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60/ 808,989, filed 26, 2006 and 60/870,592 filed

on Decenber 18, EB@G’){J%PHW%F%"?%‘?% ated herein by

reference in their entirety. BACKGROUND OF THE

I NVENTI ON [ 0002] |soprenoids are ubiquitous in nature.

They conprise a diverse famly of over 40,000

i ndi vi dual products, CRRSSyREFERENER are vital to

Thlsha ﬂh@&hoﬂ Egﬁ‘lﬁ'p%ﬁﬁty td ﬁ%Pﬁx%Oinb&ﬁ? ASSIH Gt TBRIS0E, 9391 filed May 26, 2006 and
cellular fluidit el ectron transport, {)}frgf)t er.

CO/fE} %cﬁlqd@nﬂ?ﬁé‘ﬁ%i& 2008, vhish arﬁlﬁ‘ﬁ‘li%‘f‘ati’)‘% hegeig ereRffn their entirety.
synthetic isoprenoids are useful as pharmaceutical s,
cosnetics, per fmxgmmmsr}mmmmt S,

Isof lérrll(géis ar dlﬁ)? 1t§\ﬂt1ﬁ %a E I ’f"h?éy ) lnu ?9 ﬁvgrkect@nﬁy oPJ&Qr 40fd06 §1d1v1dual products,
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traﬁs%&p Qﬁu St hneﬂtb&h:%rﬂ:haﬁse A(VIaRB)melﬁﬁi lof ﬁa.turalahd §iathgiht isoprenoids are useful as

ph%%%c%ﬁ?cg@rco%rﬁgﬁé é'x’(ljessl and ng an&/ Oo?orgn%n% i%ﬁs ank%lseg d1cs Butraceutlcals and

preno s are s
ﬁnecimmumemd@tmdensatl ons of their precursor |PP and

An’ 1§0 reh@ig Hﬁ)ﬁucq fs JEMJ; @Anllry)LedW &99&'&19@%%0{1 Q%%E ﬁyl dlp-ll;whate (IPP) units,

pat hways for these recursors are
SIOg e s SPEEBRTRON BY VEPRIE v aa?é?pgrfvy{} e
by Hﬁi&&iuﬁ%&bﬁiedﬁﬁeﬁ @ethbir pivEv§or [raet dndviry isdrger comtetallylayeipyidsphate (DMAPP).

Two atﬂwan%orghet(s% pr%ﬁvﬁgﬁcﬁéé& &g ﬁlPlgr %é’p I\agtlﬂ tﬂe%x%gg&eoq lﬂﬁ% |g¥nerally use the

oner’l ze ryot
mcea(lglgm—clegﬂlgent (NBY eathway engonesyt a@ﬁylyzoﬂa%me A (acetyl-CoA) to IPP, which is

s lﬂ&;((l R Qﬁﬁr@nﬁe@%ﬁmni’rcﬁﬂw&@ﬁﬁfﬁﬂwmﬁ eﬁ&@n&mﬁhﬂ&m} afloy only the
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PregNer gigad) §§3U54 ??OU&? Hrfr adi ti onal I y, isoprenoi ds have
Trmﬁ)ﬁalIWi@&tfréiﬁde 8 bb@ﬁ mxbhatid Bﬁexﬁrﬁ@ﬁh fRaihb@tal SOtteCHsh as plants,
Img’rggels C'flng Igmgln ﬁ?wevert, the g{eﬁsth/ V\%n g)f g{@ra(%n ‘?s um'fa'?l r‘%ﬁdgv (.thg %o a number of
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prcafoxmd ﬂmwetpuom anr gfosfusegrengiy qcatnwmfsm nﬁiimiesm onlmmﬂ amounts Second the

sodrwéa%ﬁ% Q'xsgeﬁ&ﬁttl{:@-ﬂoa&ﬁenhme fdakdAhBe- bd’dleQﬁitlyatﬁHﬂla{ is necessary to produce

e SR P2 P B ARRRLEL B S soems o
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co%el%lalij;ﬁ%fc@& dfg,sg gpgid. Third, the requirenent of
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fea@iﬁ[ﬂ: Fbﬂlﬁst&@é}ﬁhdr&ﬁﬁ hd’if@ bédﬂ&nglﬁfﬁfﬂ’iﬁd’ ®viefrkprpss @ @i bf a the@htire mevalonate
patlrl}%?)g{ggFr%h& 10 (% an ISO I Ig)é ma %%grgﬁ F]h&%%net({} ot ct: tﬁﬂg 71:1) 886 and
7,598.3pk) e(htmr@éfomfl@aﬁsfobqsed orli@kanﬁtms%lawé of ghyceia eﬁ-gy@sphate and pyruvate,

or BE ﬁl@rle%ﬂ%![tﬁkee@i')@glohgf OUESX QXK B Sse B- ﬂh@ip]%lat@gyn%set(libQ) QIATPP Romerase (idi).
meval onat e on o noi
Sep Egrngr %%98%15%@%@’0&105% fff %ggf; t{é,ggvaaerﬁft RO DR 324:421-426: and

Kigretlal. (2019 BioteoAnp!. Bideey. 7T2H0%0415s have focused on
NeQaJth%fggs ggen tneevemgige QfanfHic %@g@r&%m%uas Qa@armhay@mmml

r uvat on I ncreasi ng t'he expressi on
soplctitsn ks PO s 5 ﬁ%@ﬂﬂfaWéte@@/mdﬁ%@émet&%ﬂmaws [fgpproduce even
mdr& @&ﬁ&ﬁﬁﬁ tHah ﬁ“a)lable &ﬂﬁcuﬁaﬁtﬁ&hn(ﬁdglcal Opfird4) GebjredBion b Bxailarvbial metabolism

toxgaéggalii &ogcﬁo Te Ilrer:n e heetmtra 12c68%§?)sgyélhet% aﬁn\gpls p‘}Operly engineered both

to Bing@ ggborizp 1s4@anamsodl{c@m$qcmév e th ereeansbuildjug ghtoyp devels of metabolic
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WO 2007/ 140339 PCT/ US2007/ 069807 internedi ates over a

sustai ned period of time. The present invention
waodorasses this need and provides rel ated adveeit/ag®e7/069807
intepmefiates overgy jyRAIRSE RopodrpfitineNFENTE G ipGOGmaddisesepthis seadtand provides
relbtBVeNitRes fW@U des conposi tions and net hods for a

robust production of isoprenoids by the use of

i sopent enyl pyro l?ﬁ?ﬁ Vﬁx, s that are

under the controI% R?&F%gggﬂz Eﬁ@ﬁé ol ogous
The prgeenERRNYYPrEdeseommesition andmdiedsdors, rolpist fretuctidneif @ogenoids by the use
of isébeﬁt@ﬂh’ bﬁ@ﬁﬂo%ﬁte MWJI)} Jﬂz}txﬁég %a?&@[ﬁ@ele{ﬁe gjntréll’Uf Enqulsgone heterologous

ol ds .i ncI(ﬁ Eyer penes (derived from1l
“’%“%8’8 g i coRgjEtRS, a%th?r§ Bt %fﬁ%COI?Pé‘ﬁB?Ié e g fappRieLpr suitable
isopremds2ndlglopreaitapetes (deives fioh laisoprane Glﬁf) @uch&ﬁﬁﬁﬂiéﬂeﬁh&ﬁﬁﬁ&nes (derived
fro(n%gdp}@%g u&{s%ﬁhﬁas' n%g& ggg&qﬁﬁﬂ%ﬁ ?gs (@e ved t%om § %grrgne umtsﬁ SItlch as amorpha-

di ene, ter penes deri've our 1 sop ene u
4 léﬂteae élge‘P%'f%l@Flé‘ﬁé fromfpur iseprerramity) deghiay Beadiqnerfri@rpenes (denved from 6

isoprSRAn@s) Sudhiks Ecﬁl)ileﬁd,l féhata@elﬁzﬂ (&Eﬁﬁaﬁ@mn{ £ikd; /p@én@fd@%@ﬁlsas B-carotene; and
noi d éCh as car ot ene; and

derived fram 8 r
p"‘éﬁ‘c‘iﬂ’f/?eé ?%fe“r'}eéi gi Cde ?rle \%%’C’I f So%rﬁﬁl HOFY SPH&R p@“ﬁ@é‘%’? ene units)
In eng etpeeis? poshyd of opderie an[i@PRBAE innolosseheaspe ot () dtainiiguqdurality of host
celRhaPERAGHEd Jﬂg:n%ahc?ﬁ)a@ﬁ@a@ %rQnalkﬂlg @gﬁé&lﬁanh%ﬁra?ﬂ(%&ﬁte%hege‘}) the all of the

bt ai ni n l'urality of host rise
P AT 5 ARG TP L il 6 PSS PBRP SV BRBISRA0&(H cultarig
the\wbse cadis in 4 ineliah lindef cohfieonsiat ivabopiizdl BESPied W ditions that would
progﬁg Foq Q Lna%tnuﬁltsgécﬁsgtrovaf] ?atehtgl: t%g ﬁ)c% E&ﬂ% S[ntscgnqenefc’nil odicr)rl:ents QE‘C pathway is the

regul at or
me YRR RtV efé?fcfmbp@wsntq Haparey i ths PR itvaasn other embodiments, the

at €808 h&€Holofou€ @RdLipHons retg{ﬂlatt)ry\/@(!ﬂjeﬁ’ce 15315%}6%?68 th thBeerbodlments the
or. the host ce

mim s
padl MRS B Tt S e Bag Rty e R e . Ghaembodiments, e
pathyertylewayynes dm ugtehemtrelml oultivierhtsioldghes tpadchipiyalirsgutahes. DXP
In sBRAL @Mﬁﬁfhménﬁ @L Bﬁﬁwa@m gﬁs@?&[‘ﬁ&lelc ablﬁ seq%gncla gl?c%hmgg%e\(alonate pathway

hetgrolo gous transcrlptlonal regul atory seque

enzyhe P B PERaTy e Bvisan Ep9STIoHEHE °n"tt?1%ath"rj‘é(t ﬁwlaéhﬁfyh?é@tes having an
endage@owsmit@iloGiathohy ditlude Sit g het lintikd SGhd é&'lhs()‘ﬂiﬂeirococcus the genus
Pse[u?ogr%Lz%I Ya-the og:%m%tsll? ap o)]élgcgp(iq‘tgl orllé %hl%otdprr? t Bm%tnﬂe\\ll\ﬁynate pa%way enzyme is

der c ero
Seleﬁeéﬁg@la?epxhceﬁahlo\a@gﬂmgws syn[h@@omﬂq ﬁo@mtase and mevalonate kinase. In

anoﬁﬁlb@xdioﬂiﬁféﬁt&he hAQoIBRUEWRYei CRMENRES eAcodbkC @k IIBRIB-CoA reductase.

T R RO T R
leveEiésmtmeyl ap¥ bkeé bslov det Witk wepldproviénfiohe moxisumByeifo rgatveh rate for the

hospc,%tlsh W@yndﬂ{épérﬁ%@m%ﬂ{ th@ﬁlgst @(Qlts aJe émn&&idm& Qnelh fa vﬁx%p:lﬁ?e carbon source is

Ent er ococcus, Pseudononas, an

t he genu
mal@f”ﬁfﬂﬁ; 2 (568616% argwdq: ﬁ)r Bﬁséhzglﬁ%@a P%n’]tS% ﬁ)ﬁ,é ey é@"/e,rfﬁp@/where between 90%
and patolofiely narifymspécific SOt edte dn hiotid atiithenCHA hbdl bk 8% @ultured in a
me% h? Xlrt]r%ge%S g]ﬁée:‘_ll\/[egrg[b(ggp‘ecri aetdal'ieveftﬁ gf%%{c:' gc;.rg%golﬁl%rb ag')out%o% 75%, 50%,
25 de%eqr ensdier bemqentiteand 18 s the ala@rasascpmﬁcmm In another

embo@ieHd&il RS Bost (OO lulfufbdaﬂ@ﬁl@(ﬁﬁmm@q{e 'i@ﬁgeranﬁg]ﬁ rfAB%dined at a level to

pro it S S Brgt L 2 e PP I AT KRB by 0% o
mathelllr@wetlﬁagrowm rath. Wowbtterpmbadident ftiny m¢dhen waérALIRIs maintained at least
abomtREE |4f’¢‘ G-@| r@@'téacrl@t’@ lfS% of BBc bplg‘%tthqulql §a:turé {lllamgﬁc{}ﬁgvide for the
enbodi ment, the host’ cell's are cul tured I um

m%‘é?%’ef‘ﬁ%greﬁhﬁﬁtﬁ source is nmaintained at a level to
In yftrabothe emb@timdn® 3 Snckttod 0 f pb@iding Qﬁ)ﬁ(@prglﬁ% or %@ﬁfkn(ﬁ@l%bcu;sgp/@ompnses the
stepggf (§%¥ %}I%En aq rh-l\é\ﬁet?on?gfﬁ/%ongzﬁgf)%sgr%) a% e tlon ntiedlutnhandﬁ gglfahty of
gen‘é’éﬂ'llyén‘)&rf@ !il?ﬁlt talis gt nreduge therisepr Enwdmé(rréomdﬂ@nﬂ $uch hge() the fermentation

source is maintained at a level to provide for |ess

t han about 90% 75% 50% 25% 10% or anywhere

bet ween 90% and 10% of the maxi num specific growth

rate. In another enbodinment, the host cells are

cultured | n a rredl um vvhere the tenperature [ S
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genetically nodified host cells that produce the
i soprenoi d under conditions such that (a) the
w0 esomea3ad i on -2 WO 2007/ 140?:%1? PCT. USZO%aJ 069801 US2007/069807
MR PR 8t PRI LR HpR Pa e 1 A 3 U Reftic growth rate
of\aid habt gmilg\(b)dke feoenatioraxédumraireisdstaicerbow @wtch presenein aphmount that is
low&! tﬁan'?r% b ploBe Ifo'il & &%ﬁﬂ%&&ﬁﬁ&%ﬁﬁ QAté%Pﬂ‘i‘e%H Elﬁea%d/or (c) the
a carbon source present 1 n an anount at
fermeRitiQrardingh F EIPTIHES GINHIOBF O FERPESR! 18 a?rﬁ&?“ﬁﬁ‘hﬂ?‘éﬁa‘éﬂ?fﬁli% that which would
préfi@Wbia ﬁlﬁﬁlﬁurﬁﬁpe'&l'ﬁe 2ROE ra@ @F ths hosaewllls;qli) ré&b)verﬁr@&he isoprenoid produced under
on% I%rre ggrg :Cgl’}dlitl%g ng%{)tﬁ i Cfﬁ;]ga))]{:lglhs(s lII(l) \(I)\Illeeratsée(ﬁ2 an I’e] tlsﬁg reney V\ﬁls gﬁ)duced under at least
twao(ithe conditions sdefoftiom (a) thrapahiftimbispetief dspecy thowiohreneid & pofduced under all of
ind B0 teiG8ll e hblen(gOVeri ng the | sopr enol d
produced under "one or nnre condltlons set forth in
(a) through (c).._ln one as he isoprenoid is

produced under ANGUREQRAT BFWF@ tions set
All publibations apa patériy pgplightiofiChentibied amnbiskpacifestp@ate, hetelngincorporated by reference

to lﬂ%% ELL. ngas 1§e iﬁgﬁﬁﬁﬁ aﬁtﬁ?ﬁ on %l‘ %ggi%ﬁro& Q&CLbécllfg:Qﬁy and individually

or t rou
@EFEEFQERCECTP}GT byAFfeTepithl i cations and pat ent
applications nmentioned in this specification are
herein incor pamEEﬂEb;mneﬁemaoserHEnRAMNs;&ne ext ent
Fléure ?11 is a sclgehna\[ll\g regregelﬂfa L?IP rol :rrclze%glorgart]e (g%LE ugﬂwa§ for the production of
lsqpnmn‘yémeephpwhtie( |11?Pcbr por at ed by reference. BRIEF
Flﬁﬁls REkfMNa b re}]—r’éﬁn@%\&kﬁ de%lﬁqulaogéﬁ 8phdAptal (BDXP™) pathway for the

B PP ot e et g SRRy potbseie (DMAPP™). Das i 1

depyy-DhDBRG SpEosphateRPithase; [ IDG Mldeﬁx;ngX@lubi@S-{phosghate reductoisomerase (also

&’g%‘%ﬁds) ]|'16]§ EMQﬁ%BE@ﬁ?&}%H}(l%fC &Qﬁy %ﬁég{'ﬁ!sﬁis@4 diphosphocytidyl-
2G- %tblérﬁ é‘ﬁShFItoﬁ)W’%Wo§b‘ﬁlét2€ n(leﬂryw é)rytbwal 7d40 -fislodiphasphajq synthase; IspG is 1-
hyl@ok PR RQERNALE)-HutedMA- dffiogphatXsnthiaSe (spG); and ispH is isopentenyl/dimethylallyl

| ul ose-5-phosphate synthase; Dxr is
dl%"&?eo%?ﬁ“@xyl ul ose- 5- phosphat e r educt oi sonerase (al so

Fifmmo s aashehs{xGppredesipidn; of the conversion of isopentenyl pyrophosphate (“IPP”) and

dll%etg%ﬁmwm%%htg Yb‘l\?ﬁ’ﬁ?to%ﬂany@' p%}fﬁ HaIeQ‘l‘GIﬁ’y E tfzgﬁﬂﬁﬁ pyrophosphate

hosphocyti d D-erythritol

( l ﬁ%@ranygﬁgnyl gyrg]tl}o]si)é\ftﬁ& |G(_B_Pe}, w § StthFleSIS of various 1soprenoids.
Flgqréfa chpek o eHap hsphesstiod phgntdpdSHS-gbspG 1S 1-
g4-di phosphat e synt hase
ngﬂésgp&he%‘&ﬂ%peﬁp?% 7 di met hyl al | yl
Fl%}’rrf) ghopnarep gWPﬁﬁg’é‘ PlaF’(‘E}@I’@iVI fgure 2 is a schematic
Fi8Pb 88t atap ofexplessidaglacaiay ﬁrrssagosnADS PISEPRIHSANYTrc99A-LLS, pTrc99A-

h
}%é( EB%%%E) ; OP gfé%9anyﬁ’§ ,g‘;f,‘frcg% %%;F?&g% P%F;afgﬁ?‘pﬁgéﬂc?% CS, pTrc99A-
Shyrdgpd¥ghat e (" FPP"), and geranyl ger anyl

Fip OO SRR fics AR &msna&ﬁm‘b aﬂ&thSS-pQMM@Bﬁ&UrSpAMQS
[ so renoi ds, g§£ 00161 Fl res

FIEHI'% Fﬁogfs B‘W/é} rdﬁ?%ﬁc act[l ﬂlnﬁFadE#\%abﬁlt% ﬁfgb\%Ergerﬁ;%ﬁcué?aecahs HMGR-CoA
red X LS @ER) cpmpged td ﬂf&ﬁb%ﬁ&omyc[eﬁ)&i@isdémgm’aed BEMBOWS raluctase (t(HMGR).

Flgﬁg) 9 gﬁ()wg mpﬁ%?)h&i})p@éﬁ%%ﬁ CQIM%‘E@?% d p_l_’])g)%r lﬂarglﬂﬁ 6D6600

Flglr?sd@éxﬁ aSh thedW%@@NOE‘E‘SmCﬁIFF Poghic amqvéla-ﬁ@kﬁr%% Brodsiegjvity of host strains
caB;rlBQ nggfa%co&-z[f EL{Q&A‘HBRS{ afTHNI80 AerREHS mparkd €4t-str@ns carrying the
Tr c99A- CS , tgl %Mﬁgld n@ANB?B [ 00201 Figures
aﬁ’mgfeéc‘éfﬁé i'cs e8¢6hstruction of plasmids
Flg).M/HGQB piivID8 e@qdofflq;yyer AN 28re qn@Rfpha-Fjl ¢rdicee Bodiqtvily of an Escherichia
colili6st kgher specific activity and increased stability
of the Enterococcus faecalis HVGR- CoA reductase
(HM3R) conpared to the Saccharonyces cerevisiae
truncat ed HMG CoA reductase (-BHMER). [00221 Figure 9
shows the relationship between dry cell weight ("DCW)
per liter and 0D600. [00231 Figures | QA-B show the
|ncreased volunetrlc and speC|f|c anDrpha 4,11-di ene
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[00241 Figure 1 I A-B show the effect of | ower

t enperature on annrpha 4, 11 di ene productivity of an
wasmhasizshi a coli host strain, -3 WO 2007/ 1408380US2007/069807
Figogep/1 2830 trer dwodiodt of {eéws’sFlumsalﬁw%omwr@aﬁﬁdwl@ﬁ groductivity of an

Esefiderb caifnokeduieed gl ucose | evel s on anor pha 4, 11-di ene

Fl%J gg%t}%:% vd)r(heescoT% '&edBe Ctlgg I Cf'?l’ltea' Coaituﬁfé a r?(%u c{gsuco?e levels on amorpha-
41 lgliee pt@n@@ﬁmtﬁ}ﬂ@@ﬁldcfvce@aéleﬂ S'gqntucose | evel s on

F@ﬁ@ﬁﬁhﬁg anft 1 34-Edh&R ﬁte REGBHEGIL el ¥f 100 er dnpeBiReInt ¢ddud glucose and
t strain 0021] Flgures 4A-E a g» 5A- E. show

S
m‘f"r%&“ ‘GBﬁisotnrf‘é‘tﬂ“Pé‘F#é&tdéenﬁP ° P ¢a %P%R"B’Pé LAY ¥88uced
Figjr¢l Di0shewaprdductiont of agemphd-@ Ve tisneoiia taerDXp ipathvay Wylan-FléAeniehia coli host
Str%pductivity of an Escherichia coli host strain.
028] Figure 16 shows production of

anor pha-4, 11-di ene via the DXP pat hway by an

Escher i chi a BEJIATLRBAESCRIFAION CHCAF DEVERESIR PTI OV OF
peﬂalEthVEl\rl'l ON Definiti ons [0029] Unl ess defi ned

rhess e 1ne:c§0therwis?i a l?ecﬂmca and sme CLfsc Qe!n%g] Eslreﬁf’ir%eﬁ 1%1/ gave eersg ning as
cotyymglmgn@ﬁst@ﬂ@y nmc;f ogkqar){ sk;lhntqu@rt & WhlplgthWV@Wopﬁplgngs Reference is
mddB K&Ptd DnBe! B 0GSs tha%ﬁﬁr&m@ﬁneuso haﬂ@ﬂh@ fdmsvelgt&aﬁngau mber

of terns that sha%h»be def i e the fol

Thﬁée‘éﬂl H}ﬁ]é)na [ %ro gmon ntegri,sﬁ]ilat glﬁtslllbé?ﬂg[mt y (SlFscr.ﬂ%eéltf?agﬁ%?r ﬁcture may or may
nohegnseithathat the s®sdqsamu desclibed demcor chewnstapet ruayeor oray not occur, and that the
deg‘ctngH&EchrllﬁieFRMa e a %cuglefept[u%%?%cu&rls ;Er@s%ht a'hg] ﬁlstances where the

sequent event or clrcunstance my
feqff\g9 OHLCIHE éslﬁbsené ﬁﬂmftfp&fs whsee thegyertor E)lfquglﬁtaliwﬁ efcll}a;éagd 1nstances where the
evanstaﬁﬁ@ammh@kgnaoaaft|cular feature or structure is
Tl-{) § Gaent %%r(lp%}?a S g’?lg H%eéis ere HZ? reett] oea cea?/‘ Eo alic pa pat?lgvaic’ (t)rralfll czi;:la"lj)olec pathway.
Ar@bqutc;wnmvanoevoty@ censsuctingla larest mplcade fvﬂmemlltslheolecelipemprqypss requiring
en&jg{/ C%mﬁlﬂgﬁﬁv@@br&ﬁﬁg Elowr[ &Qﬁ%&r mﬁb@ul&se Bﬁrél releasing energy.

‘met abol i c s used herein to.re
The é%baﬂaéonﬁfﬁpmv OF MRV BHRNSY i sphiRRY. fefefAﬁ iy 3 Gjopninetic pathway that
cop&kth mgyst,m woIPY £ TEOVIBY Ipath tvanig il msthagedgetienaddady il Riguke DM
%am%ml S{ u%:sﬁ V\gﬁmp@ateo o&%?’sorr %%F‘ ﬁ)[;n!hggy iSHEd fYein to refer to the pathway

s’ n ve brea own O ar

tharsprerents gé‘sceratslﬁln@ﬁ3rpé1>5@h%q g p@lﬁé%tw T ogdPYARR eTtteirxﬁ pathway is
luus&EtV@écﬁaﬂetnealgaﬁhlw i1BOr "MEV pat hvvay is used herein

torefer to bi o at hway .t canverts
i Qe Senl T s e e B R A PR aue oy e
The ¢dmasrEexpressionyedter” B tyente” fefer tc[ a()@@@]c aﬁd@hag w3ngquces, transforms, or infects a

host(i@l@ )f%)t(%k %u@ﬁg the cah@?mﬁﬁée%uaéﬂ: QM@syand/er protEEotRARWMbse that are native to
I's used herein to refer to t t hat convertﬁ

he
the el R ruTRERTEES ab‘ﬁ%%’f/ﬁé?‘éteﬁ‘ﬁ g aﬁmvﬁ% is{gt napys g g o
Tl@hAQ«BF’endlimo@XFéf@atohWtam& or Ipi'dcejis thaadceds sathdiyat. g.cialalngn-recombinant
Nefi gure 1B. [0034] The mord pyrophosphate" is used
hobt
|nterchangeab herein with "di hat e" 0035] The
The ggrpg n@xllmtlé Qgﬁ fgrangkgig isogpnteny q? osphats” é? erp ¢ agy pathway capapble of
pr&ﬂl@l'n@isspeﬂ@l Syréphadphdts, aRsibg OSitholiAMGHE, Bher BE meVd@etk PatBway or the
st. cell, thereby causing the cell to produce nucleic
cPﬁ@M%nd/or proteins other than those that are native
Thegermt helaedcld” refers tog pekpiess rmatiugieetidae pidgy lengih.orther ribonucleotides or

deQ{dgﬁcﬁéorﬁ&sl Hh&, ﬁﬁfﬂ&ﬁfmcﬁd&@é bLlltSis ﬁb@hmﬂ&fttb \éﬁlgfeo dbdte- Qﬁlnlultl stranded DNA
he term "endogenous” refers to a substance

ég@ﬂ]t(}% ,d;g)M P%m?‘élpl‘i’rips ga Qolymi:rﬁ:oglpnsmg purine ang pyrimidine bases

or RMBr fa@E:0 Hhémiaslly, orfv@sbentellly moflified Apn-ldngalf @rdamvatized nucleotide bases.

"enzymatic pathway for making isopentenyl

pyr ophosphate" refers to any pat hway capapbl e of

produci ng i sopentyl pyrophosphate, including, wthout

l[imtation, either the nevalonate pathmay or the DXP

pat hway. [0038] The term "nuchkeic acid" refers to a

pol ynmeric form of nucleotides of any |length, either

ri bonucl eoti des or deoxynucl eotides. Thus, this term

i ncl udes, but |s not limted to, single-, double-, or

™R I A




[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

or RNA, genom c DNA, cDNA, DNA-RNA hybrids, or a

pol ymer conpri si ng purine and pyrim di ne bases or
W@rdven4a3ad ur al gm cal Ig},@ or bi oche (5%9/ nedit/U8®ad7/069807
They 52 (AREGF af “SCSFO THEF [P PZBY® FARUBRYE Pif °B ggrencey thiggach encode a gene
prod 0 fich 4O03RYABET ﬁlUSﬁlOﬁhﬁ/ G BOFHIdnGO @ﬁl}:h dth eodréinarly ggelatediby one or more
colgGHEEE LR, FELElh0a bl MO e contl guous nuct eot i de

nces each nco ene product such as a

Thﬂqm &en%prpqhﬁt”é?fﬁs to A ERFE eél)&y {op Mice Fersahpigtoteip hat is encoded by an

RNQOSDN Al &dhele ¥ gbi@gull %&dllmn@ﬁ@ dAE oFM6E nudlddilld Rllehfg that encode a

el. ems Xa r onot The term
pmteé‘é A rﬁ?’yoagsﬁ d“%F 8\?’5?8 and 8th% Ehc Icl)%“uﬁie%ude ot vice
Thy erms girotein” Efept te o pollyineric fogn efrwmdneadldbyf aam lenRhAvloeh daimclude coded and

M@b%@@arﬁn&% é%llnlcaﬁ}y& 'bﬁ)@lhﬁkﬁfcaﬁ? %ﬁlhgﬁorqgﬁva%edqgﬁrﬁo acids, and polypeptides
nucl eoti de sequences that encode a protein, and may

havipespodificd PeRde PAPYRS and ot her non-codi ng nucl eot i de

Ths eﬂﬂ &[&fé&ﬁogo{ls&ﬁﬁﬂ:ic adif eastlﬁd'dﬂerepﬁefeﬁltdﬂa nucBficeAcRl wieren at least one of the
neri|c am.n aC | {

fol]% 1sdtéuec%¥:i nuc achd 01?] 9)6 el de ﬂ%n%/f& gggs E(H nwmaﬁ{'foﬁmn) a given

hos@ pelb(bddh@mlﬁaﬁqlvomaﬁqs ﬁ@@blmﬁdfd@ﬁwm that dschatudlly Gouad infdat is, is

erﬁﬂﬁn&ﬁlt(\’ & pivi RSt cel@Wi MGntRYiidel seghe R ﬂiﬂr&ﬁlc@ﬁﬁ Klb@ﬂ@t&ral (for example,
etero nucl ei. c. ac

e term us
ey ?%expeéfeswgg%eréhﬁe&&%ﬁg PRGBS () B8 it agia comprises o
nuddotiihequehad thodiffes in sqtanoefront an erkdbgenony ohdéatidasiebnies but the nucleotide
seqqurgcg E&Qde@ tl%)ggg@};}gtléﬁi (ﬁav‘n% tl(etsgxﬁé 01J sﬁbstaﬂgetllyrﬂ?et SHHI@LIIIHYIO g&&' ﬂequence) and is

gl ven (b). the nuclei ¢ acid rises
progugeg & wadlé’alé@a E?@ﬁ’elg SPRART o8 CYREFIE O BSpLcr et Y('p#gt amount in the
cell; S5 (dD the numgﬁﬁﬁlﬂﬁseﬁ o) or @ofH dﬁelﬁothie sdquéretsd that bitd tnot finénd in the same
relanonshl Ot'(:) Iergc er P r¢or epB&ol%lLi € I(l:].lc eft a@la 1sur@po%gblflrﬁ%>1 (for
er than ex greater
A ‘asgenal referf @man)e B moenersly Hrodeicl mtq ehost s Hge eopprise an

en&,gagugz&rm]ggelsﬁ @het&ﬂl@k&l@hﬁdﬂe@c a%ﬁilluean that differ s | n

sequence rom an naggenous nucl eot.1 de uenc

g g BB CRGREE TR AT s TEU TR ER; g Eenetically modified
hodt Bordaagpnishied) dsastes adtostselbtbtanmpaded g/hcttehelogamc&m aq@l o e dnvention.

The & e{}ggelm@r}lqclélg aci rr@l‘éﬁ@@&’nﬂcﬁlcaagldlfﬁ@ ﬂte%g@Louglgz Htroduced into a host cell,
exanpl e; greater than expected or greater th

anchiawwamtyomuh@)mw@j dung i qffer predeed bY&rglxea)cell ig@ature.

ThB téﬁh e EulAStHy Gleﬁl&ﬂ’pfefeﬁiﬁs uﬁﬂb@n@bndl’@ﬂﬁalﬂﬂ&ioﬁﬂtcbxdﬁ)l sequences, such as

prcing) geg a%cteﬁepotlyagenﬁla ion. sl ne ro}el:.rmérgltotrs ?ro’?émtqﬁ %ra%agilg & 'i 2 ﬁSXHdghe like, that
pravgle fas @udidri regaitate) expx[e@@mg}' a md&tqgrsgmlg@e ﬁ@b’orrpgfdeqatg)n pﬁan@n@(@ﬁépolypepnde in
abbhiain 1 s exogenousl y introduced into a host cell. It
Thﬁ%?r@?t%ggfr@%%gorﬁ’gﬁfgg Fc]tgz? %%%gtpgéﬁ%gt%%ge?%J gli;aﬁige induced in a cell following

intfofetiondi naamiicléiosdid. Gakschuet €moddicttdngsambe gemaiisled kither by
1ncg}f>g}aflé>ne& ﬂt%%%&z lﬁ\gﬁl Jnto tﬂg gen&ﬁ@&ttﬁe%gtl c¥11 %PQI)L tfrdn@ignt opgac’otle maintenance of the
m cr oor gani sn') denotes a onprises a
ney; BNy 512D GRITPE2htlenat- clnéblia&"’&? Cf%lhé PF‘E‘R?@‘?W sf‘cslﬁt.lc qheyess a5 eenally achieved
by RO MCHOXSPRITONS n{ﬁd.lﬂab @énomaof tle celllEirE;FrSkafﬁtlacdﬂlbl,@ peintan&t géhetic change
ttl;]eaigtroduceg t%g (c)hr %( O}ngtorr \9:9 cla’l n(;sg en:o%rtlts gu%L plas%ucfsl and expression
'S N0 it ura nil % R IAS
vecpfrred@@édnabyoraang Pnﬁsm n@@l Slsle¢t1fb1mla%rlﬂ?‘rét0 afd)ezt@]r th’éenPI@F fA the recombinant
hostbg@gul atory elenment" refers to transcrl pt i onal and
transl ational control sequence gh as terbsd
The feHR NPE1RLY Ry SiEhY 2 AT RS 9P 165“ T BPRPH &F‘S? escribed are in a
relfffondhgyi perdieg ddat tb Gmctiingmeikis jnteadkal rhdneer| Férapstanbat promoter is operably
1inkdaQY b QR1H04e ds?&gx%c%ﬁf %ﬁ&%&%ﬁf &P R0k oracxﬁtggioﬂgfthe nucleotide
sequence an r production of an encoded pol ypeptld
sequpnce.g host cell. [0047] The term "transfornation”
refers to a permanent or transient genetic change
induced in a cell following introduction of new
nucl ei ¢ acid. Cenetic change-§-"nodification") can be
acconpl i shed either by incorporation of the new DNA
into the genonme of the host cell, or by transient or
st abl e rral ntenance of the _new DNA as an epi sonal

o, .



[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

Host Cells ,,

[0057]

[0048] The term "operably linked" refers to a

j uxtaposition wherein the conponents so described are
WO 200a/140384 at i onshi p permtting themto functi orCT/IIS2007/069807
Theigsmy hesh eedn e hast Ar&poreamisp” Pﬁé‘ﬁ%’ét%r"ha&g"ﬁ?ldﬁﬁ‘le@rto feder to any archae,
baOpd1,ad kiykarybtidlkatk del irBo Which E&Rdrﬁiego‘ile&w&mldl chn Beh& has been inserted. The

l%ha SO rglgrs t%ftliee(r:(g %n t0 ty a{r]lglccr %n 3f te Xgr e%? be com Ietel identical in

e R By TseE L S WE 2857 14538 preey

m@@iﬂ%@@@fgﬁ@@%{’ﬂotﬂ[m 9¢mpf¢recnt torthp otigmekpagsat, Htte tg pafural, accidental, or
delib@5it migdno0r gani snt are used i nterchangeably herein

to refer tQ any archae, eria or eukaryotic
Thei'ngmsTs 2 Hied BARteERceto ‘é‘@eé? %1‘%@‘8&%? PRSI S %c?f‘?im&aé‘ﬁ synthesized
oligenuoleothia uihi@rblocks ®Iferetkencd fegmertte wiich his thep @hzytneticatlpassdngbled to
coHJn%Qt‘?ﬁ%nB{ %Jﬂee S%th&is%@l’xuc?e% 2101ds \Mal &l&nﬁ@b’m&% means that the component

necessarl be Conpletely identical mor phol ogy or
WEROleNBFF esSHrPledt #°DNA conpl erent to the ori gi nal

THea¢Bihaturdltl @s ApPlidtath W hidlsic ﬁﬁH} b dan tm'ﬂn orgifnsmdefefsb@ﬁ aiic®ic acid, cell, or

orgr%l%sglﬁth% gs'efoéngougrg%lfr% Plgortg_)garm S cgt (15]3 or gn}l]ne glgot%e s%qflence that is present in a
noptpetiwlogtdl jungijsetsadlairgasdm thplt cagdn isolated fiodie sbwrpd rdlanigre and that has not been

inRhRakS rﬁ&iﬁfe@ rbgna geﬂﬁl 1§ ﬁﬁmmaﬁ)ry Mhitekn are then
enzymatl cal asse const ruct the entire ene

T BT oeCHIE G EPIUES 68 TG Sh A EATe Heaher UGG, refes o
nutla@taciti razyeen@in@viganitn chae B tfouad & nasite Ras samblesdpalypeptide or
poYI L 90t1d£ Qegéeéle tﬂl & e;{r?slermm {haotréﬁnﬁl—n thdd Ban e QJOP?eq ﬁtogl aasource in nature and that
e| c a an organism re
hap a(eflbeqncntsmoepﬂymd}ﬁed bya hmawhs H’?Tﬁtafy ip %atwmc‘frﬁng
THd kil Swlogﬁﬁlly%magmelﬂ &Q&bp’lﬂ:ﬂlﬁf 4 gletend pdDﬁ)lerle ol ?@%ﬁd{@fers to functional
ca

popt?%tjsg{)]fc geagggtgl;:ns (I(z)r rpagrﬁepi ?r elcpé1 garli*g ocglorlpag% F(gl voagln%s maPznhave variant amino acid
segupuyes @ay frispataseea aendequirat ofr@donreduntmenand; furictional omakleycy which are

knwg kof dcﬁg nptMraﬂy QHHHHudIJ‘c :Icth%e!llﬁp&g QtIdexé/prbt%mQﬁtléJJn@(Lded Functlonally
[0 The term "naturally occurring” as ap

eqH%‘F‘é ip@teétgloapepgﬁes érﬁ{)qlrﬁnatlgel}s Eﬁr (FOnStZBIFtegﬁla W@Hﬂ{cgtfﬂgl of recomblnant DNA
tedhﬁéleg}s 1nt\ﬂn<al chi’ﬁgesl ieitte paddifl struefizyiay, be @adiheeredbag @andBiderations of the
pro eﬁ}es otst n;ijl c|1£bg %wcﬁan E Pr exarrpl €, a p0| ypeptide or

Do B o P bt de sequence £ is present in an organi sm
Thehqtns clmr@eldu S eprance@:lcqmp@mda “soprercid pradysh (fereengn dtefpgpg compound”,

té?ﬁe%ofﬂﬂtanbﬁﬁﬁedoﬂltc@ﬁbélﬂﬂ adrk Mseﬁﬁﬁdr(f}ial@géaﬁlyh@elﬁ U 1d & td Spounds that are
%F) fgtori *b@,al |y occurring. [0053] The term

PP T’I"V‘ e fragment" as applied to a

Tkprsmgdaﬂfpmpdh Y (!’ iankk"tisy” inshly pleral efepants unlgssfthgoniegrvigharly dictates

otﬁ%&é OfHu$ )for%nt.m@ rdr Q€ 1o Gn QlprR Qb REBE iflSuded 2 SAAY BBression vector as

Functi ona equl val ents may have vari ant am no acid
vl aeEdy cr%s;m%fﬁlr’% geotogs, gnd refgrency te Jhshagi s ciacBtes Eddgte to one or more
horstemlm 6lalnG Yortan @k if fuftBdr notadihaabpidlaial eagrye dibfied o &ridde dop Op#ibnal element.
A uch ci:sl‘lstcater}l%tn*'I 1 telnXedWIo ts%l' ga g%géegén‘;baqg 68} 3¢ %&dﬂ%? us@JAQermmology as
stsh rot el ns fs us enco unct1 onal equl va
“splelot” eprﬁs a0d thedifst inteaneriiop vabtherrertiapel glatyeclaemst ?ruléft &@ “negative”

linditaBot. he appl i cation of reconbi nant DNA technol ogy, in

U ??Ié ?)lir]]?cérgvpsgn tgg,re}_lat glﬁerglgﬁtglgl ’telrrrzl-te‘r:‘iltJ ) 1cela1i: sﬁ%uences eii)peres(smn vectors,
en@jfmctsh@stammoxgauan@*sorb)eqcpﬂgeseasoh@ngeefd'ary[lm%ﬂr]dan'ﬁh with the gpderstanding of

thosle %p&ﬁﬁgw 'slgll in thd &R&@Q@M‘m&%&%‘%malm 1§ %18 %m& @achlng herein.
pro uct'’ "t er pene' terpene conp ound "t erpenoi

Teéxﬁﬂlolog)élllss%%elﬁlség%ﬁ)aﬁa of desexibipg gﬂ‘tlf%:ir éphmﬁr%saw%/and is not intended to
beiptigigh. They refer to conmpounds that are capable of
bei ng derlved fromIPP. [0055] The singular forns "a,"

‘and," and "the" include plural referents unless the
Awoitabiet host] celémp)ybemsgi inthegractgernd ghgjpeegent pepgion. flgone embodiment, the host
ce® XA Rh&ically@hsA R G6st hikro AnRMIK RBSH AR lewELIdolechBEhEB&EN inserted,

a single expression vector as well as a plurality of
expression vectors, and refer-ence to "the host cel

includes reference to one or nore host cells, and so

forth. It is further noted that the clainms nmay be

drafted to exclude any optlonal eIenent As such

- .. a o e



[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

enzymes, host m croorgani snms, or processes, as such
may vary in accordance with the understandi ng of
WO bansa40389 or dinary skil] in the % rts to which Pei/ss2007/069807

deleted arpedafipd FS’e%-’ mytated; £.2., BY B3RrUoR: defson. élé})é‘jl]tptﬁ(@‘i #dfox jyersion of nucleotides),
to &F&Efﬂrﬁ@b@@y ddsRelisdpeneid Romsouhd 6r ipprepais derivafived@stedtlan ingreased yield of

the-lp (fae‘sne (i\'sl(’;arg‘rg %gilslt o7 Es?}gglg)_ﬁ/ deﬁnglvg SIn{lgéHlér g{l{lgcgft{ilg%lé tﬂlgi)e hopt cell is capable

of b@nag@ﬂn lunrhlqwﬁ eropitpmedige chotl‘ﬁfét preestspitcel’ riwmlie@ﬁtwelsmect or sample
uséa%a@é{p&ﬂhéﬁ'ﬁﬁ; contﬂaﬁsoh Qﬁﬂbose chbils thifically @ @ﬂ@ﬁtdtlféal th/t does not contain the
0H{o{dlfl (}oﬁ(st mcroor‘ﬂag | n which nucleic acid
centstmadede a oS rifsdrtEd; -6 W0 2007/ 140339
NhBCHVES00 s 068887 lthel cetlseldclmte anp dictise goloKaiyots, or ¢nkitraivt@dell. Examples of

an grcgae’celpﬂlcl'u&s ﬁ&tta}e%t hrgl?eld%; fhggé’bel%hg t'ottﬂétg'e&pa A8 7‘97;1 Archaeglobus,

I nversion of nucl eot S), roduce
Halpbssrsréer. MeBprasacsia W&ﬁ%@aﬁer”@r PWé’ﬁ‘ifF’é‘n 1globesy ?Wthrwplasma
IhQfratRE faﬁﬂﬁplea Bf drﬂﬁé &&ﬁﬁ@chdEBLd afefnot Tirhie:d e Stiefopdlum permx Archaeoglobus
ful%t%'o ano cczas yi nnafc zz et}nﬁiopatcgrqgl ?heidn?oralu}(/)§g%11\zlceltm O¥ro%)ccus abyssi,

A6t ET 8
Pygpeensms Rorkpshg i hdﬂgp@mwmd’w(ym Therynepdastrn ai@’t?amlew contr oI

Ex&fplbs of b ProdityétctcBl Mdihdey Sutaittotiihite@lio HERIBEBngidkSS thelgBned Agrobacterium,

erijent for conmpari $o ur po t al |
Alzﬁ)érﬁ)éﬁqlléﬂs W{Jﬂzentzw ydtgelgrt)ﬁegacaegﬁéacﬁaﬁte{, %gczﬁus g(rgwgacteryum Chromatium,
Clovodiidn, Cabnelac)jumdiierdbocter, Eovitie IPpordchig Laashacides, ILactococcus,
Me‘[sg)rgiéﬁldurjl Alieltligzgobg{wér){t% ﬁx)‘c@{iﬂ?ﬁc@ﬁtm}? fPhgrlMtE'zg?Ql I%eﬁz%ﬁ&nag %}Joﬁobacter

e an rOtIC or _eukaryotic ce
Rhmfmfi@son@f Rh%ﬂqsparrllﬂfraéhfcdemccwsmlmfé”a 5&@@%#'@%6«%%”“ Shigella,
Stdphﬁﬁic&d sta;pioh@se@ d;»e,lee&g&sn@;dtzgmb;h&agener a: Aeropyrum

ae

Ill‘ﬁg%tﬁg ﬁ t 8f }i)rokaryogygaoc%%iglgstr%m 1§%{FL¥ q]'ap org r?(% %nuté to: Bacillus subﬁlis,
Batifley avoplliasafegines, Brdvibgtteratm spamn@yegrsh. e@e\oéfacmlwh tvemastophjjupps Clostridium

be;lir%cw %ngmbaégr%ai]@&kul Ed0hd-Rfa oY, LASSRRYE l&gt‘zsp%ﬁwﬁzobmm loti,

chaeogl obus 'fdg dus, Met hanoc{gccusq anna g
Pl et PR lfﬁf AP BEY T o RICTATS By 8 f@ﬂéﬂ“er capsulatus,
RhaipsSiér, sphd?ybl’ 42, Gihﬁdiﬂpzhﬂﬁm koalm, Sgimbhadli @pplias Stdmonella typhi, Salmonella
ci dophj 0
typ%%murlu% ..Js'h c%emz nqgr%g F%h?g%ﬂ%f{eyc%nc @ﬂ%&ﬂ‘sor[ngz §t Myﬁ%&%’sj )Seus and the like.

Ic cel t are not Imte
In g4nergb 1%@?@@;@,1 h@t qel igysed, x: éwepaéhogggo( HBRdL @pr@qﬁ Illustratlve examples of non-

patﬁl)geﬁﬁé GhHRAGdIhde llbﬁt, are%lﬁhﬁﬂcﬂi&o B%Bﬂ@syﬁlbhl% EsShdridhiaRaG Westibacillus

acgp%él{lﬁ, #ﬁ(it(d)ﬁfl b)ﬁtgg ti‘eél ?MOI{I]LIS gnlf%n08% %%M%Omonﬁ rTlZVGlOI’Ill Pseudomonas
pulisc Rerdpipiatea sphhacidesh Bedobéates caftsala e Bbedosggrillum rubrum, and the like.

E %ﬁ%& 'e&l&RJoneubfﬁkllMé RPAE B@tﬁhﬁiﬁh toMngé’apceh@q;x%ﬁlbIHmf fungal cell include,
horm di um Pseudonpnas, Rhodobact

bumﬁ%% Bglgﬁpd% r‘h?ﬁ%‘?lonﬁ’ﬁ% H)&Ecbgep?rfl |f{jlfﬁrg’§ﬁ:o GWG{?C Glgysosporz um, Cryotococcus,
FuSahi RedrtetomySOEM@A@ s, Noebipatd, Benidihivgetitigq, Saccharomyces, Trichoderma

a ;chs Synnecoccus, and
an‘?{ ik r%g\%%%‘gg%%ﬁ hﬁ; rati ve exanpl es of prokaryotic
e paaples oF kO RERIES e b n GErd i Gaeratls nidulans, Aspergillis

nid3R ClshdrdiBusRhd, laBdida cﬁﬁ&ink | ahsysaspytioh hiokkolvase, Wasyium graminearum,
Fi u?%%}ve%e%%g{n%mv%%?es tzs eurBSéJroreaVclrc%?'g k’zecgula%ré]ﬁl{stear 8’6’”" nlandlca Pichia
kodarkea Zaddiia merilg glvefariei ﬁtcla@ [npthaﬂgég{, Gcbic opmtipg E¥dhig pastoris, Plchza pijperi,
Pz%ﬁknbgrp b 4 slaﬁgt&na PR §1§W&%nﬁ@fcytgltﬂ9§@hﬂa Pichia stipitis,
Pseudononas neval onii, Pseudononas pudi ca, dobact er

SITERPRSP LA/ R SRR S U EHRAET 0 BE ™ 1%h 6‘66’@? aEEpYges bayanus,
Sakdakdmyeas baehin Sedch@omyveterdyiae Saleprompde’ Ringisiphis, Streptomyces

Jolall e
o SR TRFLI AP, SR BRI AEs orce: srmomc
ramens. eijgptorgy\cgs {ah@hjepskseStre{pmgﬂs vqnﬂceg% A gf@ﬂermlafreeéez and Xanthophyllomyces

dePBE1Bks (BmBRSnaf@lrhodvSmidped, a non-pat hogenic strain

><

is preferred. Illustrative exanples of non- pathogenic
strains include but are not lFi-mted to: Bacillus
subtilis, Escherichia coli, Lactibacillus

aci dophilus, Lactobacillus helveticus, Pseudononas
aeruglnosa Pseudononas nevalonll, Pseudononas

o I o -~ 1 1 .



