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001l Teieipihise oEPTIEURER NS PE TR Eionos.
60/808,989 filedNRODRIBTS Ghitled MIBOOGRAISTES EOR PROPYGIEON OF
ISOPRENOIDS Decaribegsss fis Maz S0 fhodmtied B1@LUELS AND METHODS
FOR PRODUCTIARA 40/ 420 9oked IREBIBENOL 0SntitRNER ODUCTION OF

JSOPRENOIDS, U Sy 5@9/62%21‘ fz gb?ﬂ%&rgnlfld bRlentNRA A&LQATUS FOR

MAKING BIO~ are rporated
the

herembvfefm%ﬁfhé’hﬁtngm‘ﬁf al'l of which are

i ncorporated- hek nbﬁﬂﬁﬁg rence
' _ |n§ﬁ[£;|rent|ret|es g‘@ afactured b
toooz} - Tespliopep HORUERATERY B v
extraction from SERyESFF SE % PO Bf BUBFSRAPE: Sxecson
- yields are usually (YO A RSt bjf-orpie eAPRpds pRERFIa gapfre in small
amounts. Given(Farthifeadntifceds fyyesabah sde rimp fymfoergiahppplications,
there remains a rREIEb ER1em SOAIFrE-LEreSthb€ Fodd bip-br@inic Sgmpounds on an
industrial seale. M CrObes, and ani mal s. However,
[0003] 1@% Jexﬁ’ﬁn bSO Ao phh3ddd drd Jatous inciusial
scale systems for U n dgamac i aougﬂs EJU% bt%{ogé ni‘h%s;: lgo-?rrg]amc
compounds haves'ﬁ.llgﬁstl vea ée a cF-an{!lm{z I;.]uch ag a mono- or
poly-alcohol, estefy py F1dehds keigog, o roioR R AR e, skene, o
alkyne. The bio-prgsmicireprppund epmirelinedr ericyH{pt FERec9Erd oF
wnsatwrated.  t here remains a need for systens:
and procedures that produce
bi 0- orYARYARE BRFEERBENGIINan
[0004] Thd preekciSitsdlds@d preveialveious POOEBE Fimgound production
systems. In one eMbRSRMALa YidW@nd ci;oﬁiﬁbmﬂdﬂ)ﬂ@ﬁﬁ @sterh [i3j pgovided
need. Provided are various

al ndyﬁuanébmeﬁs‘algg aggeﬁ;c@m 196 titers;

b. Ln;l Inn E&d?umrgv& %FQ%QE’ R a first phase;

“bi G- BFUR °S‘€‘c‘9ﬁﬁ"b“b"h‘8%“ A B Q- copeble of

| e a@HinpPpducRE T S Resiog PHcsL e sy ppic compound;
be @ad.car bohydrate such as a nono-

or poly-al cohol, ester, ether,

al dehyde, ketone, or a

hydr ocar bon such as an al kane,

al kene, or al kyne. The

bi 0o- organi ¢ compound can be

which comprises:



[ 0005] I n another enbodi nent, a
nmet hod of producing at |east one
bi o- organi ¢ conpound i s provi ded.
The net hod conprises: a.
culturing in an aqueous nedi um a

pl Hr al zl ﬁq}ﬁd Qfganfé‘%élmd (f)%e' %mErnﬂé the at least one bio-
make, (P f{anlc compoB m coé{act wl"ltﬁaé f%s@ phi Je

[0005] Whglraéci%'ﬁ clrrﬁ%img ,lJaer&ecglrclgcg nlaé:ucurlﬁ artrfgast one b10 -organic
compoundésfepief < E“é“"ﬁ“df‘:i“?fﬁ“ phase; b.
f or-mi ny'gire lwgcawpscneé@t@mhtpﬁa@@eﬂs that make,
conpr i }qum:g ot kvothdsjes by gdppptcone bio-organic compound
C ONP O Unitikreih fhe G@:ads @Gkum\briphisedalfiest phase;
fipst PhaSan ofmicSRRA phi r&@npaimg the bio-organic
| east %%tnl i@t tlﬁeh‘?st g anic

;ﬁgggd a% %tdeastgg(]) tona {_?flttﬁ é)rgt tgl: second phase from the
| east 5 mﬁfﬁ or gani ¢ conpound
r6m t PG AT RGP SPEEd from the organic
10005atdrirbest i r st aspect, there
[0005a] | S Inpr By iagled there i popvidad g dbiviogranic compound production
system coffIjO bl I'ﬂd/esF}[’ oeliCd da@eity DY/ B 1e@NT00 liters; b. an aqueous
medium, v EE i]egslklnigmmﬁa ﬁl& MES 8 @ bl @ANVdt Bt calls, within the
aqueous n%@&@%ép&)é O‘Pt‘na.l@r;g @leSJrl &Q‘anlu!: Eo%%émd d. a liquid

orgamc secondspﬁasT C()gluri%g uée at [east OF&rgiO o@atﬁcﬂ%&o&n@ ?1’1 contact with

the first phgse ﬁdﬁraéfpiarftvg 151]& 9%18ristnlg L)S ﬂnl%uous celltrhfugﬁtlon system;
wherein the g Holh e 8 it} P tTErecgpd phase from said
firstphaserpki ng at | east one No- organic

[0005b] cOmpOREy aghect, ghele] gmqodde@ fa gpastemCfor making Cs-Cag )
isoprenoidSQEHORE: cPaSR; a. LR hdvieg Itgpatith & adibast 100 liters; b.
an aqueouL pash, Qne v e E(Q@ﬂ;in@ a G TPRE A, plurality of host

cells, withln'the gqg&hs%%ﬁlumcépﬁleto%k&é & @Ist o@ﬂ@%@mtd d. a liquid

organic se%)g(g hase ch §1&;e 2. F Ieaqg)ne tgyhrgnmd in contact with the first

phase; and é:%aﬁ p?ri:ltfl%lb gfomg ﬁln% i} a fontmuous \Aﬁntn%.léatmn system; wherein
the sepz:!ra’[tngl @ut gc-:éaﬁang g{e?shag)oﬂ??lof salgﬁﬁ%flrpgalseé?m éatld first phase.

[0005c] | edpsthisd apesk thrpiy PEfides apghosBiReeFing 2 bio-organic
compoundpivapgénef & otmriagin gn fapes tmediimepsndurality of host cells that
produce af] 10 OB Bhlidand S @EOMNEhes P& Gligoustladingand host cells
comprise d fast Q{aQW @@hs 3 1iESEN0 sfc6ht pHAR KdnipBsing the at least

one bio-orgdic %&uﬂdm%m ge fﬁ@f)'ﬂpsg ) @Qﬁ‘a’ang at least a portion
conprising: a. a vessel having a
capacity of at least 100 liters;
b. an aqueous nedium wthin the
vessel, conprising a first phase;
c. a plurality of host cells,
within the agueous nedi um



one bi o-organi c conpound in
contact with the first phase; c.
separating at |east a portion of
the second phase fromthe first
phase, by: i) a eontinuous

of the sewg@ﬁgsg frJanal fpsgphgg @§: %§ %tlﬁ&gceﬁullfhgm@&ocess and it)

at least one %.Qﬂ?er centrmeJ nguplg'otgeoser Icﬁgotla::;l ﬂlfégalt [ one bio- ~Organic

Cmmmmmlgﬁ vmawg Y 0- or ganj ¢ conpound

[0005d} fr th‘ ffnﬁré a@gé &ﬁra Sﬁﬁ%{@%‘ x@thod for producing a Cs-Cao
lsoprenmd@mppl@q}]@[nprymg: Bresyiugng o) afy aqggous medium  plurality of host
cells that foid@t @ Giscat CyCaaimetenpiyy fomgputdiiea sgdsel having a capacity
 of at leastl 10AS&s; O.T@midE ﬁr@a@&ﬁﬂhiﬂs@ ccﬁ'ﬁfﬁmg)thﬂd feast one Cs-Cao
lsoprenmdfcompgﬁﬁ | coﬁﬁiraltlr)é APWEst § Yortd® off tht€organic phase from the
aqueous n'}géngn er g%angnuglg mﬁ)ﬁ%@iﬁg ;S?Jcesg Q{ﬁ ii) at least one further

centnﬁzgmg rocess anﬂd i:l 1solC%1n%tq1%a§lgast onPh& Q”B;?s%l reqm &%mpound from

the organit e ng the at east
% rgani c. conpound with one

[0005¢] or Inna[ﬁrﬁé asaedtd”ihiref Ay ecf zu%erl cqmposmon production system
comprisings & nl}ggﬁ@mfegu’lentgiqd sypems %Plilstﬁﬁ 21 lvst one vessel having
a capacity it ileﬁsyi()ﬁ] Gtert; lieankhveeysl matfumy Jitin gy @t Iyt one vessel,
comprisind A0rsEphlBk; @H ﬂﬁl@ﬁﬂioﬂloﬁ &[Tsp@ithl’ﬂdﬁ aqBdd@h medium, capable
of making tph)@ucﬁm syithesibXRY aﬁea&dl‘iibﬁjm@zﬁﬂ Icon:fp&ilﬁd and, iv) a liquid
organic 58&)9 ng%rﬁm tﬁéalt E(Et om)%g!@a&) TJorgNun n contact with
the first phase ol:n)%:\)(ﬁ gl"\%% LaQe s%pg 11t10n %Hermg Wﬂ‘erel));'the%rst phase and

the secondl Oéggxgct p! T;E)E)r orlei glpre c np c?hgnlts 0¥ thf: SefOP]J organic phase are
separated; ﬁ["@@@ﬁ’tenﬁ %W%?ﬂe‘imﬂfrﬁ’hasef%ﬁ'?'ﬁi?&gﬁ }ngre‘?z the at least
one bio-orgagic gpmprpifay sengratekimm ﬂ@m@j«prwﬁrhasc d. optionally one
or more repc@BOBefsilgtherein Be 4t Basgpnsiidregand dogpound is chemicaily
or biologidal§Ho@62 Rt d@fiohQif on® br ntofa Gurifietka kyeiratwdereby the bio-
organic co(n &V t)le ik éﬂvbﬁ}érgfaﬂﬂ':rcoﬁ;hﬁd is purified or further purified;

f. optlonalg ()ﬁJf:q)H'I Bgréz Q&dfggf Veése%%pggéng rﬁ)yglendm the at least one bio-

organic 002]3 rllré wstlpone ?1]: morg a(ﬁ (E) )fuel c[)rgpgr%%l ﬁd 9 lé)f;tl%nally one or

more furﬂ‘gli; pufjﬁcénob)%igems a\fl’lﬁ]&) the g{cnd (? rLe at lleast one bio-organic
compoundﬁ?délﬁatetoi" ¥ ae)dfltlo?aﬁp:){ g)ﬁlaonents is punﬁed or further purified;
wherein mdﬁrﬁeltaﬁyquqtlprylsteﬁywmgﬁrawé centrifugation system.

[00051] ( " @M@éﬁtﬁ)'és))e_ct, PREPr¢vigled 2 method of making a fuel composition
comprisingl a.dﬁlﬁli{ljg-irDm)@yﬂebhk OSdarmbe plqﬁiﬂ@ $plh1&tcels that produce,
make or @Mﬁ&z’g @S1Ehst omﬁlo—arﬁmc compound wherein the agueous medium

comprises g‘ﬁrgsﬂgng M !1 H:Juﬁ §\? nnE} sc%@@ﬂm&&smg the at least

reduct oi sonerase (al so known as
IspC); IspDis

4- di phosphocyti dyl-2C net hyl - D-er
ythritol synthase; IspEis 4-

.di phosphocyti dyl-2C- net hyl - D-eryt
hritol synthace: IspF is



DETAI LED DESCRI PTI ON OF THE

I NVENTI ON Definitions

[ 0016] Unl ess defined ot herw se,
all technical and scientific
ternms used hereimn, have the sane

one b1o—or%anlc com?ognda n cor%acm Gll& rft ld}ﬂgecr %888 attféést a portion

of the see:clncbphe%| frogh etﬁﬁsf @as%/ ﬁx/ é ﬁ funtmuou%cerltr%ﬁélg process; and ii)
at least ORe@@]erecﬁ.&néfugng PFPEREFE hléoﬂagngt tbe aé least one bio-organic
compoundrfigaytyeseconf phises p- gionefyethemisHiy pribiolggically modifying the
at least on€l@d-drp@ccotngpuiiafy eptiduidle pifrifyink @v\kicngganic compound or
the modififiBR breAEScompfo@B o7 dptidBhlg biawigaihd o least one bio-organic
compound WRRTHE HRdre aﬁﬁlﬁrﬁfﬁel doRpofdits; @hdQadMidatly purifying the
blend of t}% 0%09 lﬂlnrg b}a %r\éinﬂ gon@:&umls %Scﬁe 0(14 ¥ Gnore additional foel

carbon atons that can be nade by
compeny host cell by taking a
car bohgdrate carbon source %pﬂggs
_ conver ) )
[©9006]  Carfizow | Seursebhayipg agarpdifsofgidiest R jters for use in the
prggdntigg@bn. 100181" Deoxyxyl ul ose
[0007] 5- pﬁgﬁﬁplﬁaioﬂmﬂ%&]w&mﬁt " DXP
jooos]  PALERIRY s alscherhbBOEprl@itainBf theGnevabhetd ('MEV") pathway

forthcpm‘l:io }jﬁ' ipho (“IF wverts

[0009] gllmrl twe\!'gltécg; a?%&?aﬁc&;%?m ﬂ{le%}@ ﬁghway for the production
of IPP md%%thhorspgat? AL ). b g 1-deoXy-D-xylulose-5-
phosphate gynphasedr 8 WV I?-ﬁyllﬁsbﬁqhgsplﬁne reductoisomerase (also known
o5 1spC); (eSO iphEmbhoieraG gty Brepiolypitape; IspE is 4
diphosphoSilg-R@mettyl-Drerypuintapsigset Ihpd fis 26-gpthyl-D-erythitol 2.4-
cyclodiph@pHatd bynilat; uuf;aksl Yhydréy-g-methyil-pH(ERbutenyl 4-diphosphate
synthase (I3 A&:@i@;ﬁﬂh @ﬁhyl/bigﬁttlyla@ﬁ hibhosphate synthase.

{0010] [ LFQ‘JE @E&Q&Q%&m%%hﬁ‘é Brv@Gdn@f PP and DMAPP 1o
as refers

ST (Rt 6 R R S
pyrophospiifte FFFPF)o| | owi ng i s true a) the
0011] nudiisuie€ shwes gdp of pypsgipnglqsmid pMBIS-gpps.
0012] (" FiDGENDeS s nap f exptekving pliswid Pap§p408
013]  Natpiidls lshhwf Dukpds doptyssicn phiBAMADS t
cell; (b) the nucleic acid
conprises a nucl eoti de sequence
that is naturally found in (that
is, is "endogenous to") a given
host cell, but the nucl eotide
sequence i s produced in an
unnatural (for exanple, greater
t han expected or greater than
natural ly found) anount in the
cell: (c) the nucleic acid
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WO of er to a conpound derivabl'e

fromisopentenyl diphosphate.

[0023] "I sol ate" and "isol ati ng"

when referred to a bio-organic
[0014] FighQ RN NGhah Sf edphQiof RbskfaliRBsA-0bs, bTi@oA-FsA,
pTro99A-LLS, pTROFAUMs, glfrc9§zb-@T5b b Re09X AR co9A-BPS, pTre99A-PHS,
pTrcH99A-TS, pTrc%Ag?g u'prc.: 9 Eslandlp%ﬁ?g ﬁ{_)h Im(:) n.

[0015] FigB'F a&sﬂ:ﬁﬂftﬂ orr plgmlds pAl\?489-pAM498

ni c
o R@EW R gRoRe

Definitions  subj ect to an isolating step

I'S
o016 Ungys é%?ﬂ’é‘ﬁthf‘ﬁ’éﬁ“{tfféﬂ‘%‘ﬁbifﬁfn“ﬁ‘%%‘ﬁfd herein have
the same meaning py ForhEl Y159 by prsiof qpfistergs piilt ip the gty which this

invention belongs.SRe@pence[is@2eMelt M warhterviiemes fhai shalhbedefined to have

the following meafifes:' MEV pat hway" is used herein
[0017] “Bib-Qrgkr@fcBhpolnd~ £:13€10 Rk SSMBEoRBIuhdhaving at 1cast five
carbon atoms that %%Myb;ama& coft VLG b Sl bnt dartbiBurce and
The NEi\%/ R el LS
converting the car] ong i il
I u st r

[oo18] “D?grrﬁal gse p o 1%; ur S p%thway”xs used herein to
refer o the pamwmwrﬁgwayeha g g Fprovate o PP and
DMAPP. The DXRgethvesy s ilpiteredl schymatieglly pligee . cel |,

[0019] “Ergipgesnos” cafaelea Svvjance grfpepess thapeagoceur naturally, e.g., in
a non-recombinantHog k@l ¢ aci d, enzyne, cell, or
[0020] QG HSHs SEBdRAE ol BedhOEiRGieds B aRRielda@d wherein at

feast one of the foch%ng %mb fRe nuém%id%@(ﬁ@énk%g&&us”) to (that is, not
naturalty found m)Da glel%& loe(?logb &e%u&e?c%? ELQ& qg&clel)t%e sequence that

is naturally found El étg? g;br 5? 'h]g gv st c eut the nunleonde

sevencs s podogd o P “f"ﬁ*&t“"‘ﬁé?“‘ﬂ&?“ o
naturally found) agppntdp iy {51 AD Fg e pofdicereprityy clpptifpgiquence that
differs in sequence frpit 4 endbgaiy oy atieyidp sqaurngschtiirsghdiegtide sequence
encodes the same HrOtEiN (biin@he s{nfd O2GstatBpilyitte iseavk Amigy acid sequence)
and is produced in 28 Pnht@R @od ey amplXRseuaker tHafl&becikd & greater than naturally
found) amount in ﬁyaﬁ%g&lﬁﬂé rluMcléja@ﬁ Gorlﬂp@ﬁsc{wi & &bl hiR1eGide sequences
that are not found %t{e%g%el%&a%orgﬁy 1'] Qacb. &E’ in HEQLE (B?example the nucleic

resent at the subsequent(y
escri bed event or circunstance
[0021] “Host ool pgd, "R FocFRgf I g1 Wt iRErPeneeihY “EHEP et any
archae, baqtdnial. @i elggetyqub living Iqeullm‘f’% egeterologous nucleic acid can
be or has Hegndiisatad e winalserslatesyyaihd nragenty gff the original cell,
feature or structure is present
and i nstances where the feature
or structure is absent, or
i nstances where the event or
ci rcunst ance occurs and i nstances
where the event or circunstance

acid is recombi



WO 2007.’139§TI 003 1] Th e pr es g nt | nvent | on PCT/US2007/012467
provi des various production
systens for nmaking bio- organic
conmpounds. In sone enbodi nents,
which ma:l ri&ﬁae@ésQﬂd% %‘Eﬂeﬁ g %@x{m@fd ngrﬁhorgggyor Q%enormc or

C 1 n
total DNAIf%{élgdeL%at Cc ﬁhlég#é? S éJEIEﬂI, Cc 0 nt ]Ila%rlj}(’) us &jegt%t O deliberate

fermentation processes.

[0022] kf%%%]%ﬁ%@%ﬁ%ﬁwwav%@b’&mm and
refer to 2 compougd) derlyahip Sepdsepentrryfiphesriathe

{0023} “IsgaeTpoisistlatior] whén refived e blp-ergani cdmpyuadlis the
enrichment of the SrhoubtldEthdbgHirgaiié RdGpddhid ik S xGmposition. Consequently, the
amount of the blo-ﬁ)l%ﬁmw @R 0@151:‘351@9 Lﬁersthlh:ko id c@mpotmd has
been isolated or st@_{e& kofah g&lﬁlag S%L Es eﬁet.r 'mQJlﬁe aﬁ%{ ﬁegenzlbﬁe

nt ation. Thus, at the

mutation.

composition prior oesrl

{G024] “Mnﬁ‘]gl n I 4 Of o hgtat]ég;fvnﬁ{]%g&t : grt])rgfetl%the
biosyneic P““"ﬂé@f‘ﬁ%‘&“ﬁ‘l‘@ﬂrﬁ"% B THRr YR e
schematically in Fige frent at i on is pernitted to

[0025] “Naggdly pecadrd! sgrpiiaittdd nogeid agid, tun@zyme, a cell, or an
organism, refers teShBdleItid, leiky50 80R, oL éFip0ichh AR B tiGind in nate. For
example, a polype VG ¥ & nuclddilde 6dduende Qe TEIRL: R ith Bdrehrifsm that can be
isolated from a sotb@tuprgtu(‘éﬂmldrﬂu{ ]ﬁ%%gﬂ uh&om? modified by a human in

thelabomomsng,gglg of car bon sou(raczzl and

moxel ol ﬁ‘? el fmgmf ¢ 5P e B s doppped o
structure may or “’é’h’ﬂi’t Ww élf'?feﬂlgft‘y Sﬁcnbﬁdﬁvent or circumstance
may or may not ocgysapdthag e degsrigfion eudepdnsigtses| Wherea parieplar feature
or structure is prespit gyl Bistapces @hqporks fafugrrps stradhure ifrbsent, or instances
where the event orSi@in@diivelSeryirs BlIMRG@csCDERSHEREnt of cittfinstance does

not occur. tothe tine the fernentation is
[0027] “PySpRERAS is uW frtkRan RAGE e kel WlpSoSphate”.
[0025] As&@cilleém 'I@X mddREE (hgttxsea 4 uld” compound is

substantially free o? one or nhore 0%191' £‘gl%§“% ﬁ a‘f lthe c{imggsmoxgcontams greater than

50 voL 6, s e 9 5 PP 8 S DY e
97 vol.%, greater thag P&vol-%, srrptprthap Shyelys @iestdn B84 vol pof ereater than
99.6 vol.%, greateq thap PETokeE ereater|tam 9% Syyoli% greater than 99.9 vol.% of the
compound; or less Sigd0ivaltQleys tHak S Yebsltha 5 @00%5,Uad thay 4 vol.%,
less than 3 vol.%, 16ks @an 2GRY ok, Sesd thin It O 2:DIBRGS: 03ERBE, Rlskidin 0.1
voL.%, or less than @0 Evol. R SRMSE M Bord Rler &%%mhg ba§edQf the total

fume of th fguction of end product or
volume ot t ecomgc%t ernedi at e. 100331A vari ation

on the standard batch systemis
the fed-batch system Fed-batch
fernmentati on processes are al so
suitable in the present invention
and conprise a typical batch




Wo 013924 00371A general illustrative oo T
exanpl e of a suitable vessel 100
is shown in Figure 1. The vesse
100 includes: an inlet port 120

[0029] In ﬂ{e%ﬁlo&r@e@%ﬁrt élﬁ&n@fs d.lg:%% h&@{ :«Jre%.pproxunate

LAk L0 TEdl 3. A0ds daBbmmection
values, regardless Wheﬁln%l wgrd al oﬁlﬁo? Iapé)nt At 5

r
m““““Ihwm@6ﬁ38§i??ﬁﬁ%p?ﬁmaégF?% reg fop & 20 percent
Whcaeve s el RO BV SPHBAPEET eGP g Gt
sumber falling witBQOFE8H S2d el ARABIO B prrirtisy Botpwing
numbers within thd fi@e ROBicificdly ligiosepROBIUIEIRGRLIpFhoEh kis a
variable ranging alth Opctcadd io)lﬂ@@lﬂ@ﬁid’lﬁd 1 fefcer BEFROURIES is 1 porcent,
2 percent, 3 pcrcen%ragerﬁﬁrﬁz ﬁgkémn @@pe@tm, afigictnk, ONg@icent,..., 95 percent,
96 percent, 97 pengni,%g 9&1{3 p&éﬁ%ﬂﬁ kOB E:ch{thﬁoryﬁéw numerical
range defined by T‘ﬁé dé%or ! élili / I ov lQaI]so I’sp%mx{kﬂgclosed

|as

[0030] In a&tﬁta)n Bxfthetdﬁ'gnuptg Ia%e I cgnrllpounds Jestlgbed herein have
one or more doublgppefds ghaigarserisiat B N9 AT Brgpe B tﬁ"ﬁ%r“ i cnain
embodiments mc@@ésseeﬂq*mgpuugﬁamlvglupé;*p% m(flélfb%lﬁﬁﬂy pure
form as well as migkir@6if ChEiou fs@ribosOixd rackupid nprgures of sgefepigomer.
Apparatus for M&Q@Bt‘-&%&mﬁoﬁ}dl{ﬂﬂ process. Vesse I

[0031] %mnﬁﬁprmm@mam shs@fks #ad diakling bio-
organic compot.ch olﬁ gom(é‘ gnlmlloﬁimaimet{lmg&é pols! MM be produced

using batch, conmrugus fed- batel{‘ nat&ilt&n@:lu?fmiﬂ?nﬂ%h cisié@ €

{6032] Baq:}H‘érmsagaélgxanay c{og:g r?’a Fm whe e com Qsm%{: of the
media is fixed at thechgpinmigg ofjthe feﬁnarfrﬁoa deotﬂb;‘e«%t/ g; gteratmns
durmg the fennenm.v'rl‘qg atjhg p@ngwfj e w:ﬁlpxétae W 5 inoculated
with the desired ot ol gmigmDu ferpepi@demiicttp gheur adding
nothing to the syst@:@. 1R Qe khAimes, olv@rexfBrs:'] firminkpgion is batch with
respect to the addif&H odca&%ﬁcdmyaﬁﬂ%ts G Biteh hde g(ﬁ;rﬂlmg factors
such as pH and ox LO[ELSEL'EIIQJ In%&ﬂ sﬂe&n@th&ﬁé%ﬁl biomass
composftions of tlftoi%ite% 911%} chacx:nei (!o??staﬁ{}qp 8 Ehg G:He%e' i&ﬁen%on is stopped.

Within batch culttB?sd:elB Im@y;lori[d agllzgr% %&o Pag &Jaso I{o a high growth log

phase and finally @*gfﬁgps@( ph%P]feﬁM%ﬁﬂwlfhsd or ﬁt@d i
untreated, cells inglg stesloany Hheye pilt e@pfpagy d:et ﬁ?élls godgg phase generally are
responsible for thé Bufki o€ Abdngtionef yad rodrgtoF iyiermgdigte. gr

(0033} A kK onGhe\$@RIRkd B bytiis Ihe fedbegeh gistem. Fed-batch
fermentation proc¥<3ds @ bso sR81SH HE fiSer@ i@MEn ardbonfise a typical batch
system with the epc%lugé’\lhaﬁ‘&ﬂﬁ&m?rwn%u&é r3vbbiafe is aﬁc@tf in increments as
the fermentation ﬁro %gl—batl;:lhs ste%rs %%Fﬂmén c!:\t&uﬁpxgpresswn is apt

dhaer o st cells the oxygen
concentration of the gas may be
controlled within a range | ower
t han at nospheric concentration
while still above zero while
during fernentation for anaerobic
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[0043] I n addition, one or nore
probe ports 280 and/ or sanpl i ng
val ves 290 can be positioned at

to inhibit the metal opslm 09155!3 Cﬁl?sltagcp\&grﬁ ? F Idééizil% %I 31‘1?176 %gittehf‘;oumg of
substrate in the meglﬁ &Eﬂasgrem el (r% & ﬁt‘ttur afhs tg%lc % u? batch

varl ous

systems is dlfﬁcultrgyddﬂhﬁqﬁge °ﬁ§‘tt’§6’?ﬂ5 nf[’ ﬂéeé: %)eﬂ)f measurable
factors such as pH,|djsgplypdpxyeenqpg the m%iﬂlr%of Wﬂaﬁes such as COs.
{0034] Cmdmssahmﬁdmmxvganum@mU@nPP@ﬁw%ﬁ“mmwwm
media is added codt@IIRGtddntlér@ore Bigledc@is WBiEh ria@ begin seties and an equal
amount of conditiddQ\Welia is MRbve@GiRu tanddkkly Son RS stein @ 8dditional
processing, Contnf H_Q feﬁ%l’ﬂlmog &Qééu'& %Mslﬂ@gul&xgﬁt a constant high

dengsity where rsells1 ahe d’“f“‘a'ﬁ J 9 r]:a% L owtg S 819 él%lLllmLmn allows for

St 00

the modulation of \Vass ggt%t]ogany g m's ttft 36? ! 5 grmw?fh or end product

. concentration. meeéqmp}q Wlm%'f"i ﬂ’élmf)‘ﬁ? %% §““é°ﬂtcf“"h as the carbon
source or nitrogen Lehri gt a frgeA ptecticfeflqsy ol qther prarisieys to moderate. [n other
systems a number @R fots gffHcdnts inoWG co by altprperontinucusty while the cell
concentration is kdpEod¥Rit] @dnlifbls PAORRIS: thayntlictepiyetgs growth
conditions and thu%ig ceff ?Sf %t@r{}edﬁ@fi%rdai{vﬂ&f St bk BePmced against the
cell growth rate in @:gneg tiod OS ce €

[00335:0 Acc%rdmallrrugsa nig b(():tp ngaRt? mggntl&]ow&mdumOn

t he production vol ure,
systom s provideq yhigh “of fernmentation pr.osess,

a hglwwvﬁfdﬁwté atleastl 0 Titers; '

b. pr @Ezggeslpsm-gdmr% Wéhlgté%}e%t%ﬁssel , comprising a first
pr ¢eess and ot her considerations.

c.[OQﬂﬁﬁmwammmwﬂmn&mmhma@w¢¢nnmmMﬁmﬂkof
in 1 . rSludingloBsySthbkikimat 1eastlofid bickhg@nic compound;
|nantch fermentation processes.

I f a? Cdo ALk nslé(%HdS h%gcompnsmgﬂwaﬂeast one big-organic
sem con nUOUS e

t ation

pr SEREE jngonipgl s 18 s op osed to
[0036] A %}“"B‘ﬁt"'&:ﬁ] ffré‘F%tﬁT pﬁ??n (?:E y vessel for holding
the host cells and ggiyeepsmedip &F fepplegiatign. & °%W§Faﬁ"ﬁ ‘f"‘i?e‘ can be a tank
for a reactor or fog@ale dr it can 1§ e pari of Franteifingy tfcanperetgie heavier materials
from lighter mateNBSSRAbsequénkyBocrs@sSebs. tAy‘.@tlatt‘aly,I oyee or a plurality of
vessels may be uskd 161 446k8Soudd) dindi Lant@mbus bride®!  and
[0037] A &H&JJ %Esupd% é&nﬁM‘b‘f&JﬁnJﬂﬁ%s&ﬁocﬁ ©@ak-BhlFigure 1.
The vessel 100 mgudg an ml?t %1125’ 8: tﬁeq 1&5 onlet &ene fermentation media,

and other componxa%fmuﬁeuésr?éforﬁpﬁlngx{s to assgt, Oﬂjfafé ént' lmE)rove fermentation of
facilitate the flow of materials
in and out of the vessel. In sone
enbodi nents, one or npre vessels
conti nuously receive host cells,
fermentati on nedium and opti ona




WO mni t ored by a,central cont FEFH
system which nay be a | ocal or
pl ant wi de control system and may
control production of just one

the host cells, produﬁh oP tLegyafl Dolrg%mc om ognl%rl)gcol O iy Qltldl p@rﬁumance of

rocess OF JRNIEE materiats
mﬁmmﬂpm&mmﬁﬁﬁﬁgﬁﬁﬁwﬁFOﬁw |on processes -

during or at the end Pfile WWS’Q ?:gla éaﬁfnﬁlft g%fgxtvenﬁ%g off exhaust
gases such as carbog figkids@rotiveet]|during priafiqy the “gwtglﬁq Ws Vessel 100
may be completely GIMARMith Bt ol YenBaiation Ik din agbifttieypoptegials so that there
is no space for gas SthHe FRBI 1R vasRH]/ AXErmdiGulyChARE 00 curttio prttially filled
thus leaving void s&@é’ocgﬁeﬁg Q QBE | 'ﬁlE ﬁﬁo}im,%fessﬂ% find EMOsmon of the gas
in the void space mayblﬁ comrgl{ed t% o !)r%dn%m £0fost cells and

production of the bwgfug%%/ympomd or r%cl)—c(»: at e u%l:ugcg tﬁog&ample during

fermentation of acIQHif, hqst cﬂ.}s,tﬂi!eﬁ@s %lﬁﬁlfiy cgmporF au- oL ch oxygen-
containing gas at VE’@W%?"& At og?;?pétmgsppeﬁl& ?rﬁauée, for example for
microaerophilic anfaanghbir bogt ogly the exprgen fcw&tlh‘ﬁﬁfﬁy £t gas may be
controlled within addn@ 1bv8ek thIatr@pBerio gmoemn nvhr}c stilt above zero while
during fermentatioh B€ bid€l&bicChodt @84, hERNIAB@IL HBTNitiB1to rig @xygen and can
completely comanErInoLtl}%r JOQEIEQIP& nifogBfdr Wl il as

{0038} a cﬁ) d:d %\Jsé?xl; et OARL 0S8 bAMEBEURE gal Sttt 140 of vessel

100 shown in F 1gut¢d A Ilie c:rfds?d onunger s:twe%% Hﬁipéée f&lg&tanon

process. Alternan\ﬁyr ]@ftaéllgagl? O e Sl’-cg)g hostncgp{s ves lg 00 can be used as
an open system WHR{EDY PETEOOPR{of tl-t\ﬂpfrzﬁ &é/ aimosphere
providing a systen 3B Zes]libuid mpys gmﬁqr (ajy ordafcygz} %Bé éarbon dioxide out). If
desired, gas outlet i1 #00hal Elindtign bHHRY zafoiigrend ﬁz‘wﬁﬂ%ﬂ"?ﬁw oxygen or
gir or other gas m@%{ﬂﬁﬂi iR e Q. Id om¢ gmbeipgents, vessel 100
inciudes separate skt Bl Sepkrit S RNSEY 133 Bpes tyibinsa@ditional
hardware may be mﬁlﬂiecgﬁ'éue Q&seﬁo&mgﬁkng c&mﬁ%ﬂiﬁf&ﬁnon of other

e vessel s
- Other mategal%l{l - n O d lth@f I ?ri gﬂdm m to inlet port
o) Al oSy S §H§ {t B
220, outlst port 2R e IpletPE: 24 aﬂeﬂlﬂﬁg“%ﬂ?a‘rft‘? e B e e
vessel 200 of Figvaefl incdydey e agitator 2RO FT B EE- - In Fﬂméfmbodxments agitator

250 may comprisgCiidicE-irivenidhdfe?52 widnhimsy inclugigy shaft seal 251 and is
commected to one o 3% LA RBA24P EFitakok BB 0:8y7e BRI Ftachdd to the top or
bottom of the vesseEEID l d)p(i&a]@od'a&hsmpe@ed Ehﬁﬂaﬂﬁaﬁmmated with one or more
paddles 256. Impe %@Ekcﬂg{y %Q;QJ, dultie %'MQ bo selScB El:ccxﬁcally to
coutrol amount oféxaﬂngf Otg. gllthe hos?gehsn}go&&bxl rate of the bio-organic

aeratl o
compound, shear g;ffc‘iﬂ:l og)égeré(a atlh?- Faé Ha er regeg Atﬁmmgﬁy one or more

spargers,
addi ti onal sensors and probes,
addi ti onal cleaning or
sterilization equipnent to
facilitate processing or any
ot her paraneter of the
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12 a. culturing in an aqueous
mediuma plurality of host cells
t hat produce, make or synthesize
baffles 258 can be & dedl t@tﬂeﬁess@ B t@m@{exq&g@@ hﬁmgm%léi‘ d
embodiment, aﬁm%é%&ﬁeglg‘glpeg m%:lg ?021? b ah gecq‘z! 1 With 2 pump that draws
material from one foa;irgﬁff v?im:} ﬁucd:ﬂ;f tae bg. od-laaﬂaf r%intrso'%ué:eos ﬁha material into
the vesgel at anothﬁ Redas o qt §1Flﬁ9§ thf e Aﬁttanfmé)gtglfn thﬁﬁeésel of the
host cells and the fyingmtigariliom eidsyimeenrie tepihadion pefirare exposed to
adequate nutrients Wi chaBle thia® tofgtowaiid pld@s ¢ bigorganic compounds.
[0040] If 6?%&1@&& Pidoedlis ah &a;l‘?i: Mﬁgimmaﬁn be bubbled
through a sparger Lt Br i'?h%l%% &1@3@5 ) u&@f@? e’ 280 may include
one or more gas mFl%sg@tg ‘shg\%:g a.(rjc' sublm%t%éd%tingas iInglgntﬁLn media,

I 0-Qr gani 0 und
referabl 260 may b
preferably at or negr fig forpy af the vessel “%ﬁ’%%e. e ¥ e

@ sparging ring having el g O TERFEL'T DI SYSTENT fR™
configuration. Altprppgyelfeler etV PERRES BT TPu e oo, passive
aeration of the vesgf roay dsmevivigl, ©/0ings oM ef vetpus agyationy gerng aembranes,
fibers or other passive 2@4ti6n BVicel@bEreBSI@ h Brirtlon vf g yedieive: the
vessel, oxygenatin& Qﬁndmrgaﬁd Rgeddle at | east one

[0941] Ifthlpg'étQE gt & d&ﬂw m@atgr lof At Laéaﬁnger may be used
to heat or cool the ?e%e?ntgtyg re%gcq'nl. ﬁa [ Q‘lb&ﬁ%m?t{l&gﬂye&m may be
sy RS o B T st i
of vessel 200 that E‘Wé’ﬁf%%l’*ﬂ}” ajept é’ﬁ"ﬂ%" &nﬁ éhoé?) tqaté:ié%x{ates
temperature contraiprhedt Prsbapge A v Th M ST agheaten o
heat exchanger mAyyre igoehelisct Frcive fermeplyiamintofiyni. GHstrative examples of this
type of heater or hity EEi@gpetRinioN clecaricknyhegsioh brater, an immersed coiled or
Jinear tube heat exAHEQ¥WANE b hediexchRREWILBTI6A b hedld water or oil, and one
or MOre spargers tﬁh@inj@& ehatd s@Ehm@hch &by afdo@dier into the fermentation
medium, Alternal _]y Sr Jlu%nailﬁ gﬁé&ﬂe&p ileat%}chﬁg&gcag be e3R8 to the

i %H l tape on
casior vt SR 4TSy P 0 o

o sidowals 5 VS FE= CORBTEHED S PR “BRE! B oot
0421 VerytPR0 calEFE RGP ST TIPS T3gome
embodiments, the adiifioghiglct@pd opist nertsxokg bg loerted pn the top, sides or bottom
of the vessel 200. [lldoiné dn®badin@, tigfaddRpdiniatopro include feed lines for the
addition of oxyge®dk $he gﬁﬁfﬁﬁemm rR tnirdt YoeRGiutidg @he
fermentation mac&hoAQE)MI&ammpp%}d the® Bh@ie stbriN@utimechanisms

for multiple uses 1&:8%@% iil%ﬁgas@seq a_mg g]g%ﬂé SR l’é&qnection during

o g i 0 e secon ase my
the ferme Onpéoorrpri se the at | east one

bi 0- organi ¢ conpound. The

bi o- organi ¢ conpound can form a
portion, nost, or substantially
all of the second phase. In
certain enbodi nents, the



WO epar ati on vesgel or vessel $EGPTHIHT
systemthat may be the sane or a

different vessel or vessels or
processi ng system as the

{0043 In ﬁﬁmﬂ%ﬁk%%& ﬁlocr‘é §§‘s'o ador eSS )aSes 200 can be

positioned at vmo%s é;bmc vesse] H alomtbr tbca %a%ameters such ag

Pon 1SN

concnttions of YRR AR R TGP0, ) LK B PRSI
dissolved oxygen copeerigHop FFmpRFT: PAElgRmIH GPICn Feiiags Ry Positions
and cel! density dughigi@dinnents propitase separation i s

[0044] It stiotalteGadirslay thabnBe vetly i0ElEes | @A 2 @t fogillustrative
purposes and that r%?&lﬁ@e%l els@ Eonﬁémaaonﬂfdﬂile@&ﬁﬁn&@m process may be
used, for example, m th {ﬂg Qpe oplﬁ:stfc&r t@i}%t \%mpound or
compounds producrec? mé) on nll]ume I &h tﬁ:ﬁ §r¥ %@tﬂ% type of

downstream proce.ﬁlin% Wgw acoasaderauons oun d S

{0045] A stlsf:éq:ucbéﬁﬂft gqowmmgTrﬁZ ﬁlgablg Eﬂ] ésB &1§atc
fermentation procefsin & confifupyy o1 pitcpRipRos FARREAS prgpess is desired
(as opposed to a bathd E&nmHgtioh preress) what Imetetials ik epgganilypded to o
withdrawn from thaitekelCBE G4t Bfikaly indnden #adited inlagund outlet ports
which may be locatd 6l the thpSodoh dravh @S sidleh & tha G4 GRkd aBditonal inlet
and outlet ports fh&lftate%ﬁ@iolw%f méu-xm %gut Qtfthetvaﬁl In some
embodiments, one or tr? reovresge% conti 95@:\9&0&%0:& Qallsc %eﬁﬁﬁx@mﬁmm, and

even U

optional addmves g §cé:tmut)lfsly Flagi srt] %eﬁ m%for bio-organic
componds fom fR P {3 e BT F‘&d‘iﬁ’é“@?& LN
used as the feedstopl e e therivery! iy eptenaiaiserefeivys Seghkostsels,
fermentation mediQn. getrkinG, agdia othe aqditizes e jingle gesyrhmir g feries of vessels
together can be coiiffy@redib previde @ Pdsiged @eRAEodidehce time for the host cells. A
portion of the dischlikdd kb 8 of thd dowBdutaived c@0ba AfneSio one or more
upstream vessels t@:fecy&U{ﬁL @éﬁa!rg@ Q, a@gﬁﬁtt sthge! oﬁﬁ&c%ﬁg, or other materials

from processing st%:s glche?&o e e!mg'ocﬁgeg ﬂBlﬂﬁ vessels

[0046] The vlpsgysouléleq ins %Yrg) Q U n I t 2 q mvem%;m include
additional hardwa.ta 8’6@86 H:eattac E)S?ell thg W"ﬁf’ég Such
hardware may mclachddqaﬂgpql-leetF Borfpdh <in-place and sterilize-in-

place processing. BsymcHvbeimiests, gweysoine bagiold the ports, outlets, inlets,
valves and all of e QiFDiRatsidohe Gfsel@aLbe@Erilinad fraplaod. Iif daee
embodiments, the m&%mﬂk@ SRurS SRl dreQibatbRt IRF dx@thple, any of the
ports, outlets or sagplglg W%ﬁclu&e@p@% agaﬂ‘e@ mmﬁ%&htmnal hardware
that provides for strt)a ?} tl) ang c e I < Eﬁ\'u\l}nt 5!1% ?Q@o{g@e‘i & valve such that

can rawn

“myb“ﬁems‘??‘f)eﬁf?"r‘i%’“?é’bﬁ?sﬁtl on vessel Any
anmount of the second phase can be
separated fromthe first phase,
e.g. all, a portion, 1%to 100%
such as 5%to 95% 10%to 90%
20% to 80% 25%to 75% 35%to



WO 2007139924 0065] | n ot her, enbodi ment s, "FHE*7HT
bi 0- organi c conpound IS |solated
fromthe organi c second phase
using liquid-liquid extraction.

[0047] ' 'I'h ves%e? orﬁg i QL;M&? Lf agéagt h @Qitte'rso Risome
embodiments, the ¥era e fa caltpac W 0 t(iaBC JO6 &E Fter?su&&?at least 1000

liters, at least 5,000 F‘ﬁ'ﬁrlaﬂmﬁﬁg‘%‘)@ 11iexisﬂv8sseba11] 8% aners at lcast 50,000
liters, at least 75,090 itgfss atildptt @040qlodilfrsoat lﬁwgg(éooo tlta’@ 6‘6‘]“]‘ £20,000
liters or at least 1,900J080t1esky- | i qui d-| i qui d extraction

[0648] = TheSASd &iVpssedsh@y fe@le orlhing eHached th ih@n sensors and probes
for measuring variblfs gﬁeﬁﬁeﬁrs SRICA Pdssé) ﬁ%@:)ssolv&i offigda@6hcentration,
temperature, gas ﬂWv Iags, BquiiFod &@s, |11£ﬂi.@ EYe] \Qllv@po.l.lﬁogé;lfogmng, agitation,
power, voltage ancp an&%scheer Lol Qters L abl So§ erz;I&ge growth of the

host cells and the C[Ilfxé(’%fhﬁ Plg—o e 0 8&? = rurp%g comé»oungs The sensors and
probes may feed infyppsloRy flreat'?m%ﬁﬂ'am#&f!ﬁw'ﬁsiffé°"3ﬂa“g and reconding
the various paramdtesgmehsuybying for 4diystiag ang gfipe pasiow eEHRftE &Y
controlling air flortenpotvidhealiass eloling Fventigieyesie teperature, stirring
rpms, pumps, sterifizaton@f cgariin Blace OM@otiRllor @iy ofibrfa.onibls addition,
sampling valves ofcidr 1o, dullet Aol dr @65 loth@ Felevant mechanism for
conirolling a para:rlé’i)et' Er e@mqmg! Erﬁ%:n@ Buctaffsnnents may occarr using
5 alp % a%;ﬁp nM)?S‘ tion of various valves
any known contro Sug! fo A
%@%@7@

nt 1N
pumps or motors qrtbcin lr'l 5% tmta | R/rosl‘:{)monal ~integral-
de“"a““'e"“’m"lEP’F‘F’Fserences in denS| ty, vapor

(0049 ThmiemE R or SIS POPUIROMYE pesprpplied and
monitored by a cegral dowgio] systrgr. PEhHagbeatacal erpbgt wjdg control system and
may control produStdp afj it @e biki&z6le Sinfpaald [hdostior g&#¥ @ multiple bio-
organic compoumﬂ:rr&ﬁgd&{prcfo&ﬁm Thb@tohaedystein Gt Hythmg bd €entral
control system may E%HS!B %y%@ﬁ@&:ﬂw@ﬁmm SU/6 WBdwagk Which may be
proprietary or off Hé s%e]f'«%r § %ﬁ(bi%ﬁitol Jhege!‘of Mm&ﬂ'\éﬁ{émg any suitable

communication syétem Cb?on- 1 %cxgnfepﬁt rtJ sucF%

ereo

hardwired systemgtgafs ﬂ?’y&‘f Fl%lﬁ, or % 8|]d|mﬁy %glﬁ%;rcct connection or be in
the form of a netwepisisb s A ST @ VAR ortsiEgsach rigafifias. = some
embodiments the oy systm s leairders f1¢ W bE preprietary,
BLUETOOTH, ul¥ gfiéd Hadi, ©R.C 04 1ck ofuin ¢t ZigBte, itdhiding TDMA, FDMA,

OFDM, and CDMAGHESS Spekate/iSdny PRAS EeddsnbyiEnd such as 2.4 GHz or 5.8
GHz. ultrafiltration, a

[0056] Ang ot%%sw’fysge?s uge!i %n\{l% mQLEﬁEQ ﬁ&%m%gg&&:%:%pounds may

include additional é‘ﬁrﬁ‘p S hsé‘ﬁ g otﬁo:iallj]a%na}grs agdmonaf] inlet ports, outlet ports,

nol ecul ar size and shape. Under
an applied pressure difference
across an ultnfiltration

nmenbr ane, solvent and smal

sol ute speci es pass through the

on systems include
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: 1

a plurality,of host cell
W thin the aqueous nedi um
capabl e of maki ng, producing or
synt hesi zing at |east one

sampling ports, adMonQ W&I&W Quch erﬁ’dmogﬂ hefting coils,

additional aeratmn e% mrerll gu(c):{ g acﬁltlgna!s SGR dad(ﬁllg%? snsors and probes,

s i SR IS SRA POT B e oo
of the fermentationyj t h t he first phase. The fuel :
[0051] In sgromFbeTntehterf th ingetinet &n Brpragibretippgystom i
provided which comprsbstide one or nore addi ti onal

2. PI RGQS Sde RGsoHAARFARSRE ofat kadt UBILRG;

b 1) e neddd, Qi AR @LtloRiVestY, 34nBng a first
fohmgeparatlng the at |east one

. D  phirsd i oebostcclliTan ?.ﬁ“om aeE}um capable of

aqli® Jue or 4
sebdE PpS"r‘}%fg’é - Sﬂm%ﬁ@ BF* %ﬁ‘? geoprenel
r e&weds Pdr bij ol ogical ly or
d. ¢ heHhquisiaprehnic serpdgehasy rgmurisiag thetonq s pgre isoprenoid
0N eonlpbupdsi et withadtofipobsd such as
[0os2] In sbife d6Hithent€) fhe isSpsdaGill dolnpduhdbf¢ompounds is a Cs
isoprenoid. These %%@Eﬁv&fﬁou@h&%@l{e hu hnd are also called
hemiterpenes, Ani %ﬂaﬁﬁé cg' Q heln(&g{:]qupéfﬁieﬁeo fhr other embodiments,

enat |

the isoprenoid comg)oun? gr cfmépoun S is ?(El 1so_p¥§od. hl‘gese compuuuds are derived

from o seprene s e A gk QR g pects
monoterpene is myteps, &y qspgr eEnhcélmgFts Ithé ggafenmmpound or compounds is a
Cis isoprenoid. TigegorenogperrraledehiyeLirer isbreoh uisped gyp also called
sesquiterpenes. ARifinsgatigeladiplephadesqhiepine & oagpoirkiyhish s also known
as patchouli alcob& Gl bti@SenBoditis, @He BbiiRnllBSREbukdb@ tompdnds is a
Cz isoprenoid. Tﬁeb&hm]ﬁm &d dveDfrondiofy ﬁmmttsi afi hlso called
diterpenes. An lllm('eeegimple%fmmerggm 19@)%&% lﬂpert Sher examples, the

isoprenoid compol.mg or c‘i-nln Q ur%s Q H : Ilsfohr%%'t I e%gm ounds are derived

fro thanfo ar a I on Sglu:%: enes so ncndr comy ounds
i moxe P PFlon

derived from 6 isoprpng uﬁ agﬂuamtetﬁfeﬁyenasr(&ﬁﬁ?péenmd compounds
derived from 8 isoprEPiFeN ¥Rt o= BIC@ O R PolytsyrEes (Cror isoprenoid
compounds derive@ @ alprirdumtEdsoprena enith)s@h aspelgisobrienge Injsgne
embodiments, the s6a6ib &ﬁpcfuﬂt[)dil’bd'uﬁ)ﬁm@ﬁtﬁﬂlﬁ any combination of two or
more isoprenoid c&ﬂ:la&@t | ng of oxygenat €s,

[0as3) In a@lgmélr %Ac{jo@{ﬂg &&m@ﬂye'm{og,q Md%r producing at least one

bio-organic cnmpJJump 1S %'%Véc? ng which c?mé)ﬁre rrTa lrrp f 232 Ir s, Ity

stablllzers cold flom1|nprover
conbusti on inprover; anti - f oans,
anti-haze additives, corrosion
inhibitors, lubricity inprovers,
icing inhibitors, injector



_ PCT/US2007/012467
WO0T139%8) optionally gne or nore

purification systens whereby the
bi o- organi ¢ conpound or the
nodi fi ed bi o-organi c conpound is

a. P uc[uitlﬁringig BI%UQLIH ;nteé}xgx{ Mdyu’ h@@ eells that produce,
0 pt 19 nr%}!mthzs Q Ll?etasq one IF-OI p:lco%ﬂgdnﬁ]gherem the

ve SRRSO Sys I"endi ng
th@ueafswﬁwmsﬁ*fénﬁiﬁbp"wgam c. _

b, cofepiremdad ramitiiendabesyfogrising the at least one bio-
adezdnic enmmbund iy edntag ortipbrETPhgse and

c. | | yeppiibgniedsd ayporosef B¢ ssanpiphase frpmithpcirst phase;
pukdaf i cati on systens whereby the

d. bl E&gmé)tfw at; Q&t oﬁé bul &&ﬁ& cofdind from the second phase.

