity to the native P. aeruginosa

polypeptide.

[0184] In some aspects, the heterologous gene encoding a PGL polypeptide, one or more
galactose metabolism polypeptides, and/or one or more molybdenum transport polypeptides

is from the genus Saccharomyces. In some aspects, the Saccharomyces is Saccharomyces
cerevisiae. In some aspects, the §. cerevisiae polypeptide having PGL activity, galactose
metabolic activity, and/or molybdenum transport activity comprises 1, 2, 3,4, 5, 6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, or more amino acid substitutions compared to the native
Saccharomyces cerevisiae. In some aspects, the amino acid substitutions are conservative. In
some aspects, the amino acid substitutions are non-conservative. In some aspects, the
Saccharomyces cerevisiae polypeptide having PGL activity has 99%, 98%, 97%, 96%, 95%,
95%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86%, or 85% amino acid sequence identity to

the native Saccharomyces cerevisiae polypeptide.

[0185] In some aspects, the bacterial cells of an Escherichia coli strain that does not encode a
6-phosphogluconolactonase (PGL) polypeptide, one or more galactose metabolism
polypeptides, and/or one or more molybdenum transport polypeptides are cultured in minimal
medium. In some aspects, the bacterial cells of E. coli strain B are cultured in minimal
medium. In some aspects, the bacterial cells of E. coli strain BL21 are cultured in minimal
medium. In some aspects, the bacterial cells of E. coli strain BL21(DE3) are cultured in

minimal medium. In some aspects, the minimal medium is supplemented with 1% (w/v) or
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less glucose. In some aspects, the minimal medium is supplemented with 1% (w/v), 0.9%
(W/v), 0.8% (w/v), 0.7% (w/v), 0.6% (w/v), 0.5% (w/v), 0.4% (w/v), 0.3% (w/v), 0.2% (w/v),
or 0.1% (w/v) glucose. In certain aspects, the minimal medium is supplemented 0.1% (w/v)
or less yeast extract. In some aspects, the minimal medium is supplemented with 0.1% (w/v),
0.09% (w/v), 0.08% (w/v), 0.07% (w/v), 0.06% (w/v), 0.05% (w/v), 0.04% (w/v), 0.03%
(w/v), 0.02% (w/v), or 0.01% (w/v) yeast extract. In some aspects, the minimal medium is
supplemented with 1% (w/v) glucose or less and 0.1% (w/v) or less. In some aspects, the
minimal medium is supplemented with 1% (w/v), 0.9% (w/v), 0.8% (w/v), 0.7% (w/v), 0.6%
(wWlv), 0.5% (w/v), 0.4% (wlv), 0.3% (w/v), 0.2% (w/v), or 0.1% (w/v) glucose and with 0.1%
(w/v), 0.09% (w/v), 0.08% (w/v), 0.07% (w/v), 0.06% (w/v), 0.05% (w/v), 0.04% (w/v),
0.03% (w/v), 0.02% (w/v), or 0.01% (w/v) yeast extract. In some aspects, the minimal
medium is M9 medium or TM3 medium. In some aspects, the minimal medium is M9

medium. In some aspects, the minimal medium is TM3 medium.

[0186] In some aspects, the heterologous polypeptide capable of biological activity
comprises one or more polypeptides involved in the biosynthesis of terpenoid (isoprenoid) or
carotenoid compound(s), and the cells produce a terpenoid or carotenoid at a higher specific
productivity than that of the same cells lacking one or more copies of a heterologous gene
encoding a PGL polypeptide with one or more associated expression control sequences when
cultured in minimal medium. In some aspects, the method further comprises a step of

recovering the terpenoid or carotenoid.

[0187] As used herein, the term “terpenoid” or “isoprenoid” refers to a large and diverse

class of naturally-occurring organic chemicals similar to terpenes. Terpenoids are derived
from five-carbon isoprene units assembled and modified in a variety of ways, and are
classified in groups based on the number of isoprene units used in group members.
Hemiterpenoids have one isoprene unit. Monoterpenoids have two isoprene units.
Sesquiterpenoids have three isoprene units. Diterpenoids have four isoprene units.
Sesterterpenoids have five isoprene units. Triterpenoids have six isoprene units.
Tetraterpenoids have eight isoprene units. Polyterpenoids have more than eight isoprene units.
One of ordinary skill in the art would be able to identify heterologous polypeptides capable of
biological activity, e.g., capable of making terpenoids of various classes by assembling the

appropriate number of isoprene units and modifying them as appropriate.

53



2.99 21.783 <50 ppm 3-hexen-1-ol 4.019 24.819 <100 ppm I sopentenyl acetate
4.466 25.733 200 to 1000 ppm 3-hexen-1-yl acetate
WO 2011/079314 PCT/US2010/062099

[0188] As used herein, the term “carotenoid” refers to a group of naturally-occurring organic
pigments produced in the chloroplasts and chromoplasts of plants, of some other
photosynthetic organisms, such as algae, in some types of fungus, and in some bacteria.
Carotenoids include the oxygen-containing xanthophylls and the non-oxygen-containing

carotenes.

[0189] In some aspects, the terpenoids are selected from the group consisting of
hemiterpenoids, monoterpenoids, sesquiterpenoids, diterpenoids, sesterterpenoids,
triterpenoids, tetraterpenoids, and higher polyterpenoids. In some aspects, the hemiterpenoid
is prenol (i.e., 3-methyl-2-buten-1-ol), isoprenol (i.e., 3-methyl-3-buten-1-ol), 2-methyl-3-
buten-2-ol, or isovaleric acid. In some aspects, the monoterpenoid is geranyl pyrophosphate,
eucalyptol, limonene, or pinene. In some aspects, the sesquiterpenoid is farnesyl
pyrophosphate, artemisinin, or bisabolol. In some aspects, the diterpenoid is geranylgeranyl
pyrophosphate, retinol, retinal, phytol, taxol, forskolin, or aphidicolin. In some aspects, the
triterpenoid is squalene or lanosterol. In some aspects, the tetraterpenoid is lycopene or
carotene. In some aspects, the carotenoids are selected from the group consisting of
xanthophylls and carotenes. In some aspects, the xanthophyll is lutein or zeaxanthin. In some

aspects, the carotene is a-carotene, -carotene, y-carotene, -cryptoxanthin or lycopene.

[0190] In some aspects, the source organism for the heterologous polypeptide capable of
biological activity is a fungus. In some aspects, the fungus is a species of Aspergillus such as
A. oryzae and A. niger, a species of Saccharomyces such as S. cerevisiae, a species of
Schizosaccharomyces such as S. pombe, or a species of Trichoderma such as T. reesei. In
some aspects, the source organism for the heterologous polypeptide capable of biological
activity is a filamentous fungal cell. In some aspects, the filamentous fungal cell is from
Trichoderma longibrachiatum, T. viride, T. koningii, T. harzianum, Penicillium sp.,
Humicola insolens, H. lanuginose, H. grisea, Chrysosporium sp., C. lucknowense,
Gliocladium sp., Aspergillus sp., such as A. oryzae, A. niger, A sojae, A. japonicus, A.
nidulans, or A. awamori, Fusarium sp., such as F. roseum, F. graminum F. cerealis, F.
oxysporuim, or F. venenatum, Neurospora sp.,such as N. crassa, Hypocrea sp., Mucor
sp.,such as M. miehei, Rhizopus sp. or Emericella sp. In some aspects, the fungus is A.
nidulans, A. awamori, A. oryzae, A. aculeatus, A. niger, A. japonicus, T. reesei, T. viride, F.

oxysporum, or F. solani. In some aspects, the source organism is a yeast, such as
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Saccharomyces sp., Schizosaccharomyces sp., Pichia sp., or Candida sp. In some aspects, the

Saccharomyces sp. is Saccharomyces cerevisiae.

[0191] In some aspects, the source organism for the heterologous polypeptide capable of
biological activity is a bacterium. In some aspects, the bacterium is of the genus Bacillus,
such as B. lichenformis or B. subtilis, the genus Pantoea, such as P. citrea, the genus
Pseudomonas, such as P. alcaligenes, P. putida, or P. fluorescens, the genus Streptomyces,
such as S. lividans, S. coelicolor, S. griseus, or S. rubiginosus, the genus Corynebacterium,
such as Corynebacterium glutamicum, the genus Rhodopseudomonas, such as
Rhodopseudomonas palustris, or the genus Escherichia, such as E. coli. In some aspects, the
bacterium is selected from group consisting of B. subtilis, B. licheniformis, B. lentus, B.
brevis, B. stearothermophilus, B. alkalophilus, B. amyloliquefaciens, B. clausii, B.

halodurans, B. megaterium, B. coagulans, B. circulans, B. lautus, and B. thuringiensis.

[0192] In some aspects, the source organism is a plant, such as a plant from the family
Fabaceae, such as the Faboideae subfamily. In some aspects, the source organism is kudzu,
poplar (such as Populus alba or Populus alba x tremula CAC35696), aspen (such as Populus
tremuloides), or Quercus robur. In some aspects, the source organism is an algae, such as a
green algae, red algae, glaucophytes, chlorarachniophytes, euglenids, chromista, or
dinoflagellates. In some aspects, the source organism is a cyanobacterium, such as
cyanobacterium classified into any of the following groups based on morphology:

Chlorococcales, Pleurocapsales, Oscillatoriales, Nostocales, or Stigonematales.

Isoprene Compositions Produced from Renewable Resources

[0193] Isoprene compositions produced from renewable resources are distinguished from
petro-isoprene compositions in that isoprene produced from renewable resources is produced
with other biological byproducts (compounds derived from the biological sources and/or
associated the biological processes that are obtained together with isoprene) that are not
present or present in much lower levels in petro-isoprene compositions, such as alcohols,
aldehydes, ketone and the like. The biological byproducts may include, but are not limited to,
ethanol, acetone, methanol, acetaldehyde, methacrolein, methyl vinyl ketone, 2-methyl-2-
vinyloxirane, cis- and trans-3-methyl-1,3-pentadiene, a C5 prenyl alcohol (such as 3-methyl-
3-buten-1-ol or 3-methyl-2-buten-1-ol), 2-heptanone, 6-methyl-5-hepten-2-one, 2,4,5-
trimethylpyridine, 2,3,5-trimethylpyrazine, citronellal, methanethiol, methyl acetate, 1-
propanol, diacetyl, 2-butanone, 2-methyl-3-buten-2-ol, ethyl acetate, 2-methyl-1-propanol, 3-
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Purification of isoprene produced fromrenewabl e resources by treatnent
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dri vi ndsiahtas grlieadis Ry dinfep 960 }ingar itopane Gimer driiven Aionethe pelyErBiatiey up to

100 kb of cter | I aj - A 17,257 bp
ooy ek o] TG RROF HERA S5 A DS CTARERE Bl om RAUE

2011/ 048 ARCELMERXBHE/0D GROO Of the plicAcg chal by productl gr eorpp@mes déritdddrdmaner i al
chronmosgne fromE. coli Kl2 MG 1655 to E. coli BL21(DE3) using Pl

t r ans du¥thePy-Progoest] Inrgstitans Rradyrts devqdeiron dtpresnsIPeYAUsEe By ispeble

sel ect 3ol kS Snkh LAFRLMGY el ?ﬂoﬁ?th_%&“&f%ﬂ&ﬂﬂ&s hifignd GHRURIREd bacteri al
chronosone. First, an antibiotic marker in ene close to the 17,257 bp
sequenaidemaabeortvesnst. dixaepleswtioseh cah@tundsninahsle thatse detteddyfram Dhes-ddderi nent al
to the sttgi . maP.in%%rted” A strain coqgainigg t hat anti biotic marker
woul d 19K F‘S’/‘ﬁﬂgﬁl@ difRorpries ©7seprens, gk the grIqaLOR 8F PAPCR%r orosone transduced at
the sanme time as the marker. In this case, a gene encodi ng kananycin

resi st qoeed](IsdpraR JonSitions prodeebd did ré e ap RIS WERE, in€lngddipagicalat 26 am no
acid protein of unknown function. Second, since it is known that a nunber
of gend¥Prashielswedmpyritips; 3rp dagcribed By mgee detailiad).ar Brogisippal Pasergdippligatiaye

17, 257 i r into E. coli BL21(DE3), col onies
transdJ@g5H@$??52%B§%Y93§?@qg%?gined fromE «coli K12 M3L655 (which
contains the 17,257 bp sequence deleted in E. coli BL21(DE3)) and isol ated
in M et MHeGngiunt diBiR6PREMe prddaded bkd2PO4an ek dreglLinbletided bY.ibtrgducingH4CL, 0.1
1\ CaC%é, 2 MM MgSO4) containing .0.4% (w V) galactqae woul d |1 kely contain
t he 17,ISE7ol8R0YSi WERIGICIGERPAIEAN MU GIToY BIvasC RAYRSP]IdPke: fret BIAMCRPBY SEQ | D
NO: 36) &g&@ : Mer gedp i i col
resi st as?;ggla( " Crrﬁfle )pglggigaé %ﬂﬁl%&gﬁ%ﬁﬁ,fh&f neBr ?gtg}:]lg]g? EEI#S%{Z& %ﬂr{/%rﬁﬁ?r?g%]pl ate
usi ng tracvatyrml grpetide ey thelcalde Pig 1k dEsesibed irkinteraAginhkePetenf égiphioatogi es,

monaf sl N T oRbo B A5 1S P Thelibfi BB PSS s BahE | ove:
95C/ 2 m ppiicBSon RBs. QY209 40f 19544 213, 32660980, 12746020 75 /9611570, 12/66,305 hut €;
and 72C13 m nutes. Reactions were then cooled to 4C. The four reactions

wer e poodda/S604bed - SoRrvitoml Bgent Sppticatipuhies (0BT RNy61/d8T.Rel;

manuf a oS, t a Wi l.ytion buffer ("EB") at
55C. [@Z&?%ﬁa@rﬁ ugglg&?e%@ég}e@?%%cﬁWl@g?@é&%%ﬁdges Hei del ber g,
Germany) was el ectroporated into E. coli BL21(DE3) strain MCMA46 (CnR,

gi 1. 6n{BI6] Exknplary $dopeens tsquntl asechboypepidiufeas, a glaarisdppénvasyhthavepaypepeidyer ed
by shaki ngsfor one hour in SQC nedium at 30C and then sel ected on LB + 50

i . t g/ m2 RAPLRRXC Pty o g MY H39thyay pebwspédes spEngdeicririghinciyle _
car be”'rﬁ&dr&%ﬂb&%%ﬂn%g ﬁi&p@%ﬁ%d‘%%leﬁd A& rén aﬁ%f)fafh@ MNP BRanlH264] Strain
MCVMB08 was dgrown froma fresh streak in 5 nL LB/ carb50 at "30C to an 0D600

of - 0. Slescitbetl hateirpad witl] asiutuivt polgpepibideossl makiaaddd]erand fromeanyuiftthe e was
i ncubated at 37C for 1.5 hours. Cells were then harvested by

centri FQYEECEAISHISASTFUEEMSEYY with 3 1IL of WO

2011/ 079314PCT/ US2010/ 062099 purified anplicons as descri bed above, and

then r eqowIB9 IvépreROSintitle I"ﬂ?ﬂjeﬁﬁél@taiﬁﬁ@ufl&@ Atidg- 3 hours. Transfornants
were sel ected on LB+ 10 i.tg/ nmL kananycin (LB/ kanl0) plates at 37C.
[0197] In some aspects, the E. coli cells comprise a heterologous nucleic acid encoding an

isoprene synthase polypeptide. In some aspects, the isoprene synthase polypeptide or nucleic
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methods of measuring isoprene synthase activity are described in more detail in International
Publication No. WO 2009/076676, U.S. Patent Application No. 12/335,071 (US Publ. No.
2009/0203102), WO 2010/003007, US Publ. No. 2010/0048964, WO 2009/132220, and US
Publ. No. 2010/0003716.

Exemplary DXS Polypeptides and Nucleic Acids

[0198] Exemplary DXS polypeptides include polypeptides, fragments of polypeptides,
peptides, and fusions polypeptides that have at least one activity of a DXS polypeptide.
Standard methods (such as those described herein) can be used to determine whether a
polypeptide has DXS polypeptide activity by measuring the ability of the polypeptide to
convert pyruvate and D-glyceraldehyde-3-phosphate into 1-deoxy-D-xylulose-5-phosphate in
vitro, in a cell extract, or in vivo. Exemplary DXS polypeptides and nucleic acids and
methods of measuring DXS activity are described in more detail in International Publication
No. WO 2009/076676, U.S. Patent Application No. 12/335,071 (US Publ. No.
2009/0203102), WO 2010/003007, US Publ. No. 2010/0048964, WO 2009/132220, and US
Publ. No. 2010/0003716.

Exemplary DXP Pathway Polypeptides and Nucleic Acids

[0199] Exemplary DXP pathways polypeptides include, but are not limited to any of the
following polypeptides: DXS polypeptides, DXR polypeptides, MCT polypeptides, CMK
polypeptides, MCS polypeptides, HDS polypeptides, HDR polypeptides, IDI polypeptides,
and polypeptides (e.g., fusion polypeptides) having an activity of one, two, or more of the
DXP pathway polypeptides. In particular, DXP pathway polypeptides include polypeptides,
fragments of polypeptides, peptides, and fusions polypeptides that have at least one activity
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of a DXP pathway polypeptide. Exemplary DXP pathway nucleic acids include nucleic acids
that encode a polypeptide, fragment of a polypeptide, peptide, or fusion polypeptide that has
at least one activity of a DXP pathway polypeptide. Exemplary DXP pathway polypeptides
and nucleic acids include naturally-occurring polypeptides and nucleic acids from any of the
source organisms described herein as well as mutant polypeptides and nucleic acids derived

from any of the source organisms described herein.

[0200] Exemplary DXS polypeptides include polypeptides, fragments of polypeptides,
peptides, and fusions polypeptides that have at least one activity of a DXS polypeptide.
Standard methods (such as those described herein) can be used to determine whether a
polypeptide has DXS polypeptide activity by measuring the ability of the polypeptide to
convert pyruvate and D-glyceraldehyde-3-phosphate into 1-deoxy-D-xylulose-5-phosphate in
vitro, in a cell extract, or in vivo. Exemplary DXS polypeptides and nucleic acids and
methods of measuring DXS activity are described in more detail in International Publication
No. WO 2009/076676, U.S. Patent Application No. 12/335,071 (US Publ. No.
2009/0203102), WO 2010/003007, US Publ. No. 2010/0048964, WO 2009/132220, and US
Publ. No. 2010/0003716.

[0201] In particular, DXS polypeptides convert pyruvate and D-glyceraldehyde 3-phosphate
into 1-deoxy-d-xylulose 5-phosphate (DXP). Standard methods can be used to determine
whether a polypeptide has DXS polypeptide activity by measuring the ability of the
polypeptide to convert pyruvate and D-glyceraldehyde 3-phosphate in vitro, in a cell extract,

or in vivo.

[0202] DXR polypeptides convert 1-deoxy-d-xylulose 5-phosphate (DXP) into 2-C-methyl-
D-erythritol 4-phosphate (MEP). Standard methods can be used to determine whether a
polypeptide has DXR polypeptides activity by measuring the ability of the polypeptide to

convert DXP in vitro, in a cell extract, or in vivo.

[0203] MCT polypeptides convert 2-C-methyl-D-erythritol 4-phosphate (MEP) into 4-
(cytidine 5’-diphospho)-2-methyl-D-erythritol (CDP-ME). Standard methods can be used to
determine whether a polypeptide has MCT polypeptides activity by measuring the ability of

the polypeptide to convert MEP in vitro, in a cell extract, or in vivo.

[0204] CMK polypeptides convert 4-(cytidine 5’-diphospho)-2-C-methyl-D-erythritol (CDP-
ME) into 2-phospho-4-(cytidine 5’-diphospho)-2-C-methyl-D-erythritol (CDP-MEP).
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Standard methods can be used to determine whether a polypeptide has CMK polypeptides
activity by measuring the ability of the polypeptide to convert CDP-ME in vitro, in a cell

extract, or in vivo.

[0205] MCS polypeptides convert 2-phospho-4-(cytidine 5’-diphospho)-2-C-methyl-D-
erythritol (CDP-MEP) into 2-C-methyl-D-erythritol 2, 4-cyclodiphosphate (ME-CPP or
cMEPP). Standard methods can be used to determine whether a polypeptide has MCS
polypeptides activity by measuring the ability of the polypeptide to convert CDP-MEP in

vitro, in a cell extract, or in vivo.

[0206] HDS polypeptides convert 2-C-methyl-D-erythritol 2, 4-cyclodiphosphate into (E)-4-
hydroxy-3-methylbut-2-en-1-yl diphosphate (HMBPP or HDMAPP). Standard methods can
be used to determine whether a polypeptide has HDS polypeptides activity by measuring the

ability of the polypeptide to convert ME-CPP in vitro, in a cell extract, or in vivo.

[0207] HDR polypeptides convert (E)-4-hydroxy-3-methylbut-2-en-1-yl diphosphate into
isopentenyl diphosphate (IPP) and dimethylallyl diphosphate (DMAPP). Standard methods
can be used to determine whether a polypeptide has HDR polypeptides activity by measuring

the ability of the polypeptide to convert HMBPP in vitro, in a cell extract, or in vivo.

[0208] IDI polypeptides convert isopentenyl diphosphate into dimethylallyl diphosphate .
Standard methods can be used to determine whether a polypeptide has IDI polypeptides
activity by measuring the ability of the polypeptide to convert isopentenyl diphosphate in

vitro, in a cell extract, or in vivo.