[0063] Illustrative exanples of eukaryotic strains
i ncl ude but are not Iimted to: Aspergillus nidulans,
1389 us [ Aspergillus oryzae, Candi RIET/US2007/069807
[0064]) In &anra]C §ukagﬁ)|t1§, geglslbbs‘eql AP B@Wﬁ?@ is p}iﬁgegpql UJHpstrative examples of non-
pal@é@mc BieaksUiBlude butSind ot BinN@NE Tk dHyn kb MR l0 RSB Sim venenatum, Pichia
pa.%torts .g‘aclcrlarNeurﬁDErs uﬁzn? anE if%gfom}ecle(ébelr%/zsgane?rg%?anzie?giCIaenS
[0065]  In Riditlenceerian stas hinedeenRiegrated bp thetfoedand Pirehi gmipisisation RSGRAS or
GeE’ér&ll}' g dRS dafe. TRERREAnAHGEd UBHNILPL RS L&A SHA Lk iBophilus,
hi a t her not ol erg)f}é Pi chia trehal Ophl la, Pichia

La%’f’lfaﬁ i Relverics AR PR FR SIS S ens, St rept onyces
IPP Pathwagnir eof aci ens, Streptonyces aureus, Saccaronyces

[0066] Thp ﬁ%?&ﬂ§ of the%ﬁ'gsce‘gt Mt?o%%om Al e Af 'glhze §I§ 9{2%9 &Re DxP pathway or both to

cerevi siae, Strept og}{ces ungi ci di cus, Streptomyces
synghesise B8 pd HolgarredM é§k3§¥qt‘§é’ﬁ'§r ‘h"ﬁ’ﬁl-’flaéﬁfft‘iﬁ?rﬁ‘& MEV isoprenoid
pathiv¥j &kaRiGyvelDlolcoplent H&dﬁ;ﬂs:oal th mgfvmaem SubsSlub@Rli@MaRE to DMAPP.
Pr({}(?%gtgsz l’YIVétﬁi:sofF%) € eg%gl}es?&ste %n enée\e/alllona% dn%gﬁtdrﬁ%%%i;%}‘ %ﬁt{/%\évaeysto produce IPP and
DMisPRIsenarirely shréiigb e rendhypoRi alnfgeneral daitsapnipoth the WIBKRnd DXP pathways for
PrRQQAHEHA0339 PCT/ US2007/ 069807 [0064] In general, if a
eukaryotic cell is used, a non-pathogenic strain is

MEV Pathwgyof erred. |1lustrative exanpl es of non pathogenic

[0067] A Shdnatio Septeﬁeﬁhkalﬁdleoihhﬁ MAV @ath@hy ik descdited it BiguréUs.alnl ganaral, the pathway

m Fusarium venenatum Pichia pastoris,
COI%%{%"; m}%es boul ardi, and Saccaromnmyces cerevi si ae.

[0068] In [hg@@Sﬂteg fvogdelequies Af acetwlrqognzpime Arazg ey ipaiigdlysempined to form acetoacetyl-
Cofl€ HnGRANRAnEYn foh:@talEﬁ%Qﬂls aidslis Df)ﬂeg;arﬁﬁlm DeFItToa tﬂlﬁ[thﬁ(Slsﬁa%n as acetyl-
Co%éle?tﬁferﬂgge&ﬁ@t lIlF tlvi% 8{11A%%%§|a uela%ndg Eelsc’lgen%%srul?éllu%s bu t are nogFrmted to the
follognirtglraBb arlkl ags sdie npebérs as], thqacngianSac‘fbhrawmniy@e sequences derived: (NC_000913
REGEHRYIh 28 23b P sPaLhweys c£ng@@l>36Ihﬁer§ctus Q%Erbﬁca%) 1a&1.204238;

present invention conprise or utilize pat hway,
Sagh@romydss FFATFY or both to  synt hesi ze I PP and its
[0069] In thS S6¥BHiG st@NﬂABPMHWpWh@I adbtpacetykasy Bteegymatidally cdndaned with another

mdrl)f!celgto§ %cetg t;b F Hé%* b}?&%%nlgmlggﬁt@thx Eil A I)] gll¥nztygle known to

conver 'S SU sequen
catplyzsrthis i, fpbexampﬂiMGfﬁio@ksantwﬁ eBlustafiyeexagples of nieleotide sequences

incNE BRtateOR81imiRIf0: {(RE_11B VA QRdlBrchidone DBt saeinatdifces cerevisiae),

xR eRgbrtes o b sF S BB Ol Rk Bl o
gribXR) BTOAYS Hoop sapidRP, SN GeREss, MEVs PasAVNHy, GaeBT]122571;

Smg,g)!f)gclgpttuggwglgpr esentation of the MEV pathway is
escribed in"Figure I A In general, the pathway

100701 In @ GBI odt o Ry MBI o4 RehFIPEHe. dyres g fgovn to catalyze this
steﬁ‘ﬂi BE tHaBiple PIMEBCEIA/ led RERE) Y Rrakve@k E8nBdi DY NBldoGdd skyuences include but are

notcl I n ¢ gN](/th(%gl SIT]D%%gpth e;axéé%?st% '%N C%Z?&Z Fg%o %\E QUKY Zg AB GenelD

Is ste
112%7@|Sw@/l{cg{:@@alyﬂz@w}g{5ﬂ&é@i ﬂaﬂus@gﬂys) (ABXI 5627; Streptomyces sp. KO 3988),

(Aﬁ%ltjlyjl Mcglnrﬁztz QHAHE)), (Aﬁd3u%7gﬁﬁdgyﬁsﬁ)@mbcﬂ@| (QfX 128213, providing the
nucl eot . de sequ e ut are.not 0
s SRR PTG ChHERIN: Ceheentrerniser N (e Somplemen

(110 3fani 68 iSeammaiehcadveicgequences derived: (NC_ 000913
[0071] In ngu%lsteg %%Qa;llg’ﬁ]ate 12&&?&%&&31]1@9@9&33{3& ﬂ) fglcx)lll fn}:valoGlQé g%ﬁgsphate An

Par acoccus denitrU cans) ;. Saccharomyces
engygiedP e} REFRIFGHIE 9P irfok e}’fém%“évd’ﬂﬁf 6‘0%“[‘%1?5“36‘? lysgatfyegramples of nucleotide
sequahchy@yludeamieiroad ditnjtbd (GO 77688 erakittatsis dalibng),eoh SN 8Ec Saccharomyces
cerv\nwtllge anot her nol ecule of acetyl-CoA to form

3T aroxy 3-net hyl gl utaryl - CoA (HMG- CoA). An enzy
[0072] In @\‘Rh st 2 secqndiphpsrbate [gfogp Steagyniagcally éfideéseamﬁlenattkmoeéwe to form
me¥IBRRASSyroghbdpHst.r B4 EntPmEXRNR tESit-Dfze MikCskePQ, tol €xample, phosphomevalonate
sequences include but are not limted to: (NC_001145.
conpl ement 19061..20536; Sacehar omyces cerevisi ae),
(X96617; Saccharomyces cerevisiae), (X83882;
Arabi dopsi s thaliana), (AB037907; Kitasatospora
grl seol a) (BTOO7302 Horm sapi ens) and (NC 002758,

o s a PNAN 1N AP o N A A NN A ~ o



[0073]

[0074]

[0070] In the third step, HMCoA is enzymatically

converted to neval onate. An enzyme known to catal yze
WO b003/14038% or e A r educt asePCT/US2007/069807
KRy QAP e S EEOBR St EOPH e BEGEGHBLY ROIATdETeS: Hovea
bripiftenais) ANM) 006356 rfldneckapiens), GNMNID 664 83. cDnplsiopini712315..713670;

( NC 002758, Locus tag SAV2545, Cenel D

Saﬁﬁ%@%%%?‘g)l eyl ococcus aureus), (NM 204485; Gallus
In @}ms}xggs}ep Ipmgmgﬁ Q—pyrogto's teosn%ggatlgzﬂly cmegg%lgtf IPP. An enzyme known to
calaAESHR SRS is, o &@fnbﬁﬂx@e\atohﬁﬁplﬁﬁpﬁ;))sphété\a&gr%&@ﬁse Illustratlve examples of
SRR R R b QAR caracons
Enteeoaeyqus faagym), anid U NGO iadspienspnpl ement
If fPl’]étZ)%é corx%gx%Q@Dl\é@@Cthé{ DIV BSs1dp&d I%é{dn%li aﬁﬂ enanQQ ¥rdolwnld) catalyze this

fourth step meval onate i s enzynati cal |
o ROl E TS b TFRVA RS CBm BB Emccnpelude but e ot
lingifed YoreN&K o009 31 303 iy oy rs 51 Mitierighie poli),3nd f[ﬂ?OSBQﬁiﬂﬁe@lptococcus pluvialis).
V I
Tt o LS i e ool g
commndxﬁ By igto VAR Tadngy not zamersqiXE esﬁ'lemt%%@ha fh@ ﬁwéfspathway

Dprath,faarew siae). [0072] In the fifth step, a second

[0075]

[0076]

[0077)

[0078]

[0079]

hat t L I
~ R iR b DRSO B PO U e Bk DXP pattvay
comprsenEvknweps nohecfattatey.zoruvite & cendepsed svjth DEHIy@whhmde 3-phosphate to make
1- @J&Qﬁﬁh&[ﬁ%\éék ?H& Bate. A %Q&Z&&éo%é@zﬁﬁl sp%0RY LARBR O deoxy-D-

knase. i ve exanpl es of nucleotide sequences
xyialfes- é@éosshﬁte RN IRt of wagleatidgpgaencsdirligle but are not limited
to YR8 Ski @ ESdherchid M), Q06 B84 7 Hodw® tag ®PORN S seuddidnas putida KT2440),

13670; u
BBy SOOI 0505 T 01 e RSO 70 e
R3P. BApdoRtedelytvat whaesoidas 2M{(N§a@q59960 l?ﬁ\‘ﬁéi‘& RN R ipdopseudomonas
paABm@ @ltwﬁm)k(myvﬁois% 1684 @4 ¥3 Q9Ehxy%llgyﬁ9dz%s% Te{n&&la]) and (NC_003076,

nmp al o ophosphat e decar boxyl ase

IOI“F faﬁﬁngf F%P?é @ﬁ%ﬁ”ﬁﬂ:’égy&‘f “?nucl eoti de sequences include
In higtsecandstepp 1 -dbaxmilt-gyduldose: S-fhPRBE B, co@aﬂ@d’t@ﬁ@nﬁbﬂ;—D -erythritol-4-phosphate.
Argcglrz@é 1840@9 }0 ca(a@gg&%Q% 1is, foEQ)Ia Q;CPQ&) P%Df )éﬁ?eosg-bmphos%ﬂge reductoisomerase.

Hono sapi ens e
Illgsgﬁty\@ret(@@plqsgf mgpie quﬂgppeﬁmglé ﬁe g?télﬁli'(ie% toy %Atﬁﬂli%%)a, Escherichia coli),
(Aﬁmseszwmzd@p@y\maﬁa@ap mcaloy:m7 tlbtius tag PP EP7) Beudo@bnas putida KT2440),

(A?é?‘ﬁgld?(licas ta%%&(égéég reszre{;fom ces coe cl’j) or ?)%é\?gfbk}%@3 qoc s ag RSP _2709;

Rf(om@cr@gm@aer@% 264Y. an@@@.@@@% E@ceheg PEN187; e°é¢lﬂd§'monaﬁﬂuorescens PfO-1).
In %EQ&% Gic-Ha@ B 06 DS Photyhaad ik 5()nverte'dfto i h@h&s@l’iﬁéﬁt(@l M methyl-D-

IS re red an. I ncre e re 0
ery o BB B T e A A M aT i SR lepoRfiy 2Cmethyl-D-
erfiARRyties Iadratepxasgetor audatids seiuvides ingludd 1 aie motlingited to:

(A9Y%§é lEscgzgituDth 08%9@/‘!@&{15 t%@ Z&SSﬁmgﬁ{c}epsphaerozdes 2.4.1),
(Nﬁgq}esent ation o t ie DXP path i's descri bed

P v, 1o A TGRS A el DRl FHEGC_ QT sy e PPIG1d:

PsSRN@BndS R K’[|22I4(1) he first st ep, pyruvat e i's condensed
In\_}[ﬂe &ourtll?-sgbﬁ(:(ﬁ{)ha(‘):s gel % yqfﬁ] y‘%h{opls convertelg to 4- dlpPosphocytldyl -2C-

meglptl-B)- grztbrltphz Bhosmbe]e Ag enifyme kem cetalyze-tefe gismyis ljor example, 4-
dlﬁﬁﬁALﬂ}ﬁL%@leijﬂﬁé n&ﬁh@es Qlluslnlatlldé%tczﬁﬁﬁlés\bemﬁﬂ%@fm' s€fuences include but

arg 161': ﬂ%%%}gggﬁgw%%g %’ECZFM fﬁ cg%)ﬁs‘g %}IB l{)(O 58]6%8}4[% f(%goé ‘Z’%, Rhodobacter

sphargpidQ32).; Pseudononasputida KT2440), (CP000026,

ﬁ%ﬁ% I
Inkl-%g%t% 9‘21:6%9‘ é} 9%619%2?%&%% lﬁfg"er?ﬂﬁ@f .'5. gﬁosg‘éfqu é’o‘ﬁbérted R methyl-D-
eqc@r&eﬂ@oéﬂcéqdl BIWARS- ofRiErEymE knoyn to zamé?zeeez% is, fog Expanpieagc-methyl-D-
erftRAOIF5 2yl dopsat datmara Siluspaive Statipks B@ACIB&de sequences include but are not
(NC004556, |ocus tag PD1293; Xylell afastidi osa
Tenecul a]), and (NC_ 003076, -pocus tag AT5GL1380;
Ar abi dopsis thaliana). [0076] In the second step,
1- deoxy- D- xyl ul ose- 5- phosphate is converted to
2C- net hyI Derythrltol 4 phosphate An enzyme known

a o, o, s o, o o



[0080]

[0081]

[0082]

[0083]

Cs Compouﬂ

[0084]

[0085]
[0086]

(AL939124, |ocus tag SC05694; Streptomyces coelicol or
A3(2)), (NC_ 007493, Iocus tag RSP_2709; Rhodobacter
NC 007492, | ocus. tagPCT/US2007/069807

w&gmammbﬁes 2.4.1), ,
i f t_ol 165%30%5@6%515@{% %é’%‘ﬁ% I?sfu@taﬁ)RSP F 71?/10d1)lwcter sphaeroides

2 4. heand INC V03945 Plocu’ Gag1ER 115YS; Mmy&daf pdridh KE2ptopsphat e i s
In %rg%{(ﬁnrs&et%d%é— éyl% erﬁmphg%lg Ic{j&phos%lap‘;’gzgcxl{% d to }éydroxg -2-methyl-2-(E)-

enz IS S
bufegyl 4edichepithete. An digyhie &pvocty catelyde RSstenais, o exople, 1 hydroxy 2-methyl-2-(E)-

bu%ﬁthcﬁbﬂo ha® ¥PHa8S Qllustrhtivé Skdnids bEmRYBHR s eﬁHces 1nc1ude but are not limited

| eot but
o ARBS0 Y ST RE B e B oo DRSS st gyl KT2440), and
(NRIR7283 bcusRhp 86D 208 B kg plvaernaispfesrodied2.4)). (NC 003071,

In kh%%é{%lé% 81% A‘F%%%?Q%eﬂ@[ g?[@doqgﬁhslsil%%ﬂnhgﬁ ggscogﬁe?tlgc(ij into either IPP or its

1SWEPMPP [mmq lﬂ‘IOYVH & Pplrse ﬁus§feg B for example, 1sopentyl/dimethylallyl
diphoshhfxd ej&piagec )llﬂdsﬁla/dvc 26anipes biluciebielke YéduerickOihclide by &t lidiled to:
(A‘YB?%& 1? }% 2 § rf%ydzlc 2347h lopus. 123 PPQSQC: Pecudomanas pytida KT2440).

In @g‘txq;ln}bpém[ehts d mg;sezgk f (o1 1nfe(fpre1@g)jq1:pzyegn thg host cell's own metabolic processes and
thcgb P\IBQ(%&Q QYW BCorOBIhM of lﬁafe{s)f)‘i&ﬁdeg 8y thK | bﬁ?e%ﬁmventlon are minimized or

strative exanples of nucleotide Se uences [ F}IIC L

¢ ‘B’tﬂated SRBel ot or EARA G Erofsdalk s AEBIHSH 6° ClENRATEPURY 3R] F;"St

miagdorg{ o 805493 ysiteyounshd REP RERvaly frSyntRizzihg BRR; et a MEV pathway is

in  Oh 853 i [ 2 1 quipped to alter the expression
éo%g(?egﬁoglg 8 %C%%'h?’ar]% Ipfcggﬁl %ho%trl) agsm% {NI;)IISIF ofttbg Qﬁ’ pp %} fo alter the expressio

of the M \hgzélpvyaé(@n%yglegg Wﬁ)ﬂ)e Wrr@@?teh?qsqceﬂtedz)vnh the ME pathway Organisms

theft r&y&dcm@lwh &%ﬂhﬂhﬁmte%n@l&ﬂ)’)ﬂlﬁpdﬂ%%chﬁe (f&{ealuyﬂﬁ Hsdleichia coli.

In ion&ep e&xrb8%1|m§ﬁ% SE ost’ cel?(}ro%v.ﬁgsgigi’ ¥ (é1)%1§r exicluswel orin
combmht@ot\’vlﬁeh@éﬁjmﬁms ilm etlherdmbb@melaﬂr e hPﬁ@tS DXx@ W@\’Vay is functionally
dls%glgg éo]tﬂ'aq %%of QQH ﬁ)&%@&ﬁ#@é&%@@d 'tHnmgB & GCtérng((lﬁgngl,%d MEV pathway.

Escherichia soli) OCUS tag RS
T@Pgﬁdﬁg]e\?éfang)ﬁ ﬁﬁ‘é?%?l&}’e‘gsablfd Hy tilja ng,ﬁni CSHTSA -?llactlvatlng the function of
onbmmmseba@eERPﬁB&&%uﬁsﬁmﬂonnnas puti da KT2440). [00801
Ny the sixth step, 2Cnethyl-D-erythritol 2
cycl odi phosphate is converted to
Copompangsy Tp-menipples TERLe dired ApImIEE & BHORBHERoes congpounds are also
knBWE Y RmkEpMMas beQaBathdy 3¢ BerlvBd fiorh b 8iRglk Sopréfuni XRARBH BMAPP).
IS1-h dr oxy- 2- et hyl - 2- (E) - but enyl - 4- di phosphat e
hase. Illustrative exanples of nucleotide
Ispegeieviosesstrigtgk sde but are not limted to: (AY033515;
Escherichia coli), (NC002947, |ocus-tag PP0853;
Pseudononasputi da KT2440),[[and (NC 007493, |ocus tag
RSP_2982; Rhodobacter sp oi 2.4.1). [00811 In
the seventh step

is fouhy A%y plgntmgd'ﬂﬁ/éne A rﬁa@: errHtIﬁnN}J 1S(ﬂﬂéilb phesRhafiBirdtSe examples of suitable
converted i ntct? ei t her

R etV e s i e @Be D€ Torgy Uit @ asio: ot
al&@o‘bﬂmﬁsyirdrdiabret hyl al I yl  di phosphat e synt hase.

CmCompt)k Jdustrative exanpl es of nucl eoti de sequences i ncl ude

[0087]

{0088]

ut are not limted to: (AY062212; Escherichia co

Cigfrinpongds offbomyentippgeperaliydsriptEabeer iy yEpheshbde (P H‘gch is made by the
co}ﬁEgsqiﬁ&) of I{’I@Q&Zﬂ)MIA[PPS ARRnAHe @adviED Eﬂalyze&]ilﬁ)QSp i, gbilekarfiflé, geranyl
pyrolp oesrgf I‘ ent asé egontrlpg)glrécggtreetsalslg %%% S %%ot?%&?ﬁ%cglge they are derived
ﬁ@n@@u%@memw@$ IPP as prOV|ded by the present invention
Figh &2 Mok E@h@rﬁzﬂlcgry ho®! IPM@@SP@NPﬁ%'p‘@h% GHEO WhiBK &bl @urther processed to a

cross talk is mnimzed or elimnated entlrely when
MQESBSt i croorgani smrelies exclusively on the DXP

pat hway for synthesizing IPP, and a MEV pathway is

i ntroduced to provide additional |IPP. Such a host

organi sns woul d not be equipped to alter the

expression of the MEV pat hway enzynmes or process the

i nternedi ates associated with the MEV pat hway.

CXganlsnB that rely exclusively or predom nately on

' ~N 2~ 1



[0089]

[0090]

[0091]

[0092]

[0093]
[0094]

[0095]
[0096]

C5 Conpounds [ 00841 C5 conpounds of the invention
gener ally are derived froml| PP or DMAPP These
eovpouses are al so, known as he enes be meszohﬁl?wsm
““ﬁ?‘é“’a eYampleg of PGIEP e STHEICES 1?"5%6]521“%5 ‘15’ PP W g include but are not
hnﬁ)hmiaPIAFs[l@DlaSAbzk@wrdesmeAEﬂGBMAbzascmmeam (ARKIGS B3; Abies grandis),
(A?&)&%gﬁ gﬁﬁrrklgur}t Ma ugu&%Sb%SHﬁMzrr@ ?ﬁtn? us %@%?&%r&b gﬁsdl%ahana)

ne synt hase rative exanp

(ABAGE T Lot AP1 185 Feoilicrer s G D eI &% Gtrma.szeew (AvS34745,
Cldrki bl ey}, PAY 45189 BL D)), (BReb939; Br-§R)sicomekchibuld PR8I 82828; Mentha x

_Pal ul b P | | 1
e Asafiialedpe Tree R ORETHASL Meabar oY IAB4" PY s
CAGEA 4Ty Parpyacop hesphitisic(BDRA YM6AOR; Rigorhem dulnyoa, K4Y351862; Virs
vmg‘%gg&f’@&“b@i@fﬂproélPaAw1§§h3%oaBnas%bﬁp)zyrre known to

l'yze this step for "exanpl e, gerany

GPﬁy? ‘é}ﬁih%‘gﬁﬁﬁ%i‘f‘%y %oymrﬁgéoea vangfy opC @i?IHRE’B’i‘Fﬁo HWa%aﬂé? gagplegef Cio
colpaMils iddudebinieipanas: because they are derived from
Cmgg)isoprene units. 10088] Figure 2 shows
——Sc%enatically how | PP and DVAPP can produce GPP, which

can be further processed to a nonoterpene. -10 WO
Ca200 Wnd4Q33uPET/ US2007/ 069807 [ 00891 |l ustrative

exanpl es of nucl eoti de sequences for geranyl

pyr ophosphat e synthase inc|lude but are not limted to:

(AF513111; Abies grandi sF513112; Abi es grandi s),
( A

(AF513113; Abies grandi{ AY534686; Antirrhi num

maj us), (AY534687; Anti m maj us), (Y17376;

Ar abi dopsi s thaliana), ‘ 6877, Locus APl 1092,

Baci | | us cereus; ATCC 14579), AJ243739; Citrus

sinensis), (AY534745; Carkfa breweri), (AY953508;
_ I'pspini), . (DQ®86930; Lycopersicon escul entum
is f())g{;lplgﬁlg%m qfEIRPR e parﬁf:lﬂg ¥ ptug)trees( ﬁgref% ﬁgx?ﬁle fr% ﬁPﬁ érogp carene synthase.
[hBtraee ketanjples pMAkdAObBotidvBeub@exingidediui dranqt 11(1192(543%9(71,460 REGION

4 a [
R e e A e Rl YA R
Gepaniol f er a) , and ( AF203881, Locus AAF12843 Zynononas

Gerdaki falss knovird 9BhndB Rhbss skltare subsequent |y converted to
a variety of Cl0 canpounds. Il lustrative exanples of

C10 conmpounds incljude but arg not Iimted: [00911
Carene [ 00921 Car ct isis found in
the resin of many tre€s, particularly 9%ne trees.
is t@ﬁl@lﬂ@oﬂlﬁon&&‘aﬁoﬂ ﬁfQﬂ%e@EpzflﬁlﬂBQaQ)&lr E&Bo Sydﬂfshﬁ%anium, lemon, and citronella.

stra sSui tabl e nucl eot SEQUENCeS e
Geramollljls dna aGr%ieS%PnI]‘g?rarrml ITYI{[ aae ustr tAIE zféafﬂ’g éﬁ%j%ll R&&s q
incARle b11t923810f F?rl@ao ébl4é§970a@dm("mﬁiazf,t%@llu@?&(}m%% Ocimum basilicumy),
(DG834348 ]’%mllz@larjttyﬂc%s stLN by 15@23429[909%134{ cﬁe&?m Q;ltam[l@@ﬁél(bozuz%

rani o al.so kno ose structure is
Pegilig c”’iogorf’%‘éa‘ﬁﬁ?%) 6%}1;@%%%%4%901% Ui FegFo¥dse and

Lipidoharosa oil. It also occurs in geranium Ienon, and

Ll,galloo[ QRElelsRucrr &R ani ol is made from GPP by gerani ol
synt'hase. nf ustrati ve exanpl es of suitable nucleotide

sequences include but are not\li moted to: (AJ457070;
Ci nnanonum t enui pi | , (AY36255%3; Ccigrum basilicum,
(D@34300 Peri | | afrut ens rai 864), (DQR34299;

is tP ou r1:11 %%I&C gvgel 303%8 Lpe}%féxgq;;% such]ag @(ﬁﬁ&%g%% i%%?dol 1s E‘Eﬁé %r&ffi‘ GPP by linalool
symha[sq: i I@g{s@p‘g\)e eE(@mg@:pf & puyitable pycleotide sequence include but are not limited to:
(AF497485; Arabidopsis thaliana), (AC002294, Locus AAB71482; Arabidopsis thaliana), (AY059757,

Arabidopsis thaliana), (NM_104793; Arabidopsis thaliana), (AF154124; Artemisia annua), (AF067603;
Clarkia breweri), (AF067602; Clarkia concinna), (AF067601; Clarkia breweri), (U58314; Clarkia
breweri), (AY840091; Lycopersicon esculentum), (DQ263741; Lavandula angustifolia), (AY083653;

-11-



[0097]
[0098]

[0099]
[00100]

[00101]
[00102]

[00103]
[00104]

[ 00961 Linal ool, whose structure is OH is found in
many fl owers and spice plants such as coriander seeds.
waemwaliesB i s nmade f nal ool synt haB&Tr/US2007/069807

M?ﬁtﬁawgf%teatWéS‘%@éaerql'é@" 6@’5“'%99\45}6%9%nyéfbf%f’a@ (AP004078, Locus
B/S[Q(Wlﬂ&fj @i‘yzla Babvdyl @(NZ[ ute3arseLevas XP 1488180084 satit ARAYDABD3; Perilla

ci rlogokr)a)dgﬁébES %l zjlllcg r{lé%e.s‘cer%ﬁ%géégé[? f’l?%f? g%esgggé}ﬁ%t Picea sitchensis), and

(Afh%w?aﬂfar)zllaj%wqmazrgglspw&&yprd‘&pg?)s t hal i ana)
Llﬁl&lfe;,§4124 Artem si a annua), (AF067603 d arkia
“breweri EAF 67602; C arkia concinna), (AF067601,
Ligipneng.whogss F¥*, (Us8314; darkia breweri),
(AY840091; Lycopersicon escul entun), (DQR63741;
Lavandul a angustifolia), (A¥883653; -11 WO 2007/ 140339
PCT/ US2007/ 069807 Ment ha ate), (AY693647; Ccimum
basilicum, (XwM463918; O ativa), (AP004078, Locus
BADO7605; Oryza sativa), M463918, Locus XP 463918;
Oryza sativa), (AY917193; Perilla citriodora),
(AF271259; Perill afrutescen (AY473623; Picea
abi es), (DQL95274; Picea sitchensis), and (AF444798;
is foapd njthe ind\of eigusefsts otk pePReFIPSh - imonens { apadpgom 78y by limonene synthase.

1B E e xdchgIRNE \B1ab10 AT tidd s@ﬁﬁ‘d&@ inc IO arS b UBLidA & : [+-liDnene

syﬁtg%g%(é:ﬁglﬁggﬁﬁéﬁ% 7m(f‘%§%¢y ﬁndﬁg&q{gg géée&af\r 48..1889; Agastache
rugdstuat (-alimeeene xatipice ﬁ)(@f%%m RE@IQN riutﬂoédi.’wqdel@e@wérﬁéé@6l93,
RE@@INU%B 1% Agt%.segr%s) ahﬁr%\t‘[ﬁ@4§L%P IéE'dl'dN BONQEE Mensha spicata).
synt hases (AF514287, RE 867; Citrus |linon)
Mysene( AY055214, REG ON: 48. . 1889; Agast ache rugosa)
Madéhe(whosd itnmene synt hases (DQL95275, REA ON. 1..1905;
Pi cea sitchensis), (AF006193, G ON: 73..1986; Abies
grandi s), and (MHC4SUSP, REQ ON:|[29..1828; Mentha
spicata). [0099] My e 0 re€ne, whose
structure is is found in the éssential’oil in many
is frluadinshel eschtiad bih o @y plawte irbediag baneerpaps,ahdmfrcarfromwigth it gets its name.
g\ILcng ?st Iﬁadetﬁ% ry mMeBg gﬂﬁxaée Ilﬂ@tga%vg Eﬁmpﬁgg)f sgﬂabwuglg&ﬁe sequences

ative exanp I es Sul t e nucleotid
m‘é‘&ﬁlﬁ’é‘iﬂf‘“e%ot hmﬁ?ﬂ tedéT SHPS: thies gmdls} thY {9é609t 6"”’(’%'7'9'0‘8"5) (AY195608;
A RBEm AR IOSH, 12(798019516&9}”,%%&& NP SVOY\(NEI]_LISY85; Arabidopsis thaliana

ARG R L0054 R P TR\ b Y D8 AD D SRS lcRcns),

(AXFTIR6,Qliddy abi WM@EE?WN@@D M@Jéo‘tgﬁ%ilgua'ﬁw ilex).
OA{;I;PS— Cl N) (AF271259 Perilla frutescens),

(AY473626; Picea abies (AF369919; Picea abies), and
o ey ZOFEISEE, WHPRE SEYFRTSS [00101] Ccimene [00102] a-

and (|3- Cci nene, ose structufes are and |respectively,
arﬁmﬁ pl a&ts and frU||ts i ncl udi ng
n @espectlvely
nthase. Illustrative exanpl es of sui tabl e .nuc] eoti d
af%%’&‘&?e‘ﬁ&é?‘q%?flpl?ﬂﬁ %ﬁmlﬁﬂ%luﬁwﬁ e heg e and (‘S,m‘l@ WPP by ocimene
syﬁtnisb r niitadya dxagnplss) of s{iAYE Ab38ide Anidntds ichudaburajeus?) ljmited to:

%6%5 19 %rrk%nffﬂg h IQ%da?g?%J!rrhz zéz%?%ﬁ‘fl&%@plflqgipﬁzh@n majus),

opsis t I ana
<Ammg4arwzdopezmﬂ4armnfs@g@ A5 S rabiseT g AATES-CIN), (NM_113483;

ArBBikEpors Gabihna ATNMsLCry, (MBr_ 1ﬁriaf’q M%ﬂﬁ)pﬁs Mmbvadnk AMAPS03), (NM_001036574;

rﬂ\ TPSO %ayta%%%§gs(gﬁz‘i? e ps I :g]hsa ulznac‘zﬁllaPlS?[gS(ﬁl 10642; Citrus unshiu

CitMIIFH), OGS U2y 576910rLr8usun8¢nulAltuS®"tNﬂF®_¢}) and (AY575970;
oPRLdds cornicul atus var. japonicus). [00103] a-Pinene

04] a-Pi nene, whose structure is
O- 1nene whose structure 1S

-12-



-12 WO 2007/ 140339 PCT/ US2007/ 069807 is found in pine
trees and eucal yptus. a-Pinene is nmade from GPP by

w@2rness synt hase. Illustrative exanples of BUI/USHNB069807
nucl eoti de sequences i ncldr ut are not limted to:
(+) a-pinene synthase ¢ 0, REG ON. 1..1887;
Pi nus taeda), (-)a-pinene hase (AF543527, REG O\

32..1921; Pinus taeda), /and (+)/( ) a- pi nene synt hase
(AGU87909 REG ON: 6111892; Abi és grandis). [00105]
is oyl jfisies TeOHAYGTCABLIP] ¢BIHENC ifFlasrost FRICRYABInFTS sydhapts FHgptrative

exatipleP b ﬁmﬁlﬂ@&&leoﬁdbﬁs@mﬁc&és inPladestuedte nélilinlited RaGH) ke pnam;ymhase

3R AR 3RSl T SEE DI HBLSOR iy g 2P

taedRue (O30 pm@ieuxzkehabmACaﬁé’%ﬂ;REGIW 16 180 Abfes pABdipi nene
[00105] QP§¥E@I hases (AF276072, REG ON: 1..1749; Artem sia annua)
(AF514288, REG ON: 26..1834; Citrus |inon).
[00106] 5-P E‘BMWTSC%Pﬁ%ﬁe [00108] Sabi nene, whose structure is
is found in black pepper ot seed, sage, and tea
trees. Sabi nene is nmade P by sabi nene
synthase. An illustrative\e |l e of a suitable
nucl eoti de sequence includes but is not limted to
AF051901, REG ON: 26..1798 from Sal via officinalis.
is @0 110he tyeeT eqsgkme,rp@rs[e@,@ij_ll Opsilyanfiepspi AEimene ippedeefrom GPP by B-pinene
synﬁIageu Gl Rivk \§xa|rr§>1e§l of:sqmﬁatlé AudRittde Qéqu&rﬁ@s BRI A nd? llhnted to: (-) B-pinene

romcitrus fruits ochem cal ly t nen
syt eRobg. BEGION 3 iictimsyriori et (+F Bele AEA B fisas cirs
lzme;x)arrpl es of suitable nucleotide sequences include:
[00107] S 514286, REG O\ 30..1832 fromGitrus |inon) and
110640, REG ON L. 1803 fromdCi trus unshiu).

[00108] Sal{l@@?zm?se?é\“ﬁifﬁél ene [00112] Ter pi nol ene, whose

structure is -13 WD 2007/ 1 0339 PCT/ US2007/ 069807 i s

found in black currant, cyj

press, guava, |ychee,
papaya, pine, and tea. T olene is made from GPP by
t er pi nol ene synt hase. An

ratlve exanple of a

sui tabl e nucl eoti de sequen cl udes but is not
limted to AY906866, REG OY. 10.. 1887 from

Pseudot suga nenziesii. Cl5 Zompounds [00113] Ci15
conpounds of the invention generally derive from

is fgﬂdnﬁﬁwk pepeR R E@E@t e( zEBEe)a ﬁé’&l cSlehe%e f@ﬁ’a@ ﬁ}z‘mtdfi’@ by sabmene

condensation of two nolecul es of one %
synpas %M&Plb‘stfﬁweéi‘r"’z“&ﬂlf‘e“ﬁﬁb‘%hlePBCI?PEf‘%\%eil‘?écet‘H‘f les Bltt&fm Flgnicd o
AFDI90 B REGDOIE;, 26f. 5198 @sil Sapipraphasphat e synt hase. These
[00109] T%:115n€r(l:t,lorrpounds are al so known as sesquiterpenes
e they are derived fromthree isoprene units.
[00110] VT[CG’M&%]”h‘IBFgWéH@SShO\AB schematically how | PP and DVAPP
can be conbi ned to produce FPP, which can be further
processed to a sesquiterpene. [00115] Illustrative

exanpl es of nucl eotide seguences for farnesyl
pyrophosphat e synt hase i @ but are not limted

to: (ATUB0605; Arabi dopsi liana), (ATHFPS2R,
Ar abi dopsi s thaliana), (AA 6376 Artem si a annua),
(AF461050; Bos taurus), (D00694; Escherichia coli
K-12), (AE009951, Locus AALSS5523; Fusobacterium
nucl eat um subsp. nucl eatum ATCC 25586), (GFFPPSCGEN,
is aGohdniates df ehe efsenjtiakail foin) ¢itrgsGROV.0BOEhemicoliy 5-toiBO @3vade from GPP by a -

terSThd A€ QRARAC Rl A% Y 980716 Fiabid MBI RS el ih @M UF 514286, REGION:

30..1832 from Citrus limon) and (AB110640, REGION 1..1803 from Citrus unshiu).

{00111] Terpinolene
[00112] Terpinolene, whose structure is

-13-



annuus), (HUMFAPS; Hono sapiens), (KLPFPSQCR,
Kl uyveronyces lactis), (LAUL5777; Lupinus al bus),
W@ bodZ2@334L; Lupi nus al bus), (AF309508; Mis mnuseil/us30)7/069807
( NCFPPSCGEN; Neur ospora crassa), (PAFPS1; Partheni um
argentatum), (PAFPS2; Parthehni um argentatum,
(RATFAPS; Rattus norvegi cg ( YSCFPP; Saccharonyces
cerevisiae), (D89104; Sch char onyces ponbe),
(CPO00003, Locus AAT87386 ept ococcus pyogenes),
(CP0O00017, Locus AAZ51849; Sireptococcus pyogenes),
(NC 008022, Locus YP_598856;|| Streptococcus pyogenes
MZAS10270), (NC 008023, Lge YP600845; Streptococcus
~ pyogenes MGAS2096), (NC008024, Locus YP_602832;
is Bfupdintiach ewTaat, CxPyEY EVRYS LIRPeSRIPREY pine. apdicq. Mmrmdene Jogade from GPP by
te@ﬁxﬁ@ﬁe syflﬁm 18h 11%&&?@@&fn¥ﬁ|oy‘a sufithite ﬁ.&[bloﬁdess&%lﬁﬁ:e | eil’lﬁlt is not limited
[ u ti ve exanpl es of nucl eotide
oa‘e 8@%@’&%%@%0 |1%897 Jf° &N O’Sﬁ%aWZ’fg)gabl e of this
C;s Compopgdsct i on i nclude but are not limted to: (AE000657,

[00113] clh%ﬁb%unﬁégﬂﬁ %&noé&éﬂe{aﬁ%de@ﬁé’ hblﬁli*a?ne\!ﬁ%omﬂgﬂa%qgﬁ%%mch is made by the

abi dopsi s thal i ana 432 ocus
cogéeefqtlp%lgf twp g eF\fIPSG)of II%P‘UT molf:alga gf QM\@E%S@H enzyme known to catalyze this

stdpriQ @yt ek napOd) Fauiie 3 poiop isphald SPAh atd Ohese(BACMIPRSDids are also known as

aci h 02940, Locus
s¢ q%%%fga“ﬁé&%a&ﬁ&#%m c{rh%ee%s)"%rﬁéé\%ﬁg (L42023,
[00114] Flglseashom@lsxewanme«mg ARd DA ﬁﬁw@ﬁ@a@nwo Ripgyp FPP, which can be further

préelgéaéa,segql@ﬂf@p&apl ens), (YP_395294; Lactobacill us
s YPO0027

[00115] IllEsérﬁ?\g, fﬁnplg‘% oﬁPléchpgtéeaSﬁ%l)egcgg lgIC 'gcllmes%g Hk}:?géjg'ﬁ:l synipase 1nclude but are not

lirfifed & (ATUSDSAB Al) qbidopABOOTLBT), (Mwsmowzsddpm eaByna), (AAU36376;
AAM%%& ((f)x%%fdﬁo ??%7@%8)00%&4 ESGLd a%nitrfmgﬂ@ogﬁﬁ Locus

Locus AA Rhi zobi um s

A%B?iéé@ fusobsa@mwdﬁwégub@é Wé«/?a'é'ﬁ@)ﬂc? é@‘@ébﬁgﬁFPPE%iEHs&lbbereﬂa
SufHE)3 BEBDOUBD | TiochsaLW 6030/ @Y bbdBSox3dans 6 NEDOBHBI892; Helianthus

Loc tre neunoni ae s
an(umégglj@@g’gg% %gdlﬁnso s&ﬁergg gl%]glgﬁ’géCFeg r4yvfeg-)g1tycea |laC)12 &ﬁ%15777, Lupinus
IR BAATLY Lt A)200 300 30 "R TIISEOFAPGGONOYeurospora crassa),
(Pk@pé-ll ;‘]lrt}EeEzP il a$gelh ;&%) S(Fhﬁmuﬁm}kymﬁ Q@éﬁﬁﬁug@ (f{.QTﬁAPS Rattus norvegicus),

vari et f C15 co ust rat ve exa
OSERbE oherBerotiiar CABPRL (31040 St B e S PP B 1 PO0uDS, Locus
AXRRBRH a”de;emec[u@@vb&&]es)ﬁ(mﬁqzﬂoaﬁ Leqve AAKNDBIE; Stepiacdcarspydggnes),
(N'CS o@koPs, $EUK %rsdsgsé‘%&}?c]cﬁécﬂé A}OMI%CMGA&GE@@'F%\RY 008023, Locus

tem Sia anna. Anor diene’is de from’F g%
Y%ﬁe?sﬁﬁa%re@fﬁ@cgy ﬂf%ﬁ'éeé M%SZP? DUSG 450 e Lases p1e0282; §freptococcus
pyogntaGas nusd))eﬁﬂl(MeEsm zena®s).s SEQ | D NO. 37 of U. S.

[00116] Altenrg?lvetl% ll\JgF] éan a}gég gngci' b ag? 12H’]Plto Ggﬁr gs%r%p %I e%]{QrQ ;l?zsilc;lg B%CIGOtidC sequences
enppdiriedei anghzysgprabls of Hislrepdiiongndbige bnt@tfe foit Hanitesigo:1(HEPGPES7, Locus

ARUOYS; Aﬁu@xémzc&ﬁ/ﬁm@wm&sw Atmopﬁpﬁ&hﬁgpgjmam L 6cus BAA12575;
a- Far rom
s Btk 167k R OERRIE o o iRt UG 110, @acrors.

Gaudilab lsearathetrephilude (e A2 0 .dcusiNg | QWSQ&Iaeawéulmmwreyz 35000HP),
(Lhédi‘z e dud 04 EX3BEP %émf;ﬁzﬁzmzi}z%}e}iﬁe RO, P105563! mr)lﬁ!aﬁ/gns) (YP_395294;

Anj ou (pear; gene name and AYI182241  from

g sttoabsp S G RIS IPREABLIVIZE Laprosphpirigons serovar
CaptMaddni SAFWrlz 2004)), (A[}ﬂ)@i@ii MicrbanesaNaNCO@R28] Locus YP_208768;
N s?séorlﬁxa 0n§r§ oggéofl“j%]@?? I( n(% 0 lélgu% 6!1%%9'1 %2f ?[y zogium dvp ﬁgu? 8185091
Saaddr@%@ m’t’newaeb (TROOGQRd thass $$‘é?ﬁ56§3éﬂ1§é’ﬂ¢fwmome'low I§§n@ (AE008481,
LJ&L@NAI%”%@@"B;@&M%&Q pﬂegtnaﬁz@e RE)3mbl @O RBEIYB, 1Lcus NP 779706; Xylella fastidiosa

nt hesi zed as a natural insect repell ent. O-

F ene is made from FPP by O-farnesene synt hase.

Illustrative exanples of suitable nucleotide
-14-




sequences include but is not limted to GenBank
accessi on nunber AF024615 from Ment ha xpiperita
g$; per3sd nt ; gene Tspal and AY835398 fr onPCT/US2007/069807
[00117] FP tt%sgﬁsggugﬁwﬁanvewq:taadaréelty %f|C15 cogﬁs)ltng& mtrgilwxmlg)oi Cy5 compounds
incBi8d bifd 6r2 nbABRIEY to:[ 00124] Farnesol [00125] Fanesol,
whose structure is \ OH is found in various
mOHB]Ang%%%grcal sources including insects and essenti a
[00119] Amgithadiengctihosgstfue@iniei ntronel la, neroli, cycl anen,
| enron grass, tuberose, and rose. Farnesol is made from
FPP by a hydroxyl ase such as falnesol synthase.
Illustrative exanpl es of abl &y nucl eoti de sequences
include but are not lim o GenBank accession
nunber AF529266 from Zea Tre apd YDR481 C from
Sacchar onyces cerevisi ae (gene Pho8). Song, L.
Appl i ed Bi ochem stry and Bi otechwol ogy 128: 149-158
(2006). -15 WO 2007/140339 PCT/USZOO7/0698$ [001261
is ANEFBISPICl PIqEED MhicRes e Bofirrenifie 6uds tyaEafgne s medq fropgFPP by
amaipBalida & Oiitha &S Apelusiratk exaatptk df s sdiabla dudlévtvdadeeus: is SEQ ID NO. 37 of
[l$5%kﬁg&pehzggqrces including as essential oils such as
romn gi nger, jasmne, lavender, tea tree, and
[00120] o-Hapmmseme gr ass. Nerolidol is nade fr om FPP by a

[00121] o-HAMAEAX Whaseusdghisas nerolidol synthase. An

illustrative exanple of a suitable pucleotide sequence

i ncl udes but izzggigggg;gige;?bﬁg%Egﬁg? from Zea mays

(mai ze; gene tpsk)Xx A 001291

atchou) ol ,. whose structure is .. s also kno as :
s (ARG Sy B Lt ety i e PP Tp B Fants and n e
coxtigs efHpplalandypehr @tls.Rayost@pmadationddP by o-fPatsericomithast. ITilestrative
exﬁﬁﬁje@ of Jeu@cgglé: Rk leptYdeQ@tf gx'ﬂ:@é*’%n&l@&e YA Ra%iGited V3 Ddﬁoy@hfﬁ%ﬁi MBus communis

exa a sultable nucleotide sequence Include
culfjyr |A§1"ﬁ Sreat, B P AESIAYBEY 5> HeRgeMeluf domegisg (plspgene AFS1)
PedRO@RSE ANPRnL2d[)84-9400dRQ] Val encene [ 00131]
Val encene, whose structure is is one of the main
wuuz]@gﬁ%%nt | conponents of the snell and fl avour of
[00123] 3-Farngsege svhassdtriiature sund i n orange peels. Val encene is

made from FPP by noot kat ong¢ synthasg. Illustrative
exanpl es of a suitlgbl e _nuclgot ide e nce incl udes
but is not |imt&éd AR441 R 1. . 1647 from

is fohuddlit SarDb QNS EiSal @(ﬂlq:eA\ﬂ&Jlgnlgﬁlt naml@%\kgléhldmgsséﬁtﬁmm such as from

Perilla frutescen nds
PR AT P AT S A BE POTOGIABI R § SR ICAIdS p pagpp nsectrepeleat. 6
Fagjesesny hngafanm BiP nyi-Gplegspiyathese( GEPRItvewraahles ¢f suitabidauplyotide
set{#%?eﬁg ?falts h&nmﬁ)tt:d Iohfeﬁﬁaﬂl:&gs%n%mgér AFBE4M’5 E’rhm%tha x piperita

ecu An enz known to cat al g hi s
(Pegpeaint; §enefTéPalé3< a?ﬁpﬁé&”é%“r 14@@’%97”"&3/?16%6 sdh’é’fYé’chemlst 66(9):
968yt heme. These C20 conpounds are also known as
di t er penes because they are derived fromfour isoprene
[mnzq,ggﬁ%f . [001331 Figure 2 shows schematically how I PP
[00125] Fampsdl, PhgePtrecame 5e conbi ned to produce GGPP, which can

be further progessed toja diterpene, or can be
further process to ro e tengi d. [001341
Illustrative d\ u\ | e0 |dg\seqmnmces for
is %g{ n¥ar%e Q]%g%lcﬁ % r&ﬁo %&hoégg%gl%se% Q%JT ca 26%g+lgﬁ% #gl?as% gﬁtﬁ)nella neroli,
cyc(IBIT@OIS®Q18graSAJta!mrQ$eps¢ wse. Haimiesph i )ymadg¢ mxmf BB Byshydroxylase such as farnesol

synthase. Tllustrative examples of suitable nucleotide sequences include but are not limited to GenBank

accession number AF529266 from Zea mays and YDR481C from Saccharomyces cerevisiae (gene Pho8).

