APPARATUS FOR MAKI NG Bl O ORGANI C COVPOUNDS

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
wapp7iieaRikon clainms the benefit of U S. provi sPamais2007/012467

application nos. 60/808,989 filed May 26, 2006

entitled M CROOGRANI SM5 FOR PRODUCTI ON OF | SOPRENO DsS;

US 60/ 808,666 filed May 26, 2006 entitled Bl OFUELS AND

METHODS FOR PRODUCTI ON;, U.S. 60/870,592 fil ed Decenber

12, 2006 entitled PRODUCTI ON OF | SOPRENO DS; and U.S.

60/ 922,782, filed April 10, 2007 entitled APPARATUS

FOR WPNW@S%RW@EW%%&QWW% NS

of which are incorporated herein reference in their
entireties. BACKGROUND OF THE | I\I\/EI\ITI ON [ 0002]

Traditi cmms-REFERmmm 0 REPATEIS APPLICATEINShave
been uf act ur ed % é ctl on _from natural sources

[0001]5 ¢ A ﬁIaHH]t‘"sat“’ﬁl efi5it 9hilrt Brovisena) application nos.

60/3088999F 68 VMY 36, 51008 Al MIEROOBRANISME FORPRODUCTION OF
bi 0- organl C conpounds accunmul ate in nature in small

ISOPREN(INS; UR60808:664filed May 204 2006 entédedaBIOFUELSANDIMETHODS
FOR Pm)liebﬁ@ﬂv (£8N86556,3b2 ARRA Jbéc%}db%ﬁ%z idb% dg%u":l@%!t&fﬁﬂCTION OF

need for systens and procedures t

ISOPR@T‘H)IDSdedJ So ﬁ@’@@ad&oﬁled Apri UQLSZQWa:hﬁslcchAé’PA{m@UGB FOR
MAKIEIQ?BR*) W&ANI@’@@ 124] feon enlgs aql‘raoe n\g ch %}/é f:rll%grporated

re various I ndustrialscale sy s
herembyoefcregamrctlmmqmuuﬂms usi ng host ceI | s. These
bi o- or gani ¢ conpounds have at |east five car bon at ons

ol y- al conol , PAPECHOPND SICHAHEVIRION. |,

[0002]hydr o C'Enadtmngllnt'bla@rgmnabMHmnda o mteres‘dlavalhleym manilifaetured by

i near c ;and can
el 35990 SPREAIE PRGBS P yection
yields 4r0 08udllyTvery po\&sae miost biceorghmin cprrqmudd’SSaOt&mlumw in nature in small

productign s ens. In one
amounle L300 A3t f1e38 ReHies s i on s b Sy el agptications,
there rgihdins 8 ﬁéed/\/fbrcsbstemnd peScedares Mat Ev@cﬂﬁke ‘Bﬁﬁox\gﬁﬁﬁﬁiompounds on an
) havi a capacity of at least 100 liters; b.
1nm““5®ﬁ§@%s medi um within the vessel, conpr|5|ng a first
[0003] Phase; THe prasddt ivahtiby a@dref}@§ thi§ ﬁééds ProVildl &reBfous industrial-
aqueous nedi um capapl e of maki ng, producing or

scale sysjens fogimaking Bto Preasic conpopnds g hes celbypBlnse bio-organic

compounds have at least five carbon atoms and can be a carbohydrate such as a mono- or
poly-alcohol, ester, ether, aldehyde, ketone, or a hydrocarbon such as an alkane, alkene, or
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SUMMARY OF THE INVENTION
[0004] The present invention provides various bio-organic compound production
systems. In one aspect, a bio-organic compound production system is provided which
comprises:
at least one vessel having a capacity of at least 100 liters;
b. an aqueous medium, within the vessel, comprising a first phase;
c. a plurality of host cells, within the aqueous medium, capable of
making, producing or synthesizing at least one bio-organic compound;

and,



and,d. a liquid organic second phase, conprising the
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[0009] Figure.4 is a schematic representation of the DXP pathway for the production
of IPP and dimethylallyl pyrophosphate (“DMAPP”). Dxs is 1-deoxy-D-xylulose-5-
phosphate synthase; Dxr is 1-deoxy-D-xylulose-5-phosphate reductoisomerase (also known
as IspC); IspD is 4-diphosphocytidyl-2C-methyl-D-erythritol synthase; IspE is 4-
diphosphocytidyl-2C-methyl-D-erythritol synthase; IspF is 2C-methyl-D-erythritol 2,4-
cyclodiphosphate synthase; IspG is 1-hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate
synthase (IspG); and ispH is isopentenyl/dimethylallyl diphosphate synthase.

[0010] Figure § is a schematic representation of the conversion of IPP and DMAPP to
geranyl pyrophosphate (“GPP”), farnesyl pyrophosphate (“FPP”), and geranylgeranyl
pyrophosphate (“GGPP”).

[0011] Figure 6 shows a map of expression plasmid pMBIS-gpps.
[0012] Figures 7 shows a map of expression plasmid Pam00408
[0013] Figure 8 shows a map of expression plasmid pAM424.



[0012] Figures 7 shows a map of expression plasmd
PanD0408 [0013] Figure 8 shows a nmap of expression
wohewnideh2pAMA24. [ 0014] Figure 9 shows a map of PCT/US2007/012467

expression plasmds pTrc99A- ADS, pTrc99A- FSA,

pTrc99A- LLS, pTrc99A-LM5, pTrc99A- GTS, pTrc99A- APS,

pTrc99A- BPS, pTrc99A- PHS, pTrc99A-TS, pTrc99A-CS,

pTrc99A- SSSand pAMB73. [0015] Figure 10 are schematics
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that are not found in the same relationship to each other in nature (for example, the nucleic

acid is recombinant).

[0021] “Host cell” and “microorganism” are used interchangeably herein to refer to any
archae, bacterial, or eukaryotic living cell into which a heterologous nucleic acid can

be or has been inserted. The term also relates to the progeny of the original cell,
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acid is reconbinant). [0021] "Host cell" and
"“m croorgani snf are used interchangeably herein to
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cell into which a heterol ogous nucleic acid can be or
has been inserted. The termalso relates to the
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blosyntﬁatécp pathway that cgp,vqgﬁﬁmyl C@Aea IPP. dlfheaMEM whwams illustrated
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exarnplb,aﬁbmlatpentyielos pobinuckbtije sapence thgt is[pd@3A] in"daurzaisth that can be
- Q |1 a at _the subseguenpt| S b
solate o L0 oy P g L 3o U, oI SF S man
the labdrataty tshmtmalbysecpmﬁhgy descri bed event or circunstance

may of, ot _qQccu apd t ha e description
[0026] ;") udgg? Xﬂ@t Sh c‘é%“qmlé?/eme?%% FE‘GI SHPSWBS‘?W gesgfibed feature or

structurs tonaycorungy hot o Resunt, cribatithé SisRe@fentth) AFeberitia efvgﬁ‘ttd%rc%cumstance
or instances where the event

or struct ur%}dc% b\‘ggent
may or gy dof et descrighigniinaludsrdasianges hersia passisplar feature
or strucfire & PFrésEik bad G MeESwWHEe (RE fddture b 9@17& ep¥ 59%“9%? Bdthces

s used interchangeably herein with I phos
where t’[l%@)‘z%ﬂf OPSIYRYANCEIQSPHES a8 dBTipnsss thre the &vem@ralrcumstance does
not occuisubst anti ally pure" conpound is substantially free of

one or_nore other conpounds, i.e., the conposition
[0027] ¢ont al | Pgroghesphate” iseged mterchangeably herein with “diphosphate”.
[0028] As used herein, a composition that is a “substantially pure” compound is

substantially free of one or more other compounds, i.e., the composition contains greater than
80 vol.% , greater than 90 vol.%, greater than 95 vol.%, greater than 96 vol.%, greater than
97 vol.%, greater than 98 vol.%, greater than 99 vol.%, greater than 99.5 vol.%, greater than
99.6 vol.%, greater than 99.7 vol.%, greater than 99.8 vol.%, greater than 99.9 vol.% of the
compound; or less than 20 vol.%, less than 10 vol.%, less than 5 vol.%, less than 4 vol.%,
less than 3 vol.%, less than 2 vol.%, less than 1 vol.%, less than 0.5 vol.%, less than 0.1
vol.%, or less than 0.01 vol.% of the one ore more other compounds, based on the total

volume of the composition.



80 vol.%, greater than 90 vol.% greater than 95
vol . % greater than 96 vol.% greater than 97 vol.%
wgnremiieyo2t han 98 vol . % greater than 99 vol . % POraskmr/012467

than 99.5 vol . % greater than 99.6 vol.% greater than
99.7 vol.% greater than 99.8 vol.% greater than 99.9
vol . % of the conpound; or less than 20 vol.% I|ess
than 10 vol.% less than 5 vol.% less than 4 vol.%
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varl ous pro ucti1on systenB |ng |oorgan|c
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t COPOSI 0 ' ' ' '
respectyd T RIPES bf o dulle Mt lcRnlcile deHdnHhade/l BEGHARL Mtors
such asgpH endibx ygen abucemgtione I batek systeme the ﬁlibtabohlatantl bdomass
compo%%f &hsn{]t;]tgg agsg?r%lgﬁayg [ rrgi[:] éﬁﬁtnslée?nr‘glgﬁ hewr{gﬁé ge Ifer}r%%g a?itorex (gs stopped.
Wlthmflﬁfdhiﬁmltafdspdfbl]s&nzgemmiélh&ﬂhf@ghmmﬂdg |ph@er’to tathi gllg giowth log
stem In so di ments, howeyert
phase s diralF 48 PHPESSRRETE HIET BroNTLats b prishRdcr helied ok
untreat6d BRI sEEioANY pHabEWRI sverh@il§fdieNCBR¢IR 18k phase generally are
control li nﬂ(facto S
responsible for the bulk of production of end product or intermediate.

[0033] A variation on the standard batch system is the fed-batch system. Fed-batch

fermentation processes are also suitable in the present invention and comprise a typical batch
system with the exception that additional carbon source or substrate is added in increments as

the fermentation progresses. Fed-batch systems are useful when catabolite repression is apt

-5-



such as pH and oxygen concentration. In batch systens

the nmetabolite and bi omass conpositions of the system
woryo7abgnge constantly up to the time the fernmearasemmo12467

is stopped. Wthin batch cultures, cells may noderate

through a static |ag phase to a high growth | og phase

and finally to a stationary phase where growh rate is

di m ni shed or halted. If untreated, cells in the

to inhitst tht inoriabolisphefabe wells ansheheraal isylesirable @ehdvs limitgdpmounts of
ener I on
substra% 18360 egla y&%u ngerng g H} asi:ltlpalg Iges:?l%lg,{jl X Qﬁﬁ'i{ibogls,lg]fed -batch
systernS/ﬂrdlﬁ'tduumnd s tlfeeafetmtiamlectmt tHe bmyisto€ tha chanpes of measurable
fed- batch system Fed hfermsntatl [OCesSes
factors SRR IEPL S PYBED PR b R AN PERS S PR et P % 02
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inhibit the nmetabolismof the cells and where it is

processiig | Comfinious fmetqtlpmae%rablmrﬂ@rwh% cRiresata apstagthigh

dens1ty%r@cel¥eﬁ'§g 1rpfo Néh. %Qﬁﬁﬁ&fsefermentatlon allows for
concentrati n|n gtc stens Is difficult and is

the modwlatiert of enccfacionat emy ownbﬁeo aetors that affpet eelhexgegh e end product

concen{;ﬁﬁgﬁl r ﬁ?xj &Ia}n%ré Bhe nretfr ?—Hmtgilnsasl%}ﬂg)% rﬁﬂ%uéﬁ‘gs the carbon

éssure o € gases su
source {)ﬂﬂ&bhemvbl atofiveedf ratenamal dtqwmll ptheaparepeters ycsmedenme rlg other

system%?1 éxuxfall})ge g% {S)rfrse%}g ftn%nl%g&ﬁ{ a Ibe ﬁ&gecpco%?fgxg?ﬂﬂ n% tféé;cell

concenfrtion isddepticdnseint.C deuﬁmmegistamd istriviedo megintagdsteady state growth

condii S e S P S B petanced agos e
cell groWhRhRiin$hd fefménthfioh.es at a constant hi gh denS| ty
where cells are primarily.in lo hase

10035] Cont | ARRPENED miEioR GRPSATSRS G dhe FHEmSRJY i roggani production

system 9 BrovifedQihih cARprissrber of factors that affect cell
growm h or end product concentration. For exaag one

net hod wi | | atheashers vessellhaving swppacity peftleast d A0 Kitersine
carbor, sou ré}ﬁaeq?lgzoﬁﬁ TEQRGT WiHE thetdt 18ast bﬁ@des%élt 8orfPSsing a first

allow all ot paraneters to noderate. In other
systens a mhaber of factors affecting growth can be

altered c 024 n#lﬂ%%gi bY nddtickfs t\%ﬁnﬁ B 2 8&@&%&1%& Qg%db?e of

kept const t1nuous <Systens st to maint

st eady st atraakjng\yrbdecingl ot sytkesigiog ahlassttone biebtgahissxwmpound;
due to nedi a Jbeing drawn of f nust be bal anced agai nst

the cell gra(f\ﬁth rate in the fernmentation. 10035]

Accor dl.ngl ya liquid sogamiesdeond phadeconfprisivg theutleastame bio-organic

D o T a1 . Bl oSt 0. SRS 1L o
[0036] at | easbuildile Vésselrfor usk indthe pepYORUAVERIdNWEN baiahfivessehfdr holding
the host E:elisea%%taqggc?us escﬁum for ?errcnpaelntsalnro]g ?’o£ E}Easf}lplgh?he vessel can be a tank
for a reactor or fermenter or it can be a part of a centrifuge that can separate heavier materials
from lighter materials in subsequent processing steps. Alternatively, one or a plurality of
vessels may be used in a continuous or semi-continuous process.
[0037] A general illustrative example of a suitable vessel 100 is shown in Figure 1.
The vessel 100 includes: an inlet port 120 for the addition of host cells, fermentation media,

and other compounds, nutrients or compositions to assist, regulate or improve fermentation of
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c. a plurality of host cells, within the aqueous
medi um capabl e of maki ng, producing or synthesizing
wakod7aas4 one bi 0- organi ¢ conmpound; and, d. a PCQuwisen07/012467

organi ¢ second phase conprising the at |east one
bi o- organi ¢ conpound in contact with the first phase.
[0036] A suitable vessel for use in the present
i nvention can be any vessel for holding the host cells

the host&&ds,@ﬁd&@i&nrﬁdh@ biokangatie compoahd oncorkpourshs sansl performence of

sadionsl e iR BB B0 Setibl o yEECREl 1 A5 R B Ot
during &%meeéndwﬂ the lféi'hﬁenfdtﬁmﬂrd)@m emdipiae romﬂthM(hfl'os uai«mgmmxhaust
ural l

processi ng st eps. rnatlvel ﬁ or a t Yy, 9f 1 100
gases sur@ﬁ@psbcmvo’élée @&CB*CF duripgag ?ﬁ%& SreRRHPR PRMERH u‘éfﬁs‘e
may be RbA ? Tﬁg f[lgg%mh ﬂoﬁ%@ﬁg Efénﬁénltd%ﬁ)tnrlﬁédxﬁ %n@ BEHEP hﬁtté}fals’iso that there
sul vessel is shown in Figur . _The vess
is no spagofor ges atdds topef ihﬁl*@ﬁseb oAlicrmavelyr vasre lé)acﬁifl ib6 rPaEﬁa“Y filled
thus leabfﬂérvoqg Hgéce Jc@% ta' 29, The hhouff] ré%EIE‘I%ranﬁ QBRPBEEHSN of the gas

ti‘ons to assis regul ate or
in the vompavenfagrhefmnubllemtmntmm osmagihize growbidhe bost gells and
productbcfn %1gth|e tblloo- rdlllC & Qxl%gg) gio-&gm? é)u\f}ggsefrr &a Hﬁé}‘iﬁnng
fermematibh ef apgrottic h&ﬁ ckbis, theag'ﬁ\kynlgalih maumoemrab glr(mrqthfg oyygen-
he end of the fe rrent | a
ol P35 S RS T oL g 553 o sl
mlcroaé‘rapllﬁﬁe afld @xhateolit dstaetls cherd oxmgem l:omfdna‘atld)m ef the gas may be

rmentation process. \Ves 100 .b np
controllefBh ArEREH DR BEFIACOSEHE ROR TR RE Ao g "GP rero while
during fBnBhtaBbA fS0 ahdbabbit Mestells, the gaPapReall9 haghtleab nbhﬁ{ygerpand can
of the vessel. Alternati veI , vessel 100 cg
complesdy £prapTise MO Ar ¢arRlelelrof Iﬁgoaeﬂ ar GhsrEiG Eﬁﬁﬂ Sed by a

[0038] 933 TH% AEHRH Y ste! Rt \Hoft BIOU oGPENPRSH tsooaldcgasfohﬂenglaﬂ) of vessel
voi d space may be controlled to optimze or

100 Shqumﬁlgereglr mhbwlosweomsipr pesitive preesus? duies thgferppentation

process; U@ltig’b v d‘g | ng W%&guﬁﬁ% Q&&b%&ﬁﬂb&l&%@@@d@ cal B¢ used as

ernmentati on of aerobic host cel l's,

an opert :betegnasvhb;qbyaujelo] gy of thq:mqr’@emgmutlgt argiopeped to the atmosphere

[ r
provnd18%¥% 1?1%? ﬁge/frqf&gg g:?egggrlaj}r{%& onq{)%%‘pﬁl‘ fr?%cf"pa‘i’ycﬁq didkide’out). If
deslredngasrmmlet mmamfumtdmrimnlaes maascomtand es hgas indetoxrgenxygen or

hj
oo SREEIVATS Pk Ly 2R S bt s 1

mcludea l@q&&atz a0 inkts lagd depar:rtg gﬁsaonmms aln sxchfopen sysi@ns kaddxtlonal
st cel.l t S hasllttletono
hardwagiogrey 0 LT VESTD I g TR e B bGP anfSfSR of other
orgamsﬁisterﬂl%} RiteB418 @ito $he Vaxbilelugiag th¢ Bod8htationa cl osed
system inlet port 1

00391 215" A e s A e or

220, ou‘t'l@fjl%rt R3¢ ﬁds\{ﬁepﬁﬁss%ﬁ& @asﬁéﬁtld@gm REnil@to N Wsk€lfin Figure 1, the
rocess. ternatively, particularly when usi

vessel 0 aff gursciinolsgies 31 SERAREASOrioD Tigineh dh edg apoliments, agitator

250 may comprise a motor-driven shaft 252 which may include a shaft seal 251 and is

connected to one or more impellers 254. Agitator 250 may be typically attached to the top or
bottom of the vessel 200. Optionally, each impeller 254 may be terminated with one or more
paddles 256. Impellers 254 may be any suitable shape and may be selected specifically to
control amount of mixing, growth rate of the host cells, production rate of the bio-organic

compound, shear rate and oxygen or other gas transfer rates. Additionally, one or more
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an open system whereby one or nore of the ports and
outl et are opened to the atnosphere providing a system
woaoo7gas2ki qui d mass transfer (air or oxygen i RCEUS2007/012467
carbon dioxide out). If desired, gas outlet 140 may
function both as a gas outl et and as a gas inlet were
oxygen or air or other gas may be introduced into the
system In sonme enbodi nents, vessel 100 incl udes
baffles 6@ anmbe agdﬁsi torthe vsssahlﬂ(ls@pfarthexenguevmmmmeg s In anptherch
embodltnﬁ nt a% %%?gebgﬁ%@irﬁ]g&go%m ng?é/yc?eehh@%tﬂqd%ﬁﬁthat draws
material fiforh bnapomnn@ﬁ' tled vesselanglans thesbottompdrivereintetdacesathe material into

the vesig] of pRptborREo RGPS (F Ut AP e PN Jpg vasselof te
host cell§ aﬁdimetfeﬂﬁeﬂt@ndminemuaoafas A2 hsudivp |tlﬁt tiRORdst 2805 arﬁaﬁposed to
i nl et 235, and &@s outl et 240 si La[) to the vessel
é}‘&ﬁe dhe b}

adequats; gyfiFignts 10 eRble, BsaLio oY asd nrp %%qgaw@§°awounds
[0040] agl t atI@'Eh@t’éQn&ﬁﬁum $#dd8ss i Bn 2E/EBiEHB r@ﬂ{ﬁ%n o?girtcﬁﬁ BE bubbled
rr%rl se a notor-driven shaft 25
through ﬁeparger %6 simpepysfl spsliquiddnass tagpisecThel smaég@r?é%nay include
t
one or fa}i;&é; gisn@ﬁieltse{ﬁéte gl'tﬁ)gbvnﬁﬂétbag% tg%bm Ogemth\?gtsl% %%Aﬁ/on media,
preferablyt dtomalkeinythe batiomi qﬁsh¢ Vessel291 spang epebadémenta.cthe dpaxger?60 may be

o s pVSE A G BBRLLIE3 @3 KRB

configuratién. oA ltemmtively offor shear mg;sngva)wghmsms ®or od rednee fuam’ung, passive
. cel.l,s, duct. on r Qr gan
seratiof REUE YD Y cPecRR bRk omtio en Gre L RcHE bR FERHES membrancs
fibers odddhdripassild aferamedancmmiya%fnloemg%ﬂomaﬁ olf éheatleldid fiiom the
t he vessel. 200 to furthe . Bg;p ove m Xing. |n another

vessel. grigUaHag it andJPERIng it 1 bipplied in the formof a

[0041] T €CY ClI€ tdrhpRatihd Ebrdrod WlksirBdtthéh A WeatBPéelidatbxdhafgeran®y be used
portion of the vessel such as the bottom and

to heat pg poelrthel fRrmentation feactipnaln ppg emppdimens dhe tempesatytaapy be
control\%_‘?i”ﬁu%]a ﬁéatfn%ﬁ:o\ﬂﬁﬁé ?Ackéﬂ?fb ﬁﬁr&uﬂﬁm‘g%d/d%%’ttﬁéﬂe‘dqa at least a portion

e vessel t he host cel
of vesseled(fethatimay he nemqgmddp@dﬂqahemhmqrr{gmt qlilatwnb Hhat ntsgwlates
empr I SISO AR R o
heat exbha:tgqenfae'rhmntmrsmnpth@ tamentation mesiéwrobilldustragive ssamples of this
I .
type of%)éxg? Br géagt gg!}lra%g g‘glr‘rlgg ?B te?e%ﬁx’i‘]b g'!%he lie%ge:rg%{ grs%rcg {:/mled or
linear tuha::hcml excirnger camyieg ghsatexchategs flmdtsudhan/he)atddrmatttelamleoil and one

or mor%f,paﬁ%e %‘?q% E%J%%tatr}beﬁ]pe%fsui% S\l/]gsg ;8 r aﬁm QVatcgr ﬁ%)%ég %ﬁ}en&tlon
mediurhhAlepaitiyely ciGdditionalle, ehaparayihear ef)dchgagazavzamge antchie keethe

oo S SRRRE S PR EL  lfhn

outsideQi GSVHI BT s vés@elr&d%@teﬁ @2afdckgted ﬂé@&lé/l@ne%&lttaﬂhédﬂo Qhe vessel.
the vessel may be (gﬁd ? uch as use of variou
wenal g

[0042] 5o at i HFsselA00s38 m nigtand Qutlet, perts- §}e\/e

embod AR, RO adiBNb:fe nl6f anldo i RIBMd Ehaf? bE Olobated offthd ib? 4$1BEY Gt bottom
fromthe vessel, oxygenating it and returning
of the viepsel 2095 &y some embodiments, the additional inlet ports mclude feed lmes for the

addition of oxygen or other gases, nutrients, foam and pH control agents during the
fermentation reaction. Any of the inlet and outlet ports may include sterilization mechanisms
for multiple uses including in-process use, and multiple connection or reconnection during

the fermentation process.



[0041] If tenperature control is desired, then a
heat er or heat exchanger may be used to heat or cool
woOheo7i1esarent ati on reaction. I n one enbodi nent, PCNAIS2007/012467

tenperature may be controll ed using a heating/cooling
j acket 270 surroundi ng and/or attached to at |east a
portion of vessel 200 that nmay be connected to a heat
exchanger (not shown) that circul ates tenperature

[0043] cont r & héditibeainesrahers geolid prirds 280 anddpir spenpling valrves 290 can be

postion B RBR s RS 2y SRR Scn
concentﬁmimﬁ lof vacibud friodutty pad ofetdbadites) pHY hdpﬁdtle\esi,qhmggr, foam,
sl 4S8 s BB oL EUBLS! SRS 3, A e psions

and cenfmbrtgaaﬁha@ﬁﬁ: fehﬁéﬂaﬁétﬁbro@éssheat ed water or oil, and
rmresgéfg %hat i nject a heate streams
cE§toe

[0044] ag o 1t Shoulchpe gt theeftals i giien.) R aimor ustrative
purposeo‘lahg HRAThME) d’ifféfen@qgésEl' fghiréitloﬁs Bsahe ferﬁfenﬂﬁi%h process may be

exchanger can be attached o the outside of
used, foy example, sepomdingae drestypsaf hestcelbiba btﬁg@l‘r&@mcr@memd or
o )
compoGU {4l JE et AL 45 ARIBERALER A e peor
downstteamt pmcees’mgethe s[epmﬁqm Vexssss anznahmnsndcta@oes

oo4s 299 0Bkt AL s S8 PRt o80T cgm i i,

fermentagioh pnﬁtambsotf 4 brmtinnpus ai m aontibedusdierméntatien presesslis desired
20Q., | e addj t rt

(2 oppicitn a RGP HELT BOoE b AR PRI Bro b a5 o

withdra@asfesm thelvedsel) tise vdsed nypicallybinchaos additiags hilst ﬁwém@t ports

which x%%fe pé Fq&@rre tat on r &{)hoqqz%q%ﬁl%ﬁ | ge%gé ese achonal inlet

and outl¥ pbitd mlma&&he ﬂ@;kw&h gtekifls i AEESE6t 0fRe vedsdl. Mulsbhiel €
connection or reconnection during the fernentation

embodipiegise 98 UL v‘?saelaaamm%’ﬁslyaﬁ%ﬂm hew cells fementationgnedium, and
optional &8 AREY »91’111@ aomiduasty ﬁhs\éﬁaﬁ ?x%%&@ Eelﬁe bPARULESNRJ/ G ibio-organic

varil ous p aces on vessel nonitor critical
compoyngs ém thesvessalh hsthemm@bﬁdimpnf@nﬁle ischarge 4t ppo Hefsekmay be
used as f %9 d drfttherRidssel {hqybgu&ﬁ‘fl?laisop}%gé%’sr ﬁ"eshflﬂﬁmells
SSO oxygen concentr 1 oNn erature, agitati on
fermentatioe qumm; nutgichts.cagd/orosher adgdivivies.i Arssngln sessel or ajsemich pf vessels
[ Y il .
ogethe L B0 L T Bt O BoBE RPeraf Ayt RS0 g o, 4
portlon iof thasdlsdtargeefrpmrcpmsﬂ‘sheimmhaeammgsew dahdregnturneelsto@ine or more
upstreatll} eeasé?§ {)artelggcgﬁﬁlgeoélstggg%g tglraﬁg erz]a%lget | age orfggoecse]sm%gotr %@éﬁt Imaterials
from prbbtﬁghg@_tays g’anllmr ctcﬂmsgaanﬂ can be ?apaumdsdﬁnmdue eéisselfsh e
produ 1 on Vv u , et e,o er ntation praoce
100461 {o ¢ 198 VGFSelRNRTE LR SEIHF BPECAOUO! PRE SERPLTTGH inélude
additioril GaRSaré itht eiayee #ABISIAIORE Ve¥3s! to[fBEiRbLe Procesar). Sdhh

as that shown in Figure 2 i itable for use in
hardwaregpag: Hrelideqtddifionad bardwarq for ia%ﬁf% Gisaa-tgplace and steRlize in-

place pro@@strz0 i sOHRUSHERAMBAY A0 BorE BF &ch dfth&Bshd, ddtlets, inlets,

valves and all of the hardware inside the vessel may be sterilized in place. In some

embodiments, the sterilization may occur using steam sterilization. For example, any of the
ports, outlets or sampling valves may include or have attached to them additional hardware
that provides for steam supply to and condensate return from the port outlet or valve such that

it may be steam sterilized prior to use or reuse.
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(as opposed to a batch fernmentation process) where
materials are constantly added to or withdrawn from
woOheoviesrel , the vessel typically includes addpCrmsaior/o12467

inlet and outlet ports which nmay be | ocated on the
top, bottomor on the sides of the vessel. These
additional inlet and outlet ports facilitate the flow
of materials in and out of the vessel. In sone

[0047]ebodi Henvesseloneresselsmap heess edpacy pf ahhgwélw literg o frygome

f [ I
ool 5 A 5 o AR 0t s 00
liters, bt/lensich,@00sliteesn loastkll()d)()@rlgans; '@esseimptnaaw 00Mliterfh et least 50,000

e, 5587 0 bSO M R0 ), LA Po.00

liters of Aleagpl Domeboyitakso recei ves fresh host cel |s,

ferne on medi u nut i and/ or .ot.h
100481, 1 P ESREIGT HAE /B8 1eTle iy KB ettt gz pesors and probes
for meAR@RiER@Fi0GSParB /et bl diltsqitedsOre) PRY UitSol 6@ ofBfen @ centration,
average residence tipme for the host cells. A portian

tempergture. gas flovcratgsg Hard AV Ftes fiauiddevriwrales pesitionss foammiag, agitation,

power, C\ﬁﬂ‘taE@ ah @AY HBEr bAaRR&rOLsIRIA cHHﬁ&l‘iﬁ?'&\Sﬁﬁﬁl@bﬁg 1R growth of the
recycle the discharge to an earlier stage of

host cebls 6beé the prgdugtionnfithe bipmerganigconinoynd oF 9@@9@% dhesgnsors and
probes s%gé uﬂ?b %J:F@Be&% Rbre aﬁf&ﬁ%@dj%}%@né ﬁ)tr%g%lg?lrl%lﬁtagd recording

vessel s use Sone e
the varmusmaeatmtexsemasmed@mufonadjmtinwelyalfdhtt vanieus fasanostensdy

controltlllggC M?essé&ﬁgﬁﬁg %rcérl}%gys ?o +o g[% géésel ie \ ature stirring

essi ng
rpms, Ihanphgvaleahfzmoxf @aileant latplm@ Qfltbameslsei-quaag@f a}rﬂ:imlet outlet addition,

samphﬁ% 215 vlg%fzyf:othg l G g{l fﬁdc’é Bgr%f%l or 8‘ﬂ¥ gﬁl g?éqg%ngepgcﬁanism for
controNiak\eqsiranetenbd parrﬁmém bithe verfreentationd Such adj\ueﬁﬁaits nay occur using

e steri an In so enbodi nent s
any kngyp EppiroLinp gy SHEK B far AP GO L FPIROSR PErariqugalves,
pumps ¥ AGEb A, and MyayOhsel fr8pHreibhal, ppbitRinal-Htegial®H proforvidh¥MeSntegral-
may i nclude or have attached to them additi onal

derivatiye, AREOLSYSERERS- pr ovi des for steam supply to and

[0049] C 0 n d e n?l?é aﬁxtéﬁﬁiéﬁ@y&%%rt @@teﬁﬁ IrhayPatididnady eoBoREFind
may be steam stefilized prior to use or

omtor%cbbbea F@@W]corm@ systesn Whieh pay dejadopal pr plaps wade eqrural system and
may cdﬁftro@gfdd%@éon PRt bifetis- oré%]-ué 5% &m@ﬂ"oﬁﬁa Opr%@fss or multlple bio-

vess Capacity of "from 1 0 to 3,000,
organigerrhpeundgiroflection progBsesi tﬂmgiutcanatb@ aysters cEpstens encé central

cont 55k Ao e i 85501 5k g By A Sy v
prOprieItze'asur oflxbe GBES br & eombmanoh dgwsecof2n0 rﬂi}()cdrhmansateatsmg any suitable
comm %ZI S élgloq\TJ)IIl ?l%l? nél)g:eéagnge&)lese 8 sucl1i dgnqgatlo:,rlltssgt%ms include

he Vesse e
hardwmdd‘ systmd; that ihine be digitabosaraial, pmd) ey 1ﬁdndﬂﬂae¢1rc|ongectlon or be in

var ou r ter ch ess i.ssol ved
the forifaiwBi T N arh o B bertgt, Hraddiopa i ome
embodiméﬂts thefdogith ﬁtﬁb;ﬁﬁon dylsteud phaly ®¢ l&illrel&s%|a\ﬁg nishd ﬂnﬁpﬁetary,
ng, agitation r, votaean an
BLUEB@%?%%V% %eéfzmd’ B2 DAt epr n R Zig e@pmcﬂdz Eﬁm FDMA,
OFDMY GRIMCDMA drld&nay operate in any suitable frequency band such as 2.4 GHz or 5.8
GHz.

[0050] Any of the vessels used in the production of the bio-organic compounds may

include additional hardware, such as additional agitators, additional inlet ports, outlet ports,
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host cells and the production of the bio-organic
conpound or conpounds. The sensors and probes nay feed
wonba@rissiéon to one or nore autonmated systens POT/US2007/012467
controlling and recording the various paraneters
nmeasured and for adjusting any of the various
paraneters by controlling air flow ates, power,
heating or cooling to control vessel tenperature,
samplng parts, agdmpnd heptmysoolsvtgeaquhpmmn swehaws adilisienali heaing ceils,

addmogaér%fa \é%\SC}Z%me%t s&ﬁ% as ac OJdd%tlona a?%erf lalﬂidktﬁ nal &%gblrs'aﬂ ’probes

IRES 6 ow contro
additiomdl \cleahivgy orr stérilvztibn m;mbarensm ﬂaoﬂ;tate ptaoekdinggr any other parameter
fth raneter or paraneters of the fermentation. Such
ott eé%w f¥hts may occur using any known contro
[005 1] mec harlh $Bineeuebbdahedtd bf tedNPéions Misoptenold potiucionystem is
varlous val ves, punps or notors and nmay use
p“““d%ﬁYﬂﬂS FPHH%PeSproportional-lntegral or proportiona
- i nt egy al defiil¥at bNEv&SAHangSY @Jp%ﬂi‘idy of £062k 16@ fiters;
aut omat ed system or systens nm dditionally be
cont r 31 ed @n¥IUEBNT MEdiam, pyithin é‘afmtrlaqst e@ﬁWSé?l §QEpEsHIg a first
whi ch may qgl local or plant w de control system and
may contr ol productlon of just one bio-organic
conpound pmnhncahtm of pessceds; withimthe aqueeupingdiugn wapable of
conpound pragiiehi ABARLAGE SF SfifthesTi1fis B AUTHGE iSOpFER O
systens an cen t con sys may conprise any
sui t abl e sofdmpruads;fandpwar e and/or hardmare mhlch may

? ﬁ ePre OC? r gﬁ?hﬁvggo(ggﬁ%%fecgflé pﬁgﬁe com I‘lSln n:?lF g %% or more ISOpX'CHOId
comuni cat | empsoimide n cdxaaet with lﬂllelfgstqﬁﬂmjl es of such
comruni cati on systens | n¢l ude rdmnr st ens hat
[0052] 1y bﬁnapmeteﬂb mERLS) the ISORFRRO sprflm}ffﬁo%ycampm sisaCs
isopren®Ql) MEdsk @Brpoulids 4r8 dehieed B6M dife ifopreie@iikarkd/aB abd called
LAN or a WAN or ethernet. In_addition, in s?
hemiterprpeyi A il ustiaHEe EXHIRIAIL 2l BHICTRRNE dfrishRRFnEe [pther ergbodiments,

the lsoﬁeﬁolmn%uﬁa ep Eb:ﬁb&idﬂs i8h O 196P#dnotdl. t TRegW caﬁqmﬂds are derived
b n or aBee i ncl udi ng, TDVA,

, FDVA,
from tvesFmpreaﬁ @n@mad amlmﬂlls aranogeTPenesn Y Isiliustsasive example of a
n
monot&&%ﬁg Pryfcsz%%r gnégl’f% elﬁr:?ota jif i ogﬁgpﬁreﬁo@w&gé% cObounds is a

on of
C,s isoprienoigk gEhese cemppundsdse deryveadricom deres didiprénsrvalits and duealso called

sesqultérgu‘é{;'e S S%rgﬁﬁlérlgggé;{e a%%ll% g? ?E?nggg&'teﬁ% %gﬁaltcﬂoﬂloqitwﬂﬁzhtﬁ also known

as patcllmdt alnghkﬂ)) olui mtgelequlquimnnts, thedsopasncadi dompowal orveatpougds is a

Cao 1so%r8801?1| (_}ﬂwlse L) %‘ﬁ}qg‘g} sea;'ea ée | on;l g egé%psrgr?ehurg gbalso called
1terpeﬁ£d;dlAm ﬂhﬁtrati{'eaxmmge of aﬁitelrplehe reathkadiersq LIhpzﬂSEﬂﬂhet examples the

isoprenpgfl it %ocﬁ'r QG0 nsglls 08#55{5 g@.h?asge %)fe'r{wds are derived

from mooFfy/gah ifeu, 1s<6}ﬁehé O@its@eﬁﬁll idclpdedticdrpénes $¢ Kt iespresoip comipdaks

) I ch conprises
derived trom 6 isoprene umts) such as squalene; tetraterpenes (Csg isoprenoid compounds

derived from 8 isoprenoids) such as -carotene; and polyterpenes (Cso+ isoprenoid
compounds derived from more than 8 isoprene units) such as polyisoprene. In some
embodiments, the isoprenoid compound or compounds may be any combination of two or
more isoprenoid compounds.

[0053) In another aspect of the present invention, a method for producing at least one

bio-organic compound is provided which comprises:
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a. at |least one vessel having a capacity of at | east

100 liters; b. an aqueous nedium wthin the at | east
woneviesrel , conprising a first phase; c. a pl BCaUSRON7/012467

of host cells, within the aqueous nedi um capabl e of

maki ng, producing or synthesizing one or nore

i soprenoi d conpounds; and, d. a liquid organic second

phase conprising the one or nore isoprenoid conpounds

i n coat act culttting hreadf aquebup heegium [a@tllﬁaﬂitylof hosteells that produce,

L e S R R SRR i o

| soprene uraqhecarsdnadxﬁmadcﬁﬁprcsab b@ﬁsthﬁhﬁsd erpenes. An
illustrative exanple gf a hen1terpene IS isopr ﬁ I n
ot her benbodPrrames liqyid orgasis seaendiPRask SETRESTS ¢ ¢ &t least one bio-

conpounds  ig}g#hiCdOmpeait RNdnthct WiBSRe GieiTpALRES are
deri ved fromtvvo i soprene units and are al so_call ed

nonot & pendsparating af lgast agiorten @&@WF@"&P@S%W@I the Hiestphase;
IS myrcene. anhl ot her enbodi ments, the isoprenoid
conpound or corrpounds is a C15 isoprenoid. These
conpoulnds dsaatieg thead Idasbonet bipwsginioperapeundhirem the gecond phase.
are al
[0054] exanp "121 O?o%lr!ergogg g? léh&g %g&%%zg@gﬁiudk %FLE E)\Ah'io\‘ﬁ additional
processaigsmrhpmwntsaaclpdhvzgh ay anea)lr ouire bt)paratwnwh@ms for separaung the at

ast oo ocepre e o B88 BE RufoiR ERAM Slthe GRRR Spd fhdtes

one or IndPfeactersuidr bﬁ)l@g‘ldalﬁl 610cheahba§t$' dlietrimg pbsnasleasé\nne bio-organic

compogrg{ Lbzi]ﬁté yggg%%ngubspﬁ.gm?ns | 8% eaggel aﬁadl egro'xyiart]ion,

condenS£1H20 H&l@geda‘ﬁmﬂ oedfly otted Biiiedtdé Ebactlig DY obe npﬁmei Bleadimg vessels or
derived from nore t han four |solgrene un

systems fpr|blending the b fsgstpne Rigspeanic prrapey w&hﬁsﬁ ﬂagmaf'e?#%aﬂal

compoﬁé’rﬁ:fnﬁ ah® 8RE 8P RiorNAdditiosd] plrifiSatfdilcH sepAratibe bystds R FaSher
C40 T'soprenoi d conpounds derived from 8 isoprenoi ds)

punfynemﬁw hie-opzanig eAIBPRSItiGEr he Ay leastang dio-orsanic sampauado; d

conpo

0051 TS R PR R, ok SEOGRASHA ohpoun. T

blo-orgawmommuud s@mﬁwh@ portionomest atisubtaptipdy alhpf the second phase. In

certain Fﬁ%g?ﬁ’%dt? 'Ehe? HBaft ORI Ph& E&{d%rl‘% th GRS 5% t0 95%, 10%

anot as ect o resent | nventl on,
to 90%20%ad 8D%4, 2}5P/otdlﬂﬁ%g3i% b 65%t, ooﬁ@%ktp G0% oftihie @emipd@m In

certain cRHRARIES Tng e SRIR ARG Bee il b 1t BRGNS un
[0056] synt hdﬂlsﬁme&mﬂodaﬁbnts,rtbe lplm:almygﬁlhbsx cetspoiundts wiee ¢ham one type

of hosttcgﬁ, 56111% %g)umsorgﬁl%uorge%ge 1@5I St sirain of ﬁostt cglli]sa%r’ example 2-5 species or

strains of host cells, for example 2, 3, 4 or 5 species or strains of host cells. In some
embodiments the plurality of host cells may produce more than one bio-organic compound,
such as 2-5 bio-organic compounds, for example 2, 3, 4, or 5 bio-organic compounds.

[0057] The bio-organic compound or compounds may be isolated from the first phase
and/or second phase using any suitable separation method. In some embodiments, the bio-
organic compound is isolated from the second phase such that it is substantially pure.

[0058] In some embodiments, the organic second phase occurs spontaneously as a
result of chemical and molecular interactions such as differences in solubility, or
hydrophobicity, density, concentration or any other spontaneous phase separation

mechanism. In other embodiments, separation of the first and second phases is induced in a
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b. formng a liquid organi c second phase conpri sing
the at | east one bioorganic conpound in contact with
woOher7iidsRe phase; c. separating at |east a porPCOUSEI07/012467
t he second phase fromthe first phase; and, d.
isolating the at | east one bio-organi c conmpound from
the second phase. [0054] The isoprenoid production
system may i nclude one or nore additional ocessi ng
Separaeww@qﬁ@mrsveiswérr PENYStgm that may berthersaree eed dxféwrs tyessel or vessels or
procesﬁﬁ% r’ché %ﬂttahalg vEQe) 8 vésgé’lsc‘t In %?n@éxﬂb&ﬁ%ﬂis, hase
oun ron1 e aqueous medi a and e organic eBh
separaiypmn sand@eddryecentrifigation swbas contimmoul oo batgh centrifugation. In other
embodﬁggm ﬁélsé( %#agg’“bg‘&dg‘g c? [)% ﬁhel %fgg?(f%{o&oq'ggJe%mu551ﬁer ora
nuclea’mygi gmﬁ mtblthmfermlehty!hah remtxomyﬁkr dbémtﬂélﬁarpreventsb ?r limits the amount
ondensat i on, enat i t sui tabl e
of the FGXTERDR coBPoRTIE oL TAdS g 4R DL L S5coySplut:
Hlustrdtive eRh@plbs Tﬁa@d&ﬁﬁul@tﬁdrﬁﬂ;&lud@ﬁﬁ)cbhl@.n@ lagid '&bﬁ%l.ﬁ&ﬁp 0ANflicleating agent
i one or fe d| tional comonents; and one or

., W
facliafgsytBe SBGTBHIATLT AT HERIStD At B biegagants emRGRAddASOplsce and

evemumw i a Bapakdty bRsket NEsUTtiereAf SABkfs 69 amélbéﬁrpgﬂag%t Iulaehsed the
| east one bi o-organic conpound. [0055] The second

nucleawggqgﬁtﬁe £ Enpnsi apeorgpnic gecomd phaseointo whishghehisrerganic compound
migratéL NPARH i ve Exanldd ot rn%}féhﬁ?g Q@Qﬁﬁ‘l@luﬁ@ r&rcgﬂétg‘a?ﬂ{éotfll) Idanic

nost, or substantiall e secon
compogad prEemponnskiitvelfend orgaelq)mvm wh@sdodwmdwmmsl mytistrate,

o o5 3285 S AL SRS P

above phasg ecnaatatiprem’awna}smmdsnethh@ second phase consi sts
essent I f the bio-ar c_conmpoynd 0056] ..l n
100591 e ed) edl%{ hr%ﬁ fPargtion ?ﬁcﬁ’%aﬁ] tSPYF SC‘I@PI% 4’?1‘&’ {dyglly drawn
from tirenseparatian vessel. tmambuhnﬁ’(thé: e¢dond phade cad mﬁarhﬁarfr&ﬂ ¢he first
specjes_or. strgin
phase, EBC8l &Xpdfiofy [ 1P 00 Webes St PL95Polt%Raniioe2h tg 80%, 25% to
75%, 36% fo 6398 CHref%eto S(D%«’:Bfﬁﬁe @efcoﬁ@ﬁhaéé%é}sbe dpaffdéEfrom the first phase.
enbodi ments the, plur ost cells nay roduce
If the %F@ctsﬁ%&vd&%@%fsdeﬁr%am 28 SH RGNS S RNesE, thes one or more taps

can be BidVi@IdIsHH15ced WAL BéfSarati i veR¥AMRhEthe intérfade bétlveeh the twao phases
I.0-organi ¢ conpounds. [0057] The bi o-organi c conpound

(preferghly vitHom thror eamis serondadrsn)de desanttharraanie secondphese before
removifif Qﬁ@delﬁmowﬂ%@e U1 18ehaBiV¥lyS Hel ARk SusSERAS kL 85 be removed
met hod. I'n some enbodi nents, the bioorganic conpound
from thegepasation wessek esing aeoutiat oaar thh hotomunfithe $eparationjvessel until the
ééé'%é PPhdsela r ¢
e
into a separew(ématwn fan8lurthsr sragkssing ot somge. Both efitbh ageeous first and
I d Q
orgamcdégfﬁélg% L at@? Sénrpf(‘)lg\g O“P 5}‘ %h% eparatl a%]séglus p ggébrce ol%sgra\Xfy, gas
pressurs ep #iratglothe use of a pump or pumps or a combination thereof.

[0060] If the organic second phase is denser than the aqueous first phase, then one or
more taps can be provided or placed on the separation vessel near the interface between the
two phases (preferably within the organic second phase) to decant the aqueous first phase
before removing the denser organic second phase. Alternatively the organic second phase
may be removed from the separation vessel using an outlet near the bottom of the separation

vessel.,
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mechani sm I n other enbodi nents, separation of the
first and second phases is induced in aseparation
woeswabns vessel s or systemthat nmay be the sagEUS200a/012467

di fferent vessel or vessels or processing system as
the fernmentati on vessel or vessels. In sone
enbodi nents, phase separation is induced by
centrlfugatlon such as continuous or batch

[0061] cent r iFfmg adnntmuou‘o‘ prm:bmem velmibly mermuteeus ﬁnapbasg épdenaer than the

ced b i on
organic ety 2asemAteh PrsEhuth sPf el gl A5/ UaohBin Ejpdified

volumedFeta fegrnéntation h&dﬁm and hodticelld, aant ke ecomimoallypradueed organic

s S-S SRTEOHRS 1 COERURAS Fhek ALY

orgamc@%&?ﬂd pHaké ﬁrc&nkéIQhé&dﬁlefd Qé&té' ferdt phaded tHeaagatlia @écﬁmd,ﬁhase can be
nucl eati ng agent faci Iltates t he aggregation tg

removed pghtirioughycisp @tﬂé’:e betterp of Hhesseprighian ¢ e?ﬁ@ﬁf)‘(ﬂm gt prevents

complefe (?al RA0H 1k ch%@l:cj)ﬁﬂ ﬁl%%n?ﬁﬁ%&ﬁérﬁtl&ha&s@el tbfavoid drawing

iclent ano ts of a ‘nucleating agent are used, the
ﬁomthn@qumlfngl:@@&xt itself forms an organic second phase

[0062] into etEH’l%Ou. 1?11‘% g{'b u&ggﬁg%ﬂﬁil BLAd ﬁfa?%e 1Tolated from the

IIIustra i've exa eati ng agents i ncl ude
organictieomideplmase ising ed@rpumu,gmrpeess impdishomolecelesrpoya depm a bulk

liquid ‘1"&%@?&3%?%%%% eptssmlﬁs%ta?w? légifbmgfee g»?g&%gﬂe@rts include activated

carbon eﬂhﬁmamtlmlmﬂmamslsudeamm; clay$ srchals foler’ ogarthp mwlecular

of the abov se se aratio mater
sieves; g pHOR ARG F SRR AT B P
Dependif@ 66 theCatidoibent iiddy the udbdrientr xﬁambé nsed tb htapm@ﬂme alesiced bio-

vessel . Any of th eco ase, can
organic BN OB ARG CHEBROdUESy Tig) fgm&}qn may E% perfgyped using a
batch, Joé’athJsQQ%éﬁH—Q:Bnﬁﬁuo’il %ﬂr@ce@ﬁ% 10% to 90% 20% t 0 80%
5% to 75% 35%to 65% or 40%to 5@%ofth g
[0063] phase Ingjhon embegiments dhe bignergaic CPMEPUR RS bejisolgigg from the
orgamc Je%’ili % a§@ 99?1? R4k Sa ln%ﬁﬁd%@@ﬁar&tﬂ@sdbﬁﬁn@&uﬁ@é@on

ase hen one or nore taps can be provided or
dlfferelpdea a:tedleurvqla’célt@ep In batch distilatien, aneatirg batch pf iqyid iginitially

chargec? £ 46 lt'ﬂl% tglg\? h&g&isglsre(i RES iR TR Mre W ittith ihd P& sl OBIYoF is thereby

secon pha e ecant t e organi c second phase
contmdmeﬁlgrgnemted\,ardgna)hbe canisesediqfenns lpmﬁélstlllate which is collected.

In contfr}u(gﬁ?r ?‘ﬁ}é Iﬁé’dl%tﬁ%ﬂ%g ug 1nfub{lsclg o o fi‘iﬁ f@é‘ﬂ q‘féﬁt\éﬂ Q)r reduced

ration vessel usIin et near
in presfint @3 mfcahh@paielphvaﬁommtlmeeﬁthb minture amchsep@ragamcgvery of liquid

en oG R BRIRS TIRBR e B N 5 49006 it

columil, @6@ theqtofiats Emeidects vapocariliquid streahsor Wipen tizotapooéind liquid
first, and [

t he aque or. i £. second p. es n flow
approaglph3t SaL Db it PT8 Sa AR et alL gy Gt e vepdY product
can be %@den&ea todBfm RIIRRSA ERtNAte! hr ough the use of a punp or

or a conbi nation_thereof. 0060%§ f the or lated
[0064] secondnmﬁ*&‘é embodinperisrthe RisnorganicLqmpstad of F%‘Pp‘b‘ﬁ’%é gre isolate
from tﬂe'}ﬁgr it O€eddhd 5§e USRS g £ 18 eRirtiode ATH prldk@e §6lalkd khben as

lon Vv near the interface between the two

Smpplmas’els etz omRONER: iPONJA s IS EETHP P8 Fpersiream
in 2 mS1E ¢8 M ent AR AFTHE O Ukeni P Sturd M ftessure can be optimized for the transfer of

the desired bio-organic compound. Illustrative examples of vapor streams include air and

q-t

steam. Typically, the liquid stream flows down a column while the vapor stream is bubbled

up (flowing countercurrently to the liquid stream).
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before renoving the denser organic second phase.
Alternatively the organic second phase may be renoved
wonem B4 separ ati on vessel using an outl et neaCTSE007/012467
bott om of the separation vessel.[0061] For a
conti nuous process in which the- aqueous first phase
is denser than the organi c second phase, a separation
el with one or nore taps can contain a_ specified
[0065]v oI u nehmthsh@nb@hﬁ@wathednomgﬁnmmm@gs isodated frogyipe organic
r | . . .
Seon B RGP AR Ko SR P Talln, Hiic-liquid
extractieroisgbe iragsfer ¢f a swbstangmirom sredaquid phasdniosandthes émmtisvable liquid
muwethe aqueous first phase, the organic second phase can
‘be renoved continuously fromthe bottom of the
[0066]separ alr @batckdigeid-liquid exaaaionhgstent, ewefetd liqoidkies @ganic second

depl.etjon, of the or anj hase fr n1th
prase) € el P R et SgRas G ARt iR R R e Bhg mixture i
then péﬂﬁlﬁ:éd hsite n{t@&@aﬂs and sspﬁeteaﬂmm raffiv@ite and the lighter layer
éi? g&g i C_ conpo belsolatedfromthe organi c
can be ?mgg@e VNGRY BHR-OEEaPIRAUAROUNG afspEpOuUnds can be in

the exti@t 8¢ wfﬁaatewﬁeﬁdamﬁmr%dhét%aqo%hpustehe surface of
adsor bent s lustrative exanpl es of adsorbents

[0067); hc| udtn aeentinepusliguiddiswid extiastiensystam, diffeserices ndensity, vapor
pressu?e‘%iré g’ﬁe%@:ﬁ{ﬂe}eﬁ&e & l?c}iﬁn% Bsﬂﬂtsaére fuddd & %eﬁa&f’er tIhP desired bio-organic

nol ecul ar sieves; or ganl yners such as pol ystyrene

produch fom thsi faed liawid (thelarganic Qb@sn) sBughcsysteais cabase mikenfsettier tanks,
towers'diSoRIRAY RERE ARE Ind FORLHIRBEORRY o U8R,

capture i oor gani ¢ produc
[0068]by pr odincether drgladdimients, thy bactergapid ampaundlie 1spkntécbfmmdhe organic

ccon 4y Sl S e S R RS R

processra;eche sepm'hmtsamtfohmrrtﬂmﬁems @anhe:b&eg:@mdonhalaems bfid)shape.

tion, pet hod of se subst ances based
Under g SppodEineice dffFanta eprase AR AR raLn THMBEREsoIVen and small
solute Spegidslpasd thesughahe ﬁfé&ﬂt{r&q&@id‘&e Qf)llédtéwbﬁpérﬁlebﬁl Whifd la¥ger solute

char ged t\(iaya vess and then heated or reduced in

speciegreadamed Byithe eCONpAgrh?S § GONCRRYTAR retentate.

Ultraﬁ&ﬁiﬁibhﬁmsés\’soﬂi&%ﬁb%aﬁguﬁﬁﬁlr@&sﬁﬂﬁ AENRADr bfork @intBs3arger than
quid distillate which '.S collected. In continuous

those Oé cﬁlaﬁ sqlyent and aresysupilubelow, Yaanicenn inrfigsu sThe solwed ergthe materials to

be sepe{rhﬁhl'lﬂuzflﬁeﬁja\ﬂesrn&@éllﬁ‘:dw&%hfseﬁ LGE0thiA 586 GRRUE gjlsce rﬁe?br&ﬁolecules

cause partial vaporization of the m xture and separate

colloidabispaspipnyfand ieglsions ¢A papdimitiogssamniesf allhétraﬁl@f@tlgln system is a

t ﬁ&l%d@ﬁﬁf i mg@ﬂmu le flowng through a

angen distil af}oﬁ colum, and the products energe as vapor

[0069]and | |1qm0mes€tmlemrmemvw@n hpsteeella por cagablelof gmdicagirerachout 10

hi fl rocess

to aborft 3Bl thble oMok 15 Bkl S0 B lou 20 e WRGE A oot 25

grams @r inprguthdn dbaiti30l gréres of Bidedigahic cohpeune plolitereffesmeitaton

mediu! O~ 0r gani ¢ conmpound or conpounds are isol ated

[0070] In some embodiments, the host cells are capable of producing from about 50
to about 1500 milligrams, such as more than about 100 milligrams, more than about 150
milligrams, more than about 200 milligrams, more than about 250 milligrams, more than
about 500 milligrams, more than about 750 milligrams or more than about 1000 milligrams

of bio-organic compound per gram of dry cell weight.
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fromthe organi c second phase using gas-liquid
extraction. This process is also known as stri pping
wanw7iisiehe transfer of a component dissol ved PATAS2007/012467
liquid streaminto a vapor streamin a nore
concentrated form Tenperature and pressure can be
optim zed for the transfer of the desired bio-organic
conmpound. Illustrative exanples of vapor streamns
Fuelempbﬂdaza%tdmnbnsi)w&m Typi cally, the liquid stream
flows _down a e vapor .strea
100711, 7 1 3prH S RHPRPE b o b ont BPREr ¥ g R dompbifitnHoduetion
Systemaéﬂhpﬂﬂh%{ 0065] IIn ogh;er errbgdl ment s, the bi o- or gani c
conpound is jsolate romthe organic s ase
o ho a1 qui et et essel PP G et DSt iRt S0 HBRG en

extragt i on,anldqubbil-rhédiving vﬁ‘?hhf fifetvesdtl | conipiing @fifsh phase;
of a substance from one I|qU| phase into anot her

i nm séi bl e all?laii’ihéb’ %wécel[swe@}n fh¢ agupeusdpedium, capable of

liquid-17qy, dﬁ%hﬁ'r@@&dnﬁ’é‘oﬁé&%ﬂ%@mﬁ%& 16£88né bitkbrdahicBmpound;

or gani ¢ secon ase) m-xed a second

i mm sci bl e dndqw d phase in a suitable vessel. The

m xt ure is th )

separ af e i nat 0 exf8 ?éaaﬂct %ﬁgné glf%g%g%ngngng%% Qé’]légﬁﬁ?‘ gEilo organic

| ayer can bendmcadumdoxﬁa@rwmmme\fssts;wase The deS| red

i 0-0rganic _c ound.or cQnn .

The fucd goRheiAGh BrRFRA Gl sERTRRIIAE 3ok REmaFe iifibf) processing
comporaks/iadluditpe dl) dne @6 frork Beparamm systemssfok sqmmttﬂg theiatlleast one bio-

extractu% tem diff ren i n denS|trr %% e ore

organicEomgpd T HhefalEnus @ THe.oregpicRe g pp oge gF &

reactoré)ﬁﬁ%1616g1&ﬁwﬁ6ﬁ&l&rﬁlbﬂl}dﬁ€drﬁgdhb ho}eﬁk{tgﬁe Ibﬁ:o-pfghdimion’ﬁp‘dnﬁd such as
e feed liquid (the org I, C %35‘) chssterra can

by addifigg SHPREPFigR IR eP AR g, hyfroxylatieRscondensation,

halogerﬁ@i@h%&‘%ﬁ@&e@@@it%@aﬂﬁéﬂ 2N oné BERRPE bteﬁdihfgfv%ﬁels or systems for
aration. g0068 I'n ot hef enbodi nents,

blendlﬂglt atr lgasioae dimprganis qosmpogad afl&uorfer@rﬁwwdért@aﬁl fuel components

such assﬂe;{r‘e(?ﬂ?)?e\@{‘ 1Haded fub§ R0 4RAHR e o ﬁ%nfﬂh?a?ﬁ)n%ﬁéﬁgf and, 3) one or more
rafiltration, a pressure-driven membrane process

additions gurificatéegperr seperatioh gy§tems furfygherpusifpingtthe fugh spmpegition or the
cu | & gshape. Under an applied pressure

at leasmﬁ??”eoré%ggl%acr J%%gan ultrafiltration nenbrane, sol vent

[0072] and shmbkéme embodisgds,iths maédltlhc mﬁgtactddefrmrtbw groetp gnusisting

ot oy ef AL ELA B AE RIS ALt OB LS 1BRALRScetan

1mproveﬁn§telbihrza’s eebld ﬂbm’hqireverul domhﬁjstlom ahprowersnarai- ﬁmms anti-haze

V\:h | l
additives, SR OO (SRBr OO B T SRy GO AR oS0 Jagngss

additivéess bvkd Augpréssaiits, diag rétﬁlcm'gl“aﬂd&hleu,t mBstabdedctieatons, elfspadsmts
e rated usu ave..nol ecul ar i gh reater
detergepfiaReesao A: G5t FEREry R TR S o G sqibinaions

thereofdi spersi ons, and emul sions. A non-limting exanple of

an ultrafiltrati on systemis a tangential flow
[0073] y) t r aflp pomgEMbedEY ity the fush eUPPPHLAR REPISRHRR PR gomprises:

the ho§t celleSor@idie HARALIA-RicPEGMGN IS NG EBRMEatbA systems

comprising:
i) at least one vessel having a capacity of at least 100 liters;
ii) an aqueous medium, within the at least one vessel, comprising

a first phase;
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to about 50 granms, nore than about 15 grams, nore than

about 20 grams, nore than about 25 grans or nore than
weahowrt13824 gr ans of bi 0- organi ¢ conmpound per | i Per/ust007/012467

fermentation nedium [0070] In sone enbodinents, the

host cells are capable of producing from about 50 to-

about 1500 m | ligrans, such as nore than about 100

mlligrams, nore than about 150 milligrans, nore than

about 200 nii)l i ga alwalitymfdosteisavishin ths8qudous mpditrs, capable of

nore than abo LJ L4 g ans [ 9 t ;
mlli g‘P%ﬁEg’o‘?rglr;‘r%é‘gg ?ﬁla’h“é §iipe ib‘gg“%“% E?%g»@%ﬁfé&oﬁb%md, and,

bi o- or gani ciwyonpalindidoergaic aesomtd phaye cahprisieg dietat keast one bio-
Conposi tian Production te 0Q71] . Tn somne

b BRI COMRTE PO "G e FEEPHE5S el

conposi)t i ONomy ExdtHi6iel fst Phist eepaeaiai dySicnts wherely theefhst phase and

one vessel having a capacity of at |least 100 liters; .

b. an t&aa meig RhasGior /AR Of FETS emppnenty Fé?‘iﬁ’éj‘dé’rganlc
first nhassie epardtedl Urality of host cells, within the
aqueous medi um capabl e of maki ng, producing or

synt hedi zi neptianally g8e opmore sesopd phasccsepaition systenmwhereby the at
d. a | jeftiofle fdlatpafii BEOSPafRli b Y séddfid Frganic phase;

| east lg%égogfg-(g?ganllcic%c n’pgund I'n contract vvist‘h thegamep ase_’
first dhaseoptiimelly vee or tropomiacioshopyesskels whereis thetasdgast one bio-
may in iti.qnal i 20

comporSRALe cBpoia BHEriGH d BBlopRERY BRALS

syst en® f or oggmallpbnegr trivee porifiemion systernisivadwrelsnthe bio-organic

conpound fromthe a .medi a.and t he .qarganj.c, segond
hase: Sspaitd o e BRHRRY TR e ppaligd B fia SFRRRS:
chemi galrifiedal tering the at | east one bio-organic

ES gfggﬁﬁas il'lglgt’io%z}lg %ngd’? Hﬁ)i’rg Hgyaa)gl)%f}feia%qll%i?fsgfstems for blending the at

condengadtions bidiatgagieRhipdind Wit YneddriabresddditidabhEfuel components;
reaction; T) one or nore blending vessels or systens
for bl & ng the at |east one bio-organic compound
W th ofye oropRiralRddE bl BlvRé filriRl pEANBA Yy StefildGihdébyPthe blend
petroleum based fuel, a fuel additive or a conbination
t her edtf;theatileass pne Rio-ereanisreompaund apd she one 9rmergiadgiional fuel
or _SeRHdiRtsH plrtfifu §iOfurkhif plletiecpu | fying the fuel
conposition or the at |east onhe bi o-organic conpound.
[0074][ 0072] Inlsemscamebastimentsthaone or meré {iegt phaigi separatipr systems
. t | St . .
compr3 SIS, ALEUDPOS 3, O RS s dcied i
configigedbpddifigallyrtprseparate the Grsé phaserfprm vies secosd atgahiczdrass. In some

embod%ﬁ%nﬂg Ll'laegéé\{ei RIL %éédndcp%gpeu?e&)%&%oh @gtg%g rif?clu&gtcjnéfo? ABte systems,

vessels or phase separation components detailed herein configured specifically to separate the

bio-organic compound or compounds from the second organic phase.