Exemplary IDI Polypeptides and Nucleic Acids

[0209] Isopentenyl diphosphate isomerase polypeptides (isopentenyl-diphosphate delta-
isomerase or IDI) catalyses the interconversion of isopentenyl diphosphate (IPP) and
dimethyl allyl diphosphate (DMAPP) (e.g., converting IPP into DMAPP and/or converting
DMAPP into IPP). Exemplary IDI polypeptides include polypeptides, fragments of
polypeptides, peptides, and fusions polypeptides that have at least one activity of an IDI
polypeptide. Standard methods (such as those described herein) can be used to determine
whether a polypeptide has IDI polypeptide activity by measuring the ability of the
polypeptide to interconvert IPP and DMAPP in vitro, in a cell extract, or in vivo. Exemplary
IDI polypeptides and nucleic acids and methods of measuring IDI activity are described in

more detail in International Publication No. WO 2009/076676, U.S. Patent Application No.
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Tabl e 4: Primer sequences Prinmer nane Sequence (5 4 . MCML20

aaagt agccgaagat gacggt agt cacat ggagaggcaggat gat gat t aaaagcaat t aaccct cact aaaggg
egg ( SEQ WO 2M0y@3314 MCVR 24 PCT/US2010/062099

t aaat ctt acccggcgcagaacaggat accatgtttttttacctcctttgcaccttcat ggt ggt cagt gcgtcc
tgctga

ot ot sy PRI R RE 39K 20099203100 V020101093007, 415 Bt e 04 Q00¢ 8964, gast 12
at acgaclersioal 3a99s thad USSE®1 b N@1g/0bbyher e N can be a,t, c,or g) GB-DW

aaagaccgaccaagcgacgt ctga (SEQ I D NO 38) MOM208 gct ct gaat agt gat agagtca ( SEQ

'O No 31?32(3mplary MYVA Pathway Polypeptides and Nucleic Acids
[0210] Exemplary MV A pathway polypeptides include acetyl-CoA acetyltransferase (AA-
CoA thiolase) polypeptides, 3-hydroxy-3-methylglutaryl-CoA synthase (HMG-CoA synthase)
polypeptides, 3-hydroxy-3-methylglutaryl-CoA reductase (HMG-CoA reductase)
polypeptides, mevalonate kinase (MVK) polypeptides, phosphomevalonate kinase (PMK)
polypeptides, diphosphomevalonate decarboxylase (MVD) polypeptides, phosphomevalonate
decarboxylase (PMDC) polypeptides, isopentenyl phosphate kinase (IPK) polypeptides, IDI
polypeptides, and polypeptides (e.g., fusion polypeptides) having an activity of two or more
MV A pathway polypeptides. In particular, MV A pathway polypeptides include polypeptides,
fragments of polypeptides, peptides, and fusions polypeptides that have at least one activity
of an MV A pathway polypeptide. Exemplary MV A pathway polypeptides and nucleic acids
and methods of measuring IDI activity are described in more detail in International
Publication No. WO 2009/076676, U.S. Patent Application No. 12/335,071 (US Publ. No.
2009/0203102), WO 2010/003007, US Publ. No. 2010/0048964, WO 2009/132220, and US

Publ. No. 2010/0003716.

[0211] In some aspects, the cells contain the upper MVA pathway, which includes AA-CoA
thiolase, HMG-CoA synthase, and HMG-CoA reductase nucleic acids. In some aspects, the
cells contain the lower MV A pathway, which includes MVK, PMK, MVD, and IDI nucleic
acids. In some aspects, the cells contain an entire MV A pathway that includes AA-CoA
thiolase, HMG-CoA synthase, HMG-CoA reductase, MVK, PMK, MVD, and IDI nucleic
acids. In some aspects, the cells contain an entire MV A pathway that includes AA-CoA
thiolase, HMG-CoA synthase, HMG-CoA reductase, MVK, PMDC, IPK, and IDI nucleic

acids.

[0212] The E. coli cells described herein can also be used for improved methods of
producing isoprene and a co-product, such as hydrogen, ethanol, or propanediol (e.g., 1,2-
propanediol or 1,3-propanediol). Exemplary hydrogenase polypeptides and nucleic acids,
polypeptides and nucleic acids for genes related to production of fermentation side products,
and polypeptides and nucleic acids for genes relating to hydrogen reuptake can also be used
with the compositions and methods described in. Such polypeptides and nucleic acids are

described in U.S. Publ. No. 2010/0196977 and WO 2010/078457.
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[0268] The assenblies integrated into the chronosonmes of strains

MCMb18- MCVb21 i ncl ude new PL pronoters derived from bacteri ophage | anbda
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cgt agt tbiology (see, for example, WO 2004/033646 and references cited therein). Standard methods
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NO: 41) :nucleic acids, screening of genomic libraries, screening of cosmid libraries are described in
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ﬁltot Z 621)9 q0214] 0Rrlylof tHE ROPieRE & yiiiSe SENSEDKP faithveg) ADE UM VAL AHADRO1( SEQ 1 D

aaagacdydeesate gacliesnaswgageiationt faegantion Hgtoscedastoss maighglictangd(art t cat gat ct
gtgtgtt ttat o : . . .

Pcagcdtduaiab Bt Bnsret pesisasdatsieabaherinast by Rl 4t 83 B Phaat t ca
t at aaaasaoadiagdatnlad ésciball g agiiegtoad @ahbhahir€h @ddc ggtgén@dagihaadt ac C
actggcggtg atactgagc ac_atc age aggac ge actg a WO

2011/ 018@3@21:1‘@17? syapitreey, D80 oY, DXP pathway, MVA pathway, PGL, hydrogenase,

;ggggg% gﬁ%g%%gm&q&%%ﬁmkg%&&%ﬁﬁ%ﬁ&&?gﬁ&&&&trﬂ&%ﬂct@%&}eg&&égggt gaac
gcgaaacindcaaid geighghgogspagadgicpadetabatcgt decayepbaggaabt oast gpattCtlat cact att c
agagc [0272] Pronoter/mMWK sequence integrated into NCE:BZl SEQ 1 D NO 43):
aaagac et %\%@6%\6 &P@F’ﬁé‘ﬁgdﬂdg{:@te 6@‘&‘@‘;\&? ?’E L Rt o AR b e @%J&E‘gctetEgt YM%at gat ct
gt gt gt t@edckd tedixPression control sequence is a native expression control sequence. In some

t gcggcgcggaagtt cct at t ct ct agaaagt at aggaact t cct cgagcecct at agt gagt cgt att aaatt ca
t at aaadapasst, Sayypessiae corita sggreget iy aawaartivatxpressgyccogtipteyuerse. lytsangt acc

act ggc ggt tactg agc ac atc agc agg acgc a a

Coacoat iRyl tat s diaRt at bRt i B8P d PR PPkt Bher dngoms gt st gt t cout g
aacacgGsepra@itdynthase, DXS, IDI, MVA pathway, PGL, hydrogenase, hydrogenase maturation,

t at ggcgaaact gcaat t gcgt gt gcggt ggaact gcgt acccgt gt t cgcgcggaact caat gact ct at cact
at t cagdiEsERiopIres .towoaglwte@tm@iﬁb@fc, i/l melybiaromn aarsppvpoglefcoei3] Thi s
exanpl P t i i - dyci Il strain
mar bor { HSERRG TP b RIR A SR vBlnolPy \ARRIAP BB HEI IR FpediS e

var i antijopusiesynthasyd, DXNS, D LIPKP Bdthe apy MVt pathwh O PG, hidegehas niydirdgehber i ng
truncated P. al ba isoprene _synthase (1spS) was constructed by Qui kchangeTM
( Agi | erffatRERRdrBgFEionsesuitae Selappgdueiatolrs gndpomolybdenst [ranspes| i f or ni a)
PCR Ut A0enes $inhddpitkd fﬁfo i emBhRlemp et Bli6 e seb@peghda oS
pTrc- P. al ba( IVEAs MWK (described 1n Exanple 10 of US Patent Application
No. 12/335,071). The PCR reaction contained the foll ow ng conponents: 1 pl
pEW.24402 8] couiablg vediors #P¢ tosaminidk)are Somppatib@xiviph thdl tosticaHi aphplfyeade Sinitablbuf f er

1 pl1 100 nM dNTPs, .1 50 i .tM 44 NEA.F pri mer EQ LD 44), 1
p150 i .‘teﬁﬁoﬁﬁéagkéfﬂvwgkorﬁxﬁﬂp#efrg%%%ﬁ%ﬁ%%%ﬁsq?cg%s B%é%,%ﬁla%i h%n tra
H gh Finel3 deyive@ bRy, as®stftl lalye i, koG] Sdtadfe vedtdratAdRNBailtadGh Sow,
Division, La Jolla, California), and 39 pl di H20. The PCR reacti on was

cycled as follows: 95C/1 mnute; and 18 cycles of 95C/ 30 seconds, 55C/ 1
mnute, 68C/ 7.3 mnutes. The reaction was then cooled to 4C.
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[0275] The PCR product was visualized by gel electrophoresis using an E-
gel (Invitrogen, Carlsbad, CA), and then treated with 1 pl Dpnl restriction
endonucl| e¥eeo(1Roee, Sout h San Franci sco, CA) for threePR®AIS01Q06BILC. Ten
pl of the PCR product were then de- salted using a mcrodialysis nenbrane

M 111 Por Bill.erica, ans to electroconpetent E. coli
ST o n RO S e o PR e bRy s oy i S e s Pab ot
bi ol 0g¥ard REdVA RUBSse iFRhd &t Web,Fof &@9}@% &dmbRodkg alMl MefeckBr tRehinnA or 1.5
hours at 30C, plated ont o -agar plates containing 50 |ig/ml carbenicillin

and 5 rbbeeery Mimiahdl aed..{rald Sneng HWbOEO@BPD$934MP@WQJSZOI.D®A@8@®9@ the

i ncubat ed ov 03| onl es, ( strain
Dros. Ells THEMBP ekt erd B e e rieabie AR RSB Bt R G agen,
Val encnmow@%m@wf,mamAtp hmkfe,nsaqq@rwlsrmgw@mbam 50@9301@102)3 weoer kel ey,
CA) with the priners listed below The final plasm d, pDWB4 (Figure 19A;
SEQ | D 200PP30Ga S ST Nore@ 19904836y WG 20994 32228 aandrlgS Eﬂ'alrrbbt hat encodes

t he ”%ﬁ@fo%ﬂs?ﬁ%rs' on of P. alba IspS. [0276] Strain DW99 was generated by
transformation of pDWB4 and pMCMB2 (described in Exanple 10 of US Patent
Application No. 12/ 335,071) into el ectroconpetent MCMb31l (prepared as
descri o216 dbvapter Cat Iw&:llvlelbe/nriedm/zm @dlyi prothowet that funBtiomesdn whm st cdl dsaur  at

37C, plated on LB agar plates cont ect n and 50
lig/ml beaspb i e pieRsion PPRARNG WB iﬁ’@&@#&%%ai& §7W%étlhi“(é¥t day,
anti bi gigc, Hﬁ%ghﬁ@th%h%&ﬁrﬁbﬁ%ﬁsgﬂ% M&bE ﬁl@%@@mfsﬁbolwﬁﬁd?&r

study. [0277] Strain was generated by transforrratl on of
p BBRCVR®Iybdenpyitrdndpeit nidleid atid ieteentpisecell) Ininatonedoptvk wgomp et promobing.99

(prepar d as des 'b d above.. Ils were rec i m. of di um
for o0 e S STal bl ZaPS S om SEiaept RPukSE RS T B A bV A
Spect l q&atm@aynPGiohwragaﬁs@ A @eRkfdst iafurditsh, tarlst@ptindaatbA BN BL©se and t hen

i ncubated overni ght at 37C. The next day, antibiotic resistant colonies of

st rai n MPRickader sdgeisnptrapsporheiclede aeigs inTappes Bost pel]sase Burpeiopeand\ame

Sequen {@Wﬁﬂ% %\%ﬁ?ﬁﬁ\l}l& i M2 b SR9HAR IR0 BIBAIH LS ELiedsSEQ | D

NO 44)
therein). Virtually any promoter capable of driving these nucleic acids can be used including

a glucose isomerase promoter (see, for example, U.S. Patent No. 7,132,527 and references
cited therein). Suitable promoters compatible with the cells and methods described herein are
described in International Publication No. WO 2009/076676 A2 and U.S. Patent Application
Publication No. US2009/0203102 Al.

[0217] In some aspects, the expression vector also includes a termination sequence.
Termination control regions may also be derived from various genes native to the host cell. In
some aspects, the termination sequence and the promoter sequence are derived from the same
source. Suitable termination sequences compatible with the cells and methods described
herein are described in International Publication No. WO 2009/076676 A2 and U.S. Patent
Application Publication No. US2009/0203102 A1

[0218] An isoprene synthase, DXS, IDI, DXP pathway, MVA pathway, PGL, hydrogenase,
hydrogenase maturation, transcription factor, galactose metabolic and/or molybdenum
nucleic acid can be incorporated into a vector, such as an expression vector, using standard
techniques (Sambrook et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor,

1982). Suitable techniques compatible with the cells and methods described herein are
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agaacgacgagcttccatggtttattcctc (SEQ I D NO 45) EL-1006

gacagcttat catcgactgcacg (SEQ I D NO 46) EL-1000 gcactgtctttccgtctgctge (SEQ
| D NO 47)WP-20e078318 gt acaggct caggat ag (SEQ | D NGO 48) A- r @¢TAIS2010/062099

ttacgt cccaacgctcaact (SEQ I D NO 49) (B1493 cttcggcaacgcat ggaaat (SEQ I D

NG 50) (J\E{E:\I(E)%g in International Publication No. WO 2009/076676 A2 and U.S. Patent Application
Publication No. US2009/0203102 Al.

[0219] In some aspects, it may be desirable to over-express isoprene synthase, DXP pathway,
IDI, MVA pathway, PGL, hydrogenase, hydrogenase maturation, transcription factor,
galactose metabolic and/or molybdenum transport nucleic acids at levels far higher than
currently found in naturally-occurring cells. In some aspects, it may be desirable to under-
express (e.g., mutate, inactivate, or delete) isoprene synthase, DXP pathway, IDI, MVA
pathway, PGL, hydrogenase, hydrogenase maturation, transcription factor polypeptide,
galactose metabolic polypeptide and/or molybdenum transport polypeptide-encoding nucleic
acids at levels far below that those currently found in naturally-occurring cells. Suitable
methods for over- or under-expressing the isoprene synthase, DXP pathway, IDI, MVA
pathway, PGL, hydrogenase, hydrogenase maturation, transcription factor, galactose
metabolic and/or molybdenum transport nucleic acids compatible with cells and methods
described herein are described in International Publication No. WO 2009/076676 A2 and U.S.
Patent Application Publication No. US2009/0203102 A1.

Exemplary Source Organisms

[0220] Isoprene synthase, DXP pathway, IDI, MVA pathway, PGL, hydrogenase,
hydrogenase maturation, transcription factor, galactose metabolic and/or molybdenum
transport nucleic acids (and their encoded polypeptides) can be obtained from any organism
that naturally contains isoprene synthase, DXP pathway, IDI, MVA pathway, PGL,
hydrogenase, hydrogenase maturation, transcription factor, galactose metabolic and/or
molybdenum transport nucleic acids. As noted above, isoprene is formed naturally by a
variety of organisms, such as bacteria, yeast, plants, and animals. Organisms contain the
MV A pathway, DXP pathway, or both the MV A and DXP pathways for producing isoprene
(Figures 1A and 1B). Thus, DXP pathway nucleic acids can be obtained, e.g., from any
organism that contains the DXP pathway or contains both the MV A and DXP pathways. IDI
and isoprene synthase nucleic acids can be obtained, e.g., from any organism that contains the
MV A pathway, DXP pathway, or both the MVA and DXP pathways. MV A pathway nucleic
acids can be obtained, e.g., from any organism that contains the MV A pathway or contains
both the MV A and DXP pathways. Hydrogenase nucleic acids can be obtained, e.g., from

any organism that oxidizes hydrogen or reduces hydrogen ions. Fermentation side product
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gct ct gaat agt gat agagtca (SEQ I D NO 39) MCM66 (aka pTrc Reverse)
ccaggcaaattctgttttatcag (SEQ I D NO 51) WD 2011/ 079314PCT/ US2010/ 062099
Tabl e 6: WOraimyIBHr ai n Background Pl asm c! Resi stance GEmASEe/0EA0895

genes can be obtained or identified, e.g., from any organism that undergoes oxygen-limited or

anaerobic respiration, such as glycolysis.

[0221] The nucleic acid sequence of the isoprene synthase, DXP pathway, IDI, MVA
pathway, PGL, hydrogenase, hydrogenase maturation, transcription factor, galactose
metabolic and/or molybdenum transport nucleic acids can be isolated from a bacterium,
fungus, plant, algae, or cyanobacterium. Exemplary source organisms include, for example,
yeasts, such as species of Saccharomyces (e.g., S. cerevisiae), bacteria, such as species of
Escherichia (e.g., E. coli), or species of Methanosarcina (e.g., Methanosarcina mazei), plants,
such as kudzu or poplar (e.g., Populus alba or Populus alba x tremula CAC35696) or aspen
(e.g., Populus tremuloides). Exemplary host organisms are described in International
Publication No. WO 2009/076676, U.S. Patent Application No. 12/335,071 (US Publ. No.
2009/0203102), WO 2010/003007, US Publ. No. 2010/0048964, WO 2009/132220, and US
Publ. No. 2010/0003716.

Exemplary Transformation Methods

[0222] Isoprene synthase, DXP pathway, IDI, MVA pathway, PGL, hydrogenase,
hydrogenase maturation, transcription factor, galactose metabolic and/or molybdenum
transport 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 introduction of a DNA construct or vector into a host cell, 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 et al. (eds)
Chapter 9, 1987; Sambrook et al., Molecular Cloning: A Laboratory Manual, nd ed., Cold
Spring Harbor, 1989; and Campbell et al., Curr. Genet. 16:53-56, 1989). The introduced
nucleic acids may be integrated into chromosomal DNA or maintained as extrachromosomal
replicating sequences. Transformants can be selected by any method known in the art.
Suitable methods for selecting transformants are described in International Publication No.
WO 2009/076676, U.S. Patent Application No. 12/335,071 (US Publ. No. 2009/0203102),
WO 2010/003007, US Publ. No. 2010/0048964, WO 2009/132220, and US Publ. No.
2010/0003716.
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MCVb31 pDWB4 Carb BL21 (Novagen) PL.2nKKDyl, pTrc-P. al ba( MEA) - MWK DWL99
MCMb31 pDWB4 MCMB2 Carb / Spec BL21 (Novagen) PL. 2nKKDyl, pTrc-P.
al ba( MEA)WOINK/07p31 pTr c- Upper DWO2 MCVB31 pDWB4 MCMB2 PCT/US2010/062099

Exemplary Purification Methods

[0223] In some aspects, any of the methods described herein further include a step of
recovering the compounds produced. In some aspects, any of the methods described herein
further include a step of recovering the isoprene. In some aspects, the isoprene is recovered
by absorption stripping (see, e.g., U.S. Prov. 61/288,142 or US Appl. No. 12/969,440). In
some aspects, any of the methods described herein further include a step of recovering the
heterologous polypeptide. In some aspects, any of the methods described herein further

include a step of recovering the terpenoid or carotenoid.

[0224] Suitable purification methods are described in more detail in U.S. Patent Application
Publication US2010/0196977 A1; and U.S. Provisional Patent Application No. 61/187,959.

Other Techniques
[0225] Additional examples of efficient methods for the production and recovery of isoprene
and a coproduct, such as hydrogen, are described in U.S. Patent Application Publication No.

US2010/0196977.

[0226] Examples of other techniques (e.g., decoupling isoprene production from cell growth,
methods of producing isoprene within safe operating ranges, cell viability at high isoprene
titers, efficient methods for the production and recovery of isoprene and a co-product (e.g.,
hydrogen, ethanol, or 1,3-propanediol)) that can be used with the cells and methods described
herein are described in International Patent Publication No. WO 2009/076676 A2; U.S.
Patent Application Publication Nos. US2010/0048964 A1, US2010/0086978 Al,
US2010/0113846 A1, US2010/0184178 Al and US2010/0167371 A1, US2010/0196977 Al;
U.S. Provisional Patent Application Nos. 61/187,930, 61/187,959, and 61/187,941; and
International Patent Application Publication Nos. WO 2004/033646 A2 and WO
1996/035796 A2.