{0054] The 1soprenog gro .§: A W?cﬁﬁéjoné $ 600 Dfitional

processing compmg‘% ne or ore scq_araxé a 3 rmsff sep?iagung the at
least one bm—orgwy;rorn@&‘om fbew 51 tﬂe e organic seco phase 2)
one or more reactops iy Gidloriesiy & chepﬁsély aﬁ@g&e at/lagst epe bio-organic
ammmmdmmhuﬁvﬁﬁtmphhﬂ@mséw®M%w¢%Mﬂk§¥§kéﬂ%ﬂﬂﬂmm
condensation, haloB@EARH braQhOIEiEEE reRINER) S gtn@rrrylending vessels or
systems for BlendiNeBR-3EkaSt 0B bidrfARAE copRfidByith @@t Brld a0ditionat
components; 3) anff %BQ&L?JLE&Q% En@ikil:aﬁ&t ol\BfaRiidA systems for further
purifying the bm-org(gmct. éogx si% o§ Qu.eaﬁ !leLsk &@Ldzﬂrgahﬁ compound.

[0055) The sg%ndr Hagas & I I‘ ! t IQIQ %‘%m-o&%@ chtbgund The

y Commn

bio-organic comp%lpﬁfaﬂiibwgpr{ %‘58 arﬁtébstmxlp a“?»o(%{i_l;e second phase. In
certain embodimexsts E1e)pigt Y SUPREA Bt 1 Wéf&ﬁ" BRe © 9% 10%
to 90%, 20% to BUABAA L &6, BFYE 67%. AIFP% 07 pidhpgecond phase. In
certain embodimeht $18 @badd phiase plasigersseighyofths bigrprganic compound.
[0056] In HRIREGRINE, tibehdiily ethod@Gichides more than one type
of host cell, such ds Bk Wﬂgw&@ﬂr&ﬂ o Rikstlclls, tdd example 2-5 species or
strains of host cell§ %‘P @)[aﬁ{)l@z B h«%r Pép&w%% & h&ﬂ:@fﬂoﬁ%e

embodiments the %urah crgpost cﬁfj O,ﬂ %]ﬁ th§ne0919lﬁ reanic compound,
such as 2-5 bxo-cr%a?ﬂs S?ﬂ tgr SXW 5'?71 c compounds.

[00s7) Ty Rererpse @%@P BT R "‘1 g gy it e
and/or second phapsy uwging gyy W}GQWEW Ip gome embodiments, the bio-
organic compoundCil Beltidbi the geronth prode eyh thad [t fsubstantially pure.

(0058] In 5906 brfito@lenGORAda S €S cobd 1RasS @B sEintaneously as a
result of (',ilel'rllc:zzl(li'lciC e b MBS hon O dif RS:58h BIubit@ dr
hydrophobicity, dengl go a% UE\Q} mel- sgghtageroustpﬂage separation

r t I ;
hanism. [ Fm z?axn on DE;EB first and second phases is induced in a
mechan “°%$ ernati . the one or nore

reactors may conpri ses one or
nore different vessels, which may
i ncl ude additional hardware,
sensors, ports, probes, and/or
control systens suitable for the

s(




WOMIIUNG 2007/ 139924PCTMVE2007/ 01258748
a. culturing in an aqueous nedi um
a plurality of host cells that
- produce, nmmké or synthesize at
separation vessel o Rl or @ bh@na?ﬁs@lﬁ@dnﬁ olQieM Rddsel or vessels or

processing symmmgtéin&ma&%@weggﬁ edi Lmdmems, phase

separation is mduc]gcpb Olil Iuch ag X tanDh A% ga‘tch cenirifugation. In other

dg:y'l I a ni g ‘grg!f

embodiments, phaﬁ ﬁ%gtgmxblé HoF m?'(ﬂlécmglto ? 5 sifier or a
nucleating agent irfy} tbﬁf?lgﬁlml@ EBI d’tﬁﬁ?ﬂ'“‘l“l‘i‘“@’@\‘ﬂ‘%%‘t“mm the amount
of the bio-organic ggmip¢ynd dy eonfppyndsttharimalgity; witlp the aqueous phase.

Olustrative examplSseP Seeraitlsifidg inglidelfie@8dnts andp@Eullani® NA @fleating agent
facilitates the aggrbehifn SRAQIRChRIRB 51@hefbio @i cR@ndboink Silcoalesce and
eveniually form a haséj i slzfﬁ@:ln%ioﬁg of snﬁcleaﬁng Lg%ﬁﬁ& used, the
nucleating agent 1&[}?0 @9 or; Jng @Q&uﬁ plgﬁ 'IH:%QH' th &9—%@ Sampound

F nuc‘?eating mcpnde d% ? S oiééhe bio-organic

compoundorcomgf <) TR i &3 Sl o i

and methy! oleate. kﬁoga?ng)aqeﬁrpe@ts wWombmatlon of one or more of the

above phase separdtion rogieriptomd nbtyodpur i f yi ng t he

[0059] OndR iplikseBErGhBivin Occ e AP @btk pheses tande individually drawn

from the separatiohRREbEl] ABAmBinOof the Seghndiihise 620 BAIEHHAEY from the first

phase, e.g. all, 2 p&quBt%J D189% kitn Bls& s A 0% BS0%AL20% to 80%, 25% to
7%, 35% 10 6%, o o‘?ﬂﬁftm QRS PE &co% ﬁ%@h&y v &H@&H ﬁgm e first pase

If the organic second Pfhase 1srl]es={ d?mse that d a‘z‘ﬂ di Igrstohr;faé[ then one or more taps

can e provided on e 63 PR VLA U PSR g o e
(preferably mm%wéanﬁuswd Pigephie Gect g R b%maqﬂm betre
removing the denstriggueypehesgy Alfrenetiyely thd Paoryfist Phsg gn be removed
from the separatiof @it sutletnGOBHottam of Begeparation vessel until the
organic second phi@63pedhis. RhED pdidk) the bridfic seCARTIRS icdnibOnsferred
into a separate lockHOKTRY flifh8 proBesdp Of sbe. GOHPIARDIadueArst and
organic second ph!ts& c&% Glg gp&qépth sesse]tugcﬁr tpé fgxt,el'bgémv:ty, gas
pressure or throug%tll‘le Use & ’ r I3 eo?a %%bmagt? %Ir‘ieregin €

(0060} If I@fngxgclr %}0 pgag%lé % the %?uti_ous ﬁlrst phase, then one or
more taps can bo p&’dﬁ?"t"F RO g SCETSTBR T peg{le interface between the
two phases (preferpiipyithigthe ogppicfsespridjnlape) e Aeseotiengyppys first phase
before removing theli@sqp et s@odpiages alkmhirell the ggagic second phase
may be removed AR kdpH@ion ye@b] ubihparh outlét @daOBHIBmM of the separation
vessel. di esel fuel or a conbination

thereof. [0081]In sone

enbodi ments, the bio-organic

conmpound production systemor the

fuel conposition production

system may be built or created by

retrofitting an ethano

production facility. [0082]1In

migrates. Illustrauv?_]exam




W02007l139926ne or nore auhomat ed ContrSFTfUSZMWOIMGT
systens. The autonmated control
systens may be the sane or
different fromthe control

[0061) For §%§z§.§ﬁ§m&% iR . QieB B! phefbe is denser than the
o l%a&én%@sse?%ﬁxto%mr riaiprg tapm contain a specified

r C
°’ga’ﬁ°se°°“dphageoarr‘°'ﬁ? S€ vall ous sensors . probes .
volume of the fennmond?eﬂlgrfl ang Eﬁﬂ cﬁlﬁeaﬁ? ?ca?ﬂndﬁlé)gpgou S nﬂé‘gamc
second phase may Wa@@w thy tﬁ)gto fiprase grgpl‘fha' grgcessing. IFihe
organic second phagtiob@eshap e apretsdrst rlassglsofegpicaerond phase can be
removed continuoudly Frbin BAGRoNGIf Sib SPacatibrt vissahat b {a1e thypeients
complete depleﬁonQWL dcQRd kS fuﬁlﬂﬁzﬂﬂraﬁﬁ @dase3 Bid drawing
from the aqueousfgsgphtaﬁ.e fuel conposition

[0062] 1 s QAUGET AN IRL NOAS comb G B bO00Rk=E Hom the

e T e ——
liquid onto the surfﬁ:ﬁ ﬁf af‘%?fb@ff 'vo& %&Fﬁl&leéfbf a%sargﬁntrs bnf; ude activated
carbon; aluminas; gw:to@j}iﬁatemhm%y 01@@ suah 3s %g’ls eaa.P; molecular
sieves; organic polprheas¥hchwi reflgstra@pdng tshinsgapd tlisphsush Hlicpri)
Depending on the &iEiHeiit @ded, e OeightineNbeafe] pStptugrie desired bio-
organic product or RivRinte Wt Es. Gomaa Wso@ﬁ(ﬁdﬂﬁﬁe ip@rmed using a
batch, continuous Qgeqﬁ-gtﬁn&ug{s prgéé.l,s.t | _pl e bio-or gani c

[0063] m%@%&%@ (Q %8'&&4&8 Ronpb3s S5 $E Rolated from the

e

. _ayt omat e stem or St on
crgaic scond g g AR, < KRR B e pldR el on
difrencesn eSS 1 Dl A IR PR B s il

charged to a vesseFapd thandeated oFaedrsy it BessEs g hia ,the veeeels Hapor is thereby
continuously geneta@yamb @aque g.pgiqn@ﬂ 1q fuym piiavid fliptilltath@'xich is collected.
In continuous equiili fisQktiod, acaribiowixtilpwwrs akidfeed dsfheated or reduced
in pressure 50 as t&ﬁge LM ﬁ@ﬁﬂﬁﬂﬂioﬁt&hﬂ:‘ﬂh{sdﬂm Gpadalt\recovery of liquid
and vapor comporeiy. t[ﬁe_mqﬁd 9 AR snBded WHile BopSol; @FBugh a distillation
column, and the p s LA: %nglgr i | E8msO fvh & Rapor M tiquid
0 T 8GR (5200 7 Q246 2 Aporproduc
approach phase QUi ium, Lre B P &1 Sy St ens i ncl ude
can be condensed [ Lo A it o t hat may be )
[0064] In cdlpegq‘ntb%imeaﬁs, ﬂgﬁwc carmunﬁﬁvompounﬁs are isolated
from the organic skqos] pirdeusil geetiquidermasicr (T prosTe isplee known as
stiipping and is thé Pndfd €f sfcomnprheaf disslvadih il stansito g gapor siream
in a more concentﬂteci—m. Ofemﬁ;-:rMnOﬂ'resﬁfehﬂrb_Elqﬁmizddlﬁar the transfer of
the desired bio-orggig !:o‘i-nlp&jﬂd- ’ Iﬂl@&aﬁ@%ﬁ@@dﬂ:ﬁ%&ﬁ ik 3@ air and
steam. Typicauy,v(f\t/l% E{g%l‘fshecaﬁtﬂ'mg oY SLEM VRY 6P Bpor stream is bubbled

up Gowing comprssS P g i, o P 0P [ et ary.
802.11 a,b,g or n or ZigBe,e,
i ncluding TDMVA, FDVA, OFDM and
CDVA and may operate in any
sui tabl e frequency band such as
2.4 GHz or 5 8 Glz. Host Celts



WO 2007/ 13992! PCTfUSZOO‘T!DIZMS'?

0088] Exanpl es,;sof eul caryoti

cells include but are not Ii mted
to fungal cells. Exanples of
fungal cells include, but are not

[0065] In dtheMinlblnch® ol BRI GGk B G olhtél told he organic
second phase usin J\]:ﬁrhamd M&E g}-\lL{J Ktodvn as%@&“ &@cﬂoﬂ, liquid-liquid
extraction is the EE‘S{ a su c&#&rﬁ one l%l% Qa(s:eom (g: zhi&her imrniscible liquid

Sarium yvVerbornyces,
phase. Neot yphodi um ~ Neur ospor a,
[0066) In Fheigh é@nﬁ-ﬂ;@qﬂﬂmaproe mstgn the feed Liquid (the organic second

phase) is mixed wiSgrsedaimmbofisdigyid ese il eriteieryessoh fige mixture s
then permitted to S6@IE1nld Gypdiyahd SPRAE @S0 ffagitmigetiingts and the lighter layer
can be decanted 1o @b {eks8l) ﬁ&%ﬁoﬁﬁaﬂ%ﬁﬁtﬂd\é&ompemds can be in
the extractormfﬁMﬁLcﬁé ;ﬁ(ﬁ EM Qe ud)€CI €S

[0067] In CO! t!mliloqslqpy Lquﬂ{egtﬁagsgﬁ thénI Elhf&&dm LJQCIISITY, vapor
pressure at a nge elriatgre b)eaP ol [ l31'Se edt eg&?a?ertﬂldesnréﬁ%m-orgmc
product from the fw &‘F‘Hﬁe ucéﬁ}g%@ uSi,tInbaFﬁsetﬂer tanks,
towers or columnd, gregshsH s%lbmFl?%‘é*refeﬁﬁ‘ﬁ o o,

[0068] In gfbeasribpdiraanis e biowpranid commoyrd frdsaiaterbppm the organic
second and /or thel'ﬁhwjd SBIPHAYO 8B vltrafiltratiohl@ Dres©EPBIvG membrane
process used to se%a%ﬁ;&amn BRiripdhlesds ofl g bisik & moltiunadsizAand shape.

Under an apphed acrcP 4 & Ml%@&i@imﬁm, solvent and small

solute species pa @)ﬁécg(paé penggat@ m’u@ larger solute
etain ano | ca a %punt rie?%e

species aro |‘é A pastorl s R Tperl b

Ultrafiltration mv?;}reé fﬂl“ﬁs 751:“8'?1'15 ge ore times larger

those of the solveg a:rdl a:@fxyf]‘yéelovﬁﬁ Evfﬁ'oam size. The solutes or the materials to
be separated usualiHevemoleeiapyights prefoir thi 540 amu, such as macromolecules,
colloidal dispersidng, efdalngqixing. | sonon-Pinigiiy egample pfian lfrdfiliration system isa
tangential flow ulifileeiph @Ase.eS ar nbof aci ens,

[0069] In $3tot SRb &R GRSoR bHILERS @kl €8T Sroducing from about 10
to about 50 ms%&@@iu%&@émﬁs“&&uﬁm bR M&@ﬁm about 25

grams or more thagac gth C aw&%unp tg‘ It:-piq’émentanon

. C es er evi si ae,
meditim. Streptonyces f ungi ci di cus,
(o701 In e EPERiRELY i ?F@Wﬂ?ﬂﬁ@’@%&g from about 30
to about 1500 milBramsyyhch m@aghag ploytd Ppymilligrams, more than about 150
milligrams, more b 2@t OpTERSs,imprediamabout 250 milligrams, more than
about 500 milligrants TR AH WG R T 5thilliyaiH o B@¢kBan about 1000 milligrams

of bic-organic mﬁoﬁﬁ%%@ﬁﬁy LRGBS, Streptonyces
t anashi ensi s, Streptonryces

Vi naceus, Tri choder ma reesei and
Xanthophyllonyces dendr or hous
(fornmerly Phaffia rhodozym).
[0090) I n general, if a eukaryotic
cell is used, a non-pathogenic
strain is preferred. Illustrative
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nter medi at es. ;[ 0093] i sopreno
conpounds are made in nature
through two di fferent netabolic
pat hways whi ch converge at |P?

Fuel Composmonqﬁm(Jucl‘!LnSS teﬁplrnérar (EJ)I':\A:\EPSQ :}’;j Inl;l:@lg
duction
00713 Insg'f‘ "'Ems 158 ehem}\/?ﬁf? | sopar enol g precuee

system ““mpns“‘gpat hway excl usively to convert
a gc §t1995|t oneveyssl hpyipgpa IW Fttdﬁst Il@ liters;
b. subegers mediyn, it thervisseh PTPES IR A Phase;
c. Pr ejemlipodf st celiai within §i9#m@eous medium, capable of
ex Qﬁ@t&l tdbeing S @uttiedfbfhg at least one bio-organic compound;
meyal onat e-i ndependent or DXP

d. pat p%’/\%)é c ch 3&‘3&!;&%01]3}&1 Emgac£]:qt 1%&’310—0@10
sepa Xon:aclw%l oranch

ol fie? gener a "t s
The fuel composmabfrffluftﬁ:ésyWag ﬁl&wbg%gr !ﬁtg? aﬁdvbéong processing
components includingy 1)jompr gg;ﬁ{eﬁagg?ngys S%F%ég at least one bio-
organic compounddfi@Bdheiadyenals halia enid the prgpicasrefid mierasy 3) gy or more
reactors for biologichlB ohivhi@MCh NP @ fedsivmsy/igo-¢rgruipepkogound such as
by addition, substitul®, 185 dehia@6h, 415 Rih H@bl a6, NGk Gon,
halogenaticn or any Bfler gﬁabﬁe@é%oll,!) oﬁg@ R Geddg vessels or systems for
blending the at lea?t one bm%réaﬁ‘w (‘% Gtk o tnhﬁ)';e a@:ﬁﬁomi\@lm $.omponents

suchasa petrolem& ﬁ a & 1 B%W cr_r,a fxﬁnqnga% 3) One or more
et e D o e ] e
at least one bio-orggE/cqyReRhay | s described in

[0072] In sﬁingmbedi@qnt%lﬂw fgglerriditiva s ,seleF‘PFbﬁ“ﬁ‘éFﬁwayOHSiSﬁﬂg
of oxygenates, anx{b@zﬂ@ﬁfSJ eB\@SnnEhixd p@mg,_thcfn@[)@@}iﬂy iyppofges, cetane
improvers, stabﬂlzfei.s resitl & iBproveis) Ve tiEib e to @8, afi-foams, anti-haze
additives, corrosiohl Gl mﬁ%ﬁelﬁ jcfblz Gihibitors, injector cleanliness
additives, smoke s%{b%eysqrﬁst .!h-g nlzciuéfn 9&&11’%,%@1 JeQ:uvfanrs r@ispersants,
detergents, dcemu?s&iers ?‘ ;FnaXcers c dlss1Ar]terse, E‘%é{ ?E&Qx\é\iﬁhnom

yze tep I's
exanpl e, acetyI-CbA thlolase
[0073] In yopp erboiRRtrihe el cqEpopijan Progiition system comprises:
a) aC @badr tnpra prtrh.dydateor coptinpqyg figwferingpgstion systems
cope@n@l es of nucl eoti de sequences
I NGJ ude: Uaktlonedrkstel IAGHhg o chpatity 6kt TGt 100 liters;
t hq f Olalln Q{Wéo&gnegﬁﬂ Wﬂz@e@ﬁﬁ&ﬁé W8el, comprising
dbers and the organismflout
whi ch’ t he sequences derived:
(NC_000913 REG ON:
2324131. 2325315; Escherichl a
colt), (1)49362; Paracoccus
denitrificans), and (L20428;
Saccharonyces cerevi si ae).
100961l n the second step of the

thereof.



WOo200I% 0098] In the fgurth step, — TCr o s
nmeval onate is enzymatically
phosphoryl ated to form neval onat e
5-phosphate. An enzyme known to
c agiﬁ‘l yzlﬁut';h@ cri’ho§ttc§fg, vJﬂﬁn thz éa{leous medium, capable of -
maﬁixgr cru‘g to{[ﬂ%léhaes“é S llgastlo%ria?-%?gamc compound; and,

nu évl) e Of lixqal mgzgx lﬁ%% 8%853 cﬁmgnsua; the at l%ast one bio-

ore gl cFOPRIYR 1 °ﬂ’1‘*’t°b“d‘hfh6 ‘P77 688,

b) Ar aiyiotkeppsfis phajeadopretiondystems PFGEW"Y the first phase and

the (o8B B84k phaBac ol aro@meeEgnents of the second organic

phELkAMmetae) . [0099]1n the fifth

¢y St @Rionatly SE&ORA pha §iﬁnaetpﬁ'a1@ﬁ QstPnshwBereby the at

Iea& Qi@é QLIL[XNJIE %(!A%g-atgd%oﬂ% @Jc&lﬁ] é&eﬁlc phase;

d) ) p u% onte oer n‘Ioo 01' aelses\élg %gtﬂg at least one bio-
o- ?:3 e, known

orEgRy °8‘3‘t° e %%“@B““Y? i

©) ex &Fsrdy °“b?f6!§'f5’ﬁm‘ﬁé”6‘°a‘1 HfgE ghereby the bio-organic

corhoimd gl moflifidd piptorsartiq ogiapomnd Ay ppyified or Gther

pufifie¢| eot i de sequences incl ude but

f) ar Qptidfily dnk SAnfoRBletding véssils 42 QBB 5for blending the at

leaIt hﬁ\ﬂﬁarggﬁ@%ﬂumm &1)& or n{oNMLd)tQﬁﬁﬁ@ somponents;

allc;—Iom) sapi ens), and (NC 001145.

g) S | eaHE cglte oanjérzc%u:éérg Z ! systems whereby the blend
of T’%‘% ]ﬁy%r?% § %:?feq\!/]ll gﬂlfl tahﬂ ne or more addifional fuel

“’Hﬁ?ﬁ?ﬁﬁ‘&@%“%ﬁ’ﬁ’gff% phat eis
[0074] In sy grbodiheuty theypnqap Figre firpt@ipsd spppigiop pystems
comprises one or #fTc FIESRssATPOVIIFT phase epdraibrypmpopiyls detailed herein
configured specifiSdll@d sdpfrate theOfirst ha@Tioh e scb®Y Grbooin pifz@. In some
embodiments the Bl bIARRQSRRRhRe iRRAIL BRXHL iatF@es one or more systems, -
vessels or phase stLJatHﬁ m&ﬁ&%eﬁ%@m&&xﬁgﬁed specifically to separate the
big-organic compoung or o &s i%gg'}é ‘?JJ&S “ﬁ;}r(ng%ﬂaued e but

O

[0075] In §5‘8 BT B Ces T e 1r’rl"er\“? 'Sl a

e conpon gAY DoAY AT el e e
vessel or vessels g@d‘or@@&g@gtgmn Pﬁkf?ﬁepg’:ﬁﬁil gﬁgr)s Alternatively, the one
or more reactors i) Gdvipiided dne ¢riRfEredifferery vejsrels, iy ey finslde additional
hardware, sensorst rtf)pd6s? andbohftrobsy Sediy @kidble £8 the fpedif reaction or
reactions or other %ﬁlﬂdaﬁoﬁgo th¥lo-S B4 BRplAOMBortpBinds that are

performed therem qj:ay m;yt%k §atc§ tf&ﬁ\at!:h%t cotxtﬁrmus reactors.
I SoOner ase.

IIIustratlve exanples of

nucl eoti de sequences include but
are not limted to: (NC_000913,
3031087..3031635; Escherichia
coli), and (AF082326;

Haemat ococcus pluvialis). lithe

ereni the at least one bio-



WO 0% NC 007493, | ogus tag RSP_QZEHT0
Rhodobact er sphaeroides 2.4.1),
(NC 005296, |ocus tag RPA0952;
Rhodopseudononas pal ustris

[0076) m&%g?dlmmg -b|]Q—Qr Qomptﬁgs%gm&ﬁﬁd bio-organic

1 0S more
compounds or the ﬁ;el conépofx 051 mag ;}Lgi,ra.led!:g%g L?&na o.r 0
purificatin systerysy e RFSeST Jspyms ‘N’éﬁ?"&?‘fﬁ%" sitable piticetion systm

including any syst¢uhthdt mastTepove mf@ Simptﬂmc{s frem g‘%@‘b?ﬁf‘mc compound

or compounds or {5 184y, sephrate the unwanted compounds from the bio-organic
compounds. Tn somél@@Xdimddes)tyt puifiegion speteplha g Pinailise ore gr more
systems, vessels mcﬂﬁm %&&5{1 &ﬂpoﬁ’eﬁs detailed herein that may be specificalty
mfigured to achig{;@ Ihp XJSlreﬁ)'pﬂy%}tn{ ﬂul&ggamé]’coﬁ m@hgounds In
some embodlmentg%]le un’%&ge ma QeVXELo ﬁlshgmsﬂg 341% gr nIol:y sé;a.rauon

s e s o L Sty g peion s
may be wﬁweng&ﬁeqy&ogaﬁg?%% ordeir ertget;x%m stepwise
fashion. exanpl es of nucl eot| de sequences

00771  Insomednbokemdpstthequricaiotwil hemppriopeid togehieve
specifications or régfikenls38 Bkral, BB ®Ed B, @lcO® ketpilgtions for the bio-
organic compoumé &E&%&%&po&ﬁ&nﬁ hi dapedbsdididia| e @idBiation can
improve the ﬁmcﬂ(nm;c 91%%934) 1&‘8“@11&1@9 ﬁ%@o&p%agms beyond the

requirements of ? i d% eQ &trégggioé-rgx%oﬂ)embodlmmts the federal
state or local laws,g'ﬂﬁs é' Ji_e. Qs

94.
t‘%"é e “lt“’c ol or eﬂ% jons. el
performance, tax thfw gger ecpnatalﬁ Lucefxté F{S?g ;mlentS, the
purification may riRbes (RS ISREspRsients) SpRaEE ST ERe £ootpriy ofy e effciency
obtained from, rel@iitily $iN@eOB] §frpy qvelehlsiropigy long term economic cost
of the bio-organic Rdnlpodnd (o fuelReagiononas f | uor escens
[0078) Tn d36k dibodirh O BQ 4kl caba@rioh EyktértlinQéideydpe or more
blending vesseis ozgstgfstfg}%lenda'g ek Mﬁem énta Qg-oréanﬁ %&E"h\ahm one or

more additional 1corﬁpoge91 ’ﬁ{‘e% Jin; Q‘,s ‘or blcndlu system may be any

essé{% mcluge & an allcl%t n)gs outlets,

suitable vessel or nf,o e%]zyn,e
ports, Sensors, proEeé,t aﬁ'faiffémt ort]l}ersha.rg‘traéeﬂdefngdgd ﬂl)e bio-organic compound
production vessel o Thg hlpt}délg vessel may blend one or more fixel componenis with the bio-
organic compoundjor cinphiydy Fereyetplel 93 o\ Compepdnty sucpasd or 4 fuel
components. The\plelitinig bBiem s¥iyHeha@dsontihdobs o5 fed Batch.v e
[0079] In Q%8 BtloBifer@ thd WGk HRes § BEpHRBLRAIng a fucl
composition compridfig: Ude but are not linited to:
( AF230736; Escherichia coil),
(NC 007493, | ocus tag RSP_2835;
Rhodobact er spl uteroi des 2.4.1),
(NC_003071, | ocus tag AT2Q02500;
Ar abi dopsi s thaliana), and
(NC_ 002947, |ocus tag PP 1614,
Pseudononas putida 1CT2440).
1001051l n the fourth step,




WOo20T19% 0h), (NC 002947, |ocus tag "o
PP0853; Pseudolrmnas puti da
KT2440), and (NC_007493,
| ocus_tag RSP_2982; Rhodobacter
a. Sp Qlﬁtﬁr{n% kllddg §:1m%us4’ne41)|m Mw%h Retik !ﬂﬁ produce,

sev i or teﬂgrar%ﬁﬁmreblﬁg}@cc rt'jpménrc]l)\/avheiremthe

4 d‘i“ff)"ﬁi)‘% f‘é“"f‘ fted into

b. e fraiPe 4 lapd geanp feeond g EAMPrisfHR ROY least one bio-
An ommicypenookod Bnaprtattovite tae frktphess: t hi s

c. St G@aﬂtﬁg at fe@fa p@:)tiafqﬂhes;econd phase from the first phase;

4. | SQPERE Wt it Ghsn@E Ry brgdnde Ydmpound fom the second phase;

€. di : Pmmtﬁcaﬁ)y d? E]Q iy modifying the at least one bio-

1cc5lr§;;o[m%t i ve exanpl es of

f. ar@ ﬁnapqu%n?tg ?c?c?es Iﬁ%ﬁ%}% o?%?}flmdfedbm-

orepricEP%hi a col t) and (NC_ 002947,
& | OCHiSPA e B RB0E SR RGBT FRgpound with one or
mopyaiitanakKid 4d@prent; @9109] I n sone
g) eNnbatlhalefkiing theias & thic aelot mdrgitio-organic
cothfd RS F@hEMRE S)mok @M Biarphraf
[0089] In &ﬁlls Lmb§du9ém t@%teﬁb@l%ohlgon [PdnipEfeSativtuel composition.
In some embodlmgrﬁsdthé lho Pﬂﬂﬁl‘ér%&:%?e?é leLsPAﬁQL&LSer}M ound and a

petrolenm-based fuel %tﬁ.ﬁl aQ tll'lvcgrlag?mb ?30?% Bxl:tboey elm% ents, the

peccloun-bse s FRLERPE STHE AR iy oot
[0031]  In pgp cpRARE e Horegads cpoRndprduction sy o e
fuel composition pripdadtipr sz ah ey betfuiltied qraiediy mErpfitiing @t ajpancl
production faciliwhen t he host mi croor gani sm

[0082] In fok EnGdiMNE) thbﬂ’i:el/cﬁinpbsxﬁcﬁ plolxetidoXlftems may comprise
one or more autoribeh ERARY yfstgﬁ 5‘%@&&@&& deﬂ:g ylmLms lmay be the same or
different from the%&xqm @ysf!é@/fotnﬁztb Hgﬁldnay comprise
various Sensors, p'ﬁ)g&s Qﬂ &agel %ﬁ% %MI)O uﬁ:g ol mrﬁ&é‘%ﬁk various
proces pramsie FFSLAT (5 ARV '°°mpé’-:::~:%°.°afﬁmma°h
step or the fuel WU‘P"S'PWWMMVE stealror systems may

additionally be W@W@ﬁ@d by cetpqq@mtraltsg@m, which may be a local or
plant wide controls$S-OGhdrba® conwpl prdaduttive ofls\pngpkdd-drgemiy compound
production proow@h@ﬁﬂibls H&o@hﬂt:onfp&lny préda@ion kFoovseds .YThe automated
system or systemdHhd &ﬁﬁ%ﬁﬂo dhy SohpdisB Sy E¥ble software, irmware

and/or ware, =] 0 < LI& on thereol and noa
d/or hard %ﬁ%h{]}!ﬁ%?ﬁ’ Cpm% ff&eosix X Rbiftion thereof and may

communicate usmg?ﬁ}' stgua fnmumcta?]on syﬁtem ll\il'on :1"11nyltmg egagn%ies of such
produces | P? via the MEV pat hway,
ei ther exclusively or in
conbi nation wth the DX? pat hway.
I n other enbodi nents, a host's
MCP pathway is functionally




wom%H g found in magy plants. |sSpieéne
is made from | PP by isoprene
synth:nme. Illustrative exanpl es
of suitable nucleotide sequences

communication S)Jstgrgé H‘ﬂl@e I'Q.Htwreag @g D.I agalog and may
include direct con:&% %g .a[l o'gg 01{% a%rgorla %%1)1@ Lz@ﬂ? a WGN or

ethernet. In addi e& c8xa1ﬁ cauon system may be “§ireless and

may be proprietary, @quj_ C)Ekléﬂﬁwgile %OZBII ﬁb S ggﬁﬂlg@ee including
TDMA, FDMA, Qfiivh end FBNIAardanaprenyate Byapycpiatle figajepc band such as
24GHzor58GM. € general |y derived from

Host Cells geranyl pyrophosphate (GPP) whi ch

[0083] Ansl Qm&b%rh&t J;eﬁ cmmbrythé pha@tlce of the present invention. In
some embodunen& %%&éﬁ& ag etlgeIlly LxEcﬁﬁeM\ﬁogtl&lc%glgm in which
nucleic acid molecu{l% u_I}serQnP \c'llme’ted 9: n?cgi}i& éty z mut;.tel;él esg by

insertion, deleﬂow?sﬁ%&%ﬂgp&eﬁgy g’?‘ﬁ%?té‘gs)’ to e;ﬂ\(er produce the desired
bic-organic compqudy leeg’f @edgmgiﬁatwsdwred bic-organic compound,
[0084]  Dlwekierreniplsadf bujtbledont delnchifrdnyiphgRpbecteral, or
eukaryotic cell. F3@iplcpsfadhsc elidiiRRide, tvnaredvt gt tyGose belonging to
the genera: Aeropiridh, UPBkegIplut) URISIROE 1k Qbethanococeus, Methanobacterium,
Pyrococcus, Su{fbﬂ-@ﬂ%@m%ﬁmm; muahﬂgstof ﬁ:th&e\éﬁcxes include

but are not lumle(?%(%g;g xx %e %thvqiﬁguﬁa? QEFEDCH Rus
Jannaschii, Metham%acin% At %erlxuﬁ Cf) XJ gr'gb acaccus abgssz Pyrococcus
horikoshii, Thermf;;rkfwtf cg A tgﬁ\f canmj es

[0085] Exgl‘l% Eﬁ bg(jenal eﬂpseitgi t\? are Rt bqn@ﬁl io those belonging to
the genera: Agrabg}fe&zm |A§9yclatFﬂﬁ§ fg{pg_esa, Angyistiscirthrobacter, Azobacter,
Bacillus, Brevibagprigmithenativin /N Bid&8 G oryiprckeniwnnntenimcter,
Erwinia, Escheridii,) Id89bacilluf\ L8 MesdFbtzbbiuin Wdtpiabacterium,
Microbacterium, ﬁB}rMcﬁ‘l)m P.(eXier&ZwﬁRhoMﬁm meﬁdomonas
Rhodospirillum, I&Dﬁjmlcc@p @)Zmn(![ﬁ‘%gelrggleZm Selngﬁll'l Cééla Staphlococeus,

S”qmmW“&SWTI@§ m@ ci |l us cereus;

[0086] ﬁraﬁ S of Eé/cf%mg]‘&f but t gre dnot limited to:
Bacillus subtilis, fﬁmg%rvylﬂhque(am %%Ienmmmrﬁfrys Brevibacterium
immariophilum, QIW% mzncEy@mf@r gapgpakii, Escherichia coli,
Lactococeus lacti@ fgsathtyvitiantiyti, Ps¢yipmor & 28 2BmsaNtsqytidmanax mevalonii,
Pseudomonas pudhia (b dobeiyr, cafsiM s8R ¥ected\dakrbides, Rhodospirillum
rubrum, Salmaneﬂ ent@r%'.strﬁ!)melk(% .i'a%%5§phm%m b@e%
dysenteriae, Shzge?l!a Q&gérzt .ﬁ)gella gzP Zegéﬁgf@!chaMlu%IH Sind the like.

425; Par acoccus
zearanthlntfa0|ens) (AY866498;
Pi crorhiza kurrooa), (AY351862;
Vitis vintjera), and (AF203881,
Locus AAF12843; Zynononas

nmobi lis). 1001171(}PP is then
subsequently converted to a




wo 2007/1399:f4i m t ed to: (AE461460 REG dQTfUSZOO’HﬂlMG’]
43..1926; Picea abler) and
(AF527416 REG ON: 78..1871;
Sal via sterzophyli a) Gerani ol

[0087] In erall %9%[‘%9 llgs gnﬂ:%%en@%ﬁam is preferred.

Iustrative examplfzsgf PpFiss nﬁn— &ﬂ%ﬁsg%i;s mc#:dee but are uQ timited to:
Bacillus subtilis, Egphgriciig cofi, d’gfé’b‘ﬁﬁ’ﬁf aﬁcgﬂviﬁlﬁyr Bzgtabasfhfs helthtcus
Pseudomonas aeri@ingse FPeradompprgs mqqalgpe rPaamiotrenos Ruélm{!odobacter
sphaeroides, RodoBdtfdr cpstit@\Rlodicapirilkoe Fulewn.ohd thedikqrade

[0038] Exlpld Br SRy 0By ceB:@cR M b are B Miniftd SFungal cells.
Examples of fu.nga!l J:el!é‘l&tuﬁ@gdt M‘gnoem ggse Séfongchié'tct tﬂx&eﬁra
Aspergillus, Candzga E’Lr% 0% I ugl (.S golét%&g ?F§sarlnmzc

Neotyphodium, Neﬁoﬁwg’l%’fﬁj)ﬂ"fnf zclg E‘ac(]'har es rzglogi‘ma and

Xanthophyllomycey o'y Bbplia)- (g nu m bas i 1ican),

-[0089] muéw mgg .of qulq S@F‘Fsm"@%ﬂd’é‘ﬁ? 'not limited to:
Aspergiltus nidulagst AspérgVid B6eA ) ispelsOERBARIYrdidp et o
Chrysosporium lukhdwers©) G tramStdingeeanunil B6dripan venenatum, Khuyveromyces
lactis, Neurmpura(c% Forid Bngudnf Pichid faiafdich, Pichiel Bkidnae, Pichia
membranaefac:enss PI'E"'@J &L:hé%ﬁé) Pichf Gﬂ:m(@%ﬁﬁ %st Pichia pijperi,

Pichia quercuum, f 6)8 sg Iat}J;c 19 ?rj;ngr)ﬂemns Pichia trehalophila, Pichia
i 1JSJF| naI ofs]

Stinitis, Stre; ro ro es aureojacie aw’ eus,
pitis, Strep u'f'yé: eoagens SURa

Saccaromyces b"Jﬁ’ﬁ’ﬁ S?""Fﬁ"B’Wéﬁ’ Eolaif S@ﬂr”&’@”ﬁ P Sreptomyee
Sungicidicus, Strepianpdss gigeoghomogtter B aETors Trgpiepgpes tvidans,
Streptomyces oliviggsepratberémycrara@RiR Shsptompcprddneiensis, Strepromyces
vinaceus, Trichod@¥ieaia @l XahthdpkyBanpat t'l'emf@xaﬂ’pileéﬁphfﬁ' a
rhodozyma). ~ Of @ suitable nucl eotide sequence

[0090] In L:kq@qu%uc &G u&@ta n&nl-pmhﬂgﬁﬂ'i: sledili is preferred.
Nlustrative examp ﬁFé%J nﬁmwﬁ %lém&h@éu’t ﬁeﬂ@) limited to:

Fusarium graminegry &Cf%% benen{ozr%%?’fcﬁaA cx tOFTS, (%?8‘5@%“ boulardi, and

opsI s
Saccaromyces "e’ﬂf“ﬁ’bl dOpSI s thal i ana),
0091] o fopppmboliTay; thehps sl pgaregent invention have ben
designated by the Fdpd hrid Rris PAdmibiafRlic49 GRS oppoaphly Spagrded As Safe.
ustrative exampBEIGTsR) strains DO BQ-Blus @ity kdcitbacillus acidophilus,
Lactobacillus heNokiR\\RH Egechakohfe0G#0@#%:. Cl arl da
Engineering PMM)QQJ ;&L@@ﬁw-o AT WA TANEE d arkia
[0092] Ankx)lsugu'\l\gve atnpl %81‘ le%%[lJQOIQPDHHdS is isoprenoids.

They comprise a %vgg%% t a ovE é} %990 %ﬁn? LSRR are vital

to living orgamsme a‘é“&fﬁ‘,ﬂ“’d aervg Wﬁ%ﬂulﬁrﬂlﬂjw electron transport, and
(AY083653; Mentha citrate),
(AY693647; Ccimum basilicum,
(XM 463918; Oryza saliva),
(AP004078, Locus 8AD0O7605; Qzyza
sativa), (XM 463918, Locus XP




0 2007{139924 . PCT/US2007/012467
w oi "

s found in thg essenti al

uGTEUS290
cia from
gets |ts nanme. Myrcene i s nmade

other metabolic fune f.& gjnlnqy;im&% B afefaldbss R M%ﬁomposmons, a vast
n:n:bereof nm"alfuﬂan%(l utﬁghr a:_flm}:x/ ?d G a %l & %axmgoetﬁi é:gle&:s,

€ .Se( uences I.ncl ude QHn hemmical
perfumes, plgl‘rl&n%n%co}?ﬁifﬁs,lﬁfﬂﬁfl?Eé antatsea cE, (nfgrgt?@ e chemic:
intermediates.  Ap| er grandly), (AY1956009;
[0093] Tsopfundid gombriunds pre pre ingiture fraded Lt metabolic
pathways which cofveig &P aRUIR istrBgr, PSAPP. (INBdcte, f&@ Potes other than
plants use the mﬁﬁ@&h&iﬁﬂﬁh@ etchi@belyad @nvddd)CpA to IPP, which is
subsequently i lsom éﬁ@t@ Q&Q&ﬁe&x&ﬁ&s lugti ik :
mevalonate—:ndepe%exggﬁ)crg go L M abl' MAPP arately through a

T .
ﬂﬁéﬁm em'?r ut]’é“s‘(“:ra : S b sy The
methods described mf?%ggeermpfhe ggv gg ):a make the desired
isoprenoid corpoyfid{ag @9@1@‘ adgpieig am%f'&v wgipeer "f}‘t"l"d’"*"“"“3’s to make
other bio-organic coApPBBI4839; Quercus ilex). Ccinene
MEV Pahway [ 00124] a- and P- Ccit nene, whose
[0094] A shbrhdd6 febtbs@ifaticd o thelieV REREGHE devstlleyin Figure 3. In
general, thepathwgrogmgrggggstépp a variety of pI ant s
[0095] Int@rngst Lin ﬁolécﬂ%lof‘ggﬁ.c tically

|curn an

combined to form pretoge iRy smzr’ﬁ“ﬁ ase. fafa{ zeq‘"s ;%mmm mpl:’

aceyl.CoA hioasg %&mo&wwﬁ%ﬂﬁtwﬂ@mﬁﬁﬁ i
sucleotide sequenastiia IS HoHISP Lt Bp rlovigie Gerfgp avcession

- aumbers and the ofghryidt fweh vthish thy sAYi4rQ% @@i7ed: (NC_000913 REGION:
2324131..23253 1 SARdAeFiEHu cB) D4VBG2UBY acoc(ub kb BEBH, and (L.20428;
Saccharamycesce%'mtéj rhi num maj us), (AY195608;
[0096] In ﬂ@oﬁﬁ%ﬁ@fh@m phtfiay, aﬁem@lmm -enzymatically
condensed with an oF a%et {o@cﬂ‘g -hydroxy-3-methylglutaryl-CoA
(FIMG-CoA). Anékgnr@?r/lﬁjém Sdaxafo‘r bl ig%o'é Scatn 12 LMBRB A synthase.

Tlustrative examp}gj 00{ Blixca: f’egue'fcfféifc 51 aﬁ'ﬁt rggne:&f C_001145.
complement 1906 429536 Wﬁwmwe’waﬂ A R st
cerevisiae), (X33888 ARGTHAISHGGna), KABO3 7N oFrpTRgTiseola),
(BT007302; HomdagibisIp e¥Cs 000 138 [Loasntag SAVIREF@)e]D 1122571,
Staphylococcus mleb¥l 001036574;  Ar abi dopsi s

[0097] In ﬁa@ﬁilrd s@P AMSLIR s8R neticANMndeddidSravalonate. An
S§ §)r exle@pllel, ﬁﬁé CIA reéctgsg) Hiustrative

trus. .un
examples of nucleg ide Wj mélude c oyt a(reA
cornlezdatus var. japonicas).
a- Pi nene 1001251a-Pi nene, whose
structure is is found in pine
trees and eucal yptus. ct-Pinene
is made from OPP by ct-pi nene

branch point. In

enzyme known to
S ld\lbﬁ 206548 Drosophila



] . PCT/US2007/012467
WO 200713992 o £ qund i n pl,pe trees, rosenar

paBeIT{u 2098
de from GPP by
p- pi nene synthase. Illustrative

aster), N SBTRL68%s @ s AL Ak NIBYEQlphfMocons
S 2(: 35 %gl?ul;] T I(tﬂ%ll %%973 st @ ©. EX940s8), (AFsa2543;
ey, oo o i g, A48 2l v
Nicotiana attenuar@%;ﬁqq'@g’g gztcﬁfﬂ%%{a), %%Sail providing
sequence encoding § trungaed @,MGAI‘ Soechgreapees %ffﬁ‘?ﬂ‘éf} ana Iq?BC_OOI 145:
complement (1157348308} 3@ EraroRpedd| cBiRysia@)5. . 1834;
[0098] In tliduitl i&p, WidvalRae is Balativaly ebosphorylated to form
mevalonate 5~phosI)thQ. 1&7412‘5&\@1@&&8 cat=WEOEEtep fs it €tatipl§ mevalonate
kinase. Ulustrative' e§ampl€ssbf EUQI%EL skcﬂenbés §191ch P& BPRE limited to: (L77688;
Arabidopsis thaliar%g %}rdgﬁssi?‘ﬁ%echﬁoa ce%}.gaé.:e a trees.

efrom

[0099] In the 5B si;fg,gig -~ ﬁ{[.gp fg roup 2 | HE By added to
mevalonate 5-phosphiate tpferp FEY éatees)-@aﬁf}]oﬁhiﬁf Agenzyme known to

catalyze this step iss fot cxapipleephprplomeNalordinee JURSF S examples of
nucleotide sequended TG utkoheiSreputlimiitesl ton GYF439P3Y Heped bragifiensis),
(NM_006556; HondhsEpa49,Qdd (NEEH1 GN\comPlemen/TH S - 11367
Saccharomyces caroddié). @ oifieinalis. WO
{00100] In &Q&l %ﬁgjpmgm{e f Wcaﬂy converted into
[PP. Anenzyme kggé{{og:é OE) ésrﬁép-rlﬁ, rforx]n lémlgvi\ﬁ mevalonate pyrophosphate
decarboxylase. I]l%v.frzin&eccfaﬁ:zges ?f g&le?tgie :‘g&{ué%cﬁsg%’: Iuctieanét a:ie not ][imited to:
097557; Secharpmes RRHAPSUPT SYFBHPELPS e 250
Homo sapiens). fruits. Biochem cally,
{00101] IF IBR-if 1@ byonvertyd ol DMAPB.(sn § osiih QP rgyfired, An
enzyme known o Yataly@d tﬁi 73] ﬁﬂ‘on&mhaﬁ’e'somerase. THustrative examples of
nucleotide sequemlel thdut ‘u_aﬁré ﬂéﬂin&%c&ﬂ:ﬂ!h@_ﬁ(l)ﬁgﬁ, W®UPL753031635;
Escherichia coli), b Alﬁ%i@gaeﬁg‘Walbﬁ @it 2 version to DMAPP
is required, an incx%é?drselx]]:ge%sﬁq?l of o ar.‘nqg;!e e%%&rthla&%:fv&@@of IPP into
DMAFP does not Wtf-lim ¥ p_?n e(ov :'IihQ-rQy :

.. rom rus
DXP Pathway ynshi u). Temi nol ene L
[00102] A stlgoaip QEWWPM Fbé Hgl” prﬁdescnbed inFigure 4. In
general, the DXP SAhwesCbrarises pegen sfegs. Inghg fitit sfop p1spvale j§ condensed
with D-glyceraldeBydé 3-ghiddphateGypake &8eoxyeRigludpse-3-ppeshiale., An enzyme
known to catalyzd S 3&Y R, forﬁjcaﬂ@!_e, 13186ly-D&@ulose-5-phosphate synthase.
ltustrative examplee SeRbHAE N chcSs ifFREEbuf aF ABikal 1dpAF035440;

chef IC}"a Cojl ol # 862 I is loaus ta i* Egzt 3 a Fe;dﬂmaﬂas pwlda I:'IZ 1 EG)!

(CP0D0026, locuséséiSF%?B?I & aﬁmlfeﬁﬂg 8iteln sze}g%go% ese% égcc 9150),
include but is not limted to:
(AY693650 from Gsei mum basi |l i eum
and (AY906866, REG ON. 10..1887
from Pseudot suga nenziesii). Gs

Conpounds



Woz"‘”’“5‘%001301Exen'pl aty C's bio-organic e

. @MTJ@SB@

al |y derive
farnesyl pyr ophosphat e (FPP)

- (NC_00743, locus 25, EMIJB J{e %gﬁe&)( 1) &_005296, locus tag

ensal 5\319 ﬂiﬂ q PPk 203, xyetta

RPAOS52; Rhodo manatsﬁa rrst AOP

Jastidiosa Temeculgfy, aéq.'%;ﬁogmk%mtageﬁgé{zgq ra :da %s . thalianda).
[60103] In tgetsgrlgnq sigp, i-fiqgry—]é-;@é\ﬁsﬁq %phosplg é:gﬂverted 1o 20C-
methyl-D-erythritddy-plosrhas pin atzpmedyontaiersteyze this step is, for example, 1-
deoxy-D-xylulose]s @fbkghiid fedugrtibctnelbse Al i@:Gatigd vewpies of nucleotide
sequences include $& B AR tuhicalol Ao ERRr-amEL D\APHR8E52;
Arabidopsis thahagc% QNB %ﬁm&@gﬁlﬁﬁ? @E&«@Hﬁﬁs J:ul?ﬁ KT2440),
(AL939124, locns $2g § 88856943 LLLRSE, REGGRES %@ﬂgst Bcus tag
Rse_2709; Bhodofess “f%afdfsa R P
P“’“"”’””"“sﬂ"“r’f’ﬁfif‘l'sé’gf‘})de sequences for f arresyl

[00104] Ity Khigsk st SPrREE Dy IR APEOSPIAIE fS Geperied to 4-
diphosphocytidyl-RCHnetayl-B-erythtito) Aprprizxend knogn to catalyze this step is, for
example, 4-diphospiddytiSH 80 b thyNDabyiheiop Biteset Mapvitigaradumples of
nucleotide sequenée@ﬁ];klw St e nofNiralail SQRSBE 6, Bekhiciaakdl),
(NC._007493, locds A H3P 3483 RAbobAIR sHlabroi@RDI4IB)NC_003071, locus_tag

AT2G02500; A’“Wﬁ’f’%"%”?’i‘é“g B\&IPCT/ 1132%6%368‘82%%"””

putida KT2440)- 31 pCT/ US200 LN i 11
[08105] In the fourth step, 4-dlphosphocyt1dy1-2C-methyl- iol is converted to

4-diphosphocytidyl-2C-methyl-D-crythritol-2-phosphate. An enzyme known to catalyze this
step is, for example, 4-diphosphacytidyl-2C-methyl-D-erythritol kinass. Nlustrative
examples of micleotide sequences include but are not limited to: (AF216300; Escherichia
colf) and (NC_007493, locus_tag RSP_1779; Rhodobacter sphaeroides 2.4.1).

160106] In the fifth step, 4-diphosphocytidyl-2C-methyl-D-erythritol-2-phosphate is
converted to 2C-methyl-D-erythritol 2, 4-cyclodiphosphate. An enzyme known to catalyze
this step is, for example, 2C-methyi-D-erythritol 2, 4-cyclodiphosphate synthase. Illustrative
examples of nucleotide sequences inciude but are not limited to: (AF23 0738; Escherichia
colf), (NC_007493, locus_tag RSP_6071; Rhodobacter sphaeroides 2.4.1), and (NC_002947,
locus_tag PP1618; Pseudomonas putida KT2440).