[0075] In some embodiments, the one or more reactors wherein the at least one bio-
organic compound is chemically or biologically modified comprises the same or different
vessel or vessels used for the fermentation or the separation systems. Alternatively, the one
or more reactors may comprises one or more different vessels, which may include additional
hardware, sensors, ports, probes, and/or control systems suitable for the specific reaction or
reactions or other modifications to the bio-organic compound or compounds that are

performed therein. The reactors may be batch, fed batch or continuous reactors.
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addi tives, corrosion inhibitors, lubricity inprovers,
icing inhibitors, injector cleanliness additives,
wenokeaszsuppr essants, drag reduci ng additives, ReTAalsS2007/012467

deacti vators, dispersants, detergents, deenulsifers,
dyes, markers, static dissipaters, biocides and
conbi nations thereof. [0073] In sone enbodi nents, the
fuel conposition production system conprises: a) one

[0076] or norle soatectmbddiaienias i biv-organid compeaintls ovmodified bio-organic

compol £ R EEUTER, FATRE 4855 okl LSRPL 088 ap ormr
puﬁﬁcaiblﬂq'lslm ThBCburrﬁcaWoﬁ hysnerhhmagttcohqmsé anylmiteéﬁspthrjﬁcation system

nctua§IRL 4 o BB e Gl B e compoune

or com@()ﬁlﬁi&cdrﬁﬂat% Jssepbm thel Lﬂﬂvaﬂted RgiouRle flohDthe (bR Bignic
npound organi ¢ second phase

Compoe%qu Angpmg Wdé‘?’eméa@fi pBﬂ Cftﬂ%’osryatsm may Gﬁﬁ‘@ﬁ'ﬁﬂ Op;Or more
systems§; %&‘H oVbiidie ts&%xitidxﬁéorﬂé‘tﬁ\féﬁts dé}alléBQxef-Hin R ehah 'H&stpemﬁcally

p ase sep aration s stenB wher eb Yy the first hase and
configymgé tcsm‘@ the dasired Py of the kipwreganipeap rfompougds. In

some ehftdREREANE Egﬁﬁbﬁloﬂhﬂ% b@ﬁ&oﬁ?ﬁﬁh@d ﬁgn% bhe Qpﬁﬂo?é'@plabénon

one or nDre econd hase sepa t1on wher eb Yy
systems fresezies (te achievnihe biesmzd gemyc Iz eprpe amomn@éq; dhegepgration systems

may bef éo%@qgu:b% (??f%pe{ﬁqllyq{(gﬂ @5 V\Els'?l orge),r tﬁ Qttchl?()? S;%lﬂﬁﬁ 1r9§tepw1se

react ors or 'vessels erern
ﬁwhunbloorganlc conmpound |s chen1ca||y or biologically

nmodi fi.ed one urlflcat|on
00715V SH erle e sanp e e GaRiE LB herRy T @ hchieve
specific@iding o ebquirenengastl fedemlmaatmﬂ local fains, frulesl oﬁfeghlatlbhe for the bio-

.purified; f) optjonally.one_or nore blendin
organiforapeatidi or For | HBRRF e B romE SO BT, S gifegon can
merov%QH@ﬁHﬁﬁoM\élttb of it B1b-0¥Rarfic stepbunizdr fﬁél%n(f-ifbﬁi@@ﬁ@ Béyoind the
optlonall one or nore further purific

requlreggpgfseqfsfeQH@ gwatp Aawg ralss opregujations. Inssome gﬁggélments the federal

state oﬂb@al%@@%[és‘b? RESUAN DR Phhyl 2R GivirdRfRnéd SmidsRia] fuel
el nponents I's purified or further purified.

perfonpmmjaxmcewwes and oHfierepenomic facegHycsor Iveamae empediments, the
purificRifiSRay SRR HALIhviARRAR impact of, carbon footprint of, fuel efficiency

obtained from, reliability obtained from, energy available from, or long term economic cost
of the bio-organic compounds or fuel compositions.

[0078] In some embodiments the fuel composition system includes one or more
blending vessels or systems for blending the at least one bio-organic compound with one or
more additional fuel components. The blending vessel or blending system may be any
suitable vessel or system. The blending vessel may include any or all of the inlets, outlets,
ports, sensors, probes, agitators and other hardware identified for the bio-organic compound
production vessel. The blending vessel may blend one or more fuel components with the bio-
organic compound or compounds. For example, 2-5 fuel components, such as 3 or 4 fuel
components. The blending system may be batch, continuous or fed batch.

[0079] In some embodiments, the invention comprises a method of making a fuel

composition comprising:
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conprises one or nore systens, vessels or other phase

separati on conponents detailed herein configured
wepewiBiral |y to separate the first phase fronmPChas2007/012467

second organi c phase. In sonme enbodi nents the one or

nore second phase separation systens includes one or

nore systens, vessels or phase separation conponents

detail ed herein configured specifically to separate

t he bi®- or gewltwingdmao@queeis nehpourplorality af host csdeatiproduce,

organi c pha ggp& i eat: .

nor e react o?hgk ?A/hg%n?%esk eEﬁ g‘%@f eas godr?u mé S%lrrn g%'?‘!:]a’h&rem the

conpound i saqirens oediym oomprisdscgiisaphasenodi fi ed

conprises the sane.or.different vessel or vessels used .

for tHE f er VIS f Hivishorgwic Stond Bptsciuniig fhe'at Teast one bio-

Al t er nat i vebjganichendandlin 6BHtectVGERE thRrfirstEhas€onpr i ses

one or nore different vessels, ich may J ncl ude
addi tional FEPPERIGSEt E%%B?@Pnﬁ%%ﬁecm%a%@f from the, first phase;

control, sysis8ling'¥hd Aksst bAE bidsrgaRR Cofripouh@ &t 812 séEond phase;
reactions or other nodifications to the bio-organjc

conpoutid or oPéRRAY chemiqally ox biolpeically medifying th¢ At legyione bio-
react o§,SHR%olfolR4:.Ch, fed batch or continuous

reactors. [ 0076f I n ’some enmbodi nents, the bio-organic )
conpoufads opptigally ipaifying ths bjarrireanio apanaand o the meodified bio-
fuel c&ggﬁnﬁi ' y be purified or further purified

usi ng orre orcL ?gmgﬁrification systens. The

puri figat i onptioredlgdending themap tdasicorgrhjo-onganidé@mpound with one or
pur {1 Gatd a0uSysl A LAGLUALDY gy system that may

renove Unwant ea: corrpoungs fromthe bio-organic

conpoug)d or optionatly pasifying titablendiyf the pae a endrl dio-organic

unwant ed conpoun fromthe bi,o-or i ¢ conpounds. In

o SHiBRaS AaS thedreelore SRR A0 odRABBRRC > | 0
[0080]ONEe Of INEdne: &ibddiNBntsy @R TatlcofipopitidaosfPRESS bidfuel composition.

conponent s

detaj |l ed herein that y be specificall
In somg§ ogufl@aS¢t§e Saﬁvfi\feﬂﬁwoa@a%%qm 15 bigrorghic cofpound and a
petroleBhrRba¥ed FiéICa GRIRAdIRYe OF a CORIBRIARSH thdrbofS A Burther embodiments, the
enbodi nents, the purjfication may be acconplished

petroleysi-prped fiaelds 2 gasalinscishfusl, ksrossyaidiens] fusl ebp pambingtion thereof.
[0081)2chi evgy Jhe: dRGddifdnR Uhie thio-ol gan OB SITRA PSR D sPB@m or the

separation systens may be contigured differently from

fuel commohitiontredyatiop spstemtmay, b beilteortcneaterd by rejrafiiting apefhgeol

. ' [0077] In sonme enbodi nents, the purification
pmduc\t/%?ﬁl%(ggtyber formed to achi eve specifications or
[0082]r equi rerremesemppodimentsathe futlabmpositionpadducting systene snayrcomprise

equl af i : . 5
one or L Boh e Bt LRSI 6 ERAREHBEEBlent ey YEthe same or
differentafifomrthe ometrdl lsgstéms ¢or tha dia-bagaoic prbduddion-sgstgaraml may comprise

. compounds,or fuel conpositions beyond the requirenents
variou RS i2pe ard e R A AR A0t B Sl MR Vel chs
procesSparamerdpo adsoeiated, wittheachasgsteal wihiatthe filel kompbsitiansystem and each

rul es.or requl ati ons..ma ertain to enviyonnental
step or ghg fiet Eorapostiien ProdFtRTshods: The pRioBHESd BEtmyptsystoms may
additiof&INBEtEntd1Rdrtintl \WeShitoréd B ARedidl @Bh@INdyStend, Mhich may be a local or

plant wide control system and may control production of just one bio-organic compound

-

J

Y
%

production process or multiple bio-organic compound production processes. The automated
system or systems and central control system may comprise any suitable software, firmware
and/or hardware, which may be proprietary or off the shelf or a combination thereof and may

communicate using any suitable communication system. Non-limiting examples of such
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purification may reduce the environnental inpact of,
carbon footprint of, fuel efficiency obtained from
woebi7abed2iet y obt ai ned from energy avail abl e fPOTUS2I07/012467

| ong term economni c cost of the bio-organic conpounds

or fuel conpositions. [0078] In sone enbodi nents the

fuel conposition systemincludes one or nore bl ending

vessel s or systens for blending the at |east one
commusieatinnoystemscivalyde hardwiitad systemsithatonay beldigitaberdnalageind may

1nclud%8ﬁ‘@<9'?:§ﬂﬁe°‘cn ghﬁ Rlif 1%9m %%%}%':WSJH% ﬁ‘gga RAN Y7 b WARPY:

any suitable vesse |ng vesse
ethernetayin laddxltmdemzmmemmwdlm@ﬁts ttlnsecormmhmauom tystéra maydret wireless and

sensor i.tators.and other. .hardware . . .
may b GRekRre B PEFTOERY b8 MGaR P sl30 b B base Zighes including
TDMA,&IxdA, OFBM) bad ADIAvarisahy opetatelif Aty emieatdé refidnrch behd such as

m s with the bioorgani c conmpound or conpounds.
24(“%% éggﬂ%ﬁ 2-5 fuel conmponents, such as 3 or 4 fue
Host Ceggponents. The bl endi ng system may be bat ch,

conti nuous or fed batch. [0079] In sone embodi ment s,
[0083]; he | NN SRIkEPL %Bﬁﬁmaé@ he peadhiadhe pragtire phths mﬁént invention. In

some enEIRBELDs Oﬂﬁe %@5%&:'11% Q%ﬁﬁ‘encﬁlﬂ' Wdlﬁﬂd h8st MicABHER S in which
medi um a p urality ost cel at roduce make or

nucleicggig mﬁ:cz%esétamé@gm u@nréecb |dsle¢ﬁdg@rrm@dlflsdﬁmnmam gz by
msertl&h ﬂeﬁ‘fﬁHgoé{fbsHﬁ@i'oH o&gﬁ{lﬁ?ﬁn%f BhEI%Bn@J&%%? ’eltRer gr?ﬁﬁgque desired

IqUI organi c sec ase conpri
bio- orgmec trimepeuysn preffentpn umieasnd viehd ef thewdesined h:e drgamt: compound.

phase; a rt | of th
00802 e AFEAL A B8 B SN PR, o
eukaryotie céll.ocEsamgples of achpe cleit!; ificlade, thue aseam dighipddae ehose. belongmg to

the goriBs SR ST AaIL e B s MeheGREn pedege grerium

Pyrocdcbgs, Sulfoloby,ind THRARopashe!r IIhkeatfitdbtdngsleDbOAt B Vpecies include
optionally bl endin the at | east one

but afemogﬁw&gﬁf)cgﬁreﬁﬁrmaﬂm Hrefiagogiobus fdsidusi MethRagcor ere

Jannasﬁhmmé}ﬁﬂhébaciwﬂuﬂ thePRbhRDBbINicM! PIrcDERds _#3”5 Mo&ccus
t he one or. nore bjo- organlc Conpounds and the one or

horikos{h & hgirernlaguancifarkilys ifsraeriesmp volervm some
[008s}enbodi pRisles bhBactatfll cONRORIL | AR HFOARNISEH 8 tnbs%fué%ngmg to

conposition. In some embodi nents, the biofuel furt

the generppher abacteriumetlieycinbacibius-Anabaene Araepdiond rtémbaater Azobacter
Bacillild ebfﬁlﬁémr% @hrfo%tzuma cl d&&?rjzdzﬁgld ttopyr%b%teﬁu&ogmep%dcpé}

t her eof her  embodi ment's,
Erwmza E.scherzchza, Lactobaczllus Lacrococcus, Mesorhizobium, Methylobacterium,

Microbacterium, Phormidium, Pseudomonas, Rhodobacter, Rhodopseudomonas,
Rhodospirillum, Rhodococcus, Salmonella, Scenedesmun, Serratia, Shigella, Staphlococcus,
Strepromyces, Synnecoccus, and Zymomonas.

[0086] Ilustrative examples of bacterial species include but are not limited to:
Bacillus subtilis, Bacillus amyloliquefacines, Brevibacterium ammoniagenes, Brevibacterium
immariophilum, Clostridium beigerinckii, Enterobacter sakazakii, Escherichia coli,
Lactococcus lactis, Mesorhizobium loti, Pseudomonas aeruginosa, Pseudomonas mevalonii,
Pseudomonas pudica, Rhodobacter capsulatus, Rhodobacter sphaeroides, Rhodospirillum
rubrum, Salmonella enterica, Salmonella typhi, Salmonella typhimurium, Shigella

dysenteriae, Shigella flexneri, Shigella sonnei, Staphylococcus aureus, and the like.
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petrol eum based fuel is a gasoline, jet fuel,
kerosene, diesel fuel or a conbination thereof. [0081]
woOnowasm2enbodi nents, the bi o-organi c compoundPCT/US2007/012467

production systemor the fuel conposition production
system may be built or created by retrofitting an
et hanol production facility. [0082] In sone
enbodi ments, the fuel conposition production systens

[0087] may Cc hpénesal, frachagteriabhestaall isrededda pomipatbogenis staip is preferred.

d contt

lustear GRS 150 P BTN oya o gpo FE B ot mited o
BacilluP§iiNg} ESohefiybineolipDactitiy il DR wotdophilus Laotedasitins belseticus,

probes and oth ment for
Pseudowghes grpgwgse AEeudirone gl D5 sbimerds Bdica odobgerer
sphaerd’)ﬁié.sh RBAEBuIH DS MhisNRRodBirtileh rs im0 ahd th@fllk&ySt em
each step or the fuel composition EEOdu ti

[0088] net ho@éCaﬂTPF@ Qf@tlb@ﬁ(?@‘éi C%‘j}%‘ﬂé‘h‘fi@ putgre mehHmitgs) to imgal cells.
Examplgg dr %’LLW%QF‘HIM 1Q8u F}Qllel A llﬂﬁf&drfg %Js@ rb%ﬂ)n?}hgﬂociﬁ@ béira:

system | ocal ant w de
Aspergxﬂamt @mtdzdoy ﬁlemtandrtnmy Ccmwmﬂcup dadadumnoRlvenomscesne

Neotyp oagw(r)zrﬁa urogpc g%?h“ggln? Oﬂ}é‘ﬁ{d APt csbs Ofrz{i?@cfehﬂb Gnd

or'gani r'od fon proc sses
Xanthophﬂlmmked(femd:rdm?bnﬁ‘wystens and central control system

may c ri se an sitbles [
o8 7= 3B SR EPRRI RO G A SeeRf i o
Aspergillug @zfdgjlmast usperglibis eoterpAspengijius onymal @m&dmalbﬁgmany
{ { {
oo Ty StEw s s o BT K Figomees
lactis, NO@bspbrS cP@ssE|] Eﬂch@ﬂ ar@usRNRichin fidlagdienyPichi kidiande, rmma
connection or in the formof a Z’ff rk such

membramigions, QIRaMeRERRNTo P i G ogue s Bieind e Lo pifper,

Pichia z&@@%ﬂeﬁfcﬁzatAf&%cwmiﬁéfﬁﬁﬁoﬁﬂ%ﬁmFWa bﬁ‘eh\&’ld’g@bl@sﬁzchza
be proprietary, BLUETOOTH, ultra w de

stipitis, mpaomycas Bméofsiciens.o¥irepleiBrass awrmf%mg StreppmycEmiseus,

{ Péhtycey k&@b} fu S ro
S s O EENE GRS U B S Dl 0L, Spromees
Sungiciflioi8 ﬂreﬁmjn}gas grdsdoshiorageped, |Str@gtpnb@eug;g@pw;§tf¢1§omyces lividans,

Streptogzﬁf%&t Oolzvo zsez}shﬁlrp%ts%?gés rlaf»é%]t.ﬂ't eg e}{rl‘e§ ?cmaashzenﬁs Streé;tomyces

I'ca
vinacel3pStichodzrmorgesai amd XmeploMlomésed@dmhdunffpauedlleghaﬂ a
hod have been inserted, deleted or nodified (i.e.,

rhodozypi@st ed: e.g., by insertion, deletion, substitution,
[0090] an d/ orfnigeiesk ifneulfaryntitl iiti dmi), a nbo-pathdgenictratiuis preferred.

he desi.red. bi o-or cC C oun C n - .
Nustoafyi pAATERIES §f Siecien e HR PP b1 Bt SN PR fRsagh limited o
Fusarigh® @%zn’eb)‘wﬁ tmabi e werahml@s Pidhidpasteris, Sabasbmpeds pulardi, and

i ncl ude any archae, bacterial, or eukaryotic cell.
Saccar@%—ﬁ‘f?ﬁlcéﬁe"b"f’aearchae cells incl ude but are not limted

[0091] t O t NQ§QokeleRIMBNHeS, thd RofiRBRS 8f thOPE&BNT imWention have been

Ar chaegl obus, Hal obact er i um Met hanococcus,
designated hhweqnﬂlpﬁug Administration as GRAS or Generally Regarded As Safe.
Illustrative examples of such strains include: Bacillus subtilis, Lactibacillus acidophilus,
Lactobacillus helveticus, and Saccharomyces cerevisiae.
Engineering Pathways to make Bio-Organic Compounds
[0092] An illustrative example of a class of bio-organic compounds is isoprenoids.
They comprise a diverse family of over 40,000 individual products, many of which are vital

to living organisms. Isoprenoids serve to maintain cellular fluidity, electron transport, and
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Pyrococcus, Sulfol obus, and Thernoplasma. Illustrative
exanpl es of archae species include but are not limted
wO0Qo07Assnpyr um per ni x, Archaeogl obus ful gi dus, PCT/US2007/012467

Met hanococcus jannaschii, Methanobacterium
t her noaut ot rophi cum Pyrococcus abyssi, Pyrococcus
hori koshi i, Thernopl asma aci dophi |l um Ther nopl asna
vol cani um [0085] Exanples of bacterial cells include,

other mbtabol¢ furretibng. | In additiorotottheis esdfelnesmginnyaltiog furd cg@memaons, a vast

T SR NN R AT e

perfumés) pipiidnitsiand éBlOﬁlhtsl, Gingigidéso aymbacs, @uiracguticals, and fine chemical
. Ent erobacter, Erw nia, Escherichia, Lactobacillus,
ntermefigidSococcus, Mesor hi zobi um  Met hyl obact eri um

[0093] M cr Omﬂr@{dl& BomPB@Kd¥i ¢ Hide Rs BatdRMBFARH t%aﬂffaaat ®ktabolic
seudononas, Rhodospirillum _Rhodococ

pathwa g RS hEIORHSrEaGE FRIRA i Somer TAVAPP. S G38P1ah, eukaryotes other than
plants \§E Wﬁ%tﬂﬁnoﬁ PRRWEV ¥ LA Gsively 10 86 et A to IPP, which is

nonas 0086] 1llustrative” exanpl es of bacteri al
Subseqtypdu iigpmérivet (el @MAtPPa rBsokasyotes.vitle 8ome ex@aEpns. yse the

mevaloﬁé’cg 1hélé§)%nd§ﬁ%' l r)g%f’ B gltb gﬂﬁfu@g ﬁWﬁn%BF\?XPP@%ﬁ'ﬁﬂe%uough a

enes m | Mari o
branch ﬁ])mst i gbnemlmiagts nise bithithe M ¥ aod QXP—) paté;lmz fkiIPP synthesis. The

methodF gﬁhc%rbl éhl S ‘ﬁg gn%g Cﬂlceclyli fa& nU‘M?ﬁ‘% té%péklér{he desired

nosa val oni
1sopren5’Bledeﬁpmmd$an el Ir@ﬂi,llyﬁdaﬂmbacsmllarb/pm@ﬁrweu sther pathways to make

her bi Rhodohact er ﬁg@ﬁ?eroi des, Rhodospirillumrubrum
other bIg-QrgAME CPHPE ica, Salrmonella typhi, Sal nonella

MEV Payipbaymur i um  Shi gel | a dysent eriae, Shigella flexneri,

Shi gel | a sonnei 0cocc us, .and the . _.
100941 | o PoORPTIERS rirmsstigtion Gt e BAELY @riiaayyiodescubfd iy Eigure 3. In
general U@ PattivdOCbmidee anitépsst rain i s preferred.

ilTustrative exanpl es of species W|th non- pat hogeni ¢

[0095] st 1 ) 48 thrstielEP o mplcHst of PorYleRpermMBAGTF Fmatically
combinsd B F O(L aceﬁ?a%@tﬁfé Ao aan @hty méﬁﬁts\bﬁ% L8y 2E HAORB) iU for example,

Lact acl | l'us | veti cus, PSGU ononas aer ugl nosa,

acetyl-Ge (hiotasa e sorknewn a5 acetﬁs@@ﬂmamp@msph Ipsetbisaxeaples of

nucleotfd&%?ﬁ?n&cgﬁ glc%tgﬁzqu ﬁ({t dﬁ@gfd"ﬂ lleo§1g BEngﬂg g{@ie(s:smn

" numbers @hdl sheé orghoiden fyoin \ﬁhleh ttwtsenumqee dertl@df (N§aPOQH3| REGION:
cof fungal I I i )

2520137 B3 Bk RNR 05 ERDBEL ol ) W Esazs

Sacchakameties @ere@isiaedospori um Cryot ococcus, Fusarium

[0096] P! g%yz %’@/{ggﬁgq § o%@n W {glegr oascgp étylpégkl 1!5 nz%qlllatlcally
condens&iNiAiB ah&ﬂhbﬂﬂi)bt@ﬁle(éﬁﬂcml@Aleaﬁ)hndi)hyc{rﬂ)QﬁQ]-methylglutaryl -CoA
I]lystrative exa othseC|e
(HMG-GgA)3 A 8IS FET B YN toToh PR s HVO-C6A synthase.
Illustraﬁ&@&fzﬂhﬂlb#éf ﬁuewafude/s‘éwnged indfide byt & noCHnffieddo: (NC_001145.
al bi cans, é/;sosporl um | ucknowe n)Kf)E r57ar| uz]
complegyeaid Ml 393G SaFhATATY S A te gromyces
cerevisiae), (X83882; Arabidopsis thaliana), (AB037907; Kitasatospora griseola),
(BT007302; Homo sapiens), and (NC_002758, Locus tag SAV2546, GenelD 1122571;
Staphylococcus aureus).
[0097] In the third step, HMG-CoA is enzymatically converted to mevalonate. An
enzyme known to catalyze this step is, for example, HMG-CoA reductase. Illustrative

examples of nucleotide sequences include but are not limited to: (NM_206548; Drosophila
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| actis, Neurospora crassa, Pichia angusta,
Pi chi af M andi ca, Pichia kodamae, Pichia
worodrriaseef aci ens, Pichia nmethanolica, Pichia spumuSz@eni2467

Pi chia pastoris, Pichia pijperi, Pichia quercuum

Pichia salictaria, Pichia thernotol erans, Pichia

trehal ophila, Pichia stipitis, Streptomyces

anbqf aci ens, Streptonyces aureofaci ens, Streptonyces
melanogast@)SINCSHORA5 & iyores ABFANES4S SaaeiDditPes8; Seytatatogcus

er e ces fu S )
aurens)fRE DAL TaibR aaldt BRRO RSB ERb sty BRLQ Pl arsazsas:
Nzcotzag{z hﬂ@;:nmw; €AB03 Y008 KStasdos para@risesls), c(lAlXéla@Qil 3.queyiding the
reptonyces ra ces tanashi ens
sequencs PR BILBTIINIIGT SHEP LG s SaTaP: AT INC_00114s:
comple?f%ﬂi faBhy4. |1q%39939d1@wo%b@y§erw&wpr Iy Phgffia

dozynd lgeneral if a eukaryoti CS
[0098] ysed, Iﬁ‘hﬁ»‘o@“ﬁbﬁ?ﬁ@g@%’é ogateds pnzvanasicaliy phegphorylated to form

mevalohbte %s;%lﬂcgfwhéf?. %’ﬁae %ﬁé 2bwals Q:hé?yié"tﬁx@ sfb‘ﬁris ¥t BeG8PIE Cmevalonate
strains 1nclude but a

S re not limted Fusarlu
kinase. gillustratbegrexamplasgd mugleotide seaueness lmlum butpﬂigp@# Jimgited to: (L77688;

Arabid, %%%PW&e%ﬁﬁéggﬁ@r .%?,g, ATt g}lgy,gg,%?cerew si ae.

Rost cells of the
[0099] pr eserih thenfiinstepna bevoad bhespmmgrgnntseanzbmatlh@llmiad dond

o3 A AR S RpoBRAPE  HPE500 o
catalyzB8#s ktep $s, $otdxiatripte, phasphidnasialdnate kinasdo fhudtrative examples of

nucieof L ARGk b o S T CEF DR g gl
(NM_006538) Hislso §RE%), < (NG _W08! 1 43.icotmperaem|7e2815.918628s of

bi 0- organi c conpounds is isoprenoids. They conprise a
Sacchapgrgqes geneyifiqey of over 40, 000 i ndivi dual products,

[oo100jBNY ah tii%th S8 n¥dviaRInates-biophEsphaeas| bﬁi?inatlcally converted into
soprenoids serve to maintain cellular fluidit

IPP. Agleagymeknewa ia paiptyze g stendt, fomeapule. @@WWoplrwphate

decarb(@%’iiés%' PhaskQeibd @ke{rng‘l%? bH h%@@@tlderheﬂﬁéﬂceg irfcRle but are not limited to:

ositions, a va nat ural and synthetic
(X97557 Gpuénmrdmcea cereuiséda)] (ARIRAF :nfere enpcpeaus daeciianinand €449260;

pi gmrents and col orants, fungicides,
Homo &H{e"sggu cs, nutraceuticals, and fine chem cal

[00101] nt er iR Rsas be[cﬁﬂ%jedltsd?Mémﬂ thenorysuemtti stegrie rerpuired] An
enzym%grhur e & éqcl?%:ﬁb dl y gor e %’?‘r‘é’@’%b‘% at Ifl‘i\@ﬁ%n‘(}@ k%dinples of

nucleol&w@qyﬂices imeliderbut laﬁemrpll lanitesd tos ENCh h@OOﬁB’ 3@5’11[@!8@!131)% 635;

Euoher RS SEE RS 5 SR AR5 P M CorbBBron o DA

is requx'?éd} laaliydtRed expiebsion B’EII&’(iseﬁfetaQB gnsuesthbthe conversion of IPP into
val onat e-i ndependent . or at hwa roduce | PP

DMAPgrﬂTebm'FfPP’éeéif&raarta AR e

DXP Pafhfdy2! . plants use both the MEV and DXP pat hways for

| PP Synthesis. The
[00102] A schematic representation of the DXP pathway is described in Figure 4. In

general, the DXP pathway comprises seven steps. In the first step, pyruvate is condensed
with D-glyceraldehyde 3-phosphate to make 1-deoxy-D-xylulose-5-phosphate. An enzyme
known to catalyze this step is, for example, 1-deoxy-D-xylulose-5-phosphate synthase.
Illustrative examples of nucleotide sequences include but are not limited to: (AF035440;
Escherichia coli), NC_002947, locus tag PP0527; Pseudomonas putida KT2440),
(CP000026, locus tag SPA2301; Salmonella enterica Paratyphi, see ATCC 9150),

-23-



met hods descri bed herein for engineering the MEV and
DXP pat hways to nmake the desired isoprenoid conpound
woam7neIneadi | y adapted to simlarly engi neer 8ChaIS2007/012467

pat hways to make ot her bi o-organi ¢ conpounds.

MEVPat hway [0094] A schematic representation of the

MEV pathway is described in Figure 3. In general, the

pat hway conprises six steps. [0095] In the first step,

(NC_ 007493 fotectag RSR024¢,ek iddodaerer ypimeroides2. 4112,y i004P9§, locus tag

* renosE bl ok AR R XS e SoB TR D13 e

fastzdzoEJﬂ v@ha&ﬁ?babﬁ@(ﬂmomoas Rees Mg MBanym&ladqém ﬂl&h)ma)
trati ve exa

| e nucleot sequence n
l00103but aﬁétwcvm%% 3%9%‘8 “Pdlessirt ﬁél%%’aﬁl?sﬁlﬁ eé‘L*P?F

th 1@@8@1&& 2ahHosn0¢ JAR e & RRbWAH & Bath eﬁﬁﬁlb&@ ¢ $or example, 1-
ety derived: %C e REGB%{]\l At e o T P

deoxy—@g@h'elpsq:ﬁm@oemaﬁq redpesoiroperaspa [ iestiatiug cxamples pf nucientide
sequené®d qn&g@ Getre ?@@lﬁrﬂﬁkﬁ@‘ %ﬁﬁzo@ ?5@)‘ \SLASchid QQ%GIAF mstslsg

second step acet oacet yl -
Arabidersisythational Mﬂ%ﬁ%ﬁs@duwagIPPdﬁB?h&eudW%@ﬂ Rélf’d?l KT2440)

(AL93@1;:2|%[¥”0&O§%A %ogﬁﬁsﬁeg%%\%%é%’ cc?’e?ﬂ?io?%ﬁbﬁh@f dl 009‘393 locus tag

enzymne
RSP _270%; Iﬁwa?ahdmer S oddes 2l hase (NC| | Dﬁ’é49r2atqcuet®<%ﬂrd11@§,

Pseud of nugl eoti defgsq§ences i nclude but are not limted
Seudomgnaz ReoseE"E onpl enent 19061. . 20536;

[00104f5acchan ame/had sty e@i-xa'eﬂag)-])-g@’c&ﬁrﬁdm r;])ﬁfmﬂiaw io n;mwted to 4-
cer eyi 882: .Arahi dopsi s ,t ha ABQ.
diphospior U A pies o ROl A YIS AR D CHpE L) Rt o
exampl%{\lcd%)%ZﬁlﬁacﬂﬂﬁlminW?ﬁM%ggﬁntﬁeQ%&é gﬂﬂﬁ'ﬂahve examples of
aphyl ococcus, aur eus thir
nucleot3eaHpnGes u@i&%ﬁ% tiapeaqty ‘]@ VQ%H@Z'%%%HQ? i coliy

(NC OW@X%CKEQ%‘R@? Q%ﬁ'%ﬁo&cfﬁt& @%Q&o‘zdes 2f4)l) €N@”D‘)3?071 locus tag
uct asSe. lustrative ex nucl eot.i d

AT2G02560efrabidapsis| t@@@wstarﬂr@w P‘i"?nl?‘é-lﬁ 6: PP(lﬁMl 2@@548"’0"08

i | anel anogaster), (NC 002758, Locus tag
putida g@@% Cenel D 1122570; St apwél 0COCCUS aureus)

[00105] NM 20 4lgsfoucshistaps deiphasphocytinBRCopethyl- Qrereﬁmswé sgnverted to

4- dlphctsﬁgﬂ%ygé!%g %él F&?ﬁ?{l&g‘ﬂ%atolgﬁr I‘f)gé%ﬁlg% W%%r’mwn to catalyze this
step is, ﬁbMa@hIﬂg Q-ﬂe)hemjmeymﬂylé!& outthng-Rretytnitohkimdsd-MiiRstrative
eSS G5 L A R R i
coli) addl’(NdH__Ef)Oﬁ 993,t1bc13t { efg, RSRVId7onRkeddbacten zyhmtmzdai 2.4.1).

ootoe] 105D I0GML BRES o B AR A0RLE e ROSEI S posphac i
converiéB\@Roaakmyl-D-erythritol 2, 4-cyclodiphosphate. An enzyme known to catalyze
this step is, for example, 2C-methyl-D-erythritol 2, 4-cyclodiphosphate synthase. Illustrative
examples of nucleotide sequences include but are not limited to: (AF230738; Escherichia
coli), (NC_007493, locus_tag RSP_6071; Rhodobacter sphaeroides 2.4.1), and (NC_002947,
locus_tag PP1618; Pseudomonas putida KT12440).

[00107] In the sixth step, 2C-methyl-D-erythritol 2, 4-cyclodiphosphate is converted to
1-hydroxy-2-methyl-2-(E)-butenyl-4-diphosphate. An enzyme known to catalyze this step is,
for example, 1-hydroxy—2;methyl-2-(E)-butenyl—4-diphosphate synthase. Illustrative

examples of nucleotide sequences include but are not limited to: (AY033515; Escherichia
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ki nase. Illustrative exanples of nucleotide sequences

include but are not limted to: (L77688; Arabidopsis
woOhed7iiaseay, and (X55875; Saccharomyces cerevi SPEENS2007/012467

[0099] In the fifth step, a second phosphate group is

enzymatical ly added to neval onate 5-phosphate to form

meval onat e 5-pyrophosphate. An enzyne known to

cat al ze this step is, for exanple, phosphoneval onate

coli), R 98947. lpqyst fagHRASS dxBrrprawonts prtidade TR0 sand BV 007493,
locus t&%@%ﬁytm&m&r Obﬁﬂg‘r&z@lﬁé)94 13AF429385 Hevea

brasi |7 ensi1 s) api ens), and (NC 001
[00108§45.  clovipe emmth sztmslrbydrmw?methshedﬁammbé-dxphosphate is
i xth ste .
conveli S S ep bERI B A K bobh R AR B sep i
for exmplemgpmtﬂmmmlbradqihpz;mawswﬂﬁse plilwstrafios exanapips ef

nucteofff B RRR S RHAP BRTPRROCunER I TR rshons/le i anc

(NC_00R947, dekuis Otag (PMKB&VPseSd@;Qbﬁ&WﬁﬁSK’PMﬂMI si ae),
AF290095; Entergcoccusf aeci and_(U49260;

Hormo
[001095(Jap| en'd) SOME R PAGIERISpTPSS tf"g k& @Eﬁﬁ'@é‘?‘tcébb?tﬁ’ewmt cell’s

own mbfhﬁbﬁllapﬁﬁ%bﬁﬁ Bnd {HRBe pfock8RY invdlved Witk BB KRR bAIPP as
yze this step is, for_ exanple, |PP’isonerase.

providpd Lu YierRep Pk TRERTpR A BiRired oseliminaled ertirelys HoaeKkample, cross

talk is Hgﬁclﬁg?eﬁlcﬁf%u%ﬂgm)e’tl%g%%&y X@%gﬁ%%&% thicraBrzfiim refids Ldasively on

the DXBapathy ey sy hesiving IIPB) and 4 MIRY pethweyris ingrodugedidympvids
additiohSCRp’ @xc st (ﬁ%&ﬁ@lﬁ? & RIPLESR %@H%fen ttg Pﬁkﬂggg%%%%m ?f the

ensures t at t conver sl on
MEV pagiywassenzymes roapeodessﬂlmuimgnsechgtes pssbbiatedwitiatie MEVhpatiway.

B8 IR e ve S e dRARY G MR R Guaaflte, RE exame,

Escheridtfa pali.hway corrprl ses seven steps In the first step,

T N e RN R ——

exclusﬂalyym‘én lcﬁm‘MhahGn odttadhy T3P bhﬁm&fye PIni ctherf @fibcIRBk S host’s DXP

1- D- ul hgspha nt.has IIIustratlve
Pathwaé&aﬁm%gnﬂfy %‘rqs‘gf? fat gt,??ﬂ?é Edroflutes dBP syelusively fhrough a
heterolbgdiﬂsﬂ}eﬁmbﬁuce(mg walzs gheDXh !pﬁ‘th%k'c)m bé |M%9[‘ﬂ)7 disabled by

| ocus tag PP0527; Pseudononas putida KT244

disablipg geRSR¥PESSS 109 dnachiyatireadhg GEnctng ofowe|oF osh p@ thecpaturally

occurrib mtyEQmWRz%gz &C 9150), (NC_007493, | ocus tag
odobact er sphaeroi des 2. 41’(])5’ ( NC_005296,
vig

[0011 lll ocus Inathereniydimentsdhe b@fé @GB mfh@mal itke BER@ahway, either
exclusn(/élg_&%éoﬁﬁblﬂaQSH %w@hatg ?ﬁ% l Ifoth %rgq&g%%Bts, a host’s MEV

Tefrecul aJ), an s t ag
pathwagig ﬁlr&bgealb/ <ilh@hl¢<h$9 thag tl@imq celllrprpﬂveces dBB exclysizgly through a

heterolé%%%?@d@éd%ﬁ?%aﬁlwm Oﬁg]leltEQJ bﬁh&rgp & Bg gur{c%onally disabled by

disabling gene expression or inactivating the function of one or more of the naturally

Organi

oz

occurring MEV pathway enzymes.

Cs Compounds

[00112] Exemplary Cs bio-organic compounds are hemiterpenes which are generally
are derived from IPP or DMAPP. An illustrative example of a hemiterpene is isoprene.

Isoprene
[00113] Isoprene, whose structure is
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D-erythritol -4-phosphate. An enzyne known to catal yze
this step is, for exanple, 1-
wdeaay3®2xyl ul ose- 5- phosphat e reduct oi somer asePCT/US2007/012467
Il1lustrative exanples of nucl eotide sequences include
but are not limted to: (AB013300; Escherichia col),
(AF148852; Arabidopsis thaliana), (NC 002947, |ocus
tag PP 1597; Pseudonpnas putida KT2440), (AL939124,
| ocus tag SCO6694; Strept gmyces coelicolor A3(2)),
(NC_007493, | ocus tag RSP|j2709; _Rhodobact er
sphaeroides 2.4.1), an 492, 1ocus tag Pfl I
107; Pseudononasf | uoresceins PfO| ). [00104] he
is found mm&npr*pts deopreneig madedrom PP by ISQPIE‘FFO%YEFF%%S g Tlnstrative
AB1
examplg {aﬁl(}crg}%le ’cﬁde s%guencehsyllncl[%_dg rbi}g %rrelnto(t) lllml'igﬁ t% n(Zy me98190
Populuk nHw) and (:65\1%892,81’«!1!111@ adhap Pobulus isemaladnpl e,
osphocyti dyl - 2C net hyl - D-erythritol synthase.
C’”Co'l"f’f’ﬁ’g‘?r ative exanpl es of nucl eoti de sequences incl ude
[001 14p ut ar}kenqﬂadyl@ib birdorganic(caRfR0TdSareEsaindenpehisavhich pre generally

derive Wg%%gefh% ?p gs%l-lta e%@paéa% in 1@‘]@ gsgrg §d "%IA‘PE égﬁg%atlon of IPP

with DXARR.dapehsyhé &hb\aﬁ&) catalyde (INCstep 29407 « eﬁantpla geeanyl
%{%@14 Pseudormnas putida KT2440). [00105] In the
pyrophesphaie syathase. 4. di phosphocyt i dyl - 2C- met hyl - D-eryt hri t ol
[001 15] S COTBI@E&@dshbWs schematically how IPP and DMAPP can produce GPP, which
- di phosphocyti dyl - 2C et hyl - D-eryt hri t ol - 2- phosphat e.
can be M*@ﬁfiﬂ?ﬁsﬁ?ﬁéﬂ/ﬁnﬁ%’oé‘a?%eyze this step is, for exanple,
[001 16[l di IOhﬁﬁﬁt&?ﬁzxtek%bregGfﬁﬁ&léwld&e@;wﬁdé& lf&xoéerlﬁiyl @sfbphos hate

lustrative exanples of nucleotide sequences I ncl

synthasgiinclyde byfore mphilméad t: (P(fbﬁié‘iééoé)bzeﬁgmﬁ)c@ﬁf“é lém )Ab'es

4 1445
grandm?bﬂﬂdé 13 39 4885 gW$106%%%I§ﬁ %ﬁtz r??huggﬂgﬁﬁj fAYS534687;
Antirrhiud plaspHOOTOT GyArabGiape sty liabads GNHIGHET, T2xoh AP Bacillus
cereus, ﬁl& Pl\gg?%ﬁgAJ%4327§9%tpzw ik n%fs no%§3§'g4%aClgrl§zg ebrewly]ert)
(AY95350§9 Ipspinf)p(DQL 8GR0 Ly&@ermmwscmenm)h (AF 182828; Mentha x

e A S oIS S U AR el

Locus CAP2307 38P arlmsadras cedxiantitalfgciesNCANBGS333; Piocardizadgrrooa),

(aY35 [RESAABTH T TOE (g ORPAB I A AT ALR T s mobilo)

[00117KT244PP ESQQ&@ $dbskqudnlily dnxédedsioepyariety of Cjo compounds.

I]]ustraggﬁg)é%r{lh%lla s pf Koyctorxlm{ﬂotu?llds mclude‘i:}/(t:lagedxll r111(1)nsi?elglat els

Carenel - hydroxy 2-met hyl - 2- (E) - but enyl - 4- di phosphate. An

~ enzynme_known to catalyze this step is, for exanple,

[001181 hydr%(?n? Wﬁﬁ?ﬂm‘é‘lﬂeﬁ but enyl - 4- di phosphat e
synthase. Illustrative exanples of nucleotide
sequences include but are fpot limted to: (AY033515;
Escherichiacolt), (NC_0@ZS | ocus_t ag PP0853;
Pseudononas puti da KT244 and (NC 007493, | ocus_tag
RSP_2982; Rhodobacter sp 4, des 2.4.1).

Ed

is found in the resin of many trees, particularly pine trees. Carene is made from GPP from

carene synthase. Illustrative examples of suitable nucleotide sequences include but are not
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[00108] In the seventh step,
| - hydr oxy-2-net hyl - 2- (E) - but enyl - 4-di phosphate is
woanvasted into either PP or its isoner, DVAPPCTAIS2007/012467

enzyme known to catalyze this step is, for exanple,

i sopentyl /dinmethylallyl diphosphate synthase.

Illustrative exanpl es of nucl eotide sequences include

but are not limted to: (AY062212; Escherichia coli)
limited aoxd{ ATNG1060 REGION c3s | 226; ?ﬁ@ﬁo@teﬁwddéﬁéawﬁpﬂﬁ(a@hl

T 1 In some enbodi nents, "cross tal k" (or
78..187{%% eﬁfe’#é’z'*ﬁ%etween the host cell's own netaboli c(
Gerani@lr ocesses and t hose processes i nvol ved with the

roducti on | PP as Y t he resent i nvention
[00119} ¢ m rﬁ'i“QE{?l W‘h%rfg‘f’ gn‘i’g 9sgSiru tI‘llfaer exanpl e,

cross talk is mninjzed or elijmnated entirely when
t he host nicroorga 'sn1r lies ch sively on the DXP
pat hway for synt a [ pat hvvay is

. i ntroduced t prOV|de %gaﬁtlonal IPP Such 1
i the i SRERRETAGE PH-GOPS LR LRRIBEA oflo Lhile pgipt geranium, lemon,

and citRBA£SEERRINis iRge MoMh GaP rﬁﬁéb@%a@é Il[l@ﬁ‘@ﬁﬁe &henples of
i nternedi ates associ ated with the

suitablepyelentideseanences dicjudedur aes Rpt lipitnd to; e%awaa% &y fpngromum
tenuzptflﬁrfﬁ XS BQﬁﬁV\@éuhﬂrﬁlb%‘ﬁmu%9 élﬁ?ﬁﬂ@b@; P@H-@ﬁﬂeﬁéﬁr@ strain 1864),

001 10] In sonme enbodi ments, the host cel

(DQ23ERR Reeilalatpiodora sirain V891 o SORVAY29% Rerida ciskiadasd %119/ 4935), and

with the DXP pathway. In other
U)Qosgﬁ%dgkﬁgﬁagaﬂgbﬁgst s DXP pathway is functionally

[00120]ii sabllddaleol t hat the host cell produces | PP

|30121EXC|U§JVQ?§ ggﬁgg%%%ﬁugggerologously i ntroduced MEV

ath way can be functionally disabl ed
by di sabling gene expression a@ctivating the
function of one or re of the urakly occurring DXP
pat hway enzynes. 01 er odi nents, the

ost ceI roduces | PP V|a t he DXP .pat h .e't er

s found gy FOMProAtd PO HBIH SO S EROPTS N L RloR Bymeds from
GPP b?hﬂﬁ?ol@?’ﬂlﬂﬁbﬂgﬂhﬁtr?ﬁ\gh@&h; ed\&\é sﬁﬁfabmmcldi)ude sequence include but

unctj ona i sabl ed .so
are notlippieléer (AT Ar-Guidrois el GouaS: TR A Baras2:
Arabzd@h&% niarwa»@y (AW@9W Aeabiwws gailiang), (INNE L 10a793;| Yrabidopsis

I S di sabl i ng gene ressjon.or inactivat
thalianghgARYSE ARG A OREOSTOOS € AT fraP P dé?@ﬁ?@(ﬁ?g Clarkia .
concinhlY(RPOEVERY; @fb;')é%ewgﬁ), @9@@91@ a9 ;Bile%erﬁxmf}‘ﬂ)’(w 1¢

bi"o- organi c co ounds are hem ter penes

Lycopegeinen edcuientune), (oR2GET I, donandpia éﬁg@m&#m) (A&]Y033653 Mentha
c,tratq gm%bﬁéh i SR Bl Ricn) BoDR T 6 R1RE PRy aSs 58P (£ PBO407S, Locus

BADO7605 Oryza sativa), (XM_463918, Locus XP_463918; Oryza sativa), (AY917193;
Perilla citriodora), (AF271259; Perilla frutescens), (AY473623; Picea abies), (DQ195274;
Picea sitchensis), and (AF444798; Perilla frutescens var. crispa cultivar No. 79).
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[00113] Isoprene, whose structure isis found in many
pl ants. |Isoprene is made from | PP by isoprene
weyni7nases |1l ustrative exanpl es of suitabl e necrastiodel2467

sequences include but are not limted to: (AB198190;
Popul us al ba) and (AJ294819; Pol ul us al ba x Pol ul us
tremul). C/ o Conpounds [00114] Exenplary C o

bi o- or gani ¢ conpounds are nonot erpenes which are

Limonepeneral | y derived from geranyl pyrophosphate (GPP)

ichd. j t he condensation of IPP with
[00122 PPFAﬁﬁ&§ﬁ§V#§S noWﬁQeHscatalyze this step is, for
exanpl e, geranyl pyrophosphate synthase. [00115]
Figure 5 shows schemati cally~ow | PP and DVAPP can
produce GPP, which can be her processed to a
nmonot er pene. [00116] 111 uUsgravi ve exanpl es of

nucl eoti de sequences for gelfanyl pyrophosphate

synt hase include but are nof limted to: (AF5131 11,

Abi es grandis), (AF5131 1Z; ABiLes grandis), (AF5131

s sound SR LRI b s (PRAEER. LR CHBUE G e oy

limonehdgyrithaza) J11{sial¥6 8xXamples oflsuitiBle hixdetitidBaequdnuss inelude dut are not

... AT 4579, 243739 . (i i nensj (AYS534745,
timited T aneparaliase; kyas s, KESTORF 5. T berasaga dmon and
(AY055y0Q m@@ﬂmm&? sg%;%gam.:he gﬁfoslzﬁ g&ﬂgg-liﬂvf;iﬁiehlé\l/gﬁggzszg :(%DQ 195275,
i perita ; n X Bl per| t “ s
REGIRsti 1205 Bietriaiayoik pEDONREyRECIOD Bapntdistsres gramdis), and
(MHC4ISIE REGRON £8XA8L 8 Mehdispitta). (AY866498; Picrorhiza
kurrooa), (AY351862; Vitis vinifera), and (AF203881,
Myreeneocus AAF12843; Zynpnonas nobilis). [00117] GPP is
{00123f hen %Mggéﬂé{‘imdd shr@fuffised to a variety of
oconpouhds. Il lustrative exanples of C o conpounds
include but are not fjimted to: ||[Carene [001 18]

Carene, whose struc e is~is f8und _in the resin of
many trees, partictular pine“tre€s. €arene i s nmade

is founc.f(l) ;@me%fenlfﬁapm GPARF p MR iN8R8ing! B&y%{éx{)@ﬁi, Wid ?ﬁsf}giﬁ'f?o?n which it

sui t abl e nucl eot1 de sequences T ncl ude but ar
gets its memiei ANlyregne i5:myderaen4EP brEcircmesynthas® 2Blusipatieeexamples of

. i : . - J1871cmcSal yi i
soitabl SR AR Ly ey et i (U208 oo ot
(AY195608d Adotiyrhimiao geyus) s (USY LR5O0B 54 n&rriframmaiaiusy, @D DIATO8 Bf

L0l .- 0of 5.1 I .0)) 5 lLs59. occ '
draaS R TSR A 08 b BB H PR,
(NM_1 B8 Yy yirgbidapsio thadipnt REEER SHAINL (ATl 959 Peaitiol femre sdens),
(AY473626; Picea abies), (AF369919; Picea abies), and (AJ304839; Quercus ilex).
Ocimene

[00124] a- and B-Ocimene, whose structures are

/“\/\/'\/ and )\/\)v/ respectively,

are found in a variety of plants and fruits including Ocimum basilicum and is made from GPP
by ocimene synthase. I[llustrative examples of suitable nucleotide sequences include but are
not limited to: (AY195607; Antirrhinum majus), (AY 195609; Antirrhinum majus),

(AY 195608; Antirrhinum majus), (AK221024; Arabidopsis thaliana), (NM_113485;
Arabidopsis thaliana ATTPS-CIN), (NM_113483; Arabidopsis thaliana ATTPS-CIN),
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sui t abl e nucl eoti de sequences i nclude but are not
limted to: (AJ457070; G nnanonum tenui pilum,

WOANBAE2HB3; Cci mum hasilicum, (DQR34300; PCT/US2007/012467
Perillafrutescens strain 1864), (DQ®R34299; Perilla
citriodora strain 1861), (DQ234298; Perilla citriodora
strain 4935), and (DQ088667; Perilla citriodora)

[ 00120] Linalool [00121] Linalool, whose structure is
(NM_1il g??i;mdbzdopmﬂgalmnngEP%ﬁad @M@O}ﬂﬁﬁﬂé Anedidapsis thaliana
e d b
arresils, QTR o By TRSE! [RF) R8P Ll s

CitMTSILK), and (AW 5389 doeusi amchzualletzbutarahpomous)l im t ed to:
(AF497485; Arabidopsis thaliana), (AC002294, Locus
a-Pinenern71482;  Arabi dopsi s thaliana), (AY059757;
[00125f\ abi dOPHieSe i Wikdseatr@pturd M 104793; Ar abi dopsi s
t hal i ana), (AF 154 124; Artem sia annua), (AF067603;

Cl arkia breweri), (AF067 ; arki a conci nna),
(AF067601; d arkia brewe 58314; C arkia
breweri), (AY840091; Lyco con escul entunj,

(DQR63741; Lavandul a angustifolia), (AY083653; Mentha

s founG, b s T S5 R R B T P S A s
Nlustrafi®é bXahples SMsdhafld %uclb@ﬁd&seﬁ&c_ncé@ aithidde lﬁt)ﬁi@n&dtmi«éﬂ)m ) o-
(AY917193; Perilla citriodara (AF271259;

pinene P@thwee(ﬁf{?ﬁééé%r%@c*lfelﬂvhﬂéis ings daedadfrigsyinene synthase
(AF54:(5J§@1REZ;&6N R e B AirhERSHS) ancam«()&ﬁﬁﬁéﬂ&s%«mhase (AGU87909,

Peri |l afrutescens var. crispa culti'var
REGION) 611l §82ietfeie] @@1gE)- Li nonene, whose st ruct ure is is
PinedPUnd in the rind of citrus fruits and pepperm nt.
nonene i s made from GPP by |inbnene synt hase.
[00126] | | ustf-Bineve, whesestustuns issui t abl e nucl eoti de sequences
include but are not |limted_to: (+)-linbnene synthases
(AF5 14287, REA ON. 47.. Citrus linori) and
(AY055214, REG ON. 48.. I¥ Agast ache rugos) and
(-)-1inmnene synthases (DZL95275, REG ON: 1..1905;
Pi cea sitchensis), (AF006193, REG ON. 73..1986; Abies

is found ﬁrﬁﬁﬁie?a)ecs aﬂ@brﬁdfyl@%%ilsg, diRBssONanPibse. BFBeneNik nidda from GPP by
cene [cene, e structur
ppinendaspiishty SRR SORRIPLS! SO TRl Of FANELSAe BTt hy ore not

hmntedktay(,-) p@hk&ﬁ&ynmagésr(wmvaoﬁ ®EBGIONNL. | 1749E4 Aemista Maiti) and
I\? i S from GPP. by _nyrcene synt hase.
(AF514 SISUBFFHQWG? i%%l@é’"éf’”?ﬂ?t abl e nucl eoti de sequences
Sabinehd!Cl ude but are not l[imted to: (U87908; Abies
in ndi s% AY195609 Antirrhinum maj us), (AY195608;
[00127pnt j r rihese)struchuee 527982

H

is found in black pepper, carrot seed, sage, and tea trees. Sabinene is made from GPP by
sabinene synthase. An illustrative example of a suitable nucleotide sequence includes but is
not limited to AF051901, REGION: 26..1798 from Salvia officinalis.
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Ar abi dopsis thaliana TPSI O, (NM 1 13485; Arabidopsis
thaliana ATTPS-CIN), (NM 1 13483; Arabidopsis thaliana
WORIPE302N) , (AF271259; Perll afrutescens), (AYRZBARE107/012467
Pi cea abies), (AF369919; Picea abies), and (AJ304839;
Quercus ilex). Ccinene [00124] a- and b-Cci nene, whose
structures are and respectively, are found in a
variety of plants and fruits including Ccinmum
y-Terpitig@i | i cum and is nade from GPP by oci nene synt hase.
Illustrative exanples of suitable nucl eotide sequences
[00128] ncl ugeldrpinens, svhost strigtnteeid t 0 (AYl 95607,
Antirrhinum majus), (AYl 95609; Antirrhinum majus),
(AY195608; Antirrhinum majup), (AK221024; Arabi dopsis
thaliana), (NM 1 13485; Ag#&bidopsis thaliana
ATTPS-CIN), (NM 1 13483; dopsi s thaliana
ATTPS-CIN), (NM_1 17775; g dopsi s thaliana ATTPS03),
(NMJ) O 1036574; Arabidopsis|thaliana ATTPS03), ( NV
27982; Arabi dopsis thaliana~JPSI O, (ABI-10642; Citrus
unshiu CitMrSL4), and (AY575970; Lotus cornicul atus

s confhgh B0 Eehaoy ORGP RARE nRe AR, 88 Pepe o mace

from GRP Byleperpimen@similidsonliGiatiye axgmples of suitableaseleotide sequences

. Il ] ustrati | e f_.suitable nucleot]
include; 4k S KEGTORTBO Trfh ety < s fopr ST ABTLOGGh RECEDN
1..1803(sP5a43839 unfileld. ON. 1. -1887; Pinus taeda), (-)a-pinene
synt hase (AF543527, REGQ ON: 32..1921; Pinus taeda),
Terpind&st (+)/ (-) a- pi nene synt hase (AGU87909, REG ON: 6
1892; Abies grandis). b-Pinene [00126] b-Pi nene,
[00129]\hos e Terpinelens.ovhaseisEUEWiRE i n pine trees, rosemary,
parsley, dill, basil, and r¢se. b-Pinene is nade from
GPP by b-pinene synthase. Illustrative exanpl es of
sui t abl e nucl eoti de sequeg# j ncl ude but are not
limted to: (-) b-pinene hses (AF276072, REGQ ON
1..1749; Artem sia annua) AF5 14288, REG ON: 26. .
1834; Citrus Union). Sabi neyje [00127] Sabi nene, whose
structure is is found in bl §ck pepper, carrot seed,
sage, and tea trees. Sabinenes nmade from GPP by
sabi nene synthase. An illustrative exanple of a | .
is found in blabk euman] expresseguavgulysbes, PARYepiehind tea. Terpinolene is made

from GPP by terpinolene synthase. Illustrative examples of a suitable nucleotide sequence
include but is not limited to: (AY 693650 from Oscimum basilicum) and (AY906866,
REGION: 10..1887 from Pseudotsuga menziesii).

C 5 Compounds

[00130] Exemplary C,5 bio-organic compounds are sesquiterpenes which are generally
derive from famesyl pyrophosphate (FPP) which in turn is made by the condensation of two
molecules of IPP with one molecule of DMAPP. An enzyme known to catalyze this step is,
for example, farnesyl pyrophosphate synthase.

[00131] Figure 5 also shows schematically how IPP and DMAPP can be combined to
produce FPP, which can be further processed to a sesquiterpene.

[00132] Illustrative examples of nucleotide sequences for farnesyl pyrophosphate
synthase include but are not limited to: (ATU80605; Arabidopsis thaliana), (ATHFPS2R;
Arabidopsis thaliana), (AAU36376; Artemisia annua), (AF461050; Bos taurus), (D00694;
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not limted to AF051901, REG ON: 26.. 1798 from Sal vi a
of ficinalis.g-Terpinene [00128] g -Terpi nene, whose
webkoaraBeme is is a constituent of the essenti abPCoius2007/012467

fromcitrus fruits. Biochem cally, g-terpinene is nade

fromGPP by a g-terpinene synthase. Illustrative

exanpl es of suitable nucleotide sequences i ncl ude:

(AF514286, REG ON. 30..1832 from Citrus |inon) and
Escher{chBr cal0BALR), QEEPQIPS1, LogoA ALSAS2S; thusebanterih erycleatum subsp.

nucleat}%{lﬁgﬁﬁ] gfség %PS@I@’ @%b@?&la %‘g@rg{zf d}c}/gﬁée(gfp@, 1.5cusS

currant, C
AAW608PyGlucpholsctamty s, 62Té})pdAiEﬂ 169882 Helimutbus amw@PH{UMFAPs;

Homo B TR RERFunsroueey R (2GR 74 s )

(LAU207™ ;t Bxbihss: aleﬁ@WSf)BpMu@ﬁdsf@lm)b @SCFPESIGEI\H Wkurospora

o USRS A AP RS g

(RATHAFS; RaAB inore@itls)) (¥ SCEPP; S@&%w&rﬁyd@s D& vIMted N DB9204;
generally derive from farnesyl hosphat e (FPP)

Schizosep b oTHeE PRTbeE), (RRADO 993atllffé=ué ﬁewfwﬂe%s pyogenes),
(CPOOGmbeEH!:@sSAszs'l E’Eb \Mﬁé}révaﬁczm%ﬁg%e‘%) Q’N@Mﬁ?&z %&E%%sse

known to cat al his step Is, for exanple, farnesyl
Streptogqeass myegaies M RIGEZD), 0[4@0(1@11)23 FLQQHSeYB_@O§65sWMOCOCCUS
i I 0 P
rrogents ARSSE. LR, ERRTRoBS, B IE e
MGAS&IQ%iﬁDLMﬁﬁEEFPﬁOZme)H ustrative exan‘pl es of

I
0013332tk LR B hEFREEN) Y BIPRIERILE i
examp]&ls abnddpestide deqatncendhcodidy fdr BB2RzyAe alpadbdest this reaction include
t hal.i - Artem.si
but arepngf R RO PRLchb TR AR go e TN 202836;
Arabidbpsis) Frabibh R 52844?2; I RAS BAIA 1D37BLUBLS HiLIMBIOR IU12678, Locus

Ao BB i ook SRR D EBPS et

stearothéidphiluby; GNCO 8829400 b @b US7 338U Bhemb b %eyk‘@mOHP),
i ens KLF’FPSQCR; Kl uyver omyces | acti

(L4205 Bocun ANCRATS 1 Hetorihumiiride RS W0, S5t Homo sapiens),
(YP 345&530259%(:&\/}% %Pwﬁéﬁ)mkéz%%@\hod‘d@weé&ﬁf@ 000273;

—“crassa), (PAFPS|I: Parthenium argentatu

Leptospipe Werwpgmwg@wwﬁthagw@scrmw 0 éAB egr lc&Zs Micrococcus
ey BB M e ARy SRR Lo

AAB9 Gt52¢ Bhizo biousp. YGRS 1050 TRCaecharpmytemese i@ (EPO0003 1,
Locus AWVAR588 085147 JoRSrdyr DNCsS) PRBE6848108 Yous RARYSRS6:
Streptococcus pneumoniae R6), and (NC_004556, Locus NP 779706; Xylella fastidiosa
Temeculal).

[00134] FPP is then subsequently converted to a variety of Cys compounds. Illustrative

examples of C;5 compounds include but are not limited to:
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Strept ococcus pyogenes MGAS 10270), (NC_ 008023, Locus
YP 600845; Streptococcus pyogenes MGAS2096) ,
wORW7068024, Locus YP_602832; Streptococcus pyegEUSs007/012467

MGAS 10750), and ( MZEFPS; Zea mays). [00133]

Al ternatively, FPP can also be made by adding IPP to

GPP. Illustrative exanples of nucleotide sequences

encodi ng for an enzyne capable of this reaction
Amorphatli¢nede but are not limted to: (AE000657, Locus

C069,13 VIES NM 202836;

[00135]; 2 d“b’B"‘pﬁg‘?ﬁI‘Teu YR st %g‘ffﬁz) Lgcus BAA12575:

Baci |l us subtilis), (UI 2678, Locus AAC28894;

Br adyr hi zobi unj aponi cum Q) , (BACFDPS

Geobaci | | us st ear ot her

(J05262; Hono sap| ens), 398
sakei subsp. sakei 23K), (NC“005 23, Locus YP_000273;

is a preb@BbOBRrfepisiRinEWhidl 36 fade b9 VidtentiSiahad @bhorphidiene is made from
Fi ocruz_ LI -130), (A8003187 M crococcus Iuteusg?

FPP by @gorpbadions syndiase 4p IWamsiye exapplssiiasuijahlsmuglsatide pquence is

SEQ 1131&%9)37 &@QOP&enWﬁaMBm@é’w@ﬁUsmbl um sp. NGR234),

091; Saccharonyces cerevi sae (CPO 0031, Locus
[00136hAV935Fewre Si shpess iseleeresticalindsy P Prond BYIAREAsapls/epmbined to

produc%ﬁ@" S\aﬁi%ﬁ%gﬁ An v ﬁmkpgx%%éééd Rpﬁxléﬂﬁ&l ARoptMierdNd

Locus NP 779706; Xylella fastidi osa
a-Farnefemeecul al ). [00134] FPP is then subsequently converted

[00137L]9 gl\épﬁéﬁg%ngfwg&s% Q&gﬁgﬁ&ds I'lustrative exanples

ourds P ncl are not limted
t o: Annrphadlene [ J0135] rphadi erfe. whose structure
IS IS a precursag i s made by

Artemi sia anna. Anor phadi ene i s nade frdm FPP by
is found frov pimagiberlegicylronacse inginding byt netdimiged waq@@o@fs gland in ants

an i S AR A OSSR GGl M 178 HPyene
synthaseh dlisstsatilve kramples bf skitabld R 1entic BfrRcesinchde butiiemad limited to
rodyce FP .can. then be f rther
DQ30sl 34 ot s ka4 4 B R B ol g RS FRa Y Ts22
from Mohasdonsdstite (apple; igené AFSe)nBedhbuved Ay Pidiro I2d>g(1<)3l4 94 (2004).
sources including but not limted to the Dufour's

B-Farneseng,d in ants and in the coating of apple and pear
[00138peel S B-Barhadenes@hése strudRgleisf rom FPP by a-farnesene

synt hase. 111 ustrati ve exa I es of ,suitable nucleotide
sequences i ncl ude [but are limtled to
Y \ P

H

is found in various biological sources including but not limited to aphids and essential oils
such as from peppermint. In some plants such as wild potato, B-farnesene is synthesized as a
natural insect repellent. B-I*;arnesene is made from FPP by B-farnesene synthase. Illustrative
examples of suitable nucleotide sequences include but is not limited to GenBank accession
number AF024615 from Mentha x piperita (peppermint; gene Tspal 1), and AY835398 from
Artemisia annua. Picaud et al., Phytochemistry 66(9): 961-967 (2005).
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DQ309034 from Pyrus communi s cultivar d' Anjou (pear;
gene nane AFSlI) and AY182241 from Mal us donesti ca
woappiie9ogene AFS 1). Pechouus et al, Planta PCT/US2007/012467

219(1):84-94 (2004). b-Farnesene [00138] b-Farnesene,

whose structure is is found in various biologica

sources including but not limted to aphids and

essential oils such as from peppernmint. In sone plants
FamesoBuch as mﬁld potato b-farnesene is synthesized as a

— natural repe ent b- Far nesene is nmade from FPP
[00139]py - F%ﬁnﬁ %eygﬁ‘f”ﬁ S1llustrative exanples of

sui tabl e nucleo i de sequences in¢lude but is not

limted to GeQB1Q§/acggsﬁggp~ngpgs£/ﬁ£@24615 from

Ment ha x pipefita (pepperm nt; gene Tsﬁﬁh 1), and
. I
s found 3 LA Lol R A sh S LR Broocfy SR SoBhid ofs speh o from
cmtrondl:la[ mehl cycldoss lehon gtaas,eub@om ahdoosg. Farneseliis made from FPP by

0 sour ncl ]

= hydrogyliee BisBis AP Sy Ate qHeruRERpIR e sERaRE b Aasiae
sequenc@ fctudet biharosea, limited too@enBdnkracesssion mumbrd AF520266-APm Zea

by oxyl ase ,such as farneso
mays angh Y DROFLC A SRSty v R <cOhBIarlecRY BB Rrmesky derlizt
Bzochemz@% g Basdechvidtog)o128:149-1881(20065enBank accessi on
er AF529266 from Zea mays and YDR481C from
DEH&LS%ccharonyces cerevisiae (gene Pho8). Song, L.

