APPARATUS FOR MAKI NG Bl O- ORGANI C COMPOUNDS
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
weppdrieed2son cl ains the benefit of U S. provi spomals2007/012467

application nos. 60/808,9891filed May 26, 2006
entitled M CROOGRANI SM5 FOR PRODUCTI ON COF | SOPRENQ DS;
US 60/ 808,666 filed May 26, 2006 entitled Bl OFUELS AND
METHODS FOR PRODUCTI ON; U.S. 60/870,592 fil ed Decenber
12, 2006 entitled PRODUCTI ON OF | SOPRENO DS; and U. S.
60/ 922,782, filed April 10, 2007 entitled APPARATUS

CR MK MR BT OSFER WA EREBIO KA CONP U
of which are incorporate ereln reference | n thel r
entireti es. BACKGROUND OF THE | I\I\/EI\ITI ON [ 0002]

Traditi QmMiS(-REIiT‘ER!)JN(dE 0 FARATEIS APPLICASTRINShave
been 1quf actured raction from natural sources

[0001]5chy abhisaRRtication; lﬁﬁé e bepiedit ahiUritt BrovERia) application nos.

60/80869@&1@8 INMY 76,0008 cRfiRed SHBTROOBRANISIS EDRPRODUCTION OF
bi o- organl C conpounds accunmul ate in nature 1n small

ISOPREMNQMIS UB60£808664tfiled May 22006 entédedBEOFUELSANDMETHODS
FOR pm)ﬁe THBRY 1£8"E5R5H,3b2 AP db&&}ab%gig idb%fd&uhgmﬂcnoz\x OF

systeis and procedures
ISOPR@N.DB?S;eamde So ﬁ@’@@ﬁd&oﬁled wpri tiQJ,s’etQOValntlslccalAé’PA[m@ﬂG]s FOR
e }ﬁ]ﬁ% gsses thi Pro
MAK ar engﬁ‘gg*? lx:ll%ﬁsil\lrll arscar e sy E% °§%F ﬁ’ﬁ?’ichém mcmporated
herein by ceforepaeirctheommoinetits. usi ng host cells. These
bi o- or gani ¢ conpounds have at | east five car bon at ons

(’|cj:gldyf:glncgﬁof1 es(qur e?ﬁ%m%ﬁ%yde e one or a

[0002]hydr o c"ﬁladifronallz,tblas)rgmuabctmpmmchldf émeresliavalHegm enantifretured by

e SRS PR, o A BURLS A gstion

yields 4r0@8ddllyThary pow&e miosk bioeatgamn cbmpbhdd&adé&ﬁiumls in nature in small

ound pro n systens. In one, ..
amounfy Suier ﬁﬁ“ <5 GPagitice %5%%5 b ghaﬁr% chfBhCEyEpETljapplications,
there réth&iMé Qﬁeedl\ffbr%lj}st@ﬂﬁﬁhﬂ pescedares Mat Sﬁﬂﬁce ‘Bﬁﬁof'g%ﬁﬁedompounds on an
havi ng a capacity of at least 100 liters;
md“Stréi’cﬁﬁ ©s medium within the vessel, conpri SI ng a first
[0003]Phase; THe prasdk kﬂ\f’&lhbﬂ anﬁre§EQ§ Ehl? ﬁééds PrcWﬁl&i &retBfous industrial-
aqueous nedi um capabl e of making, producing or
scale sysjemaEgimalkine hio-pgagic comwopnds wting ey celbpBuese biatgaric
compofinds }HMS dt RaSAN Lot bPRBRRAT Qan B TRLIIMDratd Gichlas a§85Ho- or

one bi o-or t%aﬂl C
poly-alcohol, ester, ether, aldehyde, ketone, or a hydrocarbon such as an alkane, alkene, or

alkyne. The bio-organic compound can be linear or cyclic and can be saturated or

unsaturated.

SUMMARY OF THE INVENTION
[0004] The present invention provides various bio-organic compound production
systems. In one aspect, a bio-organic compound production system is provided which
comprises:
at least one vessel having a capacity of at least 100 liters;
b. an aqueous medium, within the vessel, comprising a first phase;
c. a plurality of host cells, within the aqueous medium, capable of
making, producing or synthesizing at least one bio-organic compound;

and,



conpound, in contact with the first phase. [0005] In

anot her aspect, a nethod of producing at |east one
woOi200703g2mi ¢ conmpound i s provided. The nmethod PCT/US2007/012467

conprises: a. culturing in an aqueous nedi um a

plurality of host cells that nmake, produce or

synt hesi ze the at | east one bio-organic conpound

wherei n t he aqueous nedi um conprises a first phase; b.

form ng an organi ¢ second phase conprising the

bi 0- organi c, ﬁeﬁa%&ne BedoRB phde, %ﬁ')Bn kg ufe étSlEaSPBﬁéﬁro-orgamc

1
c. separating at |east a portion of %e organi ¢ second
phase from Qd@dﬂnﬂsmqﬂmmmefmstnhm ating the at

| east .
(00051 52 . IRARotHeP e e EQTRE BB Y B He G e RE EMlpound is
providéd. i Bheametheodebnipaiseng a capaci ty of at least 100 liters

for use in the present |nven IS

ot ha vestifrss o aahfous i iyt o Ft ferfs bl mae,

schemati c r@pﬂ&&ﬁdﬁ@h{m@u@fth& fndedseyat BivasgakicoMipbund wherein

pat hway for the production of |jsopentenyl di phosphate
("1 PP") . [O@G@H“‘FQ”@Lﬁ?@t‘ﬂmlc':?n'épré‘%%ﬁﬁ%tlpé‘a?eepr esentation

of t h% DXP fosdnihiean (gx%ﬁni'br}.@c&fcpﬂﬁgé b&ﬁpﬁimé Iﬁ% lﬁe%rgamc
di met hyl al | yl pyrophosphate (

| - deoxy- D- x§AmPId-in coptaetsysiih the %vhp%mse Dxr is
| - deoxy- D- Xééé%aﬂlﬁg pgleiaghoﬁcﬂ-ﬂ% of ifeBighl SQTREPDEsd b The first

known as Is
4- di phospho]d}asécwrld 2C-net hyl -D-eryt hritol synthase;

| spE t

S)S/ﬁ t hladss e: 1{;1) BR%H%@QX&{ ﬂX{x %’_g &g%lﬂ C?RI-[)SEX H’Hn t(l)le organic
cycl odi phoswhaméphaﬁnt hase; IspGis

1- hydr oxy- 2- met hyI 2- (E) - butenyl 4-di phosphate

synthase (5p® 'V"'ﬂ*l t hyl al | yl
di phosphat e "synt josgg’"%%]]%@gure I's a gghematl c
[0006] r epr eStipumtli s vebsel hevingawapadiynoftit 1daP1 GhliteB\RAPRs¢ m the
eran I Q%t d‘ohosphat e ("GPP'), farnesyl pyrophosphate
?’ ger anyl geranyl pyrophosphate ("GGPP").
[0007][ 001 Jﬂlgulﬁiegwsenﬁthshmdaemmmmémexpr ession plasmd

ooos) 2 S 3852 0012, FLoures, L B0 18 R0, O CHRAESS Bty
for the 9i(mu@ﬁ§th eNisepérficnyl diNydpKate GARAY). Figure 9 shows a map

[0009] ex pl?rlggrsel4olg a%lcﬁezsnrﬂltgcsregl-ersgr?tgﬁérﬁ c[))fs the J}r{g %gﬁh_way for the production
of IPP and dimethylallyl pyrophosphate (“DMAPP”). Dxs is 1-deoxy-D-xylulose-5-
phosphate synthase; Dxr is 1-deoxy-D-xylulose-5-phosphate reductoisomerase (also known
as IspC); IspD is 4-diphosphocytidyl-2C-methyl-D-erythritol synthase; IspE is 4-
diphosphocytidyl-2C-methyl-D-erythritol synthase; IspF is 2C-methyl-D-erythritol 2,4-
cyclodiphosphate synthase; IspG is 1-hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate
synthase (IspG); and ispH is isopentenyl/dimethylallyl diphosphate synthase.

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

[0011] Figure 6 shows a map of expression plasmid pMBIS-gpps.

[0012] Figures 7 shows a map of expression plasmid Pam00408

[0013] Figure 8 shows a map of expression plasmid pAM424.



pTrc99A- LLS, pTrc99A-LM5, pTrc99A- GTS, pTrc99A- APS,
pTrc99A- BPS, pTrc99A-PHS, pTrc99A-TS, pTrc99A-CS

WO Boara8#28S5and pAMB73. [0015] Figure 10 are SeUEmsRi0csH12467
for the construction of plasm ds pAVA89- pAMA9S.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Defi ni tions
[0016] Unl ess defined otherw se, all technical and
scientific terns used herein have the same neani ng as
connDnIy under st ood by one of ordinary skill in the

[0014]‘3‘Irt et kM1 it n!%c;%ssa Pt nB Bid sl%{?r'l ggagﬁalxd rgéf Aﬁa’s TRY6A-FSA,
pTrc992°a-%Sl; b&’rd%lAl bMS’;g)Tm-@ES PTBERTA- APH pTor9A3BeS, pTrc99A-PHS,

onpound". r.efar s,.t r ound havi ng at

PT“%%‘T& Pff‘i?é’Ae{stbBE 2? MQ aﬁg @%9gp made by a host

[0015]cel | bFighfkl h@greachaniiisyfdr tleofailionod t_plas‘ﬂu@mpiAM489-pAM498.
converting the carbohydrate carbon source into th e

ng :’]\rl\gs %ﬁgﬁgémwﬁ%%%@jﬁﬁrﬁﬁ er to

Definitibgs pat hway that converts gl yceral dehyde-3-phosphate

and py. uvat and PP. The thvva IS )
(00161, | | 45y VRlest et it redse 9 whmcan wﬂf f§Aigts used herein have

the samdMERRIRP AY SomnRIrdy ﬁnd&st@o& BH Sha BE Brdhark sREERShE Blko GAlkh this
occur naturally, e.g., in a non-reconbinant host cell.

inventipp Gelypes. HB@Eqre}ceg@) madp heredp @ nnkpr of terms dbatishalk bp defined to have
the folfoejlﬁé fhebRin@s:nucl ei ¢ acid wherein at |east one of the

l'owing i"s true: (a) the nucleic acid is foreign
[0017]( " ex ogdhieuseynie gonphurd’} rofers tn amenganigldognpovnd dayving atleast five

carboth'tUrﬁQ tHAPSAn 6Ekade ()g Jggcélflgtg}lngtk&gzq%%b%%b I%%r%()? sgyrce and

nucl eot1 de sequenc
convertigg thqscatkmmdgnn oausbon sbirca ugb\tbfnddrsilsﬂ peaduct. but t he

[0018] nucl e Qtﬁ&%ﬁg@%sg%ﬁosg%tg %#&gv%gl’ 1 g 3 g@g?a%% ural; is (useci herein to

exanpl €
refer tonthe lpaﬁivbay fhmmﬂl)zeanglyntraldehydl\mqﬁblspha(t@and Ilsysrunaxe ke IRP and

Ci S a. n cl eot se hat differs in
qﬂlﬁ?ﬁ@gﬁ} gm' n'Sd %Efg?#o?fge ﬁ?’fﬁ tnJdeWEGuence, but

[0019]t he nuEmIopetfisS eSRN6a RBSaRlRSortf6ccsa it BAPSEUR naturally, e.g., in
havj ng the s or substantially the same amino acid

a non-i EW@%‘) Oa?ﬁ s produced in an unnatural (for

[0020]exanpl ‘fHet%ﬁ%o%E nhbRR KIPeELRE] QEref RH:S Eo Y Hﬁ&elc acid wherein at
anmount in the cell; or (d) t

nat ur a oun
least opg @ff @lﬁgyy@gé% ¢:i (abthempyeslein agigd) issforgign é‘@lxpg@ous”) to (that is, not
namralfyeﬂ)ﬂﬁa?x% %Q@ﬁ h%t%eﬂofb)ftmléle at:lla%o ed ghé%lel ek eagence that

each "ot In naturé (f exanpl e, e nuc
is natuqagyrf@m (.timtls) is T@@gg?nousmt) acgiven hqgt] gell but the nucleotide
[1] 5 C y
sequenﬁﬁs?rgﬁ’%&ggh %EPgﬁﬁtﬁfdf gf;og eiééﬁ'ng{ El%gg:? ﬁ&!n exgg&gd PI éﬁ%ﬁtgr than
naturalbefdund}moumlm itheacdlle (@rth¢ nudeis amdc¢<nnmrms: aauclentide sequence that

differs in sequence from an endogenous nucleotide sequence, but the nucleotide sequence

encodes the same protein (having the same or substantially the same amino acid sequence)

and is produced in an unnatural (for example, greater than expected or greater than naturally

found) amount in the cell; or (d) the nucleic acid comprises two or more nucleotide sequences

that are not found in the same relationship to each other in nature (for example, the nucleic

acid is recombinant).

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

be or has been inserted. The term also relates to the progeny of the original cell,



be or has been inserted. The termalso relates to the
progeny of the original cell,which may not necessarily
woeocospi2et el y i dentical in norphol ogy or in geqomseo0o012467
total DNA conplenment to the4original parent, due to
natural, accidental, or deliberate nutation. [0022]
"I soprenoi d' and "isoprenoid conpound” are used
i nt erchangeably herein and refer to a conpound
derivable fromisopentenyl diphosphate. [0023]
" g el Walely red t . .
oy O R nof Aceossaity Bt BApIANT Tl i ininaieolbey gringgnomic or
dotal B A complegent to e mpigind parent due ng astut-dlpatcidental, or deliberate
ently, the anount of the bio-organic conpound
in a conposition after the bio-organi c conpound has
[0022] been i‘Ssipa¢redd bandstibypretoit @omipouadt akiveed Eft@Phdrfgeably herein and

reater than the anmount present in the conposition
refer ‘°8dr FRPPQURd Fﬁa@Fé’ﬁ’.m fﬁ?@?‘gt]ef‘)‘ll\&?]é?sah%\t?e pat hway" or
[0023]" MEV pasdimey and Sisolatifig’heheh feftRed &f @Biot&FEu'ﬁ% compound is the
t hat, converts acetyl-CoA to | PP.

., bigsynt heti c pathway ) A
enrichment °¥/§V aﬁﬁ?‘fﬂh&? ﬂ?ﬁ‘!ﬁprqra@%l? sewgourdhirmearepasition. [Cesgavantly, the
amountof th® 8RPdrgahRideniouid 9¢ & ebmipB8itioR afiePMk 'b%io%%&g% compound has

. nhucleic acid, an enzyne, a cell, or an orga
been isplatedrar subjegt Qa0 isqlating step iseregierthapdhe amountqrgsent srthe

composifiéh piisr folbH slep. Nature. For exanple, a polypeptide or
pol ynucl eoti de Sequence that is present in an organi sm

{0024] { hat Mevslonatapatheay’t ordiVE Vapailnway’l is used hereinatodefehas the

: ' [ b h n in.the
biosyntiee PAlp Bt b s oRRON-CoATRPR, The MBS PHEREY bipFared
schemagicallyoint Fign®l3.y" nmeans that the subsequently descri bed

or

f eat ur. tructure, m r ,may nat. be, present,
[002s) L2 " Rl 5 eGUENTS yaso%"?il‘l"fl Sof nglgisacish a8 epEyE el or an
organismgyefers traynuolzic adid,enzymedcdlh ak otda@ispe8aE isfoledin nature. For
exam 1i né:I qdes inst anfé,es where a particular feature or .
Plgy A RITRRRUIde OF BPERUAEOUSRSIqERSH TAESS RFRSFRY 1170 qreanisim ghat can be
isolatedofroraital soRtderif natur@ Bs®tHat had ndtbetRRR&RIMIRY ShddiBe®¥F R human in
ci rcunst ance ogcurs and i nstances where the event

or
the labo_é?toﬁ’f PIGHERNEE WERE not occur. [0027] " Pyrophosphat e”
[0026] i S ug ]edxgaﬁfﬁv ehesparRMally” HRbR hatVnk *&uiéét@ﬁg{:}ﬁiﬁgéfl%mﬂed feature or

LOOZ used herein, a conposition )
structure Ay Qrapey Bt Be presear, as dhas shmentisequently dgsaribet leyerftrae @irgfimstance

139 11Ok 0BBUr Carfil &Y thE 2 indlnfesi L bl
may or co?t ai gs ér eater t hag&ggﬁg glu.“%%l %sd?get%?cg ? Qﬁ%geﬁé blﬁgﬁulm feature
or struciyse isopregpng andinstanees Wherg ghe fiatuye ensteuctyrednal¥@nt ok iftances

wer % 86 LUkl 9 e i G o
notoccwg. 6 vol . % greater than 99.7 vol.% greater than 99.8
00271 Y9 35340k 0 el DS e

[0028] vol . %Asluesbhdrbimna ¢ompbsitipn that is a “substantially pure” compound is
substantially free of one or more other compounds, i.e., the composition contains greater than
80 vol.% , greater than 90 vol.%, greater than 95 vol.%, greater than 96 vol.%, greater than
97 vol.%, greater than 98 vol.%, greater than 99 vol.%, greater than 99.5 vol.%, greater than
99.6 vol.%, greater than 99.7 vol.%, greater than 99.8 vol.%, greater than 99.9 vol.% of the
compound; or less than 20 vol.%, less than 10 vol.%, less than 5 vol.%, less than 4 vol.%,
less than 3 vol.%, less than 2 vol.%, less than 1 vol.%, less than 0.5 vol.%, less than 0.1
vol.%, or less than 0.01 vol.% of the one ore more other compounds, based on the total

volume of the composition.



| ess than 3 vol.% less than 2 vol.% less than 1

vol.% less than 0.5 vol.% less than 0.1 vol.% or
woess/yam 0. 01 vol . % of the one ore nore ot hePCT/US2007/012467

conmpounds, based on the total volune of the

conposition.[0029] In the follow ng description, al

nunbers di scl osed herein are approxi mate val ues,

regardl ess whether the word "about" or "approxi mate"

is used in connection therewith. They may vary by 1

ouzs B S R iR B S A b

values, IrégtirdlessRvhéther the vidrd €abduitTbi apBrbxiifatettiis abeasia¢onadtyion

nunber fallin \NI}'[hI n the range IS specifi callgs
therewig. LhessaY VR a} PPECRGR PORRBLAGIFeRtRy: FIEERES: AP {2 percent.
Wheneldie: faR&§cal tfgS RAR & l&aérlmm@llm: bﬂ&ﬁﬁi u;iﬁé;ﬁthﬁis "EBUsRidclosed, any

wherein k is a variabl e rangi from1 percent to 100
numberaHingnwithjoithe gange fesrestically %ﬁ@ gd., In paticulgr,jthe following
numbef&itifiRthe x%.nE@ %@Ecxﬁ%al@fﬁﬁ@l’&ged ﬁ%ﬂ@"gRU-ﬁL) wherein k is a

percent, ..., er cent er cent ercent, ...,
variabl@gangisrafaom, 1 %cm;rt@ 40@ pelwntpmth artpergmt pmr@remt 1.9pk is 1 percent,

Q P ; ra

2y ) el QPELER 180 G, 5P BATSS LGkt 2SS porcn
96 percahls 87 pprrent, 98 giekqent i%9qieomat].or[10036icehts Modiavenany autriegical

range G okd'bt OB R ARPYyof AR Inaf PR T2 a6 Sty e

[0030])t he Z Iamdditionaondie de'fl‘n%tmm%btre @ertaim coarpomnds described herein have

one or enbfﬁ.rgq@?? hsl}f sr.ﬁfbt;@gss e %‘5‘3 ¥ 0223( E{’igém%zl Tl{]eglg\\//en 10n in certain

embodiﬂﬁe?hftsl-lérﬁ:%rrﬁfaséé@ theRd %otn%@ﬂiﬁ:t[ssas ifdigidual R68RTLCinE s)mbbtaﬁﬁalgf pure
st ereol soner. par atf usf or Maki ng Bi o-org

form ascyeh 8y ma%tumo)i rprlmlsamégse S TARFERIE .Ilaﬁt%?wil ggoisomer.
Appardfﬂf f&%a@fn%%&'ﬁldrgﬁnﬁw A&' making bi oorganic

ounds. "I n sone enbodi nents, the bio-organic
[0031] conpoﬂ’@spfﬂﬁf’?t e eptigtiprovifles yRAGUBIOE et iR digs making bio-

0
e R e L R e A
using bateh, cantimogirs, ifeshbajeh oh eemeenralmugusf fexmgntation heockesgbnni ng
[0032)°f th Jt@l{ fi‘{ah8H NP4 oSty S WheRthd Edfib&ition of the
A
a us, a e

alter |on erment at'i on.
media ibéig:ied at thg hwgumlim; cbﬁhcrémmmaoimntahé notslibjedt $o artifividl altertions

during mg:th g%tlog'l?] 'fhuspgt:trghat%%é’lg]mt%rg ogxélgeﬁfelnzln%ta?orq ﬁhe xﬁedxa isir inoculated
with thé Hesisedsirganisth or ogani sendoad ﬁeﬁnexﬁaudsmmmeamtteﬁab (Dhcur adding

noting 1 FE S £ OB S, S SRS R Rpb i ol wie
respect@® fHe lditi sigo ff cagthaar ski)ouﬁé.&dhd&fﬂeﬂiﬂtﬁﬂﬁ oﬁﬁengﬂaiclat controllmg factors
copceptration. In batc ens t ne olite
such asty Aad X YEsRsOBRHIGRENS i bigh SYRemn e aﬁ%m@ g Blomass
composmmst thé Yysidin nfayt diRinké BEnstdhelyf iy 10RRE BineQhe fe?m‘éhﬁﬁ@ﬁ‘ib stopped.
Wthin batch cul tures, cells may nnderaﬁe t hrou

Within batehjcultpres, enhls dpas raoaermegthroglsbwtsntﬁtw&ag Bhasedo arhaggh growth log
phase aLa @ﬁbhy td 8 sﬁnéhﬁypmgé Wh&Basewih@leis @axﬁmliheaf& ﬁalte?d If

di m ni shed If untreated, cells in
untreategd, selloinethy sigtiaaerymhese wilbenenmally dig.eCeldpin log iphasecﬂjnerally are

respons%l@?@r BEBRNBS pro@i&ion of end product or intermediate.
[0033] A variation on the standard batch system is the fed-batch system. Fed-batch

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

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



responsi bl e for the bul k of production of end product

or internediate. [0033] A variation on the standard
woav@hsspstem i s the fed-batch system Fed-bat egT/Us2007/012467

fermentation processes are &l so suitable in the

present invention and conprise a typical batch system

Wi th the exception that additional carbon source or

substrate is added in increnments as the fernentation

progresses Fed- batch systens are useful when

R

substraf B i ﬁle@ig M&stxfeaiem bﬁt}teruetma dml&t?af&mmémh ioh inffed-hatch
actu ubstrate concentration in fe )
system o dieul IS RS URGIG Wobe Para QY Ui SABED G Eepprable
factors EJL% a&rlﬁ‘ﬂ BSoRled Bger Ak Melpacd A poesSirelbfavasitases such as CO,.
di ssol'ved oxygen and the partial pressure of
[0034] gases Ganéinueiss fermpentpiierpis) anenenishsieiswherp Mﬁ&%%ﬁﬂ%tat‘on
media @gccii&’egie&xﬁﬁﬁ%m W &iLortmRS BiBRc oy v@ﬁﬁh%é.ypﬁb ﬁﬁéh@s hﬁd an equal

contl nuously to one or nore bioreactors
amountraficopditioned mediad's sgroved soubiineavslyrfromthe systne f@r?é‘éltloﬂal
1 I
T
density (yetreee ad:llsyarﬁprmtaaﬂylm logephasﬁ gromgl. Sontmgmsdemmntatioprallows for

the mo%ﬁ%t?c}ri]%%%ef%%tpﬁgﬁ?% a%e b&Y fﬁétb#s%hﬁt{%fke%gcﬁh@%t@wﬂ ro%\ﬁchproduct
concen®éor. aKXirCHXamplea oite mﬁnﬂmﬂwﬂf mbdtsiaadirhiting muffiet suchedd the carbon

sure LR kil SETGER Py S BRr ot

system§eil h@besOfabOrOAffdtting Q@ewtH @vidle dieral cfdnxiadmliﬂy evhile dhe cell
aIIow all other grarreters to noderate. .In, ot

concenlgliqrpifkeRt ¢RATEEE GPNYIRAUS S¥sterps sltveds “&}‘Wtﬁaﬁ stpte growth
condm@[{st SidaHus MRIcEN U Huk t¥Bddea bdifig ARivin SAMARNbLE Bhlafted fpainst the
t constant. Continuous systens strive to naintain

Cellgfoé’ft éi@!?llsﬂ&tféﬂmlﬁm?ﬂ conditions and thus the cell |oss

due t Cin i @BodifenBlETindfivBRGH) a8H0-B ducti
[0035]the cgﬁkggr. hfnr ate In t(ﬁe ?errrent atvl on. [0035] Qg"dnibséro Henon
system Acprovitledgihyich compuses: enbodi ments of the invention, a

bi 0- or ganl t?era(s’? etveggel ? @Fawé{f gzqgas‘f\,@b@ nters

conprlses eas one Vess aving a capacity of

at |edst 100 dquteussmedinmgwithiu dewas lenstibnmyesvili eompriging a first

at |east one vessel, conprising a first phase; c. a

plurality APGHst cel | S, within the aqueous nedi um

capablee of amlisiatigy ophex uelils; gvmnn ﬂ)emquesmszma@;uat, chm of

one bi o-or c conmpound; .
second phagﬂéﬂ%‘ n@‘f“ﬁ'@g f’ﬁ@' esfzé’é%?t 18%’3 OBFg o?'&gﬂﬁcccompound’
conpound i mpdpntact with the first phase. [0036] A

sui tabl e ves eI for use in.t rese venti on
be an)fl ve s?eli?qq“@ prg:fl&hjcaseﬁ@nd ol ase%ompnjg}ng the at least one 1o-organlc

compound in contact with the first phase.

[0036] A suitable vessel for use in the present invention can be any vessel for holding
the host cells and aqueous medium for fermentation. For example, the vessel can be a tank
for a reactor or fermenter or it can be a part of a centrifuge that can separate heavier materials
from lighter materials in subsequent processing steps. Alternatively, one or a plurality of
vessels may be used in a continuous or semi-continuous process.

[0037] A general illustrative example of a suitable vessel 100 is shown in Figure 1.
The vessel 100 includes: an inlet port 120 for the addition of host cells, fermentation media,

and other compounds, nutrients or compositions to assist, regulate or improve fermentation of



the host cells and aqueous nedi um for fernentation.
For exanple, the vessel can be a tank for a reactor or
wOeooTagan or it can be a part of a centrifugeprCaiS2@mani24ec?

separate heavier materials fromlighter materials in
subsequent processing steps. Alternatively, one or a
plurality of vessels may be used in a continuous or

sem - continuous process. [0037] A general illustrative
exanpl e of a suitable vessel 100 is shown in Figure 1.

The vessel H)g,}lilncjudes an inle % gort 12Q for tgf of
the host.glfs.Aradnesioniai She Riorgrganie cpmpREad POFPTHRCHTSS: B PGERRce
addltlorﬁlpﬁmﬂeﬁl&l stBpeifitoQAE FesREL; GRGRASH ForO T30 foR raﬁsvmg the materials

regul ate or 1nprove fernentation ofthe host_ cel | s,

during qrabthecaridorf the farmentstion grefsns. @nd 98 GHHCOAOLBRYeR g0 ff exhaust
gases Sl%ﬂ%s Q%rbfo?lrcﬁ&aﬁ? g?;dggrgr%jﬂﬁﬁrg‘?xl afflr QAW fekrin@Rtafib 8 PRdcREL VéiBel 100

esse an out or renoving the materials
may be dumphagelyl fillet] witiehentgelds, fermentasiomanedia pod ofhep maiesialsyathat there

is no spg%c%g)& Iggsuatxtl tﬁ% ao(]ipd'gf ttng feds gp gﬁﬂ&ng“/el?a(\( Hecltl 09 %ﬁﬁ Pe %Hﬁﬁll?sﬁlled

di oxXi uce
thus leafvﬁfgm&iﬁd a;baoerocpu}neda bg a gades¥he aﬂﬁ)ﬁnnpyesbme @ud‘pbmpgmyon of the gas

f tat
in the vwéltsgp?eapgy 58 cpﬂg?ﬁq+tgrd@t?@ﬁggp ?%xa‘ ro%ﬁ oq'gl?e %le? g%lls and
productitin dfitte BRS6danicAlohgjonad oy Bioyorguﬁﬁ:&mknpbﬁlﬁds: a]Fm’me{ample durlng

parti Iny| | ed hsleaV|n voi d space occupi,e 3
fermentfion o ReTobio b9 Colh Al YRR B SOPBFSR 25T B gaiedh
containing dab @t VAishsgRekareiRYoRs at 6NbeloW dtlosshediptpressae, fUr example for

max1 m ze growt h of the hqgst cells and rodﬂ%&}ﬁon of

microaqrpBhilip 406 PABATTRVIE HABGEHRILEI SR SPRATEh UL AT G Aas Mk e

controll%& Wlﬁ a rite IBQ/ef ﬁ‘faﬁ%ﬂh@Jﬁh@ﬂc ebnéRtralbs vdlhﬂé tstil@bb$e zero while
e gas typically nprise air. or oth

during ‘@mytg@tn@@m fai ﬁmwgolgaboatce% thegas typicady, haslitisdg &0 oxyegy and can
comple@:ﬁn}L Q%QJ.‘op%BFW% bfc ﬁgﬁgyer Orgfrgé%rﬁ&aém&esﬁt‘%lﬁ gas.

m°cr oa ost cells the oxy
[0038] conce rhm aa‘iosedl smtemhmlq @ortriRy, detle pert 1610 and aap Phﬂﬁ 140 of vessel

100 shoy an%l ip et ?’I e BE&S&*L?; ﬁ%&?ﬁ‘fee s?l}é &E}ﬁg]ihle%ﬂénltitmn

€ro ur i ng or an
processh @Hterﬁaihlety, pattecudpaky qum usahg gerohi® hqst ¢élls, tvesseb 19k gayebe used as
n | et el

oo RS BAERTY SRS PRSP RSB SBIRA e o

providifiy § 6 gstemifot gﬁs/lﬁquﬂ a2 rramefed @tr qrarxtygdBih eamki:aglam dmtddetout) If

s S gt G5 s TSR bl B B A o o

air or ofheP §@&SHay Bt it stRictd Bty theﬁ@lstehﬁ Ulnasolmye W‘lbcrdlmntsgvessel 100
aer obi c %ost cells, vessel 0 c n b used s a

includeg SREH G MUy SB ST5FLR BFLOBIC 115 R BB St PR PE

hardwa%pﬁﬁf Be t1hdR G fHeSIRERI ﬁ)r?r@%'nﬁhg @oﬂtaﬁﬁﬁdtﬁiiiﬂ drQffiltration of other
gas/Tiquid mass transfer (air or oxygen .in and carbon

organisgisgxiother apatyrials intg ke yesee! dyras dhg fenertationay functi on

[0039) Pot h %ﬁé}%s&%}n%th SilAsasd ilFRhird 9 efreadYGRR inlet port
or air or other gas may be introduced into the _system

220, ouflat mwm@emln@zﬁ% and gasseytlet 340 sinrilasde thesvasas] dp Bigysg 1, the
vesse A0 g RERAEELE 010 £ ikl HShBRER RN et
250 map rcompnisé agnatortememshtaficid2owhich gy inghude @ sbaft geel @51 and is

connec&eﬂga]gg?s gg Or R oﬁtﬁfer{@gf rAgiltﬁo} i‘§(9mta§? %e\fﬁﬁéﬁly Mch&gto the top or

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

compound, shear rate and oxygen or other gas transfer rates. Additionally, one or more



[ 0039] Anot her vessel enbodinment is illustrated in

Figure 2. In addition to inlet port 220, outlet port
wa3am71ger4i nl et 235, and gas outl et 240 sim | apCcrwskdve/o12467

vessel in Figure 1, the vessel 200 of Figure 2

i ncludes an agitator 250 for mxing. In sone

enbodi nents, agitator 250 may conprise a notor-driven

shaft 252 which may include a shaft seal 251 and is

connected to one or nore inpellers 254. Agitator 250

vt T 37 o5 ke TRl P P B
embodiln®inif] 4paaEaeh malyfbecsnppmd imahe faradof asedele hlhmwehlaqrmp?_ﬁxét draws

e Dot S5 oL e o o e

the ves&dl at Ehﬁ)tﬁéﬁiorﬁ&{ bStheRieSY §idhodd thétdp. OA gitdiRnbbiehiatB@Pdssel of the
conpound, ‘shear rate and oxygen or other gas transfer

host cellgands the Agrmentaien mpdiughaidy o wpéaafhat élz,e husgcellsarg gxposed to
adequat%qqﬁﬁeﬁtg td n_%i%g‘f@ﬁéﬁi to?éwwtaﬁ’ld &ﬁlﬁ%rt Qm@"cls uncisn

nent ag |tat| e sup [l ed
[0040] f or m df the femugrgatéor progessiis hn aerpbmprptﬁss QRYSOR Onailr @mil he bubbled

through a g%e?ger 4%t Pﬁ%roQ/f ? ggsqh gfeff’lsTfi{' gpa?gértZ%W Wmclude

uces rla e VESSEe anot he
one or mord gzﬁ;munl‘etst (net slmsraﬁlthastmhsm&sn&rgeﬂ wupm thgiféeratantation medla,
hin t h

preferaﬁ r%ﬁPSﬁ ﬂé lj)%fﬂ?ﬁ sselz']oﬁt o Igle ao?ﬁg%ane,ht}ele sRarger 260 may be
a spargii] fisg bﬁ\&ngnﬂmﬁgd gh@oi#ﬁ&ﬁan&i@eﬂdh R geﬂéx&lly Qirgﬂabbf:‘romhém
oduce the bLo-organic co nds Q040] .
confignyrtidhh, Al ERAITHIG 6o Srmutve wlasGs PERT o e, passive
aeratlolQ Y GRVveie] didy Beaitobiled Haldh a8l uidbOugidUS aslafib Stree) n{eﬂ{branes

nproved _gas/liquid mass transfer. The sp rger
fibers qr r‘?&*!el!id’éS%YFeaeG?“%ﬁleé“ﬂ?é§r(?MtrF’é‘%l"@rﬂﬂorgﬂ% %ff

vessel, %H?é@fagﬁg 1tVHanéthr1§1H§ if tertAE Rt on medi a, pr ef erably at
or’ near bottom of the vessel. |In sone enbodi ments,

[0041] t he s ﬁﬁtegmerezte@ ermjrobis desisprhrthetha heaterprtheat eephangarimaebe used
to heat ggzr?]?cﬂlﬂié ?Jrﬁleﬂ{a'ﬁiﬁ g@z@txbﬂ th ?ﬁ@&?%&ﬂ?ﬁ:ﬁ’t rtﬁéjleﬁ[spe%tufeqﬁmbe

gurat on ternative or sheadr sen tive
controltndgamgarbeammgtcoohwwbetfﬁ@mun@un@mssnd@r atacheid o ableast a portion

of vess%l%ovtﬁgts r% E@Xo& c%d% aq%gt e&?{%{g%e?i o%%}/h% cﬁ)&ﬁates

eration assive
temperatare&tormnmlldé\heat@:chrmg&nﬂmda thmuglgjaakq:tdamol oxitenﬁati\hbr rectar, or

romt he essel X, Land. ret to .
neat exp oL SRS SPRAAE DT ARG Rl 0P EREHEr 1A ey Eylles of tis
type ofthester arh h&fﬁéﬁ&haﬁgehﬁ&hde Af I&m&g‘ﬁj’ intiragrsing heﬁfbd,datrﬂnhﬁa*sedjd&mled or

, cool the fernentation, react odi e
inear (i A" ARGPOR TR B DT g s i SO 8 e N 9nffs and one
or morg §pRlEdrs thél) ugwtrameafbdrsgem%eh a@hir anivod water afitol tR@ fdrmentation

. por |on of vess aﬁﬁamﬂy be co nected o a Egt
mediur AlSTIEN el 5 dd ﬁyat (o7 oF BT AXEEANEER A} b pastied to the
outs1dc(‘dmﬁé O&s&d gﬁ%ﬁheﬁéfs%ﬂgﬁaf dithanddrs fietel dsduGéal 213& tape on

Alternatively, a heater, or heat exchanger may
outsidejsideayalls @fithe Yaseelpad hented or invkefedirenyclq ines m%md\ﬁe the vessel.