[0010°7] In the sixth step, 2C-methyl-D-erythritot 2, 4-cyclodiphosphate is converted to
1-hydroxy-2-methyl-2-(E)-butenyl-4-diphosphate. An enzyme known to catalyze this step is,
for example, 1-hydroxy-2-methyl-2-(E)-butenyl-4-diphosphate synthase. Illustrative
examples of nucleotide sequences include but are not limited to: (AY033515; Escherichia
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WO 0TS cher i chia colt K-12),
; ARE

-usobact er I um nucl eat um subsp.
nucl eat um ATCC 25586),

coli), (NC_002941, 3685 RIZPEIeN; P LRGE:SdaRKT2440), and (NC_007493,

locus._tag RSP zgfsA%J%Jg&u&e%)m 4300009,  Locus

[00108] In %?T‘TT? step, 1 &;_z%riyggg%gy 2| r ox%ggpri]msphate is
converted into ezﬁghlﬁ]aca gj mﬂ,_B'@EPP enzmrlfﬂam to catal}ze this step is,
for example, 1sopa§§(¥ﬂu@ﬁlglyllyl c{iqqgsplpp SM Tlustrative examples of
nucleotide sequentéh igginde promyeianitedtet(hW221%; EpkliBRAT) and
(NC_002947, locds U421 PPOS86; Bleddlobiopas plddAKIPA40Y. 1

[00109] In doiAPdotbbiBmcnb. P& wik( (AFin S berdddiBthe host cell's
own metabolic pr&&égéﬁﬁ bk EEOMUP Efm ﬁnmc%gﬂf’ﬁas

provxded by the pr(é\serﬁ §1§e%gdn EIS g%{\a&eE 1&1% n%‘or example, cross
talk is minimized g . g%“h egfnt H) stl.tE ar! rgllcsé excEEswely on

the DXP pathway %W@ﬁ%ﬁ’ and(a F;Fyvay is mtroduced to provide
additional IPP. S‘S‘a@@ﬁﬁf"ﬁiﬁfm@@ nptdp wibipred gel}cr the expression of the
MEYV pathway em(yﬁ;?;&ﬁ&@dh;. the intermediates associated with the MEV pathway.
Organisms that mﬁ&hiuﬂﬁs’mﬂ&iﬁwﬂ@& &fi)n]mhﬁi)lway include, for example,
Escherichia coti. (CPO00003, Locus AAT87386;

[00110] In sobd ERLAKAE, G BosPUPPERESIP via the MEV pathway, cither
exclusively orin ¢ erPrQaQoQWme 15}%9 ﬁm A&%bodnmems a host’s DXP

r 0CC ogenes
pay i ﬁmc%&i%&@% il el SR pp oty s
heterologously mtgfhlpe?mﬁa’cp ‘&HS )Pg& g:ﬁtg\gy can be functionally Yy
disabling gene ex;m ng E: 018:6?13?1' uﬁnﬁaeffgc naturally
occurrngXPPaﬂ!Pa_WﬁS St rept ococcus pyogenes
o111  In VRAGBEBGY tie NG GOBGBdks PR GELEDXP pathway, cither
exclusively or in c¥iibixalba SR the 19EV S AR GhtSembodiments, a host’s MEV
pathway is functioRdQ GiSbiGs 8 thmgspczﬂ)g;@ce@@ﬂ exclusively through a

heterologously mhvh{gé%% lﬂ%‘%? 'fB@Mﬂ%)f way can be functionally disabled by
er

disabling gene ex;:rrTss:ononb ITHH% By 2 d’l éx one orlij o?tge naturally
°"°“m“gmvp"’(h3”9ﬁ“zyf"ﬁ‘r ustrative exanpl es of
Cs Compounds nc| eoti de sequences encodi ng for
[00112] Exeypplagy &z g;wga@a mpt@dsgfe b¢nfitergenes which are generaily
are derived from IPRog DMIABIN Anfilbkitithe chatible &fin Gentiterbene is isoprene.
Isoprene limted to: (AE000657, Locus
00113]  TsoEQRSd FucrhOldi f er aeol i cus VFS),
(NM 202836; Ar abi dopsi s
thalicma), (D84432, Locus
8AAl 2575; Bacillus subtilis),
(U12678, Locus AAC28894;
Br adyr hi zobl unm aponi cum USDA
110), (BACFDPS; Geobacillus
st ear ot her nophi l us), (NC 002940,




WO 200739924 iy - ohadi ene 1;}01351Armrphad’C BRIt
y PCTHSZ007R -

made by Artem sia anna.

Anor phacl i eneyi s nmade from FPP by
anor phadi ene gynt have. An
iIIustrative/%\m%Le of a
is found in many pﬁkﬂs tiagte is tidd s tirde seegueiiee. jligstative
examples of su1tab§|1:-rglel)tge &Qencggmchﬁe thek as2-notaiQRE (AB198190;

Populus alba) and %!844% g]q’lﬁjugpalm Po[gzg_gr‘gngg 05678.

igure 5 shoms
schemat ically how 11' P and
I e s e
derived from geranyhyivrophowrhate (EPR hipdn pgy lxstnﬁ%arby the condensation of IPP
with DMAPP. Angnayneeseade aplyprtiooise is for example, geranyl
pyrophosphate syrdia®@phadi erte. a- Far nesene
[00115] Figl® O:3v Liderdmd Eall LEARIER, andWIOSRP con produce GPP, which
can be ﬁmherpmé;sgdq&;,;,&,&@ege is found in various

[00116] Tllootaly %Qm %&%&uén&@%u@&ﬁwpﬁ% hate
synthase mcludebutr?rcnotlﬁted md&g :{121 o O%} Bur s ARG pies

grandis), (AF513 %bﬁ%&tggzﬁs&g@g%4 % ér;fgrgungm !Egus'h AY534887
Antivrhinum majui) Y Wa el #hi4gpss %01?%%%]1092 Bacillus
cerens; ATCC 14PNAIRAITES: Cirid sirstsislafAY i 76 X(a‘f'f’ﬁ‘f lpaveri),
(AY953508; Ips pbif), (DUIstRY [Leromtrebrastdetier), S4X BR8THc betha x
piperita), (AF1828 QbR ppelira)otvEP12A0ib3; Mierittia b @ighritald (PZE431697,
Locus CADzMZS%Q% ge:z{aﬂl@imfawrrsy@mm&drﬁm kurrooq),
(AY351862; VasQ‘é: ji ‘é:%r(Aﬁ ﬁ@i %u&mgu aﬁﬁﬁ‘on&aﬁﬁm)

Cio Compounids

[00117} ugl uern] ycon 130 Jvlm% pounds
INustrative mppétfﬁaw 1E QT lTsfagentq ted%gl'
Carene 219(1):84-94 (2004) | | - Far nesene

[00118] Catt@GOHRE I Einesene, whose
structure is ijs found in various
bi ol ogi cal sg#rses i ncl udi ng but
not limted to aphids and
essential oils<guch as from
peppernint In sgme plants such as
is found in the res ﬁ?‘ g%ﬂglgaéﬁmmtyé’ "hat ur 5113" ellsﬁns?d o OFF from
carene synthase. PgaivE @xprpples pf sipabfp RESRR S LRY Sl butarono
fron1FPP by Il -famesene synt hase.
Illustrative exanples of suitable
nucl eoti de sequences include but
is not limted to GenBank
accessi on nunber AF024615 from
Ment ha x piperita (pepperm nt;
gene Tspal 1), and AY835398 from




. . . . PCTUS2007/012467
s found in vagious biol ogi ca

g PIGT$d52e0]
€SSel orrTs such as from
cintronella, neroli, cyclanen,
timited to: (AF%]JE%H&%ICQI BS1926; b D64 (P16, ABEION:

e Far ol 1's made from FPP by a
78'-1871’3“’”’“S’ﬁn§p(§’1{’}§§yl ase such as famesol

Gerapiol synthase. |llustrative exanples
[00119] Gerggfo! @yt ines! 2a hpned). wheps S S &quences

i nclude put are jnot limted to
GenBank/g&oe'ss'mlﬁmmmgr AF529266
is the main compm%ll;too ?]ilzo%:aoseqagy psa’ihn%!gg oiY Eﬁﬂ-ﬁ LOQIII ih Qemtﬁum, lemon,

and citronelia. a{%gs areofro gGr %byc erramelé{ I Sllh%g I& a&% examples of

suitable nucleotiderqG@FFé wflgd‘_e P‘ﬁ grs??alu%%?ge%%g{ﬁo ig:/namomum
tenuipitum), (AY3023 8 QbR alerO(BRZ 4N P e fiypscens srain 18649,
(DQ234299; Perilla @43 INein tH6DABR23 43Rk Pydia sifriedpe sipi935), and
(DQUB86ST; PeriliaSitrtdddrd @l SO known as peruvi ol ,

[00120] Ling@gl i s found in various

po121]  LinRb®WAGE SAlneSiUr C€S i ncluding as

essential,oils such _as from
neroli, nger, |agm ne,
| avender tr~€e, ~8nd | enpn

is found in many fP@SEu spide pl@lsis@d bs corgmdemmelds. f.ingiepl PRpe from
GPP by linalool syaMasd 1EHEOYIBEEE Sifdble @flectide sequence inotude but
are not limited to: (U34SO DL S YRALAIASRS, (AGH2294, Locus AABT1482;
Arabidopsis thaIiJnclB,! H% 55%9;' Aycﬁaidﬁ%zgwjaﬁ:), %M_q 04793; Arabidopsis

thaliana), (AF154Y24: rﬁaerazléigargng ,l(;i?f%’).sgec RAHENES (AF067602; Clarkia |

concime OIS S Fadrpp By IR e Fpreah Yoot
Lycopersicon escz&eﬁle), (qgggqisyagl; W@deu&foﬁa), (AYO083653; Mentha
citrate), (AY693647) Qdird TReiticoRMo 639 1§ (g sativa), (AP004078, Locus
BADO7605; Oryz&iatindls (XOM_863p B, Lobig XB 461 & Gropmerig, (AY917193;
Perilla citriodoral) @IF@thJ Rerifd paherk), @QNal3623; Facea abies), (DQ195274;
Picea sitchensis), QQQ&I&M?%@ p&if!@ﬁw&&}ﬁ* v Sk bulltdhr M0J 7h).

of Pogost enon pat choul i

Pat chouliol is nade from FPP by

pat choul i ol synt hase. An

illustrative exanple of a

sui t abl e nucl eoti de sequence

includes but is not limted to

AY508730 REG ON: 1..1659 from

Pogost enon cablin. WO

2007/ 139924PCT/ | 1 S20071012467

Val enecene [00142] Val encene,

whose structure is is one of the

mai n chem cal conponents of the

snmel |l and fl avour of oranges and

WO 2007/ 13992i4




WO 7139924 00143] Exenpl agy C20 bi o- oré’gﬁ[i’sé"mum
FAPHHS200fRAR
erived from
ger anyl ger ani ol pyrophosphate
(GOD’?) vvhi ch in turn is made by

Limenens c ation of three

100122 L‘m‘m “&f of PP with one
m)I ecul e of PP. An enzyne
known to cat this step is,
for exanple, nyl ger anyl
pyr ophosphat e gynt hase.
[ 00144] Fi gur | so shows

is found in the rindSdE RGWBiis Gl lpbpperBiDVLidoRnci ed OMAFFPP by
limonene syntbasec ﬁmstxg'ge SRR BRGHatOmRERad& R RRyde but are not
limited to: (+)-limHHeG m%QsQAﬂ%zfsﬂ REGBK: H1196E658 BmdrPand
(AY055214, REG N(‘T Lol 1%590 rbcmorl;q?s Fl?% WLk Dihases DQ195275,

REGION: 1.. 1905(213?66'?tgﬁ?§1s)d(ﬂ % CTI\F 986afibt érand:s),
(MHCASLSP, REQION;28} 1888 %‘f”"‘ﬂt’]’éﬁ“’ébtl de sequences
Myrcene for geranyl geranyl pyrophosphate
[00123) Myspiel vihesg grogtiedsude but are not

limted t¢o: (AT RPYRS,

Ar abi dop;k}heliﬁqu (BT005328;
is found in the eSanRN?J}LIg% i!gs tst h Z“Sm%ja% S\’ri:rléenﬂ, %Jg mérma rom which it
gets its name. My('cmz lsmeﬁﬁbW @H:gse. Iltustrative exampies of
suitable nuecleotidAPUuERG inglarls Put ap aet pmwg : (UB7908; Abies grandis),
(AY195609; Antirk iy g, AYSIPE0%; dptinhisgm majus), (NM_127982;
Arabidapsis thalidn8 TIESE),ENE113343A\TEEIPHOAG2e ¢ THEI,
(NM._113483; Ardpfabpiaddniton. Asabhaung (ARaNSs9f e fdBycens),

(AY473626; P:ce& '%13.,5@2@ QQQIZ:A‘:&S), WQM}EQMSSQ Quiercus ilex).
Ocimens ZP 00144509; Fusobacteriunz

[00124] x@%@eat um&ubsp. VI ncentii, ATCC

G bber I I af uj i kuyr oi ), (AY371321;
| oﬂa afratively,
are foundin a vaer'_;/ @ﬁ)lal:tls £ §|1u§ )mlu&xé@gz]nw ia&zlicu)ﬁm made from GPP
by ocimene synthase Hilu%tgiﬁ\? a&nMg o%ll%%gmclem Qﬁuences include but are

not limited tor (; Kafé)a l QI dem?yusg (%ﬁ%ggg%PMI lijzz%)mi mafus),
(AY195608; Anmmesmmo%sm AR 1205
Arabidopsis thaliduga am%&%%ldé%)mﬂdmﬂﬂwﬂpwm
Neur ospora crassa),
( NZ_AAKL01000008, Locus
ZP_00943566; Ral stoni a
sol anacearum UW51), (AB118238;
Rat t us nont egi cus), (SCU31632;
Saccharonryces cerevi si ae),




WO 20607/ I3992r | PC'II'/lifSZOU'HOIMT

is a constifjuent of wood
RCIIIS3P0F
any rani ol can be nmde
by e.g., adding to the expression

(NM_117775; Arai S thailerla AT ResEH) QS 0810863 £, YesMpsis thaliana
ATTPSO03), (NM_ﬁtIJSﬁéimth%ﬁgﬁaz%naf’lg_ﬁOf(A%&Q.; Citrus unshiu

S e. Abl et adi ene,
cuMTsLe, md RO A TG F R R B as s e
a-Pinene the follow ng i somers: , and and
[00125] a-Pinenc.ogepp HUSHC § r ees such as Abl e:

graniis. Abi {ene i s made by
abi et adi ene ase. An
il lustrative /fxanple of a

e 2] S 2L SR o e
Htustrative examplfsug eu}tte%e’ nu%fug r‘“qbef‘"é?f&‘?'“gj buéarr]e d:ot limited to: (1) o-
pinene synthase (AFMYIPPIESION: bil BRIl ingiredr) C)o-piyggsynthase
(AF543527, REGIONTA3 0GHelBma G845 84 (Y lgiptens Frhtte @ CUE709.
REGION: 611189z @bpatnd@s. are al so within the
B-Pinene scope of the present invention.
[00126] p-Plnbde Wibbde BthukEisexanpl es of such

conpounds i ncl yude sesterterpenes

(Ci s conpoun fromfive

i soprene unitgyr>triterpenes (C30

conpounds made from si x i soprene
s found inpine g [opeSTFY. PRFIEY: 1 PRtk PRAFySts Prepegs g rom GFP by
B-pinene synthasecléjmw% ef S\fil]al&mu@q»o@qﬂseqpegﬁbim%but are not
limited to: (-} P-pitié sy8Dases TAFETSOT2REGION hd B0 adremiripes) and
(AF514288, REGIOW: 26Si88 CEudlirb@r et hods
Sabinene descri bed herein and substituting
[00127] satilen:AlLNGucRANG €0t i de sequences

for the appropfriate synthase(s).

Engi neeri ng Pat hways WO

2007/ 139924P 82007/ 012467 36

PCT/ US200 10 t hough for

illustrative pufposes, the

i nvention has Heen described with
is found in black feftbOfaf6 6Rd, bd@e, @13 Gh REL rShlgnetifranddviol GPP by
sabinene synthase?ﬂﬁﬁl%a%axﬂﬁ:tohm%ﬁle niclB@iBEsequence includes but is
not limited to AFSEI0 [ RES10RASE.. P65 A0S Shrdinfsss.

simlarly engineer suitable

pat hways to nake non-i soprenoid
bi o- or gani ¢ conpounds. These

pat hways are typically engi neered
usi ng reconbi nant DNA t echnol ogy
by expression of suitable

het er ol ogous sequences encodi ng
one or nore enzynes. (00152] The




WO200139%pr e operons. J,n some instan¢Es
BOTHUSZO0RE
er yield of
| b- or gani ¢ conpound over a single
operon system 100154] Where
desired, the subject nucleic acid
100128] r-TeggueMeesEtshe nodified to

refl ect the coflon preference of a

sel ected hostze]|l to effect a

hi gher expr e of such

sequences in afhost cell. For

exanpl e, the st&hject nucleotide

sequences will in sone
is a constituent of edywuiialpll P citgis Sps oPipdheicaipp teplasgg i made
from GPP by a v-t@@eGryinef Bogrigesxangie of sytae nucleotide sequences
include: (AF51425B8EHBGEINE 601 183 A Glou{Eidls lifpdDB2 JARI 10640, REGION
1..1803 from CitrdShoBhiy. ChEM  257(6) : 3026-3031. As

another non-limting exanple, the
Terpinolene  nyc| eoti de sequences will in
[00129] Terpipdiret: YasbHEENt s be nodified for

E. colt codon greference. See,

+ e.g., Gouy angFsqutier (1982)

Nucl ei ¢ Aci dg . 10(22)

: 7055- 7074; Eyre<\Wal ker (1996)

Mol . Biol. Evol]. 13(6) :864-872.

See al so Nakatf .et al. (2000)
is found in black dXltal, &iGss AGdvE 5/cHRE Bapayd Bind, Jrid 28 2Terpinolenc is made
from GPP by terplmglg@n&lé@ Gifstlaie L.)@ﬁpltsQf' a sURARY nucieotide sequence
include but is not BmiEa! ¢ i%s%ﬁ Bor@ bt s Boumy ik @Rro0s866,

REGION: 10..1887 S PeGudaisigs maest reference in
FUEST g s equences of the

Cis Compounds - asent j nvention. The use of

[00130] Exﬁ’?"@@’éq 15O R FIROVE arg_seﬁpl{?gﬁl&wggc{! are generally
derive from fameqy] ryorfopbpea PRSI freyra s ppde b iy qapiepsgion of two
molecules of IPP witheond thdieetlé dTOBEPD f AntepzamsHinenm toggtalyze this step is,
for example, famed¥] GyrépRaAfte byi@as€ X Pr essi on | evel of

fo0131] Fiéﬁn@ a.lgcgsﬁtl\hrs %ﬂen&@&h&ﬂm &% and DMAPP can be combined to
produce FPP, wln&'n %}tﬁ&' Srgcggséltté a&@sqﬁferpéng € su bJ ect

el C

[00132] “1‘5‘\}3“2’3*" EW es %f nucle?u%e se%utcncm? E‘al-n@sgl p%hosphate

spathase ncde g HE AREARNS gﬁ’é gopgyfpliana), (ATHEPS2R;
Arabidopsis thaliepg)nAAEIBE3ES; freerisis GTAFE S APABLIPY Ppsyaurus), (DO06I4,;
t he subject nucleic acids can be
prepared general e DNA fragnments,
cDNAs, and RNAs, all of which can
be extracted WO
2007/ 139924PCT/ US2007/ 012467
directly froma cell or

y-Terpinene




WO 2007!139923}8 PCT/ U320 st §‘lb| | | ty Of th PCT/US2007/012467
xBEITES200
odi ng seq
Detern1nat|on of preferred codons

Escherichia coli Is.ang (@69@5 ﬁ%%ﬂ%spﬁﬁ&rehﬁn rbta&ﬁﬂ stubsp.
nucleatum ATCng]S 8% (é%% F‘&ﬁi&e@ )a /y jg_jtld?mfs) ECP%%%.@CLIS

M ————
Homosapiens), SRR KU SE LD G s s
(LAU2077Y; Lupips efbeh). SARIROST8) Mg mpssyfed. CBFTRSGRY; Neurospora
crassa), (PAFPSINEHh@iug agbnidqimy (PARE(Ru reping yrampiatuli),)
(RATFAPS; Rartifs @6Feegield)) OB TR Nuteparbryees &bkahi@f (D89104;
Schizosacckarom_)\é%tyweﬁ (dr‘b(ﬁéo@i 18dus mj% k@sptococcus pyogenes),
(CPODOO17, RANRED. s roLan@,ngeDe%E Cﬁ@%sogﬁm'i@s ¥P_598856;

Streptococeus pyolgﬁﬂesvﬁﬁ%déz ’008%% Eﬁ%% & %‘reprocaccm
pyogernes MGAS?Q %v\l}g&iﬁ w_ti .gtrreptocio rés I;Haaaeézes

MGAS10750), ang ’fz‘iﬁ'ﬁﬂ’f“bw de fewer than

(00133} Aliginasiyely, BRY oyl abes bri nepdachy piding IPB iy GPR ciipsirative
exampiles of nuclkild sag i@ OPpsoding ftne enzpkegepptileghS this reaction include
but are not limitedJGNEEDISEY LilisOANUE 1 F; 1 @ikx adb@LIVFSE M _202836;
Arabidopsis thalipzla}aémtigZ QR B3 1B, BERhd subtfis), ANRE, Locus
AAC28894; Bradp izdbhf Jjuﬁﬂwgm GO A5, RAEFTT8! deobaQius

stearothermophzlug% &Ubo lﬁ 8%%%{1] gaemq %}u c§¢ch’6£SOOOI{P),

(L42023, Locusﬁﬁ&??:ﬂ& FFema;g;H:g trﬁl 0?1 (J % S’amo sapiens),
Cve_3o5294; Lacgpas el e enea? %%(Yfrf?aewms Bpe0027:
Leptospira interrqgyg W@@om et I@W bng@éﬁB@é‘ 8f7; Micrococeus
tuteus), (NC_002946, Latyo UE_20806%; Jssesinaciortioqmi Bs1OpR(U00090, Locus
AAB91752; RhizdbBnlsp. NGR2IAD 0&5091] OOk D& bekeaiitle)2(CPO00031,
Locus AAVO3568; ONESLON bbb I IS 3), AE00EN ] IR6S ARRY890;

Strepiococcus an: ﬁ&n@ kk)?iﬂh éll(}sdahﬂ56 ILEEQL Ihtdﬁ970b ﬁlella f"aﬁzdwsa
T limted to, pACYCl
emeculal).

{00134] el O%%;ug&& OFBlt LY V;axill écsoi'npmmds Dlusirative

examples of Cis WM““‘@&BEW&“‘T‘%@m d) and
PWE1S5 (costnid). Suitable nmedium
copy expression vectors for
Escherichia coil include, but are
not limted to pTrc99A, pBAD24,
and vectors containing a Col E1
origin of replication and its
derivatives. Suitable high copy
nunber expression vectors for
Escherichla coil include, but are
not limted to, pUC pBluescript,
pGEM and pTZ vectors. Suitable
| ow-copy (centroneric) expression




wox®Hectors are ingucible. In otfer
RS2 GEded
tors are
constitutive. In sone
enmbodi nents, one or nore nucleic

Amorphadiene

[00135] Am%ﬁgﬁmw“ggpgggs are oper ably

ed to an I nduci bl e pr onot er

and one or nore dther nucleic

aci d sequend oper abl y

l'inked to . utive

pronot er . on-limting

exanpl es of suifabl*e pronoters
is a precursor to arfexgipinip which ityade RyIEAPRIUR 4pe- KESTPhadigne fsgade from
FPP by amorphadi¢npybitide Am ilivstetive piappitied g auittble nRigatide sequence is
SEQ ID NO. 37 of UG, BarspPaisligatiny Mun29D-#0005628. t 1 p
[60136) Figfad D08#s @dhematicalipid w BIPQEIDMANP @4BE @fnbined to

produce FPP, which oa WO oGt messﬁ to prngJe aBopBddiodeS, A
| ac/tac hybrid pronoter, a

a-famesene tac/trg h brld pronmoter, a up/lac

[00137] “"Faﬁ?e?)nﬁter T1ac pr om)ter a
tro pro , Ja tac ter, and
the 1i an ar aBAl proﬁoter

s found i variousyolgea @YP RETEtRE TP & e Spfopy s n s
and in the coating gfiAPPlrIRiBep POt Fomesge is gpajediprn FREPy o-famesens
synthase. Ilustratide @amplce 6f sEigideuclfodde seanpipdyde bt §; not limited to
DQ309034 from PRad Bkt dbdviaCBinjoMeal\@ene name AFS1) and AY182241

from Malus domesi@ibphd: 3.6 A¥91y. P@chQﬁQeCaz D 1EHAI R 1):84-94 (2004).
(Pul kkinen and Mller, 3.

B-Farnesene
Bact er | ol 1991) 173(1) 86- 93;
(oo13s  P-FRpH e o TR (1992)
Proc | .. Adad,...S S A

89(21)~ 10079- 83 a ni’r B pr onot er
is found in vanous(bmglﬁbm fnchévﬂmg bti fggwed thds and essential oils
such as from peppdyiigk & soBe IXBD SN Vi potaig fifarpdyse fs piRigesized vs a
natural insect repelfeste @-Farfiggne i@ yoady )b FPP[by Prémesenetnthagk. Mlustrative
examples of suitab{e h81) de bdgiief@t inciié1BBiEInot limited to GenBank aceession
number AF02461GbmMeaBa Doifirkia (M ainY ke@e Bbal B) and AY835398 from

Artemisia annua., f’lgagg) ‘nﬂ %&9}!39:@@%2(9)3% 357%2%55 and

Chatfield et al
Bi ot echnol . 10: 888 892) a
si gma70 pronoter, for exanple, a
consensus signma70 pronoter (see,
for exanple, (3enBank Accession
Nos. AX798980, AX798961, and
AX798183); a stationary phase
pronoter, for exanple, a dps
pronoter, an spy pronoter, and
the like; a pronoter derived from



PCT{US2007/012467
W020l}7!13992|4 act ose pr onot ﬁr Oper at or ( Lgdu

5 in contacte
| act ose, thereby preventing the
Lad repressor protein from
bind%n to the operator), a

100139 Fampsel YOG pRaN pr onot er  oper at or
(when iconpl exed. wi i Lryptophan,
Tt pa”r epr essor” prot i n Kas a

is found in various GiGIBdi@Y sBBtes igdmdinfiadectirndrgsntiadpds such as from
cintronella, neroli, SBIBAR] 18on gadd, nibl6ic, 2AS@E FErm@8! is made from FPP by
a hydroxylase suchd MBLG Re. Tl RRpELPEHBDR Qhicleotide
sequences include %?m%%@}r%?gtg %m&&%@% &lz%ﬂ&}om Zea

mays and YDR481F m Saccharomyc T;'s' ¢ (gene Pho8). Song, L., Applied

.S, S. ;

Biochemistry and Biojephnology 1p8: 144353 2098y 1 - 51711
Nerolidol protein has a conformation that
[00140] Ner¢ligesvrgstigiing t o t he operator),

and a tjac prornoter of#rator (see,
for e@&ﬂi&%ﬁ . (1983)
Proc. Natl. Acad. SQL U S. A _
is also known as @@l argits fpund in GrEi9 B iRl spERTRIGCI e 2 cssentia
oils such as from nprhll giegep jaesinri lgndyrelea 19t adyayoE SRSt }Nerolidol is
made from FPP by\bih}drox#ihs encie 6:@iéo] @mthasd) @@ dlmpwative example of a
suitable nucleotidelbqdhbd 1gbnls bR st iiklitl @CLF529266 from Zea mays (maize;
translation (that is, synthesis)
gene tpsl).
Patchoulol of any encoded mRNA gene product.
e For sy table ribosone binding
(0034t SR e in Escherichia con,

Famesol

” S
&S for use

see Shi neI. (1975) Nature
254: 34, and _8S¥€itz, in Biological

Regul ati on &rth\Devel opnent: Gene
Expression (ed. R F. ,

is also known as p%Q%ﬁﬁ&) isa &thitu.enk of the esseatiaPeil of Pogostemon
paichouli. Patcho?!h%l?igmadg h@:ﬁ‘ b L(Juﬁcm &yﬂ:gase. Mn}fl-usnjative example of

a suitable nuclcoﬁgers?qggx%elnirgcolg%#ét is ﬁ’gtéi%%é% { QIS 5 s?e q}{l.%ll[']%g 1..1659
from Pogostemon gib M ANACA- 3' upstream of a codi ng
sequence facilitates efficient
translation in a yeast host
m cr oorgani sm (Looni an at al .
(1993) Nuc. Ac. Res.
21:4268-4271; Yun et. al. (1996)

Mol . Mcrobiol. 19:1225-1239).




W‘32"‘”"3""’2‘10016910: her rggul atory el er‘r’gﬂ'fsém’"mm

vector 1 nclude ranscrlptlon
enhancer el ements and
Valenecene transcription term nators. See,
01421  VaibRlne SR RLuGur S LT Er at al. (1987)
Met hods i n Enzynnlﬂgy,
153: 516- 5442 E0Q17Q1An expression
vect or may able for use in
particul ar “types~of hpst

is one of the main Eﬂe&‘a{cﬁ Wm &:@ﬁlanﬁ ﬁ;vmgtafb%és and is found in

orange peels. Val?(_:?gege 19f &?tone 5 I?lﬁ!stt%twg &xamples of
owever,, C a n r

a suitable mmleou?eﬁ }u&ﬁ Plrt got l’%éﬁ g}&g TON: 1..1647
from Citrus sinensifiteek G 715 HEGQ: Llf F“‘%%ﬁ’%@'ﬁ“ﬁ?f

Cn Compounds yector is suited for a given host

[00143] ExamipB1y 8 by repsarrmfegds eoditrrpring whithpee generally
detived from gerafIeRhBS SiirddRbsph@€ {GGIPP)Gviidh i @mrn is made by the
condensation of thieB nbIQEIKR PP il e HQRUDGDMAPP. An enzyme known to
catalyze this step 19 Y M&eﬁﬁﬁé&aﬁyl ‘iﬁuphclgﬁlﬂe MJ ored

£00144] Flgure E also 3 ows sccegynmc%{}n e pangls.) pcm? ge combined to

produce GGPP, wvtgxé:fno F eﬁﬁ'ic?si -fcha 1t%'g( tér §§]ib3 further processed to
produce a carotengiact or npy al SO contain one or

o145y lluptptive cxpmplescof mblbaidatenrdeess Dygerpedgerny!
pyrophosphate syrtia includefdatrre @t fimits 5% GAHCERFYREprabidepsis
thaliana), (BT00SENS; AXEbidapsp reined) y(FMC1 19888 kaBidapSehalibna),
(NZ_AAIMO01000880] LoSB 78 Qb4 f0G2; BliciRd #rSiEserovar israclensis,
ATCC 35646 sq1 369 E0REEDOS G D Qs Fofehud), ovE_ RABFERBITY, Locus
ZP_00144509; Fu aﬁ?cteﬁ&%ﬂ{w@l?dﬁh%s)’ Sifecbrit, ATCC 49236), (GFGGPPSGN;

Gibberella ﬁgzlmrm FA # I;%t &m%ag ﬁ gaﬁrg §549 H%ea abias?ensw),

(AB017971; Hom%sgqnfng), &11761&% Aﬁfoh raufndlfn 6TS é(luén‘ icus), (AB()16044
Mus musculus), (AASHHOPCFES Lo&ﬁsd\TCHgld .B'Tuf?spom crassa), (NCU20940;
Neurospora crassq) ST, SAKROIE000080merls ZRiOBHHG5: @slearisiselagacearn
UWS551), (AB118T3R; Risls harbieienss GLubbtableeraen ke egevisiae),
(ABO16095; SyneéhiBdocdds ds ey ) EAGGIEEtidagis 4183, (I8EDS; Suifolobus
acidocaldarius), (ltl@ bé’ﬁ@ygcﬁs% 468891 leG:}rJ);Jmls chdz!rophmus SB), and

(NC_006840, Loc&s oAIRNA, 0. Qhers Egﬁg)bem cillin,
o O Sy

examples of nuclemdssewm tﬁ,aa HEEe c?f,bleacﬁ thls teaction include but
i ndustrial scale, it may be
i npractical or too costly to use
a sel ectable marker that requires
the addition of an antibiotic to
the fernmentation nedia.
Accordi ngly, sone enbodi nents of
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WO 20073933 cr oor gani sm 5[ 00174] Upon
RGFUSEY
practiced t
identify the host cells into
are not limited to: ggm eR3 158 arsidR s BB Aany SEIVAFIE ES YarGea
aggiomerans), (D @8? %&JE‘EMQ% e[gn oe%mﬁ.?j %hﬁ I'Dbcus CAA36538;

Rhodobacter capsaganﬁ)c {#F 9% pZZ rﬁcus &yi d’u a
04C_004350, oot o2 PR BTN 2N
[00147] GGPRyik fhenmeleaprpst caryeriediy & Tty of Co isoprenoids.
Tlustrative exampleso €2 espondsdicludelyet ad et fipitedtogene
Geranylgeraniol Pr oduct. Anot her nethod entails
[00148] GeralgbkdL, Most adedi0r med host cel |'s

based upon phenotypic traits
onferred throu t e essjon
of“sel*ect abl e r kér genes "

is a constituent of G@d bibiraweChdnals toapannd ofilinseek i Beraiylgpyaniol can be
made by e.g., addiMBE hOdxpresTROSBr@fs a Gioghasd sgnegher thé gene for o
GGPP symthase. Can i dentify genetically nodified
Abietadiene host cells using t hese or ot her

[00149] anlBEDOd nh%ys%s h2BhS ik Rortelle art.

I ntroducti on of

Tr sphaerozdes), and

oh>~Ffor exanpl

#s can be pw@p'ﬁ%d

and is found in treésis@ihd AaRs Fr@Fis| Atdentlicnn b shdedpdbietrdiene synthase.

An illustrative exﬁiﬂg oitalgﬁmﬁpﬁel.b(ﬁlae&eqs@&lﬁﬁmd‘ae But @ not limited to:

(US0768; Abies ghalMisfin8 BlvaoR5Y; Pfeoaii®). i fied by PCR

usi ng prlners SpeCIfIC for the
quences of

%} thy L0S fthe t inventi
[00150] Czoago-?rﬁ?mc ccanpor d cfffc it ns lj ee ('?t h resen on.

THustrative examp&grgrmﬁlé ré:m@%lpds Hcludesesty ﬁﬁ) » §0mP°un Rade from
five isoprene umts@@ftweqs ng‘ﬁpﬂ)@nﬂ@@:rde m siX isoprene units), and
tetraterpenes (Cso edv@erind 0Pk Gored ghtisapreneatpiis): [Thegyopmpounds are made
by using similar n@th&1E HdsQPRIGEES i@ subftiglideovvddindmycleotide sequences
for the appropriatSh@kalisd Wi th et hi di um broni de,
R Green solution or the |ike,
detection of DNA wth a W
detection. Alternatively, nucleic
aci d probes specific for the
sequences of interest can be
enpl oyed in a hybridization
reacti on. The expression of a
speci fic gene sequence can be
ascertai ned by detecting the

Cags Compounds

Engineering Pal.
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Womi®®4001781The anmoynt of

RGT/LS28PE8

_ " the density o
m croorgani sm can be neasured by

[00151] ArTEATH ilafdGivk REolE g Mentth has been described with

reference to engmee:m% thg %Q%H/o? fB{IL IE& S& tn(atgcﬁ; én be adapted to

similarly engineer %ét%)? EFHY oLy LTE make 1f10n-15 n%renmg {nner%act 1.9 nunds These

patiwnys are *wwa}yyﬂ%ﬁr@h‘fmgd?we'&ﬂrf DR Bigpiaptey by xgpsion o
suitable heterologofepsequpnistHeReP R PREIT L ™A ot her

[00152] TheryaHidaiondclantide edids can ihe d3pressed bk sfngle or multiple vectors.
The nucleic acids QDB atr@Eed iBinfiespaed) brad defate Wiktohehat dre placed in
one or muttipie veltdis. RVHRG ﬁ&ﬁea,' ﬂ.m&m&yfeoﬁ)rs can be employed, each of
which contains ong@ §1§1@ 5&&@ Lus %Eue&gs%p%fylhﬁl@& in a single operon.

While the choice o snfgae maqultép e vectors anr@g usl'éra' sh(Qle grqm{é.] operons may

depend on the sxzeagthqslrfeievlog:tus sgqnv\ngagrfu ! % m c?‘ &gbeétors, it will
Tangely dependent pr fip oV IR OREIER, DI R BRI I the vectoris able
to provide when exphyesed DR SeIPHRS hESk (B 19D BSRIESH St ORERRFrProssion
system provides a highegyidld v the| bimeraniy cayipovgd. STEEQ‘}]PJM Yectors can stay
replicable episomally, Pas af intEpita) fA bisthwd ¢l pdfong. Typically, the latter is
preferred for a sus%&%oﬁ:dg@noﬂ%clﬂmcelb ut the specific

[00153) In Jél%.lineﬁaét Eyﬁ§ hlE ija%uclgg)ﬂ:dmy%ggntm!led by one or
more operons. In %%D LI CES,, alh]w 09511%9([ eH ;R)Q{des a higher yield of a

bio-organic compoynd aver a0t genera
8 > ‘1?63’[‘)% CPETFBES al | types

porss Wi gy it s s BB P et o
the codon preferene of & FefepPeLirs esH togsfifet dchishon epfsion of such sequences in
a host cell. For exgmpdcathegibibrynuplentideiseapeners willdn @ egphefliments be
modified for yeastichidn fléftent@ [Ske, ang iBgrlnttzen ¥0@ Hal(1982){gfol. Chem.
257(6): 3026-303 0 fas &Rinbe nbtRGnk x@Sple, IhOUBIGITR: s&ASES will in other
embodiments be nIoEﬁﬁéIQ‘org_‘,‘ocrafi g:ld@itpl'eﬁ:ﬂﬁce C&B e REadd$ £ Ghuller (1982)
Nosleic Acids Res: djofLf: 5&9 t707f1 t(15-@135‘1\4[91“ Bibth&ot. 136) :864-872.

See also Nakarnur% ﬁ g]e(éz 'b?uclelc Acic[s g@oﬂtlmsusrgge tabliLs for many

organisms are ava%m:l;&:ﬁgn r)wef-ym te‘fﬁ'g;\ eétf,n[mé éeqlcl)eflm of the
present invention. { Theusp pfpteipt cpdevrerit &ﬁtﬁhh"é‘a’ﬂﬁﬂe gpencrlly
increases the likelihepd eBgmsititneandiience te prafiesiat ol °f the dwred
sequences. conventional techni ques of the

[00155] Preird%Sy dFHB Qlbfedt ndcioid bk £y betieled didy a variety of
routine reu;:cmxbu-la.lmJ t&ﬁn M&?nﬂﬁ{ c%ro“d\tn&l Igl‘leh)h fre §1K]E<Jt Sucleic acids

cunbe prepre s 0 Gmem i PV SO TR gt e o
PCT/ US200 rl " Ir
1,11,1111,i4.1,1. the art. To
the extent such techni ques are
not described fully herein, one
can find anple reference to t hem




WO 2007394 001821 Thi s exanpl e descrlbpcmmmmmu“T

the MEV pat hway from
directly from a cell or rgcg gtﬁedq:? (R¥ds %pﬁﬁcation processes including

i N operons.
butnotlimitedtoP E pr eSSPOﬂ

[00156] Dxrewégem@@ ﬁ%‘[’hﬁﬂs é;anublg)c chﬁsstgb? y mvB{eﬁ sequential
addition of 3°-blocheth e 5’%&6 ﬂuclecgmqn@em tlm_ﬁrrmln'ﬂ ? d'lydroxyl
group of a growinginhioBIBADEE: chas Pizrein <fh additjpn jetfected by
nucleophilic attack @B t@RInA Rendes! ddypofhe trowifis dyfif\on the 3°-position
of the added monofR@ WRIEY tySIETHY NEGspho@ flerila0@E4:dh@¢ a phosphotriester,
phosphoramidite, & s fsQh %Qﬁloé}bﬂ 1l bnteQbbSe of ordinary skill in the art
and is described in Blr g C 1 rn?texts ang ﬁtgrytlne &@é&aﬁiﬁe ‘/IQeucn etal. (1980) Tet.

g I ol e
57m“ﬁ7m5m”§?ﬁﬁﬁase and HVG- CoA reduct ase.

{00157} Theyd quﬂp&H@f YFcleipeid gx@ﬁg}. x&yf.rgw can be
increased in a numBYCR vay¥pFar fapinple thfsican e Ehipvadyineiggsige the copy
number of the nuclédiilid se@@B:CAAtoding3ddAntyine(e.e.Oefjuyigy 2 higher copy
msmber expressionvedibd Qe8ieh n&ﬁ@d&ﬁ@ﬁcgﬁfbﬁng the enzyme, or by
introducing additi Kn@ﬁ&ﬁ@ﬁcﬁu&ﬂe dAbAE ke enzyme into the genome
of the host microo: N%IE Oi% E%g gé g\lmedlatcd recombination, use of “suicide”

vectors, recombmagglbuts%ga%mbtda X 5r%b Q&d%gﬁém 9&1 a transposon or
transposable elemgacle WM A ge %’é‘?de‘\'} g cha Qn thc or er of the coding
regions on the polyoisjonic PENA gEHn ARF°8 m & ‘Bf’l’ef"ﬁ gato mdnv:duai
genes, each with itFFfREE o@xtrge:]q@en(s@ inBeasiRe thrcrmgs of §g promoter
(transcription inititidid GinscHBH bonifgl seRIEEE)BNvhich the enzyme coding region
is operably linked & QxampB, Iz alcO3@EE @vinase HaptdSBiAducible promoter
in an Escherichia 8ot RSN ani@h pifide G modified lactose-inducible promoter,
such as the one fo%?\b%;iﬁﬁgs a¥u? ch‘plfBﬁﬁ I@é‘l{é ;ﬂsrﬁ@s) gﬁﬁ%%duclble
promoter and mducm mdsmel?&%motcﬁ&yé&;}% aghggicﬂ %ea growth medium.

ene nB .
The level of u'anslatt?a. %fg §?(:5>ﬁt1dﬁ T -Td mW%;%b‘EOO %&E& G l%ﬂt:reasv.‘:cl in
w oomber o weys GG B 1SR LGS T °f P A
modifying the seqi{BGEH: ribesamieiitdipg eite(Mepifpp BaRfiymeephigTence
betwoen the riboseHRSInRANR DR iricprien ofghs exdynfegpding prguonce,
modifying the entd Tbrhifub At diciocRfd “Ofv@eardrbSyr adj@eneto the 5° side of
the start codon of thg @:Q%@dendg %ﬂoﬂ gtﬁﬂlzﬁﬁlthﬁ Trdafol thd nNA transcript
using hairpins an sFec'r t O ql%@es Joql THQ 'cddgd u%ge of enzyme altering

& 'or increasing the
expression of raxedgqo%ﬁ}lav.gedl m bn‘: es Dgthet m g th

ex enS|ons

( SOEi ng) , durlng whi ch process

ri bosonme binding sites were

i ntroduced after the atoB and the
ERG 3 codi ng sequences. After the
additi on of 31 A overhangs, the




WO U 20071139924PCMI S2007/ 012X8 748"

| RGBS 20076 i
r boxyl ase.
MevB operon was generated by PCR

nEsl g ‘); rrxgxgﬁq§%ﬁ‘s D@{nQJIHJe‘&S Determination
stability of the enzyrgeér Y I S I -
of proferred codons S FFHFR A?ca{xgreﬂasﬁs eqvlgetékﬁ 5&994 dAgkn

derived from the hot @STYBEATR™accessi on nunber X55875,
[00158] The 6} Gppr cHGE consropted i y(c@ﬁ A5igrd evel of copy numbers
of the encoded enzyBiE VA boti exbt@dibuinpy alraybjectvptors FIRIEat g 4 between
10 to 20, between 2%%&%&5%0&%@9& mﬂ;a:n‘izgm pop B G dpsived

me, Low copy mn&%@%ﬁlﬁm FerkeR ASHABHRE20 Qlasmid copies
::-iell medium co? 191%9‘3@ ?&EY@&QM& Froxjﬁe B&se ﬂ:))ut 2(&ﬂﬂmd copies per -
cell to about 50 plascpl%d copsl Fer cell (9 Q-%d}%@'ﬂg Hes pe:gcﬁll to about 80
st s S0 Sy S nzvfgﬁﬁé%a st
plasmid copies per w W% H’ﬁ?"@ c@glv, %‘3@7 Plé{:éoée}
poiss}  Suisdble leayshiveRmRE R NEEPEREFIE GRSt ‘%‘ﬂ“‘*‘*’ but are not
{imited o, pACYC180GBEI6TREL LUpSRING pBARY3| iBBR BYGSEpifs figetives
pSC101, SuperCos (cSH) A pWEBY (cBRED Sditeiy neepipn Py Peresgion
vectors for Escher:BrEal HEhcAE B 80 G Bruitedl 1 Wr@&@mm@vmﬁ
containing a ColE13 fm'x a:atﬂ)g tha m&{\ﬁ{ §uﬂ£ﬂﬂﬂ:@ gy number

expression vectors ! n;werfmhia c?l?'%cguﬁ\tf,eguq %%1 %oplgmted to, pUC, pBluescript,

pGEM, and pTZ v %1% centro, ; expresg' h vectors for yeast
include, but are noﬁt;ﬁr(;g?dtt? ﬁﬁ‘ig :ﬁngS mlr's i & l‘ﬁ\ftﬁ'r 8%31,?; &ﬂe
122:19-27). Sultahwg)glgcogp%tp:gﬁn shpressipy vgﬁtrSéﬂyc?sthéudf, ﬁut are not
limited to, pRS425 BAY (RSN (Prgjstajreate: (GERGene 110:119-122). Alternative 2
microrn expression (dcM ik Ic@GeseledBale bailwschf th(;q)mmtrmq@r (Bruschi &
Ludwig (1988) culVR)R. QNELIA or MRS 2 o Biesthidl Yearing an expression
cassette {as exempﬁléleg ﬁﬁ!é pig. Atpglezoﬁbm'lf)gr LRI 6 plablfilis bearing a

defective selecuontmar q’.tEhQJkEH&h@tgl 8%3;1 Bacteriol. 15[; (2): 625-
635) or URA3d (o;déeg&gf)sg ﬁnmps Qf%ﬁ% "Egrk g%?&ly\éfééﬂncts (1) 202-
207).

el ectrophoresis, gel extracti ng .
[00160] Regulatory gleengs WGWWWWMC%M opetators can also

be engineered to idciegrathe mgabtﬂhélux of 9 enginqerefpaiways by increasing the
expression of one brindbgrERiat thit pibyGr sipliBeafgrielin determining the overall yield of
the bio-organic cotupousd ﬂi-cldﬁJeclL Q{br&{&%ﬁ/iﬂﬁse@bdcenf @fcleotides that initiates
and controls the tlg&‘l{) duckcKBVa8 @RA adiynidtase enzyme. An
operator is a sequ lleo@(ies cé:wenz té th;' ngno(:el&g %ns 1o control

I essi %S E@n ins a protein-binding
transcription of thbW%n @ pressi on

pl asm d pI\/BI was generated by
inserting the MBI operon into the
pBBR1LMCS- 3 vector. The MBI operon
encodes the sane enzynes as the
MevB operon, as well as an
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AN Rt S S0 S POTT DS G0
\ n vectors
encodi ng enzynes of the MEV

domain where a sp%%% rll%@syor {zrgtglgn]n f,a‘élg é%‘cp !?&/tLe%gsgn%g& 2 suitable TEPTessor

. . aul eus o i.n operons. .
protein, transcnptﬂum Th%gmg?ogh Itb?]%gmﬁnﬁ op%?wile TEpressor
protein, the repressms:te'@éinﬁls\ycetbe qumlggtg:fbﬁ,?mmcﬁpﬁon from the
promoter. pl asm d pAM25 by repl acing the
[60161] In séa@GRGmSeH dEG @enDibvetitiog plelifBirs lgglﬁxeqxpmssion
vectors are inducibiéfth Sthzr SieHEaE, chRmSacahial ApREEes/cctors are
constitutive. In son{‘ég&lﬁ)\‘ilngj:tts?&e kﬂ%fe%c&&%&@&&g operably linked
to an inducible pro%t%%n& ol;l*xg or%%glo{ﬂg n&ﬁg Q&&Q&mﬁ’é\‘s/ﬁt E}:ﬁrably linked to

gene, which encodes

a constitutive promgtgy 7/ 139924 PCT11JS2007/ 012467 48
[06162] Noqﬂgﬁnwmes of suitable ?rfmcters for use n prokaryotic host cells

include a bacteriophage T7 RNA polymerase promoter; & trp promoter; a lac operon
promoter; a hybrid promoter, for example, a lac/tac hybrid promoter, a tacftre hybrid
promoter, a trp/lac promoter, a T7/lac promoter; a trc promoter; a tac promoter, and the like;
an araBATD promoter; ir vive regulated promoters, such as an ssa(G promoter ot a related
promoter (see, for example, U.S. Patent Publication No. 2004013163 7), a pagC promoter
(Pulkkinen and Miller, J. Bacteriol. {(1991) 173(1):86-93; Alpuche-Aranda et al. {1992) Proc.
Natl. Acad. Sci. U S A. 89(21):10079-83), a nirB promoter (Harborne et al. (1992) Mol.
Micro. 6:2805-2813), and the like (see, for example, Dunstan et al. (1999) Infect. Inmun. '
67:5133-5141; McKelvie et al. (2004) Vaccine 22:3243-3255; and Chatfield et al. (1992)
Biotechnol. 10:888-892); a sigma70 prometer, for example, 2 consensus sigma70 promoter
(see, for example, GenBank Accession Nos. AXT98980, AX798961, and AX798183); a
stationary phase promoter, for gxample, a dps promoter, an spv promoter, and the like; a
promoter derived from the pathogenicity island SPI-2 (see, for example, WO096/17951); an
actA. promoter (see, for example, Shetron-Rama st al. (2002) Infect. Immun, 70:1087-1096);
an rpsM promoter (see, for example, Valdivia and Falkow (1996) Mol. Microbiol. 22:367
378); a tet promoter (see, for example, Hillen et al. (1989) In Saenger W. and Heinemaon U.
(cds) Topics in Melecular and Structural Biology, Protein—Nucleic Acid Interaction.
Macmillan, London, UK, Vol. 10, pp. 143-162); an SP6 promoter (see, for example, Melton
et al. (1984) Nucl. Acids Res. 12:7035-7056); and the like.