[001401App| | adrSiddtheRbseisircaRglisBi ot echnol ogy 128: 149- 158
006) Ner ol i dol [00140] Nerolidol, whose structure

|s is al so known as peruvipl, and i Mt ound in various
bi ol ogi cal sour udj es t) oi | s such as
fromneroli, glnger Jasn1ne | aventder, tea tree, and

is also WW%E\EOE glga? touﬁg F%V?%L}ng?/lﬁ’gﬁgis: our mcluding as essential
oils suchlak lﬂﬁiﬁ AbloVie gidsaf] Pastniné, 1avedidet, addl teeel) and tmtmdgm quentidol is

includes but, is not limted AF52926
made frpﬁaaf PR by @éwgrq)ﬁquf Su%?%?ﬁfﬂ“éfﬁ ,gp,é]{l éy% ann¥13¢1e ofa
suxtablevmf?;fe%t@b lsbitenbe irlcPudes bat Bhok nmaa& Amstzebw FromaZ&uomays (maize;
I's a constituent of the essential oil of
gQthﬁdgostenDn pat choul i . Patchouliol is made from FPP by

PatchotH? chouliol synthase. An illustrative exanple of a
tabl e nucl eoti de sequence includes but is not

[00141] i i t RdtchoulayEPPEIGURERION. 1.. 1659 from Pogost enon
cabl i n. Val enecene OH

x
&
=

e,

is also known as patchouli alcohol and is a constituent of the essential oil of Pogostemon
patchouli. Patchouliol is made from FPP by patchouliol synthase. An illustrative example of
a suitable nucleotide sequence includes but is not limited to AY508730 REGION: 1..1659

from Pogostemon cablin.
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[00142] Val encene, whose structure is is one of the
mai n chem cal conponents of the snell and fl avour of
wonerrges2and i s found in orange peels. Val enceReTius2007/012467

made from FPP by noot kat one synthase. Illustrative

exanpl es of a suitable nucl eotide sequence includes

but is not limted to AF441 124 REA ON: L. 1647 from

Citrus sinensis and AY917195 REG ON: 1..1653 from
Valeneogns | j af rut escerts. C20 Conpounds [00143] Exenpl ary

[00142520 DiQaRhaaRi GheQRRKAGS j@r € diterpenes which are
general Iy derived from geranyl ger ani ol pyrophosphate

(GGPP) which in turn is ﬁade by the condensati on of
t hree nol ecul es. of | PPwiNB one #otecul e of DVAPP. An

enzyme known to cat al ep is, for exanple,
ger anyl geranyl pyrophospbate_synt hase. [00144] Figure
5 al so shows schematically how | PP and DVAPP can be
is one 6Huhb intxinl chﬁniﬁl&b&i}iﬂ}ﬁmﬁﬁﬁ%f thé L‘xﬁbll aad flaeodrwTlo@iges and is found in
process to a dﬁé ééﬁ{F? or be further processed
Ofwgetpa‘e%r ene ISIPai% bbm%t atope sythase; Jdustsasiyp pxamples of
a suitaSlk nUlcbees éddlﬁeﬁ&CiHSI%GSéSbﬁt% ngﬂ'hﬁl”c&h gLARAY] 124 REGION: 1..1647
rophosphat e nt hase include but are not limted to:
from ’%\W AYERY

kﬁ)spgﬁg ONal;- b@ﬁ% ﬁO@Bﬂ@‘déﬂg@gIescens

(50Cbﬁﬁgghgpp5|s thaliana), (NM_1 19845; Arabidopsis
ana), (NZ_AAJM). 10003 80, Locus ZP_00743052;

[00143p, i | | Trsaniami %.bwrgr@nmmmunds precditenpines WithGirs zgneally

T

condermmrte@ﬁ thmesn@lgpulewﬁﬁﬁ’nwnth onammaﬁmmwcmmme known to

cataly2 R SETb To AR, drao H phrosgfEe ni

[00144$ api ernSpyre(MNIs@ staib2Oschibtmaticallyi h(mr e hed DMAPP can be combined to
producE g&s(tvjlgla Wzﬁ%{’ Aﬁgﬁ}egégdd:regé% %géétfrpepg‘qd‘,( AA?S(%L O}(x)cgzp?'ocessed to
producblaans@nid crassa), (NZ_AAKLO 1000008, Locus

P_00943566; Ral st oni solan cearun1UM551) AB|
[0014558238 Illpstrative eﬁeﬁn&?gegj of gusleoticg soguensss fapgeranlgrrpeds

pyroph@ inBtfibe idchR(d bift Q%Smot%?&h@cg @H@Mgt Rabidopsis

Si napi s, al ba) ul folo

fhahangb .@89%% ﬂaelyld%mf@éw% (NMd 1984 Azre&eiyzszs thaliana),
(NZ_ Amnztmoby@o emdé ZPO@(svmszsﬁamz)zmuﬁzbgw%@ S40var kPsHSsis,

Vi bri ob”scheri

ATCC Aﬁff‘é‘? fﬂait5ﬁ3b |(9RC@#1?—S c@ﬁh@r@ﬂnﬁéomdb N¢_AdB 2000974, d.ocus

| 0
2 00T 8503 HUUSLERH b AR Big) JYELRONER ST ERoPeson.
Gibberglla fyidurad), (AYFi71331 ,t@nkgmlqbq)zeﬂg@% SAPabHevqeshrasiliensis),

(Asoﬁshﬁl' %ME ngé’gﬁaﬁgﬁa f%?@% fu&@%%%) (AB016044;

Mus mz@Aﬁ@@)} £8ABX01000298, Locus NCU01427 Neurospora crassa), (INCU20940;
Neurospora crassa), (INZ_AAKIL01000008, Locus ZP_00943566; Ralstonia solanacearum
UWS551), (AB118238; Rattus norvegicus), (SCU31632; Saccharomyces cerevisiae),
(AB016095; Synechococcus elongates), (SAGGPS; Sinapis alba), (SSOGDS; Sulfolobus
acidocaldarius), (NC_007759, Locus YP_461832; Syntrophus aciditrophicus SB), and
(NC_006840, Locus YP_204095; Vibrio fischeri ES114).

[00146] Alternatively, GGPP can also be made by adding IPP to FPP. Illustrative

examples of nucleotide sequences encoding an enzyme capable of this reaction include but
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Rhodobact er capsul atus), (AF195122, Locus AAF24294;
Rhodobact er sphaeroi des), and (NC 004350, Locus
WOR0/23@25; Streptococcus nmutans UAI 59). [ 0012ZT/USE#0R 012467

is then subsequently converted to a variety of C20

i soprenoids. Illustrative exanples of C20 conpounds

i nclude but are not limted to: Ceranyl gerani ol

[ 00148] Ceranyl geraniol, whose structure is is a

are not ¢ioritdi tb UGYVL_b1 230 drebitopsiothaligde)e (BRWEIRNBE afeniaea

agglomlgirda&?s?fgﬁ)ﬁgb%?f %@@M?‘[l%i’ 9Jan 030 a Snmg,ﬁ(o}ggﬁgl,%ocus CAA36538;

e expressi on ¢onstructs a atase gene
Rhodo taictezrcaphdame)) ¢ AF 095 1R22CEBRus A ATFR4 394 ; RMvdebedéerespdaeroides), and

ove_otfiFb Ehel N P TP oE bt A s s © 0T

[00147\Di et aGIGRREs ihen RBbRqsntBhEdHvetedita Sttt as €y i80Oprenoids.
Illustrative exanple Sf_ a. suitable ng%eoti de sequence
Iilustraiyg FXRIeH AT Co COMRONIAS fnciucls fug arengs dimited R es

Geranvi¥eaadbp) and (AY473621; Picea abies). C20+ Conpounds
:i %)()15(2! C20+ bi o-organi c conpounds are also wthin the
[00148f cope Grranyeergpiobampose sUrupirols. |11 ustrative exanpl es

of such jconpounds ijncl ude sesterterpenes|(C25 conmpound
made frgqmfive isogrene units)|, triterpenes (C30
conpo e M3Ex” | e [ .

tetraterpenes (C40 conpound nade from eight i soprog’nge
is a constituen) of Whed eil dump SledniEa tnowarsad @f bipseediaily Géranylgeraniol can be

et hods.. Ch i S ] ' I
e L O LS LSO SR B e o
GGPP Enghaseer i ng Pat hways[ 00151] Al t hough for illustrative

Abiemﬁurgoses, the invention has been described with
rence to engineering the MEV and/ or DXP pat hways,
[00149] hese Abithaditsc @acorhpasaciatht dolldwingiisonhéds:! y engi neer

sui t abl e pat hways to nake non-i soprenoid bi o-organic

| eoti de
7
pl e vectors

. o)
Wer e desi,rdd,%2two expressi qandedt G
n

ORI TR S M TR —

An illuSiPgiv@lexample of a suitable nucleotide sequence includes but are not limited to:
(U50768; Abies grandis) and (AY473621; Picea abies).

C29+ Compounds

[00150] C»¢+ bio-organic compounds are also within the scope of the present invention.
Illustrative examples of such compounds include sesterterpenes (C,s compound made from
five isoprene units), triterpenes (C3p compounds made from six isoprene units), and
tetraterpenes (C4o compound made from eight isoprene units). These compounds are made
by using similar methods described herein and substituting or adding nucleotide sequences
for the appropriate synthase(s).

Engineering Pathways
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Wil e the choice of single or nultiple vectors and the
use of single or nmultiple operons may depend on the
weieE/169928 he het er ol ogous sequences and the capatiusy000/012467

the vectors, it will largely dependent on the overal

yield of a given bio-organic conpound that the vector

is able to provide when expressed in a sel ected host

cell. In sonme instances, two-operon expression system

[00151pr ovi ddshamghifghidlustyatitespurpostebathbiimventign hagbesorresenitzed with

Th bj e | i cabl Ly,
o GRS VBT < R L Bt i
similarfﬂyeﬁlgtrﬁzlef yuitablepdthtvhes toi raale lﬁfrﬁfsbﬁténbﬂrbla-(ngmnacmﬂounds These

ation of. the hast ce ] ert,ai n _host
pathwalfs pledyPicHLY REIPERTEd HilBe é?cengev%gﬂﬁé el Periipn of
suxtabl@H&e&'logmlé @e@&ﬂ&@@momg&%@r it @fgyRfies.a two or three
operon_system prqvides a higher yield of aq

[00152¢ o np o (g sybiset B“@?%&eeac!ﬂ? @eﬁgfeéi‘ﬁd ‘{mileaﬁeo et gp{ecvectors.
The nugl%ﬁ:' a[c?cﬁ cahtR a?féﬁgé‘& in A8AERI dpefdtl, Or RESYRRRESp &S thnﬁt are glaced in

fired to reflect the codon preference of a selecte
one or m&ple gegtonsp Wheredesizedhityh eKkpresgieoR S’@ﬁt@ﬁ cgn bgggployed, each of

which é(ﬁﬂaflﬁ@{}&esoﬂ Hofe m&%lo‘é\%:u% Fecf:ugﬁce% k b, 03 sed 1 Lébibfr‘é:lk operon.

nuc de ‘sequences n so
While ﬁmthbnce of singleywmasultipbaivartqs ahd thenise of Sigle er. multiple operons may

etzen-an - Bi T(6)e e
depend A8 SRR 1%k Bt GRS i, i
largelyrigpéreieht oketieanieesityisldwid given btohmgamintmotsﬁmund thal the vector is able

erence ee

to provb[%g\!v{léﬁed)ﬁpfé%)srs?c? ﬁ)% %lia%%cg ﬁgﬁq é’gf,l\c Frbgoxﬁé?stafﬁisz E\jvo %peron Ykpression
system: p?&ﬁﬂesﬁol?i@heﬁyééﬁl-ddﬁhk blo- 6rfgﬁﬁﬁ)cohhiounﬂil The sibjedt.vetfdrHyan stay

864-872, See al so Naka et al 0 cl.ei .
replicalig;episomally, s AP DISET GAH N RIS ol SR, of YHigHHy. the later is
preferréu ﬂ)’%ﬁls%&’élréﬂ%r@p@hh&bbﬁthe\misﬁ&blpan be used as a

rence in g i ng sequences of the present

f
1001531 nventli @ﬁrtamm@s sothe spbigel wileie aeign §‘aé’fbeé’°§‘?r9§?fi hyepe or
more oProh€ Ofl%?ﬁesmsﬁﬁ&?sr v o HEESEHESn Effﬁeﬁx'ﬂf&l'lﬂ@so@ﬁlgﬁér yield of a

ransl ation, and hence the expression | eével
blo-Org@els“flqOetPO@ed]Qem%@ng{emssl]SYMee’par ation of the subJ ect

[00154?1 ucl e'\%h@t%'d& g@@h@ﬁ;b@@c{] rrxh@lglc%ﬁd %ﬁg@né’e@ 'aﬁBX nffdified to reflect

outi ne reco Hant t ni ques an heti c
the codonprefdienes of Bs¢ledted hostivell o bffecita mghér@xproaapd of sugh gquences in

a host %?Le\%l?])rrggm%] Qog}ecsu%% 1Ec‘r1l e ts%%tfe%%}%l gﬁég)élﬁ%ﬁbocﬁh}ems be

modifiedefon iybast andldlypxpfardmme Bebye.ga Bennﬁtzmmtd Halt 1982n J: Biol. Chem.

257(6)98%%2@%‘? gagr{o %] Ut 1t1rt]1§:$€cﬁ1ing e, U ﬁ'ld lgu(nc):lljes%e %Q(:gzekées CF% in other
embodinygnt<bd in)bdiﬂeddvaScdeqmtmnIpraferaﬁdJ Seare.@f G3uy hhd Gaetler (1982)

Nuclei%ﬂghg&esxﬁfég}j@ S R4 %ﬂg%@c 5@958{\4({]%% 11%)2?13(6) 864-872.

See als6 Mkﬁmu?d‘lﬁra@l 200 Nucleidi AdidORES ZGtT)EZQZe Cdion usage tables for many
nucl eophilic attack of the ter nal gdroxg grou&
?§l ning séque the

organisgps ftfﬁév?jla&\'/ﬁ Aguetheanbowsed fs aget: b‘i?§Fﬂ‘? ces o

present invention. The use of prevalent codons of a given host microorganism generally

increases the likelihood of translation, and hence the expression level of the desired
sequences.

[00155] Preparation of the subject nucleic acids can be carried out by a variety of
routine recombinant techniques and synthetic procedures. Briefly, the subject nucleic acids

can be prepared genomic DNA fragments, cDNAs, and RNAs, all of which can be extracted
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of the added nononer, which is typically a phosphorus
derivative, such as a phosphotriester,

wohowpbenam dite, or the |ike. Such net hodol ogyCiraS2007/012467
known to those of ordinary skill in the art and is
described in the pertinent texts and literature (for
exanple, Matteuci et al. (1980) Tet. Lett. 521:719;
U S. Pat. No. 4,500,707 to Caruthers et al.; and U S.

directly Prdna $ell or 4onibinantlyhrodudea, bydvarions Smplifieativneproedssys. including
} Q157] _The Iev% of transcription of a nucleic acid
but not ‘ﬁ“t&dﬁ%gpwlfb ni smcan be increased in a number

[00156]0T WaYSrecFeHensi¥@tphhesit bf suclan deaisagbicaleihvblves sequential
i ncr easi t he copy nunber of the nucl eotide. s uence
additione@ifch dplﬁ@kq%r@ ?é(@(lél\lﬁleotlg? n}%lpﬁ)grsatoﬁﬁﬁ FFé'rm g ydroxyl

group O?H SWin 4191'6%%&19 Bol‘é’ﬁﬁeﬁ' QﬁalﬁOWHéﬂeﬁi &Q:h%dﬂiﬂ?inﬁ@&fféﬁed by
UenC encod I ng enzynE é@|ntr0du

nucleopaden attagh aff theotgrmainab$’ hydro¥yleasonpef FIRWE goen fhg 3°-position
of the a{,l&ed I%Bﬁg T, vﬂt&x &Q@?ﬁ@%’g hofR depRhtive, @ﬁ&@i@@ﬁlﬁ&sﬁﬂmmester

reconblnatlon use of
phosphbmmldllted @*r thneldteo Sgs:h mdmdblcrwtns snowsite gnqsa aberlingy gleill in the art

d/
and is dFF%{ﬂDnE Ja g'gele%e Fen xtt3 at‘?(f Mer& V & e@ta.Hp 2 M gl&c: gtr rll(é980) Tet.

Lett. szquwayj SrRngNoag, 506707 d:ecr:amtharm aiodm‘hgl $.Ryit.OMes. 36127 and

ronic NA of an operon or breaking up an
57006328¥§ﬂ“ Fietishdti vi dual genes, each with its own

[00157FONt T qiheeéwlrantrsnscﬁpnoﬂ of eantleir dcitbirsd hest gtibroofganise can be
pronoter (transcription initiatiqn o scrl tLon
increasid i BAOSITHS) FOb CHRTIIA: SHE By LI GRS G o SOPY
nmbe%ﬁ@ﬂhéﬂe&tﬁd&‘s%ﬂuérfc@ lenEIHAP ki erlzgRded. Q@n&&fgsalblgher copy

ar abi nose- 'act.ose-i nduci hl e pronote

numbera@@n@ﬁioemeat% SPMPHSEE AUt SFIUSREY ﬁ“cﬁfi ESF"QI““’ or by

Nk EoBLE sBRABYE Bcod afizyrhei rﬂ?dileh nome
e L S TR B s nto e

of the hosi mgcrmrgamame fas|esapplaarby é?cwdil%a%ﬁq“-ﬁ@btwon lise of “suicide”
vectors;r%g?ﬁ\'bm&ﬁﬂ ru?ﬁﬂg ?ﬂb?y ?ﬁ’a%g F&nﬁblﬁw& #nRerfiofl W‘ﬁ fransposon or

ation 0 a nucleotid
transposahjel eleoeni)n Ia atldisionnit cambe garnied wutbn ngmﬁ:‘ihéa’é@ﬁ of ghezcoding

reglonsI %n;?xg ggfyﬁbs\{\aoﬁud m?ﬂﬁ/’k #P%.rpgg?rg# br ng'ﬂ%%p?;%f’%rb int mdlvidual
genes, %ﬂuelﬂc fts 6fvntcoatrol éjememte di lncheasgng ihesstrenptdhi (ffyhmgrommer
stance or sequence bet wee 0
(transcréwbon( Wpitation qr %8?1‘:6? iop cpmﬁ I gugnceb: RS &/ﬁgﬁ gg% cL a}?& cc‘ddtlr?g region
is operdBlgl hﬁwbm@oi éb&nﬂﬂé Idtfsﬁlg mécﬁ{sensiirs] ramhnmosleegr lactose-tatueible promoter
eam or .,aqj acent to.the

iman B o G SRS b mEb B st b promoer,

such asthe 8Ré lf&fndgﬁ 913!1&%3&1;&@&&13% prBleM?ﬁ pﬂb%hféﬂls)n& wtvilz an inducible
speci al i zed sequences, nodifyin e codon .usage

promotéhm'@dugpg &hs wguabisrrreuiotst tyrading? Rk RARS wﬁjela*edwm

The le\)e[‘ of f}%ﬁ?&tﬁﬁlycﬁtahﬁﬁle%nﬁg s&cill%n@é‘ AV 4 Rost &hﬂd{dbi‘gdnmhﬁ easbdfhcreased in

hestabil ity of e enzyhe, as, for Vi a
a numh«m phwaph iegliding, lw@phlgmst@a teABEreasing gﬁﬂrﬁn%é'ftmﬁ thy mRNA,
modlfym{tfhgue n&d Q?Pl% rfdSorh@ b RISk, WIS itPihe REstiRE Q4 s€dfuence

ce analysis of genes derived from t he_host
betweeniths Dbospard linding site and the start codon of the enzyme coding sequence,

modifying the entire intercistronic region located “upstream of” or adjacent to the 5’ side of
the start codon of the enzyme coding region, stabilizing the 3’-end of the mRNA transcript
using hairpins and specialized sequences, modifying the codon usage of enzyme, altering

expression of rare codon tRNAs used in the biosynthesis of the enzyme, and/or increasing the
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[ 00158] The subject vector can be constructed to yield
a desired | evel of copy nunbers of the encoded enzyne.
woOnowasm2enbodi nents, the subject vectors yi el BCatUS2007/012467

| east 10, between 10 to 20, between 20-50, between

50-100, or even higher than 100 copies of the desired

enzyme. Low copy number plasm ds generally provide

fewer than about 20 plasm d copies per cell; nmedium
stability %9 e HZRR! afy |f@Séﬁadﬁ)]@foﬂlkdt§bnm’f(‘itsl dd»dndgrsgqumeul)e@ﬁnmatlon

pl asm d copi es bout 50 Iasn1d cQ
of prefolged podaps and 41F SBOVR HOUABEHS A Boteg ks BEmet FRSE orfhEhes
derived ﬂQ%eﬁgsﬂhﬁé‘f&réaﬁ%| es per cell; and high copy nUl'Tber

[ 'asm ds 3enera |y provide from about

.pl.asmd
(001581 Cop CEhpesibIassVPotebeaTRRFOTBBECISH SR HICH & 85%1%515@1 of gppy numbers
of the er&rod%%?’gho gI#_%?nC %ﬁﬁcﬁ?‘}gcnﬁg Oiffe SHBYECOVERESES §1e‘lH1atVl@§4t Q OSbetween

but”™ are not limted
10 to 20pmwemao 50BbewRaz 5041 00pBREER, hightartizm 1) Hrmignss thfﬁeemd

enzyme; @8?%%&;3'\/ ??Eﬁs&‘?&g e rﬁ%é/gﬁﬁ% E%OSHhA bR 29 ﬂ?%ﬁla copies

Py €expression vectors
per cell;aediemi cmlplyammﬂer plaﬁnildampemhlw rrovidaditom phaut 28 gl@mld COpleS per

cell to aB‘?“‘%@ 1?%{‘3 ’%g’ﬁﬁégr?gpg?ﬂs’{ der RE ?qgtg?ﬁ%gi& %Bﬁ% LE lﬂ tgla%out 80
plasmidrtepies I’peﬁé’eﬂt @8ad high copytrunsbel piasEsdmgenetﬂilya)romidp from about 80

i nc|] ude, 0 Bl uescri pt,
plasmid/GepIGS PSEF Etﬁz'ﬁ\?&?@é alas B Gpiferar Bl Fpore:
[001591( cent SQRAME Iy cOPIPERESIsiUN WReird fer Es@heryﬂﬁa toli ivdlurtbs put are not

it 25T U o A 08 A e

2 Rii8) 2h@ Smid). YGele inealundes réson
pSC1014 sl]bé‘rltr%?t(?g txgﬁ 2425 a%g e pyOeNp

26 (Ch
vectors fordoehertitie cali includ bybary noglltnétﬁﬁ éﬁg PWré:I ékn?rlf@?g??“ andvectors

usibe
contam?ﬁ Qr(gc?l%'l 8)?1 (%nl? \8/2 13: ficat rédlggtsr&glvﬁﬁ{/ﬁc gﬁ*(i%tgg lﬁg:ghldijlirib?% r

express@an&ttorﬂﬁwr%c@mch@q coliingbudepbw are pat l@mggqintqj PUCe aﬁlp@cnpt
pGEM, '&B% P)f rv(es%é)d% 8&@%))?@ tofv 5&%5 % %ﬁﬁgimehf:j rﬁé%rés@lou v%cto?@f'or yeast

ron as bearin
include dnft aed hotdinsitddotot pBA4 lﬁalkaPRS‘ﬁltﬁl(%k,OIEEL&d'hFEF K C@Fetlcs

122:19 ?b( @&thgl M‘Bfo&?é g{lcrgl fexﬁﬁgmf{éxqu?{in K@%?’mcﬁﬁdcnge not

limited & ipR$22S and PREJ26 ZOBﬂstﬁl(ﬁE’c)n eﬂe@(ﬂl@@?) G{%ﬁul Hx: bl'SylZZ) Alternative 2
el enent s |nclud

e SRR R ST T 95 e
LudwigQfi 98$)eCc @ %M I e8P0 wEiyigacby rmmmnqﬂssnmgs bbaring an expression

expressi on e_or
cassettedrrmRiniRd TS PR- A0PLoIp ST 7AESrd BPkPR Ripsmigs bgerine o
defequefk%leGhSn ﬁ{agl@é}f 'Sﬁfmfnﬁmat(ﬁfmt _ ?_1 (?mdwghmn?ls 1|516 (2): 625-
ence of nucl eoti des a an ontro
635) or{UiRARd Elskals PRIOGH Agmals of the NPw Lerk ey SCHpec Sa(: 202
207). pol ymerase enzynme. An operator is a sequence of

nucl eoti des ad{acent to the pronoter that functions to
[00160k ont r Regulatory elements include, for example, promoters and operators can also

be engineered to increase the metabolic flux of the engineered pathways by i increasing the
expression of one or more genes that play a significant role in determining the overall yield of
the bio-organic compound produced. A promoter is a sequence of nucleotides that initiates
and controls the transcription of a nucleic acid sequence by an RNA polymerase enzyme. An
operator is a sequence of nucleotides adjacent to the promoter that functions to control

transcription of the desired nucleic acid sequence. The operator contains a protein-binding
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transcription of the desired nucleic acid sequence.
The operator contains a protein-bindi ngdonain where a
wepewiBon4r epressor protein can bind. In the abeemseo0o12467
a suitable repressor protein, transcription initiates
t hrough the pronoter. In the presence of a suitable
repressor protein, the repressor protein binds to the
operator and thereby inhibits transcription fromthe
domain WHeFD4 SpecifiORpebforl promimearctibadimirtisbsaicetofie spitatden¢pressor
i nvention, pronoters ﬂﬁ;d in exq Ssi on vecgors ghe o
protein, ERBERARION InFies tHOHER HISoRIHOHEES 10 { 56 OL P § Uil rgmpessor
protein, ‘?l%fe??ecsls&rb%?e?ﬁ Binds & teCpRpdtdr eLHdl tH€reb MnlibifEtranscription from the
e I ment’s, one or nore nucleic acid sequences are
promotagper ably |inked to an induci ble pronoter, and one or
[00161)0" € i &ﬁ{. ?r‘ﬁs&ﬁhfén?scdfqhé ?%FQQE%rﬁfoﬁ Bﬁ%cﬁgﬂs Yiséd HK&Gression
to a cons trve pronote [T mting
vectors evquinluableofn sthert abb@llmeomtf@rmomtemgs?—dl in cEPISRAPY Yeqters are
constinaiPS p B P HER s oA RO HIURIE cld <TlonbE APBRESEly linked
to an mhutbblled)r@momtaiﬂ onk@r neora mwthes nuelelcoasid smuhycmsmue operably linked to
onoter, a tac/trc hybrid pronoter, a trp/lac
a consti Eﬁﬂ?@?ofﬁ T7/1ac pronobter; a trc pronoter; a tac
[00162]PT Ommﬁlrlllﬁﬁmgtd?@xﬂpﬂdself sahalile pRARbprsofop s in prnkaryvmx: host cells
regul ated pr such as an _ssaG %ronnter

include ,a&as{egepbq g%lé(mefebs'e pég(lgﬂﬁr,ea (I PEOIIET @anc operon
promo’cénru R |hk'8ﬁ3 pRsindier, faloéé&ﬂﬂﬁé-ﬁﬁﬁ/taw lﬁbﬁm&[ tac/trc hybrid
ki nen and Iler, J . Bacteriol

promot e ] BB TG PRGSO BIO(a 53¢ pppotenand the like

o€ b related
an araB?EpB élft?]tgr, é{rjv?o%e%lﬁ%a )Jp}orl]lth?sg Sl‘gbr’i% as ah s‘fzs‘gg rg%l?g? g rl;% ate

promotert{(sed, iftmeexasde, .Sy P@ﬁ@&%@lcamklpaﬁowlaﬂ637(),1@gg§'C promoter

(Pulkkw}}g SH vitlgy 954%‘?@%503 1339l W@F \éAgm%ﬁe @lranc(a%i%)(l%z) Proc.

Natl. ABidSet ANBIA. &9@28818)0892;)3) anisB gnemotep (Harbowe, etﬁbr({992) Mol.

viceo. GATRLA1 RN TR U Bl 3P S,58 gy

67:5133504 Amem&se et em (90&4) Vamine 3Phaz4s- miﬁnané Chatfisdd et al. (1992)

miotectfSaD Gt P B ID o BRI lnen Al lghp prooter
(see, foﬁakarﬂple§eenaérmAeoeaﬁph NosV&&B@D&%XB]AX7%896a§:m AXIABIEN); a
(see, for exa etr n Rama e

S
statnonqrwh?,se pfgmi)gpg%i ﬁmp p%gxig'an;%rnsle é{r»v érg’ggo@tf 8?& ﬁle like; a
promot&deHiea fror kit patlabg%ﬂftltgablaﬂa\»smm@e thlexaMpIH’ ms5/17951) an

22: 367 378) r onot er e
actA. premojgr (sqey @ygaxwf&ségﬁfg%ﬁ‘ imdial @é%r}ﬁﬁﬁ ;? 1687-1096);
an rpsl\I BRIk Stel (tedopextitlc ANaldRAA bisd Bﬁlﬁwaéll 99@@\/101 Mlcroblol 22:367

Protei n-Nuclei c Acid | nteraction. :g | an

378); attat prompter (e, fp examples Boljen il éb%s%)rla %$ef("¥e%“dd Hginemann U.
(eds) Tgééggglg!o_}%gr%d %Eru@{ural(ﬂi%ﬁ)@' Plsidin-NGéIdR A88 Interaction,

and the like. [00163] In sone
Macmilar daindent UK, Vieb 100ppi 1431 62% 919/886 PIORetes (55e 0§l g3ample, Melton

et al. (1984 WRcl AR1asR&Y $2:9035-7056); and the like.

[00163] In some embodiments, the total activity of a heterologous enzyme that plays a
larger role in the overall yield of a bio-organic compound relative to other enzymes in the
respective pathways is increased by expressing the enzyme from a strong promoter. Suitable
strong promoters for Escherichia coli include, but are not limited to Trc, Tac, T5, T7, and

Plambda. In another embodiment of the present invention, the total activity of one or more
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| arger role in the overall yield of a bio-organic
conpound relative to other enzynes in the respective
woatdnayr4i s i ncreased by expressing the enzynmeCctusmoao12467

strong pronoter. Suitable strong pronoters for
Escherichia coli include, but are not limted to Trc,
Tac, T5, T7, and PLanbda. |In another enbodi nent of the
present invention, the total activity of one or

engineei@d pathgian eaz;aﬂemtd‘lmyisaﬁmm byrexprdsonig the enzymnefismc strong

oo ot B SSRGS, S5 bAGEE B AL it

but are Esahmnw kb asifi@Tic,iTae) DSLE7, AHE PS4 pdmbiers with pBASS, @@ADIS,
Trc, Tac, T5 T7 gnd PLambda pronoters with pBAD24,

PGEM, i passrih @t EIRILsEsHYP, pUC, and pTZ vectors.
[00164# 00164 orMNgRIting &tdniffleSHBRREER ﬁ&m%té'rst £ luSe M QIKAHRIR host cells

use 1 n eukaryotic host cells include, but are not
includej b\m arenot limited tvia CMYemediaeaerly prpmatsren HEV thigpidine kinase

promotglh Wegrllf br EJ.P%? 8“8&3? "L TROER ﬂe%o%ée@t ﬁld%vﬁllguse

m retroviruses,
metalloﬂub@lhdtﬁ@l@ﬂ@n I pr onot er . [00165] Non I [ m t| ng

[0016SE xanp l]\?o tﬁrg%%)&%eqqfsc gfnsﬂtlaﬁl tc'o}ﬂaltﬂ{&g%%o?telfs r ﬁ%%?? io rn

r okar y rono
prokaryexia molsta:;ella mcdn@@m sumagﬂ gmxﬂﬁtep (ibtmx@m)le mxsbnsusmgugﬁm

exa I of suit a t f
i S o BT Bt o
cells intlud®ttRcpL Bf bemterFﬁ;ﬂﬁgé Rf Plpe;] Riep; Iﬂtkrr (Rir;plao iybed promcter); an

lsopropé/f %qg¥ bet ?.cggéfr%c&ra&ﬁf{a? ?%c{ygﬂgf Bronéotﬁra gxf example, a lacZ

promotBi; @g@&hﬁfychﬁe gﬂh&%;télﬁﬂoh{&ert Al I#hlicbhicﬁe RiduciBle prongdter, for example,
PBAD fi5p. % SNHTEIS, G cCal- G005 L ssertpl- Bt G 4f70) & Kylose-
mdumbIJBroﬂI&ér ff&%@:)elmp?e Iype‘s@é ngsxé?ﬁlﬁe t A f19f965 Gel)le 181:71-76);

exanpl e (See, for exanple,” Kimet all (1996
a GAL t;gmgn@gg aﬁgypﬁg)hana)rq;qgter,m I@m@potea, mg}@k@h@pmble promoter, for

exampl@ré)m% ol-?-xglru@fg)l(flgt%fﬁytéf an @t‘ﬂﬁﬁé}lgﬁﬁﬁélbierc}fwﬁxb@rea raffinose-

a net I ndu ronot er,
mdumbémpl@tﬂmm b-heatdindirgible promotarefor examplef heas s@dwdxje laspbeda PL

B 8 i Il 6 R ! G SO L1067

lambdaebdsedlexmesmmn vewtonsprrecfs exariple; Hoffampinest al. (1999) FEMS Microbiol

) ressed |l.anbda- based expression vectors; see,
Lett. 179'6?)%2)(721% a l nn et al. (1999) FEMS Mcrobl ol

[00166] et t . N&ﬂ[]ﬁﬁﬁﬁg?é’xa'&zﬂﬁles aifsthithble conténtiyprbhdters for use in yeast host

e P B3 L S0, 4 P S5 RREL N i

sultabléliﬁldﬁ&rﬂa pr@;ﬂ%@is f&L tfsa it ?%ﬁt ﬁdésil miellefncld‘dénblhtlaiﬁ: hotlgmited to, a
exanpl es of suitable induci not e use
divergepb galpetpssndugIN & PrOmaterueh g OAL 1S AGRK elﬂomterg‘”est atal.

(1984) ﬂ/IdI ecene rEIogaI(mtm-zm)i Girll @UPI prdthéer. smr@@esae&s%e dubject
pronoter (West at al .. (1984). Mol. Cel

vector ggraprise eprqt}w@zléw stEngenihan a@@blve br Grbidee prwe‘&eé
[00167F€Si I 8¢bn-TiRG W88 1es of operators for use in bacterial host cells include a

lactose promoter operator (Lacl repressor protein changes conformation when contacted with

lactose, thereby preventing the Lacl repressor protein from binding to the operator), a
tryptophan promoter operator (when complexed with tryptophan, TrpR repressor protein has

a conformation that binds the operator; in the absence of tryptophan, the TrpR repressor
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vector conprises a pronoter that is stronger than a
native E. Coli Lac pronoter. [00167] Non-limting
weoexeTabBer4 of operators for use in bacterial hoBCT@skdg/012467

i nclude a | actose pronoter operator (Lad repressor

protein changes conformati on when contacted with

| act ose, thereby preventing the Lad repressor protein

frombinding to the operator), a tryptophan pronoter
protein Gfed adriforrhadiventhatdqrs evoe tindi tb ithd opgratophamg a TacygRomoter operator

(see, ot GEFRRIEAeHORF Ei) (RRRNEE ol s Jptb IRt STNG U

[00168]r eIOr eghegehdtifithe Bafessi@DVdctirtapically Wildtlsd @ﬁsodwi nbxbsmhe

bindingisge 10 ARG U EPALiS, oo B S prIsEeA VA EFRg product. For
su1table§%osoHe%1&dm§ Qiteslfod Bsd in ERPEA8Aia THE, 4818MEnd ¢t al.@975) Nature

expressi on vector typl cally will also encode a
254: 34,ran§ﬁ@m; ipBinlpeigaldR ¢gul Qt@noﬁnd&QVeﬂtha@F%EW‘ﬁ%ﬁm‘P (ed. R.F.

Goldbe@%ﬂ> t}gf S g; :glf A 9,38%9 qi]ﬁxgﬂﬁ PuBiRing Q' RAREAHE of tﬁ@ kibosome binding

one ’bi sites use I n Escherichia
site encodinig, nuskeetidh sevpicnce 5\1-AA(1’1®(26)-3 Nazstne@mzﬁ 4:c@dingsgguence facilitates

efﬁcwné{s?ségt;(]ubl% a(B}ée(élstol%) %Eucr gs'rhjl Q‘n% %?%Y itll % 5 ’A%e REs.

21:4268-2791; Vreetab. PLASI6) dolnNyficibidl. 1 m&- 1239)of t he

L e
transcripfibn ehlgdticei ¢lernshta and frahscriptipa aatmihatsts. See‘,rfooe)gmnple,rBltter etal.

9 Ac. Res. 21:4268-4271: Yun
(1987) eth"?;mg[@é@?“’l(%i ?53#\/?5%136 19: 1225-1239). [ 00169]

[00170X her Agitfradsiinyveetd R4 Be §daablemay uktelnl.t&ﬂ?lﬁ’cuwt t§Pes of host
expreSS|on vector includ trans |on enhancer

microoggagisatfaid 198 others, e 9f or GiRagy Agt, hawevery ¢an readily
determﬁé "ﬂ%hgh ot itdnk %&Bétim@ﬁtatl&l ABéiheMB tpﬁﬁﬂ:ﬁldr réxﬁ%;swlg e&ys is suited

expreSS|on vect or may e
fora gnm hest mcm@rga@s@ |E9r sERIple. therexpygssion yeciep§an be introduced into

the hosﬁr)]x“g%ﬁg{ng MR 1R OmBRi ol B& alin%earﬁi‘ P&l A OF a2 thes

art, vvever can rea determ ne through
mmnmnewhtﬁnemekperlnentation whet her a particul ar

[00171 fn.x pr esr%ie e@c ye%? B&Qeétﬁr ﬁ%la% Jo%fmfi‘ oﬂ«'—: Xleﬂlopé)scbtlectable marker genes

croorgan expressi on vector ca
that, upba eixptessidn,onmdferme ot lneork phenatypja mnaSsmsqul fom s¢lectingor othervwse

e 3Tl P kB 5501 S0 SO S

selectatteynakae fmﬂcatymtlc relloinchmiedilsalreftlatt lredm‘msk end gemeycin
Si 0

. that, Qan e . fe not ic .
s A 0 K20 8P AL e B R BRI s et
tetracydlid®! apichifing élﬂbraﬁﬂjhéﬁlcbb eaibépictin] ard kepaingtin resmtance

Non-limting exa s of suitabl e sel ectabl ers
10017280 L o5 PIRSeROR BT P Ba-REROI o) A O YR D] s fqagy be
impracéil oP RRYVGEHY t6 85d £ bt Eble Nokédri tRattreq@retBERldiio® bf an antibiotic

sui tabl e sel ectabl e markers for rokar otic cells

to the fermantatoniaediac ereTdinglwrioms gmborimenss of Mhapresind b‘rventlon employ
host ceiHAEAY Gbt leblfire ﬁ{éq]sg%? aMYRHiBiofi6 ?ésﬁﬁfé@ Qonferring selectable marker

to ensure plasmid (expression vector) maintenance. In these embodiments of the present

invention, the expression vector contains a plasmid maintenance system such as the 60-kb
IncP (RK2) plasmid, optionally together with the RK2 plasmid replication and/or segregation
system, to effect plasmid retention in the absence of antibiotic selection (see, for example, Sia
et al. (1995) J. Bacteriol. 177:2789-97; Pansegrau et al. (1994) J. Mol. Biol. 239:623-63). A
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[00172] For production of a bio-organic product at an

i ndustrial scale, it nmay be inpractical or too costly
woaowrsis9r4 sel ect abl e marker that requires the adudiusemmo12467

of an antibiotic to the fernentati on nedi a.

Accordi ngly, sone enbodi nents of the present invention

enpl oy host cells that do not require the use of an

antibiotic resistance conferring sel ectable nmarker to

suitable ?%Hﬁ& niiRshande estpmess tl@ﬁpmpﬁiwis)enﬁmdddthyrtha patDE pperon of

RK2, w@gggggegrtggg%gg = M %fgh?)\ée%?agﬂgﬁgécan inhibit the

lethal acti¥f bf MeStokih B diré@ péteibprofE n(t%ﬁorﬂ' @slfs tiat lose the express1on
optionally together with the RK2 mdrellcat
vector tiahiiAGOrS GG PG RO E amckbbd%mf‘@é * fheisidble SRpERofpsulting

f ' feplieftfon &Rt ded
in the Stmemﬁ %%Q’gm% Ceﬁ%htggg;ﬂe?&%g%?gﬁ?olph o e G yeode

by the nﬂmgeegr\ﬂucbpodﬁs fora rgplicption pRitein. Thedilgd Blaggx}d segregation
Asui t ahbl e t 1

system s £ngox Ceg(}) %%?ZHEA Ugr g’%g:?%:@g?h&@{)@f S t%@g@é&cfgﬁﬁ@ &esolve

plasmidansitiaférethiaoniay asisel from DiNgt Elpﬂieatfam itoxin. The

antit n.can i nhibit .the | ct
oorr35y' bt it P Ry b GBS 8 ey o
variety 1@ tNBREBRCRAqUEC tRur ekhdplenand ﬂfe&ddhavqﬂaedfcaipmnmhlonde
are qui ckly deprived of. the nsﬁs]abl ntitoxi.n t ¢ It
treatmeplRATPTIGC PRPTERNOR PP HRIdHE Ui oA RPTERPItge Qi ol

for exanT;Ele cRICAurR pAS §pHAtd, Bitlyl A5 b@lﬁbe&)ﬁn@\ﬁiﬂg& s&ﬂﬁl@ﬂﬁtﬂ)cbgwbhm addition,
f A gene, which codes for a licatio ot
electropRFRIoRIHAg 5 1A PRGN CBTFL PRSI MG REBTEH By o RETS t

nucleic Qﬁﬁ%f BELSH. Hef akds@satiodmened£indfude hitrdinfection) DEAE
to resolve plasmd nultiners that may arise from

DNA
dextran megsligtedt n{@m g}ld irent sgqﬁh inthe prsseERfieo éghlugbacetate Lipid
complegcéét flé?%ﬁ?eg and der xﬁh‘ Ig%}g ma§ |ahso%e3§ﬁ[¥logéd {or BdIsFeRbiteYhoBY

d techni ques or exanple, one
microorgembmd i nvol ves a cal cium chl ori de treat ment wher ei n

[00174]t he es)o o1, ean?%x'%gﬁ&? r &ﬁle{}?éf rﬂgtlﬁf)ﬁgf ?raf*@éegi tHMentify the host

pr eci FO% Y%
cells mtbh@l‘ibﬁl diessubjmry vadtes Haee bsmdmtroklhc:mh l@leae)@rrmlararselectlon method

s S R 380 R b o
expresskol df&h& @edited| @he pasiuds ) Almyneb meﬂ&&ﬂentﬂsf&eﬂectmg transformed host

transformation net hod C ude cr0| n ect
cells baggeliinon PSRRI oES SARgy Th sk Qo ES paer

genes caﬁtﬁﬁﬁa GatHRh thd & réHﬁo%G@bﬂﬁ'eThbsmebrdﬁﬁﬁ} skiR®an identify genetlcally

posones, . and dendrj nmers al.so he enpl oyed to
mOdlﬁeFlr“tS’ﬁ%‘Feé’étustqﬂéhﬁﬁ?s‘tr %‘i‘?fﬁ’&‘?}hg%ﬂ vapble ap heAt upon

[00175]{ r ansﬁ% mécﬁﬁtloﬁ of %ﬁ&lsypa@ﬁwzrgeéeb,ae&e@ %ﬁ tHeSinpérationi it host cell

dentify the host cells into wh g L@é &‘Pfi
can be caadirmed by avethpdesiohise Dok @@e}theamblf’é?’éw}?ﬂ pip by hydridigation. For
t | I i
cxampIFEI LIHPBAPS: PP A il gl ek
sequemx of éxeicshcanfbet avaplifies hyeRCBasngrones Fpe%ﬁ‘éﬁfé}r‘e FRausBees of

mterest.p ala{lfplﬁ%ld%%ﬂlprg id §1ﬁ)§l§:ie%rtgpagﬁ{bg§gﬁlcéﬁétﬁ)ghaﬁe@g H&?ch?/lamxde

t'r ai conferre Xpression o
gel electrobhoteails loe capitlker electrophoresis, followed by staining with ethidium bromide,

SYBR Green solution or the like, or detection of DNA with a UV detection. Alternatively,

b~

nucleic acid probes specific for the sequences of interest can be employed in a hybridization
reaction. The expression of a specific gene sequence can be ascertained by detecting the

corresponding mRNA via reveres-transcription coupled PCR, Northern blot hybridization, or
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genes contained within the expression vector. Those of
ordinary skill can identify genetically nodified host
woebd7s3erieng these or ot her met hods avail abl e PaTSE007/012467

art. [00175] The introduction of various pathway
sequences of the invention into a host cell can be
confirmed by nethods such as PCR, Southern blot or
Nort hern bl ot hybridization. For exanple, nucleic

by immagbossayasiteamibedies eehctive withhihe eacadetaehe pm;luct; eExesnplary

and the s |f|c seguences nt er est can
immun g RO USRI C R 1 Rl A PRI P By AY and sandwich
lnunum&ggg@nces of interest. The anplifled product is
bjected.to agarose gel el ectrophoresis,

(0017601 y adgIVi @55 GiA-OEBI FEPIETESIZORE OLRprq Pgigholic pathways

dlSClOS&i ’eLinQaRee %ﬁgﬁen{eﬁquﬁﬁﬁgltmg eh&idis M8at\Wivdr RibdHhiddiaes from
brom de, SYBR Green solution or the like, or detection

productie stops tapverdsfornatinn efthe bio-orgapisrmradycie l@hlbwee o€ the
unprodlg&iv@ rQéfé?i%ﬁ§ cacipﬁé: h{lﬂlg\ﬁ‘dcgy felficing &liﬁéss% dﬁl@y& 8fibitF 8

di"zati1on rea
enzymeg XWCdS@ﬂ mmrwforan@pemptqducgw] reagidonse rigwhaeaetipas include side

reactlon% o‘ﬁﬁé :i\‘b?\e%/cw thQ? [e%ﬁtté) 2{2:2% B%E%ﬁﬁﬁﬁp %L%\%}?@P’%/tn\fﬁéils, the

rever es nScription CO
aspaﬁatle;shpexqbaﬁmtalyoglucaméqgenem RnemimysynthesmgaxMH glodinege biosynthesis,

react i th th d .gene pr.oduct enpl ary
at a levpI R Akt il SRS B0 Fi 6 R lie FoiRbantt "Ry oA
[00177T adi oiAAHIYASS ﬁ;eﬁho&mﬂe avalidbledbr kﬁb‘ﬁkﬁi@&ﬁﬁx&no{:lﬂﬁg d6Wn a gene
The ield of a ni ¢ conpound Vi a on
of interpaly ERFHAIA: TIRYECTETE HEE B U PeaopR s Bhdderion.
mutatioBy andIb# fineirBirdrRfien®NE chil also b \¢@fried it eﬁmﬂe abeo6f ArftRBhse
product]ve steps towards fornption of the bio-or
RNA, sp}m&uml RNAATHoZy 065 tsplet%ﬁr@nﬁ%Ps{ﬂ:@pN@nﬁvéamno%@?%wslmm
mhlbud% Brpidpvse t@ﬁsﬂﬁgh@éaﬁﬂaé SRpIBY A BSEERIPt A Xpradionyfdr¥xample,
enzymes i nvol ved in one or nore unproductive

by mserrt@aclt pesgen theapromeiertandibe poring ereian, 98 beivsenitypgdigeent genes to

Ene &Fb fed hat lead to fatty acid biosynthesis,
macuvgt?aﬁ%ne (&ngy%t hesis, the aspartate superpat hway,

[00178Ly| ucoddwgermast of migrperashissypartiser of femmatitasong by tl@n@n@ty of

oo AL gl L SUEh i R385 Y e o

given vofunmeofthe Serarentaioai hediing. {4 coknmokneryurs tioy diynoeightnaf cells per

o R PR, G B e S RS
fermentatioh Whﬁ@éﬂﬁ mﬁ?ﬁﬁﬁmﬁm mehsturﬁaentaifskne bpticahdensitgt o tite

t he use of, .antisense RNA .Sj ] RNA,
mediu] $ FARIBRY TR (S PEAE AU EhI P A ALE Moyt IeBRh of 600 o
referrecbidtthe O 108 kit ODN THehDDi dafiibs cotrblagdickbtal thé density of a specific type

transposons c; be. e oyed to sru ene
of orgap Ry WLGGrEPeF e SRt b 1B P ?fqlﬂﬁbﬁsglpﬂvg\’x&%homd amount

of mlcrﬁél‘gﬁﬂffsﬁf pe VA 1Urewalp bt Eene Ryt applicdlRé WaSks ilW@/pes of organisms in
acent _F%enes to inactivaté one or both

all typeg eﬁwd}a &alibration cuive FRR P GFegHT ‘%)’n’?’ﬁ%ﬁ““ﬂg i Opyand the dry cell
weight HEEIERLEE bAell &nsith8. e 8sthé ¥ask$, these correlations can be used in

different fermentation of the same or similar microorganisms in the same or similar media.

EXAMPLES
[00179] The practice of the present invention can employ, unless otherwise indicated,

conventional techniques of the biosynthetic industry and the like, which are within the skill of
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m croorgani sm can be neasured by neasuring the wei ght
of mcroorganismisolated froma given volune of the
woeoomantati on medium A commopn nmeasure i s the ®BCY/US2007/012467
wei ght of cells per liter of fernmentation nedium
Anot her nethod which can be used to nonitor the
fermentation while it is progressing is by a
measurement of the optical density of the medium A
the art.c Benisretentisyeh F%W@Uﬁ%%rgmo@ deseaibed fullydergianeng ¢andfindample
referen@%i’cﬂhcﬂlg&r}hggcn@%@ erred to the ODeCoSor the QD
The can be corre ‘%o a the density of a
[00180} peci findhe folloving @x@anlles,mfﬂurtsmane heapmeddd tocensurt apgyracy with
respectqg %P}&Q’%SZ‘%%@ gor%?(&?}hﬁg ﬁ%‘gﬁgﬁls pteﬁl%tfefl\%grﬁe% ﬁ%;(grggglﬁl'{/%aggn and
dev1atlalppdm belhid:wn&nd)dmed ahd it m@@/em‘ a clefjedliesids in theaiuknlie)isp@orted
medi a.. A,cal i curve .can_be created
herein Sisronetor B Ao fbettiny R iR sbisalns can gleduce the

correct@fncﬁmk In diensiftthe Semdlﬂlngmws@ﬁ@ﬁereinh d5flessdharRh@b oBigwise,
be used .in diff nt fernentation of the same or

temperg RaPBoHCh igslegrest Sivs1ysnapd Bresshie i oF R AmoRRlifris pressure at
sea levélRXAMPkdagehiQ Odnidds oTﬁ@w@i&ﬁHicﬁ@d%ekhﬁ)tﬁﬁ%%ﬂefHﬁw | Pk

can enpl oy, unless otherw se indicated, conventional
following examplss aromtended orglpstrativeinarposguenlyyand de nasdinyit ineany way the

scope dﬂh&pregérﬁlmén@lloﬂ the skill ofthe art. To the extent
such techni ques are not described fully herein, one

[00181Fan fiEwemnipl e reference to themin the scientific
iter f-£0
o0tz S Exah O bl A SRR oo
enzymesmfom ME¥ @dtl'(Wayr fram ékvp&le;rommwrwsqvmmm@aaizad &) opardns.
0 on . var devi ation
too1a3E2 O piiseiph o AR WS b Bl oY Bberng s MovT ppgon
(SEQ IDWNOe ﬂ);nm@ﬂmr;tmdme vector. DhieVeyT op&ronfencsdts mlas yet SRMEV
in the arts to,which thig invention ertalnsc
pattway o] e gL bk ibe 1P iRk ar ST PSR- APAge (R)-
mevaloglheChafelly acheasityl-CoN | thistask) rIdNuam Cg,ltdmeersw &R, laIMG -CoA
rees SI UsS an

tenperature i s re orted
st TR A ok e i B e b i ol

genomll'.: PRA. thé\lcbdlhg @s@r&lae oFiNe @368 BEMEIénBRAnk Bééé%ﬁbﬁ GumiRr €
The foll ow ng exa%es are

NC_00p8} SRECIORG 232h 1o s S5 (prspesaisacinaycah@odohidese), from

i
Saccha*érg}ctes b@re@m?’ae"&ﬁoﬁhgﬁxgg?%Tﬁdéﬁéﬁgﬁéﬁ%ggg% rﬁ??@ﬂ@ gelle (GenBank

accessn%ﬂh@agr X866 ONepd28s4690 (pmslm: a$IM@aCoArsyothese), and from
Sacchaforydes §et%ﬁnsf&egel}@ﬁnpm3ée%t{19@o%?%&é@?é‘@? of the HMGI gene

cerevi siae organi zed i n operons ression
(Gean@katsmsawpwembmzwaeRE@@l\by 660.sHI66) (rpcodies dewricated HMG-

CoA re&@@%%gtﬁe@g%{ﬁ) Upstre nl%@%é{lﬁn %@oréﬁz&ﬁéhﬁ?ﬂmpw\{m HMG!

gene fragmg@n:t rearludadoarsdrtifiial ktartwbdqmrlf}mwnmrﬁedlfr@memwbw splioéd
to gethe} Ssiglgl)izerlap extensions (SOEing), during which process ribosome binding sites

were introduced after the atoB and the ERG13 coding sequences. After the addition of 3° A
overhangs, the MevT operon was ligated into the TA cloning vector pCR4 (Invitrogen, '
Carlsbad, CA), and sequenced to ensure accuracy. The MevT operon was subsequently
ligated into the Xmal Psti restriction enzyme site of vector pPBAD33 (Guzman et al. (1995) /.
Bactreriol. 177(14): 4121-4130). To place the operon under the control of the Py, promoter,
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nmeval onate, nanely acetoacetyl - CoA thiolase, HMG CoA
synt hase, and HMG CoA reductase. The MevT operon was
wgeonriated by PCR anplifying from Escherichi a eofrius2007/012467

genom ¢ DNA the codi ng sequence of the atoB gene

(GenBank accessi on nunmber NC 000913 REG ON:

2324131..23253 15) (encodes an acetoacetyl -

t hi ol ase), from Saccharonyces cerevi siae genom ¢ DNA

the araC 178, ,5 Nl Xnslfngnas of PBATES EREH Rpleré WitcthBdNyk/-Xmal fragment of

pBBRI éﬁv&s‘%@&g%?%g’gg)% 6178 pﬁ%ﬁ%ﬁﬁﬁ&ﬂw’gg\g&%er evi SI o)

[00184]9€NO ”ES‘( fhllon pEREHE PIANS 6- M TEe0V G che@itahbyinstriag théMevT66
gene nBank accessi on number M22002 REGIB'&)\I I leotid
operon g ghe FAKGH veeEoYeonPAMACCHILEPIERAiEs Y ISETHNE A0 ligonucleotide

cassette(éolﬁ”%}% AsdP8f }Jﬁﬁﬁ %HY-%BI P‘S'Illﬁﬁel YeRMctid erizl?ﬂle 51tes into the

ation of the gene grrent i ncl uded
PACYCalr814| viector §GerBanik a@@%ﬁ(ﬂﬂ nuy 31‘@&95?‘9 etnd b)é&?%‘?ﬂ‘%g W?r’é’ resistance

gene m%&d?ég% Gﬂﬁtﬂg\rﬂé@bﬁ@ogoso ng&’%n éﬂﬁﬁeﬁ%téﬁ%m’nucleotlde

ocess ri sites were
sequermerﬁEQ dIDdé@ hfats enemnletaamlampm@s mrchg@aﬁ figm Escherichia coli

(GenBaﬁg % n numbe? %Oaijﬁj?ﬁi‘t IﬁfZB%ilﬁ Q\é%??ﬂ}gﬁm E‘Ié@] 3 gene

eron mas at ed oni nhg vect
from SquCRdrofrynes tarevjsiae (GanBsddaat;ceﬁiﬁgq nlanuers}é%ﬁiﬂc B@QI@N 220..1695),

R T L TR TR T T
accessive At berNARCER, (EEGIOIN: e177aB28$)1 a9 Bree éeqnﬁnoetsdremg codon-

ok prsitps 5 0 5% BB PR B M opeon

was ﬂaﬁK&QS’SEQS Ef:ol@ﬁéﬁ%%n@ﬂ%niﬁﬂé giethdvd 3 hHRIINRstriciom knzyme site,
ragrrent of pBBRI MCS, ){I el dj ng expreSS| on fp
and conlfyaip HEdened 110 RAIDINFHBROR SEDIHG SR OTATITH vector such as

th RAMROF IRy fif$ m&useﬂwme%@ys PCR
aStwdg& ertlé;iintd%@%f%T% oper.on mtg t he pAI\/B6 ve pemnwas

amphﬁ\;lé withrfl fMdg@hglrrgftggu@yewgg qlteﬁgthg ﬁmphﬁed DNA fragment
was dlg%sﬂg??gy%_ﬁ%gllbgﬁs% ?‘ﬁtahﬁ AN tﬁétﬁgm enzymes, the reaction mixture was

Pacl - Fsl nel rest riction enzyne
resolved ibty®l electophreeinOvCimtoxiswtely 4(2!91?1% fragm@gbweﬁgel extracted

using ag'tg ﬁ%e %e)fﬁégg%%?ﬁgﬁ@é{%&%@%g gag?gﬁe %g%ugf;% %rﬁent was

ligated dyeto etien§/Ridd siSH regtriction enzymeositaef the pddMAie vEE. lytelcmg e&pressmn
whi ch conmprises the atoB gene from
plasmiS AR IRVESE: | ok :

(GenBank accessi on nunber NC_0009 13
[00185REGQ pr?&@%&ilasrﬁiﬁ&ﬁﬂ\'ﬂaj wals Igen&m?oygasm“uﬁg tims MevT66 operon

into thg@%@? Ctg%%w %%(jrea gﬁ gl}(l ggs%?rﬁvﬁwgtqg%gy§$ orlgm of
rephca@én &:’ftﬁkdﬂwsnsﬁﬁe@ géicOfMdRAT AL DRI aumewmqaaﬁ(wm Nucl Acids

e 29 S Sea e R 2002 RO K12 B e

construX 8P gﬁtﬂerlv[@??g@bbé‘rbh Qse%%'bbve)% cﬁgéﬁt&ﬁ‘ﬁol doadplstion using
generated MevT66 operon was fl| anked a 5 _EcoRl

EcoRI usbinab} GATIEHEY BT i feagtion mmtwa wasiresad¥gd bx.gslon
electroa{%yﬂs thd 59, k%ﬁ&ﬁﬂérﬁeﬁm& he eﬂr&rﬂ&fj ah8'tie ROBRADRIASfragment

tri‘ction enzyne sftes of a cloni n% vector such as
was ligated into the EcoRI HindIlI restriction enzyme site of pAM29, yielding expression

plasmid pAM?2S5.
[00186] Expression plasmid pMevB-Cm was generated by inserting the MevB operon

into the pBBR1MCS-1 vector. The MevB operon encodes the set of enzymes that together

convert (R)-mevalonate to IPP, namely mevalonate kinase, phosphomevalonate kinase, and
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a standard pUC or pACYC origin vector. Fromthis
construct, the MevT66 operon was PCR anplified with
woOheoTkidsg4 Sf il and Asi SI restriction enzyne si PET/USRIE/012467

anplified DNA fragnent was digested to conpletion

using Sfil and Asi Sl restriction enzynes, the reaction

m xture was resol ved by gel electrophoresis, the

approximately 4.2 kb DNA fragnent was gel extracted
mevalobi&ie pyraphQhpiesncabdxyiasel The Mevdhopdron (Wi lgemeratgd bgA)CR amplifying

t he i sol at ed t
from SEFhToRGe oo BUF P EFTRR LS nirespire tavider B e 21012 gene
(GenBa‘ﬁR%@éssmYﬂ iftinthed X 558P5 REGOONP 586.01 9 1pAidodestamedalonate kinase),

e RN g shoh S AENEE RES ISR 8 Blencote

phosphé/ﬁl‘é@ﬁﬁnﬁ?%sw%&flﬁ%@ﬂ)]%en@%@@ﬂﬁéﬂm&céﬁeomhurﬁﬁer X97557,

In O rep i cati on and an resi stance gene
REGIOMZ&M M33) (¢nqedes ameveiopaieyramwpphatg earbagyl age);@gf by splicing the

PCR ﬁ@%&n‘é? ﬁ)@%ﬁ%ﬁhﬂ‘@ﬁk@gﬁ% 1 BEE S@ﬁlh%)te BY&REb&hE @pbl%%ieﬁ(t% primer

€Sl s constru conpri si ng
sequené&yffﬁ&tm@d@ns @ﬁEBGd Bend)ERGS wirgdwneed fromcbA! ©TAG during

ampllﬁf%tg&gtogﬁt?'ﬂé ans osomg birlcﬁ O# Sivds! %“f’ttel' 8{% %]BE%%? 3’t1’t' Sverhangs, the

ure was res ectrophoresi s
MevB épteont was kigatelllintbthg Tantlomag vgetlor p@Rﬂdb‘(\Q@Qg@n Glatlhlzad CA). The

MevB (qu?sqcl)i(la!? %ngg IeéD%lNisAec{ %\f glgﬁg} V\@ﬁglo a%godr}s{rg%%ﬂ é:g%)ﬂ?egﬁ)g unsbng Pst]
restrictionnesme Ofes flvirgcthel rgadiiBh mikidd B gelt—elgmmbmmsp gelax'tndcting the
o210 BB e ARt 6 sl A st U 205 GRion

enzymé i SPlecttr pBBRIMESE h 8oV RB&HK BE| GernVEB(1): 175-176 (1995)), yielding
R) - mreval onate to | PP, nanely neval onate ki nase,
expressiproBlopBIEIMEEB4®- ki nase, andmeval onat e pyrophosphat e

[00187£ar bo@ﬁp?@s%mn@l%rﬁﬁ%ﬁp ol BeN@ated BYhRESL e MBRo Dﬁemron into the

yi'ng from Saccharomyces cerevi siae genom.c
pBBRItMQSe?omqtﬁg The déBLenreron en¢nsles iy samegagEmesanthgevB operon, as

G
e
DMAPiﬁ‘u The MBUSSIO WRECGEGKated PP CR anplifying ﬁ@mggsc&zertchza coli genomic

o BBHERE RS s 00 qanBg A5G g CPachung

primersithaevaitained en yrad péevsetivat enzyarenite\zk thed)S' endrd d&gpstmg the
phﬁgg Pé%ér}'gar%ne?xé@ r{mfx rl%gggl ug Xongcﬁtres(%xrlctygﬂ 44 Ve{'ﬁ!saﬂllng the reaction

86<T Mg appr opr i
mixturé By gehnglecrophboeesis g¢l amdomsg thie (EREb fr&gmedt ngmmgthe isolated

changed fro TAG dur i anplificati
DNA fiaggiaiiue A KaeCrrsisADieE aF P4E Of Syresp AP Yigyp-Cm
thereb laé}mi/t“dzfﬁt HF@d of &HWNBCR%BJ . Qihe WEBI bpejaili e\gtslé.ﬂb(ﬂoned into the

t cl oni ng vector p r r a . .
Sall andtfac esieggR PR TS S neEte B A ECST HICHaEh & B e 1661
175-1 78%9‘95’)51 %Ilelhﬁmgcé%msﬁbh Plaskfil pRIBBEske U?§tFa|téHt N IRRZYTER,751).

| ving the reaction m xture by g el ectrgphoresi s,

[00188@e| exExmgqqu:gplgmnd pMBIS was generate by inserting the ispA gene into
pMBIL. The isp4 gene encodes a farnesyl pyrophosphate synthase that catalyzes the
conversion of IPP and DMAPP to FPP. The coding sequence of the isp4 gene (GenBank
accession number D00694, REGION: 484..1383) was PCR amplified from Escherichia coli
genomic DNA using a forward primer with a Sac/I restriction enzyme site and a reverse
primer with a Sac/ restriction enzyme site. The amplified PCR product was digested to

completion with SaclI and Sacl restriction enzymes, the reaction mixture was resolved by gel
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4.2 kb DNA fragnent, and ligating the isolated DNA
fragnment into the Pstl restriction enzyne site of
woeat7asIpBBRI MCS-1 (Kovach etal, Gene 166(1): PeTAS1006/012467

(1995)), yielding expression plasmd pMevB-Cm [00187J

Expression plasm d pMBl was generated by inserting the

MBI operon into the pBBRIMC S-3 vector. The MBI operon

encodes the sane enzynes as the MevB operon, as well
electroplsoresis,iand ka0 SrikH Dbfy% Hppoepheasoged ekated. dde isdlated DNA fragment
was llgsgt al %Zt&gggctgbz r‘%é%g resti %tgrrxl E,%{(nlq?ﬁgfet (?f )P%IF ther-le:g§ pi\c@lng the ispA4 gene
3’ of zdi&ﬁ@ dfel BB opetan, gﬂpmmn@bwpfekwompkdsmgi lsbd@]i& Gsee [BS. Patent

3 d} gene (GenBank accessi on nunber AFl 19715)
Numbeg ]r?& mers that contained an Xmal restriction

[00189%2;)’ ”H?,)éiirésfélo'ﬂ pladifid pMBES\@pps tiag ﬂétﬁﬂ'diﬂfréxh%xﬁf@élbﬁ ipR@mid
gnent to conpl etion usjng restriction

pMBISeszhacmge%ls |lsn41@°¢%sws’aqq wih ﬁﬂéflﬁpg 3eayence encoding a geranyl
dlphosﬁl'laﬁ@ §§tﬁﬂ£@ HESIRY). %bhﬁ&‘?ﬁaé&%h{@)rﬁﬂ}?sl% §n5@le$t‘icﬁ%§§ﬁénae encoding

gating the isol ated into t
the germdtdmlmphaﬁe eynthase way &ensfatwwné@éice\hy psing theroding sequence of

the gpp&%\@ o%ﬁzb%?p%aﬂaﬁﬁ k@&lﬁﬂﬂ(ba%f:estsib rﬁﬂlﬁﬂﬁj \qf732 q]ll@@

operon-was su one Into the
52.. IB&dcheatqptmlzcmfoemzymsmn ireEsclferighiotai, pBBRIMIL8e3The nucleotlde

sequenég( bv ) glg?lgercli % éer%ggﬂ?%‘éf Iﬁe%actloﬁjggzg%é fl@'%%%) ?%'m}/ﬂa? Sgi'ﬂ‘gstnctlon

enzymé sit€) 2nd bdr) be cned &i}to Enmpa’alslleaestptmﬂypNBﬁtﬁs wfig cloning vector

s SR o BV Bl 588 BBk d B

dxphospifa't& syfhale sg@senich evas @svlsed by digestin P thedDN ADRYhRsis@ohsthuct to

he codi equen of the is ene (GenBank. .
comple{ DS EGTHATe AeBOR G ey ok TIIDE T BaSHqLixsese by e
electrophdtesit, R ek trQAMINEIRE Q;Bpr@mnaat@lgl 1.3 Esm@ra@m‘énﬂ ahAgigating the
orward prinmer with Sacl| restriction enzyne site

isolated AN A, fﬁ*‘éV@ﬂ%@“then&dW@H regtrigl i epZy e Site eﬁemﬁw plasmid
pMBIS gfe?ﬁlm%”% H1 (llf ME) %Béﬁt(sém g@le@RE 8 Pldsthid map).

restriction enzynes, e

[00190] eact .Eymrmsmmlesmsmwémogenyram oy @ew@gmwlg operon into
I T
pAM3§M{? AS: C?QLB%&%% %%ﬁg rSRSEAR or B ﬁ@% c sl. '?@agdBIS

agnrent was [1'gated into t
operonr\mstl?(rl&tanmhf‘edim pPYBIS wingBherstdosmelsingd ScXiny redtrction

enzym% 'gr aelgg |n§ nﬁa?ﬁestrlgixow%%gb Eﬁgg&%il?gd tl’@,@g%‘dﬁét%ﬂ%lgested

to compleli®R uging) X0l @fd Fap! texpiction enzymésa e aqddl iiixgyp svasaesolved by

gel elef g%&%gegbsf hben%géﬁmg %‘qrﬁé %v%d&e %&%ra&ée%y and gml a}goll&gd HIK?A

fragmeﬁﬂ@z@?i lipgted irge I‘tlﬁthoIZiPtﬁdmsqnhaic&x mzygieasﬁe of pQ.M}sG' MeVA‘66 yielding
. 0 I SIn nucl eot i uence e

plasmif RANSEE A BRBEBhS P Sy AU eRALe JENERR-Boaing the RreVs

promofey Wab §yritBédized fusthGighhiclestilied gng eapieldvaed aito the4 GPISE! and AsiS/
gene, of Arabi dOpSI s thaliapa (GenBank &ccessn on nunber

Xhol reppncylgp@nzmgsm of pAM43, yie dmg expression plasmid pAM
[00191) Example 2
[00192] This example describes methods for making expression vectors encoding

enzymes of the MEV pathway from Staphylococcus aureus organized in operons.
[00193] Expression plasmid pAM41 was derived from expression plasmid pAM235 by
replacing the coding sequence of the HMG! gene, which encodes the Saccharomyces

cerevisiae HMG-CoA reductase, with the coding sequence of the mva4 gene, which encodes
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52.. 1320), codon-optim zed for expression in
Escherichia coli, as a tenplate. The nucl eotide
woeeqrangre4was fl anked by a | eader Sacll restri @CTms2007/012467

enzyne site and a termnal Sad restriction enzyne
site, and can be cloned into conpatible restriction
enzyne sites of a cloning vector such as a standard
pUC or pACYC origin vector. The synthetically

the SteyiFsistoatBdngesssliyG-dozh nﬂphake(@%dnﬁ%cessmmmmoooon

reoion b A b S B P SRRt i

from StaSBAbM0BEks AP edisubp. Qlrdis(AIIGC b90@|geﬁb1ﬁﬁi ]DNrmmflﬁg pfimers 4-

NN 7 N TN A TN CN AT WA

fragmelﬁa\gaé' cﬁé&técﬁd tntedoH Bsifg Sﬁe]qfestﬁéﬁ&?%y‘ﬁ{k ﬂ{eﬁ‘éﬂétﬂ)n mixture was
yi el di ng expression plasmd pI\/B

resolvembglgebelsctr@hoaesgﬂ aB¢ihe qmmxm{atmi G| kbR §§sraﬁnt was gel
extractél], ThT A Ha; Ay}%&qﬁgﬂ?@s‘?@ BYed FORT ;?AN@ 5tH)RiME¥iRg the plasmid

operon’into add| ng TacUVS pronotérs
to complatuﬁn usihg anmthestW@tlop enzymes. Thedenmng weha@gs rhthepesulting

inar B LSy 59 pRATE oSBT} IO Ao v

partiall@ ﬂige@ﬁdsustrg Speh ﬁesﬁ-lmionfelneylmé’ﬁﬂe peagtion mivase diagesvbatdtby gel

et i usi | . and Padretrlc enz
ctectroGEhE STk S B St B AR T IR o Frogmens
was lighte@ lvﬁ?ﬂtgk B‘p&&fﬁg@ﬁté@ Al PER pgﬁlucg &ﬁdlamgeﬁpre;ﬁdn brasmld pAM41.
i sol ated DNA fragnent ed into the Xhol
The nuplgQdy SOPERFAI IR oL e SR AR ‘R4 8BS0 cgRfhingg i pAMA1 is
SEQ th\mmld AR Bis AW ATAMGS 00 MIMGSCH4 senthagd €ot i de

guence encodi ng the | acUV5 pronpter was synthesi
[00194] ; gm dFAPERHIBI RN RAMAG PERSEEr G SPESTIE PRSTH PAMe1 by

H R éb,@lthégkt;rm hOWIIBK }éﬁ%déé RS RbR e
replaw%t e&ag]gg%grengy on p asm %Ep AMAS . [00191] Exanp% ’

cerevzs{a@dirgm} %wﬁ synehesesprish theseodingeseqpenaesdshg wvahgraes gvhich encodes
the Staf}}ﬁ%c%%?h@ﬂur‘é%m}ié -E8K QP RS RN BB Qécewsn Ma¥eaB A085017,

'ococcus aureus organi zed In operons.