Song, L., Applied Biochemistry and Biotechnology 128:149-158 (2006).
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Ar abi dopsi s thaliana), (NZ AAJM)1000380, Locus
ZP _00743052; Bacillus thuringiensis serovar
WO s00aaksssi s, ATCC 35646 sgl563), (CRGGPPS; PCT/US2007/069807
Cat har ant hus roseus), (NZ_AA3F02000074, Locus ZP
[00126] NHQLSN509; Fusobact eri um nucl eatum subsp. vincentii,

GGPPSQAN; G bberella -16 WO
Nél
1001271 %g%ﬁésg%mﬁ& US2007/ 069807 Jujikurot), (AY3 71321;
G nkgo biloba), (JAB055496; |Hevea bra§Hl iensis), (ABUT

1971; Hono sapie MCI 446129, Mugor rci nel | oi des

f lusitanicus), (A 6024 muscuf usy,

(AABX01000298, Locus NCUO 1427; Neurospora crassa),
is AINCUWR88 4OperiNglrand pdomd oy Gsig®)biol¢ia] RAEROBIROE essbropligls such as
fré? 99(99 éﬁ%&?%asnﬁ% ﬁn%hlate§ 9&@5&@1‘1&9&&&@%&3&@1 é%ﬁde from FPP by a

118238: t'tus norveglcu Sacch aronyces

hyé@ﬁéleﬁe §11%é§ ner?lmm &s- Agyhléw%wglag ofp E}’ﬁt@l&‘f Jélgrje de sequence includes

buf SACERSted bl ARNDZ6dtdaB)en MaPSOEIRS; gensSyi1).0l1 obus
[00128] P4 ¢cidgcal darius), (NC_007759, Locus YP_461832;
ophus aci di trophi cus SB), and (NC_006840, Locus
[00129] Payholg40Be stifctirciiv fi scheri ES 114). [00135]

Al ternatively, GGPP caEE al sonbe made by adding IPP to

FPP. Illustrative exd Ssof nucl eotide sequences

this reaction include
but are not limted to. 12315; Arabidopsis
thal i ana), (ERWCRTE; Pawpt'oea\ aggl onerans), (D90087,

Locus BAA14124; Pantoea ananatis), (X52291, Locus

CAA36538; Rhodobacter capsul atus), (AF195122, Locus
is AAHHRO 45 patdRind tedpdrcliaad isgphimeuent dedy essentiel o(INCPROUBBEQ: paichouli.
Paltc(ﬂ&ﬂél ils\l%lgé‘tgéé FPISS)r }%%&ﬁlgp%&asgu ha ﬂﬁlst{-mpsgaamp{e QP4 38hble nucleotide

P 1s then subseq con e toavarlety of
s OO 58! T ot S0 D Beipl b o gpeostemon cabin.
[00130] Lﬂamunds include but are not limted to: [00137]
Lol .[ 00138] Geranyl geraniol, whose
[00131] Vaqencenet ul?)e ?‘“Hﬁl Is a constituent of wood oi | from
Cedrel a toona and of Ilnseed 0|I Ger anyl gerani ol can
be made by e.g., adding~g 3-eSsi on constructs
a phosphat ase gene aftf e geme for a GGPP synthase.
[ 00139] Abi etadi ene [0Q140 &
the foll ow ng isoners: and and is found in trees

is SheCd? t}@%aﬁpdh%cgrcéﬁgélﬁnts e 8 Bavios: d'faﬁﬁgeb)(nd is found in orange peels.
abi et adi ene synt hase. il ustrﬁ\tlve exa

V3RS o1 o GEPURE 8 L8 R A TG SR @1 igale maciotde
selpicntetisdudeobut (susaﬁﬁ&;i toABF4E3 1 Y REYEION) 1.0047 fr(nAV 78 6Rdrsis and AY917195

Rf(bl%‘iﬁlai%?fig s Rppeunds [00141] C20+ conpounds
are al S0 W th |n taf{e scope of the present invention.
Cy Compoppdsyst r at i ve exanpl es of such conpounds incl ude

[00132) C5 &ﬁﬁ@ﬁﬁ@ bP@a ﬁﬁet{‘u@g @n@ﬁﬂj@wmh fﬂe&d geriﬂy@maﬁlbwdps&pnme(}w) which is
mac{f]: b %Qe co&dlénsa?on;) d's%(l;c?c’:%lles one r@ea:ulef k BMA% An gnzyme known to

i Soprene un ter enes npound’
cafabygerthsistgh tis, fog apmhegerwigf«rsr}yl pWhlé@a)hefe ﬁmﬂ@ﬁﬂd shhege€>rrapounds are also

kn% ustsaﬂtag)tm%s Bidak tﬂz?tmlaq&sved %ﬁrﬁ@%@pﬂa%@hta an df
bstitutin e seguences or e ..
1001331 Figisp? tiopp a0 Vﬁ?’ﬂ‘&é”e‘?g?m{%ﬂé‘?ﬁé@ﬁﬁ AR HABY 2P &6%?27‘1“ can be

fuithee porasend a dirviend, oodan bt furtha@socessedan giodee rearofvioid.

[00134] 111@?866%"“% es! S\!ﬂ:}f%gdet s‘éqd%ﬁ&? ﬁ)tr lgérlé\'%!]ég{agm k}%}fﬁjsplﬁ{‘egglﬂﬁisé HPrude but are

I SOpren OI
nog mt@siafp |(PTERERRER? e‘{:T"’Vﬁl“é’s’F &66%? %F@SW%%%FW"WNM 119845,
Ar@w&;ﬁﬁsziamgnabl QNZ I QA DAD06038€ QLR TRSOETARI ] AgillNZYRSenkifNserovar

tsraelenszsag{‘cg 9?648 ISEﬁ,S&IR%PQWa%har&n]ﬂZ{S roseus), (NZ_AABF02000074, Locus

ZP_00144509; Fusobacterium nucleatum subsp. vincentii, ATCC 49256), (GFGGPPSGN; Gibberella

-16-



WD 2007/ 140339 PCT/ US2007/ 069807 [001431 The subj ect
nucl eoti de aci ds can be expressed by a single or

wordoripidso vect or s. e expreEsEUsm07/069807
R o o piedaoh BT St i R DB T4 tons saprens),
(MSH27601 29; ductrtvercinelogteo). dgauscudeGQURON6IES; Musowdiuig), AGBX01000298, Locus
N@(!% 1'4?"3 Wspgf 92&}3 a)p&&%yﬂ)e;ﬂ’%%ﬁm cyg}k'zl) QN%thﬁhm O@SOO@fLocus

SN e or evectors ré‘ on the size
Z&ﬁ@4ﬁ%ﬁ6e%ffege{?éan§%€quehﬁé%fé5 RridBlh 3% aﬁﬁ’éﬂﬁ Hoyvegiusy, H%CU31632
Sa¥&Hak sy Ses cbrtewmA) |(ABarepes; ﬁyﬁkema&emloﬁgatei)nemmersﬂzdpzs alba), (SSOGDS;
Su?:((l le Lus 8912’0 a rms 3Ng§(ssbgl} Eocgs Ig'p e1_a4{e6(1:%£e.5‘ 7 g;%h%g aﬁll troa]vt;l.lzin:%se g]?), and
(N§U@¥@®Llve@ﬁﬁngméﬁhV@WaﬁﬂWepESUéble epi somal ly, or as

[00135] Alaepnah{;gl)? Gp Rdido &fmatiggy Dast 18eb lFrA NN B tive e&)ﬁﬂbl@sﬁlf |nMeleot1de
he | atter is pre erre

for a sustained a K]
<o P IIRBARE o IRt ROAUIE ERPTHG B5leh o g 112315
Arobidepois ehalietax(BRYGBUE; Berpre nggsnaenc)) (90981, hecuVBYAGH 12BXPuntoea
aani‘Jn?)"‘?Ysz%‘lz YO&S CAQ@Xss%’ eRi%%Hac}é’l %AEQIJQMS QREL198122TPL&s AAF24294;

hree o peron
R@g‘eﬁaeﬁfi sgﬁw%h a%@ (NﬁL@(h*é?O §~P<é1|s aﬂ’g?ﬂgw PEGIcRIfe] HHieFFALS9).
[00136] G@PI5is R@h alb@e;ala&ﬂp c&MSxttéﬁ% a VARAMT L, \WopreQoide Jilkisestive eknples of Csy

cang?% g%{ncltln‘ﬁe%ugga %(fumte equences can be nodified to
O

pre 8rence of a selected host cel
[00137] Geranylefrfamiot a hi gher expression of such sequences in a

[00138] GRS teeGfib], whEQ%tr&ml e, the subject nucleotide

sequences Wl in some enbodi nents be nodified for
yeast cgdon prefer
(1982) Jds
non- I 5
is la Qo %t?eglagf;\%g (311 %&t%dgﬁz tE‘E%'aBd @lqmgegg ﬁ?e(r}&%f 9geﬁ91qp&n be made bye.g.,
adNing o R ét&@e}mha a5 aftgihe 2y fis g ppnthase
[00139] AKidQB6) Nbl BIO| Evol . 13(6) :864-872. See al so

[00140] Allt\l%dﬁene encomgasts 6? le(i)(} glsl\cl)l“rllg:l EI C ACI ds Res. 28( 1) 292.

nany organi sms are avail able,
whi ch can be used as a reference jn designing

sequences~of the present invention. The use of
g gdons of a given hwst™ m Croor gani sm
creases theygli 1ood of

réconbinant techni qugg and synthetic progedureés.
.rrefly, the subj ec rfucl ei ¢ aci ds camdbd pr epar ed

and %l}QﬁHdQn %SJCB Qgﬁ'ﬁ&tgsandzsc Q%édleﬁtng m%’ abRlabief syfﬁﬁals@ hAn illustrative
can be extracted directly froma cell or recaonbi

cxample oI Rpsleptisig Seaugih Pic\“fi?fé’t‘i BHgs Ps*&eé‘géy > PW@% ’E{’d‘fsﬁg"”d”) and
(AY436208 Pitdaibied to PCR and rt-PCR [001471 Direct
Cor. Com chenmical synthesis of nucleic acids typically involves
20+ COMPEEGUent i al “addition of 3'-blocked and 5'- bl ocked
[00141] Cnueme@mdﬁee PiemwitER e sqope pfdherrapsait irypniom. HipefFagxy/<agplging such
co%oﬁdgfn&%%sta%éﬁﬂeﬁ&gcg SorRuidBAdGR Ve isopddRd Biitk), @igines (Cso
ddition is effecte

co]fngPlﬁli S egronh%F?B{%e uﬁ%/%ﬁﬁg tlg‘;eraot hel:éllcé {Cé%o:r}ngg&ng%idet: Eonrll eight isoprene
unfth)e TBese paspotnds preghadt hpusagdedilanombodsrdescvibdddiareinsind substituting or adding
LR R A du¥ncds BNRSBRALHS. ARl %phi ve, such as a
nu%osp SFﬁFester H%hgspﬁ%&aﬁfdlte or the Iike. Such
Eﬁﬂnawﬂmﬁ? 51 ogy is known to those of ordinary skill in the
[00142] Tialpkeséi thverfiofl @REES ataedgm@reﬁmﬁ\pardtdr DePtpath@X§ ® edfd the high-level production

oiJ 150fnien01ctisgé % thgcgelil %esprgﬂ"ﬁvea%/ 15%&1?12 %%r%%n;@k}ra re(cg‘%g ?%Jntt ﬁgASteCMOlo gy by

exptessitle heterpfpony sSjuchRas encediRg cNBYIIES 61 4SSt AROTBheFORMIBATS-
Southern et al.). [00148] ThelZtevel of transcription
of a nucleic acid in a host mcroorgani smcan be
i ncreased in a nunber of ways. For exanple, this can
be achleved by |ncrea3|ng the copy nunber of the

. o o




i ncreasing the strength of the pronoter (transcription
i ni tiation or transcription control sequence) to which
b@7anBye codi ng [ s, oper ably |inked (PEOT/US2007/069807
[00143] 1h&%’m51 Tcleotide Agdst E[}?]%%?F?éﬁig :\g 55%1?1‘8} tltiply vaclopsy §ekexaqple, a single

expEsidh) Qettol 44033 pRERL 1B B/ Thee A8/ five, orchlioif hieeetabmgmts edfquences encoding

in. L
the St rMﬁ 8{}? ﬁ%?%vgag%giﬁﬁﬁg OY?fnlcﬂhg %hgfcm gg{]ﬁg%s.gd éxﬁxltg) ea\%gtog may depend on
thecme of e hdlerpIneqyBFagEgErsiapt thy ﬁ%PaleYé’f ﬂﬁlmtorwsmﬂ gl ¢ppgndent on the
ov&ﬁll M&H Bﬂa &benl 1&3#&6&)1@ kRt th@fl&fﬁ@tsaﬁle ﬁﬂﬁohﬂwﬂ%@@r&s@&l in a selected host cell.

| e- pr a chem ca

T BTG SUCTD IS BPARATATT DAY BICCA PG Do g senome.
Tysiegjlyethe Btierns @efhost ford wstaiordyamagiiog aﬁﬂlbh;ost w@r eased in a

[00144] I M%Bst lelsvmé/c?ne or %Elwgfﬂousgyc{ueﬁwg edcb(mlé tﬁthEQ’ ror DXP pathway enzymes
increasing the stability o g the

may &f CRTERFISY OPHY R HORSERR I“B?‘H%ﬁnﬁ@“c%ﬁ t‘ avo ‘I’F(B‘H?ef "Q’Frﬁ@ sysfggn provides a
hlgﬂEIS}ﬁﬂllﬁf&nGH'opﬁﬁqM%EESIh@i mem spd&en ri bosome binding site

[00145] Wl%re dde ire % tlsng ?uh _bectcn% Qlc ac1d sequen es ca Zyquocff‘t?eqltp gﬂec’ﬁ% Hd %9&5 ‘preference of a

Ire 1 ntercistronic regi on
seleqmsnosteeurqo@ffect o ihefjexpression psuch feguegees o tfeosistlly Fes expl the subject

nu&%@@se@ﬁen&é@%l@ﬁ?sﬁﬁ@ exﬁgﬁrl:l;rﬁkgltsrbggioﬁﬁcdﬁﬁ kd cb@dn‘]ﬂef&rﬂﬁe See, e.g.,
Redisen AP QR B OEm | By O A OB e G g rome. e

nugazijerequatdsavill mgptiex priggignent bemodifiedfor EqabnodoRNEErars@ dee, e.g., Gouy
and Eatﬂ1@9(l€i2?ﬁ¥aglpg§ld§R& 1685 RBLIGR, Eyqp%ﬂ{eru@%w'g}a Evol. 13(6)

e sta enz

SR AC PRRID NS GOT Sl ABic: B TR Coprgpage abesfor many
orfahiehesrt dhilahdd @nEh ashtbefudddas 6 af@enct RNAS i@ selp@nd2a sLlHle @Bsent invention.
Th?nussé% gr%\r; gerr]llt céo%gn [ogbéﬁgrgh#englec%gggr\l}?r%/ ged f }9 mwtﬁ%% %&@(ehhood of
trapglagingy, Iat1¢ bemed the enpeession lavehefdhe @ar?dﬁequall‘:lﬁ% red in a nunber

[00146} Pr@gramy(ff the'sﬁ‘(ﬁécltjﬁ’dc% acidd bdn B Qbrribd &Gk Bﬁgvzﬁl@ty o XRIiRSSdoRBindnt techniques
nodi f |edf rm of tgenz yne that. exhbblts mcreas&% "
an‘%ﬁl“ﬁ‘ﬁ?‘i Hf‘i.’%? 1 F’H@yh & pubjegupleic agidy cam by prgpasyy egpqray BYA fragments,
cDNews and RNk exlleifl #tidk cdntba bxthaae & diretly Bora kb elt drraaghinyhiy @lpduced by various
amhohﬁcag&l ea Ydels¥s Rl Jitgibu%ﬂ&m&ed eo%dRra i Rifced, expressing a
d form of

e enzyne t as a hi gher Kcat or

[00147] Diggctjchermical gypthegip of ygleic gggssty]?lg_atllé 1nvalfveses§ﬂﬁeét$a§ p(ﬁlgtlogﬁ)f 3’-blocked and 5°-
bl@kéd@ﬁlﬁé’onfi@ mohdferd B ﬁle@eﬁﬁ])&ﬁES Ipébxyil grolP bf Adrévaiag adlcbyde polymer chain,
Whﬁ%ern ee ctﬁ éﬁltlon 1ts ﬁﬁ”ecged n%eopghc tg\l}lka(?ff tf—é A nrmkl)l¥al ?’ngftdr%?(gl Igoup of the growing
chipeon tho B atosition Wrtmﬁgiﬁechammm whigh Edavicaty splwﬁphﬁm@ deravgieye, such as a

ph§99ﬁ9111é(s’{e9 lgﬁéépﬁd?%%@i’?e otfe ﬁ@sﬁfch Qﬁﬁto&@ég@% kn@?ﬁi tcPthose of ordinary skill in the
nucl eot i de sequence enco vari ant enz
ariGiT S R POTHRHOB BT ST et Ohe oLl (1980 Tet. Lt
521:20 L. Rato.gSN@707b Egruthb et dl.nind U.HidPat. Yen 6,986,847 aad hGYL637 to
sollh&h 901 ganl sm [001501 The subject vector can be
constructed to ty| eld a desired | evel of copy nunbers
[00148] ThgievelpEtrapeptieo éﬁlzlg}% aciq i 2 he @ MECTRBIHTHEA pgmcrf:ﬁéd in a number of ways.
Foﬁ&kbjnﬁl@tthi\;( e4mite ra&n@ﬁe@tﬂm&%asin@ &&tcoﬂ;ﬂnun{beﬁ dm&ﬁlualﬁbtiﬁeseaﬁhnce encoding the
bet yzu%_n% ]@ }gﬁeer c\é\ﬁ%u& %1‘8§SIO é/escé(g'\égl’l;]l IlSll ntucleotl%e sequence encodmg
thddnna@eor tyrintpduding addinowabenpicn ofvoicieotisie sanrpngs ergeﬁeg & prpyme into the

gemn%\@f de nbe \ﬂﬁ:rroJr BmaQP%n@Q lﬂfl r%@dl&gpﬂe&ﬁnbﬂﬁﬁorp 8delof “suicide”

medi um cop er plasm ds ener rovi.de from
veﬁ%dfcozﬂémaroaél%lae’m @’égeﬁé‘i"“@gﬂe ¥ %?0“5’02‘ DR G oF transposable
elet@). €18 apditionC 2 kdn, beourritd @rbpiienging tﬁé)orpéraS the dodiypegenspe the polycistronic
mIgl\%L of atn% Qr? &I 684an gﬁ‘m groﬁ ﬁﬁlvﬁgzﬁ ggr%g leach%ﬁl 1@ 'onH control elements, or

copy nu nera provi de from about 80
inqseagingihel st&eagﬂl e&thp@iomefa (rapesiptish Htltlazeleorma33§ﬁ1°td>née$ﬂ°égequence) to which
the@Eyreetloling REioAD Peralhl) Qdied UoSukbinplb | u8ink 6WOrEENRYs arabinose- or lactose-

expression vectors for Escherichia coli include, but

are not limted to, pACYCl84-18- pBel oBacl 1, pBR332,

pBAD33, pBBRLMCS and its derivatives, pSCl101, Super Cos

(cosmd), and pWE 15 (cosnid). Suitable nmedium copy

expr E‘SSI on vectors for Escherl chi a coI | | ncI ude but

L 1 o e o oo A ™ AN A

o, s



[00149]

[00150]

[00151]

non-sel ectabl e variants of the 2 m cron vector

(Bruschi & Ludwig (1988) Curr. Cenet. 15:83-90) or
WO 240aa40329 ni cron plasm ds beari ng an. ex r essi Bem/UsS2007/069807 |
m@‘;ﬁg%eéir?%"tfré% arbl)p’gé%F{uF Ic%lahqslhrmﬂrogrg nglx mp, E)Pf a moditied lactose-inducible
pr20&E0G8H ARY ome foudd nmmizasmpphxalsm RBRISHTS plgmids)] ef wigiaw énducible

prgl%t%g%!ti glr'a};Jlo}Fgr tﬁe?{fg%% rﬁﬁ%tgxgb%%g. E]E?klstgtd %(wth 1(1&%13) The level of

trynglg g of mwéﬂogdecfﬁqqeﬁ@ lmwswr@%e@ae fn h?flmS@Feén%gumber of ways,
m&&ﬂﬁgl))ut né02nited Q)7)ncreaslr% tH@t;%QQ}? 6f]tl4&3ﬁﬁA modifying the sequence of the ribosome

PCT/ US2007/ 0698 00152 ul at.or) el e Is .
bl T odH P B AP  FABITSE Lo 8 oS PBeS gt o fhg tart codon of
thhenzpmgeadagsenietce, maidyeathe ettre intredigvoi regioh|lepated fupstm of” or adjacent to

thcl:vg\éidg of E‘?éaarp @JdlaWtﬁe Ql‘éyrh@&[iﬁ@%é gﬂﬁ Jt:ﬁglzﬁl)é eSS %ﬁcp&” tlQemeNA transcript
one or nore genes that ificant role in

usa]éthélmﬁlsrilpﬁ ?eflﬁézeq)ﬁ@\le&[:qs ??%fyalg 61Te Cﬁiifml ug;tﬁs PE%WHC altering expression of rare
copbIDRNRR dsedAn (BE BIBIMESid & tiRe ALGECRTIDT ﬁfcread’lhtgahﬁﬂdbhldﬁsf the enzyme, as, for
examalt vllanrlrn‘itgt?ot o‘% 1ts COQII] nt rn%' %ekﬁ%ngno ef’eg&i c%gon% ande‘rare &%don tRNAs

I C acCl que n
cap p@baatctfrn ] ssqtan@@qqhesmé g@ﬂes dﬂywcb%qm éleéosaa]lcamﬁnsmo t he
T}Qra@mgl 8fa M8t Dku %tpfeﬁﬂﬁar{sﬂ:raﬁ@ﬁtarh@ét carl Be&Ed inRtn@Ber@F ways, including,
bu& B%lhg}ltﬁcgtroegx&ggsgrigﬁahg%ﬁfea? h e E)?tg g%rgasF(? ?oéubﬂlty in the host
ceflgppresggan piteaadddbim ofalre dnzymet. thdt ﬂacksfaeioaiaslehc)&ho’fhlca the activity of the enzyme
1s b‘it@cp Ie)g)r{1 SR& ?ﬁl&ﬁﬁecﬂggﬁ &I tﬂ:‘ enL;yrgel’}ﬁapc ﬁl!lsoal: Hl K&It BI] aeﬁ)\gect Km for the

roug rormt er. presence or a sui tab
S“P%We@%?”ﬁé‘lné 9%%1Wredtf%1 qf éh,s Fé@% ithabis Gptetietesd %F%edtfadf ¢ eed-forward
reQPRoAbLY ﬁnoaﬁdmblb@neeibme ipdRivi. tssxczt Vai® Ghiyfies @M afsb B&Msdled through random

Pro onot er, ando tosaealso re% ed to
muta s‘g e51s of 4 broa er S ec1 101t lﬁm as €SCT1 §v I1d anucleotl € sequence encoding such
ranscripti ators. 1

vagiprh oukiyme mrsbe@f&prpﬂqei fpmemprewwefmt@rm frowra@mmémsm gewedntegrated into the

geh&n@mrhg§%ggo1%§&;,prs are inducible. In other
di nent s B;onnters used reSS|on vect o

TR G HEET EF 0PI g RN 8O0 HeHoL s e o fpgroded cnzyme. In

sofiid einBédimanty, the Sbjpeevecies yildat &penamewehn Hkte A0 tbetwaen 20-50, between 50-100,
f r

oD BB o SRR OMELe QUL 8 fy o coy o

Plspistrsersrally POOTHS 49 eNGAR 150K VipHgmideapipi RES oo meditre &ty gumber plasmids

geﬁ&&ﬁqﬁ&ﬁtfe o aUdﬁt@Olp[hsxﬁfdQK}ﬁEs)@f el td160%ht 50Q>|la|sﬁldl cﬁﬁesl.}ﬁﬁceﬁl or from about
cte

2 agfxr]b({ cgp esh ]ge eeél to 8b0é1?%% FFH F%({T%Ples per @alﬁ%r ] coPy nu er plasrmds generally
prbade @ma#hghre%o p@snudaeplﬁmr ejile a@up?ro@ masreid comesmawellm more.

SLht)ﬁhg 1oqr ogﬁ}oa@%e%rlon Retbis {@Jr |E§191e)9£h@d1%'71%clud@ bht/drt A& hrmted to, pACYC184,
rc _pronoter.

pejqas! PR 2R SRR MO e v o piciey a%%fﬁﬁi (Gpgrid). and

pWHEC camid) SuststdCmpdianodpglex@ession vécelrafoedscfr@hipicel infladme but are not

11r1f'n9er;1 tc?éqg%lA BA‘bé IquIeEELE cExHQ&h&?ﬁlPF ogﬁn 01%'9}9%9[90% 111@&31?5) derivatives.
pa bt er PuI I nen and Bacteri o

SU(ltilgg 1¥h g_opg n(lrml’er gx%qsgsn VeA]offlfeq”FéCIKf’é]ﬁ@ éol @flchéﬂe buc 319 ggt)hmlted to, pUC,

pﬂ?ﬁd@&‘lpt NaEM, MVect&@ I SuithblS ok-coBAcZitpindl) é5r&Sipn veadtors for yeast

r onot.er. 9
m{)] %Blag i3 4ot rmtean b %{ 19§ del%s%ke (s1 kors? 24 Hl}ét?er r(rp9'¥%) (Eel.sutlcs 122:19-27).
Suseblhigh- equggm)lcmm fresssior YPRIGrY.in BASBIEGE BUTe hUBRERPepRSH2S and

pl@426 é(%gpcgi)lso}{%peﬁl ()2) Béne 326 31’931&55 A]t%glvgh %@rb@é}@r@gloxﬂjectors include
(199 Bi ot echnol . 10: 888-892)

norlarzleeebéﬁfer@ts of thedgRgR sv,ﬁ%oré?wa*r& Iﬁﬂ%'gz{%?’p‘%%"g"en? g 82-90) or intact 2
mi2¥oa pakeids keariBadilexfreG®a Shssitte NG $xenipkKTiGBRR0S. PAXASB IBV;50084972) or 2
m2 ﬁ%%ﬁ%e]agﬁ’%a de?ecﬁl;eastefe&{%ﬂ %rl@h&%}?asﬁfﬁ‘iﬁﬁt(ﬁﬁamf &9 51 (1983) J. Bacteriol.

exa ronoter, an s ronot er
15|6|(¥()66256p35)mr 3é KOkkslsi( }‘p@g) f}rrnég]of %@Nﬁ‘ﬁt‘(ﬁw#@?}t%ﬁ Sciences 782(1): 202-
207¢l and SPI -2 (see, for exanple, W96/1795 1); an actA

pronoter (see, for exanple, Shetron-Rama et al

(2002) Infect. Irmmun. 70:1087191096); an rpsM pronoter

(see, for exanple, Valdivia and Fal kow (1996) Mbl .

M crobiol. 22:367 378); a tet pronoter (see, for

exanple, Hllen et al. (1989) In Saenger W and



[00152]

[00153] In

[00154]

[00155]

[00156]

are not limted to Trc, Tac, T5, T7, and PLanbda. In
another enbodi nent of the present invention, the total
edoraaa3y9 of the one or nore MEV pat hway enzynesT/Dg20a7/069807
Rapoeion; derpers ﬁ@&@é&owaléeéﬁrp&%q%aﬂéweﬂ@ﬁrfWealsr)rbs fganeered to increase the
m&i‘t_foﬁﬂgu){kff@KHNIEV oODXR plthwdys Bﬁﬁyreﬁmﬂﬁl&r explegssdifiofl one or more genes that play a
sig?}'ﬁecgr%%%lgi ecfé?%m?llg%g 8 omesr?lnylgl?e{' an 1s|o£reno grodll.].(;r%gl Md CFmo?elfl Es a sequence of
nu%m&@atpmémaeﬂ sonfypls HﬂeﬂlBﬁmmIloanﬁD&g‘lc 391GERquence by an RNA polymerase
éJ %ﬁrpleﬁfor is aRbdrencB BENRIESHMEELRES to hOPDBRBkr that functions to control
exanples of suit 6 Ipronnters for

tin
tfaélwa?wf CHUEY 8 14 FpiSTteT g STHBY < PO B pelomain where o
specifiMipressmaotein eandarrd. In th absatesf,a saimblSkpréskiy prcakiing @ranscription initiates

ﬂ%h&ﬂﬁ@ rgﬁlgtgp tlﬁ fhe p?egengélgtl abuitdble régrgssé\éé'oq)eup %%&Eor prolteTxEﬁnds to the

from retrow ruses, a _nouse net al'l ot hi onel
opﬁia@mdéberebyzldn%ﬁ%@wtlm Gz ghpeIrUs2 Grrrteusd vperators are also referred to

as[ﬂ@ﬁbl&&;bnhb{guiatom tl ng exanpl es of suitabl e const itutive

Rrompt.ers for in .pro otic host. cel i ncl ud
ome € diments o pr ?ent inven on romo ers used in €x; ress1on vectonﬁdlre 1nduc1ble In other
RSPERETT BT oD ¢ exanpt e, consensus si gma

cnphoémmtnte,rtye prNanerIs pyeil i qxgremrvp@ers argfconstifutiggbIngome embodiments, one or

mébi8 q{:@él@icﬁi s@ﬁ&ﬁ&g %%pér&fly M?k@d fon %ﬁ@l@l@ bAmoRO%hd &flot Sore other nucleic
i hcl ude the E)qZ:lCterIO hage A, Plac; Ptrp; Ptac

acydpspqugncep arg "Pﬁ?ﬁ’ﬁ l(:Fk BGPEH t“’%ﬁo‘f‘%“ifpr opy! - bet a- D44
Nérliroigjag a@ﬁlplpg/difam%iedﬁorﬁdtd?sTﬁ) use ixciprokaoosic pesocrilt @cludd Osacteriophage T7
RI@K g%‘!ngmse%r(llgoq‘; 1‘1@[&" a fhc Eﬁﬁg&n%yrﬁétérngh}lbﬁg gr%hg e? for example, a

an arabinose I nduci
la@%(amlé pronpEAR t{tét&céwblvcbwrm@%arnb Ffféﬂac @PFIvish 2dt’/lag promofggatye promoter; a
tadpromBaker, &id | (R llkegaﬁaraﬁl@pléﬂa&gr} in VivoXx¥duQSa prdnsbited, Blce as an ssaG promoter or

a xg{atoeggxtfgrggf (Sff-fg rfor %%(_%%Pe,/? S7gxuynt P&%&%Tnfbl% 20%%@1@?45397) apa grE' promoter

(Ptl]ﬁckdpm)pﬁ afhller,plr Bteriek (1981)] 13@( 1 p$@$ﬁ;ﬁ@p(uchea4:randa et al (1992) Proc. Natl. Acad.

s@h£9R0gd rj%’(ﬁbkﬁb aQ{rBHRh%fer (ﬁa%on@%@ﬁpdl@z) R1ol. Mlcro 6:2805-2813), and the
nmet hanol - i nduci pro hanol -| ndu

I ble
hkﬁ I(ﬁﬁ,g?réelxam%{e PélPTt?nrfé gle(IP?Pd attff:oéllglmap c%?tl\?r é McKelv1e et al. (2004) Vaccine
22m2at-32 3gatdidbh@elp eodra i E2) Bio@rhneX ampdsesozh eaigma'l’(]’}ﬁbkﬁd)tbi for example, a
I L b
L R GIRESLe B RLATDIGEn GANL FBLibEosDXxRo8980, AX798961, and
Axwﬂ@mtlpmﬂasmmere&p%@m@mﬂm e@mﬁ% an gaygprompaigr, and the like; a

pr&ﬁ&gﬂﬂeﬁvedmﬁtﬁéiﬁhﬂlogém&b isldnd 990) (sE-P e MnleOi®b/179:58Y; tan actA promoter

(o ot iR R R S s S Pl OB, DR DIk i grompter e, or
exyippls,tValtrhwt argldlalkgwi(19b)del. MirrrobidH 22; 36aa78)mroz@t@(§<e ferrexample,

Hﬂed—#%&@@ﬂqu% er N@rﬂn& HahctnllaﬁgUe&m'o & 19?\/[0%'&11513&'9!1 Structural Biology,
i nduci ronoters_for_use in Lyﬂg host ce

Prptﬁ@rlﬂl&éelc lﬁ(ail Inéﬁraé:u?fb%v[af”inﬂl?]f éﬁm{oa %qlvl&. }g)e Ilﬁ?) I62§ an SP6 promoter (see,
fofjahaplt 0deton RO U ENDI. Ovoits ®es. 3 0B 58 56); &BAlthelliker a GAL

In%%r&p -190%3%1%5 %\g%%al a&tvngl)ia?(ﬁgego%@ouMEV opé\k(!le’ reXégjm |that ﬁzlayﬁ a larger role in

the %@raéllymlch(cftan {reprenpid r@]@mtp g@ergn@p@mt@q regpRgive pgthways is increased by
ex§k§sﬂ@gﬁen§}hﬂfr®1 Dafohy ﬁroﬁote@@uitaﬂlﬁﬁroﬂg sombiers for[IEhAYa coli include, but

ar%léoé P%l}t‘r’ 22?1{73 n{:“f“‘t(;ag nra%(t)t er e {ch{lmeg of tlh? %resent invention, the total

acoporedthe rone{ <l>_ramire Mﬁéfmaéawmmm@tlea hosch @mg%@d Ep erfporssieg thoenzyme from a
ﬁm}oﬁi@c&t (f-i‘lthh?é.lil c\@f))t ﬁrﬂbézcﬁlé%ﬁlﬁi S&lﬁgfe %Qéfnp@gs LALLMt D8 include, but are

Lacl repressor. protein frombinding to the gperatao E)M
o5 e Bt o pREot B et BP DTN COARP L REATU (M, pBlucscrip,
pUa, wind widhwabtors. Tr pR repressor protein has a conformation

N?nﬂl{f‘mﬁlp %gn%?l%b% st pa%fe%go%o’teri 3 ‘%Jé f 6%9%’2(9.%%08 fcelfs rlr}{:ﬂltdg %G@Qc not limited to,

ressor proteirn has a ormation

a @Mé’smweqhatb ) pr@lqt%@nck{?éfr thympietine kinpsg PEPMOLEE 4B FHOY &te SV40 promoter,
LTG0 QhoviiS &€, and § Bbus8 XRfNbBiondeBaemo®t. al . (1983)

Proc. Natl. Acad. Sci. U S. A 80:21-25.). [00160] The

genes in the expression vectawo-typically will also

encode a ribosonme binding site to direct translation

(that is, synthesis) of any encoded mRNA gene product.

For SU|tabIe rlbosone blndlng S|tes for use |n

— 1 o o o ~ o o, S A PN\ 1. a2 o



and transcription term nators. See, for exanple,
Bitter et al. ( 1987) Met hods in Enzynol ogy,
wa2875483544. 62] An _expression vect o 1DES2007/069807
[00157] N (gld*nelgxﬁﬁ eé(aIF]%lFs léta ]ﬁ F@}l@lﬂecgpotfr§, L usedp prﬁ ot C host cells include a
sighfaCd promg@niferBangiid a Aotseratsrins: 70 omof). I@dirdlllmlang/e@klplleé of suitable
mdulglbiergﬁon%rtérs fopgs\é%}/'@arcterlﬁ%gst cag%c&uﬁe glg E%FEJE%F&EE&LBQ Blac Ptrp; Ptac (Ptrp-

_routine experlrrenalon her a articu
lacypridremetar) AP@G%OGWPY@"@L¥?4l4é]ﬂ°$a%?@t°ayr§‘?°\?‘éﬁ(IﬁB@(md‘“’lble promoter, for
exi¥hé, Q%cg%fﬂn&ﬂ’@r ttfacPliadPbRibld ﬂ@m&t&p he&SHifNe Hl&&bﬁlﬂé’ proféter, for example,

d t t
P%{s%e % 2 a)ya?ngr VPaoain|el % );Ii]&%gli gagcenol Sl% 4%' 4Ci§ I’? a X tlose 1nduc:1ble promoter,

expressi on ‘of
forcomipie.Pawl (bae, fohexampletioim et 100 I%Feﬂ'dw@l gx{ibks §|AM pmﬁee),ra tryptophan

pr(m?(}ferael ﬁ@pr%ﬁgtteﬁ 'aﬁ]algml%l ﬂﬁuc%ﬁorﬁ&!&reﬁﬂ éghﬁlen@ﬁlgtﬁinogﬁ@&ffble promoter, an
on exp ression, confer one Qr nore g enoty

e&taFaalT“’fcgm lggfomote[r,@rragé?sg d‘fquﬂble Sropireiiariry I‘Pf(?nf%r’nf@r example, heat
indvobte 1a6ddh ?Ltpftﬁiiotdi,all‘ Ifrgindtheontﬁwﬂlaf IBSsheatsehsithi Gdpressor (for example, CI857-
e Nggedl 141 r%c{a 'aga gﬁ) {31? Vc'ec%t‘ 52 I f{)la%Llﬁ 12 % ?ﬁfaﬂplete‘il eIEE%lS Microbiol
Ef ar otic I nclfu dro ate r Ct ase
Leﬁnﬂ7ﬁéé¥ﬂy%ﬁ),rﬁn¢ é1§|11§€t ance. Non-limiting exanpl es of

[00158] NaUirkih SasEtLAE@RbR coMKBYSpréBdiers fF Gleah y&ﬁtihﬁstﬁﬁis ifclude an ADHI1, an

T INN TN b ——
ye@0 008! dell © BB /2tdIR0IDTHit06® 8 AiWergh0 @dletdsefgiucible prpuoter eugh as a GAL 1 or

a @z&L h@ﬂgﬁ)&g%staatt alffl 9843%5?’[(%!1 agiof @(@h)eb467 by Y)r beup1 promoter Where
I mpr act| cal or too costl y to use a sel ect abl e mark

depifrdt the WhIGFtELOTCRRPTEG APEIIFT SRt A HroRRtitEn e Cphbae promter.

[00159] N(fnafdilﬂﬁg a’iﬁﬂnﬂé\s dTepdrators A aedia bn@riyﬂ, hostaals inchide @dichBEHBmOEr operator (Lacl
re;%rstor pro éci% Fr]Han Ieg \c(oen trlmgtgon:% g%tt I%g twltg gasc oget, {hb:%{)y ]grgveg%g the Lacl repressor
pr@tan fremrbmdglg é@lhe enczitry 2 FpptRRhen PrEMetTs eReErtqs I(\alsemc grplexed with tryptophan,

Trh® )%@fe@s%sb@fém\&ﬁg wiﬁonﬁmom}anaﬁ&ehe IpBratoh S Be 226120 Of HpRIpBan, the TrpR

of the sent Jjnventio expr.essi on
re}gssﬁ?rglr(ﬁg asmc Pﬁnan t#uﬁ?igﬁ é}ﬁtebéng( @ %ll,e oi;ﬁzrgtor(_g,hangl g Qatc reomoter operator (see,
fotxatble,|daB&r £FAKZ)98p) RrerriNd(l. Azpd.iSondIS 4. 0@gebher with the

[00160] ThRggnep natﬁcmx regsﬁ)qlv'e&&'tt%ﬁ&l@ qu{ 29{0 en&fIk gg%sloﬁg bmg’ﬁ{é Lied d&e@t translation
lasmd retention in the absence of antibjotic

(thadip, é&rtt]peé]ﬁ) ((f§@éenc?q§ii n%ﬁﬂn%progrcé Fag suitable r(b}_)gg%bmdjng sites for use in
ESB&G’?{&H& tcﬂi see BKihe 2A891997) Nddaa Sﬁm@hhdﬁ&eltm in B(olc%&él) Re.éulatlon and

Deve o ment ene % 3%68361(%'?’ ﬁpé %% F. é‘olglyei ter ? lpI %ﬁ%}nlg7 11glsng NY.

ose Is e
Ins@fnopz@the W:psgme blg@%snp @ncogding pla:gﬁogde qu};@pq@ SMA 3 upstream of a coding

%qm&at@smfﬁ&éﬁl(ﬁﬁslatﬂﬁan é‘Wabtth@%|nﬁcr6<ﬁr£anhsm|lﬁd>rhantehﬁ (1993) Nuc. Ac. Res.

tion 0 rotein- protein
21; 42{5%?%& Yt ag ﬁ%ﬂﬁﬂa]fdxﬁmg’? ﬂg&e%?gs& on vector
[00161] Othdratguharbdemsentshimt pay EBElsgcpgrao pxpagsgomuEc ok ingludkeypsaripiah ephancer elements
anﬁ '&%s&(}%ﬁ@h%nﬁ&% '§e9 >%$ﬂlxar£ﬁ§ ‘ﬂ;lxrte!r 8491, '(@8t7metﬁ5d§m Bz RibdY, 153:516-544.

hen causi ng pllasm d eplication
[00162] A’S?‘Qfeéﬁ*ﬁ“i V§ct%frfeadd>é d“‘B‘?letf‘Hé‘S‘t ‘PP%(“@’é‘ﬁéYPe%/\Wﬁ He TEGSRIgA g 23! ot others.
O@Nﬂo{dﬁﬁﬂyi skidttih (hEl ar o tveier) .canTI’ﬁz&thK&ernﬁﬂea&ﬂﬁgﬂl 6@ egatim@iktion whether a
pa%%:lsllar exgxtegesmﬁlg/e ?] %su?%dn%{ I %;n thO '%r}l(grgo é\?lre]s’mp}é'j;]rI Qna&é’ QI% expression vector
caprbé mtrmxp@ ipth e hagtpreaviprs.eviichdntbanpotierst ife aiasP by, anfl gPIEBn of any genes
cottBesi le8Btorvect ors can be introduced int o a host cel
stably or transi entl é)‘\l/" varlet%( g est abl .
00163] TH SR R AT P A B R BLRST 8 B QEPET o conter
on€ bt 101k gdeenbtygiatrasnsefultferselieting heotix piseglsitdying/lest w@hs thatgarry the
exlérggsfogqgcq& Xﬂ Mn%é!a& H%f@ﬁ@a%egéﬂsﬁb@é m:g(JP::efor éﬁLIF{&!C cfeﬂ’srmclude

e calclium at e, al so be used | om n
dﬂa/dsqfqﬁtr %?fiuw%é‘dlﬁ?léycm fﬁﬂ%ﬂ*a’aff OBHMIINE SEATRYT OF SiitpRfsclectable markers for
préiaRatic dels int1€: Epiel dling ampiillad, cldotimptrhicblpcartRAiCEAS diki®mycin resistance.
pernmeability of cells to nucleic acids) may be used.
O her transformation nethods-Alacl ude m croi njecti on,
DEAF dextran nedi ated transformati on, and heat shock
in the presence of lithiumacetate. Lipid conplexes,
Ilposones and dendrlners may also be enployed to

- Y TR " g NN A SIS A "



[ 001671 The introduction of various pathway sequences
of the invention into a host cell can be confirned by
ohods3such as PCR, Sout hern bl ot or Nor t her PCHIS1007/069807
{00164] Fqﬁ)pmd}naﬁo% g& IFQ?FFHOIF;}O"F ané&cglﬁtblpleqca f l}(ﬂlaé(l 1%?%3 oL B(éstly to use a selectable

mirk& it eduifes @iNatidigon cE abl hiitiiotic dakd fef@htaGon asith. tAh:eordmgly some
en%?h%%eggs Srds léseerr}tclg\%n n empﬁoa/ ho%tcelf:sqgat 90 nd rre%mr{ tlhg use %yan cr;ﬁblotlc

usi ng priners specl r the sequences o est .
regiftency nqsllffinfiligéélemtd@mﬂwrl te ensyrg jplagmid &em@ssagﬁavie@sré n@@tenance In these
er@io@ﬁql{elﬁ@ Bh@E Fx%éeﬁt 1n\%ﬁ]tléiﬁ% ¥L}ﬁé&lg§v&%h’ c&ita@rﬁtarp@agmrﬁﬂt&aﬁﬁe system such

pilla e

a ctro or esi

ss QRO PR o TS ERoelDisef L P RICQ PIEgHE filon gor segregation

systeineto kffanplafmiDidéentid in tige abbénabailf e ibiotin selecAbrt (esarenﬁot pxaglple, Sia et al. (1995)
i} %u&érﬁ)h G7R6}49. 99r19al}1§‘e§ra§ oeq ihdod Ro1 tﬁu S8GYLReR safable plasmid

I nterest can oye In a y di zat1 on reacti on.

MFIRENABLGHYEER |f%ﬂnwm@sgﬁém°ﬁ?dcbyg@rf@r%%w&a@é RE2rvhigd codes for a stable
toRiS GRd dndinftele itddB TR dnfigxih deh GBIk &S mﬁdacﬂgn oﬂiﬁN&uﬂbﬁduect protein-
prhgefi‘%/le ! elg’czt}é)r ?(%?]lctrhaﬂosg%]e e%%gglogggcg(i}‘ S ab Salr nOtéSh [frBlg aeron are qUICkly
dapgaitof the umitable atnhteme,rre@lj@d infbsabiy toxdo den cmwllaieyh The RK2 plasmid

reblm§§§ﬁl}€%n&oﬁgd E&qﬁe tge@er %hi@ﬁ’t:od'ei 3t 4 ﬁﬁAtrEbhcﬁllehgﬁtem The RK2

r adi oi munoassays, sanaw cn | nmunoa Saé ﬂ.
PlrFEd BAEEGHD FECHUE PEPLS b&fheé’arngera&tw%y 125 e @iyfhat function to
rebvegfismydatultiierathuandyatiye fadm DERhegsationown in the art.
|
[00165] T e@u@ﬁé? @%c%!rrsrrcaa‘& rﬂg Haﬁ@%%@éﬁﬁdo% h@%tcélwt%b}/y éél'gﬁl\l/skge?lﬂfgﬁ%]%@ o?gsgabhshed
te@luww Apeexpplgrpng ﬁ‘f‘}i‘ﬁ‘hlni"‘é"qséﬁ@t“%r‘fhlt)ﬁ‘éet trepigneppfisyein the expression vector
is |1rﬁ1‘6&§i:tedl gidh kQflum pheiplifa cbth@RalGaldr éxakle Ialilaﬁﬁ pththdteI, Ay Blko be used
fo lo‘glﬁ%fi gvp%rﬁ)gg%éq}g &g \%2&%)%%1%%2%09;409 O thﬁ\a?p(?laatmfl of current to increase the
peamechb B ICIA ts yuvtelirasas) mayde oedd| Ogmntrdpeformptian meéQﬂSbl}Ch{dh guicroinjection,
DEAE ﬁgbfrm? bRbiged @éﬁ@l‘om%ftlohly% feRAAnbIk iR thE %legenc%km&a&a& L1p1d

be extracted by Trjcholoroacetic_  Acid {5-? fol | owed
cqRpleXpialiRPIOT: atnﬁée@mﬂaéwa sprit pnioyed &?ﬂ&nﬁca gost microorganism.
[00166] UﬁB’H‘ tﬂﬁﬁ%rﬁgﬁﬁphydd\ia&ﬁ niShedst cam beiridficed td iientéfg thie Wibdt el finto which the subject

ave aegn in !)(ﬂlgéde A% gﬁeprlfplag}?%%@f?otn rxgelttl%q &legﬁ%béu%mtléﬁﬁdual cells to

ona ative activit
fowv@pv&ualtcelomeh el wa«hl@y tepine fop pxressioie e fabesdesired gpre product Another method

erfiBI8 SdidcBhb lth‘hsfbﬂﬁ:d%ﬁﬁ @QM b&@ﬁﬁ)n'pﬁé&ﬁ{ypm @Ifaltsﬂﬁﬁﬁh&ﬂﬂioﬁgh the expression of

sei\'gté%lf: P)&%ﬁrt g,e9es cgét%meéi \6131111 ts%ﬁ(g&é%% ! gtgrat"l%g 8([)}? 01¥11nary s]%ﬂl can identify
gdnprpaipoedifi@hotigelisiusing theseaf ethemusthodf 0015 1n Tﬂhertyl el d of

[00167] T@c‘]nﬁo%lgafoﬁ B3R G0l pﬁth%@ seq{lenggg ro?thgﬁltv@rtﬁgh krffo PRITVRY S be confirmed by
di scl osed herein i nhibiting

RS PTG oF YL SCBSA BT ST Pelic acidscan be

p@ﬁa@#ﬂ&roﬁr&hﬂfedﬂtalﬁt&b fratlispaind @fe spdediciseppiceddintleregd athd @inplified by PCR using
LA DLLk [RIUE LY G BRAEARS isGRE o 1

T Y w %r il Y Eegm%% the expr eséﬁ%n&)zfn / ésr ﬂ}e eed kY a%ayr/ose 8¢

elgﬁro@wz%smlﬁaﬁy]epuﬂe geheh&c@qp@oreq&s qmp@l]wﬂgcér@al@qusvefollowed by staining with

ethi@@Bir&hige, SPBRIGERAGILHANS ek, e Get&tiblCofMRAC WithAETV dofection.