[0227] The invention can be further understood by reference to the following examples,

which are provided by way of illustration and are not meant to be limiting.
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pBBRCM PA 1. 5- pgl Car b/ Spec/ Gn BL21 (Novagen) PL.2nKKDyl, pTrc-P.

al ba( MEA) - MWK, pCL pTrc-Upper, pBBRCMPA 1.5-pgl Exanple 6: Construction
of E. colwoBLh2W7%31rai ns CVP215, CMP258 and CMP234 [ 0278PCThiSs01ex620p¢ e
descri bes the construction of E. coli strains derived fromBL21 transduced
wi th P1 phage containing E. coli %@}&ﬂﬁ"om c DNA and sel ected for
reconbi nation of a 17,257 bp piec in M31655 but absent in BL21 and
BL21(DE3). [0279] A Pl lysate was nmade of strain JWT736, in which the ybgS
gene W’Exahﬂﬂ)é ac ednWhdchoR oK BN Siaths e®BieSdi A &R SUEHevikiaKaNR KK DyRoperon,

ybgS: : KanR nutation) fromthe Ke| o coll ectl on Baba et aI 2006) That
|ysatewanﬁwemmswnm%®er ¢i mexatnmRa Kingge 5 YEVA X AYRE strain
CVP215. f CVP215 was confi rrred by PCR usi ng prl nmers gal M R
(5' - Gré: DT T Tos3': SEQ ID N0 8) and gal MF (5' - GAC GCT
TTC GCC AAG TCA GG 3'; SEQ I D NO 9) Those prinmers anneal to the gal M gene,
as showi) Gonstrgetion &QtrdﬁmEWhBM B2y GmGIRCRKKDd)ct from E. col i

BL21(DE3) chronmosomal DNA having the 17,257 bp deletion. [0280] Integration

of the 5 fr nt fqll owm 1transd ction was. verified by PCR

ot e OB af BB S it FBR Bl PO oy hes ccipient it 30 pT Hoo
and heae%ﬁ@dﬁc@d%t@l\f/l@ﬁ\/lﬁlmlnl%ﬁ§ (lySdkepref sl E&d&dﬁ?'t&&ﬂe%tﬂ@ﬁde%&%&dq{%m and 2
pl of the supernatant used as tenpl a}t)e in the | owm ng PCR reaction: 2 pl

col ony AwsubPlOer @&., ﬁitritelerBmt@@éﬁ(anﬂuévfl@vrBzoﬂngOU)thdWﬂEl Sonsplhcdo 1. 1M

For war 10, 1. 1M Revers of . Her cul ase(r)
ennanc SCBR TSIy s entRy PR ratniter Dk DN iyt Bhifuc: -
Di vi si QfievaléhadOlihie, 8Ydl Sk hiakphAdRind, ﬁlepﬂ-loﬁ'zltk@gropﬁdsiﬁ@)ha@@eéﬁﬁ@iyl@@ vas
cycled in a PCR Express Thermal Cycler (Therno Hybaid, Franklin, M) as
f ol | owenddBRispmerasaies; thagiled KKyl semn(ran Sse oritige: BReyBos ef wAWS is 720/ 60
seconds t e
anneal (uss e e Bl 8t yer ot EREHARO R, WSR0BPBUEEH6 12 o U S
Patent Application No. 12/335,071 (US Publ. No. 2009/0203102)). Transductants were

selected for by spreading cells onto L Agar and 20 pg/ul chloramphenicol. The plates were
incubated overnight at 30°C. Analysis of transductants showed no colonies on control plates
(water + cells control plate for reversion and water and P1 lysate control plate for lysate

contamination.

[0229] Four transductants were picked and used to inoculate 5 mL L Broth and 20 pug/ul
chloramphenicol. The cultures were grown overnight at 30°C with shaking at 200 rpm. To
make genomic DNA preparations of each transductant for PCR analysis, 1.5mL of overnight
cell culture were centrifuged. The cell pellet was resuspended with 400Ul Resuspension
Buffer (20mM Tris, ImM EDTA, 50mM NaCl, pH 7.5) and 4ul RNase, DNase-free (Roche)
was added. The tubes were incubated at 37°C for 30 minutes followed by the addition of 4l
10% SDS and 4yl 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 2 ml Phase Lock Light Gel
tubes (Eppendorf) and 200l each of saturated phenol pH7.9 (Ambion Inc.) and chloroform
were added. The tubes were mixed well and microcentrifuged for 5 minutes. A second
extraction was done with 400l chloroform and the aqueous layer was transferred 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%
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the prinmer pair. The size of the resulting PCR fragnent was determ ned on a
pre-cast 0.8%E-gel(r) (lnvitrogen, Carlsbad, CA), using DNA Ml ecul ar

Wi ght MawRen1107¢318- 12, 216 bp) (Roche Di agnostics, MannR€rms2@enmny) as
size marker. Successful transducti on was also confirmed by the ability of

strain ro alato 0281 ternativ te of E
col | metigas Hareeislman i ot Gestenamh RSP BL av it ool T e anpl o 1
above) .p ] 90'1‘171%(31?&}11‘%%1@51 é)‘éﬁet'\@as%éﬂsﬂéﬁd%&!%! 5[1 ¢d with 0.4% (wv)

gal act ose was naned . Presence of the 17,257 bp region containing pgl
was confirmed by PCR using priners gal MR (SEQ ID NO9) and galMF (SEQ I D
NO 8), [6230§ rlﬂsmg Pfu Iah;radéDNA pelymahoy €Strdt282) aﬂMngquDNA as
cotransf orf’re eI ect ro t| on.w tttl pl asm ds pCLPt rcUpper Paft

expr es<FHY Fﬁr%Eh antr%@ GoeRstisa G VESta RfsIPares agfordiag o mant aﬁwr. Scat i on
No. 12/;§§éc&735 ré‘élq r‘%l\ﬁ@mﬂaﬂhgﬁzsgrﬁ REPeRILRA] we&'u@@ddo%%@ﬁ@“e synt hase

and mazel meval on ki nase ri bed above Transformants were
sel ect gthneduckBtagee sp¢cas$fslly med gnatedh qut® Chel attfhirloamar BERi mirdrhéters forls@t Li g/ mil

Zéﬁﬁ}&?%“?@%%fo GBS Bb Ll v h O ANED saﬁw%@ﬂ){%%%fﬂ%@ %xgrrplg
wth PTopPaaco AR RE-Plorps Rl (RO, ARG T o QI T = e

reconbifath® MWD ReviTaRb 1) biprepised eo @isasahit the gMK@ﬁ@e@hﬁ@tﬂgrata BL21 and

BL21(DE3). The nmarker used for. selection has been | ooped out. 0‘«50284 Strain
CMP215 Hra@fékyr ﬂ?é%lp%@v@;s fRaset2rues PTGt 2mimteschpo cyanenlsh Ay foRp. et

al ., 1995 4 ko d, Wanner t~l. Acad.
Sei | LSRR R TR I T e e YRR S 2 P T8 TR Gl s

| ooped IOMlnu@&C&ﬁﬂyﬁQoﬁlﬁCH aRipB¥bRUS /1 desK b D@l 196%91 9 sﬁ&@écﬁﬁhﬁkﬂlﬁnd
Wanner, Proc. Acad. Sci. USA, 97(12) 6645 (2000) Mar ker | oopout was

verifi ettan@«;ucde@gemgr@rcpﬁé@t Asvieas meked agil dgswlwg@/swtmanWrH@pl(5 CCT GGA
ATT AGC AAG AAA AAC GC-3'; SEQ ID NO 52) and yngArrp R prinmer (5'-GIG AAA

ATT was desi gnat ed
CI\/PZS‘S;%1 @Wﬁn Eﬁggaﬁgrﬂ#ﬁ(}%ﬂu—[ ropoﬂ;tl on with plasmds

pCLPt r cUpper Pat hway (expressi ng nmvakE and m/aS) and pDVWB4 (see Figure 19A)
cont ai D23l ]alterahiranpiteniol alableer vsye opred ot ofrmvasi EWMVRO1 asipp pthsméd pCP20 n

CMP312 APCT, 2010 099 anpl : nstructj o f E. coli
Bl o0 i A Doty SR AP IR RIS TRal o i Lo b e GOEEl S Bes 1 he
const r ugt 4qa0-6el15 SZO"OBEQE\WQVOU\&@@S HWER DlrgAEwn ¢l IBrBthdd nlilRRSHEGeHdWhd P1 phage

containing E. coli 655 genomi c and sel ected for reconbi nation of a
17, 257 vophed deee tonesignte- ccﬂd,l\ﬂﬁflrﬂ55/amnt Aai&ihqtletcbﬂSl@uBQfZ@llanepeBBJBﬁ(v@ES)

thereby restoring a functional cop to the E. coli BL21 and

BL21( DEBedath el ok pe-B2(hand the gelf %HSHCIPSFPWPEWet‘Y?é elesEPRIaGd Py R 26Bhe has been

e e o s Lt e

cont ai eraigna) c GDIm/oDEB Rgls/inbieBiakdly Widedho ehekRMIR tBa@nealasrdaaen l4nser t ed
(pgl /ybhE: : kanR) was anplified fromE. coli strain JW750 fromthe Kei o
col | ecthobyPreRylens ttl?F‘e(S@FﬁtfP?@rWﬁ]éﬁrm%@lc»&ﬁpﬁe](l%wefe@é]@&’%&% RERHG §Y grAvB&agce- 3'

SE0.LD 06} T PO 5y O SR T B P01 ©

- 350 thanSOIL!g@M'KérB&n&‘ﬂﬂUﬁﬂﬁﬁcﬁHa@@ R30%C sidBigal. TREnHUHAL hQThelGHhd RAPI at e
was prepared as follows: one colony of E. coli JW750 carrying

pgl / ybhEEowk an FOmkks Bsothrand §OjLgY B Oarpdni¢iln aﬂ@°(ﬁaatlbfthrhyd0951@st ofth& m nut es.
The resultin tion was spun down d 2 pl e supern ant was used
as t he FERYR S04 e S PeRE ruRBE i tsarshiferde Bl Szﬂﬁﬁfth@iﬂoaﬁy in H20,
5> pl Pf\;v'eryln{adg, thé cBH&E theh sBljea&ggto LA plates (no antibiotic selectlon), and incubated
overnight at 30°C. The next day, 20 colonies were picked and patched onto L Agar (no
antibiotics) and LA and 20ug/ul chloramphenicol plates. Plates were then incubated

overnight at 30°C. Cells able to grow on LA plates, but not LA and 20pLg/ul chloramphenicol
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mM dNTPs, 1 pl1 10 1.1M Forward priner, 1 pl110 1.1M Reverse priner, 1 ill of
Pfu Utra Il polynmerase (Agilent Technol ogi es, Stratagene Products

Di vi si on,whaotiagl7pag Cal i fornia), and 39 ul H20. The PCRPCeasei10/06208% cycl ed
in a PCR Express Ther mal Q/cl er (Therno Hybaid, Franklin, MA) as follows:

95C/ 2 m nut es; C/ 20 .seconds, 53.4C/ 20 seconds, 72C 40

O 2 SR Il S PR SR RO LS R SRR IRl e
si ze ofgetidRatk@addddingWACR4) r agnents was determ ned on a pre-cast 0.8%
E-gel (r) (lnvitrogen, Carlsbad, CA), using DNA Ml ecul ar Wi ght Marker X
(75-12, 216 bp) (Roche D agnostics, Mannheim Gernany) as size marker. The

PCR r ediid)i Gnnsﬁla@ctm!lrﬁffpl%&!mdspﬂ\\j’ltm@ (¥ veRii adkr ) PCR Purifcation Kit
(Q agen, La Jolla, CA). [0288] Plasm d pRedETAM (GeneBrl dges Grbh,

Hei del CMP296
oo or dup A e R b e R EER B RRLARRE PR, SRR R IR, .

i nst r udGONway &eneidrdddg @Y A2.0dnd. (ixteafoolared” m) bdmecﬁ be thei doylbin EptulnmaﬁbrPCR
product de?%rl bed nthis exj%r%lyg@FTr ansformants were sel ecte

. ncI udi™Rgh éﬁ&wﬁqﬁl B genRaas susiRBLL] qudgn@&%mg@w%% ked by
\AgN%Q n%%ﬁilﬁ%@&%%%o ﬁ%@%%dwehberk@rﬁgmé@& gﬁlgﬂ@é Y @SQEUsi Ng
pgl Anp NGO 5

- cagcaaat agcaggt gt af ccagc- 3' and pglRécCheck
(5" - GG1ID1N0]AAA ATG ATT GGC GTA CGC-3'; SEQ I D NO 56) and nanmed CVMP298. The
marker was renoved as described above in Exanple 2 to formstrai n CIVP315

Pl asm r Pat hway. and ee le 1 re.i g
cvpa1s 2P L RoRRSIpSuE o e it 35T VB RoGerd st ba P LER
Descri pleh® ﬁs@% pETMPnﬁbsSHm nkes fb’iﬁpﬂ%%/gﬁﬁﬁér@ MCMYRVagd MM 19Pland - mKKDy |
CvP215 BL21 D}{\J ]yng Kan 258 BL21 t pgl

Herculase 11 Fusmn 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. The P. alba isoprene synthase PCR product was purified using QIAquick PCR

Purification Kit (Qiagen Inc.).

[0234] P. alba isoprene synthase PCR product was then digested in a 20 pl reaction
containing 1 Ul BspHI endonuclease (New England Biolabs) with 2 ul 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 20 pl reaction containing 1 pl PstI endonuclease (Roche) with 2 pl 10X
Buffer H. The reaction was incubated for 2 hours at 37°C. The digested PCR fragment was
then purified using the QIAquick PCR Purification Kit. Plasmid pTrcHis2B (Invitrogen
Corp.) was digested in a 20 pl reaction containing 1 pl Neol endonuclease (Roche), 1 ul Pstl
endonuclease, and 2 pl 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 4). Using the compatible
cohesive ends of BspHI and Ncol sites, a 20 pl ligation reaction was prepared containing 5 pl
P. alba isoprene synthase insert, 2 (Wl pTrc vector, 1 ul T4 DNA ligase (New England
Biolabs), 2 ul 10X ligase buffer, and 10 pl ddH,O. The ligation mixture was incubated at

room temperature for 40 minutes. The ligation mixture was desalted by floating a 0.025 um
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CvP234 BL21 PL. 2-nKKDyl t ybgS::Kan, pCLPtrcUpperPat hway, pDWB4 CM P269
BL21 PL.2-nKKDyl t ybgS ML CWMP296 BL21 PL. 2-nKKDyl t ybgS M., pRedETAmp
CVP312 B0 2PL/@2931KKDyl t ybgS M., pCLPtrcUpper Pat hway, PRDIB201C0FPR% BL21
PL. 2-nKKDyl t ybgS ML r pgl M. CMP323 BL21 PL.2-nKKDyl t ybgS M. r pgl M,

CLPtrcy t hwa Ref erences cited: Aon et ... 2008,
 Suppr dEehGgY %8%??%%&%?66@% ohL B G G b et S be e by by
net abolm&tﬁeg RS @9 o@fthel-:rﬁﬁb@éllh%é hebifbrane Til10P @ér 3oEmHufe@ R rd¥ner obi ol .

74: 950-958; Baba et al 6, "Construction of Escherichia coli K-12

i n-f r artemqperiiig. eMgéﬁ@le:die M@m gnommant &3 totrm@llqga?hasewidl tben woshed thvise tinByst .
Biol. 2:.200 "Gene, di.srupti.on in
Escher HRHE LB B Rt iR £E30M Bhedl ipdir opsBRes MBI ol ysed
exci si QRs@fedtpTec ANEHRIHGS s Jtﬁ)%'rﬁltxar'l‘h‘é AR L&A ix SBNE JRBORdraRulfa

Dat senko, K., and Wanner, % , 2000, "One- step i nactivation of chronosonal
genes i hmEsoivetté otl. 5 Voits and(ziaFdsising aRﬁﬁe;Pfu@duEtestro@rator Nat of I acs Sci .

USA 97:.6640- 6645; i dhar n d Schaechte
Physi o|l@@@edmtetfﬁédﬂ§§ %11 5@@ fran erFﬁs’i te&h‘*aml Hﬁwreagﬁn@(@ &%?é%—t%%g. at es,

| nc. CeMky 51581%’%1% do 2Rkt TSR Ran® and
Rosner @%OC )W dentiflcat in(:)nvicSrflgft3 sg%%ri cffn a gﬁ?i K-12'y ﬁE gene as

pgl , erwfﬁd lscﬂgctﬁd pﬂanqogn@ghdl 60 pglmehmeﬁseh antd 1(Bad medB6ni3 248 HdFdcubieanason,
L., Costantino, N., Court, D., 2007, "E. coli genone nanipul ati on by P1
tr ansd&éﬁptﬁ Thepaxt dapﬁdr@éﬁwr@amwer@éked egewn [n SwhltBrothiapnd S8tugdiler F.

Daegel en WO 2011 931 US2010/ 062099 Ki m
Fos e GRS Pisiehy REC IR E LA S R Genb e SeqUeNces. of
Escher | @lthRes @Gk @Aﬁhfcﬁ's'ﬁn ﬁ%k/gﬁé@ @% ( BPed)o ardis6 BIBADE gAML Bf the E.
coli B and K-12 genones, Bi ol . ~394(4):653-80, 2009). Exanple 9:
| sopre rréomﬂg@tmg:pha@mdﬁm @oﬁmatlcgt ¢famhmgath@ st edlugins hwithhi2B Br{feeYX lapd PE
chr Om)slfuq?er 3B(r s m%rpgrrgl?e%q standard manufacturer’s protocol for achieving high
quality plasmid DNA. Plasmids were digested with PsfI in a 20 pl reaction to ensure the
correct sized linear fragment. All 6 plasmids were the correct size and shipped to Quintara
Biosciences (Berkeley, CA) for sequencing with primers MCM65, MCM66, EL1000 (Table

1). DNA sequencing results showed all 6 plasmids were correct. One plasmid was picked

designated as plasmid EWL230 (Figures 5, 6A-B; SEQ ID NO:2).
iv) Construction of plasmid pEWL244 (pTrc P. alba-mMVK)

[0235] A PCR reaction was performed to amplify the Methanosarcina mazei (M. mazer)
MVK gene using MCM376 as the template, primers MCM165 and MCM177 (see Table 1),
and Pfu Ultra II 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 QIAquick PCR
Purification Kit (Qiagen Inc.).

[0236] The M. mazei MVK PCR product was then digested in a 40 pl reaction containing 8
ul PCR product, 2 pl Pmel endonuclease (New England Biolabs), 4 ul 10X NEB Buffer 4, 4
ul 10X NEB BSA, and 22 ul of ddH»O. The reaction was incubated for 3 hours at 37°C.

The digested PCR fragment was then purified using the QIAquick PCR Purification Kit. A
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[ 0290] Thi s exanpl e denonstrates that high specific productivity of
isoprene in 4.5-nL batch mni-fernmentations by E. coli harboring the

meval oni cwachd/ggailthaway requires the restorati on of pgl ®POTHUSR10M62087 i al
chronmosone. [0291] Medium Recipe (per liter fernentation nmediunm): 13.6 ¢
K2HPO4, 13.6 g KH2PO4, 2 g citric acid nonohydrate, 0.3 ferric anmoni um
ci t r at eecoNdoryyeptRicigDUERst Was pERFRRIHN R IRASHAN SOMAINIRS ﬁHl Ngte added

t oget he i i i T i i i 8% (W v)
{oget nertih S ROIAE R R NE B 98 APLATLASLAOAR, B
filter-fedo@icnt.i TRAreWétidh WasOnddbaBdFbPB hbirk bhes7°CH THeQE LesteHPER Friagmemearai ght
culture and 5.0 g for main culture) and appra&rﬂi ate antibiotics were added
af t er dher gdlipzafipdpsiana 1% Hojel sndeitactefl gisingwlealQbyquicly Gef Exteagsion &it r act
froma J00 .g/ K solutipn a 1 g,.of 504 fro 1. 4 sol ution.
{02521 0 Y Sl Nl et e B Fosdih ptinver hafledmid Tt - 40 o
Gtric ARbAida0, B0 OMEIIEIR0. 1. 10y9 ONAGED s, 82041 B, 9nCOCL2" BHRO,
1 g Zn504* 7H20, 100 ng Cu504*5H20, 100 ng H3BO3, and 100 ng NaMb04* 2H20
wer e dirsswiov evhs dimabated ot ers @ 37i°E2 The igestpt PORSragreent adis tisinaqairified3. 0 wi t h

HC1/ NaOH, the solution was brought up to final volune and filter-sterilized
with a Wiretheddagpck PLRurifiegbors ity A egpndagy pestrirdion digesioypsspestorped g | BL21

| . i | Oy i CL
Cpper) T OHaesiB sbRafiil BUbInaRR e B AP hL BRGS0 BPIRY (B
t r uncatdggbsRd Fvba3d Ep&r fiMEAehs ofatre)ctian dvadevabaeate Khdas g Feamike nazei

(pTrcAl ba(MEA) + mWK). This strain also includes an integrated copy of the
17, 257 d@gﬁswd%@?qfragmﬁmtamﬁ thep grd pegfiedpsipgp dfoEeeland ¢xtaeicdnsagdhencodi ng

bl ARG JEFEAR L i L o oo TR 3R 0P
i dent i Gaks,ta@0pil [@dtdonGMRSbA vike pedpalR@ctoniify 8 @XSE PazkiaV KPBkefi@sulbeen

precisely excised fromthe transduced piece of K-12 DNA and replaced with a
gene cdiWé2s0 pigskwahdm)didrPNadigsandd 10pdigagybbiEferkandr ) ddMYO. The ligation

2011/ 079314PCT/ US2010/ 06209 0 eri nt al. procedures: |soprene

pr oductPiFGREs %&8@1}2@ aV%g}lg§$ %v&%ﬁé-] tlﬁé?lg%t'r%?ﬁige !hﬁgtéP“éB}XI%érF 33 ﬂﬁ?ﬁfi& B?ﬁ
product * oH Con St ‘ . .
Vch o REHAE 3 DRI AicBnuibReinehBRHR FRk it ¥ et e df1fo WY Sl AT |

pH was lipatioe ant e deddy ohhep ofiganrdctibvosah@abimnhne Yilsr fbo 368 ednutés' strandar d
cubic centineters per mnute") and the agitation rate was 550 rpm. The E

col i i feRBF A el COBTHE sr8d WerosRoR P &2 TS R dtdtBakwasisatlyeaimes agar
Do oA ! ! ‘ Ao o