[00163] In some embodiments, the total activity of a heterologous enzyme that plays a
larger role in the overall yield of a bio-organic compound relative to other enzymes in the
respective pathways is increased by expressing the enzyme from a strong promoter. Suitable
strong promoters for Escherichia coli include, but are not limited to Tre, Tae, TS, T7, and
Piombda. Tn another embodiment of the present invention, the total activity of one or more
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REG ON:
2688925. 2687648) The codi ng

enginecred pathwayg’ eu%%ﬂg giﬁngx u;cgge%pggﬂl th%nem a strong

promoter on a high 5{,}? number 2 lﬁ%m(g : m'g}u ¢ Exam %\uf_&ﬁﬂ?%lga 6 { include,
but are not limited @’é‘ﬂ?ﬁﬁ’%“&ﬂiﬁ( 7%@"’“‘{3‘\"’;&@‘?%“& p! F'BAD18
POEM, pBlueseriphFUASHEA “ISEQ | D N0 2) and 4-49

[00164] NorHingNRaies GISEEDIE IrN@rs £8 Jse inteparyotic host cells
include, but are noﬁmitkd 1§, b el v iDMAditE englyBeiborer)BSHS V thymidine kinase
promoter, an early g 19@&1463&0;:&0%:, € ORI H o R lrdtrOiuseSdntd gnuS&E I
metallotinoncm-lpg‘o%telr iction enzynme, the reaction

[00165] Nmars1 tmlg :t;x(e:;m\/\%?iggll 9 (l:O\I{S %ﬂ\p‘, FO for uge in
prokaryotic host oeg lp mit§ (€:bex 1_4:?11§lensnu§e sriﬁmaﬂo
promoter). Non-luwagg egaé:'pleﬁ fq@@%&lbl@m@o% uge in bacterial host
cells include the plgef #ichtiprkegtfe BipreRrpitizs Bpirplrads PREiRY: oo
isopropyl-beta-DaiBivRBoripyratidp B T ringuditieerrqrioters fof cplanply, a facZ
promoter; a tetracyC1PA TakRible Gfimdik;iaf ghabinlioda Ghiblcible promoter, for example,
PBAD (see, for exinipRl GdzadnieQN) (10937} BRteriol. N €7:41 B Fam30R akylose-
inducible promOtﬂoD}[élinmu%ﬂ% I‘oh@ca:ﬁﬁes ﬂll‘nte{ Bl 94’6b 88ais1:71-76);
aGAL1 pwmoter,.ia Eﬂﬁfgkn rgzzr' a\{\e pr%mgl%;ﬁg &%ﬂol—%ﬁ&cﬁg promoter, for

example, a methanf)lrigid ﬁgﬂﬁf 10 dug ? e p%%ter a raffinose-
inducible promoteg)| ﬁgg’fd&ﬂ’lﬁj’gﬁmﬁ unplleel-gett }nfi%xfalle 8ﬁnbda PL
promoter; a promogerigogifpficd by Heatrseugitive %ﬁswﬂf%ﬁwe‘ Wfehg -repressed
lambda-based exprep@oOteead s@,)for g:gtnple |H€Mﬁd 198y |F§m Microbiol
Lett. 177(2):327-38@N4ald ke 4. 8 kb DNA fragnment was

[00166] Noxgﬁ'luh@)éia&@&toeﬁnabfg B stinf @l pavtetieks £NSe in yeast host
cells include an Aﬁﬁﬁﬂf@ﬁb, aMaR, Jrh Qﬂiz%ﬁim%t Rorl 1Aing cxamples of
suitable inducible r§mtf? fcrq;ega ;s?hqst E‘éﬁ?ﬁuﬁ@ﬁn Q‘E Qagllﬂﬁ{ed to,a
divergent galacto: %ﬁ l%[ﬁ urcl-1e1§ Z Iogﬂ 1 Q a%‘i_[.nl moter ‘est at al

nce .
(1984) Mol. Cell. ‘ﬁle“(Hf %5&8%%}5%}, or %geée esu'ed, subject
vestor comprises aERIIO a5 PR Hest) Pﬂw ARl 12 Peomeieiey
[00167} Nop-Buifii@exadhples oFFREHB:s fosuspin sastefiahlepiyeclpigclude a
lactose promoter opiytdD (TQ replibvdse: GORIn Shandedragfemation when contacted with
lactose, thereby privQlihOf] EEXiReR &S phikkinHo@ Siditk tPANpSor), 2
tryprophan promo %enq(ﬁ thwmgiéxgp&ngl @&5,' TR repressor protein has
a conformation th£ rt'ﬂe opetgfo‘ or; m:lfh Qly t 4 EE‘%%&LS lPi%R TEPIessor

I'ng sequence o0

gene whi ch encodes the
Saccharonryces cerevisiae HVG CoA
synthase, with the coding
sequence of the nvaS gene, which
encodes the Staphyl ococcus aureus
HMG- CoA synt hase ( GenBank
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3N POTASSR00
fer at ed by

inserting the

protein has a oonfosmﬂaun% dgg ?nét %1‘{19 o] thg\é}%él)or A ml%ﬁ;téoperamr

(see, for example, i?ﬁwgef al; (}ﬁ&g Péoc \}\Iéui zld.oégihlp 38%925 D

[00168] The(ggﬁsp? ﬁh%eé%'esflﬂb"e‘ﬁlr @p‘fﬂu’é\ ﬁlf.odmcode aribosome
binding site to duegt@-pislpt@a(ﬂ}abﬁ syn@@g}cé g'naf:qc@ﬁi m ne product. For
suitable ribosome HiEing §iesTarngan Safgtidirrolivad hige et al. (1975) Nature
254:34, and Steitz, @MbISEcR Reduld@on GRA el OIS GRERGIefsON (cd. R. F.
Goldberger), vol. 1351 549bf9§g: i’ignuﬁ Qllbﬂgﬂnh Y, Afertd DS e GRbdme binding
site encoding nucleogcg CATJJ s&%f amdﬁlé &h@m facilitates
cfficient trams}anmpg fl yeaﬁt lg;etstrl::-cmo (Eonpmneel al. 91'3??5’11% n& Res.

e
st Yon gt FEMINEEIL T 2201 ved by
[00169] Othgeq:gul@:pré @f“?eetb% F’@S‘?e §sed ip ﬁrg:xprcssmn vector include
transcription enhargey plmﬁs mmsylp@n SrojigtofSNGee. oy %quer et al.
(1987) Metbods (B nalbgR) llﬂljﬂﬁ-het entire par | ocus
100170} AnWaRss@&Vectbotlay BGLi@Ble foRkn pat@ular types of host
microorganisms ald SGHoBLE gneQN%dMﬁﬂm al@Swever, can readily
determing through wlﬁ% e:%&!&ntlxtﬁli Qhethgl% pgt?'ctﬂtar exprcssmn vector is suited

stric I'TE SI L& tgrc %‘ltroducedmto

foragwenhostmﬁgiooﬁgam[gaxéﬁr el ES gt
the host organism, éithlc]éF lhcn(niglgmi \fjor E& él a?d egprT%?(o aTjr gencs
contained in the v§PO4- 6216) , yi el di ng vector

100171]  TheAbri@eh vedix pcelss fopiin prie aRppredelfiaRjprpker genes
that, upon expressith, Sonfh @€ &tn@ek phapotdrrigits@tefubipr selestinggr otherwise
identifying host coSt6d caninlle SPedsionl @@brNog-ihififE cxamples of suitable
selectable markersSSeXER Stic cdiNBe1das aitoRidte Ritinéhdd bl nidEFoin
resistance. Non-lithi %LaYn%gs J? ymtg)fel selBEHHRR h}@fr@éﬂy&n cells include

tetracycline, amm%tl[%% cﬁp Brtpg n%llh%taﬁd lgﬂm%mstance

[00172] Fortqﬁogg:flg(gr %ltm-na‘gag.ne\bcgmt at an m& stridl scgln q may be
impractical or too S5Y7q 1-3Y WUl Tk SRS SRy POYE o of an ambiotic

to the fermentatiofP@fija Sgedingl fHRgme faqﬂy@mtof tpeesent invention employ
host cells that do ok :gutretbl is¢f @n dnfibdvtiMesigtancBgrjferring selectable marker
to ensure plasmid KR SrkskibnGhdtdByina &W&mlnﬂ'ieicemﬁb&ments of the present
invention, the exp%m 3&1:01' c}(ﬁu@&sq 13.6hi EXNRSE lsy8m such as the 60-kb
IncP (RK2) plas 27 the[lgglagsﬂ;lim;ﬁnd%r segregation
system, to effect thfl m%heg a npolf gnng Q.t% geEeLtng éee, for example, Sia

ctal. (1995)1. Bﬂf?‘@l?k BPEPREreEn e CROJ AL P 2os o0 4

t he MEV pat hway fronlEnerococcus
faecalis organi zed in operons.

[ 00201] Pl asm d pAML6 was
generated by inserting the coding
sequence of the nmvaE gene of
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WO he nvaE gene @f expression
j juint PCTRIS 20080
ector. Vector
pZE21- Ptdem is a derivative of
suitable plasmid mﬂ%’“%at‘“%rm%gt}fs mée]is %&déﬁ'w tﬁébam%?m“ of

RK2, which codes f?rre?té rng.r%p% oar&unV\s%!?l% gﬁgttgiém? eﬁan%‘i%ﬁn%%ndmmbit te
il o ofh gy A PTAY O PR P SR o Cpre
vector that harbors @@amm@)lcklym gfsqledli:FtaBlF g;gmla resulting
in the stable toxin tRANIG e weigleath TeRKe diaspy rqpbqtﬁtﬂn &t j§ encoded
by the 1rf4 gene, whikhicstgs fia DA lrepBuatbn plioteiel| The RK2 plasmid segregation
system is encoded Hy &% ngt dpQSh, QUL Y 6eSor plol3Rs thee AfdtiénGdresolve
plasmid multimers Mkt b U AURDNA GSRaderd Dy gel

[00173] The SHES Eerct‘-?%gatg Ecieusxtlmaﬂccft' 2 host cell stably or transiently by

variety of establish%ézﬁ]gn%)l(x%i %% e, ?11;\31 g o(c:! glla\-lﬁ\\hes ar c%gi[trme Q'Eoride
treatment wherein Wﬁwe%g i‘“ﬁ‘é‘f'me%ﬁ arcaleitué%’ecipgﬁed Other Sé_ﬂ.tsn
for example calciurp Phosphatepinayalaghe Wfoﬁm ﬁgﬁ{lar ;nggdure In addition,
eleciroporation (that B3t Epéicktidnf corrdnt e nBeerediclperigapiliy pfjcells to
nucleic acids) may bASH! Dhér i@y AEhas itandohicroinjection, DEAE
dextran mediated tRxbfornbridal 2 IRAEEH Bl PG oPEIESSicade. Lipid
complexes, liposon@:L, %’m:rﬁ nrpeé.l\@ also [bQQl%Q:Q@li @@\Qﬁsﬁa% B3

microorganism. pl asm d pAM33 was gener at ed by
[00174] Upolfl ﬂél?frﬁl{l}ilg%g@é%g‘y Ct?rglgl;g(% F% ge Iu g hcgt?to :%I:nufy the host
cells into which therﬂlla'@?ﬁctaurm m mF?ﬁ.uﬁd égzlr) ?Céxgpéﬁwos;ﬁlecnon method
involves subculturipg ipdivijugl cgiialyFopm 'mE'xiﬁlraJe:glgqi%,ﬁ'ollo%by testing for
expression of the d2GQ( kil 30Qir/ PETA; SABO Ay Pligs tramgfprmed host -
cells based upon piRhalypld®a{) Gonfrirgdittirongh the expression of selectable marker
genes contained ww EMT&JMQ,%&S;] of;l)rdin.ﬁjr :ikﬁllﬁﬂn?dentlfy genetically
modified host cellstisi &es@@&h I F#1atldn GOIKP] €L T ON
[00175}] Theéx%@@ntg%? Vi quaatg@ag?éqgmﬁtrcgq%{hﬂn%&og o 2 host cell
can e confme il s 1 el e Ut Efcion For
example, nucieic afmflféand:ﬁ f‘ﬁi’f tgel rysulfﬁt h%‘:b e e spécific
sequences of interefslrc&:gwelngﬁﬁgd(yh PGHR ﬁ}nﬁ@inlelﬁ éae%f&&?r H)@ sequences of
interest. The ampl§edpieine s s@jﬂct@dht&aggp&geg@qq@p\)mis, g@acrylamide
gel electrophoresisX bapiAsty @glyopibreels, Fdlewel Byotaming eitiDjlivm bromide,
SYBR Green soluidn SORERRL, oM@S1ibn b8 BRA ith sl UV datectifte Alternatively,
nucleic acid probesB ;!::Efizq‘or §1E Ieg.ler_g.’:gs oEief SR Ee@ﬂpl@j’e@ﬁ Hlly@ridizaﬁon
reaction. The exp:e 1¥ng?a a\)écl:lﬁclﬁglg Qe%iegé%;%? é&c%ed by detecting the
i a mv P it couolz i'lﬁ%(ug{n e%%)'[ lgfgridization, or

corresponding mRYANE VS TRRB R REE P Gener at ed by

inserting the nmvaS-rnvaE operon

of expression plasmd pAM33 into

vector pAM29. The nvaS-ntvaE

opevron was isolated by partially

di gesti ng pAMB3 usi ng Beek(
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AOT/USEAC '
hay | ncl e
-deoxy D xyl ulose- 5- phosphat e

by immunoassays us g % gs &Qﬂg%‘?& P&{de& Q:ﬁ pIrJ;i&t %Q&lary
%n unoa.ss and sandwich

immunoassays mcl e atétfa)r)% §° e BP 5 %ILO g.e 0 S p

immuneassays.  r educt oi sor nerase ( encoded b t he
[00176]  Thegfield ofyfpeoraptic EIRIRYHAOH BEUHT{Epolic pathways
disclosed hercin cad bechugivaeidia M@Mﬂmww from
productive steps totvitals fhrabtioB i itk Rias@an{canawd Bfibidyn of the
unproductive mmﬂo&ﬁa %) ﬁ‘oﬁi@ve@ty r&&t&@{e ieﬁ-‘pmssﬂn ﬁﬂfmta)tivity of

enzymes involved ert]»ge OF more ﬁroducnve reactions. Such reactions include side

reactions of the TC cﬁ a? I?EB tgl;{osyn%lecs;s os;lthgi[s, the

n c o L]_ o
aspartate superpat“v? uc ’é"ﬂ%“% ﬁ)s /ot ate biosynthesis,
et é&'@’ét"ﬁ‘@r""’t"fg&h“s“f"aﬁ”}‘ﬁ yr uvat e
001771 A veritt oDerthpdsenrioiidily G bogckiss ey prfapeidoedgym 2 sene
of interest. For exdinplhi {olo@p brocexpreseiynine? 63-apreiniigtied §p-delgtion,
mutation, and/or ghhk Rebrkahgarhen? -Ilp:hﬂﬂi;p BeachBed olDMARh the use of antisense
RNA, siRNA, miRNASGHIRAbsS iSOt SINAJantd tiGbcBitibd @or translation
inhibitors. In add1§c caL b@etmpﬁﬂag Q)qgruﬁ Q&Q@ﬁ@sm&f for example,

t " a
by inserting it betweiéxSh r1:»1'0t etar a%?ﬂ? PO% aé@%?{,l %t:;vﬁea tvi:'oh céjacent gencs to

inactivate one or sequences of the its ,
[00178} The(a@@wsg RicrosrgmER et Ui (R poseEEY of
microorganisim, caRIECRENd WIS thy Bejehtof pricrogpeggiem isolated from a
given volume of tiz GameBativk mediwe fobomenmstryeks thy FrO G cells per
liter of fermentatidrimedioN: AndiB:3 &tod whiBedilbE psed 1o gypdDor the
fermentation whild lﬁeﬁ&%@&g AG¢ SaSkubdhet b2 @ftical JG) HGhe
medium. A co mres A s torfaRaie 8 o&&?M&t a wﬁrﬂ&llgth of 600 nm,
reforrod to the onﬁ SR ﬁé%ge Rl 3 @%@g@& ymmm,esfa specific type
Sﬁﬁ(‘o

edmm, SCT’]Sgem I 'ela onshi %gwee and amount

of organism withi g, e

of miceorgiom 3 Py P 0 AR AT} e o oremisms
all types of media ofy eREBFTIP P EA b«s‘tﬁaﬁ%"ywmﬁ 0D and the dry cell
weight over a rangg e@léch:gsegs Jrrcméyasey Higke Gprrelations can be used in
different fermentafi@Sf thd s@td @I Ripredisthsdsthe pnqpysimilar media.
the PCR priners shown in SEQID .
NOS: 15-18. EXAMPPER products were
[00179] The @S:tide vk tyyengelkntiol @eimplyp Frerseogtienvise indicated,
conventional tech§ ks ot Figs@dietk iiBitt gnd ge Gler@Mare within the skill of
(Val encia, CA) gel purification
kit, digested to WO
2007/ 139924PCT/ US2007/ 012467
conpl eti on using appropriate
restriction enzynes (Xhol and
Kpnl for the PCR product
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ePCT/US200%t

t he DNA fragnen
conprising the RIC2 par |ocus and

the art. To the extL;R glc&t&!hﬁ&ummgtmﬂl M@@Qﬁ find ampie

reforence to them SRR Sei el ext ract ed and the
ment s, Ligated

j00180] In tLe f)lIIOanﬁ eé eFfoqs Vﬁbcf ) t? accuracy with
respect io numberst lﬁgl (fm t?ﬁm_p}% WW@ﬁF‘PPETEI‘F ﬂ]ﬁm@) but variation and
deviation can be afcm@ptgdsanétn thy |e\_rent(a tleriggl }:r\tpr in the numbers reported
herein exists, one Baciingy kil in thﬂ_a?tgto@@ﬂikhiﬁing pertains can deduce the
correct amount in Yikv@ bithe RghaiiSEds0Ibsuid Advlla3 Bnleds Mblla:3 otherwise,
temperature is repWVe® inAbededeBits, 119 peoql ﬁgrinswatﬁ&h% pressure at
sea level. All reaégsl ln.lel?, o@:@;%bk&!&éﬁ, (zvgégb‘akn&t clmglnerclally T'he

enz e reaction m
Fllowing g S i oSl e B B e A By o
seope of the presejt Renlihy - oxi mat el y 6. 4 kb DNA
[00181] Ex ment |acking the ampicillin
[00182] Thip exginp)¢ deseilss lgfélngs oy H@{h@ﬂ{pﬁ]ﬁssion plasmids that encode
enzymes of the ME) prthwapaftonnSecciay drjdes renngigre gginized in operons.
[00183] Ex@ebbionpCiradpMeaT Gas gha@ratbaS9 inattB gt AT operon
(SEQ ID NO: 1) ift§ 8OBRE3 WaS. The Gt 88 roMbdedliesAte set of MEV

pathway enzymes Wg&ﬁé ﬁ'&ﬂ"lﬂlﬂ){he glﬁ&ﬁ&l@]‘r&ﬂso%yl-CoA to (R)-
mevalonate, namer race'g) ltCog%Jlrgi) &&de&og IgB g?l[G -CoA
dlfoning site t
reductase. The Meé(lT ?ZF% X g?n%ras r f%l m Escherrc it coli
genomic DNA the gpding seausyoe af g 48 g?ré @F‘Eﬂﬂ““ﬁﬁﬂW‘S‘?’?“‘“"“
NC_000913 REG@Jp:}Bé@é] %53,5?) SFamwis W@gl%hiolase), from
Saccharomyces c:edqwge@_e@@mWA@g nlpiing@eht@we ofdhe ﬁ,‘gGgﬂggﬂe (GenBank
accession number XA PR EGION.284..1696)i(dnGriles @ HEAFHIRS synthite, and from
Saccharomyces cek DB defdhic TNl WeBed\F e ERBHIMRGDE BYHMG] gene
(GenBank accessiSShmBt RSoE0RRAGR 356813185 Vhcbdd€: truncated HMG-

CoA reductase (tEHUR)) Oﬁ-{ ¥CI€' ehxped % 1&@&%@ L¢ he HasGr
gene fragment mcy\Qﬁ )'(sttarr; CO on gefil dgﬁ]@uts were spliced

together using oveflgagfctﬂs ’fesls%wmé)n 55 alﬁawme b1 ding sites
were introduced aﬂ;%fhp c’rroBaﬂqﬁthT .ﬁ@] 3 @M@Fc@@c@w the addition of A
overhangs, the Mef¢F engrqei4s Ligatsrh intaiths [T glotting @ecfoppsIBY Guvitrogen,
Carlsbad, CA), an{D{e@iirbdb enduiccheduyFBeMiett opdrdhivs subsequently
ligated into the XnAPBHIQriNBSenkyirg @lc 86 edid §maﬂ3f'|@}uzman et al. (1995)J

Bacteriol, 177( 149@\9{-8%)/ 'ﬁo%ﬁ&ertﬂe 91;31'09 habrihe XJIEOI §f| tﬁe@w promoter,

he pAM257 vector, vyielding

expreSS|on pl asm d pAIV1424 (see

Figure 8 for a plasm d map).

[00211] Exanple 5 [00212) This

exanpl e descri bes nethods for

maki ng expressi on plasn ds that

encode enzynes that convert EPP
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FUA/GH200;

TS were
generated by inserting a DNA
the araC—PBADst[f m :i\%s[lgac@d el Q’Qf—Xnﬂ@ﬁagment of

pBBRIMCS, yleldm g‘f’ﬁ Es enﬁg% [}%eeat_'ﬂs @%t%?&é{lﬁﬁgg €92,751). -
[00184] p?g‘fﬁ)fl pleswid 66 ‘-g.hé/ ng the Mev’

operon into the p%vteﬁcas\@ct?r-pﬁpy \;yas geaqrate& by msertmg an oligonucleotide
cassette containingt4eni-Hi/A G efvg- Pg?—ﬁ{]h@g@es@cﬁpsemeﬁfe@mm the
pACYC184 vector ((RBB4AN $cc:2BA nindetXM6403 ) Tdnd byDiikving the fef resistance
gene in pACYClSi ROV T oj;eﬂ}ﬁ Gfﬁstsydﬂalﬁ:alg @aekialusisk the nucleotide
sequence SEQ ID ﬁd n taha%ﬁ;;@a@' dit¥en cdrh%thQheQﬁ;B @ene from Eschevichia coll
(GenBak acoession nuILH)er%CeOUEQE Rﬁ&‘i@ﬂ}%ﬁtﬁ 825630l kB BrG 13 gene

| from Saccharong:cgs cg- zszae g)tgge 2 easce?sx 1|1_.>n it ea A 17e%EGION 220..1695),
and a truncated v 1&%’ %aWG gl]SSCﬁ aﬁm%s clgrevzsme (GenBank
accession number M%WON RE@ 3@@) all % sequences being codon-
optimized for expr@@ih ASRIPHPET Tt SSROGHHY graueg MevT66 operon
was flanked by a 520 RIT#GGion enkylne sic ol at g rretrintion apfyme site,
and could thus be dIdA&1 ifto fomPAIBIE RAricEINthAMRSBes GV ®niaH vector such as
a standard pUC or PRG0S Jec@) AbIA thfs GRREBA e MovT66 operon was PCR
amplified with ﬂar@]%g.g;é §[ld QHSI Q&m&?ﬂ enM§ §é§ 85&:1191150@ BNA fragment

was digested to mmqetio n enzymes, the ?actlon mixture was

ug
e
using » Qlagen echprFFfisEiPn YiEAIH GARREERplaiod DNA fagmont vas
ligated into the S BGSI BGR I enzyrhassite.s B PIVI3E B¥§lge Hpldinggpression
plasmid pAM36-MeMBS6U - pi nene synt hase gene of

[00185] ExphRLi@lpla@haiainy wisGeiadidtts kns@thg 86 MI65 operon
into the pAM29 IO e lgﬁl\bg 2 ared i Gabekdling e p158 O of

replication and karprgms%ce génm %&&éﬁgﬂ:mujard é?:gv') Nucl Aclds
Res. 25:1203-121 (% w&tiag g{lg? clen%rdneb%eﬁeéateg k é‘ﬁ}? §rgmc§ A synihesis
construct comprising th T Vi € %o cgm qtglon using

8% % MY TeSSPRIGsT 2R "é”%% ﬂ“‘
EcoRI and Hind Iffestringon e hs rpartop 14 y geI
electrophoresis, the ¢:2 ESRAdfremuitye 5l &YE9S H0Y ispiftedgiNA fragment
was ligated into thPS@R B BgarictimREdy sty of pADE3IBantrng expression
plasmid paAM25. aCCessi on nunber AY906866
[00186] Exﬁgﬁngﬁls&@pméﬁ-%@wﬂmﬁ&d Whhs@Hing the MevB operon

into the pRBR1MES. 2 H:tod. Phe 9: Sicols FESSr Qymes that together
c(:nvert fR) mevallgnatrgt%o API Igmeva al l é‘&l’n&%ﬁ&%{gﬁnﬁe and

uences el ng Codon Imze
for expression in Escherl chia
coll. The DNA fragnents for FSA
was anplified by PCR fromits DNA
synt hesi s construct using the

pri mer sequences SEQ I D NO 39
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mevalonate pyropl]paaiite‘, a%%x, %sﬁ Tienlg] 1\2 & Xb rac')n {VHESS”zt Ifat(a)ted b{ CR amplifying
fromm Saccharomydeq SSHAS ée"%"g’/‘ﬁ’t’%g‘%“f“l‘%sé‘?‘f e Eﬁ 12 e
(GenBank access:cp‘ﬁpre@@ﬁSVé,(ﬁE@}ON W.é P }d} es a mevalonate kinase),
the ZRGS gene (Ge%p&wss:mw&ea@ﬁ%@lﬁﬁ%e@%ﬂ@ Gncodes 2
phosphomevalonafd T8 Ikt thd\is7D 1 [ade CBEHANBEREssion number X97557,
REGION: 544..178% feﬁe%&ﬁa :Eévh&me MJP&QM‘JO)@M), and by sphicing the

PCR. fragments toge Er%g B%hgogﬁg appropriate primer

sequences, the sto gc??cf S ex a % T G during
amplification to i n@:lnatis? rrp f% SA ovel rgangs, the
MevRB operon wasiligatqd inty qaeél"Arfng%Véqtcﬁ PCl}-*%ﬁ[n?%en Carlshad CA). The
MevB operon wasiexpisestHy iigating [10 OO oS er st gy ep oipe P
restriction enzyme] @ lving the redotie nfrosd by 8¢l Flepirpphoresisggl extracting the
4.2 kb DNA fragnéeht@ad Reking Yhe 156180 DNAFERnRG into the Pst] restriction
enzyme site of ve&ﬁ Fﬂﬂlﬁﬁbb Y (I@Jm Ele Btne BB@ji HSil@d"(ilS&S)), yielding
expressmnplasnng éVB%r ent cells with one or

[00187] Ex@g:(ssnclgﬁs:ﬁi et\?%l an era%g w‘rg%lm%fthe MBL operon into the
pBBRIMCS-3 ve%l '.The H’B&‘tp""%’tef"é?f’ Tgﬁxsinzygtes as Mev'B operon, as

well as an isopentgy|ptophobpiagtom st &t ARG P SuepjmorPr o
DMAPP. The MBPbrawivel senpted Uy FERt fuplitgiag @mﬁs@rr*%s gl gonomic
DNA the coding sBindncdfity i qob¢BE SRR oS nyibg AFG(§715) using
primers that contalhg{ dXlvnEradstaaidh Gisde isite aGhekt g’/emt, digesting the
amplified DNA ﬂﬁﬁﬁt%ﬁyﬂiéﬁﬁﬁlsﬁé‘rxﬁhg/emmon enzyme, resolving the reaction
mixture by gel ele@tnalp&';f@ima QM the 0.5 kb fragment, and ligating the isolated
DNA fragment into the Xmal restriction enzyme site of expression plasmid pMevB-Crm,
thereby placing idi at the 3' end of the MevB operon. The MBI operon was subcloned into the
Sall and Sacl restriction enzyme sites of vector pBBRIMCS-3 (Kovach et al., Gene 166(1):
175-176 (1995)), vielding expression plasmid pMBI (see U.S. Patent Number 7,192,751).
[60188] Expression plasmid pMBIS was generated by inserting the ispA gene into
pMBI. The ispA gene encodes a farnesyl pyrophosphate synthase that catalyzes the
conversion of IPP and DMAPP to FPP. The coding sequence of the ispd gene (GenBank
accession number D00694, REGION: 484..1383) was PCR amplified from Escherichia coli
genomic DNA using a forward primer with a Sacll restriction enzyme site and a reverse
primer with a Sl restriction enzyme site. The amplified PCR product was digested to
completion with Sac/! and Sacl restriction enzymes, the reaction mixture was resolved by gel
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electrophoresis, ankf RO AFIAINA f&g&nw é&ex@ﬁf:cbﬁfa fis6lktbd DNA fragment
was ligated into m«gSalyI%.éarcﬂ'res&ig:toﬁ é&%ﬁ lsi‘:e%?p]\&%%ﬂ:@ placing the ispd gene
3 of idi and the Ma%rogtgcgiia_n%ﬁ%&éggﬁag%}on Eéwdz)MBIS (sec U.S. Patent
Number 7,192,751).

[00189] Expression plasmid pMBIS-gpps was derived from expression plasmid

pMBIS by replacing the ispd coding sequence with a nucleotide sequence cncoding a geranyl
diphosphate synthase (“gpps™). A DNA. fragment comprising a nucleotide sequence encoding
the geranyl diphosphate synthase was generated synthetically using the coding sequence of
the gpps gene of Arabidopsis thaliona (GenBank accession number Y17376, REGION:
52..1320), codon-optimized for expression in Escherichia coli, as a template. The nucleotide
sequence was flanked by a leader Sacl7 restriction enzyme site and a tetinal Sacl restriction
enzyme site, and can be cloned into compatible restriction enzyme sites of a cloning vector
such as a standard pUC or pACYC origin vector. The synthetically generated geranyl
diphosphate synthase sequence was isolated by digesting the DNA synthesis construct to
completion using Sac!T and Sacl restriction enzymes, resolving the reaction mixture by gel
electrophoresis, gel extracting the approximately 1.3 kb DNA fragment, and ligating the
isolated DNA fragment into the Sacll Sacl restriction enzyme site of expression plasmid
pMBIS, yielding expression plasmid pMBIS-gpps (see Figure 6 for a plasmid map).

{00190} Expression plasmid pAM45 was generated by inserting the MBIS operon into
pAM36-MevT66 and adding lacUV5 promoters in fromt of the two operons. The MBIS
operon was PCR amplified from pMBIS using primers comprising a 5° Xfio/ restriction
enzyme site and & 3° Pacf restriction enzyme site. The amplified PCR product was digested
to completion using Xhol and Pacl restriction enzymes, the reaction mbxture was resolved by
gzl electrophoresis, the 5.4 kb DNA fragment was gel extracted, and the isolated DNA
fragment was ligated into the Xhol Pacl restriction enzyme site of pAM36-MevT66, yielding
plasmid pAMA43, A DNA fragment comprising a nucleotide sequence encoding the lacUVS
promoter was synthesized from oligonucleotides and sub-cloned into the 4sef Sl and AsiS{
Xhol testriction enzyme sites of pAM43, yielding expression plasmid pAM45.

[00191] Example 2
[00192] This example describes methods for making expression vectors encoding

enzymes of the MEV pathway from Staphylococcus aureus organized in operons.

{00193) Expression plasmid pAM41 was derived from expression plasmid pAM25 by
replacing the coding sequence of the HMG/! gene, which encodes the Saccharonyces
cerevisiage HMG-CoA reductase, with the coding sequence of the mvad gene, which encodes
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the Staphylococcus aureus HMG-CoA reductase (GenBank accession number BAGO0017,
REGION: 2688925..2687648). The coding sequence of the mvad gene was PCR amplified
from Staphyloceoceus aureus subsp. aureus (ATCC 70069) genomic DNA using primers 4-
49 mvaA Spel (SEQ ID NO: 2) and 4-49 mvaAR Xbal (SEQ ID NO: 3), the amplified DNA
fragment was digested to completion using Spe/ restriction enzyme, the reaction mixture was

resolved by gel electrophoresis, and the approximately 1.3 kb DNA fragrment was gel
extracted. The HMG coding sequence was removed from pAM23 by digesting the plasmid
to completion using HindIll restriction enzyme. The terminal overhangs of the resulting
linear DNA fragment were blunted using T4 DNA polymerase. The DNA fragment was then
partially digested using Spef restriction enzyme, the reaction mixture was resofved by gel
electrophoresis, and the 4.8 kb DNA fragment was gel extracted. The isolated DNA. fragment
was ligated with the Spel-digested mvad PCR product, yielding expression plasmid pAMA41.
The nucleotide sequence of the aroB(opt): ERG1 3(opt):mvad operon contained in pAMA41 is
SEQ ID NO: 41. ERG13 is also known as HMGS or HMG-CoA synthase. '

[00194] Expression plasmid pAMS52 was derived from expression plasmid pAM4L by
replacing the coding sequence of the ERG3 gene, which encodes the Saccharomyces
cerevisiae HMG-CoA synthase, with the coding sequence of ibe rvaS gene, which encodes
the Staphyloceccus aurens HMG-CoA. synthase (GenBapk accession number BA000017,
REGION: 2689180..2690346) . The coding sequence of the mvaS gene was PCR amplified
from Staphyloccoccus aureus subsp. aureus (ATCC 70069) genomic DNA using primers
HMGS 5' Sa mvaS-8 (SEQ ID NO: 4) and HMGS 3' Sa mvaS-AS (SEQ ID NO: 5), and the
amplified DNA fragment was used as a PCR primer to replace the coding sequence of the
HMGI gene in pAM41 according to the method of Geiser et al. (BioTechnigues 31:88-92
(2001)), yielding expression plasmid pAMS52. The nucleotide sequence of the
atoB(opt):mvaS:mvaAd operon contained in pAMS52 is SEQ ID NO: 42,

[00195] Expression plasmid pAMO7 was derived from expression plasmid pAM45 by
replacing the MevT66 operon with the (atoB(opt):mvaS:mvad) operon of expression plasmid
pAMS2. Expression plasmid pAM45 was digested to completion using AsiS{ and Sfil
restriction enzymes, the reaction mixture was resolved by gel electrophoresis, and the 8.3 kb
DNA fragment lacking the MevT66 operon was gel extracted. The (atoBlopt):mvaS:nvad)
operon of pAMS52 was PCR amplified using primers 19-25 atoB Sfil-S (SEQ ID NO: 6) and
19-25 mvaA-AsiSI-AS (SEQ ID NO: 7), the PCR product was digested to completion using
Sfif and AsiST restriction enzymes, the reaction mixture was resolved by gel electrophoresis,
the 3.7 kb DNA fragment was gel extracted, and the isolated DNA fragment was ligated into
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[00196} Expression plasmid pAM9S7-MBI was derived from expression plasmid
pAMO7 and pAMA4S by replacing the MBIS operon of pAM97 with the MBI aperon of
pAM45. The MBI operon was PCR amplified from pAM43 using primers 9-70C (SEQ ID
NO: 8) and 26-39B (SEQ ID NO: 9), the reaction mixture was resolved by gel
electrophoresis, the 4.5 kb DNA fragment was gel extracted, and the isolated DNA fragment
wras digested to completion using Sacl and Xho! restriction enzymes. Expression plasmid
pAMO7 was digested to completion using Sacland Xaol testriction enzymes, the reaction
mixture was resolved by gel electmphomsis,-thc 7.6 kb fragment was gel extracied, and the
isolated DNA fragment was ligated with the MBI operon PCR product, yielding expression
plasmid pAM97-MBI.
{00197} Expression plasmid pAM97-MevB was derived from expression plasmid
PAMO7 and pAMA4S by replacing the MBIS operon of pAM97 with the MevB operon of
pAMA43, The MevB operon was PCR amplified from pAM45 using primers 9-70C (SEQ ID
NO: 8) and 26-39A (SEQ ID NO; 10), the reaction mixture was resolved by gel
electrophoresis, the 3.9 kb DNA fragment was gel extracted, and the isolated DNA fragment
was digested to completion using Sacl and Xho! restriction enzymes. Expression plasmid
pAMS7 was dlgested to completion using Sac/ and Xkof restriction enzymes, the reaction
mixture was resolved by gel electrophoresis, the 7.6 kb fragment was gel extracted, and the
jsolated DNA fragment was ligated with the MevB operon PCR product, yielding expression
plasmid pAM97-MevB. ‘
[00198] Expression plasmid pAM128 was generated by inserting the
(atoB(opt):mvaS:mvad) and MBIS operons of expression plasmid pAM97 into a vector that
comprises the RK2 plasmid replication, segregation, and maintenance system, which obviates
the continuous need for antibiotic selection of host cell transformants. The RK2 plasmid was
digested to completion using Pstf restriction enzyme, the reaction mixture was resolved by
gel electrophoresis, the approximately 6.3 kb DNA fragment containing the entire par locus
was ge! extracted, and the isolated DNA fragment was subeloned into the Pst/ restriction
enzyme siie of the mini RK2 replicon pRR10 {Roberts et al. (1990) . Bacteriol. 172(11):
6204-6216), yielding vector pAM132. Expression plasmid pAM97 was digested to
completion using Asc/ and Sacf restriction enzymes, the reaction mixture was resolved by gel
electrophoresis, the approximately 9.4 kb DNA, fragment was gel extracted, and the isolated
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[00199] &tﬂl.&kﬂé

{06200} This example describes methods for making expression vectors that encode
enzymes of the MEV pathway from Ererococcus faecolis organized in operons.

[00261] Plasmid pAM16 was generated by inserting the coding sequence of the mval

gene of Enterococcus faecalis (GenBank accession number AF290092 REGION:
1479..3890) (encodes an acetyl-CoA acetyltransferase/HMG-CoA reductase (HMGRY)) into
the pBlueScripII-KS(+) vector. The coding sequence of the mvaE gepe was PCR amplified
from Enterococcus faecalis genomic DNA (ATCC 700802) using 5° phosphorylated primers
4-40 mvaEF BamHI (SEQ ID NO: 11} and 4-40 mvaERHindIIl (SEQ ID NO: 12). (Note
that primer 4-40 mvaEF BamHI changes the start codon of the mvak gene from TTG to ATG
in the amplified PCR product.) The resulting PCR product was ligated into the Smal
restriction enzyme site of pBlueScripll-KS(+) (Stratagene, La Jolla, CA), yielding
expression plasmid pAMI6.

00202} Plasmid pAM18 was generated by inserting the coding sequence of the mva$
gene of Enterococcus faecalis (GenBank accession number AF290092 REGION: 142..1293})
{encodes a HMG-CoA synthase (FIMGS)) into the pBlueSecripll-KS(+) vector. The coding
sequence of the mvaS gene was PCR amplified from Enterococcus faecalls genomic DNA
(ATCC 700802) using 57 phosphorylated primers 4-40 mvaSF Bgill (SEQ TD NO: 13) and 4-
39 mvaSR BamHI (SEQ ID NO: 14), and the PCR product was ligated into the Smal
restriction enzyme site of pBlueScriplI-KS(+) (Stratagene, La Jolla, CA), yielding expression
plasmid pAM18.

[60203] Expression plasmid pAM22 was generated by inserting the coding sequence of
the mvaE gene of expression plasmid pAMI16 into the pZE21-Py4ac0r vector. Vector pZE21-
PLzcon is a derivative of vector pZE21-MCS-1 in which the tet promoter was replaced with
the Py o1 promoter (Lutz and Bujard (1997) Nucl Acids Res. 25:1203-1210). Expression
plasmid pAM16 was digested to completion using BamHT and HindIII restriction enzynes,
the reaction mixture was resolved by gel electrophoresis, the approximately 2.4 kb DNA
fragment containing the mvaE coding sequence was gel extracted, and the isolated DNA
fragment was inserted into the BamHI HindlIl restriction enzyme site of pZE21-Praacot,
yielding expression plasmid pAM?22,

[00204] Expression plasmid pAM33 was generated by inserting the coding sequence of
the mvaS gene of expression plasmid pAMIS into expression plasmid pAM22, Expression
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fragment containing the codm sequence o; hs mvaS gene was gel extracted, and the isolated
'DNA fragment was inserted into the BamH{ site of expression plasmid pAM?22, yielding '
expression plasmid pAM33.
[00205] Expression plasmid pAM34 was generated by inserting the mvaS-mrvakl
operon of expression plasmid pAM33 inio vector pAM29. The mvaS-mvaE operon was
isolated by partially dig‘esting pAM33 using EcoRT restriction enzyme, digesting the resulting
linear DNA fragment using A/ restriction enzyme, resolving the reaction mixture by gel
electrophorests, and gel extracting the approximately 3.6 kb DNA. fragment. The vector
backbone of pAM29 was obtained by digesting to completion expression vector pAM25
using MIul and EcoRI restriction enzymes, resolving the reaction mixture by gel
electrophoresis, and gel extracting the approximately 2.1 kb DNA fragment. The two
isolated DNA fragments were ligated, yielding expression plasmid pAM34.

[00286] Example 4
[00207] This examnple describes methods for making expression plasmids that encode

enzymes of the DXP pathway from Escherichia coli organized in operons,

[00208] - Expression plasmid pAM408 was generated by inserting genes encoding
enzymes of the “top” DXP pathway into the pAM?29 vector. Enzymes of the “top” DXP
pathway include 1-deoxy-D-xylulose-5-phosphate synthase {(encoded by the dxs gene of
Escherichia coli), 1-deoxy-D-xylulose-5-phosphate reductoisomerase (encoded by the dor
gene of Escherichia coli), 4-diphosphocytidyl-2C-methyl-D-erythritol synthase (enceded by
the ispD gene of Escherichia coli), and 4-diphosphocytidyl-2C-methyl-D-erythritol synthase
{encoded by the ispE gene of Escherichia coli), which together transform pyruvate and D-
glyceraidehyde-3-phosphate to 4-diphosphocytidyl-2C-methyl-D-erythritol-2-phosphate.
DNA fragments comprising nucleotide sequences that encode enzymes of the “top” DXP
pathway were generated by PCR amplifying the coding sequences of the dxs (GenBank
accession number U00096 REGION: 437539..439401), dvr (GenBank accession number
1100096 REGION: 193521..194717), ispD (GenBank accession number U00096 REGION:
2869803..2870512), and ispk (GenBank accession number U00096 REGION
1261249..1262100) genes from Escherichia coli strain DH1 (ATCC #33849) with added
optimal Shine Dalgamo sequences and 5° and 37 restriction enzyme sites using the PCR
primers shown in SEQ ID NOS: 15-18. The PCR products were resolved by gel
electrophoresis, gel extracted using a Qiagen (Valencia, CA) gel purification kit, digested to
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comprising the zspW@d prified using a Q1agen (Valencia, CA) PCR purification kit.

. Roughly equimolar amounts of each PCR product were then added to a ligation reaction to
assemble the individual genes into an operon. From this ligation reaction, 1 pl of reaction
mixture was used to PCR amplify 2 scparate gene cassettes, namely the dxs-dxr and the ispD-
ispE gene casseites. The drs-dxr gene cassette was PCR. amplified using primers 67-1A-C
(SEQ ID NO: 15) and 67-1D-C (SEQ ID NO: 18), and the ispD-ispE gene cassette was PCR
amplified using primers 67-1E-C (SEQ ID NO: 19) and 67-1H-C (SEQ ID NO: 22). The two
PCR products were resolved by gel electrophoresis, and gel extracted. The PCR product
comprising the dxy-d gene cassctic was digested to completion using Xhol and Apal
restriction enzymes, and the PCR product comprising the ispD-ispE gene casselte was
digested to completion using Apal and Miul restriction enzymes, and the two PCR. products
were purified. Vector pAM29 was digested to completion using Sall and MIuf restriction
enzymes, and the two digested PCR products containing the “top™ DXP pathway operon were
ligated into the Salf Miul restriction enzyme site of the pAM29 vector, yielding expression
plasmid pAM408 (sec Figure 7 fora plasmid map).

[00209] Expression plasmid pAM409 was generated by inserting genes encoding
enzymes of the “bottom” DXP pathway into the pAM369 vector. Enzymes of the “bottom™
DXP pathway include 3C.-methyl-D-erythritol 2,4-cyclodiphosphate synthase (encoded by
the isplF gene of Escherichia coli), 1-hydmxy—Z-methyl-2—(E)-bmyl-4—diphosphaﬁe
synthase (encoded by the isp(F gene of Escherichia colf), and isopentenyl/dimethylallyl
diphosphate synthase (encoded by the ispH gene of Escherichia coli), which together
transform 4~diphosphccytidyl-2c-methyl—D-exythritol—Z-phosphate to IPP and DMAPP. IPP
is also converted to DMAPP through the activity of isopentyl diphosphate isomerase
(encoded by the idi gene of Escherichia coli). DMAPP can be further converted to FPP
through the activity of farsesyl diphosphate synthase (encoded by the ispA gene of
Escherichia coli). An operon encoding enzymes of the “hottom™ DXP pathway as well as an
isopentyl diphosphate isomerase and a famesyl diphosphate synthase was generated by PCR
amplifying the ispF (GenBark accession number V00096 REGION: 2869323..2869802),
ispGG (GenBank accession number 100096 REGION: 2638708..2639826), ispH (GenBank
accession number 100096 REGION: 26277..27227), idi (GenBank accession mymber
AF119715), and isp4 (GenBank accession number D00694 REGION: 484..1383) genes from
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enzymes (BamHI a.nd Apal for the PCR product comprising the i gan ; Kpnl and Apal for
the PCR product comprising the ispG gene; Suif and Kpnf for the PCR product comprising
the ispH gene; Sall and HindlII for the PCR product comprising the idi gene; HindlII and
Neol for the PCR product comprising the ispd gene), and purified. Roughly equimolar
amounts of each PCR product were then added to a ligation reaction to assembile the
individual genes into an operon. From this ligation reaction, 1 pl of reaction mixture was
used to PCR amplify 2 separate gene cassettes, namely the ispF-ispG and the ispH-idi-ispA
gene cassettes, The ispF-ispG gene cassette was PCR amplified using primers 67-2A-C (SEQ
ID NO: 23) and 67-2D-C (SEQ ID NO: 26), and the ispH-idi-ispd gene cassette was PCR
amplified using primers 6§7-2E-C (SEQ ID NO: 27) and 67-2J-C (SEQ 1D NO: 32). The two
PCR products were resoltved by gel electrophoresis, and gel extracted. The PCR product
comprising the ispF-ispG gene cassette was digested to completion using BamHTI and Kpnl
restriction enzymes, and the PCR product comprising the ispH-idi-ispA gene cassette was
digested 1o completion using Kpnl and Neol restriction enzymes, and the two PCR products
were purified. Vector pAM369 was created by assembling the p15A. origin of replication
from pAM29 and beta-lactamase gene for ampicillin resistance from pZE12-luc (Lutz and
Bujard (1997} Nucl Acids Res. 25:1203-1210) with an oligonuclectide-generated laclUV3
promoter. Vector pAM369 was digested to completion using BamHI and Nool restriction
enzymes, and the 2 isolated PCR products containing the “bottom” DXFP pathway operon
were ligated into the BamHJ Neol restriction enzyme site of the pAM369 vector, yielding
expression plasmid pAM409.

[00210} Expression plasmid pAM424, a derivative of expression plasmid pAM409
containing the broad-host range RX2 origin of replication, was generated by transferring the
1acUV5 promoter and the ispFGH-idi-ispA operon of pAMA409 to the pAM257 vector. Vector
pPAM257 was generated as follows: the RK2 par locus was PCR-amplified from RK2
plasmid DNA (Meyer et al. (1975) Science 190:1226-1228) using primers 9-156A (SEQ ID
NO: 33) and 9-156B (SEQ ID NO: 34), the 2.6 kb PCR product was digested to completion
using Aatlf and X#ol restriction enzymes, and the DNA fragment was ligated into a plasmid
containing the p15 origin of replication and the chloramphenicol resistance gene from vector
pZA3t-luc (Lutz and Bujard (1997) Nuel Acids Res. 25:1203-1210), yielding plasmid
pAM37-par; pAM37-par was digested to completion using restriction enzymes Saef and
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fragment containing the JacUV3 promoter and ispFGH-idi-ispA operon was ligated into the

Xhol Peil restriction enzyme site of the pAM2357 vector, yielding expression plasmid
pAM424 (see Figure 8 for a plasmid map).

[o0211] Example 5

[00212) This example describes methods for making expression plasmids that encode
enzymes that convert FPP or GPP.

[00213] Expression plasmid pTre99A-ADS was generated by inserting a nucleotide

sequence encoding an amorpha-4,1 1-diene synthase (“ADS”) into vector pTrcI9A. The
amorpha-4,11-diene synthase sequence was generated synthetically, so that upon translation
the amino acid sequence would be identical to that described by Merke et al. (2000) Ach.
Biochem. Biophys. 381:173-180, so that the nuclectide sequence encoding the amorpha-4,11-
diene synthase was optimized for expression in Escherichia coli, and so that the nucleotide
sequence was flanked by a 5° Neoland a 3' ¥mal resriction enzyme site (see U.S. Patent
Number 7,192,751). The nucleotide sequence was digested to completion using Ncol and
Xmal restriction enzymes, the reaction mixture was resolved by gel electrophoresis, the
approximately 1.6 kb DNA fragment was gel-extracted, and the isolated DNA fragment was
inserted into the Neol Xmal restriction enzyme site of the pTrc99A veotor (Amman et al.
(1985) Gene 40:183-190), yielding expression plasmid pTrcI9A-ADS (see Figure 9 fora
plasmid map).

[06214] Expression plasmid pAM113isa chloramphenicol-resistant derivative of
pTre99A-ADS. It was generated by PCR amplifying the chloramphenicol resistance gene
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i ncubated at
30C on a rot ary shaker at 250 rpm

from vector pZA3 111;19 &ﬁ‘% drl]:!O del ,tadi]geé z??&iug? bidng 57-
phosphorylated pringasd9 b‘,’ﬁ %I_WAP (Sgﬁ §aﬂ ?2116 %%AMW—S
(SEQ ID NO: 36), aaﬁpqe;hngjpe&’;& lﬁ» PE geq;.@ altogltegf‘pﬁ roesﬁréclgmn enzyme site
of expression plasn@i‘pﬁ's@A-ng fexpregeiop éasgﬂaﬁ]tll

{06215] Exprddsin pithid pESChaggetdyate asga.gmgﬁgenprhléFWA fragraent
of Bacillus subtilis 3t &H\ﬁhméth& Qdify SEUEERS B R gempntipstream
genomic sequences enﬁ@ﬁ M ﬁn m&%@ I HERION: m@ﬂ%ﬁ% into
vector pTre99A (A.r%.ang g?%n%gblbillﬂtﬂx&&méﬁﬁﬁmd pNudF-H was
generated by msemthtée glmce v} tge IS; 9 hﬁs%&rﬂ mﬁp‘ gene (GenBank

accession number %}IQREQI‘BI?I éaloafmﬂ% vccl;]or el"rc%gzl Exprﬁssmn
plasmid pyhfR wasjgpperptedify itgqﬂé‘lg fhe ﬁ;ldxpwnge eﬁ‘,ﬁnaga uhs bfnll&' 6051
JHR gene (GenBank @@estién ngiier 499169 BESHION 97182 102 farector
pTrc99A. 600 uL liquid culture. Table 2 -

[00216] EprS%iEE Q&hﬁdlpﬁnsﬂfwad\@nem Skt @ p@leotide
sequence encodmgl}@ @it dtaRInid)bmlup @enHagk
accession number 53'9@ do Qed]fgr e%r&m%kﬂ%soc%wﬁa &)li, into the
pTrc99A vector. The nucleohde seq&nce ihg the p-farnesene synthasc was generated
synthetically, and was amplified by PCR from its DNA synthesis construct using the
appropriate primers. To create a leader Neol restriction enzyme site in the PCR product
comprising the B-farnesene synthase coding sequence, the codon encoding the second amino
acid in the original polypeptide sequence (TCG coding for setine) was replaced by a codon
encoding aspartic acid (GAC) in the 5° PCR primer (SEQ ID NO: 37). The resulting PCR
product was partially digested using Ncol restriction enzyme, and digested to completion
using Sacl restriction enzyme, the reaction mixture was resolved by gel electrophoresis, the
approximately 1.7 kb DNA fragment comprising the f-famnesene synthase coding sequence
was gel extracted, and the isolated DINA fragment was ligated into the Neol Saci restriction
enzyme site of the pTrc99A veetor, yielding expression plasmid pAM373 (sec Figure 9 fora
plasmid map).