[0042] ex a”p'\ﬁésélfzobf@aﬁ illR& LG ﬁ{letoa[ndfkﬁﬁltet ﬁ&&%h%%he

ncl ud an electric i mersion eater an | nmer sed
embodmmnltse dheoaddltnm'@éml@tm@d aulgt pertecinan gerloeﬁfsd on the tap, sides or bottom

of the \)%g%i 26¢.C BRRS. gxlnﬂbcﬂrr?eﬁ&b tl%sadlaﬁﬁ}n?iflin\{@ctp%hs Rhic1id feed ﬁqes for the

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

the fermentation process.



or nore spargers that inject a heated stream such as
air and/or water into the fernentation medi um
wolhvevmasvel y or additionally, a heater or he&CT/US2007/012467

exchanger can be attached to the outside of the

vessel . Such heaters and heat exchangers i ncl ude

el ectrical heat tape on outside sidewalls of the

vessel and heated or jacketed recycle lines attached

to the vessel. [0042] Vessel 200 can i ncl ude

addi t i nl et and out| et
100431 ZrrpocibadHiony e e Posti P A0 anipr SEPLPE JivpR29gen be
position@ at O&ad1&thladestonevesb 208 kelRdlp @ﬂorbﬁirbﬁﬂbﬂfpatd]ﬂewﬁ%eﬂx as

200. In sonme emhodi mepts, .the additiq nl et

concentyiions @6 vARaR IMPABLES Rl Melaboliies; ProkaBe ?f‘o‘s%é?ﬁ%

dlssolv&?é@?en Rbhédn@ation, tbMPERafiRe, aﬁ@ﬂ t418) po@&@ MV Sitagelf valee posmons
the fermentation reaction. the inlet and outl et

and celiignsity dusing the faeaentptéon Prloﬁﬁisi on mschanl sns for

[0044)] ™! U1 Bl & oURES dnftiek 4G Gt ﬂ)egfe%?ssﬁ Fié fres 28d Pt edt iflustrative
connection or reconnection during the fernentation

purposep iand dsat njg@4diffetent ehdelt donfigurtions forrthe ‘éermeotamp @racsss may be

80 / | t]

used, fof SnrARRY &looP B B (1B PSSk B SRE pRSRAR: oS ndbr

compounds @rmmee& thelpiodasticronelanter tici tgp:sobfermamtanons pprcosh titestype of
and net abol i UId \Y; re f oam

downst Bt EaE TEerr R aeh AfPats B ther BBRaRGHEns Lo bt i on

[0045] I at e, Apeskeel suvlhé tEeshoval ieFipasd 2 isanitable docedelin t&emﬁi ty
during the fermentati on process 4 Aﬁlt should b d

fermentgfiof PLOCEYES+ HA CQtiRUQRy eﬁ%“u"ﬁ%’f“é‘ﬂ-}s dg "éﬂb"nzP‘HF“e‘Sf‘%ﬁieS‘re

(as oppédehlt& E'batdhvténﬁéﬁt@@&ﬁﬁm%&) (vhsie mBRYiaMiakd emm:myaaaed to or
onflguratlons for the ferrrentatlon dt:;)rocess may,

withdraygegomthe vessalfiesvessel exiellygnelidenadditional 6‘?13%’&0%1& ports

which xﬁi}%@lo@a&ﬂ%ﬁh& td7 BBASAGr A (HRERRY BF ehe¥R6WIC Ghesd diRlitional inlet
&r oduction volune, the type of fernentation process,

and outlep porty frsilisptethoowrefanatpiials i andgut afiee vessel dpiseme

embodlﬂ{eﬁ&eﬁﬁ‘e of¥ %%5?9 OBkl [lﬁg r&&ve l%(%@é% s, ‘?éﬁﬂ%ﬁ?d?ilog
that shown 1 n Figure suita use I n batc

optionaf Gidmmsavhlimcqntm@eggg dischdrgingdmst cqil,sobgprgducts, and/or bio-organic

compoun%s from teI V%E li's; t f;nﬁixg%r rTnzbt 'td%?er[?trs, t?xc%%i?schér)ggﬁ'nq Sge g&%el may be

used as ﬁ&i’ ﬁedsibﬂc tmramodmn stessat that @;ﬁtcteﬂlly alsorrethésc&@luhoﬁf tmll\s

fermentp g e T GRS RS WP BHOTRIYS 18 TSRl 4 RECs of vessel
together &, bebairfipureal togrovide tii dizsﬁred)ﬁvérhge reekiente tithe Q‘GIGthe host cells. A

. aglt'.o al inlet an ouélet orts facilitate the flo
portion 3 e dith s P o4t SR JEEfS cap heggiygped to one or more
upstrearaRResHI I YeSyclO e cﬁﬁc}ﬁf-g‘e&o\éﬁ?eﬁﬂidi sea@8lof pmﬁnyg,roe G@ieY enaterials

host, cells, fernentation nmedi um and8t|o

from proggssing §isps fprther dogmsirearp Gap he sraredics h@torsgf‘svese%lm s,

[0046] DYPr 0duehgsseRNdelin Mrke ShB8dinfentOoAY BRSet iRRt{dA include
vessel s. I n these enbodi nents, the discharge from one

additionah Bardwae thab may b ttachadie theesselde facibitatmproressinge sysh
hardwan{ere}'rﬂﬁr% RNl Yo aﬁl RRdWARSY ERilitaBSE cféQﬁ‘tm %FJCE 2nd sterilize-in-

ntation medium nutrients, and/or
place pradefisinigv d8 somesinphpidiments.quie, gme oseaches thﬁ purts outlets, inlets,

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

, and

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

it may be steam sterilized prior to use or reuse.



t oget her can be configured to provide the desired
average residence tine for the host cells. A portion
wohod7nsoadisschar ge from one of the down-stream PesABR®?7/012467
can be returned to one or nwre upstreamvessels to
recycle the discharge to an earlier stage of
processing, or other materials from processi ng steps
further downstream can be reintroduced into the
vessel s. [0046] The vessels used in sonme embodi ments
[0047] ?L : henIa‘lperYieSéseeg {©OF XE n%s% C?trlflS}DP%;]xgeCalx/ tgad % %gid% gtflg%sqllﬂp "i\itgégryafnesome
embodimmtasm wesseldusa dapadnestfromyl 00ne Bgmm,onﬂ)dlténscsuelh as at least 1000

for fagili cl ean-i.n-pl ac .
iers, glgpat 00 et Aeess BBy Vebie 26 FrafcA BB e et teast 50,000
liters, eﬂm&st 5080 HOtera@tlest 100000 Gitdrs, at (3abi 2305000 Ide| 8t least 500,000
s and al| ..of the hardware inside the vessel my
l“asobé“¥¥§? 1,006,800 fiterh| ace. In some enbodinents, the

[0048]Steril TMés% I REsREHAY Bl &tlﬁaghﬁiﬁi%ﬂ |td) ﬁﬁ:frrl %of%d probes
exanpl e, any of the ports, outlets or sanpling valves

for mewymg werlgw%p@mnﬁm%swtaé@ﬁ@auqeop%émcﬁmﬁ wxa@mconcentratwn
temperCon d?§ ﬁomiespﬁ Qﬁy%vf és ﬁ A Tewdd I‘Ye %&1@?}%efoamlﬁg, agitation,

sate ret ur romt rt out Suc
power,tvoltagé endhany mbespagame@rsauselfmlze @omrmlbng oo opimizing the growth of the

host cfj§ A8 eI 4 1y TS £4RE B o S3ABLAATY AN St AR SbAbrs and

probes negsfekd hffermatap@acing\or efiore lautmrizﬁ)é):l $yatenOfoo ,cOﬁlﬁollmg aend recording

such as at | east iter t 5,000 Ii rs
the varihS bafilyelies i tief o 01 defdine oy R BB v Pt b py
controléihg lafrafdwrates Jp®wveér, hedtihg dlcobkagto Jcﬁ;ﬁ&@@cleslsbl tehfi)craaﬁre stirring
000 liters

rpms, Ui SGOGLAIEE 91 afog ot Rat eed G dRY G0 il ter, addition,

samplif®04i%ts TN RhMESEE, oQllet MRSS BbiftrdTRY ahy 6ihiéd felé¥anb gie@hanism for
attached to them sensors and probes for neasuring

controliing pRFEapeiPLofRAETEe e he fgmension, Syeh adius Ay ocour using

any kn@%ﬁ %@Htr@l%@&ﬁhfs?ﬂ 'sGEb ad ﬁm%%rﬁblér EontfASr hEAWisRbParious valves,
d flowrates, liquid level, valve positions,

pumpsmmﬁtﬁrg anégmaydtsemomﬂmml prpgprtingel-tntesral sy Rseprstional —integral-

d t rﬁgﬁ.{)p wdseful in controlling or optimzing the
eriva g%owt o%ygt he host cells and the production of the

[0049] bi o- or"ﬂmﬁm‘om@m@mﬂm SYSIAS mrysaddittanadiz be@ogtrabiet and
momtopé § c&?}/al cgr?tg F@W iHm! g b2 '33092[1 o?ﬁ[a%t @Ji'aeog%'ir%ii system and

cont and recor
may copanhpeﬂecmomefa;&snr(mﬂ: lanﬁbrga'mc aﬂpp@lﬂdmodugtmntfprbtﬂs or multiple bio-

orgamcvgqulgé)éjusnﬁl é’é?‘? }og:psf'% b | ng hte au(k{o %th F)EStéensl ?g%ystems and central
contro ltsgmpmr mhyl K:Empﬂte any ngtabh:mbﬂ\f\mnﬂ'ﬂ'ﬁ*mvsdre ahd/or hindoare which may be

propricyg R AR SRS o7 RS e aB0 iy Skl bing any sutabe
commt?llllédtﬁh sﬁtit@x}ﬂl (130177 8 nﬁiltmg exaityples dfduch ebmnﬁcdi%ﬁﬁhﬁﬁtbﬁlmmclude
or contr I N net e araneters of t
hardwiredh YRRt AT ta| SATRIAR: anchiPY decltite S GoRRRption or be in
the foriBTAheBRHIK' lch 3B 8 2N e WARoAGhEREL. xR} tRN, HOHMEO!
or actuation of various valves, pumps or notors and

embodigpgnty the CORBPEHEIIARAYStep} BBY bE MOFRAFsSand epyae Rypprietary,
BLUEPOORE, Wil @ide bdHaC 862 181, ¢/ 8 h YLz vkl RlclRinss 0MA, FDMA,

OFDM, and CDMA and may operate in any suitable frequency band such as 2.4 GHz or 5.8
GHz.

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

include additional hardware, such as additional agitators, additional inlet ports, outlet ports,



[0049] The aut omated system or systens nay

additionally be controlled and nonitored by a centra
woamivigho2syst em which may be a | ocal or pl ant peiras2007/012467

control system and may contmol production of just one

bi 0- organi ¢ conpound production process or nmultiple

bi oor gani ¢ conpound production processes. The

aut omat ed system or systens and central control system

nay conprise any suitable software, firmware and/or

har dwar e,. .whi.ch be. propti et ar r
samplin R, PP TCRGT 1O I Rt S e S04 00F 2 o5,
addltlot‘{?dl abralibe eqoipmudit sadh a3additiinaNypaiNgats, |aidﬂittdnagseﬁxmhé probes,
uch conmuni cation systens_.include hardw red
aditons) oGP TSN U5 CHGIER! (cPOIM BEPCOSHRE S e Rfgameter
of the fetifdtignonnection or be in the formof a network such
a LAN or a WAN or ethernet. In addition, in sone

as
[0051] enbodilivspms embodimentt Af therinventiopsanispReRollerrafydioasystem is

prowdeg'Wm@HY:oﬁ’i%nQésOp“ etary, BLUETOOTH, ultra w de band,
02.1 a, b n or ZigBee, including TDVA, FDVA,

OFDM 2and showe vesgel bowingtacapacisngf afpasabP@ liters;
frequ Icy nzﬂ; usdl §§1uﬁh giv%ﬂr_g él%g z}t Tt tﬁé&?é%pm}{g a first

of the vessel s use ion o
bi o- or gani cplrasexpounds rmy i ncl ude addi t| onal hardware,

such as addj t.i o t| on i nl.et t

out | et*" por t&PYK Yl ﬁg % w‘gﬁﬁ SR bs B0k, B3Pdote of
heat i ng/ coahakiggastodyirg or smhésnaﬁg athe iolr ntora isolpesdoidg
coils, additional ,aeration equipnment such as

addi ti onal SOPRYLAY, anaddi ti onal sensors and probes,

addi tigonal Lli@agiongands ssebhd phaséa:bhﬂﬁhsﬁiguhs BREbr idre isoprenoid

facilitate processing or any rameter of the
f er nent at | d??mlf"(}’@gi]n ?%t%ﬁﬁﬂbﬁii‘ﬁ%‘d‘l‘tﬂ’gﬁf% of the

[0052] | NVentrh @hme RehHoARRERSE, Qhé* iRpRABES ERRpslR FopoRhdyis ATt
which conprises; a. at |east one vessel having a

isoprengig akhesy compaundseare derivrgl fromenng isqprenginipansrs asedrlied
hemlteﬁgkﬁéy Md hﬁlsﬁla lbg%ﬁmeg %{ X?@ﬁl@tlegpe ?19 mse\?ﬂeﬂg th ith&tsémbodlments

hase; c. host
the isopxepadd lspgmmedmm At cerapetbiids ina Cnedspprgnoids oBhese wgnmounds are derived

from tvicy {g%)gr%ﬁé ﬁhﬂgaﬁcpgre%so”c%ggd h‘rc‘o%fe 8‘16,9 (A%Wﬂﬁ%i aLiVve ﬁeggxglple ofa

i SI ng
monotenpane is mypc&moﬂd odmm*pmbndsn&ms cthmtsapntenmdtdmmpwnﬂ ior sompounds is a

Cis isolgrgﬁ%i Ur;[[ g$ g%rg gge ?eglveq(fgoer}'lifgrs? ésﬁgrelﬁx%%r A c'l are also called
sesqultérpﬁmu I’J@Sllhfs&aﬁi&r exagcplé bﬁﬂsmmte@eﬁs Byatdhoulol awﬁlchrlealso known
as patclm;}ﬁ[\ E}l‘é‘%ﬁ’é}wgl t er v egntish Sb*lpggr%)ﬁ%%ﬁﬁ%ﬁ{é@o@compoungs is a
Cy isoprenoid. These compounds are derived from four isoprene units and also called
diterpenes. An illustrative example of a diterpene is taxadiene. In yet other examples, the
isoprenoid compound or compounds is a Cag+ isoprenoid. These compounds are derived
from more than four isoprene units and include: triterpenes (Csp isoprenoid compounds
derived from 6 isoprene units) such as squalene; tetraterpenes (Cyg isoprenoid compounds
derived from 8 isoprenoids) such as -carotene; and polyterpenes (Cso+ isoprenoid
compounds derived from more than 8 isoprene units) such as polyisoprene. In some
embodiments, the isoprenoid compound or compounds may be any combination of two or
more isoprenoid compounds.

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

bio-organic compound is provided which comprises:



the isoprenoid conpound or conpounds is a G o

i soprenoi d. These conpounds are derived fromtwo
wooepvese4uni ts and are al so cal |l ed nonot er peneeT/uAm007/012467

illustrative exanple of a nmnoterpene is myrcene. In

ot her enbodi nents, the isoprenoid conmpound or

conpounds is a G s isoprenoid. These conpounds are

derived fromthree isoprene units and are al so called
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such as squalene; tetraterpenes (C40 isoprenoid

conpounds derived,fr I sQprenoi ds G
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. sujtable reaction; 2) one or pore bl,end¢L g vessels or
strains gf/Bess fells ST HRBE APt HIPCIASF sERiBs B B Peimi lp some
embod HRHROHE PLhfify FHOsPEeIRRAEY RAdidd BBA] than one bio-organic compound,

such as 2-5 bio-organic compounds, for example 2, 3, 4, or 5 bio-organic compounds.

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

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

mechanism. In other embodiments, separation of the first and second phases is induced in a



conponents; 3) and one or nore additional purification
or separation systens for further purifying the
woOi20070BgRmi C conposition or the at | east one PCT/US2007/012467
bi 0- organi ¢ conpound. [0055pB The second phase may
conprise the at | east one bio-organic conpound. The
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may be removed from the separation vessel using an outlet near the bottom of the separation

vessel.,



above phase separation materials and nmethods. [0059]
Once phase separation occurs, the separate phases can
woeoddoszisdual |y drawn fromthe separati on vesseir/usamg/ 012467
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[0064] fnlilc 20 3ﬁ g?ﬁe? leldrRRim&ltdMfe BidCogatic cHHp%ﬁr'ui? of&§thpbunds are isolated

from the organic second phase using gas-liquid extraction. This process is also known as
stripping and is the transfer of a component dissolved in a liquid stream into a vapor stream
in a more concentrated form. Temperature and pressure can be optimized for the transfer of
the desired bio-organic compound. Illustrative examples of vapor streams include air and
steam. Typically, the liquid stream flows down a column while the vapor stream is bubbled

up (flowing countercurrently to the liquid stream).



sieves; organic polynmers such as polystyrene and
resins; and silicas such silica gel. Depending on the
wadsaoviBent used, the adsorbent nay be used to eaptuse@®7/012467

the desired bioorganic prodisct or unwanted byproducts.
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proces§ ifegdp SSRATE Seﬁ%ﬁlcéglpr‘e‘?féBB Fﬁ%P?Sésa‘?Fs‘“P'ﬁE‘Iﬂaﬁ@Z%Wd shege-
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colum while the vapor streamis bubbled up (Tl ow ng
solute gpegies @Piﬁﬁlf%lﬁlltbe mgmbrane ang Are callecsedhys pemesste wmleolm@r solute
spec1es‘:‘1{fp QL RA S thd Hﬁnﬂﬁxe%ﬁ%b&ve? gkgicbﬁtrété&’ LAl il rOM
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[0069] separ AR SOMg A OQE)IP%\I’ £ tgﬁ go?tacF f A%t EP4 lﬂﬁ of ﬁ'é(ydl?’f”d‘ﬁtaég?m about 10
to abouit 59 @ramsmaae thlaacﬂmag 15 Er0m8, niere ‘élﬁﬁﬁe&ioug 0 @ra@®s inio?€ than about 25
i 0-organic ¢ oun unds can, be in i
srams g B Py pboud AP RIS BiSSTBI CORPOHES Bridiiice! fementation
mediurgOl vent used. [0067] In a continuous liquid-liquid

extraction syste di fferences in densit or
[0070] In some e¥nbodm1ents the host cells are capable o¥ producemg from about 50

to about 1500 milligrams, such as more than about 100 milligrams, more than about 150
milligrams, more than about 200 milligrams, more than about 250 milligrams, more than
about 500 milligrams, more than about 750 milligrams or more than about 1000 milligrams

of bio-organic compound per gram of dry cell weight.



pressure at a given tenperature, or boiling points are

used to separate the desired bio-organic product from
woOheo7iieed4| i qui d (the organi c phase). Such sysPemRISC@I/012467

use m xer/settler tanks, tosers or colums,

centrifuges and conbi nations thereof to effect

separation. [0068] In other enbodi nents, the

bi o- organi ¢ conpound is isolated fromthe organic
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Fuel Corupepition Lol €t i on conponents on the basis of
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fernmentati on ne [0070] In sonme enbodinments, the
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t
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additives, smoke suppressants, gdrag reducing additives, metal deactivators, dispersants,

detergents, deemulsifiers, dyes, markers, static dissipaters, biocides and combinations

thereof.
[0073] In some embodiments, the fuel composition production system comprises:
a) one or more batch, fed-batch or continuous flow fermentation systems
comprising:
i) at least one vessel having a capacity of at least 100 liters;
ii) an aqueous medium, within the at least one vessel, comprising

a first phase;



conpound in contact with the first phase. The fuel

conposi tion production system may include one or nore
weaddi7tizenal processi ng conponents including: 1PpCOMUS27/012467

nore separation systens fori7separating the at | east

one bi oorgani ¢ conpound fromthe aqueous nedia and the

organi c second phase; 2) one or nore reactors for

biologically or chemcally altering the at |east one
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substitution, hydr at |
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comnbi na%l on t hereof 3) one or nore additi onal

puri f iat i oPRegIT @@sﬁra&nmﬁe sgparation sysiemsyhasehy the first phase and

pur | T %thDGedohg ofshlic 1919359‘3? bhé anm%e t4iBpSentsStShe 988nd organic
bi 0o- organi ¢ conpound. [0072] sone enbodi nents, the

fuel ahdbe argseparated] ect ed fr om t he group consisting of

oxygenat es, t -

t her ma% ot a%}ﬁ[&l%g&( OH@E{) élgfeggk\ébﬁ? gﬂg%i & ?rg{}gxlri g)f:s'ié'?ﬂg Whereby the at

st abi Ilea’se 08¢ bmebngaﬁﬂc&mnmpndvseseparamhﬂmmttho second organic phase;

i mprov ti-foans 0

i biPor &, STBFIERES of ASH FaRE™ FEYSsten Wi a6k one bio-
i nj ectcﬁgmﬁb eambomeiss chehiidallyes bislogiksall s thodifesis ant s

drag r du0|n itives, netal_.deactivators, . .
di sperant s° e ¥ G5, PLInOFR B EATOR Sty adierchy, the pip-organic
stati Ccoﬁiirﬁﬁlhﬂ ak GeSmodiified ibile dreafit commgyunatis prsfiéder Rether
[0073] In, sonme enbodi nents, the fuel conposition
produdft‘%rg"r? system conpri ses: a) one or nore batch,

fed-baych ogpimafty BH@aﬁmfok@weﬁ@hg%ss@ld Ssy§téiisToFblending the at
conprl sing: i) at |east one_vessel having a capacity

of at lpashenpe bipoongppig cempopnd &ﬁthawézmorﬁ@éﬂ\mpamh%npmemss
the atyjlyeast one vessel, conprising a first phase;iii)

a pl uraéﬁ ity of host cel I s, Within the aqueous nedi um

capabl@® of emtlonaly ope oxmernfrher Bwﬁ%@lnzsb’ﬁgnﬁtwh@é%lmthe blend

one bi Fifd gﬂgésq ofi® %Ogrgg.?lﬁ o'u}ﬁ afld lt}{e%dor%&%%dﬁmonal fuel
second phase conpr | I'east one bi oor gani
conpowetponen s purifiad orfutther ﬁurrf'sid phase; b) one or
nore f.irst phs ar ere e fi

100741 1% 2 TsameRa R BB oPg aff o URASHR PRGkEer iy st

compnmrmmrtﬂnﬁae&&stbﬂne, wsgdanor @thgﬁphaSe phEsatica engepenttdetiiled herein

confi gl.g%g ﬂg%éio g‘g]a?ﬁg rtléetnprs? pﬁ %po%l %—peassegogf g agrag'itclp%ase In some

embodiments the one or more second phase separation systems includes one or more systems,

vessels or phase separation components detailed herein configured specifically to separate the
bio-organic compound or compounds from the second organic phase.

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

performed therein. The reactors may be batch, fed batch or continuous reactors.



| east one bio-organic conpound is separated fromthe
second organi ¢ phase; d) optionally one or nore
woeaxniiesRr40r vessel s wherein the at | east one PCT/US2007/012467

bi oorgani ¢ conpound is cheniscal |y or biologically

nodi fied; e) optionally one or nore purification

systens whereby the bio-organi c conpound or the

nodi fi ed bi o-organic conpound is purified or further
purified; f) optionally one or nore bl ending vessels

or s tens for, bl en he at | east one bi o-qr
(00761 00, Fh e s RERS e bREafepicitaipoRds OLBeSlia G oreanic
compo@it ¢} hORlel Gﬂlﬁbbwl@mma? bepusfitd bt Afthep pﬁixﬁtd:ﬁimg Bne or more
systens whereby the blend of the at | east on%
purificgjo9. G aH o l@dﬁﬂf [FAHCL AV IR SOBIPiiD ARY SHEHG BHHfcation system
mcludlfa% Sﬁ7y SPIRA MRdt inSay enfdive iuhiwatedcofdpouias bk the b&florganic compound

In sone enbodlnents the one or nore first
or compmry@ os@yﬁrrm ma@y%th@@“@m?érqogﬁ@uaﬂ%ﬁ@m the bio-organic
{
compof! T Som¥ SRR Elts the Blri RAATR & HRAT ) BBmPASEBACH! ore
systems,higsdely ert phsise separation ctom@osaem@ g tadled évnre@n pratsey berspeeifieally
conﬁg&@@ godaaﬁmestpé gsmpeagme BPHR HIESE I@J;aﬁg R R RBnds. In
ens 1 nc €s ore nore sys ssel's or ‘phase
some esé;pdnadmtsmhc puqnﬁwérﬂnsmmbebaadoemnhshei wsing oh¢ gumete separatlon

ecificall arat e the:bio-organ u .
systemg B Ko B ehe o R BOBEE el Wit BRI W ffion systems
may bescnigarddatifforently frdnh eacinetharinropde to @akitoe thedueity imstepeise
fashio at | east one bioorganic conpound is chemcally or
ashiothyi o] ogi cal |y nodified conprises the same or different

[0077] VeSS el In@bméama) dsmuise (kht urifibgidrewiTERS pérfcﬁ'ﬁleﬂfto Tablﬁieve
separation,  syst ens. Alternatlvaéagithe one or

specifigatiga oF reqHisgmEBtfsHifedealypate gy | 167 ghieeylations for the bio-

organidUrypbuiRY of & fudEcoasslisitidnsain bahéd %‘b@dm%%‘i’ss %&purﬁﬁ'ahﬁn can
probes, and/or control systems sujtable for

improve the funcdonal ity of the kie-orgatia sRROwIds oF fies! cr&rmpﬁnﬂea% poyead the
requlrehﬁngsr}ﬁ' R4 QaL60A4E ‘f'a&f TRRY DereBh1a68HY Oﬁ{%gnet élﬂﬁodﬂfn%nts the federal

rmed therein e reactors may
state oxblac:dﬂaw, rulea or negnlations awmegta[ro@mwmnm@méemlsswns fuel

perforrﬁmg dfaﬁr%eﬁtlv£51 gn@ ' 8139.9 E&ﬁ'{&hﬁ ?@gﬁﬁv&d S Irpgonl;@%f)&ﬁglegts, the

gani ¢ conpoun conposi tions na
purificggiomi xﬁaya teduce therenfvinonpiental iraphct of, egrimmefootprimb o fuel efficmncy

obtainegiLoi'rFé{fﬁi %gtafgﬁ?)r S{ngg'%ron;r he%e ur I f lla‘?t‘;jlt pr Sc)f‘cl‘.tm nfé maf:\éonomlc cost

pur | 1 on sys & T e
of the Hoorgansd ecbmpdsmtdsnnfuerlenmpesmnmnt ed conpounds f rom t he

bi o- or nlc ound ounds or t arate
0078170 oriHaRE SRt S EENRTHR I e ah it s 5B hiore
blendidg veS IR oL{¥RGAM IR blendirpethp f leﬁ$tmkllﬁmloﬁgaﬁicﬁéﬁdmund with one or
)Npri.se one or vesse ase
more a@@ﬁav%hf}l%woe&%ﬂ'én?f eﬁqn&‘mge\s%ﬁ o8 blend SYiign gy be any
suitabl&P&GEIfdr&obtedh. The blending vessel may include any or all of the inlets, outlets,

ports, sensors, probes, agitators and other hardware identified for the bio-organic compound

production vessel. The blending vessel may blend one or more fuel components with the bio-
organic compound or compounds. For example, 2-5 fuel components, such as 3 or 4 fuel
components. The blending system may be batch, continuous or fed batch.

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

composition comprising:



configured to achieve the desired purity of the
bi 0- organi ¢ conmpound or conpounds. |In sone

wonbodizsemt s, the purification may be acconpl i soBaS2007/012467
usi ng one or nore separati ol systens in series to
achieve the desired purity. In sonme enbodi nents, the
separation systens nmay be configured differently from
each other in order to achieve the purity in stepw se
fashion. [0077] In sone enbodinents the purification
will be perf ned.to i f
r equi B ment % nrgea gpd ﬁﬁé (?.} ésd?%% 3 %l a?lﬁy? OPnS cellls thato?roduce
regul at i onSmfam ot §ymtlstreray Mtst:onbdnpaugaiﬁc oasmf)muncf whtrein the

conpositions. In so enbodi.nment the purification
can |n'provea‘l‘1‘?8“?{5‘ﬁgE ﬁ%‘PP??S&fsrlsh@haﬁFg organi c

conpouslds Oforinit a HMAYTEAIO @écohamasé dongpristhe iRk Sone bio-

of federal or state |aws, rules or ul ations. In

some. enbodi FREARS, COMREUNE e Fatect ML TTFORAREH v,

rules or regllalihgn 1d18Ya P&tibARE teletbd f)l@d%g?mnﬂhe first phase;
em ssions, fuel péerformance, tax incentives, and other
econond.c i niselating ghs atlleass enebientreanimsampound &om the second phase;

g ;: 'b];:né: ? glo? g?ﬂmrﬁéng?ﬂ%%gflp gf ?lﬂj\cﬁ) {}Pﬁ% anggﬁ? bt l%gst one bio-

reli abm‘ganny cotmpaiimdid from energy available from or

T L N T

fuel ungmmswbmmnumysten1|ncludes one or nore bl ending

vessel s or ste t he at | east one

b1 o orani cORFBUY METHiEH P8 s 2 g H25-gERiPEd sstiropapith one or

conponaatéadd’fthﬁxabf@ndmﬁgon{@ﬁ@ahdor bl endi ng system may

be any SU|table essel 4? %Ee blendln . vesse]

may i @l udeCBiiRpa YPHF‘fW%t Pl ong gf P?é’t’% ig;Brepaic

Sensor mptPsand 8 dnld mord deﬁbhﬁrmgﬂfcdﬂﬂfrénts

|dent|f|ed for the bio-organic conpound production
[0080]y essel In spme esmbasimantsi s S&4l crmpopition goBmaiset a higfieel composition.
In somé @fmféaﬁﬂérl?ts Whd Blo'ﬁtk@ f&’:‘tl%?rcgﬁ?rﬁe§8rf%%‘ B Qi"o-&%mﬁ@ %Bgﬁyound and a

exanpl e such

petroleyombasad e, a ﬁth:é a%dlnml PhY cwbtr@twnﬂ}er@e‘ Bafwﬂler embodlments, the
I

petroletﬁﬁgﬁésﬁgﬂ%l% % g%%qimp %tgg{gxel [kgpo%gille d%s%f"ﬂ%l Ei a&#ﬁﬁ;ﬂh& thereof.