E oy AL A0 8 PERAU AR SUL B oL e AR89
over ni glhbaltedpd rbRattarmM W Nigatibd mixe dThendetl sdspenkibn afix twecivayelvdtidpotdael in

appropriate antibiotics to reach an optical densi té ("OD') of 0.05 neasured
at 550 i gpsgeay 2.5 Moy dad e iFdfusing gdiasd ukigs Elastiopaatopy 1 tHef &&dst i on of

of 200 gt pde b2 LR AR TGl 94 B bbBLorFRAE RN T O

was peryie fedtdlshpgCen Wtk ianewkl @oBcdRs By gRBGHE TE IRfur (BN Anal yti cal ,
Warrington, UK) with a custom zed | owflow Proteus valve. The val ve sanpl ed
one welTraagformantsreergseleeted pu ILédartdnrlongihl ¢areenieilinednd SpiMinecvaoneumtidom

headpl ate was, built to capillaries_fromeach o he 24 wells to
corresdﬁﬁﬁ?ﬂﬁllﬁﬁb@?‘i@ﬁ 36%6‘%{;%‘?%‘89330 ansfosmants Weropiekekand SO dyatilnuousl y

t hr oug I j ; § : LS
sanpl od A s T kel Ae, SRARARFRLICPhih B PRebeflmmR Ll | o
t he pl atvernigig cubii@t isigg QIAZ®IcK SPIDIGthiprep Kit. eldwendoshsvesesof BIt2Hi cetid f@f f | i ne
using a mcroplate reader (Spectramax, S Anal ytical Technql ogj es,

Sunnyv di'@Ragee BgrT iy & med laaﬁl%ofowasméhtﬁwm W%P&ﬁl“é{fhgpfbﬁg?fjﬁfe BdRbert ed
to O (HufsROLf heRBbleds s RERARMANRE s GROGEI 3 RRickHaURen SPeci T i C
productivity was obtained by multiplying the isoprene concentration (pg/L)
measur ephabity fliseniddE$A s Pesinidsmedre dideyted mathf IPsolvin me&0aLl oéacaxy geensaredtheli vi di ng
t hat nunber by the OD readi ngqeand the volune remaining in the well. OD
sanpl e<cofgrt w454 lien tgaggent n{ Bieg of threy Rlatnaike weks the st size apdriPReddfer t he

course (?&iﬂftheBigis&EﬁJ&%@Egﬁ%nkfh%%ith%ﬁﬁ{@s ‘R@é}t\)fléé‘, RRIMEE 1L 086 EELL 1 j nt s

were cal cul ated using ter ation between the neasured val ues.
[0297] Results. A representative plot of OD (Figure 21) and specific
productivity (Figure 22) is shown for both strains. Specific productivity
of isoprene fromthe pgl+ strain (mﬁtgothe pgl gene integrated into the
bacterial chronpbsone) was conpared to a pgl- strain. The bacteria were
grown under identical conditions in defined nmediumw th glucose as a carbon
source in mni-fermentations. Online isoprene neasurenents over tine
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(CwP312) had hi gher specific productivity of isoprene (Figure 22) conpared
to the pglstrain (CMP323), even with fewer cells in the culture (Figure

21). Exampbeotu@794 nazei neval onate ki nase and P. al baPC3ape@a®cxynt hase
overexpression, with and without pg/ expression [0298] This exanple shows

i sopre r ti mE. coli BL21 ex i nes fromthe neval onic
nci a0 pasniie (L 7L BBty fiaa O GhOUR s PLGIR G COFFalr G780 he 15. L
scal e. I{iék%a%hdNeggﬁm&d?ﬁ%%iﬁwmmﬁg&ésé@ﬁd@&lmtsm%lngm 1 7.59
K2HPO4, 2 g MgSXA*7H20, 2 g citric acid nonohydrate, 0.3 g ferric ammoni um
citrate, 0.5 g yeast extract, and 1 m 1000X Modified Trace Metal Sol ution
wer e addddnstyetione of plagmidl MEGMAEa - MV K finom MTimeze @irchaeahLoger neat
sterilh;fﬁzﬂg)b 123C for 20 mnutes, then adjusted to pH= 7.0 with 28% (w v)
ammoni um nydr oxi de and brought up to final volune. Ten grans of glucose, 8
mL Mercury Vitam n Solution, and the appropriate antibiotics were added

af t er J0237]| TheaVIVGhORFdrquittaedy/ust rae nichadaD BOGEr RABAXy Mpdtod (Eigurs aGA-Avkt al

Sol utia er liter): 40 g citric acid*H20 g MhSO4*H20, 10 g NaCl, 1 g
FesOt AEOTEN '4bryeﬁ5€8ﬁ@@,hflfdgmzaQm%Mfgban@% Gpbls, 1) 1902 g
H3BO3, AR iAHPINBMROAIR HeR eﬂ%{.e4sd¢lﬁapbﬁﬁqn&m€as%nﬁaiﬁedr(ﬁttﬁ pgi H20, the pH

was adjusted to 3.0 wth HCLl/ NaOH, the solution was broug up to final

vol une temglafe, [l udr ofstaeln ptimzed MitM, and2 @R watar dhefr¢dctien wap 0B0dd asMetlaws:y

Vi tam n, Sol utic er liter): g-thi agpne hydrachlorjde, .1

b (5 Rt i W hidlesi b fetsior b+ %t GIRABaHeRah 6 boPamimufyand 63

pyri doxcn@r Inarmhiless dnde@hser 2o disrsadovathu@ieart 4 @C Lihiecobl 31 HAP thit berpH was
adjusted to 3.0 with HC1/NaOH, the solution was brought E_g@to final volune
and fi Irezatiog tweasilighted do Wivithogen QET200H ptasmid pdooeding f0BO 2lanFetirestl ut i on (per
kKilogram,. . .0,57 k lucose, 0,38 Kk i H20. .. 7. 5 P a 1 100%
Foand) dapesel a i S SEERR e il bl huoes FOPAUEH AT Pt oty e

sol uti ofert Gelé&éd o8 LA/KHn5YRA Slashaiktfrob®h tiahGFosmdht & abisolddlhdaeidséed Trace
Metal Solution, and 6.7 nL Mercury Vitann Solution were added. WD

2011/ 0 Pogucarcst ressitneon déobGI6 (logpsp 1MAkb Salt Sol ution (per liter): 296 g
My504* 7H20, 296 g citric acid nonohydrate, and 49.6 g ferric amoni um

citrate,. i I E t@% r e 3-Rat piLfilter
steril %ﬁ%ﬁﬁﬁt%&g(ﬂo&gg‘agpgggn |(IﬂtLe2rwﬁFg)\’;0ltﬁT elr'zrrekﬁqt aﬁbﬁaé perforned in
15-L bimMMKjors with three different E. coli BL21 cell strains: (1) DWM99
expresses the upper nevalonic acid (MVA) pathway (pCL Upper), the

and ¢ ORI R BB O Kot ol s P heChrBRLERS SRR ( pDVBA) )
but | ackseifie ReVal@RREkindR) meMESHre PXRPRSS ﬁﬁlagézaq&amﬁategﬁycgihgf{ﬂhgteaci d (MWA)
pat hway (pCL Upper), the integrated | ower MVA pat hway (PL. KDyl ),

meval orfigcrbRi assearid i inemerasee veshgrownun & & ednidiagmhesreansh themwgshetl tiyge P.

| b TrcAl b MW, : d t ai. t d I
17, 25 B bRl RERSG0 Welech Fheefult M e o B ur i ng
strai n BRNRIIHGIhQ8n WaRulOOREde QtdbbratddNd a0 m VPRt 0 VERMHdcs! o CMP312
except the pgl gene was precisely excised fromthe restored piece of DNA

and r eplsagedGenet Pulger didgveropanafoer d inmgpf K dhanmnoiediatag nddealrio ¢he qedjk/apldhiken kanR) .

the cells were transferred to a 14 ml polypropylene tube with a metal cap. Cells were allowed

to recover by growing for 2 hours at 30°C. Transformants were selected on LA and 50 pg/ul
carbenicillin and 5 mM mevalonic acid plates and incubated at 37°C. One colony was

selected and designated as strain EWL251.

vii) Construction of strain EWL256 (BL21(DE3), Cm-GI1.2-KKDyl, pTrc P.alba-
mMVK, pCL Upper MVA)

[0239] EWL251 cells were grown in LB to midlog phase and then washed three times in ice-
cold, sterile water. Mixed 50 pl of cell suspension with 1 pl of plasmid MCMS2 (comprising
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[ 0305] This experinent was carried out to nonitor isoprene production from
gl ucose at the desired fernentation pH and tenperature (pH=7.0 and 34C). A
frozen vivb20f1/iea1h E. coli strain was thawed and i noculPaTa$2010/062099

trypt one-yeast extract nmediumfor each bioreactor. After the inocul um grew

to 0D550=1._0,.. 500 cul ture us 0 1 nocul - i oreact or
bet or o s RGHEPeL RATYRY (alsh kpitmes B I VBV A, pessaene Hriectrbeamebigi s on
was fe%%SRaPI£W%D%@|UﬂﬁF PatHOhl kva@csl%@ma%@qs a@srcﬁb&{ inESng1eB BEt € was
reached. After this time the glucose feed was added to neet netabolic

demanddnigrnatighdPubbsafiondm V8O 206040766 52 8ndylUns.ateat AphlicationdNo. anmount  of
| i t } 5. t i 99 . 44
o oSSl 5 0 8 BYIERCHRT SR B ), N

f er mentaat e cuvated aﬁzs\kgltstaad 9b maumlsﬁyai?&lemﬁwer Efkch r§to@f 1 heoreBtwdd on.
| nduction of isoprene g@oductl on was achi eved

i sopr opyIdsétely pdded it %lhcﬁéﬁwaﬁrdbﬂu@aqsfwﬁ@)a 1étm1tmypr@méprse whdwn in
Tabl e 25. Theta(i)gg50 Of'r'e% Weéwr@ (;VQ:? bi oreactol 0%\r/earlt3tol, are shown in
Fi gurevﬁ%h e |s%p(r:ene evel ¥ i P?éas %om | oreactors were

det er Mmgekroashdngs WerblscigfiedBS iAS:Bﬁ‘lCS(T ;SPg’}’EI c%be(rﬁ‘&lﬂﬁrhnﬁ@@ e iLCpbetindlycimgt on,
UK). The isoprene titer increased over the course of the fernentation to a

maxi numlated arel iofubAGdgt B7HE. @de halung whe picktd adddighd@ed a6 8trgn EVAL236 hour s
for strain CIVP312 and 79 g/L at 44 hours for strain CMP323 (see Figure
24) . hle,‘ﬂg El b t of isoprene produced during fernmentation was 637 ¢
over 44 Hbbirs FHPers CHCHCENL99, 482 g over 45 hours for strain CMP312, and
640 WO 2011/079314PCT/ US2010/ 062099 g over 44 hours for strain CVMP323

(Figurfeprdhdr Thaihéeqeuese of specific productivity is shown in Figure
26. The,.prl ar jand rrass yields of isoprene fromglucose are show in Table

9. Tap '
and oUIEY B e A SO Be0 T e QIR PLT on || M DWL0S 18t -

GB Cm | GCTAAAGCGCATGCTCCAGAC (SEQ ID NO:15)

Rev
MVD GACTGGCCTCAGATGAAAGC (SEQ ID NO:16)
For
MVD CAAACATGTGGCATGGAAAG (SEQ ID NO:17)
Rev

MCM182 | GGGCCCGTTTAAACTTTAACTAGACTCTGCAGTTAGCGTTCAAACGGCAGAA
(SEQ ID NO:18)

MCM192 | CGCATGCATGTCATGAGATGTAGCGTGTCCACCGAAAA (SEQ ID NO:19)

MCM65 | ACAATTTCACACAGGAAACAGC (SEQ ID NO:20)

MCM66 | CCAGGCAAATTCTGTTTTATCAG (SEQ ID NO:21)

EL1000 | GCACTGTCTTTCCGTCTGCTGC (SEQ ID NO:22)

MCM165 | GCGAACGATGCATAAAGGAGGTAAAAAAACATGGTATCCTGTTCTGCGCCGGG
TAAGATTTACCTG (SEQ ID NO:23)

MCM177 | GGGCCCGTTTAAACTTTAACTAGACTTTAATCTACTTTCAGACCTTGC (SEQ ID
NO:24)

EL1003 | GATAGTAACGGCTGCGCTGCTACC (SEQ ID NO:25)

EL1006 | GACAGCTTATCATCGACTGCACG (SEQ ID NO:26)

MCM161 | CACCATGGTATCCTGTTCTGCG (SEQ ID NO:27)

MCM162 | TTAATCTACTTTCAGACCTTGC (SEQ ID NO:28)
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5 105 2nd 105 195 CWP312 1st 5 115 2nd

WO 2011/079314 PCT/US2010/062099

viii) Construction of strain RM111608-2 (Cm-GI1.2-KKDyl, pTrc P.alba-mMVK, pCL
Upper MVA, pBBRCMPGI1.5-pgl)

[0240] The BL21 strain of E. coli producing isoprene (EWL256) was constructed with
constitutive expression of the ybhE gene (encoding E. coli 6-phosphogluconolactonase) on a
replicating plasmid pPBBR1MCS5(Gentamycin) (obtained from Dr. K. Peterson, Louisiana
State University).

[0241] 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 (SEQ ID NO:29) and PglGI1.5-R (SEQ ID NO:30) were used to amplify the
resistance cassette from the FRT-gb2-Cm-FRT template using Stratagene Herculase II Fusion
kit according to the manufacturer’s protocol. The PCR reaction (50 pL final volume)
contained: 5 puL 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 dH,O. The reaction was
cycled as follows: 1 x 2 minutes, 95°C then 30 cycles of (30 seconds at 95°C; 30 seconds at
63°C; 3 minutes at 72°C).

[0242] The resulting PCR product was purified using the QIAquick® PCR Purification Kit
(Qiagen) and electroporated into electrocompetent MG1655 cells harboring the pRed-ET
recombinase-containing plasmid as follows. Cells were prepared by growing in 5 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 puL of ice cold dH,O and 2-5 puL of the PCR
product was added. The electroporation was carried out in 1-mm gap cuvettes, at 1.3kV ina
Gene Pulser Electroporator (Bio-Rad Inc.). Cells were recovered for 1-2 hours at 30°C and
plated on L agar containing chloramphenicol (5 pug/mL). Five transformants were analyzed
by PCR and sequencing using 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 GI1.5-pgl::CMP.

[0243] The chromosomal DNA of MG1655 GI1.5-pgl::CMP was used as template to
generate a PCR fragment containing the FRT-CMP-FRT-GI1.5 - ybhE construct. This
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construct was cloned into pPBBR1IMCS5(Gentamycin) as follows. The fragment, here on
referred to as CMP-GI1.5-pgl, was amplified using the 5° primer Pglconfirm-F (SEQ ID
NO:31) and 3’ primer 3' EcoRV-pglstop (SEQ ID NO:32). 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 pPBBR1IMCSS (Gentamycin). A 20 ul ligation reaction was
prepared containing Sul CMP-GI1.5-pgl insert, 2 ul pPBBR1IMCSS5 (Gentamycin) vector, 1 pl
T4 DNA ligase (New England Biolabs), 2 ul 10X ligase buffer, and 10 pl ddH,O. The
ligation mixture was incubated at room temperature for 40 minutes then 2-4 uL. were
electroporated into electrocompetent Top10 cells (Invitrogen) using the parameters disclosed
above. Transformants were selected on L agar containing 10 pg/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 primers provided by
Sequetech, CA. This plasmid was designated pPBBRCMPGI1.5-pgl (Figures 12, 13A-B and
SEQ ID NO:6).

[0244] Plasmid pPBBRCMPGI1.5-pgl was electroporated into EWL256, as described herein
and transformants were plated on L agar containing Chloramphenicol (10 pg/mL),
Gentamycin (5 ug/mL), spectinomycin (50 ug/mL), and carbenicillin (50 pg/mL). One
transformant was selected and designated strain RM111608-2.

Primers:

Pgl-F

5’-
ACCGCCAAAAGCGACTAATTTTAGCTGTTACAGTCAGTTGAATTAACCCTCACTA
AAGGGCGGCCGC-3’ (SEQ ID NO:29)

PglGI1.5-R

5’-
GCTGGCGATATAAACTGTTTGCTTCATGAATGCTCCTTTGGGTTACCTCCGGGAA

ACGCGGTTGATTTGTTTAGTGGTTGAATTATTTGCTCAGGATGTGGCATAGTCAA
GGGCGTGACGGCTCGCTAATACGACTCACTATAGGGCTCGAG-3’ (SEQ ID NO:30)

3" EcoRV-pglstop:
5’-CTT GAT ATC TTA GTG TGC GTT AAC CAC CAC (SEQ ID NO:31)

pgl +49 rev: CGTGAATTTGCTGGCTCTCAG (SEQ ID NO:32)
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Strain Time. hr Molar yield. (7c Mass yield. % DWM99 44 23.9 11.0 CwWP312 45
30.3 14.5
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Bottom Pgb2: GGTTTAGTTCCTCACCTTGTC (SEQ ID NO:33)

Top GB’s CMP (946): ACTGAAACGTTTTCATCGCTC (SEQ ID NO:34)

Pglconfirm-F
5’-ACCGCCAAAAGCGACTAATTTTAGCT-3’ (SEQ ID NO:35)

Example 2: Improvement of isoprene production by constitutive expression of vbAE (pgl)

from a plasmid in E. coli

[0245] This example shows production of isoprene in a strain constitutively expressing F.
coli ybhE (pgl) compared to a control strain expressing ybhE at wild-type levels (i.e.,
EWL256). The gene ybhE (pgl) encodes E. coli 6-phosphogluconolactonase that suppresses
posttranslational gluconylation of heterologously expressed proteins and improves product
solubility and yield while also improving biomass yield and flux through the pentose
phosphate pathway (Aon et al., Applied and Environmental Microbiology 74(4): 950-958,
2008).

i) Small scale analysis

[0246] Media Recipe (per liter fermentation media): K,HPO,4 13.6 g, KH,PO413.6 g,
MgSO4*7H,0 2 g, citric acid monohydrate 2 g, ferric ammonium citrate 0.3 g, (NH4),SO;4
3.2 g, yeast extract 1 g, 1000X Trace Metals Solution 1 ml. All of the components were

added together and dissolved 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.

Glucose 5.0 g and antibiotics were added after sterilization and pH adjustment.

[0247] 1000X Trace Metal Solution (per liter fermentation media): Citric Acid*H,0O 40g,
MnSO4*H,0 30g, NaCl 10g, FeSO4+7H,0 1g, CoCl,»6H,0 1g, ZnSO4+7H,0 1g,
CuSO4*5H,0 100mg, H3BO3 100mg, NaMoO4*2H,0 100mg. Each component was
dissolved one at a time in diH>O. The pH was adjusted to 3.0 with HCI/NaOH, and then the

solution was brought to volume and filter-sterilized with a 0.22 micron filter.

(a) Experimental procedure
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[0307] This exanpl e conpares isoprene production fromE. coli strains

expres enes fromthe nevalonic acid and I engr thase W th
The porl 0SB E B RG Wik erog R BB PSP g g GRORIEEry B ot ed.
grown i NTich&teteal @l el S L IR TB@%oﬂlé?_%)vﬁﬁﬁE% a3 %he MedbynwiResspe . (per
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rmnohydﬂattempﬂa@lregwﬁemtamalmﬂmﬂﬂﬁﬁa the pHasepoir® vEs§. (ydazslxygm ﬂawt8¢tpﬂz1nm 1000X
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Thi s sotaita0 ogﬁc%é%‘hﬁ?a%g“é‘tl‘é‘} fatg %%lg%qa TPb 348 ingfulyiy %%Eﬁ?lgétra“ﬁ %ﬁ%% t hen

adj ust Eﬁjozteﬁ) vial Qfa%trréhkg@(gﬁt()vﬂanJB BRS'BEPEQa? AW mlaf(élgﬁl(ﬁﬁg) QfdQHQJHateHQlt gged i nal

vol une. 10 g gl ucose, O. hi am ne hydrochl oride, ‘and appropriate

anti bi o%smglevuetcmyaxzhjedocaﬂatai mm eediaivwigt armlblczmd apdg@djnusermaglit. ThB8drial 000X
Modi fied Tr ce Met Sol yti on liter): citric acid*H

Mh504* Fste dipfed “Nﬁ%:l? e ‘&R ppigPiotcsgo g‘“@?&ﬁﬂ din%‘yﬂﬁé?é)%*mzo 100

M WO R0 Q74939 RET/ US2010/ 062099 CuSO4*5H20 100 ng H3B03, and 100 ny
NaMb04* 2H20 were di ssolved one at a tine in di H20, pH was adjusted to 3.0
wi th HCl/ NaOH, and then the solution was brought up to final volune and
filter [0249iOffzasiandlyshs of isorzenanwas renforned wing a gas chromatograph-mass

spectrometer (GC-MS) (Agilent) headspace assay. Sample preparation was as follows: 100
uL 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.

[0250] 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 isoprene concentration (ug/L) by the OD reading and the time (hour).

[0251] 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

[0252] The experiment demonstrated that at 2 different concentrations of IPTG the strain
expressing the ybhE (pgl) had a dramatic 2-3 fold increase in specific productivity of

isoprene compared to the control strain.

ii) Isoprene fermentation from E. coli expressing Cm-GI1.2-KKDyl, M. mazei
mevalonate kinase, P. alba isoprene synthase, and ybhE (pgl) (RM111608-2) and grown
in fed-batch culture at the 15-L scale

[0253] Medium Recipe (per liter fermentation medium): K,;HPO, 7.5 g, MgSO,*7H,0 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
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citric acid nonohydrate, 0.3 g ferfic amoniumcitrate, 0.5 g yeast
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and di ved in di H20. This utj o heat .s ilize t 123C for 20
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Sol ution, and appropriate antibiotics were added after sterilization and pH

adj ust rfeain the lpgrpagton gaodetaypungd wsingry Hedenveasaspesspmetesn Thpsepieng 8fey: 40 g

citric.acid* * . X , Cl2*6H20,
1 g zn é%?g%ﬁ@é?erfggC&nﬁw%f%&lfﬂégﬁ‘gﬁjh%lg%ﬂﬁm Vﬁg‘?gﬁ i%?%%%&% 2H20
wer e di(g8elged: IMikowrt) (Rigurd 4B )N ThehRpredehireihtreasd atgiube ecurk©ofh® Wi t h

HC1/ NaOH, and. then the solution was b to final volune and filter

st eri | iTs@ERenkFtion tg agnaxsmymevabe qfi410tqag/_Lra? lzllg r;;E)urlérz60.5 g/L at 59 hours) (Figure 14C).