[00217] Expression plasmids pTrc99A-FSA, pTrc99A-GTS, pTrc99A-PS, pTrcdfA-
TS were generated by inserting a DNA fragment comprising a nucleotide sequence encoding
an o-farnesene synthase (“FSA™), a y-terpincne synthase (“GTS™), an e-pinene synthase
("APS™), or a terpinolens synthase (“TS™) into the pTreI9A vector. The DNA fragment insert
was generated synthetically, using as a template for example the coding sequence of the a-
farnesene synthase gene of Picea abies (GenBank accession number AY473627, REGION:



H13) 6Mp7027
3.7 ug 1131304 25 ug Cod 2 7.1 ug

24..17686), the codin(g:use%%ce %f the 5%35311@ sy%hagé6ger}égfzirtemxsm anrud

(GenBank accession number AY835398), the coding sequence of the y-terpinene synthase
gene of Citrus limon (GenBank accession number AF514286 REGION: 30..1832), the coding
sequence of the u-pinene synthase gene of Abies grandis (GenBank accession mumber
V87909, REGION: 6..1892) or of Pinuy taeda (GenBank accession number AF543530
REGION: 1..1887), or the coding sequence of the terpinolene synthase gene of Qcimum
basilicum (GenBank aceession number AY693650) or of Psendotsuga menziesii (GenBank
accession number AY906866 REGION:10..1887) or of Abies grandis (GenBank accession
number AF139206), all nucleotide sequences being codon-optimized for expression in
Escherichia coli. The DNA frapments for FSA was amplified by PCR from its DNA
synthesis construct using the priroer sequences SEQ ID NO: 39 and SEQ ID NO: 40. The
resulting PCR product was digested to completion using Neol and Sacl restriction enzymes,
the reaction mixture was resolved by gel electrophoresis, the approximately 1.7 kb DNA
fragment corprising the a-farnesene synthase coding sequence was gel extracted, and the
isolated DNA fragment was ligated into the Neof Sacl restriction enzyme site of the pTe99A
vector, yielding expression ptasmid pTrc99A-FSA (see Figure 9 for a plasmid map). The
DNA fragmems for GTS, APS, and TS were designed to be flanked by a leader Xmal
restriction enzyme site and a terminal Xbal restriction enzyme site, and were cloned into
compatible restriction enzyme sites of a cloning vector such as a standard pUC or pACYC
origin vector, from which they could be liberated again by digesting to completion the DNA.
synthesis construct using Xbal and Xmal restriction enzymes, resolving the reaction mixture
by gel electrophoresis, and gel extracting the 1.7 to 1.9 terpene synthase encoding DNA
fragment. The isolated DNA fragments were ligated into the Xmal Xbal restriction enzyme
site of vector pTrc99A (Amman ef al., Gene 40:183-190 (1985)), yielding plasmids
pTre99A-GTS, pTrc99A-APS, or pTre99A-TS (see Figure 9 for plasmid maps)-

[00218] Expression plasmids pRS425-FSA and pRS425-F58 were generated by
inserting a nucleotide sequence encoding an o-farnesene synthase (“FSA™) or a B-farmesene
synthase (“FSB”), respectively, into the pRS425-Gall vector (Mumberg et. al. (1994) Nucl.
Acids. Res. 22(25): 5767-5768). The mucleotide sequence inserts were generated
gynthetically, using as a template for example the coding sequence of the a-farnesene
synthase gene of Picea abies (GenBank accession mmber AY473627, REGION: 24..1766)
or of the §-farnesene synthase gene of Artemisia annua {GenBank accession number
AY$35398), codon-optimized for expression in Saccharomyces cerevisiae. The synthetically
generated nucleotide sequence was flavked by a 57 BamH] site and 2 3° Xhol site, and could
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Xanpl'e denonstrates expression
plasmd stability in the absence

thus be cloned mtoqgm;ﬁtﬁvtelrgth%ﬁ &.S,yrrle Bitefdt 2 EiS:E GdciorGlidh @s a standard
pUC or pACYC oraé’;m v top 9§et ynﬁlgfcglly@mte&@(; nu:h@‘[uﬂ %&m@ Rras isolated
by digesting to corrﬁfe%? o ?&g rﬁmglesi;s conlstruct ufrmrr%mﬁlj anrllg{hLI I;]egmctmn .

enzymes. The reactéqg ’ﬁé’@edfaf ﬁ?lved;fﬁ ael ﬁﬁf‘?ﬁloé‘ﬁ]é% épprommately 1.7kb
DNA fragment conpyisitadno- FABGDOGERs R Hm et B Gfine scqunce
was gel extracted, 490 git iseldad DNY H8REH waelizaialdrathy AmHigde!
restriction enzyme Bije oft6GIRBAYS-Gal§ tetrOkyidding @up@tsio plastnl@RS425-FSA
ot pRS425-FSB, reifebby) t0 a 12% nL flask

100219] Exp?cgs%'il b Pre 0 s, Q'@c?m, pBed0A-BPS, pTreo9A-
PHS, pTrc99A-CSgan%J]ig:I%c§§P%——S 5g%fe)é Lﬁ\féfeond@sﬁﬁen

encoding a lmalonlfyntlgﬁ a“L §/ E %nsne ﬁﬁ“hf‘sﬁ& 2 U? ?—pmenlg !%yuthase

*“BPS™), B-phel]an&wr( ﬁ’ﬁ@ Prtc&rene SWW gﬁﬁsynthase (“88™) into
the pTre99A vectot, TR TSP GFOTAD FSAETe ge?ﬂ&?f@imt!’%?afly, using as a
template for examldti<lcbdidbisepence of the linalool synthase gene of Artemisia anntia

(GenBank accession number AF154124, REGION: 13..1764), the coding sequence of the
limonene synthase gene of Ables grandis (GenBank accession number AFG06193 REGION:
73..1986), the coding sequence of the p-pinene synthase of Artemisia anmua (GenBank
accession number AF276072 REGION: 1..1749), the coding sequence of the §-phellandrene
synthase gene of Abies grandis (GenBank accession number AF 139205 REGION: 34..1926),
the coding sequence of the carene synthase gene of Selvia stenophylla (GenBank accession
number AF527416 REGION: 78..1871), ot the coding sequence of the sabinene synthase
gene of Salvia officinalis (GenBank accession number AF051901 REGION: 26..1798). The
nuclectide sequences encoding the B-pinene, sabinine, and p-phellandrene synthases are

flanked by a feader Xmal restriction enzyme site and a terminal Xba/ restriction enzyme site,
the nucleotide sequences encoding the linalool and carene synthases are flanked by a leader
Neol restriction enzyme site and a terminal Xmal restriction enzyme site, and the nucleotide
sequence encoding the limonene synthase is flanked by a leader Neof restriction enzyme site
and a terminal Pst] restriction enzyme site. The DNA synthesis constructs are digested to
completing using Xmal and Xbal (for the B-pinere, sabinine, and B-phellandrene synthase
constructs), Neel and Xmal restriction enz&mes (for the linalool and careen synthase
constructs), or Xbal and Pst] restriction enzymes (for the limonene synthase construct). The
reaction mixtures are resolved by gel electrophoresis, the approximately 1.7 to 1.9 kb DNA
fragments are gel extracted, and the isofated DNA. fragments are ligated into the Xmal Xbal
restriction enzyme site (for the B-pincne, sabinine, and B-phellandrene synthase inserts), the
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[00222]
chemically compet E.Icge%l: l?]_ia)éntgellgmﬁ@tle Mbr@&p@ﬁbn{glasmlds of
e pro ctl on of
pit"“h"““gham)r ha 4,11-diene in the host
Table 1. E. coli hogt g2} induced by adding 40 ul i
et 1M | BFEH 167t hERFIELtr e AaTEH] St
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B302 _CUITUr g8 Were OVEerNmIBn wi t H c8bepjillin
B210 of an gm¥ani c oveFEAtRS cagpiemereioe
t he arrar pha- 4, 111{di ene. Sanphi@snphenicol
Bis3 Wer e i aken peri odlpanad?l y f orf 180 ug/ml
B282 total ofPP72 hour P SPsBRRL i A
anor phal- 4, 11- di epe by the hQ&bramphenicol
B355  Sirain ipHit he 2 ¢pANMigees walgo0 ug/mL
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in Exanple 10. (00228) To as|s@&Emphenicol
Bs6 Pl asm d| pAIabI [ 1T\ pAMS2t he t W0 egrhl) kanamyein
cultures, a sanpl|BR each | 100w
Ber e tHturepgs ey tetracycline
and strpaked ont gpgBRIBC&gar| pl at e
(no _ant] biotics). I ni ght
BS2 i ncubat|on at 37CahlmMcadi vi dual
col oni es derived Eﬂﬁﬁheach
B003  cul t ur e| WeOB 1 epl|pEeB®piARE ed ‘8%!‘5'6"1
N carhenicillin
BelT LB—agar - pl us- anNthR T T €S [0 ug/mL
ug/ mL chl ormmpheni|gakgal®8 U datipicillin
carbenicillin) pllate _and a [38ue/ml kanamycin
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LB agar-plus-antibiotics and the
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were each found to contain
approxi mately 50 col oni es,
i ndicating that plastnid
retention both in the presence
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r 30C or
until they reached an Mos of 0.18

{00227] The stec(ra ggtu%e tgvasouﬁetd to}’%{tlbﬁaﬂ mes] 'infiHal ddaofof_approﬁmatclyn
0.05, two 250 mL ﬂiﬂﬁ eE.oH ErizBing rouéllat{fggx[&?\,\ltﬂ%aﬁﬂinuﬁr 3 é:%h%m 0.5%
yeast extract. Culnnaﬂldailspi gmlas@eddgo “élfnL mcpﬁlf & L
chloramphenicol. Cyltyle #2 ibnohEqsiveAsy anﬂtiotsf:sh%oﬂ:t (.‘Iulﬁlées Bire incubated at
37°C on a rotary shakét 6260 10 mtil thdyeracher] o QP eyt goeFpgmately 0.2, at
which point the prodd¥@h bambrpraiatt hdiGein tehostualisovagjadused by adding 40
uL, of IM IPTG to t&\"ﬁﬁx}egﬂém%rﬂ i&i%tnﬂ bﬁn&m cultures were overlain
with 8 mL of an o W B30 Capthrb i befidAfha-4, RAdkde. SdnplBiee taken
periodically for a :?'HZIS; 2%0%5' & 8 I u%ﬁo%xgyamot?QQ,lﬁﬁi@le Mﬂ%o@&ain in

the 2 cultures was ciw M%ﬁﬁ dgsc n Fzﬁ%@z Tf‘li

oz2s]  Toswanpiesio SO SE PACUSIIR P BRERY Sk
was removed at 72 jiu dndcsiraaless ontf o LER ST Wﬂﬂﬁqﬁep. PR gvermght
incubation at 37°C, 5y inividuolvees Baifrd fror escli cultpgpgpere replica-plated onto
a LB agar-phus-antiBibtic A3 NugfiIOMIaraiiphekarol, 100 8t/mT @tbendhillin) plate and a
LB agar-minus-anﬁgi@tfcp fals) ansiblbHcffuteCAREnbthe®6V8might incubation at 37°C,
the LB agalhplus-m[tiggt%é'&]i R B8 Sk-rSiblk-bddbiSticOflatd Vafeleach found to

contain B.pprc.'oximat%l%__t> %%@r_n%,a u%dﬁ%rg%%:% %@J‘:%t@&&ngﬁth fnldfd ?resence and
inthe s o PR 16 R 8@*‘%&5}. e Gy
[00229] Examole§ ock al i quot of the strain to
[00230]  Thispx@B demprstppsiusieasedsPROGT 1Yy g ooy of e
Enterococcus faecdiDHMNGR Smparell terts arrllor eryeds prresieipetdMGR, in an
Escherichia colindd@lraal. | ed in Table 1, and by
[00231] Seed RGHGRE HoR GratnbBs1 Gail HIv@e a&bl@?@y.@chﬁng a stock
afiquot of each strafh t6 125 B YiacR 1B Kiing @b mP POMOPS bR 0.8% %
glucose, and amibiI ! b%% %%Fig Tﬁg 5,%11:% l?;%%;ﬁ% }2& Jgd%u%ii to saturation. The
gy“i’e&l: °$”§'?ﬁ oF O%eesf nent af iaq,n r Lil#k’ and grown
again to an ODso PFGRPIRTTAS!Y (21 "Ricp B PRI fymomnert! -lene
was induced by adgipfi4P- hM&TgWWIHﬁ.&t 4.4 2%(, 8, 36, and 49 bours
post-induction, sargifles gypreretnoyedifr@isaeh pilturey apdciells were pelleted by
centrifugation. ThE€@Mpellétd WeaRGnp Brozad onNB-ice MBRE:n srerel] 441§9°C-
[00232] To EAGhc AR nbisQld &6 pehds vibatiaivtdal ict, Bnd then lysed
using Bugbuster (%-(ﬁ exg ?dlmso\ﬁ/‘gﬁ)n QM?%]&%?Q%E Efl&ortrdihﬂﬁ {Calbiochem,
San Diego, CA), byrgonace >52% §‘E§ §e ?11'_ %F u %ONOr %gm QI;EIBF]sgn, WI), and
seed culture was used to
dinoculate at an initial Oissa of
approximately 1 a 250 nL flask
containing 40 nL MB- MOPS nedi um
and antibiotics, and the culture
was again i ncubated at 37C on a

3

seed cultures were
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TABLES - Conposition of

r
lysozyme (30 ug/mip: e‘%"%glgt at, r!|y %ﬁcﬁs oG%c s c@ gx;lsme tHMGR. :rzzss N
VEd um

assayed in 50 mM Ts@ $817 f) % Ifl (S@F,C
DL-3-hydroxy-3-mefhytgjutaty) cofiggg AW@'FP@ﬁOd(“ﬁ‘é?h (FE EN St. Louis,
MO). The assay wadSat€idg @ldbs gll B BEYe disanrear)cp 9 NAPPH was
monitored by absorthnod atQ340nM1{o2doddnOdr cQirbberifit Bisappegyance 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 {pHS.5), 0.4 mM
NADPH, 1.0 mM EDTA, and 100 mv KCL

[00233] Protein assays were done by the method of Bradford ((1976) Anal Biochem.
72:248-254), Specific activities were caloulated as Anmol NADPH/min/mg protein.

100234] Example 9

[00235] This example describes the calibration of ODsoo with dry cell weight

" DCW™).

[00236) To obtain the relationship betwesn DCW and OD600, a representative strain,

B32, was grown in high cell density processes similar o those described in Examples 10-12.
Samples were taken throughout the runs, and the ODggy and DCW were measured for each
sample, To determine the DCW, the cells were pelleted and the supernatant discarded. The
cell peliet was washed once with water, and was then dried in an oven ai 80°C for at least 3
days. The tubes containing cell pelleis were weighed, the weight of the tube was subtracted
from the measured weights, and the remaining weight was divided by the initial volume of
each sample (0.0015 L) to obtain the DCW.

[00237] Example 10

[00238] This example demonstrates increased production of amorpha-4,11-diene in
Escherichia coli host strains expressing the Staphylococcus aureus HMGR and HMGS
compared to host strains expressing the Saccharomyces cerevisine tHMGR and HMGS.
[00239} Seed cultures of host sirains B32, B153, B210, B282, B292, B86, B255, and
B256 were established by adding a stock aliquot of each strain to separate 125 mL flasks
containing 25 mL M9-MOPS medium, 0.8% glucose, and antibiotics as detailed in Table 1,
and by growing the cultures overnight.

[00240] The seed cultures were used to inoculate at an injtial ODsoo of approximately
0.05 separate 250 mL flasks containing 40 mL MO9-MOPS medium, 2% glucose, and
antibiatics. The cultures were incubated at 30°C on a rotary shaker at 250 rpm until they
reached an ODsgp of approximately 0.2, at which point the production of amorpha-4,11-diene
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in the host cells was induced by adding 40 uL, of 1M IPTG to the culture medium. The

cultures were overlain with 8mL, of an organic overlay (e.g., dodecane, methyl oleate or

isopropyl myristate). Samples of the organic overlay layer and the broth were taken once a
day for 72 hours. Broth samples were used to measure the ODgop. Amorpha-4,11-diene
concentration was measured by transferring 5 ul of the organic overlay layer to a clean glass
vial containing 500 uL. ethy! acetate spiked with beta- or trans-caryophyllens as an intemal
standard.

[002411 The organic overlay/ethyl acetate samples were analyzed on a
Hewlett-Packard 6890 gas chromatograph/mass spectrometer (GC/ME) by scanning only for
two ions, the molecular ion (204 m/z) and the 189 m/z ion, as described in Martin et al.
(2001} Biotechnol. Bioeng. 75:497-503. To expedite run times, the temperature program and
column matrix was modified to achieve optimal peak resolution and the shortest overall
runtime. A 1 ul. sample was separated on the GC using a DB-XLB column (available from
Agilent Technologies, Inc., Pale Alto, CA) and helium carrier gas. The temperature program
for the analysis was as follows: 100°C for 0.75 minutes, increasing temperature at
60°C/minute t¢ a temperature of 300°C, and a hold at 300°C for 0.5 minutes. The resobved
samples were analyzed by a Hewlett-Packard model 5973 mass-selective detector that
monitored ions 189 and 204 m/z. Previous mass spectra demonstrated that the

amorpha-4,1 1-diene synthase product was amorpha-4,1 i-diene, and that amorpha-4,11-diene
had a retention time of 3.7 minutes using this GC protocol. Beta- or trans-caryophyllene was
used as an internal standard for quantitation. Amerpha-4,11-diene titer was calculated using
the ratic of internal standard to amorpha-4,11-diene peak areas based upon a quantitative
calibration curve of purified amorpha-4,11-diene (0.63-10 mg/L of KJF1 7-109-3) in
caryophyllene-spiked ethyl acetate.

100242]) Example 11
[00243] This example demonsirates increased production of amorpha-4,1 1-diene by an

Escherichia coli host strain grown at suboptimal temperature.

[00244} A seed culture of host strain B32 was established by adding 0.5 mL of a stock
aliquot of the strain to a 250 mL flask containing 50 mL M9-MOPS medium and antibiotics
as detailed in Table 1, and by growing the culture overnight at 37°C on a rotary shaker at 250
TP,

[00245] The seed culture was used to inoculate at an initial ODgop of approximately
0.05 four 250 mL flasks, each containing 40 mL fermentor batch medium (see Table 6 for
medium composition), 100 mM MOPS buffer pH7.1, and antibiotics. The cultures were
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incubated on a rotar@é}alﬁg%?;g P}%ﬁaafmﬂtge? &Fclcﬁ 7ALC untimgey reached an ODgop of

0.18 to 0.22, at which point the production of amorpha-4,11- diene in the host cells was
induced by adding 40 uL of 1M IPTG to the culture medium. At the time of induction, the
cultures were overlain with $mL of an organic overlay to capture the amorpha-4,11-diene.

Samples were taken once a day, and analyzed as described in Example 10.

[00246) Example 12

{00247] This example demonstrates increased production of amorpha-4,1 i-diene by an
Escherichia coli host strain grown under restricied cerbon source conditions.

[00248] A seed culture of host strain B32 for fermentation runs 050608-1 and 050629~

1 was established by adding 0.25 uL of a stock aliquot of the strain to a 250 mL flask
contzining 50 mL M9-MOPS medium and antibiotics as detafled in Table 1, and by
incubating the culture at 37°C ¢n a rotary shaker at 250 tpm unti] it reached an ODggg of 1 to
2. .

{00249 A seed culture of host strain B32 for fermentation run 060403-3 was
established by adding a stock aliquot of the strain to 2 250 mL flask containing 50 mL M9-
MOPS medium and antibiotics as detailed in Table 1, and by incubating the culture ovemight
at 37°C on a rotary shaker at 250 rpm. The seed culture was used to inoculate at an initial
ODgn of approximately 1 & 250 mL flask containing 40 mL M$-MOPS medium and
antibiotics, and the culiure was again incubated at 37°C on a rotary shaker at 250 rpm until it
reached an ODggg of 3 to 5.

{00250] For all fermeniation processes, the KHaPOq, KHPO, 3H;0, EDTA, citric
acid, and (NEL 2504 were heat sterilized in the bioreactor (2L Applikon Bioconsole ADI
1025s with ADI 1010 controllers, Applikon Biotechnology, Foster City, CA). The remaining
media components were filter stexilized as stock solutions and injected throngh the headplate.
Tablc 3 shows the final media composition for fermentation runs 050608-1 and 050629-1.
Table 4 shows the final media composition for fermentation run 060403-3, The starting
volume for run 050608-1 was 0.8 L, the starting volume for 050629-1 was 1.2 L and the
starting volume for 060403-3 was 1 L. All runs were inoculated by injecting 50 mL of the
seed culture through the headplate.
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Table 4 - Conposition of

Fer ment ati on Medi um of
TABLE 3 - CompoRiqneElismmgetiionMedis ofBomgios
050608-1 and 05068BITPoNnent Bat ch nedi um (per L)

Feed SOl [HatcloMedfupdyer L )| F& Bpbgadpe] 5
CompgPB50 g |1 9
Glucose 5g 590-650 g
KH,PO4 42 g -

K HPO, 3HO 15.7 g -

Citric acid 17¢g -
(NH»504 2g -
MgS0y THZO 12¢g 12 g
EDTA 84 mg Bg
CoCl; 6H20 0.25mg 0.4 mg
MnCl; 4H2O 1.5 mg 235 mg
CuCl; 2H,O 0.15 mg. 0.25 mg
H;BO4 0.3 mg 0.5 mg
Na;MoCy 2H0 025 mg 0.4 mg
Zn(CHCOO0N 13mg 1.6 mg
2H,0

Fe(lihoiwrate 10.0 mg 4.0 mg
hydrate

Thiamine HCI 4.5mg -
Carbenicillin 100 ug 100 ug
Tetracycline Sug 5ug
Chloramphenicol 34 ug 34ug
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Tabie 4 — Composition of Fermentation Medinm of Fermentation Run 060403-3

Batch mediom (per Feed solution
Component

L) (per L}
Glucose 15g 650 ¢
KH:PO4 42g -
K:HPO, 3H,0 15.7¢ -
Citric acid 1.7g -
(NH,4)2804 2g -
MgSO, TH20 12¢g 12g
EDTA 8.4 mg 13 mg
CoCl; 6H.O 2.5mg 4mg
WMnCl. 4H,0 15 mg 23.5mg
CuCl 25,0 15 mg 25mg
H:BOy - 3mg 5mg
NaMoO; 2H:O 2.5 mg 4mg
Zn{CH;CO0); 2Hz0 | 13 mg 16 mg
Fe(llDcitrate hydrate | 100 mg 40 mg
Thiamine HCI 4.5 mg -
Carbenicillin 100 ug 100 ug
Tetracycline 5ug Sug
Chloramphenicol 34 ug 34ug

[00251] For fermentation rim 050608-1 {excess carbon), the feed was injtiated at

induction, and feed rates were adjusted manually. For fermentation run 050629-1 (carbon-
restricted), the feed was delivered to the fermentor according to the protocol shown in Table l
5. For fermentation run 060403-3 (lowest carbon), the feed was started antomatically when
the initial glucose bolus {15 g) was exhausted and the dissolved oxygen spiked. Uptoa
maximum of 27.6 g/hr, the rate of the feed was calculated according to the following
equation:

m, () = 5(t, )™

=012

S(t,) =15g
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wherein fp is the tirg_e@gwlwg the initial glucose was depleted. Upen reaching the maximum

rate, the glucose feed was restricted to a rate of 9.5 g/br, and held constant at this rate for the

remainder of the run.
Table 5 — Feed Protocol for Fermentation Run 050629-1

Run Time (hours) | Glucose Feed Rate
(g/hr)
0
0.37

10 0.74

12 11

14 1.48

16 222

18 2.96

20 3.69

22 4.80

24 591

31 7.39

33 5.54

47 3.69

[00252] Runs 050608-1 and 050629-1 were cartied out at 37°C. Airflow in the

bioteactor was set at 1-2 L/min; pH was maintained at 7 using ammonium hydroxide and/or
sodium hydroxide; initial agitation was 500-600 rpm; foam was controlied with antifoam B
(Sigma-Aldich, St. Louts, MO); the dissolved oxygen levels 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 mlL
PTG to run 050629-1. Upon induction, the culture temperature was reduced to 30°C.
[00253] 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 envichment. At an ODgo of
approximately 28 (19 hours after inoculation), production of amorpha-4,11-diene by the host
cells was induced by adding 1 mL t MIPTG.
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[ 00251] For fernentation np
00254]  AmEEEEHEUTe WS cpEE o pruppied acpqring i pifereat

protocols. For runswsrlﬁnqpé?%?ﬂ, atlanﬂeﬁlamf,&)hdlenaﬂa;em in the
off-gas was capturdd @ datinghesf-weteouzh d pargtskay containing 200 mL
heptanol, The hept{ﬁﬁlmdﬂhdn Vilutekt Gifo efn@l B trait theowmonpharf, 1 1-diene
concentration in thORANEE betvhed 103 Rip/L sit20 ingL. Fokjran vblaes-3,
amorpha-4,11-dien %Qa m%lbio¥§:{oﬁg a&dﬁlg §(f0 &l of an organic overlay

to the fermentor at the e OIP ?110121 PrQng Iccmgn agon easured by combining

25 uL broth plus °‘ig§‘f’°r?§eﬁlf ‘?8% L a acetmatg% r,mg}\gt maximtum
speed on a Fisher YogpR 4 7 2mfnﬁér (Poieniific Ipdustries, Ing» g a, NY) for at
least 3 minutes, reqeying prbkt fomahelsympieietrrttition pd dilifoe the
acetonitrile solutiog)intd @08 ecetate lntisth ainBrpig)t. 1 yeicne concentration in the
sample was betwed X 8 0AAE ﬁ(ﬂﬁhﬂa MGt ethil @ceClic @Gk w@E analyzed by GC/MS
as described in Ex@np}G@€N spi ked. Up to a maxi num of

(00255] E Eégm@ g/ hr, the rate of the feed

[00256] Tl-u? xf,tTp g&%&é&%&ﬁ%w%&ﬂoﬁﬁa&ﬂ 1 -B’Qne‘i:mﬁxcnon by an
Escherichia coli hﬁsbsg?w_ amvy:%nde ar ie%iﬂ?on S))lfl'c’e ndi oafxso and at
suboptimal temperature.

[60257} A seed culture of host strain B153 was established by adding a stock aliquot of
the strain to a 250 mL flask containing 50 mL M9-MOPS medium and antibiotics as detailed
in Table 1, and growing the culture at 37°C on a rotary shaker at 250 rpm to an ODeno of3.5
to 4.5.

[00258] 2 L bicreactors (Biocontrolier ADI 1010 with Bioconsole ADI 1025, Applikon
Biotechnology, Foster City, CA) were set up and run in the same way as described in
Example 12 for run 060403-3, except that strain and induction time were varied.

[09259] Production of amorpha-4,11-diene in the host cells was induced by adding 1
mL of 1 M IPTG to the culture medium. Amorpha-4,11-diene was captured and extracted
according to two different protocols. In one method, volatile amorpha-4,11-dicne 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 ¢thyl acetate until the amorpha-4, 11-diene
concentration in the sample was between 0.63 and 20 mg/L. in another, amorpha-4,1 1-diene

was captured by adding 200 mL of an organic overlay to the fermentor at the time of
induction.

[00260) Amorpha-4,11-diene was extracted from the culture medium by combining 25
uL. broth with 975 ul. acetonitrile, shaking the sample at maximum speed ot a Fisher Vortex
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Upon reaching the maxi numrat e,

the glucose feed was restricted
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[00261] ,,050629- 1 Run Ti me (hours)

[00262] This féamglo gezmi a&J%ta O1-Bend prlli3cfion by an

Escherichia coli host strain grown un stncted carbou and nitrogen source conditions and
at suboptimal temperature.

[00263] A seed culture of host strain B86 was established by adding a stock aliquot of
the strain to a 250 mL flask containing 50 mL M9-MOPS medium and antibiotics as detailed
in Table 1. The culture was grown overnight at 37°C on a rotary shaker at 250 rpm, sub-
cultured the following moming into ﬂlé same medium at an ODygp of approximately 1, and
grown again at 37°C and 250 rpm to an ODggy of 3 to 5.

[002864] Four 2 L bioreactors {Biocontroller ADI 1010 with Bioconsole ADI 1025,
Applikon Biotechnology, Foster City, CA} were set up and run in the same way as described
in Example 12 for rum 060403-3, except that the nitrogen restricted rung did not contain
ammonia sutfate in the feed.

[¢0265] An exponential glucose feed with a 6 hour doubling fime was initiated
automatically when the initial glucose bolus (15 g) was exhausted and the dissotved oxygen
spiked. Up to a maximum of 30.4 g/hr, the rate of the feed was calculated according to the
following equation:

m () = Syue?‘™!

#=0.12min™

8§, =15g

wherein Dis the specific growth rate, and # is the time at which the initial glucose bolus was
depleted. Upon reaching the maximum rate, the glucose feed was reduced to a rate of 114
g/hr, and beld constant at this rate for the remainder of the run. In fermentation runs 060710~
4, 060724-5, and 060619-5 (carbon- and nitrogen-restricted), the glucose feed was further
reduced when ammonia restriction lead to glucose accumulation in the medium.

[06266] Fermentation was carried out at the reduced temperature of 30°C. Airflow in
the bioreactor was set at 1 vvim; initial agitation was at 700 rpm; foam was controlled with
antifoam B (Sigma-Aldich, St. Louis, MOY); and dissotved oxygen tension was controlled at
40% using an agitation cascade (700-1,200 pm} and oxygen enrichment. In fermentation run
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050629-1were carried out at 37C.

Airflowin the
060327-3 (carbon-restricted), the pH was maintained at 7 using 20% NH4OH; in fermentation

runs 060710-4, 060724-5, and 060619-5 (carbon- and nitrogen-restricted), pH was
maintained at 7 initially using 20% NH4OH, and starting at 72 hours using a 50/50 mixture of
2.5 N NaOH and 10 N NH,OH, to further restrict the amount of ammonia going into the

fermentor.

[00267] Production of amorpha-4,11-diene in the host cells was induced at an. ODgg of
approximately 30 by adding 1 mL of 1 MIPTG to the culture medium.
[00268] Amorpha-4,11-diene was captured by overlaying the medinm with 10% (v/v)

of an organic overlay. Amorpha-4,11-diene was then extracted by combining 25 uL of broth
with 975 uL methanol, shaking the sample at maximum speed ona Fisher Vortex Genie 2™
mixer (Scientific Industries, Inc., Bohemia, N.Y.) for at least 15 minutes, removing cells from
the sample by centrifugation, and adding 10 ul. of the methanol sohution to 990 ul. ethyl
acetate containing 10 uL/L trans-caryophylene.

[00269] Samples were analyzed by GC/MS as described in Example 10.

[00270] "Example 13

[00271] ‘This example describes the production of amorpha-4,11-diene via the DXP
pathway in an Escherichia coli ilost strain.

[00272] Seed cultures of host strains B003, B617, B618, and B619 were gstablished by

adding a stock aliquot of each strain to separate 125 ml. flasks containing 25 mL M9-MOPS
and antibiotics as detailed in Table 1, and by growing the cultures overnight.
06273} The seed cultures were used to inoculate at an initial (Dgwo of approximately
0.05, separate 250 mL flasks containing 40 mL MO-MOPS medium, 45 ug/mL thiamine,
micronutrients, 1,00E-5 mol/L FeSO4, 0.1 M MOPS, 0.5% ywast exiract, 20 g/L of D-
glucose, and antibiotics, Cultures were incubated at 30°Cina humidified incubating shaker at
250 rpm until they reached an ODgop of 0.2 t0 0.3, at which point the production of amorpha-
4,11-diene in the host cells was induced by adding 40 uL. of IM IPTG to the culture medivm.
[00274] At the time of induction, the cultures were overlain with 8 mL of an organic
overlay to capture the amorpha-4,11-diene, Samples were taken at various time points, and
amorpha-4,11-diene was extracted and analyzed by GC/MS as described in Example 10.
Experiments were performed using 2 independent clones of each host strain, and results were

averaged. Deviation between samples was found to be less than 10%.

[00275) Example 16
[06276] This example describes the production of 3-methyl-but-3-en-1-ol and 3-

methyl-but-2-en-1-o0! in Escherichia coli host strains,
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nL of an organic overlay to the



WO 200713990400 260]- Anor pha-4, 11- di ene was e

PCTIUS20
L broth
ul. acetonitri le, shaking the

Met Leu agar W"’"ﬁf"g‘i‘%é? h%tlos @la%[&&%ig&oene@mh clone was

desigrased BP Y200 (571 PO 8N STPITIET PRS025-AD
LEU2d, a plasmid {Jerticabto ZWAS-W%WI(‘}BWSEP&OF *.]%Ua it contains a LEU2d
selection marker (frieehastHollenberg (1988 J. BaBeyial HPP: é’ZS-ﬁS())yleldmg host
strainY185. for at least 3 mnutes, renoving

[00282] v165%bdt Seii FLnOBAnblRSvef 38150keEon bz.y:thet:c defined media,
containing 2% gluSSd bhd AufaMQ@Lcde&Eﬁmgduﬂl bbb, RYmidhi@ine (CSM-

glucose; MP Blom%gm{ Q":unfort:, {')h# %i\e‘%g éérgnh %b(ﬂg EQXO@LPH‘IY l'or leucine

biogynthesis (IeuZ)é,lFﬂS ﬁﬁlOﬁp]TTld a R % ALY (-){ﬁE(l:%dn ;{1 85 regs)tl\oqres leucine
pocephy (LEU7 Slagh gt e A P S G e
histidine, leucine, gretbor@), ﬁg Bewn W&}@t 'H'St; Fellh\ﬁ%:t sgfpéd from the plate
and transferred to § AP 28% (W Elgcemiing gtk By sugEfslyESva gixed, and
then stored at -s0°@eScri bed in Exanpl e 10.

[00283] sedd QARG L EOeRIHPY 185 e estd 262 Atk Sstock atiquot of
the strain to a 125 %mlc&taglﬁl tdt @h@%lu&o&%ﬂ@%dne and
methionine, and b ‘EFS‘)gC & cul gﬁovgrlm %pJuﬂgésj G)Lrl: lggl t(hl{oculate atan

erl hos st
initial ODgoo of ap ?’BWF"U?’]O& ) %:mar ‘E)Oﬁ'l'%rﬂ thetic

defined media Jac ql?uﬁxgeewd %W%O %/bﬂwste i 86: § %tﬁﬁ 1 mM
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solvent layer to a\%ﬁ:g glass vi contaim 0 u.h?thyl ace e7 HLJL& a@nown

Wi~ Over
concentration of kefgyon %‘/"s'%aﬂ’ﬁlﬂ‘\éll e&f
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[00285) ARYRILBurRdr o3k, 3306l o dDiSs WeRMdubiddo Biluce 60.68, 54.48,
and5925mglLa91;ln§1§aQQI-gfenes to 5. [00264] Four 2 L
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the sane way as described in
Exanpl e 12 for run 060403- 3,
except that the nitrogen
restricted runs did not contain
ammoni a sulfate in the feed.
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—159 vvherel n 04s the specifi

"Chthne It gl ucose bol us
was depl eted. Upon reaching the
pathway as well asn%xéergyggh rn%La%natJ ;Qlﬁwgltlﬁﬁ%&er (fo%ﬁof a heterologous

uced to a rate of 11
regulatory controly 1y and hel d_const ant § @ $ _
s Yep B ORI B B S 250
his3A1; MAL2-8G; §HC2) 408 CERb PRI (KOS M AT it up i tamde289; feu2-
3,112; his3A1; MAE,2-80GC2A43. B, varciiblenQGQ GEh@mbMicrob Technol 26, 706
(Jun 1, 2000) werd &RV BreittRF¥ndard rich medium (YPD) or in defined synthetic
medium (. D. Rosp 'Ft\?h%ﬁrf' ﬁ%tﬁétfgks%ast el Bes G 146/068 course
manual. (Cold Sp ed 0as 1, rﬁ.—ty'bres% Mol Eﬁgbo‘éw 1990)lacking

S o
and mefotic progepp i um [ 00266] Fer ment at i on was
[00289] DNggrnqdiatedfrapfirmations fnppe. qerapive @ye conducted using the
lithium acetate préceige @y dadciibedbyd HIG@st, R Q- Gictyfuir fFenet 16, 339
(Dec, 1989). Al keidxiipRh SACdcenis waeonfared by phvagypic analysis,
colony polymerasl: Brbih be@ionREPCR S bild QddueARS: oBdmpiTifzehiqiiig DNA.
Plasmids pAM4s$ 9@@39% SRRclPdsing le Wit (@Rtdedn0@Mbad CA)
and are schemati ngs(cfg}msﬁl\gg‘l: "PPD@ an§t1‘ablelﬁojfue§1151\maarker scquences
I.SS

are described in 1\/& 8],{{)?%116] et al I%fst lzf%/gﬁq 159%;] %’ropagaﬁon c§ plasmid
DNA was perforrgef] f“tEﬁi"‘f”G‘ﬁ" %&ﬁa’aﬂss"( 700 1, 200 rpm

Table 6 and oxygen _enri PJ']rmntG | n#2 S TR

Strain 5'H] Crick Watso ene enetic
i‘?fﬁ’éﬂ ;}%‘ . mol | Marker

pAMA4RY | TRP K PIMGRS APCTGAURZ 40RmM TRPI1

pAM490 | TRP) GEBOR- eyt ar ﬁgPllroeq ERagaﬁ g 113’1* WERP]

491 TU - t ail & At ; A URA3
D U%@ﬁ’f% i v AL O YORAS
pAM493 | ADE! R | GALCT T WUT Q00T UNADE] | URA3
pAMA94 | ADEWD bR ACUFI60 2141?15 apd 06@HED- hADEL
pAMA495 | HISY (ERGANLGAHY |GAL10 [ERGI0 | HISMX | HIS3
pAM496 | HIS3. | ERG12 [CUPL . |CUPL _, [ERGIp !HISMX | HIS3
pAM497 | LEU2 | ERGIY - | GALTS ' TigwEEY) ERGET WaRsMX | LEUZ
pAMA498 | LEUDHERGIGI E@P1atl [ CuPi { | FRIGRY |BESMN | LEU2

209d414. 4011, and starting at 72
o0 5 e RGPS R R e
inducible mcvalo@tdjatwapqg_@q by heifolowying Tag 4 prmotprgvas replaced
with the S cerevifigerMHTE promatss by HCB mmplificatioprpbthrifendK-PMET3 region
from pAM328 (SBQDID:33)y S g pGmdrd B G6-pi00-6 REQEMNQr44) and 50-56-
pwi01-G (SEQ 1D Q026 Y doREiRAMUS bdsdhrs 0f homology to the native ERGY

promoter. 10ng SR ;agmag ﬂCR’I'};l'odgclt S GarkBrmbd Mo Q@a‘-ﬁ&nﬂally growing
‘ cells was induced at an 00600 of
approximately 30 by adding 1 nL
of 1 MIPTGto the culture
medi um [ 00268] Anor pha- 4, 11-di ene
was captured by overlaying the
mediumwith 10% (v/v) of an




wo W3¥at hway in an Escherichia caf(iwsmm"“"“7

and 8619 mere establlshed by
vo v < 5L Q5 S LG B

MO}, 100 mM |1W?lﬁ@l 2 ﬁ{mwﬁp gnv d.wgc§sand
incubation at 30°Cofort 30 ivetes fellewed &y aREChient gheek; for 39ogipyes (as
described by Schicktl & aGRek, ©yr. GanaVib:rIgP EI38). Puditiveeqembinants were
identified by their @R 10 i@ bn dich) Deifud] cditfning @ Siek/ml Geneticin (Iavitrogen
Co, Carlsbad, CAfaHJI doHge& b%ﬁgﬁosh@%ﬂ 112 rdMRHE E1dndstvre piven the
designation Y93 (QIET guvanh 954 gIth ere ADE] open reading frame was

replaced with the xficr %abi'(ata L% .y %ene (87 EUg eﬁ% WC&?& genomic

locus was amphﬁwg‘rowﬁ%zbw(ﬁerﬁ icD g anassas, VA) using primers
PP ST NN S
basepairs of flankinp hoirolofya@Ba4DE) oppn mdme (W(%ng of the
resulting PCR proyi2 846k tr@sfbrmaiito &fbnepfidlly grpwing Y93 and Y94 as
described above. Qde@ st Srére seRAE £ Brbinb in@Heial@ice of leucine
supplementation Bﬁjiotlili‘l'rﬂ g\ﬁ@é‘u@tﬂ RRUPRLB A tiondOkereigiten the

designation Y176 .4 17$ Tr;lhp%p ating shaker at
[00291] Togg5Ers %%F ?rev ; sn?m Qgﬁé,gpg QQH%ﬁud%im from pAM491

(SEQ IDNC: 48)&& WﬁSﬁ%E%IP&&) 8)t lieagecnvegy, were dg:gested overnight with
Punel (New EnglapRjplgadaverivt MAD wf Bracped 1@ gl srowing Y176
as described above cHobitive wermnbinppthirere epicpyA ferdy p,rﬁvgh opcegjym lacking
uracil and histidir®f IntkdvbibTiGthe rréchmnegriy eouyves Frrittingdiyy diagnostic
PCR. 1002741At the tinme of induction,
[00292] d Qrﬁr.aﬁ ﬁ' LrAiRS M8 ES0 NS riadtidBNATrofk pAM489
(SEQ IDNO: 50y and p %5 W §l), %}%{:ﬂvé}y wBr@dlgested overnight with
Pmel and mtrodugg tol e nentlaﬁ gr({vml% Ql?’?i de;c;libeg Lﬂo&n Bositive
recombinants we: SRR AN 1um g}: g—yplt ol‘!l'lalsl and hxsbdme
R T
Integration into the 4RSS BASHS Ipaes Wi E9PERAY “BRPPERT e d
[00293]  Asregimetrin} 3 2€ dellp§oriEId Y9 were mixed on a YPD
medium plate for@ BSEat D@ckerhygraieme m“eformung The mixed cell culture
was then plated tE¢ARFI [IIREE LS tidMe ubciDed Fyplophetto selt fpg erowth of
diploid cells. Zpé-)of IPQQWMPAWQQ%Q o Noeag fus ligsttd overnight
with Pmel and m§$d[m@~l.l ﬂt’o eﬁ:grim{ Lutné diVYEl &ells as described above.

Positive mcomblnmtﬁpTrgselgcted ¥y o%owla:\oog mg«ﬁ V\chlgg a.demne Imegratmn

ess

10% 1002751Exanple 16
1002761Thi s exanpl e descri bes the
production of

3-nmet hyl -but-3-en-1-o0l and 3-

nmet hyl -but-2-en-1-0l in
Escherichia coil host strains.
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est abI [ shed by streaking out a

into the correct ge§m&u% th&ed@; d:%ﬂ&m: R/ Bde Resuiiht strain was

B cont al ni ng anti biotics as
iven the desi atI nY
& e a|1 d.in Table

[00294] ’I‘o igcﬁx 8% ﬁxi:ainscc(g:r%:}g%w fu]; omé!%ment Tg‘ introduced
genes, Y238 was slpeﬂalat@la)tq{ g)fa.fs%nﬁcetarﬁm Ogg&lﬁ 1@087 18” medium,
Approximlately 24agneforieyeds Kieeds ire Fopt 50T mypictiqppodycps) wero jsolated
using a Singer InsAREHEMENII0 serivyimirgpmaniulator BipgeclnstrurtehiCo, LTD.
Somerset, UK). whikbelideddt BGctidR61Res GinBiIMIg O @priyirigpIdomplement of
introduced geneu:?h?agnﬂ Rer@iaknfiad by mekABiki@lo gty ndiQbskddd BE adenine,
histidine, uracil, &Wlfytztlzl pthaEn%glgﬁsp Qfl?xﬁ ﬂ&&d@éed PSS contrhBl by
diagnostic PCR. ’ghﬁ reb...lg %B;V‘“?»fex% nen désfé&%&' @5 oe(ﬁA@k) and Y211

pprOX| mat el
MATalpha). i nto a 250 nal flask cont a| n| ngﬂgs

O3S e A I SR B

cerevisiae condor@pt@ﬁ%e?émha@%f $yatbq_se (Agmxpressed from the S.
cerevisiae GALI @exiote) w@tinthodced Ttpexropgntialjy spayvingd2 K and Y211 as
described above, §lcEWRzDMRIAs thafiddhtaiitl thd FABAApI@&mid were selected for
by their ability to ETQ\L RAl) aB ek feucthb sugﬁ&leﬁtﬂm U rkshiltant strains were

given the desngnat %25 r(ﬁﬂ’f; R)eagd @ﬁ?
[00296] 20g #E{asnud O & ﬁﬂ? chy, Qoglaﬂlfi.

3 wer e | n
cerevisiae con onézfm ze X es

MoNooXygenase (g}{emprfsaafi ﬁ‘o/ﬂzthﬁ% EfF%’S'gﬁ G/%b@d Bxﬁcygwchrome P450
oxidoreductase (GPRY mm@ﬁm@s gfevzgg(ﬁ#ﬁmommewaf fytroduced into
exponentially grotvip® Y310 e ¥ 2p ey de(#alyd abptseS. PG Bae sifins that
contained the pAMIERC Rlastiid] victd k@eciadbfsr bireaisailieyth srevrialtheabsence of
leucine supplemcleiQn Uke 1So0itHRY saind/@Ere £ BN &6l gnatiod Y222 (MAT A)
and Y224 (MAT Sphlyr act t he 3-net hyl - but - 3- enl- ol

[00297] Ex@h] e1§ Im=:t hyl - but - 2- en I -oI from

w sl pdn et d il e
Escherichia coli \gft '@t r enpved sanpl e. The

00299 SeaariyomolipptspiprdS AR} HSEXRF cpipfisbapy adding o
stock aliquot of eqvh shaip B, 125 GOntaiFing 35 mk MEMOPBH 4% glucose,
0.5% yeast extract hdd yubtibias@ {sAbi@ledil Bd@ 1)wabby growing the cultures
overnight. transferred to a clean gl ass vi al

[00300] Tht-. Qg cﬁﬂ@s Mréé tRed ta{ Q&%Zggt Mﬁﬁ@mloﬁﬁpmximately

Aas Sl dtan Q{g 5,39 pi 0.5% yeast extract, and
005, 250 m. Rasfcotatfh A KE b rfoiBs A siucose, 0.5% yeas




WO 200713994 - oprat ogr aph/ ppss spect romet @

1313-5 col umm (Agllent
Technol,.ogj

st Aot ORI 0 o g?ﬂ;gé? TRe

an 0D of syro AT & I PG A T g o - i
the host cells was rfurbA s PASInQAeL AET Y BTT P SpEinuggion the
cultures were ovedai Wit B of an pqg@;c@gpggyn@cagugmf&p@qne Samples
were taken every 24 ho@O@/dM20bHS (160 ofF tine PHE) i@ tirbksfrmiad 2 ul to 10
ul. of the organic S\Q-QQ lay(‘?-xl H:Ci cﬂan@ﬁl:sdm@ﬁnla%@:@ @mi ehyl Zeetate spiked with
trans-caryophyllene apglgxgédal d!: 19 L(ﬁlltmn[ HQL Jlﬂ;pﬂg 0%@%&'&3 were

spun down, cell pgﬂe'(s werg resufpen & r %5 s\éen e watgm tﬁc cell suspensions

wer e ana

e ot E SPGB BT g <evommios
a5 inernal ssangs. ST fiipe OcFERLeBRP of SPPRNFCHIIE PR e 2ddod o
a glass vials contgrires il athy) evria sikediithdrers fepmiopbyllene as an internal
standard. The whe dtildirkiydih Bmplds wtre actracted i lthe giinid]acetate by vortexing
the glass vials ford0 Hf&xttttky&:erzvhbhlm GE dr 118 byt dtraction was
transferred toaclgﬁtgﬁggt,,mon time of 2.067 m nutes

(00301} m§|§z?a'lﬂ obe iy Retn$Ttocle UnBROhnd theldhyf 40GM Sxtracted

whole culture s%‘iéﬁ L naéngfze% & nAﬁLlent ?890N chromatograph
equipped with an:g\_g%tt‘:ﬁ |maﬁa]fect?mgﬁ (qC/M%lm fulbscan mode (50-500 m/z).
To expedite run tigtst, & 1PRFERIGTPEHD FI CORPH i Mafifed to achiove
optimal peak resojygign matié shyreel otetaliuntims i tubysanpls Hpspoparated using
a HP-5MS coluin Q4B erb Teclaibl6kid8,Suci, Prlo3Mto, CA) and helium carrier ges. The
temperature progf'ﬁﬁltfé}}ﬂe BIQHIISV&S £ Wollbws0150°8 Béld for 3 minutes, increasing
temperature at ZS%IHEW LfeQ Tl 0%0"@ m&Lsmg temperature at 60°C/minute
to a temperature Lfg’gtgg %d%ﬁm 13(% C]er 1 rr%'lgg %&:Q%I'II I;Hag spectra
demonstrated that t? N I‘ § Stﬁasl eds ! § f%nes%ne,uanﬁ éhQE farnesene had

a retention time céé.ém% Wé ggs Ggé’f"&’v‘il en?,]%%iwem calculated by
comparing generaledpgrfk greas PR 8 PPfiTEve Gaitaton G AT rgficd F-
farnesenc (Sigmdugdiich Shemizil FoERP St A opis, M@Ria Eqnp-pgygpbyticos-spiked
ethylacetste. 1N RO et al. (Nature 440:

[00302] HM Q= AR prdfHOA hpprichatk 40P /L Bad feftdsene at 120

hours (averaged E\ij ﬂuﬁﬁdmg @Im}% MA g%iﬁlglll‘pecmducﬁwty of
approximately 405 m sto EEYSZ xgilmately 1.1 g/L of B-

farnesene at 1208? v %e ?}éﬁ%ﬁ;gn&ent Bon sh/g%%ﬁ%l%gs Iuﬁal specific
productivity of axErgspatetsIfBy H/QQmm (IAFIE‘G‘T“B“"SS?"I"%g
[00303] Exgolsd@? |Laboratory Course Manual ,

2005 ed., | SBN 0-87969-728-8),

plating for single colonies on

YPD agar, and then patching

single colonies onto CSM Met Hi s

agar and CSM Met Leu agar. d ones



WO’""""””f‘he strain to g, 125 rnL f|ask"vs7m

. HCTIOB20D
and net hio
and by growi ng the cultures

won S e L LS R 5

an Escherichia calelfostatﬁnﬁlr oxi nmat el y 0.05 a 250 I’TL

[00305]  Sed axfitfrbscofhoftistepipk BESBMET FHFT g BES3 e pyfablished by
adding a stock alicRytiof daddistiat: tekefaiar 625 migikacohizighe 26 gl M9-MOPS
and antibiotics as 4c@UQ i ke B R bE QEiRiIHR ctlGre bvaiipht.