[0081] conposlintsoore ftmbquhmsnua,gtha blqrgtgamcl qmgppqnmé predpstionsystem or the

fuel com);)(rglf 1on%r84h}é 1% g%i:rg %Q %é bifi ﬁl or cr 1 e%%%t?%g?légagol

HesiFZe a I 0- organi c c
productibe faudlityous nedlun1conpr|ses a flrst phase; b. forn1ng
a I|q d org C,. SECOon
1008215, ipeBier bR e A SEmPaT oot hgn S By comprise
one or ﬁia;@s Eutomataﬁmtrat sysgerd.  Tieaattomated icohiol Bktehtiramagbo it same or
rom:t e fir Jsolati t he at Ieast

differe orBIt e 8?'3 sxst%%xaﬁﬂa Hmﬁ@rg%ﬁg sasﬂglgxean may comprise

various sensors, probes and other equipment for measuring and controlling the various

process parameters associated with each system within the fuel composition system and each
step or the fuel composition production methqu. The automated system or systems may
additionally be controlled and monitored by a central control system, which may be a local or
plant wide control system and may control production of just one bio-organic compound
production process or multiple bio-organic compound production processes. The automated
system or systems and central control system may comprise any suitable software, firmware
and/or hardware, which may be proprietary or off the shelf or a combination thereof and may

communicate using any suitable communication system. Non-limiting examples of such



e. optionally chemcally or biologically nodifying the

at | east one bioorganic conpound; f. optionally
wouno7fgoarg t he bi o-organi ¢ conpound or the nodeCras2007/012467

bi oor gani ¢ conpound; g. optZoonal Iy bl endi ng t he at

| east one bio-organic conpound with one or nore

addi tional fuel conponents; and g) optionally

purifying the blend of the one or nore bio-organic

conmpounds and the one or nore additional fue

comm&rﬁ%m@meggtséms 1991%8l thﬁx%g%ggtg%% qf&% nt Sli’? éxgﬁal qr anglolgeand may

Aprises a
1ncludeadineml |cnnmtcsxpntoln belin teuform foff atrieaf/onkcsnlbh hsa£.AN of eaBAN or

n etrol eum based f .
etherndt fn 348 G SBBIBERa i PrRRUFEROT PYF Ay wirdless and
may bepioptie ity I BLUETOWEN/ wlire Wb Bsei) Sf)ﬂ all 4, n%ar 233 igB&, including

et fuel ker osene, di esel fuel a conbi nati on

TDMA, FEN4s OFTMe and (M A Aot aRareifis any Heitaile feqpaay band such as

2.4 GLEEASHRg apr oduct i on system or the fuel conposition
roduction systemmay be built or created by

Host Gellsrof i tting an ethanol production facility. [0082] In
[0083]SONE eﬂhﬁahl%ﬂé fost B chi'BL uSIRRL {agﬂce{%f)tﬂg %&%585\‘] invention. In
syst ens contro

onprise one or nore a
some eg}mdimsntsmhe hasttasttdas e genssically masifedinest nayrob@atnham Bawhich

nucleiclcid AN nd EMTLY DR AEDUERe T EM e Pe ! Mitarcct o0 by

1°0- organi ¢ product i on system an
insertlts'e dsletion, gbstit@sionmhdddrtiaversigh iof macibotﬁdrrs),rt‘& eithier prgdwedhe desired

ioori SR, T BR3P AEBAS P35 Bhouna

[0084]and ea[¢1|usﬁzihtf;\p: eXaniphes (fjﬂ!;&italﬂe ApSQells Q{bhﬂfecﬁxly%d:}% bacterial, or
T t st.em St ens .

cukary GRPRI- ot Tglen BF BETET G dactaft o ARe TSn BEPy e thass belemsing to

the gerfefd? Me@bpﬁ%ﬁt ﬂm’hdégldbt}s, R0 BEL 1 iR CRiet 1o o8B BN, MbMBnobacterium,
contr ol stem may contr ol productlon of just one

Pyrocogeis, é“iu@‘%r ¥, g darmonirsen c Hushatiyoreswpley ofarchaespecies include
but aretﬂo@ HRLiRANS L4 &OPPAN erpzhog%ﬁdeggloﬁﬂﬂqﬁ S -MdthGnococcus

aut omat ed system or’ systens and ceritr control system
Jannasellly Mashgrabastenipn é’@rmamfetre@‘ﬂcm Byrowcmmbﬁfsa MRyreqoccus

h hel f
horikod) IHBiriopuOh s HoB il YRR FLORY vOafibly. | e shelf or

Inati o ereo conmuni cat e u3|ng any
[0085] sui t aExanepleneibastariabpelisyintlode, tubard natilinirg! texbosel betonging to

the gentgﬁI 99&69 Cﬁéég}?ﬂ)b%lyﬁlsﬁ r]?nabagmlfl %ag asrtg\é\%] rr‘tgrdong;c'e L C/?zsobacter

or andl og
Bacillus, oBrreedtarwnzm %omnumecmmdmm é‘ometemtknamsﬁnmolmcter,

srinil Wcibr@nib e heasi o SeveRfolym el eiasiegiom
Microbamérmmy Phermpldipn] Biedymokds RRe{HBGctar) Rhédopsedoninds,

oo G5 R e SR U S B B ococeus
Streprdniy2els) Sayeddrbab, aug TyRsmonas.

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

dysenteriae, Shigella flexneri, Shigella sonnei, Staphylococcus aureus, and the like.



2.4 GHz or 5.8 GHz. Host Cells [0083] Any suitable
host cell can be used in the practice of the present
wonvenssam. | n some enbodi ments, the host cel |l PCE/UB2007/012467
genetically nodified host rmicroorgani smin which
nucl ei ¢ acid nol ecul es have been inserted, deleted or
nodified (i.e., nutated; e.g., by insertion, deletion,
substitution, and/or inversion of nucleotides), to
ei ther produce the desired bio-organic conpound, or
effect an i cleqs ed | d of .the desired, bio-.0
[0087] orrpo[fhae“efigo‘éﬂ] Teln}éLﬁ?%th\]/és wed iUk PEhogTRie 5 a%flg is’preferred.
Illustratmséxaﬁ@lés%flsﬁéélé@ﬂltﬁrm)bn aﬂ’ﬂ%@mcﬁ@faﬁ@ﬁhﬁhde it are not limited to:

eukaryotic cel|l. Exanp archae cells in ugel but
Bacillusubtifiss Eschenieria o6 %%sb@c'é@s GRGORE 4% Lﬂffeb@@ veticus,
Pseudo@g;tﬁpcw'r ob%, PIBEI RN méﬁhﬁﬁ%&dé%on%}aﬂ&ﬂ@ FFedbBacter

ano cterium Pyrococcus, S f ol obus

sphaerdidiesy Rogehestes. capsul@w,r &kﬁdﬂépléblbﬁpﬂé%umf ang hRdikespeci es
|
[0088] | nc ug%a%ﬁgg s%rfgu i 1& E@lbggﬁ 1u8e bOELORYE HiRE Ecﬂftﬁrgal cells.

Archa anococcus | annasc
Examplbebhfimghbedls incladd, ﬂnat aawt tinredho thase bBlpngingdoe e genera:

abyssi, . coccus .hor j-ko mpl a
Aspers i IR, AR L A T T P BOR LG e
Neolyph}fdszN&Fﬂo@borﬁ,GPbiﬁcilM UBl hidd Sticcdiapormyades ) Trid Hoeldraand

bel he genera: Agrobacterium Alley
Xanthog ¥ EE’FH gn%ﬂ'a%g‘ééf Anacystis, Arthrobacter,
[0089] Azobagl@itratiP@ekdrhples oBélﬂ&irﬁt&Ri @ébl@ﬁincﬁﬁedfmhrdmt limited to:

Clostridium Corynebacterium,_ Enterob W nia,
Aspergi g HH e AP SUNOTRET| HAReT ST POEBE & idiad albictns,

Chryso o3 i hieRbhheRse Bk say hD@hinédrin, WuSirabackdviatii, Kluyveromyces
horm di um Pseudormnas Rhodobact er,

lactis, Newoonsse qeasn® ishiammggpichia finandine ddekiedgdamae, Pichia
membr@?) W | PichiFhRBBARSIA) Pic¥h bBhitiue, ﬁfl‘h@?))&s%ns Pichia pijperi,

coccus, Strepromnyces, sSynnecoccus, and

Pichia @amumma@tchz[awaaqarzlal Piitia dtermemé@(amp \Pighiatrabalopbiln.aPichia

stipitis, ec'qen?yclep %m ﬁ’ﬁfg’g abé};ﬁ?)tm cueg aCI &t&&&ﬁ%‘n&?eraurem

Saccar@nyazs wagmna,sSacBammﬂms beuliavdi) SMammhwk umevzszae Streptomyces
um bei er| ?; acter sak as’;}
rle re,

ungiciqict SV EEIR< B eSS uEh ST PESS SRR gk e ividans
Streptolnj)&és, ol%gﬂﬁwmsvaqmamngl mmas, Sﬂ&pmiﬁm‘eﬂ B'Rzanimzmim Sitreptomyces

nas ter
vmacezﬁh rIRg r%f Hzézgepsl c?eBzFiJ (H'%pr(%gpwrly Phaffia
rhodozﬁ,a&)rmnel | a enterica, Sal rmnel la typhi, Sal nonella
yphi nur i um Shl gell a dys nteriae, Shi glel la b exneri d
[0090) Sh gellP SR Bi2 SR GUOE BHRS. A PRTeogReAHEn 1 preferre

Illustraﬂﬁé‘@xd}ﬂﬁ@g of §p€ci§§ Agthadon-pdthSeRrcitRiinsAnciigs buctnot Emited to:

used, a non-pathogenic strain is preferred.
Fusariym grapinaenipe Fasarpmnaenetatypelickia Rastaris SRessaemyepshoplardi, and

Shb s dsrdvitgdlde but are not limted to: Bacillus
Saccar u% 1 ?rsv Escherichia coli, Lactibacillus acidophilus,

[0091] | act o tBagmlnb emblodiments,dhe hosvsellviohibn REcsarty ipyentiosdave been
desngna?escfsw&%%%ﬁ a‘i‘iﬁ‘fﬁh@ N dminf QR TP CAeA § YA GERera Ty RAGRACH Hs Safe.

Illustrative examples of such strains include: Bacillus subtilis, Lactibacillus acidophilus,

Lactobacillus helveticus, and Saccharomyces cerevisiae.

Engineering Pathways to make Bio-Organic Compounds

[0092] An illustrative example of a class of bio-organic compounds is isoprenoids.
They comprise a diverse family of over 40,000 individual products, many of which are vital

to living organisms. Isoprenoids serve to maintain cellular fluidity, electron transport, and



sphaer oi des, Rodobacter capsul atus, Rhodospi |l um
rubrum and the |ike. [0088] Exanples of eukaryotic
woebd7gi39nel ude but are not limted to fungal ceCiraS2007/012467
Exanpl es of fungal ceI I's imelude, but are not limted
: bcoccus, Fusarl it
KI uyverorryces Neotyphodl um Neurospora Penicillium
Pi chia, Saccharonyces, Trichoderma and

s RSS2 s 87be sepppions.  va

number¥fthaffid dhdisyhihetit Mpt@md%sd@e agetll asphandadentisals, cosmetics,
e S mgeee Keperg L et SRl o cemica

interme@fafd® Nearum Fusarium venenatum Kl uyveronyces | actis,
Neur ospora crassa, Pichia angusta, Pichia fipnlandica

[0093] pi chi Ssopsuwitheompouis areEade Ahertprechengh tp different metabolic
pathwa%ge\gvﬂi%ﬂ @ohg&gﬁ Bt 9P &Wﬁlxn’ngﬁ DNAGY, "h%@ﬁ&‘ﬁf 'eﬁkaﬁbﬁ:@ béher than
I'a quercuum chia salictaria, Pichia
plants mhdrelMEM soprespidpathway exciusivalp e tenver ashityk oy 191 ¥PPs which is
ept 0 [
subseqL§P X 1s[o % tg %ﬁ?if’ gcé’lg:?&%? 8&1@%&5@ 6%588;1@%5@&1%
evalo&é—&ﬂde@ﬁﬁ@a&ﬁ ob DX R pathwaFac phﬁimoerillﬂémd:Ei\MPB isepmrately through a

s S ARG BB 5 AL SRATIRE ey B i To

methodb H¥dcHidBe hefln Rirteapimeesn®tlicVIEM arLBXPJiarlepdyaty mﬁfke the desired

. raneus, Stre es t.anashi ens Stre ces
isoprengitREuIRuRT £k bRGHL NAPBEL &Y Sl&Hbf&aeﬁﬁHﬁEﬁ O ways to make
other bid&hrgamE hgg,?,oﬁlfn;g nmerly Pha ia rhodozyn) . [0090] In
general, if a eukaryotic cell is used, a
MEV Padtwqyat hogeni c strain is preferred. Illustrative
[0094] exanplAe&h@fnaﬁQ ‘?%r@&nﬂtm JTRe PELV BEBNaG iSHERBEd in Figure 3. In
include but are not limted to: Fusarium gram nearum
general s pathyyaycomentiaes X ¥RShi a pastoris, Saccaromyces
[0095) Poul Aty ﬁ@ﬁstgaq%nﬁmé 8s s%&wlseo@&zyrﬁ@&%& ehBy 3 A%Bily
enbodi nent s e résent invention
combmhdimfdnmeacemsﬁtghﬁpéd Ay emganbmtmcamluge this step is, for example,
on_a r
cny SR OPAE PP SR QAL BRABL s i o
nucleot%&bhdlmes uiatudel it ateoradt ilinsitdd| touke fodiosiong GlenBank accession

b 350 R 5 S BSOS LBYE ooy pton

23241 mmmmm SSE{dekihiarali, (D498 6B Rarecevcasgbmitrtficans); lhad €L2(0428;
bi 0- organi c. conpounds is isoprenoids. They conprise a
Sacchargriyces €eneXif4e) of over 40, 000 i ndivi dual products,

[0096] many Oh th¥Heebndstep BF thl MEV bamwag d&é@&&tﬁlnGoA is enzymatically
prenoi ds serve, t o, nai lar. fl uj

ain c
condenssigpyt aRothermelsshle ot ghepEP (BB Erai it ApBlelutaryl-CoA
(HMG- E:Hw;t A \Shzyhis 18K loQatdlfrelthRi stepis Sod bRAHSle] AMBHIdW synthase.

Illustratnlljeeexacr:r?prlrgsogtl‘ rzdc?erz)?lde %ec\llue}aitzes include but are not limited to: (NC_001145.
complement 19061..20536; Saccharomyces cerevisiae), (X96617; Saccharomyces
cerevisiae), (X83882; Arabidopsis thaliana), (AB037907; Kitasatospora griseola),
(BT007302; Homo sapiens), and (NC_002758, Locus tag SAV2546, GenelD 1122571;
Staphylococcus aureus).

[0097] In the third step, HMG-CoA is enzymatically converted to mevalonate. An
enzyme known to catalyze this step is, for example, HMG-CoA reductase. Illustrative

examples of nucleotide sequences include but are not limited to: (NM_206548; Drosophila
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nunber of natural and synthetic isoprenoids are useful

as pharnmaceuticals, cosnetics, perfunes, pignents and
woabwriasizs, fungicides, antiseptics, nutraceut PCEIUS2007/012467

and fine chem cal i nt er medizmt esRéOOQB Isoren

DT ) ;gga h 1' o F

rerano W rge at | PP and”7tg™
i somer, DVMAPP. In general, eukaryotes other than
pl ants use the MEV isoprenoid pathway exclusively to

mtano US40 B SR L Sl S BST S

aureus)emlemom&s Giftkus 'gnBusTe AR OTS¥29; Sﬂdﬁbﬁ@d&ﬁiv KO 13398’8), (AF542543

pat hway to produce | PP and DVAPP se hrou
Nzcottam aHemt Hf BOYH0 Jeﬁé‘f’é‘l"osﬂﬂrﬁﬂf@e‘dgg?ﬁg{lﬁ ¥h5e
sequen%c@&’ﬁl %Mﬁlcﬁt‘éﬂ HNG Wb sy cds Versmtiod andl@scr 0@1&‘15

herei n gl neering the MEV and DXP pat hways to

Complemné(ltlﬁ@‘bléslﬁ ¥ Sasolrremyres eesenitiaed can be readily
[0098] adapt ‘fl‘gtﬂeqoﬁftﬂk{e rﬁ%v@l@ﬂétg?@é@%ﬁ%ﬁlﬁé@ﬁ@ﬁﬁ&emﬁm

I 0- or gani oun
mevalonath éﬂmqsphatepAmaYmte iknpwofto tCthIWEWhlp atem&)fot gxample, mevalonate

kinase. dlglﬁgtgatgrg%xi%mﬂ:es% nucl?éf)B gf]%%nx%eé mcl rs'?adggﬁ%?ﬁu{l%d to: (L77688;

steps t he
Arabzd&mbsemuhm)pinmﬁs)sﬁsp&m&bwmnﬁeﬂcaemihy)mt ically

100991 ST 5 e RoA SSRGSt SR B A el o
mevalohdte Bl phat S&fdfﬂﬂwevaﬁénz&é Sipsrofivdpkaet Ahtenamnt &h&ﬁfﬁ)to

Il lustrative exanpl f nuc| eoti de s ences i ncl
catalyzg s S{FR 15, £0r S¥PHPIe @ PEP {ﬂ“ﬁ‘ml?@e SRRV BXER e%ﬂf

nucleotfﬂé@&ﬁéhc@ﬁ&ctdﬂ% bk R MGt mnilféaﬁbmm%bﬁ H&«‘\Gkueb?fﬁ.ﬁ'ﬁenszs),
derived: (NC_000913 REG (]\l 2324131. . 2325

(NM_0Be 3 dfamn sarésts), andiié3891 l‘t%r‘:ae?@&“éﬂ@taé%?ﬁnﬁﬁé%s)

Sacchap,;;@‘,&}g%ggm sacchar onyces cerevisiae). [0096] In the
step of the MEV pat hway, acetoacetyl-CoA is

{00100k Nz y ndm theeixth stapn msb@aw i—hyr@nbméaten@ papmaticgily converted into

e AR o LU B e G
decarbdm'lasex ﬂtqstratxvé—lh@lﬂpiés egmdi@m@e Sbmllﬂmtfr imclude b@kau¢p10é dimited to:

ox5753, SIS S SRS DN BB ol b o,

Homos%@w:h)arorryces cerevisiae), (X96617; Saccharonyces

erev e X83882; Ar s thal |
t0o101f oY sEIA o b Sitnviaiogth LVARD, [t = B Heips ragyirsd. An
enzymeSii v o) cata’-i?& thiNGt&OR/ Fo? exhmples IRIagoﬁ‘aéké&54ﬂ,lus@aﬁeé &amples of
1122571; Sta |.ococcus ,aur eus

nucleo quq_xngg_; @5& edbut ﬁieyrﬂﬁtl‘r@éqq ty Q\é@@(ﬁﬂa ﬂgt 1'3?7 tﬂh 1 g35

Escheri®Biotdd) Hnd. (AN082326; Haematococcus pluvialis). 1f the conversion to DMAPP

is required, an increased expression of IPP isomerase ensures that the conversion of IPP into

DMAPP does not represent a rate-limiting step in the overall pathway.

DXP Pathway

[00102] A schematic representation of the DXP pathway is described in Figure 4. In
general, the DXP pathway comprises seven steps. In the first step, pyruvate is condensed
with D-glyceraldehyde 3-phosphate to make 1-deoxy-D-xylulose-5-phosphate. An enzyme
known to catalyze this step is, for example, 1-deoxy-D-xylulose-5-phosphate synthase.
Illustrative examples of nucleotide sequences include but are not limited to: (AF035440;
Escherichia coli), NC_002947, locus tag PP0527; Pseudomonas putida KT2440),
(CP000026, locus tag SPA2301; Salmonella enterica Paratyphi, see ATCC 9150),
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enzyme known to catalyze this step is, for exanple,

HVMG CoA reductase. Illustrative exanples of nucl eotide
weeoqwansers i ncl ude but are not limted to: (Nl\/gém/&]!s;!(&mlmm

Drosophi la - 22 PCT/ U8200|24mal anogast er)
o Ay St | | us), (ABG s
Strept onyces sp. KO 3988) (AF542543 Ni coti ana
attenuata), (AB037907; Ki tasat ospora griseol a),

v o R N SRR LS G, BS9H s

| RPA09§2)fmlo%E5Hud6m$ﬂ;53 ustrik t&@&&w)smeh@awcmus tag PD1293; Xylella

cerevi si ae) In the fourth ste nmeval onat
fastidiognZgmeaule bl cmyJ ‘iﬁ% 9791 lapastag A T A 380y Arendensis frabina),

[00103]?0I°h°§d9 Héts%coxﬁﬂs@;l? Zlya@ox'srt@wlﬁles&mp%mté Bicsnvdred tb 2C-

exanpl e onat e ki nase. l'ustrative exanple
methyl-§¥-etyduitebéiphesphate At €8zyme knefen bm«atalweﬂe s StEP ifis f@cﬁxample 1-

78
deoxy-@&glt?}lggearr?) s 8%?%@8@?%82 tel:%% Ogg.istr ﬁ{?éiﬁ:(a?ﬁ?ﬁﬁgg of nucleponde
sequences daiodbwasph avtdigitedi: (AB@hiﬁWﬁatﬁsdzﬂricyzlcaddéd(AEﬂ48852

are BRSSPI Bl TSI BB i KTy

(AL939124, foots @xS8q0$694p Bﬂ@pf@ﬂtyemadraa:haobr IA3|Q21)$,€(NC 007493, locus tag

rse 2k Bt SR o A L0570 RN Ry B
Pseudo%a&sﬂum&@);,pfol\ﬂ\ﬂ_oow% Hono sapi ens) and (NC 001
onpl ement 712315..7 367%’5‘(“#’1

[0010413 er ovile thepirdstrps g Tmethyl é‘?g phales Pamrisd to 4

dlphosp’iloeyﬁ&nmm;a m&rﬁﬁﬁwmahhce@kw.e (I@BWﬁrt& eskaiyat ehik aBp is, for
enZyme known to catae‘xze this step is, for

exmplﬁe‘%rélnmaw@cwdsdp%@rpﬂﬂaxl ﬁ@é&?‘%ﬁy‘lﬁé}%ﬁ? 111P$%kVP)§FWBi%S of
nucleotﬁfé@gyhﬁﬁeg’fnczwﬁl R hifot HRAHRING CEA F YOI G EERALri8kia DAY,

X97557; Sacchar omyces cerevi si ae

(NC 0Q7A929®©9&taERSBL%%3§G Rhsdehastarsphaciniies 349D6 Gﬂzlhﬁ%m locus_tag
AT2GO?§86 ejl'sa)bz Jgg)!?]tgc]'l%ar}aﬁ 'sfx’xﬁ (N% %29‘?7 Z&Rl\ée{aéﬁlkih %Bﬁomonas

a sev required n enzyne known t
putida KaR44Q)ze this step is, for exanpl e, | PP isonerase.

ootos || RSB0 3B RSP ok e

4- diphdiﬁﬁditgdtﬂdyhlze-xﬁedhyb-l) -apthritAFDPAGhateHarenenayorclowsvn to catalyze this

step i, Fopa el esihesmonr Ol ppoa b ehorEe hEr e

exampl@QBﬂﬁlicﬂédlme%Eq&éﬂBes ihbnld@MﬁPBedmﬁBmﬁtbﬁ tbem@seano akscherichia
rate-limting step.in't t hway
col) arigEo 90740 deireie g 2ok adBrB P LR 58 Bt hvely
[00106] S de3fkhdReh sRpHi-AiRsphocytdyl-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-methyl-D-erythritol 2, 4-cyclodiphosphate synthase. Illustrative
examples of nucleotide sequences include but are not limited to: (AF230738; Escherichia
coli), (NC_007493, locus_tag RSP_6071; Rhodobacter sphaeroides 2.4.1), and (NC_002947,
locus_tag PP1618; Pseudomonas putida KT12440).

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

examples of nucleotide sequences include but are not limited to: (AY033515; Escherichia
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general, the DXP pathway conprises seven steps. In the
first step, pyruvate is condensed wth

worgyicenal dehyde 3- phosphate to nmake PCT/US2007/012467
1- deoxy D- xyl ul ose- 5- phosplat e.  An enUy K
;,< ' ,,,A‘A- s ”. P(,CT 320

Mﬁ‘l‘“@ synt hase.
exanples of “nucl eoti de sequences i nclude but are not
limted to: (AF035440; Escherichia coli), (NC. 002947,

cold), (E\%‘I;O %@% lg)‘focué Ptpggg%g%%g%% %Hﬁtp lﬂﬁel gﬁgﬁ%erl (NC_007493,

locus_fagrRR, ZAB2; WOA?F@@‘ SlsRYygides 23 BHMUM PCT/ US200

I

converthdmpaﬁmd i onis BaM&tEWMﬁthyrﬁ%@@ﬁ%ﬁatab@@ this step is,
for ex PD129é’\l)§¥ N ﬂ]lllgggf&%igiﬁmsaa Te cul ﬂilﬁgﬁgyesexmnples of

nucleotxh@bdq&@hees [1ﬁlﬁ&§)é3i>ut| die hbﬂnﬁﬁ@@ﬂﬁ (AIYQ)ISQZIZ Escherichia coli) and
- phate is converted to

| ul
(NC 09%9‘1%@% @%an‘i?ﬂ}fsﬂdes‘ﬁﬁ’éI?é(T%ﬂoénzyrre known to

[001093at al YiaRohddl dnBd@Rehs; "drés tS%AMHY iBterference) between the host cell's
D- xyl ul ose-5- phosphat e reduct ol soner ase.

d
own mm%%g@ P@FFS@@S anchhese praspssas dvebreddwitls teuwadecsiond|IBR es
prov1d&14%y MeSorBht {dvhi a!.tethn&rﬁ‘ | an? gﬁ?‘&@%o%i %llgf' Fof glcelrpgle Cross

148852; Arabi dopsis ['ocus
talk is mmms@ezi orredienideied satiregly whdm thémmlqro()#gaﬁﬁﬁﬂ@hgs bxniumvely on

the D t@%& g)%%yflf(?tg%lg&? R%%l %%I %o h%v&lgﬁ‘g %I)Jd‘uced to provide

addltlogplhlé’é‘r Gudh hot. 0¢gdr)1$ma Mu(d\ﬁbtﬂﬁk@ilihpeﬂ on Hlsertth@ e;EIﬁx’essllon of the

Liarseudononast | uo escel ns,.Pf O
MEV i GRYE SOP TR e B BrORT et BTPsialAOEh e MY oty
Orgamsml‘v]eit eyl ekcludively or predominately on the DXP pathway include, for example,

di.phosphocyti dyl - 2C-met hyl - D-erythritol. An enzyne
Esc}’”ffﬁp SZFO catal yze this step is, for exanple,

[00110%- di phﬁ%bﬂﬁ@)‘ﬁbdﬁﬁheﬁg tﬁBhBM'ce[PﬁédﬂcBé IFlﬂbla&H@m%athway, either
Il1]lustrative exanp e% of__nucl eotide sequences i ncl ude
o

exclusiygly o in coppinapinn with the DXD\pstsyrye. Tnpegbg cARadiBeRisy 3host’s DXP
pathwagmg:ﬁﬂﬁﬁﬂ&ﬁ Ay di9svl1ed ﬁgtlﬁ%aﬁﬁf’cel QQ&@QPP rexélﬂﬁ@@l@qmﬁ

003071, locus ta 00; Arabi dopsi s
heteml?&%ﬁbaﬁ&))“%’d“ﬁ\@@b%n 7The gl?{%p@tagfapp% bg functxonally disabled by
disablif SHHEQIBRASIoR Wi ittty ] t

saba %g CH}BdI pﬁosphoc?tltg#%g}#g%%oﬁkgfmﬁn tg'{ lﬂmra“y
occurripg ,];{)?@E patiwap enzymes.
dip Sz j
e s N R Rl
exclusiyelgtiop froeqrhbiartioul i tha s mmjatmae/r yhmthezoémkmd]m_sats, a host s MEV
patel i} RN RTEL Dol RSh SO SRS R RE T B Sn o
heterolagmjs(yNﬁtrﬁwlehﬁﬂ)XP cpatlﬁwdya gr tﬁSﬂE.V?ﬁzﬁhwE&l oalobafiiretionally disabled by
haeroi des 2. In the fifth st

aissblif QAR RolRRef of It A WOPR Db ehf pt Brofo S aptsslly

occurring MEV pathway enzymes.

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

Isoprene
[00113] Isoprene, whose structure is
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converted to 2C-nethyl-D-erythritol 2,
4- cycl odi phosphate. An enzynme known to catalyze this
webkep/i3s24f or exanpl e, 2C-nethyl-D-erythritol BCT/US2007/012467
4 cyclodlphosphate synthases |llustrative exa
putP Gl US20Q b dBidtmin
AFP30738 IR, W (NC_007493, | BEHSTpRg"
RSP 6071 Rhodobacter sphaeroi des 2.4.1), and
(NC_002947, |ocus_tag PP161 8; Pseudonpnasputi da
KT2440). [00107] In the sixth step,
2C-nmethyl -D-erythritol 2, ||4-cycl odi phosphate is
converted to
| - hydr oxy- 2- et hyl - - but 2 4- dlphosphate An

is founcfnﬁ%g}?yo gﬁﬁg“ ahq&fé g %@ %%?2%5 %9§sdd§ on os?htt?a’éé‘ MR Rirative

examples/of dumsable ridclaws;ltic a‘tqua:ec@)aadplde bubdre mot llm@iled i (AB198190;

P apulutg@'ﬂi %if"@%; P oqu us%lbea(’f\l%t ,'2994%,2945,20%(?;83%2%253

C1p Compidiidsnonas putlda KT2440), and (NC 007493, | ocus tag
[001 14th gz%(gﬂmﬁ}g%g 1o—grrga§1%r~]:%emrp%lulqgs are mon%)terp[zr())e%lw l:h are generally
derived! frét¥ Gyt Byn’@i?hb\sﬂhat% (GPP) huttietnid tuﬂn i rpAdestphihie @ ondensation of IPP

converted 1nto either PP or .its

with DMA&RE AR §B7YNE bneyp I (atalyes fhis iR bs ?%f eXPB}%Mé %Wﬂ@ﬂ

pyummbﬁﬁﬁmm%Mhﬁ@@nethylaIIyI di phosphat e synt hase.
lustrative exanples of nucleotide se uences | $$P~whwh

[001 15b ut afdgyed SthWtS@EFW"%SlcaUA‘]FGB’Z FPandd M eaf %Fo B‘Fei
PP0606; Pseudonnnas puti da
lebe ( : Ogﬁ%sfhﬁﬁ%ggﬁg enbodi nents, "cross tal k" (or
[001 16] nt e r fllémmer): esamplee of nheleotids seguenices forngeranl ayesiphesphate
synthas@ cg gl?t 2080 1{ fi€d 1Y: @ﬁ%g Lnﬁ’ﬁk §rQInWisz rttAl-‘J3Q3 112; Abies

ron o as pr e°pres i nvent’i on
grandzsaJ (eAHﬁ 131 i3 z4fefe grapiis (AN Bc6861 Amteir&unuﬁonaj@lx)a PIYS34687;

R R D DR T 87 Bl G0 it

cereus; T OGARST9Y, (AYIMITOS] Citrgy sikdirsisHr(A YH NEYS p@lahkia prégeri),

(avosi i Foee, (oo RE S At e lsbirp St AR £3838; Mentha x
piperitXORBEEIEQN: Wlenlox HEOH 9 (MBI 49853 nihs iy (RZB431697.

Locus @?\ﬁ%ﬁ%ﬁ%&cﬁi?&xgk&%ﬁ o) G SaBE P g Ao

(AY351862; P Anlbred)and (alFedess T, Wocax ANH 1284 BsB)mdriéltisanobilis).
coli. [001 10] In sone enbodi ments, the Pgst cel |

[00117hy odu (8P isrsbeny pubseanenilie POBXRTIRAH 2 Variehert Glodmgoyaty
I]]ustraﬁ‘r/e éfmﬁﬂ@bf‘@‘ | @fhpthuh8ls TdRideFt RRL{BMYitddto Ot her
dinents, a host's DXP pathway is functionally
CaJ-‘enedlsabled so that the host cell produces |PP
xclu LOUAR @€t er ol ogously introduced MEV
WOIISE %h%&*%“%% Hpafﬁﬁay can be functionally disabled
by dlsabllng gene expressijon or inactivating the
function of one or nore he naturally occurring DXP
pat hway enzynes.

Ed

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

carene synthase. Illustrative examples of suitable nucleotide sequences include but are not
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[00111] In other enbodinents, the host cell produces

| PP via the DXP pat hway, either exclusively or in
woandrimaikon with the MEV pat hway. In other PCT/US2007/012467

enbodi nents, a host’ S MEV pat hway i s functlonally

gl ﬁ@Légously |ntrodﬁ€@%%ﬁﬂ
pat hway. The MV pathmay can be functionally disabled
by di sabling gene expression or |nact|vat|ng t he

iR G ST b U Y RN

78..1871i Sulvlaga@iophplidipounds are henit er penes V\/m ch are
enerally are derived fromI| PP or DVAPP. An

_EL—lallustrative exanpl e of a hem terpene is isoprene.
[00119] SOPI €n2adif0kis3)] kdo%@pés%soindw Qﬂﬁ)sé birlGhiy 18

I SPCT/ US200S is found in many plants. |soprene is nade
fron1|PP by isoprerle synthase| |llustrative exanples
of suitable nucle e ue ude but are not
limted to: (AB198190; Populus al ba) %hd (AJ2948109;

is the nP o) U(I)rflg?ﬁgnh’ 8f 51IBQJrH;l.eUa§1<itﬂa@rﬂyllo)sa oftl Ot £PETBERIH dPhhldsh] lemon,

bi 0- organic COﬁpOUﬂdS are nonot er penes

and cmwnﬁld:ah @cr@ngxé rrﬂamadqc fromeGPY dy geramelgonthaye- Blpstptivsspragnies of
suitabld Sfﬁi&%g%&ué&geg Hehide HulBdGiopYintifka tPogﬁﬁ@?mO nRbmbitiim

enzyne known to cata hi's step IS,

tenuipikuar), @EHGRS3; gbmmry |bapytpwph(§§>@?§t4§0@mrﬂé@@ute§~w1 ﬂ;ﬁnn 1864),

QPO [SOPRUIER A i 4935 and
(DQO8 e Yo PPeriflawétriodo)16] 111 ustrative exanpl es of

ucl eqt.i de sequences for geranyl pyrophosphate
[00120Eynth§§%ﬂg%§lude but are not limted to: (AF5131 11;

[001211\bi es Ign#lo6l, svhosd ARTIAE i42; Abies grandis), (AF5131
13; Abies grandis), ,(AY534686; Antirrhi num maj us)

(AY534687; Antirrhinun1najus): (YA¥876; Awabidopsis
thaliana), (AE01687Axl0 AP 92~ Baci | | us cereus;
ATCC 14579), (AJ243739>"CitrUs singnsis), (AY534745;

is foun@inaﬁxléhﬁ fI80RYEAd) spide/ P83 56k as! ddPRhAED seed PLiBRB3Dis made from
persi con escul entum, (AF 182823; Mentha x

GPP bspflc owltsa)lthaﬁ%ﬂi@lz%@twe wempies of afablemurleopippenmgncsinclude but
are not 'lﬁméaa}ox(ﬂ@emesaf)mb( %52&3}1@1&7 a) L@ 28AIN204R8 :AAB71482;

Par acoccus zeaxant hi ni i ens) (AN866498 Pi crorhiza

Arabidgpsis dekiynay, (E83%EY; Avwbidepsis tafigra) (NNhd 042831 0l8bidopsis
thalzam'f’zfi 3}9@1%5112%11% iGN TR @af deOBSb Iar[k%%]zrtﬁﬁFb@?GO?_ Clarkia
seduen convefted to a variety of
concinm) @@ 6ds01; C’larkza breweri), (U58314; Clarkia brewerz), (AY840091
Lycopersicon esculentum), (DQ263741; Lavandula angustifolia), (AY083653; Mentha
citrate), (AY693647; Ocimum basilicum), (XM_463918; Oryza sativa), (AP004078, Locus
BADO07605; Oryza sativa), (XM_463918, Locus XP_463918; Oryza sativa), (AY917193;
Perilla citriodora), (AF271259; Perilla frutescens), (AY473623; Picea abies), (DQ195274;

Picea sitchensis), and (AF444798; Perilla frutescens var. crispa cultivar No. 79).
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[I'lustrative exanples of G o conpounds include but are
not limted to: Carene [001 18] Carene, whose
webkowrememe is is found in the resin of many treesjUuS2007/012467
part| cul arly p| ne trees Casene is made from GPP from
SRrEnET SRS e iy e RET AISR0QWOARAS T
A O B i ;i J L gy 11 ut are not - 26
- PCT/ USZOOl [imt ed to: (AF461460, REG ON 43.. 1926;
Pi cea abies) and (AF527416, REG ON. 78. .1871; Salvia
stenophylla). Geraniol [00119] Geraniol (also known as
ﬂl@%odnol) whose structure is is the nmain conponent of
[00122Di | - of:imdaend whopabtmestaeaisoi | . It al so occurs in
geranium Ilenon, and citronella. Geraniol is nmade from
GPP by geraniol synthase. I||lustrative exanples of
sui tabl e nucl eoti de seques i ncl ude but are not
limted to: (AJ457070; Ci grmrum t enui pi | um ,
(AY362553; Cci num basi |l i cog" ( DQR34300;
Perillafi-utescens strain 1864), (DQ@234299; PeH Il a
citriodora strain 1861), (D&§R34298; Perilla citriodora
strain 4935), and (DQ88667; Perilla citriodora)

is found ﬁpt}lgeingwﬂlﬂﬂr@ﬁmlgfﬁiﬁidppbtrﬂ@k .ODimondnesematié ﬁﬁhuGPPll@
is oun L0 many owers | nts suc as
limoneqe pyninser ILuUALYe PYHBPIELP %lgtaﬁgﬁo@ é%éﬁf:e@fweagea inflydg bt are not
limited $9- wnehk ksth&st (XBS5 RI0RTPREGION: A 7S WA bi'zeus ltmon) and
e

oti de sequence include but are not limted

(AY05§24r44§f£s@N A8t BB phgastacharrgasd) and (xpbiowngne smswgs (DQ195275,

REGIOM371é§§' Pr@@@ﬁ‘c‘ﬁz@ﬁﬁ&)s (Aﬁ@éé 1@@ akEdIéxp%75586 Abies grandis), and
Ar abi Rﬁl s thaliana 4793; Arabi dopsi s

(MHC4S4§R, 101?/@9 1828; et MP@Rﬁ@ a annua), (AF067603;
arkia breweri), (AF067602; C arkia concinn),

AF067601; C arkia breweri), (U58314; darkia

[00123br ewe NyrcefA YBWOO Sttuctunedoper si con escul ent um
(DQ@63741; Lavandul ajangustifol ja), (AY083653; Mentha
citrate), (AY693647;| Cci mum basi{licunm), (XM 463918;
Oryza sativa), (AP C 605; Oyza
sativa), (XM 463918, Locus XP_.463918] Oyza sativa),

is found mvibg 'ﬁg@gpahgl in manjcplantsgddpémg l(am:sze?b@r@ and myrcia from which it

gets its P%Q%l@ﬁ%ﬁﬁéﬂﬁ?ﬂé@gg?g %1%& gcs?%]_ng%lg%lstratwe examples of
suitableRarclddtile saquenceniacinde butaiesa limitetlitvafUSIO08;7/Dhies graddis),

z cPST U§ glo Li none
(AY195609; Anfirrhinum majus[)1 (AY195608; Antirrhinum majus), (NM_127982;
Arabidopsis thaliana TPS10), (NM_113485; Arabidopsis thaliana ATTPS-CIN),
(NM_113483; Arabidopsis thaliana ATTPS-CIN), (AF271259; Perilla frutescens),
(AY473626; Picea abies), (AF369919; Picea abies), and (AJ304839; Quercus ilex).