REGION:®639] 8@)@6993@6)0 iy }plcadmgﬁegw@mzt ofithe tieas§ geng WasoPR amplified
from S%ggﬂgscioggtg ngrﬁﬁphﬁ?éB%%%MAﬁ] '7666%%8&1%6%0 Hsing primers
HMGSSH Sahavafsg (BBQAEY WO SI) and HVBSSGA SaenhaSt AS €SEQi IChNOh &), and the

amplifigd SN ERRGIAEh oo T A & Rt s AGOnE RARRE Sil\ence of the
HMG1 %ﬁﬁ@ ﬁgp?ﬁ[ﬂtmﬁdlr?ﬂmkthdm @iSE;]l‘é% 32 gzggécﬂﬁafefi‘;ﬂli)e:%SQZ
2000y pisfigg spfyrt lneid M oA RufRBgas Brubnet & 066,

afoB(oﬂ?W%%pb’ibﬁ‘@orﬂémﬁ@ ilﬁpAMS@is BEQAIISPED: 42SEQ | D NO
49 nmvaAR Xbal t he arrpl i fi.

[00195b\p r%@%%%ﬁtOl\/%lést‘gé%Méa was desﬁfﬁ &PFfb PESFINY Pes i&Amas by

replamﬁ@ﬁ{erME@TG@oﬁé?éﬂ UBth th8 ?atBBéﬁi) PRaSImiiad)) Bp¥af of efprelsish plasmid
y_gel electrophoresis, d the approxi mately 1.3 kb
pAMSWpﬁng@srmggpA@éﬂS was dlgested to completion using 4siST and SfI

restriction enzymes, the reaction mixture was resolved by gel electrophoresis, and the 8.3 kb
DNA fragment lacking the MevT66 operon was gel extracted. The (afoB(opt). mvaS: mvad)

operon of pAMS52 was PCR amplified using primers 19-25 atoB Sfil-S (SEQ ID NO: 6) and
19-25 mvaA-AsiSI-AS (SEQ ID NO: 7), the PCR product was digested to completion using
Sfil and AsiSI restriction enzymes, the reaction mixture was resolved by gel electrophoresis,

the 3.7 kb DNA fragment was gel extracted, and the isolated DNA fragment was ligated into
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extracted. The HM3d codi ng sequence was renoved from
PpAMR5 by digesting the plasm d to conpl etion using
weoli2outliBéo2nestri cti on enzyne. The term nal over hangs20f/012467
the resulting linear DNA fragnment were bl unted using
T4 DNA pol ynmerase. The DNA fragnment was then partially
di gested using Spel restriction enzyne, the reaction
m xture was resol ved by gel electrophoresis, and the
the AsiSt SRI iatrididniehagne site vhexgedsicrplasmidepA MAheyiekl@exutession
) %Af?agrrent was |igated wwth the S>e/-di gested nvaA
plasmid 8foduct, vyiel ding expression plasmid pAMAL . The
[00196]nuc| eekpféssl&egmeme@paMgmmmmﬁ(wtv)edm@ edgropion plasaﬂ{a

peron contained in pAMAl is SE
DAMO7Gna G AMIGSRY 2esInEE s M oeRns RAMS L wifllye S operd of
pAM45 E}fﬁé ﬁ/ﬁﬁ' 6}5&&{ @ﬁ@@npﬁhﬁ%mo&eﬂAmag ub i@ PrEvdts gsmm EQ ID
asm d aci ng the coding sequence of
NO: 8) mﬁ-Q%éﬁEQ KLhKI g,ﬁbea@gtlph@ls%%waﬁ sisplyed by gel
electrop?x?fe%ﬁ' ﬁ‘le% P33s ge ﬁh clddCartPiie n%lﬁ@@ BN $ragment
gene, I ch encodes St aphyl ococcus

was dlgasxeciau:scdamhemusyg Sha@mld()@d Bestctimrenzymss. Fxnression plasmid

pAMO97 S%%Jggg'%ls éd (e)o}letl sgté%L%)d a?lg %%‘Z’ﬁ ggr%‘luft@gegﬁgrgg%%e reaction

e was
mxxtureSt/aﬁsp’esﬁloabb}Z gelclentropheresishthp.7.G kb dragmeATeas gﬂ@ﬁﬁ)icted, and the

ot S R R TR R B R, SR Brreson

plasmidpMo7iBIDNA fragnent was used as a PCR priner to

| th f th i 1.
(00197 o GRRESEIEn PHEMIB PR G Wi dertves SR eSmERH Blrwid
pAM97?a}1d€i§x1ﬁ25 @Qgﬂmmgm@mm %p@i&[cﬂ’%ﬁ&m7 MlﬂrSﬂibM@/B\/Sﬁemn of

he nucl eoti ence of the ato
PAM450]{§B? MevEorraarm ¥is P Roppbfi l%frmw( Sl%zpmf’%fé fg@ic (SEQID

ik MBE wak AEORERHIRI ON
NO: 8)%‘@?@§§A%H%ﬁ§$(?e]&§2@§r%ﬁtﬁﬁg I\ilevT66ao eron v“ﬁt t he

electroqhatqggg ﬂ'ﬁt% 9 #bd@\lmfggg}nm@fag,gebepxt@@mdeg e isplatediQNA fragment
was dlg@é%iu ﬁgﬁkgﬂ%%gf )gﬁﬁpfé T'ir restri Ct I on eﬁrfgsi/s;%lsplasmld

PAMS 7t vhas dlgeatd;d tmqmpdcmreumSace'saoWé@I psstuigtion enzymes, the reaction
mxxturee\ﬁgscgﬁé&%gg%elsele&{%g)hgl:é% S, te]%t?lr(g 16?'}%&{?%9&‘39@'&%&@8 and the
isolateddDNB( fopgrhentweds: lipasedl) with éiedvicoB qp%ﬁ’@&:pr&mat anglflingiexgression

ngrs 19-25 atoB Sfil-S (SEQ ID NO 6) and
Plasm‘#@&%ﬁ}ﬂjﬁ}& Asi SI-AS (SEQ ID NO 7), the PCR product
[00198Mas dEgesdssidn plasaddpAdl 28 whis gergrdiéd by ansertig tBe

Strl tion en t he reaction tur
(aroBCopy s 60 FSEHERS operors AL exprs e PRI S RIS Y for hat
comprn%@ |théi‘RId(QQﬂi£ﬁiﬁ réplitatibe, Segtﬂgatﬁ@d aBBI@némtagmtsywaﬁa which obviates
i gat ed i ntot

e comb s Sarb G S b b SIS TS i v

dlgeste@@\&zﬂplk@&laﬁhg ey rr@s?ﬁbt%h éﬂz?ﬁﬁ' meﬁéé@%n'\rﬁxtm@&as resolved by
derived from expressjon E
gel electrophoresis, the approximately 6.3 kb DNA fragment containing the entire par locus

was gel extracted, and the isolated DNA fragment was subcloned into the Pst/ restriction
enzyme site of the mini RK2 replicon pRR10 (Roberts et al. (1990) J Bacteriol. 172(11):
6204-6216), yielding vector pAM132. Expression plasmid pAM97 was digested to
completion using Ascl and Sacl restriction enzymes, the reaction mixture was resolved by gel

electrophoresis, the approximately 9.4 kb DNA fragment was gel extracted, and the isolated
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pAMB7 and pAMA5 by replacing the MBI'S operon of pAMBY
with the MBI operon of rAMA5. The MBI operon was PCR
wanpl7iBoed from pAMAS using prinmers 9-70C ( SEQPCDUNEN07/012467
8) and 26-39B (SEQ ID NGO 9), the reaction m xture was
resol ved by gel electrophoresis, the 4.5 kb DNA
fragnment was gel extracted, and the isol ated DNA
fragnent was digested to conpletion using Sad and Xhol
DNA fragsient olab tigated intontise MxpSaed sestuictjpinasy ohe sARRY pAA4E132, yielding
di gested,t | etion using Sad and Xhol restriction
exmesséﬂ’g?%é@d{’%yﬁﬁggcti on nmixture was resol ved by gel
[00199%! ect r@m_l s, the 7.6 kb fragment was gel

t th | at ed i t |
00200 Sl G B et T RS 8o G ecoce
enzyméy @fStHb IR frm{l%}zl%}:oééw ealis Brgahizémud operons.

-MevB was derived from expression plasm d pAMB7

l0020lind pANesniPAMAL stasegneried\n) iosgHes e %ﬂm%m?ewetqf the mvak

gene of EﬁteM%’b@c E&H?zs heﬂﬁ%@acc&k@o%ﬂxﬁb&pﬁf‘mm%%N
anplified MA5 using prinmers 9-70C ( SEQ

1479. 38?)902\megéesmcetezE@qﬁoamltrmgfm@ﬁélM@a@%é@dvf#@ép &HMGR)) into
the pB]¥Y@§ct{i‘|€I§ %S’(-’?gv@éf?lg The Sh&H g 59 g@ %E?he Jtﬂﬁ g r% Wi PR amplified

extract e 1 sO
from Ehmgmus ﬂgasalah gpastnec DNA CAW@Ce‘t'OQ&Qngmg SSahbsa’hqry)atgd primers

cs0 mFEETGIAPGRTEATES P REE SRR PP 13, ovc

that priewez ¥rd® mvhaBE Baeﬂo‘.l ¢hanges the staet cwleonrof sied meaF gyngfrbm TTG to ATG

i the SR PR PERNCEhEnF Lo Bk R R, MR LSRG p o e

restrictVdr dhziyhire sie\oB pmeémlﬁEpr(m@tagene dlaliotly, €4)y wisiglin
pl as gAl\/D?ég/e [00198] Expression plasm d pAML28
exPreS%%PgléWé RO Gy i nserti ng the (atoB(ppt):nvaS: nvaA)

[002022Nd  VBISSIRIISS O0S 8 QfaseRERsl BNinbrang ek ébﬁwgsdqﬂbﬁbe&)f the mvaS
vector that conprises the R Iasmdre&dcatlo

gen of Ejeecpacriacanil (RenRessmscesiay BuBhyr ARZUIPIGREGIN: 142.1203)
(encodggf FMGICGH QSthRREEINIBSS) Piatd me%lﬁeﬁ:@ip?ﬁK'S@-p) w%fctd?oﬁltle coding

ransformants. The "RK2 plasm d est ed
sequenceabthstrinms genk mgps PSR amplified éxtonbﬁn@mc;ﬂﬁeus h@lrsgge@mmeNA
¥ r -
ATCCIUET ol FROLNEE Y sl B RE BRSO N 13)and 4
39 mvaSR BamHI(SES BN OQydH),emtithe PER, pradecttwas ligatddantodth®Nmal

restnctéor{lzgﬂgﬁlte SIS of PB?L%ES%%S%;I&% (?H Iﬁa]g%%eh Lh g&fl% é(;&d g)i(;e:rl?igg g%(pression
plasmldeAI\(Il&QO) JBacteriol. 172(1 1): 6204- 6216) , yielding
ector_ pAML32. Expressi | asm d IVB.7 s _di gest ed

100203 o O EREFTEIIT RIE R DAL At GRBr s B ot o N cauence of
the mv&? gemeaséhxpmsmn@whﬁdwnemb \ﬂ&]ipbg?_ g@&-gcobﬁlzctfor. Vector pZE21-

el ectroophoresis, t roxj mat . ragnent . .
PLucoujad A5HYAOR A Er IO PLEAL NS | Sovaich dBnigt PrIER vaq bTaced with
the Py. Jaéo%icﬁﬂotbm(gi kel Blijatd 8397y Swbr i &t Rbs. @871P08-1210% Bxpression
plasmld pAM16 was dlgesteg to completion using BamHI and HindIlI restriction enzymes,

the reaction mixture was resolved by gel electrophoresis, the approximately 2.4 kb DNA
fragment containing the mvaFE coding sequence was gel extracted, and the isolated DNA
fragment was inserted into the BamHI HindlII restriction enzyme site of pZE21-Pjaco1,
yielding expression plasmid pAM22.

[00204] Expression plasmid pAM33 was generated by inserting the coding sequence of

the mvaS gene of expression plasmid pAM18 into expression plasmid pAM22. Expression
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expression plasmd pAML28. [00199] Exanple 3 [00200]
Thi s exanpl e descri bes nethods for naki ng expression
woeat7as2t hat encode enzynes of the MEV pat hwapCTiusm07/012467
Ent er ococcusfaecal i s organi zed in operons. [00201]
Plasm d pAML6 was generated by inserting the coding
sequence of the nvaE gene of Enterococcusfaecalis
.(CenBank accessi on nunber AF290092 REG ON: 1479..3890)
Plasmlé A e wag diggsted jo coppletion nyingrgibfand Bl iHestOsion enzymes, the
) Yo . ) 2 v
reactiol BN oo E Shoaioy S8 P REPIRILHE BE bRiresifitl 12 Py
fragment egntaining the coding fseqratt of tenoniSgebblivasAECETANRY) 2)d the isolated

DN 1551 W PR i X BlrmBl B e hig s Briy22: Vieling
expresidio plasiidpAM3er 4- 40 nmvaEF BanHl changes the start

odon of the muaE gen rom TTG to ATG in the
100203f )" Einyessis BlruniiRAly 4 sderetscy estie Sus rerasiagas
operonlof @&pREsibA plasii@ pANEE3 @S Védt6d p ANI2ON UL Av@E operon was
. | ueScripl I-KS(+) (Stratagene, La Jolla, CA), | .
IS°late€E%Paﬁﬁ‘E}y grstieg Péﬁ/g%ﬁ using Fcpifrestrictign sozyme) digastige the resulting
linear DR et BRDENALSES NI \SBY D EésBﬂ?né:@l@ir@éebrt]i%g ﬁt&‘iﬂ&@ by gel

of the mvaS gene of EnterocoCcusfaecalls

clectrophoressiand ash fpscting siromproreatdKs 6ldp DNve Gapment dbd esctor
backboRte IVEARER S4bBARRA YRR skink 1 eorhgﬁggg'gsdg@%ibﬁ’%éuﬁégﬂdzs

. vector. The codi ng séquéence of t ne was
using Miwpand EcaRf yeswicHnn enaanese tesphingthiegeapsioomix tubblhy (all CC

) ' L. .at (o =40 nva
clectrofidiEHie ool el Brorgs R JPA -G B BEDNA BABPEYE) Th owo
isolate NDN A fipgmants wdre lipalied pyieklirgg expaassidngaiheidi pAM3the Snal

estrigtio nzynme site of pBlueScripll-KS(+)
[00206[ Straté(g%'nrrg?ﬁLa Jolla, CA), yielding expression
[00207p] asniThipétdmfle deaRBESmethods €sSinakinglerprissloR Pldmid¥that encode

e a by.inserti t he, codi ng sequence of the mvak
enzym%éﬁgﬁ%b%ﬁ/tgggy grﬁnbg 164 ROlIPTEHIEEd MPRSIIS1 - Pnacoi
[00208) ect OIExpY&siod plisaHd bANRLOS daSgehdraRd B§ihdedling/ ferfel encoding

vect or . Zﬁﬁ]}ﬂ; I\/CE | in which the tet Br onoter "was
enzymasgthie QPwIPHP pHEWBY Intp SaapAMzSorastarr Endimes ofiiee BapaPXP
pathwa{ 1:%de NacbxAD-AuIRRE-S-phospldild s grdhilk-(ekedAEE B9t \dxs gene of

plasm d pAM was di gested to conpletion using Bamﬁ
Escherigfitq qq! ﬂdﬁﬂﬁ%e@rﬂlew‘%:ﬁ-mﬁm redupteisomesasedpngeadgd by she dxr

gene of\WaSHERSML 68, Q%iﬁﬁ&spﬁb@ﬁd&?@bﬁ%@ﬁigﬁD-E rﬁQP{?}ﬁma@Eeﬂched by
2.4 kb _DNA fragnment coritarning t nvakE codi ng
the ispI2 ganepBsafigrchyel CO(—i%taFldét@ﬂbosa)%écxthb'lﬂ%mathe'd-mhﬁml synthase

(encode:d'e @?{H}ég%pé’vgé)é SRLhEESLAL E'c?li):3 %&%tpgﬂc{%%{sﬂm pyruvate and D-

| OR enzyne site O
glyceraldehyde-3-phosphate to 4-diphosphocytidyl-2C-methyl-D-erythritol-2-phosphate.

DNA fragments comprising nucleotide sequences that encode enzymes of the “top” DXP
pathway were generated by PCR amplifying the coding sequences of the dxs (GenBank
accession number U00096 REGION: 437539..439401), dxr (GenBank accession number
U00096 REGION: 193521..194717), ispD (GenBank accession number U00096 REGION:
2869803..2870512), and ispE (GenBank accession number U00096 REGION
1261249..1262100) genes from Escherichia coli strain DH1 (ATCC #33849) with added
optimal Shine Dalgarno sequences and 5° and 3’ restriction enzyme sites using the PCR
primers shown in SEQ ID NOS: 15-18. The PCR products were resolved by gel

electrophoresis, gel extracted using a Qiagen (Valencia, CA) gel purification kit, digested to
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yi el di ng expression plasm d pAM22. [00204] Expression

pl asm d pAMB3 was generated by inserting the coding
weeqranere4 of the mvaS gene of expression pl asmpdTuAlbDE/012467

into expression plasm d pAM22. Expressionplasm d pAMLS

was di gested to conpletion using Bglll and BanH

restriction enzynes, the reaction m xture was resol ved

by gel el ectrophoresis, the approximately 1.2 kb DNA

complet{drAsHRAp @maae fésﬂﬂ:ﬁogeenﬁyxgb@ G\ gué mé odr thi ];EQR/p(Sduct

ene was racte te DNA f,r agnent
comprisyugthe ae et Pl B ABiktar e BROR praict s Gpaang if 3T Hine: Apar
and Nde@'ﬁl)\pt%e POREhdns: Wtﬁﬁrgg @8 iP R ened NBWEsd ML ﬁie PCR product

Expressi on pl asm was generat ed by
comprisittgthaverE EEE DY AUBRCBNSEEH QBEFR Y Yencin %Bf\%%‘%{%‘m kit.
Roughlgbgcﬂlﬁ{o Qints d1%abl P REuARFEE theiBRided 8 aliggtithreaction to

I'gesting pA usi ng ECoRI restriction
assemble mlzqmehwdluaj gsmtsngtq areopegen| Rrpmgthisi ligagion thpp,ab HEof reaction
SR ! 8 86} biilthe ispD-
mlxturem' %&‘%F‘g/lt%éc eqmpel t(:2t s;%ga% %%‘?scag&&g Yap) X{Plr é%t ing © isp
ispE gex@ﬁs@ettdgﬂﬂﬁﬂ Sxs3dxr debe Mﬁh‘ce‘ ogsBAR arﬁh@@ﬁb@ﬁt"@g P’b@@l‘étﬁ?ﬂ bA'

B L

mplxﬁé@@sﬁﬁ$ fiimefs GNERIESEQ esom: 1®) dnlde67r HA T (SEQ ADXVQr 22 ifhe two
ectroqho esi s, and extr

PCR pragst oy PrrefEeilyec by ERiFIESRp ?fgéﬁe?ﬂda 501 R8pGiB T BT roduct
compn%ﬁzercﬁcg% &é’ﬁsﬁéﬂe'xﬂ@tcﬂgestw &l dﬂinitﬂet&)ﬁpﬁs&ﬁ@k’bnl and Apal
plasm d pA 00206(] npl. e 4 hi s exa
restrictige §B7YHSS ameth@ <R pee %R‘M@“%%F B8 HSS
£ BMEY ﬁi EltG/bIRER duct
dlgesmd;{h &gﬁelggﬁ{z}g ?%a{)%gdr%?refﬂaomf reSS| on pla focues

m d
were ptpMOS’GWaS pHMRG W@%dﬂgbslefli ws@mplﬁgog éﬁ@g SeHcwdiMy! restriction
enzymes %r%ﬁg&gg t‘%&lz ﬁ%gtgdo CR R@&Bc@%ﬁ)n%ﬁ% %at o B eDI?Q?"l\f?thway operon were

way i nclude
hgated {ntel eoxSal DAyl m‘stuseememymmm@‘ tlgg AN VecsTe Bighding gxpression

0 c h er i C 33, I
plasmi Pé@ﬁ‘@@ (gie;kef%ﬁ oser osphaafg r educt oi somer ase
[00209] enco®sgrd3yioh pasehid pg.M-waWasEgmtmte@ hy nseutitig) genes encoding

e SRS P T R D328 oron

DXP pdth@hyp mmécm-tﬁi ety -I2-Crythiitoy |2@qulphowbhtesynﬂlhm(encoded by
B e A R s

synthass '(QKLQ)EE'JPB €hd z@pg eneé ?Zf ESChﬁ”fhm coli), and 1so;?entenyl/dlmer:hylallyl
lp osp ocytl - met_hy to ap, e

diphos iy sodshiby 1 e RS SoTHer S qelibatn

transfolgﬁ‘ ‘?4Qﬂcg\h&‘sggbfésﬁﬁypﬁctrh@chyr-gpery{?a(Rop@Iphmmhammpgaae IDMa®P. IPP

ng the codi ng sequences olfl ?1 XS
is also Q@emsa%t@ F@ﬁugiu%é‘ﬁﬂt’ﬁbeﬁwm lfiphosphate isomerase
(encode%?’lz; 2 iafobnd QbescAbHichilBsFaDk 1 APP @4 b PurthFeBhverted to FPP

through the activity of farnesyl diphosphate synthase (encoded by the ispA gene of

Escherichia coli). An operon encoding enzymes of the “bottom” DXP pathway as well as an
isopentyl diphosphate isomerase and a farnesyl diphosphate synthase was generated by PCR
amplifying the ispF (GenBank accession number U00096 REGION: 2869323..2869802),
ispG (GenBank accession number U00096 REGION: 263 8708..2639826), ispH (GenBank
accession number U00096 REGION: 26277..27227), idi (GenBank accession number
AF119715), and ispA (GenBank accession number D00694 REGION: 484..1383) genes from
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U00096 REGQ ON: 193521..194717), ispD (GenBank
accessi on nunber U00096 REAQ ON. 2869803..2870512), and
wogpE/13®emBank accessi on nunber U00096 REG ON 22®/US2007/012467

1249.. 1262 100) genes from Escherichia coli strain

DH (ATCC #33849) wth added opti mal Shine Dal garno
sequences and 5 and 3' restriction enzyne sites using

t he PCR Prlrrers shown in SEQ ID NOS: 15-18. The PCR

Escherihiq geki stroierleH ] 6A3CEHPIRA%Y wﬂl@dée@ ppimal Shing Dajgarno sequences

and 5° 8%4 BAFLRELtib e@ﬁ%ﬂ%e gtm% a?gf:d iatd PCR Y mers. The PCR products

purification Ki di geste et1on dsing
were resoprediinl gal elactrophoresis.ael entza;qtgt digesteddanith therappfapriatehrestriction

ST AT O 06 0 0L o gt o

the PCRoprotiha cBGiprisingrthe tspChgere; Salignd IK@nJI ﬁnr[ﬁhg PAOR; privdedt cangbrising

e o g Sh G AR R AR RS 5 B S it and
Ncol f@uhe fPicuabt'danchmperg;ﬁmbysﬁﬂgeﬂég | 2l pgatﬁ’filmggt ?gt;)échtlfi‘ gﬁﬁ?lglar

P th dded 't
smouniscQlREf b OCHER VTR i IS0 A NS IgP I SO (i

individull §ede‘s %b'aﬁfbp’éﬁfhc FiaR thid 1i8hti Y ren&@6H, 1190 dFr&dcios n\ﬁ?&ﬁlre was
anplify 2 separate gene cassettes, nane

PCR a
used totj ﬁéchE%n 1Y 2 seRaratenEenE SpISeLptE: ngaRly Badsit{s8G antithe tspHy idi-ispA

gene cé’?&?ﬁ%i( ‘Thg%%?? 8%%% @aéé@tz% d@@g;@;ﬁ%&h 1?%%Qagﬁfbg1ﬁlo%fsr§if.§A-C (SEQ

ID NOz23) ansed '3PEﬁ|(§EQ IQHHQ eay sadthe isnH-iPCRP4resng Chssdtte was PCR
amphf}éﬁ'déﬂlgg{rh{{%% #h@E%\&ﬁg@Rl P/I) 'é'.gu 4 6591-@P¢e§ 1D gaz)b The two

SEQ | cts were reso
PCR pg?@luwlwa rr@phmdém gl ebnttoglmreﬂxtand@eécbmm PBRPCR product

comprB 4 ST AP e AR SRR Lokt o

restricténzgmaymes aandl thh @m(ﬂopnaprrmmgmhe ﬁﬂgzdzh@A g¢id- dasgelite was

s TR BB 0 e GO PL LD S8 o

were pufied. pJUdfdtéﬂ PAIM3Y8 a8 lcreutd 2y ¥i38muliae Seqsl SO0 EIRRIFRéPIRAtIon

f {) nd M ul retrlctl lrh1en,7_ nmes, and_the two

om PM%@ %@S@%’i"%ﬁﬁ’c&e ¢ AraRiAT iy raspikance Sism DAB! ked (e and

Bujard{PSYDIVNR I4Rids Lt 2511208-02 1 6)8vifiahn o%éﬂucle%%HéJgGBérﬁféd lacUVS5
enzyne site of the pAM29 vector, yielding expression

promotsr.eRter RANZES V(ag,éiégqspegll}p @ompﬂq;pndlsmgagqﬁzﬁl A Neol restriction
enzyméD 8RO He FBIRSEPOR ROARHN &r@aﬁ%%%h%tgﬁﬁ"e Peﬁltw?' operon

Inserting genes encodi ng enzynes of the "bottont
were 115%??1% Wetg ﬂilfh amfH NegAresBrtipaengyme sitg ofids nffMBHR vector, yielding

B9 blRid &) hway include 2C nethyl -D-erythritol
exPreSSl Fcal C gl gﬁosphate synt hase (encoded by the ispF

[0021%ene d?,xlggghm plashisl pYVIH24, a derivative of expression plasmid pAM409

contalrhlﬁ%f-%rbqéy ﬁo{f‘? l]%l%Z gﬁéup&t éafti%nb*vgggg‘rﬁ I?ﬁ&? transferring the

as e enco ene eri C
lacUVE ptc)motanahd e p@ﬁ@fdydiz/—dpAlehyinaiﬂMMdO?) tothp IMMZS 7 vector. Vector

pAMZSS?/ 535 g%’%eer tﬁg t%g gogpom%? tt{e:}glﬁé ?y%%;_' fﬂ%%g %vang 2 he[lh E ifr%m RK2

plasmldﬂNAQ vy Boendl | [d975)cianet 190102641208 hisigd pAmBROspHEA €SEQ ID

|, PP
NO: 33 (e)md 9-1 %d(s%\@ ?B Né) ﬁt), the 2.6 kb PCR product was digested to completion

using Aatll and XAhol restriction enzymes, and the DNA fragment was ligated into a plasmid

containing the p15 origin of replication and the chloramphenicol resistance gene from vector
pZA31-luc (Lutz and Bujard (1997) Nucl Acids Res. 25:1203-1210), yielding plasmid
pAM37-par; pAM37-par was digested to completion using restriction enzymes Sac/ and
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is also converted to DVAPP t hrough the activity of

i sopentyl di phosphate isonerase (encoded by the idi
wgens/16992Escheri chia col). DMAPP can be furthePCT/US2007/012467

converted to FPP through the activity of farnesyl

di phosphat e synt hase (encoded by the i spA gene of

Escherl chia col). An operon encoding enzynes of the

"bottom' DXP pathway as well as an isopentyl

Hindlll, dtemée&miamectum msalvedtly gelf eleqieaphbragisp eI 4t sagment

L

and the i2SBRATIN A2BHDBER wasi lipaed(icrnBa Ske BHedHiste of thepaini-RK2

2 -
R ORI T e g G gor s
AW BN and Hind B) &imh n&amgymes the
s R S gl e
reactlong@lmse tas rgsodveel hycerl glecBppharesis, the pRProx y#%@ 23%
fragmenglacnmg[d(ﬂg ?P&dlfmjeségh&e%%laﬂﬁr&ﬁ" SHGUEHNGE Drightiwhs gélnstiracted,

on enzyne sites usi n&gt he appropri atNe F
and the ﬁblam*BNATﬁegrﬁ@R wasdigatedwith psyptstcalbgemgraied DNA fragment

compnsg)‘g%f %‘E}BB’?\ omnﬁ mgﬁlate@é)wa?\%tde}dcd %ﬂcgﬁ&et@st\o{'cﬂbn Efﬂﬁyme sites,

I on enzymes and
yleldmgt\feeto?GRMEmi (Expressivorplasmig pAM 402 pas gggegted i ﬁpmg}f:@on using

faor. the PCR duct Conp:
ot i ek P s TR s ARG AR tRcrpporss
and the xinfatly 4 Rb HNA Iftdgnfeat wahgelmapwddUe@toc pAPEL | ip
i di gene;, Hndlll and Ncol, f t P

digesteiarpomRLFTRR s [ PRUGD B e Pl SR RpHE DNA
fragmerfR GUhiARIiAY HRITRLUVS pi’f)mewﬁ b.ndPﬁBFkﬂwaezkpA\BperonWs l@awdnto the

to a |igation reac%thg .Ag\ﬂfﬁ n‘? 1§PCF i ndi vi dual lasmid
Xhol Pojligeisiclipr SNBMSHET YE9T YISt BR FREETOR ST
pAM42216(sé§:IFé%§%(§ 1?3 pRsklineapyas used to PCR anplify 2

gene cassettes, nanely the ispF-ispG and the

[00211]i spH—EdMP_QﬁA gene cassettes. The ispF-ispG gene

casse ressfoft Plastiids Vi encod
[00212) 3° 5 B%%@ﬁlﬁ%@%délb@%%ylﬁ%ﬁﬁ%ﬁﬁ%% sé B tﬁlﬁse encode

enzymes sipiticonivert ERRog&F®. cassett e was PCR anplified using
[00213]pr | ne%?cppefﬂggtpgs@%gf ¥§9NOAD?S7*)va %&e@aﬁe@ ﬂy %s(eéﬁ@ al Ricleotide

roducts resol ved R?g
sequence| ecbdinp ianraemrpha—énd cgeie synthase (“@DS’m@tOPGQt%r 6A. The

oo SBAE ht  ERES el s s v
the amn’fl@ deitRequdnle dedﬂlbé 1daﬂm:n‘l 1¢:3 thag dedveibed piiVlerke et plA(zj@ﬁéAch
Bloche qop&z 13%317? 01%8 &q{%@le ngﬁ {ilé g{b‘mﬁ%ﬁﬁlcgﬁm l}gg gmorpha—tl 11-
diene S)Wﬁfx@e lmék[gl Jﬁtlﬂﬁzed/ﬁﬁteﬁprepﬁbﬁ frBEmﬂz{:srzchmatoéd alhr!/sca'dlsethblnunlgmlde

t
sequenq;e\t?@sfJ ﬂgﬂ(teg :‘;IdgaIGS 8ra 3(; %rcgnrﬁt}rﬂxgt% gnzgl{réensgféje ee U S. Patent
NumbePZEb2 7l4p T(hleLﬂuéle@ﬂde Rjuenék waddigpstbied cd%ﬂpldeoﬁesng Ncol and

-1210) wth an ol igonucleotd r.at.ed
Xmal rqsnmamyms%ttm ORI TS WS b BT GBI, T

182 WG t W8S kIl &dlatiRdSAY B Ssoled DINIE fehgment was
appmxwt%\gt ed%—_"@y ucts co%t ai ni ng. t he "bottonmt DXP
insertedppntdn thmyNaod éﬁfnm{ restnctlon enzyme site ot the pTrc99A vector (Amman et al.
(1985) Gene 40:183-190), yielding expression plasmid pTrc99A-ADS (see Figure 9 for a
plasmid map).

[00214] Expression plasmid pAMI113 is a chloramphenicol-resistant derivative of

pTrc99A-ADS. It was generated by PCR amplifying the chloramphenicol resistance gene
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were |ligated into the BanH Ncol restriction enzyne
site of the pAM369 vector, vyielding expression plasmd
WOAMYNS3992f 00210] Expression plasm d pAMA24, a PCT/US2007/012467

derivative of expression plasm d pAMA09 containing the

br oad- host range RK2 origin of replication, was

generated by transferring the /acUvs pronoter and the

| SpFGHi di -i spA operon of pAMA09 to the pAMR57 vector.

from vecYSICHDA3 RANPE Aitxexsd Bejaed aood) Muck atitipRes. 26H0RHA2] Oppsing 5°-

| ocus was PCR- Li.fi r l.asm (IMBYEL R
phosphogyisted POTERF S3110AGE TP 248 (93ayBISDn 3t Her 7 lns7-S
(SEQ Iﬁﬁ@@égp, DNPinseAngihd 990 bpTEER pficact Mtd\he Bp) restrimion. eizyme site

kb PCR'product was _digested to conpletio 'lrig Aat H
of expresgion asmid EIOPArADR: ?é‘r?i‘i)ﬁﬁ?fprﬁ?ﬁﬁo HIQSIBK&] gient was
[00215]I | gat ﬁvg)%ﬂegktl&‘l g%ﬁﬁﬁ@@v@@%&@érﬁﬂeﬂ%ytiﬂﬁr@ﬁg 5 gendmicrDNA fragment

replication anhd t

t he chl or anpheni col resiu%;anceﬁggne
of Baciltusonbtilit6@T] ¢umyising the coding ssAvensgA e 7 CNLe upstream
. Aci d . ,gzgc% Lergti1ng REGRON 4ol .48 piB) into
genomlcp%%cgg?(}ﬁéé [ gegt gﬁp%%m%%rezglyeti on usi ng rest.risgﬁ)d%nH
vector pAREPREEAIBan etaldHORY) Gena 6230 k34 5). Exprassionpiasid pNudF-H was

resol ved b el .electr inS,.: Bank
senerat R SFing o ool SEEARITIES g bl Sublif (TSR ecpp (Oen
accessidnaSinsher A9 1 16 REGRDN :gl1 064 §548) ado vestdr phs9PAoEdpregsion

DNA f ragnent l.igat.ed i nta.th ' 1S
plasmid BTk SRROFAH MBS B L s P bl el 6051
yhR geﬂ%ﬁérﬁﬁnﬁ'accésﬁﬂmﬁﬁﬁ{beﬁ Z96)09 RESION §7583-t9500R)wLS gector

lgh 33 was digested to conpletion using Bglll and
pTre9944 ndl 1| restriction enzymes, the reaction mxture was

[00216]" €SOl Eﬁ?rebmoﬁ%hasﬁﬁ@ AMPTIOKES gcherditbba hpenitgramelgotide 4
kb DNA fragment |acking the &Enpl C II|n.[eS|sta(%ce g%e
sequencareiceding thabifargatens sYRPrY (FRas) el retitaerid (O the
accessi(ir?r%rﬂﬁé'dﬁwgf'@ﬂ%eh-dﬁﬁﬁﬁké&@} egprekdidh i Bythtiiehiacalil into the
ge

nerate fagment conprising a_ mul tli&qpl e clonin ted
pTrc99Aiveetor HBhe muskatidesaquzere ensndingbe Priggneserg PEENAsA Apgeenerate

i Sl AR Bé DNEX RY Rihedi9 Bomiudsrirging the
Symhetlﬁi‘k%(?gdv\x’b/aag ag]:l%]glsezﬂe l?(chorrpF%_t i on gsi ngl _X%_ol and rI'}’gcl I
approprizte priinets. dio @eay mieadet NeoF walziction engyreqsite e PESoprpdact

e |, el ect h i S.qe - .
compripis e e rEREn U AR By bl e JREICOKAB Bl thé stddnd amino
acid in feaR s potypeptifd siguemce (TG coding forcerine) wasieptasekhyja codon

~and Pcj |, . i sql DNA t ah i -
encoisigonasor ORI, BERE NS R0 Aor L i adtheren

product \U&@%i’trhﬁllyﬂi@bs@@ ubing @&0l retridionenzyme, sididigested toeccompletion
pAM2

wing S aReboy s A LGRSl RS G b, e
approxihittSly @XARP DN A §&ghchesoripiising thef ffarndche gyrekpeamdingsequence
was gelpe!x%rsarcgeg,saﬁdht%% iseorl]z(a:tgfgl %I\?AT %E%%n% whvgg ligzgtgg 1er{tg> thFePﬁcoqr Saglj%striction
enzyme site of the pTrc99A vector, yielding expression plasmid pAM373 (see Figure 9 for a
plasmid map).

[00217] Expression plasmids pTrc99A-FSA, pTrc99A-GTS, pTrc99A-PS, pTrc99A-
TS were generated by inserting a DNA fragment comprising a nucleotide sequence encoding
an a-farnesene synthase (“FSA”), a y-terpinene synthase (“*GTS"), an a-pinene synthase
(“APS™), or a terpinolene synthase (“TS”) into the pTrc99A vector. The DNA fragment insert
was generated synthetically, using as a template for example the coding sequence of the a-

farnesene synthase gene of Picea abies (GenBank accession number AY473627, REGION:
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[00213] Expression plasmd pTrc99A- ADS was gener at ed
by inserting a nucl eotide sequence encodi ng an
wanw7abg24, 1 1- di ene synthase ("ADS") into vecPOT/US2007/012467

pTrc99A. The anvorpha-4,1 1-di ene synthase sequence was
generated synthetically, so that upon translation the
am no acid sequence woul d be identical to that
descri bed by Merke et al. (2000) Ach. Bi ochem

24..17665] p Ry8ing38duents of 8@, f-fantseat syitbaseigeine of dulemitiq uenee

ncodi n the a ene
(GenBaglp iR G BPEoR SR as o oo Age e 3P B ¥ RFningne synthase
gene of Ch?&s ﬁrb&n (GEd Bk aﬂ:eeﬁﬁﬂuﬁﬁﬁlﬁbrm 140286 REGION 306.183R)othe coding

Xmal stricti enz Si see U. S, Patent
sequencmeﬁﬁv@ra-pmm synthyse eefig R Abies S §1ls P (G nAARRGoSion TiniBE:

U879099RBE3ORM 6. 989D B oF LR Ak M@M@sé}mm@adesmalnmt AIRSYB $30
enz nmes, the reaction m xture was resolv

REGION| eek&sapmﬁb@c@dmg RRAUEPER Shdhrigraingl @eémﬁaﬂé@rgr%&ﬁm‘m

baszlzcuwp(z}egﬁlagf é&&@&Bﬁ %uxrﬁ:@fi A%?:BW REPsPhiforbiga0nBiiesid&enBank

Into t réstriction enzyme site of
accessianireinbBer GMGB@@&H?G(WHI %ﬁﬂeﬂr of dbieygrynds Kgeniank accession

number @ég;ﬁéﬁ al] %Bgllregirlﬁlg S Qﬁ@é %‘eﬁ% %%haf %gﬁiﬁ&%? ré’érsﬁ?iéé%n in
Escherzﬁhas*aiz AT AN AL ﬁagmeatsdht E)‘BA rw_ﬁsenmﬂdledr @;R ram its DNA
derivative of Trc9 A- ADS,

synthesig canstfuet Hying ﬁlé PHAPST SRS RESS cssl resi st anc e ge ?X T, 40- The
resulting ®CROfrofdd3iad digediédforcontyletu) wsink VeoRatd Sed Festadtipn enzymes,

the reacilgg E:Zyt?lg?lﬁzvgg m{;él}/%@y(@g%ep@ hosg)tgeh%) o ed r1}' "%/ Rb DNA

fragmerﬁ bmpAVR S the &SfE@ek&@i@nuﬁ@e) cocﬁﬁ@l sdquencd waggelmt@aed lcqmd the
PCR product into the Fs rictiqn.en

1solatedé}I§Aef§@r@€ppt m'aéshﬁaa: ?P%%g Ncg cIyF%paﬁl%ergz)ymeesgtgl oa’ghe pTrc99A
vector, ﬁ%ﬁﬁﬁg e oMol asn{lﬂp@ﬂiéwmﬁ &‘éb %&E 96t Qp&ﬁﬂu&\ﬁﬁp) The

nerated bé |nsert|n
{

DNA frmcms fler G, APSsarsbgg ‘Yfé‘ﬁﬁ?sil%‘?eﬁé" R élaega# by aé@&ﬁéﬁ@é’

fi_ANHe Sit) WRA WRYe cloned int
resm“‘?‘tée‘t’%ﬁ“‘ﬂ %E%'Sﬁé;?sﬁ “ﬂ‘bﬁ‘%§ {e%g{s?ilgl @EG? oﬁa 49364 onec e

compatiblfed@ictionenzyrpe sites qf’ﬁ‘d%l\g (VegtEnSHchias A Sta“(df%B‘)JC(gl?&CYc
origin vsctor,%'oré Tien Fﬁgr &W:@ré’é&‘h@m ?QF%é_Sltlﬁ@% Qcﬁﬁﬁlreﬁsﬁ the DNA

y 1rnserting ng sequen e Bacil
synthestsld@hstkucs uﬁiih@]leldﬁd Jomd remasmwzamesgs@ﬁm@uh@; sactigymixture

ON: 49 R T
by gel 8 Quesis, %}dégeﬁqeétr%é r%h%\é ?Oté)\gﬁ%{ea r% sé/g}ﬁm%ﬁ% %r}codm DNA
fragmerﬁth’ﬂ?h@ idigng] BRI Gagments wdre liBated linta shes ¥iwnl Xl B6ETtiph emzyme

oo GRS S AR B I 30 S g,

pTrc99AL@$s1 STRAOBIAPSLS IR 6%y AT sby Fignse® forndaamiducdpspt | de

A e RN G SR A N Ao
msertm%%qﬁﬁle‘éﬂﬁé SeqRtcd icolidy f56fafedene Epithavel CABA™ Lol 4 B-farnesene
synthase (“FSB”)erespectwely, into the pRS425-Gall vector (Mumberg et. al. (1994) Nucl.
Acids. Res. 22(25): 5767-5768). The nucleotide sequence inserts were generated
synthetically, using as a template for example the coding sequence of the a-farnesene
synthase gene of Picea abies (GenBank accession number AY473627, REGION: 24..1766)
or of the B-farnesene synthase gene of 4rtemisia annua (GenBank accession number
AY835398), codon-optimized for expression in Saccharomyces cerevisiae. The synthetically

generated nucleotide sequence was flanked by a 5° BamH] site and a 3’ Xhol site, and could
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pTrc99A vector. The nucl eoti de sequence encodi ng the
b-f arnesene synthase was generated synthetically, and
woasr7aswl2ified by PCR fromits DNA synthesis ceastusmmy/012467

using the appropriate priners. To create a | eader Ncol
restriction enzyne site in the PCR product conprising
the b-farnesene synthase coding sequence, the codon
encodi ng the second amino acid in the origina

thus be glsingd énfoicompstiblesARtECTTmzyaRy Fitps Pda claningegctgfuich as a standard

P o EUTEY R LR SRR, PR AR LGk s e

by digegtirgitoctompstiqrathe RN Aysydthysis tcenstursi ngingiBom Hlesdr Xl irestriction

enzymeﬁ.g@f? f%‘fﬁa nd d' t%?es&lgéj {ef-%gl"%‘ggg lg?f elg&ro)L'a u?egns\%aﬂge arpé)rmflmatdﬁly 1.7 kb

DNA fﬂagm@ﬁi ccﬁhmmﬁg)ﬂhar-%nés,ené bﬁlthmrom)ﬁl-fmieeér}e sibfn?hdsb cOiAg sequence

s o RO LT o LS i Y G o

restrictioh @ABRAE s@Sf the GRIAD5LGAIQ viebRr. Pﬁélklm%aﬂcpfé%sibhlﬁdsnﬁﬂ pRS425-FSA
enZéme site of the pTrc99A vector, yielding expression

or pRSEERBeraspaasivel Y¥see Figure 9 for a plasmd map).
[00219] 00211?«]x FesBiof és%'ld@ TrdvodSs P! $HR9e AIMSPITRIOA- @@ pTrc99A-

-PS pTrc99ATS were generated by inserting a

PHS, pEreASnr GBnei IS RDATSS 1§ AR PEREIaG QAT dh e
encodlrg/‘a 5195 i@@?ﬁﬁn&n&é’%yﬁtha?e e1hES ' ne synthase

ase an a- pl nene synt hase

(“BPS”b,d}-phdtanémes( §%s eareng synthaset(3CH e Opﬂagerggﬁswr&ba%r(“ss”) into
the pTrI@@A %mf‘ feo ide ?éciu examg?@se%rﬁ g@ ra%ﬂtsgﬁfh'eﬁéill 2 USng asa

I'ng as I'ng-sequen
template Ifer aeani;ﬂe uhmfghm bndbolﬁyuéasagermsof(m«@ankannua

(G 3B RS AP 4 28 e, L Rl e oo

limonex¥ éﬁma&e @eﬁ@ﬁﬂ@bz(eﬁgnﬁﬁmk(mas laocessiofrinambeyA¥9868)3 REGION:
ter

uenc t.he ene synt hase, ge
73..1986. tes GodiB2 SodtEHoR CLBARInGRE BUih R ANEEI A Ra TS i Eank
accesm&Eﬁilmr &@276@&32&61@119 16 PTI9NGhs €6dias @@q&ﬁcé bethe B-phellandrene

pi nene synt hase gene of Abies grandis
synthasg geae of dhich GHEehs AREISFIOR NUNber dg P90 5 BFCﬁP%sM 1926),

the codir%es@gu&@%@%@‘céﬁgeeséﬁl l%e BERDSS SM%@hﬁEﬂ(ﬂﬂBank accession

or the codi ngﬂ sequence of the terpl nol ene

numbers&ﬁﬁmﬂdé REGEOYt 7&eli8hlnasdkg eodingrsquuenm-ofihe sahinenesynthase

a
sne oI AYREE R eSSy B BApROS SEOLGRE Ao, e

nucleotisi ssquepcgs dicodirgethBfniinges ssbining, anshdehelkmdrgeaysthases are
ﬂanked‘h’\%?J a féﬁﬁéx‘e{?&hﬂ%gﬁﬂgﬁ af ?gi't &&#ﬁ%%@m ZSfickigh enzyme site,

ressron in C erlc ragnents fo
the nucl%@Adwaeqwnpési e‘licedﬁngyh@mlbolcmdu qasenBN&ntélymhes flanked by a leader

construct usi.n LR S
Ncol reétéxé 1pp efigyms 61teqq:hd; a tr%gu ?g%&qgt?ogx 112 ?me[glte dandgt%{e %ggleotlde
sequencteoermodnigehe hmomenmgyﬂMb mﬂa&ﬂ@dd)yrelsaderdvaodi nestrictionemzyme site

xt ur e by gel .

and & 5 PAHBBENE SERESr 0% AV APy e Rapsts are digested to
completing using Xmal and XbaI (for the B-pinene, sabinine, and B-phellandrene synthase
constructs), Ncol and Xmal restriction enz&rmes (for the linalool and careen synthase
constructs), or Xbal and Pstl restriction enzymes (for the limonene synthase construct). The
reaction mixtures are resolved by gel electrophoresis, the approximately 1.7 to 1.9 kb DNA
fragments are gel extracted, and the isolated DNA fragments are ligated into the Xmal Xbal

restriction enzyme site (for the B-pinene, sabinine, and B-phellandrene synthase inserts), the
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Pst] resgrr

100221 { 3EErRIPI

in the 1ﬁ%ﬁoﬁ.he Xmal
[00222£

chemlc%i C es@f

a
rabie 58, oGS
VHostBtrdivunber g e
5767-5768

WBB2 gener ated sy
bRagpl e the codin

fragnment conprising the a-farnesene synthase coding

sequence was gel

extract ed,

restr
yi el di ng

and the isol ated DNA
wonegmes4was |igated into the Ncol Sacl
enzynme site of the pTrc99A vector,

i eCT@IS2007/012467
expr essi on

pl asm d pTrc99A- FSA (see Figure 9 for a plasm d map).
The DNA fragnments for GIS, APS, and TS were designed
restriction enzyne site

to be flanked by

enzk;ec S

extracting th

Tr c99A
i el di

Amman et

on pl asm

a)

g shOHRe tﬂ#]eblll

tor "suc

qiaileshin deabler}
tdm é&%n&,g Wbl

t) .

a | eader Xmal

Hoh&R!

as a st

by gel electr

al CGene 40:

ds pR

sghg-ntaké:’

DBl FRRY;

4o hesttsaing yesg grRalgs
écn‘t) Eell iR LAe BPRRYe ¢
25- FSA and pRS425-FS
Exmnp@éhﬁqughﬁkn/l nserting a nucl eoti de sequence encodi ng
synt hase ("FSA") or a b-farnesene
respectively into the pRSA425- Gal

enzynes,
ophoresi s,
ene

OF £
183-190 (19

Ncol Xramﬂreatrtcapnﬁnwm%m (feetherlinatdobangd n'czryn%smthaée inSesIneF Ehe Xbal
RTY%ﬁgf\Fec?or yielding

expressmmlmmldfs pdincAAA-ER.St pEKCI9ALLMS, @Tmﬂ%‘r BP@dP’ﬁ@QPA WS pTrc99A-

cs, andEfiEE0 b Sgﬁ§ Sheb'

[00220] eact iBxampiles ur e

@ lescriegs Hiedsney

Xbal

synt hesi s construct
resol ving the
and gm

£ EhC D sl e g voetul

restriction enzyne site of vector

%y tgﬂnsfonmng

éﬂ?&%i’&ﬂ plasmids of

wer e

D2(25) :

t E.cali Pafen994)
) Strdthe nucl ed

Bupeessionci ds.
tRlakmidequence

Ramtibiotic Selection
i nserts

Nlendl as a ten

fMIBI®- f ar nese

SpDiflase gene of
AY473627, REGQ ON:
synt hase gene of

EhERk-AdoS ess
r of the b-far
ua (GenBank ad

ol 0t v /indr
rmarbenicillin

i Hug/minteancycline
rRiSermL
Gehdsramphenicol

TBY5§T AV835398),

QI EXpr €S

EB?F ATar Oy TES  CeT

h 3' Xhol site,

eoti de sequen

toEsi el y
by a 5 Banh
be cloned inta

S10Q g/ L,
GRRRhAIBG
I3¢%Q@ﬂgnd

chloramphenicol

rIUIC lellI

h% Dubll dS™ d
&%,

sol at ed by Q|ges

synthetically

a2 QT a ci

M Johg/mL
Nea¥seni@ilin

phénicol

L} U\JL

aVaVaVet ]
UOI II\‘J L

Fﬁggreactlon m Xt
b| ect r ophor esi s,

Conpri-si-Ag—the—a

nDHREAt i cal | vy,
24.. 1766) ¢
EppStae. The
'Bmll CTizZylie
Rgl ane—xhot

' S‘O’ﬁﬁth kanamycin

hase coding s
sol ated DNA frag

restriction enzymn

oBsequence of
Pbpea abi es
Artem si a anr
pegon- opt 1 m
Fe was fl ankg
nd coul dt hus
generated ny
ting to conp
was resol
t he approxinB
\Jblle \Jyl
eg nce was dd!
hent was Iigj
site of th

/BéPdlng expr essi
espectively.
DTrc99A-LLS, pTrc

[ 00

on plasm d pH
P 19] Express
DOA- LMVB, pTr

\{ﬁ%l Lal I Ull
d
quliac nTrc9

i

tetracycllne
anmHl Xhol

ector,
S425- FSB,

9APHS

h nucl eoti de sequ

pBOO®9A- CS, and p

TPEDOR- SS ar 4
ence

gel
t é e H
R AAddS by

i 9atg/mhg

carbenicillin

B617

aiigﬁgyc ori gi
eoti de seque

Arsg,
PIIESA or pR
pAM408

etion the
iRFBRIMEGH-4s
pTrc99A-ADS

100 ug/mL
carbenicillin
50 ug/mL kanamycin

B618

pAM424
pTrc99A-ADS

100 ug/mL
carbenicillin
35 pg/ml

chloramphenicol
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encodi ng a |inal ool synthase ("LLS"), |inonene

synt hase ("LMs"), b-pinene synthase ("BPS"),
wo-2piTal3damdr ene (" PHS'), carene synt hase (" CS"PCTMIS2007/012467

sabi ni ne synthase ("SS") into the pTrc99A vector. The

nucl eoti de sequence inserts are generated

synt hetically, using as a tenplate for exanple the
t+ he—i-naloo cunf hagg —gen

-

C T TT \)L’”h\tll\/b U Ll 2 T TUAT OO nf, . - M
/H‘éﬁﬁ#‘&aﬁ‘qannua ( inbarehic e JEESWeﬁ%%er AF| Assibicgig Selection
A | SUBHe coding| BEAmEdRce of the

Iiﬁﬁ)‘ﬁene synt hase| gene of Abi eP i s ( GenBaf®k ng/ml
dccessi on nunber AF006193 REGQ MA24.  1986) | cathenicillin

dodi ng sequence of the b-pi nenep'EWPAaéESof AH0 eugitsl lkanamycin
gnnua (GenBank acgessi on nunbel AF276072 REQ 8Nug/ml
1..1749), the coding sequence pf the b-phel | aoklosmmngphenicol

q\Bfii0ase gene of ABRRrandi s| pAMBBENk acces$0®pg/ml
nunber AF139205 REG ON: 34.. 1P26), the codi phgarbenicillin

ga@fsance of the cprene synthasepg®n®got Sal V| @00 ug/m
gt enophyl | a (GenBhank accessi onf pANMIgs AFS527406,, N
{8.. 1871), or the coding sequence of the SaJB@ﬁEﬁnlkanamycin

3\ggshase gene of Eal via of fi ci NghNEgCENBank| agd on
number AF051901 REG ON: 26. . 17§§M37§he nucl p

equences encodi ng the b-pinenb, sabi ni ne, ap §£
- phel | andrene sypthases are f| anked by a le g{%ﬁl

cﬂlm

enicol

§gshi CUT O enzyme site and a t—Xat 100 g/rnl
estriction enzyng site, the n ﬁﬁtzhde sequp

encodi ng the |inal ool and care %hases ar g'}’:\?ill{(

by a | eader Ncol festriction enZyne 'site and anamycin

erminal Xmal resfriction enzyne site, and th ”g/ml
nnnnnnn the| i ranene sylRthg@mphenicol

PN Y N . .