{00306} Thtgéeéd%gﬁx@s wede: u&%iogxﬁlnﬁfeta% Buitial@Dehy I approximately
0.05 separate 250 mﬁ t af é{) MBP@uﬁﬁ]}ﬁth:dé&ﬁn WAS/mL

thiamine, nncwnugﬁlg? é? gtmo 0 Pﬁ@é’g Q) 5% ygaﬁt extract, 20 g/L of
D-glucose, and anﬁlimélgse'ﬁﬁ grligres L‘f(‘f‘&%%i af lﬁ% “f‘l%‘%fd incubating
shalker at 250 rpyyptis hesrreached %dllj’eﬂw FBALGP: o Herh gyt fre production of
p-farnesene in theDHsORI vey mcbyed g:@damiig glegof 1 MIPTG to the culture

medium. At the tha €18 it Gondhelellathl Q4o vidluio eitkc o anpeggnic overlay
to capture the B—fzﬂﬁlmé M@s@ﬂr&%&nh‘ vadoBBtinG ity l@kerring 100 uL.
samples of the upbg'%mu E\(fntl;)) Gy & Lol CRS Buibd. @he&lﬂ@wﬁ@&inﬁged to
separate out any rem ceqs or meJia., L}ﬁ JL%f Ms%‘:é&ﬁc ovm'lay samples were

transferred into 5(8361{] FtE)}égogt%f %ﬁgﬁd $Leta % CALDRNe s an intemal
standard in clean Elage B istt: TSR0 g (PP RS0 JEPE 2 e

analyzed as descripedan Foaiile i ERPhaBiciif col ot SiFpindb B prTRRced
approximately 7 03/£IW¢ VA f-fatnesersapt ur e t he

[00307] patdpha- 4, 11- di ene. Sanpl es were
{00308] THs3BBle Becribed 1B Btk o RS 0B f-fainE¥he in 2
Saccharomyces cé'ev%lﬁeﬂ:fst SJME}Ie or ganl c solvent | ayer

(003097 swgsﬁgﬁly:@) Gan %at%sﬁ rethbyily 1 g?&giomlmd from

Scccharomyces c&‘ﬁvgwls% éﬁt{ @ge ﬁ {%&)6)':9@061%%1{] b{ggﬁa PCT Paient
Publication WOZP(FQP@OQ ercylsamrﬁﬂl xilcé 00 was then

transformed withjexpregsfon plpsrids pRFAZTEGA of P@@Z@ﬂ‘]‘ "igiging bost strains
Y166.and Y164, Bpg@ivahc - over | ay/ et hyl acetate

[00310) H&BRPDkASoriits verd RREYIDE gutbitic defined media, containing
2% glucose and mgatcfds & &thﬁm (©2.90). € Bost strain EPY300 was

auxotrophic for 1 91&[5 eéipfﬁﬁ:agrﬁl@ mngSA or pR5425-

FSB restores len i%éll %mﬁlgﬂerf Tt h@ culture vials

containing 5 mL af1j gl cil mcubated by shaking at
g 5 mL gfligyid FM-gls lagking lepoing, e GHRES ViR

30°C wnel growid tgaefRg %ﬂﬁrﬂb% i Bl Vg £ L o ervo-vlin
mL frozen aliquogspghde5H of G0 lﬁg;()% glycerol and 600 uL liquid calture.

anor pha- 4, 11- di ene.

[00286]Exanple 19 [002871This

exanpl e descri bes the production

of anorpha-4,11-diene in an

Sacchar omyces cerevi si ae host
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[#0311]} Seed culinres were established by adding a stock aliquot to & 125 mL fask

containing 25 mL SM-glu lacking lencine, and growing the cultures overnighi.. The seed
cultures were used to inoculate at an initial ODggp of approximately 0.05 250 mL, baffled
flasks containing 40 mL of synthetic defined media lacking lencine, 0.2% glucose, and 1.8%
galactose. Cultures were incubated at 30°C on a rofary shaker at 200 rpm. Becanse the
presence of glucose in the media prevents induction of the Gall promoter by galactose,
farnesene production was not induced until the cells use up the glucose in the media and
switch to using galactose as their main carbon source. The cultures are overlain with 8 mL

methyl oleate or isoptopyl myristate. Samples were taken once every 24 hours by
teansferring 2-10 uL of the organic solvent layer to a ¢lean glass vial containing 500 ul. ethyl
acetate containing a known concentration of beta- or trans-caryophyllene as an internal
standard. In addition, 0.5 mL aliquots of the whole culture broth were added to a glass vials
containing 1 mL ethyl acetate spiked with trans-caryophyllenc as an internal standard, The
whole culture broth samples were extracted in the ethyl acetate by vortexing the glass vials
for 10 minutes, after which 600 uL of the cthyl acetate extraction was transferred to a clean
glass vial. )

[00312] Host strain Y166 produced approximately 9.8 mg/L of o-famesene at 12¢
hours (averaged over 3 independent clones), and had a maximal specific productivity of
approximately 3 mg/LL/ODgoo {1 representative clone). Host strain Y164 produced
approximately 56 mg/L. of p-farnesene at 120 hours (averaged aver 3 independent clones),
and had a maximal specific productivity of approximately 20 mg/L/ODsoe (1 representative

clone).

[00313] Example 22

[00314] This example describes the production of y-terpinene, o-pinene, and
terpinolene in Escherichin coli host strains.

[00315] Seed cultures of host strains for production of y-terpinene (E. coli DH1-T1r

[pMevT, pMevB-Gipps, pAM445]), o-pinene (E. coli DH1-T1r [pMevT, pMevB-Gpps,

" pAMA443 or pAMA442]) or terpinolene (E. coli DHI-T1r [pMevT, pMevB-Gpps, pAM444]
were established by adding a stock aliquot of each slrain to separate 125 mL flasks containing
25 mI, M9-MOPS, 2% glucose, 0.5% yeast extract, and antibjotics as detailed in Table 1, and
by growing the cultures overnight to Jate exponential phase.

{60316} The seed cultures wers used to inoculate at an injtial ODgqo of approximately
0.05, 250 mL flasks containing 40 mL M9-MOF'S, 2% glucose, 0.5% yeast exiract, and
antibiotics. At time of inoculation, the cultares were also overlain with 4 mL hexadecane.
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Cultures were incubated at 30°C on a rotary shaker at 200 - 250 rpm unitil they reached an
0D of approximately 0.2, at which point the production of the compound of interest in the
host cells in the host cells was induced by adding 40 ul of 1 M IPTG. Samples were taken
once per day for 96 hours by transferring 200 uL. of the hexadecane layerto a 0.6 mL
microfuge tube. For analysis, the hexadecane overlay was diluted 1:1 or 1:10 with ethyl
acetate spiked with trans-caryophyllene as an internal standard ina 1.8 mL GC vial. In
addition, 1 mL aliquots of the cultures were spun down, cell pellets were resuspended in 250
ul. sterile water, and the cell suspensions were transferred 1o a glass vial containing 1 mL
ethyl acetate spiked with trans-caryophyllene as an internal standard. The cell pellets were
extracted in the ethyl acetate by vortexing ﬂ'le glass vials for 15 minutes, after which 500 uLL
of the ethyl acetate exiraction was transferred to a clean glass vial.
[00317] The hexadecane/ethyl acetate samples and the ethyl acetate-extracted cell
pellet samples were analyzed on an Agilent 6890N gas chromatograph equipped with an
Agilent 5975 mass spectrometer (GC/MS) in full scan mode (50-500 m/z). To expedite run
times, the temperature program and column matrix was modified to achieve optimal peak
resolution and the shortest overall runtime. A 1 uL sample was split {a split ratio between 1:2
and 1:50 was selected based on sample concentration) and then separated using a HP-SM3
column (Agilent Technologies, Inc., Palo Alto, CA) and helium carrier gas. The temperature
program for the analysis was as follows: 75°C held for 3 minutes, increasing temperature at
20°C/minute to a temperature of 115°C, increasing temperature at 60°C/minute to a
temperature of 300°C, and a hold at 300°C for 0.5 minute. The various products, y-terpinene,
_ o-pinene, and terpinolene were observed at 5.4,4.1, 5.4, and 5.9 mimutes, respectively. Titers
were calculated by comparing generated peak areas against a quantitative calibration curve of
“purified standards in trans-caryophyllene-spiked ethyl acetate.

(00318} Example 23

[00319] This example describes the production of linalool, limonene, #-pinene, -
phellandrene, carene, or sabinine in Escherichia coli bost strains.

(003201 Seced cultures are established by adding a stock aliquot of each strain to

separate 125 mL flasks containing 25 mL M9-MOPS, 0.5% yeast extract, 2% glucose, and
antibiotics as detajled in Table 1, and by growing the cultures overnight.

[00321] The seed cultures are used to inoculate at an initial ODgoe of approximately
0.05, 250 m1 baffled flasks containing 40 mi M9-MOPS, 0.5% yeast extract, 2% glucose,
and antibiotics. Cultures are incubated at 30°C on a rotary shaker at 250 rpm until they reach
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an ODgog of approximately 0.2, at which peint the production of the compound of interest in
the host cells is induced by adding 40 ul of 1 M IPTG to the cylture medium. The compound
of interest is separated from the culture medium through solvent-solvent extraction, or by
settling and decantation if the titer of the compound of interest is large enough to saturate the

media and to form a second phase.
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Sequence Listing

SEQIDNOQO: 1

MevT66 operon
GAATTCAAAGGAGGAAAATAAAATGAAGAACTGTGTGATTGTTTCTGCGGTCCG
CACGGCGATCGGCAGCTTTAACGGCTCTITAGCGAGCACCTCTGCAATCGATCTG
GGTGCGACGUTCATTAAGGCCGCCATTGAACGCGCCAAAATCGACAGCCAGCAC
G’ITGATGAGGTGA’I‘CATGGGCAATGTGTTACAAGCCGGCCTGGGTCAAAACCCA
GCGCGTCAAGCACTGTTAAAATCTGGTCTGGCCGAGACCGTGTGTGGCTTCACCG
TCAATAAGGTTTGCGGCTCTGGCCTGAAGAGCGTGGCCCTGGCAGCACAAGCGA
TTCAAGCCGGTCAGGCACAAAGCATCGTTGCGOGTGGCATGGAGAACATGTCTC
TGGCGCCGTACTTATTAGATGCCAAAGCCCGCAGCGGTTATCGCCTGGGCGATGG
TCAGGTGTACGACGTCATCTTACGCGATGGCTTAATGTGCGCGACCCACGGTTAC
CACATGGGTATTACGGCCGAAAACGTGGCGAAAGAATACGGCATTACGCGCGAG
ATGCAGGATGAATTAGCACTGCACTCTCAGCOCAAAGCAGCAGCCGCGATCGAG
TCTGGTGCGTTTACGOCGGAAATCGTGCC AQTTAACGTGGTCACGCGCAAGAAG
ACGTTCGTTTTCAGCCAGGACGAGTTCCCGAAGGCAAACAGCACCGCGGAGGCC
TTAGGTGCCTTACGCCCAGCCTTTGACAAAGCGGGCACGGTCACCGCCGGTAATG
CGAGCGGCATCAATGATGGTGCAGCGGCACTGGTCATCATGGAAGAGAGCGCCG
CATTAGCAGCGGGTCTGACCCCATTAGCGCGCATTAAATCTTATGCCAGCGGCGG
CGTCCCACCAGCCCTGATGGGCATGGGTCCGGTCCCAGCCACGCAAAAAGCCCT
GCAATTAGCGGGCCTGCAACTGGCCGACATTGATCTGATCGAGGCGAACGAGGC
GTTTIGCAGCGCAGTTCCTGOCGGTGGGTAAGAATCTGGGCTTCGACAGCGAGAA
AGTCAATGTGAACGGTGGCGCGATIGCGITAGGCCATCCGATTGGTGCAAGCAG
CGCACGCATCTTAGTGACGTTACTGCACGCCATGCAGGCACGCGACAAGACCTTA
GGCCTGGCGACCTTATGTATTGGTGGCGGTCAAGGTATCGCCATGGTGATCGAAC
GCCTGAACTGAAGATCTAGGAGGAAAGCAAAATGAAACTGAGCACCAAGCTGTG
CTGGTGTGGCATCAAGGGTCGCCTGCGCCCACAAAAGCAGCAACAGCTGCACAA
CACGAACCTGCAAATGACCGAGCTGAAAAAGCAGAAGACGGCCGAGCAAAAGA,
CCCGCCCACAGAACGTTGGCATCAAGGGCATCCAGATTTATATCCCCACGCAGTG
TGTCAACCAATCTGAGCTGGAGAAATTCGATGGCGTCAGCCAGGGTAAGTACAC
CATCGGCCTGGGCCAGACCAACATGAGCTTCGTGAACGACCGTGAGGACATCTA
TTCTATGAGCCTGACGGTGCTGTCTAAGCTGATCAAGAGCTACAACATCGACACG
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| $IG{ruSEao;
*'si ae strai
and Y003 were prepared for

AATAAGATCGG%@TéﬁT%ﬁ%‘%%%G&ﬁ \Ag&gé‘ Q‘JGQJF&A@’I‘TGACAAGAGCAAA

AGCGTGAAGTCY %T(.FIES’M"H‘@:AG?’H%T g e$ CGAGG GT

ATCGACACCCT%MC&“@@@T%GPEC%%*@AAE@%%G%T SRatacceton
ACTGGATTGAGNE@—&@C@W@@@*TG@FCQ@RLTGCGATCGTCGTGTGCGGCG &

ATATCGCCATCRATDACH A GAETAGGORCE TEGACCGGCGUTACAGGCACCE
TT6CGATOTGGh PRINRScEs M dEhd chs gicroTioGanTqrANBAB-GCGTC
TTACATGGAGCH D5 TABGNE T4 204 AUCRGAPFICRBE SGCGAATACCCG
TACGTGGACGOLE? g'gr %ﬁ‘% &t MNBscddiaavdacoTTT
ATAAGTCTTAT&WG Gﬁ'%TTS AAT acf,c Ji\l%CA bacccaceac
GCAGCGACGCOEIRBPERSY (E) %TGT’I‘CCATGTCCC
GACCTGCAAATp"A@'ﬁ@%WWQT@@CQ%T‘F’E@EF{W&ATTTCCGT

GCCAACCCGCARCRGPICEHGGACHITSACPERRNGETARRFACRFBTCATTAC
GACGAGAGCCEINICBROAA @ ACATOE AV ATACCTIOGTCAACGTCGCGAAG

ceGTTCCACAARBAELA R0 4RGIMBRODFARGRAETTACCAACACGGGC
AACATGTATACCGCGTCTGTCTACGCGGCATTCGCGAGCCTGCTGAATTACGTCG
GTTCTGACGACCTGCAGGGCAAGCGCGTTGGCCTGTTCAGCTACGGTAGCGGCTT
AGCGGCCAGCCTGTATAGCTGCAAAATTGTCGGCGACGTCCAGCACATCATCAA
GOAGCTGGACATCACCAACAAGCTGGCGAAGCGCATCACCGAGACGCCGAAAG -
ATTACGAGGCAGCGATCOAGTTACGCGAGAATGCOCATCTGAAGAAGAACTTCA
AGCCGCAAGGTAGCATCGAGCACCTGCAGAGCGGUGTCTACTACCTGACGAACA
TTGACGACAAGTTCCGCCGTTCTTATGACGTCAAAAAGTAACTAGTAGGAGGAA
AACATCATGGTGCTGACGAACAAAACCGTCATTAGCGGCAGCAAGGTGAAGTCT
CTGAGCAGCGCCCAAAGCTCTAGCAGCGGCCCATCTAGCAGCAGCGAGGAGGAC
GACAGCCGTGACATTGAGTCTCTGGACAAGAAGATCCGCCCGCTGGAGGAGTTA
GAGGCCCTGCTGAGCAGCGGCAACACCAAGCAGCTGAAGAACAAGGAAGTTGC
AGCGCTGGTGATCCACGGTAAGCTGCCACTGTATGCGCTGGAAAAGAAACTGGG
CGATACGACGCGTGCGGTCGCGGTGCGTCGCAAAGCCTTAAGCATCTTAGCGGA
GGCCCCGGTGTTAGCCAGCGACCGCCTGCCGTACAAGAACTACGACTACGACCG
COTGTTTGGCGCGTGCTGCGAGAATGTCATTGGCTACATGCCGTTACCGGTTGGT
GTGATCGGCCCGCTOOTCATTGATGGCACGAGCTATCACATTCCAATGGCGACCA
CGGAAGGTTGCTTAGTCGCCAGCGCCATGOGTGGCTOTAAGGCGATTAACGCCG
GCGGTGGCGCGACGACCGTGTTAACCAAGGATGGTATGACGCGCGGTCCGGTCG
TCCGCTTCCCAACGCTGAAGCGCAGCGGCGCGTGTAAGATTTGGCTGGATTCTGA
GGAGGGCCAAAACGCGATCAAGAAAGCCTTCAACTCTACGAGCCGTITCGCGCG




WOMWH”%OZ and Y003 sirains using 5%60020"7’012467
PFGOUS2®
t Louis, M),
nM lithiumacetate (Sigm), Mg

TGP dd AR d-REetiTceBETTCCGe

TTTACAGCATA

ACCACCACGGCTCSVIA'Il%géAJ%%G%LT%A% 811:\ (% A(i_ EFTCGAATAT

AGCCTGAAACAA TRETI ‘b‘"é%"@??ﬁ%%‘\ Qbrrererer
GTGAGCGGCA@@h%ACCQ&%GCQQQ%G \CTGGATTGAG
GGTCGCGGCAAMBGCEBUSHGHTB M GCPRESATFRLAGGCGACGTGGTCCAT
AAGGTTCTGAAGAGOGRIFBAGEGUET TS GIITIBYRITAAETATE GCCGAAAAAC
CTGGTCGGCAGTREEAT@RIJAGE G OracaRGOITTAADICACATGCAGCG
AATCTGGTTACEEgé&PPT?@FJ‘A%B%GTCAGGACCCAGCCCAAAATGTCG

AGAGCAGCAA(& NS A%@%&&@CGCATCA
GCGTTTCTATGEE Cﬁ;ﬁgﬁ&@ 6&88 GCA% E ot BX ccoTTTTAGA

ACCOCAAGGTGY ngngTa‘F’{F@ﬁ‘CF‘E%C‘Fé}&E TG RAAC00C
CCCAGGCACCAYTGCCRMOICARCTERGLOPIATYRIRPCGT IpE POTTCTAGEG
GGTGAGCTGAGERGTCCHE GABEIAGSISACFRUENTREAFTEMETCTCACA
TGACCCACAACNEE AR SPEGEIHGAMCE AA LIS GO THACCTGGACGCAA
CCGACATTAACHGRET @ A darb@e QeutarcACgideiaR ) aa ARTETGAGCAT
getactaacerx 2KB CgLEUZ2 genotnic | ocus was
anplified fromC. gl abrata
genom ¢ DNA (ATCC, Manassas, VA)
SEQIDNG:2 \;sing priners 61-67- CPKO66- G (SEQ
Primer 4-49 mvaA 9°INO;,  46) and 61- 67- CPKO67- G
5-GCTACTAGTAGBES FBAMGATER]CAACAT HGHGASBAATTTOCE S
basepairs of flanking honology to
seQIpNo:3 t he ADEl open reading frane
Primer 4-49 mvaAE3Na) - 1011g of the resulting PCR
. 5.GeTTCTAGART RFMETGYES Al RS E U ARG cba b0
exponentially grow ng Y93 and Y94
as descri bed above. &e)- strains

SEQIDNO: % were selected for growth in the
Primer HMGS 5" §p@@fSe of | euci ne

5 suppl enent ati on and confirnmed ¥
GAACTGAAGATIT BGIRSIGABAPCRIAATIFACAEARATAREOA
CT-3’ cl ones were given the designation

Y176 (MAT A) and Y177 (NMAT
ssgmno:s & pha). [002911To generate S.

Primer HMGS 3 errn%\él iae strain Y188, 2pg's of

S_TTGCATGA %—%ﬁ%@% %‘B%\QAII"R’JGCGAAC—B’

NO 49), respectively, were

di gested overni ght with Pnel (New
Engl and Bi ol abs, Beverly, M) and
i ntroduced into exponentially
growi ng Y176 as descri bed above.



WO 0013%0029612ng of pjastnid DNA f FGAP 7
) P&4JUS20
evi siae ¢
opti mi zed Anor phadei ne Synt base
(ADS) and cytochrone P450
nonooxygenase (AMD) expressed
SEQIDNO:6  omthe S. cerevisiae GAL1 and
Primer 19-25 atoR $fik-Scyt ochr ome P450
5°-GCTAGGCCATRCHGP ETE A AGAATCPRYCAARBT IS S &
fromthe S. cerevisiae OALIO
SEQYDNO:7 pronoter, was introduced into

Primer 1925 mvESRGRRHt i al |y gl owi ng Y210 and
5_GCTTGCGAT 6L Ec@Ags fdricbate e, S

cerevisiae strains that contained
the pAM322 plasnid were sel ected
SEQIDNO:8 oy by their ability to growin
Primer8-70C  t he absence of |eucine
5-CCACCTCGAMI AN EEFTTERTAAECTES Ul t ant
strains were given the
seQ I No:9 designation Y222 (MAT A) and Y224
pomer 26398 ( VAT al pha)® 1002971Exanple 19
s TaaTecACHE 2B RESTR AR e RAGKARRS: t he
production of a-farnesene or
sEQ b No: 10P-famesene in Escherichia con
primer 26304 NOSt strains. [00299! Seed

] j 3552 and
s rrerressq b e e e e g
stock aliquot of each strain to a
SEQIDNO:11155 i f| ask containing 25 nL
Primers 4-40 mvqg BjBPS, 0. 8% gl ucose, 0.5% yeast
5 - TATGGATE B AGGAGCANITRRATEA OIS TAGTTATTATTGATGC —
3 detailed in Table 1, and by
grow ng the cul tures overnight
seqQ m No: 121003001The seed cul tures were
0 inoculate at an initial

. d

Primer 4-40 m 16 i 1 2 50

e S R S 0 05
MB- MOPS, 2% gl ucose, 0.5% yeast

SEQIPNO:Bextract, and WO

Primer 4-40 mva@X0BERl] 139924 PCl ATS2007/ 012467

5’ - TATAGAT@MRALLEOEG O TTEAGATGASSATISGEATTCATAAAATTAG —

37 i ncubated at 30C on a rotary
shaker at 250 rpmuntil they
| eached an 012600 of
approximately 0.2, at which point
t he production of a-farnesene or
p-famesene in the host cells was
i nduced by addi ng 40 uL of 1 M




WO 2007!1399f4003 03] Ex an'pl e 330 WO PCT/US2007/012467
20 i

npl e descri bes the
producti on of p-farnesene via the
SEQID NO: 14 DXP pat hway in an Escherichia

primer 439 mvasK Bt urgzt oSt rain. [00305] Seed

cu f . Dost. StLal s
5*~ TTTGGATCEASH T EE5 44 ~~and” B653 wer e
est abl i shed by addi ng a stock
SEQIDNO:15 gl i quot of each strain to
Primer 67-1A-C f& @ PR irgilliSeadad bf dulcodins agheges eBhetdgs grrieng .
5. ACA CTC GAGAltidaAMRAMIBRI carmdT 8AT AT @4 A% B CCG -3
' detailed in Table 1, and by
$EQ I No: 16 97 OW Ng the cul tures overnight.

Primer §7-1B-C f%gglg Qrg;lg;ll-cai?on% ed lélséq&gmg %f tm;s_egene

I NQcu [ i al

5. TGA OO TAGBHOTS POARES BT 451 14T 0168 S+
separate 250 nL flasks contai ning

SEQIDNO:17 40 niL MD- MOPS mi ni mal nedi um 45

Primer 67-1C-C fot@C R milifdagimof tbe, codingarapmestof theskyagne

5 ACT AGG TAL AAQAT a7l TAA AAESOLs ¢\ ArCMAUBRPSCTG GGC -3
0. 5% yeast extract 20 g/L of
8- gl ucose, and antibiotics. The

SEQ ID NO: 18 . .

rone 110 SRR LB P EURBLEL e G

5'- AAT TGA TCHH QT AG T P C?%ey PEAch eg an
OD600 of 0.2 to 0.3, at which

SEQIDNO: 19 poi nt t he production of

Primer 67-1E-C thi PCR anmi§ssmef thepoditpecdyqaestof hedtpPgene

5. CAT AAA GOVBSCA AGHS6d Ay ASS TE® GAAOCAICTQOFTTEFGG ATG -3
M PTG to the culture nmedium At

SEQIDNO;ZOthe time of induction, the

Primer 67-1F-C 81"’#"C¥al %Sfr‘%cawoglroﬁhpcéﬂ% séllu&cé% ﬁlaa% gm%
ot eVt R AT DN P

)t
nples were
taken at various tinme points by
SEQIDNO: 21t r ansferring 100 uL sanpl es of
Primer 67-1G-C tohRER ypplisicatior o tentodingpeptonsf th iRFesene
5 AAC TAA CAOAPA THEGGA GEHBTA ANBGCEHAC MeYsGTG GCC CTC -3
centrifuged to separate out any
SEQ D No: 22/ MR ni ng cells or nedia, and 10
Primer 67-1H-C %L‘P&I tl!:lh%a E&@.@ Qmé) éé%glc@}f the Meﬁs
were transterred I nto 500 ul
et hyl acetate spiked with beta-
or trans-caryophyllene as an
internal standard in clean gl ass
GC vials. The nmixtures were
vortexed for 30 seconds, and then
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addi ng a stoc
aliquot to a 125 inL flask

5. TGT TAG TT,Q 86 g A oA T cVrettc hae ktng

| euci ne, and growi ng the cultures

over ni ght. The seed cultures were

SEQIDNO:23 ;sed to inocul ate at an jnitj al

Primer 67:24-C RRBER BIPLEIOP ahhetenne Ut B8 e B0E AL

5'- ACG GGA TS AOOIASG AATAITAESHAATRICAG A48 G TTC ACG -3
of synthetic defined nedia

SEQIDNO:24 | acki ng | euci ne, 0.2% gl ucose,

Primer 67-2B-C fHPOR dnpBitnha bAKIQER seqishte bililicRHF yob €

5. TTT AGT TG& Béé‘@?é £6 1 28 ecPPaTdHEB dca cc -3
shaker at 200 tine. Because the

presence of glucose in the nedia
SEQIDNO:25 ) events i nduction of the Gall
Primer 67-2C-C fy POy gstelificasy ofjbr oo e PUIRIRR AR°
5'- TAC TAA GGEICEHAEBIAGH AMsTAdeCiMTadEE 4OGTT FAA TIC
AAdte3cel | s use up the glucose in
the nmedia and switch to using
SEQ ID NO: 26 Jal actose as their main carbon

Primer 67-2D-C t&@Hﬁ lifickiR of:thg ct):hlxrg%ueﬂore of tﬁ‘a\éﬁﬁlgﬁb n
5 TCC GGG TAWC DAL dﬂc@flcc‘i‘ GhaRGE CRR TTC G -3

rTyrlstate Sanpl es were
taken once every 24 hours by
SEQIDNO:27 t r gnsferring 2-10 uL of the
Primer 67-2E-C fo5 PERriolificgiipn oftipreodingyeayende 6 tf 19T €5
5 AAC AGG TAl GSGAD GA STPMTE GG O30G TP GCC AAC C -3
et hyl acetate contai ning a known
SEQ ID NO: 28 Concentrati on of beta- or

Primer 67-2F-C f&r'i’élgénpﬁf?cg%g ch.%lojxﬁ@ geq&&:e S ibe ispH gene
5" TGG ATG AAé.‘vnng% rﬁ_’&"i‘"r[qﬁtlée ARF fea EBa Q‘%&d A coe ace -3

I quots of the wh
culture broth were added to a
SEQIDNO:29 g 355 vials containing 1 ni ethy
Primer 67-2G-C iR &P@ﬁgmnwg@ cfinggequence of the idi gene
5 CAT CAA GTCIGEDCSACFOTIATAASTRS Aat Q¢ AAC ACG TCA TTT
TATIRGEer nal st andard. The whol e
culture broth sanples were
seqmNo:3¢ EXtracted in the ethyl acetate by
Primer 67-2H-C v O rftt)r%i{ argphkgsong dm\él %Leﬁce oﬂfle u;i gene
m nut es ter ch 6
the ethyl acetate extractlon mas
transferred to a clean gl ass
vial. . [00312] Host strain Y166
produced approximtely 9.8 ng/L
of a-fanesene at 120 hours
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-114,11) 014:

FESHAKET ¢ O rpmunti ey
reached an OD 600 of _
suTAATGcAA?EPf&?9fﬁﬁéﬂﬁhdﬁ%?AﬁhGWQbQHAaﬁbBiy
e production of the conpound of
interest in the host cells in the
SEQIDNO:31 host cells was i nduced by addjng
Primer 67-21-C 4 fog PCRpoplificpien g heeodigasipprisg el (i fpe eene
5'- CAG TAA AGCaR&AGH A AP AAT GFATEF TUBCHfFAsACT CG-¥
by transferring 200 uL of the
sEQ 1D NO: 32 hexadecane |ayer to a 0.6 nlL

Primer 67-2J-C fom&raglpllﬁ%oJ Jf Q@wdigé)s@qHMf ﬁf@i.spc.% gclteh e
5. TAG TTC CA’E %@g&%ﬂ%ﬁ%ﬁﬁ L8y Aﬁ@ﬁTéj rld&dec -3

w th ethyl acetate
spi ked with trans-caryophyll ene
SEQIDNO:33 55 an internal staridard in a 1.8
Primer 9-156A forACR@0pLifipation of hR¥Zapet lePon, 1 i nL
5'- ACATAGACGHAGGGALSCETAGMICTANGTAPES Sher e
spun down, cell pellets were
SEQ ID NO: 34  esuspended in 250 uL sterile

Primer 9-156B fm\’i@k%inﬁ&ﬁﬂ. ob ERIESI 10c84IS PENSI ONS

5. TTecCGCTCRAGET ekt At cheadathass Vi al
containing 1 , ethyl acetate

spi ked with trans-caryophyll ene
SEQIDNO: 35 35 an internal standard. The cell
Primer 19-137 cohpANIBAS \were extracted in the
5’ —- GACGTCGAINIYTGGEEABALEGHY vortexi ng the
glass vials for 15 mnutes, after
sEQID No: 36 Whi ch 500 uL of the ethyl acetate
Primer 19-137 celfANEAGt i Oon was translated to a
5"~ TACTAGTGE 19EASEcLal . (003171The
hexadecandet hyl acetate sanpl es
and the ethyl acetate-extracted
SEQIDNO:37 0ol | pel |l et sanples were anal yzed
Primer for PCR agsp{ifiggfionmi fuglppfidesenaRyRg ebcggng a p-farnesene synthase
5-CCATGCACASHETPRUCHIEEPRCEGIAARSEd with an
Agi | ent 5975 mass spectroneter
sEgpNo:38 (GC/M5) in full scan node (50-500
Primar for PCR alibifikationt®a SXIRAEH stRenkd beokihg WBSarmelehéBiynthase

5’-GAGCTCTCA#§?§$€EM&%GP&W and col um

I'X was nodi d to achieve
opti mal peak resolution and the
shortest overall runtine. A1 gL
sanple was split (a split ratio
between 1:2 and 1:50 was sel ected
based on sanpl e concentrati on)
and t hen separated using a



WO 20071139924, Ol) 600 of approximately 0,2, o o
ePpiTH4S200
nterest in the

host ceIIs is induced by adding
sEQINo:39 40 ul of 1 MIPTGto the culture

Primer for PCR mr{ggcagon ofa xtug%?%?e géilln dencg m 31[1] & El:ngsgxle symthase
“‘t

ture
-CCATGOACHEGE i %ol vent - soI vent

extraction, or by settling and
SEQIDNO:4vdecantation if the titer of the
Primer for PCR a@ Al vla wfledtidis@p@et endoding| ag ¢-fenesene synthase
5. GAGCTCTTATARUGI doocsatadmatze t he nmedi a and

to forma second phase. WO
SEQ ID NO: 41 2007/ 139924PCT11JS2007/ 012467

amB(opt)_WGS%gtg%ggce Listing SEQID NO 1

AR PR RS SAR R OS EARSRRATETT A0

GCTCTTTAGCOASEARGHTED T AT ASET¢9GIGCGACGGTCATTAAGGCCGC
CATTGAACGC G BBATATABOCASET AT ACATIAROT S A REAEGGACAA
TGTGTTACAAGAGGACCTIGTOEAAMCUGADCFCETCAAGCACTGTTAAAATCT
GGTCTGGCCGASACICRACSISHCATIAAGECOGAEATTARAGGCrCTGGCC
TGMGAGCGTM@EW%GCCGGTCAGGCACAAAGCA
TCGTTGCGGGHY wS5AA E@&%@%@%ﬁ%mcam

AGCCCGCAGC

A Eﬁ%%%f?% TTACGC
oATO0CTT AN AL SR LA A ST TACaE A
GTOGCGAAAGHA R ATIEAFEREIACEHEN AP CTICAC

GAAWQGTGCGTTTACGGCGGAAATC

TCTCAGCGC

CN K ST ECACHATAATEN ﬁE@GTGCCTTACGCCCAGccmG
ACWGCGG&WE&@J&WA@G&A&WGT&AG
CGGCACTGGT%EW%CAGCGGGTCTGACCCCAT
TAGCGCGCATTAA i G i A& b rocaear
GGGTCCGGTCRS -f SAAANGOS WCTGGC

GCATCTTAGTGACGTTACTG
CACGCCATGCAGICXEHOGET A AR EDTOHAGECIANCTATICTATIGGTG
GCGGTCAAGAREESORT A AFCEALERATEAACTGAAGATCTAGGAGGA
AAGCAAAATARRE IS MEA SN GPOSIAPETEEEAOARES G TCaCCT

o R A TS

TGCGTTAGGCOXVAGGA

G
GGCACGOT CACCGCCGGTAATO
COAGCGOCATCAATGATOGTOCAGCGGECACTOG
TCATCATGOAAGAGAGCGCCO

CATTAGCAGCGOGT CTGACCCCATTAGCGCGCA
TTAAATCTTATGCCAGCGOCGEG
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AGCGTGAAGTCTGTClI TAATGCAGCTGTITCGEC
GAAAAAGCAGRAGALEHSEIRATAA L Lo dacdcccGCAGAACGTTGGCATCA
AccecaTcca AT el PR EFRT G LA I PeR6ETGaAGA

AATTCGATGG %?CAACA
TGACCTTCOTORAGE AR PSRN LA o CTaACG acTare
Ao RSN AT A A TSACFE 0 T

GGGTACGGAGECH: P G’I‘GAAGTCTGTCTTAATGCA
.t‘tlfc’{lﬁlf;t}i}'
CGGCGGCACCMMWW@GATTGAGAGCAACGCCTG
ceATGGCCGCG ATSRhFEAN AT SRR I GecATCTATGACAAGGG
TGCGGCACGTERd SETRAGBEASRALECHNANEE SR cacccaca
CGCACCAATT%% %@;ﬁg G A b raceac

TTTTACAAGCCRBAR R AL PAT Ae N AR KA IS ERT A RR AL TeTeTC
TGACCTGCTARGFOA AP ORACTASTEERMS AAGTCTTATAGCAAAAAGGC
GATTTCTAAG! COTEARCHACFTGAACGTGCT

GAAGTATTTCAACGACA ACHACRIGTGOCATBCCORAAATTAGTGACCAAA
TCTTATGGCCHORCETATARAMTIAS COTAHIGOrccecaGa

GGTTGACGCCEX G PEEAEAIAN TR EGeEdAcaGecTGACCGACAAGAA

cATCGAGAAGSECARER AR Sl deearide A 08 desTaraac

CCWGCCTG%W%&& é@ﬁ TGTCTAC
AC

GCGGCATTCGURAGERFECAGAARFACGICEARILTGACS: GGCAAGC
S ORISR SR AEBET oToc
AATTGTCGGCOOSTT CEFEAATAA GCTGGAGCATCACCAACAAGCT
GGCGAAGCGCANCCTGREA ACCOBEHGATTGACTTACG
CGAGAATGCGERIAAGEAT AT AATE A UETCGAAGGTAGCATCGAGCACCT

GCAGAGCGCCETIANEACEYNACH A A FTGR A EAACTTIEIACGTTCTTAT
GACGTCM@MWRT@A@E?&FAGATAAGAA

TITTCCGACA A & o 'I . q i‘\ CAATGG
SR el

AT AL A ATRAE00AA
TA@WTAG@@WWAGGTGCATTACCCGTTGGATT
ATTACCOA TR AT CACACTIOURCEACITICEAAGAMTG O TaGAA
GAGCCTTCAG CTIGEAAAGCTAGTGAATCAGACTG
GCGGATTTAA ACCHIRAAGETAGATEBAGOACATATAGAGRB CTTTGA
TGGCOTTGACHATREEE A G N SAACAA TTAAAGCTTTAGAAAAGCA

AATTCATAAAATT SO L Fife e TheT A Gavieet&éraaraor
AAAAGT AACTAGT AGGAGGAA

AACATCATOGT OCTGACGAACAAAACCGTCATT
AGCGOCAGCAAGGTGAAGTCT
CTGAGCAGCGCCCAAAGCT CTAGCAGCEECCCG
TCTAGCAGCAGCGAGGAGGAC
GACAGCCGTGACATTGAGT CTCTGGACAAGAAG
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TacCAACGTATAGET ARG P SERrd R cNGea Lo ArirABFATCTTITAAAAG
TATTTGITGAT. G@G er_TGcrrAATACGATTTrAGA
GGCEATAACTOR AR AR ORA T RGP ARy AT TN oAcT

ATTITATCCAAPRATREA ARG CHYERT AT RACGOGAAATIGACG

TTAAAGATTTAGCA SETHGOBAT
GAACGTGCTTCT&%GI@Gc&EQG@GA@TTSAWGW@TG@Am@TAATA
AAGGTGTTATIAATECAGATATHCATEE OATAACGBRECAAARBTACGCG
TGGTGCAGAA(“L&@G@GCﬁ%@k’h@GC&A@ﬁtWAC@@A@&B‘ATCGTGG
TATTGCAACA ARFEL ARFPTROR GO AATAGA

AGTGCCTATG SEudRc NG adArraccaatrocr

AAAGCTTCT'I"I‘AGJ\ AT’I[‘GCT AAATGTAGATTCAGCA CAAGAATTAGGTCATGTAG
TTGOTGCCGTTGGTTTAGCACAGAACTTTGCAGCATGTCGCGCGCTCGTTITCCGA

AGGTATCCAGCAAGGCCATATGAGCTIGCAATATAAATCTTTAGCTATTGTTGTA
GGTGCAAAAGGTGATGAAATTGCGCAAGTAGCTGAAGCATTGAAGCAAGAACCC
CGTGCGAATACACAAGTAGCTGAACGCATTTTACAAGAAATTAGACAACAATAG

SEQ ID NO: 42

atoB(opt):mvaS(opt):mvad operon
ATGAAGAACTGTGTGATTGTTTCTGUGGTCCGCACGGCGATCGGCAGCTTTAACG
GCTCTTTAGCGAGCACCTCTGCAATCGATCTGGGTGCGACGGTCATTAAGGCCGC
CATTGAACGCGCCA_AAATCGACAGCCAGCACG’[’I‘GA’I’GA(E%GTGATCATGGGCAA
TGTGTTACAAGCCGGCCTGGGTCAAAACCCAGCGCGTCAAGCACTGTTAAAATCT
GGTCTGGCCGAGACCGTGTGTGACTTCACCGTCAATAAGGTTTGCGGCTCTGGCC
TGAAGAGCGTGGCCCTGGCAGCACAAGCGATTCAAGCCGGTCAGGCACAAAGCA
TCGTTGCOGGTGGCATGGAGAACATGTCTCTGGCGLCGTACTTATTAGATGCCAA
AGCCCGCAGCGOTTATCGCCTGGGCGATGGTCAGGTGTACGACGTCATCTTACGC
GATGGCTTAATGTGCGCGACCCACGGTTACCACATGGGTATTACGGCCGAAAAC
GTGGCGAAAGAATACGGCATTACGCGOGAGATGCAGGATGAATTAGCACTGCAC
TCTCAGCGCAAAGCAGCAGCCGCGATCGAGTCTGGTGCGTTTACGGCGGAAATC
GTGCCAGTTAACGTGGTCACGCGCAAGAAGACGTTCGTTTTCAGCCAGGACGAG
TTCCCGAAGGCAAACAGCACCGCGGAGGCCTTAGGTGCCTTACGCCCAGCCTTTG
ACAAAGCGGGCACGGTCACCGCCGGTAATGCGAGCGACATCAATGATGGTGCAG
CGGCACTGGTCATCATGGAAGAGAGCGCCGCATTAGCAGCGGGTCTGACCCCAT
TAGCGCGCATTAAATCTTATGCCAGCGGCGGUGTCCCACCAGCCCTGATOGGCAT



WORIIE,  TTCTTGAGCTCITALTCCTTTGGTAGACER™
1

| FCNOS209

ners 4-40 nvakEF BanEll 5" -

TATGGATCCTAAGGAGGATATTTAGATGAAAAC

caaTccaaTecREAGIdRRAAASA K PecanFTactbbsddccaacToae
CGACAITGATC%@ATQ%G%E&H%GKE&QTWEBC&A&ﬁbémccae'r_
GWTMGMT%@W%%WW@%?%CMM
TGCGTTAGGCCARGGHARCTHICANSEOPEIGES0CH B IBAT L COTTACTG
CACGCCATGCAGGEACHYRASA AL LTI TAGGCCTOGCGACCTTATGTATTGGTG
GCGGTCAAGG TRATRAGATIGHTEATIGAGGATAI CRRATATASHEAIACCAGCA
AAGCAAAATCAMECGARGEATSAAEIAAG AAABTTTIAGGE TTCCAAAGTACTA
TGTAGACATGARAAL A 1390244 85c Adticch AdkidAcbcAAACAAATTTTT
AATTGGAATTCRTEANREA A AT ESITEPPRPREr 8@ éarcACATCGTT
reanTGGeCGTaRch O A Ad@ACATTATAACAGACGAAGATAAAAAGAAA
ATTGGTATGGTAATTGTGGCAACTGAATCAGCAGTTGATGCTGCTAAAGCAGCCG
CTGTTCAAATTCACAACTTATTAGGTATTCAACCTTTTGCACGTTGCTTTGAAATG
AAAGAAGCTTGTTATGCTGCAACACCAGCAATTCAATTAGCTAAAGATTATTTAG
CAACTAGACCGAATGAAAAAGTATTAGTTATTGCTACAGATACAGCACGTTATG
GATTGAATTCAGGCGGCGAGCCAACACAAGGTGCTGOCGCAGTTGCGATGGTTA
TTGCACATAATCCAAGCATT’TTGG‘CATTAAATGAAGATGCTGTTGCTTACACTGA
AGACGTTTATGATTTCTGGCGTCCAACTGGACATAAATATCCATTAGTTGATGGT
GCATTATCTAAAGATGCTTATATCCGCTCATTCCAACAAAGCTGGAATGAATACG
CAAAACGTCAAGGTAAGTCGCTAGCTGACTTCGCATCTCTATGCTTCCATGTTCC
ATTTACAAAAATGGGTAAAAAGGCATTAGAGTCAATCATTGATAACGCTGATGA
AACAACTCAAGAGCGTTTACGTTCAGGATATGAAGATGCTGTAGATTATAACCGT
TATGTCGGTAATATTTATACTGGATCATTATATITAAGCCTAATATCATTACTTGA
AAATCGTGATTTACAAGCTGGTGAAACAATCGGTTTATTCAGTTATGGCTCAGGT
TCAGTFGGTGAATI'TTATAGTGCGACATTAGTTGAAGGCTACAAAGATCATITAG
ATCAAGCTGCACATAAAGCATTATTAAATAACCGTACTGAAGTATCTGTTGATGC
ATATGAAACATTCTTCAAACGTTTTGATGACGTTGAATTTGACGAAGAACAAGAT
GCTGTTCATGAAGATCGTCATATTTTCTACTTATCAAATATTGAAAATAACGTTCG
CGAATATCACAGACCAGAGTAACTAGTAGGAGGAAAACATCATGCAAAGTTTAG
ATAAGAATTTCCGACATTTATCTCGTCAACAAAAGTTACAACAATTGGTAGATAA
GCAATGGTTATCAGAAGATCAATTCGACATTTTATTGAATCATCCATTAATTGAT
GAGGAAGTAGCAAATAGTTTAATTGAAAATGTCATCGCGCAAGGTGCATTACCC
GTTGGATTATTACCGAATATCATTGTGGACGATAAGGCATATGTTGTACCTATGA
TGGTGGAAGAGCCTTCAGTTGTCGCTGCAGCTAGTTATGGTGCAAAGCTAGTGAA
TCAGACTGGCGGATTTAAAACGGTATCTTCTGAACGTATTATGATAGGTCAAATC
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WO 2007/1399&1 .

rimer 4-39 nvask Barran5‘

Pri mer
for PCR anpllfl cation of the
GTCTTTGATGG@@H‘G%G&W@WA&G&GA@A&A@MGCHTAG
AAAAGCAAAT% So G@@&AM&TTMTMGCGCGTG
GTGATGGTTACCAACGT, EWGI (&@rracrarc
TTTAAAAGTATT LT Wﬁﬁg%'rgﬁa%qm TA’[SGCSLI‘AATACG
ATTTTAGAGGCEOER A G§QETHWTF%TQT§§AMCGACAW
TAATGAGTATTSTATCTEATAIOCE AR CHF CATIE O ASTECAAGGCEA
AATTGACGTTAAGEN T RGELAGAGGLGRAGEG LA CTRHCASEB MO TTGCCAA
ACGAATGGAACGTGRIF TR A PTGGLAc AAGTIGAPAR CATCGTGCTGCAACA
CATAATAAAG@%ﬂd&%bb@ﬁr&fawé&ﬁ@ﬁﬁgﬁcmmGGAAATG

ATACGCGTGG ATQ@(F&A@TCGMGGACAGT
ATCGTGGTATI‘%A@.IT }?eér Té%c TTGGTAC
s
AATTOCTAAAGEBFTTTA A TIGHTOMA THACABRRARGACAAGAATTAGCT
CATGTAGTTGCSEQUENTOETUACCHBAGHACTHEGRACSATGRGRFCCGCTCG
TTTCCGAAGGTAGEC AEE AGGCC AT CAGS THTEA A AGACI TTAGCTAT
TGTTGTAGGTGORAN AGET dATE A SA TTHCGORQITARCNOAAKATTGAAGCA
AGAACCCCGTG%’dA@KC&JI{P&-%AEC{‘CQ&D\CB@RITFTACAAGAAATTAGACA

ACAATAG anplification of the coding

sequence of the ispD gene 5" - CAT

AAA GGG CCC AGD AGD AAT AAA TOO
SEQIDNO:43 CAA CCA CTC ATT TOG ATG -3' SEQ
PAM328 — ERGS{KPyNNPS- ME JorppgiqrERGY peelpdinevectopfackbmg)
CAATACCGACTIRGLA TG AT T IIETHICOCRET I HETTHGCCACTACATAGLG
GCGTTAGTAT(GRARUERSEWGGLHEr AGT P TEGNTECECAGCRATATAGCG
ACCAGCATTCACATATEATEAEGENTG AR X AATTAIGTGOGTI TAACTTCG
cATCTGGGCACKYEAFE e dAdach Ahn D ATREAAA TR ANEE TAACATTTG
ATTAAAATAGAAC A NBA A i h R a @ kR aTeacascTTCTTGA
AAACAAGAAT?F@?F 1S, QbatDSAGRALBEATCOAGCATCAAA
TGAAACTGCAA ST A aca i TA TR TG SraTTTTTGAAAAAGCE
GTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGAT
COTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTC
CCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAA
TCCGGTGAGAATGGCAAAAGCTTATGCATTICTTITCCAGACTTGTTCAACAGGCC
AGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATICG
TGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTACA



W02007!139§%4 AAC TAA CA(;B ATA TC‘:DA CI‘:DA &’5&820{)7!012467

for PCR anpllflcatlon of the

AACAGGAATC Gés 4‘%‘?5&%&%%6 CAmégédtﬁcﬂ‘?&ﬁwmmw
TTCACCTGAAT CGGGGATC
GCAGTGGTGA%%GCW@WM&AW@TQ gi:if TGGTC
GOAAGAGGCATAATIGCRTAREFAGTIT ARI GG EATSERATCTOTAACAT
CATTGGCAACGITPECTITEEEA TTTTFAGANA CARTCRGECGCATCGGGCTT
CCCATACAATCSRINERTETOGCANTE GA BIHECYRMBA TTATCGUGECCCCAT
TTATACCCATATIRIM TKAGCATEST ACDr R AR TECCE G CGAAACGT
GAGTCTTTTCC e ANFRrPhTE T RN T TaPEAL AL TG TATC
CTAGCAAGATIY, ZGCFM(&%A% AQGMCTBQETGGCAAATCCT

AACCTT'ITATA #%?ﬁg GTCTGT
g % e n e

GAGGGGAGCG COFAATTITIGCTT
CGCGCCGTGCGWQAT@M@F&T@@PGGCWTC@E@T@WGG”GT
ATGGOCTAAA B ARGHAC@YCAGTC RATCATGRCUITRAGCTGCGCACGTCA
AGACTGTCAAGIABGATATEITGORCOfCCANGTASEEBGLLGGGTCACCCGGC
GGOGACGAGGERAGENAR CAGATATEATCINTGA B LIRS AT TAAGAGCTCAGA
ATacceoTCAAA A ST AT L ANTA ANIPA AL T ACOAN FFAFTCAGCATAT

TCTCCTCTTC%YAW& S dRATE TN AR A AATGAATA
CTATTACACTTOATITACCACCCICTGATCTAGATTTTCCAACGATATGTACGTAG

TGGTATAAGGTGAGGGGGTCCACAGATATAACATCGTTTAATITAGTACTAACAG
AGACTTTIGTCACAACTACATATAAGTGTACAAATATAGTACAGATATGACACAC
TTGTAGCGCCAACGCGCATCCTACGGATTGCTGACAGAAAAAAAGGTCACGTGA
CCAGAAAAGTCACGTGTAATTITGTAACTCACCGCATTCTAGCGGTCCCTGTCGT
GCACACTGCACTCAACACCATAAACCTTAGCAACCTCCAAAGGAAATCACCGTA
TAACAAAGCCACAGTTTTACAACTTAGTCTCTTATGAAGTTACTTACCAATGAGA
AATAGAGGCTCTTTCTCGAGAAATATCGAATATGGATATATATATATATATATATA
TATATATATATATATGTAAACTTGGTTCTTTTTITAGCTTGTGATCTCTAGCTTGGG
TCTCTCTCTGTCGTAACAGTITGTGATATCGGCTGCCTTCATCTCGACCGGATGCAA
TGCCAATTGTAATAGCTTTCCCATGTTAATTATACTTITATTCTT