QOcimene

Myrcen

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

/“\/\/'\/ and )\/\)v/ respectively,

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

(AY 195608; Antirrhinum majus), (AK221024; Arabidopsis thaliana), (NM_113485;
Arabidopsis thaliana ATTPS-CIN), (NM_113483; Arabidopsis thaliana ATTPS-CIN),
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[00122] Linonene, whose structure is is found in the

rind of citrus fruits and pepperm nt. Linonene is nmade
wonemi1GR4by | i nonene synthase. Illustrative erampiSe®?7/012467

of SU|tabIe nucleotlde sequmnces |nclude but ar e not

i:’l kel

1889; Agast ache rugos) and (-)-1linonene synt hases
(DQL95275, REG ON: 1..1905; Picea sitchensis),

w1 o P, ARSI B3 g

ATTPSO8R YRIY_19no8enerabidops s mwmx vmll O)Z(ABI r(rﬁuadcmgt ihshiu
. ssent S InClu ay, verpena,
CitMT % M@Lg}ﬂ% \ﬁ‘ﬁf’i‘fff”? icyfafus vt daﬂ%{ﬁg 1\% cene is

0L.pme,{zf:ade from GPP by nyrcene synthase. Illustrative
anpl es. of suitabl e nuc] eotide sequences include but
[00125hr e n@tPinens.cBkpse SrugtUEAS08;  Abi es grandis),
(AY195609; Antirrhi num maj (AY195608; Antirrhi num
maj us), (NM 127982; Arah thaliana TPSI O, (NM 1
13485; Arabidopsis thali PS-CIN), (NM 1 13483;
Ar abi dopsi s thaliana ATTB&CIN), (AF271259;
Perillafrutescens), (AY473626; Picea abies),
is found ﬁfﬁlﬁg ALEs arfd S&salﬁﬁaseai PirRAg i M@@ﬁ%ﬁﬁ@%@gﬁlehé Stkhase.

Cci nene [00124] a- and b-Cci nene, /whose structures are

Nlustrafiygicxasmpletef valtghle aveleotilprganences insfudeiut gre petdigpiteddny () o-
pinene %ir“h&s% rge %L&B'%(p g{ééi(ﬁqni tl%%'ﬂ PRy, (S)aﬂiﬁﬁaaé‘ JyRfRa&P

ynt’hase. l'ustrative exahpl'es of suitable

(AF543528) BEGI@@J §<3q UG é%!milsrf@l?dﬂ)eaf!ﬂﬁ’*‘)/cir)é-mmnq synihase| (AGU87909,
7 num mai ns), (AYl 95609;

REGIO%?EIH?EW Ablﬂq‘%'la%fim(AYlg%OS; Antirrhi num maj us),

B-PinerfeAK221024; Ar abi dopsis thaliana), (NM.1 13485;

abi Si S al i a a ALES-d N), (NM_ 1 13483;
foo126f abi i’gggﬁegﬁt‘ﬂa goe SHetireriss g N, - 28 - |Si PCT/ US2001
(NM_1 17775; Arabi dopsis tAh ana ATTPS03), (NM. 00
1036574; Arabi dopsi s thakl TTPS03), (NMJ 27982;
Ar abi dopsi s thaliana TPS| ABl 10642; Citrus unshiu
G tMISL4), and (AY575970;/Lot us cor ni cul atus var.

is foun%l 31 erx]m'e %r%gs);, rogempallrg]',e Sa?‘ley Ocil' ﬁ Sllasﬁ %gg B-\g:r?esn% 1§ gnra gtfr%EneGPP by
B-pinene synthase. Illustrative examples of suitable nucleotide sequences include but are not
limited to: (-) B-pinene synthases (AF276072, REGION: 1..1749; Artemisia annua) and
(AF514288, REGION: 26..1834; Citrus limon).

Sabinene

[00127] Sabinene, whose structure is

H

is found in black pepper, carrot seed, sage, and tea trees. Sabinene is made from GPP by
sabinene synthase. An illustrative example of a suitable nucleotide sequence includes but is
not limited to AF051901, REGION: 26..1798 from Salvia officinalis.
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is found in pine trees and eucal yptus. a-Pinene is
made from GPP by a-pinene synthase. Illustrative
woxapier4of suitabl e nucl eoti de sequences i nclrauaskut/ 012467
are not Iinited t o: (+) a :mlnen nt hase
7 Pmdasdey POTIMS20060TRE Il
) L B RBRBRAINL: [us T ceda) . naem s M
(+)/( )a pi nene synthase (A£1B7909 REG ON. 6 111892;
Abi es grandis). b-Pinene [00126] b-Pinene, whose
structure is is found in pine trees, rosenmary,
y-Tempinenes| ey, dill, basil, and rose. b-Pinene is made from

nene nt hase. Jllustrative exanpl es of
[00128]SU|ta%T1gr£'E}8ﬁ‘eeé"f}1 %S HHrites incl ude but are not
limted to: (-) b-pinene syhthases (AF276072, REGQ ON:
1..1749; Artem sia annu) apd (AF5 14288, REGQ ON. 26..

1834; Citrus Union). Sabiffend [00127] Sabi nene, whose
structure is is found in blqg,

pepper, carrot seed,
sage, and tea trees. Sabinefie is made from GPP by
sabi nene synthase. An illusftrative exanple of a
sui tabl e nucl eoti de sequer€e~ncl udes but is not
limted to AF051901, REA ON: 26.. 1798 from Sal vi a
is a conSiifukft d¥ahé Sssentid Dil fr6Hh/ ditbaIchitd - Hibbhérﬂii:aﬂy,[}@&i:}ﬁ&]me is made

? Tef i nene, mhose structure is I%F fonsbh;
from GPR by @k ieApingne BPast o HGPERvR o ieLol BHgelratieisete 9sequen°es

mcludegcm 186 nﬁEGﬁoﬁTaga f s&rﬁﬁﬁ%zbws Hnfdmh BAO(ABDED640, REGION
nthase. Il ustrative exanpl es of suitable nucleotide
11803 &ritus upfitdude: (AF514286, REG ON: 30..1832 from
_ Gitrus linon) and (ABI 10640, REGQ ON 1..1803 from
Terpinatgner us urtshiu). Terpi nol ene [ 00129] Ter pi nol ene,
[0012913""0361% iHGIHE SvhcsesBul@d 1 n bl ack currant, cypress,
uava, chee,” papaya, pine, and tea. Terplnolene IS
made from GPP by terpinoleng synthase. Illustrative
exanpl.es of a suitable nuclkgtide sequence include but

is not limted to: (AY69f. om QGsci mum basi | i cum
and (AY906866, REGQ ON: 10
nmenziesii). Cs Conpounds~N.Q08

87 from Pseudot suga
bi 0- organi ¢ conpounds are sf@squiterpenes which are
general ly

is found in black currant, cypress, guava, lychee, papaya, pine, and tea. Terpinolene is made
from GPP by terpinolene synthase. Illustrative examples of a suitable nucleotide sequence
include but is not limited to: (AY 693650 from Oscimum basilicum) and (AY906866,
REGION: 10..1887 from Pseudotsuga menziesii).

C 5 Compounds

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

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

[00132] Illustrative examples of nucleotide sequences for farnesyl pyrophosphate
synthase include but are not limited to: (ATU80605; Arabidopsis thaliana), (ATHFPS2R;
Arabidopsis thaliana), (AAU36376; Artemisia annua), (AF461050; Bos taurus), (D00694;
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1

derive from farnesyl pyrophosphate (FPP) which in turn

is made by the condensation of two nol ecul es of | PP
woi20d7/189%24 ol ecul e of DVAPP. An enzynme known t 8CT/US2007/012467
cat al yze thl for smxanple, farnesyl
upeRbTsRD gnan) PGTAIS2007/047
a4y H PPUARANENERPP can be conb BT ESEE
produce FPP V\/nl ch can be further processed to a
sesqw terpene. [00132] Illustrative exanpl es of

Eoer Ry ALK RZCORERD. LRkl BRGSO el o

nucleatbreATOGH235 386) (@ FEPSGEN AT BRI, fufikaioi)] (RROAD009, Locus
Mwséﬂi‘i,t@&&@ejba@msgg@i éﬁ%@,”{&(ﬁp?% THBanehiss aroins). (HUMFAPS;
Homo .%%ZKQPFHSQ@R?KMM@E&%H@I MAIAI 3577, Lu}yznus albus),

&M Sl i % &_ @SSLISASI Escherjchia co K-
AU upinsscbs), (ARSI A sy 9oRICE BFSURR: Newospora
crassa)) (BAEPS m’mm'& ?rﬁzﬁhh‘zg‘ (’P‘J@@S&55§ﬁ%em(dﬁ: 6%5’)5%»1),

G bberel’l af uj i kur oi % [ocus AAWG
(RATFAPSy Maeﬂeffveswabﬁ SEYEPy Sac(CAmcng%ggeremmeMmaéO‘i

P
Schzzo%@hﬂj*ér e %%CWO@LSL hg%TS?E’:{?gI .g u%ccug pyogenes),
(CPOOQQJALEmlAAZébeMSW@JPMVHSWQMDW%Qsﬁﬁﬁs &ocusYP_598856;

Strepto%\giﬁ tpi%%es N%Agﬁggfﬁpgﬁﬁ@ﬁ 2 m(g(r?tgg ﬁ{'rétdljo%%{‘.g‘,eﬁ»%caccus

pyogeneRM]GAsso%)a(NGsOOﬁﬂMeboms\}P GOZ8BERRrefamnchey progerss

I Si 9104: Schi zosaccharonyces ponbe),
MGASE%O@&%&%@%E?’ %ﬁ@%‘@& St rept ococcus pyogenes),
[00133{ CPOOXtelrfiati ved e, USPPAEADAI §1B: mAtlé bpladdingdPB t¢ GRPerTHastrative
examp%ggg%g%e slégﬁgcggg@gg‘l%? 5%& ga e{y%’%% %%2?%’?3 ofo Ps rggcetlson include

but are 9ot BNie8 96:(AF 06T ENascubA208As; 4 b&ﬁ&b&@:@&s VESLUSIM_202836;
YP_602832; Stre%coccus pyogleneé %/GAS gﬂ

ArabidopiirthoBangls SORIAA, LopppBAady12 7@@4@{&;@@1[@;@1%@@ Locus
AAczﬁﬁOBP&dﬂB%bﬂ»z ﬁggh@gmlu%bm 1@§’F(BA¢F19PSJF @Ebb/a%zllus

exarrp nucl eoti de seg ences encod |ng or an

stearotémwéllea)p QBC30%29410h LacusddR 1§78 Stntperaephilus da(F@yn&iOOOHP),

o B K RO AR tomo i

(YP_39(5[2844820101E®GU8¥ M@&?ﬁ saBaA3K)uENE LASERB shocus UP_ZE’%B

N L e fﬁwﬁﬁ%@m

luteus) UL DORPAG, TIXS4 Y -H2OBDE) i Naisseria goeyirhd&@IAR90), (U00090, Locus

AAB9 1}2{;\%0%/%3 QLOC 7o N%@ségpgﬁ‘; ;5‘2:@ h@%%ggeg&'f?&?s%e‘f BBo00031,

Locus AAMOGISES] Silivibasmk pbmsxdgas mSSSm}; CAEQGI981, [ DEusOOABEBS90;
StreptosSR 0B o Lo RRE oA s RSB BT s

TemecithLy, 0COCCUS

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

examples of C;5 compounds include but are not limited to:
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Iuteus) (NC_002946, Locus YP_208768; Neisseria
gonorr hoeae FA 1090), (UO00090, Locus AAB91752;
wehowabsazm sp. NGR234), (J05091; Sacchar onycesPCT/US2007/012467
cerevisae), (CPO00031, Locuwa AAV93568; S|I|C|bacter
OB B8 i "wiwﬁwcﬁﬂlﬂuKESQKUW%;
R PTOC O pPHeURONITE and (NC__ 0045885 H
NP 779706 XerIIa fastidi osa Teneculal ). [00134] FPP
is then subsequently converted to a variety of C 15
£mg22$£@$gﬁnds. [Ilustrative exanples of Cl5 conpounds
i e but are not limted to: - 3 1 -PCT/US2001
[00135)AnDr pRadbphedibak) dise Aradtufaidi ene, whose structure is
IS a precursor to artemsinin ich is nmade by
Artem sia anna. Anorphadi ene i§ made from FPP by
anor phadi ene synt hase. A ative exanple of a
sui tabl e nucl eoti de seq
Pat ent Publication No.~2O, 05678. [00136] Flgure 5
shows schematically how | PP anq DVAPP can be conbi ned

to produce FPP, which can thea®dg_ further processed to

produce anpphadi ene. a- Far nesene [00137] - Far nesene,
is a pregiferictogrtenininavhish i mede Ry Ay femjse it b\mrsba%ve is made from

FPP by%ﬁ‘lﬁrgﬁacd %%'Hfﬂa@él Byt Eativt BkiBflelo? alddRabld lbleofide sequence is
in an

s and in the coating of apple and pear

SEQ IDpEé] 87 Oél-F&n%@elﬁé’ubélcmNprm 5l§7 a-far nesene
nt h I
[00136Ey enc re|5 slhfi\%g aﬁ) rﬁwﬁﬁ?'ﬁg m g MA? A 9 1h9c?to

ut are” not rom

produceP?PBswhmhn:um tlendgl further pmbbemj:d)to produge, axgemadmne AFS|)

a-Farn and AY182241 from Mal us donestica (apple; gene AFS 1).
ouus et al, Planta 219(1):84-94 (2004).

[00137)- Far neBanesep0ibdEe shubaraiissene, whose structure is is

found in various hiologica source i ncl udi ng but not

limted to aphids|and esse ti aI i JJs sych as from

peppernint In D2 d pot at o,
is foumf gbvz}r}nozlﬁ ;%n ei%g ﬁ%\l sﬁn tscgzg zrllc Egﬂggu? ?or{q obtgéc' gﬁ‘#ar ;]s e%%?]de in ants
and in thy Rbithteof dpblamidr;&rar peelemrmhegeneﬁs siitlé floheFPP by eofarthsene

ences incl limted to .GenBank .

synthashe JLGERONC FERBRIFS LU I SCRERTIRECS BF B Phsare not imited o
DQ3090%€ B! P comst&mbarJdmman pAYSEm3Mnier AFS 1) and AY 182241
from M@%ngggn ; uﬁle ge@ﬁ% g lfjggewsper}ytl © haenrzrc]z 256&) g? (99)(2004)
B-Farnesene

[00138] B-Farnesene, whose structure is

A A e

H

is found in various biological sources including but not limited to aphids and essential oils
such as from peppermint. In some plants such as wild potato, B-farnesene is synthesized as a
natural insect repellent. B-I*;arnesene is made from FPP by B-farnesene synthase. Illustrative
examples of suitable nucleotide sequences include but is not limited to GenBank accession
number AF024615 from Mentha x piperita (peppermint; gene Tspal 1), and AY835398 from
Artemisia annua. Picaud et al., Phytochemistry 66(9): 961-967 (2005).
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Farnesol [00139] Farnesol, whose structure is is found
i n various biological sources including insects and
woezsEnByeah oils such as fromcintronella, neroPCT/US2007/012467
cycl amen, |enon grass, tubeBoseéﬁgﬁgbégég. Far neso
Cde o DYTATHIRRE A Tl -3
s c i %g%%ﬁgs of suitabpgg‘* ”
sequences include but are not limted to GenBank
accessi on nunber AF529266 from Zea mays and YDR481C
from Saccharomyces cerevisiae (gene Pho8). Song, L
EEEEEthpIied Bi ochem stry and Bi ot echnol ogy 128: 149- 158

[00139]_(ZOQGﬁramgglo\lvil&QISn{uQQ}éLQ] Ner ol i dol, whose structure

is is also known as peruviol, and is found in various
bi ol ogi cal sour¢es including as ¢ssential oils such as
fromneroli, ot ' ' ehoH ea tree, and

| enon grass. Nerolidol is made from FPP by a
is foundly dadsyd bistogicat Boarsesninchidingpinseysnanrhessentia oils such as from

. illustratiye e | e of sui t abl e nuc tl
cinsone S B ol il BB SR AL ERG e by
a hydroXyTRdeZgich 88 R@néRS kynthat dhosttative eRAMPAIES oPatitdbbenedlgotide

whose structure js_i sQ, known as pat chouyl.d ol
sequencgnipepuiedi SIS BIOTTHE B LB PR PB e ot 520266 8 Zea
mays andOBORY 8 10 TR SEEEHArbmy Faicehaisiddgehs Phiss)e SongnLEAPplisd
. pat choul i ol synthase. An |II%%trat|ve exanpl e of a
Biochengigiry and Bioteeor R & Kbt @08t udes but is not
Neroligbl M ted to AY508730 REG ON: 1..1659 from Pogostenon
—  cablin. - 33 -1IM i h PCT/US200) 1I i i Val enecene
[00140)[ 0014 Neralidobrivlese SUHAYERISSt ruct ure is is one of the
mai n chem cal conponents of the smepq and flavour of
oranges and is fqund in or Val encene is
made from FPP ) ustrative
exanpl es of a suitable nucleotide sequence includes
is also K}dbwnl &% gepivibl, Bhd edfcufd Mddtioub HolBEickINurces iddidding o B3sential
) Ctrus sinensis and AY917195 REG ON: 1, 1653 froq& g
oils suclgp fionnnerglcgingers jastune. dyiepdemira tree, and lemon grass. Nerolidol is

made from FPP by a hydroxylase such as nerolidol synthase. An illustrative example of a

T

suitable nucleotide sequence includes but is not limited to AF529266 from Zea mays (maize;
gene tpsl).
Patchoulol

[00141] Patchoulol, whose structure is
OH

“y

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

from Pogostemon cablin.
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[00143] Exenplary C20 bi o-organi c conpounds are
di ter penes which are generally derived from
wgeo@ngdger ani ol pyrophosphat e (GGPP) whi ch i nPCTMS2003/012467
made by the condensati on of34t hree nol eculab f
i R& MUDEUR
, Wl e, geranyl §&
pyr ophosphat e synthase. [00144] Figure 5 al so shows
schematically how | PP and DVAPP can be conbined to
Valengg.glggjuce GG&PP, which can be further processed to a
fterpene, or can be further processed to produce a
[00142¢ ar ot eYideukenpO@haE]stiuctwrsis at | ve exanpl es of
nucl eoti de sequences forzgeranyl granyl pyr ophosphat e
synthase include but areindgt |imjged to: (ATHGERPYRS;
Ar abi dopsi s thaliand), Arabi dopsi s
thaliana), (NM 1 19845 s thaliana),
(NZ_AAJMD 1000380, Locus#ZP~68743052; Bacillus
ri ngi ensi rovar israel ensi ATCC 35646 sqgl 563
i one QiQREAPE e RO S SPel P TAVDE 5 OUBEPa and i found in
orange S ' qqkléli_)t
.g \l??ﬁlgelﬁi’eln’ggng-r%éé%ggg#’ Cc %&Ft)%%?l?é‘g}rﬁﬂﬁs%mﬁwéave examples of
a suitalylp pyeleatidensegpenagripeipdey imtdy nolimitey toyB44l 124REGION: 1..1647
_ _ o\ Ls) F :
fom AR NS PSR AR ) R e iR
C2x Colngonndni cus), (AB016044; Mus nuscul us), (AABXOL000298,

[00143k|23 lr'lgs]%%?@%&;%zg yf&&?%ggm@%ﬁg%dgﬂ%%gg ‘g‘v%'ich are generally

derivedZfPoR(B34:85Eg:raiial prophasphate {GERPY rwhich ib@ts) js hd® by the
3. t NQLVegidnus SCU31632: rqQmyces
sondent Rt S ey SEEEL Pl e B kDR A R B Eme known to
catalyzg Sﬁg—ﬂéﬁllsd, %mlalﬁ%mng;%eggmﬁopﬁuyﬂ@@&%hase.
ci do arJj ys), my. LOCU ; )
1001448 G888 Sl PeREtesily hosh IPR A8 BDRARS oan by pambined to
producd BGRAGRHch ¥ADbd Alrihee PRIckssedhdh ditbPRALRr can be further processed to
Alternatively, GGPP can also be nade by adding IPP to

producg-psarotenoiht r at j ve exanpl es of nucl eoti de sequences

00145fNcodiNgstAfiveR ' | j e
[00145f A2 0SNGt E AUTPIES B lc1Bofitle Sclicnded f6r dchihyl i

Imte

pyrophasphate synthape inshitedut peg natdinyited teRACRTSERPIR Biodrabidopsis

il o005 b RO i Dy A541, 0 i o
(NZ_ALINEI08038D, LoewrdB 500743052 RsiliarRadBgienih sctobaciserelensis,
nce PSR RO 30 5 e B3 g, Lo
ZP_0044598 glieadbastexiomvaicieatim sulspy vincattyj, ATCCAA256)(GFGGRPSGN;
Gibber%ll(l)c% ﬁg?%%@{t%éﬁ??ﬁ?@r,?{y?%oe %:zzér::l{a 10 &[H?(%%qéd Hgll’e%db%’akpzjllitens%)?
(ABO17971; Homo sapiens), (MCI276129; Mucor circinelloides f- lusitanicus), (AB016044;
Mus musculus), (AABX01000298, Locus NCU01427; Neurospora crassa), INCU20940;
Neurospora crassa), (INZ_AAKIL01000008, Locus ZP_00943566; Ralstonia solanacearum
UWS551), (AB118238; Rattus norvegicus), (SCU31632; Saccharomyces cerevisiae),
(AB016095; Synechococcus elongates), (SAGGPS; Sinapis alba), (SSOGDS; Sulfolobus
acidocaldarius), (NC_007759, Locus YP_461832; Syntrophus aciditrophicus SB), and
(NC_006840, Locus YP_204095; Vibrio fischeri ES114).

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

examples of nucleotide sequences encoding an enzyme capable of this reaction include but
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[00148] Ceranyl geraniol, whose structure is . is a

constituent of wood oil from Cedrela toona and of
woiznwaseb2ei | . Geranyl gerani ol can be made by ePgT/US2007/012467

addi ng to the expreSS|on casstructs a hatase ene
e N p—— S Gﬂ]udéa 1246 .

e & i ]
.‘:~‘h~@%gﬁstrm fol | owi HY

and is found in trees such as Abies grandis.
Abi et adi ene is nade by abietadi ene synthase.

o USRI O ol Sl o onc

agglom@Fai3ili (5))90&8@ LokWs B26RIK12Rt Paaroad uraatisy,AB5229hHaicns €AA36538;

Rhodotgtss o GAELENED, | ARRI T RUErar T B4, and

(NC._ oms@unbmﬁqupmm@wsmépmca@ssbzafdn@memg (025 compound
fromfive I Soprene unlts trlterpenes

C30
[00147F 6 n‘p o FHABP ipidnen FRlsRANGIALY] %ﬁ?@%t%ﬂnv%rse}y obfyep isoprenoids.
Illustraﬁ@é 5)@&{11%19@9@@2&%0993@9%%6 R ﬁrefrfo‘? Mhfitedhth; | soprene

5) .- These conpounds are made by using sinilar
Qkﬂﬂuhaiﬂnﬂh described herein and substituting or adding
[00148EUC| e%ér%ﬁrlﬁ%ﬂ%ﬁ?%s@?ﬁg&ﬂ?e igppr opri ate synt hase(s).

ngi neer| MPCT/ US200 [00151]

isa cwh?ﬁeﬂﬁisfp%‘g%%?ﬁ% P B HE Syt con e

made b@reeg } yelinedal thie enpriesten eshsuscBg plmsplidmsagehe BR¥x the gene for a
echnol ogy by expression of suitabl e heterol ogous
Gc““’§@ﬁ@?ﬁces encodi ng one or nore enzynes. [00152] The
Ableta(ﬁbl,m ect nucl eotide acids can be expressed by a single
ti.pl e vectors. The n eic acids can be arranged
(00149 , o g‘msnagleaﬁemﬁnpaéﬁeslthe &l BE&SOFFEFons that are
placed in one of multiple vectors.
expression.yvectars can be enpl oyeq
oneSi Faps

t wo

Wher e desi red,
each of which

[ i ngl e oper oj. e the choice q
! phe~Vect or s _amhLhe~yus€ of single
@ depend .@ e of the het
juensgs—~and t he cap t he vector

, and
and is found in trees such as Abies grandis. Abietadiene is made by abietadiene synthase.

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

C29+ Compounds

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

Engineering Pathways
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| argel y dependent on the overall yield of a given
bi 0o- organi ¢ conpound that the vector is able to
wonroviidewhen expressed in a sel ected host cel PCTIUS2007/012467
sone |nstances t wo- operon;%xpressron systenr rovide
S S L o @ %ﬁnHECEEMd w! 1.2 A
cHLLSTRE: ARG cabl e epi sonat*
an integral part of the host cell genone. Typlcally,
the latter is preferred f.or a sustained propagation of
he hq t ce 001 In certain host ce
o151} o; o AMniieh Sor RTalVe o B e i P delfrineg it

referen&PO P@neetifg ﬂCH’IIQIB\nh SﬁcHGSBXP }iﬂaéhW?yQ thbekh rxmﬁmls eaﬁ be adapted to
syst em prqvi S a ni I € or a ,nl.Q-or
SImﬂar'e/oﬁrxga@ﬁaswe% e?ﬂ%rvwgﬁ ﬂém “iggRieBAl PO Gaapeunds. These

pathwa?@&'ert?ﬂcamh@ngﬁﬂ&ir&ﬁ tisifd ¢ Rinbiddrit DA Gt PREREY B3 exPeession of
fied to reflect the codon preference of a selected

suxtablmbe@mkceops sesuspeescancading gme or B33 EBBIGE- of such
[00152ﬁ equenge ubféc@nm%tlcﬁeichs ERbe %ﬁgf@seﬁ baﬁ J‘ﬁn?l‘é Rjr %htlple vectors.

cl eoti de sequences W IN SO
The nueleiti acidsctan de ayranged inoalzsingleroptne arin separate epegons that are placed in

one or %gggﬁég%&lr%n %Vﬁ@e Ide% g'e%g %)Jo ‘g:iqin%s%%n vg?&@caﬁ Bé (e?'hjloyed each of

anot non
which cumtdigObneckear memlmtmek)gwus hequanmslm@erablmbnkedentassu@e operon.
cod erenc

. fied.f. . |.i . S G . G0
NP S T i S T
depend:ofithé& siZd 64 thefyst€roldblie sequt AR )anlthe cdpiaoity oEttelvectbdy, G) will

1 864-872. e aI k ef. al 2000
lagely Aeparentan tegp STl olY gHReR biogrcpifPaRRP T4 fighfhe vector is able
to provifedAiinSd X prexsed AvaidiediéEhostatiec. hIrCsiﬁ\néJElsta&eéi; &So-@peron expression
reference |n d esi gnj ng, sequences of

h
system pERAARS| 2o thy wreﬁareﬁpm@eaa% To S‘&’Jﬁ‘r"\)’éﬁtoﬁso%at“ stay

replicalfe %eeﬁeﬁpl ms%nﬁregrdr qsah%erme cdih §eﬂdn|f@| Tm@ar)othe latter is
transl ation, and hence he expressron | evel

preferrefbfor @éﬁs@’@qé @ﬁéf@@atl?f@gﬁ'@s]hoﬁfr@ﬂar ation of t h e s u b j ect
[00153P ucl e'Iﬁ Céﬁé‘q?&‘)’. Lo ll@ Sthe @E{){'e@tquf&l&c éﬁd@m\é rHe%BXtrQlfled by one or

utine reco nt tec I ques an syn
more operondimrseme iBstanddsya twher Hus em‘-'trom sistesh @rta\adw kighetideld of a

blO-Ofgg?%\ﬁmi’%“%‘gﬁg 3519‘%{%0& %%%&1 directl ;m?r SrlrrlAZ CZ: :

[00154pr r ecWhtmmiasntd:@g they ndbgmdu&:iym\wrd mqsemwp lchd be atqddﬁred to reflect

but
the codB B5aR RS oEE R iEE ool Th et d TS Rbiea B S bled Shences in
a host dejipiFoa Iekamplreytbie\sabjesﬁwmmdalsembés will if sodie drhlomdiments be

e a 5' - bl ocked ucleot de m)orrerst
modific]fop Jeeg HOGRrBIRETSE o6 i REPRIETEO el PElSghds Diol. Chem.
257(6): leﬂ:65303\rl]\h l@[s&iﬂ&tmﬁsn&ﬁﬂiitiﬁg @RarmplepfHeatichatidy sequences will in other
nucl eophi |.jc attac e term na r ox rou
embodigpenis e @Pé\f&e@%ﬁa‘rq{f orlrpéefgrenﬁes e 6rE wpopnind dagier (1982)
Nuclelmammes mggjﬂ 7055%946@&%}&/@11@%19@96))1\4& BRLiBRL ms) :864-872.
hotriester, phosphoram dite, or th

such pho
See alsp I‘I@ésamsm arlfa( QRN w?wr/‘sc%%wa 286)t498s @QS‘P“(B‘F%&%P‘?S for many
organisidsl dré aldi1abRe wifidh can be used as a reference in designing sequences of the

present invention. The use of prevalent codons of a given host microorganism generally
increases the likelihood of translation, and hence the expression level of the desired
sequences.