Agelf']rgaﬁl;l-ﬁg n(é%/lgllg gc‘ﬁc% Er%éﬁislg}?e%giﬁ tef(g)r at.lféera)'stgt\% ac‘taegl t‘sj %terggs XI{ teha?n?ioyéd in a hybridization
regition.Oftecgere®n of a dperific frmosawinbean e asamjlﬂmd byyflagtctpethecorresponding
mRNQS\X:ﬂtetla@él tlsclnscﬁf)tlo% cl)lﬁ)\feﬂl Cﬁ{hﬁgrﬂ@tﬂ‘ & bﬁ(ﬂﬁtl&lv @xr@l dnmunoassays using

yield of an isoprenoid praduction ddi ti onal |
bRl REF brf B ‘%Fc“é‘f‘if‘led ETAProB A B B PP HE R b&fr are not limited to
Emhasﬁhleﬁmﬁmsae@t vh&geadwish amainbasayexanpl e of
[00168] Tﬁj Oynkaylggctlw &tl a (ﬁ?vep §9tﬁ&/%2/oegzgym§h:gﬂ EJ 28% ged lygﬂe\%lg%tg gis\hgtﬁ&jls known in the

arg rie@@t@gﬂ r!i‘r?c?gvflmtl? HEHCER P epswtainag duthe B)UBE“O@&FWF pigduct pr conversion of a
suBStRRS of b edz A6k R 3SBLidn Bt W BHdE 10ty SR EROkALtipE € Wkt baEL in vitro or in

Dependi ng on the specific isoprenoid of interest, one

skilled in the art nmay choose2x-0 target additi onal

unproductive steps. For exanple, where car otenoid is

the i soprenoi d of choice, one may opt to "knock out”

or knock dovvn ~one or nore genes sel ect ed fromthe

o o s R L g



[001701 A variety of nmethods are avail able for

knocki ng out or knocking down a gene of interest. For
wex@nphis3o a reduced gene expression nmay _he  PCT/US2007/069807
vivge E gﬁﬁinp%lﬁélaz r51§t1v&é|:tgﬂtiy BF]H 1Feh fegwtaseéﬁ@/WGé.’émﬁesynthase in a cell can be
meb @EddILR NGBy statd levet afHMalLGA iha cahriMed audan bk Edrattbdcby Tricholoroacetic

ACHTS(% CR e g)n?ngl 5 he %JctB'c\Hi mg\!e ﬁ@éﬁé%ﬁ gr!iﬂ’h. Bka%s Spectrometry.
SRR Sy 354 Py

ranscription an r trans

ThF Wtﬁy elapayalopae 1&@?@? tandp derpanatpdqdhy dheormariony %PWeﬁphosphate The
relﬁtﬁle Qétﬁlftﬂ@ltm@emﬁate BXd3E &ﬁﬁ[MGTCJA%d&&mh 8¢ mPAuredBLIht kiBly state level

n.the onoter, a he codi egi on, or
of B U kb SR aE PR P Me s ShR oo, See -
WQes983287 Hrigdh i¥inedrpated hekgopy refeoinck. Conpounds 1001711 The
[00169] T}er%cp&{an Hsgyr@md Aot P Wog%etﬁgmﬁlv;a&&ﬂsctlcf%%e% J&Q @§ aufgmented by

a robust production of isoprenoid he use
mlplg%ttgé‘aﬂcg?w Fhab@:y%ﬁ@gﬁg{e@ frﬂlgtpm%?wé ﬁivﬁ%‘«garcﬂsﬁalfrmg?rbof the isoprenoid
prédaéte mhibiten @Othe ﬁﬁﬂrodﬁﬁtlvatreahtﬁﬂls tan(a @cHﬂ@EcEB)OﬂedlgﬁigShe expression and/or

actlgwtg lr %%?rlr)]esq{vofveé J[xm%%%_ %}Zrl_nlgr? unp. (ﬁilctgve 9691§tion§| élﬁﬁ ¥eﬁ8{§>9£‘§c195e side reactions

ation O ne aspe ct
of the A6 Aiyeig thatleddde ftte pod biosynihedisy elsmnmleosg@téw, ¢ aspeyjate superpathway,
gl&&te@éeﬂés‘i@h@nemzd&pﬁhésfs)’an%r Q@t&‘hate s@bynthedif) ata lngmBEﬂ a$fectSffe overall yield

enzymat j c _pat hwa i SO en hos
o GERE PR SPprre: D B AL REE o i THAGy ™ d son of
phasphdtrasdacapflasa s aneths texammpde ﬁahﬁpmicty@@me r¢acaams Gherpoieowhdre desired,
“kﬁo%%“é AR S kﬁ'&glné Qawﬁ; % ﬁf& %etﬂg thatl éﬂ@od@pﬁksrﬁﬁlrzln%clatpla@ may also be carried

I um under conditions that are suboptinmal as

in ergﬁﬁ%}n@aasp teaiskbrtiisoprsreid preguctieny| I%Fperﬁilug\ﬁndlg spesticdsoprenoid of interest,
onéEXNeAthS &eﬁlh)f tHoo@ rt@téﬁght ddaitienal ﬁ)ffprddhﬁlvb esps. el dempll: Rwhere carotenoid is
theégc{}r)ﬁe\}\lgigg ogg ?oﬁg may ?’H% 608‘%%060}1%’?%t i S ktngc c{o%vgne oL mtmﬁ: éelﬁiﬁelected from the
grqachnsayng df rgdle% laeat, @lhhomlpnbmpswﬂ’t P’Fé‘A Y} %ﬂa@{ clp plpP, clpXP, crcB, csdA,

cyztl@te%sohﬁﬂofdﬁthE@ﬁ%ﬁﬁA REEOPIRR, dnBQ ua_L,@t IYEY 1,516 GH&IAC 81068, nadA, nuoC,
i nduci bl e, I'n other embodi nent s, % bB, yedN, yfeC,
Sk LR @&PEQZ@H%FB‘B"Q%‘@‘? yaéﬁtﬁ%y n\%/{?)ﬁage%rys yedN, yfe

yeiPndBDb, ¢Png;hid)] or §RE gensd, ngdng otheiggescsralgpt proin admbriggonh, alteonhibition of which
woluﬂl rQstunﬁ‘r IﬁgiBP ﬂ%lg%Féa‘?‘%tentoﬁ%s d&@ﬁlﬁWU QNENIER }ﬁ‘lrc:ﬁloH 66&61215 58, which is
control o et erol ogous transcri th)l onal
inqoEgTieathercs. bY[WfﬂEWS] In sone enbodi nents, the pathway
[00170] A %HQVOE o aﬂ’,lahfv'lnﬁblé f@%@:kﬁl@ @Litﬁi’ﬂ GEocRing G@lllﬂggeae of interest. For example, a

re%ﬁ%@gﬁgﬁq%brgss néaly O% a%cg Bleg%d \Né, do {Tk% %581( Xrgdyo% épnae\fcle Iég%rrxllent. It can
alsobe samiigdaint with the ue af yndisease R S&H%A ATHBY A, flquzmeh@ple stranded DNA, and

trafécAftod: anﬁ&ldaﬂgﬁioﬁ ﬂﬁﬁmtoﬁr mhaeas, ebiposoRdeh by ®io dlsrupt gene
Borrelija; | or of | exu Ent er ococcus;  Lact obaci | |

PSR P TE AW} PO BE TG Peiveen o
adﬁteapieyiésoc Bﬂﬂisl'srp ofst srépth@ees.cus; Streptonyces;

oyg Vibrio. Non-I imting exarrpl es of
High leds L’??l C str gl ns include: Ar chaeogfl obusf ul gi dus;
(001711 THEgeshantrBRPROTEHGS ePTPRRsEiPRind pistheds fprap rewwwuﬁféﬂ*ﬁ of isoprenoids by the use
of @B}Leﬂfeﬁil |p%p|1&)s1ﬁﬂfe§>6ﬂlwaﬁ¢iﬁym£lﬁﬁaeﬁre QRRE IS cdnderCdlat I84st one heterologous
re lpat ?l‘ O epng %Fagon c gl% ns eltlﬂer a[o%el? arclln lcclJrrlile Jl (ghnSOI’]I I
TE 8bst prantar i Lacfococeus factis; Listeria
[00172] In pwprpoleg 2 methed efmr@urrommﬁyqpo@elﬂe@deéaﬁ% af(2) phining a plurality of host
cehHEMN gwrﬁe arl &Qﬁﬁﬁfé GhtEw A8 ANy 1§Up£ﬁ&iyﬁ§§$ophgs§§dd€j9ﬁ@8ﬁﬁle all of the
nmeval oni i ; Staphyl ococc aur eus; c¥1| 0CO

pa@aﬁﬂg}zmqﬁ;l age ungfréﬁlﬁgﬂl Bf(’a(t)ke&% gnel,]lggmg(rgﬁﬁ iptional regu?ator and (b) culturing

theS{oﬁﬁpllﬂﬁ 0 ecdismagdd aaidit@es thiftrespboptinges compared to conditions that would
pr(g/r de%@roa RE %}%mﬁ %I{)%trgg R G TR NS, sol%g Eﬁ%d%é?ﬁs%@ pathway is the

pneunon 1 ae; Streptfococcus pyogenes; Thernop
meezelp@mmm“@m Inpher srefsriEReRt: OPAERIY drife RBPIE S @P%émbodlments the
at Mhdd bhethe RV BRI YiblidhbliSegulitdly sefiddbd 1 indldible.f In®tB; embodiments, the
[00174] I n another enbodinent, the nucleic acid
sequence encodi ng a neval onat- pat hway enzyne is
selected from acetyl-CoA thiolase, HVMG CoA synt hase,
HMG CoA reduct ase, and neval onate ki nase. |In another
enbodlnent the nuclelc aC|d sequence encodlng a

o o o, s o o oy ~ N



[00173]

[00174]

[00175]

[00176]

[00177]

faecalis or from Staphyl occoccus aureus. [00175] In
anot her enbodi nent, nucleic acid sequence encoding a
worewaliasad e pat hway en HMS  BOBXUS2007/069807
PR CRZYEES af?—M‘;‘P’ci?Am?l@EI% %}t‘%%‘éaé‘sﬁtp%"‘ﬁirﬁ%‘tl%{?fl y" WP SEPpqUEgnts, the
pathwta@ eiizpmeCdrassiesconidlio€ ulgiple hetbrslogng trasshigiiosal rdpab®@ek. on
In%grgygﬁgﬁbr{eggqhéﬁﬂwag gérgérlsgghﬁ)ﬁggfac élglg EI g Oé éltcgrﬁné £HEvalonate pathway
quge]frqgggrokzgmhava)g @n B@@g\eatpus r@qvalapate paflpyjagc Nohmiting examples of suitable

prMEﬁ'ﬁ;b)s incfi@e thddrokd¥s gelt&g Qctindfdds! ﬁ}‘ch@o@ﬁﬁuﬂ BadtMan 8 Borrelia;

edyct ases can characterized, i t hei
GRS Frig e Gres far R st Qs BEe P Sk fpmonas:
Stéhplovastsabtraptocédens, Yaghtatrey, Therrnopdstrat dangd Vibirigy det-dinitimg examples of

spE&ﬁé’s@éﬁ@h’cﬂdc §L~M§7§Fo@& tf[;'lgzdhsn B§Qﬂ%br;§9&%b% §0rr$lzbz%urgdorferz
Cl ass reductase exhibits a statin

C’i”?fﬁﬂﬁi“t %ﬁlfleﬁﬁstfafftt’wg%éﬂe'éthsﬁtéﬁt“gwweﬁzum e brBiagormsonit;
Lakbadiltds pritaaum; Lﬁftoc])%s Hibﬁd‘ ORBi@mnodun; I04térer monocytogenes Oceanobacillus
lh%/@%&lsd b%g%%lg()zﬁasx ntg{ll clens fgﬁ;lagf?oa’:ltafA’ﬁlgv%rOgg{gﬂ?p%¥lﬂcoc§us ﬁureus
Stasthyloppsci@] ealdsmttdztstmvwows kgefralpticys; Safzptmoccrue aglactiads Stigpromyces
ngsQolos}aQIQus 0 bcois rJHngO@rep}o@oc@&ﬁ}ﬁ@unﬁﬂ@@cﬂ'ﬂéﬁt@&&cus%p&enes

A educ ase has an, nhi bi tiop. constant
Tlfemopiadvggtfz x#)n@ I,’!jégr{ngy asmae CFW&IP d rz(f ?{lgkeéfea §”1’ parakaemolytzcus and
Vibh>uDofcus:sol ated from a Hono sapien by a factor of at

InI aﬁ%ﬁ’% eﬁp(gilrﬁlenl Qhe n:llglglc aellQ Qeguengg en%gdquopmeJaﬂ»nﬁe paq:‘ll;wa enzyme 1s selected from

i nents, reductase I's from
acpybkent finlase. Hl\ﬁG&OﬁéVn%Wﬁ&?tAsred“f‘H%? e gl g Aother
erﬁ‘tﬁxdiﬁﬁ:htaﬁle nieid d’c(ﬂ'ﬁe@feﬁd’é&ﬁcch&@fa&felvﬁonaie@ﬁﬂn%?f} erByme is selected from acetyl-
C(g'{ 81 E’il\%@ ICog| s ﬁ'ase }P\Jl_ﬂy%ogo %ulc‘:tgs%uglt[dafx%gal(l)lfc’ztteﬂgr{ase ang s from a prokaryote
SEéu ormna meval onii. enconpasse In ﬁ
bqlqmwea td thhgeanseEmerpdogqys oChageguy F. SelI“W@"@ESRr the denus &QE}S’IOCOCC“S In another

erfoBinRht ihB Gucddic Acﬁﬁsﬁ&ueﬂ&@ﬂéod&@%%ne?’ﬁdﬁate‘b@%vaﬁém@'m RQ%8cted from acetyl-

55% 60%. 65% or 950/ identit
C%ﬂ%é*‘rs'éd%‘i‘g Ct"?“téy”é't‘ﬁsﬁggé‘% 14 §%dq1ﬁtésr’?c"é‘ %‘tevg"nater%‘t?é‘t Bl from Enterococcus
fabdw&@dﬁnf&ahhﬂbme:us&wmher enconpassed in the

In §g%/t§£%}6§}h rggn? n\ﬂéglt: Q{,n(i éqf@gésgﬁgod J%%Smévgl@&tca}%%y 61%914% is a Class II HMG-

5% 209%
C‘B‘aﬁfi’@r%e TSI Tedistiots aSeeencrylly RN o oses pubighygre disinguishable
badbibh/sd A3 Qoﬁmgytﬁae%ﬁﬁa% @roparits {6ee Aol EkaBpleUen eeal ;:;a Bacteriology,

ho ar,
1%?‘.@%2? %eﬁ%atr et %E{’F Fe- e“é%ﬁsetfézgé’igz; {5158,855 001781
ChsiL HMﬁqugd@mmhlabe;ﬂh@aetww in pEChr bedemt%sﬂe@ statins, including but
ndt D&ktd0s Aﬁcj?%ﬁtnd %h%@tgtu{ Fﬁmslﬂw %tﬁtﬁd%%@é@ﬁ Smﬁd’a@ﬁﬂn in some

Ar chaeog| obus ful | dus | ovi brio
erﬂg&frg}lﬁs ?IE@ H(%% §ucta eixgg)rt? %stat %(}nfcgpsitant greater than about 1
m(cﬂdﬁfbﬂ)i]l@a)lc;roﬁsihxomotfob eNduiemalatt &n@thaembocﬁrﬁe}@% CRps Il HMG-CoA reductase
|
hagg\lﬁz%gggﬁ %‘fﬁ kf&talglﬁﬁéﬁglltﬁaﬁl)that oﬁ?g éfa&q(%ﬁ\g? %fo@;%‘;/ atikor of at least

LaCtO acCl ohnsoni i
SHbOORCHCPR. 5 | 9 A gitT bR 8 T RIEH A reductase has an inhiiton
c AR @R B8Vabtatid £64t@ lthadl tHaDEXARLGads CARREB58 Jsplateld Slofiral Fomo sapien by a factor

0 n 01 Qeanabaci LS )
oRRSGHSETR LOROHTE30) o8 SSRBRRELL L LIENGRE By s o
a Peleacdtardmetber embodiinentd, ihe (B4 IBIG-Cef apluythss dofean archeg baalgsia-

Ag ﬁﬂg%})ﬁss THRBNYd OCAEENSis QRS i s S,k A7 ORBIDNi. Also encompassed

R B S B aR L R AT 2008 B SPLOCE U, s, s,
500ABO% 7@, 5% St0Ee PL°0,I0SE tis? Shritlenisy as AANIBEAY dhy amino acid sequence of P.
m%/tafogt? hgfé) %%égeélg%%g ”%le_‘\,k%?encgfﬁﬁa%&g%tﬁé lnve?ﬁlt)r?:m: Qgrgtﬁtg Hac‘vmg less than about

ogenes er nopl asma_aci d
A7CACYa 8%08)25%, Fhtes - MSPHIY Wtstl o= |519ﬁﬁe'(¥t@é§§2’@syducweo rljhgidentities of
chol erae (AAF96622); Vibrio parahaenol yticus

(BAC62311); and Vibrio vulnificus (AA007090). [001791

The fernmentati on nethods deser4-bed herein relate to

nodul ating the specific growh rate of the host cells.

Oten represented by the paraneter p, the specific

grovvth rate represents the rate of grovvth of ceIIs per

o — s o



rise indefinitely, and at high I evels of substrate, a

given increase in the anbunt of substrate will produce
wa@2003mei3Ber and smal |l er jncrease in the rate oPCT/E51007/069807
amROGIcaUTHET € BF eeToEd BY BRI PEES P REPERY ST atifls Cenet Metad.,
66a122hemi1v99.which is often referred to as the naxi mum

[00178] No%H%%tu{g egaerﬁﬁgla)%]asg ﬁtlﬁdG-éokl?ﬁdggtgsteg l"}lgllude t¥1 Eig{:ﬁfgﬁ frgxg) J\F@ CoA reductases

tween In C U ture 1s we
fwkfh dm’tatoélof’q‘fd’%lé’dsmq_ NP BeHovahrio bagirdovior:s (RX2P ¥} Rogrelia
bu%%loﬁ‘ebfﬁ(AI*Nbﬂ@d) EHRA AR am@ﬁ‘ﬁzcusf(ﬁm %Z@mn@rocatdt} ]faecahs (AAOSI 155);

Princi I es o
Enieg@lc cCu. ,Bgcéléné Jﬁngxli@bgfza?%ag% H%lgzlsoeriu (Aﬁ?f%g?éga%actob%%ﬂuf ﬁlahtarum
Larsmovicons s p@dI0D$ABT); dlseerin inaqua §SHGYI00I) i Listbriiamenotiiegends SAE017324);
OAEWBLcins %Q;Legawobémaﬁ pb;z,tac@a,stzeaéa%){ﬁbfa&efns @u@ﬁt@@t pseu&monas

reached. racti ce, however X] mum sp ecif

meyalar QM24P559 @éﬂoeécuéevrgmé%%’o%@ %@hﬂgwaﬁtféwﬁeal W{éﬁ”("m)

Stdphfocoasl hdnoBFcus mmmooamy SHeprg@tdud Bgdie-tige QCA&)490%$,miﬁﬁt®nyces
le el or 5 p t €, OICOrLI AY eum

grzéero\éo\f\%cﬁeurs é%%&?g@{), te z‘ocg' npug)ans ws(;?6?§ Sirepr crE 6)? 0ﬁzae

tance bat ch® react
(AF2A009% Str@atndqcmscawgevm éefs%’l%)@f?é) dterriopiatrs cetrdep@tumtﬁPA@HlSH%D

THEPHRBESmd »%lcfahzﬁﬁlt(ﬁﬁ%ﬁsi)%bﬁ&&dleﬁde‘@mﬁ@m)t WiBrid Bk L ARdRb Iy ticus

R0 it i T and Korz ot al . (1995)

[00179] Thd Biroteaion olethgys deSBib&hetin relitaeo modwditing tha spepifie geweh rate of the host cells.
Of%éH ?&EJSQLQ bly%he%qgﬁ'gtei ;9 tﬁe%&%ct gr(;vbcﬁ ra‘i@?ébx@&éﬁ@s %E%é b4 growth of cells per unit

raté I s tines referred to as
of WF?%?IPFYGH'HQ‘FE\AE PP SPF%ﬁ%er%hhas\mﬂ“F”és treinvsalgyne (/0. The maximum
sp&ﬂlk@ﬁ'&vﬁﬂ B Il 1DRS cilige nb®ah Gellatt&ada the Eﬂdc&ofpsﬁlﬂ;ﬂﬂE tér@&tration on growth
rate &ener cs‘l‘isr a erotwhs ly at qp Peglel%é he batFaQ [ Oadc a@ e 1 veleof the substrate in the
m’speci ¢ for many  sub at he
metdhlmnapemsommge tah:e,of vll gﬂ@mthaner Saaie ¢fyplé gqoythahmt continue to

ns@mqg?ﬁt@l?sa%d ?t{hlé’lﬁ&\%lsb?s@b@c% @tElvEH 19('51'@‘fse ml tﬁé/zﬁqllo%n@ff substrate will produce a
substra after a naxl rat e
SR AL OB T m JFORE A PR s SRR 1By B gt G Py roaces

lingit, d/hmh sasten teferrgd ©Wh the makignuny PEAfB(Etowth eatere ihparptical treatment of the
relgtpo%gﬂlg béewddh M»lih Ja@%?ﬁ@tﬁ[g 1sa\lveslﬂm@@n ?thR(LsE glglléﬁluti h]le A SP& K eferred to as the

tenperature as we s to substrates. Genera“y
Miggod STUHTT Se9-itTIerangplo Rirs Parginles of Micighepadpet Giitieaen, Wisy NY, 1975,
papdslaliog IIDM{S @Ieo@tlcfaaﬁéaﬁﬁenf &Ie@naaﬁmﬁd'@emﬁ(ﬁxﬂﬁeﬂ‘ zﬁ:taklﬁ@totlc limit that is never
rea&Feéi V&nﬁls an él’tl te egel%a S tfa ﬁe elS re%%gc? tGIh W%F:ﬁgc% rhovvmslle% I'the maxunl%m specific growth
ratapamumcgrmdplhé agfregatohtaingd whapithd copditieps uglenglxesﬁgﬁﬁlpzp @l substrate level or

terhy a?ure Suppoft tHeGHIRET igklibil fovith radd) iPGhm&tHﬁe,'i125 feMBatch reactor, the initial condition

07/ 14 39 PCT/ 200 069807 mgrowh rate is
SR HEE o i RVES FETTE 't REHEC . BBITRL PO: B s sxow e, See
foi xapplenet esl.qaspoh Eehdrieased. HBy98- lQSvaed Koig et 41g1995) J Biotechnology
39t5@@eﬁ"ﬁ]et é&uﬁmﬁ§ I\&Wetalgﬁ)s zﬁg}g g&(ﬁh ltgs%ﬁﬁ(}?tacﬂe M&ﬁgp%c&'p growth rate is also

maxi mum specil he nmaxi num
soeeeeqsrqfeﬁgr%wuﬁhrpmdegr%h A agen% whilohs Manar carptipedgyeres the theoretical
ratk Qroﬁérh@rfoﬁ(idlbshbtv @t is?mitbﬁaflﬁi}ﬁ'ﬁﬁﬂﬁt the mhaxitri@pecific rate, for many
sugsltjrfltgg ga?ﬁ glan %%¥0ach%§gt ﬁe va ﬁse rrngre S‘ébr?§§§ Fstad(%egwn << tcr'%és@ﬁ}{rﬁre is seen at higher
leebyf T et mifroee ratpirpbireeth Se., thivsaimpme SReCHfie ergath rate is achieved

folm“ggﬁgg,aa&reta{geng,g@gﬁg&rati on of the conponent is
ncr eased, .t he in sone cases, WI&Jte en hi

100130 The G HE B BT 2 BT FORER S TS R a5 well a0 substatcs
Geilaglle as @ ganlsiewillngosy stowity spiee Itefmp@ragmesydnh wilbgrewiasa faster rate as the

terg e‘ta%ry Slgreéﬁ@se& eto ta Qgtaﬁl%ﬁl? Akt Hl&nthQ %rotvhleratg W@e@ﬁ:{g There will be a

rate. maxi mum
rgmsrea@rrf ttcvhgcﬁlcslwt 8410‘1"5(%3 Vidlbe gt abréwmtfﬁ exelfBigisths Ferstg At which the
determined at the initial stages of the fernentation
before inhibition by end product or internediates,

cell crowding, or other factews contribute to slow ng
down the rate of growh. For exanple the maxi num

gromh rate is often determ ned during the

exponentlal phase of gromth rather than at the Iag

______ o o o, o o . g o



[00181]

[00182]

[00183]

[00184]

[00185]

[60186]

wa@)07540339 6C,  8C

[00184] In other enbodinents, the host cells are

cultured at a nediumtenperature is at |east about 2C,
MR grgmréte llslfﬁuewgu }V&]}sﬁYeof@l]m& é}ga't gF p{(ﬂgctlﬁtﬁg elf.ﬁyl%jn%/lgss %29174261%%%215& by
losgag itei tongraowt below éit e&mpByitufeaine suppgrts themisgmye specific growth rate.

RN edi GRo blagpHEd Wit EYPUG EFothd? Gadi he fi

h?or mat | o%e : Cd%}om gat%@yf)‘r ogluc‘rflptsp % n fk{] eg)rre (??Jtm and mvelqﬁto the fermentation
thzgaéﬂlésltralpq d1sT Bptagess vggld'pqpéct Ffetalltrlen‘LO\wém}qs',gné piigeiplsethere can be a low rate at
lot @RP@ItAIf e @hHOnehe) dli&ﬁﬁ: will gdt |}1Lg|11&ras % Y §REntA 8B TEhWBInG bhent is
1ncr:ﬁase({ g‘r%r’bgnlr %hge%eés%sg f'xl ev\lﬁn f'?lﬁ fon\(,:\%n'ira onf Htg tgth%))r(nponentsstgee Eaﬁef\lllll decrease. The
mayirgwh bperifit growfh rate ixgdtaingd where tn coyeerd@hipreci sl Omnb¢nent supports the highest
adepend on the type of host cell selected. This can be

ascertai ned_by grow ng the host cells under varé us.
Tl gsiebn reste SoRP i 121 Filli® FETIBCE Y (Y StkY il s of the
feinke@taticl kefbamﬂhhlginomb)herﬂ gprodes or ihikemdd@ngesieA tiowvding, lv@bther factors contribute to
slo é;(%m%ﬁhe Cft;kb P%‘)q’vﬁ(; ?}I)rf’]egglg}#ge {hg FQ&%‘Q&%&% ga\}\ic ﬁgﬁieﬁrrrﬂned during the
expggpt@épk}ag@f (gw}egltheq thaq & the é@g}@asgfdegler@@p iphasg, |ggthe stationary phase. The
coh&ﬂﬂﬁrnﬁkﬂd{uﬁl s]i)&ﬁﬁd'giéﬁivtﬁw{é &RABY bé HpBEdMater EtadeS of the @RBMMIation by taking

tA}? if E. Coli is the host cell to be

mtt%‘éc&“‘f aP%rP ﬁf‘iﬂ{}eég production of isoprenoid, the
Adcomdimglyt mtsommemt@d‘p@pa,t hopteellssairdymltapd BE); cohflitiGhs such that growth is less than

abglﬁ'b@% of {h@ ﬂmk&uﬁf@&@f&eﬁowﬁ hg. tif Gﬁ@xra?ﬂbH&lﬁlelfth rthe%&'cgmme cultured under
ecific growth rate 1s_about 30C Accor

i f S
coe P% |S‘§7|hél€t grgw{hﬁé eﬁdlgztn aE(&t in% (;5%’66% éB%F 6(}00 %O% 25% 20%, 10%, 5%, or
1% EbE [E&Dbﬁhd Mgximfh esbuiCit geMvtiohtei soprenoi d, the
e t O o] [« =]
In é)e grl erme ecﬁt% etltrl gﬂ utrceﬁlsl age c%l %d Q{% 2'9 \éYm%l tg:xape]'-%!?r&?s%tieé(sé Qboit 2°C, 4°C, 5°C,
6°C, 8°CB10CC, Rifel 0pBO°C bsletvahe tﬁrn@rﬂfﬁﬁw wieuld movie iahfhe maxippm specific growth

raﬁHB BN SPRE tefrb Sratu@ iR isrefu€edOfhitiha nh@&&du@@'tllle fﬁﬁﬁh&}ﬁof toxic

|eve I n ot her the h
byg?o ucésufl gﬁru%giufnnang thF éf:r}?éaﬁlfné?fe rgert‘agﬁjégree 881%11['% cglghge gmperatu:e also reduces
ceiduryayges dema@ whiphesabies higher aell-dampitiestto bhetttained. | ower t han

Tﬂenéﬂpemgﬂ Wil O REOKd ASxiheh spec@@mfma&p)@g héslt geugam Lhieved will
In certain enbodi nents, the host cel

ScpEM B BT R B S M6 CYAHS SR R GUIPERS {pahost celsunder various
tefipdratinrad dvech @ffindl peli@l/&ltinte @o @HiriO¥ thel ecldvanit gtodaiscurranTishatderature that
sug}ayor/% %91?43(1mu?no/§em c(;/% v?trg O/gte éléo%% dc;;%n rléqné:‘% ?{ %on%gr/ (ﬁl\jl {grpe? of growth in the
resiAgfive erisn Incthneasd #fifh G0l élmt@@yramhafor aw&nﬁmgwtﬁcmr%mbsﬁte is about 37°C.

AdcBRingl} § E0QS10i8 e $53t 6o BEuse® ffd fermléhtivé ﬁ‘o&ﬁcﬂ@x EXRAPRhAS, the

i ncl ude car boh as nonosag
RO A= QoI S AC CHAFT B ECE x5 g B or maximum
spsdifdderawsth acels hlouadi°d, Apcmtﬂmg@n ifS. aedvidiae asnble lzlstooh o b usaddbr fermentative
pr@cﬁm@m@ %g%e&'ﬂﬂ HRFARARR on t&%@a{a@ ¥ BLiSw w@h T ca@% ¥ Q&Y temperature is

39 PCT/ US2007/ 069807 aﬂé*l"n sone

abé%o& frénd K- 6t %éo carlhdn 28btht Eé>§1°8dhiatf’inléf‘éatw P

grmeﬁa&&tbafoktdemc@rbeahg@sacchar ides. In other

In%m(e)roéjnllbng ntel’sltb t%aﬁ boencu Eg lcfle(fg gtl é&l%nﬁ%ﬁl?ﬂe&“r{ ﬁiels X cﬂﬁon source
fonosacchar i’des and di sacchari st _ ot er

presiy delrampuE, that [rdoveea thsp haswiishwoulipregdetat 4 mpyipun pRegifig growth rate. In

ceffih L:Mi)&i%ﬁents[ @Qﬂ&B&ellg‘/Q’S SR AL RS eSS 3h&re iHARaBdNEBLReE is maintained at a
Ve as u

S ar S r 0, 0 0, 0, 0, 0,
e PR S o Ry 476 S S PR ABb VT e 1% 1% o
led adldizomainnim padifiogo¢Byatat Supscartbn-cosasnaveed that @ digestible by the
mﬁﬁ)%%grﬂsﬁta%% used ENGR ﬁﬁ"xﬁm& Q}Ucﬁnpleg elh.as @d?bofh&&fﬁcs sublft %ﬁ&acchandes

si X, and heptoses seven. The carbon atons are bonded
ollg@saf;ﬂ];xgﬁld@@gﬁl pg{y@qqgha{ldqsb orgqxw;dlfng%wh @ﬁ,aﬁfﬂgs'md(pr@lﬁmc ag}l;jand alcohols such
as@GAk0 Bd prépafdl Pad peléstOuch whpdgeroconbi nati ons, order, and
configurations allow a | arge nunber of stereoisoners

to exist. Pentoses include xyléese, found in woody

mat eri al s; arabi nose, found in guns fromconifers;

ri bose, a conponent of RNA and several vitam ns, and
deoxyrlbose a conponent of DNA Exen'pl ary hexoses

S o ey .y

71'1 tkye maximum specific



[00189] Where it is desired to have cellul ose, glycan,
starch, or other pol ysacchari des as the ultimte
@ 210B0§33DUr ce, these ysacchari_des can be PCT/B82007/069807

100187) 1 D FEP U 0 CHORGOHE DA RE SN By G GOCHEESF PRBE=Bgances. n

[00188] Moe@qawmrb%@arﬁ éﬁﬁ@pﬂ%uw

[00189] Whi

[00190]

[00191]

othetr@itbdimknts Eg@nrsrbowiouldy c@Rizy B‘BéntralljfrﬁtﬂirmdﬁcchE@des pmisdiaruharides. In still
othgr eﬂbg{hg‘érﬁs all%gn gﬂzg rcgs%gt];alllg'frge és@ by t he enzyne

ase ccor I ng { sacc arldes such as
ot §|sm§§)u(l<ﬂ1ﬁg:lplm}p Fpg c;gb@lydrates They are classified

basb@bDth@r badktfodé bfetarbbh &9 atomk YoseSEHvE k¥ carb b ftbB3MREroses four, pentoses five,

ISR AR 8RB PRI X O AV s

(—CHCHd catb&d] grf)ﬁ}idl(-t-(S:CSU@ﬂfbsa&)mbhﬂﬁ&ﬁmrdérJ ajjd cqpifig@aippb &jow a large number

of sgeremsoine n'?o gc)\s’t 19 Eose‘s c? de %bse % r%el}l %ro? e(r)lafs] aa%mo?e ‘%dund in gums
ers adas t uft FBoR SoUT ¢ e,

fromammﬁr@, dbcgegtcem@ynt@éRNm and eerrel vﬂgl@weraa@ é€0§5/rﬁvp$ee¢ Component of DNA.

Exctifify Bexb Q5 11&!1%@6 $1lcoSO QM&U&&& 'aﬁ@ﬁWthQ M@ﬁ‘os&%ﬁﬁﬁéﬂc@hb&@ with each other
rocedure of the present invent

an 5 FHOHRSH P g)rmgfvtlréerty ?fﬁlésa%;}'lgglﬁ% it o%éf)sa crli%ndcese r}\n oligosaccharide is a
sacﬂﬁhyslaﬁ}ﬁiim conghanging Henattmnmba Cypisally dieecn tbhpef simple sugars. They are generally
C IfoBkid! R

fougll Elgi%sé c%lwalaﬂé{g%tg%grgﬁgn‘g%gr C é)%glg sﬁgg%;rf?nlﬂgﬂe%tel &olmd moieties. A preferred
Ollmﬂﬁlﬁﬁ%@f usgfin thiyarefegt fmiepiationgeectipmis éts?fé]i‘a“é‘?rb‘%faid}?é fergxample, sucrose,
or &lmcmﬂma}c&;h@fﬁh&e and/ or oli gosacchar i de constitute

rlbl(% aes ged t zéve é:gl%?Zf: %r ;?ry gtn cl? or f) pB é/sal(%%lﬁnges as ?1 Plhlmate carbon source,
theﬁemommla*tldtman bfsiirethom\hmd lnﬂqell@eqamm@ﬁ a@wha@ehcmﬂdpsby chemical means

l%ﬁe%%du@ Hebﬁocflsr @'gr 19§tan9§ |c1:}lﬁ|ld§§§an b[e ORI ult@ glgsdg@f)y the enzyme cellulase.
enbodi nent s, host cells are cul tured

ActER R LSt HEGT U GO RIS LV i gty Wl . canols, sl rice,
ryepsrmem suhﬂ]ov&lﬂ, véham ol beh) adbaics, fobire peahhadfbttbrln atveanhotath, cassava, coffee,
cow&%l (%%o QL. it h gs‘"'[ﬂn%ﬁ) eﬁ% lln%ii;g)'ie %ba I;IQL& oats barley

not “bel ng bound by any particu eory, it
Vea@ﬁblwh opprentEh angpRHgstihsed b Wi BORAPSPIETT: § cnRefigged by cellulase to

gerletated ses¢t sﬁ%b?stfoﬁfs@ iR hcibh Ritk the ferg@ltdtios @%c@hﬁr&)@&le pReent invention. In
rel a roug hth var

| e
cedi e e R 5 G S R P FRep PRL R ot
oligogacelharidd comstitwte gtéwstaabwt 5 a‘b lbg weightt dfj ghe mrbmommgam @trpnmhbat the beginning

of ﬁgﬁﬁﬂénta(ﬁt)n ' ﬁ%ﬁk%o@xﬁ% rﬂme@ﬁorﬁﬁ@&ﬁh@dn%?ol&@&%@% B¥stitute at least
the mecr oor g anismis i ncreased. Exe | evel s

abayf §0% @feﬁ‘fe‘b?o 7 e e SEHRE AP IR d?tﬁmntfa 8t 'fPf’nbengaﬁﬁ{m‘f fermentation,

such i@t theeheht8idp poditim adoedshtiZlP Hee HAAulRBYy 60% 50%

B e T e T

pregeft yjap P’@g‘é’ﬁ thetaﬁbbfer ti“?ﬁjp% Fdich aguid ﬂ?roé'tdﬁ& @ magpughipgcific growth rate.

Wlﬁl@h&dﬂeﬁ@ B&uhd b by RAGRMard tHeohh @ if 100Wh @t ch&f@%@ﬁheﬂe‘#e& of components such as
nt.a

mtgéeﬁlﬁga‘; fre; amnlfaélgeo agcl?:gl,é]nﬂc a u&e rg'lzglsvg q 5? ugh t av?mus chelimcal pathways
withinehef cell.n'Wia thatei fomd draebf regectiof the |1etvr=lcpgewog@ravalable fo themigfoorganism, the

am&llr& Bﬂ%&n&ﬁ\é&h Qﬁm(grpﬁtllel)eeﬁ&@&ucgf bﬁMfc@r aﬁl%ﬁ Q%Q:réagkd Exemplary
mai nt ai n fermentation at _;

W t
BT 2£°3 B MG P P HE B Plon oL 8 PRt Pt ot 90%. 80%. 75%.
60% 04, @99B) 3004, 25%io,£ 200K) €0V6,i 596, V86, ontless, Ve che ataxinubeyelifivgioveth rate.
The restlrlgﬁso% o‘f o%e% Iga.en b% ét&@r&eml n(f Ra nQOmec'émgfrﬁen{s r}ﬁtr fgen in the form of

rate. anount s can
amemmpeovmé mfhfsqum@a ofiibe fean@@ﬁmwtsunpzv injil af@m Jut gup3enuent
addiolk HSQ@@%&Q@Q&&R frédlof Inﬁ%gn &Qﬂiﬁee%@ﬁﬁroﬁﬁ%ve 1@ %at BOYHf ammonia

nee?i]gz%?o 40(1/%?)@ thﬁ%foo/ 1 %@57%%%0#1 ea?':{gﬁlg ra?lutleo%s F?rot%%bu of the
ferpeigg®nt thd laved pf ritorpere & ilaghtdivsed et slavel which &llespihar g amoungykich would
supPOUE nhQinftM B h&fe. nﬂe 1 Ginds €4 RN Abh e RS MhichQvould support
support an |n|t| al growmh, and a subsequent a
nitrogen | evel bel ow 50mv1 4mv 30nmM 20nM 10nmM or
4 MMin the fernentation nmedium [00192] Sources of
assimlable nitrogen that can be used in a suitable
ferrrentatlon reactlon mxture |ncI ude but are not

L o e e o o



[00192]

[00193]

[00194]

[00195]

exanpl es include the batch nethod where all the
substrate for the fernentation is added in the
7 03 the fermentati on reaction; the PCT/US2007/069807

AP A et et iom mdi T 2o ar 14Dt Dot 1 4 6 o e

maxgxhi ehecifib efoerth ther A ferghtatidief tha Presdnt ineasibmepuiiiiaueidn igifial nitrogen level
ab%\lflebl%tml@ ?mea%m@ﬁ 91 11 dt%aneﬁ%nSJ‘lﬁeJl & n%@d‘r{t aQHnlﬁgl%Fo%}g %nz? {]subsequent a

| ncrease rati o

miffl"getl héeIWGWGWW@mM 1omMser 4mYidethafrmeniagion medium.
sdfLesr a@ﬁﬁﬂla@)é@x@rogerﬁ@ﬁt chiS BELCiR a shifable Ser@ONAMRA reta@tldﬂafﬁﬁtu@ include, but are

cert unt of substrate present initiall n the
oo B RO o5 ST b eHE "o ET GO ER g sey . B e Such
nitr¢pes squriet inglhdecanbysindus emmeubsiman@am saltery irtogzagig los eganerrcldy such as

nﬁ%l@%&fd@tagmoﬁlumgffatg qgﬁﬂoﬁlltigxtégétﬁe Q¥nn1091u§1q)‘1:10§phate other nitrogen-
variably after the initial amount of substrate. is

cogfaining £agpoungs aing s%taxggb%féfnngf ve&eﬁi]blg a}nﬁ/@émcrc@ﬁd rbgm Amino acids can also
bepfsm/ds de rﬂfbgélfkiot]ﬂcahncaﬂﬁig Nduciaé, isiHoshe @tvelideportatv@xtaeltheseof. N

Any & a{vrel \r/ g"%nd %U}ldngg n%tr%f\:lg)lalq'grvn\}n?t tleonﬁgagggn%%%%te ubaetd t&maintain the
suhqu}g@tlgfm he}p[w[ tye lgecd wmgh (wh@ld iPYoivide £t the mipiopust s'@ecxflchgﬂwthtrge Ilustrative

ex§1§l§l§§1gélﬁ‘(ﬁtthcybaﬂ:ﬁ atde wﬁé—f@ 8l habstde foh@e RABRENRBh lsSd@H irfthe beginning of
vel that is subogt i mal

S CO
i e B B G B PR B e e, o
ingo1RE, ian ihotegsigy amoanti of bibetraftecie gropidtdeas thetferwiehthtidpgoroceeds in order to support the

m@r &&ﬁ&kf&&ﬂmﬁ Xgéehgﬁﬁ%e%edﬁﬁ | éorﬁbﬁhaﬁ&ﬁ op{htesett}t}get méhd’(]lg §re often employed.

e ce rom ng at an ex onential rate, it
Fes e %idQlaWP’an‘é’étha BRI APgHnt psubsiaig Prespbinigialyppy the fermentation, to
alRWREBlobA&hnisnat 16 dépletdihid @fitidl @rnklﬁ]ﬁ@f shllik&ata,l’tﬁ)dﬂlndi sdbﬁequently add substrate
elt%er co?t{n%%ueslyflcﬁ ltoagdfl I!]t v&réa(r%%yaaﬁﬁr tlel tlal amouflt o?%ubs%a% is %%ﬂlzed Irt 1es an aspect of
tha ddediomrtp &nvidsqpanitel einginlt yf subsiigteda i mjls mhh@ﬂnen@u?n yedium, which may
beHresént a@avtgiatnye\!w kﬁgh b1, |t(9%5v tﬁehﬂ@t &ﬁk&o L@viehtiaMhge rﬂlp \WRUhifhl substrate, then
provi de the maxi num

rate. 01
B g?‘b%aﬁe%a{(’ the amount
thitedukladppoa @d naxindai rowthsgel b &theesd @htinneustop virkable feed rdso it will be

ap x%ggtem &Use%%lg nfeOYY tgqb 51;1&; th%rgﬁs Wﬁe%ﬁ?ﬁ 9111 E-ip%nentlal rate, it can be

ate e not el ng ound a partl cul ar
adyﬁéqu«gps tq yary the fepdiats at ﬁ]aq:xpgqqa% ;affgm f)ﬁlér tp k¢g|the agount of substrate relative to

thE] 1&/&1 |oﬁliHs§ceﬂé/@h$tﬁb | Ehuts ﬁh c&rtﬁﬁ EﬂnbdﬁﬂldléntsCﬁaﬁ@&s hid @dde@ liradni e¥ponentially
| ux throu

mcérgz}s}ng Iagyer, %u%:,giﬁ a eve ower A & th«p gvel ‘é‘f’ﬁ%ﬁ \ltl)mulﬁ rﬂ}orx}tgg 91% maximum

fes are 1 nguct b
spedifi¢ growthyatpe actlve vvhen certa| n nutrients are

InRbEBS EModintbits hﬁé’ﬁn&gﬁtﬁlgﬁ/@gttl&hﬁtgwleﬁ YREhJRE f&@@f @b Mdrce relative to the

sour.c feed rate, t m cyr oor smcC
oSBT B PR PR PG GHGEBT P ETE Y P HEny B G fpound by
papdcatat thedy, itihknoeanizochasony heleedyoflnetrisntpplailabdk tb aictll willlclrange the relative
ﬂd){lhl%@%ﬁﬁ%éﬁgus%ﬂ%r{ukﬁhm I Q/ltﬁ Ft)kEQ:Eltl @d?e*a%pﬁel QJmeg:Weg are inducible, and

st ce suc initial carbon source is
widl pilybg aetiva Mhen FEHR BtERRt F PreFe Y Ve Pheeried ths avesipgthe garbon source
febSrate d6lA AR rdtgaibm €XN@PRANE tha hmb ik 6f 1sd@t&101abroﬂudea'(rﬁha\fahﬁ‘dﬂtation. In

préc?ig%%ﬁ%\évr%)g% ?a]oglrc\é\'{gantcbe m&pr{e&i m%WPﬁg Eutl am?unt su 1c to S ;ﬁ)elg Iaxg {pﬁial growt.h of
the hest getlewsih such iitaharam sourdrels s il edulisd, Aar viielale fapbons source is
ad@&i ﬁqpé%ﬂ)t)netnhzﬁtraté’\@ﬁ‘tl afla SERRRHs Bdd¥tha 3 T6n WD suﬂp%r@the@%%lmum specific

50% 40% 30% 25% 20% 15% % or ] ess, l‘bhe i .
STRRR If[ﬁlﬁ,]hgs[s %eé]isf f que Hl arraettléod 8]6 flé:gtjnt HCHS?I?‘I é}}c carbon source is added in
arefifpostithie wbeld sitphert dtentrided, 8Q%.01M%; 6XGt5S0BN401% 3§y Zite, 20%, 15%, 10%, or less,
of (Rl &Ax%un?ﬁdc&ﬁc bwidkfon source sufficient to gr ow at

or near i mum specific gromh rate (unlimt
Ingaﬂ@wmodff@mwwe@nwtaame@u%ﬁ gvedp ipigpldolys obrarbey écrurce sufficient to grow
ato2 sV 2R0HAh4P3 3R Gtk R 006 880 1h) bl awd Byt duced feed rate at a level
required to support the maxi num specific growh rate,

for the remai nder of the fera®atation. In sone cases,

the point at which the reduced carbon source feed rate

is inplemented is the point at which a predetermn ned

feed rate is achieved. In certain enbodi nents, the



is below that to support maxi num specific growth, then

the carbon source feed rate is reduced to an even
wo owen4dzsyvel for the renmmi nder_of the fernmentapdDOS20am0k9807
bejopthat peqiEe to supaeths regmumsReciie SuHh tly L dherepagndengidhs fermentation. In
sofne daseL the pbint 5 ofiieh erhaiitadembsn soifte fead L0 O ingddiedtd® isalicpoint at which a

pnj-:ac?? %%tlé\édtr 1ssagl§£\%ay clgﬁﬁn cbrglgogmg'ng %gﬁcpo%kgtqglsm( (fFr)c-)I;lg;c)ed with enough

€ reducea carpon source
ca{b@@ 19 t¢ groyeropensipibold ia dgeA raie oftaheut fl 2 g/Fbntagier voych the feed rate is reduced to

57 gm} hQheldSoReit A iHABdteif6t (R BRABRK of theferfriigls t he
[00196] Ingﬁ? LL?’ of toxic sub F nces that d >crea

g S AP E e odol RRBE AT bR omes
ingngible agil udoee afts tigdeddn sotwe fdaérandds bern rddaceid ¢o plevad badow that required for
m&lﬂﬁlnn %mﬁg g;'b@‘he P%P&agﬂlle | &eﬂthé &g&@&e&ﬁﬁﬁﬁig%mm §Ee¢tn ufdgcrxble promoter,

exanple, Kortz et a 95) J. Bi ot echnol
thg@rr@sltathihla §Isb9,1n IBV 6@11& ! mésoncQ Il;P ‘}CB’\?‘éeI a e&POU(?Eﬁ‘% érﬁwth but at a level which
is Bbh that, to adpp ot nﬂﬂﬁhﬁﬂ&ﬁd&iﬂ&@rdvﬁlﬁ thed 2 UtAboddiueh faal thktedis reduced to an even
lowere‘%)vglrr{or tﬁe g‘&%ﬁw&&ﬁ (Pe\% taFtl%;l eantg ng lbr{duﬁ‘:g' g%ieg rt?e\é"ht )carhgn s%urce feed rate is

e ce
redpcerdatin scbmﬁe@mamv é@tr@droer@@nw arehedlaed:mmmmhm@beta -D-galactoside

(Iﬁ]@'aﬁer&k&%t@%&on Idecelf@M @ ini@thted. WHi Ch 1 Ee car bon
e the t

[00197] In 6318&51@9'%1%8%9 d]ge?fe%le?%%ﬁv;{ﬁ rg{f‘:gcl)r}el\é S‘%I@P@?({IB 4 Mjapner §1§t %Vﬂlgs the build up of toxic
substantésciak ddcerael celd growvthaaten Hiobéxamply, it & kasinothad whiihtes miurh glucose is added
to ﬁl%rn#eﬁiuﬁl, %@ %i:ud{](ﬁﬂ;ugh as ab&atg Qn%ﬁﬁ& %} 1!11% oEgeaﬁlgltnl §Qe {éo§ example, Kortz et al.

or ned such he carbon source 15 ept
(19ReY- Bigrecpad| 391 &) T#u@rbypwldmglqhtghd?ye](ﬁf Cfra%} gource, at or approachmg the
anSol xStHadhGaSI1d suﬂﬂ%ﬁ&ena&lﬁhdn{ @owihfaté GRliditdd gtbvth), P RRE@C Er@dtveh of the cells
ma{)/h:)ethlamer %u(% flﬁtélroc e%cgrﬂgseaprt rte?ihdug% t fac‘g’lll'lm %gt{oﬁ toF tox1a gdbgtances The level at
wf[l@Oh@@lbOAnowefle@PM@lMﬂbml abpro Fhe rt@mrp@ﬂts Ifh) Rotapqumplaty is referred to

as %{H‘lﬁéap]e%l BEthe ARG RShSHCTha s deﬂﬁfl gﬁﬂdd‘fm&@sl s fermentatlon reaction is
vitamn

pebfﬂtfg:fi s gﬁtﬁb{&% gagl?calgﬁ&rgq Iggepbéd%\?{ g’ﬁ é’ﬁtﬂcp W'LE g)?g% Rulﬁi up of toxic substances.
Thokd skidig@ in thr art will Rppradiatsibatnigasiticah cdnhantrefidnad tubsteatds @dit tarp with the strain
anm%dﬁm% &qguslr%g added specifically to the reaction
m Xt ure. (571 odi mrent of the invention involves o
[00198] Arp?f@gtp\@ﬁﬂgﬁ@tﬁ@géeaemm@ggwscalafonfaw% cqwndg rmé:h as inorganic salts, vitamins,
tra‘ééflﬁ@tﬁlk |di’f§iowﬂ§pr01ﬁ&&’@ agwd olh@r dbﬁl@bun\ﬂ@@h disS bipgaeseht i Ehebon nitrogen or
host cel |l

mmlq]rél sglér 9n t(})l% Fe,)t?ecﬁ raac%p 11 a;u Cet (i)r OC?_]II b 6&%@5?{;1 chFilgy to the Teaction mixture. One
errfbedlnenttcwéthe awentoa dtvplyes mowding thesg awnmusfb atlovelsethat agg suboptimal as
co%ér%@gltﬁlt pbas %ﬁ&@th@ Bdkifim g%’wtﬂ a&hq $R1BL IR MELE S0 increase isoprenoid
i ncl ude both inorganic and organi ¢ phosphate sources.
PIRGRY9% it i ng exanpl es of phosphate sources i ncl ude,
[00199] THeuérmant@ion ddactidnnhiked chioglsoqphosiphatiebk ahésphacsohrcasSur pigsphate sources

m&gde%' @%%rgmﬁqﬁa &ga&kﬂ.o&m% daam molﬁagﬁ% ﬁémplem&bm sources

at e ate m xture er eof
ln@!met %Pfé nﬂémn@ﬁ anPhoeﬂlaﬁe Ealis TS PP Adebatigfpdiug) apg potassium phosphates,
anluﬁtﬁﬁdpkd;ﬁ)o@)h&@ Lﬂo@@h@f_,har@gﬂeﬁmum thkdRofS mltm@dmdﬁamrsmactmn mixture can

also mclu%ag o eu?éel'cl)lf'n gnesmm Hl somg embo%lments %(1%' %éll(l)lg |1scnq‘ Lhe¥orm ofa
Ot ABTE S PE“8UCn rRgNes|

phbl:eqzipamld p@@mablqaiattmugdq n@glhﬁenumwaléq’q@@p@hyd@a althopgh ¢ther magnesium

som@OGE EHnEéﬁthtQﬁ§ th‘éﬂ%ﬁmﬁ&%@ glﬁﬁlgtéhf‘auﬁ;é ShaBhe s&%ﬂ bSused. Further in some
nagneS| um can be used Further, in_sone t anc

e I HBE oS eGP ENE SRS PO PRAB Flped of2
maPneshiit @uice divég dereetiagiohne inssdme Embodimeagnibs phospa ol s@ece is provided in an
n%ﬁfxt A s sﬁﬁoﬁiﬁﬂl% !:o%ﬂfareh ) tﬁ&ﬁ&%&ﬁqgﬁgﬁ m&ﬁnunl ngmﬁc growth rate.