= ULI UC STUuTT Iluuul ||3 TS T
;B‘zﬁﬁed by a IeadeP restr;@ RMFI‘Z"? s1Q0ugpmd o
erg-ha—Pst-J—rest r i ctl on enzy teThe m\ggrbemmllm
- A%8hesi s construgts are di gest%Mts’a MeyB| et | 7?14?“&@1%

r the b-pi neneP®udEti ni ne  gjrehloramphenicol.

hBgRRI | andr ene syjnt hase const r|RAMP7-MedB anld Xmal
striction enzynmes (for the ||ip#fRol and careen
sPaPhase constructs), or Xbal [anMPZMBI estrli cti on
pnzynes (for the |l i nbnene synt|iyd#Rconst ruct|). The

- 8482i on mi xt ures| AHE resol ved ekl el ect rlofioarggmis,

he approximately 1.7 to 1.9 KhpNIBES f r agmentscasbemiciBin
bxtracted, and the isol ated TreQNAFSIAS  ar|e3d wgail ed

B662t heXnmal Xb al| restriction @M site (f|ahidrh@phenicol

p- pi nene, sabi nirne, and b-phelllpmBIEne synt Hasgy/mL tetracycline
nserts), theNcol{ Xmal restridtpaM3gnzyne sifte (for

| BRarmpled 1a@st @l [car ene synt hasaéviserts), qr the Xbal
(Prédiesiohiof GTR) gnzyne site (flgMBI®RghpsTONEre synt hase
APS[T5) of the pTrc99A vector | tir@oN.-BersespPriessi on

pl asm ds pTrc99A-|LLS, pTrc99A LNPs R T§§99A- BPS,

PELEHPE FThest &elf (99ACS5and pTr T
f@go cBoHof LR s). [00220] Exa 0221] fﬁ)g lhn
GEW[BQ’SdPiifSr the generati erl c

soé} —BPS or chloramphenicol

h§§)t strains useful in the inyep
~PHS or —CS or - | 5 ug/mL tetracycline
SS

[00223] Host cell transformants were selected on Luria Bertoni (LB) agar containing
antibiotics as detailed in Table 1. Single colonies were transferred from LB agar to culture

tubes containing 5 mL of LB liquid medium and antibiotics. B003, B617, B618, B619, B650,
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[00222] As detailed in Table 1, the host strains were
created by transform ng chem cally conpetent
waaitasehi a coli parent cells with one or noreCT/US2007/012467

expression plasm ds of Exanple 1 through 5. Table 1.
E. coli host strains[00223] Host cell transformants
were selected on Luria Bertoni (LB) agar containing
antibiotics as detailed in Table 1. Single col onies

B651, BES2¢akd B6SS hostadliftransfobBanatg avere incnbhted ue3@Whes a rotary shaker at

250 oG . APt B A RS T 20K BB oy

shaker &€150 rprARE{] QFdwRh xeamaetatmugqsme alhemem axlapo&chbymmmal

media B SO ERTRVOIED 4 I Hheeeth o rosnes ShME YRR, e sepfaining

0.8% gﬁkos%%df&@ibwikb (sc8TaMdD FRaRY esmpbatiow etk MOAZOPS thedium).
ells were adapted to m nimal nedia by passagi ng

The celtsnmragrprad e 8°6 i 6BOSY 101 in duRH Stask alguNEPBCRYBOf Y3B0L sterite
0 [ didlcdfigee and antibiotics (see Table 2

SOAglf&%ladﬁ@dMlﬁ“oE?{tllagn of the MB- MOPS nedium. The cells

Table 2we€errhpt)smed 0£M9 QGOES |Cn111@1rcyMedu§ns |n 1nlL stock
al i quot s uc e, 400—ut o) Hycerot—jand
600 uL | i E] MR F'?ture Tabl & leahh%o ng%ltl on_of
MR- MOPS OJMHPOMEW [ 00224. 8Eg<an”pl e 7 [00225]| This
exanpl e depgppstirates—expresston—plasw-a—stabi-+tHy in
t he absen :grgf?%‘gti biotics {nA&n Escherichia colf host
strai n thaNaarbors an exprégy @n plasmd conprilsi ng
the RK2 plasm d replication] segregation —and |
mai nt enant MHAGE em [ 00226] ASeed culture of host
strain B2 estabt Tshed| g gpng a stock afj quot
of the stf algﬁ% a 125 m flask containing 40
MB- MOPS, 7QZeaQIlZJcose 0.5% y(=Qsltmmqlr act, and
anti bioti as—detattet—— —and—by—growrng t he
culture o ZP Rt . [ 00227] Thg W8d culture was used to

i nocul ate MOBSbuffeipHW.@ Oa00mmaplpr oxi mat el y 0} 05,
two 250 ni LT

L _flasks each contalning 40 M-MORS
medi um 204HNAMR7O2HAHZO503 /Ut extract. Cultpre #
1 al so colfgggRH 100 ug/ N ¢agRgni ciTTin and 34 ug/nl
chloranphenicol. Culture #2 (4 d >not_receive any
anti bioti ¢€oOBbth cul tures yerleug ncubated at 37d on a
rotary shat LJU rpmuniist ey reached—am@D oo
of appr oxi Ima tjfﬁqz‘y at_whil C l24' int the productjon of
anor pha- 4} Mdcidi ene |n t he hdétugcel I s was i nduced by
addi ng 40 of M-I+t he—ecuture—rnedtuom—At the
time of |ndﬂ§p40n t he cultu??su%vere overlain with 8
mL of an ¢Fggouc overlay tolom®mpe the anorpha-@, 1
1-di ene. Banples were takenlperiodically for a-total
of 72 hours. Production of anorpha-4,1 1-diene by the
ost n the 2 cultures was confirnmed by GC/ M5
[00224E esT){a_?kb‘ﬂ_%zl n Exanple 10. [00228] To assess plasmd
[00225kt abi |Thiy examplh demppsteasey expuessiangasmidstability in theabsence of

annbloﬁgg W HnCEscherichia coli host strain that harbors an expression plasmid comprising

the RK2 plasmid replication, segregation, and maintenance system.
[00226] A seed culture of host strain B255 was established by adding a stock aliquot of
the strain to a 125 mL flask containing 40 mL M9-MOPS, 2% glucose, 0.5% yeast extract,

and antibiotics as detailed in Table 1, and by growing the culture overnight.
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was renmoved at 72 hours and streaked onto a LB agar
plate (no antibiotics). After overnight incubation at
wO2W)7/13®2indi vi dual col oni es derived from eachpculusaoe/ 012467
were replica-plated onto a LB agar-plus-antibiotics
(34 ug/ nL chl oranpheni col, 100 ug/nL carbenicillin)
plate and a LB agar-m nus-antibiotics (no antibiotic)
pl ate. After another overnight incubation at 37C, the
[00227] LB a0pHe sk Sultiteivizisaistd $o fddulateeatlaB initial ODgoo of approximately

005 o350, i S0 P ) B MR AR e and 0%

yeast exﬁ%&.s@hﬂlun"e o &g &_ﬁltiiﬁéchld)mu%/hi PirbeEioitin andi34 ng/infie
absence of antibiotics in the cul t_urg r%dl um had beeq) ted at
chloramplyienti Gultwre 2 tid oot Eoeiyo oy pRabigiies. Boflppwlats Whegncubated a

37°C ongai(rgﬁ* %@:@g?ﬁ‘ﬁd r?ﬁr?ﬁnﬁlr‘cﬁéye%@%@Qﬁeﬁeao%ﬁ?ﬁptokiﬁlwew2, at

the Ent erococcusfaecalis H conpar ed t(?-
which poine ttegrehatiomof emorphasdil 4 idiene impliRhest calls wag meiuped by adding 40

uL of ll@tcik’qutg)slé%(si&lEauﬁré ngﬁﬂhe$ﬁ§€ f’fﬁ(ﬁﬂelgﬁ(%?? i ciliRSds were overlain

were esta addi ng a stock
with 8 néll bfiawbreahicanehlag to aiptutedhd 2Morphat4, Akdieneobaraplas wgregken

i G T (P 0 By i

the 2 cuftddey itk icORfirm&Eby SEIMS s desesbeskineEcinipie ¢@. 1: 100 into

140 nL of fresh diumin 00 fl ask, and
1002281agai nTo 85557 BB HOUBHPIRT Rt 61y gt aoafiblesf g gpteore
was renfoved 4ET2 Roure hnd@ BRédNRA vhtola LBMAR platdhol amtibiveids D fter overnight
addi ng 140 uL 1M | PTG to each fgul ture.

t 4, 12, .20,
incubatipg ai 3EC. SRdndiyidval pelopss doTREPTGHEN Sulfie dters Spyes-plated onto
alLB ag&e— h 148 tif)iroﬁ_@% ! Eﬂléﬁmﬁ‘l@ﬂicﬁl‘;'lbﬁ ugBhE chitlehiiltid) plyte and a

ce

rifugation. e cell pellets were snap frozen,on o
LB agarhmjniscatiboties (hreanithichaplile. ABermmothseyspyehtdnagate ot 37°C

the LB ?%aéﬁ)rﬁ%&%g%%ﬁ:s an8lthe P8B! dg@f—ﬁaiﬁ‘@d’—ﬁlﬁm%éﬁe weg€eachTdund to

usi ng Bugbuster (Novagen, Mdison, 'WI)1
contain approaimateky Jr axtleniss indipat atrplastpigl reteatipn bethdmthespggsence and

. Di CA b 7 0,
in e g S REIF T AaFoaf S0 ety oo,

[00229]act | VEkympfe 8 he Saccharonyces cerevi si aet HMGR was

assayed.in 50 Tris HC. , . -
[00230]( Si gng"gus§txam|1_)gﬁJ gn 'l%)ag(gj ﬁlaérgg%d%mﬁc gctﬁ\ﬁw Ml%%ﬁlhty o‘f the
Enteroddeci-ayshin iMEReshydrgl th theySaccheampoes derétiliae GBMGR in an
sodiumsalt (Sigma, St. Louis, MO). The assay was
EscherighigraoB Mop\SUii ng cel | |ysate, and the di sappearance
(0023107 NASBE) Y@ E.reP6r Hoet Siehiby BEDand B0 ceerakst3uiBhietl byadding a stock

. account for nan-specific di sappea NADRH °

aliquot P BIOASauL Tk PR oDk P ARP PRy % %

glucose\ahPatiRbli@ Gk Atz i TS, an@by atdieigithe &lairessionsptueation. The

Enzyme activity of the Enterococcusfaecali @ P&lﬁ was 4

seed culturees oreseldiuted 1400y inia kgmLrafdresh mrediwa 4y apf iyl flask, and grown
i .0 @3 SAtUPRiER 951k BtRIubtbA 6f arhdiha H) 1 1-diene

agaim t‘%%gbﬁs "%ﬁﬁé@ﬁ”‘%&% EDTA. R R oith

was induced by adding 140 uL 1 M IPTG to each culture. At 4, 12, 20, 28, 36, and 49 hours

post-induction, samples were removed from each culture, and cells were pelleted by
centrifugation. The cell pellets were snap frozen on dry ice, and then stored at -80°C.
[00232] To conduct enzyme assays, cell pellets were thawed on ice, and then lysed
using Bugbuster (Novagen, Madison, WI) containing protease inhibtor mix #3 (Calbiochem,

San Diego, CA), benzonase (20 pL oer5 mL bugbuster; Novagen, Madison, WI), and
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[00233J Protein assays were done by the nethod of

Bradford (( 1976) Anal Bi ochem 72:248-254). Specific
wacetivizedzes were cal cul ated as Dnnol NADPH m nkag/us2007/012467

protein. [00234] Exanple 9 [00235] This exanple

describes the calibration of OD Cowith dry cell weight

("DCW). [00236] To obtain the relationship between

DCW and OD600, a representative strain, B32, was grown

lysozymb 36 LG l%?e Ehzﬁﬁ@ §d:ti\MtypchQﬁ6 S&&Sxa@brﬂj}&ﬁ rce;tennstdvd%ﬁ/IGR was
e

b
assayed inrpO MY Juts HELGRTRD: 021N NARAESE: Behh 103, and 0.3 mM
DL- 3-h)’5'13'<?5§§§ \;?\gertféﬁ%g.ffﬁ?hc&%%% A (IMEBICYAY sBﬂuInhﬁhlf(S\fﬁmh,f& Louis,

| éted and the supernat ant di Se\?éf&?g H
MO). Ttwlssamas; startodby adding geld hysatenpnd, thedisappearage RPRi was
momtor?c& %\é dbgo?b e QY §40:A ?@%Jnﬁf foqtnoh%é&ﬁg d@s%iﬁﬁeargﬁh@ of NADPH

con al ni ng cel lets were he V\BI
results obfaifidieintadomtrehasssy IftCkmgt BNVG-CGoh wate wgrseﬁpé érqneregﬁltgobtamed

in test swqﬁf‘r&e Lenal ﬁvggﬁéﬁ-‘e %{% %\%ﬁgﬂﬁ%{ggﬂg E—%ﬁg?ﬁ%ﬂh‘%@red similarly

except tﬁﬁQR@Zﬁsaﬁbﬂfﬂsﬂ @ntfinéd DEBBM Fhiassismephsisphate huffen (pHio6ey), 0.4 mM
incre od ctlon norpha-4,1 1-diene in
NADP%%%&%& q(?d’éﬂt\'f) ai ns expressing the
[00233] St aphpisasiaGssays mi‘@akﬁlel'ﬂ@eamihdymmdﬁpdr(ékWﬁbAh@lstchem
strains expressing the, S t H
72:248- 3. Basific pbIBe Ve gl B ANt NALTIE PR pigtlr
[0023418153 EBhBle PB282, B292, B86, B255, and B256 were
est abl'ishe ﬁﬂfgddl ng a stock, al {l.ﬁqﬁ of eélch trai o
[00235]t 0 sePhissrampbedeseripgsgag salibsation 8’6%3"‘?& g
(“DCW‘_I’_Fd' um 0.8% gl ucose, and antibiotics as det a| led in
able 1, and by growing the cul tures overni

[00236][ 0024Tp obtein Hwarelationship betwaep DG Weind ‘8Di5ﬂweaf“ée%ff““é"ns"am’
B32, #F@B@' h%ﬂfdeﬂﬁg %E%?Llymgr 05 uePatRtiBed ROEMmples 10-12.

it ar nin medi um 2% gl ucose,
Sampleawdrealakerbtlmmugimut fhiseuny, land teesORenant RAWarerg ragasgtsddor each

a
sample. oﬂ gF{e H}C%QF W thed:egg E@é{%%@%d And tﬁ?)@%ﬁﬁ%&?ﬁiﬁ%&ﬁ?ﬁ The
cell pellef wasroapietshed vﬂlﬂdweﬂeelandMES thcxstlncdairﬂ an oven at 887 far ghyjeast 3
ddi ng 40 ul, of PTG to t.h T
days. TG GRS GOATEE GLPHIST 1 Hoesgpe Wb BEldThe e subiracted
from thé Enedsured Qﬁé@g}ﬁﬂ@md e RRytaiihg ateég}ﬁrwasshpxlde:pw’ the initial volume of

nmyri st at e) e organic overlay |ayer and
eaChSWﬁ@@rQﬁlﬁ %P é’ﬁ’%ﬂi&g a day for 72 hours. Broth
[00237]sarrpl exapleigised to nmeasure the OD oo- Anorpha-4,1
di ene_concentrati on was mneas red b nsferrl

(002381, of Thircexempin femeSrIG, niTser rrpturion s Amgratesh | Jfeve in
Escherﬁ‘ﬁt‘&tc%'lmdggst?hgﬁ)s éél—pr&‘smg' th@ SRIpAY R cEE s Retrepls HMIBR and HMGS

trans-caryophyll eéne as an internal
compared to host strains expressing the Saccharomyces cerevisiae tHMGR and HMGS.

[00239] Seed cultures of host strains B32, B153, B210, B282, B292, B86, B255, and
B256 were established by adding a stock aliquot of each strain to separate 125 mL flasks

containing 25 mL M9-MOPS medium, 0.8% glucose, and antibiotics as detailed in Table 1,
and by growing the cultures overnight.

[00240] The seed cultures were used to inoculate at an initial ODggo of approximately
0.05 separate 250 mL flasks containing 40 mL M9-MOPS medium, 2% glucose, and
antibiotics. The cultures were incubated at 30°C on a rotary shaker at 250 rpm until they

reached an ODggo of approximately 0.2, at which point the production of amorpha-4,1 1-diene
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standard. [00241] The organic overlay/ethyl acetate
sanpl es were anal yzed on a Hewl ett-Packard 6890 gas
wohownatngr aph/ mass spectroneter (GC/ MS) by scaamiusgno7/o12467

only for two ions, the nolecular ion (204 nfz) and the
189 mz ion, as described in Martin et al. (2001)
Bi ot echnol . Bi oeng. 75:497-503. To expedite run tines,
the tenperature program and colum matrix was nodified

in the hds®cABRvAviadaddi byedddirepd0 tE o6/1M IRTG a0 thetdwdtushwediast. The

overal | runti Al uL sa S separ at
et e ot A e BT R ] D5
1sopropyT‘?ﬁ)tHh@.itQﬁ| Splb6F the BadahiAbidlayThyerand tiecbrotnweser taker once a

tenperature program for the anal ysis
day for ?2)114“0'&3 Brathgewpies rW%e needhiorfagasyre tha Q %Q‘Ofpha‘z? 1{-dicne

concentx%lﬁgH ?ﬁ%gﬁfégggﬁh 8/ T %Stu & the BRAnAL (Weelasﬂlay%g @4 clean glass

m nut es. The resolved

vial conamipg 660 whrethyd raaeb;ltee&wﬂtgd wiith-boaeot ransceasyephyligns asaprigternal
ss-sel ective detector that nonitored ions 189 and

04 mz. Previous mass spectra denonstrated that the
[00241]anor phhe drghnit- aineelasa/eﬁwrhtamm spmplbs oreroamalyzaskpha- 4, 1

Hewlettf]ﬁ’a'xfkargf %%ﬁ]tcﬂwtr%a? %rg aF%;pc% %g t(%éﬁql]\/ﬁ) Egts@amr}n?g'only for
two ioné, rtmﬁmmnm@ Nry(ZOGnﬁ/zWalsd tlmd($9aalzann,| astdeserileddn Miattin gt al.

itati 1-di ene_t
(2001) Riglecliah Blpetsn TP R0HoL0 oot Ak PG o} BppfFfore progrem and
column FEFAR Mas odiflediiccithidve Dptiatab psalbmsﬁdtlummnd the shortest overall

runtlmeg.{ligynlgl:q téa?r%llgl\éggacs%lgb%?etﬁll (glp th%g.{_q ysing @%#]{Jﬁ%ofﬁ avallzﬁile from
Agllent%ﬁmgéﬁki 9RE; PRAbKGIth, ¥ Aydndaetivat CarribPgd4 The extpapdtarelgrogram

[0 Hi s exanpl e denpnstrates increased production
for the aufalyamwmf@ ews: HI0SRdony-7a mipdiehdpPricATIRS tpKerfyLg at

60°C/m§‘fu?éaﬂo Wﬂa 1@ 0T4BORE 48R |a HtRESFPArSr 0 5QRAAkL. TherReslved

ost strain B32 was established by addi ng:z
samples{)wéreralnab'fle&iib}s adlswlaitiPgalard anodeh 8943 massrselectiyegistectqr that

momtorgI 6i‘(?pe tlc@rlm Ijbhq&ab? e@h‘o %gp éed?ﬁ%éﬁfﬁr@ﬁgtea@ﬁdtl%@t ics

arle grow ng the culture
amorphaMer Indight syrithSEQCoduct avas @trmyhashérkeherm andsthat pmprpha-4,11-diene

Th eed uI tur 0
o G 355 B TR LRl PO orins s
used asfah aﬁkﬁmal slafidard dout qalantltigloAOArriorf)lﬂ -4 hidenetitecwasrealfulated using
the ratlcbag %ﬁ?ﬁn%alftgtﬁ nEd' gﬁ?ﬁggﬁ’é ﬁ%a?c@re st]b%g%ds‘%m Juantitative
cal1bratYBi1rm&mlrﬁ’ﬁbd%n@'ph@malﬂym&ha{@ﬁ-a() m2H0 af (KAFAT- 180t H)eén
300C or,_37C until they reached an OD6oo of 0.1 8 to
caryophyllspe-spikedigthyhacs&att t he production of anorpha-4, 1

[00242]1 di e@gafnglghp host cells was |nduced by addi ng 40 uL

to the culture nedi f the _tine of
[00243] nduct’l“m]exafr}fge demonstrates increase pro uction of amorpha-4,11-diene by an

standar

Escherichia coli host strain grown at suboptimal temperature.

[00244]) A seed culture of host strain B32 was established by adding 0.5 mL of a stock
aliquot of the strain to a 250 mL flask containing 50 mL M9-MOPS medium and antibiotics
as detailed in Table 1, and by growing the culture overnight at 37°C on a rotary shaker at 250
rpm.

[00245] The seed culture was used to inoculate at an initial ODggo of approximately
0.05 four 250 mL flasks, each containing 40 mL fermentor batch medium (see Table 6 for
medium composition), 100 mM MOPS buffer pH7.1, and antibiotics. The cultures were
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cultures were overlain with 8L of an organic overl ay
to capture the anorpha-4,1 1-diene. Sanples were taken
wonew/1a9aday, and anal yzed as described i n ExanpC&us®n07/012467

[00246] Exanple 12 [00247] This exanpl e denonstrates

i ncreased production of anorpha-4, 11-diene by an

Escherichia coli host strain grown under restricted

carbon source conditions. [00248] A seed culture of
mcubatéap&I a %th? JhaR& 2t RSO rfmrarethat3ioon or 373 ab06HeYy feaghetl an ODggo of

0629 stabli shed b ng,0,.25 .u
0.18 to GBPeatovhish Poe TSRS ALI0D of Asppi Al e Bivhoft efhER ks
1nducedrﬂ*y MAANPRPuRA I MG tétfHe diltakd Median. datihs tind dflindli&:hbﬁ the
and by incubating the culture at 370C on a r t

culturesghqk@fvedamm $mfa af e areanic prerlacly RRUEHHISATH -?oﬁzdleﬂe
Sample% Qe %i( A?oxgcﬁeea?daﬁ}‘] %%%Eﬁal?%em%eséﬁﬂeﬂ' il EX3dpi@10.

er men u 403 was est abl i shed by addlng a
[00246]st ock Eahingleol? of the strain to a 250 nL flask

t ¥
[00247]dgtn aIa:Tgx elg(ﬁmf;éeg%em r}st Al a$%&§€§r?g %@&Qn@% th{aﬁtt,gﬁ diene by an

atin
Escheriokiarcolidiobt sitaiid gd@mmder rentmtyd sdtrbba sowrce Qwiﬁm The

seed qult re mas sed.to _
1002483 ° o B il i pr 105 ke hE2 R Bl Rhu gl pilo5h 808 Pand 50629
1 was edHblidHES U?Eﬂtliﬂ@ m&iuBMhbtdﬂcl ahsluomﬁihe beaiauod BIZISQ m\hﬂask
agai n incu at ..37C on a. rotar r .at
containigg 40 mi MY SDES AT R b es ok EpgeS i PhniE
incubat{n@/tAE Bhlfire AN 3 PGS SREry ﬂﬁ&eﬂﬁt@@@%meﬁiﬂPMeﬁdeﬂ)aﬁmoo of 1 to
citric acid, and (NILO SO were heat sterilized in the

2. bi or eact or (2L Appl i kon Bi oconsol e ADI 1025s with ADI
[00249]&10 %%ﬁ%ﬁitﬁf&f%@@&dﬁ?%@'f@i ﬁ%@ﬁlaﬁgummrj Givhy/ ,

e remai ning nedi a conponents were fil

establlSl;t:dabY pildiog a&googtabanotsqﬁ the S8 ta a0k degy CQIH?WH%SQ pd M9-

in i il h
L

at 37°Cinevtdrfy eshzﬁkem at 25ferpna. Tergsod pultkm W@rusﬁ@ tniseeulates ap l!J‘N“al

oDuo it prrgpishy TS bt Ay QttfEiedly MO Ml e

antlbloﬁdsaﬁﬁd 11163 cuthtemeas‘ apairlbiodbded at/\h'E’Cloﬂ_a rotily shakes ap@p@rpm until it

at by. injecting 50 nL of the seed culture
reaCh34 @é@%’oﬁﬁ eadpl ate. TABLE 3 - Conposition of

[00250f€r MeMFoatil @Mﬁtmmﬁcﬁwsﬂﬂﬁtﬁﬂhm RO P QU688 -FD BAdcitric

050629- 1Tabl e of Fe a
acid, angh (VAT P ST R b e ip e [T AP BRE R, AD!
1025s With Aqgoﬁﬂﬁ c];nfr@PIé(;rQ fsﬁp%ﬂ{&mmbtechhﬁogg,elﬂ)smfﬂxtm IGA)a‘lI‘hei remaining
at induction,_an eed rate re adjyst.e
media GRERPAREFEHIS GNPSOSO G SUEFFR REfEh i peadplate
Table 3 §0UsWRS fiflfl th¥ s 86mb6sitibe férefRetMiornaMe 0J06ER-1 and D80629-1.
prot ocol shown in Table
Table 4 shows the final media composition for fermentation run 060403-3. The starting
volume for run 050608-1 was 0.8 L, the starting volume for 050629-1 was 1.2 L and the
starting volume for 060403-3 was 1 L. All runs were inoculated by injecting 50 mL of the

seed culture through the headplate.
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5. For fernmentation run 060403-3 (| owest carbon),

t

feed was started automatically when the initial

wghourase2bol us (15 g) was exhausted and the di Beoiugemd7/012467
oxygen spiked. Up to a maxi num of 27.6 g/ hr,

he

the rate

of the feed was cal cul ated according to the foll ow ng

equ

ati on:
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| east 3 ni nutes,

cent
wonve

rifugation,
/18092y |

acetate until

removing cells fromthe sanpl e by
and diluting the acetonitrile solution
t he anorpha-4.1 1-di eQ®/US2007/012467

concentration in the sanple was between 0.63 and 20

ny/ L.
as described in Exanple 10.

The et hyl

[ 00255]

Thi s exanpl e denonstrates increased anorpha-4,1
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inducti{)mmefj:edsemwge adjused26@1ualiyi Forfaamphiatide %950@9@]5 (carbon-
restri ctécﬂf: {h%%gcpw@yﬁélm?écﬁtojth& f&b%ﬂﬁ)r %E&Q-Hﬁltg] 18 Qh?%{romol shown in Table

5. For fermentation run 060403-3 (lowest carbon), the feed was started automatically when

the initial glucose bolus (15 g) was exhausted and the dissolved oxygen spiked. Uptoa

maximum of 27.6 g/hr, the rate of the feed was calculated according to the following

equation:

m () = S(ty) pe"™
#=0.12

S(,) =15g
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Escheri ch

ia coli

host strain grown under restricted

carbon and nitrogen source conditions and at

we zbrptoara

t enper at ur e.

[00263] A seed cul t ur ecofusSbhmsniz467

strain B86 was established by adding a stock aliquot
of the strain to a 250 nL flask containing 50 nL

MB- MOPS nmedi um and antibiotics as detailed in Table 1.
The culture was grown overnight at 37C on a rotary

whereinS) &8 tidhe A450hieR Ii‘l’le mitkg ghicosedat Beplétel) Upsmeeaohing ithgmaximum
@) r.oxi mat el
55 eisniadhelh a3

into the

rate, theglycosedorf WaRTSTUIRCRIPE e
md@r OEQQ%@A Four 2 L bioreactors (Biocontroller AD

rema
w th

Table 5 ngﬁeérPerqcyl fo@,&)‘:rm@itgtlgref(ug QS

same nmedi um at

Bi oconsol e ADI

an

1025 | i kon Bi

ar

ot echnol ogy,

un in the sane way

as descrloﬁp—qqﬁgf 040373, except
that the phrtrogen rrilﬂc)euslltls)(r5 ct eéa‘éggﬁgﬁ‘gaig not [contain
ammoni a sulfate in the 1é§h® [00265] An exponenti a

gl ucose f H-A—a—6—hogr—dotubng—t+me—as initiated
automati cpl'l y when the jnitial glucose bollus (15 g)
was exhaugyed and the dif93ql ved oxygen spitked. Up to a
maxi mum o QﬂAnlhr’ the ¢ was
calculatedl%ccordlng to Pﬂ@ foll ow ng equation: m(0 =
o/ ('~") [y o 12Zmn @45 wherein Di's f§he specific
growh rate, and to is fhe tine at which fthe initia

gl ucose bpléis was depl et dci8 Upon reaching|the maxi mum
rate, thergrucose—feedygsyreducedto a rate of 11.4
g/ hr, and} hél d constant |at thls rate for the renai nder
of the ruplgln fernentall2®6 runs 060710- 4, 060724-5,
and 06061P-b5—(ecarben u.g(;.L.uybn rest+—gted), the

gl ucose f=%g was furt her duced when ammoni a
restricti ngl ead to gl u¢asge accurml ation ifn the

medi um | ment at ion . ed gut at the
reduced t ﬂ%erature of e bi oreactor
was set afzit vvnm TNt g 700 rpm
foam was controlled wt jma- Al di ch, St
Louis, MO 33and di ssol ved. iﬂxygen t ensi on Jas

control | e@ 4 40%tStH1o ot tatt+on—cascade

(700-1, 200 ?pn) and oxycgn enrichnment. Injfernmentation

¥h1§fatt%for the

run060327-3 (carbon-restricted),

the pH was mai nt ai ned
t 0
00252507 Kb R a b5 ok AT B o 495 RO D e

out at
bioreactirtWRG80at B U!/th;§H wab bhali@gine@ by aking drrﬁﬁorﬁummyfdr@hﬂe/ and/or
usi ng 20% NHAOH, and starti ng at 72 hour s tnc? i B
sodiumdpydegxigesinitiabagitationgvay J09c§G0IRE | WNF%EGH““P Yh gatifoam

(Sigmal BRdH, St. 1idifs, MDY the QlssAVEP Bk Pzt Qbvils Wetdmhid@ained above 30%

using an agitation cascade. After 5-6 hours of cultivation, production of amorpha-4,11-diene
by the host cells was induced by adding 0.8 mL of 1 M IPTG to run 050608-1 and 1.2 mL
IPTG to run 050629-1. Upon induction, the culture temperature was reduced to 30°C.
[00253]

2 L/min; pH was maintained at 7 using ammonia hydroxide. Dissolved oxygen was

Run 060403-3 was carried out at 30°C. Airflow in the bioreactor was set at 1-
maintained above 30% by an agitation cascade and oxygen enrichment. At an ODggp of

approximately 28 (19 hours after inoculation), production of amorpha-4,11-diene by the host
cells was induced by adding 1 mL 1| M IPTG.
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fermentor. [00267] Production of anorpha-4,1 1-diene
in the host cells was induced at an OD Co of
wapp7osvgrat el y 30 by adding 1ni of 1M I PTG to POEUS2007/012467

cul ture nmedium [00268] Anvorpha-4,1 1-di ene was

captured by overlaying the nediumw th 10% (v/v) of an

organi c overlay. Anorpha-4,1 1-diene was then

extracted by combining 25 uL of broth with 975 uL
[00254|7et hapgherphdakilrdiehdiovas amlhrbdaindrmtthcfwalramdmgw two different

potcol, e S50E ESPA BB, T phShEDM e pgent i e

off-gas WaB UhRared B RRALRAY S f?afs "tlﬁﬁhﬁlh@ gﬁ;amlsl&:rkébntammg 200 mL
centrifugation, and ad 10 uL of the math%g1

I
heptanod, Jhﬁh%ﬁamé“@g@’mdlbl‘?ﬂdm%@vb%@taé% Hetdl the Ao i} -diene
I L
concen AR YRR Rer EE) b [O% PR,

amorphp@olzwjenwag caRtairgsl ia the bior¢dstor byrasdd mLcﬂf agforganic overlay
to the fEHIhR eltm]le ?lf %cfﬂ)l? HE)%uQKF 88 rﬁéhsured by combining
ESC 1er|c l'a co ost strain cultures of

25 uL bkmhtplm orgams oBefay Wb 75 WBodgtomatnide, B @gnmheesample at maximum

ad S frea [
speed ofi Fgien VAHex el i SRy Bt 1Bl 1B BRI NI for o
least 3 mittds, &trhdﬁ'ngﬁeltbeﬂraml thel samplédiyl wnth,fugambnbyncgdxtuwmhthe

.cyltures over The C Itures wer.e
acetoniffte 4olxEop FRIS GitT BCcipte ARAT R erioRi 43 dipteipel
sample Yvad Detve@nA.68 end20 nip/L f Tiasdthylcrstats mmeﬂﬁei&adﬂﬁfzw GC/MS

medi u 45 uq/ mL thiam ne, mcronutrients, 1.00E-5
as descwqw%@wi -1 M MOPS, 0.5% yeast extract, 20 g/L of

002559! ucmm%pb antibiotics. Cultures were incubated at
[ %OC in a humdified incubating shaker at 250

rpm
[00256)nt i | Tihiegxamle ARMOBHIAES ingrspsed amarphay4d 1 ~igne,pRoghction by an

Rartdn Sodrcd icBAdtibAs AdEa
mscher RVl 1R MEARUE R ndlc CAREh Sl ORI i

suboptitriabteseperainee. nedi um [ 00274] At the time of induction,

[00257Lhe cy g%égiecglgﬂfer& l'@éﬁgtiraﬁﬁ @1‘9% tv!;hz%iﬂbhg‘lfed ﬂdg‘%ﬁ Stock aliquot of

r->

nn ifl the

verl ay ure the anor en
the stramanea Ziikmii thk\caniagusg 60 mel Mﬂ -MGP'S medivameng hat-lbhoncs as detailed

o o S ol B S Mt LR an o o35
to4.5.using 2 i ndependent cI ones_ of each host strain, and

ouzse] S50 o0 RS RS BRSPS TR SR 3B 153 Avoieon
Blotech_.ﬁbloﬁgy?l?aﬁﬁﬂ @1&&5&)’ efisset bip apd ealuin the saraé way as described in
e o P b e e B il
(002591105t Frbdidhion B2 aforfietd,1 1 B8R, in @Ahd32 8dlls@aLinduced by adding 1
mL of 1 1%/} Ianll‘(l} %oh teh% cb){ture medium. Amorpha-4,11-diene was captured and extracted
according to two different protocols. In one method, volatile amorpha-4,11-diene present in
the off-gas was captured by venting the off-gas through a gas-washer containing 200 mL
heptanol. The heptanol was then diluted into ethyl acetate until the amorpha-4,11-diene
concentration in the sample was between 0.63 and 20 mg/L. in another, amorpha-4,11-diene
was captured by adding 200 mL of an organic overlay to the fermentor at the time of
induction.

[00260) Amorpha-4,11-diene was extracted from the culture medium by combining 25

uL broth with 975 uL acetonitrile, shaking the sample at maximum speed on a Fisher Vortex
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streaki ng out a stock aliquot of each strain on LB

agar containing antibiotics as detailed in Table 1.
woho@asyndependent col oni es were picked for eaelT/US2007/012467

strain, and each colony was inoculated into 7 nL of LB

medi a containing antibiotics. The cultures were grown

overnight at 37C on a rotary shaker at 250 rpmunti |

| at e exponential phase. The cultures were then

Genie 2;’2 gﬁ#{ﬂf@i@féngﬁc dﬂdl@ﬁk@%@h@%cﬁlﬂ%ﬁﬁ?j Nrwg) for)at O:a@ﬁ?)/rriillmtes,aemoving
ask containing 46 m. o - MOPS, .gl uGOos

cells frog iz spepis bk RERBBIEA APt PP E e aretonele iEiPR BTG Ry

acetate %I'ri]t?WPe Qﬁn%ﬁfﬁagﬁhti 1 Rliend Con&dhtArbRRIHE sahpieivagibetdlebn DBR and 20

il they reached an ODeoo of approximately 0.2

: 0.2, at
mg/L. Thiiethyl gostate sampjes iuere anplyeedy asrfipsanbed indyxapple 10.

| PTG Ih wWiures were grown for 72 hours at 30C on a
[00261]r ot arﬁﬁ&%&ﬁ at 250 rpm One to two tines per day,

, Y.
[00262]t he ODhisexafmpdadémondtiataséneaasedwamuplsi4, 1driens modugtion by an

; | e d. T . . - - 3- enk:e
Eser G AR ATt AR AR bl e Bl sBbions
at subogfiialubm@traairby! acetate was added to 300 uL of each

renoved s e. The s I s t hep,.vort.exed.fo .
ooz T Sk TRl i oA Bt S B ARS  Rg ot o
the strai[ﬁgg fgisiwﬂi_i_%&ldsﬁ(éoilﬁl@irﬁngbem M%M%RS aledfumi aadlazhtj/lﬁbtic[‘(s asddetailed
. e sanples werge. an ed on a et t - Packar
in Tablds b et Eh MBI SHATIRLLE SNCaT DAY R R0 v
culturedth &P@ﬁgwsnmmt@mﬁﬁ théEufaat 4ai0DgRoDiprocialaky 1, and

ilen ec

(<
(Ag hnol ogies, Inc., Palg Alto, CA) and helium
grown agaity ate}7 °gaand 2PRapietoper @Pee 8F 3tdgr am for the anal ysi s

S ago{iPh 1 WBreaRPEHiBEordrdlleP AIASL01DRGfEBRIcBEsOle ADI 1025,
[00264]\tl\€n'pe?§ture at re(%‘OC/sf‘n(nlutoe Eo a tenperature of 3000C,

ApplikamBicdedhobtbgat FEOOUCItY.d¢Apwaterngt BB and i inghe pame way agdescribed

o ol 3,14 01 BRSO 0 s i

ammonkx eNfacin thefsedspect ra denonstrated that 3-net hyl - 3-

B e

automatledlBcwhentherinifiatgluioyse tmkts @-5eg)-Wasaixhawstied and the dissolved oxygen

. -net hyl -but - 2-en-| ol ., a selecti.ve-i on- MDA ' .
spiked. {17 RARREENERSR o O S 107 St Sl EbldaRing to the
followih%e%mﬂmt hyl - but - 3-en-1 -0l and 3-net hyl - but ~2-en-1-ol.

[00279] Exanple 17 [00280] This exanpl e describes the
m (1) PPodlitt?on of anorpha-4,1 1-diene by a Saccharonyces
u=0.198hi¥ Sl ae host strain. [00281] The generation of host
strain EPY224 is described in Ro et al. (Nature 440:
So =15240- 943; 2006) and in PCT Patent Publication
. 0Q7/ S ' 4 . .
whereiy O o R e T R S T NG e PRIl polus ves
depleted MBpdrotkmching Yeasaximum rate, the glucose feed was reduced to a rate of11.4

g/hr, and held constant at this rate for the remainder of the run. In fermentation runs 060710-
4, 060724-5, and 060619-5 (carbon- and nitrogen-restricted), the glucose feed was further
reduced when ammonia restriction lead to glucose accumulation in the medium.

[00266] Fermentation was carried out at the reduced temperature of 30°C. Airflow in
the bioreactor was set at 1 vvm; initial agitation was at 700 rpm; foam was controlled with
antifoam B (Sigma-Aldich, St. Louis, MO); and dissolved oxygen tension was controlled at

40% using an agitation cascade (700-1,200 rpm) and oxygen enrichment. In fermentation run
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Manual , 2005 ed., | SBN 0-87969-728-8), plating for
weioglisIrel oni es on YPD agar, and then patchi ngCcsiusgiog/o12467

colonies onto CSM Met Hi s agar and CSM Met Leu agar.

Cl ones that grew on CSM Met Hi s agar but not on CSMvet

Leu agar were cured (i.e., had lost the plasmd

pRS425ADS). One such cl one was desi gnated EPY300.

0603 27-5&@%&%&%&@3 ﬁ{eqmtle@s \M:lagﬂt_agiéﬁ raﬁS&Fm@ zmo/aésmgm; El)g fermentation
- ,.a plasmd identical to -
runs 06031 ey DSOTA 1 FOL QDT IS (Ertont SLBHORPHEeSTITEDp A vias
intairRl2F 9l ther d sHRlihERORr Bourd 888Y 250/50 mixture of
mamtal%gcat?Zrl#%?llg?%l!ﬁgggﬁggy}%?gl o?i né %ost strain, %(Ia .85, REHEE
2.5 N NpQB2ed] 10VN Ni%Ofdsto further reptaigt thsramains ohemmosia grirg inte the
sxynt hetic defined nedia, containing 2% gl ucose and all

ferment%m no aci ds except histidine, |eucine, and methionine
[00267] ( CSMyProdastinn dffanBrphedi dadiene Bothedost@id)ls whS énditsed at an ODggq of

approxigiplfio o by dfchag g€ S VORI oy BE e MO 15

[00268]85 I eAhipia-42ualias waotapturepby o kN t8i megdiom with 10% (v/v)

col.oni es were tc onto se] ecti,ve dium,. .
of an orgRR DY TR CURP BT B e et TR iging 25, st bt
with 975 QL retHa63, shikgaht bdinple ke nairpadpésdon & Rishpt Modexfgnie 2™

. transferred to_1nm_of 25% (V! Lycerpl .in a .

mixer (S5 GRRRIIEATES 300 RALTER Dot S5 deasE S mineS spmpyipe sels from
the samplREY centrHgRRIn, 28@ 8ddih@3bLAIf the SietiginbRédlutidn BYMaNICethyl

establ i shed by adding a stock aliquot of the strain to
acetate gpntziging| 1 OfylgEiransrapophylsnes ni of CSM gl ucose | acki ng

| euci hAPS AviRYas HeSiMBed ih ERafipld 10.€S
[00269]overn?%ﬁl?gg¥ﬁé E{Iﬁ%@:%yggre uas?eg to iﬁocuﬁgl?e at an
[00270]i ni t i Ekar@Pledd of approximately 0.05 a 250 nL baffl ed

f | askgont ai ni . i g B ba: XP
1002711 oo T APt e brHBhR b pfina0E b1 Bl g the D
pathway il acEaderichindtoli ot stetili oni ne. The cul ture was

00272} ubat ec{jﬂatturs?ssg 1ot il B %kﬁ%eﬁsﬁéé, a?r#g%@%eer\?gﬁ%agﬁshed by

ecau8g® grucose i h t
adding 4 BAUE hii@iot of ehdtestéaim to suparnt 25 by, fieka contsining 25 mL M9-MOPS

anor pha-4, : di.ene.proguction s not induced, until
and an@rﬂélcé af rigtaﬁa‘i "’ﬂtéﬁe &pa‘%“ﬁ‘é‘/ §W°d‘88é@“‘1 ‘H‘?‘t“ & °qr(8§?1 tand had
[00273SW t ClTed séed dﬁ.ﬂﬂuﬁ’@ Qﬁ’e?ﬁé@&ﬁin?ﬁulhﬂ&&k an him'timl (laagd@ @f approximately
source, At e tinme of |no (& t he. cultures were.
0.05, seggiatq Znthm 'f{%kﬁcwawnga B‘ié%@r‘%‘%g’\?e‘?’fag a*%ezeﬁ%rt famne,

microndtflEnt8MPOSEAS ol FeS0ANE.1 NNDIPSS 01596 Qedsabfifacat207ZL of D-
: hours by transferring 5 uL of the arganic

t |V .
glucose] aybantiaptics o ulires ML MFREAISR B CIC AJrBIBLItFd tappfine shaker at

250 rpntGffiPthEy F&Eﬁﬁi & ODH IR @QMWiél@bbiﬁﬂt}@g)rb@&&ionQif amorpha-
trans-caryophyllene as an internal standard. [00284] ]
4,11-diertedn shayhosit celis/was dneady adding 40 sLof i ERT(3dp ghe culture medium.

[00274]‘;lnal y%{t‘iheoﬁllaﬁ /otfl%wu%tigﬁﬁﬂg Kfﬂ&lge@&z(%%a &%élain with 8 mL of an organic

hr omat ogr aph/ mass spectronet er ) as descri bed
overlayito capture the amorpha-4,11-diene. Samples were taken at various time points, and

amorpha-4,11-diene was extracted and analyzed by GC/MS as described in Example 10.
Experiments were performed using 2 independent clones of each host strain, and results were

averaged. Deviation between samples was found to be less than 10%.

[00275] Example 16
[00276] This example describes the production of 3-methyl-but-3-en-1-ol and 3-

methyl-but-2-en-1-ol in Escherichia coli host strains.
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Exanpl e 10. [00285] After 72 hours of growh, 3 yeast
cultures were found to produce 60.68, 54.48, and 59. 25
wogbddz/iasms pha- 4,1 1-di ene. [00286] Exanple 19 pO028Z(07/012467

Thi s exanpl e descri bes the production of anorpha-4,

11-diene in an Saccharonyces cerevisiae host strain

where the host strain includes a native

nmeval onat epat hway as well as a heterol ogous neval onat e
[00277]Pat hV@¥ed didfurdsSofdeestrainy 18288, BY872BD8ES,andBXd usere established by

regul at ory control 00288] Yeast strains
sseaking g2 J10C RO S35 ST PRILEBET cppsang mntFsolicy 6 failedin

Table 1 We Sdep é&&%i c&Bﬂze%r@ﬁké@fcﬁ%@%éﬁ&Mﬁa—Fﬂ dablﬁicolony was
ra3-52; trpl-289; |eu2- 1 12; his3D ; MAL2-8

moculat@ﬂmp 7L qf LB/ medi qommlég aptibiofigs yihe cpftiies pvere SPHYB‘P overnight
at 37°C %?1 a ré gﬂéﬂ& &t 2%918)% ?YPD tecéypbhééﬁfa?ﬂhés@ ‘Bhd &@tures were then

rqch I'n defined synthetic
inoculated di amopeoomf appeximatelV9.A81 i mto a P50 pd; flask coptainipg 40jml of M9-

viopS. 45 oSS o s BB ERMES T SR n v

37°C ora 2otary sHakYr dt 268 irpg wapptizyreated anODgen 0 apprbsimate]y 06}, at
which ngct 2&%}1 &Hrequﬁl Q:h& t l Veﬁf(} gjlgﬁgfl %flggEQQjTl%ﬁKf‘tme% jwere grown for
72 hour Eﬁ!@’f@dri]m}'rétﬁﬁss}iané@t 350 GPe Qg Ié@e;va\ames penday; tlijDsoo of each
usi ng t he ithium etate ocedu Cri
culture s Sap e andie 19 Srupple s PERHE Sratagage ? 1Blt-3-en-
1-ol m&?&?&thyl%dt-x@m Jlifeony e @ﬂﬁlrfaﬂld)ﬂf eobag ety a‘ﬁetb’&: was added to

confirmed by phenotypic analys , colon er as
300 uL gheach YP@@(‘,’P stmplepEie samplg eS| Y:‘?*TF@“’%%Olpﬁp%mt%sd and 400 uL

of the u E Cﬁa§§ Wad raRAMH 8P 1PN MRS c1is Gial fRShalysised
the p (I'nvitrogen, Car|shad §3 and are
[00278]s chendhi @ampgses crease pnalpgpdn FHgW-Dackerd,p8P0EaS| ¢ 6.

chromato d{ﬂ/ #QE%%E% @?Mgg A4 ardeafid 8¢ sdpardvtd &n the GC using a

gJuI 1998). Propagation
DB-5 colfurn (aPsgﬂedt Davhnatogicse icorBrbel Allte, E291aad hehvm capiqr gas. The

temper%rﬁgalrg% gnl_%%)géh Ak ball 51s Swhd Qg%%w? 609 R¥hShAGte! {n@i‘éﬁmg

pr epar e I ntTodacti on
temperattilﬁtm i60P@&/nivuiRl to raaémpcxatdtwa)j 3 @@ﬁﬁe anthg hokbatf 390G fpng minutes.

t h

The o TR Pl ep e art o St ot Falea SR Pocar

model %%gggﬁbshemmxmgggof $Eé|\3|(i)bxli% iNaXs s@3¢trmetemgns;mamdahat 3-methyl-3-

buten179) 306, PRSI GARAPRATY 5 BASERETT UrepY RO hyier o' Fghis oC

protocoll atddﬁﬁyg%ﬁct{%r%@?fiﬁeth%lolﬁiﬁ -Déndlhs ahetsl,mﬂhpgbﬁimm- 1-ol, 2
roauct was ranst or ne exponenti a

Y L T ey RO S R T s

methyl-$aR9-dnS1 SRS hdtR-velt-2-e1Ll o).

[00279] Example 17
[00280] This example describes the production of amorpha-4,11-diene by a

Saccharomyces cerevisiae host strain.

[00281] The generation of host strain EPY224 is described in Ro e al. (Nature 440:
940-943; 2006) and in PCT Patent Publication W02007/005604. Host strain EPY224 was
cured of expression plasmid pRS425ADS by growth in YPD medium (Methods in Yeast
Genetics: A Cold Spring Harbor Laboratory Course Manual, 2005 ed., ISBN 0-87969-728-8),
plating for single colonies on YPD agar, and then patching single colonies onto CSM-Met
His agar and CSM-Met Leu agar. Clones that grew on CSM-Met His agar but not on CSM-
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MO, 100 mMIlithiumacetate (Sigma), | Org Sal non
Sperm DNA (I nvitrogen) and i ncubation at 300C for 30
wonornie2iol | oned by a 42C heat shock for 30 nmPaUAUSS007/012467

(as described by Schiestl & Getz, Curr. Cenet. 16:

339 (1989)). Positive reconbinants were identified by

their ability to grow on rich nedi um contai ni ng

0.5ng/mM Geneticin (Invitrogen Co, Carlsbad, CA) and
Met Lelt 28rividi® el (Hé.2BRPRE the Bld3mid pR SuesADISIN Onelsacteslone weas

given the de3|0g(gat| on Y93 (MAT A) and Y94 é\bl\@T %hf%?x)DS
deslgnatqéﬂPYme B wéﬁtri%faﬁmrgi Vith g¥piRsgion plsr i R @ HADS-
LEU2d %@Eﬁgﬂgu%&h aPpRréf29-RP% BRAS $he0iaE3d of Elwzat &mams a LEU2d

enom c |l'ocus was anplified fromC__gla
selectiop areskérd Eppast gnuiridollenhigre 6983 ) I\Bgcterieln 5% rq2§eﬁ3é) Yleldlng host

stralnY‘iéSm CPK066- G (SEQ I D NO 46) and 61-67- CPKO67- G ( SEQ
NGO 47) containing 50 basepairs of flanking
[00282]hom>| ¥d$5 host dedl tADEforoets wearadelected pasgntherFylefinadedp.

| t d t
contam)&g% & l“(':f)gelf :Ilrg;l :&FSR%FI{?S g ét %t%ﬂﬁé Ciéu@gel, Ia.ga g‘l t%xonme (CSM-
glucose@Nﬁ* Bichnhgdidals Sobore; CH). é&&éﬂstfsﬁangEBWBﬁO isauxogophis doclgucine
wosyoRats G e BRSPS BaSDds SIS 15 A FrROBRY e
prototrophyGLEMAY. Swgle '%Glo\ﬁl%ﬁvé%'ﬁtoﬁb@ bago se[d&ﬂﬁ@ tdediion @SM gllueose-
cerevisiae strain Vi ﬁ 0 asm d Er OM o olat
hlstldmpAwq_nLe,mtgomm%ndﬂywarfaf% % 1}%@%5 Wfﬂé*}%ﬁj om the plate

?é{'gﬁctb'lvrﬁty f 2584 B/ 8&r8finoy &fyBtube! THé $udpéiiidn (heiixed, and
and traﬁs and BI ol 0abs ge?e%?y l\/}A) gﬁd intr oducgd into

thenSth} an8piG aIIy growi ng Y176 as described above.
[00283 OS' t 's‘é ﬁ&@?'h’&%ﬂ%ﬂ‘@ﬁ% %'résgt&&hsix@d bP¥dEihE Wskockliquot of

|ng ur acl hi sti di ne. Integratlonlnto
the strahhte a:errabtﬂagb wonfeining e sinab CEMhelucagaiiapking leusissndc

metthIél anLi%y %lvn}%otgg%mﬁ%g %vé‘nk%& leé éslé%?eﬁéé't{éeg to i%%culate atan
initial (DE&MBF a;(;ﬁ&@ma[tklm 055%1250 nﬂslpnfﬁtdi ﬂe:&lycomn@gd%g@ tq:f éynthetlc
ni th Pnel t1000 ialyl
defined PR EPhipetst ot i sPRELYG Dot gk Ik A LRRRERE Y
methioMié €T }@dlfwfedgi chubatgdj G030 IC oma mdmha;{ammg rpm. Because the
tophan an st dl ne. 1 O to the corr
presengf OPST BLE Telis BSFR TRAreigar s ot ! Brootdler S ENEGpse
amorph3PR{ P—HiéﬁBtp%dhchoK wadhot tldused tiiD the cAS tendchs¥d up $herglneose in the

m xed on YPD nedium plate for @ hours at
media ki ished (%LSFE BHAFFS FHPPRGRo RRORT 2BHFeRR) the time of

inoculafigh! HE Bul@es WRENoRI B Hith® MEH A dr@&ﬁb BGeﬂHyStblcdpﬂil&: the
uraci | and tryptophan to select for gf %égl oid .
amorphehf b dicpgSambleh S RERat 13 Brp RNRSES CaERS hegrpanic

solvent r4b B SRR G1RY Sl 'cgmalﬂ&hé Bo®UE letip ‘acét%rc@ﬂtéﬁﬁﬂg hRkh6wn
ponenti a I Yy grow ng cellI's as descri bed

concengbm)reof beta- or trans-caryophyllene as an internal standard.

[00284] The organic overlay/ethyl acetate samples were analyzed on a

Hewlett-Packard 6890 gas chromatograph/mass spectrometer (GC/MS) as described in

Example 10.

[00285]) After 72 hours of growth, 3 yeast cultures were found to produce 60.68, 54.48,

and 59.25 mg/L amorpha-4,11-diene.

[00286] Example 19

[00287] This example describes the production of amorpha-4,1 1-diene in an

Saccharomyces cerevisiae host strain where the host strain includes a native mevalonate
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Positive reconbi nants were sel ected for by growh on

medi um | acki ng adeni ne. Integrationinto the correct
wgenrnie2k ocus was confirned by di agnosti c PCRPCTHS2007/012467

resultant strain was given the designation Y238.

[00294] To generate haploid strains containing the

full conplenent of introduced genes, Y238 was

sporul ated in 2% pot assi um acetate and 0.02% raff nose

pathway éé%&bﬂi afR fictéfolopRR AT dlbitt€ bth¥aAY tige ietnder tetiraldst a heterologous
tetrads are four-spored neiotic products) were
regulatorg epafteld usi ng a Singer |nstruments MSMBOO series

[00288]m cr owggetgghg%g{m PKNIEE (YO@@)’(tmtm @ea3-57,; Qrplszl!m?ﬂéﬂ»?) 112;

genetic isolates containin

his3A1; Wﬁﬂﬁl ;2818C2pamsl CERAK 21D (0030 &%T@%NM% ﬁ%ttg?lu 289; leu2-

2102 5L MK D B A OB M s 2. 70

(J un 1, i(m(ﬁ Weré calfivaled dh kithditstadaabdcDNedvas (YEB]D} or meiiaﬁnyd synthetlc
agnostic PCR The ESU|ta t StralnS Wwer. e ;

e I B R a1 BBl 5 o

manuall @A Bbrid FHRborl S FitSryINesd, Co1a SHME BlalboENIYD, l‘@(ﬁ?néckmg

cont ai ni ng S. cerevi si ae condon optim zed Anorgh@&f
approprigye nhizisats@logjing fgsseleston of iarpavedransiqrapnts; fetention,

d QnDg _was introduced into exponentially growing Y2
an mei%& ?‘rzageebgll as descri bed above. S. cerevisiae strains

[00289) hat DXV anediated rangfanmationsl inton§. devryiséacs weteoadugted upipe the
lithium ageeth{e %’éétdh{'é/ ad @es%’il?éﬁ BgnRt Nesals&N e PiGikBYELRCGenet 16, 339

sultant stralns mere glven the
(Dec, mm)L gxiagemlmﬁoxqmﬂ aplageniens 3er¢ paifirmedrhy) phepotypirsgnalysis,

colony Gl e st PG LARESuenit b aRbact denomie DA

PlasmidS)pAMd8-pANIEY8 areck aristratied umngctﬁﬁﬂpﬁﬁrﬁ;b (ngitrogse, Calgbpd CA)

o e SRR RS e LA JUFHOSK e seavnces

are desdrifed$n MES. mﬁ:fghae efafil,| Yoapr DIYO5S (Tul WD 8).N Propelpatéxch mfmlwsmld
exponenti @eg 2r ow ng Y210 and Y21 1 as descri bed
DNA wgp podormsed inghss F"éﬁﬁécgi’ spHdHA%t cont ai ned the PANVB22

Tableﬁpl asm d were selected for by their ability to growin

Strain, | ﬂ!ﬂf éﬁ’é#i EHEE S UPRYRIGHT o GRle # GLIH TSR

ran“str/I ) A;I;ne rhr}l? glle, gm;%kc J-Y222 Zﬁ/lﬁa ﬂal
pAMAEY Tt EER T A T | Bl ]
pAMAOTEREL L EIMGICT GO ) VT CURT™ *Eﬂﬁgﬁ
AL TR R TOALTo! T i TRALS
PAMA492;| IR/ i1y JEURL L T COPL L HMGRITUIRAS,”, | URA3
pAM493 [ABFR |#AMGR. ] GARL i nf GALE | WA pd AREE, [ URA3

_1

pAMASK IcABE]D | tHMGR | CUP1 CUP1I  |IDII 'ADET "~ | ADEI
pAM495 | HIS3 | ERGI2 | GAL1 GAL10 ERG10 | HISMX | HIS3
pAM496 | HIS3 | ERG12 | CUPI CUP1 ERG10 | HISMX | HIS3
pAM497 | LEU2 | ERG19 | GAL1 GALI1 ERGS HISMX |[LEU2
pAM498 | LEU2 | ERG19 | CUPI CUP1 ERGS HISMX | LEU2
[00290] _S. cerevisiae strains Y002 and Y003 were prepared for introduction of

inducible mevalonate pathway genes by the following. The ERG9 promoter was replaced
with the S. cerevisiae MET3 promoter by PCR amplification of the KanMX-PMET3 region
from pAM328 (SEQ ID NO: 43) using primers 50-56-pw100-G (SEQ ID NO: 44) and 50-56-
pw101-G (SEQ ID NO: 45) containing 45 basepairs of homology to the native ERGY

promoter. 10pg of the resulting PCR product was transformed into exponentially growing
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0. 5% yeast extract, and antibiotics as detailed in
Table 1, and by growi ng the cultures overnight.
wpQOB0BY92The seed cul tures were used to i nocul ARCE/USR00AN12467
initial OD oo of approximately 0.05, 250 niL fl asks
contai ning 40 nL M- MOPS, 2% gl ucose, 0.5% yeast
extract, andantibiotics. Cultures were incubated at
300C on a rotary shaker at 250 rpmuntil they reached
Y002 afd YO QRaink uSiRp140% Wakgloyycdthelenedily¥dli3gho @Signta-Ahdrich St Louis,
roduction of a-farnesene or b-farnesene, in the host
MO), 16@m Tighign petaebigmayddrgpalmon Spgrm DA hesitrogen) pd
incubat%?:{lrg% PB‘I’C EOHE i Qlles folBwel HyW £5 CRIE SIERITOAB M mthitBs &is
of "an organi c overlay to capture the a-farnesene.
describ&hby Belsiestb &eGietd €furev@enet 215: B39 (E9AM). t Bositi® nepembinants were
. . tal .of .5 tinme paint by: tr f.erri . :
identifi BY Freircarglite Bl P dirragilv GRS o e (vitrogen
Co, Ca8shatipCA) afd ¢onfieidid\by diaghastie PSIR.kEhie vdsuhant clones were given the

. trans-car | | i pternal sta | .
cesan IR 054 P oGPk T Bl R fme s
replace@ %J('ji{ht ﬁ#e |da%|tdfdavgwrm@;mpegwle dCEDE®SY) The g.s:mai CeL BB aenpomic
an e ce suspensi ons wer r r 0 ass .
locus war amplifisd &iom Qgg%wféta?wma&'gﬁtét ggf{?&k@g‘mﬁ%a"% UsIng primers
61-67-@%136@6-@9(9E(§I)isﬁ|ﬂ@%)%d®1 -4NCOKDBY -G (SPYADINOL A7) containing 50
a |

; tion, 0.5 nL aliquots of the whole culture(?rotth
basepainpofflankirgihemology |t the 4PEY openFrading kgme APREYh}Pne of the

resultin%?g%]ggfo&ﬁ.\eirﬁlgg\t{ﬁ% 0 Célﬂ"‘ftﬁ?d Salonepily £8¢/ifS Y95 aha ty@unal

ure ‘broth sanples were i
described abanst ewlei nsttdins weteyselested: far grayth o thecgbserperafdeysings s
vials for, 10 41 n Sy: [
supplerfeBpdyl Sl RS aBlob 8L LR, PIychiteng lont Rl ed¥en he
designatioal Y 176003AT]AY4e! Bl GaMAToalphd)ay/ et hyl acetate

anpl and the ethyl. acet.ate- t I
ouas1§ 07 G et 5 PP TS PR RSt B
(SEQ IDNOmas ngidanaMeqs i(PBQA DN Dnrefpedtively, 5S&r&digasted overnight with

spectroneter S ull, sca de, (50-500. M 7).
Pl (Y B Sl oy At R B Rl rowine v176
as descFiBLd BbbVER st Wascomtsinbmte Svek®saledicd e byirbwi opeelium lacking
resol ution and the shortest overall runtine.

1yl .. .
uracil agg iR dnesGERLIoR 1P (iAo BIPORNIOET tih Conlfriedfy diagmostic
pcr. 'echnologies, Inc., Palo Alto, CA) and heliumcarrier

as. The tenperature programfor the anal ysi S, as
[00292? ol | oWk gerBoBeShearaviige staigi 11 % 2ugisiml lﬁéﬁﬁ from pAM489

(SEQ 1DA{BE 584 M@&M@'é GRS ﬁdé g, é}%&@wﬁvay,%&eqﬁge%%%emigm with

I'ncréasing tenpérature at 6 nute to_a tenperature
Pmel aofl igeslerd mtel expdnshtially gRo0RE YFY as dasaribed abpyea Fosifive
C gjfef;sp S iub]Bcki &n S¥dhRaaRe.
recombg}?%gﬁg’?%v\%ge%é- ar ﬁzgcgne, doan é‘?lﬁat b-1 g?ﬁggg{gle had a-
Integratioh dutb ithmcdrrave geriordic3Gcusi wast confimid iy dinenostic BEB: ocol .
arnesgne titer re7cak cal at | i YPD
100293) 21 0 SRBToBS 1R 18] S CHH AL P e P TRA e Rmied on o
mediuragldte faté ours at noenoferperathiiead alowffar matinge The mixed cell culture

was thér}sélgg_géé :ngpgllbtﬁg ﬂ%ﬁg lgigﬁlicilég%mgcr})/and%trypt%&%ﬂnstb s@t fo? growth of
diploid cells. 2ug of plasmid DNA from pAM493 (SEQ ID NO: 52) was digested overnight
with Pmel and introduced into exponentially growing diploid cells as described above.

Positive recombinants were selected for by growth on medium lacking adenine. Integration
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et hyl acetate. [00302] Host strain B592 produced
approxi mately 400 ng/L of a-farnesene at 120 hours
woOaveriaged over 3 independent clones), and hadprar/us2007/012467
maxi mal specific productivity of approxi mtely 46
ng/ L/ OD oo- Host strain B552 produced approxi mately
1.1 g/L of b- farnesene at 120 hours (averaged over 3
i ndependent clones), and had a naxi mal specific
into the RbREM Plehd¥inid/loehs waPEMiriidedyydilgndsgit IPCBD Dhe fesultant strain was
. r;@nesentative cl one). [00303] Exanple 20[00304] This
given thg Wﬁpgﬂﬂé¥3§&bes t he production of b-farnesene via

[00294]t he Di‘?g@ﬂér@.w idid 8faif§ eBRRInAY e Tall co &t bairtroduced
[ 00305] "Seed cuPtures of host strains B B651,

650
genes, ¥a2yassnor@laBd ineVepatsssimniagerate asyl C0RF0rgilinoss Bgwid medium.
o AP 200 kBRI g AR e ST AR v ot

con L I ot (-:S as detal
using a Bing€ahiseuientdSMB0§rsevien qricromapipulatpe(Singes Ipgtryment Co, LTD.

somersh BRI g eG4 SR MGl A Gy e

introdudedafketic mateaiahiveg: identifiedvBy MeRSbilityitongkownindthgrabsere of adenine,

. ...ug/m, thiam ne, mgronutriept 1.00E; I E
nisticing, Ve P 85 PEyPbety S PEAT tmig s BPE ep pbfigia by
diagnosB8 PCRI The skt sthias ovweré pives thedaignaduh 3240 (MAB@)@nd Y211

in a humdified incubating shaker at 250 rpmuntil
(MAT alphd)- r eached an ODeoo of 0.2 to 0.3, at which point

[00295)t he pppdieghblami@DNA FnpAMUR6 (SEQID NE:53); @bhtainlas S.
i nduced by adding 40 uL of 1IMIPTG tQ the culture
cerevisige gprdan optinired AmesphadeingRithass (ADRY csprestRddiomhesS.

cerevisz?ﬁ ?/LE:"]' Brofididt, &afintRduddl RidetidneaAly Sbwity T200 4he Y211 as

flarnesene. Sanples were taken at various tine
describgsbabmivs. I8y cerevinio strping ghat@oniginedthe pAM4R6 plasmidypere selected for

by theirﬁa&ﬁ?t?it? §83é,g H Y HAURE otf?e@%'rféasﬁ@ﬁlre%?atio;h qh%tf?ééﬂﬁg?tsstrains were

0 separate ou emal ni ng ce
given theadtisignaton Y205 (MAGF A)lhed SFRAr(MASwiphady sanpl es were

transferred,int uL. e i ked. Wi t-h.
100296k, 255 oF PRTRIERRR fion PANLSZCECTENET, 565 Miflne 5
cerevisiaB cohd@nogimizsd EoaotphideineTHnthaset(AE andregtocbranax B4S0

for 30 ds, and .t he alyzed a scribed j
monooRsBaRAARAO) ESHRGRN SIS ot et eras Lt o bhanme £ 450
oxidoregﬁﬁkhfvédc%lg%)]ﬁﬁgﬁzséwfr&n@fiy%‘gcéraﬁﬁga @HF] q &Gﬁig?e]r, wasinploduced into

] is e (descri bes t producti.on o

exponeiyils HEvERL Ya10 Bnd YN LeBAEHiped A6aves s cBray e SHinsthat
containEE HRVPANVBE2 PRSni® Wepd Sbledt@DRR DY thtif abilityH3Y@OW inake absence of

. gernerated by renoving the expression plasmd, fr
leucine suppipmenigiions The Fespltant s&rains TR gmﬁﬁdiwwna‘? 232 (MAT A)

and Y222000)T Nahay e 440: 940-943; PCT Pat ent

[00297] Example 19
[00298] This example describes the production of o-farnesene or B-farnesene in

Escherichia coli host strains.

[00299] Seed cultures of host strains B552 and B592 were established by adding a
stock aliquot of each strain to a 125 mL flask containing 25 mL M9-MOPS, 0.8% glucose,
0.5% yeast extract, and antibiotics as detailed in Table 1, and by growing the cultures
overnight.