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

can be prepared genomic DNA fragments, cDNAs, and RNAs, all of which can be extracted
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and is described in the pertinent texts and literature
(for exanple, Matteuci et al. (1980) Tet. Lett.
wo2007713%24U. S. Pat. No. 4,500, 707 to Carut her spet/uake07/012467
and U. S. Pat Nos. 5,436,327 ;and 5, 700, 637 to Sout her
, pleglely | POTIUS20aTA1440
jlaid HOOT gani sm can bePrtTreEdse
in a nunber of ways. For exanple, this can be achieved
by increasing the copy nunber of the nucl eotide

. sequence encoding the enzy (e.g., by.using a higher .
divectly gy SebioB FecamTARYy GRodises Gy vabiiss rePHlCapo pip ey acluding
but not BSHLE RS PCRVRCGPER. he enzyne, or by introducing

a

ditional copies of a nucleotide sequence eggodiqg al
[00156]t he ePnprechemienlsyrthgenehpugeicagidsiyairally Wy8yFrY SFHEH2

additior cgfL 3 3?1 l1&mdY -pi&GAa MRdlealifd nloRe AR 13ahd %gxgiri& 8B droxyl

e’ vectors, reco .I nat I 0[] usi tr;g _| anmaa pha&;e
group of 8 grovbing asieleotidelpalymien chain; whergingeaghadditiopds eticged by

ran abl.e J s L [ . b 6L aiti
rctcorHRRREN ShFRLY gk Ol HaaL i psion
of the agdddyrabsdmen whicHislAymitallna phespborusrdebivatake, sechgs aphosphotriester,
oper.qan into i.ndivi.dua enes,. h. w ' a1
phosen 3 oL SUCRASLES i SR ek by it in o

and is dRSRTHRH & tHel fefigeiit taxitd and JiRtdturet(forexample, Mrgtencipitiabr(1980) Tet.

control sequence) t ich the enzyne [ egi [
Lett. 52§ JA0REHS Tt ot 90 F0LR it Gy A3 D530 875986527 and
57006§7apg&9§&mj9@L*actose-inducible pronoter in an
" "Escherichia coli

i haost m ¢roorgani smin place of a. b
[00157ho i f iThe l¢vet pHYRISCHATRR Bf & NRFIGIGACH} In & MYEroPHEnGTEcan be
increasd PNl AbRRIFWRSLT FBE e:@dﬂﬁpl%,@is@ﬁ%elme%@SﬂiMéasi@r the copy
using an I nduci'ble pronpter and inducing the .
numberi afdbe hitleotislecrearance ispceding Hiy ZEMEF8albYusing Hpigherrory
numbeljﬂ@(g}éég?onm@tok @ﬁﬁkﬁgﬁg LI RRRbakHE 0uRhcderitd@iRhé Efzyme, or by
sequence in a host croorgani sm can be increased in a
introducingldditiohalwmpiss of agiugkiotide sesueneencopifie the epgyme into the genome
increasing .t hesstapi |t {_ AV “suicide”
of the HoBHER AL AT R TRbIE By Bie MR Yoo RElafb A bF ovicide
vectorsdiesbmbination usiag lembda flelgaeecombinase, ok onimsdstion ivirg transposon or

and the start on .of the enz i nd.: .
e G R Ly TR T g e ot
regions &t pEBRIstonr mRAMA6LMM operoh be bigakisigdp i opehen Bit@individual

codon .of the enz codi ng .reqgion, .stabilizi t he
genes, epch i 51 VR GORFRUAIPERIS T IBTrerers Beriephies U gromoter
(transcr¥ifsi inltiatiod of AAHSMPES cORELI ehliignde)® whithnhelagymendoding region
) enzi/.rre, altering expression of rare cod&g t RNAS u%:ﬁd ter
is operably Hipkeds{forR GG usingra ¢ONSCRS FFAPINSRUPTRCIOR g Dfgpromote

in an E}DRREAL\BZ st mi@bbrghhi¥mGh PR cTaz)bdfied factdse¥inducible promoter,
exanple, via nutation of its _caoding sequ

nce. , . .
such as[the engrfavardiie pBbesgrirttand theiPBBRIALC FlRSHISR) @ tpize FdRrucible
iBIRC [0Sa EfentiBA186 ad@sWiEHedium.
promol RSN HB BEERE s o fgpineiltiom.
The levgbof wansiasiontnd agmeleotide seqneper i 2hept migroergaaisn eqppbe ereased in
a numb%ﬁgf" H%J@I’Fd’lédiﬁ% &Eﬁgﬁ%ﬁggﬁo NG ¥ Eng the sBMilRy of the mRNA,
enbodi nts, 0

e subject vectors yield at |east 10,
modifyhet the sequence of the ribosome binding site, modifying the distance or sequence

it

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

expression of rare codon tRNAs used in the biosynthesis of the enzyme, and/or increasing the
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10 to 2Cbbet ween 20-50, between 50-100, or even higher
than 100 copies of the desired enzyne. Low copy nunber
wolesnisgr4general |y provi de fewer than about 2@cpluasmirdi2467
copi es per cell; medium comg nunber plasnids gene
i it piles ieiiicel r from about POuHligsH
copi es per cell to about 80 plasm d copies per cell;
and hi gh copy nunber plasm ds generally provide from
__ about 80 plasmd copies_per cell to about 200 plasmd .
stability @6 ez, S FT SXGRIRNo Fis MHESPBSY 18 oA ST Ly mination
5 QA4 Y26 todsh fRNAFS&BE bsdeid@dnGidquéenvel audysisttifigenes
of preferred CdbA ?lﬂnjted to, pACYC184, pBeloBacl 1, pBR332,
derived {fBADBS hop BBRIMEISUHY- i t s derivatives, pSC A, SuperCos
[00158] (cosmpgl) Sub?é?:g v?&@lg’afn(l‘feo@&ﬂ%ctﬁcﬁﬁd P £4684idUtet 8PYopy numbers
ors for Esc t

expr ession’ vec erichia coli include, bu
of the ermtbded@izyimeni InsdmeeEnpdigents, thBAmbdct veatory Kieldatdeast 10, between

cont ai nj a | El -Qringi r ' ' i .
10to 20d€‘?t?’v\75rf P@%Q » b ep %gﬁ’el 0%7 gﬁw &8 613‘&#1% er fUebx%lisesS s(%fglﬁe desired
enzyme.V E6vQiopy fnRinties plaemidsgemerablyi provide fieteer than albows 26@asmid copies
lin,ted to, Bl uescri GE . .
pr ot i Rl RS R RIF Y g copos
cell to afx%fé4 5!1?) o 1E%bik¢d @gr Elé_lt, oaﬁengﬂtso;t Qgépﬂasdﬁﬂ @pgigRﬁdﬂﬁlHn cbout 80
. .PR& i kor skij i et er neti.cs : 19- 27) .
plasmid gpiea Brecath gnd BWOEYMUE}"&% Pgaim)"éss%ﬁ“sf?*@é’é o Hot About 80
pxasmidxegﬁg Eneditdabopttomplas cdpids feedell,or 198425 and
p 28 (Christainson et _al. ( 19?2) nge, 110: 11 1?d12§21
[00159] A t er Buitablelos saRyr SiPressionasstasniardescherichia col tpglude, bt are not
imited {52 a ' pBBRIMES!R its derivatives,
limited %Bpﬁgﬁﬁf% ’ ?%g{ﬁ%k% ?g%%{ﬁ&?rhméeﬁt 5 83-90) or e
pSC101; RuparCog (ensvrid) apd p¥H cg@aﬂ){@umlmqi@%pqﬂy expression

asseit . i i ' : I

B
containiag la@@dIEd nrighr &fvepicationzmdliB\dedivatydsafnitabde high copy agmper

J. Bacteriaql ., 156.(2);.. | .
expressiphg RPN gL VG, Bt ke il MRAEH G PUE gBluescrint,
pGEM, Zﬁ&lﬁ)’rgivea?ﬁs. Siiable [odBd6it)] (cm@omalﬁg)rqcpeetsei@amegtors for yeast
i i.nclude, .far exa r pgr [
T L
122:19-2M0 SAREBIE Gighatdpyey mri]dﬁjm iefapﬂ‘e@iish !vgct_bif's_ein oxut dsdudsm bof are not

. .one_ar_nor at play a.s canf, I .

it S5 TG RRISE SRS, U SIS L 2D, Arermaive
micron SPTRRI VIS iicdGle HOrPSMBMIE vasarts SEhen@ired vector (Bruschi &

nucl eotides that initiates and .controls, .t

Ludwigt SSDGIPLOwiFt -8RI TchE RICSBUGHIGS Biaring Fgxpression

cassetteRQ% ?ﬁ@?ﬁrﬁﬁ?ed‘%flz(lg?PatAﬂpﬁl? 2003084932 PorSEAKGDE pla8nids bearing a
_nucl eotides adjacent _to the pronmoter that _functi ong t)p
defectivesatecdon mesdses sheipes bRUSH (Erenged pk 4105 ) Bpetenel; 46 (2): 625-

635) or Wﬁ@gﬂmgglefmag of BRIAER S Gk L @HEMY 0PiISBRnBE: 7828): 202-
207).

[00160] Regulatory elements include, for example, promoters and operators can also

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

transcription of the desired nucleic acid sequence. The operator contains a protein-binding
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domai n where a specific repressor protein can bind. In
t he absence of a suitable repressor protein,
wonreoTgieed2pt i on i nitiates through the pronoter. pPCH/USk®7/012467
presence of a suitable repr®ssor protein, the
‘ e PCTAUS 200701
b dety 1 ihe pronot er. Ll
some enbodi ments of the present invention, pronnters
used in expression vectors are inducible. In other
enbodi nents, the pronmpters used_in exgre33|on ﬁaﬁtors
% ICpressor

domain wheresosREE L ACPTFESOT IR0 S BT B IR FESCrER &f 370

protein, Mgé&f CioRGhitiaRS WBNSICtheAsBmPRE! #Pthé pristheé of # s@ifable repressor
UCbl e pronoter, and one or nore other nuclei¢ a

protein, fecpepresser potsinbiadstsl e opateter ang thereby Silpits tﬁi’écnptlon  from the
ronoter. [00162] Non-limting exanples of suitable

I:"'omotegrom)ters for use in prokaryotic host cells include a

[00161]bact el mnimagﬁbd'cﬁnﬁhﬁ qfdhe peeserg ényandini PRomMogers |uped in expression

L

constitullyé& Hh@oﬂi’e@i’ﬁﬁo@llmer&s tore/ draﬁore rrmrrla:iceac,ld aeq'ﬁEhd:ei(are operably linked
ronot er ; éoglrom)ter a ta

r, and the .
to an infieRle PEATPaERIAD B SRBISF PUER UGl PULTTOAPRG BTy inked t
aconstlwgp%n%rssaG pronoter or a related pronoter (see,
exanmpl e, U S. Patent aj:ilil i cation tNo 200 &1316 71)1dt il
10016212 NORUBI{BE PG R SH G PRPRER oD R gFaFFERLe st cels
include (a%%@ﬂ:}lﬁéﬂagel 7 ﬁﬁ@%@lyﬂe%’é B@orﬂb@ﬂdﬂrﬁ grcﬂhotel(, 2982pperon

A. 89 21) 0079- 83) ahnl r.B
promoteyr ® hpbd PYAROEG forcexamplg, a leq_/gaggy IPTOWPE?HF tac/trc ybrid

promoteq Z&Bﬁaﬁé&%@?g@kgf@@ pl‘drK@tef, S.ﬁ?o %Ifoﬁ[otgr){gim I?/b r}zﬁ!@\}?ierﬁgtthe like;

an araBAlD p(omﬁdr); in/wive regulsted smts% @chm@n@qqﬁfm@nateé pr gelated

promote%rgg r%g{%ne tRPk P&Qnt%’hﬁg&) 8. SOdHTRE 963572 0’{?&?@ promoter

4 consensus Si pr onot er
(Pulkk:ﬁatﬁmal M;lléiehmterﬁd;désgl)owmb)s% M?@Baggme Apa(mgggn (1992) Proc.

Natl. AGS S6r 1S 20 400213,13026-530 3t B BB o8 FRbSIne ol . (1992) Mol.

Micro. 6:28685-281 Py, andtiRrlikiakeey €6k dxaampld, ﬂhmsainl”em gla IﬂQQQt))Infest &mdhun.

67515 A RS S OB B0 s 0 B4 A BLR: 0

Biotechh81M10:888089D987sidMA60 praifote NI ¢Nagipdé,ar cons@dus bigma70 promoter

(o, ommrmie ot A e N RS ket SERK b 18): o
statnona% pRase drdABRY, o exeRRNO LA SM; px@ﬂ%téﬂemﬂ@ﬁﬁ;ﬁmnidter( &tbthe like; a

uctural Bio

Mol | d
promotesrived e e RailEP eI ST SP b emmiarikRle, BEAOEA7OS : an
actA prytlﬁote\l[%ee, Nb’exmpleléﬁetmkanﬁ%t a6 Zzllﬂfe@tr Ih&RA. 70:9087-1096);

ton e Nucl . Aci d
an rpsMEromsn (3eadpr ewl@,h\éaléuwanct Bakews|(1 ??ﬁ)é\iﬁ’e Microbiol. 22:367

378); a?éf}?&hg%‘:ﬁgfée foﬁl @xéﬂ?{) | HAfdn & 'at 3(1@§9)<’1‘n RGLEIR 'Wgeﬁidmelgemann u.

plays a arger role in"the overall vyiel
(eds) Tqilcsalrmfiolﬁcugmnnd Stootuoal rmobgyafnomw&u@@lﬁe%mé RtgrAEHOR.n

Macmlltlan, 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 Trc, Tac, T5, T7, and

Plambda. In another embodiment of the present invention, the total activity of one or more
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respective pathways is increased by expressing the

enzyne froma strong pronoter. Suitable strong
wonemtens for Escherichia coli include, but arPeTmsko07/012467
limted to Trc, Tac, T5 Tap and PLambda In another

engl neered pat hway enzymes in a host is increased by
expressing the enzyme froma strong prom)ter on a high

. copy Fun‘oer }pl as.m Sui.t abl e xa | es, rﬂ?r
enginecps Bt WEX PHSIRFS IS i eed dp BT e SPPS fepgtong
promotéli'r dh a f[@h co %lnuﬁﬁmer pRSmRL. asm%l@é 164, SoEdcheBB261i include,
Bl uescri pt pTZ vect ors.

but are p@drenfd KoWSPE 7% A& £ rae% Pt BFOBEIEE Witk RBAL24, PBADI1S,
pGEM, fpfﬁlué{,;%gp{ g,tﬁ’gllgga)f,qiz vectfpst cells include, but are not

Imredi ate early pronoter, an HSV
[00164} hy i Mmehmtms@cammmf@mtaun peempigrsofor uag in @kwotlc host cells

intos PR S5 TR MUALREA 358 OISy i i

promotaxamsdmi!ﬁ onratesSVﬂﬁlpmmotnnsIt”ERsufromerepoumnee,r@dfmome in
all ﬁotl C post cells include a sigrha70 pronoter

R 8‘?e"é a consensus signa70 pronoter).

[00165]\Ion I Nod-hmgn@(amﬁhﬂes affsustubltaabhmtummpnohioeerp fommsedn S

use i.n.bacteri.al st ce i ncl ude the pL of.
prokarygig hgst es IR AR & petna) 0 Bramastep{igt SXaiiE. 4 ChsRywe bigma7o
promot&? Omﬂﬁ&gl@rbma&wsm?ﬁﬂﬂé ?ndiléﬁ)lé bfdﬁ@c&kﬁdbﬂ@s}d iamastetial host
-i.nduci bl e pronpt er or exa
cells mﬂrleﬁ’—r&eé-’rh oL bactitosbpes Ritdas TR FEIEUS S@‘mg grpmoter); an
lsoprop?f B@thwmuféﬂl‘é‘dt@ﬁarﬂfs HE T G)- fﬁucﬂ}[@gfdnﬁ)telp BARxaEDR, a lacZ

exanp Guzpan et al. (1995) J cteriol.
promotqr7 3 temaz:ychrz%mfluc@lwpa@&rnm éliaBP’é’S?) inshistbls promgter, for example,

PBAD @éé ol @xarEﬂiDél G(é:‘ﬁsn e{ aﬁf (1988 R Eactdfion et7.412h 4113%963 xylose-

pr onoter; at ry
inducibfs propioter, o kel Bk @, fanexaraindting HICHSPE) Gene 181:71-76);

w onL BRI AP e, (L PO LI TR Gomorr, o
examplp,ra‘)mathanpl -mdneibte pmdwd:erbdtreetpamiunéumbkcproman:d rffiasat
mdumbg ng}o %reﬁ %nﬁo'%gu?lg r8mo{ (?)6 exaﬁnglmj ‘geat i ré}brlg laln%%a%

pressor
promotés; 85)?61{'16&:' eeﬁtmildddf;tnihednaeminwmpsessmmﬁomﬁmﬂe; CI8&Erepressed

lambdaf]-_l{%:s‘f,(ie eﬁpr}%sﬁn ge%orga 4{;2, 3 SX?IH% 1{%&@1‘% Mf%%/l]( 59%9 IF%IMS Microbiol

Lett. 17¢2):32M34); agd ehediRel es of suitable constitutive

[00166£r omDhg)rn?lérfn%Eggug)%frllpE {cﬁﬁ tﬁl?lgsﬁtspéﬁuws%h%%oﬁgrg If%guse in yeast host

cells m@isaérm; API|, SUADHMY, 8 POX W0 BUR pesmbeF.SNbalinisig ieRamples of
st _host cells incl ude, but are not linited to,. a

sultableoumewe@mrog@rea&f%@e imyenst Bost cplloinstude: Rul@re Bt linitgd tog a
divergeBf gRadbie-HAuBHRBORIotdr\dasH ah GAL 1 or a GAL 10 promoter (West at al.

(1984) Mol. Cell. Biol. 4(11):2467-2478), or a CUP1 promoter. Where desired, the subject

vector comprises a promoter that is stronger than a native E. Coli Lac promoter.

[00167] Non-limiting examples of operators for use in bacterial host cells include a
lactose promoter operator (Lacl repressor protein changes conformation when contacted with
lactose, thereby preventing the Lacl repressor protein from binding to the operator), a
tryptophan promoter operator (when complexed with tryptophan, TrpR repressor protein has

a conformation that binds the operator; in the absence of tryptophan, the TrpR repressor
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(1984) Mol. Cell. Biol. 4(1 1):2467-2478), or a CUPI
pronoter. \Were desired, the subject vector conprises
wea w7aswker that is stronger than a native E. €0fiusk@a/o12467
pronmoter. [00167] Non- I|mt41ng exanpl es of oper at or
0 @LSH(BEI'IIIJSZQQ i
ot e g5 or protein cH
conforrrat| on when cont acted with | actose, thereby
preventing the Lad repressor protein frombinding to

t he oper at , t ophan t wh
protei s Sartea o A BB s Reo T B5H £ P e b gpertor
(see, foﬁe:&:?dﬁl@ rqeBoePE 41Navsd) Prde. NEE. ARRY. SE:iOU SiAn solXi -2hkence

of tophan the TrpR repressor - 40 -PCT/ U
[00168]p( ot ei ﬁe §gRes4n é%?@rﬁfeﬂ%wcfmyma%‘é\w%?l% ieﬂﬁ"%& %f&ome

r A
bmdmgg)fzcgrrtr(glﬁg,éat éreaﬂglgtrléxé t(tﬁgt i} %ﬁ‘ﬂie@fs) g?%?a&%&df:&ﬁm %’ene product For

A
suitablewit®spmeginding sites)for psmme@s]chmhdwg cakigsee @Nﬂ?eﬁt@k i %’é@.Wre
254:34 Va?xgts‘?«%né é’pr ec{)é %falvﬁééulfﬁoioan? f‘oﬁ?nerdtbﬁ et i) d R.F.

ran I on synt hesi’s) of
Goldbesgee)p ekl 1 RN 9 ¢DED, mimmmPublEsinngm Yahisertmrqubembosome binding

site encgihnglnugl(e?bég%c{qg{l u%,%%%& I CEFeI o ?a cbd &Eéxﬁg f?cﬂltates
efficientR@ @il aidroin Wﬁsﬂ)&%ﬁhﬁﬁﬁﬁfﬁaﬂisﬁﬁﬁﬁmﬁ)@f&&ﬁl(b@&)éﬂm Rc Res.

e P, ..349, 7 P m Publ i shi ng,
21: 425%%#'%3&1‘8‘5 '2?1 %1%316)%4@ ‘TTBB’(S’}(;I%[S?WF@% te encodi ng
[00169]NUC] e@thélaeptioey ERnfents WA IGAY Be usldllshraﬁ&l%pﬁéssxan aecton thclude
sequence facilitates efficient transl ati a
transcnﬂ%%tt CRAARRF R GRS H‘%E&B?Fé’ﬁ’“@{‘ t%{rmm(%g% < NS aﬂ&ﬁ @&‘?‘ et al.
(1987) %ﬁﬁ%@%nﬁ%lﬁmo%% £43:504-544. 1996) Mol. M crobiol.
19: 1225-1239) 0169] O her ulatory el errents t hat

[00170hny beAn@HesSIONHECIOE BRayshy htabledppRss AERRIar types of host
mlcroor{ggaﬁﬁﬁﬁ ralnﬁtn'of’f}t @ﬁh @?1@%‘1‘ o?cilﬁﬂ?r!ﬁ(ﬁl e bItaRSWEIeR] éaﬁ%r}eadl ly
(1987)

nat ors. exa Bitter et al.
determing throdgh rautiEa pyp@img:ytau%w gther 8 particpipo eXPEssipn vector is suited

fora glvg(rplirlc?ﬁ g‘}l&lraot/%%%es .W%ogﬁpl%u{hte%&k?esglgﬁ vESEr b %ef introduced into

m croorgani sns an
the hoslodix’gemsm Ghéchaib tlendnoaitgred [ {8y \hablht)t 4l expressivowd\agy genemn
adj I deternine through routine experimentation
contamwﬁgn}?g ®&OFarti cul ar expression vector is suited for a

[00171pi ven me&:kpigsssim oeggﬂmmalssmonmnm er mbi‘e&sedb(:{h{bésmadfer genes
vect or can be_i ntroduced ost

that, uppg SXRER PTG EB° POI<UT BB TR S3eibLOL RO e G ervise

identify@®BSst Ol thiah &yl ﬂhetehpre\sﬁﬁﬁ Qécto{ O/ llnitidpee sl &S smtable

strtEpuSke Tl 3R ReRRE Rk SLECLEDA, REL S

resistanR8 Q0O-YiRlifing E2drhSles! 6LEdilabledeleRRIbEE inhfl@rOfor Prdl@iydtivecells include

identifying host cells that carry Xpressi qn
tetracyq}@@t HPPicNBR- shlopmphgnisls AP sglcahn’saaﬁm‘gﬂwg‘ygl& reypiante.

[001 721mElIr Kemgy, bmdu@fi&%mbioco@ahﬂcqxbm Hosh Bameapicaleditinay be
reduct ase and neomycin
impractical or too costly to use a selectable marker that requires the addition of an antibiotic

to the fermentation media. Accordingly, some embodiments of the present invention employ
host cells that do not require the use of an antibiotic resistance conferring selectable marker
to ensure plasmid (expression vector) maintenance. In these embodiments of the present
invention, the expression vector contains a plasmid maintenance system such as the 60-kb
IncP (RK2) plasmid, optionally together with the RK2 plasmid replication and/or segregation
system, to effect plasmid retention in the absence of antibiotic selection (see, for example, Sia
et al. (1995) J. Bacteriol. 177:2789-97; Pansegrau et al. (1994) J. Mol. Biol. 239:623-63). A
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resi stance. Non-limting exanples of suitable
sel ectabl e markers for prokaryotic cells include
woebto7acyxrhki ne, anpicillin, chloranphenicol, PCT/US2007/012467
carbenicillin, and kananycun resi st ance. [00172 For
QaUCt] e gl RCT/US2007HAAZ46:
i | s aiiior t oo costl y B ‘;nzmév',@wé
sel ect abl e marker that requires the addition of an

antibiotic to the fernmentati on nmedi a. Accordingly,
some enbodi nents of the present jnventiqn I host
suitable plasmid mainterpRcs 8YStEB IR ﬁhé* PUBOTESIS ea?odéﬂ%é{r%ggg'f“ﬁlpr gperon of

RK2, wﬁx?ﬁ bé&e%&?ﬁa SABleAbkinhdSRl RELaBR! ifi®ike Tht @nefdXU €n inhibit the
a expression vector) naintenance. |n thes

lethal acirh ofHeeteKn 1ot difees PRtteisenToteiminerarinn. Colls t@%‘p‘Pé"s Gipression

vector tl}ag ﬁ&:gaBrﬁ(tglg ?%EQE (%K%naa?%glc it g %g t@&{sﬁdéﬂeﬁsﬁg{loﬁﬁt rﬁsultmg
in the statile tdR42 tlp:dna:mnsldg celideatht Thn lﬁﬁszbsmscb@pixg@ttqws@ymsawoded

by the tr&glgfequ, &ﬁ?l(élp ctﬁ o;ﬂl\f éﬁﬁflﬁ@n é&&elﬂb%ﬁg ?(a?éltasrg d segregation

system ik 88&ajed by tBapueCB4 |opefb717wﬂibﬁ9‘;0ﬁ€s fd?@umagls shatduncgion to resolve
..(1994) J . A-41- ut UB
Pkw"“dPPé?Fggﬁ@Gfm@ﬁ@?ﬁb&@“ﬁﬁ enance system for

[00173]t hi S PHE BR§ectivecRRCathast 1hﬁo&ﬁ&dﬁﬂtb%@peélbﬂab1& dRi@nsiently by

whi ch_codes f table t
varity GlipsPBReS CoMBIUR | ERHTBEOP IR TRV PR PP gRce

treatmer%ewﬁé?'&nttﬁé( EXprBYsicH V&%8r iP it RiuBe PVRILddlci ivhl fREcpitatoN Other salts,
s that l'ose the expression vector t hat har bor s } he

for exargple DEicBise PhpsRbate, MAyakiobedese folkemine & siilarrogefuze. In addition,

electrop@%tnlohgﬁh(' is, El-f‘es%pixh&god & Ju?x%nﬂo&i?lh%aﬁé:’ﬂﬁb ‘foeﬁﬂ%ll@‘@l&b% to

eat asm d replication system.|
nucleic ecndS)de@b’ be/ usdde @ﬂmtrgmﬁ@mamndnetb%ﬁe@cwé lracmectwn, DEAE

| (ﬁd%& te. Lipid
aexvan AT AEAR. oo 8 R 8 Pl i, L
comple;fe@r llmsotm:srmd dﬁ!ﬂrlin,ﬂni:mlay) alspderessplpyed tol teansfegt the hOSt
mul.timers that nmay arise fromDNA replication. [00173]
mlcroor?ﬁ'@s@ubj ect vectors can be introduced into a host cell
[00174]St abl Ypoh tiahsfosmearndn )a \kayietyarﬂ memod:sf caesueqm*acmedo identify the host
techni For exa one voIve
ces s Ay S i TR e RN B G ed P Minos
involves HcAAUARS individaalCRilE t&fBrﬁhﬁdivﬁHdaﬁt:@lonﬁlﬁllo%ﬂ by testiag for
exagple cal ci um phosphat e, | so be used..foll qgng d host
expressigngifithe desifsd gcae raaucy, o At lodsgndd] %SSE&PB% figpstormed hos
cells baéédh%) en5%1@d?ems' SoAkrRA tRfougH theBkpréidn ¢ s%&féﬁibtdlﬁarker
ity of cells to nucleic acids) ne g,
genes canthiged wlﬁn@ﬂmwmwnﬁ@tv%dg PP RN ﬁf“étquB genetically
modlfiewgﬁj&%tu% B cﬁto%?er%ér%&és%%ﬁ&me% 1R, heat shock
e pre nce of lithium acetate. Lipid conplexe
[00175]| | pos ahesntrmnqe efvanmsatiyayatequenses ehfiedpention info a host cell
can be cio &ran%é}ﬁo&os%tch% RO %3?&1 rré‘["lhloE QIOIJJZﬁLetHﬁQ& hybridization. For

lon, a variety o can practiced
examplé, mulcliaamﬁclﬂsycatmm prepared from the resultant host cells and the specific

sequences of interest can be amplified by PCR using primers specific for the sequences of
interest. The amplified product is subjected to agarose gel electrophoresis, polyacrylamide
gel electrophoresis or capillary electrophoresis, followed by staining with ethidium bromide,
SYBR Green solution or the like, or detection of DNA with a UV detection. Alternatively,
nucleic acid probes specific for the sequences of interest can be employed in a hybridization
reaction. The expression of a specific gene sequence can be ascertained by detecting the

corresponding mRNA via reveres-transcription coupled PCR, Northern blot hybridization, or
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cells into which the subject vectors have been

i ntroduced. One exenplary sel ection nethod invol ves
weubaieazni ng i ndi vidual cells to formindivi deair/us2007/012467

colonies, followed by testi4adg for expression of t he

@Gk ; lg@gﬁinfﬁBaHLESﬂKNl' ek

irtanstior & Iﬁé‘ﬁlﬁ‘Upon phenotypﬂ&“ '

conferred through the expression of selectable narker
genes contained within the expression vector. Those of

ordinary skill, can identif netically nodified. host
by immpgp3ssaysisHig gD ¥EHies Feashie bR SaRodsd #ne BToduFh d‘%wglplafy
immund¥séays i8N dSbut Bie nbiTithRed € EDIS&fra&@Erhﬂﬁiﬁomhﬁ\!Vaﬂd sandwich
. sequences of the invention into a host cell can be
immuneagsiyisy med by net hods such as PCR, Southern blot or
[00176]Nor t Ng#p I}}/ml@Bf DBRI-biaA R dotihouhi@ ViR B Rore HELBbIE pathways

aci ds can be prepared fromthe resultant host cel
disclosegrhereihesas pe aliginented ydnieibifingf rengiions dhat divert lmteﬂnedlates from

pmduc@e@;éa an égga}a;s &{i&e 13 JHnebld! %Pﬁgﬁsadm lgmsmm &f the

unprodlmﬁvp eeztcudns oamkgmahsevegdiy retlecing dpmxpeessmn and/or activity of
awnde el electr h .

onayme G PET ot o RELAETS Refilih, RycfRflsho thotuge sce

reactiol3lafMTheTCAABR: tBaetead sofattyi aml bibsyritkedis, Iehmnmbldmﬂ\ﬁasmothe

of DNA th@UVdetectlgfr;. %Iter atlveldgﬁ i,cb th
aspartatg SURCIBAIRAY, SHEMIGOERNGSE, NERE DAY HRTISS r glpiapials biggypthesis,
at a levél@h&\feeisale blerall Ryl il tietibigdmacémpéundl he

expressi on of a specific sequence can i
[00177las cer aY2itedy e§m&810éiétarwgvaeglﬁglecfe¥ KRB HET ?fmﬁi(lvg gown a gene
of mterés@v EbLExAnFB; Sacxrekiﬁéécpgbn%%tﬁlre@ﬁoﬁ’ Gy B¥oicb@bliskddBy deletion,

hybridi zation, or - 42 -by I munoassays usi ng
mutatiognanddergens reaEREPEk It §ag hléo bp caaicd ogéwethﬁh% yigcef antisense
RNA, s@l@ﬁp hARXA, 'HF&- es, dMple! sﬂ%&’éiﬁDM aﬁfl ?raﬂ%nﬂti‘oﬁ‘ah%r t@nslation

radi ol oassays and sandw | mmunoassays.
inhibitor9 Oln7iditime tphssiogors cam bsi q;nrdpmdﬂo@wnbm@xwe&smefoa gxample,
r
by mse%ﬁn&%ﬁ%&%@xgyﬂcfpﬁﬁﬁﬁ)%g tl?éegcgd 119%?&% J}ﬁ lb?b e? tt\lgg adjacent genes to
inactivateomee obhthigesest r om pr oducti ve st eps t ovvar ds fornmation
[001 78ﬁ;p$ gjhglt IO %?Selpa 0 (irgcr)] %%%Fn REX 15{::1'h ftféx%rﬂ ?Jtlon gr the den%lﬁ' of
microox@mi’sﬂs sambe ardéwed by maasmyng)ﬂmeevmghmff mmm:oirgmdsm msodated froma
sven g S8 UG 58 4 SRS 5 et e
liter of ﬁ!ﬂn@nﬁh@ﬁ Yr[HdhﬁﬁJl &noﬂiealﬁhdﬂﬁodJWhﬁ:ﬁl’mhbgluSed td'lﬁom@ﬂhé at e
syper way, gl ucongeqgenesl s ene .hi os

fermentgfion a\ﬁ%vw PEQHTESHI S P e psurement of f e gen nsily g ihes

medlun{ hg Q¥ahéd meitiodlif tdmehdire BicoRicgPdingitE Q@%ﬂéﬁenﬁtﬁ%f%@b nm,
A variety of nmethods are avail able for %Eocklng qQut

referreddtq bk %oq@] gm%p]ge def9Dican S gerrelategto ensity.of a spemﬁc type

of orgaﬁlgﬁb\f@ﬁﬁ’ingteéﬂ)%c:%ﬁﬁ&ﬁﬁmoﬁuﬂﬁé( sﬁlﬁlﬂ&mmﬁ@%t\b&n OD and amount
del etion, nutation and/ gene rearrangement. It can

of micregrganim pes vplusee will noj geﬁetailﬂa besprlieablg acregsal btypggof organisms in
all type§ bﬁ%dlaﬂﬁwlbraﬁ&%m San BE bRhfdYy ABASHNPME hnd the dry cell

ranscri ption and/ or translation
weight over a range of cell densities. In some cases, these correlations can be used in

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

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

conventional techniques of the biosynthetic industry and the like, which are within the skill of
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inhibitors. In addition, transposons can be enpl oyed

to disrupt gene expression, for exanple, by inserting
woRodraByeen the pronoter and the coding regi onpCDUS2007/012467
es 40 i nactivate one bot h
| %ﬁ@l{ mBQ’BM&QQQﬁ:@' ks
: ' HHEHS Yy of n1croorg§‘?
be neasured by neasuring the weight of m croorgani sm

i solated froma given volunme of the fernmentation

v e RN SHBTRBNTEBSA gL e XNPLS, B S

referenoatq) themuigdble saentifiv litoratadee f er mentation while it is

rogressin measur the i cal densit

[oo18of; °P} I3 ?é dﬁ’dfr%w‘llg i e E‘a"% ‘i‘g{?r Rprractitacy with

respectap humbkrsdeed (foy eﬁﬁmpleymahmgéhlpefahﬁr@ Oanidngo dmdf witvadiatién and
Qob5or t an be ﬁorrela ed tQ a the

. .th aD ¢
dewaﬂmﬁf’g}o?tbawngn fed-pid iy \%s@vsm ogAsAl SR R Augpbers reported

herein &H8S) cfnecOﬂmdﬂnum skillin tHRQr&RE Wlﬁélﬁthﬁsﬁh@&ﬂtﬁiﬁsﬂﬁrﬁ R&aWRuce the
OD and, anpunt  of m ¢roorgani sm per_ volunme w |l not

correct gpipankin yieweofihpranaiping digclosyse bareing Jpdessdndigatgd etheryise,

temperatlreiislre dﬁdf&%ﬁn‘?lfeg%g CRlsiu, Sl?d bx@‘éﬁﬁé Psrht ey h¥§ atﬁgsﬂﬁmc pressure at
Create measuring the QD dry ¢

sea leve)y ghll @agam,emdﬁsmeirwmnsdrpa@dz wmﬁ ob@ﬂmectqmmerqlaibs elhe
follownﬁ% 'é{(ﬁjnﬁfgk kaslnfé?lﬁ 8 Fordfiflrdiive %o%&se&tllyfaﬁﬁ B U i3 in Jny way the

the sahe or sim|ar m Ccr oorgani'sns I n e sane or
scope of ithg prgsentenventioEXAMPLES [ 00179] The practice of the

rese ' tion can enpl oy, unless otherw se

[00181fndi c%@g&igponvent i onal techni ques of the biosynthetic
[00182] ndustThis exeinplbeesdribes mektiozls far malding leikpresion plasinlids that encode

of PC17 0 the t. JJo the extent sych technigues are
enzyme 5 G NTHEY Bt Ay SaFeiaRomEies iy a4 oreigra.h operdhs.
[00183] ef eg em«peel ssiontplasmi PME 6aé géﬁdrzftb@ b#' ]Itlﬁs@f'tﬂiggth@ M%VT operon

n .t owi n efforts have been

(SEQ Tt Plinish b ABes Vegr HeMPuEs peerpn eacqieRhs st gEMEV

pathway ey RPN RgehbPiiisTornt BRI QLS prUfsos Qcéiﬂ)—@oﬂlﬁ) R)-
vari ation ang devi ati on can be acconmmobdat ed, ™ and

mevaloppig, RAFRFlY agetopeatyleapA daipkase HM%@OW&@@@&#M@CM
reductaEEe rmemsw h&ron R Rhedfed APYR Py ing € E@Eﬁe?zcihf’a coli
which this I nvention pertai'ns can deduce the correct
genomig ANAtthe ﬁodmgweqnentzmp the wteheeny ((FenBiank aecestion almber
NC_00 Seﬁﬁdlgﬁ 99&@1% 1059253’!‘ enchb88P5 éacte['Uagetgis Crogpt?ﬁc}l%),' ffom

egrees SI1 Us, and pre ure Is at
Sacchargmyysp h@nemtqﬂrmgmmeDaiA theecodingsiequetice of daeyBRGY 3 gene (GenBank

accessnéjrml&'ﬁﬁerok?ﬁ/ l\.p?', ?%gl%.%&? g%9§ggéx§co?9§ QHM&:—C ﬁagt(ljlagg,r and from

onmer ci a B are e
Sacchardnpees cerevisegenpmieDNFnh geganehtad theotodingteigidnnofahy HidG ! gene

e of ,th e j 2N 1811 Exanpl
(cens 55 RSF, A Sy R BRE T ERH R R o
CoA redupasetHIMIGR))aEhe disstiehrt PER @oigteer used for the amplification of the HMG!
gene fragment included an artificial start codon. The amplified fragments were spliced

together using overlap extensions (SOEing), during which process ribosome binding sites
were introduced after the atoB and the ERG13 coding sequences. After the addition of 3° A
overhangs, the MevT operon was ligated into the TA cloning vector pCR4 (Invitrogen, '
Carlsbad, CA), and sequenced to ensure accuracy. The MevT operon was subsequently
ligated into the Xmal Psti restriction enzyme site of vector pPBAD33 (Guzman et al. (1995) /.
Bactreriol. 177(14): 4121-4130). To place the operon under the control of the Py, promoter,

.44 -




enzynmes of the MEV pathway from Saccharonyces

cerevi siae organi zed in operons. [00183] Expression
wolesnizgb2pMevT was generated by inserting the PReYDS2007/012467

operon (SEQ ID NO 1) into 4she pBAD33 vector. The Nva

s on. Wiy pRCTSRO0EN 2

e . muﬁious precur sor#: {
to (R - neval onate, nanely acet oacet yl - CoA thlolase
HMG- CoA synt hase, and HMG CoA reductase. The MevT

e are e e R L SR b B smens o
pBBRlM@S gﬁ\lé?@ing%ﬁ re(sﬁ@ﬁ?ﬂﬁhué SRSl @6 Umtemmm% 751).