SEQ ID NO: 44
GAGTGAACCTGCTGCCTGGCGTGCTCTGACTCAGTACATTTCATAGTGGATGGOG
GCGTTAGTATC
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imer 67-21)-Gsfor &ﬁﬁﬁ?ﬂ@f

sequence of the ispG gene 5 - TCC

GGG TAC CTT ATT Trr CAA CCT OCT
SEQIDNO: 45GAA COT CAA TTC Q -3' SEQ I D NG
CGTGTATACG R TECGAECTOTH A e @ chrorrcPCIR CTTCCGATATCACAAC
Tarracca anplification of the coding

sequence of the ispH gene 5 - AAC
SEQ ID NO: 46AUG TAC CAG GAG OAA ATA ATG CAG

ATC CTG TIC GCC AAC C -3' SEO ID
GGTAAGACGGIFFCET TEATCRITTGEAGSEGGRALTATT, CAATCACAG
GAAACAGCTAREHFG f i cati on of the coding

sequence of the ispH gene 5 - TOG
SEQIDNO: 47 ATG AAG TCQ ACT TAA TCG ACT TCA
TTGCGTTTTGTACATYEEATI 68T CAGATITGEA AGH A GABAATIRAAAGTTGTA
AAACGACGGCEDG’NO: 29 Prinmer 67-20-C for PCR
anplification of the coding
sequence of the idi gene 51- CAT
SEQ IDNO: 48 1\ GTC GAC AGO AUG AMA TAA TOG
pAMA9] sequency (Rreludppyeptibekbe) TCA TTT TAT TG 3'
GTTTAAACTTGSEAAA TECGYETOAMAGHCAREAAGACCATRAGATCTCATTTC
ATCCATATTAFRZRTANPITICAAABF TIOATO R CA TR TE HEH MG TAGGGAAG
ACAAGCAACG3840GTITEGOAAATIETG AT TAYEITEAA TMAATTTGTAGAGGA
CTCAGATATTROANAR BB PATNGTAWSZOA AL PARA4RAG SAGAGTATTGA
GAAGGGCAACBEH &4 A0ctdAPEE A TCTGCACATGAACAAACACCAGAGTC
AAACGACGTTGAAATTGAGGCTACTGCGCCAATTGATGACAATACAGACGATGA
TAACAAACCGAAGTTATCTGATGTAGAAAAGGATTAAAGATGCTAAGAGATAGT
GATGATATTTCATAAATAATGTAATTCTATATATGTTAATTACCTTTTTTGCGAGG
CATATTTATGGTGAAGGATAAGTTTTGACCATCAAAGAAGGTTAATGTGGCTGTG
GTTTCAGGGTCCATACCCGGGAGTTATGACAATTACAACAACAGAATTCTTTCTA
TATATGCACGAACTTGTAATATGCGAAGAAATTATGACGTACAAACTATAAAGTA
AATATTTTACGTAACACATGGTGCTGTTGTGCTTCTITITCAAGAGAATACCAATG
ACGTATGACTAAGTTTAGGATTTAATGCAGGTGACGGACCCATCTTTCAAACGAT
TTATATCAGTGGCGTCCAAATTGTTAGGTTTTGTTGGTTCAGCAGGTTTCCTGTTG
TGGGTCATATGACTTTGAACCAAATGGCCGGCTGCTAGGGCAGCACATAAGGAT
AATTCACCTGCCAAGACGGCACAGGCAACTATICTTGCTAATTGACGTGCGTTGG
TACCAGGAGCGGTAGCATGTGGGCCTCTTACACCTAATAAGTCCAACATGGCACC
TTGTGGTTCTAGAACAGTACCACCACCGATGGTACCTACTTCGATGGATGGCATG
GATACGGAAATTCTCAAATCACCGTCCACTTCTTTCATCAATGTTATACAGTTGG
AACTTTCGACATTTTGTGCAGGATCTTGTCCTAATGCCAAGAAAACAGCTGTCAC




WoRMNE - TAA TGC AAG CIT ATT TAA REFs2tordeT
THCHUS 2007

67-21-Cf of

anplification of the coding

TAAATTAGCTG%W 1@% W R%EB@A&Q%MGATCCA

ACCAAATTCTTAHBEAATGAT TEAHCARTGEE W{Bmm%
CTTTICTGACABATSACRARCAPTASTAGCHICTCRGARGACACTCTTACCACG
ACCTTCGATCCARPIGATOEBAGBISCETTITRETGSANFRP TAGTTACCAGAA
ACGGAGACAASETNIATEICTOECAABECA TN CHEFTACCATI TR TAATGA
GTATTCCACACEECT ACARABGENT AAEATIAIA CATASOGECAABTAGTTGTTC
TAAATCTCAT@X@A@F&A%&@@T@C&GMA&M@@GCAGACG
TGCAAATCTTGRRGTA LaReRerTTTeTCCCTCTTCTG

AGTCTA.ACCATAW(B'g cgngAc?@A c{'ﬂ%cmgaﬁ%c;mcccmmc

N

TTOATTGCCTTEEAGCPACIEATGASAGBACSIAJSAPARRACCCTCTOTAGTTG
CCATTGGTATAJGABEBATETATRZICEAPAAGIACHBPEFFTHTAACACCAA
CGGGCAAAGGCAR TAWECT ATAACATOTSAGAACAAGCGCCAAATACGCGGT

CGTAGTCATAATEOOPRT G EEE AR AGATEATMTACSEMBRTTCTGC
CAAAATTGAAJ@%E‘CT‘?CCTﬁE@rA&GNQACéECTETMthATCACCTAAT
TTTTTCTCC ' PAWA&%’[%%ATAACCAAGGCAGCGACCT
CTTIGTICTT %‘&AT CTTOLSATICTTCTA
AAGGACGTAT'EWP]‘M%!}A%C’%I‘TCAATATCGCGGGAATCATCTTCCTCACTA
GATGATGAAGTIRCT AT CTERATIGCPEART GAJAAACTTTTGACTTTCG
ATCCAGAAATGACTGTTTTATTGGTTAAAACTGGTGTAGAAGCCTTTTGTACAGG
AGCAGTAAAAGACTTCTTGGTGACTTCAGTCTTCACCAATTGGTCTGCAGCCATT
ATAGTTTTTTCTCCTTGACGTTAAAGTATAGAGGTATATTAACAATTTTTTGTTGA
TACTTITATGACATTTGAATAAGAAGTAATACAAACCGAAAATGTTGAAAGTATT
AGTTAAAGTGGTTATGCAGCTITTGCATTTATATATCTGTTAATAGATCAAAAAT
CATCGCTTCGCTGATTAATTACCCCAGAAATAAGGCTAAAAAACTAATCGCATTA
TTATCCTATGGTTGTTAATTTGATTCGTTGATTTGAAGGTITGTGGGGCCAGGTTA
CTGCCAATTTTTCCTCTTCATAACCATAAAAGCTAGTATTGTAGAATCTTTATTGT
TCGGAGCAGTGCGGCGCGAGGCACATCTGCGTTICAGGAACGCGACCGGTGAAG
ACCAGGACGCACGGAGGAGAGTCTTCCGTCGGAGGGCTGTCGCCCGCTCGGCGG
CTTCTAATCCGTACTTCAATATAGCAATGAGCAGTTAAGCGTATTACTGAAAGTT
CCAAAGAGAAGGTTTITTTAGGCTAAGATAATGGGGCTCTTTACATTTCCACAAC
ATATAAGTAAGATTAGATATGGATATGTATATGGTGGTATIGCCATGTAATATGA
TTATTAAACTTCTTTGCGTCCATCCAAAAAAAAAGTAAGAATTTTTGAAAATTCA
ATATAAATGAAACTCTCAACTAAACTTTGTTGGTGTGGTATTAAAGGAAGACTTA




WO 2007]13998EQ 133 NO 37 J:)r | mer f or P&T}'USZM‘HDIMGT
P OTISZOOFRLRS
y a 13-fanesene

synt hase

GGCCGCAAAA%%E ({?611 m _lqu_{: AACTAA
A GGTATTAAAG
el LT, ey RN

TGATGGCGTTTg?ﬁQ%’I‘@AATACAC GGTCTGGGCCAAACCAACATGTCT

TTTGTCAATGABEAGEALIST R A PRI R GBCTAAGTT
GATCAAGAGTTACAARATCGACACCAACAAAATTGGTAGATTAGAAGTCGGTAC

TGAAACTCTGAARAZEARORRAREIHETSRON T O A46 X T@BATTGTTT
6GTGAAAACACKIAdP2ENA RRRTTEA MO B RGEORITIACGGTGGTA
CCAACGCG’ITC%Q‘EP,E& ﬁf@ U AFThE R RATO AR GCATGGGATGGTAG
AGACGCCATTGIAGT céé %Gi’?ﬂ%ﬁ@&?f&A&?ﬂA@%G@PGCCGCAAGA

CCANCCGOTO O PR T AN ERART LA TCTCCAATTO

‘TATTTGACTCTGERAGAS ML TAGABFGANGACE B TASEATTTTTACAAGCC

AGATTTCACCAROSIAAT A TRATI 4PCTEPABOGIFAT BT CHEAACTTGTTACG
TCAAGGCTCTTSRJURAGCE TOSAGTHATYATHCCAAf SAFHT AR CTAAAGG
GTTGGTTAGCCAREBEERGTTCGGATGCTITGAACGTTTTGAAATATTTCGACT

ACAACG'I'ITT&"ATW RIGTAGATT

ACTATATAAC AR dCCTCAATTGTICCCAGAAGTTGACGCCGAA
TTAGCTACTC éﬂ:&@ ' g%% 5 CTT
TIGTTAATGTT REFAGGAEETTARARBAC TGCCCAA GATTGT
TCCAACAAAC ARSI BT IR e A LS OFET B OCATCT

CTATTAAACTWWMGCGTGWGWAWC
TTACGGTTCCUCATTAGAGE EINGTAGEYGACGTCC

AACATATTATC%E@A(%‘-KWTTAGCCAAGAGAATCACCG
AAACTCCAAAGEHFThEALASECF IS S ATTE CAAPAGRTACICATTTGA
AGAAGAACTT! %%@IE%TGC%AAGTGGTG’ITTACTA

CTTGACCAAC, TAATCT

e
AGCCT@TTTTW%WWTTTAATCTATATACTAGG
AAAACTCTTTATIGF A GEGBAT BERA ROENGASCATEPETETEECAATTC
ATCTTWHTM@@TO&@TWM¢MACTTTGAAATTTTTTTGATTC

GGTAATCTCCEN A GG A RAGEAA GEXECAEAGETITAGATTGG
TATATATACG@K%WW@EA@&AWGGCCAGTAWCTTAAC

ANGe08caanace
R

CAGGATGAATTAGCACTGCAC
TCTCAGCGCAAAGCAGCAGCCGCGATCGAGT CT
GGTOCGT TTACGGCGGAAATC

GI'GCCAGI TAACGT GGT CACGCGCAAGAAGACG
TTCA n | CAGCCAGGACGAG
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AGGOCATCCAGATTTATATCCCGACGCAGTGTO
AATATCATGcmm%cmuﬂ&mmﬂmmcm

CCAAGGAATT. ULE AM%ACTAAA
AACACATGTW % CGCTA

AAGGCATTATGEERE CACFASIARETIE T ETEOAAGACAGAAAATTTGCTG

ACATTGGTAATSAGT TR AT ATIUSCATOTATAR SRAMTACCAG

AATGGGCAGAT AHBGAGESRIC2GRCTFOHNBGTGGGCCCAGGTATTGTTAGCG

GTTTGAAGCAGKIEHAGCERAGCHGERCAL A TGATGT

TAGCAGAATTEFChEAA A ST Ed BT A GGAGAATATACTAAGGGTA

CTGTTGACAT QIJQ%@WR%WTCMAG
( ACCOGLGH

(X
AGACATGGGT h &% ig % CCGGTGT
s GGATGA

GGGTTTAGAT

TGTGGTCTCTAGG@?%@%T‘@#&EIJCGA
TATCGCCATCTATGACAAGGEG

SEQ ID NO: 49 TGCGGCACGT CCGACCGEGECGGETGCAGGECACCGT

pAM492 muenc?%ﬁ{@g%%ﬁm

GTTTAAACTTACPRACAMAEEE LANCCATELASACCRGRAI TG TCATTTC

ATCCATAHMEA%I’%WM&AWGAAACTAGGGAAG

ACAAGCAACG DA GracAGa

ACTCAGATA GTATTG

TGATGATAH'@AA@AW v GIPAEATGEICOT TGCGAG
GCATATHAT@%@@I@IMG\E’&#«GE@&G@MM\AGAAGGTTMTGTGGCTGT
GGTHCAGGG?@WW@KMNM%HMAGAGTT

TTCCTAGTATA :( AAAAA ‘A AL AGAGCTAAAAA.AAGCA

00GOGANOATEATIEEALIAC %@%&%&%@&mm

GTCAAGTAGTQIARCSAE RSSO HCFEAATGGAACCTTGAGGTTTGAAGT
TCTTCTTCAAATGRAAEITTCRTCER UCCEAGRANCATLIIABANCTTTGGA
GTTTCGOTGATRATGISHACOAEECIAGTEAAL CTAATTCCTTGATAATATG
TTGGACGTCAGEAAATHGCRAC THTAG SANIGEAGGTCAEEGGAACC

GTAAGAAAATANA Q@EW@?CGTCAGATCCMCATAGW
Gt

AATAGAGATG GTGTIT

AATTOT CGECGACGT CCACCACATCATCAAGGA
GCTGGAGATCACCAACAAGCT
GOCGAAGCOCATCACCGAGACGCCGAAAGATTA
CGAGOCAGCGATCGAGI TACG
CGAGAATGCGCATCTGAAGAAGAACTTCAACCC
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CGACATTGATCT GATCGAGGECGAACGAGCECGI T
T _
GTTGGAACAATWA GTGGAATGGCTTAGCAACAT
LI QAARQGAGNAGcoror

TAACAAAAGTTW I

AGCTAATTCOO T ALK PR L IRREETRARATCO ™
TATAGTAATCTACKTIATCHTETERSCMAEHGACOTI CERACATOOAAAA

COTTGTAGTCGRAQBOTATAKIANGL R ETRACEFARGISATCGCT
AACCAACCCTTCAG G GAGCT TR TGIAIATGET G TTGTAAACTTGATCAAGA
GCCTTGACGT ARSI ITHAATEH A BCEAT SIS TEAT X MABBECICGCTG
GTGAAATCTGGE%%&%%&%&CMGTAAGAAGCTCTTACAG

AGTCAAATAC JERAGARAACCGaeAC
CACCGGTTGOTEERGRORER CAMTATGACCACAAACTAC
RSSO s e e

AACGCGTTGGTASTCRSUATT CRTCRAACTCHRAPEITAFETT B COTOAT
TGTTTTCACCAABOIITALACRARGACATUGPHCAGACTIGGACTTGTCAAT

CAGAGTTTCAGTGAAT CSBCGOTMASGARICT AATTFCATAPA AT IGTAAC

AHGACAMA&@;&&-E%%WTGAGAA

ACGCCATC SACATTGAGTTGAGATGTAAA

TTTGGATACC‘I‘&T%TffC&(A 1 (T rcz 2 GTCTTT
TOTTTTTTTAG R AGRME T PE A EC T ARG AT
. GGCCTAAGTCIISETTAGTABSAS T FAGAPPAET TAGTIGAGAGTTTCATITT
ATGTGATGATTOARCTAGNGCAT ATV SATTAT TRG ARG TCGAT
GACTTCTATATWMWGMAT AATGCAATTGATACAAG

ACAAGGAGTTAAT AV ECASI TS AACNEIABEIEGTTGGT
AGTCWGQW&%@GI@G}&:GCATCGCTCTTTTTGCTTCTA

GAAGAAATGC;A[:{ oG L SRR REOARM A TGTCTT
TTTCTAACTAGE AN F o &AGGGTGGEQQS:

AATAATTAAATOATCRGFEATRAPPRETATARMES A TATOA
AAAGTGTTTTAGAARTATETICAR ISP PATAFRSABETIAPFBCCCAAAT
GTCGATAATGGAACAGATIAVTAATAAAZALTSCATCATAGAAATCGTTGAAG
TIGACGCAGCERABBAGA CGATT
TCTATGATGCAATEN A RATAETANGCAG AICHCETTACCGACATTTGGGCGCT
ATACGTGCAT HWMWEW&ATTW

CCTCATATAT %AATTATTACTTCACCACCCTI‘

TATTTCAGGCTGATAFHIAGKER GT] | OERAe A rracrer

TATGTCGGTAATATTTATACTGGATCATTATAI
TTAAGCCTAATATCATTACTTGA

AAATCGT GATTTACAAGCMGT GAAACAAT CGEOT
TTATTCAGI TATGGCTCAGGT

TCAG TCGGTGAATTTTATAGTOCGACATTAGTT




/012467

GAATGCCTG I T! | GCCGOGEATC
CAGTCACTGTC, GG HAMGEE LM ENEARL Ancacea

ATGCGTCTTTT |

TATGGA
TTGTCAGAATC@TW&W M&RGICT TGTC@iiTA’I@ﬁATTGCA
TTATAATATC ORI AT AT AT T ICROAGRACATATT
AAGAAAAACAABPATRCA SR2ATOA CUBBCTATCACATAAAATGGCTGCAG

ACCAATTGGTEAACATACAATCEAT AGMALET OBTACTIEBATINGACAAAA
aaeTTeTACACERERPALE AL AN AR ERATTTCTGGATCGAAAGTCAAA
AGTTTATCAT#% MG EEERTE AR T A Gacoac

ATGATTCCC TTGGATA: GAAGAATT
oA T AR A AAA KU o
Tﬁccmﬁmﬁmawﬁﬁﬁwz%wé&ﬂmm

GATACTACGA QA SECEIERCAATTTTGGCAGAA
GCTCCTGTAT’I%MW{K’GITCH’(’IT A‘vsﬂ': SSOCCNTAT

TATTTGGCGCICANIGHGAARGESGTET GIGTTACATGCCTTTGCCCGTTGGTGTT
ATAGGCCC@WTI&@@TW@%@CMCAG
+dadidPAAGGUAATCAATGCTGGOGG

v A,. &él%%‘i\ AGTCCGT
”CCCAACWWME%M&%?E&%&P 0c0

ACTSTAGATCAAGATITGCACGTCTGCA
ACATAWWWWAWWCMCT
ACTGGTGACGTOGCHGELCBATRBACTITCER GGGTGTCGAATACTCATTAA
AGCAAATGGTREXK S BACCCAECRALADNGERGTFICTAUG TTTCIG
GTAACTACTG DAL A AR GETCAGACAACTGGATCGAAGGTCGTG
GTAAGAGTGTEIR KO KO A SYDAGTACAG AnaGTGTT
iasworontH AR oo

TCTGCAATOC T AR AR TR TN AT AT TACTO

r
CAG CTGTTTYWW%ACAAGATCCTGCACAAAATGTC GAAAGTTCCAA

CTGTATAACATTOATFACNEPIERP ARG TGRTTYSPCrAATIEFRTA TCCATG
CCATCCATCGANGTRGCTANCGATATETRCDTAGTTCTAGAACCACAAGGTG
CCATGTTGGATTHATAIAAGEA CACEXSHOR COXCAGATATIRACAGTACCAA
cacacaTeAATIAGOAROAL TAASEASTIARCAGTCTTGGCAGGTGAATTATCC
T“FATGTGCTG%&-J TJWW@W&%ACAACA

GGAAACCTGCTGAS 7GACGCCACTGATATAAATC
GTTTGAAAGARGH A A {Acorear

CCAGAAAAGT CACGTGTAATTTTGTAACTCACC
GCATTCTAGCGGTCCCTGI CGT
GCACACTGCACTCAACACCATAAACCTTAOCAA
CCTCCAAAGGAAATCACCGTA
TAACAAAGCCACAG un

2.
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TCGAGT GAAA
AAGACCAGAAAATCCTCATTTC

TGGTATTCTCTHGRRAMATANTSAAAL AATIALCAPATIDTAddh KA ATATTTA

cmATAGW@MJﬂAHMﬁ%%%AGﬂCGTGCATATATAGA

CAATTCATCTTT

GGTAAT
CTCCGAGCAGW%WCAGACTTAGATTGGTATATAT
AT AN ST CN FORTCT A AR L CAACTO

MGGMCGTGWMC-E@%EWMTATCA
TG(:ACGMAAE@&W@@Q&R%GATGTTCGTACCACCAAGGA

ATTACTGGAGFMWJ}%E@M@ GEAMNE acacaT

GTGGATATC P&F% TAGAGGCAT
TATCCGCCAA I AA’I'I"I‘GCTGACAT‘I‘GG
TANTACAGTC A AP AT EIRSEAT REAF A PHEISEAPEATCG0C
AGACATTACGWRW@T@W@TM TGTTAGCGGTTTGAA
GCAGGCGGCGGANGACHBACT - OOGACTTAT ‘

ATTGTCATGCATAW@QCWWGWACTAAGGGTACTGTTGAC

ATTGCGAAGAJWWMWEA&ACMGG

GTGGAAGAGATERSTAEANT L PG ACACCCGGTGTGGGTTTAG

ATGACAAGGG%‘? @%’A %Q%TGGTCT

CTACAGGATCT, i\ G P RAA T TAATGCAGGTG
ACGGACCCATCTTTCAAACGAT

SEQID NO: 50 TTATATCAGTGGCGTCCAAATTGTITAGGTTTTG

PAM489 sequencdIRCEITTCABRCHREETEY CCTGTTG

GTTTAAACTACTBBZRCAT AT GHCTAT GAACCANATEOREGEET I TAGTGC

ﬂGCAﬁCM&EM%%%WGAGCTCCT GACAGCAGATC
ATGACCCATCTQK¥M¥%&§% GCGGCT
CITIG

GCTTGAGTCTT. GAACCACTG

e Y AMEATT A A SERTIA Tt g cococT

GGGAGCAGATQU QAP GATTGCTGGCCGTCGTGGG

TCCPGAATGGC@WTWAT@@@WWGAGTAG
GOAATATTACTGCCAIA MATER G ARG ATAX ABGTATACGCGTATATTTICTA
CCAATCTCTCAAAKITERGEACAIGTAGTTATAAGAAAGAGACCGAGTTAGGGA

cAGTTAGAGGdcHEE ST ST AR SETN SR s scTTT
CACCTGTCAC WO

2007/ 139924PCT/-13S2007/ 012467
TAAATTAGCTOCATGI OCGI TAAATCCACCAAC
AGACCCAGCCATTGCAGATCCA
ACCAAATTCTTAGCAATGI TCAACTCAACCAAT
GCGGAAACATCACI TI TTAACA




WO VARAN 2007/ 139924RCTAI S2007/ 01248 P70
(CPLT/US2
CACAATACAAA
GCAAATGACTGAACTAA

ﬂCMGAGMﬁé‘@QWﬁ%MM?%TGMG
GACCOATCTTT SRR TAAIOCARTHIRSREFAAATIGTTAGGTTITGTTGG
TTCAGCAGGTTITT NN ATGACACATRGATRPCTASH TGS TEOCTOCT
AGGGCAGCACACOCIMEAGICACT GHCCRANBEFGCACAGGCAACTATICTT
GCTAATTGACSINTCAASAGET ACAAICATEAACAGTAACAABATACACCTA
ATAAGTCCAACAZALAAITHOPOMN PR A cTACCACCACCEATGGTACC
TACTTCGATGG@?@@% EILEERATeTTTC

ATCAATG’ITA%{; CTAATGC

CANIMANCAGTIRAEEEYBHHABIRENGETA 0Ll A iacon

CCCAGCCATTqY

GAAACATCAC AGBTAEL CAGGAATAGTAGCTTCTG
CGACGACACTMAGW'EGTW'CE TTTGTC
GGTACAGTAGHTA 8

TCTACCATHWW@MHH@A@CM

TGCGTCACCA@' A@TAAATCTCCTGCTAGACAA
G'I'['I‘GAATAT(EK A 1%%@‘ T@%%WHM
TIGCGTTTTOTREReT EUAHETASAT AT TR RAASCAFT T
AAAGTTGGGAGFCPAACTATTARSCE T RIIST P AFAORAECCTTAGTTAAAACAG

TTGTTGCACCATGAACRERTTHENTCAAGCATACAREATTFAITGAAGCTAC
CAAACAACCCEOSBAGBAGECRATGENBTARRIBAGATGTACCATCGATAACC

AAGGGGCCTATHACASERACEGHILAGACA TR ACCORNRACATIT TCACAA
CAAGCGCCAA BCEETE GAMEATI ISP AT AmPedGGtcATCAGATG

CTAATACAGG g_} CCAAAATTGAAAGAGCCTT CCTACGTACCGCAACCGC

TCTCGTAGTA' GTA %%’TACCGTGA

ATAACCAAGCA SRR TITCAC AR FBATERRE AT
TAATGCTTCTABTTETXSA AN ARSAGETKIGAR T CCAAGCTTTCAATATCGE
GGGAATCATC CYSAAT AFITCHATTSCACAGA
TGATAAACT TTSRAAGRGEATTGAAARBACIGI TITATTGGTTAAAACTGGTG
TAGAAGCCTTTTERA CASTASCHETT AMBEXATT OICECANABAGATCTICAC
CAATTGGTCT&&@EE@%W&%E?@ACGTTAAAGTATAGAGGTAT

] %@%W@ACAAAC

CTATTAAACTATG TGGATCTGACGAC
TTACAAGGCAAGCGTGTTGOTTTATTTTC

| TACGGTTCCGGTTTAGCTGCATCTCTATATTC
TTGCAAAATTGI TGGTGACGTCC
AACATATTATCAAGGAATTAGATATTACTAACA




WO ST T T CGGT GATTCT (T TGGCTAAT TTOTTAGTR™H47

L,

GCAAGAATATAGAGATGCAGCTAAACCGGAACC
CGMAATGﬁWMWWE@MATATM
CTGTTAATAG F@%ﬁ%@ﬂ%ﬁnmocmemumaec

TAAAAAACT A ATTTGAA

GGT’[TGTGGGWEEW@WM@CCATMMGCTAG
TATTGTACAA TSI TORIARTIIOFARAAGIICNESECAART B FATET CCaTTTC
AGGAACGCCATTGT AN RCOSTIMGCALCATCGAMACARINACIFTCGGAG
GGCTGTCGCCEGATRGHCGGCTICTAATCCGTACTTCAATATAGCAATGAGCAGT
TAAGCOTATTAASA@AG ETCTAA AEKT A RACATTTCATCARABATAATGGG

G-CTCTTTACA’I@MCATATAAGTAAGATTAGATATGGATATGTATATGGT

GGTATTGCCA N _I%ﬁ;r(g; T ¥ Al QAAAAAG
TAAGAA'ITTT'IZF GGAGAG

AGAGATTCTTGANCOTEFICEET MR A BEHHIGRAATTGAACGCATCGCTTTT
GGCTTACGGTAX S G IS PAGEART IO FCE R NECTACTAAARTSAACTAC
AACACTCCAGGIEIBASATMIBGACEITIGIT G TIGTGGACACGTATGCTA
TTCTCTCCAACMAGBAAGTCAAT ACABATACUCTANCRAGAPPNAA AGGTTG
CCATTCTAGGTYGHEEA AATBASEIGCAd AAREPA CTTCTTGGTCGCCGATGAT .
ATGATGGACA%;@&WM%@H%MEMGﬂCH

GAAGTTGGGG ) %%@ GCTG&ATCTACA
AGCTTTTGA LR ACTTEAGAS AAAAL ﬁ%qﬁj; CCGAATT
TTCCATOAS AR AR AL EEATAFEEAATCACT
GCACCTGAAGACNPIITCAACTIST SEEEETISECCCTAAAGAAGCACTCCTTCA
TAGWAWWWW@@W@@M&G&GCCMG
TACGTTGCCGGTABCAL AATTASACAAGCCAGAGATGTCTTG

ATTCCATTGGMKW&IA@@AXWWT&'@CGGTA
cCCCAGAACABAT AL S CARRPAGTd LAMYECAAGATAACAAATGTTCTT

GGGTAATCAA 1o CHELOMUAALAL AR acTTTAG
ACGAAAATTA é&s H}&Il e

1 LA (EQ&WW MGATTT
TCAATGACTTW ?WG&%TACCACGMT TGAAGAGTCTATTGCCAA

GGATTTGAAGEUANATT T TG BB E P BT AR PETHEERA P GCTCAT
GTCTTAACTGCOTC T RAT GG AT FETAA CCAAATAGAACTAACGCT
AATCGATAAAACATIGALCARGER AL GARAAAACACTATAGEBACAACTATA

TACTTCCAATANAEAGT AEATALEE THTRA CAfABTCATCTCTCGATCTACCGTTC
CACGTCACTAGTACAAGBATPN AR b d &alh HE ke8I PracaaTT

GCCAG! J I%TTGAAAAAT GCTTGTCAC
ATGAC Wﬁ%@d@d@@ﬁ@@? A

ACACATTGAGI TGOGATGTAAA
TTTGGATACCTTTAATACCGACATTTTGAGGTC
TGGITTTTTGITCAGCGGICTTT TG mtt].
AGI TCAGTCATTTGCAAGTI TOTATTGIOTAAT
TGITGITOCI | GC

A
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fllei}_{l‘Tll]lZdG’T

ili CCGCTGAACCOTTCOAG)AAAAAAGACTAC

CAACGCAATATGGA
CTTACGTACAATUBTCAGEATEATATAAAGAGAMGERAABAC TCGGTC
GAAAAAAGAARGGEAGAEOdETMAGLAAd ASEAATTGGTGACTATTGAGCAC
GTGAGTATACO T A LA Bk L 63 Ao FEMTATEN It TaTTAAT

TTCACAGGTAM 'FC%Z A CAGAGG

CCGCAGAATG&GIIGK&% %%?&TA CTGGGTATTATATGTGTGCC
CAATAGAMACABEAN YO ERONACT R B R ICAMEP TCTTOT

AAAAGCATATEARA TECROT AR ACTTEGGTTGGCGTGTTTCGT
MTCMCCTWWGWW@GATATCG
TCCAACTGCA TR RCE AT CAOAM T CAAACAAGAGTTCCTCGGTTTGCC
AGTTATTAAAASACTCAT SATEE LA A AT GG IaT e A LAChéracaceT
TCACAGAAACQQAW%I@WCAGAAGCAGGTGGGACAG

GTGAACTTTT aBheaccee

COAAAGCTTA TATTARET RETHERERTRCAANCA
ATTGAAGAACAAAGAGGTCGC

SEQID NO: 51 TGCCTTGGT TATTCACGGTAAOTTACCTTTGTA

PAMA97 sequencESESTIE A MARVAT TAGGT

GTTTAAACTTIEAE ACTHAGEAGA ACCEA TCETCET NCETAAAAAG TCTTAC

CTTTTACATTTCAGE AT RGAP T A I AADPA AGGATATACCATTCTAATGT

CTWCCCTMMQFWI%@A&%EMWAMTCAC

AGCCGAAGCC I @IFWGTCMG
A ATGCTACAGGTGTTCC

TTCGATTTCG%
WGTTAGGT

ACTTCCAGATGAE

GCTGTGGGTG@BQMWW@AGACCTGAACAAGGWAC
TAAAAATCCCNBEGARGT TPACTRABRCLTCAGUUARCECIFAGTM CTTTGC
ATCCGACTCTCIARCASAAAT CAATOTICABGECACAATTTGCTAAAGGTACTG

ACTTCOTIGTTEEEA X ANFAAGTISER EEAMITAATRA G ANMGAAAGGA
AGACGWAG@%&W%EGGCCAGCGACATGGAGGCC

GTGACT

S\CATACAT

A v
TTTGATGGCcw@qﬁw@ﬁ&cmcmmrmemcmc
GAGCAGGGAAACEG IO FCARNEPROFCI HCAATIAGATINGRCEGCGCCe
CTGTAGAGAA CTABARGAGNIABTAGIPICSACTGAGGTTCTTCTTTCATATAC
TTCCTTTTAAAACE OGTEAGECALAGE ST AL CAVCRAAGATGK REATAAACA
ACCATGGCAGAREEAGECT L AMAGTEAL A A AACTGTTCAGGAGCGCAA
AGCAAATGE AQAAGAGTATOGCCTGGGAAGATA
TOGAOGITOTCTCCA TTCTG
GTAACTACTGTACCGACAAAAAACCAQCTGCCA
TCAACTGGATCGAAGGTCGT G
GTAAGAGTI OTCGT CGCAGAAGCTACTATTCCTO
GTGATOTTGTCAGAAAAGTUTT
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AACAACAGAATTCTTTCTATATATGCACGAACT
GGcGﬁTATCTE@M%IWﬂM@%CAAATCGCTATTTCGCTG

AATGGTGGTT. GAAGGATGACG

AIADOOGIALRACEARAE
oo A e R e ceraraos

TGO O R R A RO T BRETIIREFTOTTATTO
TTGAATGTATT'ﬁﬁW%QW%CATACTACCGAAGATTGCGG
TATCGCATTAGGNCES APNETISAR TFAT TR TTCGTGTAAA
AAGATTCGGTE@@MMC'E@REMWTGMG@Tm:ACGTGCCGTAGTC
GATTTATCTAGTAGACEAGTHE TR A Cdd ettt slTAG A EREABAGATGA

TTGGTGAWAHE%MWGGMGWCGCGGAGGC

GGCCAGAATTA] , %%@cmam
AGTGAGAGTG( T ?‘E’i‘,"(; e ééchmcm
ATGGCACCAAWWWGATGTGAAGTACTGACM
TAAAAAGATTOFE BRETTCAAGERT THFFARASATIGTAG
TIGTTCTATTTTANGT ACACTTTTTTTCGCCTCGACATCA
TCTGCCCAGATHAGAACO A BOEATGEACA BGGAT MABCARKCGTCAATCGTAT

GTGAATGCTG@&%TWMT&EWE@CTAACGCCGCCATCCAccc

GGGTTTCTCATACAASTHEE A A RS AG TAZRACA A A A ATTGAA
GCTTGGTCG @W&?ﬂ_ W%TTAGCTAHI"_GTAAAAAA
AGGAAAAG ATCITATICCTTTG

OTAGACCAGT AP TE AT CENRCERRRTICEPPREEIOM

GACWGAGHWWWWCMCTCMGATCCAAHCA
CGTGCAGTAANEAGATENITAAA THOATGGTTGAAAGCCTCAAGCTGCTCAG

TAGTAAATTTCARGACCETGACHAGAI CABRABEAAT BGRAGBINTAAATGC
AAAGAGTTTCAACTGATTTTCAGCTAAGTAGTACAACACAGCATTTGGACCTGCA
TCAAACGTGTATOAMEACATECITACEAGGANCTd Gl tééataaeace
AACTGATGATACER TR EFNTE LT A  aTaTTIGGAGGGAAAGAGT

CCAAACATGT AAAGGT

OOCOANATCT HIG AP R RN ARl oaTACT
ACATGTTCAATFE R AR TR TRE S BABBEUGECACGGTCAATTGCATACT
CTGAGTGGAA CRAACTATCATAMAGCTTTC
ATCTGAGGCCARACABABT GCCATGGAATCATGACCAT
CTTCAGCTTTTEIATBAETALGEEAEAMACETEEAAALL LT TACAAGE

TGAACCAGACCTACATTEAONAS A AL E T GAAGTTGACTGTGGTAATT

GGTATMCW%%%&%%J&F@T%TWAGGMG

AAAGL TGOGAAACGGACTACTGGECECCTCTTGIC
ATACCATCCTTAGTTAAAACAG
TTA TOCACCACCGCCAOCCATTGATTGCCTTAC
AGCCACGCATGGECAGAAGCTAC
CAAACAACCCTCTGTAGITGCCATTGOTATATG
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GAAAAAAGAAAAGGAGAGGGCCAAGAGGGAGGG
CTAAACCAGCI% oy GACAATGTGGAGTTTCCATTG

AGATAATGTGGF»F%’& A GGCGTA

GGTCGCGCAGAEPAREREAT A EAIPECH T RESTSHRRE T CCATTT
AACCACANAGTRECOCTTTROACPROCATAHAIYOCCGCI CAGE) ATt
CTGAGGTCATCDOBRRAG A SATIOCTEREEAGATTCA
Acwcmmccﬁ%@ﬁﬁﬁiﬂ?&d’ﬁmfmancnmcGGGTGCGGT
AACGGATGCTEFAL AAANCATCAAGAFTHEACICCBTARTTAKAGTATA
GAGGTATAWMM@WE@BACAWGAATMGAAGTMT

ACAAACCG ' GCATTT
ATATATCTGTTM %(;AGAAA

¢ BT
TMG@TMWWW@%W&&TTWWW% CGTTOA
TITGAAGGTT TR DGR AR T BACATRNCTEXS FIETAATAMCATAAAA
GCTAGTATTGTACEARCAGA T TOBBIE GG  GGCGCOAGGCACATCTGE

GTTTCAGGAACGERAAT AV GACTCEIATTACHBALFIRGAGTG TCCGTC
GGAGGGCTGTEARACAENETRGHCA TR ACEGT ACTTCAATATAGCAATGAG
cAGTTAAGCGTATAR L0 EPTEA LSt Ad AdTiEE T AGhdTh aGATAA
TGGGGCTCW%}%%%%%%%%%MATGTATA

TOaTOGTA T AT AP AN EAEER S

AAAGTAAGAATFINABAMMITEAATATAAAELTPRART TGHUACCETTCAGTG
COCCAGGGAA BT RATETGOFEEMIPERASIEE CrARARA AATATCA
AGCATTTGTABEQGACIATEGORANMINOT GE A FTFEAGCCCATCCTTACCGT
TCATTGCAAGA@®XTGATH A TYRATGCHRTKIBBABHTAAACAATTTAAA
GATGGGGAGTEEATGIARACHAAL GTCCTAAAACTGGCTTCATTICCTGTTTCGA

racaccaTciAANAMEEHIS IHAKAAL ATt EOEA LB ATTTAGCTA
CTTI‘AAGCCT%?&%%‘:% AGARACTIGTICOTTATTGATATT
TICTCTGATGATBRGTACEA, W&W@Q{Eeﬂ}m
ACAGAAGATTGAGYTEERATIREAN GFJCCCAAAACAGGGC
TGGGCTCCTCAGUAROTTIARICA EPPFTFERECCTCCTIIITT
GTATCGGACC TALGOTTRCRCABMEHTTAT IGIAATITAT

CACAAGTTGCTHAPAGTTALOTE CRANREGAEIIGAAGCGGGTTTGATGTAGC
GACGGCAGCATA FSATTT EEAAM AT GAATICEATCEREATTAATCTCT
AATTTGCCAG T ACATSESE A AAACTGGCGCATITGGTTA

ATGAAGAAG, u& GATTAA

CTITATOOATQYERE P AETAS LI RAR L LTRCLAAST ==
OTTAGACCTGAACAAGOTTTAC
TAAAAATCCGTA. AAGAACTTCAATTOTACGCC
AACTTAAGACCATGTAACTI TGC
ATCCOACTCTCTTTTAGACTTATCTCCAATCAA
GCCACAATTTGCCTAAAGOTACTO
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CTAAACCAGCTCCTGTAGGAAAGTTATTTTCOG

AGACAATGTGGAGITTCCATTG
AGGTAAAAAAPGATARTGTICGOCAATCAGHCEHTY A
AACTCGATCATEEME%IMK¥MCTATCTAAACTAGATCGC’IT

- ACACGAGACT 1%9’% ¢ T'CAE%M’T&‘%AM@H%AGGAAT
GACTGTACCTG o (1AGA g&zG'ITGCC

ACMWAGAC(ﬁﬁWWATﬂGGT CGATATCGAAC
CTCCCGTACAAATIAEE ST ARAT @S IGATIIGCARATEIRANGAFRAET TCTTAC
TIGCTTAATACCHEENAT G CSKILETAGNTT &N GCAGTGATTGCTAAGCAA
GATGTTGATCTAGIFERGSTEASOGATAATGACAAAAGATTTTCTAAGGTTCAAT
GGCTGGATCTAACTEAAAT NG ETAACEHSTTARE MM BGRAGALEXTBCGGAAA
CTTATCTTGATASIAZAL TTAAGGTAGATAATAGTGGTCCATGTGACATCTTTAT

AAATGTGAAG AL CALE ARG I T coaTac

TACTTGAAATTER] CTTTTAATGGGTACAAGCT

ACCCOGGAM A TIEATHE P PATCHEATT AR MCIIANIARATOAMA

TTCATAATAGARRCGACACGAAATTACAAAATGGAATATGTTCATAGGGTAGAC
GAAACTATATAGRAATTBAATATOTTEIANGRATTAGTNNRGACCATG
TAAAGGAATAJASGT RAGCAATTATAOBATFFCTCAACGTGATAAGGAAAA
AGAATTGCACTHITAL ATFhET A AV AGAGEANNMSSTCAGCXEEERAAAAGT
TAGGTGTAACWXMM%TTTATATMTGGAGGAH

TTCTCT. 'gIA%T AOMCATERdAraaccaT
TTGATGGAG GTT
CCCTCMGAATFTT#%J@(M%WcheGlT% g@caccmcm

TICAGTACTANSTF RS AT TOTAEATCRATI R POLIIRG SR TOCATEA
TIBRA AATOITCTAGGGAAGCAGATGTACAG
GCTGAACCCGW@AWM EACACEXEAALEE CTCCTT
CCACOTAGGCEDASANACACAGIATHFCOGEARC
GGAGGGECTGICGCCCECTCGECGECTTCTAATC
sEo 1p No: 52 COTACTTCAATATAGCAATGAG

ATLTACTGAAAGT TCCAAAGAGA
i S“‘*““"?E@ﬂ’ TR Tacar
CATHHEA oo

GTCGGAGTCAWQWWWTEQGAATCCTCGTWCCTAAAG
TAAGTTTACTTECST G TAGFCLIBATETAATAT (B TRAATRARBCTCTATT
AGGGTTGGATCATTCATG TARGICCATROARAARNIGAGTCCATGCCCGACATC
GACGTGATTAGRPGELSAGAAT AL CARBATICAAGOARAATACAACTA
ACCTCCTTGACKORATHGARAGHETT A CAGRETGCTCTTCCTTATTACTCAT
CCCCAGGGAAAGCOQTTACTAGCTGGTGGATATT
TAGTTTTAGATCCGAAATATGA
AGCATTTGTAGTCGGATTATCGGECAAGAATQCA
TGCTGTAGCCCATCCTTACGGT
TCATTGCAAGAGI CTGATAAGT TTGAAGT GCGT
OTGAAAAGTAAACAATTTAAA
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ACCCO00AAAGALTGFCLL 1 11
farat

TTCATAATAGAAACGACACGAAATTACAAAATG
TeTeTTACCAA GPNT AT AT E A A(ARCGTGTATTICACCTCTTTCTC
GACTTGAACAM&W@MEHM%G&ATC

CAG'I'I‘CTACAC$ &AGCGTACCCCTGTAGAAGC
TI'CTTTG'ITTA TA ATCTG
Amﬂﬂcmwwmﬁwwwlﬁwmm
ACGCCCGGCAGNTARAGSE &2 A ASITCTTTCTATATATGCACGAA

mTGTMTATe@mmmmWACGTA
ACACATGGTGC%WTEWWW‘W&CCAATGACGTATGACTAA
GTTTAGGATTTAA S f SAA

CGTCCAAATTGQW@W@@%CTGTTT_I(;TGGGTCATATGA

CTTTGAACC CICl «-.:'{u G ~tec,'ﬁ t? CTGCC
AAGACGGCACWW GCTAAT 'L GAGCG

GTAGCATGTGW@@@@FEWTGGCACCWGTGGTWM
GAACAGTACCACTAGCFATIGNAST TAATCHIERATAGTOFERACCCAAA
TTCTCAAATCAWWMWCAGTTGGAACWCGACA
TTTTGTGCAGGATCITEACCLAGBEECANCAIAA S AGATA
CATGTGCGWAM&%%%%MGCAGATCCMCCMAT
TCTTAGCAATG WEWE%MWCTG

ACAACATCAC ?%i%CCTTCGA

TCCAGTTGATGEE.A%% CiTBTNB Tﬁu GGAGAC
AACCTCCATATFM ﬁ@Tw EiI'H.} sﬁwsﬂ'glq'AATGAGTATTCGA

CACCCTT. AGWWWW‘?@W‘FWTCW
ATGAAGAGTAWWWMTGTTGCAGACGTGCAAATC

TTGATGTAGACTHT AR RGTIGA A

cATATCHACAEE@M@@EGG&M%&AACGGACTACTGGGCCTC

TTGTCATACCAjrM@REWJ@E&M&H@MAﬂGC
A

CTTACAGCCACHTATEGCA e-;r A %JCTCTGTAGTTGCCATTGGT
cee A oﬁ ACOCECGTED
ATATGATAAG

GGCATGTMC%@WE&TAGTW
AATTTTTATA TG A SRR AT AT OARAATAEAGGAGCTTCTGCCAAAATTGA
AAGAGCCTTCABCTTSTIGABGLACRACTTGECRAMIKCT GATTATTCTCCA
AAGCGTACAA AGHATHACTCAICTEAATAMCREATCAMMOACCTCTTTGTTCTT
CAATTGTTITGRRBIALEROPRATATAA B TCAA T TCTAAAGGACGTA

TrrrcTTATCCEW%@QQFAT@&@&QAAR@H%&@QACTAGATGATGAA
CTTACCAAGCAGAGAATGI TATCTAAAAAC
TACGT GTATTTCACCTCTTTCTC
GACTTGAACACGI CCAACTCCTTAAGTACTACC
ACAGCCCAGCGGAAAGAATGGATC
CAGT TCTACACGATAGCAAAGCAGAAAACACAA
CCAGCGTACCCCTGTAGAAGC
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111 ATTGGTTAAAACTGGTGTAGAAGCC
GGTCCTCATGAGE TR A N RAAATTTTGACTTTCGATCCAGAAA
TGACTGWA%W%&%&WM@GTMA

AGACTTCTTG l (! E@:ﬁj@?}mm
CTCCTTGAC GTEW?E_A&TAFG??&TIAAEW TTTTATG
ACATTTGAAT AT T SAPIGA AR AETT AT FOATEARIYRF TAAACT

GGTTATGCAGCI TERARNGTATATATTIGURACTA GBS AATTAAECOCTICG
CTGATTAATTACCCCAGAAATAAGGCTAAAAAACTAATCOGCATTATTATCCTATG

GTTGTTAATTTERCAIGTAA ATS ReGCIMTAAGACHCTEASAMATGCCAATTT
TrCeTeTTCATAAEE T KRG CTAGTATTG TAGAATCTTTATTGTTCGGAGCAGT
GCGGCGCGAG " EiWW%GGAC&C

SR e
TG TTERRESITTE

TACTTCAATAWW GAAAGTTCCAAAGAGAA.
GGTTTTTITAGHE AT PAAFERRYTIA T ARCATE AP M T HAAAAGTAA
GAWAGATATWWWWTAATATGATTAWAAAC'I‘
TCTTTGCGTCWA A CTAGETS
CTGCCGACAABA AL A& T TATCTAGT‘I‘ACGCCAA.ATI‘AGT
GCMAACCAAA%@Q%WEMW%CCAWA
cmcmcmW?@éﬁ:%mAG%qrcmmM

ﬂ

rrcrrrooN A Ak A S OB proren
TTTAATGGAA (LA RGANAOGSBRATACTACATCGTGCATTCTCCGTCTTTATTT
TCAATGAACA SRR TATIENI QP CRAT A TEEZSCTTAMPEATAACTT
chCTGATcmgrmmcchTqWAcmTGTATTGATGACGAA
TTAGGTTTGAAGGIGT AAGCHACATRTANG 30

GTGAGAAAAClAéAﬂCAl@QAPAEBGMTWé&Mﬁ%AAACTAAGACAAGG
GGTAAGTTTC%@@@RJMAACCAT

GGGGTGAACA NN CART AT GATCAACGCTAAAGAAA
ACTTGACTGTCZ 'ﬁ‘ WTGGGTTTCACC

AATONTTTO S A AHECT IONRCA SR N AE ARG
AAGATTATTTGROASA AGCAATTAGATGACCTTT
CTGAAGTGGAASATRICAGGLEALTITE v
ATATAGGCTAWMTW@@ACM&GAMMGTGATMA

aaAceTTTCA TFpOAEEFIACEAT AN AAT Adseaca i A ACcrracT

AA’I‘ATGTAAAW CE’F%CCGGGAGTCAGTCTGACTCTTGCGAGA
TTTAATGGAAAATATTGAAAAGGGT TTACTACA

TCGIGCATTCTCCGTCTTTATI T
TCAATGAACAAGGTGAATTAC n | |
ACAACAAAGAGCCACTGAAAAAATAACTT
TCCCTGATCTTTGGACTAACACATOCTGCTCTC
ATCCACTATGTATTGATGACGAA
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CATATATATATATATACATTCTATATATTCTTA

CCCAGATTCTTTGAGGTAAGACG GILTGEGL1L
GATGAGGATGTANIGhTA TEAACTI G ALNTE AT ATRAGCACARACAGACATA.
CATATATATATAAAT AAASEOAT A TTCTTACCCAGATTCTITGAGGTAAGACG

GWGGGWAW¥M%M¥HMAGCAH
GCTTACAAAGAY gﬁ% AAGACT
OAACTOOA O RO AR AT AR TACACACATATAT
GAGGTAGACGERER TR S P B A e TGS P AT T OTTEEFCATATG
ACGTTATTATGRAGBATAEBITCT TPARATRFEATCCTATTGACCAAACTGTC
AGAGTTCTGCROGE TATCTAT AN AEIITAT TOU TER RO IACATC
GCCCCAGGTA MK NATTATTEEROCOMAACGTGTEAAATTGAGCGAACCAAAGT
ACAAAACGCAREN AN GREEE HAAATIGGT IACGAACKIARGETAATTCC
ATTGGAAGTAI’H@E%%EE‘K@@F&%‘&%X&TGCTTGGAAAGAGTACGT

AAAAACAGGT%% TT(AE@IMAATCTCA

AGAGTTCCCAG AN RAE T AREACHCRCPEANGAAGETORACA

TOACOAAACHT X EAAIRERT RN FEE COTUUCTOAGATTTGTCA

CGTAGAGTGGITTBCARGT IS P . \

AAGGAGAAGGGE@TWCWWGWAAAC
AAAAACAGOTACT GTOCATGGT TTGAAACAACC

SEQ ID NO: 53 1 CAAGGACTI AAAGAATCTCA

pAMA426 sequende CAGT TCCCAGAACCAATCT TCACCCCATCGAC

TCGCGCOTTT A oj{ gﬂ CACATGCAGCTCCCGGAGAC
occ AGCOCCO
GGTCACAG i? A A GGGCGC

aTeAaco0aTE ARG A ARE T AR ISR A
GATTGTACTGWWWAWTAAGGCCG’I’TTCTGACAGAG
AGANOCECATUATCATCATRGAGABGTAABGTATTGA
cwmmccmmimmcsmﬂmAmn&mm@eme
TTTTTTAGAGAYA QYT AATATCAAATTAGGAATCGTAGTTTCATGATTTTCT
GTTACACCTAAFM¥J%E@M&6@%@AM%AAAGT
A . E'}CAATTTGCTTACCTGTATT

A ATATAG

mcaTCTAC%?MF&FWW ATTATGA
ATTTCATTTATEAACTIN A EOTAGARPEATTARAAAAAGAGAATCTTTITAAG
CAAGGATTTT@GARACTAC TCARABTECACTERTATSONCFATHGTACTGTT
GGAACCACCTAAATNCEACETTGETAATACGATECAAAACCTTTTTAACTGCA
TCTTCAATGGOAMETTHCTTE AN LAGETCE RCAE T TAJ IS TCATTGC
AAATGCTTCAAGAAGGTATTGA
CTTAAACTCCATCAAATGGTCAGGTCATTGAGT
GITTTI TATTTOTI GTAT111111
TTTTTTAGAGAAAATCCTCCAATATCAAATTAG
GAATCGTAGITTCATGATTI TCT
OTTACACCTAAC11111
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AGCAGACAAGATAGTGGCGATAGGGTCAACCTTATTCTTTGGCAAATCTGGAGC
AGAACCGTGGCATGGTTCGTACAAACCAAATGCGGTGTTCTTGTCTGGCAAAGA

GGLCAAGGACGCAGATGGCAACAAACCCAAGGAACCTGGGATAACGGAGGCTT
CATCGGAGATGATATCACCAAACATGTTGCTGGTGATTATAATACCATTTAGGTG
GGITGGGTICTTAACTAGGATCATGGCGGCAGAATCAATCAATTGATGTTGAACC
TTCAATGTAGGGAATTCGTTCTTGATGGTTTCCTCCACAGTTTITCTCCATAATCT
TGAAGAGGCCAA,AAGATTAGCT TTATCCAAGGACCAAATAGGCAATGGTGGCTC
ATGTTGTAGGGCCATGAAAGCGGCCATTCTTIGIGATICTTITGCACTTCTGGAACG
GTGTATTGTTCACTATCCCAAGCGACACCATCACCATCGTCTTCCTTTCTCTTACC
AAAGTAAATACCTCCCACTAATTCTCTGACAACAACGAAGTCAGTACCTTTAGCA
AATTGTGGCTTGATTGGAGATAAGTCTAAAAGAGAGTCGOATGCAAAGTTACAT
GGTCTTAAGTTGGCGTACAATTGAAGTTCTTTACGGATTTTTAGTAAACCTTGTTC
AGGTCTAACACTACCGGTACCCCATTTAGGACCAGCCACAGCACCTAACAAAAC
GGCATCAACCTTCTTGGAGGCTTCCAGCGCCTCATCTGGAAGTGGGACACCTGTA
GCATCGATAGCAGCACCACCAATTAAATGATTTTCGAAATCGAACTTGACATTGG
AACGAACATCAGAAATAGCTTITAAGAACCTTAATGGCTTICGGCTGTGATITCTTG
ACCAACGTGGTCACCTGGCAAAACGACGATCTTCTTAGGGGCAGACATTACAAT
GGTATATCCTTGAAATATATATAAAAAAAGGCGCCTTAGACCGCTCGGCCAAAC
AACCAATTACTTGTTGAGAAATAGAGTATAATTATCCTATAAATATAACGTTITT
GAACACACATGAACAAGGAAGTACAGGACAATTGATTTTGAAGAGAATGTGGAT
TTTGATGTAATTGTTGGGATTCCATTTTTAATAAGGCAATAATATTAGGTATGTGG
ATATACTAGAAGTTCTCCTCGACCGTCGATATGCGGTGTGAAATACCGCACAGAT
GCGTAAGGAGAAAATACCGCATCAGGAAATTGTAAACGTTAATATTTTGTTAAA
ATTCGCGTTAAATTTITGTTAAATCAGCTCATTTTTTAACCAATAGGCCQGAAATCG
GCAAAATCCCTTATAAATCAAAAGAATAGACCGAGATAGGGTTGAGTGTTGTTC
CAGT'I"I'GGAACAAGAGTCCACTA’ITAAAGAACGTGGACTC CAACGTCAAAGGGC
GAAAAACCGTCTATCAGGGCGATGGCCCACTACGTGGAAGATCCGAGGCCTAGC
TTTAACGAACGCAGAATTTTCGAGTTATTAAACTTAAAATACGCTGAACCCGAAC
ATAGAAATATCGAATGGGAAAAAAAAACTGCATAAAGGCATTAAAAGAGGAGC
GAATTTTTTITTAATAAAAATCTTAATAATCATTAAAAGATAAATAATAGTCTAT
ATATACGTATATAAATAAAAAATATTCAAAAAATAAAATAAACTATTATTTTAGC
GTAAAGGATGGGGAAAGAGAAAAGAAAAAAATTGATCTATCGATTICAATICAA
TTCAATTTATTTCTTTTCGGATAAGAAAGCAACACCTGGCAATTCCTTACCTTCCA
ATAATTCCAAAGAAGCACCACCACCAGTAGAGACATGGGAGACCCOGUCCATGG



wo Wm”ﬁGCAGACAAGATA QOCGATAGGOTCA/EE%E”T”"”‘” |
T ql; RPTTES200 G

GGTGITCTTGICTGOCAAAGA
ﬂAGATAGACA%@%%@%@&W@WCMCT

CCCATTCTCG A t_{ GGACCTCTAAAAATTGGCAAA

GATATATAACAG ng QGM%TACTC

eI AT N A YA PEEIOATCAT
ATTCTTCGTTGATAI A TANCET TS TAT AAUFETAAAGAGCTTGAACTATGT
TTTCTCTCCTG TINCARTIGHAGERAT T BT LB T TIAATCISICIACCC AGAAT
ACCACTGTAACHOBACAGIGGETEAETCOATPWERGTCCACTCAACTGATTCCTT
AGTGAAAATATERMENGFCCTANNA B L XA TTIFATHGCAAGGAGCACCA
cCAGTGATAAMW@E%TGTCGGTATGTGTCCTTCATT
AGCCCATTTC " ACK (AR REE A reerree
CACAGTTGAA CTGTG

TAGGTATCCAWT@%G?E@W%??WCCGGCAACGTGTCTA
AGCAGGTGATEO G AR T ACHRSSEREIRT R TSGR AEC TCOTA
AGTTCCATA TGRSO VACTOATSAACER TAMEIGATATCACAGCAACTGCCTTA
GTGAAAAAAACKCTTRGTBGTEAGAICTGGAGHTIOWAGA CIMAASGRAACCCC
AAAAATAGCA TR GRCEAANCIAAEASTCAARAITGGGGCATTTTTCTTAATATC
AAATGCCWC%@%@IWEMI@I&&CTCTGCA

ATAGATTGAA: {I:H LG aTraTocaAGTOTTGT
TGCTGATAG rddEBE recaca
ATGGTTGCTTTM—%% A RAAEAAGCREEETEREACTAAA
COCOTCCTTTORT AT R AT A SR M EFIOAA TCCCAGGGCATCTTCAA
GAATTATTTCAECATRON T STEINSUACEACERAT PARTIFCAACAATCC
TTCAACATCATTEGCTAGASAT COARACT A GABATAOGTTGICTTTATAGTTAT
TAAACACATCARCGAACATIASEARATACGETITACAO(FEACCTIAMMA CCATAA
GCTAGACCTGMWEJ%E&TCGTMATACAﬁGCAAT
GCATGATCAA iedAaTcrear
CAATCAGCTT

‘ TC % CTTTAAC
AACTGTCTTAWWTGCTCCACA CTGTTCAACT

TOTTTCTCATAAER AT PAEP ATGOPEAREATNA (POSTRRRATATTTCCAA
TTGGCCTTATANBUOTAT AT ATAREERES TER T TTCTGCAGATCCGGGGTT

TITTCTCCTTGAAANTACACATIAGAGANGAARGANANTONCANIGATACTTT
TATTACATTTCEATAAdA AAAGAGAN R CECAIATGTTGAAAGTATTAGTTAA
AGTGGTTATGOAGF PN GEANTEDI T ORIATLGAL ATCAAAAATCATCGET

rncrom A LN o

CGOTGTGAAATACCGCACAGAT

GCGT AAGGAGAAAATACCGCATCAGGAAATTGT
AAACGITAATAL T it GITAAA
ATTCGCGITAAA 11 1

11 GTTAAATCAGCTCATTTTTTAACCAATAGEC
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ATGGT TGT TAATTTGAI TCGTTCATTTGAAGGT
ATGGTTGTTAATICH CH ST NPT A TP GGGCCAGGTTACTGCCAA,
mﬂCCTCﬂEAFmE@QI@ZAA%?MW%CGGAGC
AGTGCGGCGC E ~( IACCE CGAGGA
CGCACGGAGTA ‘ @% CGCTCGGOGGCTTCTAAT

!.