The total amount of isoprene produced during the 40-hour (59-hour) fermentation was 281.3
2 (451.0 g at 59 hours) and the time course of production is shown in Figure 14D. The time
course of volumetric productivity is shown in Figure 14E and shows that 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).
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Table 2: Summary of the nature and levels of impurities seen in several batches of

isoprene produced from renewable resources

Retention Time (min)
Compound Conc. Range
GC/MS GC/FID
Ethanol 1.59 11.89 <50 ppm
Acetone 1.624 12.673 <100 ppm
Methacrolein 1.851 15.369 <200 ppm
Methyl vinyl ketone 1.923 16.333 <20 ppm
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WO 2011/079314 PCT/US2010/062099
Retention Time (min)
Compound Conc. Range
GCIMS GC/FID

Ethyl acetate 2.037 17.145 100 to 800 ppm
ieﬁzgieyflf 227 18.875 50 to 500 ppm
Methyl vinyl oxirane 2.548 19.931 <100 ppm
Isoprenol 2.962 21.583 <500 ppm
3-methyl-1-butanol 2.99 21.783 <50 ppm
3-hexen-1-ol 4.019 24.819 <100 ppm
Isopentenyl acetate 4.466 25.733 200 to 1000 ppm
3-hexen-1-yl acetate 5.339 27.223 <400 ppm
limonene 5.715 27.971 < 500 ppm
Other cyclics 5.50-6.50 27.5-28.0 <200 ppm

Purification of isoprene produced from renewable resources by treatment with

adsorbents

[0259] Adsorbents are widely used by industry for the removal of trace impurities from
hydrocarbon feedstocks. Suitable adsorbents include zeolite, alumina and silica-based
materials. Isoprene produced from renewable resources can be substantially purified by
passage over silica gel, and to a lesser extent with alumina. Figure 18 shows the GC/FID
chromatograms of an isoprene sample before (A) and after treatment with alumina (B) or
silica (C). The Selexsorb™ adsorbent products from BASF is one of the adsorbents of choice
for the removal of polar impurities from isoprene produced from renewable resources.
Specifically, the Selexsorb™ CD and CDX products are preferred given their proven utility

for removal of polar impurities from isoprene and butadiene feedstocks.

Example 4: Construction of Strains MCMS518-521 and 528-531: LLambda promoters driving

integrated mKKDyIl

[0260] P1 transduction enables movement of up to 100 kb of DNA between bacterial strains
(Thomason et al. 2007). A 17,257 bp deletion in E. coli BL21(DE3) (see Figure 20) was
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215 Exanple 13: The Effect of Mon the Specific Productivity of Meval onate
in E. coli BL21 [0323] The neval onate bi osynthetic pathway conprises two
parts: (Iwotha/upjier neval onat e pat hway, contai ni ng acePORAB20AACH99

synthase (thiolase), HMG CoA synthase (HMSS) and HMG CoA reductase (HMGR);

and (2) the | ower .neval ona ath cont ai ni se (

ohos piJFERSIRATEY R AR Bl B RO Sn: 6o a G PR (/D) and
i sopentgylpERphasphatignddeenidy ase (1 Dl). Expression of the upper pathway
proteins produces nevalonate, an internediate in the production of

i soprene. [0324] These experinents were designed to investigate how and by
whi ch 826 werstpriegien Weetused ﬁéplf;p@g|dnﬁf@elyrsege@ble\mryer@ﬁ0 raspafyoredandes n E.
coli B e ) .and

Ent er oléc(%))(;iit@bsg the%(fo(%%bl%edr%ea%gegi%i: rucg) gg/dg 45 Fl% an ah’]gg;g afgyr?é)cd gg{l%%hr)r%eds and

t r ansf abniedl 71,28 0b @ terce t€ bt tramifdtied, %Meﬂ@lﬂ@in v@d@Chthkélg) Itd) bBl&tineafat ai ni ng
pgl integrated in the bacterial chr onosone. [ 0325] Stralns cont ai ni ng pgl

had a dP &R Wi B iHECD b eRiR FOEping By @flbl@flﬁ@arlﬁémw&blgq Y Bavsithg growt h
in mni “7%7 iy d@*b%&eﬂbl‘%'ﬂr QORI AL LRPE ]@ptfgeXgrﬁé XL e harkdf, ?M"h{%
condltlonst t mmc t ystageso atc errrentatlon
presencasoh gogd erbodingdagaraydih résistaricai(” frah®™ yewtis umened td chw wedgenext ract

concentr at o resulted in ficant]y h roducti on of

nmeval orfaf 18%@25&’8“@&% s Of‘é‘gﬂ‘PW& fb@thnTﬁ?c% gerF‘gCrStlt 15%8%%1?“ dwas not
due to ﬂuﬂﬂfe@éﬁﬁ‘éﬂl& ReRRHRLIRABH oFEMQéth!’&aér@c]B@é i?)"i@g)f it heNESy bﬂ“fﬁ@?:@% rating
that the presence of pgl under thes@ growth conditions positively

i nf | uertegmnstsed inig 4 ooloBLtZl(ﬂ)ﬂﬁgmqlmemdmdweﬂpfathwepbmnemfyortnﬁ

fhose. 1aMa ] g 6auNT HG ENEVES Pt 1P BB AFEa B4t Crl Pl Rl f on.
[ 0326] deansdldtedin 1D rﬁkfdnﬂ%é/ﬂ Rb/HPOIPR YL MYBPeatdsval. IRCP BBRIMBR{0);, To

insert the upper MA pathway into the pBBRLMCS-5 vector, the entire
expr esdl bml\é E&t Q@Md\‘lg%@ﬁmgtammw Afp/aey) galagtsearrnld Hiely cantainghe cr i pt i on

termn b smgaplasmd pMCMB2 tenplate with the
pri mergl pe l%pﬂfbﬁg%l%%g} and WD 2011/ 079314PCT/ US2010/ 062099
Upper 3' Xbal (SEQ ID NO 58). PCR priner sequences are |listed below in Table
28. Eadb2éduimen MOMI 20 (830 IDIND136 pAMAVBIZ M2 B0(SHY) 1D NO:37)iwerb Xsddatcul ase(r)

Bu{ i p%é} 5 g ?%@Eﬁe@]& i bﬁfﬁ@f‘ﬁ%ﬁﬁw ?% th%ﬁgggrsdggs PRI eﬁ(z:g) “and
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Reactions were heated To 95C for 4 mnutes, subject to 5 cycles of 95C for
20 m nlitegagensPOdhos DRGismecbniidla) CaRforfior acd¢ondinp b dbg mhouiaGuey'sipestoafl. 95C

for 20 'n e 5C for 20 se ds_./[, 72C 4 mnutes, fol y 10
m nut e gét% ﬁ%ﬁéeaﬁl‘?f&l e CX%B‘F %%jf01”8wﬁc9g 0[0@% ???“t?ﬁé%sﬁyﬁ@s 8# %}ﬁgz‘g
product ¥gg Cﬁatrf()rg%gormé ﬂ?b/ﬁh&ﬁ&é %BH%%B%MﬁéeE‘gRéad%ﬁs GaRlthdr aRldd )

(I nvitrogen, Carlsbad, CA) and ‘4.2 kb product was purified using

Q aQui ak@fg. Pherfiofir catticon veond pmisd (lc@daQQnt;o MAlagerr PER cCAimmewordngyp the t he
manuf acturer's reconme pr 0 i fied PCR prod and the
pBBler%a@?%\%? PK%‘?CQP?W@H @3 @k@uﬁf OB BB T Gat 1§ ct 1 on
endonucl eases overni ght at 37C as follows: 6 i.il diH0, 2i.il 10X
SURE/ UZ@v]flfl%rmlﬁl pRRIENRaARRICHBRR @?én%ﬁﬁ@ el H@i(ﬁﬂﬁ@he?maﬁﬂ%z@na) 10 0.1l

BRIMCS-5 or PCR insert), 1 1. of (Roc e Sci ence), and
t 1 le@;tropﬂ@tﬁldenmdqb IcpédBISdﬂéE&)es)tramWﬂ@M@éﬁ (Cialy git. mKtI@s}tIrAch] Gmng nzy mes

we e heat activat ed C for 20 m nu ore at |

Fonot 1 o EaEbesls nBinsamand s T E R s tle Tor oo T s0CHRHIG,

Li gase a@gbff@ﬁnc( dN@Mvséé@é@MLﬁmb@pg/mL PV EB%Wg fﬂ%bes alzded | T4 DNA
| i gase (New Engl and Biolabs), 2 1.il vector (pBBRLMCS-5 and 4 i.il insert
(upper dwmmg)tpﬁe@sb@mlﬂmsmssttaat)colmdwwefr@eoas sursad MUMSEE. 4C overni ght. The
| i gation reactions were desalted by mcrodialysis (MIlipore, Billerica,

o cHRr Dy RCIBOERA BRVEtont b RS oL RERA BRI IR ™

Cal i f or@bg,) oﬂC@IQF dit Btght pOint, 36 MMINMUEAGIHEE vas adRaOantERE &6l rié dtad Gitlubated at
El ectropor at ed cells were recovered at 37Cin LB for 1 hour, and then

pl at ed IrEdorBS pruatse & elpmees tembarxesied byamtllﬁyg@tginrmleeé@noa@fﬁ@ with 3adl ehi es

di spl ayi ng no 13-gal actosi dase activity were selected for further analysis
by PCR using priners ML3 Reverse and MCML63 to confirmthe presence of the
insert. Plasmd fromone of these colgaies was purified (Q agen),

conpl etely sequenced (Qui ntara Bi osci ences, see Table 11 for priner
sequences) to verify that it contained the conplete upper MVA pat hway
expre55|on cassette |n the correct orlentatlon and de5|gnated po15 (SEQ
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WO 2011/ 079314PCT/ US2010/ 062099 Table 11: PCR and Sequencing Priners Priner
name Prinmer sequence Upper5' Xhol atgctcgagctgttgacaattaatcatccggcetc (SEQ ID
NO :57) UppenB/oXbHk cgat ct agaaaggcccagtctttcgact gagcc ( BEQUSRY1BI@62038)
MCML63 ggattttggccatttccagectt (SEQ I D NO 59) CFO7-58

purified amplicons as described above, and then recovered in 500 pL. SOC medium at 37°C
for 1.5-3 hours. Transformants were selected on LB+ 10 pg/mL kanamycin (LB/kan10)
plates at 37°C.

[0265] Recombination of the amplicon at the target locus was confirmed by PCR with
primers GB-DW (SEQ ID NO:38) and MCM208 (SEQ ID NO:39). The resulting amplicons
were sequenced to identify four clones having the sequences listed below. Four carbenicillin-

sensitive clones were frozen as strains MCM518-MCM521.

[0266] Strains MCM518-MCM521 were re-streaked onto LB/kan10 and grown overnight at
37°C. Colonies of strains MCM518-MCMS521 were picked, cultured in LB/kan10 at 37°C
and electrotransformed with plasmid pCP20, which encodes the yeast Flp recombinase,
chloramphenicol and ampicillin resistance genes and confers temperature sensitive
replication on host cells (Cherepanov, P.P. et al., Gene 158(1):9-14 (1995)). Cells were
recovered in 500 gL SOC medium by shaking at 30°C for 1 hour. Transformants were
selected on LB/carb50 plates at 30°C overnight. The following morning a colony from each
plate was grown at 30°C in LB/carb50 medium until visibly turbid. The culture was then
shifted to 37°C for at least 3 hours. Cells were streaked from that culture onto LB plates and

grown overnight at 37°C.

[0267] The following day colonies were patched to LB, LB/carb50 and LB/kan10. Clones
that were sensitive to both carbenicillin and kanamycin (i.e., which could not grow on carb50

and kan10) were cultured in liquid LB and frozen as strains MCM528-MCM531.

Table 3: E. coli strains

Strain Description Parent
MCMS508 | BL21 gil.6-mKKDylI + predet.-carb MCM446
MCMS518 | BL21 neo-PL.6-mKKDyl, clone 10 MCMS508
MCMS519 | BL21 neo-PL.O-mKKDyI, clone 11 MCMS508
MCMS520 | BL21 neo-PL.O-mKKDyI (bad RBS in front of mMVK), clone 13 MCMS508
MCMS521 | BL21 neo-PL.2-mKKDyI, clone 15 MCMS508
MCMS528 | BL21 PL.6-mKKDyI, neo® looped out MCMS518
MCMS529 | BL21 PL.O-mKKDyI, neo® looped out MCMS519
MCMS530 | BL21 PL.O-mKKDyI (bad RBS in front of mMVK), neo® looped out | MCM520
MCMS531 | BL21 PL.2-mKKDyI, neo® looped out MCMS521
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at gaaaacagtagttattattgatgc (SEQ I D NO 60) CFO7-59 cttaaatcatttaaaatagc (SEQ
I D NO 61) CF0O7-82 atgacaattgggattgataaaattag (SEQ I D NGO 62) CFO7-86

gaaat agcowoantiagangt atc (SEQ I D NO : 63) CF07-87 ttgccaafcatist¢gansyanaat c
(SEQ I D NO 64) CF07-88 gctatgcttcattagatccttatcg (SEQ I D NO : 65) CFO7-89

Table 4: Primer sequences

Primer Sequence (57 2 3)
name

MCM120 aaagtagccgaagatgacggtttgtcacatggagttggecaggatgtttgattaaaagcaattaaccctecactaaagggegg (SEQ ID
NO:36)

MCM224 taaatcttacccggegeagaacaggataccatgtttttttaccteetttgeaccticatggtggtcagtgegtectgetgatgtgcteagtatcaccgee
agtggtatttaN gtcaacaccgccagagataatttatcaccgcagatggttatctgtatgttttitatatgaatttaatacgactcactatagggcteg
(SEQ ID NO:37)(where N can be a,t, c,or g)

GB-DW aaagaccgaccaagcgacgtetga (SEQ ID NO:38)
MCM208 getetgaatagtgatagagtea (SEQ ID NO:39)

[0268] The assemblies integrated into the chromosomes of strains MCM518-MCM521
include new Py, promoters derived from bacteriophage lambda (A) and the very beginning of
the mMVK OREF, with sequences from the Gene Bridges FRT-gb2-Cm-FRT cassette
integrated upstream of the promoter/mMVK assembly, as well as the remainder of the

mMVK ORF followed by the rest of the lower MVA pathway integron from strain MCMS508.

[0269] Promoter/mMVK sequence integrated into MCM518 (SEQ ID NO:40):
aaagaccgaccaagcgacgtctgagagetccctggcgaattcggtaccaataaaagagctttattttcatgatctgtgtgttggtttttgtg
tgcggegeggaagttectattctctagaaagtataggaacttcctcgagecctatagtgagtegtattaaattcatataaaaaacatacag
ataaccatctgcggtgataaattatctctggcggtgttgacataaataccactggeggtgatactgagcacatcagcaggacgeactga
ccaccatgaaggtgcaaaggaggtaaaaaaacatggtatcctgtictgecgecgggtaagatttacctgttcggtgaacacgecgtagtt
tatggcgaaactgcaattgegtgtgcggtggaactgegtaccegtgttcgegeggaactcaatgactctatcactattcagage

[0270] Promoter/mMVK sequence integrated into MCM519 (SEQ ID NO:41):

aaagaccgaccaagcgacgtctgagagetccctggcgaattcggtaccaataaaagagctttattttcatgatctgtgtgttggtttttgtg
tgcggegeggaagttectattctctagaaagtataggaacttcctcgagecctatagtgagtegtattaaattcatataaaaaacatacag
ataaccatctgcggtgataaattatctctggcggtgttgacctaaataccactggeggtgatactgagcacatcagcaggacgeactga
ccaccatgaaggtgcaaaggaggtaaaaaaacatggtatcctgtictgecgecgggtaagatttacctgttcggtgaacacgecgtagtt

tatggcgaaactgcaattgegtgtgcggtggaactgegtaccegtgttcgegeggaactcaatgactctatcactattcagage

[0271] Promoter/mMVK sequence integrated into MCM520 (SEQ ID NO:42):
aaagaccgaccaagcgacgtctgagagetccctggcgaattcggtaccaataaaagagctttattttcatgatctgtgtgttggtttttgtg
tgcggegeggaagttectattctctagaaagtataggaacttcctcgagecctatagtgagtegtattaaattcatataaaaaacatacag

ataaccatctgcggtgataaattatctctggcggtgttgacctaaataccactggeggtgatactgagcacatcagcaggacgeactga
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gaaacctacatccaatcttttgccc (SEQ I D NO 66) [0328] Construction of MA
Produci ng Strains MCMB70-877. Plasm ds encoding the E. faecalis nmvaE and
nvaS genesowerig@7p3r oduced into E.coli hosts by el ectroporaiSzan/06240st cel | s
were grown in LB nediumat 37C, 250 rpmto 0360021 Cultures were pl aced on
ice until cold. For each el ectro%orat on react culture wa

centri f‘iﬁé‘é‘&tgiaﬁggé%caéﬁﬁé??&%a@c%%t? 8%?%?%?%956%%%%aFE?Sﬁ‘ﬁF‘é%ﬁbW&%‘iﬁF‘égt?%Faté 3
m nut e ell et was
B e e R T

procedure was repeated three tinmes, and thewgﬁ ellet was finally resuspended
i n 100 [0272] Hromew)/mM¥ikxiegpencefintpgratediiate MoONE24 (SR IBFN®:43)1. each of pDWL5

SEQ I D, H #

(const R GResHRb bR S ARG A R A il AR N B
Appl i cagd @la gé‘ggaaét&k&&&c&éiéagwﬁg gaﬁiﬂledtcgﬁgcﬂ:&ﬁ?talgdghgtﬁgtaﬁﬁaktcﬁhﬁﬁt&ﬁ@daﬂﬁa@ nd

el ectroporated into conpetent E. coli cells in a 2 nmcuvette at 2.5 volts,

25 i .t Fipac)teprgatgafaaattateiciees g otgitgrgraappRepste S past SR S QIR PER APRERF A4S R
CLPtr
gl ect rgcgg{&gggggé%? %@‘ fa g%%?%%?dcé&ggagﬁ%gtcg géCg%g a%g%&éno?n@g%gggt e a CC%t.agttvol ts,

25 i .t RatggCmhhcgaanttgcgtgrpegdigtaettycahdcoggtcgogcggacearngdcret &0 tdtichgdgB medi um

for one hour at 37C. Transformants were selected on LB with the appropriate

antibiqtic singl e colony from each

transf Y : 6 e indicated antibiotic(s) at

37C, 250 rpmto CD60021 and then 0. 5 n1_ of culture was m xed with 1 nL of
50% st q0273 Tliyethdle décAB&ThOBorftiictidifof MNGbpsémRr @ed@ling BOG/i st

2011/ 079314PCT/ US2010/ 062099 Tabl e 12: Bacterial Strains for Measuring

Speci f itertEringdee iryhaaiedofersigyefl b ndkeisepisne amthase ohe MIQe vaganthnder eeiod( s)

Sel ect &g 43t bRl br&hdek:.

[0274] The plasmid harboring truncated P. alba isoprene synthase (IspS) was constructed by
Quikchange™ (Agilent Technologies, Stratagene Products Division, La Jolla, California)
PCR mutagenesis from the template pPEWL244 (also referred to as pTrc-P.alba(MEA)-
mMVK (described in Example 10 of US Patent Application No. 12/335,071). The PCR
reaction contained the following components: 1 ul pPEWL244 (encoding pTrc P.alba-
mMVK), 5 ul 10X PfuUltra High Fidelity buffer, 1 ul 100 mM dNTPs, 1 pl 50 uM QC
EWL244 MEA F primer (SEQ ID NO:44), 1 ul 50 uM QC EWL244 MEA R primer (SEQ
ID NO:45), 2 ul DMSO, 1 ul PfuUltra High Fidelity polymerase (Agilent Technologies,
Stratagene Products Division, La Jolla, California), and 39 ul diH,O. The PCR reaction was
cycled as follows: 95°C/1 minute; and 18 cycles of 95°C/30 seconds, 55°C/1 minute,

68°C/7.3 minutes. The reaction was then cooled to 4°C.

[0275] The PCR product was visualized by gel electrophoresis using an E- gel (Invitrogen,
Carlsbad, CA), and then treated with 1 pl Dpnl restriction endonuclease (Roche, South San
Francisco, CA) for three hours at 37°C. Ten pl of the PCR product were then de-salted using
a microdialysis membrane (MilliPore, Billerica, MA) and transformed into electrocompetent
E. coli strain MCMS531 (prepared as described above) using standard molecular biology
techniques. Cells were recovered in one ml of LB medium for 1.5 hours at 30°C, plated onto

LB-agar plates containing 50 1g/ml carbenicillin and 5 mM mevalonic acid, and then
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(Novagen;

MCMB8) Specti nomycin 50 ppm pCLPtrcUpper Pat hway (pMCVB2) MCMVB70

BL21 (Novagen; MCMB8) GCentanycin 10 ppm Ptrc-upper MWA pat hway on
pBBR1LMCS-WO(2pDWI3314 MCMB71 BL21 (Novagen; MCMB8) Car beni ®CTIGS20180639pM

incubated overnight at 37°C. The next day, positive colonies (of strain DW195, see below)

were selected for growth, plasmid purification (Qiagen, Valencia, CA), confirmed by DNA

sequencing (Quintara Biosciences, Berkeley, CA) with the primers listed below. The final

plasmid, pDW34 (Figure 19A; SEQ ID NO:7), was confirmed to carry the open reading

frame that encodes the truncated version of P. alba IspS.