24131. .2 (encodes an acet oacet Q
[001841t i ol Egen)essww Jo ééﬁ’aé\E3§F”Sé¢dgl§'n'6'Fﬁ"&‘ evT66
?n@&t&f ANB an oli onucleotxde
°per°“§£‘cl€‘gg§ = A e S 1695) enco

cassetteavohidiniap Alsek B hAsiST- Xhah&acmfﬂgmeé mestaeHAnesZy B rnée the

oS30 PR Py 15 SO0 R P iy s

gene in bmcma)he (Mm’ﬁ@ﬁespaon mas spthetiddlig@saenatsduisingstbe nucleotide

sequenc%m@(?i As 8 éc’r%{)] éx%Hk)ﬁlch <P()mepr]gsreg1 g??e cﬂtgf&cﬁ;ﬁm 'ﬁ'gm Escherzchza coli

(GenBaak tatdssibfl lInusibtaf NC ©00913 ME}I@NJIZBQ#B:{I 23 253N &e\@@l.i gene

o S e BT B R O AT B 20165,
and a trid QN SEn A ey HAR®R! ’glhﬁa&r@ﬁcSat'EVﬁerR@& aoéliisige (GenBank

IS0 T %geéfezrﬁage%@gﬁeo%%n-

optimizZRFRr dxlpPeskiohQl FBehdriHic aﬁﬂ THeAynthetiéal eRE&IMe9T66 operon

ensure accuracy. The MevT operon was subsequent.ly

was flankegehyeaiS| BeaRirhatristion enzine yitesand;act'i fdiv e’#zrﬁféwg?‘? gnzme site,
and couXcg%.% eQﬁﬁ‘Qg?}n&) b% reé‘llncuéﬂ- gﬁz'vme dites %@%tc%dxt %vector such as

1-413 l'ace the “operon under
a standayd pili® br pACiYHe oﬁgma@cp}ro this congtruct, therMeyF éfroperon was PCR

i1 P SR AEATP N0 GE AL O
was digebtad 1o corpMetion (siag 7 8nd AaiSE MStMrMnZYmtgzheEppptlon mixture was
ol 3020 GRS 0 1 RS OB s
using a\@agea god piificavicn kie (Calaheial (D&L),land dlnd 1sn@t®irDNA fragment was
SSRETL0 UEEC KOREE T ——
plasmiFpARB-MeOT6he PACYC184 vector (GenBank accession

ootss{ o RS0 S0 ST 10 LS bl G5 g perr

into thé%ﬁ@l@ﬂ@tv%gtok" SV &dot heMP9Gh &drkAted Sﬁ gsRAttingitke pI3 Aorigih of
npl ate, which conprises the atoB gene f

roplicatiore ek ARSI GBST sPCHEAMESAA IS S dhutz Ande WRRE ¢ (@888 Auet Acias
Res. 253%3%lO?agtfi]éf’l]ohg%ﬁaéléééae-%%{é?atg@ﬂc@mﬁﬂ@n'foﬁ&nl'he DNA synthesis

haronyces cerevisiae (GenBank accessi on nunber
construxo@atisimEheddevPE@operen 5§ above) was digested to completion using

EcoRI and Hind III restriction enzymes, the reaction mixture was resolved by gel
electrophoresis, the 4.2 kb DNA fragment was gel extracted, and the isolated DNA fragment
was ligated into the EcoRI HindIlI restriction enzyme site of pAM29, yielding expression
plasmid pAM?2S5.

[00186] Expression plasmid pMevB-Cm was generated by inserting the MevB operon
into the pBBR1MCS-1 vector. The MevB operon encodes the set of enzymes that together

convert (R)-mevalonate to IPP, namely mevalonate kinase, phosphomevalonate kinase, and
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and a truncated version of the HMd gene from

Sacchar onyces cerevi si ae (GenBank accessi on nunber
WORREGNR992MEG ON:  1777..3285), all three sequenees/useiong12467

CO|L

restrlct|on enzyme site, and could thus be cloned into
conpati ble restriction enzyne sites of a cloning

mevalowg oo R R L B aE el A5 P amptiing
from SceBRArolyees ¥irb¥isiuk aekemE ISNIAI the mddyﬁglssd;udness of the IBRG12 gene
enzyne sites, the anplifie fra?méin ‘@%S dygﬁ ? K
(GenBanls agesspiotugtber 55787 fREGHHH 2804911 Geprodesiagpe valonate kinase),
I b I
the ER@(?gct r@%‘?%g]s( Iagé’éﬁglbﬁ %uﬂl&é%%??%{%%ﬂ(zﬁgh VSGﬂSS Y47 If?Sr? a(%r;n%orc]ltes a

phosphvmsvglematekmaa@)t eafl i gene e asgessiancimbry 431557,

REGIOH 343 nf’} %@oﬁe@%&&ﬁ@h@%ﬁ%@? % ELBERRR ) R by sghcmg the

ated on enzyne si
PCR ﬁﬁéﬂﬁemﬁdgéthﬁe asing overilayl eltensiens(SEEingn Bylchoosing appropnate primer

ccsnd R LCRRED TSR L AL BV P90 e

amphﬁ@d{\ﬁﬂﬂo\iﬁt@é&fce rM@@dirﬁé bhﬂM@mmsAﬁeeﬁiaaddmpnaﬂ‘% @obverbangs, the

o e oy KA e PRS0
MevB eﬁﬁr&ﬁwﬁ’@%xcn?e’ii 2@ gestihbGhe Bidnih@d¢bnstruct to compleuon using PstI

ol i gonucl eot i de- gener at ed _| acUVS r
restrictigp PREEF <reEalK g e TeAE B MISHGPY B8 er?fe“x&‘?@%‘“&ﬁ’ér Sk Sruaging the
42 kb Bmf Bhots:, ShdBedihfd the m%wsdi BNA) mragﬁieﬁgm&mialpmstﬂbﬁdn
restri ction enzynes, action nixtu

enzymer %mf\»@at%ya%ll\ép@d %@Y?@Péé Pé Gf’f?el o6(b): Q85%(1995))= yielding

mEXtract ed, and the isol ated DNA
e"pres’%é EIBH[ ey ?lqléat ed into the ECoRl H ndll|

[00187} est r iExprensioarplysmid MBI vhas gmgedyvenm @i MBE gpeyan into the

pBBRIg/éﬁég YecCPrN%gle rl}éer(gpl%ngn Eﬁ&rdggﬁlg oper on I nt %%% %@mn as

well as Mﬁ&dpeumpbpyroMpm& Bpmemse ¢t udteb'zcshélewnvmswn of IPP to

DMAPﬁaﬁ%‘Pm oAl o 28 E\%rg% gg %\}/,g]d& é%k%r\{ ahgg}akseci{zeptc}z Feoti genomic

DNA tig¢tidirg é&iﬁ@ﬂde mhélidi zehe (GynBpikespésaton mantEoAH 1492 15) using
NG T ER T s R
amphﬁf(% g)g?gcf Rg%&d&ggﬂ%ig gﬁngw nEandtiaraessiepresolvirgethe reaction
mixturg Py Gecdiec R ORASRE SA PR B B CBEE B S ey e the isolated
DNA fl%%%ﬁ:%%ntgﬁgml R3Pistiod éndshhe §i€6OS@Tession plasmld pMevB -Cm,

osphoneval onat e ki nase), and the WD gene

thereby-ple@ 88 idet diabend 26 WWP«E@P@Q Thg MBI qpﬁml} W@é ﬁ@‘&g%%ed into the
Sall and s{&?ﬂé&@ﬁﬁbﬁ‘ eHMaFR:R@B%%RJI%Em‘E Blmzmh@seﬁ (Kdvaeh byal Gene 166(1):

I cin fragments t i ng over
175- 17é>(1%95§),<ymldr(ng@ﬂpwg$lon B}asnhé@b/?%(sa?)yr% et um‘?eviﬂrl92,751)-
[00188] Expression plasmid pMBIS was generated by inserting the isp4 gene into

pMBIL. The isp4 gene encodes a farnesyl pyrophosphate synthase that catalyzes the
conversion of IPP and DMAPP to FPP. The coding sequence of the isp4 gene (GenBank
accession number D00694, REGION: 484..1383) was PCR amplified from Escherichia coli
genomic DNA using a forward primer with a Sac/I restriction enzyme site and a reverse
primer with a Sac/ restriction enzyme site. The amplified PCR product was digested to

completion with SaclI and Sacl restriction enzymes, the reaction mixture was resolved by gel
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sequences, the stop codons of ERA 2 and ERG3 were
changed from TAA to TAG during anplification to
wonvo7adesee ri bosome binding sites. After the asdirisem7/012467
of 3' A over hangs, the Nbva7operon was | i ated |nto
S i - di gesting thé‘ ’ j
construct to conpletlon using Pstl restriction enzyne,
resoIV|ng the reaction n1xture by gel electrophoresis

o R ARSI ol B0k T 0 rmens

was li Qféd)hﬁlﬁ tBé SgclpRaslaesteicti ety nid Sitel oﬂﬁMBadherebﬁblaplr@&he ispA gene

3’ of zd'b g,gcs/@e(y{pv @égrg)yl\(] ax@?#e@gg I@%rg%sn rby%%rsl\d%g% Psee% Patent

NumbedgN®0at5¢§l by inserting the MBI operon into the
BBRI MCS-3 vector. The MBI operon encodes the same

[001892 nzy wé?@(pa@sm@ auvid BT BPPRYandenveddrom expEpunR playmid
pMBIS‘g%y{] Iggir%glﬁ%:}ﬁ%?ﬁ?l I @néer@fth G ALY &Ssdqhience encoding a geranyl

PP to The MBI operon was
diphosgletesatiese (Serpeh. ApNA mxgemr@mmm nedi¢etideieguence encoding

the ger%%g %@g%a%e q‘ﬁh&s%%& %g&%%ﬁ%g%lﬂgu&g% t}%scfl?ﬁlienlgssequence of

gceession nu usi n
the gppshpehe oﬁAt@zd@tzMabmm ((Berﬂiankcak:cesmoanwynher %1787t REGION:

5lend ti t h
Y NS TR R T M CRE
sequentd&a$ ﬂalﬁiltdddfy arleatien &zcinIS/regtﬁcneh eﬁiymmhw Al stergirial SacI restriction

extrac the 0.5 kb fra and at i
enzymg Sig, S0LBVPRACTPY TR COTREGPIE ot TS ieLEs BhY eRpipgerector
such asd §t@ndakd E@FD SSSA QY (PoragiflivdctoNEME- syithetibglilyefsneplted géranyl

I di at t he 3lend of th gva oper.on

diphosplpte SIS ASIPRE 28 OV Py SHrStist foe LAY A DT construct (o

comple@féﬁ%gsﬂafcﬁsarﬁdeé? Fésﬁictﬁ%%?ﬁ;% JedofAna et Rhctiin mn@ﬁ%%y gel
66(1): 175-176 (1995)), vyie n

ession plasmd
electromﬂsw gebexiratinpiheppprivistasely 1,31 g‘zD?g‘i fragpent seql ligating the
1solate<?§llf£ ﬁﬁg nﬁnﬁ?fﬂe%’a@k@'a%] ){%ﬁ'ﬂgﬁ)ﬂ%%g st of %ggé%idﬁgplasmld

gene | nto ene enco
pMBIS;, arenhdasg expressipin pbxptmad pMsl%IStgms ésetetﬁ\gurcﬁ far g plasmtidhenap).
onver. |on of IPP PP
(00190f 01T Slp P i AN el tpkialed N e GRAL B IS operon o

PAM3 006606 and@dahig 48V 5 pi:@n&t:é)s mﬁfmrﬁ’ﬁRﬂmTp\IOI dpemhsf TherMBIS

Esc i chi [ usi ng
operon Gt & e dor? PRTS SRS CpRPERIPE T ol g mction
enzym@5itd@id 4Bt Pad r&afictias éndydid G1e. The yumplified PCRT]bleduct was dlgested

lified PCR dut was di gested,to conpl etion

to comlghpp usifG Xz shL S tepBHOB RIGAS: eTEAHBRIE G Whs resolved by
gel eleéfﬁiﬂhgfegls\{\ﬂ& 3.2%8/DI¢A fRapnesikt wasigel exttaetddl aphie esolsted BINIA

t he nt. was ge extracte
fragmepL P BRICHHEO ﬁ%«%ﬁ%ﬁa%%stww%ﬁmﬁ@&e ShiALs-Meszgs, vielding

plasmid AMAE A DN A ‘ﬁ%ﬁﬂﬁnﬁé&rﬁpﬁ’sfin%b MBliclebti®y ;%Qﬁerwe%b&ﬁng Q& lacUVS
I SPA gene 3' ofidi and vB_operon, and yi el

promotgy wae SyithesizadAfeom eligpmrdeqtides apg syib-cloned, tntwih?e‘é%d Sfiland AsiSI
Xhol regtri]c?i%n%ﬁﬁme sites of pAMA43, 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 pAM235 by
replacing the coding sequence of the HMG! gene, which encodes the Saccharomyces

cerevisiae HMG-CoA reductase, with the coding sequence of the mva4 gene, which encodes
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[00189] Expression plasm d pMBI S-gpps was derived from
expression plasmd pMBIS by replacing the i spA coding
weeqangr4wi t h a nucl eoti de sequence encodi ng RCYAISAV7I012467
d| phosphate synt hase ("gppsi8). A DNA fragnent
YRS guenc PCTIUS 200 A0 hsda

ehotdtt

Hosphatie ¢ jeilier at ed synt het ¢ g
the codi ng sequence of the gpps gene of Arabi dOpSI S
t hal i ana (GenBank accessi on nunber Yl 7376, REG ON:

52.. 1320), t| mzed f ession in
the Stappildcapeustieed Aafﬁé@ﬁﬁﬁ%?%en afERSFRBEPer BA0000Y,

REGIORE2HEESS, %§7é4ls;§t nhﬁ%d@hfngﬂséqﬁéﬁ&fofﬁﬁ@ hivall @8hé mﬁ PO)R amplified
enzynme site and a termnal Sad restriction enz

from StaphydoccapensamietsSubsd EEFUSKAd (Lo APRAD BFROTmiSIP A Y 3ihprimers 4-
49 mvaﬁ%yéﬁSEg é@éN@f 2§tarkd 21000y YER \ar BEIEG 1BINO: 35, dahBlified DNA

origin vector. The synthetically

fragmetge«msrégwcgwrmletmmmﬁmléesymmg@ym therreectigagmixture was
resolved %Ol aeégctpcyph%e%?ss éﬁ@ﬁ t%ﬁ C@%&%& ytl Bqﬁ:l ﬁN%oﬂ§%rﬁ%tw§sogel

ron ‘usi ng restriction e .
extracterde g hb \HMG ] tcbdingesagenca wasxbmpeedafrogmAMZé cbb'ergfh?@ne g]uegplasmld

o oSl PR R R e et A i
linear 15334 ffRSidnt WerObluged)iFtheST4 DNA polynictasi '(Fhe PN fiflagment was then
I W e T T £

electrop oSy, dnd MEP.8 WB DIARAch & Wi fenéﬁf‘dcltdiﬂg Thé@soMiSDNA fragment
operon into £Al\/B6 I\/EVTGG and addi ng | .acUvS rorm}ers

was hgr,itﬁd piththe Spekfigestom myad P& Profyst, ml@ng GEPISFRiQR Blasimid PAMAL.
The nu@l@i[i?tlldéC de§feddeYPaRMVELB(SpH): BRGY B(d’ﬂg)“ Ve Bgéﬂgﬁlcﬁﬂtaihe@ in pAM41 is

restriction enzyrre site a restriction

SEQ IQ&NQH‘?F} HRQ@13 iptpdsodepswr aseld Obm@c(t:"%%nta?‘s&est ed to
[00194f O7P ”p é&sf&ﬁ Lﬁ%nﬁh ?AI@E@ was %ﬁ@é& frb&lt éx%s%ﬁxﬂm&ld bhAg41 by

th resol ved yge eectrgz oresi s,
replamnmme&odmgksemw oA e Gl gerps Whish engedesithe Sqacharamyces

cerevzszag(%{!” £ ?Pgr%gﬁga@%er@ﬁ h\@ac% td&%@% Q{F@%é H@a@%ﬂ{ RAkh encodes

the Staphéedvictusphiveds HM(E)KleA sﬂghmt((ianpnk acpqegplm numb@dBAﬁ@OOl 7,

w0l 581 RS Sl AR R R S SR e

from S@pRylésdodtusinpeus ikp alre s ATCY ﬂﬁOSQ)tgaomic PR Bsing primers

oS T STE B SN S AEIERTD: .t e
T ocheg o G sen i i s reert
HMG! oo yapA %r%‘g@@ﬁ}% tpithe Ficthoskeisete” g Plpdacipiss 31:88-92
(2001)S¥RIBAS bﬁﬁewl&ﬁma&nmmm The Rhéalebiide dekBemR®fTige

sequence of the HM3A_ gene, which encodes the

aroB(onsMynﬁmwr%?wwg%@ PME20R SEQIR N @2- wi th t he

00195f 0di NG, SLALNRAGRaAid LREVIDY JAs 4BAGed MBCdXpression plasmid pAM45 b
L gncodes’%CT?US%O tlh St ap h();;ococcus aurgus HI\/I’E- CoA P y

replacingthedviaE6q apan@awithdbe g BoptneHe® AN of expression plasmid
pAMS52. Expression plasmid pAM45 was digested to completion using AsiST 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 (afoB(opt). mvaS: mvad)

operon of pAMS52 was PCR amplified using primers 19-25 atoB Sfil-S (SEQ ID NO: 6) and
19-25 mvaA-AsiSI-AS (SEQ ID NO: 7), the PCR product was digested to completion using
Sfil and AsiSI restriction enzymes, the reaction mixture was resolved by gel electrophoresis,

the 3.7 kb DNA fragment was gel extracted, and the isolated DNA fragment was ligated into
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REG ON: 2688925..2687648). The codi ng sequence of the
mvaA gene was PCR anplified from Staphyl ococcus aureus

weubspsaur eus (ATCC 70069) genom ¢ DNA usi ng PCT/oSE®7/012467
4 49 nvaA Spel (SEQ I D NO492) and 4-49 nvaAR baI

#@@EDRCWWQQ ' :
T LT § : pel reStrl Ctlx A : LR ECE LR HitieE
the reaction mxture was resol ved by gel

el ectrophoresis, and the apprOX| mately 1.3 kb DNA

fra?rrent was el extracted. Nﬁ co% %\%ﬁl uence

the AsiS 4T Tegtrisvion REGRF SRR e’tﬂ?eséﬂ B § ppression

plasmidpAMbEL i on using Hindl Il restriction enzyrre The
termnal overhangs of the resulting |inear

[00196]f r agrExpresieriasmifd RAMY MBI wasmsignvee If’;ﬂﬁ%F’é&r‘éss“’Fh%laW
pAM97faf13 MRk S W SepiitGhs BRI M'B@é Io}éex@hgﬁ%%q9?' ithahSRBAI operon of

res rICtIO nzyne, the reaction m xture was resol ved
pAMA45 ThaMBlaipssar wahBERgneplifinddfromeAM45 lubm@mmf}f&aﬂ@ﬁ?t (SEQID

o: o R @S4m EAT o1 o013 R el
electrophbmb'xsli 1hg 4eX kb md‘ragpieaswasi gmmcwdﬁnﬁ the a;sOéatcd PNA fragment
enceftheat t)wE 3(opt): :
was dieBio & pPlrion i SFy Bpy Pl G R S Sbe plasmid
pAMO97 W&Mg@&%nﬂﬂetwgﬁsﬁﬁgﬁ;ﬁy bt a%el re[s&&iﬁé]enpres_a Zlm xeaction
asm s derived fr ression )
mixture YA B L PR Rcit g B TEREEHEPo) B Srlggted and the
1solated§l§NRa fr%’x‘h&ﬁ V\%@Q@ﬁ&ﬂ_ Wwilig theavsin @p@;wqm pfIdRi, yiedding expression
nt hase, with the codi ng sequence of the nvaS

plasmldt}&MWMBih encodes the Staphyl ococcus aureus HVG CoA

[00197]53’nt hE§ g&%n@ﬁAW-M&vBWm erRAPIsh éx B&Q@lasmm
2689 The codi ng sechgence of th

pAM97g>@d@AM§5 PEReldﬁ?:}Pg theMBIP oRerongfinAMEd etithsthg M"e‘{ﬁsopemn of

pAMA45 k‘ﬁ%&g@é&?ﬂ% (v%??g %Qﬁl%ﬁ G%TB%BVH& ';ﬂﬁn&E OIRICS(SEQ ID

NO: 8) anchZ5-ASA((SEQ 1IDNGD), 105,) the aﬁmtlt)h N VRS mom bb’r@b ment
electrop%res%s 81% 33? k? I@&I\% rt waf ﬁéle%}%gﬁdt B g%cp&ed DNA fragment

sequehce gene accor
was dlgaﬂémmjccmﬁplawmemngﬁ'ael a(nﬁl)&'béadzamqmserezynﬁs E@W@G@]})l?ﬁmld

NORTEY TV eEr ST N —
mixturel Wasiyéddived By §EQlédﬁoﬂdﬁbreéﬂ the UCH.EBIragmenewss gal egtrasted,chnd the

1solated%g%¥\éa{§erg S{gﬁls d ) O%n]bglﬁgweaﬁl 00 oﬁﬁl@ procﬁlcmlelg%g expression

plasmld(lmp@(ymbx)vgwas m/aA) operon of expression plasmd

PAMB2. EXxpress a AMA5 was est ed
100198 oot Exprsavigs PamidPAM Ak Ive pneraed by BRpEREhSy nes.
(atoB(oH) S SBmbd D ard MIBIS @péidhs 6ﬁ§ﬂir¥§s(i’orbﬁ1a§ﬁld pAMO7 into a vector that
el ectrophoresis, and the 8.3 kb DNA fragnent | ac

Ki
comprisep, ¢gh easgpd dreplicaden, gsggregﬁtgqrh@pg épalqtﬁxéance system, w whith obviates

the con&xﬂdﬁ@ﬁ@&i for A Bt 380 RHES Oibs el P AMBFo MRt L GRe RK2 lasmid was
Ified using prinmers 19-25 atoB Sfil-S (SEQ |

dlgestecsgo ng_tgorggsxm Eatl restriptionSnzsme thg rmtlop)mxxpﬁg Wsolved by
gel elecRbPRdtELis WS afh AR hGALY 623 RO PN A H4EMeh toitaining the entire par locus

was gel extracted, and the isolated DNA fragment was subcloned into the Pst/ restriction
enzyme site of the mini RK2 replicon pRR10 (Roberts et al. (1990) J Bacteriol. 172(11):
6204-6216), yielding vector pAM132. Expression plasmid pAM97 was digested to

completion using Ascl and Sacl restriction enzymes, the reaction mixture was resolved by gel

electrophoresis, the approximately 9.4 kb DNA fragment was gel extracted, and the isolated
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Sfil and Asi Sl restriction enzynmes, the reaction

m xture was resol ved by gel electrophoresis, the 3.7
wkhoDNAR2ragment was gel extracted, and the i seCause007/012467

DNA fragmant was Ilgated |rﬂDo - 48 -PCT/ US200 the

oSk OF enzm %mRG'EﬁUSﬂDQr RA2AGT.

{88 si on pl asm d PAVE
[00196] ExpreSS| on pI asmd pAI\/97 MBI was derived from
expreSS| on pl asm d pAMB7 and pAMA5 by repl acing the

MBI S he MBI f pAM45 . The. .
DA gt B R TR e LS Sl R 8L AR Frsgy Wi
express%r?ﬁﬁsxﬁﬁf&\m28|0 8) and 26-39B (SEQ ID NO 9), the

reaction m xture was resolved by gel electrophoresis,
[00199] he 4 Exapapledin fragnent was gel extracted, and the

[00200%S ol at”ﬁﬂs B i1E @estRibes Wrshdds Qﬁﬁﬁlﬁﬂmh‘éxﬁfé@ﬁbﬁ&zb@tﬁrs&ﬁéﬁ&lccde
and Xhol Trestriction enzynes. EXpressi on pl asm d

enzymes/Niize WHEV ppgawy depme Eneaaprasus fiecaks organizad Ehepokpes.
[00201[)&S tr 'quénq p@’ngi gteﬁgra g@tlh%ﬂ% Meut{o%l ﬁ@xﬁ:@lo\f% mvaE

ectro OreSI S, rag rrent was
gene oiélimtemwed{smmlts IG@enBvumrs:dssaw&nﬁmb@mwmg RE@&I‘éd

70, 450 Sod 0 @8 DB BB G0 EIRLRS DR

the pBlpA‘B&?pImy\mtdeﬂ“ha eddihp cequenpe of ticanmval genei whasd?(AR Amplified

from EF%éo th’:‘s_fgg elsg&lbcnw ?ﬁ%@bﬁé@%ﬁ%ﬁl@ﬁ;ﬁ% 5 pﬁé%%%ggyiart]ed primers
4-40 meARF BaneHi (fSBI))TIIDNWﬁ 10 2ha ¢1-p0 nAER Find IC(SEREQDINIONE2). (Note

that prigies AL EVoER gyl AMeBE e SHoSn of Tievak s A TG to ATG

in the diAETRINVCRPodRt.) X FRGkRE PCR prddwet wasli gatte@l itblhe Smal
fragnent was ?PiﬁeSt ed to co | etion usi Ogl Sad_and Xhol

restrictiQacQy RIS OF H%%Cnpgzﬁisé@s Stratagens haf oflanpAadelding

expresSbP PESM %RIVP@TM etion using Sad and Xhol restriction
enzynes, reaction m xture was resol ved by gel

[00202}] ect rIBpﬂmdggﬁMl 8 pyps generated hyrlggqung tlwe@dgg sequence of the mvaS
d
gene oﬁmé{zfﬁplfctﬁgm%%é% er@gfﬁﬁ%%%&&gss%&:ﬁg%éiﬁgﬁ9d@§ RE@RNG142..1293)

roduct expr essi on
(encodgd akIMG-M/SYmmE{Hl\[IGSD%}o thg mBé@QScomeK%m wcmmlﬁscodmg
ner
ssuenl5e ETBIE s s PIERp18cd e S QBLAPLL LA, ABK D
(ATCC/2a080R) hitiag St pingephewydated prifmiéss ¢>I4ﬁsma$FnglIli SHQ HMNO: 13) and 4-

S e e
restrictivdl dnziyind 3t of pBRieScripNeK §43 (Plratagere, 1aJolta, gBAY, ikldiag expression

,&g%e%i on using Pstl restriction enzynme, the reaction
plasmi was resol ved by gel electrophoresis, the

[00203RPPT OXEFRERIoh Flastnidip ANA2 fwad GaBeratedMit iabditing tHe®ding sequence of
the mvc?Er'] Eggrgeeofl' e(gc(}:)lflessswn plasmid pAM16 into the pZE21-P.j5co1 vector. Vector pZE21-
PL.zco1 is a derivative of vector pZE21-MCS-1 in which the tet promoter was replaced with
the Py.j5c01 promoter (Lutz and Bujard (1997) Nucl Acids Res. 25:1203-1210). Expression
plasmid pAM16 was digested to completion using BamHI and HindlII restriction enzymes,
the reaction mixture was resolved by gel electrophoresis, the approximately 2.4 kb DNA
fragment containing the mvaFE coding sequence was gel extracted, and the isolated DNA
fragment was inserted into the BamHI HindlII restriction enzyme site of pZE21-Pjaco1,
yielding expression plasmid pAM22.

[00204] Expression plasmid pAM33 was generated by inserting the coding sequence of

the mvaS gene of expression plasmid pAM18 into expression plasmid pAM22. Expression
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was gel extracted, and the isolated DNA fragnent was
subcl oned into the Pstl restriction enzyne site of the
woi2007/1B¥@24r epl i con pRRI O (Roberts et al. (1990pC#/US2007/012467
: 6

Bact eri &116), vi el ding vector
e e f@mwgﬂaﬁggndﬁﬁgao;; |
fisest ricti on en#y

reaction mxture was resol ved by gel el ectrophoresis,
the approximately 9.4 kb DNA fragnent was gel

. i sof d - =PCT/ 1S .
plasmi EANRES B AR A7 ol PO Bl i i el e enaymes, the
reactiog nrytuge wiat ecsofveg AyligeP elevireplitireds, ahpamaekinmtely d kil DNA

8..[100199]. le 3.[0020 hi | .
fragme e NG PRUDE SFEmRaRT G "ESo1 R0 M 2 LERBFLsc fa the isolated.

DNA feigarsie wa insersd fto tHeBVENT pidé BR@prédsif plasmid pAM22, yielding
Ent e{ﬁgco C aﬁgal is organi zed in operons. [00201]
CXPreSpTyB 'aufg s generated by inserting the coding

[00205{ eqUerg:gredsidn flasiidb AN 8 wis H&&feaq%%yé{iﬁ%%l h¥aS-myaE
GenBank accessi on_nunber AFZ90092 REG ON: 1479.. 3890)
operon of gxpgedon plaged pAMBANt: oo AP e Ths erafiarwfhoperon was

R ) 1 " I _ +),. .
solted BHEAARD AR RAML BRSO ol BB Pl st
linear PN Arifranert asingdb4l sestridtion epapme rseiNing the GRcT0n Biidiure by gel

clectro ekl apd ROp SRR E MRty 3 sdfh SRR, Thev&ior
backbopipiof pAMIRR wps pbiteined by @ligastiif tdBeorhpletiba pgmesditrevatarpAM25

: f rom,JJTG to ATG in the
using AEER Book MR AT RROIIAE {8 Rl FopdeisFabs eclias
electrophiayedis cinid pebexttivetiSytie appsdxiimatelpn. 1e1tb21|9|m\ &'ggAmeﬂf The two
. escripll]-KS(+ t r.at.agene, La J a,
‘“‘ate‘{jﬁt\u"d ﬁémgﬁtﬁr%?é i%ﬁt% yigl SRRFSsIony WQ]P“’F*?’%%—m d
[00206pAM  Exeaplggner ated by inserting the coding sequence

f the_nvaS gene of_ Enterococcusfaecalis (CGenBank

[00207EC ces §1- }Bﬁe’fﬂﬁ‘%@% descpibodmsthodedpropaking 2?‘1’1?23%31} plaspidsdbat encode
enzyme ofivhe 0P SathWhp a8 ol ERESYibhia ol drfishi R iM&pefdnR! | - gg(R +)

vector, The codi ng sequence of the nvaS géne was )
[00208}, | | x@essiopplasid PONERS, s genaraisd b Aesertingrpenes Amoding
¢) 8. ' j = L3
crem U SO RS MG LT R S Blp Ty D
pathwayimclydg) 1-dgeyy-Prey ! plose-prrbgophatesenthisg denaddid by thehdesYent of
et .y e 2l
Escherk 8815 A0 SPEMUR AL S sl RERELRLBE thgpaca by e
gene offisqhenichip ppd1 8-diplaspbaiytidy b2€sweihyl-PrarythirdolsshB2savéencoded by
. L ] Al t i ng. nc th E

e sp BRSO BRI 0 SSRGS PD LD s
(encodedAF2the RipA gerwi of\Bschayichia/emyowhichHagether transform pyruvate and D-

glyceraldehyde-3-phosphate to 4-diphosphocytidyl-2C-methyl-D-erythritol-2-phosphate.