. MCFAAGTGTAGCGGTCACGCTG

TCGCGC

< WGGCGATCGGTGCGGGCCTCH
( 1

CGCGTAACCAWW

CAGGAACCGTWWCCATAGGCTCCGCCCCCCT
GACGAGCATC C P T A ACCT I PRARTERNTEBORIEACACG
ACTATAAAGA] ; CADGGAASF

CCGACCCTGCW@&WEWW%CGTGG
coCTTTCTCATAGEAGALGEd fAdde A eé¥ehePldasTaTAGG TCGTTCGCTCC
MGCTGG@T&%WI%%%&@TM&G
GTAACTATCG GGCAGC
AGCCACTGUTARCARRA T A ACAG O ACCTATG TAGGCOGTACTACAGAGTT
CTTEAAGTCCTEREERNECATE Wﬁ CEFEXIEEFCTATCTICC
GCTCTGCTGAADLEAGTTASE CAGCTCTTGATCCGGCA
AACAAACCACCTATTGNEAD

TV BCTTTTCTACGGGGTCTGACGCT
CAGTmMCGA@&%M@%WémﬁQM@MAGG
ATCTTCACCTA@IWM}ETHAMTCAATCTAAAGTA

' o, \ ACCTAT

CTCAGCGATCT: ACATS AT TR S PR ESIERTOTAGA
TAACTACGATWW%@WTGCTGCAATGATACCGCG
AGACCCACGCTRACCTEISCHGT BT ACTEAATEEETTBOT TARCT COAAG
GGCCCAGCGCARCOACCHETGCASONTATE@OGCTCCATCCAGTCTATTAAT
TGTTGCCGGGAGGAR T ATEGERAGTTCGCCAGTTAATAGTTTGCGCAACGTTG

TTGCCATTGCTAGKETAPAOf S dr et AMSACOH NPT P& TeAaTTC
AGCTCCGGTTCegm%GGCG (GLRACATGATCOCCCATGTIOTGCAAAA

TGTAGGCGGTGCTACAGAGTIT CTTC A
AnTnnTerarrTA A riT Arr-rjr2TAr
Arno Aserj Ar AnTATI TOOTATCTCC
GCTCTGCTGAAGCCAGT TACCTTCGGAAAAAGA
OTTGGTAGCTCTTGATCCGGCA
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TTGGATTAGICT C‘AT TCAATOCTATCATTT
CCTTTGATATTGGATCATACTAA
AAGCGGTTAGGRARDCAGTEATICRIAT CATAAGANDBE AT AR CGCAGT
GTTATCACTCAYSEACXIUGEAGCACGO@E ICErdhaeI€T ARG caTCCG

TAAGATGC%MA&%%MM@?@&TCTGAGAAMGTG

TATGCGGCGA q C %GI%QECGCGCCA

~

CATAGCAGAA ' R CRTICTISpRecoAAs
—d

CTCTCAAGOA FA AL LR SAEALBRAGEBGATGTAACCCACTCGTGCAC
CCMCTGATCWWWMMC

‘ ABAEEATFRARNBABGGCGACACGGAAATGTTGAA
TACTCATACT@@WWW@A@EA&E&T@TCW
ATGAGCGGATAGIAACEE BT A ALANTA AACAAATAGGGGTTCCG
cGCACATTTCDOAM ATt eA AR EL L 6 AG Ta AT rrieTa

GAACAAAAATG] AGCTGC

A'I"I'T'I'TACAGA | F I ACCAACGAAGAATC

OO AP AT TEAAAC
AAAGAATCTG GG T T AR CAP PR CEASTARAACCFARKSCCCTATT
TTACCAACAAAGAATCTATACTTCTTTITIGITCTACAAAAATGCATCCCGAGAG
CGCTATTTTTCOH A A A HBRCCTIACA COCTEN CARTIRETASTGEGCTCTAT

AATGCAGTCTOMOAA ACTTTTTGCACTGTAGGTCCGTTAAGGTTAGAAGAAGG
cTACTTTGOTEPRAT TR TR d ATk AAL AL S YA A R coaeaT

TTACTGAWAW% . mﬁmccca
ATTATATTCTA €. ] GATAGC
G OATOAT TG P TR SHAPATENAA TR TOGATC T TTITOTCTCT
ATATACTACG ARG A TS T T AT TS ATIEEICOATTCACTCTATG
AATAGTTCTTARTAGEAT T THRTAKABKAFATCPABSAKTAFPCABACATAA
AAAATGTAGAGRYLGASARNGAGEAT CAGITA AR CARAGEAGTAGATGGGT
AGGTTATATAGGGATATAGCACAGAGATATATAGCAAAGAGATACTTTTGAGCA

ATGWGTGGAJ\@EE%E@EW@WEGGTGCG

TTITIGGTTTTITARA AGAGCGC CGCTCT
”CCGMCWFWWWWMWCA
CTGTTCACGTCREACHIARATT ISR ACIIRCATGTATATATATATACATGAGAA
GAACGGCATARTGOAGRUAAGATIAG RBISHATABIATCARTTATITATGT
AGGATGAAAGGMm@TIGchﬁﬁ@EmCCATTCCATGCGGGGTA
TCGTATGCTTCOOANGCREIX £ TR AfISRGE
GGIGITCTTGICT GGOA\AAGA
GGCCAAGGACGCAGATGOCAACAAACCCAAGEA
ACCTGGGATAACGGAGCECTT
CATCGGAGATGATATCACCAAACATOTT' GCTG
OTGATTATAATACCATTTAGGIG
GUTTGOOTTCTTAACTAGGATCATGGECGGCAGA
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wo 2""’“‘"”6@CATCAACCTTCTT@GAJ%

GCATCGATAGCAGCACCACCAATTAAATGATTT
TCGAAATCGAACTTGACATTGO
TTGGATTAGTGUREBNATAA CAGAANTAGTITHTAAOMITCEEAAIATACTAA
GAAACCATTATEXBCATEASATTAN €A A A A AATAGGCGTATCACGAGGCCCT
TICGTC ACCAACGTGGTCACCTOOCAAAACGACGATA T
CTTAGGGGECAGACATTACAAT GOTATATCC |
I - -
SEQID NO: 54 GAAATATATATAAAAAAAGGCGCCTTAGACCGC
PAM322 geque
TCGCGCGWTWW@WWGGAGAC
GGTCACAGCTIICTF AT ATARGGEAGCAQACAAGCCCATCAGGGCGC
GTCAGCGGOTENCAGACKTICAAGCANERAACMTACHACAATIAGAGCA
GATTGTACTGAGAGTECAADATAMICPAEEAIGTAAGGCCGTITCTGACAGAG

TAAAA'{TCTTGREE@AIMJQMMAAQ%W&AGMGGTAHGA

CTTAAACTCCA%%AA TTTTTTT
TTTTTTAGAG. 3 TCGTAGTTTCATGATTTICT

GTTACACCTAAG ST AR R R AT A CE T PE M IAARAAREF TAAAGT
GCAATTCTTTT RAEA TG ACAGOCAT T A TRARAATTTGCTTACCTGTATT
CCTTITACTATCAT DT TR C TIGATAAATGTATGTAGATTGCGTATATAG
TTTCGTCTACCCBITTAABA CABCT AT TETHATTTCGTGTCGTTTCTATTATGA.
ATTTCATTTATA ARCITAAT A AC WP Y KRN AA AAAGAGAATCTTTITAAG
CMGGAWC%ME%%EE%RW%G@ACTGW

caaaccaccTOAAEA CTGCA
TCTTCAATGG

AeAGA A R AT SEAG 0A0C
AGAACCGTGGRATEE RGP E A T ELESTGTTCTIGTCTGGCAAAGA
GGCCAAGGACWWNA@WCTGGGATAACGGAGGCTT
CATCGGAGATEAGAGTAGERAAAGTTTAL SNV CERTAGGTG
GGTTGGGTTCTMCTAGGATCATGGCGGCAGAATCAATCAA’ITGATGTTGAACC

TTCAATGTAGGOAREARAM Evhigle o] (HALARMACAGHAFT et L raaTcT
TGAAGAGGCC AT @@% TGGCTC
ATGTTGTAGGG#W GTGATTC ACTTCTGGAACG
GTOTATTG TCAGIATRPRAF R M RARSHIRARRCRFFEISRARYGACTTACC
AAAGTAAATACWAWMCMWGTCAGTACCTTTAGCA
AATTGTGGCTTGH ISSACAT GO A NSRS
GGTC'[TAAGTT@G@MMMT%MWAGTAAACQTTGTTC
AGGTCTAACACTACARITATCAIE ANETA JTACBACAACAIRACERNC AAAAC
ACCTGGCAATTCCTTACCTTCCA
ATAATTCCAAAGAAGCACCACCACCAGTAGAGA
CATGGGAGACCCGGECCATGEG
TTAGATAGACATAGGGTAAACTAGCAATGATTT

GATCAAATCCTTGTATTCATCT
CCCATTCTCGTAAAATTGTCTTTACCTGCATAT




77012467
7 35200
GICGACTTAAAAACT ACQEA\CC‘AATAGOA\ATTC
TGTTTTACGTTGCATTGTTGCA
GGCATCAACCOCTEAAEGCICEEACOMNIE AR T TIEITAGALCA CCTGTA
GCATCGATAGME@%W%AAATCGAACWGACATTGG
LEONREPALA AT OIS,

CTTG

wo ’““”‘”%CCTTGATTGOAGAQITGACCAAACCTC%%BES

ACAAT

A T égﬁ_}
GGTATATCCTT MWW%?ECWAGACCGCT CGGCCAAAC

AACCAATTAC FGREGHG A

GAACACACATWTWKUBAWTGAAGAGAATGTGGAT
TTTGATGTAATEGNKUGETCCAGT ATTRAAGABHARTAATAIKBAGGrATGTGG
ATATACTAGAAKTAMPACACEACENCCATARREET o fon AdhadeoeacAGaT
. GCGTAAGGAG@UMH%BMQ%@&@M NHPEETTAAA

ATTCGCGTTA ] @Qgﬁ GAAATCG
[ TTGTTC

GCAAAATCCC
AT HAGERAACTCC

CAGTTTGGAA

GAAAAACCGT@TM‘?ppWCQAWWGATCCGAGGCCTAGC
TTTAACGAACGIAGT AT AAF TRADRCKEAASST AT BCTRIADCCOAAC
ATAGAAATATCEIBT CCCEACAMAMATAGUTIBAAGGCATTAAAAGAGGAGC
GAATTTTTTTTEXATRA BAGTEITA AT A RS A AT CAANDAGTCTAT
ATATACGTATAWWQMTAAACTATrAmTAGc
GTAAAGGATG A E P G aTTean

TTCAATTTA CTTCCA

AT R REA T
ATAATTCCAAW%W&%%%?ﬁE@GAGACCCGGGCCATGG
TTAGATAGACAEAR S BT AR PRI TIHTCAAATAGAAGT ATTCATCT
CCCATTCTCGTAZAITRTCTTiACE FETATATISPACTCTAAAAATTGGCAAA
GATATATAACAGRAATA G PABCTTNCCCAT OAMENGATEOXTAAATACTC
TCTGTTTATGTEAACEA A AdGTARGAIACEAAAAM BAAA TCAGTGTCTGAGCAT
ATTCTTCGTTGAEX IR LSRN AE LTCT A LSates s crateT
WCTCTCCTGﬁEEE@MA&GM&AMJ&% FeTCCTACCCAGAAT

ACCACTGTAAC J&\ C TTCCTT
AGTGAAAATAT) X\ '?‘Fw AGGTAGTTGTTAGCAAGTTTGCACCA

CCAGTGATAATAACEA ST R TG AT I T AR OAE B IETES TTCATT
AGCCCATTTCOR R TACTATTAGATICCTTACGAATTCTTTAACGAACTCCTTCC
CACAGTTGAATRARTTGUTOCACTACHT GCECANBARTTIGCEACI TCTGTG
TAGGTATCCATCRA CANTEOTACAAAGGACATAMIECCdGdAACaTGTCTA
AGCAGGTGATCGMOEATATACE AR LESAARNL ALAYAT Al P TCaTA
TTAATTGICTCCAGTAT
TCCCCATATCGAGCAAGGACAACATCAGTGITA
TGATATAAAACTAI TTCCCCAG
TTAAAGI TTCGGGTCTATTAGCGAAACTAATAT
CGTAGGITGTAAGAATTTCCTT
AGCCCACTTAGGACTCGACACGACTATTGT GGG
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GCTGGTGTATGAACAAACTCCA
TCAGGAAGGGTACATAAAGGTGTCTGTAGTACA
AGTTCCATATGLGRAA T ASSAGE AFChT LASTATTATCACAGCAACTGCCTTA
GTGAAAAAAACTCPAGEEAEL EAAGREE TR G ABACE A AsCCCC
AAAAATAGCA% S AR delsgeaTTITICTTAATATC
AAATGCCTTCGH : C CTCTGCA

ATAGATTGAAQUEFAGTIBAC AT AEMSS A PAETHACAKERARACTCTICT
TGCTGATAGA ACOREAIE AR ARELRORITAGATCCTTGGCAATCTCTTCCACA
ATGGITGCTTTRASEIAT TRHEIACOCHCAATACIN TG TTIOGACTAAA
-CGCGTCCTTTGTC AL AGEAATAGRARAGTETENGAATCCCAGGGCATCTTCAA
GAATTATTTCGEEC AT ATACTANGNACARA FAAACAAGATEESRACcAATCC
TTCAACATCAWWATTCTTGTCTTTATAGTTAT
ACCATAA

GCAAT

MCTGTCWAWMWM@TGCTCCACACCCTGTTCAACT
TGTTICTCATAAATAAA L hEAGHAGAACEAIAT ST AL GOCBAETTTGCAA
TTGGCCTTATAGMERAAAGTE L AT ESCMAPA TTTCTGCAGATCCGGGGTT
HWCTCCWGWR%%A%I&AH%%TAM

TATTACATTTG, ! GAAAGTATTAGTTAA
AGTGGTTATG H‘ﬁﬁ ﬁi WM CATCGCT
TCGCTGA“M%M@FTMW?M FGGeAT AR CATCCT
ATGGTTGTTAATTTGATAARTICAET ESAPPPE I TGTGGGGCCAGGTTACTGCCAA
TTTTTCCTCTT AOGBATCTATITICGGAGC

AGTGCGGCGCATAETEARMNECCTTRETDBAGECCACCGGTGAAGACGAGGA
CACACGGAGCAGATTCITEEXIBCEAICSAMCAICICACIICHCAEETTCTAAT
CCGTACTAAG%WQWGTGGCGAGAAAGGMGGGA
E&%@gﬁﬁ@moﬂe

. - TCGCGC
CATTCOCA T ORI CaAT T dcaccrorT

CGCTATTACGOQAGSTI N TECA CREROCFEAMTSEAT R EBAR R CCAACC
TGACCTACAGWF@AWTWCGTTTTAAAACOTAAGA

A4 i RA ACACKEANGOGACTIARNRATBATAAAAA
TCATAAATCA”@GGWMXHI@WT%TCAACAACGTATCTACCAAC

GATTTGACCCTRPrd AT PR AP IO GO EAMALGCccGaca
GACGCCTCAAGT CAGAGGTGEC
GAAACCCGACAGGACTATAAAGATACCAGGECGT
TTCCCCCTGGAAGCTCCCTCGT
GCCCCTCTCCTGT TCCGACCCTOCCCCTTACCGG
ATACCTGICCGECCTI TCTCCCTT
CGGCGAAGCGTGGECGCTTTCTCATAGCTCACGCT
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CCAACGAAGAATCT GITOCTTCAI I | | TGTAAAC
ACCTTGATTGGAGRPTHGRED NG F AAGAATIGTTAATTAAGAGTCA
GTCGACTTMWW HdchMfaTTaca
CCTGAACTTTCGGECATG oA EAGA LG 8edcaacTreea -

OTIOAAATOATH AN AR AT PSR REG AR TN

CGCAGCGCCAGRACABACHACCTCCAGCCCCAAATGGTAAATATTCATATTC
GGCGCCCATCAGDATICOCCA ST AT I FARE T AGEACCTTCT
GCATCCTTCCATCTTAGAG AAOTTAMGATGN@GERCACATTAACGATTAATTT
coTTTTCTTAGG AT A ACAGAAT ASATACTTHGETQRTABBTTCTCTA
ceTaccacTaddabcl e AARPCTCTTTGATGACCATAT
TCAAGTAGGA NV o ATGA

GCCTTACGTAA AGCTC
GCWATAGCCW%@R TC@S&CQ&% AACATG
TCCAAAATTATAARIICATAXIATCOPPATATAARPACERITEPAATCCT
TTAATCTAAGTEEN T YCEEATAGHT TICRGARE TITGGATGACGTATTTACG
GTATGTTCAGCAGCAAGTEATACGIEH AGARGAIACTTUARTGIALGGCTACT
TAATCTTGCTCEAABAAITARGAGKIIORL FAACTIETAGATGGAAAAATA
TCGGCAACATC%E&I&QE WMWQW%AGTAAG
'ITCCTT'I‘TGAT EJ}&GCACGGGATAGTATAGTGGCA
TTAGTTrAAAﬁufG TIGAAGC
TATTTCCTGOAREMAINREANGAIAS RICE WEACTTAA

ccmmcmcrmm%&&mmmmmTCCAGTAT

TCCCCATATGOAGGRSRATTUGGRACTTTIAT AG IR PEAAERI CCCCAG
TTAAAGTTTCGOABAOATATATAGTAAAGNGETAGGTTGTAAGAATTTCCTT

AGCCCACTTAGACTEG AT EETG G AGRACRECAATIBAGGTGC

ATTAGCGAACCA MR EE I AGPACEHPRE AACSC TV I TGGTGTGGTTCC
GATCAAATGG %% 95%\4\ Rl ddrRBBERRAR46rctddcaacea
CTTTTTAGTTGA raoCAAATTTE AR aadd AcaaaaTAGTT

GCTAAAGCAATTGATGTAGTTAAAGATAGTGCCATAGCCTITAAAATTGACTTCA
TTGTTTICCTAGGCCTTTAGTGAGGGTTGAATTCGAATTTICAAAAATTCTTACTT
TTTTTTTGGATGGACGCAAAGAAGTTTAATAATCATATTACATGGCATTACCACC
ATATACATATCCATATACATATCCATATCTAATCTTACTTATATGTTGTGGAAATG
TAAAGAGCCCCATTATCTTAGCCTAAAAAAACCTTCTCTITGGAACTTTCAGTAA
TACGCTTAACTGCTCATTGCTATATTGAAGTACGGATTAGAAGCCGCCGAGCGGG
TGACAGCCCTCCGAAGGAAGACTCTCCTCCGTGCGTCCTCGTCTTCACCGGTCGC
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CCUTT|]_OG||
orin POEYSA0

1GGTTTr C
AAAAOCGCCTCTGAAGITCCTATACI TTA AGAG
GTTCCTGAA A BAGTAACETCSE R GAGCHAS CTCCGAACAATAAAGATTCT

ACMTACTAGMW&W%GCCCCA

CAAACCTTCA, SATAGGATGATAATGCGATTA
GTTTTTTAGC TGATCTA

Ao A AR AMA AL STEBR A TCAAC
ATTHCGGTTTWA,@KW?AWAAGTATCMCMAMATT
GTTAATATACCITCTSCT TRAACTAGANTEAAAGEAA BAGTITCCCGGG
AAAACAATGC ALINCATGAGATATTRNBOTCATCACCTTTCGATCTTATGACTG
CCTTGTTAAATGAT A ITEd ATTCGAAL CETTERRTATACEMNTRBAAATAT
Accactacco&FreTd ARl AEAAS AP ETTATGATATTAACAACCAGT
S _ G CHAL ST H Mcascra

CCGCTAAGAA (li &WTCACTG

AAGATGAGGTIGHTEAPRGGAOMMAEARABFIACFGTATI TITCGGGACACAAA
CGGGGACTGCEMAGTEXSSR R AT TS T AT GAAGAAGCCAAGGCAAGGT
ACGAAAAAGCRGDATTCAS9THATTYATSIB0FT PLIAGTCCELAGAAGATG
ATGAATACGA LM AGCASAGASA@AIC TIIGGCATTCATCTTTTTAGCTAC
CTATGGTGACHH ATAACHANE A ATARPOLIEETRC ATTETA T A TGGTTTACT
GAAGGAGMG%ME&@%E&G@MTA@GM@&MACGCTGTCWGGA
TTGGGAAATC CARMd AraRbafloch 8RS rebcaTaan
OSSN Wi

GATCAATGTA’]FqGiAéFx %’lg‘gTA(ErGCET ‘W}gﬁf" G&?‘I‘GGCCAGAAT
TAGATCAGCT/ﬁa‘gf\ GRAACATEATAFAAGES AFECCGTACACCG
CCGCTGTTGOAR I RO TR FADITEI GHCOAEAMTGTEAAACTTACGATCA
AGATCAATTGAGASLGORRANTIOAGTTCeIPACCCUBCHACICATGCAGATC
GAACGTTGCGEIICAAGRAJBAAITACH NG T CEEATIOdG PIMEBRA GTTGTACT
CATTTAGAATISQRPAHMFEOM TAREc8ACHAAB6TATORRACTGGCGACCATG
TCGGTGTATATHTEG QA AARKET @%%%AG‘AE‘G&&HC@%AAATTGAT
TGGGCTTCCTCWAEEfA(?SAEi‘HE PRESEAcADG AﬁTGf\GAmGTACT

CCACTTGGCG%%ﬁ:FTﬂ%ﬁg%%(EﬁCFCTﬁD Sf‘?%ﬂ‘%g GAAAAG
CTCTTGCATC%%%TQWT%%}&I}C&F TGC ACTAGCT
CTAGCCGCCC@Q(;m@ﬁ@g:Tng(;T@aggCm@@pﬂwncmcmm
ACCTGCTGGC &G CSSC DA (RIas ECEATOATGHIAGCTGABIGATCATT
GCTGGAAGTGRIESRGCCTIE CS YSE@INAASCCACMTPACOICBTGTTTTTC

GCATCTGTTGOMBAGET I TABLGRITALRBEITARREATATCTTCTAGCCCAAA
bi o- organi ¢ conpound is a

C5bi 0- or gani ¢ conpound.
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e FETHS20

g onmpound is a
bi o- organi ¢ conpound. 4. The
AJTTGCCCCCAﬁﬁEHd%ﬁ%éﬁ%dTBA@é#ﬁTﬂbécﬁ@%@éfﬂﬂGAhhﬁAACTCCA
TCAGGAAGGGY CA ﬁ%ﬁ ﬁgﬁﬁ‘ A&TR&&EH&MEG&%HH%H&EQGTGCCA

oty TR R st
TAGACTACCTAGR@GA péég?AqgﬁgT@ﬁW;Aagiﬁﬁq CTGGGACAGG
ACTAGCGCCATE OAPARHTT TEEIAS AR AT AT TBE AN AAGGAAGCAGG
TACGGAATTAGGAAPOGTUI TTETATIIET OGS TEIPCESATAGAAAAGTTCAC
TTTATATACGARGRTETRG TAR A AT EITGAAAC SR COTIRATCAGAAT
TAGTGACAGCATTEOT@AGR0h EaSRITRAURNAAGAAACTTEAACATAAAA
TGACCQAAAA&Hd%AEESﬁﬁﬂfﬁTééﬁﬂ%%QﬁébeTcZGA&HB%GCCTAITTGTA
CG"ITTGTGGTG c?ﬁ@ one %M&r&“ﬂ@ﬁ&i&ﬁkﬂ%cmmc

AATKHTCAGGﬁ§cgﬁG§@§§ I O%%ﬁg é&ﬂ%E?#@ﬁkﬂTAAA
AACCTTCAGATSGETGRASS TR RITOCET AT 5}ﬁﬁygﬁﬁcﬁﬁﬁ§TAAGATC
CGCTCTAACCOABSS BEANGGA T TAGHRAACT O CTRTAPFRESETATITAT
TTTTTTATAGTIGGOTAG TAIT 8 AGA A IGTTREI T4 AT B A AT IITRICTTTTT
TTTCTGTACAGALEC MG ABBEABITAAL AT AT S RIAARGSTIHCTTGAGA
AGGTT?H&GGA%%E@@&AAGA%Ecﬁﬁcﬂc@astmﬁﬁhdﬁﬁhGCCAACGCGCGG
GGAGAGGCGG MO GOoTCTTCCGCTTCCTCGCTCACTGACTCGET

GCGCT CGGTC‘$§§§§ M@QE& é&“@éCGGTAAT

ACGGTTATCC %ﬁﬁgen]a %Aﬂé

ACRGPATCA GGAGOAA TGTGAGCAAAAG
GECAGEAAAAGICHOA SSRGS G CELOF A ToCATA
GGCTCCOCCOUSYEG AP AR ATRACAHANTECATRETBAHIRREAGCTGGC
GAAACCCGACNGHSTNTRASGATACEHACTITI TEFCCAT GRAEHTCOCTCAT
aeeTerecTeI PO AR crd @ TAARIGRITSCEIES CeFICTTTCTCCCTT
COGGAAGCCTEGcddTTed A o seTerAtbes masselTcGGTGTA
GGTCGTTcGcﬂ%%§AébfﬁHﬁﬁ%ﬁ%ﬁ&d&kc@LAdd%@ééGqTCAGCCCGACCGc
TGCGCCTTAT&E + 900 %&§a$§GA&fE-RaﬁcéﬁﬁﬂhﬁﬂkéﬁbGACWTAT

al m |

cocencToccasagsePtyRat adEal g gy fomaoco
GTGCTACAGAGTTCEFQAAGH @GT‘H%C%%\FW%TW‘CE rappfoacas
TATTTGGTATCTGUBRICEPATEHECEAFEHICETEHAGAACACTTGOTAG
CTCTTGATCCGOITA 8 8CEONPACE6ETAUTA CEPRTCST HEIAT ECTITGCAAG
CAGCAGATTACEIUAGAAAA LB G CSYSARIAGASCETTTGATCTTTICTA
CGGGGTCTGASGAICRGFGANAIGRAIAR AL NI B GBATT T TGGTCATGA
GATTATCAA ASE&H%&kf%%iA@iAAAﬁi&bAAGTTTTAA

ATC&NHH%MJ%&%# kggg?ﬂ%AﬁﬁTﬁﬁﬁgﬂ%b crEdbcAATGCTITAATC

|sopren0|d conpounds conpri si ng:
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a Vessel hanong a BapaCI tPCT{)UFZU{)’.’/ﬂlZ“T

a
agqueous nedr um vvithi n the
vessel, conprisinhg a first phase;
AGTGAGGCACc?AT(?fcRbééﬁdTb&‘cﬁwﬁﬁﬁ&c&ﬂmsmrrecmmCT
CCCCGTCGTGTX‘M ' BTX 128 &&&@GMAMCTGGCCCCAGTGCT
GCAATGATAccpg %%‘8 CCA Q’?FTA?@:?GCAATAAAC

CAGCCAGCCG ggAG% %PH'A CCGCCTCC

ATCCAGTCTATTAeﬁgﬁTmﬁ?@GF@@W@S‘#&TA#%AEBW%EF‘GTMA“
GTTTGCGCAACGTTATTEORATTOEBACASIFE 4 BCCTHFECECACGCTCGTCGTTT

GGTATGGCTTCS BTALET (G TUOTEAATONPPASIGEGAGTIACATGATCCC

CCATGTTGTGCRRAML A ARGUST ARNTET TG CTERGS PSITEGTCAGAAG

TAAGTTGGCCGWAS’f(?ﬂTﬂT&&%CﬁW&‘G@@&G&&GCATMUCTCﬂ

ACTGTCATGCC§ cg}r Aat o Te fﬁcﬁ%ﬁ‘éA@&c@EAACCAAGT
Bhess

CATTCTGAGAABﬁ(ég%rATECIG% {G%%gc&éc%EAATACG
GGATAATACCQW@F@@}FAFH@G%%’%F GFosE g GAAAACG
TTCTTCGGGGCGMW@WWﬁ@TACP@CWEG éT%GTTCGATG
TAACCCACTCGIECA AR IGA A ECAGGATE FIT TACTITCACCAGCGTTTC
TGGGTGAGCAAASORASGOACE@ANATANTEGARAAAAGGGAATAAGGGCCA
CACGGAAATGTIGARY SFRARBcTCAFCTINE T BASIr STIATTGAAGCATTTAT
CAGGGTTATTG% %A%%@c&\@ﬂA@A@A{‘ﬁ%Ahﬁ@ﬂﬁeﬂmMTmc

AAATA(}GGGT b’Pcﬁf@B@mAACGAAGCATCT

GTGCTTCATT e S St @Adﬂé&gc Srfttasacaa
TIRAGAS corrpou

AGAATCTGAGGEGCA ACW AngfiéG GCGCTATTTTA

CCAACGAAGA@WW@WWAWGWWECGAGAGCG
CTAATITTTCAS SUAKAGHATGTCAGCTEORTIIF T GAACARAAATACAACG
CGAGAGCGCTATIUBAIAATRA A GRATC TR IACTICT TR THFTTCTACAAAAAT
GCATCCCGAGARS TS BhirScihaia pGOUTEAGATTACEE T TTTCTCCT

TTGTGCGCTCTQ‘PEA%A@&Q&H*I@A@WCWT&GGTCCGTI‘AAG
GTTAGAAGAAGEST ‘i’ri"ﬁ%‘f% %WQ%JAQWG%CTGACT

CCACTTCCC GCfGa'}rI%(Jﬁ § @1’ GCATTITTTCAAGAT
U I

A,A.AGGCATCC 'g:v n IT‘%?(JS&'P%Q‘ASIT TGTGAAC

AGAAAGTGAT&GWTG%EWH:TC aﬁﬁBCﬁWHAJE’M GITTCY
TCTATTTTGTCU TATAT RET ACGT QTAW GT’EI‘ACA’ITI‘TCGTATTGTI"I‘TC

GATTCACTCTATGRATASTTOYTAUTALS AT TAISTETA ANPAGTAATACTAG
AGATAAACATAREA SECORIAGRRSAGTTOATBEA AGTTEAGGAGCGAA
AGGTGGATGCRARSIT ARNTA GG TATAGCACAGAGATATATAGCAAAGAGA

TACmTGAGL%QZ%ggAE%ﬁMAQ%ZWAé%CTCG'ITAC

continuous centrifuging
process; and
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| east one fyfther centrif
: SBETIUFRP Ol
“gani ¢ conpound

fromthe second phase. 22. The

AGTCCGGTGCG%&WW@@TW@AGCGWGG’I‘T’I‘TC
AAAAGCGCTCTS) LEra%e RE&E%%ﬂA&GRﬂﬂﬁEdGK%HAGGA
| AdUCt L O3 ’IlGEXA@(ECGAGC’I‘GCGC
ACTTCAAAGCGTIZEETAA4ACE é Pheat fﬁ%ﬁ%
ACATACAGCTCQﬁﬂgTEQqugpaéﬁ%q;Ageﬁﬁig T 5 ATATAT
ATACATGAGAATRECGRIARAETGEETORTTATSE TﬁgéfrgﬁﬁgAgnTATATGc
GTCTATTTATGTAGGA BGAA ST A CEITAGERECTSFHERFATATTATCCCATIC
CATGCGGGGTAEERPAEOTIACS TG B CHACIIA HRIFCEGTICTATATGCTG
CCACTCCTCAATRERE P ErCcTC RFECT YA TGET A TERCITAFGATATTG
GATCATACTAAGA BACPATEAVAGE RTGhdalTeA AICTh RASIAATREGCATAT

rgani ¢ conpound is a G o
CACGAGGLCC cg%?ganlc conpound. 25. The

method as in claim2l1 wherein the
at | east one bio-organi c conpound
is a Cl5 bioorgani ¢ conpound.

26 The nethod as in claim?21
wherein the at | east one

bi 0o- organi ¢ conpound is a C20

bi oor gani ¢ conpound. 27. The

met hod as in claim21 wherein the
at | east one bio-organic conpound
is a C20+ bi oorgani c conpound.

28. The nmethod of claim 21
wherein the isolation step
conprises adsorption. 29. The
nmet hod of claim 21 where the

i sol ation step conprises
distillation. 30. The nethod of
claim 21 wherein the isolation
step conprises gas-liquid
extraction. 31. The nethod of
claim 21 wherein the isolation
step conprises liquid-liquid
extraction. 32. The nethod of
claim 21 wherein the isolation
step conprises ultrafdtration

33. The nethod of claim 21
wherein the at | east one

bi o- organi ¢ conpound i s an

i soprenoi d conmpound. WO

2007/ 139924PCT/ US2007/ 012467 125
34. A nmethod for producing a

C5- C20 i soprenoi d conmpound
conmprising; aculturing in an




one Cs-C20 isoprenoid conmpound in
a vessel having a capacity of at
| east 100 liters; b. form ng an

woz00713@mgani ¢ phase conpri si ng t he §FUs2007012467

| east one C5- C28 i soprenoi d
conpound; c. separating at |east
a portion of the organic phase
frome aqueous, fedium by: i) a
conti nuous ceﬂTTTfuglng process;

whatis climed is. @Nd at | east one further

1.

6.

7.

compound.
8

9.

centrifuging process; and, d.

A bio-organig c%r%Lu@dtpkﬂ&onrsyg& crﬁnLns]J’nge ast one C5-C20

b. .

C.

€.

avess%lgagm %r!s?a!n o QQMHQSCJ fromthe
anaq egﬁﬁf&& 4 ecssel fo Eaﬁ-trnﬂsene‘: hOd Of

apiumhg mstce e%lluer(}us lgm, Q}Iablel %&Euone
ren0| COﬁ'pOUﬂ 1S a

| “"“ﬁ%‘f‘ﬁ“‘@t"%“f“ﬁfé‘f’i’é‘m 36. The nmethod of

a Tigfd gyl SBopd RRFEPRITTE S AT PP 844t one
copdsio e Ve e BHRYSUMD i s a ‘ :
asippn@ireropeimre,  37. The net hod of

cl abmuddks snhieg@h Mtet;he at | east one

wherein the Le§aQ1ﬂ£ ﬁin;@hrﬁs £laﬂm{ibmﬁl sald Sco@ phase from said first phase. -

The system as m ga]mmwf’i)’erem

sesquiterpene 38. The met hod of
%ﬁh at%as%ne@m &Qrﬁ: co@lEounld EQ;SJ‘O_U%Qmeomd.
prenol d conpound is a
dltetpene 39. The net hod of

The system e 1:1 athll wﬁezfm%riﬁsé(inwm—fr%c c&n}p@und 15.4. Cle bio-organic compound.

phase is formed by |nduct|on of

The system 45 i gamp|w[y:{e)aihq atleget ogrfbio-pygguictcompoggid §s &C1s bio-organic compound.

produci ng the at |east one C5-C20

The system N o 18R 6 aﬁmuﬂﬁnic coméhd is R @ic-organic compound.

nethod of claim 34 wherein the

The system as 1a Qaunqtd&cl%n ﬂ:e%ttleane S% 'co§;g§ld is a Cygs bio-organic compound.

sorption. 41. e net hod of

The system 42 lu ﬁMn vﬁcéemmga@h&mtm%c do:ﬁa@:l‘m&tai xﬁyﬁbmn“d

step conprises distillation. 42.
The net hod of claim 34 mhereln
the i sol ation

The system 6 g gaur 1 where.m aw vesse h%ta e}?zcn:y D(Paqpag Oa)%érs

i on. 43 The
nethod of cIa|n134 wher e

rac

The system s § Olf'%]t V\’h%ﬁﬁl ﬂlg\tesgﬁnas & 8%? of aéléﬂst 10 OOOFIters

[iquid-liquid extraction. 44.

- The met hod of claim34 wherein

the isolation step conprises
ultrafiltration. WO
20071139924PCT/ US2007/ 012467 126



45. A had conposition production
system conprising: a.one or nore
wo 2007/1;f9ﬁ.[ ment ati on syst ens conpr i si A& us2007012467
i)at | east one v&ssel having a
capacity of at least 100 liters;
an aqueous nedium wthin the at
| east one vessel, conprising a
10.  The systemfsjinclaip 1 \ﬁhggl'e Yessel has a capacity Pf ft lei)at 5(5)00 liters.
plurality of host cells, within
i1, The system §5 | Gain@lpr@ 0 OSves¥EIE i tapnyity Clpa 19D @0 lofs.
12 The syt Havg w{red dlureieng 2 et Bsi0tiam g
at | east one bin-organic
13, The systerﬁ:z@ﬂ'ﬂﬂumzﬁisi—ein @4ebsel has a capacity of d IU.% 1,080,000 Liters.
i quid organic second phase
14 The syster@a@ﬁmn:i lgri:leﬂ:'g the ofy@ic Gfond|plesgiprisgyth@bio-organic compound.
bi oor gani ¢ conpound i n cont act
15, The systeryyfs ip Ppint 1 jyberef joyogppaic pyfy ghase copprisespfdeasi§po bio-organic
compound. more first phase separation
systens whereby the first phase -
6. Asystem igpeking 460 inmediieleorgantits phase or
a 2 QRGO : cBhefdenpoment S of the
b. Q60 A6 bga i s aS B e Aifsthase;
c. a ﬁl@dw l@!‘lt @ld swittn: ﬂ@gltelmglﬁéﬂm, c}éabg 185 %ak:ggrat
nor e segond phase separatlon

Jeast one lsoprenm

ens wher eb | east. .one
d gamc second. phase comprising the at ieast one isoprepoid, in
U% &u I 'S separ at ed

a
°T?6WVF%§M§%66nd organi ¢ phase;
e s gpagipupiorrafhsy one or nore reactors
or wesgehssnvjraireremt he at | east
- wwherein theQdpeutind knfilse @it A [Rdst@ poBiGIAQHAEH pha® from said first phase.
chem cally or biologically

17 ThesysenIREH: folwftlin mBisoPRfal ki s Yner@Bne OF

nmore purification systenms whereby
18. The sysmmtonﬁln nlwﬂreﬁ Eg%cﬁl &ﬂ:‘m Qmﬂm&ﬁ e L he
nodi fi ed bin-organi c conpound is
19. The systempﬂﬁijn folwtin 04 isoﬁrejndiﬂtccl’&ﬁcﬁnd pUSEsd.]uﬁe}pﬁd ;
foptionally one or nore bl ending
20 The systemWBIBS BlwBreid he i@ystideimpouf! f ditdpbnendi Ng
the at | east one bin-organic
21 Amethod fy gPpDLMCopRpit chregymieemerisngnDr €
a  cuBuGg inbriad@ edkihuranOMBONSNt S fuce & @
ongqu@£ul: le‘.al.lncl Wherdi@aqdus nf¥¥in Ghd fokd Fefls her
wgg&;&;&gglon systens whenby t he

b fo:g%n% ll%l}d orgarﬁc second p@a!:se ccbmgrgé ttha nlnag ong %o—oagarliué

“%?“ﬁﬁ?““géﬂﬁ?mnﬁﬁl f ue

. separating at least a portion of the second phase from the first phase, by,



conmponents is purified or further
purified; wherein the first phase
separati on system conprises a
wo0TI¥BHt | nuous cent rj,f ugation systEHFIOH
46. A met hod of making a fue
conposi tion conpri sing:
acul turing in an aqueous nedium a
i)elLOlﬂ Qolusicg +0f host cells that
iDL AU B Bl Redpoe¥adnesi ze at
d  idoR@S the RSt A No-QfaFAtdinGouIFIND i Bechnd phase.
"wherei n the aqueous medi um

22, The meﬂlC(P orgHar;irin §le‘§nergin Ihl: & ic Q&Mase ip formed by induction of
the plurality of mﬂ&&l}h’a &heifl dle! ablbbkt Gnc@lo@ARHicGongBGAN
phase conprising the at | east one

23, The methd &f "u%%j%% | Gore G ARG Ghe biBorGRRERAG und is a s bio-
_ with the first phase; c.

organic compoundenar at i ng at | east a portion of

t he second phase fromthe first ]
24, The me“thg.ﬁaaig el,aim@yv_vhejeyl the at depsfiqup lnngglc compound is a Cyo bio-
organic compoun@ent r i f ugi ng process; and at

| east one fluffier centrifuging
25, The methb 49 818821 $herci §0 ki ®bst RGbid-HRniddomponnd is a 1 bio-
l.east one bin-organi ¢ conpound
Tomthe second phase WO _
26, themebgd R EREALIIEG PR B FFCAT RGP modisa C -
organic compoungi o| ogi cal | y nodi fyi ng the at

| ead one bi o-organi e conpound;
27.  The meth@iRt ih clil@ R ] wherpiti the 4t igasrpge Hiokpgganic compound is a Czo- bio-
organic compoun®l O- Or gar de conpound or the

nodi fied hie-organic conpot nd;
28.  The methy & QLJL o '\%‘!e:rei_}{ thp Jsc@eﬁ.}lg'l sfégcohlﬂges Qctsoqation.

east one DI O0-o0rgani c conpoun
29.  The meth¥d de aaug BEWHAE thE 11 fion step comprises distillation.

organic compo

30. The method of claim 21 wherein the isolation step comprises gas-liquid extraction.
31. The method of claim 21 wherein the isolation step comprises liquid-liquid extraction.

32 The method of claim 21 wherein the isolation step comprises wltrafiltration.

33. The method of elaim 21 wherein the at least one bio-organic compound is an

iseprenoid compound.



addi ti onal fuel conponents; and
.optionally purifying the blend
~ of the one or nore bio-organic
woz00r13%9pounds and t he one or nor gCTUS007/012467
addi ti onal fuel "conponents.
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34. A method for producing a Cs-Cy isoprenoid compound comprising;
a culturing in an aqueous medium a plurality of host cells that produce at least

ong Cs-Cy isoprenoid compound in a vessel having a capacity of at least 100

iters;
b. forming an organic phase comprising the at Jeast one Cs-Cao isoprenoid
cdmpdund; )
[ separating at feast a portion of the oi'ganic ;;)hasc from the aqueous medium,
by:

1) a continuous centrifuging process; and
if) at least one further centrifuging process; and,
d. isolating the at least one Cs-Cy isoprenoid compound from the organic phase.

35. The method of claim 34 wherein the at least one isoprenoid compound is a hemiterpene.

36. The method of claim 34 wherein the at least one isoprenoid compound is a

monoterpene.

37. The method of claim 34 wherein the at least one isoprenoid compound is a

sesquiterpene.
38. The method of claim 34 wherein the at least one isoprenoid compound is a diterpene.

39. The method of claim 34 wherein the ofgam'c phase is formed by induction of the plurality of
host cells producing the at least one Cs-Cyy isoprenoid compound.

40. The method of claim 34 wherein the isolation step comprises adsorption.

41, The method of claim 34 wherein the isolation step comprises distillation.

42, The method of claim 34 wherein the isolation step comprises gas-liquid extraction.
43, The method of claim 34 wherein the isolation step comprises liquid-liquid extraction.

44, The method of claim 34 wherein the isolation step comprises ultrafilration.
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A fuel composition production system comprising:

a.

one gr more fermentation systems comprising:

1) atleast one vessel having a capacity of at least 100 liters;

i)  an aqueous medium, within the at least one vessel, comprising

a first phase;
jii)  aphmality of host cells, within the aqueous medium, capable of
making, producing or synthesizing at least one bio-organic compound; and,

iv)  aliquid organic second phase comprising the at least one bio-
organic compound in contact with the first phase;
one or more first phase separation systems whercby the first phase and the
second organic phase or one or more components of the second organic phase
are separated;
optionally obe or more second phase separaiion systems whereby the at least
one bio-organic compound 15 separated from the second organic phase;
optionally one or more reactors or vessels wherein the at least one bio-organic
compound is chemically or biologically modified;
optionally one or more purification systerns whereby the bio-organic
compound or the modified bio-organic compound is purified or further
purified;
optionally one or more blending vessels or systems for blending the at least one
bio-organic compound: with one or more additional fuiel components; and
optionally one or more firrther purification systerns whenby the blend of the at least
one bio-organic compound and the one or more additional fuel
components is purified or further purified;

wherein the first phase separation system comprises a continuous centrifugation system.

A method of making a fuel composition comprising:

a

culturing in an aqueous medium a plarality of host cells that produce, make or
synthesize at least one bio-organic corapound wherein the aqueous medium
comprises a first phase;
forming a Hquid organic second phase comprising the at least one bio-orpanic
compound In contact with the first phase;
separating at least a portion of the second phase from the first phase, by:

1) a continuous centrifuging process; and

if} af least one finther centrifoging process;
isolating the at least one bio-organic compound from the second phase;
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c. optionalty chemically or biclegically modifying the at least one bio-organie
camponnd;

f optianally purifying the bio-orgenic compound o the modified bio-organic

. compound;

g  aptiomally blenditg the At least one bio-organic eompound with ane of more
additional fus} components; and :

h. optionally puif¥ing the blend of the one or more bio-organic compounds and
the one or more additional fuzl components, '

RECTIFIED SHEET (RULE 91}
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