OSpOrous source i'S provi anmount

[00200] T@dmtatwa Feaat@né@ﬁ%@wwalt%nqlmﬁ Wcallis%fﬁi?&bfe Caelﬁﬁlﬁ Fiypuch as the
diBRREd JfinGodin@ bithtelaad &hyl{rd@iZ0RdtettAetit efidETHeddrin@itation reaction mixture can
reaction m xture can also include a biologically
acceptabl e chel ating agent, sech as the dihydrate of
trisodiumcitrate and et hyl ene di am netetraacetic
acid. The fernentation reaction m xture can -29 WO
2007/140339 PCT/U82007/069807 also |n|t|aIIy |nclude a

T oy




[00201]

[00202]

[00203]

[00204]

fermentation reaction mxture can al so include trace

metals. Such trace nmetals can be added to the
WO ecora#3ad i on_reactjon n xtur. s a sto ol uPCDNS2007/069807
b A pasude R B e e el A o e F A DR El 5 7 afe entation
redchién mixest.  Riblogitedly heeprehid alids dvlude ot dromt himyedup chydlchloric acid, sulfuric
acﬁ?ﬁrhalt%gég,tpglgs% %%@L@Fﬁ%&t’cﬂle&)&f Cﬁlﬁ[o%@ﬁl ?(,ee%)ta?lggaslessmagc‘e but are not

I um se ferrous sul
linkje g fon pryRIPTZER ,hyckeméq, godawg lvdroside, perpsittiny piydgpisie ang mixtures thereof.
THS WrihadtRion k’&@tﬁcﬂhﬁd%@tc&l alsoSifkhidd mbmgﬂamﬁi&eptﬁiehyﬂﬁlﬁltseﬁrce, including, but
noglglglgeﬁlbcg E%lf]gm cgfélacg I’FT%}F] ?carﬁx%naaslmé 18612?&%{1 rér%gm r%gcn > gs Ifcgu%g sodium chloride. The
fewmwhbﬂﬂmmaw@analyo beludeddetimptals t ﬁ@h%@mtfémau b¢ oided to the
felrrrgntléﬁﬁlgeatch&l hix@Eas a%@@ohﬁ@h ¥h§t f‘op célgl:ﬂfér}cp Ran ]:[CQ)Q%)QI%]l sépgrately from the
at hway internedi ate or a conpound that can  be

reit ghibe B gD HATAR AR EurRE (hog B SO AR s iyt is mot limited to
sodliemRrEatagt feirbusieithite) My ptihiératenduprictihtatpentaliydeenpiocttate heptahydrate;
SO%X]%II‘HO nyb'dé‘te R ?ﬁrggt olbzﬂtoi?}g1 d&%lﬁg %ae]%'gg lépéhroxlnglggc%ﬂon hexahydrate; and

t at u unde

I'on-"can e con cte I anaer obi
mgngopgiubiaie mopehysipgiydreshlogeraisbingy l{e@;@%é@lﬁlg étgc)k solution to keep the trace
m&ARslistd LNsion. Under aerobic conditions, mcroor gani sSns
If %g%h\xpabﬁr%grpg %tg 8? %%?%glé%lﬁl&??% &)p rgglglgxﬁeéist?]ggitﬂ% 3y 111t§rmed1ate gs added to the
ferntentationeneinng ke énteratedivte opa@irpoend if typipally grrsent BGR ezagek amount.
Feﬁ‘;lé?l@alagljl can bE @&H ?&édﬁhh&ﬁn&%‘%mﬁh%&eﬁﬁn U)?)%gm)topaeﬁ'(%fl% cftggnated) conditions.

| k growt m croorgani sns on a growth ne
U‘Véﬁ’eareé)bﬁc?ondd‘i‘%‘f .r%re?r&'wang CHERIEP S8V NSRS 4o Bt gel 35 CO: and L0,
Urﬂiﬁﬁ&ﬁ@&ﬂlﬁcdﬁ&lh&bpdhé Bt cellnutgﬁﬂﬁf a’:lﬂemata&rrﬂtbbvﬁy b @radedct @0, iaddethanol.
Fexl‘_rﬂen? 15r'1‘ ca% a{so <I: %sﬁ(i % 6 tO glu %: é( X ﬁ\tgh ?fln]\ﬁllgl% rl%gngéngs on agpo%lgéiladium where no
digtigetion eﬁdn%iﬂ betiveengetohic @hd anaerﬁle@jmbta‘t%lﬁrn b)rgeaer@oqﬁtqbwémmaﬂon is carried

oupfopg@g&tlofm’qg%féhm@sr ocess is typl cal I y a cl osed process
he raw materials

T}’B éegT“ﬁ‘ﬁ‘i‘t}?QS ‘bffthet e et MVARIOR 581 B5/§ amf\ ?‘gé“ ag‘éﬁ‘cgh fﬁ g?:t‘él% gr § gontinuous
proogsi dalatcy parcesk GSatcaly ocesd pwhes ehérhal ¢fahdyew ngEuinls ere added at the

be?lﬂ.géggﬁjtﬁ)et Qﬁﬁeﬁéﬁgfs LR %&cﬂrgceégg S?mhl[& :J J&E%&Esswhere the carbon source

out t rocess. ch 'process allows fo

an@%%tb% P51 g0 H’éfeWé]Hf IH‘FH“&‘?%“ BrErogitot FIdich praeess allows for
grétkee E(ﬁﬂbgﬁlﬁie&ﬁﬁlunﬁana @tgkdWD bﬁh@lﬁ]ﬁﬁﬁ%ﬁmw Alv@ntinuous process can be
consacrI e aIel [)gen sysrt]e ch)C er}e Iz'l S}l}mﬁfl}} cton %Egusglleaqde% Thd @roguocp sﬁlli!lﬁglsé!)&/sly removed.
Prqstreese@g@etsvemthﬁetm@e:ﬂn #lprelpansqdy ﬁesm@@me A ens epiodjzeny, thefgymentation is
bel Jhsatsﬁrﬁ&ieoatch rog&g aﬁmgefﬁﬁsrlﬁyer the aag &ddenné @tpla@&l ih Sontact with the

un as a re t ocess, and. an ani
g R T AR R O AEY TR P bpiclly bav abigher
sofuilifryein thafoiganic e dibmnhantin theadubes femereaiioatriedinmpreysesged out of the

fel‘;l%PttaL&:'qﬁe%lurA &%ﬂﬁee&gdngﬁayeww ﬁé?e Y Eb}%@tlc}@é aﬁe})\l&u@ed@ﬁ g@@s@ of the

Int eorgamcrremmt an I n (%UGOUS

SRR EN DT B’Pf‘ﬁfﬁ?P&faéleé:S?F’r%%‘{“%‘H‘m&d‘ﬁenanHk’rféPa‘a
suél&ﬁgﬁ&dﬂ@ﬁxb@hadﬁ'ﬂt@éﬂm bédadrickd foer. (Ilhg@ﬁicﬁss hayhsractdiRedsef bdika fed-batch
process afxg a codlg?uo%g‘n?ro elssageec?usg 8{) tg? ZX S e f)f ISJr(f)dutc rorn rr%g;ngéﬁg&ll ﬁcpthe fermentation
pr@rq:ﬁﬁseTgeefp@bqﬁh ang cwlnmy PIgEESEEF a]ilq)w ﬁqgthg pontrg]lﬂﬂgherqedltlwf fermentation

co?ﬂp&teht@ Qﬁnr}%hﬁﬁ@nﬂeﬁﬁiﬂn £ &8ssbR faddatch @dnBMbus, dltbBbiRARE Sﬁtﬁese processes is

has characteristics of both f ed- bat rocess a

RN PIHTORE ProEeed hepedines B rHePaoy 4R et cr Bt el fe e of
adfiitiomoftfied andcthar lferalaldattoh eorfy@mpesdsatiingrion @tiogr &bsemoval plgproduct during
felfn%gtaQ tcgp ?%ﬂ E&H%%@F&ﬁ@&mlﬁéd IQWlut:QEadE Qﬁnhlbmon of the

contro dition of fermentation conmponent s
Wﬂh?%ﬁ@”@ﬁ@“fernentatlon process. A fed-batch,

conti nuous, or conbination of these processes is

usually preferred in carrying out the invention. Thee

processes allow for greater eoatrol of the rate of

addition of feed and other fernentation conponents as

a function of tinme. The renoval of product during

fernentatlon ~can be benef|C|aI espeC|aIIy mhere t he

S T | - o s a o "

ion by way of draining or
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medium A comon nethod is to neasure the optical
density at a wavelength of 600 rim referred to the
@ODH0a4036¢ the OD. The OD can be correl at ed t OPGI/URED07/069807
u&élﬁg}netyt Hlfcrtg)rgfﬂlélelpfeli lEerto§ &gn%lfana? @Eﬁlﬁe g?ﬂsw ¢ H?Jf]ro%lrgamsm, can be measured
bysip@siring theneibhtion mibiobdrgiien s@leted from a pEbratdhomnsdiite foetmwe®m medium. A
O .

SRR LRSS TR o o
bq ygedytp pnopl)\‘,(r; fereptatifingvhilp itdspregsesaing B5HY @ regaremgpt 4 ghe optical density of the
médi@at £dobyoRass ik fbgnetahﬁe @0@1&5’1 cfeﬂsﬁy g ywhelehgth\6 @b‘hm, referred to the

offer pefabPonte BRestt HEEREH it i+ 4aP R e Ronpaei Bhr g witin s
spedific medien,dut th¢ spe¢ife refutignsbip rbgtafmns(m andmnionet of axigrocganism per volume will

nc§ hé‘ﬂelafw ben%ghéble LQ’Q% Qﬁ lyp!esrbf%%ﬁxgﬁ{ 1n§ﬁ %Qst of rﬁeaﬁ pxrcgﬁlﬁgﬁon curve can be

i nvent1on provi des a rrpr|S|n t he St eps of
cregted bpfé‘f*cﬁ‘%‘f“% fhg OR and %mawe@ht VAP 0T tﬁ&}nim@ﬁ g sgpe cases, these
cdnelati@i tai He@Bedrie diffeidhtarche Atadnlof &le isdrye @fsingRNAict@adahiyms in the same or
di fi,ed host cells that produce the isoprenoid under
éntlons such that (a) the fernmentation nmediumis .
Inkle@her atregl: the pRfseyiaeOr@ Arevdss 2 méind edvaprisipg ihe Bregod (igiperforming a
feﬁﬁéﬁiﬁhé’tﬁreﬁﬁf)n SonkPRiXin fé}'ﬁﬁﬁ@lbﬁ inGdiGkh QM dp1fiakit® oPenstRhIy modified host cells
ost ce er ment um CcO Ses
i FrHT iR %ﬂl&é BRI M, OF FEPCoD DR Eykgn! ot
tetnbexttunafia vesin thagwhat vehighrvooni dberovfider forga maorinyml ppesifie giofvitcrate of said host cells; (b)
thg fe%nl&tlgﬁhlgdl% C&KH&IS&OJS(;&I'IDQE L(lulc"oe p?cggﬁ fAlan Qlﬁ'l))url:t hﬁt is lower than that which
fernmentati on nedium conprises a nitro en source
wodrrarifle fopa waximRE spReific e te o fhe host Rells; /gt (Wi fepmentation medium
cdﬁ@tﬂsdd a ﬁftﬁgéndeurf:@[ﬁresant TBXAnfBuAD B4 @Qb¥dr Ghag IﬂﬁWHﬁcH abed pbvide for a
max1mtam Cpeeﬁlf ﬁrd)lw‘?ﬁ rg% eof %w Elos(t" ce lg r(hﬂg(a)v%rmg rtllze 15 (rg?epl? lp{or(]luced under one or more
coeiél)lmtsmtémn (a3 Yhrough (<z)nl=31 qa}mbndrmt, thetf¢rmeftationgepcin) iprn under condition
(aF. BB GAJIRD eﬁl&dfrhéﬁt GG e e irdab @I is IGJQ).mdef Ebn@ﬂ@ﬁsl'{@rand (b). In yet another
he fermentation rea

r un
en&bgﬁl&}ef"ing‘ﬁ gerlflg)tatlgﬂ aeaftml IS Ip ?]urylgi cog%g?nﬁ QF Ldﬂ,e%tm any other
cohfb@afi@s therebfit i on reaction i s run under condl tions of

Ugnﬁg the ?r}nods %Qs(érﬂge(&)hereglr th!e WS %ﬁ)ﬁ\ﬁg mofEQKgﬂl D& Il@ Eéms of isoprenoid per liter

er eo QggL hods descri bed hérein,
oftfprEepigiop r%aéqlqngmpswdb b e RO BN T Ui gbRut be/L, more than about
20g99 ﬁbﬁ:ﬂﬂdnd!SgEﬁs produeédd, oahork &amhmong [seﬂéﬁdld)@ produdedir e
In%%?,tlge;/ a(hdll‘él nt ?l%erhogdeljrté)roduce :morF h nqygt aﬂg%?n%% 13(3):'p5r /o%ﬂ per gram of dry
hagtcelp(p@ milkigramapsy aIaHGtmgw.l_l V@ﬁghi)swpfbln@i dn Ptéerﬁm@ﬂa@@ds more than about

1dOQ1qg1Q§}ns bé} g@ﬂl@&xjﬂ] eén (ﬁqﬁdﬁe@&n agontel sb Qﬂtlglgl%_j; i)é gﬁﬁﬂgyge@l weight, more
m

thst arbgvtfo‘? rilE=Eeee gty s b A e gi‘ﬂd'a?@r iR g diy el

weighitghdrg thlalsa‘tpntd@(] odifigrainp payigher dre vdblo;zhlgm mioss thammbeutt7Bi@milligrams per
gr?lﬂ gﬂltce ghtr%rl &drgﬁ?ﬂ%oﬁ){q{)o&ﬁlﬁl@rgﬁypep grlarln d%eﬁ I;L%rghlrgq qsgprenmd is
I grams per gramdry cell wel

PTH‘B’F@’ t han about 200 milligrams per gramdry ceI I
In\bﬁiegthﬁbodﬁmme thd@bduaid@Uéve metﬁar litli$ Groeus ppeliter@F AuTligheinis per gram dry cell
W(aght is acﬁqueg in lbsﬁ, D5 E%c}rug ?gt?)hhé)\ﬁrs et (ggbq%glbs tLanlgaF)oug?% Er%rcglrrspgr even less than about
729h0am dry cel I vei ght, or nore than about 1000
NS Hirhitigg é&qﬁl E@@;f QBN isHp¥n 58 thelR! lgzlﬁﬁtel%gnels &RRVRAMO isdbrene unit) such as

pr oduced. %{9?4, In ot her enbo nts, the roductSn@ 4 from 3
ISYRERPE mo‘\Rfﬁﬂiﬂ’FFé oG TR 4y SRR e F“C pLaye F{RFETE erived from
isqpedne griasudh ys ap@kiha-digidgint; ditspaehidenned from fbxempﬂt:ﬂwamts) such as
ta@alag%' tr?té-?er@?&i@ ed E’r%ﬁ‘lfé‘?go%%é’ u%t@)ssauglé}l@ne@abeg%tnes%gern&yﬁ&n 8 isoprenoids)

or even [ess
B-sgoiene; %ﬁdtpplrxﬁ’rpé%i ﬁ‘iﬂ“é%d fEﬂm %re thepg éSOPf§’(‘F|dF‘§ﬁ(§F‘a‘saS Polyiepg@e- In some
hem t er penes (derived from1 isoprene unit) such as
i soprene; nonoterpenes (derived from2 isoprene units)
such as nyrcene; sesquiterperds (derived from3
i soprene units) such as anorpha-4,1 | -diene;
di terpenes (derived fromfour isoprene units) such as
taxadlene trlterpenes (derlved fron16 |soprene unlts)

o o o o, o o

snm



[00211] Although the invention has been described in

conj unction with speci fic enbodi ment S ther eof , the
wo moen% descr. i |on i S |({1h B’Iﬁ? | ust rECBUSINGT/069807
CIRPSHITERTY e PIRENSE S BFAHLG U8 ‘fr € OdIET‘H% fhedOBIEBYIE 15 2 L5t
isgtenaidt ages, and nodifications within the scope of the

[00211] Aﬁﬂ%ﬁ%ﬂt&léz ﬁ()e %111 ilas l%@en%@:{%ﬁﬁe%%c %ntt%%‘%ﬁth%k/l: dc%glb ﬁm%ﬁl@jhé’é&f the foregoing

to I C I nvent1on pertalns
desfqaii@tiw iag{tqnéPél tp flluptppte 2151?1 aatdinpit thesrepr9f 15 nygﬁtm@ l§§,aspects advantages, and
m&mﬁ(ﬁﬁ@ns KithB MY 56peiof the Givt:@dn wEIDBL/DPArér@ Rthost il if the Srt @f which the
mvenF bi OSﬁnt hetic industry and the like, which are

Rk e skill of the art. To the extent such
techni ques are not descEXBAPEHESH |y herein, one can

[00212] Tﬁe'pﬁ{étl@rﬂ? bR pfe@énefneaﬁ@n i eﬁlpfe‘)?" dnn:sst &ﬁer@i@é ﬁ@lt:dtéd @onventlonal techmques of
ljterature, [0021 In the

T e QPR T ED DU P i et sk echaiques
arélbridesesbed S8IY hedetir oneexrafinal ampleaaﬁnmctes;) thbmﬂipﬁé atitnrific litawadhre.

[60213] In%l% fglmm%é)el)lcglaﬁllgsr Efﬁ;r{s %QVC%@Q] rg:\%i\é ho?&lglggr Y I
exm@e EBES, éempéﬁﬁﬁs erefi Sﬁ@rl)e P vasigtigp and Qsﬁétw@fcaro'?eoﬁcwrgodawd and in the

cv&kth'cleni:dll eltr(t}en @b hSmbeds r¥fbredhdrddh Sxistd, Bﬂeaﬂ'bfdﬁﬁry@ﬁﬂltlﬂﬂﬁﬁns to which this
deduce e, correct anou rema

1nEﬁng%r1 pegtﬁlfls caH Fdéllcch € fjme%t aénom%llhrmq%% f) € rg{‘nﬁlél rn\%ﬁ%g%losure hereug Unless
mﬂxm@rﬂm\me’e teppep@pos epdted m dbegescedsiGedng pressureany or near atmospheric

pr&rsﬁ@ §tL§Eaele47e‘{" Afi r&éenﬂe@ﬁes%tmpﬁlﬁfcgted RefeDblInEd @Hmn%@@ally The following
| evel reagents, unless otherw se i.ndi cat ed

SxeBPlal %ﬂteem%‘fsgfw Purpyigs 9 1P el KA e s ope ofthepresent

inventi@nded for illustrative purposes only and do not

limt in any way the scope of the present invention.

—p‘—“Exam le Exanpl e 1 [00214] This exanpl e describes nethods for

[00214] Thipgpmpfe dsspiites g bedsipraaakingsxprersion elawgdethat gpeoda oy pregmes including
enkﬁ'ﬁfjs Weling SME Vehayae ﬁoﬁfSa&Ah@mWs B@&Jm%rgaﬁ@m in operons.

[00215] E%?e%ﬁ%@p&%%f }%ﬁev evgag\é%félka e$. %ggargrlégﬁt (rj M eglao eron EE% I% 91% g il')sllto the pPBAD33
vettoe Th@Wv"bmro@mm(o@E@d $ex N@IE\ZI_patlume@nz{yhes p;@‘AﬁB:Bwr transform the ubiquitous

pré{c%fstnod’ce frd‘i&t\ MQK) mOREhAE, ngﬁlxgggc%?hoa%é?ﬁ é‘bgtthlgfasel\'ﬁMd)@&bWase and

%{rﬁpsthat toget her trans qlff
H%[pe ghyctase éfP‘i/ e Tty "ﬁ(aRFnﬁ’éiFngﬁ‘é’F amp éi‘ﬁﬁffﬁ)m Escherichia coli genomic
DA ¢lic@aditg yehudnotoriiii «ad Bagas (Gdhankadesjontnhabe NCGaneh913 REGION:

232@ 1 %’%‘?’! lse(:’cjgcogs eah ac;lt; %ce&g \EEAQﬁ)gllé%g fm%agc%gr%m§zeggﬁg){%ae genomic DNA

1th resrpect to nnumbers used (for

r|ch|a [

th%mnﬁge%le‘qae E%ﬁ‘; 1 3t3’~?ée @ie@@nééﬁéss((’@é‘fﬁ%% R8I eBREGFIHAT: 220..1695)
(cRHBRAIINNG.(BAQ BasBEﬁd@Nm Saz@amaes cdrdiHidelgzhorhi€ DORAES gment of the

n acetoace from
cofe BorerhEe B (R RE a2 S AR REURAF g00-3165) (encodes
RGN ErE A 1Gbn BanKMEBYs ElicomstramBER pXe6657d foREEHENification of the
HEEY gcnlqggﬂment n%ﬂﬁéﬁdaﬁscnnﬁic%rga&)rﬁ YR ;Hxﬂﬁxﬁéd ﬁ%ﬂgntg (v@xmsﬁlced together

Saccharonyces cerevi si ae genom ¢ a segment of
usEg A i PEEORs GPERR dwmgw%g%r?éoc?@@hﬁaﬁl& biadipgg s e introduced after the

arbRIsdaetc AVR20Q2]indREqcads. Alfebthe adliteh)of § ‘20 6GHR8gsathe MevT operon was ligated
1ntt6;tllye%£r@ él(ﬁngm H'\/%%OI%] é?n%#?p%@? I%%rqas%l s %) fahd ?']eggen Néé gn%@rg]af chy The MevT
opeyon reswbseipratly Hesgp darto e vip] Bitkpstdatign enzypeles.of W?é’r PBAD33 (Guzman et

al QMSB S isagledian. age m $120€11 §0) ST p1£:8 %etoﬁﬁ&t her thdkﬁ)hﬁ‘@ of the Py, promoter, the

o R NS Bk M NP B PGS g rpppnovcs

yieldidg eipesERESmiheM g (el Retes Nuabteh192figl)addi ti on of

I e il kA6 66 b anhéaehe
[00216] E)% CS&%%n%gvec%%W‘gréngr?&%{ 8By WesSt gar e a66 %A PAM36

nvi trogen
vegla (BB Y G SR A S TP EDE BNl SR FOTne
AssUYygeQIsSentdNPaki Bt k] restriotidnleazyXiealtesRsb the hASYIC 84 veotar (GenBank
enzynme site of vector pBAD33 (Guzman et al. (1995) J.
Bacteriol. 177(14): 4121-41302- To place the operon
under the control of the PL., pronoter, the araC PBAD
Nsi | - Xmal fragment of pBAD33 was replaced with the
hblI-XnaI fragnent of pBBRINCS yleldlng expression

. o ~ a2 a2 -_— A NPy O =r—a N\



WO 2007/ 140339 PCT/ US2007/ 069807 accessi on numnber

X06403), and by renoving the tet resistance gene in
wW@2OYTIB4 The MevT66 operon. was syntheti cal | RCT/US2007/069807
aC@%Sﬁ‘@’i’ arghyr ?59?496)43%"3’66’8?\6’& theyie? @%ﬁﬂ’éﬁ g&e SE@"? 1§y The MevT66 operon

wasSsyfathdte fipl gah@atedMiing ltheam EIpdtids &guerk HEE@IMROY € Aea Efpiate, which comprises

P e Sy B Sk S0 RS E AR A B IR Do RGN

2340 na2o o dis FRET 8 ebusi e SecdhaBakes aerevged (GranBapiybesession number
X¥60 6 REGIBRS N 698K Ond: a1:83@Ned vRRGn Bf thE WAl Bhk ﬁ/&ﬁ §dc9ﬁlzr&»clyces cerevisiae

RS L SSRSSARATGE? 6 P i e

for bwpeesiseiq Werterdiideinthecpdipmicalytzemra@icMefTos ogxqurves slagad by a 5° EcoRl
rehtﬂctgﬁg%‘fﬂe gl‘ﬂé #dG @I’ J'-Imd Tﬁ ?Bs§1¥tqunhe§£ %Eté chg&ﬂﬁrtﬁ}s%g cloned into compatible

operon was l?x/ restrlc 1 oNn
reétﬁ&tgmén@me &iteg9f Galmsng ‘Hc‘ﬁ‘dsuF s arSé%lfifFii e?? SHPEnYy AR yecger. From this
caagtflict; ehd IMEvITbaiGefor wak POR dmpliticd wetd fMpdlidgldie andr.e sl felstﬁtrhdar&nzyme sites, the

p‘ﬂé\é%ﬂ )&%e‘?%engwagdlccles egi ng, p? E)r? ﬁsuisé%?p s 37 lt'estm[,]t%on epzyges, the reaction

vector. cons
mayTE8 repbrdhy wé\sle@@lﬁlmml the am@xmdiy 4.2 EmRNAragfupiht wamgel extracted

sﬁfgl a%lagetﬁ §$1ﬁ)hﬁigda9(§h @nweﬁaas d@ Sind B RolaRAPNA %%CQNAS ligated into the Sfif
agnen was l.ge on usin |
R et YR b W@é e e TRV

[00217] ExpesabivlabniiypAMPs ehaeharaphinriesitig theMevApPom@riniind ek pAM22 vector. Vector

pKI&Z% dL.p4 'E?Eskt V%‘éh%' 18X Bﬁ%&ﬁﬁgphc%% pIeh k%n %sﬁaﬁ% &l from pzs24-

catl on
é@mndxﬁagrq Qe Her! ﬂﬂfbeetSh?é P12 1&%@ anr <é1§t>wclcﬁwdﬁ$enerated lacUV5
pIGilﬁZtym}acSIDNS s@fthes 8 CordAMB Eorvicih g fhc Mevedsempe@n @é@E&S@I\@B digested to
m d. - 2171 ssi
<SR Al R M e R SR e B PR T Rl v e
elgsAnPi@rogiechot.2 kl\ﬂéb‘t\dragmgAMEnglva’s;raetP@ atlctetde bylata@@élﬁb?agmglt was ligated

mtohﬁe BeokPAin@li 9t ti0f ed-$RL glg%kbmza%ldi%m Rsioak &&9@ pAM25.
ne from(PZSZ4 MCS1 (Lutz and Bu 997)

[00218] E)ﬂgé?sa%n @@gm %CVPZ@@ ) geiler)ategmbY H‘S%ﬂng the MevB operon 1nto the pBBRIMCS-1
veolot. JhaMel B ofcrdheengrelaethatcect dnaytidVihat hgetnDic@vert (Rpgnebiifhate to IPP, namely
|
mg%g)%gg ﬁ*ng’se %%Q%eér}{ jet IOEagyﬂléAoS?T‘p eltn?t-:\%ﬁ)n%{g %4% g}ﬁi@%ﬁ%‘é gﬂb(( R&. The MevB
OHﬂIFOP?dVaF gqnelia@é Py PeR poplifeng W@s?acc{wrémrféaeewvcwersﬁw RN\l coding
se@a6ds bEtle BYGOR)ene @-aBidkQPRYIRSuEbert3887, REGIDONISA0..1911) (encodes a

f t I t dth
m%v:agoga%g asé:ggxe %ﬁggtegérgr Cr%Bteagk %c%ensm%%l%fbleis_ﬁln%flﬁﬁ %E% 3363..4718) (encodes
a phospthoinevalopate kinzsg hrendsthe VBT spRNBOBayk sk sipmnuanbor 84556 REGION:
sddl. ﬁ@m (gnogm%ev:[lggge];@;ﬂp@gpﬁa?e%ﬁfbgﬂllﬂle)azﬁf@bg sP %%e%ﬂl\@a%ments together

generated by inserting th MevB operqon into t
usweraﬂaasﬂa**“%@?@fng ﬁérér NSRBI 81 PERECABE oh dhestop cpfons of ERG12
alﬂﬂ?ﬂ?ﬂ&@rdchatged dge Tharto Tasueritg {nk)ificaeiva toGnaddece rivosorfe, binding sites. After

thQ rrev £ ng«{egﬁ% ethé‘%i@ ﬁ%etr%hxgag @Ea‘?éﬁ‘%%( 3 1l ﬁrﬁm{ﬂg‘}%@@r pCR4 (Invitrogen,
Cz@‘b@a‘doﬁAMge Mé‘f%?l&f(’@dvab ?xcpeﬁ)WSmfgy qn@omr}gd:mlstruct to completion using Pst/
reSA&H 3FHHY, &esﬁlv@@rt&vrbz&haemg&m g%l Moﬁﬂ%ﬁis@ Qi e&gactmg the 4.2 kb DNA

fr o e A %?%ggg &e‘ 150%% %i%meél mtoq}(_lf st res‘t;r ggns Tln(z)gmt{] slilte OF vector
pB@Rﬂé@éﬁl (KdvechERE8 Ggeno(1GdABaTk(1 %a)extsldma emems}elr plasmid pMevB-Cm.

[00219] E)éfl'e(aggigplas Neb¥ wz%%@&:ratéh@@sex@ﬁ@@x@@ﬁﬁ op&on into the pBBRlMCS -3 vector. The

honmeval onat e ki nase), t he 1 gene (CGenBank

Mﬁ& EReE eBrPIFUb RIS KeFyBST7aS “ﬁé@"a\‘l‘?eﬂ’%&& welj %&‘)‘“{’%Wfélésld’éféoph"spha‘ase
is@mdimy dhoRalyeespyy pras@haiir 1 MDY TeseB] ord Way generated by PCR

t
Xt}lel rgsflpcglh é?sl}?eé @ cglg Q&Eﬁ[& [ﬁ\gg 21? g&h’%r dg%dre I%gthg Ya?J %énﬁ@GenBank accession

nugbgUdTHid €415) esing PEmsIs ﬂ@é%ﬁ@e fn M%Hw&%&r&ﬂ@m\mﬂbelr 3" ends, digesting
th€ Nap FRd DNAARhAA td QmbAGoideMG o2 PaRtkit i dnGadyinRrefdving the reaction mixture

i ntroduce ribosone binding sites. After the addition

of 3" A overhangs, the MevB eeron was ligated into

the TA cloning vector pCR4 (Invitrogen, Carlsbad,

CA). The MevB operon was excised by digesting the

cl oni ng construct to con‘pl et| on u3| ng Pstl

. o . e



nunber AF 119715) using priners that contained an Xmal
restriction enzyme SI te at their 5 ends, digesting
w0 bew7amsBe fi ed DNA f nment to conpl etion usi Hed007/069807
DY 5L FSOEPRoBT oL g G Q1 VAP GERRE A LBTRS e P RIee DRIA fgment o the
XA r2007ibd 2B BOsieCT ¢4pHFROG I B HRBEMeviBYCig.ahereby placing idi at the 3' end of the
ngvl?g}%e;o%p%rl\%ﬁi ﬁ)brog%la %&é&%{\ﬁg]& %Ll;]l? aan éc)‘r?suflcrnﬁlgg@% ?ites of vector
I sol ate rag

atin ment 1nto t
p&%%ltM%% Klﬁwa@xﬁ ghvéreas 166(107 178 oo @§%5r)b pielgingsprepsion plasmid pMBI (see U.S.

PRMENBHERY, 1vheqigby placing idi at the 3' end of the

er.on was bc oned i nt e.
ouzzon RO b PR El T F Rpl 5 o BlBp sne cncoe
fapBBREWEIBoD hitKeyntteke thit cathlyzes Be nenddG8tich)of tvlo/ibeldciGs of IPP with one
m&l&?@fbw}ﬁb}e o%aﬂg fa% i‘é}gfg%hgtle S@Fégfhg mlnéé&l@ncu ogthe ispA gene

Pat ent Nunber , ressi on asm d
(GsRBIms aesé§1°glélﬁ@l@%{t13é>869&y 14%@3ff3h &g %%ar@@ﬁgd frpp &scherichia coli

ganBic DNA6singHFbrwgely@inen 6anl e Sadar reg‘uwhﬂﬁa Sk mpYitcapd P Eephiad Rimer with a Sac/
res Eeolglﬁe‘ﬁzzm}eh t t al %L c? 1$CI£ produc was c{' %3att z%l %n of t‘i(%lx\ln with ﬁgc]] and Sacl
rcxﬁtaietwe@gqyrrpg/ ﬁ@p%@gﬁw@re(wmsolvw g@b@wﬁgp@ee@a@n@ the 89 kb DNA
friddRnd W AeIGRRR ted (IR BRI Iﬁ@@ﬁ@?ﬁeﬁﬂwﬁ d infdAROVAH Sac restriction enzyme

484, 1383 from Escheri chi a
Sl‘&é’ﬁ’]\%!b SiSERY RapRe ﬁg@igﬂng%%%p%thbg’{ HéPp“\f\ﬁ’“f Apdayiedding gxpression
plasasd pMBId (sez R Fptvet Mintber A2, 7alx everse primer with a

[00221] E)S)%L on }%lgs%(ﬁ f)]%gisoﬁ) £ Z&’d!ﬁve%' 140%1 ex E&%l&%“& p%lg%e lacing the ispA
du Igested to conpletion w't &acl
cqding sequencr iifh @ Ryarkide seqyacercazpding gepy éwh%spbea%sm@%K \BERF")- A DNA

ﬁ:kg‘{negl&iomﬁhﬁlﬁ.‘g a4 xﬁlpiaﬁl[cﬁ Sécﬁenc&&iﬂ:o&h@th@ g&aﬂ?bdlaNéphafersﬁQH%GWas generated
syr1I etlcglzy dusaenx ttl%:aé%) 1gg §§T$1fe:e | Oe: g%% e%etn? : Cf{rla% %%ézﬁ Qza%nas(GeI{Beank accession
mmbepm376 tRﬁéil@Byszpn?az@) prglot-faptirhisgi/forpapressBin oFsehatichiard, as a template,
TR IMRMBs QRGO as fﬁﬂgladw@héiua BaQXREESDh Ok ymP kRSl § terminal Sacl

MBI S (see U.S. Patent Number 92,751 002211
e iﬂ,og EVYBF S][Eﬂ g‘tgirﬁarab%%@eéméxbtﬁglpm e rag?cft\? BFHCS of a cloning vector such
as@dSR@SEPION o AT orighvBcGr. lfIye syapke@elingenthed pgil digiodphag synthase

seg AUARE Ssolitetid ﬁltgﬁs%%ﬁl? s @%%%ﬁs@m&reé;go%ﬁ]egloéusgr%rﬂgly hnd Sacr

osphate s
feétﬂ?ﬁﬁ’iﬂ CRAYAS: ESAUiRE Bh6 fIeetonditiuie by gcletre Berhergsiy, Be cyEachrgthe approximately
1.8kphNsFhament A lifARE HeR31aB8 w»aﬁ@alenﬁyta thReubesdcl ¥striction enzyme site of

ex reé%(gl tlasnudg)%?llh[gg){lag]gu S C e Of atlsgl(?d ﬁeeq:fl%ure 3 for a plasmid map).

ahat S S I
[00222] Expleﬁgm@lasRmWS B, geg_@zg@ by 1@5@@@9 the MBIﬁ]ogggh HigrpAM36-MevT66 and adding

lacel))(pf}ﬁ'&%&&g i fPonESGRERo %Bér@nscﬂlelMBI@%pé}oﬁ eat §nphﬁ-er<h§0m pMBIS using
nucl'eoti.de seﬂéence was fl anked 5)%1% | eader . SacH

pri.néeg% (?)Fné)fl?l%a % %féstg(itllog engyme gtetag cI TS%P&TUOH enzyme site. The amplified
P(Eléﬁrbducctsrasaiﬂgeaadybw&mslbthcﬁ usiagdzdand bel fblslnﬁmii eh2yir®s, the reaction mixture
W&QEQBR%& QJ §‘e|1]£1§ f)ﬁo?és O[He £h lyﬂﬁA%a r%l?nt l git&[:]tley Und the isolated DNA
or suc tandard pUC or| I n_vector.
fraﬂﬁ@ﬂfs‘xﬂﬁﬁlﬁéﬂ letalthaﬁhgél’r@f ﬁfféefwgé?zgﬁwlted?fwﬁ%?’ﬁ v 60, yielding plasmid
pAVIE. RASICA ASQAHCEERDriWaSa h&woaae&éqlbycedh@e&g ltHagadsz pamter was
onstruct t

syn'Xles(lzeg g’{)m oﬁgonucleolfllﬁes ang su% [ig%le(? 1n 0 tH }Ilsc} g‘g tan(g %s'ir{] 92’]?1 res%rlcl'cc)lon enzyme sites
ofgpaM4g| ledﬁmg)mmsw ﬁasngb@f\l‘é‘ﬂ(ft r act ing the approxi mately

Example 21 3 kb DNA fragnment, and ligating the isolated DNA

gnent. into the SacH Sacl restriction enzyne site of

002231 Tigy SRR AEHsP BT THVEIRSS SRR N AP U BRI Qe enzymes of
thpl\ﬁlvs»agmas frpeSepbilgutas durewdorganipddas npetonsap) . [ 002221

[00224] E)Eﬁeggl %%d 19111@§1m7vg £%wﬂ@e§g@§ﬁﬁ 'i)ﬂgrgxq g%}j(/[Z'S %§ ?thah{f_l%the coding

operon Into

sepyeaerot éhes’ﬂifﬁl $qne>rwhlcéfemt0ﬁ%s thengedigera cerm@aq%ﬂi}@ “gperdistase, with the
coldg sdeihcanithd A 1hehd, GRcP MBb&es Uil SAGhyiotdie bis e HNGICHAEHuctase

a 5 Xhol restriction enzyne site and a 3' Pacl

restriction enzyne site. The-mnplified PCR product

was di gested to conpletion using Xhol and Pacl

restriction enzynes, the reaction mxture was

resol ved by gel eI ectrophore3| s, the 5. 4 kb DNA

o

o o,



[00225]

[00226]

[00227]

[00228]

[ 002231 This exanpl e descri bes nethods for naking

expressi on vectors encodi ng enzynes i ncl udi ng enzynes
W@fzoomth\/EV at hway from St aphyl gcoccus aur euBCT/US2007/069807
PSP st o abap oo AR e ReEatE bl Be P spibmLe o he moad
ge'nEiWas.‘iETR angdifitd Hom axph@ssicony qplaasnbg. PAMR A DYC 7P aeheigic DNA using

f e
S S0 SSRIENNl L, MR e L PR e
fr%gm@nt 6 é}gﬁsgedé@ gRIETien 8Ying fre! itHgiop eveme ke TEdPtighmiries Was resolved by
gel flecuOpRiM| £ ARCGPSoAMAEHS . MMEEIGoﬁ«agr&elwssagseexu%dvﬁe HMGI coding

R Tl S N —
eng o) Ehcermgfial pyreharyseok thegesningbigeaPTRA draprhérft werd blunsdusing T4 DNA

oRrRY BE @mcf»@n@w»@y ﬁxe§HQ§£1y d £t€cH§,1 é@;%szggé%zyme the reaction
genom C usl n%e prine

mlzjl“%ﬁ%f ri'fokrgd Poiaeh %Bmore(sg’éed ﬁs“ﬁéb DéjA faﬁ'éenaw gekgx@gpted. The isolated
D]@Nﬁragfﬁl&lﬂ@ﬁﬂﬁgatewa&h diegpéltcﬁgéstbd)mﬁmﬂﬂmﬁrb(ﬁﬁt yﬁldmg eﬁpé’shlon plasmid

plg\%§ 1t [l"h‘fc }Aucf%otl O%,F] 1ck OI’ ttﬁg atrogﬁ étt) tEﬁ ir%&z% 11 con a?r;\.)@}i EnprM41 is SEQ

ectr oresi s OXI A
Iﬂjr@\‘flragrrent was gel extracted. The HVG COdI ng

EWHW&HMAMW%QQH%@WS@&ﬁMMWM %y&f!i')ﬁcmg the coding

BB e R Py AT BB RSB P FROrt IR-ppsgyhase, vit e
coDMA séqnargerefithe meSeeisl whitkeehcodss g STAMDMAccupalrguTdIMG- €A synthase

(G];Hl?a eis{oﬁggﬁﬁgr B%ﬁOdlhq{ECﬁ@N{ Q@bl% %9@@%5 eﬂ{({}lﬁllygso known as HMGS
Orgg\zg1 restrl ction enzyrre the reaction mXxture

Créavmlpsgefhespding ffe@‘y.‘.ﬂﬁ‘ﬁfr‘g e Hepe PR GR RSty Staphyioceoceus
azfr&za@m@mtaumasmgeb 7609y §fﬁlbﬁd: DNI'm esmgqﬁin&ts&d\/lc}ﬁ)sbﬂsérﬁ@gmsEQ ID NO: 4)
an‘ﬁ?léf[(léé %Séa en;gzﬁ%“ eAtSSE %(Eﬁ)p St e?lﬁe A fra éejné 1\:Jvas dused as a PCR primer
tos@émethe eodifg sedrencgrod BE 61|MC§1 Emn%bﬁtl )acq?m te pemgsthod of Geiser et al.