DNA fragments comprising nucleotide sequences that encode enzymes of the “top” DXP
pathway were generated by PCR amplifying the coding sequences of the dxs (GenBank
accession number U00096 REGION: 437539..439401), dxr (GenBank accession number
U00096 REGION: 193521..194717), ispD (GenBank accession number U00096 REGION:
2869803..2870512), and ispE (GenBank accession number U00096 REGION
1261249..1262100) genes from Escherichia coli strain DH1 (ATCC #33849) with added
optimal Shine Dalgarno sequences and 5° and 3’ restriction enzyme sites using the PCR
primers shown in SEQ ID NOS: 15-18. The PCR products were resolved by gel

electrophoresis, gel extracted using a Qiagen (Valencia, CA) gel purification kit, digested to
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PL-iacO is a derivative of vector pZE21 -MCS-1 in
which the tet pronpter was replaced with the PL-iacq i
wonremtend (Lut z and Bujard (1997) Nucl Acids Ree€T/US2007/012467
25:1203-1210). ExpreSS| on pizasm d pAM was di gested
gt i1 i FP@:T”UJSEGO , . i

eI‘ectrophoreS| S, | the apprOX| mately 2.4 kb DNA fragrrent
contai ni ng the mvakE codi ng sequence was gel extracted,
and the isol ated DNA fragnent vvas in
completiarising #RARTIat EStTIGUORiHAYBRT (e ?25’8? £t the'bER P duct
comprls%l':tﬁ% X]EJ'- RS RbnYyhid ﬁ[b&]!&‘o? Hher I-‘@R'g%ﬂdét &b Asing\W2ixr gene; Apal

preSS| on plasmd pAMB

and Ndel fisrshe PRR produdicomigisiache Awd geme; fde Wﬁg g%é PCR product
compnswg'r\)}ée Ss%'ég%: e}§ gﬁg:gerﬁég/%&nF it 1agé(rp§y§1§ﬁ<9£‘ (@A?PCR%umﬁcatlon kit.

was di gested to
Roughl)CétmﬁneIar amoustsng eBgiUPCRmroWerc themradded ema Bagtjoregaction to

s RS B L SR8 FRRVER ko8 spctig 1 pLof rencion
mixture %ttﬁk@ 'tdlECRh@npltfg |2rbg;paet¢ui¢me eassfettésh @ame b&hg @’wedwawd the ispD-
extract nd the i ate
ispE gk aatatien 7 GTHE SBOMFIS o) COPRUT L Hier 67-14-C
(SEQ 11?&'@21 5)%hé& ksdllvmce(gm;ﬁ% Zsm» 19)aam the M&pqg}@a@aseae was PCR
pressi on asm S n
amplifiad s ey pRSPAT AL U %mﬁﬁ W858 TSP IR0  Fpy The two
PCR prc\(cﬁﬁ:ttsovaex@%‘%‘%ﬁve:dTlWe RéreSB A pelesiracied. At PR product
partially digesting pAI\/B usi ng EcoRl restrl&%l
compriserg theelxs-divy gens q@gsqtqqévqsecggqsmdnqg qoPRistionigAng ‘éﬁ%ﬂt"
restncngr‘?' {E%n%su bnd %tﬁdfﬁ@k&fﬁcﬁwﬁﬁsmé %Qkﬁ@ﬂ.%E ?\ﬁler&%&tb%s
re by ge trophoresi s, and "gel

actin
d1gestechmpnromplﬂMredlsyngApak@dDWWfrﬁsigﬁmn enzm?swzdt F t‘ﬂﬁ@%ﬂ%ﬁ@dums
Leyi
e T
enzyme€ utidnRe two dipebted I’ﬂ’g:R bmduelacbntammg shedtep’ b XFepathway operon were

igaed 14 T o P it BRMP AR, SEIERG Erpossion

plasmxdqﬁxmdokgeéeefdguwmoda@gasexammj on plasnid pAI\/B4

This e e.desc
[00209]mst hog‘]@‘PFé?‘OPrﬁ W@SW%‘%%%%%%% "fsﬁéfn %s 3 gncoding
enzymeS ' S oRbnt” @(@%@tm@dﬂhﬂ%h& B6Z hetbic lﬁﬂnaymeé of the “bottom”

DXP PM@%IQ&Eg@éﬁﬁeMm@Z%W dSSSI SH@E xatﬂ]ﬁsge (encoded by

9P 1 -HPR ANy LN E)-birenylAMAHhosphate
the isp P\?Ws%ez@%%co@ot hHe9 c{%az' DXPy U@)\/yay |jr?cl i

synthast (ensogd b R pG gengonBedeHabie ey g@&ﬂéﬁ%ﬁ@@*wh“yl
dlphospthla%e ﬁla%?&?/]lcg‘lfl cfsi%_pﬁl% i bén O Escherichia coli), which together

hosphat e r educt oi soner.a
transfomaabpmupwwlnel %IQfmg‘EM’eDﬁrYEgéﬁe?'PbﬁﬁP&a@dPﬂ?P and DMAPP. IPP
is also (iOé‘l erq%d) IEJDIE%XISIB ﬂ%hu&%@%ﬁvﬁy b EB]XJAHI' diphosphite Riferase

(encoded by the idi gene of Escherichia coli). DMAPP can be further converted to FPP
through the activity of farnesyl diphosphate synthase (encoded by the ispA gene of

Escherichia coli). An operon encoding enzymes of the “bottom” DXP pathway as well as an
isopentyl diphosphate isomerase and a farnesyl diphosphate synthase was generated by PCR
amplifying the ispF (GenBank accession number U00096 REGION: 2869323..2869802),
ispG (GenBank accession number U00096 REGION: 263 8708..2639826), ispH (GenBank
accession number U00096 REGION: 26277..27227), idi (GenBank accession number
AF119715), and ispA (GenBank accession number D00694 REGION: 484..1383) genes from
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the i spD gene of Escherichia coli), and
4- di phosphocyti dyl -2C-net hyl -D-erythritol synthase
woOenaded4by the i spE gene of Escherichia col i pCTwis2@/012467
t oget her transform pyruvat 63and | vcer al
; SpRmn . PCTT0S 2007
I erythritol -
DNA fragnments conpri si ng nucl eoti de sequences t hat
encode enzynmes of the "top" DXP pat hway were generated

Escherl(?’c}(éé'%> gg%rz] E{ﬁa{h Dt @ﬂTb@#ﬁ%ﬁbﬂ%&éé@ﬁ%&%ﬂ sl DAlSimo sequences

ccession nunber
and 5’ 484 3 3estrid@aGhzymd gites( \GangSthe lappropeist BOR prinpers. TWEOUOR products

were r§§9 g}l)y&?g %%é&&@%ﬂgﬂr?l%b%%%%%c{ g;en Bar&]ﬁla{: %%%P%%Eate restriction

enzyméﬂ&ﬁ’t&WarﬁbApﬁISﬁoﬁtherRﬁR) @rod@ﬂ&ﬂﬁpﬁ%ﬁ@ i 328 g} Kpnl and Apal for

e PR ES LM FSCheCL AR ol Shr B B CATCC

the zspﬂrgi»né Scl ind Hirk A1 for tHel Nogmmc&hﬁﬁﬁnglﬂwaz g&iR; BERIIT and
I mers shown in SEQ 15-18. The PCR products

Neol f%éh% PEspogust Wrg@rnge% EProme)-@af purified. %svtahé)c g@ugmolar

mountssafregcﬁ PERR ﬂl%auét\@ér@ menaaddgé\)m g ﬁgah%i{ fefabﬁc?ﬂ {03 sdthble the
ested to - l'etion using

mdlwdalpgmnss ingo @nm@gm thn@) thig hggftrmsreeocm, il qﬁpwctlm mixpge was

used tof@(%ﬁﬁg?tg ds%gﬁgfe' %?Sr@ Iggglsﬁges? ﬁﬁmg Jé?*‘n s, énﬂqxd R%—IO di-ispA

gene case¢ttqsh§h@®RFpnspGlgsne canspite wan@Cernplsﬁle lgiemepmNdEI 67ad4-C (SEQ
ID NO%%‘)I d?‘:;7f ?QSC lsgggqbqqéc g%ﬂ?\}lﬁs} £Ig =i z-tseg\)é% &ggsggt’te} was PCR

amphfpd mshgqahmm 6K+ 2E- CF{SEghIIy NEyU 7rahd 67 2360 3 BQAD NAcB2). The two
dto a

PCR piioRait Fire ol RO g8hnth og Sl H iR The PER pRaue

compntsimgshé ispitispG gepacissete was digestkd tceaﬁﬁbleﬁoﬂirhsﬁhg Bamdand Kpnl

st b R LA o iR SG2B e s o s

digested X6 cd?ﬁl'pl@i%ﬁﬁxsﬁ%sﬁ Jta8d\Was 1 Rtk aio! énfzylel@s \4hid B AVd PERSproducts
671A—c§ r 15) and 67-1D-C (SEQ ID NO 18)

were pyrified. e Méé%“@é ﬁéeaeeé'slgVeﬁS@n iag gbem éﬁmmsm@arephcatwn

from pAMZEgaIRf betBisctfidast g%n@fc(x%@R&@u{\Qmsia%):e Foth PZE& Thie (Lutz and

roducts were resol ved

ID NO 2
BuJardgb?SélAé&l ﬂéﬁﬁdgeésl%lz%kﬂ@élmﬁxm elégangicleptide-peperated lacUVS
promotgf QAL (OVBED S eE&dQ5%oﬁ%>?hﬁﬁ rfgaﬁ%ﬁ find'R2o! restriction

I gested to conpl etion using
enzymgsegnd thet? isplatestBGR produsts qorm@almatm dmm’tlampash\n@' operon

were hgansd hﬁg@% Ea,ﬁg%{&s{ FR3RFbh EntfiRe I di968hE %Apsi%&ggpét%%%mg

restriction enzynes,
exprestpbsmdUpAMWe purified. Vector pAM29 was digested

ouz10} 0 T L) B4 B B G R o0
contalnﬁ))g:’thpairbamyosn paigeRKR begin cg‘aréﬁldcatlbhpw‘ai‘lge]ﬁaméd b wtinsferring the
lacUV4 e%{néc'g“ Ky the JF[EH-MII} 1? ];pgrlg)% J?‘A 5@\%46’& t%e pAXfVI% ?vecgor Vector
pAM257 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 Aatll and XAhol restriction enzymes, and the DNA fragment was ligated into a plasmid
containing the p15 origin of replication and the chloramphenicol resistance gene from vector
pZA31-luc (Lutz and Bujard (1997) Nucl Acids Res. 25:1203-1210), yielding plasmid
pAM37-par; pAM37-par was digested to completion using restriction enzymes Sac/ and
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pl asm d pAMA08 (see Figure 7 for a plasm d map).
[ 00209] Expression plasm d pAMA09 was generated by

wons@vidyarg genes encodi ng enzynes of the "bott edi/uSx87/012467
pat hvvay |nto t he pAI\/B69 vecuor. Enzynes of

gy ’??iﬁggéz(encoded by tp' i )%

Wof‘ gEs’c}herl chia col),
I-hydroxy 2- et hyl - 2- (E) butenyl 4- di phosphat e
ynt has encoded b t ene of Es |
HindlIT, B A PO i e ERA ST PotT B S o dpment
comprlslﬁg hdRES deneagemdile élﬂeraln‘i;ﬂidn@:ehﬁbsmfarﬁs cbeg Weh gel extracted,
col ), which together t{thnsf

and the igolgieg HIN Arigrarpem yras Jigatad it tLBtS@?Wde’ site o BiduipiRe

QE%B%PM%HP 19b6F7 Bacratish 1qnmeu@n @,qlamg%ctor pAM133;
repllconﬁ)ﬁﬂl he acti (VI t)ﬁ;)oof | so&ent yl

hosph
pAM133 wesrérgasted tepeopletion ysingBgldiang éﬁédHF st aP.eerrraeS the
reaction thx ire MER {éo?@ep ﬂfg)e%efl Bfe%?@ﬁ&cﬁﬁﬁgé’ §hd ShrbRinttEly M REDINA

activi nesy sSphat’e synt haSe, (encoded
fragmenblacking ths avhpgnldue refistEgeshgene @nd aridoton ugqﬁvg Qggghwas gel extracted,

v S T RS o
comprisHigRRERIHM Sloaingt di]tashat\mmagmﬂeﬁ'(at ardl Ko RERrighpn mli?;yinrg;sﬂes
yleldmgtzzg:g@g Egd\%g%n% ﬁ%%s%%:ngﬁ%gnvg%mw096 g;g.%% ﬁ%gletlon using
Xhol an@PRH6stREE3{ Dhizyafe8 Sthe Geaction &ﬁﬁﬁl)'e ws (rﬁah@drﬁy get elestrpphpresis,

nunber UO0096 REG Q%l 26277. é ,? ¢ Ge)g&agl? was
and the apRE@XEIaSY i PRk (raggient s g5 & Vedh

68 énBEﬁisQM 1484 Pcil] 3B8)hegesiesd DM

digeste B ISRDIAMI U ERAGH ¢nd 7 3 AL % #3%86919% i into
fragmeng gortdinig thedpcEXP mECTPAter aR f§p§ 82}1 SRgoB W A]@a into the
Xhol Pc'iﬁ%Eth'cﬁéﬁ gﬁzgﬁ%ﬁ{%ﬁhé BA M NEcEdIEy R RIS B prafstorFflRs mid

CR products were resol ved by gel
pAM42¢I(mtﬁlgiph<8r@sasﬂaSgEﬂI@P0ract ed, digested with the

appr ogr estriction enzynes (b antH and Apal for
[00211]t he M%ct conprising the ispF gene;  Kpnl

and
[00212]Apal This exhmpRGRspribehoethodsforimaking cmessgp@lg%n@s that encode
Sai |l and t he PCR product conprising the ispH
enzyme@ﬂr?écm*s’aﬁfﬁﬁp‘;%f ﬁ{rp Rdi11 for the PCR product conpri sin
[00213]t he | Ekp@:@sﬁﬁn pl'alsﬂﬁid pTrc884-ADS wisgeretaedbRinsedhga nucleotide
ng the is ne h
smencS P b 29 S5 i P40 e, B ong, e
amorphb-2, A -tiefiébyiRade@@Giidna8 was gaﬁ&ete‘dlsgnﬂlhacalbd 5@ tlit apon translation
‘genes into an operon. FEr 0
e i 05 e S e ik e SBLILRE A enoh e
Biochem.CB® l_E)ﬁ}.se 3913'@2311%6 s& ﬂh&ﬁth:: {ﬁ&ﬁl&bﬁdd Muemncemﬁgahdambmha—él 11-
I spHi'di -i SpA gene cassettes S
diene synihaseyas oREEIPTHOL FEPIEFTIRRYT cE@”ﬁ’i”F’r‘r‘BPs@-@%‘%ﬁaﬁh‘f gugjeotide
sequencj‘eQNM%ﬂéb b3k Veo? Bn & a GSRG: d et tictbenzyndetkifel(gee U.S. Patent

I SDA gene cassette was PCR a |Ifled usi

Numbep?;l AR781)8 Thg Exugepgg@qqgem wgs7§h gested oymp @uersgibng %col and

) egg%rpﬁ?ﬁﬂfét@aé’\%ﬁﬁvé&ﬁ lo¥Esledtiopdiblesis, the
Amal re’glﬁ%‘:t";éﬁ enﬁlegsélttPé@r and gel extracted. Th ggPCR é)r oduct
approximately 1.6 kb DNA fragment was gel-extracted, and the isolated DNA fragment was

inserted into the Ncol Xmal restriction enzyme site of the pTrc99A vector (Amman et al.
(1985) Gene 40:183-190), yielding expression plasmid pTrc99A-ADS (see Figure 9 for a
plasmid map).

[00214] Expression plasmid pAMI113 is a chloramphenicol-resistant derivative of
pTrc99A-ADS. It was generated by PCR amplifying the chloramphenicol resistance gene
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conprising the ispF-ispG gene cassette was digested to
conpl etion using BamHl and Kpnl restriction enzymes,
wanw7ke2PCR product conpri sing the |spFL|d|-|9pAmgamw0n«w

cassette was dlgested to caﬁpletlon usi n I
Ry R tPECTM Sﬂébgg er ks

T NVeetoiipAMEB9Y was creat ed b
the pl 5A origin of repllcatlonfrompAl\/29 and
bet a-| act amase gene for anp|C|II|n resi stance from

pPZE12-1uc (Lutz an 97 i . ’_
from vece HABBLIIG e Duatogah el st e, 281283 TR0 sipg
phosphoﬁflgeé%ﬁlineré@llgv cRAYREN3 nass (REIRIDadO! @S)Qndr}wdtBl?mml-pAMW S
BanH and Ncol restriction enz

(SEQ ID) N6t A6handorepingfie H30 BoHGH Arayet g e eurghn eneyme sit
of expre?s%l{]&ﬁl(x? By AEA B! %ﬁﬁﬁﬁg e*ﬁ%é%l&hﬁaﬁﬂiﬂ'ﬁAMQ B.

enzyrre Si PAMB69 vect or 39
[00215] expr egiressiqy plesthid VMBS geq@qu;gq oy 1@@5,11@@5 g@}pﬂé\p%ﬁﬁ ‘agment

of Baczl@s rﬂlétizlhs ﬁo&qs#ﬂ@s%ﬁh%o gtﬁfﬁ% n%%)?g%s'mﬁ‘ FAVEEE upstream

i
genomid ®Rlibes (GmBmﬂsacgm&mmmme%ﬂ 46 &Féﬂq%ﬁgaf%ﬁé 484y to

vector p&'}:&%@ég%g{a{] Qb%}ﬁ?%e % %\?}EE@\S m%gﬁg@é%lglﬁ gtpae%%ﬁ) gNTu@F -H was

generate?‘d%)J iAY&riin h& R soquemeeust tleaE?ﬂRS saitilisfG06d HurlGraerifGenBank

e DA b AR SR, P

plasmldﬁﬂﬂ@ I“éag ¥ E%rﬁ‘i%g@c gﬁ)spﬁ}‘{eﬁtl% &) codinpssequénck lnf BERBariiduatbtilis 6051
VIR seneianEionk sacessizyoioes 15| NERERIONE SSENO D) inieyseser

pTu99Anto a plasmd containing the pi 5 or|g|n of

replication and the chl oranphenicol resistance
[00216]f r om Bwpressiop plasmid pAMI73t \zaSasFale’aﬁﬁda'i’iﬁm(si’é’é‘ﬁ)a ’N&i‘l&‘de

sequence Rﬂg@d ﬁg l??arégsgﬁe %ﬂ&se YFEBY YRR cdqr@lAD@%nB@lﬂ{

Igested to conpl'etion_usjing restrict
accessmmmm &&mp@ww@um HEXRTRESiGMTSCBr iFigca emto the

pTrc99/g’6l Rell GSﬁhved epo\{xﬂ%g!e% %Eﬁ&ﬂﬂgﬁé Psﬁarﬂelg&l%tﬁars@m Bknerated

ocus he chl or anpheni col
synthetnb@l&sy,&ham @qﬂfﬁedé)y Igélk feomp rta&I‘é@I sy@thqsw n@st@st ugingjthe

oo paeHR RS o St B P W s

comprlﬁ@%}lh% 3B -firneséh@ syorlidbe ﬁadﬁg seqme&icel; thg ctvdmt encogitiglthe second amino

was, di ted to ¢ on n
acid in Heabeial PELPPPIS SUETERICS Codiae 3PV depfdat by a codon
encodld'ggﬁ%%\%i%@cm(@@@) Rl 65! p@mopmexs(smm m:rmx ﬂ‘mbarégult@ngﬂPCR

ment | acki ng icillin re
productap mmaﬂlk&sﬁﬂa%tlw& Nepl &SHI%”E cPermeHR S G RgHHEon
using Skt @tiEGoPRR il S AiEERhctiBSmbitgRivas rebdl ediby gﬂteﬂlﬁttro@hb#eyls, the

gener at ed fragment conpri si a nultiple cl oa
approxmat@lytlhbkb DOV Siagpgnieampriying Sisdi-fArRssens iR S?ﬁg’eq“e“ce

was gelséﬁiﬁgtgd tgb RBIMES DN A PAYRRAt whXRELES IR0 thY ]ﬂédﬂ&lzc[ restnctlon

ested to conpletion using Xho

enzymer m;tqfthe: p'Bw%AzW yieldéng exression plasem r%gg‘? dﬁc igyg 9 fora
chl | el ectrophoresis,
plasmi a8)‘?

[00217] Expression plasmids pTrc99A-FSA, pTrc99A-GTS, pTrc99A-PS, pTrc99A-

TS were generated by inserting a DNA fragment comprising a nucleotide sequence encoding

an a-farnesene synthase (“FSA”), a y-terpinene synthase (“*GTS"), an a-pinene synthase
(“APS™), or a terpinolene synthase (“TS”) into the pTrc99A vector. The DNA fragment insert
was generated synthetically, using as a template for example the coding sequence of the a-
farnesene synthase gene of Picea abies (GenBank accession number AY473627, REGION:
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and the approximately 4.4 kb DNA fragnment was ge

extracted. Vector pAM257 was digested to conpletion
wo0Tg3gestri cti on enzynes Xhol and Pcil, and PO®US2007/012467
i sol ated DNA fragnent contaﬁniqg the | acUVs r
i ST A s QHU&ZQO 1
@l el igleiiof t he pAMRST® ror,
yi el di ng expression plasm d pAMI24 (see Figure 8 for a
plasm d map). [002111 Exanple 5 [00212] This exanpl e

descri bes net hods .f.or kKing e [ I I h
24..17663; 166 6098 SR R T Er e pryree ashe of BB TE ahhid
(GenBarlR‘RLESH PRuRbasAY €3 $398) S8 éciiite wequepesa of ticectelyyinene synthase
oot e el oL o Seiencl SIERPLRR, o 16 e coing
sequence OF Gl 9@1&&?@ sAHRIRRnd ot 4bicd ?@&}ﬁﬁﬁ YOS HBESR 28 EiRAGRIMIRS

genera nt [ h

S hetically, so at upon translationt
U87909aREGTONC i6d 1 é&m o Pinus el S andiank eegssion NUFber Rbsa850

e ol . . i tg £ Oci
reciof a8 s e PN et of A e e o e
basilicuen(CGedBangk aétvession npimber AY 6936 H0)amof Brendossugarmenziesii (GenBank

. optinmz ;9n i ri.chi b .
e B S RO SRt g ipsion
number AT 3682@5), Malicleetde sequenues beingroedsn-petifndzed for SxprRssianin

Bscherighig 8el s INA RERBETS T A G RABPI R Sk FRy s D

synthesi€ B8NsIREt udiRg theepibOiequbndes SEQUHS NI ardSEQ IDEVO: 40. The

reuling G Ao R o R 2 e e,

the reac{iﬁﬁ’ Bkt Wil ResbRRd NG el RBlropIRESIS, Bid Apreximataty 317 leb DNA
the pTrc99A vector netal. ( 19854 %%ge 40: h

fragment gampriging the atfamssene,synthiass ending sRAVERCSTrL 8 AXIpried-aod the

isolated 'ﬂﬁﬂrﬁaﬁm&x&r\wa@ RLAAThE HBRos RG22 cEHDERF fieie of the pTrcI9A
pllasm d p 1371s a chl oranpheni col -resjstant

vector, yieldingepressisin mmMrAw-F@ (sae Figiwe P dpeqpisgmisomap). The
anpl i f yi hgpgh i '

o b YrtFrs Rp SR ERBROE ek BT bE AR by 0 cdr Xl

restrictiom enBujesite O minat Kbatiesigicien enzane sige3 ang Weye elonedyinto

5. - phosphoryl at ' - - - |
compatn%& regtél)cﬁﬁa e %gﬁ%gl eg%#-aﬁﬁeé %e%lééscbﬁ:piss %%@Sﬁ%lgﬁ?ppA%YC
origin ve&t6£ fidnm gvhidtethay Gobld HeObepated| agzin bmtddgetstieg tZ_sgjmpletion the DNA
sy R L 3 SR 3D Bl o i
by gel eﬂ&%ﬁtﬁc}reﬁx,oemsgdl eRtridtAgthel 1738 agrgmesyathask éncoding DNA

inserti

i c DNA f f i bt .l i
fragmens( e tsoltRd RISy FHEC Oy RS HE et T g DA FERghiRh Enzyme
site of vaBér BIPEI00AA GERAIE! 61 SEAHEAT £83-1 G (BH5Y), gixtdiag plusmids

number 7991 16 REQ ON: 49364. . 48548 ggt? vegt or
D Tre99 0 Bl o aNATAP BIOTHTTCSY bt By (s ey B0 plasTis maps)

[00218]EXPT € E3pAsiBh PERhAdPPRIF2 I 8RB pRS425-FSB were generated by
inserting a nucleotide sequence encoding an a-farmesene synthase (“FSA”) or a B-farnesene
synthase (“FSB”), respectively, into the pRS425-Gall vector (Mumberg et. al. (1994) Nucl.
Acids. Res. 22(25): 5767-5768). The nucleotide sequence inserts were generated

synthetically, using as a template for example the coding sequence of the a-farnesene
synthase gene of Picea abies (GenBank accession number AY473627, REGION: 24..1766)
or of the B-farnesene synthase gene of 4rtemisia annua (GenBank accession number
AY835398), codon-optimized for expression in Saccharomyces cerevisiae. The synthetically

generated nucleotide sequence was flanked by a 5° BamH] site and a 3’ Xhol site, and could
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generated by inserting the coding sequence of the
Bacillus subtilis 6051 nudF gene (GenBank accession
wouniyase@91 16 REG ON: 49105..48548) into vecPar/US2007/012467

wn$7pyth wa

BT @ggﬁ of Wditégbed Lol ot S rel

i ' CARBAREIIN0IL < on nunber 299
REG ON. 97583. .97002) into vector pTrc99A. [00216]
Expression plasm d pAM373 was generated by inserting a

o e PHELAT 5o ETERSERPE O Iy AP LAE st

pUC orAYE3BGBjgin cedon Thp tsymthztichl fygenenaprdensiaptide sequence was isolated
Escherichi.a.co he pTrc99A vec e

by digeiiia GaerTeuEt RN ofberA Gobiaebuitay FRlg 8 Mol egrition

enzymef%HBhegfweﬂi@i @ﬁktﬁwwmﬁelsﬂ&bdi Yy gGMemhamsihsl, fhe&qbph;mﬁi@t%ly 1.7 kb

romits DNA s si s const sing the a

DNA frggmggt comprising Faan‘?ss'a%@fm ior Plertres %ﬁﬁgﬁig fig Sequence

was gelSixticted, MRNEIBINELDVNA fiagiRht HhdBgdtb@irio iwmmma
synthase codi ng sequence, the codon encodi ng

restrictign @amng mtsief WeiPRIR S1Gr | gerigrvasiding sypesseion @la§@ué ERS425-FSA

orpRSiz dﬁ t&@[ serine) was replaced py a codon
enco

as artlc aC|dcé 2 inthe 5 |ner S
[00219] D NoExme)sswmpéasnuémth ,pﬂre%% L«M§ P Pérlﬁlg’ﬁ rc99A-
PHS, p’?}ocggéhgs,e i ObRlsg téehélja{e‘arb Héerih, aﬂﬂgleg%&@%qﬁgnce

n using restriction en
encodingeelkinalool sy‘nthasrr €D ),rlEBmWGth}la@ﬁed“LMFe”c)t Mpmﬁ eynthase

8PS, I p ARG IRy o retff oL [ AGEEr SRS Sliladet57) imto

$6 coding se uén
the pTre€99A gedter) Th%miilclebﬁdd: sejuehedinElits dre gglmated\s@ﬁthbtlgﬂlye dsmg asa

ey R s L B RS kel A i cms

(GenBaﬁﬁQt@céilsMrrﬁmﬂ)efr AF 134 P2 ARECIOND) 3..1[769%, 17d cdawg asfilefidt of the
| asmi ds pTr099A- FSA, pTrc99A- GIS, pTrc99A-P

llmonewy@mfrgewe%fi engrandis GrpBiRRk ardesHgn BUBRET MQB% REGION:

73. 1988?"&% t&ding s@qd@H@é &0k ?»eplﬁgr%@ﬁ%s@fiﬁﬂ%ﬁ%lﬁann a (GenBank
farnesene nt hase FSA" a g-terpinene synt

accessuqn wpsbyr AE%? 78| RGO b+ 1n7 tbe g seqienge o%[ the B-phellandrene
synthas%_%%ﬁ’ébﬁﬁA 26 ﬁa’ﬁb‘zM‘i"&Mécéeshl%%qu%r RF189545 RE@I@N 34..1926),

ment insert was generated synthetica
the codingi seguense apf ttlmmrmeesymdms@ genepdicSaltia séeemp/ﬁﬂdlas@m\&@eé aggession

el Q5o ERSRONE 1355 HEQRUR S8 )8 0
gene oﬂSaévia oﬁ‘iqﬂlgalése(@wBaek afcessien buinkend ORI REGHIN: §6.n798). The
Artenisia '
ool 25350 L AL BB RS LB s
flankedbyd lkeade )genbremhcﬁbn ensyrhe srtenar(d@el&ﬁaiﬂal Xbaé&sﬁr'mtion enzyme site,
r AF514286

. 30.,. 3
the muc RS rcienron g0 ding (oo AP AL g XA B AT Boneg i toader
Necol rebtcReiiba BKZ}&ﬁéJ SiteSaria tevidiel Xbﬁﬂ%ctiﬁﬁ@n@dﬁne@nte di3I%Be nocleotide
sequenc% eFr>1lcg mg t e ﬂmoslg(laensBy% asg:l ?scﬁarﬂ(eg%y aul r N%E? res?rlctlon enzyme site

and a terminal Pst/ restriction enzyme site. The DNA synthesis constructs are digested to

completing using Xmal and Xbal (for the B-pinene, sabinine, and B-phellandrene synthase
constructs), Ncol and Xmal restriction enz&rmes (for the linalool and careen synthase
constructs), or Xbal and Pstl restriction enzymes (for the limonene synthase construct). The
reaction mixtures are resolved by gel electrophoresis, the approximately 1.7 to 1.9 kb DNA
fragments are gel extracted, and the isolated DNA fragments are ligated into the Xmal Xbal

restriction enzyme site (for the B-pinene, sabinine, and B-phellandrene synthase inserts), the
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REG ON: 1..1887), or the coding sequence of the

t er pi nol ene synt hase gene of QOci num basilicum (GenBank
weceEsisyam nunber AY693650) or of P’ seudot sugaPCT/US2007/012467
msn2| eS| [

( GenBank acceSS| (631 nunber o......
P ' il s
igﬁl e e?m i o
bei ng codon-optim zed for expr ession in Escherichia
coli. The DNA fragnents for FSA was anplified by PCR

fromits DNA hesi nstr ' '
oL i PR HERER SURTRTGL LRI IARD. o the 10at
Pstl restrSiohtenpgmP6iRe pioo thedimummediyngthaseiisert) afchppEtd989A westargyielding
Ncol and Sad J.esttictio s cit r
cxoress 83 SIS b 800 RLEHE BB BESChESo Rty frmcoon-
CS, andlpTrcYdPA [B¥(sbé BiRO D fooplasthRi mapdHhe a-farnesene
synt hase codi ng sequence was gel extracted, and the
[00220]; 50| aEZAMPAEOf r agment was |igated into the Ncol Sacl
[00221@‘33t r hid SRANRIE YERridbS theQenérafioR f ESGAr¥BRLDTI host strams useful
ding expression plasmd pTrc99A-FSA (see Figure 9
in the ifvgntian.pl asm d nap). The DNA fragnents for GIS, APS,
[00222Itjlnd Tis"lf&'&eﬁleﬂ%ﬁ "Iggf‘edl ttﬂe ﬂ éfs r@iﬂg %r@é’re@teh %?Q%smtng
iction enzynme site an term nal
chemlcalbsd;crmmtcmesshzrydea spli pareaheellsewish enemlemorem?@ressmn plasmids of
Exam lceqnt{ﬂ?t' ble restriction enzyne sites of a cloning
P uch as a standard pUC or pACYC origin vector,
Table 1f Eocolichest Istriiney coul d be | i berat ed aga| n by di gestl ng
L .