[00300] The seed cultures were used to inoculate at an initial ODggo of approximately

0.05, 250 mL flasks containing 40 mL M9-MOPS, 2% glucose, 0.5% yeast extract, and
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Publ i cati on WO2007/ 005 604) by culturing in rich

medi um Strain EPY300 was then transformed wth
weoexmrassizon pl asm ds pRS425- FSA or pR425- FSB, yCEiUSR20g/012467

host strains Yl 66.and Yl 64, respectively. [00310]

Host cell transformants were selected on synthetic

defi ned nedia, containing 2% glucose and all am no

aci ds except leucine (SMglu). The host strain EPY300

antibiol@sS CRtFsvARB incubgied 20 3GI0N6h RidtadhaRSH 4 260 @pth)untiDtHey reached
expression El asm d pRS425- FSA or pRS425- FESB restores

an ODgoe@fcAnpEcirmgtedy Pdp ﬁtyw}(uehmz)nt th; wgﬂect&ﬂ frft-Eungiepg or P-farnesene in

the hosE Eéifé%%r 15&&&%}%&&% £0 M1, 33 MAPT&. At Ask PmBlof ﬁ{dukh&u it
| u ackwgg(§ eucine. The cultures were incubated b

y
cultures war@ ongriain mhtaflangreanihoyestayie sapiues ﬂl@ﬂafaynq@m Samples

s B 8L 2 P T R S Bl Bl 1

uL, of tlﬁ_oﬂglaqllal aveday tayeetd D684 plaSewdl cmitalnngsl mdraghyl acetate spiked with

e S AR S o . Mooy wer

spun d@\ﬁ@vden@ellhﬁ Wtk resusended 2 YL steﬁm@wﬁ&e dmdlihé té¢lbsuspensions
ed to inocul ate at ap initial

were traw?la tee Epss vabeeniaiping 1 q*hl)é@ﬁ?f@%?sﬁpékeéompﬂ%mwhyllene

as an iftbrn@f stévdHré &hisddHRN 0StnIRHEGotk 3€ e Whd18 ¢GItiR bréthddere added to
gl ucose,. and 1.8% gal actose. Cultures were incubated

a glass yjalsoontaipingl mi: gthyl assiatespiked wish teppreamephyliene s an internal

standad! TRE %%leoéulﬁﬁé‘ brovly sdxﬂplE@@zef@f‘thtﬁc%GiH QY SthiNettd BPvattexing
t he Gal ronot er g{qhact ose, f ar nesene pr oduction

the glawa\galﬁ der 1&@9@5@8, @ﬁtpt whiche&08ail} ef the sthy) agsiaic griacsion Wap
transfehgg (pggiegngwgs§%tch to using gal actose as their nmain
ca

on sou e cultures are overlain with 8 nL
[00301|}et hy| Ths @aamcwwerlsﬂpﬂwba}deta’«y sansplas end Serethd sicetateesxtracted

e ey 24 h b 0
whole (R EK SaREES Yk i Rl AL BS0p A kel Ghitpithodtipn
equippeditithi ani A&lglléiﬂ(w?li Eﬁ!‘shylbecﬁ'cﬁkﬂir QGCENﬂlsanmﬁﬂlgsoan kcaist (50-500 m/z).
ncentration o eta- or trans-caryo ene as
To expERCARLIED IR SPPOratTe AT e e Pl Ss Fab ey fpachieve

optlmal\lbéﬁl&e%lhﬁﬁﬁ Sn@ﬂ@téhoﬂ@.{t%v@x@ﬂﬁdnﬁxﬁe aadl 1ﬂ§ §a1ﬁpl@ lvfas separated using
cont ai ni 3 1m ethyl acetate P@ﬁ)l ked w

a HP-5M$ polugay (Agilept TerhmolagiesnInont %éilwsf?érAaaﬂ helivp cargjes gas- The

temperﬁiﬁ!ré Bfozrdth 264 khe @Hmlys-ag vvé@ra@f&msaqts@d: h@ldtf’ﬁﬁ?, &lilites, increasing
acetat € by vortexing t gl ass vials m nut es,

tempergfur@pt %Cérnm%t%temefqﬁ@e@f ROP°G e@%raw&s@mp&ewr@@t fRC/minute
toa ter{\léé'}‘gﬁlﬁce{)f ?&Vgoaﬁd £h6RINt Qb?@fdﬂ" laﬁm}dtg Q?é\gl)umﬁés %Eét?d n

produced” appr oxi nat e a-farnesene at
demongteged that the(frfanesyod smtbase:vrom s @eﬁame@eltﬂa end thag frfamesene had

a retenﬁ&?tﬁn&%?oﬁhn&ﬂgfﬁglﬁ th?sr é@l“;ﬁ' {o\éb; ¥ es@r%ot’itgf%' \U@r% %é%ut%ted by

representative clone st strai
compaying gemeated pealo ican agdinst aE[uantitativd c4litiratiorecsve oﬁpuriﬁzc@l B-

fames%iﬁ:ﬁggfaqégc&?&re eleé)n\él?:r%ldﬂé%rlpggr}e}p &t gi?oués N@E fip ?r%m and h yllene—splked
ethyl ab@ate/ OD 000 representative

[00302] Host strain B592 produced approximately 400 mg/L of a-farnesene at 120
hours (averaged over 3 independent clones), and had a maximal specific productivity of
approximately 46 mg/L/ODggo. Host strain B552 produced approximately 1.1 g/L of B-
farnesene at 120 hours (averaged over 3 independent clones), and had a maximal specific
productivity of approximately 96 mg/L/ODgg (1 representative clone).

[00303] Example 20
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clone). [00313] Exanple 22 [00314] This exanple
descri bes the production of g-terpinene, a-pinene, and
woeoimng2ene in Escherichia coli host strains. PCOQ31MY/012467

Seed cul tures of host strains for production of

g-terpinene (E. coli DH -Tir [pMevT, pMevB-Gops,

pAMA45]), a-pinene (E. coli DH -TIr [pMevT,

pMevB- Gops, pAMA43 or pAMA42]) or terpinolene (E. col
[00304]'3;" T‘ghls[&%% déaéﬁye% t@?&du%wéﬂﬂs -FAYBE SN Vil TSP Gathway in

I'ng a stock aliquot of each strain to separate
anEschatz&lnEOflll'@Sk%ra@bnt aining 25 nmL Md- MOPS, 2% gl ucose,

[00305]$ gl/" !égeac?émgﬁ‘{g SHHost ﬁfh‘in BS(P 1%35'10365‘? a&*xatﬁé§3e»deﬂe%stabhshed by

gr ow ng tures overnight to late
adding #xtpck ehQucanfpmisﬁranE mpex]ateTh%S sdellaske contpining 2y mLNOMOPS

ana a5 e B s T ) SR8 AR RS

[00306]0! uCOThe sedlaleasierexisedittt inoauidtean tn biitit @0 Af approgimately

of inoculatjon, the .cultur I | so.overl ain 'th

0.05 sepprath S0 el Shdkcsopianmias ApanE MTReS sabipaiGedug, 45 b

thiamink %Pe"rumﬁheiﬁs 1.60E-3GHokL $2804 P01 WMINOPSHe % @mhedmn 20 g/L of
D o approxi mately 0.2, at which point_ th

D-glucqﬁpo@rmutwtws TheculBRIONAE iBFubaiRtkH dO(C frha hmidifed inoubating
shaker %QJSbﬁ—%G ég %%322&1&@'3.'11%%% of D3UB B, k&Yw@ﬁBﬂ piintklle Brodktion of

wer e taken once per day for 96 hours

B-farnegppetin trestast Wlhgwmdu@ddiy adding 0 ubiof 4 M IPE(Ate the cylture
medluer & umecc;fqg&%‘%ito U‘ﬁ)l% Cili: es IR ¥odrbin Wil $RXAGSmAREanic overlay

overlay was 1:10 wth ethyl acetate
to captepitteei-favnesentr mleawyrqcmlym atrvariqys timei petrts iy |transferring 100 uL

dard i
sample%ﬁa gh g{pgell ?rg?%\é o%exlq%y Sxy {\f\)gdr %eé’tpﬁlﬁg 313;\,\% fabe wfla?"centﬁfu%ed to

separat@/@titanyarstimjrdng eells or r2édia, uindslthtIL bﬁthwaﬂr@mc avnﬂawfsam(plﬂﬂwere

transfex%%ﬁﬁxg abﬁ b\if rl g.f%q%giﬁ%%lgﬂeigx é%? | ass—scrg\ll)llo%lhyllene as an internal
standarH 'iﬁl Bleak 2129 BIiaBNThé fiRfdrdsitére Rattesddafod 30 decolids, andlthen
llets were extracted in t?ﬁilqgo acet at

analyzwtd@mgedm@%w. Hsgnér ort e B raroused,

1'—71‘3 pevehinea&R ate extraction was transferred
approm 9 %/né al asg3 vial. [00317] The hexadecane/ et hyl

[00307hceta tExamplelbs and the ethyl acetate-extracted cell
[ODSOSEel | ety %&a‘f}ﬁe \ﬁggc(f'lb@g‘ﬁ'ley S&Iu&fbn%fdaﬁiﬁc%gﬁe 559 8hn&Rfe in a

hr omat og equl pped w an Agilent 5975 nmass
Sacchaspeypdes coxavisiag 6t BN n fuII scan node (50-500 ni z).

003051, RSl EpY4hn Aol TGS 08 SORRIBRL AR o

Saccharmp&eutcemxmwbttaheEBH@r’lﬂ €Bo evyk (%106) Narrrrie #d0: 20943; PCT Patent

pusic D785k B BRSSP 00
transfoﬁﬁéxﬂm&&ptésémg Phscig?dﬁhﬁsﬁ“]_a% dr@@éfﬁSHQﬂﬁ#ﬁigd@Swrmns
Y166, aﬁl@ﬁﬁ’éﬁ ﬁ;pgctwei)y and helium carrier gas. e

[00310] Host cell transformants were selected on synthetic defined media, containing

2% glucose and all amino acids except leucine (SM-glu). The host strain EPY300 was
auxotrophic for leucine biosynthesis (leu2), but expression plasmid pRS425-FSA or pRS425-
FSB restores leucine prototrophy (LEU2). Single colonies were transferred to culture vials
containing 5 mL of liquid SM-glu lacking leucine. The cultures were incubated by shaking at
30°C until growth reaches stationary phase. The cells were stored at -80°C in cryo-vials in 1
mL frozen aliquots made up of 400 pL 50% glycerol and 600 pL liquid culture.
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program for the analysis was as follows: 75C hold for

3 mnutes, increasing tenperature at 20C mnute to a
woeopgassur e of 115C, increasing tenperature aPCT/US2007/012467

60C/ mnute to a tenperature of 3000C, and a hold at

3000C for 0.5 mnute. The various products,

g-terpi nene, a-pinene, and terpinol ene were observed

at 5.4, 4.1, 5.4, and 5.9 mnutes, respectively.

[00311]T' ter 8. Vel fnfdd &é&‘eae%éﬁha)édqg'ﬁggf g;r PstgS0sldloRgo Re2K mL flask

eas agal nst a quantitati ation curve of
containipg 25 frinb N ighw mmm levcing, and grewingthy Fulanes aysrpight. cFhggeed

t at 0
o35S A AT 9B 3B T . e
flasks cbntpinﬁl@eo il of¥yakheticdiefineg] mediadacking teusingi H2ffeglugose, and 1.8%

galactoss; COBUES TS FRbRtya Al SoonR B gDIhaR ) 2P0 piib b hSE the
presencé of gludosdinthp ﬁieﬂiaﬁpr]:ﬁémtﬂindfubﬁ&kﬁf e rGaiJl !prmgotﬁﬁbyrgalactose
805% Xtrfﬁ‘ ﬁg Cgﬁl d
famesenpIOBR ST ¥an RO BRUeR SRl Theeap Bt e e P Pb%ed’&e%%“
switch ﬁlﬂsfﬂg @Qa&&s‘é’ 431 tB&E mdAiP 281 sohli€e. TBRE U AFESvertatn With@ mL

to inoculate at an initial OD oo _of approxi n’gtel
methyl olegt® ordseprapylpaynstal. Seaples wesntakieniomge aPm “{?@S

transfer%u? % YEablorfid & 9{1} ¢ soffell MGASS a QG s ia1Qohfaining 500 uL ethyl

tures are In ated at 300C on a rotary _shaker at
acetate Baﬁtamptg aknown chegentretionafbatl erdrass-capiaprbiliens as ap iptepnal

s AT St BN eIV o i

contamhfg LML EthA aaetatdn splked withdranedayephiilenccg @onmmabstandard The

oot S5 1650 ORIl L, PO i

I on

for 10 BB} ai&émh:icﬁ 60baiLt oftthe ethiyl 4deeate extpartiod vedfs tiansferned tto a clean
is large enough to saturate the nmedia and to forma

glass viabcond phase. Sequence Listing SEQ ID NO 1 MevT66

[00312 perTo 'Host strain Y166 produced approximately 9.8 mg/L of a-farnesene at 120

TCAAAGGAGGAAAATAAAATGAAGAACTGTGTGAT TGTTT.CT
hours (MWWMWW@M%“
approx@jaﬁ%%{& _Iﬂf_o (1 regresentatglye cloneg Host stra1r_1|_ Ylt-54 roduced

approxm‘atag( B Aacsens Al . e S OVIX

and hag%ﬁg&%%%ﬂ%@&%ﬁm%ﬁ%m%g Sebanive

clone). TCAATAAGGT TTGCGGECT CTGECCT GAAGAGCGT GGCCCTGECAGCACAAGCGA

[003131TCAA CAAAGCATCGT TGCGGGTGGECATGGAGAACATGTCTC
TTAGATGCCAAAGCCCGCAGCGGT TATCGCCTGEECGATG

[00314( This example describes the production of y-terpinene, a-pinene, and

temino&%m&%%%ostzéw TGECTTAATGTGOGCGACCCACGGTTA
[00315] Seed cultures of host strains for production of y-terpinene (E. coli DH1-T1r
[pMevT, pMevB-Gpps, pAM445]), a-pinene (E. coli DH1-T1r [pMevT, pMevB-Gpps,
pAM443 or pAM442]) or terpinolene (E. coli DHI1-T1r [pMevT, pMevB-Gpps, pAM444]
were established by adding a stock aliquot of each strain to separate 125 mL flasks containing
25 mL M9-MOPS, 2% glucose, 0.5% yeast extract, and antibiotics as detailed in Table 1, and

by growing the cultures overnight to late exponential phase.
[00316] The seed cultures were used to inoculate at an initial ODggo of approximately
0.05, 250 mL flasks containing 40 mL M9-MOPS, 2% glucose, 0.5% yeast extract, and

antibiotics. At time of inoculation, the cultures were also overlain with 4 mL hexadecane.
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CACATGGGTATTACGGCCGAAAACGT GGCGAAAGAAT ACGGCAT TACGCGCGAG
ATGCAGGATGAATTAGCACT GCACT CTCAGCGCAAAGCAGCAGCCGCGATCGAG

WO CTEGE3ERET T TACCECGGAAAT CGT GCCAGT TAACGT GGT CACCECTAR AWM 2467
ACGTTCGI TTTCAGCCAGGACGAGT TCCCGAAGGCAAACAGCACCGCGGAGECC

TTAGGTGCCTTACGCCCAGCCT TTGACAAAGCGGEECACGGT CACCGCCGGT AAT
G

CGAGOGGCAT CAAT GAT GGT GCAGCGGCACT GGT CAT CAT GGAAGAGAGCGOCG
culuue%HWﬁ@%G%&%@ﬁ@%J LS foh] AREIABASEIGRE an

ODsoo mmmmnmmm@ﬁmmm@mﬁ in the
T T

R B RS

once peAGHY LA PG HedAORCTaBIGTaA ZNGAET FBeheradecaRITy :

microfugs Tbe For malysis, th texHastan %%%%W%yl

acetate @Hﬁéﬂ' GAREANE EAALPRNIHEGEE GROMEHAAEOATGEEIAT BETGATGE N

addltlow%@mﬁmﬁ%@&mmmwm&?ﬁ& in 250

uL sterifel WatbeTHadehd 1sibats WA deXtkal BA6RAldsA N at\cortelnM AR mL

CACGAACCTGCAAATCGA GCTGAAAAAS
ethyl a@mm@mvmm&mw%éﬂ@k AT %Wm

extractc@l inthee acetate b vortex1 the glass vials for 15 minutes, after which 500 uLl
COKAT T TGIBCGT OAGL‘OAGIBGT AAGTACAC
of the e@A{T @@E@E’W X Zile: AoGTGAGGACATCTA

s R TR e

pellet sémples were analyzed on an Agilent 6890N gas chromatograph equipped with an

et G ST T A e oo

times, the ternperature program and column matrix was modified to achieve optimal peak

o AP R I en 12

and 1 :sgmﬂa@a@%mﬁ%ﬁe@@ﬁmﬁxﬁmﬁa@e@mw GEELe®P SMS

colmmmm@mmmm&me@mm@m@ee@m@eem
prograr? K%ré}:gﬁg aCSZT as follows CZDS\E)%'IhgélT for C’»;_I_mmu‘cesi mcreasmg tem rature at

20°C/niinute to a temperature of 1 15°C increasing temperature at 60°C/minute to a

remper S S A S R

A A Y
. a-pinerf€, and terpinolene were observed at 5.4, 4.1, 5 4 and 5.9 minutes, respectively. Titers
were ca%tﬁgt-[ag gy co&%ﬁ@emra eﬁ%léL%%%T%I{%ﬁ@ AP eurve of

purified standards in trans-caryophyllene-spiked ethyl acetate.

[00318] Example 23
[00319] This example describes the production of linalool, limonene, B-pinene, B-

phellandrene, carene, or sabinine in Escherichia coli host strains.

[00320] Seed cultures are established by adding a stock aliquot of each strain to
separate 125 ml flasks containing 25 mL M9-MOPS, 0.5% yeast extract, 2% glucose, and
antibiotics as detailed in Table 1, and by growing the cultures overnight.

[00321] The seed cultures are used to inoculate at an initial ODggo of approximately
0.05, 250 mL baffled flasks containing 40 mL M9-MOPS, 0.5% yeast extract, 2% glucose,
and antibiotics. Cultures are incubated at 30°C on a rotary shaker at 250 rpm until they reach
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GCCAACCCGCAGCT GI TCCCGCGAGGT TGACGCCGAGCT GEGCGACGCGTGATTAC

GACGAGAGCCT GACCGACAAGAACAT CGAGAAGACCT TCGT CAACGT CGCGAAG
WCOCHITMGEREAAAGAGCGT GT GGCCCAAAGCCT GAT CGT CCCGACCAATASLIBBR1 2467

AACATGTATACCGCGT CTGT CTACGCGGECATTCGCGAGCCTGCTGAATTACGTC

G

GI'TCTGACGACCT GCAGGGECAAGCGCGT TAECCTGT TCAGCTACGGTAGCGECT

-
an ODACCCEREACBERTEY ATAGC AW PATTIET fRETCACGHOTERONDNNGA PCiterest in

o A S R R Gy

of inteASGEGEE A GIE AfeTA THERAMBTACH EHUACACRI RO EhAS) ACAITEGAfACASG for by

e TR NSO,

media Sld I b \Pltst CTAGCAGCGECCCGT CTAGCAGCAGCGAGGAGGAC
GACAGCCGT GACATTGAGT CTCTGGACAAGAAGAT CCGCCCCCTGGAGGAGI TA
GAGGCCCT GCTGAGCAGCGGCAACACCAAGCAGCT GAAGAACAAGGAAGTTGC
AGCGCTGGTGATCCACGGT AAGCT GCCACT GTATGCGCTGGAAAAGAAACT GGG
CGATACGACGCGT GCGGT CGCGGT GCGT CACAAAGCCT TAAGCATCTTAGCGGA
GECCCCEET GT TAGCCAGCGACCGCCT GCCGTACAAGAACTACGACTACGACCG
CGTGTI TTGECGCGT GCTCCGAGAATGTCAT TGECTACATGCCGT TACCGGT TGG
T
GIGATCGECCCGCTGGT CATTGATGECACGAGCTATCACATTCCAATGGECGACC
A
CGCGAAGGT TGCT TAGT CGCCAGCGCCAT GCGT GGCTGTAAGGCGAT TAACGCCG
GCGGT GECGCGACGACCGT GT TAACCAAGGAT GGTAT GACGCGCGEGT CCGGET CG
TCCGCTTCCCAACCCT GAAGCGCAGCGECGECGTGTAAGATTTGECTGCGATTCTG
A
GGAGGGCCAAAACGCGAT CAAGAAAGCCTTCAACT CTACGAGCCGTI TTCGCECG
TTTACAGCATATCCAGACCT GCCTGECCGECGACCTGCTGTI TCATGCGCTTCCG
C
ACCACCACGGEGECGATGCGAT GGGCATGAACAT GATCAGCAAGGECGT CGAATAT
AGCCTGAAACAAAT GGTGGAAGAATAT GCCTGGGAGGACATGGAGGT TGT CTCT
GI'GAGCGGCAACTATTGCACCGACAAGAAGCCGGCAGCCATTAACTGRATTGAG
GGTCGCCCECAAAAGCGT CGT GGCAGAAGCGACCAT CCCAGECGACGT GGT CCaGT
AAGGT TCTGAAGAGCGACGT CAGCGCCCT GGT TGAGT TAAATATCGCGAAAAAC
CTGGT CGECAGCGCGAT GECGEECAGCGT GEGT GECT TTAACGCACATGCAGCG
AATCTGGI TACGECGGT TTTCT TAGCCT TAGGT CAGGACCCAGCCCAAAATGTC
G
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AGAGCAGCAACTGCATTACCTTAATGAAAGAGGT TGACGGT GACCTGCGCATCA
GCGTTTCTATGCCGT CTATCGAGGT CGECACGAT CCECEECGECACCGI TTTAG
W6.2007/139924 PCT/US2007/012467

ACCGCAAGGT GCGATGCTGGAT CTGCT GEECGT GCGCGECCCACAT GCAACGEC
CCCAGGCACCAATGCCCGCCAACT GECCCGTATCGT GECCTGCGCGGTTCTGEC
G

GGTGAGCT GAGCCT GTGCGECCGCAT TAGCCGCGGECCATTTAGT TCAATCTCAC
A

TGACCCACAACCGCAA GCCAAATAACCT GGACGCAA

CCGMJUTANJIJCngiiﬁgﬂfﬁgzg%igbﬁGJUTAAMKITGMXFW

GCTACTAAGCTT SEQ ID NO. 2 Priner 4-49 nvaA Spe

5 e ST ACTAGT AGGAGGAAAACATCATGCAAAGT TTAGATAAGAATTTCCG S
SEQI ID NO 3 Prinmer 4-49 nmvaAR Xbal

Meng%'o-p%'BTCT AGACTATTGITGICTAATTTCTTGTAAAATGCG'S' SEQ I D
NO 4 Priner HMGS 5' SanmvaS-S 5' -

GAATERASHARATEMASAEAAMEERRA PO RFAGE N EERI AN ARARRGTCCG

CACGgﬁd%Tééﬁd&bH@TﬁkﬁtcﬁﬁTéW@@AbC@AG@RéC%&TGCAATCGATCTG
TTECATGATGITT TCCTCCTACTAGT TACTCT GBI CTGT GATAT TCGOGAA

GGTGCCACEOTUA REAASGECREICATTOR ACGEAGCAARATCGACAGCCAGCAC

GTTGgquﬁa?§§¥§§?§§§§§giéﬁ?2?&?&%@66@%68%6@éTd%%%ACCCA

GCGCGT(M(H e AACEEATOGTCTGATICEACGACEEYGTONGCGEI TCACCG
TCAATAWEETPTEYG G cTETSSE EREMERA ST B A Ee e RaGeaa
TTCAAGCCGGTCAGGCACAAAGCATCGTTGCGGGTGGCATGGAGAACATGTCTC
TGGCGCCGTACTTATTAGATGCCAAAGCCCGCAGCGGTTATCGCCTGGGCGATGG
TCAGGTGTACGACGTCATCTTACGCGATGGCTTAATGTGCGCGACCCACGGTTAC
CACATGGGTATTACGGCCGAAAACGTGGCGAAAGAATACGGCATTACGCGCGAG
ATGCAGGATGAATTAGCACTGCACTCTCAGCGCAAAGCAGCAGCCGCGATCGAG
TCTGGTGCGTTTACGGCGGAAATCGTGCCAGTTAACGTGGTCACGCGCAAGAAG
ACGTTCGTTTTCAGCCAGGACGAGTTCCCGAAGGCAAACAGCACCGCGGAGGCC
TTAGGTGCCTTACGCCCAGCCTTTGACAAAGCGGGCACGGTCACCGCCGGTAATG
CGAGCGGCATCAATGATGGTGCAGCGGCACTGGTCATCATGGAAGAGAGCGCCG
CATTAGCAGCGGGTCTGACCCCATTAGCGCGCATTAAATCTTATGCCAGCGGCGG
CGTCCCACCAGCCCTGATGGGCATGGGTCCGGTCCCAGCCACGCAAAAAGCCCT
GCAATTAGCGGGCCTGCAACTGGCCGACATTGATCTGATCGAGGCGAACGAGGC
GTTTGCAGCGCAGTTCCTGGCGGTGGGTAAGAATCTGGGCTTCGACAGCGAGAA
AGTCAATGTGAACGGTGGCGCGATTGCGTTAGGCCATCCGATTGGTGCAAGCGG
CGCACGCATCTTAGTGACGTTACTGCACGCCATGCAGGCACGCGACAAGACCTTA
GGCCTGGCGACCTTATGTATTGGTGGCGGTCAAGGTATCGCCATGGTGATCGAAC
GCCTGAACTGAAGATCTAGGAGGAAAGCAAAATGAAACTGAGCACCAAGCTGTG
CTGGTGTGGCATCAAGGGTCGCCTGCGCCCACAAAAGCAGCAACAGCTGCACAA
CACGAACCTGCAAATGACCGAGCTGAAAAAGCAGAAGACGGCCGAGCAAAAGA
CCCGCCCGCAGAACGTTGGCATCAAGGGCATCCAGATTTATATCCCGACGCAGTG
TGTCAACCAATCTGAGCTGGAGAAATTCGATGGCGTCAGCCAGGGTAAGTACAC
CATCGGCCTGGGCCAGACCAACATGAGCTTCGTGAACGACCGTGAGGACATCTA
TTCTATGAGCCTGACGGTGCTGTCTAAGCTGATCAAGAGCTACAACATCGACACG
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SEQID NGO 9 Priner 26-39B

5' - TGGTGGAGCTCTTATTTAAGCTGGGTAAATGCAGATAATCG 3' SEQ I D
wOIn07H89R% | ner 26- 39A PCT/US2007/012467

5' - TTCTTGAGCTCTTATTCCTTTGGTAGACCAGICTTTGCG S SEQ I D

NO 11 Priners 4-40 nvaEF BanH 5' -

TATGGATCCTAAGGAGGATATTTAGATGAAAACAGTAGT TATTATTGATGC 3'

SEQID NGO 12 Priner 4-40 nvaER Hindl Il 5'-

AATAA%XT@@@?GGT@T@GAGGTGG@TKEGEWGASU@IGASTGﬁﬂAWEAGCAAA
NGO 13 Priner
AGCGTENTABRESIT K A GR B B GG FAG A FOGARATFRESAGOCT

ATCG A déGTGTTRCEGGGRASR BATHCACTGTTCAATAGCCTGA
TCCT TAGTTTCGATAAGAGOGAACGG
ACTGGATH@AG%GgﬁkﬂGQCﬁﬁﬁﬁ&ﬁﬁGCQQQQGEQQG%hd%iﬁbﬁ§%GCGGCG

ATATQ§§E$¢?i§$G§§?6§%,mwxTA§%§§ﬁﬁgé§gg§§t@@%GBAGﬁEACCG

TTGCGATEEGCATTBCCEOECRGTEMIGCAATIATEH BEGAHd CHdTREGCGCGTC

B R S R RN AT GRATaCcco

TACGTEIGACCGECOATIFCBEPLTIGAGCTAC TATGRE ANGIGHSCEGUCEAGGTTT

rascie EhanGel e Rpp i AR eatipAlccaccac

GCAGé?AqgfgE?GﬁxﬁnmanGmmeAﬁmmcGméTmmﬁA@Gmﬁﬂm@eATGchc
GACCTGCARATT AT ACCAAATCTTATGGCCGCCTGTTATATAATGATTTCCGT
GCCAACCCGCAGCTGTTCCCGGAGGTTGACGCCGAGCTGGCGACGCGTGATTAC
GACGAGAGCCTGACCGACAAGAACATCGAGAAGACCTTCGTCAACGTCGCGAAG
CCGTTCCACAAAGAGCGTGTGGCCCAAAGCCTGATCGTCCCGACCAACACGGGC
AACATGTATACCGCGTCTGTCTACGCGGCATTCGCGAGCCTGCTGAATTACGTCG
GTTCTGACGACCTGCAGGGCAAGCGCGTTGGCCTGTTCAGCTACGGTAGCGGCTT
AGCGGCCAGCCTGTATAGCTGCAAAATTGTCGGCGACGTCCAGCACATCATCAA
GGAGCTGGACATCACCAACAAGCTGGCGAAGCGCATCACCGAGACGCCGAAAG
ATTACGAGGCAGCGATCGAGTTACGCGAGAATGCGCATCTGAAGAAGAACTTCA
AGCCGCAAGGTAGCATCGAGCACCTGCAGAGCGGCGTCTACTACCTGACGAACA
TTGACGACAAGTTCCGCCGTTCTTATGACGTCAAAAAGTAACTAGTAGGAGGAA
AACATCATGGTGCTGACGAACAAAACCGTCATTAGCGGCAGCAAGGTGAAGTCT
CTGAGCAGCGCCCAAAGCTCTAGCAGCGGCCCGTCTAGCAGCAGCGAGGAGGAC
GACAGCCGTGACATTGAGTCTCTGGACAAGAAGATCCGCCCGCTGGAGGAGTTA
GAGGCCCTGCTGAGCAGCGGCAACACCAAGCAGCTGAAGAACAAGGAAGTTGC
AGCGCTGGTGATCCACGGTAAGCTGCCACTGTATGCGCTGGAAAAGAAACTGGG
CGATACGACGCGTGCGGTCGCGGTGCGTCGCAAAGCCTTAAGCATCTTAGCGGA
GGCCCCGGTGTTAGCCAGCGACCGCCTGCCGTACAAGAACTACGACTACGACCG
CGTGTTIGGCGCGTGCTGCGAGAATGTCATTGGCTACATGCCGTTACCGGTTGGT
GTGATCGGCCCGCTGGTCATTGATGGCACGAGCTATCACATTCCAATGGCGACCA
CGGAAGGTTGCTTAGTCGCCAGCGCCATGCGTGGCTGTAAGGCGATTAACGCCG
GCGGTGGCGCGACGACCGTGTTAACCAAGGATGGTATGACGCGCGGTCCGGTCG
TCCGCTTCCCAACGCTGAAGCGCAGCGGCGCGTGTAAGATTTGGCTGGATTCTGA
GGAGGGCCAAAACGCGATCAAGAAAGCCTTCAACTCTACGAGCCGTTTCGCGCG
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5' - AAT TGA TGG GCC CTC AGC TTG CGA GAC GCA TCA CCT C

-3 SEQID NO 19 Prinmer 67-1E-C for PCR anplification
wohod7neIredi ng sequence of the ispD gene 5- CATPARASEIBB012467

CCC AGG AGG AAT AAA TGG CAA CCA CTC ATT TGG ATG -3 SEQ

IDNO 20 Priner 67-1 F-C for PCR anplification of the

codi ng sequence of the ispD gene 5. TAT TGI TCA TAT

GIT ATG TAT TCT CCT GAT GGA TGG TTC G -3' SEQ I D NO

TTTACAEEATRECEA6 AEET GeC TR Gt CGACH TGO THT TICRTGAUETHTCCGC

R e

' ARTEGCEPE G @G AdETGONGGTTGTCTCT

GTGAGQ@GKPG\@RT(T@HEC@ FAASABGEES @W%T%ﬁ@ﬁ%ATTGAG

coregoph Mo ORI et esgerccor

AAGGTECTTAAGAGEECCTCAGE UL TSGTREGAGT TMAATA T GREAAAAAC

CTaGTHOERAGCRR R ERR O RO IR R AR (GRS CAGCO

AATCTEGTTAS GGAGET THGITAGAC TEEQGTCACGARSCRAGECCAAAATGTCG

ookl krifl EER BN ot RSB ocaTCA

GcGTﬂ@@T165;1‘6%60@&7 3 Do_s\fg%ms@rdﬁcomm&GsmammceeTmAGA
I mer ar | C

ACCOGAAMTEICOAT e THGAT A R SRetiobl B A caacace
cCCAGAOACTA 56 CAAGEEA SACTECEGTHTCERAGT BIPGCCAGTTETGGCG

GOTGABCTRAGERAGEE OBCCRAS RO ERE A e AT AR EcTCACA
TGAC@)?E@AEC&?M@c@@sﬁﬁ%&qo&ﬁ@c&é@c@&ﬁmmweGCAA

PCR anplification qof the codi n%;_ seguence
CCGA(BAT{M@A(E@QHCQ‘@}@AGGATGGCAGCGTCACGTGCAT AAAAGCTGAGCAT
GCTACTAAGCTT
SEQ ID NO: 2

Primer 4-49 mvaA Spel
5°-GCTACTAGTAGGAGGAAAACATCATGCAAAGTTTAGATAAGAATTTCCG-3’

SEQ ID NO: 3
Primer 4-49 mvaAR Xbal
5. GCTTCTAGACTATTGTTGTCTAATTTCTTGTAAAATGCG-3’

SEQ ID NO: 4

Primer HMGS 5° Sa mvaS-S

5°-
GAACTGAAGATCTAGGAGGAAAGCAAAATGACAATAGGTATCGACAAAATAAA
CT-3’

SEQID NO: 5
Primer HMGS 3° Sa mvaS-AS
5 TTGCATGATGTTTTCCTCCTACTAGTTACTCTGGTCTGTGATATTCGCGAAC-3’
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5'- TGG ATG AAG TCG ACT TAA TCG ACT TCA CGA ATA TCG
ACA CGC AGC -3 SEQ ID NO 29 Primer 67-2G C for PCR
wanpl7iBorat i on of the codi ng sequence of the i BCTYSH®7/012467

51- CAT CAA GTIC GAC AGG AGG AAA TAA TGC AAA CGG AAC

ACG TCA TTT TAT TG -31 SEQ ID NO 30 Prinmer 67-2HC

for PCR anplification of the codi ng sequence of the

idi geneb'- TAA TGC AAG CTT ATT TAA GCT GGG TAA ATG
CAG ATA ATC G -3 SEQ ID NO 31 Prinmer 67-21-C for PCR
lification of the coding sequence of the ispA gene

SEQ “3 YOG TAA AGC TTA GGA GGA AAT AAT GGA CTT TCC GCA

aner%&%B@@ISg SEQ I D NGO 32 Prl mer 67-2J-C for PCR

[ifi catl on of the codi n uence of PA gene
5 GCTABOERA TG 1GGCRAT OAGOTTICTS C&%A%@ﬁsz%ich e
TCC GC -3'" SEQ | D NG 33 Priner 9-156A for

anplification of the RK2 par | ocus 5'-
SEQ IDOYOAGACGT CGGGAAAGCGAGGATCTAGGTAGGG -31 SEQ I D NO 34

[ 3,kor PCR anplification of the RK2 par
Primer lb m%‘gA CGAGGTGEOGGACCATATAGGCAGATCAG - 3f

5’-GC’M@GBT@C€53®€G@&THDGI@WT§A@31 AS 5' -
GACGTCGATATCTGGCCGAAAATG - 3' SEQ I D NO 36 Primer
19-137 cm - pAM37-S 5' - TACTAGITGCTTGGATTCTCACC - 3'

SEQIBINDI® NO 37 Primer for PCR anplification of a

Pri %u_? oti de sequence encodi ng a b-farnesene synthase

nmer T GGACA CTCTGCCGATCTCTTCCGTAAGC-S SEQ ID NO 38

5’-CCATCTOGAGA TR ATPACGGRTCATAACEATGIG-30t | de sequence

encodi ng a b-farnesene synt hase
SEQ ID NO: 9
Primer 26-39B
5°-TGGTGGAGCTCTTATTTAAGCTGGGTAAATGCAGATAATCG-3’

SEQ ID NO: 10
Primer 26-39A
5’-TTCTTGAGCTCTTATTCCTTTGGTAGACCAGTCTTTGCG-3’

SEQ ID NO: 11

Primers 4-40 mvaEF BamHI

5’ — TATGGATCCTAAGGAGGATATTTAGATGAAAACAGTAGTTATTATTGATGC -
3 3

SEQ ID NO: 12
Primer 4-40 mvaER HindIIl
5°- AGCTAAGCTTTTATTGTTTTCTTAAATCATTTAAAATAGC -3’

SEQ ID NO: 13

Primer 4-40 mvaSF Bglll

5’ - TATAGATCTTAAGGAGGATATTTAGATGACAATTGGGATTGATAAAATTAG —
3 ?
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5' - GAGCTCTCATACGACCATAGGGTIGTACG S' SEQ I D NO 39 Priner
for PCR anplification of a nucleotide sequence
wenewdidsg4 an a-f arnesene synt hase PCT/US2007/012467
5' - CCATGGACCTGGECAGTAGAAATTGC-S' SEQ ID NO 40 Pri mer
for PCR anplification of a nucleotide sequence
encodi ng an a-farnesene synthase
5' - GAGCTCTTACATCGGTACCGECTCCAG' S SEQ I D NO 41
SEQ IMNTB(1¥pt ) - HMGS(opt ) : nvaA oper on
. ATGAAGAACTGTGTGATTGI TTCTGCGGT CCGCACGGECGATCGGCAGCTTTAAC
Primer 4339 mvaSR Bam

— TTPEUATE ASPAGEACCTANGCAS KA TAKGGTEOGACGGT CATTAAGGCCG
C

CATTGAACGCGCCAAAAT CGACAGCCAGCACGT TGATGAGGT GATCATGGGCAA
SEQ II%:WI'I'SACAAGCCGGCCT GGGTCAAAACCCAGCGCGT CAAGCACTGTTAAAATC

Primer mmm&mm%w@ﬁm@@ww@ﬁq@mam
- ACK AR SAGRAS NI ATIATL AT ALE ASEARFASSE

TCGT TGCGEGET GECATGGAGAACATGT CTCTGECGECCGTACT TATTAGATGCCA

SEQ I@%CI:GGTTATCCI:CTCHI:GATGGTCACI;TGTACGACGTCATCTTACG
Primer €7-1B-C for PCR amplification of the coding sequence of the dxs gene

5- TG B AN TAE R R A S R Crocac

TCTCAGCGCAAAGCAGCAGCCGCGATCGAGT CTGGTGCGT TTACGGCGGAAATC
GI'GCCAGT TAACGT GGT CACGCGCAAGAAGACGT TCGT TTTCAGCCAGGACGAG
SEQ IHMAGGOAAAOAC—DACCGCGGAG(IZCT TAGGTGCCTTACGCCCAGCCTTT

Primer @7 1C-C for PCR am hﬁcatlon of the co sequence of the dxr gene

TCAAT ,
5'- ACYB@@\W ﬁ%@éﬂ@iﬁ@ﬁ%% GC-3

TAGCGCGCATTAAATCT TATC-ICOAC-ZCGGCGGCGT CCCACCAGCCCTGATGGEGCA
T

SEQ IBSEICEESGT CCCAGCCACCCAAAAAGCCCT GCAAT TAGCGGGECCTGCAACTGEC

. T 8
primer (PR AP R AR A R i o ST
5'- AAT GGH TAEECOT CTEAATEST ECARGBAGBCACACACETTRTTGALGT TACT
G
CACGCCATGCAGGCACGCGACAAGACCT TAGGCCTGCCGACCTTATGTATTGGT
SEQ IPNO: 19

Primer %@A %ﬁ %a@%l- hé coding sequen %T%%EBT@%A@A

5'- CAT AAA GGG CCC AGG AGG AAT AAA TGG CAA CCA CTC ATT TGG ATG -3'

SEQ ID NO: 20
Primer 67-1F-C for PCR amplification of the coding sequence of the ispD gene
5. TAT TGT TCA TAT GTT ATG TAT TCT CCT GAT GGA TGG TTC G -3'

SEQ ID NO: 21
Primer 67-1G-C for PCR amplification of the coding sequence of the ispE gene
5'- AAC TAA CAC ATA TGA GGA GGA ATA AAT GCG GAC ACA GTG GCC CTC -3'

SEQ ID NO: 22
Primer 67-1H-C for PCR amplification of the coding sequence of the ispE gene
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AAGCAAAAT GAAACT GAGCACCAAGCT GT GCTGGT GT GGCAT CAAGGGT CECCT
GCGCCCACAAAAGCAGCAACAGCT GCACAACACGAACCT GCAAAT GACCGAGCT

WQAIAAASCAGAAGACGCGECCGAGCAAAAGACCCGECCCGCAGAACGT POBDATI0A 012467

AGGGCATCCAGATTTATATCCCGACGCAGT GTGTCAACCAAT CTGAGCT GGAGA
AATTCGATGGCGT CAGCCAGGGT AAGT ACACCAT CGGCCT GGBCCAGACCAACA
TGAGCT TCGT GAACGACCGT GAGGACATCTATTCTATGAGCCT GACGGT GCTGT
C

5'- TGTTRAAGCTTATCBEGET TACAXCAT APCATCE TR GSICBATTGTCRGGAGGT
GGGTACGGAGACGCT GATTGACAAGAGCAAAAGCGT GAAGT CTGTCTTAATGCA
GCTGTTCGRCGAGAACACGGAT GT CGAGRGTATCGACACCCTGAACGOGTGTTA

SEQ IWCOAAC@ACTGTTOAATA@CTGAACTGBATTGAGA@AAC@CTG

Ae A CGTCGTGTGCGGCGATAT G TCT GACAAGGG

5'- AC@%Q%@' K@@K‘@@NK@W??@@WWCG -3'

TTTTACAAGCCGGACT TCACGAGCGAATACCCGT ACGT GGACGECCACTTCTCT

SEQ I#EA%%CTATGT GAAGGCGCTGGACCAGGTTTATAAGT CTTATAGCAAAAAGG
Primer 67-2B-C for PCR amplification of the coding sequence of the ispF gene

S T o T AN T T CE AT A RA T AR A
SEQ IligJ_AJQGCCGCCTGTTATATAATGATTTCCGTGCQAACCCGOAGCTGTTCCCG
Primer @B DXCA00E PO G KSR 0TI IO GAQOAAGITEADUGADAAGAA

AAC G -3'
GCGGCATTCGCGAGCCT GCTGAATTACGT CGGT TCTGACGACCT GCAGGGECAAG
C

SEQ ImxngCTGTToAGCTACGGTAGCGGCTTAGCGGcoAGCCTGTATAGCTGOA
Primer Mmmmmmmw
A 17 )

R
GCATCGAGCACCT

GCAGAGCGECGTCTACTACCT GACGAACAT TGACGACAAGT TCCGECCGI TCTTA

SEQ IMAAAAGTAACTAGTAGGACISAAAACATCATGCAAAGTTTAGATAAGAA
Primer 57T DEGAGAPTRATHIEEGAACAARAGTTARAGANE ECTAGARAZBEAATG

5. AAiﬁﬁ%M&ﬁ%@&ﬁ&%%W&ﬁ%E&%ﬁ&

TA TAGT TTAATTGAAAATGT CATCGCGCAAGGT GCATTACCCGT TGGA
SEQ 1§'NO? 2 CAT GGTGCATTA TGGAT

Primer 67-2F-C for PCR amplification of the coding sequence of the ispH gene

5'- TGG ATG AAG TCG ACT TAA TCG ACT TCA CGA ATA TCG ACA CGC AGC -3’

SEQ ID NO: 29
Primer 67-2G-C for PCR amplification of the coding sequence of the idi gene

5'- CAT CAA GTC GAC AGG AGG AAA TAA TGC AAA CGGAACACGTCATTT

TAT TG -3'

SEQ ID NO: 30
Primer 67-2H-C for PCR amplification of the coding sequence of the idi gene
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ATTACCGAATATCATTGT GGACGATAAGGCATATGI TGTACCTATGATGGT GGA
A

WEAMIABTCAGT TGT CGCTGCAGCTAGT TATGGT GCAAAGCT AGT GAET/DALeNT12467

G
GCGGATTTAAAACGGTATCTTCTGAACGTATTATGATAGGTCAAATCGTCTTTG
A
TGGCGTTGACGATACT GAAAAAT TATCAGCAGACAT TAAAGCT TTAGAAAAGCA

5. TAAARG AL SAAAT IECOTHLAEETATAT TN A GIATF UNAAIEANMISEE3T GG
TTACCAACGTATAGCTATTGATACATTTCCTGAGCAACAGTTACTATCTTTAAA
AG

SEQ IDTIQ'{)TB@TTGATACGAAAGATGCTATGGGCGCTAATATGCTTAATACGATTTTAG

Primer WTMUWWMM@@WW%@&W%@%

5'- CAG, W&XE% GGA GGA AAT AAT GGA CTT TCC GCA GCA ACT CG -3

CATGCAACAGCGT CCGI TGI TAAAGT TCAAGGCGAAATTGAC

SEQ IMTA@A&W@@@ACT GGAGAAGAGGTTGCCAAACGAATG
TCTGTATTGGCACAAGT TGATATTCATCGTGCTGCAACACATAAT
Primer 69-2J-C for PCR amplification of the coding sequence of the ispA gene

5 TaTE A TEGMAAP S T ATEE TEE ATO AR GFRE O e 6

TGGTGCAGAAGCAAGT GOGCATGCATACGCGAGT CGTGACGGACAGTATCGTGG
TATTGCAACATGGAGATACGATCAAAAACGT CAACGT TTAATTGGTACAATAGA
SEQ ID\NEH3BT ATGACAT TGGCAAT CGTTGGOGGT GETACAAAAGTATTACCAATTGC

Primer 9-1 S%If%rcll)'%l'{Ampl%%%g?n of _?_he RK2 p _Ic_lr locus T AGGTCATGTA
5°- ACAST AGACGTCGGGAAAGCGAG(?IAT%A'F 8%% %
TTGCTGCCGTTGGT TTAGCACAGAACT TTGCAGCATGT CGCGCGCTCGITTCCG

A
SEQ IThNO::SBACCAGCAAGGCCATATGAGCTTGCAATATAAATCTTTAGCTATTGITGT

Primer SL56R for PCR smplification of the BK2 par locks -+ reanccancancoc

5’- TTAUSTGCTAXTAGATACEACHFCRAGR RN G ORAERATRAG TAGACAACAATAG
SEQ ID NO 42 atoB(ppt): mvaS(ppt): nvaA operon
ATGAAGAACTGTGTGATTGT TTCTGCGGT CCGCACGGECGATCGGCAGCTTTAAC

SEQ I:NO: 35

Primer gf{g AC%%@T CTGCAATCGATCTGGEGTGCGACGGTCATTAAGGCCG

5 (ACATBGGABCACGT TGATGAGGT GATCATGGGECAA

TGTGT TACAAGCCGGCCT GGGTCAAAACCCAGCGCGT CAAGCACTGTTAAAATC
T

SEQ IISNG:T3§3CCGAGACCGT GT GTGECT TCACCGT CAATAAGGT TTGCGECTCTGEC

Primer 1543 AAn B Y (ST GGCAGCACAAGCGAT TCAAGCCGGT CAGGCACAAAGCA
_ T AT G P T GERATEEACGABTAT 6T CTCTGGCGOCGTACT TATTAGATGCCA
A

AGCCCGCAGCGGT TAT CECCT GEECGATGGT CAGGT GTACGACGT CATCTTACG

SEQ II¥NO: 3
Q GATGGCT TAATGTI GCGCGACCCACGGT TACCACATGGGTATTACGGCCGAAAAC
Primer for PCR amplification of a nucleotide sequence encoding a B-farnesene synthase

5°-CCATGGACACTCTGCCGATCTCTTCCGTAAGC-3’

SEQ ID NO: 38
Primer for PCR amplification of a nucleotide sequence encoding a B-farnesene synthase

5'-GAGCTCTCATACGACCATAGGGTGTACG-3’
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GIGGCGAAAGAATACGGECATTACGCGCGAGAT GCAGGATGAATTAGCACTGCAC
TCTCAGCGCAAAGCAGCAGCCGECGATCRAGT CTGGT GCGT TTACGECGGAAATC
wGRWEGAE9RT AACGT GGT CACGCGCAAGAAGACGT TCGI TT TCAGCEAGBALIBAM® 2467

TTCCCGAAGGCAAACAGCACCGCGEGAGECCTTAGGT GCCTTACGCCCAGCCTTT

G

ACAAAGCGCEGECACGGT CACCGCCGGT AAT GCCGAGCGGCATCAATGATGGTGCAG

CGGCACTGGT CATCATGGAAGAGAGCGCCGCAT TAGCAGCGEEGT CTGACCCCAT
SEQ IDACOSEECATTAAATCT TAT GCCAGCGECGECGT CCCACCAGCCCTGATGGCCA

Primer £t PR anpitication of & fucleotidt sequenie ntoding an o-taeseht §yihase

5’-CCABBGNTCGRGGIZ AABARRAQECGT TTGCAGCGCAGT TCCTGECGEGET
GGGTAAGAAT CTGGGECT TCGACAGCGAGAAAGT CAAT GT GAACGGT GGCGCGAT
TGCGT TAGGCCATCCGAT TGGT GCAAGCGGECGCACGCATCTTAGT GACGT TACT

SEQ IDNO: 40
. AGGCCACGCGACAAGACCTTAGGCCTGECGACCTTATGTATTGGET.
aner(gor PCR amplification of a nucleotide sequence encoding an a-farnesene synthase
5'-GA GEPETFH S TEUSEAE TR EAECHAGECCT GAACTGAAGAT CTAGGAGEA
AAGCAAAATGACAATAGGT ATCGACAAAATAAACTTTTACGT TCCAAAGTACTA
TGTAGACATGGCTAAAT TAGCAGAAGCACGCCAAGTAGACCCAAACAAATTTTT
SEQ II?NE%ATT%T CAAACTGAAATGGCTGT TAGI CCTGTAAACCAAGACATCGT

ato B(oFQAAAGSCRSEPRAd @DERET AAGGACAT TATAACAGACGAAGATAAAAAGAAA

ATGARTARTATACFOR TP CrEEUC FEdALEEEAT06CRd T raace

GCTCTTGAGRGATGIACAACTTAATEIRAA T CAMSEH TECUGACGUICATTAMAGCCGC

CATTG RAGHEEARAMARTS CACRAEEASGAT R REATTRGATRATRE OCAA

TGTGBIACAAGCCGGCCTGGGTCAAAACCCAGCGCGTCAAGCACTGTTAAAATCT

GOTC R A RS AN ARG A ARG AR Ra R Groace

TGMEM@TMW@UWUMW@W@@A@&AGCA
TCOT ARG TRASA TP NGB R I EFSEROF RISOFBACTHFT ARAESCCAA

AGCCEGCAGCGGTTATCGCCTGGGCGATGGTCAGGTGTACGACGTCATCTTACGC
GCATTATCTAAAGATGCTTATATCCGCT CATTCCAACAAAGCT GGAATGAATAC
GATGGCTTAATGTGCGCGACCCACGGTTACCACATGGGTATTACGGCCGAAAAC

GTGGEXRKEIATREEEATIACSEBSAGATEE LBIATEAN FIABEETGCAC
TCTCAGCHCAAAGTE0CHOAANISATCARGTCAGIGTOTTIECONPGGAAATC
GTCCCAS A LT EEFENCSEEEARBARS REETYERT PN CEXS G oG

TTCCABAGKBECAMA AT B CHHRGAATBTAT ARABGECCTANTACGEORSGCCTTTG

ACAA G aaCACONTCACCOOCaOTANTAC0AGRERCATCATGALRGIGCAG

CGGCACTGGTCATCATGGAAGAGAGCGCCGCATTAGCAGCGGGTCTGACCCCAT

TAGCELGTAPFARKTCHATSEEREEAS LEECETCAEALEASEE W 66acaT
GGGTCCGGTCCCAGCCACGCAAAAAGCCCTGCAATTAGCGGGCCTGCAACTGGC

CGACATTGATCTGATCGAGGCGAACGAGGCGTTTGCAGCGCAGTTCCTGGCGGT

GGGTAAGAATCTGGGCTTCGACAGCGAGAAAGTCAATGTGAACGGTGGCGCGAT
TGCGTTAGGCCATCCGATTGGTGCAAGCGGCGCACGCATCTTAGTGACGTTACTG
CACGCCATGCAGGCACGCGACAAGACCTTAGGCCTGGCGACCTTATGTATTGGTG
GCGGTCAAGGTATCGCCATGGTGATCGAACGCCTGAACTGAAGATCTAGGAGGA
AAGCAAAATGAAACTGAGCACCAAGCTGTGCTGGTGTGGCATCAAGGGTCGCCT
GCGCCCACAAAAGCAGCAACAGCTGCACAACACGAACCTGCAAATGACCGAGCT
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ATCAAGCT GCACATAAAGCATTATTAAATAACCGTACTGAAGTATCTGT TGATG
wgfmwmmTTCTTQAAACGTTTTGATGACGTTGAATTTGACGAPG%@M@M2467
-IC-;CTGTTCATGAAGATCGTCATATTTTCTACTTATCAAATATTGAAAATAACGTT
SG.GAATATOAOAGACOAGAGTAACTAGTAGGAGGAAAAOATOATGCAAAGTTTAG
GAAAAPGCAGHAGBGQGRT CRATELEETAAMNEAASIHRCAAB AR AESTREREA ATCA

AGGGEA G AT A T O GART TP AN CARTGT ARG OACA

AATTOGATGGCGTCAGCCAGGGTAAGTACACCATCGGCCTGGGCCAGACCAACA

oo B A A S e

TAAGBTGATCAAGAGCTACAACATCGACACGAATAAGATCGGTCGTCTGGAGGT

GGGTA%{(E‘}TGAGA%C%C—(I—}AT %X%FC%R%%%E@WAW éﬁ‘%TGCA

GCTGT%@%WEW@@E@@WWA@M@T&@NMWGTM
TTGATGGCGT TGACGATACT GAAAAAT TATCAGCAGACATTAAAGCT TT
CGGCﬁ@CACCAACGCACTGTTCAATAGCCTGAACTGGATTGAGAGCAACGCCTG

GGATWF&W@T@%@%F@@%@AWE@E@W@M@%&AGGG
GT GG GGT TACCAACGTATAGCTAT TGATACAT T TOCT GAGCAACAGT TA

TGCG@CACGTCCGACCGGCGGTGCAGGCACCGTTGCGATGTGGATTGGCCCGGA
CGCAéEWEEKEK%Wm@E%ﬁW&EW%CGAC
TTTTATAATAEAGEZCAT FEATTAGTCHARACOIGRATG TEEAOAGCEXATTCTCTC

TOACq AR TP AN ST IR ARSI AL AT AAATAGS AR A AGEC

GATTECTAAGGGCCTGGTCAGCGACCCGGCAGGCAGCGACGCCCTGAACGTGCT

oA N A R SR B oo

TCTTAYT GGCCGCCTGTTATATAATGATTTCCGTGCCAACCCGCAGCTGTTCCCGGA

GGTTGACGCCOAGCTEUISACEEE TS AT ACERIGAEAS SR CAECEA A AGAA

CATCOMIZACKET CEAKASCTEECEEXATECETHCACALUAGAMNCABETGGC
ATCGTGGTAT T GCAACAT GGAGATACGATCAAAAACGT CAACGTTTAATTGGIA

CCAAAGCCTGATCGTCCCGACCAACACGGGCAACATGTATACCGCGTCTGTCTAC

GCGGOANPEEEASE AT B ARTFHE CPCEETFETEACGAMNBEATEECAAGC

AATTGCTAAAGCTTCT TTAGAATTGCTAAAT GTAGATTCAGCACAAGAATTAGG
CGTTGGCCTGTTCAGCTACGGTAGCGGCTTAGCGGCCAGCCTGTATAGCTGCAA

WK%%%RW&W@W@AGCT
ret g ATTACAAGGRAGCTATASTRTTACG

ORI A ISR RS EATSRAGE AT

GCAGA (OBACTASETANFCGBATGATAGARGFEEGIXGATACTTAT

oA Co A R LA AR AN AT CARAG TTTACATAAGAA

TTTCHBAKPOTEJATCTCGTCAACAAAAGTTACAACAATTGGTAGATAAGCAATGG
TTATGE AT RN APC EAL AT T GARTEATEEN T TAAT IS T8 c anc
TAGCAAATAGTTTAATTGAAAATGTCATCGCGCAAGGTGCATTACCCGTTGGATT
ATTACCGAATATCATTGTGGACGATAAGGCATATGTTGTACCTATGATGGTGGAA
GAGCCTTCAGTTGTCGCTGCAGCTAGTTATGGTGCAAAGCTAGTGAATCAGACTG
GCGGATTTAAAACGGTATCTTCTGAACGTATTATGATAGGTCAAATCGTCTTTGA
TGGCGTTGACGATACTGAAAAATTATCAGCAGACATTAAAGCTTTAGAAAAGCA
AATTCATAAAATTGCGGATGAGGCATATCCTTCTATTAAAGCGCGTGGTGGTGGT
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GCGTTAGTATCGAAT GGAT GGCGECGT TAGTATCGAAT CGACAGCAGTATAGCG
ACCAGCATTCACATACGATTGACGCATGATATTACTTTCTGCGCACTTAACTTC

wWG2007/139924 PCT/US2007/012467
CATCTGGGCAGATGATGT CGAGGCGAAAAAAAATATAAATCACCCTAACATTTG
ATTAAAATAGAACAACTACAATATAAAAAAACTATACAAATGACAAGI TCTTGA
AAACAAGAATCTTTTTATTGI CAGTACTGATTAGAAAAACT CATCGAGCATCAA
A

TACCAKLASARTXBAT ANAKT AR ACEETTAGB S PACCATA TG TAACANNBEA AAG

TAT TG AR RO A BERTARATASHAERT TACA
GGCC@KQ@W@@@TW@%&@MMWWGAGT

ATTT ORI AN TAE RS AT HTEASRAESAA A CACE
TTAAAGKTPIASCARGE SRASAENT LTI CA TAX AT TECEUUACABGEAATG

GAACEEOCATOREIATE ARG AN ERCHTARTEARLARRSESGAMAGIEAATA
Ao NGRS T TAIAISAASAREANT BT CaCO

TGGTGASSANGTARBTGURCATCUALSCHTASCECATBACTCARAATATEGTGG
TATT@&%XWWT%MW%&%%WMGA
AGTGECAGTGACACTAGCA KIRGTAGCIRECHE RS RAMAGEATTACEAAT TGCT

AAAGETTCTTAG AT RAA T AT A T EATREN A AG A G TAG

TTGC@@WAWKEMWCWCCGA
AGGTABERNRGANIGERATA TS AQGEEFEANTELEAA R FATAGCRATLGT TOTA

GGTGCEAAAAGGTGATGAAATTGCGCAAGTAGCTGAAGCATTGAAGCAAGAACCC

CCCATATAAATCAGCATCCATGT T
CGTGG,‘GAATACACAAGTAGCTGAACGCATTTTACAAGAA:EA: FFAEKEK AR ATAG
GAGTCTTTTCCTTACCCATGGTTGTTTATGT TCGGATGTGATGTGAGAACTGTA

TC
SEQ I NCRAGATTTTAAAAGGAAGT ATAT GAAAGAAGAACCT CAGT GGCAAATCCT
ccccococcoc
atoB(o p/?fmmg,(lo TATATIT GRGEACA GGGGACAATTCAACGCGTCTG

T AT TS TR BT IR ATIA G500

CATT@K@GEﬁGSEKEA@3EEEEmNKKF&KﬂﬂﬂﬂﬂﬂﬁiG&ﬁﬁIﬁ@WQETGﬁGCAA

e

GGTCMWW@WMMATWWGGCC

TGAAGARSTERREGTTRIFARRNSAASERATRFAGTRATERAGITARRAACCA

TCGTPGCGGGTGGCATGGAGAACATGTCTCTGGCGCCGTACTTATTAGATGCCAA
AGCCRECAGECGTTATCES SRS B EH EAGLTGTACEREGIE S racac
GATGé@@ﬁMW@@AWR@W%HMMWG@W@AAAC
GTGGCGAAAGAATACGGCATTACGCGCGAGATGCAGGATGAATTAGCACTGCAC
TCTCAGCGCAAAGCAGCAGCCGCGATCGAGTCTGGTGCGTTTACGGCGGAAATC
GTGCCAGTTAACGTGGTCACGCGCAAGAAGACGTTCGTTTTCAGCCAGGACGAG
TTCCCGAAGGCAAACAGCACCGCGGAGGCCTTAGGTGCCTTACGCCCAGCCTTTG
ACAAAGCGGGCACGGTCACCGCCGGTAATGCGAGCGGCATCAATGATGGTGCAG
CGGCACTGGTCATCATGGAAGAGAGCGCCGCATTAGCAGCGGGTCTGACCCCAT
TAGCGCGCATTAAATCTTATGCCAGCGGCGGCGTCCCACCAGCCCTGATGGGCAT

»
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AGACTTTTGICACAACTACATATAAGT GTACAAATATAGTACAGATATGACACA
C

WO RBTAGGCCAACGCGCAT CCTACGGAT TGCTGACAGAAAAAAACET TASLANGA1 2467

CCAGAAAAGT CACGTGTAATTTTGTAACTCACCGCATTCTAGCGGI CCCTGTCG
T

GCACACTGCACTCAACACCATAAACCT TAGCAACCT CCAAAGGAAATCACCGTA

TAACAAAGCCACAGT TTTACAACTTAGTCTCTTATGAAGT TACTTACCAATGAG
GGGT@CGGTCCCAGCCACGCAAAAAGCCCTGCAATTAGCGGGCCTGCAACTGGC

CGACATTERITTCATLSAGBUSRATET OGS PRIGLKE Cat ke TebTedcaaT

GGGTAAGNATATSUGETECCAMCATEGTAGAAAGTAZATGTOWATCGIGGTUGCGAT

TGO T A B AGA EREAREAGTRS MARREEORALPRATETCARISARRETACTO
CACGERATEEASGUACSTEATARGASTETHAG CATSITGAICT TASETADIGGTG

OGO ERAAIGEATEICEATES T ARG ACRSET RN STEANGATSTASEAGCA

AAGCW&A@%X@%@T&Tt&'@AéﬁAAATAAACTTTTACGTTCCAAAGTACTA
TACGITTTCCGCTTCTGCTCTTCGTCTTTTCTCTTCT TCCGATATCAC

TGTA%@T@GQ@@A@EWWA@CACGCCAAGTAGACCCAAACAAATTTTT

MTTW%@@%&TU@&%A@WMWCGTT

TCAATGGCOAT TEMETT TESMASCT AR TTRAZNC A RACSATRCA NS B GAAA

ATTG ﬁ WC&E&%@A’@CA%@M%&WE?@AMGCAGCCG
A AT AT IR MSASR AT AATEEANTEASCTARATATIATTTAG

CAACTAGACCGAATGAAAAAGTATTAGTTATTGCTACAGATACAGCACGTTATG

AT AT GG AN T AT A L E T TAGA T

TTGC AT AAGATET T NG AAATBT TRGAGTAN A ARG A GEA TR ACBAGEETATACA CTGA

AGACKRA SO T AT AN I ARTA A MR AR GATOOT
GCATTAPSAMCCEA EAT ATAAIEE SR TEROC M ASA NS T RIUATSAATACG
GATGATATTTCATAAATAATGTAATTCTATATATGT TAATTACCTTTTTTGCGA
CAAAAEGTCAAGGTAAGTCGCTAGCTGACTTCGCATCTCTATGCTTCCATGTTCC
ATTTACAAAAATGGGTAAAAAGGCATTAGAGTCAATCATTGATAACGCTGATGA
AACAACTCAAGAGCGTTTACGTTCAGGATATGAAGATGCTGTAGATTATAACCGT
TATGTCGGTAATATTTATACTGGATCATTATATTTAAGCCTAATATCATTACTTGA
AAATCGTGATTTACAAGCTGGTGAAACAATCGGTTTATTCAGTTATGGCTCAGGT
TCAGTTGGTGAATTTTATAGTGCGACATTAGTTGAAGGCTACAAAGATCATTTAG
ATCAAGCTGCACATAAAGCATTATTAAATAACCGTACTGAAGTATCTGTTGATGC
ATATGAAACATTCTTCAAACGTTTTGATGACGTTGAATTTGACGAAGAACAAGAT
GCTGTTCATGAAGATCGTCATATTTTCTACTTATCAAATATTGAAAATAACGTTCG
CGAATATCACAGACCAGAGTAACTAGTAGGAGGAAAACATCATGCAAAGTTTAG
ATAAGAATTTCCGACATTTATCTCGTCAACAAAAGTTACAACAATTGGTAGATAA
GCAATGGTTATCAGAAGATCAATTCGACATTTTATTGAATCATCCATTAATTGAT
GAGGAAGTAGCAAATAGTTTAATTGAAAATGTCATCGCGCAAGGTGCATTACCC
GTTGGATTATTACCGAATATCATTGTGGACGATAAGGCATATGTTGTACCTATGA
TGGTGGAAGAGCCTTCAGTTGTCGCTGCAGCTAGTTATGGTGCAAAGCTAGTGAA
TCAGACTGGCGGATTTAAAACGGTATCTTCTGAACGTATTATGATAGGTCAAATC
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gATATTTATGGT GAAGGATAAGT TTTGACCATCAAAGAAGGT TAATGT GECTGT