[0276] Strain DW199 was generated by transformation of pPDW34 and pMCMS82 (described
in Example 10 of US Patent Application No. 12/335,071) into electrocompetent MCMS531

(prepared as described above). Cells were recovered in 1 ml of LB medium for 1 hour at

37°C, plated on LB agar plates containing 50 pg/ml spectinomycin and 50 pg/ml

carbenicillin, and then incubated overnight at 37°C. The next day, antibiotic resistant

colonies of strain DW199 were chosen for further study.

[0277] Strain DW202 was generated by transformation of pPBBRCMPGI1.5-pgl (described in

example 1) into electrocompetent DW199 (prepared as described above). Cells were

recovered in 1 ml of LB medium for 1 hour at 37°C, plated on LB agar plates containing 50

mg/ml spectinomycin, 50 pLg/ml carbenicillin and 5 pig/ml gentamycin, and then incubated

overnight at 37°C. The next day, antibiotic resistant colonies of strain DW202 were chosen

for further study.

Table 5: Primers

Primer Name Sequence (51 2 31
QCEWL244 MEAF gaggaataaaccatggaagctegtegttet (SEQ ID NO:44)
QCEWL244 MEA R agaacgacgagcttccatggtttattecte (SEQ ID NO:45)
EL-1006 gacagcttatcatcgactgcacg (SEQ ID NO:46)
EL-1000 geactgtetttecgtetgetge (SEQ ID NO:47)

A-rev ctcgtacaggetcaggatag (SEQ ID NO:48)
A-rev-2 ttacgtcccaacgetcaact (SEQ ID NO:49)
QB1493 cttcggeaacgeatggaaat (SEQ ID NO:50)
MCM208 gctetgaatagtgatagagtea (SEQ ID NO:39)
MCMG66 (aka pTrc Reverse) ccaggcaaattetgttttatcag (SEQ ID NO:51)
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pTrcH s2AUpper Pat hway#1 (pCF449) MCMB72 BL21 ( Novagen; MCMB8) Specti nonycin
50 ppm GCentanycin 10 ppm Carbenicillin 50 ppm pCLPtrcUpper Pat hway
(pMCMVB2) ,WB2nt/aIpiier MVA pat hway on pBBRLMCS-5 (pDWL5), PCT/US2010/062099
pTr cH s2AUpper Pat hway#1 (pCF449) MCMB73 BL21 t pgl + (CMP258) Specti nonycin

50 ppm,&(ﬂl&:r cs%leJl)l(lasr Pat hway (pMCMB2) MCMB74

Strain Background Plasmid Resistance Genotype
DW195 MCM531 pDW34 Carb BL21 (Novagen) PL.2mKKDyI, pTrc-P.
alba(MEA)-mMVK

DW199 MCM531 pDW34 Carb / Spec BL21 (Novagen) PL.2mKKDyI, pTrc-P.
MCMS2 alba(MEA)-mMVK, pCL pTrc-Upper

DWO02 MCM531 pDW34 Carb/Spec/Gm BL21 (Novagen) PL.2mKKDyI, pTrc-P.
MCMS2 alba(MEA)-mMVK, pCL pTrc-Upper,
pBBRCM pBBRCMPGI1.5-pgl
PGI1.5-pgl

Example 6: Construction of £. coli BL21 strains CMP215, CMP258 and CMP234

[0278] This example describes the construction of E. coli strains derived from BL21
transduced with P1 phage containing E. coli MG1655 genomic DNA and selected for
recombination of a 17,257 bp piece present in MG1655 but absent in BL21 and BL21(DE3).

[0279] A P1 lysate was made of strain JW0736, in which the ybgS gene was replaced with a
kanamycin resistance gene (“Kan®”)(i.e., ybgS::Kan® mutation) from the Keio collection
(Baba et al. 2006). That lysate was used to infect strain MCMS531 (described above),
producing strain CMP215. The genotype of CMP215 was confirmed by PCR using primers
galM R (5’-GTC AGG CTG GAA TAC TCT TCG-3’; SEQ ID NO:8) and galM F (5’- GAC
GCT TTC GCC AAG TCA GG-3’; SEQ ID NO:9). Those primers anneal to the galM gene,
as shown on Figure 20, but only produce a PCR product from E. coli BL21(DE3)
chromosomal DNA having the 17,257 bp deletion.

[0280] Integration of the 17,257 bp fragment following P1 transduction was verified by PCR
with the following protocol. One bacterial colony was stirred in 30 ul H,O and heated to
95°C for 5 minutes. The resulting solution was spun down and 2 ul of the supernatant used as
template in the following PCR reaction: 2 pl colony in H,O, 5 ul Herculase® Buffer, 1 ul

100 mM dNTPs, 1 pl 10 uM Forward primer, 1 pl 10 uM Reverse primer, 0.5 pul of
Herculase® Enhanced DNA Polymerase (Agilent Technologies, Stratagene Products Division,
La Jolla, California), and 39.5 ul diH,O. The PCR reaction was cycled in a PCR Express

Thermal Cycler (Thermo Hybaid, Franklin, MA) as follows: 95°C/2 minutes; 30 cycles of
95°C/30 seconds, 52°C/30 seconds, 72°C/60 seconds; and 72°C/7 minutes. The reaction was

then cooled to 4°C. The annealing temperature of 52°C was 3°C lower than the lower T" of
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BL21 t pgl + (CWP258) Centanycin 10 ppm Ptrc-upper MA pat hway on pBBRLMCS-5
(pDWL5) MCMB75 BL21 t pgl + (CMP258) Carbenicillin 50 ppm

pTr cH s2A¥pperiRabimay#1 (pCF449) MCMB76 BL21 t pgl + ( CMPRFB)S2@pM6I00NhonyCci n
50 ppm Gentanycin 10 ppm Carbenicil I i n 50 ppm pCLPt r cUpper Pat hway

pTr cHi stéeAPJgt]ﬁ%f ]p,ag MA fg%:gf\,\gl}/mg ragment was gigtermln)ed on a pre-cast 0.8%
E—gel® (Invitrogen, Carlsbad, CA), using DNA Molecular Weight Marker X (75-12,216 bp)
(Roche Diagnostics, Mannheim, Germany) as size marker. Successful transduction was also

confirmed by the ability of strain CMP215 to grow on galactose.

[0281] Alternatively, a lysate of E. coli MG1655 was used to transduce strain BL21 (as
described in Example 1 above). A colony selected on M9 medium supplemented with 0.4%
(w/v) galactose was named CMP258. Presence of the 17,257 bp region containing pgl was
confirmed by PCR using primers ga/M R (SEQ ID NO:9) and galM F (SEQ ID NO:8),

essentially as described above.

[0282] Strain CMP215 was cotransformed by electroporation with plasmids
pCLPtrcUpperPathway expressing mvaE and mvaS (described in Example 8 of US Patent
Application No. 12/335,071) and pDW34 (containing a truncated P. alba isoprene synthase
and M. mazei mevalonate kinase, as described above). Transformants were selected on LB
agar plates including 50 pg/ml carbenicillin + 50 pg/ml spectinomycin. One colony was

picked and named CMP234.

Example 7: Construction of £. coli BL.21 strains CMP269 and CMP312

[0283] This example describes the construction of F. coli strains derived from BL21
transduced with P1 phage containing E. coli MG1655 genomic DNA and selected for
recombination of a 17,257 bp piece present in MG1655 but absent in BL21 and BL21(DE3).

The marker used for selection has been looped out.

[0284] Strain CMP215 (described above) was transformed with pCP20 (Cherepanov, P.P. et
al., 1995, Gene 158(1):9-14; Datsenko and Wanner, 2000, Proc. Nat’l Acad. Sci. USA,
97(12):6645) and the kan® marker contained in the ybgS gene was looped out according to a
previously described procedure (Datsenko and Wanner, Proc. Nat’l Acad. Sci. USA,
97(12):6645 (2000)). Marker loopout was verified by PCR as described above, but using
ybgSAmp F primer (5’-CCT GGA ATT AGC AAG AAA AAC GC-37; SEQ ID NO:52) and
ybgSAmp R primer (5’-GTG AAA ATT GCA CGG CGA GTA GG-3’; SEQ ID NO:53).
That strain was designated CMP269. Strain CMP269 was cotransformed by electroporation
with plasmids pCLPtrcUpperPathway (expressing mvaE and mvaS) and pDW34 (see Figure
19A) containing a truncated P. alba IspS and M. mazei MVK to produce strain CMP312.
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MCMB77 [ 0330] Construction of strains CWP215, CMP258 and CMP234 is

descri bed in Exanple 6, above. To assay neval onate specific productivity,
all straiwe 20weozzpown in triplicate overnight at 30C i RCTNB20me852999
containing 0.1% (W v) yeast extract, 1% (wv) glucose, and the appropriate
antibiqgtic. The overnight cultures were diluted to an m.,g 0f 0.05 in
fresh FWETHEYPH HHEUANOT Lo CRu Bl \irains L Ae s X ! EMBSL v) or 0.02%
(W v) yeast extract. The cultures were incubated at 34C until reaching
0D600 qD28515Fhis Exandfle WhkcEBestBE BénsROOHE dF @Rk ASSIQRNENAE. kpgBeed with 400 tM
1PTG Sanples were collected 1 hour and 2 hours post-induction to nmeasure

oD, mevEnsdisee wibritiepaga cowpnmed:. cofi M@l o3 gconmio PN as! sir¢tadfaE pr ot ei ns.
The spegifi.c duyct i\ of. val t t i VAN, T e

i or drsn R e e ST s BB PR ot TR0, e
aver agahé&kby esiloink atfesktiohalophef pglihoulie Ane/i2BINDIUind®IS) 1 (D¥ESY dérhedburhigpr tinme
period. WD 2011/079314PCT/ US2010/ 062099 [0331] To neasure neval onate
concent? 83BN WBEsh the resioredpgdrnshas beehprerielyddogied oat bpoRgrtng2 5 ni nut es.
Next , Ll L ! %.GwW v) perchloric
acid aﬁ%gﬁrﬁ&‘%}ggéggw%ﬁh{agé%tg?e‘%a?n&glgﬁ goséeg'f%(te@%s é(lls %?éens\gxlgg/&?'hen centrifuged
for 5 mnutes at 14, 000xg and the supernatant collected for HPLC anal ysis
run und@286G]he PCH prowmatgotemdig 4 copy:of (pg) ytBiFiRawhich Ak egenkiXs Bt ihgnted

Gal 1 1 or RRAEREL '3 a0 AR i P 2tV 5] hora ek bo B gidr et | on
guard GRé pHRef ﬁ:ﬂ %gmm @m @agf&?%)tdg@)gggfa@l:@g&-#; SEQ-MQ)i@ia@ngugmr#w)

runni ng buffer 01N H2SOH4, running buffer flowrate = ' [ mn;
(6) apdpo%iCrade( Uikl RgTpiles Jure AAC 83@ -psiSEQ ID NGipDeTheprineirpae = 100
mcroliters: runt | .= 26 m.nut es.r [[03 Re ts. Strains.grown in TM3
e o dufikes b Fhebtlolt g SaluPL ERr rC S0 SR S e gh s BE e 0y, 7 TN

wer e coidddfubd Stdtiont PER tbiplaef WRChrepdre@@d follps € 5B8€6b1b# P8I £he/iavtoi al
chronosome on neval onate production (Table 13). Strains were cultured as

descri sagyrisded ybldt:ikannsvag sipiredsiai gLFHO andomataddo BAEE &ridSamingkasofsome had
greater neval onate specific productivities than strains that were isogenic
except EotinghwlgineyassRus dowpang gl peHiesHpqraantrysused ashe traplasd Aat i ng

h I i f l, i Bt d VA f
et ChRSERRSRR! B U0l 2 RS e B APPSR ML ©
| . . i . t t
bR N T L

pr oductgo¥yrhatade Algiienfor2aes16gicOfStatgenpPeaeft aivisiod\Wed Jdiat Owasramdard opr ene
synthase. Table 13: Strains used to neasure specific production of
neval ot Q- alhe RigRecaofign miag cyslpbinpyPCR Express Thermal Cycler (Thermo Hybaid,

Franklin, MA) as follows: 95°C/2 minutes; 30 cycles of 95°C/20 seconds, 53.4°C/20 seconds,
72°C/40 seconds; 72°C/3 minutes. The reactions were then cooled to 4°C.

[0287] The size of the resulting PCR fragments was determined on a pre-cast 0.8% E-gel®
(Invitrogen, Carlsbad, CA), using DNA Molecular Weight Marker X (75-12,216 bp)(Roche
Diagnostics, Mannheim, Germany) as size marker. The PCR reaction was purified using the

QIAquick® PCR Purifcation Kit (Qiagen, La Jolla, CA).

[0288] Plasmid pRedETAmp (GeneBridges Gmbh, Heidelberg, Germany) was
electroporated into CMP269 to form CMP296. CMP296 was grown and induced with L-
arabinose according to the manufacturer’s instructions (GeneBridges) and transformed with
the pgl/ybhE::kan® PCR product described in this example. Transformants were selected on
LB agar including 20 ppm kanamycin. One colony was picked, its genotype checked by PCR
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with Herculase® polymerase using pglAmpF (5’-cagcaaatagcaggtgtatccage-3’; SEQ ID
NO:54) and pglRecCheck (5’-GGT TAC AAA ATG ATT GGC GTA CGC-3’; SEQ ID
NO:56) and named CMP298. The marker was removed as described above in Example 2 to

form strain CMP315. Plasmids pCLPtrcUpperPathway and pDW34 (see Example 1) were
introduced in CMP315 as described above in Examples 4-5 to form strain CMP323.

Table 7: Description of strains

Strain Description Parent

MCM531  BL21 PL.2-mKKDyl

CMP215 BL21 PL.2-mKKDyl t ybgS::Kan MCM531

CMP258 BL21 t pgl BL21 (Novagen)

CMP234 BL21 PL.2-mKKDyl t ybgS::Kan, CMP215
pCLPtrcUpperPathway, pDW34

CMP269 BL21 PL.2-mKKDyl t ybgS ML CMP215

CMP296 BL21 PL.2-mKKDyl t ybgS ML, pRedETAmp  CMP269

CMP312 BL21 PL.2-mKKDyl t ybgS ML, CMP269
pCLPtrcUpperPathway, pDW34

CMP315 BL21 PL.2-mKKDyl t ybgS ML r pgl ML CMP296

CMP323 BL21 PL.2-mKKDyl t ybgS ML r pgl ML, CMP315

pCLPtrcUpperPathway, pDW34

[0289] References cited: Aon et al., 2008, “Suppressing posttranslational gluconoylation of
heterologous proteins by metabolic engineering of Escherichia coli,” Appl. Environ.
Microbiol. 74:950-958; Baba et al., 2006, “Construction of Escherichia coli K-12 in-frame,
single-gene knockout mutants: the Keio collection,” Mol. Syst. Biol. 2: 2006.0008;
Cherepanov, P.P. et al., 1995, “Gene disruption in Escherichia coli: TcR and KmR cassettes
with the option of Flp-catalyzed excision of the antibiotic-resistance determinant,” Gene
158(1):9-14; Datsenko, K., and Wanner, B., 2000, “One-step inactivation of chromosomal
genes in Escherichia coli K-12 using PCR products, Proc. Nat. Acad. Sci. USA 97:6640-6645;
Neidhart, F., Ingraham, J., and Schaechter, M., 1990, Physiology of the bacterial cell: a
molecular approach (Sinauer Associates, Inc. Sunderland, MA); Thomason, L., Court, D.,
Datta, A., Khanna, R. and Rosner, J., 2004, “Identification of the Escherichia coli K-12 ybhE
gene as pgl, encoding 6-phosphogluconolactonase,” J. Bact. 186:8248-8253; Thomason, L.,
Costantino, N., Court, D., 2007, “E. coli genome manipulation by P1 transduction,” Curr.

Protocols Mol. Biol. Chapter 1, Unit 1.17; Studier F., Daegelen, P., Lenski, R., Maslov, S.,
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[0334] The rate of nmeval onat e accunul ati on per cell was significantly
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signif 'rﬁﬁl'i“fér}hehﬁ% JE%%%H?& Qh@ﬁl‘é%lﬁﬁlh %&dﬁﬂfﬁw"a@ 940 find RstdlAtonel
medi um cont al ni ng t| ng | evel yeast ext

of pgl to the bacterlal chromosome.

[0291] Medium Recipe (per liter fermentation medium): 13.6 g K;HPO,, 13.6 g KH,POy, 2

g citric acid monohydrate, 0.3 g ferric ammonium citrate, 3.2 g (NH4),SO,4, 1 ml 1000X
Trace Metals Solution were added together and dissolved in diH,O. The pH was adjusted to
6.8 with 28% (w/v) ammonium hydroxide and brought up to final volume. The medium was
filter-sterilized with a 0.22 micron filter. Glucose (10 g for overnight culture and 5.0 g for
main culture) and appropriate antibiotics were added after sterilization and pH adjustment,
followed by 1 g of yeast extract from a 100 g/L stock solution and 1 g of MgSO, froma 1 M
MgSO; solution.

[0292] 1000X Trace Metal Solution (per liter fermentation medium): 40 g Citric Acid*H,O0,
30 g MnSO,*H,0, 10 g NaCl, 1 g FeSO,*7H,0, 1 g CoCl,*6H,0, 1 g ZnSO,*7H,0, 100 mg
CuS04*5H,0, 100 mg H3BOs3, and 100 mg NaMoO,*2H,O were dissolved one at a time in
diH,O. The pH was then adjusted to 3.0 with HCI/NaOH, the solution was brought up to

final volume and filter-sterilized with a 0.22 micron filter.

[0293] E. coli strains: (1) CMP312: E. coli BL21 cells engineered to contain the upper
mevalonic acid (MVA) pathway (pCL Upper), the integrated lower MV A pathway
(PL.2KKDyl), and a plasmid with a truncated P. alba IspS (MEA isolate) and mevalonate
kinase from M. mazei (pTrcAlba(MEA) + mMVK). This strain also includes an integrated
copy of the 17,257 bp segment containing genes for galactose utilization and encoding pgl
that was found to be deleted in E. coli BL21(DE3). That segment was derived from E. coli K-
12 chromosomal DNA. (2) CMP323: This strain is identical to strain CMP312 described
above, except that pgl has been precisely excised from the transduced piece of K-12 DNA

and replaced with a gene conferring kanamycin resistance (pgl/ybhE::kan®).
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of the tive culture Figures 38 and 39). The presence of | on the
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chr onDspRBhIa&BPY18NEsidRY (IPT@? @& fihdl ¥ofentri@oSCi0BiM at felsB@LUbahErRC
expression fromits natural chronosonal context plays a role in increased

production of biochem cals such as isoprene. WO
2011/ 01929 Foff/gas20d vy DelisggeRxaappcaiotaed Ggnpan pelore idepaiasespegmemelet i vi ty
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i N Exanjahglelidnefwdlindt arinad dsaneycldduldugh itheord-Nell plAk2. 20084tdhf G6aplA2wand U. S.
Pat ent Application No. 12/ 335,071]%, DW99, CMP312 and CMP323 (described in
ot her WA ataph camBargas fyavp eachrqf yha 34 walks l9cogasrondingagrtppn REURods as
descri ( e : Lol . 6 : 40- 34846
(2001) it BTl o Mbfiteflon @b o the Sy Pheie TR i Soldpntf o P40,
a constaniybnegrpiscampled at D@9 Thabdaspharyalgefaeiliexpt easinnigak(ling GMA3 12 and
CwvP323 are isogenic, CWP312 has ybhE restored by transduction and is the
par ent ROt BppEdaiRghi ch has ybhE del eted. [0338] The PG enzyne activity was
nmeasured as follows: Briefly, a m xture of 6-D 6-

Phosphqo206199DQ; heasdr@fE Q06 eAVbtYndd SrRRORRNR0: BlYsanNe rdadds E@RaNAS
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nmM BES MRS7Amlyidah Teghnolpgies 6Sypmysdhdt 4) deingthe genssel thSrynmdistoprate @DsSt |
Louis, M) for about 3 . m nutes. Eallow ng i batian, .the soluti.on was

i T owed 7 el Br By QP Tt P Tl PR R P sl e SRR BE.
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sol ution.and NVR spectra.was r t 2.an mnute.tinme points. Sigma and
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Tabl e 14. Table 14 Lactonase Activity extract tinme (nmm)
points were calculated using linear interpolation between the measured values.

[0297] Results. A representative plot of OD (Figure 21) and specific productivity (Figure 22)
is shown for both strains. Specific productivity of isoprene from the pgl+ strain (with the pgl
gene integrated into the bacterial chromosome) was compared to a pgl strain. The bacteria

were grown under identical conditions in defined medium with glucose as a carbon source in

mini-fermentations. Online isoprene measurements over time revealed that the pgl+ strain
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(CMP312) had higher specific productivity of isoprene (Figure 22) compared to the pgl™
strain (CMP323), even with fewer cells in the culture (Figure 21).

Example 10: M. mazei mevalonate kinase and P. alba isoprene synthase overexpression,

with and without pgl/ expression

[0298] This example shows isoprene production from E. coli BL21 expressing genes from
the mevalonic acid pathway and isoprene synthase, grown in fed-batch culture at the 15-L

scale.