(B%?@&hﬂiqﬂ%@l@@ 9@@%1 ),Wﬁal&@@xpxleglohlgasﬂlg F‘Xﬁmzﬂ@]nucleotlde sequence of the
essi O rom expressi on
i B s el oy ?@E}ng@nﬁﬁﬁ%és HHTNO Eoquence of the

ExdpRGI&h ;gansd PAWIP THaseiad ed @onteipre Smo phand mhdHS bg expkiving thadevT66
oﬁé% v&ﬁﬁle%ytgé’ﬁﬁ'ﬁ grva%&ﬁ!) t)}tk?on St g)gﬂr&gm?ﬁgslﬁg@ﬁm@i Etxpx%ssmn plasmid

ene encodes the Staphyl ococcus aureus

pAES wxsllggwﬁ RESBPICoBAFBRARS/ 48¢ SY STBIT AR APHERCs BROTRRY LY mixture was
refdhel ONpel 21@&9);8&%1525&@%63 kb lﬁﬁlﬁiﬁagm@t atign: dOPT @S péidissas gel
exg%cﬁgh%goééé}ggtmqg 1l?waA oeti.r(gn?ﬁ) B@[S% V]%ggglg grélolﬁﬁetd r1llseln%naﬁ§ers 19-25 atoB
Sf§tﬁi§EQ TR iNGe @san@Aﬁr@@mF@'@@@ySI@érﬁ‘éE@ J:D BRA7 i the RGR pradugs wgs digested to

éusm%@f MR ST festldoh QIZWGS fhk rea@iith Iﬂm whs regdived by gel

elwgg}iﬁgeéla, @aﬁﬁp&ag evg{j g ?xzrﬂ?cgg énc{ eels@%)%IaA%gagment was ligated
in®epUBTHE &fi Icréstrtdtlen tlviGhe gje R€cxpresyidi\dsmati'Ovi4h, niglding ekgression plasmid

b ywod of CGeiser et al. (BioTechniques 31:88-92

2001)), yieldin xpression plasm d pAMb2. The

Exprrstigbtiasged @’é\ﬁ%%@é wat defipied from spresymPlatre AN b péMan by replacing
thé:DlﬂHISibIﬂ:ﬁﬁi of ﬁAMAWE*ﬁh ths MBEQpérbh NGAMUA. THeMIRLPdpkron was PCR amplified from

pAﬁ?Pg u%lsng ng%ﬁﬁga@@ (&Cg@glgnga {1%9& %%ﬁlégg If)oper reerg %Lontrﬁlxture was
re(oéneé By sqétel)eetromfa@is thy AAKD DPEY fgmefit veag prlestEictsd apfi ths ippldted DNA

frz%ﬁk@t%vas BeRRSS b&ﬁbl@lt)ﬁlﬁs@ﬂgck‘ac ol\@@ﬁ'merg&ﬁ;'rﬁfQ E:x@ression plasmid pAM97
npl et i on S|nglfAS|S Sfll restriction enzynes,

y
wztsiﬁlége?t%chtetc? etipn Psipe Sézc Plerg%ﬁui}lgla ewm&se he reaction nuxture was resolved by
gebtlatibplephns tbsT.6 kb fupthetihvens §el3xkdzteDNAd the aghmed (DN AafTkanegt was ligated with
thd Dl%é%\l& 19&8&0}1:8{3 ﬁl@ﬂ?‘lg Qﬁlressl‘éfé\glﬁézﬁ%gﬁma' R at oB(opt )

1 f1ed using

E)@qum}gas W%}MBVB &S qengd(fgmxpl[gssmg?a@l}n W%QHQBAM% by replacing
théWBAS Aetonlof ABMO Bleith thDMKB ofdron dfipAMAERIH2MOEBGIperd&as PCR amplified from

digested to conpletion using Sf1 and Asi Sl

restriction enzynes, the reaetsson m xture was resol ved

by gel electrophoresis, the 3.7 kb DNA fragnent was

gel extracted, and the isolated DNA fragnment was

Iigated |nto the AS| SI Sfil restrl ct| on enzyme site



PAMAS5 using prinmers 9-70C (SEQ ID NO 8) and 26-39B
(SEQID NO 9), the reaction m xture was resol ved by

2007240364 r op 5 t 07/069807
O e aumen 1oER R0 b NG Birtedie A e BHTS o, M RR e was
regodved byrpdl electrmphargsisn the SA&b DANTdrdgaeht was gtlrexicdcied rnd iz ysviged DNA
frd b REGSS 'dfg@st&ﬂ t@é&ﬂﬁetﬁé’b@x@ SatPsa M gaSkSH ot &zﬁ;&é&pﬁ&%sgﬂn plasmid pAM97

usi ng Sacl restriction enzynes, reacti on
Wafi dﬂﬁeﬁ?(ktompl?té@olﬁly@aa%yld )61@{ reHTIgon FRTpRET hsiregctiqnigixtpregvas resolved by

gekaed‘nrogxgimm th¥VA6 kg BhgneXi {'ﬁC‘gEEdS{trao@dEldarﬂm& itodddaiedl frbent was ligated with

a ted Wwth P pr oduct
SRR R medlRh Sl o B P BR P st
[00229] E@qw@smswﬂ PAMEIP ks |gABed vl wBeias thel Grd Bferd) - fryal mvaA) and MBIS operons of

YRS Hs R fANSTh a RN ThaR Dy R I%HL@& tion t d
xE/B | S éﬁtr on of pAl\/S? Wi th thepglﬁ/égsB op elf on of b |\7|45&%regalon o

ma]*ﬁtén St‘aﬂ’evi‘hé‘i? %teﬁéﬁc%muf Pega fqr Ialbtmlotlc geéecv\ﬁx of host cell transformants.
THOK?/ il46:3138as digeGad tlS20fetiod GSIBE Ps:/ rpdididn tigziying, the redvB6Bmixture was

reg)%\%ctg?r gn m X%clr}'g'ls V\g% a&)?%gr%?elgge‘ 16 %E]% Ilraglrrggt crpr‘l'tg%]xfnﬁw%nttre par locus
wisigal extraptqdpanghihs lfqlw frmgeng‘éps sg quge tn@dhe Bsflgestprsion enzyme site of the

nﬂnsmkmegﬁcomld (RRgERRE alvvaa@pogiyg@@&@d 1701 DOsYOk- L2 16 yielding vector

Sacl t
oL p ARG i P U e S P SRRHER tsE 1B Ry Bporicton enzymes
thareactiéh olixtyre 9as jegpiived by efﬂ zlpetphortsire the epreeximoatelpP 4 kb DN Agagment was gel
ex’Er@ccthi YRAndA¥olatGEDN £ Iﬁ%grhé‘n@’ Qfgsq{g%t%li fito t‘h@ﬁ[lu? S§cl @ufcﬁ(ﬁ%ﬂﬁe site of

was._gel extract.ed, the isol ated DNA fragnent was
PAN gy wgld iRe PHPTestipRP R?E‘V‘Bp‘%lﬁé?gon PCR product, vyielding
Example3eXpr ession plasm d pAMB7-MevB. [00229] Expr essi on
[00230] Tkgs e@(‘sngélg &l crl}@eg §16t . <§s fgre St t gﬁﬁ%égb%gog{ %&ﬁcggco %lp gnzymes including enzymes of
thewewwehﬁpma?gmoaocwmezsaﬁmraange%wmnss hat conpri ses
[00231] Pihdaga FK 1 Plv@SiFhélat BBl ih@ink @R coERNg@ald B he ndAM gene of Enterococcus

o R R he Rs O R a1 TR 8

oo @A HAEI A veloctac GNITEND it UooMpleBtripbrk (s wngé"tltt coding sequence

ofrtfeshtnraf %t:x{e%s @aﬁx{ﬁﬁhﬁetdbi%n{ %Léog&sme&thy é&o%ﬁ)N}x ?&f’(l:(y ?&)802) using 5°
| ectrophoresis, EBI‘ oxi mat el DNA

PW?P&@%P?@ PEBFAPE &414APHEEY ﬁ@n%HtSFQ pat Hhged 54y 4%@@E5§rndm (SEQ ID NO: 12).

(I\B)éttﬁaaﬁﬁlﬁd 4-4nflvaER Baﬂnﬂo&}ah@d thEdArt E 6dag et mwasgeaelhiath @M6do ATG in the

am llh %(%ﬁ prlg%ﬁ 'Jc:)h%séublﬁé #81? %)rcl&c?{ s Iigg%g n(t)(t tggagr?célrr{;gﬁﬂltlor&@yme site of
pBlw@equstéi@Amemﬁa JolleC4- rxglds«wwssmplxmrslz PAMIG.
[00232] PIEAR S8 DRaste RSN CbyRAWRIA VR SodlhIRGIeRE df the %H@éeﬁt: bOfhterococcus faecalis

P PhPE-ise FPate A R el Ta PR Rty LB EOT LR anvas)

inapirp®Blefeirdl-KS9) veclob Thiodingaegwent ofvhs mge genfewtsr%@t aggplified from
E;?}J}gcowﬁ fde?é?) LRI (X PEEBEY0Y)RSing 5 %B%gorglg{e@ pltulEl@rs 4 40 mvaSF BglIT

restriction enzyne site
(SERGPRLE 10k 2 mive o RPTLEEOER 1 6. apepdprodi wie Hatld it
S ad3PicBonttasGiel shesf phaielats-K Q) (Sakihgege, € X P61RSGA Y Mielding expression plasmid
%Et‘;[ ors that encode enzymes including enzynes of the
P pat hwa om Ent er ococcusfaecalis organi zed in
[00233] E@pﬁéﬁmﬁasnf%@@@% Wi\ garartef Hy ANErtiBe (e sodigrfequars @f By mvak gene of
exl ﬁ%ﬁfntﬂla@ﬂldtMQCiﬁtb M3 pZEBAURNGCS vedtort h’@ctm&EZ GE{HQOIQi a derivative of vector

ccys aecalis (GenBan ion nu
PG D s e e 0GB LGS s BB (L nd Bujacd 1997
Nza:cettnyd Res. 259 2€3- B 8). EliB:sGoi\plnedd pA M3 € wasHNESRRY tof qqmletlfhemmg BamHI and
Hﬂﬁlﬂgé%lblp Lxlzyﬁgé( fhl re‘é&ﬁh %xturl%s &Qﬁ’«leﬁ gy §§ gié@t%ﬁorcs@sf th lQ}g‘proxunately

ene was from Ent er 6coccus, f aecal |
2 @@h%ﬁgérasmﬁ mml%@wz%wé@g FrPUSRCe WiSHRSSHBTSH 2tdd f solated DNA

primers 4-40 nmvaEF BanH (SEQ ID NO 11) and 4-40
nmvaERHi ndl Il (SEQ ID NO 12). (Note that prinmer 4-40
mvaEF BanmH changes the start36codon of the nvaE gene
fromTTGto ATGin the anplified PCR product.) The
resulting PCR product was |igated into the Snal
rest ri ct| on enzyne SI te of pBI ueScr| pI I KS( +)

~r a4 o s



Ent er ococcusf aecal is genom ¢ DNA (ATCC 700802) using
5' phosphoryl ated priners 4-40 nvakEF Bglll (SEQ ID
woed0748B3and 4-39 nvaSR BanH (SEQ ID NO 1 % PENTUS100E069807
fra\géﬁ‘“m’aéa’lﬁ%rfed\%%thla PyBE /i Testqyen engpge sifeedp Fdeh |Lem>1 yielding
exﬁﬁZs}(ﬁli&;laSmtd@AMZZDE ueScripll-KS(+) (Strat agene
[00234] E)TPE éﬁ?ﬂﬂlasg(d p}? es% vcsszhs gg eé%%{ bgsir?sl %ﬁ%&e CO(ﬂ;ll Ll%n c o}éb mvaS gene of
expressempiasgidipielidoetp ﬂgﬂ@@%éﬁ%@d Mﬁ@m@g@m%ﬁAM 18 was digested to

coBPRIESHIR B A3 %Qmém@dn'&h@nfeb €hel¥édeddir RkrukedG4dlresolved by gel

B R e R TR A —
was@pl cagetbdynt thetidvintdd DN A Gadmept wavphserted(ita e Axmdl/ Bty cdiexpression plasmid
pﬁ(ﬂ%;l)eldm%“éﬁéﬂreﬁgﬁ 91§sr§§§AM%§ 1203-1210) . Expression
pl a was di gested to conpletion using BanHi
[00235] E"QFFGS‘OWI%?HH“} II’AM%%‘{"I‘SlgE‘W%‘ﬁl Ryigsgrtiag the ppi@S-prdfcaPEI9R ohf*RTesHi@ plasmid

pAm lﬁ@sfedtmm gﬁ& medSemlaEQPROK @5 iSolatdd 1y pamﬁmpxgdmtgqmmw using
EcoRI re&nctmn enz e 1ge t1 { ag%s%gmg pge r ?ﬁA%ngn% usndg Mte_s?&tlon enzyme,

sequence Wwa %X ate
remum@emmoxs@@cmy ggsel@mpl@mw?ld gélreagavting thevepproximately 3.6 kb DNA

frdgﬂl%ﬁr 1Rl i Hackbbse @@KMZ9 Wapgutidledrb§%§g@§tﬁg 'tcﬂf(}m%ﬁ:ﬁmpressmn vector
site of [A}éZE21 PL-1acOl, yie %Bressn on

n
p/APBE PP Feakk EFE@%‘?"&HZ%‘I‘e%FﬁgH‘ Sacﬂﬂé“‘ﬁg’h"g‘i‘yaﬁﬂgﬂ“"oph‘“es‘s
anBgeliertsetitg thgapph&ineedy hgkisbjuehgaenf Thdwonwhbdgairefrgfments were ligated,
ML8 into expression plasmd
ylgﬁ%%% (E)hrpg%m%ﬂr@\éﬁgsm d pAMLI8 was digested to
@‘@Pﬂ-‘iﬁ‘-conpl etion using Bglll and BanH restriction enzynes,
[00236] T&Maﬁlﬁaaisbﬂfés fﬂeﬂﬁ)dérf& ﬂﬁﬁtﬁlgreﬁf&éﬂsﬁéﬁ Qla&h}ﬁdgﬁh encode enzymes, including enzymes
fg‘bﬁ%éﬂo Q‘%r thlghlgé) r oxi na l.%l X 2 kb DNA fragment
© i ngy d"AG" SEGUEHE ¥R m/as gene was
[00237] Expesssi@tiasendt 1e°d\44%rv@s eénerated bl atsedng}ﬁﬁmfenagnemzymsof the “top” DXP
pau%g ik Ple bmgg (o BT des 3 16 0f m%g,%hmla @51@3,@ D-xylulose-5-

§>§1¥I eld expr eSSI on | asm d
phEﬁPﬁi“é hge¢ (Eﬂcﬁ s (jf@ﬁé’f’%\f‘éﬂ 1b‘§F°1‘3h]§ & P“f“ﬁ@s -phosphate
redil®isiinerEsc(dbrea pe ﬂﬁlﬂx:ﬁg‘en@&tﬂsﬁ&&biﬁ&]capd) alsdiptdsphpAMBE-2I0nh@hyl-D-

r%tﬁr%los Pf‘@%gcodﬁ‘% Y App %%f%%ﬁ&%@c‘g%?) 19l cﬁ[.lﬁh%gph %rtidyl-ZC-methyl-D-

rest ctio

erﬁhztylrpﬁnth@? @é@qdrxhby ﬂgﬁ 6rk gesg bt Esﬁgﬂﬁﬂﬁ eelp): 'ONph tgehghisspsform pyruvate and
DigﬁzbéiﬂdeMy&H 3 f)lﬁﬁﬁ}fate% h-@fﬂah&BKdéS@iyl-ZC-@&ﬂinDfé@rtﬁrhﬁ zt}ﬁlagﬂqate DNA

t t d
BB TR BF ey ST ERA PR AR GatPop s b wer
gehaakdbomCRémpifEOtheoesling st e nredoithe dif fEsBinkgedegsion number U00096

RIEGIOR]: 8575941 4@9&@&#%'(@&3‘5&9&9&1&%@ U@dOEQRM}de EGDIIY 194717) ispD
EcoRl restriction en reaction

(G oy G CBOEF SR BSAE5m0% ROl BTGk accesion mumbe

Uddogs RPEIONK i 268140 1262100) ketesINn £dcagreatcoli Fhé INRD(ATCC #33849) with added

f
opéu)?gllr%gng ?)g%%f) sd g'g?snakﬁ/émﬁld Exlcgtg%%g% yg% é?g %L ﬁ],%the PCR primers shown in
SF&M% léel§c?heﬂ°é?§ mhfe cvsrefrmlvwaw a?bel@%prrl@se@p,caql extracted using a Qiagen
Vﬂieﬂ(ﬁm5 gdl Bﬁﬁﬁc@ﬁ&ﬂgtedlg&?eﬁ m:—‘&mplcﬁ&{ &éﬂigﬁﬁpr@ﬁ}ﬁmlctleﬁ enzymes (Xhol and

hway from eri c C n
Kpdzg F g‘ﬁ g’CR[ g;-fimg%&ggé z{] F]enffl a{m!] ang /)6%\%8% i’él@ product comprising the dxr
gege Ape/ané Yddd foritipdREiR prnfglcgenesmmb@dmlh generi%thesi Mifd fohtbe PCR product

com%ﬁ&n% tpc?(tp SpE %ﬁgﬁmuhm&l ak8GA Q;rA) PER%MHE&USH kit. Roughly

at hway i nc - deox ul ose-5-

W?}B hla?lgltsﬁ Fﬂcﬁ PCR p(cghcé Bva@dheﬁyd@eﬁéo ﬂﬁg\?tlg&]ﬁ@tl@r to assemble the individual
geEesellne Bk 6fttod. Boinltis lighticle@acyiol) 11y blit@8er hixpikosahaddao PCR amplify 2
QUCt 9 I %Qqu SI]?E)I}( &0 gx %%d ang)( e 1%%—1912‘! egg%gseggs Tlfe s -dxr gene cassette

el chra col phosp

W%WBI’FMW@N @yaphmreq éh&o@@@ Da;NQ Hé)ainé QBIB&@E@fID NO: 18), and the
ispZB PR EdnG Bistette Qad DGR @Rslifktd MiihesRRAIYIE- CWEQAG @1 Y kmd(87-1H-C (SEQ

erythritol synthase (encoded by the i spE gene of

Escherichia coli), which toget7ther transform pyruvate

and D gl yceral dehyde- 3- phosphate to

4- di phosphocyti dyl - 2C- et hyl - D-eryt hritol - 2- phosphat e.

DNA fragrrents conprl SI ng nucl eot| de ‘sequences t hat

o o o o o




(GenBank accessi on nunber U00096 REGQ ON:

2869803. .2870512), and i spE (GenBank accessi on nunber
WORMOAGIREG ON 1261249. .12 0 ene from PCT/US2007/069807
ID KQcHar e AF ul CoPIodts i e % ﬂ‘)éég @‘)‘S B! FHRe Lhe PR

pro@yet ¢omplisifihe exsLit gae posese q/usedlgeed andnpletiangind ' XAol and Apal restriction

r eSt [iCti P r . .
B 5, AN g Dy LG8 S s,
I b e S el T e X otgD ves diesed
to c(n\@l'e@fﬂlcﬂsﬁg Smndgﬂld Iﬁéﬂldtlfoh 613l MmN antdl the twdH@@&&(ﬂEtK &oducts containing the

| etion usin opr i cti.on enz
to%l Wayiogﬁxox{ ge E%ﬁdﬁ?tg aﬁg‘{z)} %%B?strgznﬁrbentz% te of t%e ﬁgll/[29 vector,
yieljpp kxmaessiorpladmid pAMHOR(sRERypy ©Bue blagudprpsi ng t h e d Xr
[00238] Ex;gcesgign leh pMOM% C%elflegzrteém Qnslgx(ﬁgg Q%l%%éﬁ‘g&dl 2 bftfle ttn)@com DXP

%Wig g gél\’{3ﬁ%"‘i°§’§@n§?€?t‘-’é)°f thy nltf“arar PRF @RS ﬂﬂ“%? 263y D-erythritol
2 4-(c¥a$(ﬂﬂﬁ$pﬁate %ha%cbﬂﬂ‘dlbfylﬂﬁ&%@nd@f@sck%ﬂ@rh&oﬂ) 1-hydroxy-2-methyl-2-(E)-
but%ngy4 r('{ﬁ)inos lixa%e S Els% Of ocﬁg\?y the gRG%E lfl% chgr@crhgl Vn) dladded

I‘ ea Ion t0 as eiln
lso;g:etqmd/dlmqthylaaml dighesrhpic sypthasn (PrkvpéedlW@mt#p&geﬁ%ﬁcﬁw’@ﬁcqucqh) which

tog&ﬁer HERrmAiFH¥hHERIAVIBS -HaBd- Ii—&thgtBl @Bﬂjsb}fa}é 1€ IPP and DMAPP IPP is

separate gene cassettes, dxr an
2157 GPESF A PN AR TEREE e P SrTePPH e PP S o S ated by the id gene
of AvalgeriPiRcANIPMAPR chnlbs ifirtheponviged toG PP thhe@h (t}SE@lvlltD ofN@mesyl diphosphate
syng!ége (gﬂlgdeg IQ'ts%a%é‘lr:le EQ:hthalc%}z) Ag r(])gerlnhg'xcodl 6)‘11%@ Bt the “bottom”

ene casset fied usi ng primers

DXP gy s Nell 219) IS%?ﬁ@ryl@whrwhate eopgrand sy él@b@fpl?me'éase was
genBlattl BpBOR Zl‘ﬂ@l@ﬁ@ the ispP (BéABar2)ccesdibieminwer PEIBOORBALION: S

288@@{ G?g(% h(%!lﬁ%nkaceces%%%r hggﬁn%dr B el ”9]%5%708 2639826), ispH
(GyBergk a@@ss@trmelbvvdéood‘?@%%@@@ 272 A B tididenanlngrcogkion number
AF@Mlﬁ%h isp% %@JﬂBﬁﬁH é@&-smmﬁ)oo@m@@l\})m pEDM Q&l%s from Escherichia

LSl n ene te was di
coltSABITEH O CG?PWP%%M% ek I}ei)égmef?%ﬁm&%?%e?dg restriction
enzgunelsiteh @sifige pRppitOHOR pSmuveThe POR ipfddeds wMe@@vedemlecnOphorCSIS

gcl\é@trsac%h Qi? Etg({jWItﬁ t%ﬁepg)%kgé b étlfl(ﬁll ggrgﬁ éanﬁn anMl I for the PCR product

5°0n’ enz st ed PCR products
coxmqma g g gmernItaerbApabﬁePﬂﬁé’ﬁﬁ\mﬂuaﬁe%wm&é?eémq grapeq!! and Kpnl for
the PORQrdd0& cSRprisidM il ispresehE;isel hﬁH’HtﬁMMﬂi&héP@lEpI@ﬂuct Hoenprising the idi gene;

Htr%g%ﬂ,d é\ycgf IIPBtﬁlé SC% nglg%t rlrg? ﬁlse §§I% asnﬂguﬂﬁ@@ %ug%ﬂ;( eSq%lemolar

ampingfeath PARKWEGutasregbmarddgddela bgattplnggqnpp ﬁ)gasqggﬂqb;ghe individual genes into

an @ﬂ%ﬁ)‘ﬁdﬂ?r% tlﬁpﬁééqgnsre&ftloﬁ heu omgch&nﬁmx% wasRAdWaYR i |aHl¥)l@fyt2 R&parate gene
69 vector. Enzynes of

"bot t ond'
CaSFeﬁEﬂ u%ehz@ Ry e By (P r’”} s Bens cASSERrE: Bﬁf‘a f%ﬁ é?%lee passette was PCR
amfslymﬁ hasepr(mencerded CHYEQ rIENoszﬂ; ageeve2Int (83¢ A2 NOc M) aand the ispH-idi-ispA
geré c?ssgtt’e wh Pgﬁ( gﬁg&/ ﬁ%mﬁ?ﬁr EEQ(‘ (SEQ D NO, 2y7) and 67:21.C (SEQ ID NO: 32).

as e (enco
Thg@wé’qgfpr@eth @/p]ieé%plaecbw ge) elecgﬁp'poresm and gel extracted. The PgR product

corthptRe M@y lilpdi dvat &yéeﬁé Wi digbpe S phpik®onSying BasE! and Kpn] restriction
nz&g:asggr%igﬁ fﬁ)ﬁ%ﬁrgﬁ%% ?é)mpn%g 1%6 zspH—E z%&%réegehéa%e € vlvels)digested t6 completion

usife ki A lnboyttic iy lend @errend it tWD-PEIRyrrirupts glerePupfings Beraar @AM369 was

creLth IL)P % se%QHQMO@%A difehn df fep 11@a|t1§rpﬁ&9 BXﬁQb 8l HeR- AR gene for ampicillin
rou

| VI t 0 ent
res1s@mwaggﬁeaa+e¢a%awm<w§ Rittetts B B DR p g an
oligtmhdlgotiddOPIARRed BIBU WL plotbich &ectaiqrnFaoeds tligeskeRRo ¢dmpdrtigiusing BamHI

am{)pco{ ﬁ:%‘&ll:t\ﬁ)l t d,e es fa%?ﬁ% slg]lgire? Eﬁﬁ EH)?%]Q (SO%%.H)EI{%%G bgtﬁﬁg Ciﬁ@dpathway

ne C eron

opfemw¢ h@teénxztyrm@mfﬂ Vepd resistanseymeRPofihy m%%ﬁ9af§°t%emﬂdmg
exA&sioNplh$QPERMYDo. di phosphat e i sonerase and a farnesyl

di phosphat e synt hase was generated by PCR anplifying

the i spF (GenBank accessi on agiber U0O0096 REG ON:

2869323. . 2869802), ispG (GenBank accessi on nunber

U00096 REG ON: 2638708..2639826), ispH (GenBank

acceSS| on nunber U00096 REG!(]\I 26277 27227) |d|

~ o~ o o - A A N A r~\ ~ o~ 1



H ndl Il and Ncol for the PCR product conprising the
|spA gene), and purified. Roughly equinolar amunts
wobkooeaals3PCR product were then added to a |igaP@DOS2007/069807
[00239] Expressiop plgsinid gANKZ4, ﬁﬁlferévaflﬁeof EXRIFSSICH Blﬁgm& 8ﬁ¥§ + fgﬂngum%he broad-host range
RKOpEpiapnt replication, Whsgehdrgrad byoransfe@iog the cUY S lproddotet edicthd g GH-idi-ispA

operp.)n of%{\?fld)@tso tﬂﬁﬁdﬁﬁq \P (95‘ @E&%'é)f;\é[ angﬁ?%‘-&gt@d %I-%ngws the RK2 par locus

cass t'he ISP e 1s 1 -1S

wag%a@a@yétﬁpM@w%%ﬁAu(%mr gteahélﬁl?é)s%ceenfeel Nid32 ) using primers 9-
1560BEQ TOahH: BS) 41g oRSEBEIER) H/NGA84S; e @ﬂ\godlﬁg%as&iﬁ@sted to completion

us%geéfggtjnt\de/{’}(ﬁz%stpmn gﬁﬁlme% a%rgtlﬂagm gﬁ%rrglll_tl- V\Iras . I 2 pA %Fgﬁécomammg the

p19 DighiQf 1@ Tiyatiam ehdBFe Qr@hSED! FBisN@e g@@)ﬁom veher 443 IP@RI utz and Bujard
(19@5)qaiamc$dsw Qs ﬁﬁﬁoﬂzv@dylgxmg Siasn%li S&M39RhR Eﬁﬁﬁipm&whg d%@slted to

extract ed. product npri si ng e ispF-is
corgRlgtion eag%,réftﬁ@lowagzyaﬁfé’g{ g ff”&f”&}h"p‘le%‘PP‘bW”‘&g? W’i}f r%"QH’Fﬁ" by gel
ele&ft@h&fﬁﬂiﬂ, the BSIAr ﬂr@tﬂeﬁt&omﬁlﬁlsmgﬁﬁSRKEﬁui ldchearR@R datoexthpbinicol resistance gene
was {niaalagl gn(} &e 1sol %b fraéS nt “gip%alte%%g' ﬁlﬁtggﬁ] %ﬂc’dlﬂ site of the mini-RK2

1o conp
rephefsltpRiRéQ (Refereres yln@g%) dfdcierivd 1762 PR 1) Beldie seapAMI33; pAMI33

waP@ibdstett %dcom\ﬁ%ﬁ%rpﬁsn@%ﬁﬁld\ﬁﬁ#‘d]]] @Jsﬁ@ﬁ&ﬁnbﬁne@&ﬁ&@iﬂnbxﬂﬁlxhﬂ@was resolved
or re C |
vy il gl BTGy © A Rp PRV e g ypisance e and

oriff £ Rative®riginintag g axiraBiag, an@lth(: 1s981E) DNiAclraghentdess Resged with a synthetically
ge\]%gteqi%%?’ﬁ i]rgg}r(:alt éMJpHm le 1{)19 QIGMﬁé ﬁfgttljlaggongﬁ{ég pay &4 Xhol restriction

ronot er. este
cn AR ORUPESFIREP AMIRTE PrriionElar BAMI P 1-ahecSiby sepleton wing
Xnéingd Phﬁreand:tﬁ)ﬁ |eﬁziyﬁﬂs Hﬁﬁ%aﬁﬁ(ﬁldﬁ@ﬁfe . ] I?dsﬂh/éﬂ Hj@el ditrophoresis, and the
ap%oxr;ﬂrgﬂtgl 4??)(::]%\]2 iragin Xt was ée re)ottrgacy\% r\?ec or ?ﬁlﬁdﬁ% 4Lt gt 8fto completion using
resyyigpenomzynyes ahefiand Peib R]p:}téggcplgtgd BNAdreegen m:gxgng thg fgc\fy promoter and

zspz'QQY Ahlzggl:figrog Grdd 11432Q 4 {ﬂ@%& —ﬂ”czl FRRR3A n%)ﬁﬂirsﬁ§§ﬂ tdIp AM257 vector,
asm

riv ve ssion plasmd
yie Kﬁﬁﬁ@f%gﬁPBFWFﬁﬁhgﬁé“ﬁ? N %?pﬁgﬁé origin of
Example 5 replication, was generated by transferring the |acUvs
| Rp i 945 L3 BfPlasHRE iAPerRdq thhQonvert FPP
ouse) RS L A REEE] i 5 0 DL RAMAR AR o
GPPolloms the RK2 par locus was PCR-anplified fron1RK2
[00241] Exﬂ%s’%ﬁ)mpﬂsrﬁ%chW—@JDseias @kncra(eﬁ%? Skserfifd LML Rotide sequence encoding an

amé%gé-é?ﬁ-glé%zszséﬁ ?6rf%dom§ chto Iﬁ“ éc9%g 61A11<(3 (amf’%ff P 1 [\@ene sy)lthase sequence

waglgagesied shnthotiabnsb &l upnn trapsiatien thexanipo mpﬂsemq:e would be 1dent1cal to that

desrcﬁl?etdrl:)& ‘Melkl@rét ﬁn(éy(m??ch @f)oghetrrhﬁzo% I8 @mt soviﬁa‘i tHe inB@doRibe sequence
asm d ont al

on
codog 1HE APP BN IOV RoE Pt GV Dy TS Syfsgherigficots and so tha
thefnndentide syodncpwA3baked by ¢ BUVG! amich BUjraf @stri¢tib® ewzympsigd (see U.S. Patent
Nué%\%vgi.sil 95@§I) ’I?lé égQ %d;&élgellce %As% ét&gto Igl)rﬁﬁlgﬂoq uQMZo’! QlffH‘XmaI restriction

par was este etion usi ng restriction
enzerﬁrzg/ g Seain MM FraPived bRk ocBeRIPTeEh U SRPgRER -6 Kb DNA
fraérﬁ&@bvk(@éil Bifraged, aneth€Rb16t6PhNA G EHent tvdaemBNéd fnfo&@d‘lmﬂ)(mal restriction
enzsl%grglj;e{ %’ Irt]lgeg)TrcleggAé vb%orgg - € Ctléllf r(%g?) igne 40 §4 3 JT'P‘ m %gpdesswn plasmid
pTEﬁmAﬁi@gﬁeﬁmumﬂﬁbﬂ¢@ameﬁmﬂnto t he Sacl HlndIII S|te of

[00242] Ex% ﬁlompﬁlsrmalﬁngrlﬁgld cﬁl@ﬂm‘%l%%cgl 4cRabR LS a8te RPTrc{IQADE. # was generated
acterjol. 172:6204-621 |eId|n vect

by BeRrTBEY e tgEeh el rsm%%%lf O YRGB (i Berd 1997
Nubi Aads REs. 2% £20811€10) @singeF1phopBorylhtaé prireas t 9- 037 cmil-p AMBE-ARASEQ ID NO:

35)%11%S f& ﬁﬁ%mﬂ%(h@?% (§]£(§ fqu% & 'm%crtutlg};ﬁc: %%%chﬁ&tﬁto the Fspl

ragnment - [ acki C in resistance

resgisien eapeme e piexesHjaigRemide &QP@W%M% eXRIsspip plpEd pAMII3.
and the isolated DNA fragnent was ligated with a
synthetically generated DNA fragnment conprising a
multiple cloning site that comstai ned Pcil and Xhol
restriction enzynme sites, yielding vector pAM257.
Expression plasm d pAMI09 was di gested to conpletion
usi ng Xhol and PCIl restrlctlon enzynes, the reactlon

o o g, o o s




[00243]

[00244]

[00245]

[00240] This exanple describes nethods for making

expression plasm ds that encode enzymes that convert

WO-RP704033GPP, [ 00241] Expression plasnm d pTrc98¢¥/BEES07/069807
Expgssiop Bler4PEd WBi/gePﬂété‘il B ]ﬁﬁrtglgﬁl%&gg‘f Pje g Akt subals 605!
corgpi g itheGodify sequentddTahediudF dene dndarpetreaypeiaseseqiichAbSs (HenBank accession
nurlnbnetr 999’1‘?8&%1(5%3— r4§?694A485]1—§) i @%&?%rcﬂ Igzlnﬁ '%Pah %Yéktsg%z?;% 69:301-315).

uence was generate ,

Exmrrsaws plagrid RNpdfeH avgh gmlera@ii y @éﬁ@éﬁb@%& sefugnse pigbnBacd s subtilis 6051

nuJﬁgeﬁ@@enBQﬁ%@Jeéshﬁdeﬂer Moo kl% @GI@N 49189 Q@48)°1§i{'¢ vector pTrc99A Expression
chem Biop h@%SSl 17 so tha

ucl e
Pl LG ETEAG R U R AR STt oL B4V GHTRLABT o sene
(GanBgnkogotdssivrziethbEiof9 9eOREGIOND A7 58 8@ erd GhioapTAA9A, and
Exj st%oﬁ gfasrmti Bgl\ﬁ'?lg Lv@soéehgﬁecﬁﬁ%éﬁﬁﬁ a%ﬁeélh%hﬁc@ﬁc&hr% the 3-farnesene

restriction enz S|te§§see
smafee(nESB Na%é‘frmsw cmza fﬁgﬁank‘rfféssrﬂ&@rl@w 3 $EG Spror-opigized for
expil¢sge§ﬁlesjcﬁeacm@mt atd tmnplusgmg/e&‘dsloirheamdleaﬁm kequa@st Encodih®the 3-farnesene

syn%Tasey was erateecl sr qﬁ‘ecfltcﬁg/nan@vég grgl]'qm{e ?g/[’?ﬁ% tg Bﬁ% sqlg!hesm construct using

&t T Sphor es I oxI
mefaplagmr@rﬁprM§ Tedreagea IPQIJGI B! reatit?éthnt?ezwr@@#tamé@ HOpproduct comprising the

6—f£r5@gﬁ%9ﬁth%§@§od'1ﬂ%§ ﬁ(fut:ﬁ:g theg%ogoﬂ éh@ct)d\K‘the PN afntﬁ}%ta&ki@ﬁ ﬂil@ﬁhimal
enzyne site e rc vect or Amman e

polegrilidefodirnes q%fodﬂgﬁp 81 PR vaxisPeLdiPYA C?ff?)ag?ﬁo i A hd (GAC) i
the3T PCR $AmANSEQ 2 RO-B YU Mhe Bsufltdrz PERyraiv i vehs papilly dide@@di@jng Neol

! SroROMhd R n
res cgne €, aIB Eﬂa toQ g‘t nusing Sacl restnctlon enzyme, the reactlon mixture was
ﬁ éni c -resi stant er?vat lve pTrytI:n OA- It

resplied tg@q atrerborepiy IERPTaRBRIehL T [P ffeﬁvf‘dlf %ﬂﬁi’ﬁ‘é‘ﬁ% E‘S - faresene
syﬂ'tlﬁSd AR Eﬁu@ﬁﬂﬁasf geDé'T(kr‘d(ﬂéﬂ; afd thdd3atdd DINA Gragrhdni K/aﬂ[gdted into the Neol Sacl

resglcl a e%z R 169519tz ?) atPe 9r9A r?lgc(r:its Rel_%ifg %)?pr%%lgg’ %;Iﬁ%n)& g\%!\/l? ?E%& Fl__lfure 6 fora
plapi@d maBB) and 19-137 cm - pAMB7-S (SEQ | D NGO 36), and
Exf;r@éﬁ)fl&ﬂaﬁﬁd§ ]hﬁ'(:@%q:m pr%Ap-GQg Liﬁtrc99RIP@ ﬁ’ﬂ@)9ﬁ3ﬁ were generated by inserting

restrlctlon enzyne site of ex .S1 0N
o EIYY R AP SHrA T R B R ees PSROpY %ﬁaﬁﬁﬂwﬂﬁse( 32 v
terMfidne QT2 deAOG BY’), RE T pulSROGheE G8WR”), pOORdpBiblehxqyntssi(‘0i$”) into the
pr bﬁ?mcg)r &%Dg%iﬁrﬁ% US n%%‘g {) enérgtgc?gf;n{h@&aﬁy QSHQJE‘aQe% for example the

ragnment ot u sing t
COfb’@.ﬂcﬁeMn@é’éﬁ’é cfernesenespiethase aqme gERecabirs %‘BFW‘?@%W“ AY473627,
RESEONENC E/6), e B&ﬂﬁgkse@@ﬁm tHe TB falﬂébm&ntmg g-e]n@ omn@h annua (GenBank

49364. .48 t
ACCESSIOR I beé g%}%éi%?) 81e £ rrlggsre%lggce 02 315 éy rgmenﬁI ngla's_i: %é ofg g ? )43 limon
(GepBae sta@slotyunibsAF 411 27§ REFEONOHL.-AEp25 éweqlm@segtieneenéthe opinene synthase

gerﬁ%‘l}AMe arﬁiz&qt}lelllﬁal%k BQaskion RitEer B8R (I@QHB@JHB 1@§f)%§§f’[@ﬁhs taeda
99116 REQ O\| 49105. 4854?{7) into, vect

(O FrBGt eSSt 51 SBIISHON: by A1 o648 “GUHGF ARt e rminolen
syﬂtlﬁseeg'ehd: P didnen 5o dicivg (Gab ek ssixin ulberBedioB 63903 orsui Pk dulivtgiga menziesii

(G M@Jsgygﬁ%%erg%%%%%eﬁs ké%’ﬂ) &%@EIE&‘ gZ'?l%;lsg%enBank accession

Into vector plrc99A
nuERys AESE2BR. Pl mslretide mws%s biieg cefloRePEPiE fBS/eXP‘i"F%Sé’r“t‘? fitghgichia coli.
Thé D&A%tginé.&s HERE Gw@ﬁan@iﬁﬁ&ﬂbmﬁ faéin Qs DRARGERBRE coBiit Basethe primer

seq& ?%%%ﬁf) N@r § nd %fié II’S1 %u 30 InesBqu n&r&q{gpe}gdsucto waslalgrgge({ to completion

imze
usifis Névd amcbﬁhzlcfaeatmtlpn enzpings, thiy eeag‘lﬁmlggme\»@ete@crlved‘bheel electrophoresis, the

a g}&%ﬁ% iy G}%wm@&n&%ﬁ@mu@%f; &-ﬁr&sén@@ﬁﬁﬁ?eﬂ%dm§ yaah&a&%as gel
generated synt heti cal | vvasa lifie g PCR .
xR §° DR PRPHESTE T CBn S aE 67 g 2 fesston oy s o h

pTRPPA OfRtdr,3licddify dxpResston pladmiirpdateA FSAe e @purb6 Gir a plasmid map). The DNA
fra‘%r:g:‘%éc’rﬁsrflorC (;"’i“§) QP@ na%)i T8 \:&%Ehd%s%x{ld EJ‘&: fP gjgdﬁ))g Q ‘#el:igér ﬁf%&l&ioﬁ gnzyme site and
arnesene synt codi n ence, e codon
a tgmine i badresthietios grryA sigriiovearslene inte W@petrhlviewa?tmn enzyme sites of a
cloRRk YRERLHEs $ QSRS Cof PRCT0dtipg vEdr, Bl hieh theSould be liberated again
repl aced by a codon encoding aspartic acid (GAC) in
the 5° PCR prinmer (SEQ I D NG4037). The resulting PCR
product was partially digested using Ncol restriction
enzyme, and di gested to conpletion using Sacl
restrlctlon enzyne, the reactlon n1xture was resol ved

o g, o o s T | oA -— 1 ™R I A



[00246]

[00247]

a DNA fragnment conprising a nucl eotide sequence

encodi ng an a-far nesene synt hase ("FSA"), a -y-
W0 eqopilasse synt hase an a- pi nene synt hBGEUS2007/069807
by (hg%?@ tp copgpletipniths [N 6¥”é‘?’fé‘s %%Pﬁ‘f‘}?‘a‘é%‘g("fb‘?é‘m)i AAf BStifion enzymes,
resﬁﬂ_ﬁlg ngﬂ:a\z’t&ﬁltrﬁkmre-ﬁb @elBNétr(fpfha@sﬁE aiid geNS@attingdiee 1get e Dadrpdhe synthase

enco 13% Bﬁt alnlexyt ThléslI pageﬁ%\lﬁ a\i;er%l gtré(tl ﬁ&%ﬂ?){&[tﬂg restriction enzyme

uence 0 nesene ase gene
sitepit estpr e %A (AomBEa L Aise e 4% | Grl R (1595, VIKARGEBIGs pTIc99A-GTS,

pTHESA -, o2 ATrc I B3 (sed Figurs @ dir G SRGMBECE of the

0-f arnesene s temsia nnua nBank
XS e PO T 800y e GH T i QU U ten B Cps seavence
encolfing &f q@faneme syrtalea SES AJ ien. BfarrSiene wthaserftﬁSB I Gepdeaveky, into the
pR%% Qil%ll \%@top(‘m%erg%lt:éil 61298@ NI%E‘QA% R§50 22(;.%3;7)67 5*7&3? The nucleotide

codi ng sequence O -‘pi nene synt hase gene oOf
SCqnEFIcR WIS AiSESi ggne(r@rﬁathwca% BUR A STIRAYETT ©8TBIg¢ic coding sequence of the
o fitEksb {NyntBase ge&g 3)1316&: ddfes REdﬁBSnldaa&ds@on I(uﬁm&Bfawvsam;EBGlcmn 24..1766) or

of t@%g‘?%ﬂeééggg*n aﬁeegetnee gp;{?tr?leo Séanaennua S/ e as gccessmn HH?Q%A.YSSSBQS), codon-
optipaigdd forrapme(s@a MBSk EEDES TGS AU ﬁb@mﬁ%@@:ﬁg@yraf@d nygfeotide sequence

wai %g%%g%ﬁa% BaMENGI 884 4 3° KnSRRBank C(ﬁl‘i‘(ﬁﬁt%%e‘%ﬂ)nmﬂf@%ﬁmpauble restriction

6 REG O\ 10.. 1887 randi s
enzp s s Ak AeRRESSP BRI hATATER aAc,@pq@ ORITC i e i pgetaly
ger&@tﬁd@ﬁﬂﬁ&db&gﬁt@c«:@d@@laﬁq&by digzeilg fomomebemrehsDNn symthesis construct using

Bam %}%{@8}(}] %&%%lﬁlzrmgsj;nﬁll%%n&{ &&HF@“&% glgsgfvg oﬁgerﬂgctrophoresw the
apna@ilwgelt/ hé kb}ﬁ%ﬁagn@@qﬂ@ﬁrew thypreyarosqueryrtgse §-fapraenepynthase coding
seqidce 4195 geir&i&a&'t&ﬁ b thdtigolREFDRA (ﬁdgkﬁént Wé:"hgﬂteg @fsd ®E BLOHI Xhol restriction

enz;:y%gis)?e g-toe%gﬁyzrsﬁ (9:? eecPo ngeli]c{j rgss‘e?(}gregs C?nBJ atsrlilidlc E(SQ% I*%}\Zé/rmlgéll%-FSB
respdc@ety. ophoresi s, the approximately 1.7 kb DNA

Exﬁr@s@Q}HSﬁlmﬁéjﬁ‘ﬁEdﬁLm E,ﬂe,ggax 5513 r}ﬁ%&b@ﬁ BN TaSR - B¢l iR 99A-CS, and
sequence was racted, and the isol

a
PTF?%@ Re R BFE bgatssan% s lepifls srpGice sgredpe p L%ﬂ?%‘ ofgy (LLS7:
limehehy E]S&ltlﬁket(ELMS i figinenp THEIRAOA“BRE Y, @ pheldnedesk (BHS”), carene synthase (“CS”),
ors Fi%fng §)§xlth%gs (pésai_ﬁkodtgﬁﬁfr@%%eg §AT ﬁes glegtkc;#ggq%enge Ingé'rts gre enerated

ment S
swmfrl@ﬂm axsing n%ajtem@la@ dorfek  pyling seauarse pithe linadast w@&se@ﬁw of
Art@ﬁhEM B2 G&lﬁﬂﬂacc@sﬁ)@ﬁﬁﬂﬂéﬁﬁ vSaada, REGION QB 1.1064)LRE Yoihg sequence of the

t t
ok TR § UL IR B g .o
codidSc@renqeACHE Sepitiegs synthere b rterfisio annuh ( @dnBritkergcesgen rmiber AF276072
REbII(pI@r 24 %) %Q'oﬁ‘ing &:Que\ll\g c%Qtde }Jh%ﬁ)a%gl%ng &I&L@%Q@Uf qQ QQASQants (GenBank

by di gesti ng nP hesi constr
acca%,swﬁgmxbfé AF %?&O%BE@ "r“ééf‘ r1|9%@x %ﬁwé*ﬁ‘ﬁ;???é‘%me of BEHIPF FP@‘ ase gene of
Sabvia8tehapafitd (GenBinK hddesRiob yurgler ABS 276 16 PGHIONS 38.9 87131 thgebding sequence of

the%ﬁ&rge?ig 'sgzlnﬁlgsetgtc]t? % Sleta %][fi"!:lngld} (%’\%? ?E a&@gltoﬁ Attber g@?ﬂgb NREGION:

nment e |1 SO rag ments were g@
2641799 The @u%mﬁe wBeences gagefing the Srpinepe y'ﬂaenmes md-ryellapgispegpynthases are
flafkEd Qﬁgl%ac(cAmr}esﬁﬁcn&ll enzyl@ﬁ@ aﬂ(Da ©8dnal 30a1(rdsBEDP1) ¢nzyme site, the nucleotide

set%%ﬂ%%%lg%%f% tlcesl f(j)&]] Eg cIEa(}egngé- asés areqlankd:%%ﬁ a'lAe“)a§ér [?\p %Ié&sg ction enzyme site

andExemesd Xon! 1pdtagion deypR8t26d Fﬂ®mualmjldp RQqase ﬁ@@m@h@hmomem synthase is
faBEHEY %&Qr RYortReRES eagynée sﬂU Qﬂdea%rkrﬁjxﬁl ﬁﬁ%&%@n 6&9199 gicNfhe DNA

an a-fanesene synt hase (" - famese
SYréhesip popsiENCts apegiipeyted Pé%@‘&‘fﬁg\}@‘lf‘% X’”PWS )‘?‘h’éfor Hﬁmnﬁé‘}blmm and f-
phaletdréne frfdhaﬁé)@)hgrueﬁs) Ned/ anc(XzﬁtH@strNtiﬁﬂ enzyitds @1 thREgalool and careen synthase
COHS%&C%S§)OI X§a7 a 7t16 rggtru}t]llp gnzgz?*% (?o? ‘iﬂe qilglonél% g}lfh%geeco Qﬁlgt'j tT%e reaction

enera using as a
rm’éxramﬂf wsqlyrd b(i@dle trephefgeh & am?m’tlﬁétela-lﬂ de h8§ggé“\ ﬁagments are gel
extSXRE Nas Bie $6RRA DN AR £8Rnta M B8atddFa0 BRI AGBA & rR Ao BABIIET site (for the 8-
AYA73627, REG ON: 24..1766) or of the O-fanesene
synt hase gene of Artem sia annua (CGenBank accession
nunber AY835398), codon- optim zed for expression in
Saccharonyces cerevisiae. The synthetically generated
nucl eot| de sequence was fI anked by a b BanHI site

e R o



enzyne site of the pRS425-Gl | vector, yielding

expression plasm d pRS425- FSA or pRS425 FSB,
W(Damp/amsa/eI¥ [00247] pressi on p as TreOPBS100 069807
Pingpey 2BIGIRE,| RES-PRTRRB YL SIS B oAl magﬁeftggfem C&m"'éﬁ“d‘“’r the
lingdololt ﬁ:xﬁl%e&&yﬁﬂlﬁe Geee), b el qud Astisatrictiogenaynmsitk ot thelbmonene synthase

insTSrS Iy ﬁ’?rc&d)&c eg{op %wg}rifj’vgﬁtl)eggh pEXrH]IdPEﬁ%i&' ]Iﬁllasggi“r 99A- LTVSS pTrc99A-BPS,

I'none |nene
T3 pRiES, |p§m9%1¢§ dplgI9A-S8 fyep J@urg;ﬁrf? @1 dmapst) | or
Example 6 Sabi ni ne synthase ("SS") into the pTrc99A vector. The