W(:'Eﬂ'dﬁmm CCATACCCGGEGAGT TATGACAATTACAACAACAGAAT T TI0DT012467

TATATGCACGAACTTGTAATATGGAAGAAATTATGACGT ACAAACTATAAAGTA
%TATTTTACGT AACACATGGTGCTGTTGTGCTTCTTTTTCAAGAGAATACCAA

GTCTWMWEWTW@CWTW AG
AAAACEAMATIRA B ERRGI MRS PR TERTIBAB R EF T

GTGGTT%TTACCAACGTATAGCTATTGATACATTTCCTGAGCAACAGTTACTATC
TTTAAAMKTEAEEREIAAAK - ieeiee
ATTTT$GAGGCCATAACTGCATTTTTAAAAAATGAATCTCCACAAAGCGACATTT
CCACCAGCGET AGCAT GTGRGCCTCTTA AATAAGT CEARCATCRCAC
TAATGAGTATTTTATCCAATCATGCAACAGCGTCCGTT GCGA
AATTGACE PEA EA S AATAT ARASE S EB A A ARAAT GAGHM BEAMIGETAGCCAA

ACGAAPGOAAQGERGTITARETAAXEH CAACTT AT A FNTAFAELHFEAACA

ATAAT MGG ATRA TGRS AN TACCTTI AL IAGEAACREIRAATO

ATACGUBRSTIA G GUASH THUTCSACTATAGCREACTIG TEASG ACAGT

ATCOTRRARFRGANGATAEMREr GATEAMAL AL AN CEITTAS LIOOTAC

AATAGAAGTGCCTATGACATIGGCAATCGTTOGCGGTGOTACAAAAGTATTACC
AATTGETAARGETTETM TASRATTEC TR AT TAGATICRECAC AR Y AGaT

cma%ﬁ@@ﬁf@é@ﬁ@@@@maﬁmwmmmAmcmmcmG
TTTCCR A REAATEENIARGGEATAT ARG EATATMH AT T IARCTAT

TGTTG@\GGTGCAAAAGGTGATGAAATTGCGCAAGTAGCTGAAGCATTGAAGCA

CGACACCCTTAGAAATCATATTCATACCCAT CA
AGAAGCCCGTGCGAATACACAAGTAGCTGAACGCATTTTACWMGACA

ACA A%@éATCT CATGAAGAGTAAATCTCCTGCTAGACAAGT TTGAATATGT TGCAGAC

TGCAAATCTTGATGTAGAGT TAAAAGCTTTTTTAATTGCGITTTGICCCTCTTC

SEQ '%@%ﬁRACCATATCTTACAGGCACCAGATu [ TTCAAAGT TGGGAAACGGACTA
pAM328 — ERG9-KANMX-MET3promoter-ERG9 (excluding vector backbone)

CMT%%%XMWWE@@%W@EWGCG
Gcaﬁﬁ@%xﬁmmmm T ECAGT2

ACCA%M%MMMM%%&M%M%%W&%XWG

CATC

ATTAARAT AGAACAA Eﬂ&W@% CFT%%E%TTGA

TGMWTG@WAM%%@MWMAGCC

GTTTC@%%GAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGAT
CITCAATTGITTTGTATTTCCACTACTTAATAATGCTTCTAAT ﬁ
CCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTC

ceoTAR FEASH AR T AG TN R TEAG SPEAEAATONETEATGACTGAA
TCCCCETAAARGETESAAMNGABT R IBCATTEXINCAAMCT TRTEAAATACGCC
AGCCSTTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCG
TGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTACA
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éTCCAGAAATGACT GITTTATTGGT TAAAACTGGTGTAGAAGCCTTTTGTACAG

W?@GM@TMAAGACT TCTTGGTGACTTCAGI CTTCACCAAT TGGT CPOLAGLIOND12467

é;g AGTTTTTTCTCCTTGACGT TAAAGTATAGAGGTATATTAACAATTTTTTGIT

TACTTTTATGACATTTGAATAAGAAGT AATACAAACCGAAAATGT TGAAAGT AT
AACAGGAATCGAATGCAACCGGCGCAGGAACACTGCCAGCGCATCAACAATATT

TTCACRTEAN CAEE KT AT TETKATAELY B ARTECT A TAFEC 0608 s ATC
GCAG@G@GX@WT&@WWWGWGTC
GGAAGARREA RS B PRTACR PR T TEART RO BT EEA R ACAT

CATTG-@CAAC('jl_(_ll_’_l‘rx_?_g_?CTTC'I_"I_QF%CAJ\_IAAFETTTCAGAAACAACTCTGGCGCATCGGGCTT
GCCAA CCT GT
CCCAT@qCAATCGATAGATTGTCGCACCTGATTGC% SAARNEGHIAGEccaT

TTATARCCATR A AR PEAS CATELIG TTASA AT PIARTOECHCOOPUGARACGT
X CGAGGAGAGTCT TCOGT CAGAGBGCT GTCGOCCGCT
GAGTOITTTEATTASTACATCAT RFATEAGERECAEHY RAESAIT TATC

C AA TCCT
TACGAMATTETAAPATOACTATATIAL AAGAACETCATTRAGARRTCC

AACCTTTTATATTTCTCTACAGGGGCGCGGCGTGGGGACAATTCAACGCGTCTGT
GAGGGEAGETIMRE PG IRISERET RS KECERUT ABE 8 PAMIF YT GCTT
CGCGG@GTWGWTMWT&WWTGT

ATGG9@x&&a&%&&&%@ﬁ&ﬁ@ﬁ&@%ﬁ%?é%ﬁéﬁ@ﬁ&ﬁ%ﬁ?A£§£§£8&ﬁ%GTCA

GOEZCRATAT R PCTURGRETGETBEACIACGGC

GGGAﬁﬁ#@ﬁQﬁ&ﬁé&&ﬁé&&9@EEH%%N&EEﬁﬁ@RE%%%&ﬁ%%H&&ECAGA
ATAC@éT@%&éMAﬁ%KW@KWW@WCATAT

TCTCWWW@W%&WA%@MTA

CTA'["Eﬁ_Cl“,&%: E {Ql_ATTTACCACCCTCTGATCTAGATTTTCCAACGATATGTACGTAG
GACAGAGAAGATATCTACTCGATGTCCCTAACTGI TTTGI CTAAG
TGGTAT. AAGGTGAGGGGGTCCACAGATATAACATCGTTTAATTTAGTACTAACAG

CAAGICT GT CT TGATGCAATT

TTGTAIGCGCCAACGCGCATCCTACGGATTGCTGACAGAAAAAAAGGTCACGTGA
CCAGW%%WA%%&MW@W%TCGT

SANTCAHAGCGTA

TAAC@@w6&&%&¥&HE3?ﬁ&ﬁ%ﬁé&ﬁﬁ%%%&&&%%%ﬁﬁﬁ@&i%ﬁEé&&ﬁﬁ&GAGA

AATABAGGCTCTTTCTCGAGAAATATGAATATGGATATATATATATATATATATA

TATATATATATATATGTARKCTIOG PIATTIHTNGE TR TETE K6 Tae

TCTCT?MT@&@@&KM@@E@T@WME@@@WW@C@WGCAA
TGCCMTWT@%WW?W?&WMUT@TA
SEQ I%WCTTGATCAAGTTTACAAGAGTTATTCCAAGAAGGCTATTTCTAAAG
GAGTGRIES TREXHT CTOASCEFEIETF AETEAARAE AT ESAIAMITFEAT GOCG

G
CGT%EE&?Q‘?TTCCATGTTCCAACCTGTAAATTGGTCACAAAATCATACGGTAGAT
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ACTATATAACGATTTCAGAGCCAATCCTCAATTGT TCCCAGAAGT TGACGCCGA
A
WO RAGEBACT CGCGAT TATGACGAATCTTTAACCGATAAGAACAT TeARARZNT12467
T
TTGITAATGT TGCTAAGCCATTCCACAAAGAGAGAGI TGCCCAATCTTTGATTG

T
SEQ Iﬁ%A £ CACAGGTAACATGTACACCGCATCTGITTATGCCGCCTTTGCATC

CGTGEMRACGHETACEGCRATT BTSN T A EACTREFTESE ATATCACAAC

TC

TGTTACRASGTTCCGGTTTAGCTGCATCTCTATATTCT TGCAAAAT TGT TGGTGACGT
cC
AACATATTATCAAGGAATTAGATATTACTAACAAAT TAGCCAAGAGAAT CACCG

SEQ IRAOTECAAAGGAT TACGAAGCT GCCATCGAAT TGAGAGAAAATGCCCATTTGA

GATAABXEBTTICONTTI AT AN T ABTAAERACAA T ACAG

GAAACHIGATAAARNTCGAT GACAAATTTAGAAGATCTTACGATGT TAAAAAATAATC
T

TCCCCCATCGATTGCATCT TGCTGAACCCCCTTCATAAATGCTTTATTTTTTTG
SEQ IDMNO: 47
Troc T AT AT TGN AT A A b rrora
AAACSNAGCTCTAATTTAATAACAATGATATATATATACCCGGGAAGCTTTTCAATT

C

ATCTTTTTTTTTTTTGITCTTTTTTTTGATTCCGGTTTCTTTGAAATTTTTTTG
SEQ IHDNG: 48

GGTAAT CTCOGAGCAGAAGGAAGAACGAAGGAAGGAGCACAGACTTAGATTGG
PAMA4sseapenescexsyding FesPChFdRRmRINACATGAAAT TGCCCAGTATTCTTAA

O A AR AR I AR AR IIAGARSAGA AATASECATTTC

ATCCARSATAAASAINSETET A ATCIATET AEGCATTAGLTGEAACTRMIGGAAG
ACAARYN A APPSR A XM e ST A B T TN A AT TS TG AGG A

CTCA TRACFAEAAATTASEACTPAARARGA ATAMGAA TTGA

GAA G AT SRR AT A B ER AT T CARATIARRAARASEARACTC

AAACBACGTTGAAATTGAGGCTACTGCGCCAATTGATGACAATACAGACGATGA

TAACARRSCS MAGHRI AT ATET ] A A KX EAH ARG AN ARG TAGT

GATGA@AWWMWKMM&T@@W&I%AWW@%@GAGG

CATA B GRS SATAI A RAURAGS S RSB A TEARGICTOTG

GﬂTJA@WKﬁ@ﬂWWWA@AMWM@%&%TCM
CTGT TGACAT T GOGAAGAGOGACAAAGAT T TTGT TATCGGCT T TATTGCTCAAA
TATATGCACGAACTTGTAATATGGAAGAAATTATGACGTACAAACTATAAAGTA

EEFA BCNEATY
T N R Y P AR
ACGT AT AT AP AR SO TITART SOAG BECRCEOHCOEA TSI TCAAACGAT

TTATA¥¢AGTGGCGTCCAAATTGTTAGGTTTTGTTGGTTCAGCAGGTTTCCTGTTG
TGGGTCATATGACTTTGAACCAAATGGCCGGCTGCTAGGGCAGCACATAAGGAT
AATTCACCTGCCAAGACGGCACAGGCAACTATTCTTGCTAATTGACGTGCGTTGG
TACCAGGAGCGGTAGCATGTGGGCCTCTTACACCTAATAAGTCCAACATGGCACC
TTGTGGTTCTAGAACAGTACCACCACCGATGGTACCTACTTCGATGGATGGCATG
GATACGGAAATTCTCAAATCACCGTCCACTTCTTTCATCAATGTTATACAGTTGG
AACTTTCGACATTTTGTGCAGGATCTTGTCCTAATGCCAAGAAAACAGCTGTCAC
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pAMA92 sequence (excluding vector backbone)

GTTTAAACTTGCTAAAT TCGAGT GAAACACAGGAAGACCAGAAAATCCTCATTT
WC2007/139924 PCT/US2007/012467

ATCCATATTAACAATAATTTCAAATGTTTATTTGCATTATTTGAAACTAGGGAA

G

ACAAGCAACGAAACGT TTTTGAAAATTTTGAGTATTTTCAATAAATTTGTAGAG

G
TAAATCAGAGGRATCIOMERRABATECATAALAHCACCONRCEAITF AN TCCA

con R A I R B asc

CTTTT GUAN TA SN GACEETEA BT AGTCITACCACG
AcCTTOATC A ST TC I TESCAGE LG T AT G TEL PALACTAS T RE Sacaa

ACGG@W@@W@AWK@WMMMWTGA
GTATIGSAPAREET B ATAESATATEE AT R AT SREGOGFAGKAGFTOTTC

TAAA'iFCTCATGAAGAGTAAATCTCCTGCTAGACAAGTTTGAATATGTTGCAGACG
TTCCTAGT ATATAGATTCT ACTCT ATTAAATGAGAGCT AAAAAAAGCA

TGC A ATEEIGARFAACARK ~ FEARATCTG
AGTCWE@H&HKEM@%%T@E@M&W@GM@@ACTAc

TGGGCTITAATHSTARACAERCE T TEGARAAARTABATI AT EACACRGREAGCA

TG eI A AT GGG AT A AIA S RGATAAGLETFRACT G

CCATTEGTATATGATAAGATGTACCATCGATAACCAAGGGGCCTATAACACCAA
cGeGEANAGEERTC FASC R TANCAPHACKAALARGELE ARATAC beaaT
CGTAGTCAACHTATTAATMIGGTACAMA G PTAGXIFGTAATABACCHRSATT CTGC
cana ST A A AR T SN O AR RRARTAR T AaT
TTTTTRATACAGAGCHAAC X ERTPAACTA CCAITA ATAKE TAAUGTEAGAGACCT
CTTTGICT A G T T LT G ATTTCCACTACT T AATAATO T T AR T TCTA
AAGG}#WWCTTA%&U@TWKW@@MMWACTA
GATGATOPHGEEGETE AREATCTCEARERAOCACATHAES A CRRATEAGTTTCG

ATCC % CH { ﬁ TTAAAACTGGTGTAGAAGCCTTTTGTACAGG
42 ?&Ré&r Al X‘%CEE% TGIGACCAAT T TACAGGT TGGAACAT GGAAA
AGCABTAAAAGACTTCTTGGTGACTTCAGTCTTCACCAATTGGTCTGCAGCCATT

ATAG?FF?WX@EW%WEWW%TTGA
TACT GAXTASCHACTPESEATANACCTAHAAATG RGOS TATT

AGTT A AGTG BT A ARG R AT A AT AT T AR AATAGATGARAAAT

CATCGTEASSKTGACTRGT FFACETTA GAACST ARKBEE TAPAASAXCCTEATATGCATTA

TTATGEH ARG RT AT TSGR M ARG REEEEACCTTA

CTGCW@TWWTWWTTGT
TGO AR AR ERG R BB AT AGEFERRFAGEMGIREAGRERTCAAC
ACCAEGACGCACGGAGGAGAGTCTTCCGTCGGAGGGCTGTCGCCCGCTCGGCGG
CTTCTAATCCGTACTTCAATATAGCAATGAGCAGTTAAGCGTATTACTGAAAGTT
CCAAAGAGAAGGTTTTTTTAGGCTAAGATAATGGGGCTCTTTACATITCCACAAC
ATATAAGTAAGATTAGATATGGATATGTATATGGTGGTATTGCCATGTAATATGA
TTATTAAACTTCTTTGCGTCCATCCAAAAAAAAAGTAAGAATTTTTGAAAATTCA
ATATAAATGAAACTCTCAACTAAACTTTGTTGGTGTGGTATTAAAGGAAGACTTA
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AACGCGT TGGTACCACCGT AACAGGCATTAAGCGT GTCAATACCT TCGACGT CA
G
w0 ClTIT3ERAECCAAACAAT TGCAT CAAGACAGACT TGACAGACT TGEACT/TISI 1AM 2467
T
CAGAGTTTCAGTACCGACTTCTAATCTACCAATTTTGT TGGTGTCGATGT TGTA
AC

TCTTGATCAACTTAGACAAAACAGT TAGGGACATCGAGTAGATATCTTCTCTGT
GGCCGCAAAAGCAACAACAATTACACAATACAAACTTGCAAATGACTGAACTAA

MEW@WMAXM&%@A&E@@MW%AAAG
STOTETCAAPCARTERTACETNCHINAATT

TGAT@?%&EE%&ES%ﬁ99Xéé9&ﬁ9éH%ﬁ&&ﬁﬁ%ﬁ%??ﬁ%%%ﬁﬁ&%ﬁé&ﬁTGTCT

TTTGTUAATGACAGAGAAGATATCTACTCGATGTCCCTAACTGTTTTGTCTAAGTT
GATC% CTTAA AEATC AL CAREN SAA T GIAGAT AGWAGTEGaTAC

TGAAWWMWWW CTSTOTEPCGACGOLATTGTTT
GOTO ARSI AT AERATAEFEFT AT REGTETAAFRETCCTA

CCAABGCGTTGTTCAACTCTTTGAACTGGATTGAATCTAACGCATGGGATGGTAG
GACTTCTATATGATATTGCACTAACAAGAAGATAT TATAATGCAATTGATACAA
AGACQGCCATTGTAGTTTGCGGTGATATTGCCATCTACGATAAGGGTGCCGCAAGA

CCMWW%@@W@T@HEW&F@EH%@WWW&MTG
TATTEACTETG T A TRBETECTIACATEAMACASE AT TAGGATTTIGAGHEAGCC

A A LSRR A S AL BN RIAR T T

ACAATGTTTTCCATGTTCCAACCTGTAAATTGGTCACAAAATCATACGGTAGATT

acTA BT RREERTTTIAGRAC KM EAMTGHI EC K ERAGTAABE coaa

TTAGQT. GAATATIAX ASCEXTSAGAASANTTIAAAAGIAACTT

TTOT ARG EGATFERASACA BATACAPTAGEE AN I CEERATTGT

TCCAXCAAACACAGGTAACATGTACACCGCATCTGTTTATGCCGCCTTTGCATCT
TACGIGCATATGT TCATGTATGTATCTGTATTTAAAACACT TTTGTATTATTT
CTAT'FpﬁFAACTATGTTGGATCTGACGACTTACAAGGCAAGCGTGTTGGTTTATTTTC

ﬂACéﬁT@ﬁW@TWf@@RWW@%ﬁ%ﬁT@&KHK&W@Q@GTCC

AACATATTAICAATASATENGATATRAG RSB ATIMAREAAGABAAEGACCG
@gﬂ@@ﬁ%@%@&%&&@mﬁm&&mmw&%n%

CTO A LA ATIAS SN TEA ST MEATET

TCCC@CATCGATTGCATCTTGCTGAACCCCCTTCATAAATGCTTTATTITTITGGC
AGCCTGCTTAGE S TERT AN TAGALT AEMTI TR Y A TAGG
AAAASRGYTIARCKRAGTIFTACAT TAATAA TARRDACBCSTRAATETTITASATTC
ATcT R PH PR P S P A I G ESE A P AT FA P MbB AT TC
GGTAW@WKH@MWMH@%W@AWGG
TATATATAEOATATETRATATIRANGAACAT AP EAF SEAGTEATEGT TAAC
CCAAETGCACAGAACAAAAACCTGCAGGAAACGAAGATAAATCATGTCGAAAGC
TACATATAAGGAACGTGCTGCTACTCATCCTAGTCCTGTTGCTGCCAAGCTATTT

- 96 -



ATGATTCCCGCGATATTGAAAGCT TGGATAAGAAAATACGT CCTTTAGAAGAAT
T
wWAGHEGERWRT AT TAAGT AGT GGAAATACAAAACAAT TGAAGAACAARGHBSII0GER1 2467
TGCCTTGGT TATTCACGGTAAGI TACCTTTGTACGCT TTGGAGAAAAAATTAGG
T
GATACTACGAGAGCGGT TACGGTACGTAGGAAGGCTCTTTCAATTTTGGCAGAA

GCTCCTGTATTAGCATCTGATCGT TTACCATATAAAAATTATGACTACGACCCC
AATAECATGCACGAAAAGCAAACAAACTTGTGTGCTTCATTGGATGTTCGTACCA

CCA A D A A AT BE RHAT TAAA

AACACAGGTGGATATCTTGACTGATTTTTCCATGGAGGGCACAGTTAAGCCGCTA
AAGGERTTAREHE ARGTAC KR T RETET USRI EATIEA R T oo

ACATT ARAROGAXETRA BANIOSGCAG

AATGORAGACATEARR T RS AL A RERTIABEFOCACRTARRRAEACCT

GTTT@AAGCAGGCGGCGGAAGAAGTAACAAAGGAACCTAGAGGCCTTTTGATGT

TAGCAGAATTOTCAY GEAXGEET LTS Gt ACTES SBANTAT R A oA
CTGTTGAUATTAGSANCAGACAE ARSI ACTCT TAATAGE T I YCEACAAAG

IS
AGACAT R RERSHARTET AT EFATG TGP I RPACHRF FACTCT

GGGT’f‘TAGATGACAAGGGAGACGCATTGGGTCAACAGTATAGAACCGTGGATGA
AGCAAAT GGTAGAAGAGT AT GCCTGEGAAGATATGGAGGT TGICTCCGTTTCTG

TGTGGTAACTNST SCAZATAAAARCAAGN TLCATGANET CEATCHAAGGTCGTG
GTAAGAGT GT CGT CGCAGAAGCTACTATTCCTGGTGATGT TGTCAGAAAAGT GT
T .

SEQ IBNGAGI GATGT TTCCGCATTGGT TGAGT TGAACATTGCTAAGAATTTGGTTGG

DAY S Ao e LR BRSKEER T TAACOCACAT GCAGCT ARTTTAGTG

GTTTAAACTTGCTAAATTCGAGTGAAACACAGGAAGACCAGAAAATCCTCATTTC

atcc A AL A A AR T A AT T PAAT PTERXACT A S B aac

ACAAGUN AT M CRATTGAPCAAN SCACEGHATATAGRN A TAAN ATTGAAGAGG
ACTC B ATATREAMMAAA AEEARABF AN EEMENTTEATMBAMGOBTATTO

AGAAGGGCAACGGTTCATCATCTCATGGATCTGCACATGAACAAACACCAGAGT
CCATGI TGGACTTAT TAGGT GT AAGAGGECCCACAT GCTACCGCT CCTGGTACCA
CAAAGGACGTTGAAATTGAGGCTACTGCGCCAATTGATGACAATACAGACGATG

ATMM%@WXWMM@WGX@ATAG
TGATGAAPETTXG SESSPRESAGSTIATA CHAATAURITH EATAPGACEERERAG CGAG

AT A SO ANIA L SRS AT aRAGRACRTIA T RTRCCTaT

GOTT T ATGHARGATRASTCOCTEATE TAIN TARATY RARE T AACTEARCN AR AGTT
TTCCTAS TR ATAGATFRARARRET A A RPAARA PERGAGETARRA A AGCA

GGCT ACNGEPMATTA CETAZCAGAGACAEEHIUSACGZITATABA CGAT

GGG A AT T A T A AT A AT TR GATCGFOTTG

GTCAAGTAGTAAACACCACTTTGCAAATGCTCAATGGAACCTTGAGGTTTGAAGT

rord iGN LA AL oo

GTTTES S CRNFNCAGACTIOATCEITRIATAATATG
CGCATATGTGGTGTTGAAGAAAOATGAAATTGCCCAGTATTCTTAACCOAACT

TTGGALCGTCACCAACAATTTTGCAAGAATATAGAGATGCAGCTAAACCGGAACC
GTAAGAAAATAAACCAACACGCTTGCCTTGTAAGTCGTCAGATCCAACATAGTTT

AATAGAGATGCAAAGGCGGCATAAACAGATGCGGTGTACATGTTACCTGTGTTT
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CACAGAACAAAAACCT GCAGGAAACGAAGATAAAT CATGT CGAAAGCTACATAT
AAGGAACGT GCTGCTACTCATCCTAGT CCTGT TGCTGCCAAGCTATTTAATATC

WH.2007/139924 PCT/US2007/012467
TGCACGAAAAGCAAACAAACT TGTGTGCTTCATTGGATGT TCGTACCACCAAGG
A

ATTACTGGAGT TAGT TGAAGCAT TAGGT CCCAAAATTTGT TTACTAAAAACACA
T

GTTGGAACAPAKCAAGAYGRGTGT 88

T AT S TGRS OEEAT

AGCTAATTCGGCGTCAACTTCTGGGAACAATTGAGGATTGGCTCTGAAATCGTTA

AR S R A R TR ann
CGTTC@%%WWW@AWGMEWCGCT
AACCAgACCCTTTAG“AAA‘ AT AGCO T T GEAATAACTE BT RAA LTI EAancA

GCCTT@W&%W@@AM?@WT@GK@T%WCTG

GTGAWTWTWWWEéACAG

AGTC Av. K0P RWW@@&WM@W@GGCAC
ATTATTATTGITGOGT TTARAC SEO I D NO. 50
mccqmm@@"@ﬁ"ﬂ@ﬁ?&‘&@émm:ﬂc%&@mm@ TCACCGCAAACTAC

AATG@EWMW%%%&%@%WM&@@TGMC
AACGQG CBAEGGTTATT A CEES AT OGCTELRACGTCAG

TOTTIEACG ARG T EANGACTRT AOGRIRRAGTIPECAAT

CAGAGEITOAGTACCOACTTCTAATCTACCAATITTGTTGGTGTCGATGTTGTAAC
TCTTCA CAACTTAGACAAKACAGTTACGEAUATCERGTAG R TA A FEYe raTe

AWG%KM@W@WW@WWWAGM
ACGCOEERAAA TTEEAERACRBEARABESRTTG ACRCATTEAGTRERGLEETAAA

TTTGGATACCTTTAATACCGACATTTTGAGGTCTGGTTTTTTGTTCAGCGGTCTTT
GCGAGCAGAT GACGAGT TGGT GGAGCT GECGEECAGEAT T GCT
TG TT T AT COBIEL AT ST AT ARG TTGC

GGCC C]I } AATACCACACCAACAAAGTTTAGTTGAGAGTTTCATTTT
WA %ﬁ:% GICTTGAATGAACGTATACGCGTATATTTCT
ATGTCAATGATTGATTGATTGATTGTACAGTTTGTTTTTCTTAATATCTATTTCGAT

CAAG

ACAAG AT CATATIAEET TGGT

T RSN AT IET

GAAGAAATGCCAGCAAAAGAATCTCTTGACAGTGACTGACAGCAAAAATGTCTT
TTTCTRACTAN A AKX GEA AR AT AT GARARARE G Febtéaact
AATAATEANKCOATREBTAGANA BCEATACETATACTATGABTARESFGHOSTACA
AAAGTGTTTTAAATACAGATACATACATGAACATATGCACGTATAGCGCCCAAAT
GTCGGTAATGGGATCGGCTTACTAATTATAAAATGCATCATAGAAATCGTTGAAG
TTGACGCAGCGACTCGAGATCCATAGGAGCAACTCATGTCTGAACTTCAACGATT
TCTATGATGCATTTTATAATTAGTAAGCCGATCCCATTACCGACATTTGGGCGCT
ATACGTGCATATGTTCATGTATGTATCTGTATTTAAAACACTTTTGTATTATTTTT
CCTCATATATGTGTATAGGTTTATACGGATGATITAATTATTACTTCACCACCCTT
TATTTCAGGCTGATATCTTAGCCTTGTTACTAGTTAGAAAAAGACATTTTTGCTGT
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GACCCATCTTTCAAACGATTTATATCAGTGECGTCCAAATTGTTAGGTTTTGI T
GG

WO R@AGRWGET TTCCTGI TGTGEGT CATATGACT TTGAACCAAAT CECTBSLIDBR1 2467
T
AGGGCAGCACATAAGGATAATTCACCT GCCAAGACGECACAGECAACTATTCTT
GCTAATTGACGT GCGT TGGT ACCAGGAGCGGTAGCAT GT GGGCCTCTTACACCT

A
CAGTQAGAGTITAACHGSTACT TIGIGCT GCIMERATAT TATACGAASHCATEETABAGCG

ATGCqL LI OCTAAGATITRGREAAMAORATIACTAACGTANTATECA

TTGTAGAGAATCATATAAAAGAGAAGCAAATAACTCCTTGTCTTGTATCAATTGCA
TTAT&%E%@FWE%@?&%% AR FEATC G SARTABATATT
AAGASANAGAS PCOAKTPARTEXTTASNTAAAAPGBGTGCAG
AcCA%%CT%AXA%%%E%WTTUTA%WF%%%&%M
GGCT’E@@A@X@&GTTWW@NAT%M@T@WAWK@CMA

AGTTTERCAAERSTCHEARCOAGS TEATRARENEATECAAGY EST TGP CAAG

TG T RO A G RAPATACRBCETARA RO AATT

AGAAGCATTATTAAGTAGTGGAAATACAAAACAATTGAAGAACAAAGAGGTCGC
TGCC%&&%W%EWWEWM@WWAGGT
GATA GTTGUGGAAMIGT SGKEAAG T FEATCCA CETAGAEMA GAA

CCTC AT MG ABCAERIAS CATORAAAANTTATOALTARGARCOCT

TATTGGCGCTTGTTGTGAAAATGTTATAGGTTACATGCCTTTGCCCGTTGGTGTT

ATAG R S AR L S O ATST ACACRKRF AT ER Acac

AGGGWWWWGCGG
TGG TG AMAACIIIE AP PRSP TATGAEAAPARGE REARTARTCCGT

TTCCEAACTTTGAAAAGATCTGGTGCCTGTAAGATATGGTTAGACTCAGAAGAGG
CAAACAACCCTCTGTAGTI TGCCATTGGTATATGATAAGATGTACCATCGATAAC
GACABSAACGCAATTAAAAAAGCTTTTAACTCTACATCAAGATTTGCACGTCTGCA

W&Mﬁfk@%MCT
AT A T O AT AT AAT TTTT AT AT GG ARACGAT CA
ACTGG,TGACGCAATGGGTATGAATATGATTTCTAAGGGTGTCGAATACTCATTAA

GCAM&%%WWW%@WWCTG
GTAA CTACTIGASTCMCAANAARCCAGCHHCCATARMB TSN TTGAZSEHECGTG

GTAAGAGIGTCOTCOCAGA AGCTACTATTCOTGATGATAITGTCAGAAAAGTCTT

AAAAAGTGATGTTTCCGCATTGGTTGAGTTGAACATTGCTAAGAATTTGGTTGGA
TCTGCARTOOC TGS TS T GOAT A A AL AL RTEEREE AR M T TG A

CAGCTERATATIIG G OATIRAT SAXT SA GAPCCT GOARABXETCEEGAREGCYTCCAA
CTOTABAMMGOER O RAATEIRARSREEATTF AP ITIGRREAS CATG

CCAT@@ATCGAAGTAGGTACCATCGGTGGTGGTACTGTTCTAGAACCACAAGGTG
TAGAAGCCTTTTGITACAGGAGCAGTAAAAGACT TCTTGGT gT GTCTTICA
CCAT@TTGGACTTATTAGGTGTAAGAGGCCCACATGCTACCGCTCCTGGTACCAA

cGCACONTARTPAEAKENAPAMT T ETET G CEACTTAGARUENGARTTATCC

TTATGIGAACIIC TABAGERORECATIRACATErA A FLRARET BATCEALAACA
GAW@H@&@M&M&M%&WG@G@GWﬂﬂAATC

GTTTGAAAGATGGGTCCGTCACCTGCATTAAATCCTAAACTTAGTCATACGTCAT
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CTGITAATAGATCAAAAATCATCGCTTCGCTGATTAATTACCCCAGAAATAAGG

C
WO ANBABRNCT AATCGCATTATTATCCTATGGT TGT TAATTTGAT TCeTT/BAID T/ 2467

AA
GGT TTGIGEEECCAGGT TACTGCCAATTTTTCCTCTTCATAACCATAAAAGCTA

TGGT%%E?I@%HAXA A AAC%TGCACCATGTGTT%ggTFAAAZ’ll:ATTTA
' AEAGIALE CAERPATATAGA

GCE]' C,GT CGCCCGCT CGGCGGCT TCT AATCCGT ACT TCAATATAGCAATGAGCA
AAGA:ﬁ TGTTGTTGTAATTGTCATAACTCCCGGGAAGCTTTTCAATTCATCTTT

ﬂTTTW%WKWWWX%TMT
CTCCWM@MMAWGMM@M@W@MATM

A T AR AT ETRESA CTATIGRRAAGEGAACTG

CACAGAACAAAAACCTGCAGGAAACGAAGATAAATCATGTCGAAAGCTACATAT
T T, TTIC TAGG QA(;

GG T e A A e A S R e S NS AT ATCA

TGCA(DGAAAAGCAAACAAACTTGTGTGCTTCATTGGATGTTCGI_‘I_ACCAC(:ZT(;AAAGGA

ATTA@%&W%%A A R A e A A T S S S T AcAT

GTGGARBAU ARG A MET T AT AGAAT GG ESGTTNE A ST PARAGGCAT

TATCOREFABRACH AR EEET AR ERTE SAAPACAGAMATERROREACATTCG
TMT&@AWW@@%W@P@TW@@%@%XTA@W@KR@@@Q@%@GGGC

AGACAFEARSAGTAS SEAEGCEREOEACERRCATETATTIFAGCHETITGAA
GCAG%@@@@&M@%@&RM@W@H@@@W&%%CAGA

ATTGW@WB&@W@@M@@GA&MTWWTGAC
AT IO A AR QA A G AT R OGCERA LRI AT CACATCS

GTGGAAGAGATGAAGGTTACGATTGGTTGATTATGACACCCGGTGTGGGTTTAG

ATGAGRASIEARCCUT B T RRUASTATACAA e STE G AT  Taarer

CTACABGATATGACKIACTCAT TR PGGCTMA AGT GCCTGT CGCATTGGCCA
TG
TACGI TGCCGGTATCACGGATGAAAAGGATTTGAAACAAGCCAGAGATGICTTG

SEQ IDANT:GHT TGGGT GAATACTTCCAAATTCAAGATGACTACTTAGACTGCTTCGGT

pAM48§€WWF@%T%A@P€@W@AGATATCCAAGATMCAAATGTTUT
GTTTAGATAATPRCLAAGETAT A I KET GTGC

A TTACGGTAAGAAGGACT CAGT CGCAGAAGCCAAATGCAAAAA
TTGCA%@#@&M&@Q@ CETATEREETANGETRCTCHITAOCM GATC

TGATG%CTGGTCAATATATTTTTGCATTGAGGCTC TGAG
GGATTTGAAGGCCAAAATTTCTCAGGT E?&EF %ﬁ\%&
ATGAQCCATCTAATGTACTGGTATCACCAGATTTCATGTCGTTTTTTAAAGCGGCT

GCﬂW@WW@%%@?WWWACTG
O S AGTATCECGETATEG AAGAXT AT S CGCT
GGGAGCAGATGACGAGTTGGTGGAGCTGGGGGCAGGATTGCTGGCCGTCGTGGG
TCCTGAATGGGTCCTTGGCTGGTCCATCTCTATTCTGAAAACGGAAGAGGAGTAG
GGAATATTACTGGCTGAAAATAAGTCTTGAATGAACGTATACGCGTATATTTCTA
CCAATCTCTCAACACTGAGTAATGGTAGTTATAAGAAAGAGACCGAGTTAGGGA
CAGTTAGAGGCGGTGGAGATATTCCTTATGGCATGTCTGGCGATGATAAAACTTT

{5

A
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TACTTCCAATATAATATAGTATAAGCTTTAAGATAGTATCTCTCGATCTACCGT
TC

wWQaAMGHEACT AGT CCAAGGATTTTTTTTAACCCGGGATATATGT GT ACT/US 280AM1 2467
TT
ATGACGCCAGATGGECAGTAGT GGAAGATATTCTTTATTGAAAAATAGCTTGI CA
CCTTACGTACAATCTTGATCCGGAGCTTTTCTTTTTTTGCCGATTAAGAATTCG

Aé%é&&ﬁ&ﬁ&ﬁﬁﬁéﬁ&ﬁﬁ?é&ﬁﬁ%%ﬁé&?ﬁ&%%ﬁﬂ%?ﬁ&?ﬁ 6ACG

GACCCATCTTTCAAACGATTTATATCAGTGGCGTCCAAATTGTTAGGTTTTGTTGG

A B S S A BN B rocr

AGGGEAG&%%M&%%CTACCTGCCAAGACGGCACAGGCAACTATTCTT
GCTA@TTGACGTGCGTTGGTACCAE%C (GEEETAGCRTSEEEE LI A AceTa
ATM%@@M@@@%T%%WWX@@K@GN@GTACC

TACT RGN PR ERGATERHTACEINAMITCTCAAN FCARERTEFACIEE TTTC

AT T A T GA AT TGO AONTETTTCOTAAToC

CAAGBAAACAGCTGTCACTAAATTAGCTGCATGTGCGTTAAATCCACCAACAGA

ceon R I gtErcco

GAAADATEACFT TIAMAC AGKTETCEG ASAA GATRA EAGHBABIABEAGCTTCTG
CGAC§éb'1f€"f‘&%%k%&%%&%ﬁﬁﬁl%&%&ﬁﬁhGTc

GGTACAUTNAGAT ATRACCANATSTAMA G A STTUTCATEACATACOBAGORATACTCT

TCTACh RO RERAGTRAT BTG SAEACS EREARAMESATATIRARACCCAT

TGCGECACCAGTAGTTGTTCTAAATCTCATGAAGAGTAAATCTCCTGCTAGACAA

GCCGAAGCCATTAAGGITCTT
GTTT@ATATGTTGCAGACGTGC%%@-IEE CF(% KST é;f,{rl' X(X%A EWTTAA
TTGC%E@%?WT@%UKMEW@R@H@T?K@@G@@WWTO
AAAGREBRAMICAEAIA CEOROE CEETRSREATASE ABEETFAGTTAGS ACAG
TTGT’]TGCACCACCGCCAGCATTGATTGCCTTACAGCCACGCATGGCAGAAGCTAC

CCTGTI GGGTGGTCCTAAAT GEGEGTACCGGTAGTGTTAGACCTGAACAAGGTTTA
CAAACAACCCTCTGTAGTTGCCATTGGTATATGATAAGATGTACCATCGATAACC
ORI AT AT AT RSB AT IR AT FTFTEACAA
CAAGATTTCAS AT GCOGRCHTAGTCAAAPCERRCCTAT A GG EAMMNAGCBTAGATG

CTAA R AOGA SR ERERSHMATISAARIARFOTITEARGTACSSiGACoaC

TCTCGTAGTATCACCTAATTTTTTCTCCAAAGCGTACAAAGGTAACTTACCGTGA
ATAALCARS SUAGE SR T T AT I O P TE R A eTTAA

TAAT@WWWWKWWMTCGC
COCAATEATEET AR REATAT AT ARG STRARI SIS GATRRICAGA
TGATAAACTTTTGACTTTCGATCCAGAAATGACTGTTTTATTGGTTAAAACTGGTG
TAGAAGCCTTTTGTACAGGAGCAGTAAAAGACTTCTTGGTGACTTCAGTCTTCAC
CAATTGGTCTGCAGCCATTATAGTTTTTTCTCCTTGACGTTAAAGTATAGAGGTAT
ATTAACAATTTTTTGTTGATACTTTTATGACATTTGAATAAGAAGTAATACAAAC
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TTTGATGGECCGCACGECGCGAAGCAAAAAT TACGECTCCTCGECTGCAGACCTGC
GAGCAGGGAAACGCT CCCCTCACAGACGCGT TGAAT TGT CCCCACGCCECECCC

WO RBGTAGMGAAATATAAAAGGT TAGGAT TTGCCACT GAGGT TCT TCPCT/AINT/A12467
C
TTCCTTTTAAAATCTTGCTAGGATACAGI TCTCACATCACATCCGAACATAAAC

CTGTWW&MWW@@@TH@TWWGGC
TAMAM@WW&M@@@@WMW@W@@@A@TTGM

G GG O R A T G A TR RS AG TR CATAACCATAAAAPCTAG

TATTGTAGAATCTTTATTGTTCGGAGCAGTGCGGCGCGAGGCACATCTGCGTTTC
AGGAACBLERCE SETCRREIE ARSI AN CAEAEEAAG AT seac
GGCTEATGEAT AR REAGIET TCAAAG A CC ST CARTATAGE S TSNGCAGT

TAAGRSTATTRETSA RRETTCEARKE AGRR ST P IACST AR e A aTaGa

GCTCEATAUN T ACTAGACES KA U AGAITAGRATH RASGANRBOEATATGGT
COTATFRGATHTAAR AT B A GERCFFFACEARRATI GOSN AAAG

TAAGEATTTTTGAAAATTCAATATAAATGGCTTCAGAAAAAGAAATTAGGAGAG
GCCAGAATTACTTTGCATGI TGATTGI CTGAGAGGT TTCAACGAT CACCACAG
AGAGATTCTTGAACGTTTTCCCTAAATTAGTAGAGGAATTGAACGCATCGCTTTT

GGCT%@WMTMW@%W&EK%CTAC

TTCT@&M&%%W?%&R&%W%MWWGWG

CCATRGIAGGTTGGTGCATTGAGTTGTTGCAGGCTTACTTCTTGGTCGCCGATGAT .

ATGAi@?EEMHFE@ﬁWﬁEW&AN&MEWéW%%TCCT

GAAGTTGEGGAGA BIGRTA TEAGTTGCACKPRRTCCAATGGT CACAGTH CAGKCIARCTACA
AGCT L ER A TR AT AR AR AT IGOBACATATEARECAATT

GTTC(CATGAGGTCACCTTCCAAACCGAATTGGGCCAAAfoTATF%%%?A(%ACTTT%TCACT
T GAARTGRT GTTAAAATT AAA

GCACGTGAAGACAA ARG RACTICTCESTARNGAREEAE e eTTea
TAGWWWWWM&W&WMCMG

ERAATASRATRICAMGEARSGABASATRICTTG
ATTc@m@@@mﬂ@ﬁW@ﬁﬁH@ﬂ@fﬁ@M@ﬁemm

CCCCWW@M&WXMTWMAWCTT
O A G R G AOACARARAAAGAGTTTAG

ACGABAATTACGGTAAGAAGGACTCAGTCGCAGAAGCCAAATGCAAAAAGATTT
TCAATCRUYYEARAR PIERACARARMICENCEANIR IS AKC ARG o cean
GGAT RMGEAGFGUUNSAGATITIN TASCRRCTAGTROSACA A GUTIBAE NG TGAT

OTCT AR G TR AR A FTITACHAROCAATGARATA LT CGCT

AATCGATAAAACATTAGATTTCAAACTAGATAAGGACCATGTATAAGAACTATA

TACTIECARYATARTATAGF AR RS AT AT ARBIATCT T EE AT T’ core
CACGTGACTAGTCCAAGGATTTTTTTTAACCCGGGATATATGTGTACTTTGCAGTT
ATGACGCCAGATGGCAGTAGTGGAAGATATTCTTTATTGAAAAATAGCTTGTCAC
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CCAAACAT GT GGCATGGAAAGAGT TGGAATCCATCATTGT TTCCTTTGCAAAGG
WW’ECT TTTTCAACAATGCECTTTACGCATGACT TCAAAT CT eaT/USLHDAT 2467

SCATGT TCAATTCTTTCTTTAAATAGT TCGGAGGT TGCCACGGT CAATTGCATA

o GIGGAACTCACATCCTTTTTAATATCGCCTGACAACTAGGACA

CTGA CAAGCTTT
CTTAGGTACAATCITGATCCGGAGCTTITCTTTTTTIGCCGATIAAGAATTCGGTC
GMA@KX@A%&@K&MW@MWM@%GCAC

GTGAGTAAXNELSTEALTARGOECACEACSAACCIXABRAGIER TCT AR RET TAAT

A A L G T R ARG S A TG BRETTOGARAGERGACACS

CCGCAGAATGTGCTCTAGATTCCGATGCTGACTTGCTGGGTATTATATGTGTGCC

AAAAGCATATAAAAATAGTTCAGGCACTCCGAAATACTTGGTTGGCGTGTTTCGT

AATCARC A KBS RGN TG T T E ST OO GTCAN TEATTIACE6EA & AT ATCG
TCCAACTCEAX G AATGAGRCGTUGEAAIG SAGXICARGAGPPCCTCEETTTGCC

ACTTAREAAB AR I CEEA IR AEAGTREAGSATASTAF ERAGHACAGCT
TCACK BTN TAT RO AT COETHTATREAGHAIG SAERGTIGEACAG

GTGAACTIERS AT MG T AATAT CT AT OROERREF aREEAAEAAGCCC

CGA CTTA ATTTTATGTTAG TGGTGGACTGACGCCGTTTAAAC
G AXG ((%CT &\TTATA TTTTTCTCCTTGACGI TAAAGTAT
A

SEQ IW Ar ATTAACAATTTTTTGT TGATACTTTTATGACATTTGAATAAGAAGTA
PAMAPTGRAAGKCASRATGENE GRMMGHAIKDAGE)T AAAGT GGT TATGCAGCTTTTGCATT

CTTT AT AL A I ERRAC AT ST EATTARFALEEAGAL TTAC

CTTTTACATTTCAGCAATATATATATATATATITCAAGGATATACCATTCTAATGT

CTGCERCTAAGAXEATE A ST HOEE S S AEEAT tr 56 A8 atcac
AGCCTHRKHE AT/ ERAErCA SRR CT SR TTA APCTTTCHTRORTRCAAG

AA
TTCGAEFRESRFF SAIGOTEF AT EF T EQIECACrAAECEAIECEAEAEFECTTCC

ACTT@CAGATGAGGCGCTGGAAGCCTCCAAGAAGGCTGATGCCGTTTTGTTAGGT
GCTG GI'TTCAGGAACGCGACCGGT GAAGACCACBACCIIACC@(%I—?AGAGT

WQMTTTAC

TAAA/@ATCCGTAAAGAACTTCAATTGTACGCCAACTTAAGACCATGTAACTTTGC
CAGI TAAGCGTATTACTGAAAGI TCCAAAGAGAAGGT TTTTTTAGSCTAAGATA

ATCC@ACTCTCTTTTAGACTTATCTCCAATCAAGCCACAATTTGCTAAAGGTACTG
ACTTGEPHETIGTCABHS AR AGTOLEACE A TACTTTOGPAKE AFAl AGGA
AGACTEETEGTET TGS TCATTAGBASECT GO GCTACARGRAGGCC

CACA T AGG R ERRTTG4 CAG T T B A L R AGA G ERC AR ERCATFATGTGACT

GTCGCCCGTACATTTAGCCCATACATCCCCATGTATAATCATTTGCATCCATACAT

TTTGATGOCCGCACSTEUEGARICAARRNFTALSE T T SE A EcTac

GAGCAGHG A KAIAGTEEHATTRATAEXHACTHE GEAGAA BraPCe i ACGIAREEEGCCC

2
CTGTAGACrEAAREF QG RATHTALSTERG PR AT AT AT T TRATATAC
ﬂCCﬁW@@%@WWWWE@%WM@@AACA

ACCATGGCAGAACCAGCCCAAAAAAAGCAAAAACAAACTGTTCAGGAGCGCAA
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TAGGCGGATCTAAGAACCCT TTCATTGAAAAAGT TATCGCTAACGTATTTAGCT
A
WQRITAAERET AACAT GGACGACTACT GCAATAGAAACT TGT TCGT PET/TIS20DAD12467
T
TTCT CTGATGATGCCTACCAT TCTCAGGAGGACAGCGT TACCGAACATCGTGEC

cocol ST R o

AATG(_ETGGTTATATTCAAATAAAAGATTCGATTCTTCCTGCAAAGAAGGATGACG
GIATCGGACCT GGAAAATAATGTAGACAAATATAGAGAAGT TATTCATAATTTA
ATGTAGCTTCCCAAGCTACTCAGTCACAGGTCATCGATATTCACACAGGTGTTGG

CTTT@%A%@K%RT@W@%MJWW&MTG
TTGASEOIAFATGCHTARCA TG CATT N BCAN M CCAaXCTACEAAATATIGCGG

TATCqCATTAGEOCAAGCGTTCAAAGAAGCANTGOCTACTGICCATOOTOTAAA

AAGAARTCGGTACTGGGTTCGCACCATTGGATGAGGCGCTATCACGTGCCGTAGTC

xS I MO T o

TTGGPGATANNPETAGIGA GATICATACEACLOFNIUG G BAXNBTATEGEAGAGGC
GGCCAGA APT AT TGEATE T EATH A CTEAC ST TR ACH AT A8 A caca
AGTGAGKERGRTTHC MACHE TACNEET GPAGTCA TAXSK EKAGCEAATHAETAGCA

ATGOEACRAABEAGERRRRETS SARMANGERERRET AR FAGTAGTSACAA
TAAAAGPA TREATSTTIETC AR AP SETP99 9 T I B GTAG

C
TTGTIHTEEF AR A AST FRTAGTF BRI GATT T TANRCACETCGACATCA
O A AT AN GG TATR AT EETERATCOTAT

GTGAATGCTGGTCGCTATACTGCTGTCGATTCGATACTAACGCCGCCATCCACCC
GGGTHEFERTYEA AT KX FEETE T AR AT A M AT A TaAA
GCTTGETTEIANIGIEACKUASHAIAG T EGHSFEARCGRAGARRA ST STEGTMA AAAA

AGGASAKGK ARG A ACA A RATTE P NN S A S FEP IS T 116

GTAGASESKGTAACT GEAPCAA T EAAGAMCHTATAFCCACTES TG GCAIAAACC
GACTIO APTTAMMEIGAETERGSEAAGAERFATTHACMEIM GG FCSASTTCA

CGTGCAGTAAAGTTAGATGATTCAAATTGATGGTTGAAAGCCTCAAGCTGCTCAG

Al GATTCTCITTITTTTATGATATTTGTACATAAACTTTATAAATGA
TAGTW’IA’IA GTCCCATCCAGGAACAGAGCCAAACAATTTATAGATAAATGC

AMGXWA@WWKAWM&K@E@&W&%TGCA
GAAACTATATACGCAATCTACATACATT TATCAAGAAGGAGAAAAAGGA

TCAARAAGPN T REARAGIAAT T CA RS M GA CRAGC oA TGRS CACC

MCT@%@W%@EWW&@WWW@&G%GAGT
TAGGT GT AACAGAAAAT CATGAAACTATCGATTCCTAAT T TATATAT TGA

CCAAACATGTGGCATGGAAAGAGTTGGAATCCATCATTGTTTCCTTTGCAAAGGT
R e S O s S s
ACATGTTCAATTCTTTCTTTAAATAGTTCGGAGGTTGCCACGGTCAATTGCATACC
CTGAGTGGAACTCACATCCTTTTTAATATCGCTGACAACTAGGACACAAGCTTTC
ATCTGAGGCCAGTCAGAGCTGTCTGCGATTTGTACTGCCATGGAATCATGACCAT
CTTCAGCTTTTCCCATTTCCCAGGCCACGTATCCGCCAAACAACGATCTACAAGC
TGAACCAGACCCCTTTCTTGCTATTCTAGATATTTCTGAAGTTGACTGTGGTAATT
GGTATAACTTAGCAATTGCAGAGACCAATGCAGCAAAGCCAGCAGCGGAGGAAG
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CCCTCAAGAATTTTACT CTGT CAGAAACGGCCT TAACGACGTAGT CGACCTCCT
C
WO E@AGINCT AAAT CTACCAAT ACCAAAT CTGAT GGAAGAAT GRGCPAR TSIMTAR 2467
A
TCCTTACCCAGCGCAT GTAAAACATAAGAAGGT TCTAGGGAAGCAGATGTACAG
GCTGAACCCGAGGATAATGCGATATCCCTTAGT GCCATCAATAAAGATTCTCCT
T CCACGTAGGCGAAAGAAACGTTAACACGTTTAAAC SEQ | D NO 52
CTAAAREAGE FGGTETAGEHAAGATAGT VEEC GO A3 KW EGTGGAGTTTCCATTG

AGATAX TS GO T CEMTERAPPREEITCTTAR 9 dacaTA
GGTCRICCAEA CAXECEEGAGTICEILCATCT TTGAFRT TG TCTGGCOCAUCATTT

AN CC A A REFRES BTG AR ARG BR AT ERAGARGER4ACTTT

CTGACTCTTCATCTTGCGATAAAGTCACTGATATGGACGAATTGGTGGGCAGATTCA

TGGATCATTCA
ACTTC SR R EHE BT AR AR

MCG@W@%@%Q&@W&WW@TW@TM@TATA

CAGGTRBATE AN TERR BT TAEIIASTAR TTESNHA YA CTAAT

ACAAAbS:()iA&)AM? GTTGAAAGTATTAGTTAAAGTGGTTATGCAGCTTTTGCATTT
Vi DTN WD D(] VY] WI | DVI DVDDXXXVXOXXXXOXXWD

PAGHCCAGAAA

NDXVODWI wWGTTGA

TTTGMMGWC TITTMSOTOTDOATANCOATAAAA
ST A E T A P B A Sy VB AGATCTEC
GTTTOXGGHRCH GRONAGDICIICCGTC

CAGTEAN VX G ORY DA G&(DQXMXDKWW@@(G]XVAAGATAA

DXDXVVKDXXOXXOVXOVDDVD,
TOG GO AANTAIRAAONH

TGGTG@TATTGCCATGTAATATGATTATTAAACTTCTTTGCGTCCATCCAAAAAA
OvOODVWWOVDDVXXOVXOVDVXOODXOXXXXXXOOXPOVDOOXVOXX! X
AAAGUAOBBTIRITRARBA A IEABI S SHMEDIINEAGAI CAGTG

cccc AABERXREMFRAENV P ARV PXREMEPPERBRPCOGX AATATGA
AGCATTTGTAGTCGGATTATCGGCAAGAATGCATGCTGTAGCCCATCCTTACGGT
TCATTGCAAGAGTCTGATAAGTTTGAAGTGCGTGTGAAAAGTAAACAATTTAAA
GATGGGGAGTGGCTGTACCATATAAGTCCTAAAACTGGCTTCATTCCTGTTTCGA
TAGGCGGATCTAAGAACCCTTTCATTGAAAAAGTTATCGCTAACGTATTTAGCTA
CTTTAAGCCTAACATGGACGACTACTGCAATAGAAACTTGTTCGTTATTGATATT
TTCTCTGATGATGCCTACCATTCTCAGGAGGACAGCGTTACCGAACATCGTGGCA
ACAGAAGATTGAGTTTTCATTCGCACAGAATTGAAGAAGTTCCCAAAACAGGGC
TGGGCTCCTCGGCAGGTTTAGTCACAGTTTTAACTACAGCTTTGGCCTCCTTTTTT
GTATCGGACCTGGAAAATAATGTAGACAAATATAGAGAAGTTATTCATAATTTAT
CACAAGTTGCTCATTGTCAAGCTCAGGGTAAAATTGGAAGCGGGTTTGATGTAGC
GGCGGCAGCATATGGATCTATCAGATATAGAAGATTCCCACCCGCATTAATCTCT
AATTTGCCAGATATTGGAAGTGCTACTTACGGCAGTAAACTGGCGCATTTGGTTA
ATGAAGAAGACTGGAATATAACGATTAAAAGTAACCATTTACCTTCGGGATTAA
CTTTATGGATGGGCGATATTAAGAATGGTTCAGAAACAGTAAAACTGGTCCAGA
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XVVWDDWDDXVOVDOXXVDDOVDDDVOVDWDDVDDXVWKXODOXOXVD
OXDOVXXVVKDVDXOXDOVDVVOVVDDOXVWKDDXOXXDXVOOVDOXOXXXL
WYBRMADRZIGLDWOOXXOVDVXVXXOXWDXVDXXXDXXDVDDXODDV DK YNEXDXH1 2467
VWOODVXVOOXVDOOXVOOXVODXXDVXDDVXOOXVODDVDDVDDVXOVDVWO
VI DI | OO O | DDVDOO VDWDDI O W DDVDVXXDXDDOOOXOXVDOVXO
ODOVOOVDDVXOOXXODOXODVOXXVWKDOXXDXXVXDWDOOVDVDOODVOWN
DDOXDDVDXXW VOOW VDVDOVDOOOVI DO DOCDDOO VWDDWI | | D
AGGTANAAST TG TA TOATTCGOATHTBCCOF A AAGE TEHMP AR TACAG

AACTRUATGATH G ARG T TABGLIG A BRI M ERASRBCCTT

ACACWMW&@BWWX&MAMMGAMWMAGGAAT
() N

WGCT@A@@W@@@@@@MM@@K@M@@M@W@V@CTAAGCAA
DXDXXXDXDDVDXXXVXOXODVXDVWAMKDXVXXOXWOV \&x (%
GATG{@QA@(:LT@@G;Gcq%@@qgmgggATGACAAAAGATTTT AAGOTTCAAT
GGCTEE XP A A THEE TN C PSS GATHATASEANA GAXA A KSATEEEGAAA

CTTATRIRG ST APATASS T PAASS EAPATMAR ST FTE R OERAGTRTTTAT

AT A T e PG G I TG AR AT GEOATAS
TACTTGAAATTGTTCCTITCGGCGGCATGATAAAATTCTTTTAATGGGTACAAGCT
ACCC%MWW@M AR ERTA SAE Y ACTARKYGAAA
TTCATACAT AGAMNACAR AL A AT GGPGABAGTATTIAST AR GTAGAC

GAAA@G@X%@%HAT%UA@X%WEM&%W%A%EGATG
TW%@WTMKWFMMAWTMM@GMM
AGAAEFSEAGRITAAA EEM I T T A FRACEATSEEANGAFAAALAAGT

TAGGTGTAACAGAAAATCATGAAACTATGATTCCTAATTTATATATTGGAGGATT

TTCCTCTTCATAACCATAAAAGCTAGIATTGTAGAATCTTTATTGIT
TTCTGEAAAAAAAAAAAAATACAACAAATAAAAAACACTCAATGACC CCAT

TTGAWWTT@%W@MWGTT

ACGGAGGAGAGT CT TCCGT CCGAGEGECT G CCCCCGCT CGCCGCTTCTAATCC
CCCTQAAGAATTTTACTCTGTCAGAAACGGCCTTAACGACGTAGTCGACCTCCTC

TTCA@@?MW?WW%%ATCA
P TAGCETAAGAT AAT CEGRECTCT T TACAT T TCCACAACATATAAGTA
TCCTTACCCAGCGCATGTAAAACATAAGAAGGTTCTAGGGAAGCAGATGTACAG
GCTGAACCCGAGGATAATGCGATATCCCTTAGTGCCATCAATAAAGATTCTCCTT
CCACGTAGGCGAAAGAAACGTTAACACGTTTAAAC

SEQ ID NO: 52

pAM493 sequence (excluding vector backbone)
GTTTAAACTACTCAGTATATTAAGTTTCGAATTGAAGGGCGAACTCTTATTCGAA
GTCGGAGTCACCACAACACTTCCGCCCATACTCTCCGAATCCTCGTTTCCTAAAG
TAAGTTTACTTCCACTTGTAGGCCTATTATTAATGATATCTGAATAATCCTCTATT
AGGGTTGGATCATTCAGTAGCGCGTGCGATTGAAAGGAGTCCATGCCCGACGTC
GACGTGATTAGCGAAGGCGCGTAACCATTGTCATGTCTAGCAGCTATAGAACTA
ACCTCCTTGACACCACTTGCGGAAGTCTCATCAACATGCTCTTCCTTATTACTCAT
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GATTAGATATGGATATGTATATGGTGGTATTGCCATGTAATATGATTATTAAAC
T

W(AF QT YT CCATCCAAAAAAAAAGT AAGAAT TTTTGAAAAT TCARTHTAZNT A1 2467

_CI_:T GCCGACAACAATAGTATGCCCCATGGTGCAGTATCTAGT TACGCCAAATTAG

GCAAAACCAAACACCTGAAGACATTTTGGAAGAGT TTCCTGAAATTATTCCAT T
TCTCTRACCAAGCAGAGAATGTTATCTAAAAACTACGTGTATTTCACCTCTTTCTC

CAGTTETACACGATAGCAAAGCAGAAAACACAACCAGCGTACCCCTGTAGAAGE
TTCTTIGPTTACACCACTTARTCEATS NG EEKTACESARAM AL L A TCTG
AAACTITIETEEARETATEAAALCEGRIAN FCTARATCSTGUETTATCUT ARGETTATTC

ACGCORARFAGERATSARAMIRAGMICAACAGAATISTE TS RATATAIEEACCAA
CTTGTW%@KW%M%@MW@MTKﬁ&mCGTA

ACACATBGTGOTEACSTAEESACITECH A CAEAATASEN FAEFEAT A CTAA

PRATPEAL BT
S e G e T

CGTCCAAATTGTTAGGTTTTGTTGGTTCAGCAGGTTTCCTGTTGTGGGTCATATGA

e A T A MRS e roce

AAGACGGCACAGGCAACTATTCTTGCTAATTGACGTGCGTTGGTACCAGGAGCG
GTAG@ﬁ‘?&%@&@%ﬁ@%@%@%ﬁ%ﬁ%@dﬁ%ﬁﬁcm

GAACAGFAICRA COACAGATGGTA CATIABA CAMGGSAACIGGAAA

TTCTCAAREASSAARF O ERESEAR A AATITEATATACRIEEAACRAT S OACA
TTTTGFRIAGEA L CATSAAT LCATHTPASGA LA PAT A TAGRAASTAIGATARGCTG

CATG AT AATE AR AR AR FERSARARRRARECALAT

TCTTA. WAAWOM@CMTGG@@W@A@@MA@@BﬂCTG
GGATGTAATAATACT AATCTCGAAGAT GOCATCTAATACATATAGAC
ACAAGALCACCAGGAATAGTAGCTTCTGCGACGACACTCTTACCACGACCTTCGA

chA@éﬁ@é&ﬁ@%@ﬁ%&é@ﬂé@@%ﬁ%ﬁ&é@é@@AGAC
AACCTICAEATA TACCEHGCCAGHCETATCAMARMAT A TIRADEGAGEAT TCGA

CACC A AT T AT RIS GG ACTAGTAALESL A ATCTC

ATGA BTOOIXGACHAGTIAGNSST AL TACAGRBGATGAAATC
GA@%%%I@%%W&A&%@%%%HW&TMO

CATAPCETASAIGGOCAZAAGAATTTTIT AMNGTEEERTF ARG GACTRPABTEGIGCCTC

TIGTGAT AP REFTRARTH A ARG AGGATERAABRATRAA TTOC

CTTAGAGCCACGCATGGCAGAAGCTACCAAACAACCCTCTGTAGTTGCCATTGGT
ATATGATAAGATOTACCATCAATANCEANSEEE RIARCALEAL 68 cana
GGCAWWWMW@WMWTCAT
AATTTITATATGGTAAACGATCAGATGCTAATACAGGAGCTTCTGCCAAAATTGA
AAGAGCCTTCCTACGTACCGCAACCGCTCTCGTAGTATCACCTAATTTTTTCTCCA
AAGCGTACAAAGGTAACTTACCGTGAATAACCAAGGCAGCGACCTCTTTGTTCTT
CAATTGTTTTGTATTTCCACTACTTAATAATGCTTCTAATTCTTCTAAAGGACGTA
TTTTCTTATCCAAGCTTTCAATATCGCGGGAATCATCTTCCTCACTAGATGATGAA
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ATTGGAAGTAATTGT CAGAGGCTACAT CACCGGATCTGCTTGGAAAGAGT ACGT

AAAAACAGGTACTGTGCATGGT TTGAAACAACCT CAAGGACTTAAAGAATCTCA
WOACHGITBEOCCAGAACCAAT CT TCACCCCAT CGACCAAGCCT GAACARCETSE0ATA1 2467

TGACGAAAACAT CTCTCCTGCCCAGGECCGCTGAGCTGGT GEGTGAAGATTTGIC

A

CGT AGAGT GGCAGAACT GECTGTAAAACT GTACT CCAAGT GCAAAGATTATGCT

GAAGGGCAT CATCATCGCAGACACTAAATTGTTTAAAC SEQ | D NQ
GGTC@@"G@&R@Q@%’l&@@.HEFQCGCAGATGATAAACTTTTGACTTT GATCCAGAAA

TGACE@WFFW%WWW@%%TMA
AGACTECIAGCTGASTIGRAACT T AACCZEERCONATARAS S ATABIACGETTTTT

crec B P PR O SR roanc

ACATGTGAATAAGAAGTAATACAAACCGAAAATGTTGAAAGTATTAGTTAAAGT
GGTTATUANGEH PSR TR AT E YRR ACA TR RATEL 6 cTTCG

CTGATTAMAMAAACCATXBA KT AAGHCRA KAAAATTAATAGOST TATARITITCTATG
G TG MR ARG TR R TR R REE RAGTERAGRAGFAATTT

TTCCT’ETTCATAACCATAAAAGCTAGTATTGTAGAATCTTTATTGTTCGGAGCAGT

TACACCTAACTTTTTGIGI GGTGCCCTCCT CCTTGI CAATATTAATGI TAAA
GCGG@ﬁCGAGGCACATCTGCGTTTCAGGAACGCGACCGGTGAAGACCAGGACGC

ACGG@%’@KW?@T@@EW@G@E@W@&@W@MEH@@W@FAATCCG

TACT AATASTA A AR PG AT MAGTTEEAINGACAA

GGTTHMPITAGGCTAAGATAATGGGGCTCTTTACATTTCCACAACATATAAGTAA
%CT ACCCTATGAACATATTCCATTTTGIAATTTCGIGICGITTCTATTA

GATTAGATATGGATATGTATATGGTGGTATTGCCATGTAATATGATTATTAAACT
TCTTIOCETRCATECXAR AN ERASYRACHAT MM MY EARYTCAATA X ATGA
CTGCCEAEZA TR TAGAA TR CCEATBECACGTAA GAROR CAGTEAGT ARG T TAGT