[0299] Medium Recipe (per liter of fermentation medium): 7.5 g KbHPO4, 2 g

MgSO.,*7H,0, 2 g citric acid monohydrate, 0.3 g ferric ammonium citrate, 0.5 g yeast extract,
and 1 ml 1000X Modified Trace Metal Solution were added together and dissolved in diH20.
The solution was heat sterilized at 123°C for 20 minutes, then adjusted to pH = 7.0 with 28%
(w/v) ammonium hydroxide and brought up to final volume. Ten grams of glucose, 8 mL
Mercury Vitamin Solution, and the appropriate antibiotics were added after sterilization and

pH adjustment.

[0300] 1000X Modified Trace Metal Solution (per liter): 40 g citric acid*H,O, 30 g
MnSO4*H,0, 10 g NaCl, 1 g FeSO,*7H,0, 1 g CoCl,*6H,0, 1 g ZnSO4*7H20, 100 mg
CuS04*5H,0, 100 mg H3BOs3, and 100 mg NaMoO,*2H,O were dissolved one at a time in
diH»O, the pH was adjusted to 3.0 with HCI/NaOH, the solution was brought up to final

volume and filter sterilized with a 0.22 micron filter.

[0301] Mercury Vitamin Solution (per liter): 1 g thiamine hydrochloride, 1 g D-(+)-biotin, 1

g nicotinic acid, 4.8 g D-pantothenic acid, and 4 g pyridoxine hydrochloride were dissolved
one at a time in diH,O, the pH was adjusted to 3.0 with HClI/NaOH, the solution was brought

up to final volume and filter sterilized with a 0.22 micron filter.

[0302] Feed solution (per kilogram): 0.57 kg glucose, 0.38 kg diH,0, 7.5 g K;HPO,, and 10

g 100% Foamblast were mixed together and autoclaved. After cooling the sterile solution to
25°C, 3.4 mL Macro Salt Solution, 0.8 ml 1000X Modified Trace Metal Solution, and 6.7 mL

Mercury Vitamin Solution were added.
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[0303] Macro Salt Solution (per liter): 296 g MgSO,*7H,0, 296 g citric acid monohydrate,

and 49.6 g ferric ammonium citrate were dissolved in diH,O, brought up to final volume and

filter sterilized with a 0.22 micron filter.

[0304] Fermentation was performed in 15-L bioreactors with three different E. coli BL21 cell
strains: (1) DW199 expresses the upper mevalonic acid (MVA) pathway (pCL Upper), the
integrated lower MV A pathway (PL.2 mKKDyl), mevalonate kinase from M. mazei and
truncated isoprene synthase from P. alba (pTrcAlba(MEA) + mMVK (pDW34)) but lacks the
pgl gene; (2) CMP312 expresses the upper mevalonic acid (MVA) pathway (pCL Upper), the
integrated lower MV A pathway (PL.2 mKKDyl), mevalonate kinase from M. mazei and
truncated isoprene synthase from P. alba (pTrcAlba(MEA) + mMVK (pDW34)), and
contains a restored chromosomal 17,257 bp segment encoding the pgl gene (the ybgS::kan®
marker used during strain construction was looped out); and (3) CMP323 is identical to
CMP312 except the pgl gene was precisely excised from the restored piece of DNA and

replaced with a gene conferring kanamycin resistance (pgl/ybhE::kan®).

[0305] This experiment was carried out to monitor isoprene production from glucose at the
desired fermentation pH and temperature (pH=7.0 and 34°C). A frozen vial of each FE. coli
strain was thawed and inoculated into tryptone-yeast extract medium for each bioreactor.

After the inoculum grew to ODss0=1.0, 500 mL of the culture was used to inoculate a 15-L.

bioreactor before bringing the initial tank volume to 5 L.

[0306] The feed solution was fed at an exponential rate until a top feed rate of 5.8 g/minute
was reached. After this time the glucose feed was added to meet metabolic demands at rates
less than or equal to 5.8 g/minute. The total amount of glucose delivered to the bioreactors
was 5.8 kg to strain DW199 over 44 hours of fermentation, 3.4 kg to strain CMP312 over 45
hours of fermentation, and 6.3 kg to strain CMP323 over 44 hours of fermentation. Induction
of isoprene production was achieved by adding isopropyl-beta-D-1-thiogalactopyranoside
(“IPTG”) at the levels shown in Table 25. The ODssg profiles within the bioreactors over
time are shown in Figure 23. The isoprene levels in the offgas from the bioreactors were
determined using a Hiden mass spectrometer (Hiden Analytical, Warrington, UK). The
isoprene titer increased over the course of the fermentation to a maximum value of 76 g/L at
44 hours for strain DW199, 68 g/L at 45 hours for strain CMP312, and 79 g/L at 44 hours for
strain CMP323 (see Figure 24). The total amount of isoprene produced during fermentation

was 637 g over 44 hours for strain DW199, 482 g over 45 hours for strain CMP312, and 640
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g over 44 hours for strain CMP323 (Figure 25). The time course of specific productivity is
shown in Figure 26. The molar and mass yields of isoprene from glucose are shown in Table

9.

Table 8: IPTG addition during the fermentations of strains DW199, CMP312 and

CMP323
Strain Induction ODsso IPTG concentration, UM
DW199 1™ 5 105
2nd 105 195
CMP312 1™ 5 115
2 80 225
CMP323 1™ 5 115
2 115 215

Table 9: Molar and mass yield of isoprene from glucose for strains DW199, CMP312

and CMP323
Strain Time, hr | Molar vield, % | Mass yield, %
DW199 44 23.9 11.0
CMP312 45 30.3 14.5
CMP323 44 22.0 10.2

Example 11: M. mazei mevalonate kinase and P. alba isoprene synthase overexpression, and

restored K12 DNA including pgl (CMP312) compared to the same strain with pgl precisely
excised (CMP323)

[0307] This example compares isoprene production from E. coli strains expressing genes
from the mevalonic acid pathway and isoprene synthase with the pg/ gene restored and with

the restored pgl gene precisely deleted, grown in fed-batch culture at the 15-L scale.

[0308] Medium Recipe (per liter fermentation medium): 7.5 g KbHPO,, 2 g MgS0O4*7H,0, 2
g citric acid monohydrate, 0.3 g ferric ammonium citrate, 0.5 g yeast extract, 1 ml 1000X
Modified Trace Metal Solution were added together and dissolved in diH,O. This solution
was heat sterilized at 123°C for 20 minutes, the pH was then adjusted to 7.0 with 28% (w/v)
ammonium hydroxide and brought up to final volume. 10 g glucose, 0.05 g thiamine

hydrochloride, and appropriate antibiotics were added after sterilization and pH adjustment.

[0309] 1000X Modified Trace Metal Solution (per liter): 40 g citric acid*H,O, 30 g
MnSO4*H,0, 10 g NaCl, 1 g FeSO,*7H,0, 1 g CoCl,*6H,0, 1 g ZnSO4*7H,0, 100 mg

93



0.00 0.00 0.01 WO 2011/079314PCT/ US2010/ 062099 [0339] The strains were run
in the mcrofernmentor and in 15-L fed batch fernentation (as described in
Exanpl es Woand/@®B1above). PG activity was neasured i n &CI/Gseo@ionmIvver the
course of the small scale run or the fernentation. DW99 is the negative

obser ved e dReitprae FEBGr o Tobine RalEth i heiigeReaetr ot ERbina of ow
rate). JRB1JPQRs 2djnasd & oham @@I/if\m%% Slgd/%n e oMo veasBbughEp &2 8nag hows

activity lTevels simlar to those o CVP312 shows varied activity

over t helunuambfiildr stoidizéewithathdl mierohfiferer activity is seen during the
early tinme points of the fernmentation when the strain shows an increase in
speci fi V] : b Vi ver,d.at i i

fer nent[gg'ﬁg%% olblion (pe Eﬁo i 'eagtélké gﬁ%"?"ég’u 8aage&lﬁzle’ %%dtslldvé]tl(g)/db%ont ributes
t 0 t he Fwaaibidst werphicee RBthedfind snpdleved. producti on. [0340] The expression of
the ybhE gene in CVMP312 can be determ ned by using transcription arrays

(Ni bl e{ﬁsﬂ}ﬁgl ent Technol ogies ). RNA sanpl es %\re i.solated from 15-L

f er ment 1§ @PHADEY 2oREFOTIRE [ ERIPREC BPPicRE [MmafiPR fiogy teeRsa Ll B by

har vest j.q | ll@léln@ge L. ageR) RNAS; : red
usi ng I%ﬁglges@ékﬁqé{?%%ﬁ(%aagen g%%%%?ng'atagd%ﬁtf agtrgl?lgwltgl%é)gfeegp?‘%{%ﬁ ons.
Fur t herwigh eeessi pid pedcissBriploekednd. Fyinidnttitioat were pepfoirined dUsI-Divi@tidays are
done by Agil ent Technol o%i s, Expression of the ybhE %ene i s anal yzed using
sof t warBtiE WhE o licsisp 12 7gi o8 RL el Xy 8t the pRegreyalpgic ok

expr essedh @y hhBaibhas | nk fHEgARY S QM VA LR AT OTRIE3¢)] Thi S
exanpl e sh@ﬁ‘w\s] Pg%p@z@%gﬁg%i%n%ﬁ%m E:?(qxéolr}\l/IVBﬁ%lmg preg?lng gg%’es from
t he mewa¢ahinatedande panhiayaaadni siopcaedissyrehd sgehasg frownl.i albd ed- bat ch

culture at e -L ) 342 di um Reci pe r. liter of fernentation
oot e i AYCEMI Rl Top Rdes bad Beptataing o freli 190254 biySteRou LT 0 5 o
ferric RMRARN dRdHbIR Belufing tBe YEaShe B3N BClybg SRk MhikiORBFMId; fhed Trace

Metal Sol ution were added together and dissolved in di H20. The sol ution was
heat st@r CMBRES, an E1a8Gtfagr Wb pel praciedy exdied faelj bl wototad piede-of DMAwmist h 28%

(wWv) a i hydr,oxi de and _.brought u o final. vol . Ten grans of
ol s et T i o T Ao St e B R RE bRl e BBl

wer e adg@dctahddiim Foedach bioréacesr. aFekr fd iashush weR to OD3423] .0 L8N rNbd 550 ed
Trace Metal Solution (per liter): 40 citric acid*H20, 30 WMh504* H20, 10
g NaC1,nm (@Dpres 099 mlpwas used tomegglasialy- L bigyegtmgoandzbp mitial goknplans 944 5H20,
100 ngg;g@q@up@@g&oo ng NaMb04*2H20 were di ssolved one at a tinme in

[0312] The feed solution was added at an exponential rate until a top feed rate of 5.8
g/minute was reached. After this time the glucose feed was added to meet metabolic
demands at rates less than or equal to 5.8 g/minute. The total amount of glucose delivered to
the bioreactors during the 20 hour fermentation was 1.6 kg for the pg/+ strain and 2.0 kg for

the pgl strain. These strains were fed to avoid glucose accumulation in the medium.

[0313] Isoprene production was induced by adding isopropyl-beta-D-1-thiogalactopyranoside
(“IPTG”) to 90 uM when the ODssq reached a value of 4. The IPTG concentration was raised
to 170 uM when the ODss, reached 100.

[0314] Figure 27 shows the ODssq profiles in the bioreactors over the course of the
fermentation, which were similar for the two tanks. The isoprene level in the off-gas from
the bioreactors was determined using a Hiden mass spectrometer (Hiden Analytical,

Warrington, UK). The isoprene titer increased over the course of the fermentation to a
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course of specific productivity is shown in Figure 42B
one at a time in diH,O, the pH was adjusted to 3.0 with HCI/NaOH, and then the solution was

brought up to final volume and filter sterilized with a 0.22 micron filter.

[0319] Feed solution (per kilogram): 0.57 kg glucose, 0.38 kg diH,0, 7.5 g K,HPO,, and 10

g 100% Foamblast were mixed together and autoclaved. 3.4 mL Macro Salt Solution, 0.8 mL
1000X Modified Trace Metal Solution, and 6.7 mL Mercury Vitamin Solution were added

after the solution had cooled to 25°C.
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[0320] Macro Salt Solution (per liter): 296 g MgSO,*7H,0, 296 g citric acid monohydrate,

and 49.6 g ferric ammonium citrate were dissolved in diH,O, brought up to final volume and

filter sterilized with a 0.22 micron filter.

[0321] This experiment was carried out to monitor isoprene formation from glucose at the
desired fermentation pH and temperature (pH=7.0 and 34°C). Fermentation was performed
in a 15-L bioreactor with strain MCM769: E. coli MG1655 cells expressing the upper
mevalonic acid (MVA) pathway (pCL Upper), the integrated lower MV A pathway (PL.2
mKKDyI), mevalonate kinase from M. mazei and truncated isoprene synthase from P. alba
(pTrcAlba(MEA) + mMVK (pDW34)). A frozen vial of strain MCM769 was thawed and
inoculated into tryptone-yeast extract medium for each bioreactor. After the inoculum grew
to ODss0=1.0, 500 mL was used to inoculate a 15-L bioreactor and the initial tank volume

was brought to 5-L.

[0322] The feed solution was added at an exponential rate until a top feed rate of 3.9
g/minute was reached. After this time, the feed solution was added to meet metabolic
demands at rates less than or equal to 3.9 g/minute. The total amount of glucose delivered to
the bioreactor during the 44 hour fermentation was 2.3 kg. Isoprene production was induced
by adding shots of isopropyl-beta-D-1-thiogalactopyranoside (“IPTG”) to achieve the levels
shown in Table 10 at the measured ODssg values. The ODss profiles within the bioreactors
over time are shown in Figure 30. The isoprene level in the offgas from the bioreactors was
determined using a Hiden mass spectrometer (Hiden Analytical, Warrington, UK). The
isoprene titer increased over the course of the fermentation to a maximum value of 30.4 g/LL
at 44 hours (Figure 31). The total amount of isoprene produced during fermentation was
226.8 g at 44 hours (Figure 32). The time course of specific productivity is shown in Figure
33. The molar yield of utilized carbon that went into producing isoprene during fermentation
was 21.1% at 44 hours. The weight percent yield of isoprene from glucose was 9.7% at 44

hours.

Table 10: IPTG additions during the fermentation of strain MCM769

ODssg IP'TG concentration after addition. uM
13 41
36 61
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Example 13: The Effect of pgl on the Specific Productivity of Mevalonate in E. coli BL.21

[0323] The mevalonate biosynthetic pathway comprises two parts: (1) the upper mevalonate
pathway, containing acetoacetyl-CoA synthase (thiolase), HMG-CoA synthase (HMGS) and
HMG-CoA reductase (HMGR); and (2) the lower mevalonate pathway containing
mevalonate kinase (MVK), phosphomevalonate kinase (PMK), diphosphomevalonate
decarboxylase (MVD) and isopentenyl diphosphate isomerase (IDI). Expression of the upper

pathway proteins produces mevalonate, an intermediate in the production of isoprene.

[0324] These experiments were designed to investigate how and by which mechanism pgl/
affects the specific productivity of mevalonate in E. coli BL21. The fused thiolase/HMGR
(mvaFE) and the HMGS (mvaS$) of Enterococcus faecalis were constructed on pCL, pBBR,
and pTrc plasmids and transformed into both E. coli BL21 lacking pgl and E. coli BL21

containing pgl integrated in the bacterial chromosome.

[0325] Strains containing pg/ had a greater specific productivity than strains lacking pg/
during growth in minimal medium with high concentrations of yeast extract, growth
conditions that mimic the early stages of fed batch fermentation. The presence of pg/ during
growth in minimal medium with low yeast extract concentration also resulted in significantly
higher production of mevalonate compared to strains lacking pgl. This effect, however, was
not due to increased concentration of mevalonate pathway enzymes, demonstrating that the
presence of pgl/ under these growth conditions positively influences the flux to or through the
mevalonate pathway possibly by affecting central metabolism of E. coli. These growth

conditions mimic those found late during the exponential part of fed batch fermentation.

[0326] Construction of pDW15 (Ptrc-upper MVA pathway on pBBR1IMCS-5). To insert
the upper MV A pathway into the pPBBR1MCS-5 vector, the entire expression cassette
containing Ptrc, mvaFE, mvas$, and the rrn transcription terminator was amplified by PCR

using a plasmid pMCMS2 template with the primers Upper5'Xhol (SEQ ID NO:57) and
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reconbi nant cell of an Escherichia coli (E. coli) strain, or progeny

t her eof , wapatlw9znt produci ng i soprene, the cell conpri SCHFIS2¢1@6298¢ oOr
nore copi es of a heterol ogous nucl eic acid(s) encoding a PG pol ypeptide
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wher ei e plioRoh@Qink§ élLl'fS abl(of né),hﬁ) gl-sﬁﬁe!rqu‘fa%l:@ BUAES(RtageRN R jB1AUC] ei ¢
acid(s) encoding a PGE pol ypeptide, and wherein the resulting reconbi nant

cel | prcdificas)jGdpt éNePaf108 mieatky, 1tul UppetShamI i 2auMof 1 phdpsadibek(20s t hat
do not comprise (a) and (b). 2. The reconbinant E. colj cell of claima1,
wher ei tMhed o0 cogilad Hrcwasie d 8N4 IPOHME 2 ssd S Fatrgense -4 lte Galifagnia)-

nmol ybd unt | '51-@5{ | 1. I ' ok | ] col i
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1, whersé?%ldézg9® frgrRIngss; %ﬁo?ﬁ‘d by ﬁ%%?ﬁ?%ﬁ%bn fg}a@ya%qoh)edéﬁéogi ng a
gal act ose netabolism pol ypeptide is additionally integrated in the E. coli
chr omoge8%7] THe. siZBF (REPORWrERRE whs c&ifflrined %Bfgepefle&ﬁo?hﬂﬂegis wheherdcie-

e

gal act ose net abol i sm pol ypeptide is sel ect fromthe group consi sting of
gal M @l@kclngabgemﬁ?dﬂ@iaidECA) énd Thget.? ke prduptawmas fErificd lusing€dihQuick ¢l ai m 1,

s o D Be,20 LS CO0L 25 SLaherer ol sopus el o scacl g ncodiang
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integrated in the E. coli chronosone.
and Xhol restriction endonucleases overnight at 37°C as follows: 6 pl diH20, 2 pl 10X
SuRE/Cut Buffer H (Roche Applied Science, Indianapolis, Indiana), 10 ul DNA
(pBBR1MCS-5 or PCR insert), 1 pl Xhol (Roche Applied Science), and 1ul Xbal (Roche
Applied Science). The next day, the restriction enzymes were heat-inactivated at 65°C for 20
minutes before ligation. Ligation reactions (see below for conditions) included 2 pl diH-0, 1
ul 10X Ligase buffer (New England Biolabs, Ipswich, Massachusetts), 1 ul T4 DNA ligase
(New England Biolabs), 2 ul vector (P BBR1IMCS-5), and 4 pl insert (upper MV A expression
cassette), and were carried out at 4°C overnight. The ligation reactions were desalted by
microdialysis (Millipore, Billerica, Massachusetts) and approximately 5 pl of each reaction
was transformed into chemically competent E. coli TOP10 cells (Invitrogen, Carlsbad,
California) according to the manufacturer’s recommended protocol. Electroporated cells
were recovered at 37°C in LB for 1 hour, and then plated onto LB plates containing X-gal
and 10 pg/ml Gentamicin. Colonies displaying no 3-galactosidase activity were selected for
further analysis by PCR using primers M13 Reverse and MCM 163 to confirm the presence of
the insert. Plasmid from one of these colonies was purified (Qiagen), completely sequenced
(Quintara Biosciences, see Table 11 for primer sequences) to verify that it contained the
complete upper MV A pathway expression cassette in the correct orientation, and designated
pDW15 (SEQ ID NO:69). A map of plasmid pDW 15 is shown in Figure 34A, and the

complete sequence is listed in Figure 34B-C-D.
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is an E. coli PG polypeptide; (b) the nol ybdenum uptake pol ypeptide is
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recom ¢ jl ,:. L,UII ceft g aaé.’tcﬂtta'zaafa A tg ‘QI'DNE)%UU e c acids t:lu,u.l! ng PG
pol ypept 1.557 roybdenum 5 e 2 “gg"*' galact ng—: W“t abel i sm .
p0| yp ot o rn from-E. g‘rll gtlt = 0 coli

strai naHy-831655 12 m?@aﬁasmr%ﬁra.gg%&tatﬁ(smlm NQ;6|3) of claim1_ whbrein
the cdlCFQ7s8Df E. col i sf itgscaattatgattzaagite (YREQ BRING8AY E. coli cell of claim
12, wherlKEl7a88 he cel |l i1 s pfctigcteaitagasdcttaicg (BEQID NQ@AS) The reconbi nant E.

coli detko7089 cl ai m 12, whefeidladaheasiattttgcts (SHQ BD Nbb) strain BL21(DE3) .
15. The reconbinant E. coli cellT of clTaim1, further conprising (c) a

het er oI ks ' a

ol yper B R B N g T b R D ot €
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ggf ﬁ\clivlag}: ngﬁ%p Syrva an Ylﬁl 1um ag W‘@ 2%8&&‘91’% Oéloo)g?e%tu tgrees %vrécrif{ I())lrace gnol\élgr WA

until cold. For each electroporation reaction, 1.5 mL of culture was centrifuged in an

Eppendorf microcentrifuge at room temperature for 2-3 minutes at 6000 rpm. After
removing the supernatant, the cell pellet was resuspended in 1 mL ice cold sterile, deionized
H,O. The spin and wash procedure was repeated three times, and the pellet was finally

resuspended in 100 uL.