(002481 Thg SRl R TR BLE EBPAL BT B PR PP Resmion
[00249] As deailed gn Badipule e fosvftratiavetel anated b trangfithiag ehegeqally ofmpetent Escherichia coli
paré[ttamvﬁtlh%n@&%e xgﬁe@s%mfasﬁﬁﬁ %?ﬁ* %1&%@ h BA‘F]- 54124,
ON: 13..1764), the codi ng sequence of the |inobnene
Ta@‘g‘/ht@}‘éfg’é“’@‘éﬁé‘nsof Abi es grandi s (GenBank accession
HodRRaR AF006193 [RGli Oent 8&ain 98P} essidd Wasnhd3d | Mhtibiotic Selection
Bsequence of the|[®mi nene syntjhaseTof Artem 31180 agitill@arbenicillin
BfBenBank accessij@an nunber AF27IB3 REG ON: |b.ughy4@¥gcycline
Beiee codi ng sequemPe of the O-phHetantPRne syritayd
gene of Abies grnandis (GenBank accession nyishleramphenicol
BAN3139205 REG ON| DI 1926) | t|WeAN¥di ng sequs ri@%u%iT“LtCFféemCl“m
B2&% ene synt hase |g¥nhe of Sal vilérr"sc‘lgérf%lg%yl | a
_E%%ceSS! oh—nunrber ﬁf"”“ﬁ REGHON: }%728 —1871); n; mtezigimcmm :
di-ng—sequencetgt——the—sabi nt hase ge
B [ I Ci Ii‘bsP (CGenBank a w%m on nunber| %ﬁ{ﬁiﬁ&}col
B?ﬁu ON—26-179§);; The nuctepl i, sequences sgiy " amycin
e 0-pi nene, sabinine, and O- gl andrene 9yigb B@2.€ S arbenicillin
are flanked byja | eader Xmal| yggiohlLids ON €NBYFBnSit ycline
pand a term nal Xl restrictijgpamrzyne site,| the
nucl eoti de sequences encodi ngpEBRAMAdNAI ool |and car ene
synt hases are fllanked by a | ejagi@c99Ncol restrjiction
Behzyne site and a term nal XnedMB34estriction enzyne
site, and the nucl eoti de sequerBiRIdHeodli ng t/he
| i monene synthage is fl anked W94 eader Ngal
BP@striction enzyMI§Bte and o REPIPAAPS pst | | 100 pe/ml carbenicitlin
BpBstriction enzyne site. The DMM4®ynt hesis C‘B%VF%G?%‘EHICIH‘“

_aLe_ngesI_ed_LeLconpl eting usi g RAALInd- X8 fml, kanamycin
BfHe (3-p nene, sgabi nine, and @ﬁj‘g‘eﬁ)@ndrer%ogiﬁﬂ argenicillin

[
PR o ) oramphemcol
BFW 1St+uet /, Negl and Xmal res@ Althgs O ENZYTER, arbenicillin
e linalool and careen synth 1§M4ﬁonst ruct §)so %gg;g yein
and !DSt | restrigti on enzymes ( ]Q£99kh1gl)él nonens pg/m] chloramphenicol
BTt Tase COMSTTUGHog 1Ne T €ac 373 XU UT €S [l ug/ml carbenicillin
BEgsOf ved by gel |el ect rophor es|i samEdRe appr oxi|nmgd ehnl dartenicillin
to 1.9 kb DNA frlagnments are gepamestract ed, |@0Gginil®@anamycin
Besol ated DNA fragnents are |igsdnaa4 nt o t he | Xwa g/ Mbedrbeniciilin
restriction enzyne site (for teMpB -41 WO 200 e @B8@mphenicol
BRPGT/ US2007/ 069807 pi nene, sabpAV#@, and 100 pg/ml carbenicillin
0- phel | andrene synthase i nsert®s)yM424he Ncol Xryed0 ng/ml kanamycin
restriction enzyme site (taor f 373 nal ool __grd re/sp shlgramphenicol

Ba%mt hase i nsert §)PHbr the XbaIPW?W'MF‘é%t rict |18P|“@ﬁ’%)?ﬁ‘€em°ﬂhn
site (for the lilnbnene synt ha 3ﬁlél ] )
Ba&T C99A vect or, |yi el ding expre¥&t ﬁMﬁY i gd chloramphenico

nTchQA LLS—pTrC99A- LMB, pTricdy ’)’M" Frq99A- PHS
[ IJ ’ P !
Bz 099A- CS, and |pTrc99A- SS (se%, gureBG forl plasmd

§']P°) EXaII}J: e [002481 Thi s F y-}JM(ques(,rl bes the
generation of Escherichia colj,hgst strainsuseful in

BsoE T IVENtTon. [|GPA9T As detighNigd 1N Tabl@ [10 WAL carbenicillin
host strains werje created by fgMapsf orm ng chemigail y
conpetent Escherlichia coli pepeegoAckdd s wi t|choreenpbenicol
BSBX € expression |pl asni ds of ExgvpiTe 1 t hr ough dg/mITeirhaycline
1. E. coli host strains Host Strain E.coli Parent

Strain Expression Plasm ds Aatibiotic Selection B32

DHL pMevT 100 ug/nL carbenicillin B292 B pMBIS 5

ug/ m. tetracycline B210 DP pTrc99A- ADS 34 ug/ nL

chl oram heni col B153 DHI pAMDP7 100 ug/nL carbenicillin




B282 DP pTrc99A- ADS 34 ug/ nL chl oram heni col

pAML28 100 ug/ nL carbenicillin
waiguonii4sBd or am heni col

B255 DH1

B256 DP pAML13 34
B86 DHL pAMb2 50 ug/ mPCT/US2007/069807

HEk@Badtycli N pMVBl $ELON PhightiSkraia ar ID@rsGon Rlaskidsp TrAn8iBibtidd%ection
5 ug/nL tetracycline B61 DH || pp4BM85 pBBR 1 NMCS- 3
pTrc99A B62 pAM34 pBBR1 MCS-ANIBCc99A B0O0O3 DH10B
ExpfupePd AoADdl 100 g/ M car beni gidtMévil  B617 pAWMA08 100
(pergietion oBEBBAIESH ||| i n pTr c99A- ADDBG-anpy nl. kananyci n
T8618 pAMA24 100 |ug/ nlL car beni d?Tﬂr%% 'c99A- ADS 35
- gg/d_chloranpheni col B619 pAMHOB2IOD gg/-A —
E‘Fezﬂl te }Lgl{’s pAMA24 50 g/ ni CI n g é@/ mpgarbenicillin
(P anpheni col B650¢ i Et,glvms 1 ol
car ehl Cl B651 pAMAO8 100 ,gd Bpg%gbenl
pPAMB73 50 gg/ n (kananycin B63% o 124 o148 99 riltetacycline
100250] Ho&%&p@aﬁ‘ﬂsi@fdm'n{s Rver |¥ééd50n:'19.1rlg’8g}tor§ gm &ﬁzﬂﬂuﬁ intlbﬂéﬁé&is detalled in Table
)AMA08 100 g/ ml carbenicillin kar'g}gn%g
L %ﬂm% WG FRIEHICO A LS B rllee s e fﬁmﬁL Vi iquid medium
andlDGbibkgps MRO08 BAIRIB 8, |B 619, BHRS BEd4 1, Bp521landB2@2 hpANVBIVE Mfehants were
oSOk BB o B9 AT B B e
mcmrist ¥ac m}ﬁl rAtary garkes 9PR0 meéﬁ B@mfs%?ﬂ sgagpnary phase. The cells were
adapted to minimal media by passaging them through 4 to 5 successive rounds of M9-MOPS media
containing 0.8% glucose and antibiotics (see Table 2 for the composition of the M9-MOPS medium). The
cells were stored at -80°C in cryo-vials in 1 mL stock aliquots made up of 400 uL sterile 50% glycerol and
600 uL liquid culture.
Table 2 — Composition of M9-MOPS Culture Medium
Component Quantity (per L)
Na2HPO4 7TH20 128 ¢
KH2PO4 3g
NaCi 05¢g
NHA4CI g
MgS04 2 mmol
CaCl2 0.1 mmol
Thiamine 0.1ug
MOPS buffer pH 7.4 100 mmol
(NH3)6Mo7024 4H20 3.7 ug
H3BO4 25 ug
CoCl12 7.1ug
CuSO4 24 ug
MnCi2 16 ug
ZnS0O4 29ug
FeSO4 0.28 mg
Example 7

[00251] This example demonstrates expression plasmid stability in the absence of antibiotics in an Escherichia coli

host strain that harbors an expression plasmid comprising the RK2 plasmid replication, segregation, and

maintenance system.
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[00252]

[00253]

B552 pMevT 5 ug/nL tetracycline -42 WO 2007/140339
PCT/ US2007/ 069807 Host Strain E.coli Parent Strain

ressson Pl asm ds Ant tjc |l ecti VBP & /p 0B 7869807
X ERBHAIE ooRst 50 U FATAEOHE D 00 ok ARG R o o 123 L sk
copdBhS4 QP MINBPPE,12% BI8¢es€S5DS Y0yeast e AR, rd anfltfotiex mtaﬁed&.ﬁ Table 1, and by

100 ug/nL carbenicillin (production
ﬁ‘?‘%ﬁﬁ%‘(’e‘h'}ﬁ/@m‘%ﬁ | S-gpps 34 ug/nL BPS, PHS, CS, SS)
Thp Taeg 9O Was usﬂd to in maaﬁlpﬁléﬁ?@%m ofapgomatelpPR5 o 25&mL flasks each
00&951%4(5 /i M yolPE AR dinRHS, %Eucos@%n@[’) 5%yeast Q&Z&Od:uliﬂ@sﬁl also contained 100

Il transformnts re sel ect a Berto
o RECRE RSP RLieak CHLP A i e, 1 ahdpdtis. Both
cullirgsgieee ipoibard @3S 7leme rotaryrskdker at @80 fomomiil tB:yagrghedtag ODsoo of approximately

0. 2C !iltl v&hwh%oﬁlyﬁlg ﬁroﬁ&:ﬂ&ﬂ)ﬂhﬁ%h? 4 ml- dfétle in%w' Honglel% v@x@ ‘i’ddH&E‘d bg Q(gimg 40 uL of
antibiotics.

IM;Hd Grie 818 cHBet mid&w Attﬂlgﬁlgmf w&vﬁﬂgn \I\%"rcél““f*%‘ﬁ‘iﬁ%%\‘te&ﬂn t“h 8'mL of an

orgAiC o Odilaf to captade YheSitlg@n-4 A1 -dib€ Sefppied wdre BQenlpetisdcallfdr a total of 72 hours.
er ost ce nan t

Prodtuglon o ha-é{,‘ ah(&elene %? th% §8 éa?ﬁl ﬁeﬁ cuih?rgév'lw\p crgng' a‘_—%%d gJ&/MS as

<h%n@mm@ﬁ&mvmpﬁhse The cells were adapted to mnim

[00254] To'¥Bdis 1@%&&5@@% B2 thHeM LfheUY Binthid oF eRh SMELES S MBoved at 72 hours and

sl it R EER B Rk g\ﬁe&ﬁxsn@gwﬁ%lg?tpﬁ o708 Spgidual colonies
delVBd KoRSachaalturavere Tépdica-plettd entywe LB agir-phedntiiotic8@€ug/mL chloramphenicol,

106 [lé//f?ll\éllr@!ﬁﬁcﬂllﬂ p]}at‘mmd%tL%p a@xﬁdngy%lﬁlo{l&%% é‘}lﬂblg{lc) %QQ: Hher another

cero an quid_culture.

ovgm_ght@m&bzalgp 4 38 nC 3 %awgs t‘lﬁ‘P’PH‘isé‘n%a R ﬁgar%ﬁlﬁﬁgh?ucs plate were
cadQUaiHditd ébn(aﬁﬁdppﬂo)umaf&@gdl%%mzﬁzﬁc%gahag pldiA PeHenBen boiBiClthe presence and

in QFﬁ 5bsgnce o :61 i0 105911 R%gmb r1TT£rn'Dﬂla'c_l| be7en prﬂ_ra)élmatep}m!)%.

ELarl_ll?le_(NI-I3)6I\/b7024 4H20 3.7 ug I—BBO4 25 ug CoCl2 7.1 ug

[00255]

[00256]

[00257]

[00258]

ThisWHp1Ldenor GrateMHerbesed Grebific achif B ¥hd taBiliyGf tHe@RfHbcBocdBrablis HMGR
compared to the Saccharomyces cerevisiae tHMGR in an Escherichia coli host strain.

Seed cultures of host strains B61 and B62 were established by adding a stock aliquot of each strain to 125
mL flasks containing 20 mL. M9-MOPS medium, 0.8% % glucose, and antibiotics as detailed in Table 5,
and by growing the cultures to saturation. The seed cultures were diluted 1:100 into 140 mL of fresh
medium in a 500 mL flask, and grown again to an ODss of approximately 0.1, at which point production of
amorpha-4,11-diene 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.

To conduct enzyme assays, cell pellets were thawed on ice, and then lysed using Bugbuster (Novagen,
Madison, WI) containing protease inhibtor mix #3 (Cglbiochem, San Diego, CA), benzonase (20 pL oer5
mL bugbuster; Novagen, Madison, WI), and lysozyme (30 ug/mL). Enzyme activity of the Saccharomyces
cerevisiae tHMGR was assayed in 50 mM Tris HCl1 (pH7.5), 0.2 mM NADPH (Sigma, St. Louis, MO), and
0.3 mM DL-3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) sodium salt (Sigma, St. Louis, MO).
The assay was started by adding cell lysate, and the disappearance of NADPH was monitored by
absorbance at 340nM. To account for non-specific disappearance of NADPH, results obtained in a control
assay lacking HMG-CoA were subtracted from results obtained in test samples. Enzyme activity of the
Enterococcus faecalis HMGR was measured similarly except that the assay buffer contained 100 mM
potassium phosphate buffer (pH6.5), 0.4 mM NADPH, 1.0 mM EDTA, and 100 mM KCI.

Protein assays were done by the method of Bradford ((1976) Anal Biochem. 72:248-254). Specific

activities were calculated as Anmol NADPH/min/mg protein.
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Exanple 7 [002511 Thi s exanpl e denonstrates expression
pI asmd stability in the absence of antibiotics in an
&sohetdzshi a coli  host strain that harbors anPCT/US2007/069807
[00259] As él%m‘“é% Eiegs 8p@%§%@c@6?f§ch§lfsﬁa\dﬁﬁéwd b]gg%rrﬂ)ealﬁc activity and increased
stabi@lco@pdrédxd the SREH@QAY ded Porevasnad tHRIGBRNt enance system -43

Example 0 VO 2007/ 140339 PCT/ US2007/ 069807 [00252] A seed
=EEPES oyl ture of . host strain B255 was established by adding
[00260] Thiy exarepdskdesdribepuibyt cabbratidpeof s with tley call ¥oightt{DEWAS Kk
[00261] To%8RdhdH1REbnélp BliwdB DN Shd @F6@! e @n{a@ve@%lﬂaﬁﬁt was grown in high cell

extract, and anti biotics. as det ai n
Ay PIGFESHER R R et P B LD GO 1?0%%%‘]5 i igp douhou the runs
andCié ODEeandd3CW etk h@siraiDiotdagli @npte. dn déterintinegthe IBDFO (e odlls were pelleted

and"itgp gfﬁ%%yar&d()%he (te el?e?@as‘@asﬁejd%ﬁgeswlﬁla&ﬁer 48 %@ﬂhgﬂ 818d in an oven

di um % gl ucose, and 0.5% yeast
at R o @t leasthiflayprr Bhe#qbears’@uwrﬂe% Pﬂfs& “fcmwel@g?l ﬁlte weight of the tube was
su‘tﬁla&aﬁﬂﬁ(hﬁ thk hﬂeﬁhuﬂaﬁdve?g‘ﬂts U@A e r&hdiOhan@age Ria€ @ikidedBi theiihRiaFidlume of each
di.d ece a ntibiotics. Both cultures were
sapRiE (O gﬁ %) P %“7&1 %C\g' rotary shaker at 250 rpm unti |l
[00262] FiguteehshoeabhetitiorhiPbe®@eropPCHppd ORkuraeaingd ingh@e experimgnts h

mI!lelopoi nt t he production of anorpha-4,11-diene in the host

| s was i nduced by adding 40 uL. of M | PT
(002631 TH GRS ATORIRANT PGPS GETPRUTE | B TG o ot sin
expvEkifg the e“ra]p@lda:om.t dvr&is IMGR aiaHIMGR ganpatedoy Bask siaink expressing the
Sacc% rto%dp% zs?a?‘?%lﬁ tot%lfvaG di ene. Sanpl es were taken

of 72 hours. Production of
[00264] Se%@r?@klﬁh%f)ﬂw% 111@15@%6 B3 34 874 O R7S2. B2PR. 4388, 3751 4 BE56 were established by

additg 4 Mcﬁ%hc&‘i@ﬁof%@dhﬁlr&ﬂ&ﬁ&ﬁh}‘atmﬂ\ﬁ Assks @a&GIHg8hil M9-MOPS medium, 0.8%

S PR AR o O SRR O 1 et "
[00265] The et vdures tverg 2sddael ngcudataiat ag hmehQ@do anpmoama@yé)g)é rsenataget 280 mL flasks

cm(tﬁgmgm }nP IR M@)%)S me&ifu;nef% MESSE, |a95] Lntl'bﬂ)@lysb@ﬁé Qfurdd wedd ﬁ;cubated at 30°C on
0 1 ndi vidual col oni es erived fromeach culture

o TP 3B SO A2 By PSP £V ot e production
of hlgérpila-4 il diéra mpihe Rbs€lls washﬂd{hcugjyrdddmgnmﬂmfdﬂ\/( 1PTM) to Ple @tilewre medium.
an a ant i.pi ot I :
Th%g\?tures wr%rgt%%egi;amgo\vllgl:’klenL ﬁlah 9} % rlé)n@ g chhi%lng rheqfl)yl Bl @rlsopropyl
myzigtatie)- Fﬂagpglea«pﬂt]lemrgﬂmcdgcréméaypmd EB broth were taken once a day for 72 hours. Broth

sarﬁ;gé&r\verf@ ﬁls@l’o@x%éupd tﬁé ODb%o Qhﬁ& aWEfledler@QSKbelﬁt&ﬂ&dwisQneasured by transferring

tain a r oxi ie ting
s iRt PRPREY BR B Ho RO nai s kR o P Repied v bt o
tragsh@eople/llede aaaﬂmbtmatstrmsardn t he cuI ture nmedi um had been
[00266] Thé1 BREAXLIIRL B 1Q0% saxﬁﬁlém&garﬁly&%%ﬂewﬂ% B cEXPE0b gas

denonstrat’es 'i ncreased ecific activity and stabili
chrgaiograPl P8 PRSEERIRRS eV PY SRR onbfRpP depstihr &C‘ﬂar ioh 204 m/2)
an&he chranae ﬁ\@t@@&ie&ﬁb«mn SMaaéh et HMSB 1) Bioddan s Givend. GRUey-H6| To expedite run

tlmes }eé%tﬁg ?‘altur}e pIIOO tarélglgrll Sﬁ%gudrgﬁ#ﬁ ggﬁ 1§(§d1f9€d tb&%&evé&%ﬂﬁ%%a@ggblunon and

were e I qu ot
theé&@if?s*s‘{v?faﬂ rentige. Yo bul spmplel vges R@av@@ﬁ Paﬂﬁ iGYgsg 2 MB-KpB kepap (available

fromz-‘ zléﬁﬂ Te@m%%?; , Bl cU OIS Alto AW A hd 1HAnQthire Sga8 SThe @dnipkla®ek grékram for the

ng the cultures to s
ol e e R T LTS8 2 SEAEALN et o
3000@81(1 a hnﬁdt m@ f(I’I' as mtqﬁLTlfC |I'69]ked %mlegwmaagai by q}@véﬁt Packard
mo%@% IgIlSS @Q%l@é&e@k@hﬂt rQorJtore@tonWQcélﬂd @(Qi-l I’H/E IQE\Q(Q['SI %és@gﬂ‘a

anor pha- 4, -di ene was i nduced by addi ng 140 u
del}}o‘?W‘I”F‘*r‘@tt“E? aééz&}l?a 4 vispesyniigseprodyd wapgompi-4 @6“‘6‘&?&‘1
aanmm 1paihe Maﬁdua&nuemnmsaﬂmi mumzeﬁselgrtmnﬁ@@ﬁbtécm Breash
traxishcaryoglﬁ llex%n da]s uf d la\?\%l}pg{e%ﬁgs?an?a?% %g tlt%& ;A%n%xg)ggﬁ h ¢ Hreﬁe titer was
Calsmiéwbwnatthwst@@f ifteog Wf}dafﬂdo enereict! bﬁwm&akﬁ%ﬁ&%ed ¥Pep p quantitative

pellets were thawed on ice, and then |ysed using
Bugbust er (Novagen, Madison, W) containing protease
i nhi btor m x #3 (Cal bi ochem-48an Di ego, CA), benzonase
(20 pL oer5 nL bugbuster; Novagen, Mdison, W), and
| ysozyme (30 ug/nL). Enzyme activity of the
Saccharonyces cereV|S|ae tHNER was assayed |n 50 mM

- ~a 7 — "~ M~ R AR RIAIPFSNI~NI 1



absor bance at 340nM To account for non-specific

di sappear ance of NADPH resul ts obtained in a control

@z@an4d3acki ng subtracted from r eBCi/US2007/069807
Calg)b’iltlalil FHEYE qf ﬁurtlfé?gtamg@%fl ég dleﬁ,@;ﬁﬁﬂO 3@{11 Qfll<t1§17o%09t3ﬁ & caryophyllene- -spiked

ethbnk@st©coccus faecal is HVGR was measured simlarly

[00267] As %ﬁ( G prtl FlI Qr%g nlg]lq§§ a%ulfl%é {5%r nigf% 181"(1:l zf&’?rgﬁ %ﬁﬁphy{oc8ccus aureus

HMﬁm a@WG&Me@e@l efrvtrevely @@@%Pa P bilsheroasaad to steipeB32, B210,
B260R95d) ¥nd BB 2 i lAG piREse B 85k HoAnfcd Ot is HB BIMER Q6NAMGS.
72:248-254) . Specific activities were calcul ated as
mp—le—lAnm)l NADPH i n/ ng protein. -44 WD 2007/ 140339
[00268] ThitSTMgE2R016hHEO8D7reastOfBESionAs aghphn4,il hdienchyrag E8chetidign coli host strain
gngggg&gg &ﬁp%&?n&%kls HMGR exhi bi ted hi gher speC|f|c

creased stability conpared to th
[00269] A ssmﬁlarp @M%a@&?,éwag?sgx@hsthpﬂ\mddmgéﬁxﬂr of agtot:]({)@%@]of the strain to a 250
mLIfiEs 18 ccﬁﬁ%ﬁﬁ@ B HIESOINIOBS mtdiem el anbibiatids andedileddG@Ble W 4nB by growing the

d 611 T btain th
Culplré‘%/%ﬁnbﬁ% ngoé’ta\%%%éw%?%%o g rzlppese(ra]t ative

[00270] The $e|edac1nmre8®2 useal/acsmgrubtmt pminiialPD e lapprefemately §.0p faye @%)gnls flasks, each

corﬁélﬁ'fhé & mi Ferhb RSP LR Edilpede 'l“ﬂ)lgé(mleﬁﬁml tloﬁamlrﬁﬁ MOPS buffer
wer e taken t hroughout the runs, OO an

PHdrad pais dht BitvERwre SHpHce on regeskTh Cor37Te
unfilhieye@khed awdDe,, ped.18atb 642, aawbich prentshepesduatioant amorpha—4 11-diene in the
hoscti 31% ag %thceg E}e ad(i‘flg% I40 BE lo}' ﬁ\tl I%to\%s%g&i ?-Qg‘lﬁm%tttbe tWﬁLI cﬁ'rmductlon the
N an oven or at | east
Culdws”efﬂq’@ﬂatﬂuwé%&éb At aiordaplg orslay qraptsithe ‘W@ﬂ’é‘a\ﬂéﬂﬁﬁéﬂ Samples were

takbEnc¥B U End(bﬁ?]l?zl'éﬁ ad &b@@lbﬁdiﬁ Exahifit t@ct ed f L omth ed
asur t the.re I .. was
[00271) Asg@) 1 Figses | %’r and 01|1§1‘£ efltatl%lcag% ga rf% Y\Eijfe tc66 grfgtl-L% Ie‘éﬁo an

apbtimbtaly 5% 1DEWe ih 66 26:2fic Brogustion Of aniponig-4t Haliene by the Eschertchza coli host
seligl ationshi p between DCWand OD600 neasured in these
experinments. Exanple 10 [00263] This exanple

Example I2denpnst rat es i ncreased production of

[00272] Thamnninadeﬁmils’tmdk peasedpadehar ifahomhs ol i -dleasty aatEs@ierighia coli host strain
grown un CSI'§GI te&Ee?rb%Snts ?xhé/io%&?gn%us aur eus Hl\m and Hl\m

rains expressi n% the Saccharomyces
[00273] A s@ect @w@uoéhost TR 33 et Ttvagation 0o 8296084 apd @9PF%} was esfpblished by adding

0. 2|3Ql§tof £ 16X al§udBsihe ﬁiﬁ&a a Bﬂ)]rQL ﬂ&%&nalﬁa@ﬁ) mB&f&-MBEg edium and

est .
anfiotss el Aot o8y v aeepsafitiopr aSr Aol g0 o
it rpdchddn IDRS ofrieti2um 0. 8% gl ucose, and anti biotics as

[00274] A QQJ @Hh{n%q’f hdd: S-EL%ME@Q ]for f%gnt%n%mm 108 egt%lfswd% addmg a stock aliquot
overni ght. [00265] The seed cultures were us

of o 6N S SA LR P aE SDERIE ORI W&ﬁwtﬁs ftetailed in Table 1,
an&Eﬁl&ﬁﬁht&ngﬁ{buHﬁIe Bbe&ﬁ&ﬁ at 300MNb1ed otanGhdidr #1250 MIRSeed culture was used to

2% ca Um an
1nol;rﬁlgtﬁ Ba n i tlalt% é(@ :Baﬁroq f !l P_J)Oqul]l, ﬁ%%( céal‘;@aqmg%id IH]:;n ﬁ/%nM’lg § medi d
antithetigs, raetbﬂ}h eldtumwa@wwn@foata%ﬁa)@ e reRy sprker at 3? 0 sppyjvafil it reached an
omQiont tye production of anorpha-4, 11-di ene in the

oot v b BB SR S T
ste8ited of thabiogrg@(?lc Apptidern B}ym(ngolgADI tedewitinaDI Hi P hextrollers, Applikon
Blgtlec%ﬁ(glggyoﬁoské @R§ QQW The %aﬁﬁﬁgﬁtﬁ&i)a comPBRhE SveRffiltN&erilized as stock solutions

organi C over | ay | ayer and 't br ot were taken_ once a
andjigjFoies fropgh G AFEPIaEy Gt 3 SANDIHE SOUBIE GURRPSHIE e legipgetion rons
050408-1GR6 Oﬁ)ézmrm dhoslthélfigah eedio ba@tiriat foofarmmsition run 060403-3. The
staﬁ%& V(lillu{ne for n:: JS@gb%fl ds IO%QL t % sMJ‘n gtfolhace £of g%% ¢ whY ﬁﬁ L%Xd the starting

ean glass viral containin

vohueetfthéO%ﬁkv@a 1\hi ! rigestvegre le@culatefl amguqsa?wﬁﬂyvﬁ t%erﬁéeda%ﬂm through the
he@lateNt €rnal standard. [00266] The organic

overl ay/ ethyl acetate sanples were analyzed on a

Hew ett - Packard 6890 gas chuenat ograph/ mass

spectroneter (GO MS) by scanning only for two ions,

the nol ecular ion (204 mz) and the 189 mz ion, as

described in Nhrtln et aI (2001) Blotechnol Bloeng.

— e p g ey g — o
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from Agi |l ent Technol ogies, Inc., Palo Alto, CA) and

hel ium carrier gas. The tenperature program for the
wanaryei3s was as follows: 100C for Eﬂ? 75_m nut eBCT/US2007/069807
i ncr eadiARyECenpErResitionotdemgaesion Medtam o xmenaigh r at ur e

of  30@®aps @0608al &dlodoad- 1300C for 0.5 mnutes. The

resqﬁved—s¢ﬁp¥es—m5 et t= '
nodel " 8973 nass- sel ?ﬁgge mlgﬁd%) ”ﬁ%aﬁ%ﬁﬁoﬁ&%ﬁL ons
189 @hices204 il z. Pre¥Zous nass spectré90é@h©nstrated

t hatwiiiEy, anmor pha=4,ti; grene syntriase [product was
anorpha-4 1 1 -dien —and that anprpha-4 11-diene had

a rikdM8HQi ne of| 872 ninutes usind this GC
pr of O&@ acidBet a- or | I.ans-caryophyl T €ne was used as an

I nt A °tanuu.d Hor quanti-tati-eon—Aerpha—4—1i-diefe
tite@é § calculate% using the ratiq of |nterna

stanM@S@/HhOannrpha-HZil di ene peak ariéas based uponia
quaptitati-ve =45 WO 2007 140339 PCT/1S3Q07/ 069807
call ?atlon curve of purified annroha-4¥ﬁ1 di ene

(0. 68cC6HE L of KJIFO-27mg09-3) in car)ypwgl | ene- spi kéd

et hy €. [uuzoy; shown i n Fi|gHs68. LOA and
10B MnéEQH% "@2') which exgr ac?égr{ the

- strains B153 apd
St apfYioB5€cus aur eu$o PRGR and HVGS,| brdbkiced
elevagﬁﬂ Ievels of am®igha- 4, 11- di eng ccompared to
st r pRs B32PB2—101B255,—B256,—antR2o2, —which———
expreszMo ?ﬁé Saccha?onv%es cerevisiae’ ?ﬁER and HMGS.
ExampM@HﬁlmyﬂgﬂﬁB] Thi gizexanpl e denonstt¢ages i ncreased
pro Flé(}ﬁ)a{llaté)hyd%)l PPE5.Gtmd 1- dT €e Dy ary gggherichi a
col host strain grown at suboptinmall tenperature
[ 00pBG3mine HEEd cul t uf-€™8f host strairn B32 was
est abibénitadn by addingoe> ML of a sthboaglquot of the

strgi-r—to—a250—w_flask—-eontatnin ¥u r—VD—MEPS

med) GTRSYHRant i bi ot | 24 as detailed in Tble 1, and b
gr oWwChigrainpieenicelul t ur p34ower ni ght at 37C 3miga rotary
shaker—at—250—rpm 00270} —The—seed cutturewas used
to inoculate at an initial OD600 of approximately 0.05
four 250 nmL fl asks, each <containing 40 nL fernentor
batch nmedi um (see Table 6 for nedi um conposition), 100
mM MOPS buffer pH7. 1, and antibiotics. The cultures
were incubated on a rotary shaker at 250 rpm at either
30C or 37C wuntil they reached an OD600 of 0.18 to
0.22, at which point the production of

anor pha-4, 11-diene in the host cells was induced by
adding 40 uL of 1 MIPTGto the culture nedium At the
time of induction, the <cultures were overlain with
8nL of an organic overlay to capture the

anor pha-4, 11-di ene. Sanples were taken once a day,
and anal yzed as described in Exanple 10. [00271] As
shown in Figures 11A and 11B, fernmentation at 30C did
not affect cell growh, but led to an approxinmately
50% i ncrease in the specific production of

anor pha-4, 11-di ene by the Escherichia coli host

strain. Exanple 12 [00272] This exanpl e denonstrates

i ncreased production of anorpha-4,1 1 -diene by an
Escherichia coli host strain grown under restricted
carbon source conditions. [00273] A seed cul ture of
host strain B32 for fernentation runs 050608-1 and
050629-1 was established by adding 0.25 uL of a stock
aliquot of the strain to a 250 nL flask contai ning 50
mL MD- MOPS nedi um and antibiotics as detailed in
Table 1, and by incubating the culture at 37C on a
rotary shaker at 250 rpmuntil it reached an OD600 of
1to 2. [00274] A seed culture of host strain B32 for
fermentation run 060403-3 wast7est abl i shed by adding a
stock aliquot of the strain to a 250 nL flask

contai ning 50 nL MJ- MOPS nedi um and anti biotics as
detalled in Table 1, and by I ncubating the culture

1 . o, ~ -~ . I T o, ~Nr— e~ —




i noculate at an initial OD600 of approximately 1 a 250
nmL flask containing 40 nL M- MOPS nedi um and
W(ammn/ammsr cs, and the culture was agai A |ncubal’(eﬂUszoo7/069so7

37C on @F Sr&Pyratinesr Famenaien Myl fermeptap i a4

OD60Q@oabornt 0 5. [ 002R5tth ediu@kper LT n‘E IHead solifion (per L)
prog¢ X KZHrm IH20,—EBTA—ettrt+ec—acid,
and 2504 were hea? sterilized in th& bioreactor

(2L | A¢pPOkon Bi oconsph&gADI 1025s witHh -ADI 1010

. con IKJHiDG“IﬁI oP PPt ko, 5'%01 echnotogy, [Foster Cty,
CA) . The rernini ng nmedi a conponents were filter
st enidirigedd as st ock $&7@&ions and injlected through

t he RREJR@TEe. Table|3Shows tThe finall .media
Con'pgg|t| on-for fermentation runs— 050608-1-and

OSO(;%ESP“HT‘%I e 4 sh )\}vggt he final nedi 1écgorrposul on
for |fBEXIENt ati on run @@0@3 3. The st aBtmg ng vol une
for?ge—%ﬁe@%-—l—wa F—the—starti otume—for
0504 va\és12Lalgt e starting volune for
0604085 4RO 1 L. A | Ifmss were i nocul|@23&dnpy

i nj €GECNgREY TC of thgsgged curture throdgh the

headplate —-46 WD 2007/ 140339 PCT/ US2007/ 069807  TAB| E

3 - |@bRBosition of FePM¥ntation Medi urh0PE Fer ment ati pn
Runs m@@&@&fgoand 050623l Conponent Bat&gh Medi um ( per

L) fland Saol 11t 1 an 1) A uyerncn B

0 2| ROREAERAOLE |8t he T T ¢ SRR 7 g
(NHZ)1:2@ll)ﬂh‘tﬁteglyelratk‘/gS,OAr MBO 1.2 g 12 g | BDFA 8.4 ng

g CL2-— OO 0251y A ng— W CI2 420 15 g2
my g%ﬁn% 0 0.15 |4‘\5’ﬁ%5 my HAROA 0. 3 ng 05
Na2Ns@benipii 0. 25 ng| 39Uy Zn( CH3COQ) 02820 1. 3
1.6 rfgtraclyginy r)ycitrateygydrate 10.0 ng syl ng
Thi amne HC— 4.5 ng Carbeni-ci--4r—100 ug—100—ug
Tetraf&’;lf’éﬂnilﬂli‘%m%olug 5 ug* “&nl or anpheni cdi43% ug 34 ug
[00276] For £7mAR: 200 106083 YexPbsd Ldcimaf) Ghé/ fAI80 thitiatedlal i@duktien, and feed rates were
ad_bl%ta d%%luéllly?&r; H%%ﬁig%fu n¥n§hﬁ’: Qe M?Qlo mhg&ﬂt;: %rﬁé@éqﬁlt IngfeMtatlon run

rum p er tion
050478r1 (Erbonapyiricirsly theseay v&seelgerkmpmfemezwgamr@ﬂwae BpPE! shown in

TabR 5/ F& fermentation run 060403-3 (lowest carbon), the feed was started automatically when the

D

1
D
D
2
n
D

f‘\

initial glucose bolus (15 g) was exhausted and the dissolved oxygen spiked. Up to a maximum of 27.6

g/hr, the rate of the feed was calculated according to the following equation:
— (t=2)
ms (t) - S(to)/'leﬂ
£=0.12
S(t,) =15¢
wherein 1, is the time at which the initial glucose was depleted. Upon reaching the maximum rate, the

glucose feed was restricted to a rate of 9.5 g/hr, and held constant at this rate for the remainder of the run.
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[00277]

[00278]

[00279]

[00280]

Ctric acid 1.7 g

(NH4) 2S04 2 g -

My SO4

7TH20 1.2 g

12 g EDTA 8.4 ng 13 ng CoCl2 6H20 2.5 ng 4 ng MC12

wd kD14033

g S5 ng

ng PEBB2H03069807

23.5 ng CuCl2 2H20 1.5
%}féwb@ﬁd %lé@eﬁﬁen@“w&“lfgﬁ‘@@%’m 2 2H20 13

ng 16 no

Rdier(lﬂlé {h))ﬁ?rls)t r at

e;nkty@érratcERal&)@/}ﬁy 4

ha 100 11

aYs

D gy

Thi am n
Tetracyd

I\IJ. "I‘ \J Ilu \

[Tne 5 ug 5 ug

|
e+ h—x1Yu—u

Chl or anpheni col 3

g 100 ug
4 ug 34 ug

[ 002761

For fernmentati (

p19.37un 050608- 1 (ex

cess carbon),

the fee

s—initiated

%l74l rmduct OIT, amd

eed rates

a)

in the

er nent at i on
ed was

e protocol
50403- 3

justed manually to provide nlucog
a2 ons shown in!Rilgure 12C. For f
6i49- 1 (carbon-fgsgricted), the e

d to the fernmemtor according to-t

6Table 5. For @@Fnentatlonurun 0
ciar bon), the feedéwas started autpmatically

.u.lial grueosegbotus—(15—¢g)—was exhaust ed
& ssol ved oxygen Spiked. Up to a paxi num of
W2, the rate of 48e feed was cal cul at ed
gt 0 te fol towsg equation: s () = S(to )pe
= 012 S(ta) :-1'%(1 wherein to is the tinme at
Slinitial glucddé’was depl eted. Upon reaching
lnyn rate, the gbucose feed was restricted to
arate 9. b—gthr—and 6 ld——eonstant—at— his rate for
t he rema.‘ﬁder of the ryn® -48 WO 2007/ 14339

for

PCT/ US2007/ 069807 Table 5 - Feed Protoco
Ru'r__lgéﬁgg@g ﬁrirld%?%g q“géggr%gd Jut Btl“tﬁ’ J IA%o‘vthﬁ{E ﬁl)oregt&lrcvpa§ @et at 1-2 L/min; pH

wag nmagtaingg at27 Spe amsloglufy@ydrzﬂd%ané@r SOéQlﬂthé{?de%msalgaltaﬁsfiwas 500-600
rprf; t38n was controlled with antifoam B (Sigma-Aldich, St. Louis, MO); the dissolved oxygen levels

were a
concentr
run 05
del i ver
shown in
(1 onest
when th
and the
27.6 g/
accord
t-to) |
whi ch th
t he maxi

were maintained 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.

Run 060403-3 was carried out at 30°C. Airflow in the bioreactor was set at 1-2 L/min; pH was maintained
at 7 using ammonia hydroxide. Dissolved oxygen was maintained above 30% by an agitation cascade and
oxygen enrichment. At an ODggo 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.

Amorpha-4,11-diene was captured and extracted according to two different protocols. For runs 050608-1
and 050629-1, 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 mg/L and 20 mg/L. For run 060403-
3, amorpha-4,11-diene was captured in the bioreactor by adding 200 mL of an organic overlay to the
fermentor at the time of induction. Product concentration was measured by combining 25 uL broth plus
organic overlay with 975 uL acetonitrile, shaking the sample at maximum speed on a Fisher Vortex Genie
2™ mjxer (Scientific Industries, Inc., Bohemia, NY) for at least 3 minutes, removing cells from the sample
by centrifugation, and diluting the acetonitrile solution into ethyl acetate until the amorpha-4.11-diene
concentration in the sample was between 0.63 and 20 mg/L. The ethyl acetate samples were analyzed by
GC/MS as described in Example 10.

As shown in Figures 12A and 12B, fermentation run 050608-1 (excess carbon) resulted in low maximum
cell densities and low production of amorpha-4,11-diene, respectively, correlating, at least in part, to the
relatively rapid increase in acetate levels (Figure 12D). In comparison, fermentation run 050629-1 (carbon-

restricted) resulted in increased production of amorpha-4,11-diene (Figure 12B), and delayed the onset of
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ol ﬁ%gg 9&:} tl(l)nﬁt\}/rrgé (‘;f g\éﬁg %Ig( Qes uflég %g ‘(I%&)ggtécgo]tl Hf?ﬁlgcgg g&g%hﬁ\f énopmethyl—but- 3-en-
1- cd exsct:fr mbtbsl buhgeplobia e‘tl‘i’C@YF Of-meRETyE Aethod yagingirye Fhat Tggors only ions

56 B s B ey 1-biR-320- IEQ GRET-efilPoue @leh-1-0n0St  strai n.
00300] Seed cul tures of host strains B003, B617,

Lxample 175 16-17[ 618, and B619 were established by adding a stock

[00307}
[00308]

[00309]

[00310]

Théslekapopdd desdribesstbeproditctian of amorphehdt-diee WS apdhafomaek serevisiae host strain.
ThE %‘%‘%W okt %mgﬂ\@zzwdﬁsc%gd lﬁﬁt, Ieb&zqw;,se £49: 9381084.1)86k) and in PCT

%ﬁ“ row ng the cultures overni h
Pa[ewd’slblﬂaﬁ%‘@%@é@oe Sé%raWé%Péf 224 wep Pesd "Fﬁi‘é’{f’ﬁ%‘t“é’l"é{‘“"éﬁs‘mADs by
grdwih in YD fEHGH (Méthal lﬁf‘ﬁéﬁktlﬂi:haicy A0CAB spragRiFat BabdbfbriCourse Manual,

|
20{)%6%5 IfSQ‘BnI\éB %?ngég r72§n 8? Pﬁgnrﬁnf‘ﬁr suigl %%gggg}’#lghgg éeg%lgbaichmg single colonies
onfoOFSS1-Mst Bistagee awst CRYMa b agz0Clgnes ot SowER S5 Met Binggar but not on CSM-
MaRt ap\tvérg Sured{ilb t BAH €St MEHIBsnhifl SRIDAS ROSALON3 Okehiclon@was designated

EPE(gg(}: I‘Fé) 3§ﬁw!(\j%ga8%glt8$en 1t§ g}fai)gg%o%plasé?lg %?42% %E)tgl—l]hl%lhph eplasrmd identical to
pRSAZIAARS Exgeptdfat @srerdpli REY? it terdhisrsd HUdséectihosirkerd Ethgrt walsHollenberg

(148@53}*%9&,%&\/ 1@81%9935491&&5@%%“1&41}. PIG to the culture

time of induction, the culture
Yige hest %f\],léﬁapﬁqrﬁmw fVﬁre Sel?ﬁeddjfl sgﬁhegf %ﬁ\‘:%mﬁ}ae f:(i)nézvm{:%Z % glucose and all
anfix@iids exct Bisti@RED lepdise; &;d}aetldbremcsﬁag‘mﬂoas MBBieméda B Solin, OH). The
host %{;am E?Y%JO 1s %E&Oﬁ)glf: ’forzft almge goeﬁ%%ls ieu%)egut & ?es %lasrmd pRS425-ADS-

SCr I
LESRd impY B85 1@ tordtqyeing p@fq)trgp%@]él];ﬁ cYifgde pdapiey g/pxﬁg)atzhed onto selective medium

(CSM%@&@&Q@J&Bm@ |l§1’8ﬁ‘1§ méﬁfmrﬁ&? Rnd@stm fr b AL, TROE LS P& E&ﬁ)ed from the plate

were_avera on between.s |l es was found. t
an%gaqs@ggd e Hgﬂd (j_f(%% ) (r/ab%wjo alﬂ;g SIEPenmlpn wi%mlxed and then stored at
-8®scherichia coli host strain B619, which conprises
Se%a!s]?s%tf &195? stﬁaWI%@ %ﬁe e@lgﬁlggédﬁg' ad(ﬁﬁg'y A&k aﬁéuot &Qhef s%glh toa 125 mL flask

engl neer e roduced approxi mately 45 ng/g
CO@@VW&%F‘E}%CEMEPCG?%%%W R Lyt s V(02 04 T the cultires overnight.
The ¥ AR vedasalrth Bosulitha ap el OD]OEF approximately 0.05 a 250 mL baffled flask

3-net hyl -but-3-en-1-ol and 3-nethyl-but-2-en-1-0ol in

Escherichia soli host strains3--52 WO 2007/ 140339

PCT/ US2007/ 069807 [ 003051 Seed cul tures of host

strains B286, B287, B288, and B291 were established by

streakl ng out a st ock aI | quot of each stral n on LB

T o o o,



cul tures were grown overnight at 37C on a rotary

shaker at 250 rpmuntil | ate exponential phase. The
waoorassso wer e then i nocul ated at an OD600. of PCT/US2007/069807
conippnid hLEPYhericrisiingd pegia dacking Ieyging, pudqoniaiging £t Hyrosp | 8% salactose,
and’d mM methBnihOPhe cuﬁ%egn}au mostated 6t % yeastareshhkea et 200 8l Because the

G thd HEais Yl telﬁ{sgtgd&w onof e ‘2#91:2 ?ﬁ)g{o[% ea%all]a%%)seg Z&orpha—él 11-

sé 11 the H} 11(1 rev
dle@ﬁg@lcmn \wgmptg;(ciaqm @Fl&,th@cej_)ls hqiltrgsgqq.}pd]ap gj@ﬁopﬁ 1nfl}qélgpdmp(éhad switched to
usih e Rk R¥heddBiiNGrthd séllsceOAt the fhd Hlikacuilih, G4 LiIiFS e & lain with 8

rown for 72 hours a ota haker. at
PO oreHE: pYpelD Sttt el TR CHB0 e WaRA: 2 Fous by

tramsiriingr Seulvefsherveggig seldgnt pa t@a 7 glpks @@ rpihtening §00 uL ethyl acetate
corgﬁﬁm%/ ﬁgrf wggorﬁz)éﬁtfaﬁgﬁ oftblgﬁ o ttq}?st le)Jopmt:neSas gﬂ‘m enﬁl stﬁﬁgd L

ut-2-en-1-ol fromthe culture br

The, f’rg@tlweﬂ@/@éltyéffétwgm@we il@lyg@@n&@%‘ﬂeﬁe"éelﬁff} %%%B\&@d

ch@ﬁﬁﬂaérepwﬁhes@ame&r(r@@/MsI)nsmdewabecem@daxﬁlﬂe 1d5 minutes,

[00312] Af’&e?’%nhsc%ues ro?%raw{h ggeeastl%glguﬁes eegeg%ur\l;ﬁ; ? GBE%‘%Q 4gva§d 59.25 mg/L amorpha-
411933061 The sanples were anal yzed on a Hevw ett Packard

Example 186890 gas chromat ograph/ mass spectroneter (GO M5). A 1

npl e was separate on h usi n 5 colum
[00313] Thts ’&@qp&ﬂeseﬁgw}ﬂwrg&cg@ of pmarpha- %é%exm i 8 S%?O”H’ﬁ‘éf cerevisiae host strain

whhe |thelhastc @i nehudgaslathhx&vilermp@raMy & wollog p ererblogous lrevalonate pathway
thaf*{d %Lég' o§1tr¥)\po%a%§telfo %&&%la@%&c}lg& 3 m nutes,

I ncreasi ng tenperature at mnute to atenperature
(00314] Yoot sigODCENMIEE-H. (¥5102) (A THO 0@ i tra 4P leiles! 127HEAL {YRP-5C; SUC?) and

CENSK L Mnydb@ﬁ(NﬁAMﬂﬂytu%nszT@ﬁ-18651@1L2\l§d12$ﬁ15@241e§1A\&§f8@ SUC2) (J. P. van
anal yzed by a Hew ett-Packard nodel 5973 nas
Dikgy @b hpamisdiied dromeiation fan ﬁ’e?é)go)é’ﬁé"cct“}t‘é’ata‘éﬁﬁﬁgetr FaRdagyl rich medium

(YP]hmr i3defédvyhthdiched@nr (| B Atos@FdWaastoat thHeit@; Mert@h il yea®genetics: a

RSy Boud &L O 4 AR o' sl Haro Uorl Tl B 2 cpﬁ'sgsn%ﬂrﬁm% 1990)

la bora t(%r% coulrse

OC us ection on
lacgmg ppaepdiaty nntgglﬁ%l].()[gyu){g_fg_sglﬁctqon gf integrative transformants plasmid retention, and
mesfeik lq,tgén\ye i on-noni toring met hod was enpl oyed t hat
Dl\g:g%%lﬁﬁ %‘g{ox%;tlg%slpto |6 cegﬁr)} dzag wmgtc‘;)lgﬂuctﬁ%llm% tléer{ltﬁuuxglacetate procedure as
dedexieriply ®. H1chjeR) BOP1GiERi Sureampl @ 33%@0er.i198H. AHgene disruptions and

presence (l%l gl? t I
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[00316] S. ée%"dé‘tﬂe spies Y2 ﬁ’é‘gY Y0 s RIePasgA der Adof}
by (KeSdlagingC e FREPpBioredisaelacd Soh tn S. @kdyisiad MET3 progibter by PCR
strain EPY300 is auxotrophic for |eucine biosynthesis
(leu2), but expression plasnisd- pRS425- ADS- LEU2d in i
85 restores | eucine prototrophy (LEU2). Single
col oni es were patched onto sel ective nmedi um
( CSM gl ucose- hi sti di ne, I eu0| ne, rret h| on| ne)