GCAAMGEAMATASETGARAGATEITAGAACACERARAIGA AT EECATTA

CAACAAAGACCTAATACCCGATCTAGTGAGACGTCAAATGACGAAAGCGGAGAA

o R N N O R o

TTGTEEIGGATTGGGACGATAATGCTATTGGTGCCGGTACCAAGAAAGTTTGTCA
AGAACCGT GGCATGGTTCGTACAAACCAAAT GCGEGTI GT TCTTGT CTGGCAAAGA

TTTARECOAMAAGANEA A RGEAEEAAA A O A IAGIGAGEET I TATTT
TCAA EEEAEAREIGRGANFCLAMIA NI A WNCHAA GAIGECAETSAA KNARPAACTT

G
TCCCBaATEIEMAT MAAACACAT CEE ST AERATREGIERATRINEF PATRACCAA
TTAG@TTTGAAGGGTAAGCTAGACGATAAGATTAAGGGCGCTATTACTGCGGCG
TTCAATGTAGCGAATTCGITCTTGATGGT TTCCTCCACAGT TTTTCTCCATAAT
GTGA@'AAAACTAGATCATGAATTAGGTATTCCAGAAGATGAAACTAAGACAAGG

GGGGGGAACATGAAATTGATTACATCCTATTTTATAAGATCAAC GCTAAAGAAA
ACTTGACTGTCAACCCAAACGTCAATGAAGTTAGAGACTTCAAATGGGTTTCACC
AAATGATTTGAAAACTATGTTTGCTGACCCAAGTTACAAGTTTACGCCTTGGTTT
AAGATTATTTGCGAGAATTACTTATTCAACTGGTGGGAGCAATTAGATGACCTTT
CTGAAGTGGAAAATGACAGGCAAATTCATAGAATGCTATAACAACGCGTCAATA
ATATAGGCTACATAAAAATCATAATAACTTTGTTATCATAGCAAAATGTGATATA
AAACGTTTCATTTCACCTGAAAAATAGTAAAAATAGGCGACAAAAATCCTTAGT
AATATGTAAACTTTATTTTCTTTATTTACCCGGGAGTCAGTCTGACTCTTGCGAGA
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GIGTATTGI TCACTATCCCAAGCGACACCATCACCATCGICTTCCTTTCTCTTA
CcC

wOAANGTAFAT ACCT CCCACTAAT TCTCTGACAACAACGAAGT CAGT RCTTF106BR12467
A
AATTGTGECTTGATTGGAGATAAGT CTAAAAGAGAGT CGGATGCAAAGT TACAT
GGTCTTAAGT TGECGTACAATTGAAGT TCTTTACGGATTTTTAGTAAACCTTGT

GATG ASEATRRMIAEASTAEE T AGERETATREAATAGATATOGACATA
CATABRPATO AR RG2S CPATTRAT CAE RN TR NASTITACACG

GTTGGRATIGN HCEREIHCACTARCTIOART AR TAA CA AR SE AT AEANTASGCATT
GO AN AR AR ORI AR AT E A TG4 pOACT

GAACBGGACGGTATATTGCCATTGGTGGCCAGAGGTAAAGTTAGAGACATATAT

crccSEAEAT] R koo

ACGTM@@MWWCM WAWGMAWGAWCTGTC

AGAGEIRTRGERF ARSI GEALSPATFITEFHATEAERARGRERACATC
GCCCCAUAT EMIACEATESGTICATAATOTASTAGEAAANPTOATCEAATIAAAGT

GG
ACAAARCGEMAGROF ISR GO CEET I TTEEEERACAANGEBAMMGEAATTCC
ATTG(_}'_AAGTAATTGTCAGAGGCTACATCACCGGATCTGCTTGGAAAGAGTACGT

GCGTAAGGAGAAAATACCGCAT CAGGAAATTGTAAACGTI TAATATTTTGITAAA
AAAAAPAGEERAIATOEAEROAAA A A CETIOAACSOE REAAABART CTCA
AGAG CC AATCTTCACCCCATCGACCAAGGCTGAACAAGGTGAACA

@&AA%SCCT% AAATOAAAAGAATAGACCGAGATAG(XBT TGAGT Gl TGT TC
TGACWA%&@@@GTMAW@GW@F € AAG

AAGGAGAAGGGCATCATCATCGCAGACACTAAATTGTTTAAAC
ATAGAAATATCGAAT GGGAAAAAAAAACT GCATAAAGGCAT TAAAAGAGGAGC
GAATTTTTTTTTAATAAAAATCTTAATAATCATTAAAAGATAAATAATAGTCTA

SEQ ID NO: 53

TATACGTATATAAATAAAAAATATTCAAAAAATAAAATAAACTATTATTTTAG
pAMA426 sequence

TCGC@E@%@@%@@@B@G@&@%W%@K@M@G@UE@M@WGAGAC
TTCAA [TCTTTTCGCA GAAAGCAACACCT CCCAATTCCTT. T

GGTCARAGCTTGT TOTATAASEEEAGECGEERECASRAANSCelE e EsGeae
GTCAGOI G PP ECEREFEPON GG COTF KACNACEEEEATTAGAGCA

TTAGATAGACATAGGEGTAAACTAGCAATGATTTGATCAAATGCTTGTATTCATC
GATTGTACTGAGAGTGCACCATATCGACTACGTCGTAAGGCCGTTTCTGACAGAG

TAAA%%&WMEWK@WH%@@WMWGA
CTTALACAOARCAGKRGEACHBRAECHT TCAGHAT T T TTSTGIGRAATAGT TTTIT

TTT T AGA A ANTCT T AR TA TEAR AT ST STAR LT ECATGATTTTCT

GTTAGACCTAACTTTTTGTGTGGTGCCCTCCTCCTTGTCAATATTAATGTTAAAGT
GeAAMT ETTITTICHATEACS TP GRS TATERR P YT REE G TATT
CCTTTACTATCCTCCTTTTTCTCCTTCTTGATAAATGTATGTAGATTGCGTATATAG
TITCGTCTACCCTATGAACATATTCCATTTITGTAATTTCGTGTCGTTTCTATTATGA
ATTTCATTTATAAAGTTTATGTACAAATATCATAAAAAAAGAGAATCTTTTTAAG
CAAGGATTTTCTTAACTTCTTCGGCGACAGCATCACCGACTTCGGTGGTACTGTT
GGAACCACCTAAATCACCAGTTCTGATACCTGCATCCAAAACCTTTITTAACTGCA
TCTTCAATGGCCTTACCTTCTTCAGGCAAGTTCAATGACAATTTCAACATCATTGC
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TTTCTCTCCTGI TCCGCTTTATGAGT CATCAGGTCATTTAATCTCCTACCCAGA
AT
wWOACWAG3W¥EAACGCGAAT AAAGGCGGAGCAGAT ACAGCCCACT CAACPGIYT B LUDT/012467
AGTGAAAATATCGCTCATTCCTAGATAACAGGTAGI TGT TAGCAAGT TTGCACC
A
CCAGTGATAATAACTACGCEGATCGTGCTCTTCAGT TGTCGGTATGTGTCCTTCA

1T
AGCAGAGZAGHIIBT RO ACRTCTCABENT TET T FRASHASTEHGCAGC
A AT AT AR T ATEEEIIRLF R BGRA A

GGCCABGGACGCAGATGGCAACAAACCCAAGGAACCTGGGATAACGGAGGCTT
CATCQERERTEA AN ARL R S FECTEATEITAERRYXCEAF I ThGaTG

GGTT ADEGEEFTAA GAM CCAPAAGFATUIAIGAACC

TTCAREFT AR EATACITSH AT G ARTAE U EATAATCT

TGAABAGGCCAAAAGATTAGCTTTATCCAAGGACCAAATAGGCAATGGTGGCTC

ATGT”EQTEAi GGG “c“c*?%ﬁ%&é&%‘\é&%é TE ETEGITGAI%WAWAACG
GTGTWWXW%K@R@@&MW?T@@TT%WTTACc

AAAGRARATAEETICCACTAARTEBERGMT AARASERA A RAGEASITFAGCA

AATT%SETTGATTGGAGATAAGTCTAAAAGAGAGTCGGATGCAAAGTTACAT
T TGAACTCCAGI TTAGCTAACTTTAGCAGAGI TTTATTATGEGAGICTT

GGTCTTAAGTTGGCGTACAATTGAAGTTCTTTACGGATTTTTAGTAAACCTTGTTC

AGGTé%%é%R@&EW%X%M&E@MAAAC
GGCARTAATGTTCTAAGAGGICT TCARGCAGCEION FEACCHAGTGIGTFACPHACTGTA

GCATERATAGE MIGAREAGE AT A TGATTTEREOMEICRARTTGARATTCG

AACGAACATCAGAAATAGCTTTAAGAACCTTAATGGCTTCGGCTGTGATTITCTTG

ACCARCOTEGTEREH B A K S RESATE P TAGS A AG XA T caar

GGTATACSIATGCA AT AAXH A GRIA AARNGCOCATTAGTACKOGT TAGEITAAAC

AACCAATRARET BT AT AGHTEFATHABESTAROAATOROARGITTTT

GAACACACATGAACAAGGAAGTACAGGACAATTGATTTTGAAGAGAATGTGGAT
GCTAGACCTGICGCCATTCCAATTAT CACCATAGGTCTCGTAAATACATTGCAA
TTTGATGTAATTGTTGGGATTCCATTTTTAATAAGGCAATAATATTAGGTATGTGG

ATAT@R@K%W@@%W&WA@WWM@WAGAT
GCGTEASEAGTAATAVGRC AT CErATASTOARGIRR AT ATIITGRTAAA

TTC TCAGCTCATTITITTAA TAGGCCGAAATCG
A %&WX&?WM S TTACTATTTGCT%%%éAéCCTG‘IC'FCA
GCAAA@ITCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTC

CAGTTHHEGKACAKERGTUACTATTARREAACOTESACTEEARC T MR GGGe

GAA GIEFCGAIABFCAACTATTHG G AGTKEEAGETOGGEETAGC

TITAAGGHACEFAGAATTRGATAIAERMACHRARATACRSTRARGECOAAC

ATAGAARATATCGAATGGGAAAAAAAAACTGCATAAAGGCATTAAAAGAGGAGC

GAATHETATI TAAT ANK AT N RS AT AP T AA KA SR XEAT AT A S e AT
ATATWﬂﬂMAMWTAW@KAmMAﬁTWﬁWmTAGC

GTAAI*@@%K&@M SHBEAD ARAATACEY BETAREGARTERTAT TCAA
TTCAECﬁ%Wﬁ@@Rﬁ@KMAmAU@W@@EW@TTCCA

ATAATTCCrEOY CIPEATALATAAANABABIAF PIERR S FALLGPEECATGG
GC
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AGT GCGECECGAGGECACAT CTGCGT TTCAGGAACGCGACCGGT GAAGACGAGEA
CGCACGGAGGAGAGT CTTCCT TCGGAGEECT GI'CACCCGCTCEECGECTTCTAA

wo 2007/139924 PCT/US2007/012467
CCGTACTAAGATCTGCTTTAATTTGGCCGECGAACGT GGCGAGAAAGGAAGEEA
AGAAAGCGAAAGGAGCGEGECGECTAGGECGCT GECAAGT GTAGCGGT CACCGCT G
CGCGTAACCACCACACCCGECCGCGCT TAAT GCGCCGCTACAGEECECGT CGLGC

CATTCGCCATTCAGSCT GCGCAACT GT' TGEGAAGGGECGAT CGGT GCEEECCTCT
TTAGATAGACATAGGGTAAACTAGCAATGATTTGATCAAATGCTTGTATTCATCT

CCCAﬁ .
GATA'II’}KTAACAGCCATAAGTAAAGGTCTTGGGATATTCTTTGTTGTTAAATACTC

HiAceaT

BGATT CMWWATGT

ﬂTCT@M@@HMW%@%MWWT
ACCAEEEAMNAGEIMCCAGXGTECHERCTAGAN AT AGCTEACCCAKTOGAITCCTT

AGTG A EATESSTTARBSS I GO EASSTATERG T ES A EBRERSACCA

CCAGfGATAATAACTACGGGATCGT(JCTCTTCAGTTGTCGGTATGTGTCCTTCATT
CCCTTTCTCATAGCTCACGCTGIAGGTATCTCAGI TCEGT GTAGGTCGT TCGECT
AGCCCATTTCGCTTCTACCATTAGATTCCTTACGAATTCTTTAACGAACTCCTTCC

CACA@%T@%CXQWWMWH%TGTG
TAGGTAAGCHITCEPTAARET I AT AT AR TATATA L GORAHLBRG TCTA

AGCARGTGATCGAGCATCTTTCCACOOCTTCAGTAAAAAICTTTAACTCCTCGTA

AGTTQIAGATFCGTCAINBGT R UCATTACNCAAG I GERSACHIAGCHACTGECTTA

CTA A AMARIGRAERE M SRARRITT GIERAGAARGRagACCCC

AAAAATAGCATTCAACGATACGATCTCTCAGACATGGGGCATTTTTCTTAATATC

AaATECCHY AR SR B A EART S ARTGTAE e taca

ATAGSAGOASAMCAT ETTANGERSA CATTAGA NG A GTTTAXTESTCUMMGTCTTGT

=
TGCTGAENGDASTRIAEFINCT SRR AR TR EAPFAERGARATE CACA
ATGGQT@EHWA@E@T@TMW@%@MXM@WWTMA

CGCOTREATERTAARSTIES STARAETIAAIRTECT A ERERAGEEATATTCAA

GAAT@H GCCCGGAACTCTCATGGACGTAGCCTCATATAATTCCAACAATCC
TCTGICTATTTCGI TCATCCATAGI TGCCTGACT CCCCGTCGTGTA

TTCAAPBATCATTCGCTAACGATTGTTTAAAAGCACCATTCTTGTCTTTATAGTTAT

TAAA TERO KA FA XS C ETPETIAEE CAEAGTATALREC ATAA
GCTAGAGTATCCTOMTECCPCCATA TC A CATAGG RAACCIIEATASHSFAGCAAT
GCATWWWXE&WM%&MTCGT
IGRATAGTIE S SGA ARSI ASTEACTTTTAAC
AACT&'TCTTACTTCCTTCTTTAGATCGTTTACTATTTGCTCCACACCCTGTTCAACT
TGTTTCTCATAAATCAAAAATTGATCGCCCCAAATAGAAGGTGGGAAATTTGCAA
TTGGCCTTATAGGITTCTCTTCAGTCAAGGCCATTGTTTTCTGCAGATCCGGGGTT
TTTTCTCCTTGACGTTAAAGTATAGAGGTATATTAACAATTTTTTGTTGATACTTT
TATTACATTTGAATAAGAAGTAATACAAACCGAAAATGTTGAAAGTATTAGTTAA
AGTGGTTATGCAGTTTTTGCATTTATATATCTGTTAATAGATCAAAAATCATCGCT
TCGCTGATTAATTACCCCAGAAATAAGGCTAAAAAACTAATCGCATTATCATCCT
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TTGCCATTGCTACAGGCATCGTGGT GTCACGCTCGTCGI TTGGTATGECTTCAT

TC
wAGWIGEEaT TCCCAACGAT CAAGGCGAGT TACAT GATCCCCCAT GPTGTSLIMAMA 2467

AAAGCGGT TAGCTCCTTCGGT CCTCCGATCGT TGT CAGAAGT AAGT TGGCCGCA

Gr
GI TATCACTCATGGT TATGGCAGCACTGCATAATTCTCTTACTGTCATGCCATC

TGO AT RA B SR AR A CAAG T RS ARGTRAGFGCCAA
I'T IT'IEICTCTTCATAACCATAAAAGCTAGTATTGTAGAATCTTTATTGTTCGGAGC
TC%S%CGA %T TGCCCGECGT CAATACGGGATAATACCGCGECC
AGTG GA CATCTGCGTTTCAGGAACGCGACCGGTGAAGACGAGGA

CGCACHARCAXRGATTALAOCTEEAA ST WWCTAAT
GGATCT GTTGAGATCCAGT TCGATGIAA

COGTRCTAAGAT TG T T AR T T TGO CC GO COA ACG TOCCOAG A AAGGAAGGGA
AGAAQ@&R%I@H@%@EE%&WKZWWGCTG
COCO R AAUCACOR ' >
cATT@é@@ﬁﬁ%@%ﬁﬁ&%ﬁ@fﬁE‘é’iﬁ%@%ﬂ%&gﬁgCTCTT

CGCTATEAGROAMEET GT AT COAA TAGHACA MAGCOTECORAT AGOR GG TT
TGCGWEEW%@WW%&%%G&A TGO TCGTT

‘ ECEAGEE CRIAGHANEPA @QCACA
GCGCT ATTTTACCAACGAAGAA
GAAT@%W FRETAGRADARANT L , CERECAARAGGC
CAGG@ACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCT
GCATTTTTACAGAACAGAAAT GCAACGCGAGAGCGCTATT
GACCRERK PASHETEMMTEFNONCRALAEOATACCGMRCAGG

ACTATAAAGATACCAGGCGTTTCCCCCTGGAAGC TGTT
COCTATTTTTCTAACAAAGCATCT TAGATTACT(%T'—I[?'FF&%%:F ?F&%? 8
CCGAGRETGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGG

COCTRAEPOATUBETEXISAFETHAGATACRETTEIITA 6T b crec
AAGCERAGIG TEERTIGCTACGAATCCTISTAGAA NG COGABCOUIATTCOCIIATCCG

A A R A A B A AT EARITARRES M EBEE CACT

AGCCHCTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTACAGAGTT

cTTG AL TEEIA AR A G AR Ad A A G ACK STAP I G AT cTac
GCTCTETEEPAGTCAREATAGETIRGANAA KSMEBSE T A GCTATTA STEEGGCA
AACA RO O OO TA GO BT SR T T BET ARG M ACAPEAAEFACGCG

CAGAK&AAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTAG(&GGGGTgA_FvACGCT

XA%T c"l' TACTACAATTTTTTTGI CTAAAGAGTAATACTA
CAGT@ AACTCACGTTAAGGGATTTTGGTCATGAGATTATCAAAAAGG

ATCT TRMAT BAAECECHATAA AT RGAAGTEAA W@
'ATATAGGGATATAGC‘ACAGAGATATATAGC‘AAAai ! iEGAi SGAES %

TATA%FM@ZWKWTAmAAm@@Tmm@cCTM

A A O AT A LA GLIOG T AATGERRBIG TR TACA

TAACTACGATACGGGAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCGCG
AGACCRABTECABEEA PR TARF RS ESATANAGLAGE RGeS A
GGCCGAGCGCAGAAGTGGTCCTGCAACTTTATCCGCCTCCATCCAGTCTATTAAT
TGTTGCCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTG
TTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTTGGTATGGCTTCATTC
AGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAA
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TTCCGAAAACGAGCGCT TCCGAAAAT GCAACGCGAGCT GCGCACATACAGCTCA
CTGI TCACGTCGCACCTATATCTGCGTGT TGCCTGTATATATATATACATGAGA

W6 2007/139924 PCT/US2007/012467
GAACGGCATAGTGCGTGT TTATGCTTAAATGCGTACT TATATGCGTCTATTTAT
Gr
AGGATGAAAGGTAGTCTAGTACCTCCTGTGATATTATCCCATTCCAT GCGEEGT

AR GO GG I AT R AT T AR MY CEMGHEFBERECAGT
GTTAPEATGA TEGTTTCAGECAGCBATTICATAATECTETPNATGECAN ST AATCCG

CTAA
TAAGAIGCERT TR T PR AGERGHTARINGTRANQGABCTSATEATEHBBET AGTG

TG TR R SRR ARIR GaqaTastaggeacea

CATAGCAGAACTTTAAAAGTGCTCATCATTGGAAAACGTTCTTCGGGGCGAAAA

CCAAGAGKIETT GAGCA CCATIA M CERACAMITA GGTAAERCTG G TR A AAAAC

AGGARGOGMAAERSS IR AMARIIFAREAAAGEPAGACIRAMFRITOAA

TACTGATACTCTTCCTTTTITCAATATTATTGAAGCATTTATCAGGGTTATTGTCTC

ATGA&M%%W%%WA@AM "A'c' ¥ET (-}r(-E-EI"-I‘TCCG
CGCACATTTACACEA M QG TEAE KIS PAA NAGRAT EATATCTGATEEATTTTTGTA

GAACEMMATEOAAERGTSRACERS T TERAEFAR MM BN BFTRAGCTGC

ATTTHIACAGAACAGAAATGCAACGCGAAAGCGCTATTITACCAACGAAGAATC
GCAATTCTTTTTCCTTATCACGT TGAGCCATTAGTATCAATTTGCTTACCTGTA
TGTGGTTCATTTTTGTAAAACAAAAATGCAACGCGAGAGCGCTAATTTTITCAAAC

AMG%FEW@FE@QWW%&KE%&M@&K%R%&%TATT
TTACGAACHAANZCETATAAXCAT ACTCTATT G I BRAATPSASK I CACTOUBAGAG

COCT T A AN A G AT A AT AT AT R T EGF P GGGTCTAT

AATGCGAGTCTCTTGATAACTTTTITGCACTGTAGGTCCGTTAAGGTTAGAAGAAGG

cTAcHR ST AT HHEE AR AR G ASTE R A E oot

TTACTGAATAATABSSAACAGTCTAANGCATTATTAAAS XCTA ARIGACAFC CCCG
ATTA T ATA ST SO ERBES AT AT RGERAMEAGAM GAFATAGC

GTTG@GATTCTTCATTGGTCAGAAAATTATGAACGGTTTCTTCTATTTTGTCTCT
GATA GGCGATAGGGT CAACCTTATTCTTTGSCAAATCT

ATAT/A R AR AR BTG e T CF SIS GARIC TATG

i \ ANELGATAAACATAA
CGGAGATGATATCACCAAACATGTTGCTGGTGATTATAATACCATTTA
AAAAEGTAGAGGTCGAGTTTAGATGCAAGTTCAAGGAGCGAAAGGTGGATGGGT

AGG@R%&@JMW%WM%&%R@F%MCA
ATGTHIGRACEACCEARTATTCATASAPAT T TACTAGCRCOTTACACTLBGTGCG
TTTTTEGTTTTTTGAAAGTGCGTCTTCAGAGCGCTTTTGGTTTTCAAAAGCGCTCT
GAAGTTCCTATACTTTCTAGAGAATAGGAACTTCGGAATAGGAACTTCAAAGCGT
TTCCGAAAACGAGCGCTTCCGAAAATGCAACGCGAGCTGCGCACATACAGCTCA
CTGTTCACGTCGCACCTATATCTGCGTGTTGCCTGTATATATATATACATGAGAA
GAACGGCATAGTGCGTGTTTATGCTTAAATGCGTACTTATATGCGTCTATTTATGT
AGGATGAAAGGTAGTCTAGTACCTCCTGTGATATTATCCCATTCCATGCGGGGTA
TCGTATGCTTCCTTCAGCACTACCCTTTAGCTGTTCTATATGCTGCCACTCCTCAA
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TGAAGAGGCCAAAAGATTAGCT TTATCCAAGGACCAAATAGGECAATGGTGECTC
ATGTTGTAGGECCATGAAAGCGECCATTCTTGTGATTCTTTGCACTTCTGGAAC
wWG2007/139924 PCT/US2007/012467

GIGTATTGI TCACTATCCCAAGCGACACCATCACCATCGICTTCCTTTCTCTTA

cC
AAAGTAAATACCTCCCACTAATTCTCTGACAACAACGAAGTCAGTACCTTTAGC

TTGGARFAGEE AL TR AT A IS EF BT AERRGA TRATACTAA
GAAACCKTTARGANE CEACMT T AR T AT ARMCSRARIGGOMITNPARCH A GCCeT

TTCG'&%;TCT AACACTACCGGTACCCCATTTAGGACCAGCCACAGCACCTAACAAAAC
GGCATCAACCTTCTTGGAGGCT TCCAGCGCCT CATCTGGAAGT GGGACACCT GT

A
SEQ NG T AGCAGCACCACCAATTAAATGAT TTTCGAAATCGAACTTGACATTG

P AM3ﬁ COAACAT CAGAAAT AGCT TTAAGAACCT TAATGGCT TOGGCTGTGATTTCTT

TCGC@3GTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGAC

GTCAM@&TGWGG@MEMMGBTMAMW@G@@UE@AGCA

AT T AT AT RASSOTN I CRATEAR AT T A GACKEFEFBBACACAC
TAAAATTCATGEAGSTGEAACTH UACEATTA PFOGCGAAAYTAA SEASEITATTGA

CTTA AR TS A IS B AG BTG AR BT ERATTRGEEATAGA TTTTT

TTTTTTAGAGAAAATCCTCCAATATCAAATTAGGAATCGTAGTTTCA’I_“l_GATTTTCT

T ACCGCATCAGGAAAT TGTAAACGT TAATATTTTGT
OTTA G A A PG RAACE AP T O AR GEATARRAAAGT

GCAA”ﬁﬁZTTT_’II_"TCC'IT”_IAAFXE'QTCGTTG%%C&ITAG&$E%&Q%¥8TATT

CCTTTAGA TG A RERET NG RARGAAT

R O e A e N

ATTT C@TTTATAAAGTTTATGTACAAATATCATAAAAAAAGAGAATCTTTTTAAG

R AR RARRAT ARG o

GGAAG‘CACCTAAATCACCAGTTCTGATACCTGCATCCAAAACCTTTTTAACTGCA
TCWMWX%W&EA%%M%@K%&%%&WGC

2t ‘ CTEATT AT CEAGCIARATEGRRGAGC
AGAA %HéAfb%féé%%@%cSg'rrGTTCTTGTCTrA(‘}C&T:R%AGA
GGCCAAGAECGAMEARGTRECACRAOCACTNAGH I CEPACREAZEERUEGCTT
eaTcd AR A AT AT L TCATT AT
GGWC@@BTWMA@H@@KFW&WMMTTWAACC
TTCAA@@%@%M@@M@WT@@@W@AW¢WTCT
TGAAGAGGCCAAAAGATTAGCTTTATCCAAGGACCAAATAGGCAATGGTGGCTC
ATGTTGTAGGGCCATGAAAGCGGCCATTCTTGTGATTCTTTGCACTTCTGGAACG
GTGTATTGTTCACTATCCCAAGCGACACCATCACCATCGTCTTCCTTTCTCTTACC
AAAGTAAATACCTCCCACTAATTCTCTGACAACAACGAAGTCAGTACCTTTAGCA
AATTGTGGCTTGATTGGAGATAAGTCTAAAAGAGAGTCGGATGCAAAGTTACAT
GGTCTTAAGTTGGCGTACAATTGAAGTTCTTTACGGATTTITAGTAAACCTTGTTC
AGGTCTAACACTACCGGTACCCCATTTAGGACCAGCCACAGCACCTAACAAAAC
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TCTGTTTATGICTTTCCAAACGT CCTCCACTTCCTTATAAATCAGIGTCTGAGC

AT
WARTEHIOGT TGACATTGTATTCCTTCATGTAAGAT TCTAAAGAGCPTGARLIDAD12467

GT
TTTCT CTCCTGITCCGCTTTATGAGI CATCAGGTCATTTAATCTCCTACCCAGA

CAGCCCCACT GATTCCTT

GCATGGATAGCAGCACCACCAATTAAATGATTTTCGAAATCGAACTTGACATTGG
GIGATAATAACTACGEGATCGTGCTCTTCAGT TGTCGGTATGTGTCCTTCA
AACGMCATCAGAAATAGCTTTAAGAACCTTAATGGCTTCGGCTGTGATTTCTTG

ACCA&@@%@TMTWXWT&%H@@W@WKCMT
GGTATAGASTTTRAPNRATAT A TA A ARGGLOCK T RPAGACTIGCATTKETCGAAAC

A LA A T ST R A TR L T ABTTA ARG TT T

GAACACACATGAACAAGGAAGTACAGGACAATTGATTTTGAAGAGAATGTGGAT

TG T GATA

ATATABTAGAAGTTCTCCTCGACCGTCGATATGCGGTGTGAAATACCGCACAGAT

GeGT RAGEA XA T A SRR S A R G A A P EAATA PTG T AAA
ATTCRASAAPMEATTAVS M ACGATAG CTOXACATEERAATAATHKOGAETHAATCG
CAA TR T T OTARATE AP EACR ARG A BB ETRARFOTECTTC

CAGT@PGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGC
TAGATTGAACTCCAGT TTAGCTAACTTTAGCAGAGI TTTATTATGGGAGICIT
GAAAéqACCGTCTATCAGGGCGATGGCCCACTACGTGGAAGATCCGAGGCCTAGC

TTTAJ@@%WWWWMGAAC
ATAG AT TP EACCHT SRR AAGTT M

AN A A T T AT A TAEATATECTAT

ATATAGGTATATAAATAAAAAATATTCAAAAAATAAAATAAACTATTATTTITAGC
GTAA@&W%EW@%RW@%EW CAA
TTCAATCEATATCATIEGOG AR A CARAGAMOCACTTGGTIGTCTCTATAGT T TCCA

AT AN A G ARG BARGARTACHACEMRAFACATAAABLEIIRERACATCG

TTAGAQ(FAGACATAGGGTAAACTAGCA%XGAIF’IR&%%?&AG#ATG_IQAFCIAQF’{_ATTCATCT
TTATCACCA AAA GCAA

CCCA%‘?%WWE%A‘CCTGCATATTGGACCTCTAAAAATTGGCAAA
GATATERAGTABETA CARGT CAAMT AT RGN TAGT PR ST T KA SBACTC

TCTGT&%&@@HW@T@W@@%W@G@WAGCM

ATTC"P&!@GTTGACATTGTATTCCTTCATGTAAGATTCTAAAG%E&%‘&_ ATGT
CIGICTTACTTCCTTCTTTAGATCGI TTACTATTTGCTCCA
TTTCTRAFLCTGTTCCGCTTTATGAGTCATCAGGTCATTTAATCTCCTACCCAGAAT

ACCA(ZﬁﬂQWWB@I@WMMWW%CCTT
AGTGARSAIATAGAISATTCCTAOAST AAGCAAGT TEITT PAIASATETTIIGCGACCA

CCAGTATANTAACTA GGG GATC T GLTC T AGTIGTCOOTATCTGTHCTTCATT

AGCCOATTTCGCTTCTACCATTAGATTCCTTACGAATTCTTTAACGAACTCCTTCC

CACAGHTGARTAARTCAGTICTACL P IOMTSEEEACAARA R AP e Taa

TAGGICCATSARAGATT TGTARA A ST CTFCA TRATACA T CHMARACKTEETCTA
AGCAGEEBATR AR ARSI AR ATGTEAARERRECGTA
T
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ATGGTTGITAATTTGATTCGT TCATTTGAAGGT TTGI GGGGCCAGGT TACTGCC
AA

w0 R007IGORET TCATAACCATAAAAGCTAGTATTGTAGAATCTTTAPCGUSLIBBA1 2467
GC
AGT GCGECECGAGGECACAT CTGCGT TTCAGGAACGCGACCGGT GAAGACGAGEA
CGCACGGAGGAGAGT CTTCCTTCGGAGEGECTGICACCCGCTCEECGECTTCTAA

AGTTCRATATIAREE RN AP PTG ET EATEAPARGAAEEECCTTA

GTGARGX ALYy S e S EMNGHGT ABCET SACTT A ACCCC
R A A A A GO T AR T G T ACA GO T
CEATECGHIT T TCASRACATSHAGOEA CECEECETAATATC

AT GG AL A AT TG SNSRI IASRECTOCA

ATAGAETTGAACTCCAGTTTAGCTAACTTTAGCAGAGTTTTATTATGGGAGTCTTGT
TGCTGRTAOARCEE TATCTACTECECELEEGATI T SGEXATE T e caca

ATGGETGEITTAAAMIITCTSTAGKT TACETTCARAAGTREG GO REGAAE TAAA
COCO T AR AS TR TG R IRETGROMAIRSSATERRAIRTTCAA

GAAT@ATTTCGCCCGGAACTCTCATGGACGTAGCCTCATATAATTCCAACAATCC
GATTTGACCCTTTTCCATCTTTTCGTAAATTTCTGGCAAGGT.

WCA%@W@@@@@%MM%@@@@@@AHW@TH@@G”AT

TAAA@ACATCACACGTGACATAGTATCCTTGTTTACGCATCAGCCTAAACCATAA
GICGACT TAAAAACT AGCGACCAATAGCAATTCTGI TTTACGT TGCATTGI TGC
GCTAGACCTGTCGCCATTCCAATTATCACCATAGGTCTCGTAAATACATTGCAAT

GCATERTERRTTTEACEMTERARATEATACHT MR KES A FeTeaT
CAATGRIGHI SADSAGIATCIT SEOTNIXGETACEARATICSSIOETLTARTTAAC

TGTTTICTCATAAATCAAAAATTGATCGCCCCAAATAGAAGGTGGGAAATTTGCAA

TTGGEETATAGATICTE AT ARGEEE KA TS ATATE S aarT

TW?@@TT@W@MMTTMWTTMCTTT
TATTAATEERAANTSASAGEF SEAREACREFAM TG EF FrAMETATFACTTAA

AGTG(_ETTATGCAG TTTTTGCATTTATATATCTGTTAATAGATCAAAAATCATCGCT
CAAGTAGCGACAATTCTTGTATATCTTCTTCATGTATTTTTTCTTTCCCATTCA
TCGC]B@ATTAATTACCCCAGAAATAAGGC TAAAAAACTAATCGCATTATCATCCT

ATGG BEETCRT R EET FA T ARG T PRETU O TAGEATIORGCCAA

TTTTISSTATACATIV EE AT AGREARDAET CT AGA ATCTEIXTTARERBGAGC
T T

GO0 GGG GO A AT T T T CAGGAAC GO GACCAGTAAAGACOAGGA

CGCAGGGAGGAGAGTCTTCCTTCGGAGGGCTGTCACCCGCTCGGCGGCTTCTAAT

ceGTAGMUCRYEICF PTAR Y TGS EENACETEEECAGKRAIGARGGaA
AGAABGTIGA R GGPABIAASIGT CATTEAGT EF GEAE TETAGCHATLASGCTG

CGCG ARG AT RIS TR AN TSRO A SASHAEEGRT ocaC

CATT@GCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTT
caeT AR EEEACERERATTIGAE B EEAT AT SETATAEASHS AR e aace
TGACCGTACAICGENAGATYIA CTCAIXCAN P LCAHCBECGTAGTPA AGKECTAAGA
GTCAéTTTAAAATTTGTATACACTTATTTTTTTTATAACTTATTTAATAATAAAAA
TCATAAATCATAAGAAATTCGCTTATTTAGAAGTGTCAACAACGTATCTACCAAC
GATTTGACCCTTTTCCATCTTTTCGTAAATTTCTGGCAAGGTAGACAAGCCGACA
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ATTAGI TTAAAAACGT TTTCACTTAAATTTACTGGTCTACCACTACCTGAAGCC
1T

WO AT HGWRGCACT AAAT TCCAACATTCTTCTTCCCT CAACGAT TGAANTGAW0T/012467
AA

,CA:'CI':T TTTTTACAGACAACAATTCAAGAGTACAAATCTTCCTTAATTGI CTCCAGT

TCCCCATATGGAGCAAGGACAACATCAGT GTTATGATATAAAACTATTTCCCCA
ACCTTGATTGGAGACTTGACCAAACCTCTGGCGAAGAATTGTTAATTAAGAGTCA

oTeGAP Y ARANACTAGA CAAARAMMSE R PPTACU RO E R TGCA
CCTG AN CCACTORTATTIGYATTAG AT AT STCASSITCARAGHARAALT TCCA -

CTTOARREATAMARAM TR AGECECAGERARAT FGS A TAA

CGCAG@GCCAGGACACATACGACGTCCAGCCCCAAATGGTAAATATTCATATTC
COCOGHGHF RS FAC AP AR TR *
GcATCT:TTA%(A:égARA%TG%AGGATCTCTATTGATCGCAAACACATTAACGATTAATTT
CGTTTA:GTTAGGGATAﬂ%%ﬂE%%%Eﬁ(?%%%%E%X&CH&CTA
GGTA@%FAWH@%@WXWM@T@WK%WMAT
TCAAGTAGGHRGSATROTTGEANAINCT

e A AN AT T I S ATTATEACCTC
GCTTATAGCCCATTCTATGGTAGAACTTGAAGTGTCGGTCCCTGCACCGAACATG
TecAAdAT TATIGEI O KT AR FRTEUERAMICAERGSARAR EATICAG KA TCCT
TTAATOXAATTNCT GCCPC T AATAIAGCFAETACEGSTIAIBGAIRECAEII TACG

AT ARG CE TR A TR T ORGP HE TACT
TAAT@@GWTE SACTIGCTGO2AG] 2

TCGGMWWQWHMMWWTMG

TTCCTATTGATCTTTAATTCCCTTACCAAACGCAGCACGGGATAGTATAGTGGCA

CAAACCTTCAAAT GAACGAATCAAATTAACAACCATAGCATGATAAT N
ATTAW$$W?WTTW@MMCCTT

TATTT: TTCCAACATTCTTCTTCCCTCAACGATTGAAATGACTTAA
7#:AA%(&8&2II M GCAAAAACTGCATAACCACTTTAACTAATACTTTCAA
CCTT"IC'TTACAGACAACAATTCAAGAGTACAAATCTTCCTTAATTGTCTCCAGTAT

A A TSSO A cTeC
ATTAGCGAACCATATTTTCTCGCTAAATCCCTTACACCCCTGTGTGGTGTGGTTCC

cATCARAI TSI AR THATOE AT CEANSS TOREE A GoA

CTTT’D_?_I@@@Tm ACTTE CAURAATPRCAACCATAGTT
GCTARNGEANTF AT TS G TP TAGSERREA R TARACTTCA

TTGTIITCCTAGGCCTTTAGTGAGGGTTGAATTCGAATTTTCAAAAATTCTTACTT

T TAAGH SAGSH ERR OO AMABAR MG T AP kA LHARCACC

ATAT&%WTRWW ATG
GCAGT AT TCAAAGT TAT TGAT T TAGATGACTACGEOGCAGAAGATG
TAAAGAGCCCCATTATCTTAGCCTAAAAAAACCTTCTCTITGGAACTTITCAGTAA

TACGCTTAACTGCTCATTGCTATATTGAAGTACGGATTAGAAGCCGCCGAGCGGG
TGACAGCCCTCCGAAGGAAGACTCTCCTCCGTGCGTCCTCGTCTTCACCGGTCGC
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ATGAATACGAAGAAAAGCTAAAGAAAGAATCTTTGECATTCTTCTTTTTAGCTA
C
WQ RAITEEIGACCGAGAACCAACAGATAACGCCCECTAGATTCTATAAACTGEBFI0DACI 2467

T

GAAGGAGAAGAAAAAGGTGAGT GGTTAGATAAGT TACAATACCCTGICTTTGGA
TTGGEGAAATCGI CAATATGAACACT TCAATAAGAT TGCAAAAGT GGTCGATGAA
AAATTAGT TGAGCAGGGGEECTAAAAGGT TAGTGCCTGTCGGTATCEGTGATGAC

GTTCQIG SANCH ARG (G TE SRE CCPRARC AL AT AT AAAIA TTCT

ACAN TSGR TIAPACIMA SIS aREaRREIaACC0c

AT”W?W?&?H%MHM@M&F&M

GTTAATATACCTCTATACTTTAACGTCAAGGAGAAAAAACCCCAAGCTTCCCGGG

AAAAqSA: ATGC AR TCOACKACTTCEST FAAR AL CACE P ICE Pt A acTa
CCW@%WW@M@@T@W@WWMW&MAT

ACCACEREEAEHEEAGATOErAGAATOSAATEESTIN B ATATIAGCAACCAGT

GTGG GGTTGTGTGGTTGTATTGGTATGGAGAAGATCATCAAGTG
@%W% B R A A AR A A ARG AT TAC T AG

CCGC’UKAGAAGGCCGCCGAATCACCAGTCATTGTCGTCCCAAAGAAAGTCACTG
MGA@WW@%@%%RW@%@CW
CGGGAATTHT GGG TIAIFECEA SO G TCGHRATEABECARICETAAGGT

AcGARKARGCAGTATFORAGTATIERI Y XERTSALCTAEEEEEd A A caTe

ATGA STATT SATROSAGAECT A PACBSARTASATICT MG GCATANICT TCTAGIIAGCTAC
cTATEE GG EAAEEA AL KA PAR S CE RS R HAPARLEE  TTACT
GAAGGRAGEANXIANNGOMSXTEOG T AGMM GEIKARMAAXNCGCEEREIT TGGA

TTGGEHAATCGTCAATATOAACACTI CAKTARGATI CCAARAGTOETEEA TG AN

AAAﬁA@ﬁW@WWA@@@%TW@G@@@@QK@G@@@@TGAC
CTAGCGCCAT TCAGAGGT TTCT TACAAGAAAGA

T TGCGCCCAAAAGGAA
GATC ARSI REAACGAART T EMITIES T TOOPAS GO T RO FGACAAT

TAGAfCAGCTATTGAGGGACGAAGATGACACAAGTGTCGCTACTCCGTACACCG
TTTATATACGAAGATGAGI TAAACAACT TCGI TGAAACT GGAGCGT TAT CA!

GAA
CCGCTGTTGGCGAATATCGTGTTGTTTTTCACGATAAACCTGAAACTTACGATCA
3 CACEEHTAGAGATC

TSR R

TCGGEGTATATGTGGAAAACCTGTCTGAAGTTGTAGATGAAGCCGAAAAATTGAT
TGGGEI TCETCEALRTACKT AR I T G T PALKEAFARTARAER B b TACT
CCACTTGGCGGAGCCTCGTTACCACCTCCCTITCCACCATGTACACTTAGAAAAG
CTCTTGCATCTTATGCAGATGTACTTTCTTCACCAAAGAAAAGTGCATTACTAGCT
CTAGCCGCCCATGCTACCGACTCTACTGAAGCTGACCGTTTGAAATTCTTTGCTTC
ACCTGCTGGCAAAGACGAGTACGCACAGTGGATTGTGGCATCTCACAGATCATT
GCTGGAAGTGATGGAAGCCTTCCCATCGGCAAAGCCACCATTAGGCGTGTTTTTC
GCATCTGTTGCCCCACGTTTACAGCCTAGATACTATTCCATATCTTCTAGCCCAAA
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_CI_ZGCT CTAACCGAAAAGGAAGGAGT TAGACAACCTGAAGT CTAGGTCCCTATTTA

WO RGO HBRRAGT TATGT TAGTATTAAGAACGT TATTTATATTTCAAATT/USI00T/012467
TTT

TTTCTGTACAGACGCGT GTACGCATGTAACATTATACTGAAAACCTTCCTTGAG
A

AGGTTTTGGCGACGCCT CGAAGAT CCAGCT GCATTAAT GAAT CCLCCAACECGCOS
ATTTGCCARCAoEOG TATE AT FAECAGT EPTORRE FEOEEAER A T CCA

TCAGG&&?&&W@%&&%%&%WAWACGCGG%‘GCCA

ATGACGI@HT W@@Mmmmmm AATTT
A(H e CC

TAGAC%

oA A ROCAN TS TSI SRR ATATHABETOAC

TTTATX’E‘ACGAAGATGAG’II_'_II‘%TAC::AACI%&(:Z_;_I‘SEGTTGAAACTGGAGCGTTATCAGAAT
TAGT%CAGCATTCTCTAGGGMGGTGCAACAEA@@WE%E AAAA

GECCCAGCEISCOrAITTGTA
COTTTR RS MIGCABHACH A ERSEEASASAREEESAGAGRAEMERGATAC

AT OGO CIIRATICST I OCAQUA I T AT AT A
AACCTIGEGAGKEACT G TARATAET EOCSTRATAITT G AEAANMERAGHEABCATC
CGCT@KE%&M%@QWGWWWMWM
TTTTTTACE EET ATGI G TAN K ZCAGAETGTTAG XN CATTTCAAST TG A TTTT

TTTCTE AR A EEATEAR N EARG SR TAGTRA AARFTTAGTIACA

AGGTTETTGGGACGCTCGAAGATCCAGCTGCATTAATGAATCGGCCAACGCGCGG

GCGCT‘CGGTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACTCAAAGGCGGTAAT

ATCAATCT AAAGT ATATATGAGTAAA

GCCA(’?@XAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATA
CCOCGT CGTGTAGAT AACTACGAT ACGGGAGRECT T ACCAT CTCOOCCEAGT O
GGCTECGCCCCCCTGACGAGCATCACAAAAATCGACGCTCAAGTCAGAGGTGGC

ACATCRAANTPECCTCGT
TCOGCCTCC
AT TOCIER RO AT A FOT S AET TRAE CCTT

COaC RTINS ACACTOTAGOTATTCAGTICAOTGTA

GGTCATTCGCTCCAAGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGE
TGcG@%X%E&h%ﬁ%ff&mmﬁé%%%wu
CGCCACIEEIATCRPOOAL A

oS MR R STACHECTARATTATGACAS
TATTTGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAG
CTCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCAAG
CAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTA
CGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTGGTCATGA
GATTATCAAAAAGGATCTTCACCTAGATCCTITTAAATTAAAAATGAAGTTTTAA
ATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATC

GCGC
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,_;‘_\CT GICATGCCATCCGTAAGATGCTTTTCTGT GACTGGTGAGTACTCAACCAAG

W%AUGWM@QGAATAGT GI'ATGCGECGACCGAGT TGCT CT TGCCCCEECT MAZ0DAT 2467

GGATAATACCGCGCCACATAGCAGAACT TTAAAAGT GCTCATCATTGGAAAACG

'(ETCF TCGGEGEECGAAAACT CTCAAGGATCTTACCGCTGT TGAGATCCAGT TCGAT

AGTGATGSCACATAIE TCAGTRATCRG T TARBELET TEAAE LA EAGIAGLF FOACT

cccco AT ASIARARIRFATARETASEATETaRESccATTaCT

GCAAT%@QGC@AGT@KGM@CAM@EWWWWWTMAC
CAGCCARERF PAVERORATARLEEAATTIFERTTGGA M A ARATIA T

ATCCA@TCTATTAATTGTTGCSSFGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATA
i LS eSS e
GG'I'ATQC(;JA(‘A AGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCC
GCATTTTTACAGAACAGAAA GCAACGCGAA%_%&[ éjl—:&
CCATGZETGTGCAAAAAAGCGGTTAGCTCCTTCGGTCCTCCGA AGAAG

TS AN BSOS R PAGTET
TAA G T A R A A e cTr

ACTGTOA T GCATO U T AACATGOT T TTCTO TOACTGOTGAGT ACTCARCCAAGT
cATTCREASRRT AT ST SEOREREAEA TG TTGELE0ETRARMATACG
GGATAXALCOCRGACABARAGUA TRETGATENTHGGEPAACG
TICTTREREEE A RIS ATATCRACS S ETATICAGATICAGTTROATO

TAACO@CTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGTTTC

TGGOTOAGCAAAAACAG AX(?EFMTFJESE@ %MWW@@GCGA
CACGWWFFA@@EMJ ACTAGOR K

CAGGWW%M%?%W?MMAC
AAATASGEOTTGCGCGCACATTTCCOCOAAMAGTGCCACCTGAACGAAGCATCT

COGTTGATGATTCTTCA GAAAA
GTGCﬂrcATTTTGTAGAACAAAAATGCAJCTC%TG%GAGCGE‘%WEX%ACAA
AGMﬁéRHE%@W&@M&W@AMGA&%@WMTﬂA

CCAACBARCHATTATFGCATCPOTATTAEAMAC P STGRAAGRRPAGAGCG
CTANTIGHGA MG ATRIRA EIRGA T AGAGMSASARTREAA

CGAGAGCUERACEET AGTA ATNASCAN FCEATNATRCATATA TATTERASANAAAT
e AT N A T A R e A S AR T PP T FTCTCCT
TTGTGm@l'CTATAATGCAGTCTCTTGATAACTTTTTGCACTGTAGGTCCGTTAAG

CCACWGGWWWGEMWMGAT
AAAGREATRACATIMSEATEF RN BAGRGA FATGSARARAGCATARRTIEoAAC
AGAA%QE%_TAGcGTTGATGATTCTTCATTGGTCAGAAAATTATGAACGGTTTCT
SCACTACGEATA ST N ST ATRS
TCTATITTGTCTCTATATACTACGTATAGGAAATGT A TTTTC
GATTCACTCTATGAATAGTTCTTACTACAATTTTTTTGTCTAAAGAGTAATACTAG
AGATAAACATAAAAAATGTAGAGGTCGAGTTTAGATGCAAGTTCAAGGAGCGAA
AGGTGGATGGGTAGGTTATATAGGGATATAGCACAGAGATATATAGCAAAGAGA
TACTTTTGAGCAATGTTTGTGGAAGCGGTATTCGCAATATTTTAGTAGCTCGTTAC
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CATGCGGGGTATCGTATGCTTCCTTCAGCACTACCCTTTAGCTGITCTATATGC

TG
WOCHACHGBECAATTGCGATTAGTCTCATCCTTCAATGCTATCATTTCerT/IS20DA012467

TG

GATCATACTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGECGTA

T CACGAGGCCCTTTCGICCLAI M5 What is clained is:

AoTccg%@%&qﬁ’@%%%%%&ﬁ%ﬁ%ﬁ%&Si'@;fi‘T@T TrTC
AAACERARUR A BT TR A AR TR ARPRR A dQARCEICG BT AGGA

ACTTCW@@@TH&@WGMWOWG\@AMEQQA%QCGAGCTGCGC

ACATAthgé{"gégfq%;f'ggﬁgﬂﬁgGg{Adq%g@ (%’F(gbei"[g%’gg@t:@”[@ﬁ&fﬂTATAT

ATACATERGNRGA ACHCOATHGTGCGTGETTATSCPIAAATGCGTRE TTATATGC

GTCTAB ATGRACOA TaAdAGoT MG TeR A dfafbrcfer8AT aTTaTCCCATTC

CATGC '&R}éﬁ‘%‘l‘iﬁ@?ﬁmﬁ%cw@A%@A@gmmeTa"trAlcera"SGTmATATGcTG
0-organi ¢ conmpound is a Cio bi
CCACTURE GySTaRGA TTAGTGTSAI e p G AT CATREG R ErakTaTTG
GATC ﬁ‘bﬂ&ﬁ W{&%&T@A%@AWWIAEWAMAGGCGTAT
e systemas 1n claim2 wherein the at |east one
CACGA@@CGC@&?WQGEGrmound is a C20 bi oorgani ¢ conpound. 6.
The systemas in claim2 wherein the at | east one
bi 0- organi ¢ conpound is a C20+ bi oorgani ¢ conpound. 7.
The systemas in claim1l wherein the at |east one
bi 0o- organi ¢ conmpound is an isoprenoid conpound. 8. The
systemas in claiml wherein the vessel has a capacity
of at |least 1000 liters. 9. The systemas in claiml
wherein the vessel has a capacity of at |east 10,000
liters.10. The systemas in claiml wherein the vesse
has a capacity of at |least 50,000 liters. 11. The
systemas in claiml wherein the vessel has a capacity
of at |east 100,000 liters. 12. The systemas in claim
1 wherein the vessel has a capacity of at | east
500,000 liters. 13. The systemas in claim1l wherein
the vessel has a capacity of at |east 1,000, 000
liters. 14. The systemas in claim1l wherein the
organi ¢ second phase conprises the bio-organic
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conmpound. 15. The systemas in claim1l wherein the
organi c second phase conprises at |east 90%
woies7asgami ¢ conpound. 16. A system for maki ngPCSAS2D7/012467
i soprenoi d conpounds conprising: a. a vessel having a
capacity of at least 100 liters; b. an aqueous nedi um
Wi thin the vessel, conprising a first phase; c. a
plurality of host cells, within the aqueous nedi um
capabl e of making at | e&BABMS soprenocid; and, d. a
liquid organi c second phase, conprising the at |east
. [ sQprenoid, in contact wwth the first phase. 17.
What is Qdfined em of claim 16 wherein the isoprenoid conpound
is a hem terpene. 18. The system of claim 16 wherein
the i soprengj ] e. 19. The
1. ‘%95?%%?@?‘??%ﬁ#§§gp eﬁg#%ytng?S S&e oi d conpound is
ad Sesdiudstelhaeing a &pacithef shlsastdDdlitars;ai m 16 wherein

t he i soprenoid conpound i.s a ditgr . met hod

% or ﬁo&?@?wgg%%-%%gﬁ'ecveég%%lﬁﬁ %fr}%srt ' g?%@: a.
cul tug ft;)llﬁﬁalitﬁ ofRoR@YRY L thir dhamquaops medium, \capdblé o making at
cells that %[oduce_ at | east, ong bi o-organi c conpound
wher dieastone b Pt IR aMf-host cells conprise a

§i 1 st, ph@aRredhic Rl Plagk, bb@ptisingigaatileass enobid-phasie
conpri sing t%p at | east one big-organic conpound in
cont aeampgung, inrontact Bith tgﬁggﬁ;p?‘és.e'separ ating at |east
a portion of the second phase fromthe first phase;
and,d. isolating the at |east one bj o-organi c _conpoun bi
2. Theospstempasincdaitn pndweein e atfeast aat RIGErAILE CqMpYnd 1s a s bio-
. mhergi the organi c second phase is fornmed by
Orgamclcﬁlggcﬂ{hdn. 23. The nethod of claim2 1 wherein the
organi ¢ second phase is separated by decanting the
econ hase .from. t g 24 Cio bio-
3. TSR ASElnEr aileih it PATEfe prCorgh® B % Cu
organic ¢6fpeuidl i s a Cs bioorgani c conpound. 25. The system
as in claim2 1 wherein the at | east one bio-organic
conpound is a G 0 bioorgani c conpound. 26. The system )
4, The bytérh 84 M Aailn PReticetin thdia ladst oea bio-orgenisicompoyadisca Cis bio-

conmpound i s a Cl5bi oorgani ¢ conpound.
organic compound.

5. The system as in claim 2 wherein the at least one bio-organic compound is a Czo bio-

organic compound.

6. The system as in claim 2 wherein the at least one bio-organic compound is a Cag+ bio-

organic compound.

7. The system as in claim 1 wherein the at least one bio-organic compound is an

isoprenoid compound.
8. The system as in claim 1 wherein the vessel has a capacity of at least 1000 liters.

9. The system as in claim 1 wherein the vessel has a capacity of at least 10,000 liters.
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27. The systemas in claim2 1 wherein the at | east
one bi o-organi c conpound i s a C2obi oorgani ¢ conpound.
w@aoo7fibg2system as in claim2 1 wherein the at PCEAS2007/012467
one bi o-organi ¢ conpound is a C20+ bi o-organic
conmpound. 29. The nethod of claim2 1 wherein the
i solation step conprises adsorption. 30. The nethod of
claim2 1 where the isolation step conprises
10.  THhswisidmes vrelaigy 1 wheeeinghevrsselthas parpacatyofighsegh 30.0¢bliters.
i sol ation step conprises gas-liquid extraction. 32.
The nethod of claim2 1 wherein the isolation ste
11.  Tlagysiaess in qammjl Iwhgesinl thecvesaelttiagp.caparity et *ﬂ?ﬁhﬂg) QA0 liters.

12. ﬁlea iey‘%teinil #% g} cq i%] Tézsﬁ?elxﬂ %194 g%Sﬁglgléé %l%gpgcﬁﬁ]%z‘ﬂ aF ?e\%ﬁteSO(g,%OO liters.

the at | east one bi 0- organi c corrpound is an isoprenoid

13. %g%gg%pg?@gﬁ‘%nﬁ%eé%ngﬁe g ag g\ 88?%}?&239 least 000 000 liters.

aqueous nediuma plurality of host cells that produce
14.  fhe 53%h a9EciBin Chher&inRhe fiadicRoPLipithst Bompiiesahé bio-organic

having a capacity of at least 100 liters; b. formng
compougd- organi ¢ phase conprising the at |east one C5-C20

i soprenoi d conpound; c. separating at |east a portion

rigeacht 1éhst 90%

1. Phe el BORLGIRTRTRr RS biianAHEONE pHIBE Ulibrisiac 1ebe
woaxg@nonDMMmeiganlc phase. 36. The method of claim 35

wherein the at |east one isoprenoid conpound is a

en terpen ein the at

16. 353/ Sfem of?g n?%kcl)pg So Z%Ilsggltegggln%r?@ uSc)llldgrrr]f):no }e@g ' 38.

dhe matvessel hﬁvmgalcap&&y\nfelﬂaant t100:litets; | east one

soprenoid ¢ ound | es e T t hod
by 61 R ansesARran viah PER i} SRE R el il
€0npo ul’iﬂm‘aﬁty&)ﬁﬂdse&qlhnwnhﬂﬂthe 'Eh&ecmshilmiiumf ca:;iahiemf Imaking at
wherein the orga se is formed by induction. 4 1.
The rré?aﬁb%“eo‘ﬁo}g‘]e ‘ﬁrg‘@av\herel n the organic phase is

aepar alipmhidyrgdficaatddigpae, cohfRing thasRaltcmisdpeenoid, in
aqueousﬁ%hasgqﬁﬂ Tdﬁ? met hod of claim 35 wherein the

i sol acppacvE thefiist Pase adsor pt i on.

17. The system of claim 16 wherein the isoprenoid compound is a hemiterpene.
18.  The system of claim 16 wherein the isoprenoid compound is a monoterpene.
19. The system of claim 16 wherein the isoprenoid compound is a sesquiterpene.
20.  The system of claim 16 wherein the isoprenoid compound is a diterpene.
21. A method for producing a bio-organic compound comprising:
a. culturing in an aqueous medium a plurality of host cells that produce at least

one bio-organic compound wherein the aqueous medium and host cells
comprise a first phase;

b. forming a liquid organic second phase comprising the at least one bio-organic
compound in contact with the second phase;

c. separating at least a portion of the second phase from the first phase; and,
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43. The nethod of claim 35 wherein the isolation step

conprises distillation. 44. The nethod of claim 35
woher7aiBsp2t he i sol ation step conprises gas-|i quPdT/US2007/012467

extraction. 45. The nethod of claim 35 wherein the

i sol ation step conprises liquid-liquid extraction. 46.

The nmet hod of claim 35 wherein the isolation step

conprises ultrafiltration.46. A fuel conposition

dr odlisslating thesit deastompbiosirganic spmpaendfroppthe second phase.

fermentation systens conprising: i) at |east one

vessel having a capacity of at least 100 liters; ii)
22, FdE @A6Hhoa os clbdi2l nwhereinthe of gadicadecordiphase e formed &y induction.
conprising a first phase; iii) a plurality of host

cells, within the aqueous nedi um capabl e of making,
73,  TRONEGLADS Claim I WESE# the ofdaniciebnd PRaseiinsepagaed by decanting
compound; and, iv) a liquid organic second phase
the secopd aaesfrcﬁgtb%ﬁr%io $#¥ast one bi oorganic conpound in
contact with the first phase; b) one or nore first
phase separation systens wher eb¥ the first, phase apd .
24.  Thesysteooaslinotgian? b Wheeaie therat depst gpe Pﬂ@r‘éfge‘b‘ﬁﬁfiw&ﬂt‘%‘{]b?fa Cs bio-
. th nd organi c phase are separated; c) optionally
OIgmlcgﬁlg‘pg?&&r?mre second phase separation systens whereby
the at | east one bio-organic conpound is separated
om t he secqnd ' . [ . i io-
25 HheDehetned raei 2 ARl B Tens bo Pl SaNCKoRRBURT s 2 Cu blo
organicRb@potghni ¢ conpound is chemcally or biologically
nodi fied; e) optionally one or nore purification
syst ens whereby the bio-organi c conpound or the .
26.  TREkstefl abirdclaing 2D iwhegsiniesiatdedss opelbick orgdniorcofnpotihéis a Cys bio-
_purified; f) optionally one or nore blending vessels
organic6pmpP¥Rens for bl ending the at |east one bio-organic
compound with one or nore additional fuel conponents;
and g) opt[ona]lé one Qr nore furthgr urificationd. Con bio-
27.  Thesysiemah it elayn 2hvhsrein dhott IpaRt oBe blosigamg ggmpound is a Lao bio
. bi.0- ni ¢ conpound and the one or nore additional
Orgamcghglpggg@rfponents is purified or further purified. 47. A
met hod of making a fuel conposition conprising: a.
28.  TH %gsrt%rﬁ% DB 29 YGRYSin TRILUBL R oRL BIRbigaMicondPeshd is a Czo+
cer at produce, make or synthesize at |east one
bio-orgimiocompamid; conpound wherei n the aqueous nedi um
conprises a first phase; b. formng a liquid organic
second phase conprising the at | east one bio-organic

29. The method of claim 21 wherein the isolation step comprises adsorption.

30. The method of claim 21 where the isolation step comprises distillation.

31. The method of claim 21 wherein the isolation step comprises gas-liquid extraction.
32. The method of claim 21 wherein the isolation step comprises liquid-liquid extraction.
33. The method of claim 21 wherein the isolation step comprises ultrafiltration.

34. The method of claim 21 wherein the at least one bio-organic compound is an

isoprenoid compound.

-124 -



compound in contact with the first phase; c.

separating at |east a portion of the second phase from

woher7fidsmt phase; d. isolating the at |east oneCT/US2007/012467
bi o- organi ¢ conpound fromthe second phase; e.

optional 'y chenically or biologically nodifying the at

| east one bio-organic conpound;f. optionally purifying

t he bi o-organi c conmpound or the nodified bio-organic

35. fgmmmmr poocbwirigon@h-Gpo isbprepisgcontirouad coBREEINGhH e

I 0-organic.c e : biid

% onportitric i B s Mt BufPO AR Euly BRErQti at lcos
t he ofg O5-Oxpisepiehcidaoggound toapessabisavangia capaciy@f gt least 100
nore additional fuel conponents.

iters;
b. forming an organic phase comprising the at least one Cs-Cyg isoprenoid
compound;
c. separating at least a portion of the organic phase from the aqueous medium;
and,
d. isolating the at least one Cs-Cao isoprenoid compound from the organic phase.
36. The method of claim 35 wherein the at least one isoprenoid compound is a
hemiterpene.
37. The method of claim 35 wherein the at least one isoprenoid compound is a
monoterpene.
38. The method of claim 35 wherein the at least one isoprenoid compound is a
sesquiterpene.
39. The method of claim 35 wherein the at least one isoprenoid compound is a diterpene.
40. The method of claim 35 wherein the organic phase is formed by induction.

41. The method of claim 35 wherein the organic phase is separated by decanting the

organic phase from the aqueous phase.

42. The method of claim 35 wherein the isolation step comprises adsorption.

43. The method of claim 35 wherein the isolation step comprises distillation.

44, The method of claim 35 wherein the isolation step comprises gas-liquid extraction.
45. The method of claim 35 wherein the isolation step comprises liquid-liquid extraction.
46. The method of claim 35 wherein the isolation step comprises ultrafiltration.
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46. A fuel composition production system comprising:
a) one or more fermentation systems comprising:
i) at least one vessel having a capacity of at least 100 liters;
ii) an aqueous medium, within the at least one vessel, comprising

a first phase;
iii) a plurality of host cells, within the aqueous medium, capable of
making, producing or synthesizing at least one bio-organic compound; and,
iv) a liquid organic second phase comprising the at least one bio-
organic compound in contact with the first phase;
b) one or more first phase separation systems whereby the first phase and the
second organic phase or one or more components of the second organic phase are separated;
c) optionally one or more second phase separation systems whereby the at least
one bio-organic compound is separated from the second organic phase;
d) optionally one or more reactors or vessels wherein the at least one bio-organic
compound is chemically or biologically modified;
e) optionally one or more purification systems whereby the bio-organic
compound or the modified bio-organic compound is purified or further purified;
f) optionally one or more blending vessels or systems for blending the at least
one bio-organic compound with one or more additional fuel components; and
2) optionally one or more further purification systems whereby the blend of the at

least one bio-organic compound and the one or more additional fuel components is purified

or further purified.
47. A method of making a fuel composition comprising:
a. culturing in an aqueous medjum a plurality of host cells that produce, make or

synthesize at least one bio-organic compound wherein the aqueous medium comprises a first
phase;
b. forming a liquid organic second phase comprising the at least one bio-organic

compound in contact with the first phase;

c. separating at least a portion of the second phase from the first phase;

d. isolating the at least one bio-organic compound from the second phase;

e. optionally chemically or biologically modifying the at least one bio-organic
compound;
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f. optionally purifying the bio-organic compound or the modified bio-organic
compound;
g. optionally blending the at least one bio-organic compound with one or more

additional fuel components; and
2) optionally purifying the blend of the one or more bio-organic compounds and

the one or more additional fuel components.
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