[0329] A mixture of plasmids consisting of 1 uL each of pDW15 (SEQ ID NO:67),
pTrcHis2AUpperPathway#1 and pCLPtrcUpperPathway (construction of both plasmids is
described in Example 8 of U.S. Patent Application No. 12/335,071) was added to 100 uL of
cell suspension and electroporated into competent E. coli cells in a 2 mm cuvette at 2.5 volts,
25 uFd. Similarly, 1 pL of either pDW15, pTrcHis2AUpperPathway#1 or
pCLPtrcUpperPathway was added to 100 UL of cell suspension and electroporated into
competent E. coli cells in a 2 mm cuvette at 2.5 volts, 25 uFd. Cells were immediately
allowed to recover in 500 UL LB medium for one hour at 37°C. Transformants were selected
on LB with the appropriate antibiotic(s) as listed in Table 12 below. A single colony from
each transformation was grown in LB medium plus the indicated antibiotic(s) at 37°C, 250
rpm to ODgg=1 and then 0.5 mL of culture was mixed with 1 mL of 50% sterile glycerol,

frozen on dry ice, and stored at -80°C.
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14

speci fliMCMIjuct i v Cyrbenicillin 50 ppm pBBRIMCS-5 (pDW15),
pTrcHis2 AUpperPathway#1
(pCF449) MCM873
BL21 t pgl+ Spectinomycin 50 ppm pCLPtrcUpperPathway (pMCMS2)
(CMP258) MCMS874
BL21 t pgl+ Gentamycin 10 ppm Ptrc-upper MV A pathway on
(CMP258) pBBRIMCS-5 (pDW15) MCMS875
BL21 t pgl+ Carbenicillin 50 ppm pTrcHis2AUpperPathway#1
(CMP258) (pCF449) MCMS876
BL21 t pgl+ Spectinomycin 50 ppm, pCLPtrcUpperPathway (pMCMS2),
(CMP258) Gentamycin 10 ppm, Ptrc-upper MV A pathway on
Carbenicillin 50 ppm pBBRIMCS-5 (pDW15),
pTrcHis2AUpperPathway#1
(pCF449) MCMS877

[0330] Construction of strains CMP215, CMP258 and CMP234 is described in Example 6,
above. To assay mevalonate specific productivity, all strains were grown in triplicate
overnight at 30°C in TM3 medium containing 0.1% (w/v) yeast extract, 1% (w/v) glucose,
and the appropriate antibiotic. The overnight cultures were diluted to an ODggo of 0.05 in
fresh TM3 medium containing 1% (w/v)glucose and either 0.1% (w/v) or 0.02% (w/v) yeast
extract. The cultures were incubated at 34°C until reaching ODgqg of 0.5-1.0, at which point
protein expression was induced with 400 uM IPTG. Samples were collected 1 hour and 2
hours post-induction to measure OD, mevalonate concentration and concentrations of MvaS
and MvaE proteins. The specific productivity of mevalonate was determined by dividing the
difference in mevalonate concentration over the 1 hour time period by the average OD

(calculated from the 1 hour and 2 hour ODs) over the 1 hour time period.
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greater than about 15 ng/ OD hr of isoprene. 24. A method of producing

nmeval onate, the nmethod conprising: (a) culturing a conposition conprising
t he recomeDnramto7ekl of claim 15 under suitable culturePCoA$Re0o994 or t he
production of neval onate and (b) produci ng neval onate. 25. A nmethod of

maki ng reconbi nant cell of claim1 conprising: (a). trapducing a

het er o|lﬁgﬁjsT%@eqlS@recma@lw%%ﬁF%at@np@ @PW@& Wasecqnﬁifag%ﬂqaté.‘*,@g%g cel I,

wh . h . . L I ; | ef
et d( s Eneiih HOB RSP E PR P T3 o P8 (B Rl el g
a PG pelypephicdentie fonteghake The inh@ule.wBahdn @RENIBSOIEE 5 ndindkes GC)
introducinﬁ one or nore heterologous nucl ei ¢ acid(s) encodi ng isoprene

synt hasl¢-(08<s apd thegluperpatant coplectad Erpls endisie orpridst tig felleving conditionsmt
cel I of ;¢ 1ALEE) 1ARfinek HPX-87H Ton Exclusion Column (300 mm x 7.8 mm)(Catalog # 125-
0140)(BioRad, Hercules, California); (2) column temperature = 50°C; (3) BioRad -
Microguard Cation H guard column refill (30 mm x 4.6 mm)(Catalog # 125-0129)(BioRad);
(4) running buffer = 0.01N H>SOy; (5) running buffer flow rate = 0.6 ml / min; (6)
approximate running pressure = ~950 psi; (7) injection volume = 100 microliters; (8)

runtime = 26 minutes.

[0332] Results. Strains grown in TM3 media containing 0.1% (w/v) yeast extract and 1%
(w/v) glucose. Six strains were constructed to test the effect of pgl expressed from the
bacterial chromosome on mevalonate production (Table 13). Strains were cultured as
described above. Strains expressing pgl from the bacterial chromosome had greater
mevalonate specific productivities than strains that were isogenic except for the deletion of
the pgl region (see Figure 35), demonstrating that chromosomal expression of pg/ improves
the specific productivity of mevalonate in E. coli BL21. Mevalonate is the substrate for the
lower mevalonate pathway. Therefore, strains that have a greater mevalonate specific
productivity may also have a greater isoprene specific productivity in the presence of a

complementary lower pathway and isoprene synthase.

Table 13: Strains used to measure specific production of mevalonate

Strain Name Plasmid Type | Pgl
BL21 pCL pCL no
BL21+pgl pCL pCL yes
BL21 pBBR pBBR no
BL21+pgl pPBBR | pPBBR yes
BL21 pTrc pTrc no
BL21+pgl pTrc pTrc yes

[0333] Strains grown in TM3 media containing 0.02% yeast extract and 1% glucose. To
further investigate the role of chromosomal expression of pgl in the production of mevalonate
under conditions with low concentrations of yeast extract in minimal medium, the two strains

MCMS872 and MCM876 were grown in TM3 medium containing 0.02% yeast extract as
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described above. This growth medium mimics the conditions found late during the
exponential part of fed batch fermentation. The two strains are isogenic except for the
functional chromosomal copy of pgl present in MCM876. Although the strains grew similarly
in the minimal medium, it was clear from the present experiment that MCM876 grew faster
than MCMZ872 as shown in Figure 36, indicating that chromosomal expression of pgl/
positively influences growth of E. coli in minimal medium with low concentrations of yeast

extract.

[0334] The rate of mevalonate accumulation per cell was significantly higher (2.7-fold) for
MCMS876 compared to MCMS872, as shown in Figure 37, demonstrating that the presence of
pgl on the bacterial chromosome significantly increases mevalonate production during

growth in minimal medium containing limiting levels of yeast extract.

[0335] To investigate if the increased mevalonate production rate in the MCM876 strain
resulted from higher protein production in medium with low yeast extract concentration, the
concentration of the upper pathway enzymes, Mva$S and MvaE was measured and normalized
to the optical density of the respective cultures (Figures 38 and 39). The presence of pgl on
the bacterial chromosome did not significantly change the concentrations of mevalonate
pathway enzymes under the specific growth conditions tested. However, since the
mevalonate production rate increased 2.7-fold under those growth conditions, chromosomal
expression of pgl must increase the mevalonate production rate by mechanism other than by
increasing concentrations of mevalonate pathway enzymes. One such mechanism could be
the production of reducing equivalents through the pentose phosphate pathway. This was not

further tested in the present experiments.

[0336] A functional chromosomal copy of pgl in E. coli increases the production of
mevalonate and therefore likely also the production of isoprene not only through the
increased production of pathway proteins under nutrient rich growth conditions (early in the
fermentation), but also through factors that control carbon flux through the MVA pathway
during growth in minimal medium with low yeast extract concentrations late in the
fermentation. Surprisingly, this increase is greater than that observed in strains constitutively
expressing PGL from a plasmid, suggesting that the chromosomal context or the ability of the
bacteria to regulate PGL expression from its natural chromosomal context plays a role in

increased production of biochemicals such as isoprene.
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Example 14: Comparison of PGL enzyme activity in isoprene-producing strains

[0337] The PGL enzyme activity is measured in three strains: RHM111608-2 (production of
this E. coli strain is described in Example 13 of International Publication No. WO
2009/076676 A2 and U.S. Patent Application No. 12/335,071), DW199, CMP312 and
CMP323 (described in other examples). The enzyme activity can be determined by NMR
methods as described (see, e.g., E. Miclet et al., J. Biol. Chem. 276(37):34840-34846 (2001)).
RHM111608-2 contains the ybhE gene (encoding PGL) under control of a constitutive
promoter, DW199 lacks any gene expressing PGL, CMP312 and CMP323 are isogenic,
CMP312 has ybhE restored by transduction and is the parent of CMP323 which has ybhE
deleted.

[0338] The PGL enzyme activity was measured as follows: Briefly, a mixture of 6-D-6-
Phospho-glucono-1,5-lactone and y-D-6-Phospho-glucono-1,4-lactone was prepared by
incubation of 5 mM glucose-6-phosphate, 7.5 mM NADP+, and 100 mM BES pH 7.4 with
glucose-6-phosphate dehydrogenase (Sigma-Aldrich, St. Louis, MO) for about 3 minutes.
Following incubation, the solution was allowed to equilibrate at room temperature for about
15-30 minutes. Subsequently, 400 uL of lactone solution was added into the NMR cuvette
and an initial spectrum was taken (Varian 500 mHz, Palo Alto, CA). Subsequently, 50 uLL
of crude cell lysate was added to the lactone solution and NMR spectra was read at 2 and 8
minute time points. Sigma and delta lactone signals were normalized to their respective
starting peak intensity. Normalized peak intensities for the runs are shown in shown in Table

14.

Table 14
Lactonase Activity
time delta gamma
extract (min.) | 6-P-gluconate | lactone lactone
(umol product (umol (umol
formed) consumed) | consumed)
chromosomal
pel 2 0.49 0.41 0.08
plasmid pgl 2 0.67 0.50 0.16
no pgl 2 0.00 0.00 0.01
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[0339] The strains were run in the microfermentor and in 15-L fed batch fermentation (as
described in Examples 9 and 10 above). PGL activity was measured in all strains over the
course of the small scale run or the fermentation. DW199 is the negative control and
demonstrates little to no activity (trace activity may be observed, because the reaction can
proceed by chemical catalysis at a slow rate). RHM111608-2 has similar activity over the
entire run. CMP323 shows activity levels similar to those of DW199. CMP312 shows varied
activity over the course of the fermentation, higher activity is seen during the early time
points of the fermentation when the strain shows an increase in specific productivity, and less
activity over later times in the fermentation. The ability of the cell to regulate the activity

contributes to the overall improvement of isoprene production.

[0340] The expression of the ybhE gene in CMP312 can be determined by using transcription
arrays (NimbleGen/Agilent Technologies ). RNA samples are isolated from 15-L
fermentations (as above) over the course of the entire fermentation by harvesting samples
into RNAlater (Qiagen). The RNA samples are prepared using RNeasy Minikit (Qiagen)
according to manufacturer’s specifications. Further processing of samples and hybridization
to the custom arrays are done by Agilent Technologies. Expression of the ybhE gene is

analyzed using software such as GeneSpring GX (Agilent Technologies).

Example 15: pgl expressed on the plasmid vs pgl integrated on the chromosome

[0341] This example shows isoprene production from E. coli BL21 expressing genes from
the mevalonic acid pathway and isoprene synthase, grown in fed-batch culture at the 15-L

scale.

[0342] Medium Recipe (per liter of fermentation medium): 7.5 g K;HPO,, 2 g

MgSO,*7TH»0, 2 g citric acid monohydrate, 0.3 g ferric ammonium citrate, 0.5 g yeast extract,
and 1 ml 1000X Modified Trace Metal Solution were added together and dissolved in diH20.
The solution was heat sterilized at 123°C for 20 minutes, then adjusted to pH = 7.0 with 28%
(w/v) ammonium hydroxide and brought up to final volume. Ten grams of glucose, 8 mL
Mercury Vitamin Solution, and the appropriate antibiotics were added after sterilization and

pH adjustment.

[0343] 1000X Modified Trace Metal Solution (per liter): 40 g citric acid*H»O, 30 g
MnSO4*H,0, 10 g NaCl, 1 g FeSO,*7H,0, 1 g CoCl,*6H,0, 1 g ZnSO4*7H20, 100 mg
CuS0,*5H,0, 100 mg H;BOj3, and 100 mg NaMoO,*2H,0 were dissolved one at a time in
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diH»O, the pH was adjusted to 3.0 with HCI/NaOH, the solution was brought up to final

volume and filter sterilized with a 0.22 micron filter.

[0344] Mercury Vitamin Solution (per liter): 1 g thiamine hydrochloride, 1 g D-(+)-biotin, 1

g nicotinic acid, 4.8 g D-pantothenic acid, and 4 g pyridoxine hydrochloride were dissolved
one at a time in diH,O, the pH was adjusted to 3.0 with HClI/NaOH, the solution was brought

up to final volume and filter sterilized with a 0.22 micron filter.

[0345] Feed solution (per kilogram): 0.57 kg glucose, 0.38 kg diH»O, 7.5 g K;HPO,, and 10

g 100% Foamblast were mixed together and autoclaved. After cooling the sterile solution to
25°C, 3.4 mL Macro Salt Solution, 0.8 ml 1000X Modified Trace Metal Solution, and 6.7 mL

Mercury Vitamin Solution were added.

[0346] Macro Salt Solution (per liter): 296 g MgSO,*7H,0, 296 g citric acid monohydrate,

and 49.6 g ferric ammonium citrate were dissolved in diH»O, brought up to final volume and

filter sterilized with a 0.22 micron filter.

[0347] Fermentation was performed in 15-L bioreactors with two different F. coli BL21 cell
strains: (1) DW202 expresses the upper mevalonic acid (MV A) pathway (pCL Upper), the
integrated lower MV A pathway (PL.2 mKKDyl), mevalonate kinase from M. mazei and
truncated isoprene synthase from P. alba (pTrcAlba(MEA) + mMVK (pDW34)) and pgl
expressed in the plasmid pPBBRCMPGI1.5-pgl (see example 1) ; (2) CMP234 expresses the
upper mevalonic acid (MVA) pathway (pCL Upper), the integrated lower MV A pathway
(PL.2 mKKDyI), mevalonate kinase from M. mazei and truncated isoprene synthase from P.
alba (pTrcAlba(MEA) + mMVK (pDW34)), and contains a restored chromosomal 17,257 bp
segment encoding the pgl gene (the ybgS::kan® marker used during strain construction was

looped out).

[0348] This experiment was carried out to monitor isoprene production from glucose at the
desired fermentation pH and temperature (pH=7.0 and 34°C). A frozen vial of each FE. coli
strain was thawed and inoculated into tryptone-yeast extract medium for each bioreactor.

After the inoculum grew to ODsso=1.0, 500 mL of the culture was used to inoculate a 15-L.

bioreactor before bringing the initial tank volume to 5 L.

[0349] The feed solution was fed at an exponential rate until a top feed rate of 5.8 g/minute

was reached. After this time the glucose feed was added to meet metabolic demands at rates
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less than or equal to 5.8 g/minute. The total amount of glucose delivered to the bioreactors
was 5.5 kg to strain DW202 over 59 hours of fermentation, and 7.8 kg to strain CMP234 over
72 hours of fermentation. Induction of isoprene production was achieved by adding
isopropyl-beta-D-1-thiogalactopyranoside (“IPTG”) at the levels shown in Table 15. The
isoprene levels in the offgas from the bioreactors were determined using a Hiden mass
spectrometer (Hiden Analytical, Warrington, UK). The isoprene titer increased over the
course of the fermentation to a maximum value of 56 g/L at 59 hours for strain DW202 and
81 g/L at 70 hours for strain CMP234 (see Figure 42A). The time course of specific

productivity is shown in Figure 42B

Table 15: IPTG addition during the fermentations of strains DW202 and CMP234

Strain | Induction ODsso IPTG concentration, UM
DW202 1 5 100
2 140 184
CMP234 1 5 110
2 110 197

[0350] The headings provided herein are not limitations of the various aspects or aspects of

the invention which can be had by reference to the specification as a whole.

[0351] Although the foregoing invention has been described in some detail by way of
illustration and example for purposes of clarity of understanding, it will be readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the

appended claims.
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CLAIMS

What is claimed is:

1. A recombinant cell of an Escherichia coli (E. coli) strain, or progeny thereof, capable
of producing isoprene, the cell comprising: (a) one or more copies of a heterologous nucleic
acid(s) encoding a PGL polypeptide wherein the nucleic acid is integrated in the E. coli

chromosome; and (b) one or more heterologous nucleic acid(s) encoding isoprene synthase;

wherein prior to the integration, the E. coli cell does not contain nucleic acid(s) encoding a

PGL polypeptide, and

wherein the resulting recombinant cell produces isoprene at a greater titer than that of the

same cells that do not comprise (a) and (b).

2. The recombinant E. coli cell of claim 1, wherein one or more copies of a heterologous
nucleic acid encoding a molybdenum uptake polypeptide is additionally integrated in the F.

coli chromosome.

3. The recombinant E. coli cell of claim 2, wherein the molybdenum uptake polypeptide

is selected from the group consisting of modF, modE, modA, modB and modC.

4. The recombinant E. coli cell of claim 1, wherein one or more copies of a heterologous
nucleic acid encoding a galactose metabolism polypeptide is additionally integrated in the F.

coli chromosome.

5. The recombinant E. coli cell of claim 4, wherein the galactose metabolism

polypeptide is selected from the group consisting of galM, galK, galT and galE.

6. The recombinant E. coli cell of claim 1, wherein one or more copies of a heterologous
nucleic acid encoding a galactose metabolism polypeptide and one or more copies of a
heterologous nucleic acid encoding a molybdenum uptake polypeptide are additionally

integrated in the F. coli chromosome.

7. The recombinant E. coli cell of claim 6, wherein (a) the PGL polypeptide is an E. coli
PGL polypeptide; (b) the molybdenum uptake polypeptide is selected from the group
consisting of modF, modE, modA, modB and modC; and (c) the galactose metabolism

polypeptide is selected from the group consisting of galM, galK, galT and galE.
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8. The recombinant E. coli cell of claim 7, wherein nucleic acids encoding the PGL
polypeptide, galactose metabolism polypeptide, and molybdenum uptake polypeptide are part

a 17,257 base pair piece as shown in Figure 20.

9. The recombinant E. coli cell of claim 1, wherein the cell produces isoprene at a higher

specific productivity than that of the same cells that do not contain (a) and (b).

10. The recombinant E. coli cell of claim 1, wherein the specific productivity is at least 15
mg/OD/hr.
11. The recombinant E. coli cell of claim 7, wherein the nucleic acids encoding PGL

polypeptide, molybdenum uptake polypeptide, and/or galactose metabolism polypeptide are
from E. coli strain K12 MG1655 or a derivative of E. coli strain K12 MG1655.

12. The recombinant E. coli cell of claim 1, wherein the cell is of E. coli strain B.

13. The recombinant E. coli cell of claim 12, wherein the cell is of E. coli strain BL21.
14. The recombinant E. coli cell of claim 12, wherein the cell is of E. coli strain
BL21(DE3).

15. The recombinant E. coli cell of claim 1, further comprising (c) a heterologous nucleic

acid encoding an upper mevalonate (MVA) pathway polypeptide and/or a lower MVA
pathway polypeptide.

16. The recombinant E. coli cell of claim 7, further comprising (d) a heterologous nucleic
acid encoding an upper mevalonate (MVA) pathway polypeptide and/or a lower MVA
pathway polypeptide.

17. The recombinant E. coli cell of claim 15 or 16, wherein the upper MV A pathway
polypeptide is selected from the group consisting of: (i) an acetoacetyl-Coenzyme A
synthase (thiolase) polypeptide; (ii) a 3-hydroxy-3-methylglutaryl-Coenzyme A synthase
polypeptide; and (iii) a 3-hydroxy-3-methylglutaryl-Coenzyme A reductase polypeptide.
18. The recombinant E. coli cell of claim 15 or 16, wherein the lower MV A pathway
polypeptide is selected from the group consisting of: (i) mevalonate kinase (MVK); (ii)

phosphomevalonate kinase (PMK); (iii) diphosphomevalonate decarboxylase (MVD); and (iv)

isopentenyl diphosphate isomerase (IDI).

19. The recombinant E. coli cell of claim 16, wherein (a) the PGL polypeptide is an E.
coli PGL polypeptide; (b) the molybdenum uptake polypeptide is selected from the group
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consisting of modF, modE, modA, modB and modC'; and (c) the galactose metabolism
polypeptide is selected from the group consisting of galM, galK, galT and galE.

20. The recombinant E. coli cell of claim 1, wherein the isoprene synthase polypeptide is

from Populus alba.
21. A method of producing isoprene, the method comprising:

(a) culturing a composition comprising the recombinant cell of claim 1 or 7 under suitable

culture conditions for the production of isoprene and
(b) producing isoprene.
22. The method of claim 21 comprising further recovering the isoprene.

23. The method of claim 21, wherein the recombinant cell has a specific productivity

greater than about 15 mg/OD/hr of isoprene.
24. A method of producing mevalonate, the method comprising:

(a) culturing a composition comprising the recombinant cell of claim 15 under suitable

culture conditions for the production of mevalonate and
(b) producing mevalonate.
25. A method of making the recombinant cell of claim 1 comprising:

(a) tranducing a heterologous nucleic acid encoding a PGL polypeptide into an E. coli cell,
wherein prior to the integration, the E. coli cell does not contain nucleic acid(s) encoding a

PGL polypeptide;

(b) allowing the nucleic acid encoding a PGL polypeptide to integrate in the E. coli

chromosome; and

(c) introducing one or more heterologous nucleic acid(s) encoding isoprene synthase into E.

coli cell.

26. A composition comprising the recombinant cell of claims 1 or 7.
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