Célfﬁl gtlénc%cf%?e mevalonate pathway genes

and



contai ning 40 nL of synthetic defined nedia | acki ng
| euci ne, and containing 0.2% gl ucose, 1.8% gal act ose,

wap7140384 met hi oni ne. The ul t ePCHUSROW69807
smpica0ongy e koM 3 5 i ﬁ#@é@@%&ﬁ% i Faare osepwioo
G (GEQJD DNED g 4) anth 50- h@pﬂﬂﬁb@(&ﬂ@ﬂ!ﬁﬂﬂ)sﬁb cvohtadingoty b@fepétlhe)f Eeahdlogy to the
native g9 eku C as e e TOWIn

L% 5 DS e APy O P v

YO} 640083 pipinsiveinsr i 3 PRyl ol 1ot AEYD (pigma-dhidridtySt Louis, MO), 100 mM

ﬂﬂﬁill ﬂ:@{agﬁﬁgﬁ@ d}@'s&m@'sperﬁﬁﬁb& ﬁnﬁgbgeﬁﬁandﬁ{cuﬁahSn 4t130% Bf 30 minutes
ocul ati on res were overlain w

nmL of
oGP MR 1T COMENSE 1 EeoeTRes B ST AN Gonet. 16: 39
(1989h). el’tﬁmvSﬁH@hlﬁﬁanWe& ik g6l BitheliZibhidytio grd¥yon rich medium containing

0.51&r ne [cur:ln glgvéo en C% arrlbead(:)&1gg‘:a618%on%icr)rnvcﬁfI tdlag-ﬁlys%([, P&IQ ‘?he resultant clones

coh al ni n cet
wersEen th|dpﬁggnat1¢m¥ﬁml\@6n@e%@ Yag 6AT @l‘ph@eNaxt (8¢ ADE! open reading frame was

repﬁ%%ﬂf}tﬁé ?Z’WHM |glla|%nf§a né (UK ?@)l The Q@ﬂE @ LEUOB3ddic locus was
OV er a e S

amahfeéﬂd r&z cf_%ew) 8@@3 usmg prlrrners 61-67-CPK066-G (SEQ
ID oar: eb@amd) gr-apﬁ?msﬁ eﬂ@@ﬂﬂw%con(a@igl\@)baasald @§ fankipg tlomology to the

AdE‘}J E@i\q }_ng ﬁJaQIE ((51%%3 l‘%;]g d% qgsulzlag p@ﬁ E)ﬁ)dﬁ)cft wgg t@a‘@%ﬁ@meﬁ into exponentlally

ures were toun ro uce
grogglg2\§3rp§gl EQ@WWaed ajpov]_ei ad‘?’e PF?‘“S %@W@eﬁ%r ¥reUt:]}1131he absence of leucine
sup-EtbhféntﬁﬁQﬁhmﬂdl Sonfia sty degndstheP . oTHeGEsulpdnt dbnea ok [ghvan the Hlesignation Y176

(Mﬁ%‘;ﬁ” k[lnﬁ I}Slaqé:nhgr onyces cerevisiae host strain

ere in includes a native nmeval onate
[00317] Togerteratay casvivied skrainy 188, Rog e pOtlgiliBN frétoa redtod (PR HWRLD: 48) and

pAM]@g Sl]:J‘Q mQQ)CQEHeEtQJerO&/er@d@@&e@rooérﬁgﬂ%thrmtl NtlOEngland Biolabs,
cont roI [[00314] Yeast strains CE

N, P
Be(eMK-IMA) Eﬂddlg’%lﬁced fr}l(bfx_pglggtlallly @W@ g_lfé as ﬂelsgrsb%‘g %L})Z)S]élﬁ recombinants
wefslJeI2Jtedafatiby dobiNh BKhedliln (2¥RI0Z )lraélMﬁﬂIalispﬁlaq Integr@tidmAnto the correct genomic

hi s3Al ; MAL2-8C; SuUC2 J. P.
1ocL!x9iscé§ﬂE‘$§%ag%]0&‘%%CR Iyﬁe M crob Technol 2)6 (706 (Jun

[00318] To genegf )cermsﬂee EER0i 2 2eE S PHPIIHRNA Stog RfAf 4P (R ID NO: 50) and
pAWﬁldV (SEQ Ib\f‘RD)S 19 rresbtf&tlﬁ@)f Mﬁﬁdhg&y[&t (h@ﬁlhg(ht WRIIPtdNahd infdduced into

expé)g?{)élflllycggowgg %(ltl ’gﬁ% rdgs[cg (E,OOVSI‘ g(éSItH/ﬁ ﬁecoxini)ma(r%ovreae glected for by growth on
meBfamijanking alyptpiettan pyd lﬁ!rtlélens In@gtatiorSiptoitirrgroteat B@HOHHCNIDCYIS Was confirmed by
dlagﬁgggpcﬂ acki ng appropriate nutrients allow ng f or

ection _of integrative transformants, g] | .
1003191 Arpig o 1o S8 QLIS ROy 6 Y P BRR G e bowsat room
tenipeaRsd © hN@ fod ABtingN tThe Dixed edllevitet wves ther @ateln dwdiimdacking histidine, uracil

ancg{f?yp'_(r%hénﬁ séléJ f&k %&D?E%Io?d ottty Cz?lg %F%e fia D} Dﬁ%sfﬁ!nk 3%%\@4@’(SEQ ID NO: 52)

wayg glgg)ed omrplglgérﬁté Pmeggqgmqog\af@d H)‘tfdexp?ré:mlaéléf éﬁ)évllﬁggil% gells as described
ab&eNbbsitive %c&ﬁblmﬁwyﬁle&e@ﬁ&by &b®th oﬁ‘a(iﬂeeﬁlyl 10iny ARmHaS EIntegratlon into the

cof PR IR Ot et ST B A i e ssmon
Y238ing the pCR 2.1 (lnvitrogen, Carlsbad CA) and are
[00320] To%&t&?&l{@aﬁ k/b(ﬁll sluylnéj&%ﬁfnﬁr@@lg: QY oSt TfAntfedaied géﬁ@b |YQ3 $was sporulated in

Z%LWQ%HIHH éce@fenafri 0 %5&2%&#02&12&?@%%%% fﬁ?gprrclfgtg]gse y%g/l genetic tetrads (tetrads are
folPrppaadidtepralict)l vasdibdatedINAg wa s gprdndrompmee MISM300 series micromanipulator

(Sl&%(f‘ %%Hxﬁel;l\/ét g‘g#]j Jré%iz %epe;[&n mglc %to[aﬂ:ls @on@anﬂ% t%%roprlate

enet'| Pr onot er

corpplerent eﬁth@érgeneaAm@gal de@mqu abidijy ¢ gropRithg absence of
adehifR] histi?RE, urfAMA @ypibiiRad. Tnidhadn(doRl inbliticdd BIRGAAs JdRBrmled by diagnostic

AN491 URA3 t H
PCMMS Sy R (ST PR U R SARMGSY P
[00321] 2ug\ﬁﬁwlasummA®qm pA@@ﬁ@SE@ID NADE), coyRABng %AM%XM ¢DEdon optimized
iy thge"ag: ARELABEL. cRANBR B AL %m&%@l@ #bduced into

GA 10 ERGIO0 HI'S H\lrSS pPAMA96 H S3 ERGl12 CUP1 CUP1
ERG10 H SMX HI S3 -55-



pAVA97 LEU2 ERGL9 GALI GALI ERGS H SMX LEU2 pAMA98

LEU2 ERGL9 CUP1 CUP1 ERG8 HI SMX LEW2 [003161 S.
wa@erenissae strai ns_Y002 and. YOO3 were prepar erlCT/082007/069807
exAoATY IR Y8R Y OO A Yaét 31 descHBS AP OYfa b er At R ATy dhb sontagrd the
pAMAL6 pladnki® Wi GelecldddoERERiabDINOD @fowiA She laBRh@QE thutihd duphléreentation. The

- 40 3 39
N T TRy
[00322] 2pg efgilasryidf PXOATOMIVBIMS 22 @9 IIDNRG4)-48Yyt2ipisk fepefsrisite F@don optimized
Anophd @1 3se @\Iﬁ@'—%@ L hme 430 ﬁ&d}o%%e @\)M@j e‘xﬁteés&@ym the S.

coR TS A RO RO T P10 X P RS S PP RO pisae OAL10
pronv@ger, twad b ducedititol empqmelempyogrewtnng 20 § arginAil agdescyBERatamed S. cerevisiae
str%r%qg’at ?%n%%gﬁ %16%%%&92 gﬁﬁuﬁ/v&)élregglle&&f fGIel&yetHe% a%h%;%' gr&?’éQhe absence of

urs ['1thi’umacet at
leuelsq: @lﬁﬁl):meq@l@n Srgl}eﬁ;ﬁsﬁlt@‘g gfams W gﬂeﬁ\gl}etdp%%)épﬂn Y74 MAT A) and Y224 (MAT
alphg)cubation at 30C for 30 mnutes followed by a 42C
E 1 19heat shock for 30 mnutes (as described by Schiestl &
SXAMDE G etz, Curr. Genet. 16: 339 (1989)). Positive _
[00323] This exwmpli dvsmibes thareductemt pffarecienyyor BHangsenslin Eicherichig cgli bt strains.

[00324] SeeQi:’l:ufnhtgsjbf Hgsq Edﬂé‘fﬁs %@i ﬁidﬁiS@g weild egﬂfh@ﬂed@? Ekﬁflﬂgcéﬂ sﬂ)ck aliquot of each strain to a
nvi trogen

124 SO EmPERS ™R MEL § SiA R Grioie ARt i anpligis s detaled i
Table $, g By growiny &3 c(nlM@éE ogmightd Y94 (I\/AT al pha). Next, the

{00325] The fee%cu%pneegwr U%ged 1no %g?aé%g 1t1af(ﬁ]960?3 2 erLﬁDtCIE/JIZaQ)S %Bm%sks

enom ¢
cor}t@@ggﬂ},\ﬁ% M ﬁ f%"/eg;uchsq; S yegqt sHvast gldg@ ¢s were incubated at
3 O%E%taﬂyam&sa@SS 0 ¥ untithdyFeddRddiB 0D L bf ﬁ)ﬁroﬁzﬁhﬁ%ﬁ@ %5 af SEEEY point the

67- CPKOG7- G
progaﬁltog %&e%e Braél fégngePgl e }}o[st c%lg vgs 1rh uced |b5 a(;c?u%go4 tu'IT eof 1 MIPTG. At
theAibielof gydaution,aladiuhigref waerevef{l@RM)th 8 1@gof@ﬁ oighc peslen tojcapgure the o-

farE (s\’giepﬁa%ﬁg (vedBsked E@B}S{4%[£§ Qp {onltZQ h&ifp@&ﬁr&s gk ¥omts) by transferring 2 ulL
rowm ng Y93 and Y94 "as descri bed above. adel -

© HlH e SRoBBr QY g Hoy e g AR ! BT 175 BieRl spved withtrans-
carsmpﬂleeawmﬂmmﬁn safdhr ondddrioBd oy alduetg irBd dubureCRere Jiive down, cell

tant cl AT .
pelk)?s &er%r%gli%e%d%%om&r sﬁer%’ W, qu,oa%l? fQ$§ éug&%lel{grg QveYe]tZaﬁsfer(M a glass vial
coganipy | gilethybacetaieapikerdggth t@gs garyj)ph]é]eaesqﬁag intyql ptangasd. In addition, 0.5 mL
ah@!ﬁ%@&e @ﬁ@@cﬁl@rmm 4\/81)6 aadd to @M Qais(cSikh 1h£)1 N@ eﬂﬁl) acetate spiked with

respect i vel wer e
oA Bt MR Ty b R ST et SHTTRE el e Biethd in e eyl
aceatponentiied thy glgss gwisrier Wlﬁl@ltasaftstewhuch 9 Lath the ethyl acetate extraction was

traﬁ’?%{ehlt aeclgagggggmlgwants were selected for by growth on
ium | ack mg uracil and histidine. Inte

tio
[00326] The prganio? feEBY e Ry& ARSI 2mPIGTARS Mgy LASHFE: Fﬁéaategy’% &ﬂ?fbegi’?% samples were
andT¥aBd orf 088t 6_37901‘9@3 elirainfogpaphGatiigpd stithan afilat FO7Y @S spectrometer

0 | asm.d
B T e
ma@wem |Hg>ﬁtﬁewqahhlpf?epnlaﬂ@earlwspbla@t@é ﬂierfb?ﬁesféw e’ﬁt@elﬁi juL. sample
wa¥ Ee@%t@@ usYr;Ig7a7HIa$M§ @816inh BedleARMB0100S Icl, PRlo A®:6,aTW) aR@RKISm carrier gas.

wer e sel ect ed b rowt h L
L
at 2EQ/onnuG: th @ cupearss of 30T Crinachsivg terrml’atyrm 09°€/nEgRe to a temperature of
306"%0%%11oﬁgpfd3°@ ﬂ?i ﬁﬁﬂﬁtelPI%wQ&Znagﬁipkérafdéﬁmsggt%hﬂrt‘lQ: BYtﬂtgxesene synthase

were m xed on a med rump | at e 6 hours. at room
ora T SRS TE R oS B o PR AR P Kcosp T Wn s GC proocol
Fafitdehdfiters Was chlb@itedbyadomgaring gemeelitadripedkaatdab mgginkt asfuhrditani@s calibration curve

ur aci | and a . f di ' -
or ity Bl AL AR AR ST LB . HARAD gt Bfbfenc-sivea
eﬂwh@ﬂﬁkgested overnight with Pnel and introduced into

exponentially growing diploid cells as described

above. Positive reconbinants were selected for by

grow h on nedi um | acki ng adesbne. Integration into the

correct genom c | ocus was confirned by diagnostic PCR

The resultant strain was given the designation Y238.

[003201 To generate hapI0|d stralns contalnlng t he

o oy o o NN



four-spored neiotic products) were isolated using a
Singer I nstrunents NBNBOO series nicronanipulator
Sionaes3d nst runment Co, D. Soner BRIeTI069807

[00327] Hogéﬁet Pe lsreciua%de@preblmaﬁiymoﬂ gethed “a%ﬁie%'fﬁ? tté@%homs (averaged over 3
indeSURIdneETBt), &fd Hadh ﬁﬁdﬂﬁﬁde@fﬁﬁﬁtduenmberppaixmwgm6 mg/L/OD600 Host

strélggg{ZLéed%qu%?régﬁ%t%lya 1;%34. P%/ B %f%& i‘ ? %\{ lgga%uhg(ageegg% over 9 independent
clohe), agd lkliaomxdial gletific prodedviced apixximasly 06 nigiLYORdah (b yepresentative clone).
di agnostic PCR The resultant strains were given t he
Example 20
Hampe designation Y2 10 (MAT A) and Y211 NAT alph
[00328] Th[s @Mq_deg‘glbeﬁthwra@m1@ PHRATRGSERA vm y| 1Ba1|\@cgg)chza coli host

stfint ai ning S. cerevisiae condon optinized
[00329] Seeggc?l{éh\%:gsgo%gésq %ﬂ%‘fs rﬁg?@%%? éé@wamg&( iﬁ S\’ﬁcé? destfa dllsmadtbg ad(§ ggsa %k aliquot of
cacBO0A £46560¢ POTHLBEZLOMODYBGT LGN POHEH e PApictrovidrigiled in Table 1,

amygy HOwiaD he Ydithdes BerpigmCr | bed above. S. cerevi si ae
rains that contained the §1NM26 asntd we

100330 Thesed e P ugRy 18 TP ity O Do GO TS O el 250 mL. flasks
comimlhgm:mn EMPPE etimmblatddom, 43 igmE elsarhing miicredutréints S1. 00 emol/L FeSO4,

0. IQYI \(ﬁﬂsst BF 673%%}5%& ﬂ)g‘éf/LY gl|2[§ gﬂlMgg 5‘@\ r?l?%&%sil{% g@{s were 1ncubated at 30°C
in mrmgﬂscd m@@htgr@sha[kﬂrgat 250 IE@ru@'q]I thqvaeachedivg S so 'gf §. %foz(bﬁ at Wthh point the
09 bﬂ@ﬁhﬁﬁen&&ﬂhﬂﬁﬁ&eﬂﬁ%ﬁn@% b@’)ﬁ&d)ﬁ‘ngOQfIH)f PAb PTG to the culture

no enas nressed f gl %i cSerevisia
me@ tuinﬁ% 1n§ut: trh8 ﬁ‘E sigv re over d%nr R as e c ove an to capture the
B- fempsrc@s Saablésvem tblhee aS'anelerﬂe\pipsmaéymsren@g 190 ebrmnenles ofiths upper organic

ovérﬁgl [a?gqg g glealnnrﬁtg BRAORENE kélltrkﬁ(geg Ft(pé%ﬂge N aﬂjoreﬁl&%ng%e’hll_i or media, and 10
as déscri bed above. S. cerevisiae strajns

uL ofth¢ SiSARcOeHRY ﬁﬁm?‘zerﬁ fransfrrgd ok 00 ak eyt aécaatf Eﬁtkag)ywth beta- or trans-
car&&}ﬁhbfllenabsi dniitityrnil GtafidaddinicRart §l&ss SOSEINC Fhomixtur@ ek @rtexed for 30 seconds,

t t - aj > g .
an%tﬂgrlp anglneeird oa%&é@%‘%ﬁd }% L“Bn %@%ﬁé%ga(adl\o/ﬁ%o%gtfagh%% %Podhil:ﬁ approximately
71@%@&@“@3@QEF@@323] This exanpl e describes the

Emmlkleroduction of a-farnesene or 13-fanesene in
herichia coli host strains. 00324 ul tures
[00331] Thgpxaﬁ%ct deé‘{rlrb?;ﬁ thgprg%g%onéﬁ & fgs@gnev% %é"argess{: 511 ? cH:é rwyces cerevisiae host
stréfldi ng a stock aliquot of each strain to a 125 nL

[00332] Stra1n%§j§'3&f)\pas e&ta‘t]e% é?enmvlr%%é A r§ss109 %(&ﬂlf{dﬁlgi%gcha%m?gf cerevisiae strain

ext r ant | S as
EPY 254 cby. GRS ahi XOPETPES Py muPlighton Y ORI SPOPRLby culturing in
ric® 8@ w6 WHalh FPS 308 W e thSQAnfenied 0ah bgh@siad plamidspREBLFSA or pR425-FSB,

. 0 of XI 0.05, 250 nL flasks containing
yle%?g%?“i%@ﬁ% E‘go?hi% e S&VeY: 506 yeast extract, and
[00333] Hogirvell yargformoatts vud steu:pte@, owp@etpcrﬁgﬁtpdtr@glaaqoma@@g Z%rgl@pose and all amino
ac1ﬁ§)$x@tgpy le§a§é‘(§f\4 {1) %Mogtgmlh' EI’YJ&OO‘:\%@ Xuxroﬁéﬂltfbeﬁr Iétﬁbll@ﬁggﬁhesm (leu2), but

appr oxi

ct
e PTG BRGS0t PRS17eg SRe U e BB Lo hemei coonies
welenthucrackdby cuidaivivgs obfraitiing 6 fnllofliqhiPTH-gli\tackibdigudinenBhegfiltures were
1nc|u£]a(tjeldci)gf siftin gtarﬁ) € Hllth g%%vcl.’h Ivé@,rhgs s‘t)a}ﬁgﬁatr?bﬂlsewfﬂéwceﬁs m:re Q(I)reélgt -80°C in cryo-

organrc ov apture ar nesene anmpl e
vialgep & mlefkaspn %wrtymzd& up ety l‘d’psof/"dv’lyfz’(?l MISPL ¥ il@tl%ru“are 5
[00334] Sedd dWRurpOk es}abbshea bydagingh @tbngahaudr ko a 126 ni[Qﬂdsikcd)nfalﬂuli'geZS mL SM-glu
lac%n eg(‘é{?%% %%Vé %{hg&ﬁ{urek 8\66% th Crs%ﬁl S(Zl_%l%léfgs IrWaelac 1%9 %{Ogl!ﬂglcg at an initial
OIan of aperximadtel s . an2h@mal. baiflilﬁdeﬂddqsppmmnyw af Siyqilidtcsieﬁlied medla lacking
leuh{ﬁg OCZ""‘/| élhkroges ael €4 §Qé@tbsg @Mﬁlreé:\%rla incilel 8o B zerotary shaker at 200 rpm.
resuspended in 250 ulL sterile wat

BegqrsfBrPSRE ohelherst indbrePeiamse et méi“ér’%igfgtg‘t/iggf plomoter by galactose,

farB3itegirdiurn Wasmhot @idhael uatt deatits wpukibe gutdsdin the media and switch to using
frans-gcar e t apdard

eob PR SR HER G PG A SR SRR e s sorory
wer e added to a glass vials csontaining 1 nlL ethyl
acetate spiked with trans-caryophyllene as an
i nternal standard. The whol e culture broth sanples
vere extracted |n the ethyl acetate by vorteX|ng the

o o s r . Y 1 ~ N~ o a1




matri x was nodi fied to achieve optimal peak resol ution

and the shortest overall runtinme. A 1l uL sanple was
mypgggﬂglag%qﬁ lév'sglre[]t ege%z egqlvg 2%@411?%%5%%%1 2t (-érlgf g]tptlghlé{;{(g 33:%%?3233 layer to
a cleemgless aialidodtaipingFoani. btbyl atdige amaingy) asknoss ccalsenftr@tlldna)\ﬁlbeta or trans-
car%gp 16‘!39 l«lsdan 119(£rn§ sgi}x&l% &3 adciltlihq‘lr ? @ﬁﬂ%ﬂq&oﬁr&) 8 Q\;hu{e Qult broth were added

mnute to aterrperature C, I NCreasli ng
to 3 glepp alalstcptainiae | 6OCI Fratels splésedawmtfetrm@vﬁaamhﬂlew as as (rgeenal standard. The
wheR Quitird bl sahplOtee dx@hcted iNtHB WIhGL ackE© Yy Q&h‘&xﬂ@ﬂﬁ gREOLdId Br 10 minutes,

de S ed th the / 3-farnesene. s uct

onira g o4 TSPl e i Bt PR EREMIa RS PR AR O
[00335] Hotli strein 0l 66kpradiced apptoisnatedyi NYmp M of oc%nﬁm:tiamd‘,m hours (averaged over 3
1nde Q&?Sg%s)t Hd%c? W LiGa s glac‘fﬁﬂ A& RY &g’&%&m%y 3 mg/L/ODgoo (1

rat pea areas agal nst a quant It
repecatiidsnacien Ho s oF64peadpted apprpametely 46 sefleof p-famesene at 120 hours

(avkrbQiBRerY lgaap&tme@eﬁ,msst @hd £AARRYnal geelﬁeﬁua&mm)fap oximately 20
trans- ca%%{ P | ene-spi ked ethyl acetate. -56
medegPpa U 5 @%%‘1’?88%07/ 069807 [003271 Host strain
Example 22B592 pr oduced appr oxi mately 400 ng/L of a-farnesene at
[00336] Th%%garxt)%'lc{e&rl%@s'vtﬁg ECI 81\/0% B gf’%lhg}lgecpﬁﬁgl% d&lrﬁﬁlﬁélli 1m Es‘ggertchza coli host

uctivity of approximtely
st ng/ L/ OD600. Host st rain B552 produced

[00337] SeAQ¥d STRLL biYaink fdr pidduct@h of Btefpricneae Bai P 1-1T 20 pkiewr, pMevB-Gpps,

pAé%M%ﬁrao?peugeno ?lg’D%Fggﬁgpg% t Me\%% ggss AM ?TB. ?r &%3/[%%]) or terpinolene (E.
coln@ﬂllﬂ@tﬁ»@@vr rMeeprease e et ehblished et & stogk aliquot of each strain
to legg’g’tg 315 I;I:b h%k?ﬁmh& ﬁ%%ﬂiflbml’é B% Mcggu@g%(ﬂ'@aspéxtract and antibiotics as

farnesene via the DXP pathway in an Escherichia

detaidiin s |- 2ut pagronving 6o s epERIEH i oS PRk ET
[00338] Ths tefe@bﬂﬁrel%ﬁ usdd6d hpcuBbR an aitt] BBS3oflaeprexiagtekx ol 05 S2Panlbijasks
corﬁ%g*l? ﬁ%ﬂ@l@[%)P@l i‘ﬁ glgéogg f0 5"/%&!1] e)ﬁla[:talxrg ah@oigtgp@[t ?iIn@ oilgéculatlon the

contalnin antibirotics as
culghagsaiereedsoioneripifyigh 4mL herqeecpie- GrlENds itgTe ipRIbHEA 4t 4P°Eon a rotary shaker at
ZO@VﬁOr}{JIﬁ Dkl tl[eg) 833h ad 0B ,S 6RPpoxikhidlyR2, WEHiEchipSRiE the Production of the

initial 00, of [ el .
corlggcglgéJ tta gtevz ﬁgh‘lfspéél%(gl theg)gttcglllsg\?/aﬁglpcﬁ%e%)é:}: %&%\%ﬁ% OQ§ M IPTG. Samples
werd taifemahce peckay figr 94 Sowgyrttansitrrian?(Pail afithe hoxpdecanegpes to a 0.6 mL microfuge
tub% IQ)Q Ela%/sgqhé fexEdRSM overlgy JvasMﬂN&E%l oP1 58/ Q:v}fﬁ @t§§l aBd @Q(ted with trans-

| ucose, and antibiotics. The culture

D
‘O@Hhé”‘?nﬁ B AP RLndtn 3 1 L FGriIn ?%’&lﬁnnlc’ab él“i“ﬁ@ of the cultures were
splshak:e,r ceﬂbelﬁﬁ@vefepmusmhdleld i iﬁ@nyrseatEh’eid:r and OB6AODsugfenddong were transferred
toa olasts r\]neal %O%Eam\% Qtﬂ lqget}t&b%)ﬂ(eg (vgtg H‘QI% dzlgﬁ g;ﬂ&llgle a?grnﬁéﬁlglestandard The
cell Peigs pgreteteacted it tm ehyl pesgit n vorxfxutawtée glasyasiatsfion 1 &H’e*tt?so%f‘er which 500
uLlof@e emyltauaﬁg emet@nweﬁmfeﬁemotame% gqhss efa.an organic

[00339} Thy g‘?‘éﬁecé} 3’5&%% oS S? | rreeS alI|cl)0| Rt é’ ace erglxns %C?‘%Hﬁeﬁeiwp%ﬁ were analyzed on
an @gilgylt 68900fgas dheomppyzerh eqvgrend mth %IVl‘églleal}ﬁW%W Sneetr%nectﬁlr €aEMS) in full

stnlﬁQ)%e (5-5hj%0 Mefélﬁﬁed‘&@%rnhfey gl%derﬁ&rﬁﬁp%éﬁxﬁ afddon@iYmatrix was modified
remai ni ng cells or media, and 10 of the orqanl

(o ERPETY SRS TR e IViSP an PRt P EEHEG 500 M S BIRYPS Pl (@ spitratio
befe&l AL gndsIpsoked sM&cﬁe‘d bb@ﬂ an saﬂfpletobﬂ:iaﬁtfatﬁﬁ)l‘ay@fhbryiebﬁﬁted @sng a HP-5MS
oot S BEC r SR P50 5D 1 RGRg o i e pogam o
theamaly yyed aadlides @ ﬁ‘iOd”@Ui for? Wioatep linsreagng Epdndve etrﬁOaF/@mure toa
ter&gﬁtturé&fr 1359, ﬁ@é%lr@rt%éﬁlﬁge AR kBt L] thpe?atlﬁfg bB00@\ind a hold at
3-far nesene. anpl e 21 [003311 This ex$

30pEderd %@@u@h@eaewa B bITRT ORETE S6] FOPLPREgEAered a1 S 4
4.1, 8. 43an$a(9@1kiﬁlft@[ﬁ)é§§ﬁ&1vﬁl®r BtksSieaecaltahted b tdnidafing ieﬁ&&&fﬂ»eak areas against a
quaqtlgl’?,“rﬁ CCTFF Fl%orrﬁ el?l c{ s?zglgargsg 1}[1 ér\z}lgsg?lv Iop %1%%I SRE(X(E{:E@ %J:e?a'ge

( Ro et al. ( 2006) Nat ure 440:58940-943; PCT Pat ent

Publ i cati on W2007/005 604) by culturing in rich

medi um Strain EPY300 was then transformed with

expr E‘SSI on pl asn- | | ds pRS425- FSA or pR425 FSB

1. . NZA NS - o g,




aci ds except leucine (SMglu). The host strain EPY300
was auxotrophic for |eucine biosynthesis (leu2), but
we@xprassson pl asm d pRS425- FSA or pRS425- FSB rBGT/USB87/069807
Example 23 o ;¢ ne prototrophy (LEU2). Single colonies were
[00340] Thisreansiledasaibed e prothictisreofitinalbd, 1onmme, AipimgneSs-phelladdrénie gpatede, or sabinine
lngy%ghgacggﬁ%pg%h%90|ne The cultures were incubated

ing at until growth reaches stationar
[00341] Serflra%f@es ap estadlished bwhdine @ seplealiauet of goicsta te P%Petatexﬂﬁgp% flapks containing
25 L}lﬂﬂ@-ﬁ\l@lﬂg? 0. sed )}eﬁw eltSctg Glubifde, Qhd 40Biokics20 Yetgiled GETHle 1R by growing
h P 9 culture. [003341 Seed cultures were
ecé’“ﬁfﬁ?‘? ‘by adding a stock aliquot to a 125 nL
[00342] Th baad kulion baiusidrg inRErlatt at 8vingflaliODoacfepprgxinetghi 04, 2°8md. baffled flasks

coaslg\ﬁ@ B8 mi Aeo-Sdpk U 953 yQa\éteerxH!lcg Qt%, ollddge %@ﬁ%ﬁa%& W BiSreVBE Grcubated at
to i nocul ate at an 1 nit

al
3°%Fp<ﬁlraorﬂaﬁ<asbﬂmat65‘b@n?%1 they ‘B%ﬁhﬂl Elpeop P%F?R@X‘EBP?{Y& hEhgpigpoint the

prd’ﬂuct[bfl os#in tdraionad efedtérase th thelthsecellais kidngd by eddiigri ul & 12¥APTG to the

cuﬁui.ny %18(%? h nﬂg g(r)% 0%1{8 gfé}{}] @r%get?sssg ara%)aoéo% &2 M@.&?xal‘éggle%mﬁhg}gsolvent—solvent

expcten Aty seﬂﬂmglauft @ﬁgéﬁatﬁn tfitee tive @f e fﬁr@wnﬁ of inteeRy éstldrgmengpsh to saturate

thd H&1i{Gal ko BFRIRLEId fA¥segal act ose, farnesene production
was not induced until the cells use up the glucose in
the nmedia and switch to using galactose as their nmain
carbon source. The cultures are overlain with 8 nL
nmet hyl ol eate or isopropyl -57 WO 2007/140339
PCT/ US2007/ 069807 nyri state. Sanples were taken once
every 24 hours by transferring 2-10 uL of the organic
solvent layer to a clean glass vial containing 500 uL
et hyl acetate containing a known concentration of
beta- or trans- caryophyllene as an internal standard.
In addition, 0.5 nL aliquots of the whole culture
broth were added to a glass vials containing 1 nL
et hyl acetate spiked with trans-caryophyllene as an
internal standard. The whole culture broth sanples
were extracted in the ethyl acetate by vortexing the
glass vials for 10 minutes, after which 600 uL of the
ethyl acetate extraction was transferred to a cl ean
glass vial. [003351 Host strain Y166 produced
approximately 9.8 ng/L of (x-farnesene at 120 hours
(averaged over 3 independent clones), and had a
maxi mal specific productivity of approxinmately 3
ng/ L/ OD600 (1 representative clone). Host strain Y164
produced approximately 56 ng/L of [3-farnesene at 120
hours (averaged over 3 independent clones), and had a
maxi mal specific productivity of approxi mately 20
ng/ L/ OD600 (1 representative clone). Exanple 22
[ 003361 This exanpl e descri bes the production of
y-terpi nene, a-pinene, and terpinolene in Escherichia
coli host strains. [003371 Seed cultures of host
strains for production of y-terpinene (E coli DH -Tlr
[ pMevT, pMevB- Gops, pAMA45]), a-pinene (E. col
DHL-Tlr [pMevT, pMevB- Gops, pAMA43 or pAWA42]) or
terpinolene (E. coli DHL-TIr [pMevT, pMevB- Gops,
pAMA44] were established by adding a stock aliquot of
each strain to separate 125 nlL flasks containing 25
nmL MD- MOPS, 2% gl ucose, 0.5% yeast extract, and
antibiotics as detailed in Table 1, and by grow ng
the cultures overnight to | ate exponential phase.
[ 003381 The seed cultures were used to inoculate at an
initial OD600 of approximately 0.05, 250 ni fl asks
contai ning 40 nL MB- MOPS, 2% gl ucose, 0.5% yeast
extract, and antibiotics. At tinme of inoculation, the
cultures were also overlain #Wth 4 nL hexadecane.
Cultures were incubated at 30C on a rotary shaker at
200 - 250 rpmuntil they reached an OD600 of
approximately 0.2, at mhlch poi nt the production of
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spun down, cell pellets were resuspended in 250 uL
sterile water, and the cell suspensions were
wo p@niaiessy ed to a gl ass vial containing 1 niL ettwk2007/069807
acetate spi ked with transtc@™dphyl I ene as an interna
WHAT IS 6LAIMEDdS: The cell pellets were extracted in the
ethyl acetate by vortexing the glass vials for 15
1. A methm f&y Bducir L%‘(’)pr\é\ﬁ&& Fgggn .uL of the ethyl acetate
extracti of was transterred to a clean gl ass via
[ 003391 The hexadecane/ et hyl acetate sanples and t he
(a) obtagtingyA Pluality afthostegls thyt cerpprise i engapytis patiupfrpwakipg igopentenyl
pyrophosph#t 8 addwdRebirOdll of 18 pAivhedizyi8 ABNInGa Sortidl Bl bidHaterologous transcriptional
ui pped with an Agilent 5975 nmass spectroneter
GC/M5) in full scan node (50-500 mz). To expedite
run tinmes, the tenperature program and colum matrix
(b) cultying thecheptfcklisdn a redisindsy eondistonshidt apseroPHBaIEH eRgFrd amepnditions that
would prov&lbﬁ)r 8 haxilngsils &‘i'ﬂ%rg?ddrth Fabi tH®hostkells pL sanpl e was split
(a split ratlo between 1:2 and 1:50 was sel ected

S L&, co ncentr. t|on hen separ at ed
2. The meﬁ’é’?ﬂgd I—1|I5Vq’§ Wm’i SRGTTEN F%ﬁ'gatﬁndfl ogi es, Inc.
Palo Alto, CA) and hellun1carr|er gas. The tenperature
3. The meploégftéaimflovhereiﬂ'tée eatiatay &5 the IR¥E patbwdyol | ows: 75C hol d for
3 mnutes, increasing tenperature at 20C/ mnute to a
4. The mehx%ﬁgﬁﬁéﬁltnqrv%eféin thd R GoastioNE hRASbMs traRRHkiadalFeBul@br is inducible.
60C/ minute to a tenperature of 300C, and a hold at
5. The e oq G i S e S P B o st eton
at 5.4, 4.1, 5.4, and 5.9 ninutes, respectively.
6. The meThiod ef @aim@ rvéxe@m tb@])@tvei@ Ay me DT ax;deﬁtg)ng@lmép muksigle Fgregi,@riptional regulator.
areas against a quantitative calibration curve of

7. The melHdli bf 18} 1STRRGANES0sI 1l r@porspigsophyl | ene- spi ked et hyl
acetate. -58 WD 2007/ 140339 PCT/ US2007/ 069807 Exanpl e

3.10034Q1 This e e descr.i bes the production of
8'rHRHEFOHBR%%Pg‘ﬂFﬁﬁH%%‘“t Ihthere Z / 1- phel | andrene, carene,
or sabinine in Escherlchla CO|I host strains. [003411
9. The meBoddf daintlyrlesirsthehasdedbire etkedotley addi ng a stock
al i quot of each strain to separate 125 niL fl asks

10. The me%@t)?dlﬂhlrigwhel?ex% tﬂéhdypceﬁgg'fungi 5% yeast extract, 2%
gl ucose, and antibiotics as detailed in Table 1, and

11. The me%fl gﬂa%glg%hé&?é%%g({s{)c%p%%g Vg regzjszg% an 1 IO g;?’frlz g:-ll T?]eje 8 8 € gf

approximately 0.05, 250 nL baffled flasks containing
12. The meth@d pf cldv@-2MBRS|n e BYawas astprexy a mickic aPidreiuense siwodippgimevalonate pathway
enzymfnh PhSkdrfode haQﬁ% bYERSoRhE naemgymetp%dlwa} 30C on a
rotary shaker at 250 rpmuntil they reach an OD600 of
roxi mately whi.ch. poi nt the roducti on
13. The mef*}‘rg LB G AEsE %"‘rﬁr ‘3?8@{6 it ‘Fﬁ?ﬁmﬁ&%]f“%d E R ‘Iéfa"d"’”"”“s and
Staphyloyeoatdli ng 40 ul of 1 MIPTG to the culture medi um
The conpound of interest is separated fromthe culture

14. The me%q bf‘éﬂlﬁhé %%m%ﬂal ﬁﬁ@l@fc 288 Léﬁﬁé}ke is @é@(ﬁ@cﬁto&r%etypéofbbﬁlolase HMG-CoA
ecantation if the titer of the conpound

SynthaS&fHMﬁt%’%e‘é‘f“?age odrpalapei PS¢ o saturate the nedia and
to forma second phase. -59 WO 2007/ 140339
15. The meBOd bHIFAMA Z MAEOHANE nuCkidladibseq\WHAT erlcB1e€h AlabADHIVE reductade.
nmet hod for producing an isoprenoid conprising: (a)

16. The me%EZI ;%)Eg%l?% V@le%h%giu%si ééllpire aﬁt%l;eld grgtlhée %F%E@}NhQIQMEﬁéﬁ ofifmperature or
both argypnipainesis Héﬁ"él b&my thth @VP@P W%ﬁ lpfoesfde fn @ewﬁ%&‘yspéﬂfiwé@h rate for the
hostce®. € under control of at |east one heterol ogous

transcriptional regulator; and (b) culturing the host
cells in a medi umunder conditions that are suboptina
as conpared to conditions that would provide for a
maxi mum specific grom h rate-88or the host cells. 2.
The nethod of claim1 wherein the pathway is the

nmeval onat e pat hway.

regulator; a



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

3. The method of claim1l wherein the pathway is the
DXP pat hway. 4. The nethod of claim1 wher ein the at
o e@sti4038€ het er ol ogous transcri pti onal u aPOT/USB07/069807

The meﬁhﬂfﬂ?}(ﬁabtpé whsrelnﬁ]eeterr%elrﬁlbra obtlne glF(E?]FhlSlat Wﬁsé tatéq hz luﬁ é below that which would
provide pattivwvaakireng ypeei§c gioethualer control of a single

transcriptional regulator. 6. The nmethod of claiml
The memg(? Btecllz{ﬂm tl l}] G/h&@ﬁl kﬁ’é‘%st CORR IR Fat qqgﬁferaﬁﬁ’@& ﬁéagt ag(tut §°C below that which

e transcriptional regulator. . The et hod

WOUIdRE‘PVéHGrfW]PhWIE‘FIﬂSReﬁ@C BOMth@E{ | s are pr okar yotes. 8. The

nmet hod of claim 7 wherein the host cells are E. coll.
The mefhod a_ﬂb&nfmv haéeiatheimiemnite ey tdiunk Bat lBesiboaEellOPG badve that which would
rovideq,orli?rlxaot S s ec}g rowﬁlerEt hod of claim 1l wherein the
ProvICeRSs TS ™1, The nethod of claim?9

wherein the host ceI |s are S. cerevisiae. 12. The .
The methed pisdpimfl vikerintheomedien equpprisgse cpraphitaire ettt 3nauat of carbon source will

provide76tGb&it 0093 6 [ssHe td aReMuaNpadid\gowkh iRy al onat e pat hway
enzyme from a prokaryote having an endogenous

The me?ﬁ%o pr orgg? )v/vg%grr]l\{@e){ag*ou% of t-£e %aﬁggl srg]lgrde \9’]{11 é)govflcie%r a%m}M? % or fe]:ss of the
maximuansperiicgegigate. Pseudom)nas and Staphyl occoccus. 14.
The net hod of claim 13 vvher ein the nucleic acid

The methE@HEIMHHR 2b $h&Sh @fetaadudt O @ﬁ&ln)@bur%lltﬂ%vmea&%bodﬂ%’ ©PRss of the
synt hase, HMG CoA reductase, and neval onate ki nase.

maximuptspeet iSRRG of clai m 12 wherein the nucl eic acid

sequence encodes a Cass Il HMG reductase. 16. The
The metipd bitnthio 20 ehakimtit awoertef the tdreontsowte widliprevidgrier abeit £5f6 @dless of the
Q. gedinym wherein nutrient or tenperature or both
mai nt alned at a | evel below that which would

rovide for the maxi num specific growh rate for .

The me@e% pf dain2Q whergip tha@mopty P 12 67388 SPETT USRS He T8 751/7 10% of the
maximubf@etRE froathaftecl ai m 1 wherein the tenperature of the

mediumis at | east about L-LO" u bel ow that which

r 0

The me%(lij %ﬁanﬂl%hggx to Icleif o m 715%&}%}%&%9%0&4;9ﬁ%£36?¥%2n gli;ﬂugltr beclow that which
would preHide fprea o 90% of e thettiprreaxiipum gpgeific ®out 5C bel ow t hat

whi ch  woul d provide for the maxi mum specific growh
The mefhaﬁ 6f claldl 25 Theci@ichadufor &k aitideh fowtew@lipfovids@or about 75% or less of the

g)p atur otf the mediumis at | east about 10C bel ow

mmm‘fnﬁ FRhPRR vff)ﬁl d provide for the naxi mum specific

growh rate. 20. The nethod of claim 1 wherein the
The methed platindiphirsiasheamonrtiod e sigemeospvilpeo videderP oo less of the
maxmlg@gplggﬁcgl@u{hqgew Il provide for about 90% or |ess of

t he maxi num spec:|f| c growh rate. 21. The nethod of

The megipgv &aémfzggv 81'818 tﬁg’g’b‘}‘ Hn? tglst’rg)g tsgfrﬁecwaﬁlﬁgor\]a e?or agout \2'\%%0 or less of the
maximypn spatific g ratg.2, The net hod of cl ai m 20 wher e| n the
anmount of the carbon source will provide for about 50%
The mefod bE3Sm6 vsthg@m tﬁ%o%@&@ﬁﬁﬂoﬁén%oﬂﬁ@%l@ndvﬁie@ar aBehit 7308 0% of the
met hod of cI aim 20 wherein the anobunt of the carbon
maximym,spegific ghoyih fovide for about 25%or |ess of the
maxi mum specific growh rate. 24. The nethod of claim
The meB0d whddimilrwheteén therisermdnodfis prhdicedhin bo smeymigreaser\wian about 10 grams per liter of
mediunP’ OVi de for about 75% 10% of the maxi mum specific
grovvth rate. 25. The nmethod of claim 1l wherein the
ium_conprises a nitraogen_ _source present i
The e e Bl <Rt CHRTEH  GOUCH BAO YR Fgter o droubghge pr sam of
dry cello¥eighess of the the maxi num specific rate. 26. The
nmet hod of claim 25 wherein the anount of the nitrogen

The meﬁjghl £ 21%%\841&! (Lf cBirRsVS'IOQ)g 3f Qﬁer@‘&g %ouZ{J(/P 1%reln&§ & &édut:e,QQn less than about 150

specific grow

max1mdnm Sé)%

hours.
-89-



27. The nethod of claim25 wherein the anmount of the
nitrogen source W ll provide for 50% or |ess of the
oreoormunssspeci fic growmh rate. 28. The net hod PET/TR20M69807
33. The me‘é'sd Ly epapt fﬁ%nSa‘HBa ft VBFe PREMMIRE PIYRIT O LhPEUuGc 1 tess than about 50
hours. provi de for about 25%or |ess of the maxi num specific
gromh rate. 29. The nethod of claim25 wherein the
34. The meélg@ glﬁe Jf Bﬁm%' 3b oP 9t OME Exﬁodm J)fl 1soBfeQMh %%r&ﬁgedqpféystthan about 72
% of rmmnumsmmﬁlcgrww rate. .
hours. nethod of claim1l wherein the isoprenoid is produced
in an anount greater than about 10 granms per liter of
35. The metli®dbitMim 3 wherbiahd kel £¢ cutdui B altempresart Beldw éhat which would provide for

the maxgaun?'%peea%c growﬁl rgtlé oa% a/ erelnq? st%g{%%?et cuglﬂgé 1%1%16 &J&?ﬁn 3%&1 carbon

source ig myingained gyfa Ie‘dehlpqim” By Vélﬂch%uWimVedethéhWﬁ'@m gifecific growth rate.
i soprenoid is produced in | ess than about 150 hours.

36. The meth8® 0%1@@%6&%909?&31dh&@&2& 06880 41033 conkReng it heditdfene,
. ge(aﬁ%wnﬁ or v@aetheammm of
mmmeﬂ?%% ISP ﬂ?pﬁ?oaﬁ%gﬁmFﬁn?% LPHSn about 96 hours.
34. The nethod of any one of clains 30 or 31 where the
37. The metindofivaimfl whsprtenietrdenpll ipropecazetehoidh | ess t han about 72
hours. 35. The nethod of claim 1l wherein the host
38. The mefB4 Lfschaﬁ]q vidlelnthEopAdnod it £OPES, abpeRidel ow that which
woul d prOV|de for the nHX|nun1speC|f|c gromﬁh rate,
t he. host cel.ls cultured in t
39. The me}hﬁgﬂﬁh e” Bvihe SHETRE %‘eﬁ%ﬁ?ﬂ?‘ﬁ &P REOE™ “égv"ef | IB%‘#J%ne
amorphtdiae, aatvne l-fivpesent, prfondische, fmesol, geramelxgenanyizepeicl fsorgene, linalool,
i rQWED,! 3 ! L, BleNtelpHB]ene and valencene.
imone B e Bl ot R b B € BBl B B el fene and valencene
hen1terpene nonot er pene, diterpene, titerpene,
40<AHmﬁﬁ%@?ﬂP@FH@ﬁﬁmqﬁﬁ@“b@PWP§¥$ene 37. The method of claim
1 wherein the isoprenoid is not a carotenoid. 38. The
(2) obtaHEIghiCjﬂhrﬂfty et @kttells (b esrRiride & MeleicSoarsequondd ehc‘i)dﬂg e Gléhate pathway
enzyme from a BR){(arﬂ(ge %avm§ an ¢ d}(l%finmas rflervgqunn:}t%;galthgxlf‘agn ué \é\gﬁ; IeIS?I Lgeo f
abletadlene, annrphadlene carene, a-farnesene, N
(b) cultureftlerhetsellran a mgdipm gpder ccgjéi(tiapﬁ that areg@qoaﬁsyzpl@@?oarma@ﬂ to conditions that
would provilSRP4 RBEmuisPRIR Qtowih fatd TBINBNELst dAYY. cene, nerol i dol,
oci nene, patchoulol 13- p|nene sabi nene, y- terplnene

41. Ahost cgﬁ Fpgglﬁ roglﬁsﬁlu&mg Sﬁ%?l?ergnf(:)ﬁ gm arc %rjlounb%r%alteﬁltthﬁn 9bou9 fO rgrﬁs }%Je(r: il{] xfgof medium
when clitpstd icemkdurh haprsmepritben squmeicl ei ¢ aci d sequence
encodi ng a neval onate pathway enzyne froma

42. A host @:ﬁlQh’;ﬁB]}é g%ﬁro&h@}ﬁg B isefeRNOA 9L RaMS AL QR ab it PhEY@ ¥iam of dry cell
cul tur) ng the host ceIIs in a nmedi um under

(D)
“9“B%%HWFF8H§aPWﬂP“ﬁ?gmgﬁﬁﬁﬁ?fﬁﬁﬂmég conmpared to

conditions that would provide for a nmaxi mum specific
43. The megiodwf dny ot & clagns 40lve4 hwhdreig Bk hmount 4f isofrdnoid tis preduked in less than about 150
capabl e of producing an isoprenoid in an anmount
greater than about 10 grans per liter of nedium when
cultured in a nediumconprising a carbon source. 42. A
host cell capabl e of producing an isoprenoid in an
anount greater than about 50 ng per gram of dry cel
wei ght when cultured in a nmedi um conprising a carbon
source. 43. The nethod of any one of clains 40 or 41
wherein the anount of isoprenoid is produced in |ess
t han about 150 hours. -90

hours.
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