" AV4)

a—comml ot aon

Selectlon

Lxt-re—bv. gel-—el

I‘f\(‘l (e

—eteohi—+n Sy rest construct—usgt Ak
LHESHRHAIN et & i ct:g;i éﬁ pS, E‘?B‘fsg’ioﬁg t he reac 70

1B32, 0 1 0 te
B29&t ed DNA fra

uu =

r&nt s were. |i

hh, CGene 40: 183-1

FB310i ction enzynePBite of vedt

90 (1985)), )

?v yb' C}\ll
é DNA fra

é’ 0.t he
e (A

i el di ng pI asmi|dé

1 I 1 1 IC
\%“ tetracychne

Trc99A GIS, pTrc99A-APS_ or JTrc99A-TS (see d#Qﬂnnphuncol
Bi53l asni d_maps)|.DHB0218] ExgmeéddPan pl asni|d90 ug/mL
bB3225- FSA and pRIAP5- FSB wer ¢ pjeelRf A by |icashenidilhig
a nucl eoti de sequence encodi ng an a-far nesere?4sl}eﬁmlﬁaase
"FSA") or a b-farnesene syntRase ("FSB"). |chloramphenicol
rB2pRCtively into DHE pRS425- GaiAMI28t or ( MYniPrug/mL.
AB2564 1994) Nucl . {AoPds. Res. 23AM}13 5767- 5768yhenidikkin
hucl eoti de sequenice inserts ware generated |34 ug/mL
synt hetically, usling as a tenpl ate for exanpldhldramphenicol
CBEKNg sequence owaHhe a-f ar nggM53ynt hase |gdng/mi. kanamycin
Pi cea abi es (GenBank accessi or) pMBIgr AY4734200 ug/mL
REG ON: 24.. 1766) or of the NJR&gREADS Sy tdastseniciine
Tem sia annUapEgeEnBank aqGegdpen Nunber! 5 ug/mL tetracycline
AY835398), codon-jopti m zed for| spEadIeison in
Sacchar onmyces cerjevi si ae. The MI}EMI cal |l y |gener at ed
|B§'2b'uti de—sequence was flank V3& o bam-TI site and
Xhol site, and coul dpc p [Uspildividius bg cl oned
nt o corrpatible rlestriction er tes of acloning
"‘"b"" Steh—as—a obﬁ"i"l o p'U\./ Tr “A Igl Illobtii, Hl'l
TRQ gynt hetically genggat ed my I'de sequdg NG& W s11in
%61 ; pAM408 100 ug/mL
pTrc99A-ADS carbenicillin
50 ug/mL kanamycin
B618 pAM424 100 ug/mL
pTrc99A-ADS carbenicillin
35 pg/ml
chloramphenicol
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by digesting to conpletion the DNA synthesis construct
usi ng BanmH and Xhol restriction enzynes. The reaction
woizsdasewas resol ved by gel el ectrophoresis, PO®US2007/012467

roximately 1.7 kbv frﬁﬁﬁegeg'f@%igb AP

‘sequence was gel extracted, and the isol at ed "CRA
fragnent was ligated into the BanmH Xhol restriction
enzyne site of the pRS425-Gll vector, vyielding

$XRIseSERRN PT asM [ERIgHARAredto” PExpresdar - Fob: | Antibioti -
Nespectively. [00Rg&Qln Express pﬁsxm(gsm ds ntibiotic Selection

P EBA99A- LLS, PITCPIA- LS, PITCRIARAIG] P T CIPTHts
PTrc99A-CS, and pflrc99A-SS are ted by gelf/
a nucl eoti de sequgnce encodi ng ggl E yhEha
"LLS"), |inonenelsynthase ("L &3 ene| 3yH namycin
"BPS"), b-phellapdrene (" PHS" : carene synth
n --\) ar P abind ( 'SS") _intg ?“/ha P@QQ&GHICOI

—OoF—Sabt++H TSt
g gr The nucl eopmgﬁsequencepxwg?’ts are gg%l“%(t"éd
vt et call y—usi Nng as a tenplate for exanmm @bmcﬂhn
Sﬁg sequence of the Iinal oolpég"}%)ﬁase genpl @ neg/ml
\rt em si a annua (IGenBank acces|sPAM3ddmber AF| cashenigifiin
REGL QN 13~ 1764), the codi ng_sequence of th&0 pg/ml kanamycin

iB99Rene synt hase| gene of Abi elspAMAAdi s ( GenBitkug/ml

A=) —F

pccessi on nunber |AF006193 REG |[GMAMB33. 1986) | carbenicillin
nn

| B63349), the codj ng sequence [gfANMAO8b- phel | jartlr @grenl
sequence of the clarene synt hase gene of Sal w%u 'ml
synt hase gene of [Sal via offici ﬁﬁ‘_[-g S (GenBank caa%jﬁﬁllf?ﬁ
DpBRgT Tandrene synt hases are f

encodi ng the |ingl ool and carer?& 1 ges gre fl anked
hucl eoti de sequer|jce encodi

synt hesi s constrycts are di geg tpéA@BtSo conpl et|inée/md; tgacycline
r @5euction 9AGdSzynes (for the | PHEBISogpRSnd car een
rBeamploR ] hosteelled are resol vedlpMevdel el ect | APDOBASLS,

fodi ng sequence of the b-pinene synthase of A3 pgidi a
GenBank ackessi on nunber AF276072 REQ éHibramphenicol
5ynt hase gene of i es grandi § gQeBank accejsgirbdnicillin
hunber AF139205 REQ ON: 34.. 1%2@’1373 he codi nﬂ) ug/m] kanamycln
5t enophyl | a (GenBank accession nunber AF527414, @}uco]
82861871), or theperdi ng SeqUERoPIMEVE S0
gpRer AFOSTO90T REG ON: 26.. 1
sequences encodi ng the b- pi nen rb(djllora%ﬁafmc"l
restriction enzyne site and a
pyrctiomenzyne site, the n i ences
Al on rlrpyh citao and
I UGUCI I\IL,UI L o —c—ot
tgrsgnznal Xmal rest?ﬁ:!tlon @O“g/“,ﬂj
Lapkced—by—a—teader Ncol rest gty sug/mhd a
B? nal PstJ redtriction enzy®lt e. The myghloramphenicol
el _—and Xbal_(qr the b-pi nen®AM3M ni ne, and
bExpBPleZAdiosheelsynt hase const [ #Me¥T Ncol and Xmal
syRBnb8k constructs), or Xba/ | @dec99-GTSewnt (i cti on
enzynes (for the!llinonene synihaB8ocehStruct). The
t (peodustionef FBSel Yy 1.7 to 1.9 kpMBIS-gppagnent saesicilith
eViSaBIPSIPHENESt he i sol at ed DNATFa99aREDS %r alf 84luggal. ed

i$8)0 t heXmal Xb al -LMS or —-BPS or | chloramphenicol
~PHS or —CS or - | 5 ug/mL tetracycline
SS
[00223] Host cell transformants were selected on Luria Bertoni (LB) agar containing

antibiotics as detailed in Table 1. Single colonies were transferred from LB agar to culture

tubes containing 5 mL of LB liquid medium and antibiotics. B003, B617, B618, B619, B650,
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restriction enzyne site (for the b-pinene, sabinine,
and b-phel | andrene synthase inserts), the - 57

wWORWNNMBB200 Ncol Xmal restriction enzyrre site ptwomstdee/012467
or the Xbal

l'i nal ool and carene synt has® insert h
- ,v“‘ o " — - gy%fOF"EHH SBC; ? X oy A N " i
ey i B yl el dl ng ex p’xrsz ; i HE SERLEL PR E R b SRR LA
pI asm ds pTr c99A— LLS, pTrc99A-LMs, pTrc99A- BPS,
pTr c99A- PHS, pTrc99ACS5and pTr099A- SS (see Figure 9

B651, Bzﬁ%énmiﬁgégb priel tf@héto GRS atero etbated Shdl-CL o & g shaler at

250 rpnd 5t 303 dudd. 1 bhef Hbst icall h’aﬁsfbﬁmﬂ& Wers incQRRERSt 37C on a rotary
detailed in Table 1, the host strai

i_ns vver e cr e%B %
shaker 3t 25 ASPOY it GrombrTFecher StatiGpet RHEC. BIEIFENT BiFeAdaBIqd to minimal
media tﬁjfagﬁfg rfﬁihleﬁl t\Méd@hQﬂ% 53§uc@9§s?veet¥>ﬁﬁ@§§ﬂ MD-Mm%a @bntaining
hr ou Tab 1. E. coli host strain
0.8% glseose[a@am}noms see éﬂableth ﬁméhmmm%t%@%th§ M%M@BS cswedmm)
o 48 B P30k B RS DO BRI ot 40 1. i
50% gljdemhdnB (ﬂ)@atL liquid ¢htturee t ubes cont aining 5 nL of LB

[00225]

ui d ot | 03, B617, B618, B619,
Table 28’6 Bmp M@ﬁ% E’Jéyfm 191%8 53 host cel |

transfopt eah@oma{te I ncubat eQuantity@pé& Ion a rotarly
shaker at —2-50-4?\-5m-f-0r 30—hops—AH—et-her—hest—del |
t r ansf or mplYggH ﬂJH%QubatejlgiggNC on a rotary [shaker
at 250 r pKEPPd4 or owth reafBed stationary phasg. The
cells werp_adapted to nmininhl nedia by passagi t hem
t hrough 4| NeCk successive rp0dds of M- MOPS nedila
contai nin tgtucose—amnd ThiotTTS (See Taple 2
for the cpnposition of the \/S S nedium. The jcells
wer e stor aIM@O4- SOOC i n cry)2\n'nabls in 1m_ st ock
aliquots P of—400—tt etrit+e dU7UegbCIUI and
600 ulL |i qgf"gl%ulture Tabl ¢ ;l mMA, rhosi tion of
MB- MOPS ClThisheindedi um [ 002P4]1 dgxanpl e 7 [ 00225]| This

exanpl e demonstrates expression plasmd-stabiity in
the absengMQFS butfepRtits {A0Gmmlcherichia col| host
strain t haqgialeaa% AEB0 €85 @ prasm d conprijsi ng
the RK2 p gN gw ‘i??{:]at ?on sedgregation, and
mai nt enanc 38X em [00226] A5$1€ed culture of host
strain B2 estabtt+shed dimg—a—stock—=at] quot
of the st Wo a 125 L f I:Zsklfg:ont aining 40
MB- MOPS, PetugDdcose, 0. 5% yeastugextract, and
ant i bi ot i gs-—as—detaited—+n—Fable—t—and—by—grewng t he
cul ture oer@aht To'ug

ZnS0OA4 2.9 ug

FeSO4 0.28 mg

[00224] Example 7

This example demonstrates expression plasmid stability in the absence of

antibiotics in an Escherichia coli host strain that harbors an expression plasmid comprising
the RK2 plasmid replication, segregation, and maintenance system.

[00226]
the strain to a 125 mL flask containing 40 mL M9-MOPS, 2% glucose, 0.5% yeast extract,

A seed culture of host strain B255 was established by adding a stock aliquot of

and antibiotics as detailed in Table 1, and by growing the culture overnight.

-60 -




- 60 -PCT/US2001 [00227] The seed culture was used to
inoculate at an initial OD OGo of approximtely 0.05,
woww7253®2ml fl asks each containing 40 nL M- MOPST/US2007/012467
medi um 2% gl ucose, and O. E(%yeast extract. Culture #
s 7 rtEﬁlT:ﬁUJGZDQf
Ciiliterieleidi d not recei vn*&ﬁ ;
antl bi otics. Both cultures were i ncubated at 37C on a
rotary shaker at 250 rpmuntil they reached an OD oo
of approximately 0.2, at which point the nroduyction.
[00227] arroy Bie-saed culiugh atfé e feriBorgiate 1 an iutigaBhR o SRy Saely

0.05, twc?g% HET A4 el cdhihEGJ Q1 M- MU HS heditRe] 2edplubbsel Aed 0.5%
I nduction, theé cultures were over| nW|th8
yeast extmactoFulture #i gdaei @néﬂﬂé?q 30 vgf rrg'ﬁ%h?@‘“ﬂ”é%‘lg

chloram%‘zfenﬁ'? CultdB g%?d WE fecdidl ?H%Qﬁﬁﬂleﬂésc @'ohi’ctflﬁ&es’iw&&txﬁéubated at

‘hour's.” "Production o nor pha- 4 1-di ene by the
37°C on hastary $hakinati 250thm @nti uheyureachegzan @Emo iof gperogimately\js?, at

which p@ph&%ﬁﬁ%é}x ?ﬂn toﬁ gmto\:/"%rﬂ%l £1 #%mr{et gr%lgegﬂlos-{gel@ss§lﬁ§ﬁld9£&§w shding 40

c€l a sa
uL, of IMUPTGIte thesultupemedilimt A7the h)mmer ef iaddctinn dw«wumsmera ovgrlain

agar plate (no ant|b| ot i
with 8 ilngl aboreami sveaats capsire Tl ompira, Bl Bl Siptes were taken
periodichliPTor@a6tal 651172 HbersVBFoduEEsH bﬁ&n@dphk@dl Iodiene by LR host strain in
agar - pl us-anti bi otics (34, u maa‘ fggorarl‘rmlgnl col, 100
the 2 cum@r/ewaé spHamed by SHMS aétd&S‘gfh‘be

[00228] ° agar - i Quss EérQidosttéHiﬁty(lfiQh@Mé biinéilared hab@pleASfleath culture
not her over nlgnt i ncubati on at 37C,

was remaggd atp’lajlgngﬁm‘l steraked opgtop Lﬁeagggplate (nto antlbxotlcs) After overnight
mcubatlglg g{ 38045 1&&1%&%9&?18&39 Hakifed¥B6a eadts Bulbt Rkrd Ebphca-plated onto

I N appr oxi mat e 0 colonies, indicating

alLB aggﬂ—pklmadtlbletlemﬁwm crhlq)qqmphgmﬁpl@g@ﬂ @5/% ealibﬁmpﬂlén) plate and a

LB agargrgksﬂ%gc ehglton?g] Erhob%&bhftgca fgag% h@ ﬁgg{eg 0[ 00 a@&?ﬁt 37°C,

the LB apasiphiseantibiativs and tlesLB ragaeasms zy@@mtqu ®late wew @a,fchafﬁwd to

abi )it f. the.Ente | i ey d
contain ?Pf@'o@é’?:aé%lggg @cggescércé(\:ﬁ%s%’%g dlrgtegwbgﬁerl chha e an
in the alés@hée oRmtibistica hmthe[dwﬁﬁﬂxhediaaﬂhmlbdenrapprCQCﬂmh@bt 100%.

strains B61 and B62 were established by adding a stock
[00229],) | qugﬁa—‘BP——éeSach strain to 125 nL flasks containi ng 20

[00230]L WTM&&?Q dbmoni3tr8ids %@based specificactivityi dndetability ad the
detailed in

able 5, and rowi ng the cul.t.ur
Enterocaeia eaalih VAR Sosnépred [ (e Geqty i getey o8 Btk iy an
Escheridhid ¢k n8bt dfafish mediumin a 500 ni fI ask, and grovvn
again to an OD550 appro

[00231]pr od u§p¢cb¢pl@¢esgfd1q§h§§ra4nslBéll gg«i ﬁg& Me Fﬁg‘?}{sggd g; aﬁging a stock
aliquot ggé’alc gn&ﬁnghsm FRIGE dhtAAt MLMQ—M@PS%edem 38% %

hour s Eost -i nducti on, npl es
glucose; enbansibidticsas dateHed in Teble 5. anrbby errqwgna/él?eeC'ﬁ@r?se‘Péamm}'On The

seed cufé\?x@g ue];éj&%té@'i] 106*1&001@1 dmﬂ%'f leRls n’&%‘hﬁn%‘i‘éfsob 18Z flAsk9 Bnd grown

tore
again to an OD550 of approx1mately 0.1, at which p01nt productlon of amorpha-4,11-diene

was induced by adding 140 uL 1 M IPTG to each culture. At 4, 12, 20, 28, 36, and 49 hours

post-induction, samples were removed from each culture, and cells were pelleted by

centrifugation. The cell pellets were snap frozen on dry ice, and then stored at -80°C.
[00232] To conduct enzyme assays, cell pellets were thawed on ice, and then lysed
using Bugbuster (Novagen, Madison, WI) containing protease inhibtor mix #3 (Calbiochem,

San Diego, CA), benzonase (20 pL oer5 mL bugbuster; Novagen, Madison, WI), and
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[00232] To conduct enzyne assays, cell pellets were
thawed on ice, and then Iysed using Bugbuster
woOlkowvagens Madi son, W) containing protease i nRCDUS2007/012467
m x #3 (Calblochen1 San Di ego, CA), benzonase (20 ni
Qer5. .. b 1 g,’f PEFUB2006/R%246
g 2 gl ﬁg Enzyme acti" iy
the Saccharorryces cerevi si ae tHI\/GR was assayed in 50
mM Tris HO (pH7.5), O 2 raM NADPH (Sigma, St. Louis,

MO) 5and 0.3 nmM DL- 3- hyd hyl
lysozymﬂ(%QW@Aﬁn’éﬁﬂ? aeH Y| ertgx wrarsftsﬂ%e% gg}é?’%@éfﬁgg%
assayed { 31 SPnMATFis HES @?ﬁ@}épéqﬂwﬂIAQﬂ‘ﬂ{ (Sl St. [dsh, M®), and 0.3 mM

| Sappear ance was nonitored by absorbance i
DL-3-hy@dyM8-nieshylghtanyt coeneyme . EaMiG-Cod)gpdippall Sigma.dit. Louis,

MO). Tl}%ﬁ%@&\ﬁr esulis B)Z?&Cﬁh?@%l Yiaft, G0 eQﬂsa@E@ﬁXndemﬂﬁPH was

reS rac Orn,resu tained in test
monitor&BpPhiserbanoe ynB40mML.i To aqcouflt fom eofrspeific diseprsazanes of NADPH,

MR d
results ogl'[ﬂqeélrvﬁs nei?)ﬁé%a)i%@w%a@wf}a ?38?\3 %‘ér Jﬁ%{r %ttgcg ﬁ%ﬁflf@ﬁults obtained
in test s . PnzyfhehctiMNODIRE, Enler@»cﬁMuEﬁH’e&alzaWGBOvm\mmured similarly

0233J ro e|n as d by .t h
except oo e PRSP OO RSy AL Bhre 5, 0.4 miv
NADPE2G 0 M EEFT AR 108leM BCed as Dnnol  NADPH ni n/ ng

002331 Jocc. Hisin amave bera TR PSR bt WS GUGRGT finat Biochem
72:248- t)ggﬁecgw Xnes[\gél@ %@ﬂcuiﬁ@e@@ Shfol NADF/atih/AfS progein.

O, a representative strain, B32,
[00234]\/\/as gExamplier? h| gh ceI | density processes simlar to

[00235]! 105 eTﬁ%%%E#lﬁFeddés&i@éwpkﬁﬁor%nlgf OBRIMBRGRER RN

rou e runs, and the DCW wer e
(“DCW’meialsured for each sanple. To determ ne the DCW the

cel l s .we Ve
[00236] .| | Egl Fagafnp &E fagsﬁs%gglgéntg\geeﬁ rb66@) ?@b%&taﬂ_ train,

B32, waargg@\dn limhigh celialengity ]&&@sémm’alar tcedrs»se ees@aysd infigeamples 10-12.
t ubes con a|n|n el |

sampih e A BG5S Rt Thlry Bl bt cacn

sample. ap@i dtRemirethé DOW, ttﬁlcghi waﬁESpellemd:tﬁuﬂ thy smﬁmatmttmmarded The

ume of each 0.,001
cell pellp DS PRSP S 08 234 Porng G B b S teast
days. Thg gﬁ%?%@ﬁtaﬁﬁﬂg faléll iﬁ Iétspiveﬂdmél@hai 4hé wiiglit efwheitube was subtracted
ichia coli ho

from thsmephyed Beiahis 2ad) ﬁ@%ﬁﬁﬁé% vy esf%eﬁ%daﬁéﬁi e igitjal yolume of

each sarﬁhf a(gf!fmgmrtggg{aﬂgﬂklmﬁacchar onmyces cerevisiae t HVGR
00239] Seed cul tures of host strains B32,

[00237]B153, ERample ¥pg2, B292, B86, B255, and
[00238] This example demonstrates increased production of amorpha-4,1 1-diene in

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

[00240] The seed cultures were used to inoculate at an initial ODggo of approximately
0.05 separate 250 mL flasks containing 40 mL M9-MOPS medium, 2% glucose, and
antibiotics. The cultures were incubated at 30°C on a rotary shaker at 250 rpm until they

reached an ODggo of approximately 0.2, at which point the production of amorpha-4,1 1-diene
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B256 were established by adding a stock aliquot of
each strain to separate 125 nlL fl asks contai ning 25 nL
wORedMEB®2medi um 0. 8% gl ucose, and anti bi ot i cSPE@%/US2007/012467
detailed in Table 1, and byssgrovvl ng the cultures
0 PEof approxi mat PR
separate 250 ni fl asks cont aining 40 nL MB- MOPS
medi um 2% gl ucose, and antibiotics. The cultures were

i ncubated at 300C on a rotar r at unt
in the hasheylsmsdAQteea PYASOTIE0 b oF S LS o s Stsg RENHRY
cultures ARG vdr{n Wiﬁi%‘ﬂ b Bn BfgaAls IRy 4e.L., Bodé&ﬂe meth#! oleate or

US200i i n the host cells i.nduce
isopropyA duyiristptedo SPIL“I&?S <|>ﬁ\¥h¢ PR3N Yerkay dayer gpd t WW@HPWCFFH Honce a

day for ﬁjﬂl&}llg ego‘ﬁ@c a g}ég éi‘%] Hfé’(‘f ﬁ%ggﬁgieﬁhroeﬁﬁe DG gﬂil'ﬂoGp}{h\l&ll | Ayene

| Sopropy
concentxmu)n S\taahm:)asuxﬁd rbpltwsfetnmg]é ubrafahe grgao@rqvgg,lay W@f toghelean glass

i confi 50 Q5 bR RS P O SR 0 e

standardl- di ene concentrati on was rreasured by transferrl ng 5

uL of_the or an| a C | as VI aI
[00241] ¢ ot af b PRS2 d’vﬁf_a%(feﬁ‘}':l e&%tf’ é p feﬁ "Ked i ‘i‘%e% %t z
Hewlett! FadRérd GR0Y @RE yhﬂoﬁﬁ@og’lﬁplﬁmabﬂilﬁbﬁaine&t LB6CAVS) by @aami_qg only for

two 1on; 2&; é)zrg aﬂllgg 1o§1vq%rgllj(ﬁ?-é/lz &%@ﬁgggt o gS@r? an‘g{escnb\l\ﬁ in Martin et al.

(2001) &Bfe@i?ﬁalosfo%ng/ THEST-SORCLT SiRURE uﬁﬁﬁh@@)thé)gemmmermogmn and
nly for two_ions, the nolecul ar

column TtrwTvas Mg fiedkioceblsVE WEHR ek b ghd trﬂ(if@ﬁ‘iisg ovelil
runtime Bﬁqt $IC B0ble vRisQePStatedDrdRE RP8sing @ IB-DEUS LElubii(abhiladse from

tenperature program and colum natrix was nodified
Agilent floclasivogios Iopt PalalAlfs S1A yanddielivmosaraergeash Ehg fegpregatyre program

for the anaie))’s@I \L@SB%Q&){%@S ﬁ) %Tav agp{ E? < Sin&%Qﬁﬁg?"ée%q:e?ﬂuﬁerb& &

from Agri | ent
60°C/mﬂ=mmrmai tegipesturk rmcf.’SQO‘iﬁélaud Alhod atGQ0°G Aer é ImpigHies.afhe rgpolved

samplesr%ﬁarfe Sna ,yzicggger etw etg P%gl? %];qdfe? 59‘;3h§1a§§1§élé/c§fv§ déRtdt That

I ncr easi
monitore@ Emﬁrlwume 20t rﬁQCvamns endse spedtlemmcmsmted tiat 8800C,

a, hold 3000C for n

oo 0R5% S0y S Py g -
had a re@ﬁﬁn%i@ﬁ@@ﬁ?s .Y énidletes binp thisC provodadr Betai oxrlsarﬂsaﬁumpdiyllene was
e 3y s S BB RE R TR B G AL i
the ratlolofji'nﬁ@ﬁal sﬁﬁh@aﬁdhﬂtanﬁﬁphe{lha 14didnel pedketeasitaseduport qidntirative

time of 3.7 mnutes using.thi % 8rotgcﬂ%§ﬁm§? ﬂ (3
calibrationcavsvecef oiiogt anaerBhacds! Lciene Bs6 30y ANz 4
caryopge;glgchﬁggd L] SdetatdOr pha-4, 1 1-diene titer was

ted uSing the ratio of internal standard to
[00242}aror pExample bl di ene peak areas based upon a

uant iyt Ebﬁloedma a1 8t-diche b
[00243]? 'ﬁl?s édc\é ;@@%&&5 b afoé:cg nﬁ(%féé’s%diﬁfrocg%_l N iche by an
Escherzchza colz host strain grown at suboptimal temperature.

[00244]) A seed culture of host strain B32 was established by adding 0.5 mL of a stock
aliquot of the strain to a 250 mL flask containing 50 mL M9-MOPS medium and antibiotics

as detailed in Table 1, and by growing the culture overnight at 37°C on a rotary shaker at 250
rpm.

[00245] The seed culture was used to inoculate at an initial ODggo of approximately
0.05 four 250 mL flasks, each containing 40 mL fermentor batch medium (see Table 6 for
medium composition), 100 mM MOPS buffer pH7.1, and antibiotics. The cultures were
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caryophyl | ene-spi ked ethyl acetate. [00242] Exanple 11
[ 00243] This exanpl e denonstrates increased production
wofoeamsypha- 4,1 1-di ene by an Escherichia col i PODAIS2007/012467
dasenperature. [00244] A seed
: B gws Pﬂ'ﬁm‘%ﬂ@ﬂ;;;ﬁﬂ“
o betiipfitlt he strain to @S8O HE
flask containing 50 nL MB- MOPS nedi um and anti biotics
as detakled in Table 1, and by grow ng the culture
over ni ght at 37OC on a rotary shak t 250 rpm
incubatoBPR AT Bl a2 S0 A ks 08adr 86°G HETireY Boskedp ODuo of

0.18 to PQ tz{g%vhlgpg@iﬂt ik ;ﬁ@&fcﬁbh'@%ﬁlo)‘;f}&-@%fdi’éﬂe iR%ke dst cells was

contai ni ng 40

er nent or batch
induced b bulof 4M WIS e swlos wesae. Ats D oBpeRon, the
cultures were % Jﬂ% with &7 %g\ ol?!’aﬁlle 8§erl }ht% g{( l'éjfh% Ea—zl 19 }iene.

I'ncubated on a rota rpm at
Smnpleewbmtakao&@emda37oxdlmalyzadm;des@mueu Eamrr@baﬂb of 0.1
[00246]8 to Q.22 whi ch point the production of

anorp -dlene in the host cells was induced by
[00247]add| ngh{kQ:xglnp&f delnMrlsHIfés timcrédsed pudduction nﬁahmomhaﬁ(t,l t-diene by an
I nducti on, re overl a wi th 8nL
Escherze}fza é:ﬁ? @p@tas[qa&n W@fnl ef 5es&récge(§i;ag go‘gﬁ%?%rhdgp (2'_115
[0024311 di Id e ACseePBTRLR Df WBEStladKBB2 mnaeldatyon ﬁmd 0806081 @dd 050629-

escri bed in Exanmple 10, [.00246 47
1 was cqblished BB dingdivin G PEESok AIRBASHNG S GURCE P G0 SHL Aask
contamﬁ’l oR M9-M P RO uRYardhinkS T0HRE he Bétailedin TaWs 1, &idtai n
own under restricted carbon source conditi

mcubatl[naomg}ltme SbATCAN 2 tteryhakert 230 FRinAnib reasghed an ODggo of 1 fo
5 fermentation runs 050608-1 and 050629- 1 was

established by adding 0.25 uL of a stock aliquot of
[00249) he s seed cubiurg of bostatrain B3R ferofsrmeniption Bm (AV40B-3Np2ss

estabhsl:lnsclj l&)b n%ldamé a Eoc'k%'h otco?f tﬂ? zg%%& EQQO'IEL -ﬁ%ll @orﬁamﬁl’é%doﬁ‘m MO9-

ure on a rotary shaker
MOPS 2&0iunp and mmulhomcts aselatiiled imAal loend by inqubating the@ojtyg) overnight

oA seed cul t.u host..st
o 377 a5 S S P BT 0 B SRR SR o i
ODsoo dffagpﬂxﬁmmgl)t Da ag@m fibsk d:caﬁdnnmgmmm Mg MOP&mMiuml\mdS

medi um and, anti biotics d
e L R BB Sl e 82 5%1 it
rmmhmﬁﬁﬂbﬁ%wﬁﬁ33?@ rpm Thelseed culture was used to

i noc
ovasol, . ot Sy B Sl R 82 2L ARPIOHHIS. LY R0
acid, anﬁgl\llﬂ')z@@‘;%re 384 stdiizedlin ﬂle%1&l%§ct@géﬂmApﬁﬁkﬂlﬂBRfdoﬁdole ADI

oh a rotary shaker_at 250 rpm unti/l
1025s with ADI 1010 controllers, Applikon Biotechnology, Foster Cxty, CA). The remaining

media components were filter sterilized as stock solutions and injected through the headplate.
Table 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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reached an OD OOof 3 to 5. [00250] For all
fernmentation processes, the KH2ZPO4, K2HPO4 3H20O, EDTA,
woi20e77ig9eei d, and (NI LO2SO were heat sterilize®8Crnstine/012467
bi or eact or (2L Appl i kon Bi asonsol e ADI  1025s W|th ADI
w gﬁmotpmﬂusj&m@ 2 A
onents were f M
sterl lized as stock soI utions and injected through the
headpl ate. Table 3 shows the final nedia conposition
for fernmentation runs 050608-1 and 050629-1. Table 4
TABLE ghoGempheitipn of FerraentaticioMesdiuim phhemntaionfat i on run
. he starting volune for run 050608-1 was 0.8
050608 g,@g?%éoé%a;{tl ng volunme for 050629-1 was 1.2 1 gnd-the
stdrting vol une f ol Basduldedimmyéper1 || Fepg Solutics (Rer d
i nocHPEPRFEMy i nj e(tL ng 50 nL of theyseed culture
t hrjough t he headpl 4 3 - 64 -PCT/ US:(%“ TABLE 3 -

ConpG@Ricbse®n of Ferrnsrg ation Medi um df59PeaS0ent at i on
Runis—_050608-1 and-—0506291 6L ooy

A= B A= A~ Ay g pup 0 \o xw) PN USZGGI Ta'u: [> 4 -
Conjrplégil?pé)n of Fer i@ &tion Medi um df Fer nent ati on |Run
060PRFBOl BPRDI] Farsiegnentation ryn 050608-1 (excess
car %%il It‘h(l‘ f eed Was i%ifi ated._at iinduction—and—feed
r at k€itriepeidadj ust ed ImhBual | y. For fdrnentation run
OSOP&@H‘ (Garbomregtycted); the feqd was delivered to
t he er‘ﬁé%(?‘br accor(%%q to the protdcol shown in Table
5. PeigSOar7i® at i on t2ig 060403-3 (| cv@sﬁ_ carbon), the

f eepg=yps—started—agtprat+ecat-ty—when rrtTat

gl ucggg?bol us (15 c)gJ‘:‘/\B’sg exhaust ed an(}c% he di ssol ved
oXypDeBCHHL. Up t|®.25 nigxi num of 27.G4gddhr, the rqte
of Lhe_t.eed_mas_caL@uLat-ed—aeee#-m-ngW g
equaMngr 4HQ00 = s(/l-omg - ) / = 0.2 8% o) =I5g| 66

- PCFFH OWeT el M Ps g the tine Ato.phhiph the

i ni Ll depleted Upon rleaching the

max HuBOaate the gIQﬁw@ feed was rlddfm&Eted to a

rate d—corstart IS rate o
t he Né?%éﬁdgﬂzg% thew%%ﬁ{g Table 5 - %g Protocol f
Fer TEH(@H},@O&JH 0590629-1 [ 00252] Runs 050608- 1 an

OSO:%IS_JIéwere carri ddl.3me at 37C. Airff}-8W8n the
2

[oNN @)
=

Fe(IID)citrate 10.0 mg 4.0 mg

hydrate

Thiamine HCI 4.5 mg -

Carbenicillin 100 ug 100 ug

Tetracycline S5ug 5ug

Chloramphenicol 34 ug 34 ug
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bi oreactor was set at 1-2 L/mn; pH was maintained at

7 using ammoni um hydr oxi de and/ or sodi um hydr oxi de;
wonda7iiay2agi t ati on was 500- 600 rprn; foam was PCT/US2007/012467
cont rolled with anti foam BG(6SI gma- Al di ch, St Loui S,

cult|vat| on, productl on of anor pha-4,1 1-di ene by the

host cells was induced by adding 0.8 nL of 1IMIPTG to

run 050608-1 and 1.2 nL IPTG to run 050629- iqé gﬁgr}
Table 4i-rfdempesition pfiEermentatios Megigay of iarmepiation Ky dleg4ps:

300G 002531 RUM OG0RLSR ol CRer | T REGomtiod 0T
Al 1 fllcomponentie bi orgactor was set at (1- 2 L/mn; pH

was |nmei ntai ned at 7 usl ng amoni a hycr(ns’(lﬂel)a Di ssollved
oxyce@l—w&y frat-at-at et apove—30%tby ation
casdat&gifd oxygen enlrsljl hment. At an %00%
appriaxHseOel y 28 (19 ahalgrs after inogu ati on)

pr og 4 1—di-ene—by t. Rrost—eett
vas |ikeHRQ@e3HO addi n 151'&13 1M I PTG - -[00254J
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05060 HL)28@: 050629- 12 gvol ati | e anor pma- 4, 11-di eng
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hept(aEDITA The hept anp8.4uwag then di | ut el:Bmgto et hyl
acet gt —t+he—arprpha—4—ti—dtene—concentratton in
t he aé‘?ﬁhé%s betvvee?rgd“%S mg/ L and 2 %/ L. For rjun
060408me1, A0 pha- 4, | Idndl ene was caprt;w,sehg’ n the

bi orleact or_hy addingl 200 il of

@Ln—opgﬁzm-e——o-v-et—l—a-y—t-o
the [fev@erREBP at the| 19MB8of i nducti o F®duct

CONCIEfIE@] T o Was e §lM gd by comnbi ni g uC broth
pl us| ofgahic overlay|with 975 ul acetpnitrile shaling
t he |shiagMeOatHp@AXi num’Zépegd on a Fi shte‘}mgortex Genile

2(t e t—(-Sei-eft W
f(()rr? ch—g;&() r?"ﬁ‘fgt u? ;ggung\jll Inlq‘:ZeI II ”P? rgm the sanple

by clens(michmé hedrateaht0@idgut i ng the acédomi trile
sol u haf ate—yt-it—t-hel-arpr pha A—
11- dj BriemiemBERt r at i bA-5ITEL he sanpl e Was between 0.[63

and Wﬁknlhdne etn/llo@g%t ate sanpl es1o®ae anal yzed
by G as describefl in Fxanple 10 002551 Exanplle

13 [ |00eE8Yyclipg S examaﬁelgdenonst rates | h8Beased

anorpémne CtTom by an %pggrl chia ﬂl
host rai n® grown unjer estricted carbon_source

[00251Fondi tHoe fiemenchtiah ran D60608vhexcesspawban)y the ff@DWAYinitiated at

mduc"%&t“ﬂé‘u%ff rléfegcvggrg? t&? tr%%ugﬂgliégr aine {1%%8%2@1 (cprbon-

restrictédNihei foedgrad aeIMeré@toNEP&mredtan rarcmdu@tbnm piota] slown in Table

s or B 0L 0 B0 R A1) v

the initial glucose bolus (15 g) was exhausted and the dissolved oxygen spiked. Up to a

é

maximum of 27.6 g/hr, the rate of the feed was calculated according to the following
equation:

m, (6) = S(to e
r=0.12
S(t,)=15g
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to 4.5.
1010 with

woeast7aBIit y,

mas i nduc

according to two di fferent prot ocol s.
whereinvosthe Figneatoyigethe, initial gluspze Waedemeted Upgferegeling fhe maximum

rate, the ﬁco%@@ S G R¥ricen ﬂorlgra{enﬁ’ 9] gflﬂaélci KH1@ U8iktaht at this rate for the
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Fi sher Vorfex - 68 -in PBP/US200 Genie 2({m nixer
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least 3 mnutes, renpvipg cells fromthe sanple by

centrifugpt2on,

and di

Jﬂﬂﬂg the acetonit!

ile solution

into ethy
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acetate—unt
P%n in the sa

e—anorphe=41
T%ﬁg was bet ween 0

1-di ene

63 and 20

ng/ L. The

&6 hyl acetate

gaapl es were anal

zed by GO M5

as descri
Thi s exam

edin l:vanpl a

pF% denonstrat ¢

lﬂ L nn')R11 | VY
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J u\uml

g I'ncr eased anor pl

e 14 [00262]
ha-4, 1

1-diene p
gr own und

r@@uctlon by a
[ restricted

13kg9Cherichi a col1

tar hon _and ni t rogel

host strain
source

condi ti on

522nd at subopt

ﬂﬁ@l temperature.

seed cult
addi ng a
containin
detail ed
at 37C on
fol |l ow ng

of —host—st
st ock al i quot

B86was—est abli
) 'the strain to a

[00263] A
i shed by
250 nL fl ask

350 L MD- MOP

n_Tahl o 1

57®9di um and anti bi

Th
gsrotary shaké

at 250 rpm subq

PﬁllUlc‘Wa'S—gf‘GWﬂ

otics as
over ni ght
tul tured t he

gprning 1 nto {

an OD o of

Bsosame medi um at

appr oxi ma

d 250 rpmto

pwn—agatk-n—at—3/C—-ah
an ODOOO of 3 to 5. [00264] Four 2 L bioreactors
02521( Bi OC@iHnE @lsbsd}sA\and 806290 WhreRiagQNS ! 3740, AliBRSw in the
Appl

kon Bi ot echnol ogy, Foster Cty, CA) were set up
bioreactmhvasisat atrl-2 fdmins b Wagy mainteiagd ay husing ﬁnmwmélyﬂzom% and/or

sodluméx:ﬂ'gr&g(@ed‘ Srg‘i'rt]l%l a%f&%%ﬂtwés%b -G00Gph; TR WascBRrb &t With hHiifdam B
(Sigma-Aldich, St. Louis, 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 mL
IPTG to run 050629-1. Upon induction, the culture temperature was reduced to 30°C.
[00253]

2 L/min; pH was maintained at 7 using ammonia hydroxide. Dissolved oxygen was

Run 060403-3 was carried out at 30°C. Airflow in the bioreactor was set at 1-
maintained above 30% by an agitation cascade and oxygen enrichment. At an ODggp of

approximately 28 (19 hours after inoculation), production of amorpha-4,11-diene by the host

cells was induced by adding 1 mL 1| M IPTG.
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amoni a sulfate in the feed. [00265] An exponenti al

gl ucose feed with a 6 hour doubling tine was initiated
weaubvammedzeal |y when the initial glucose bolus eaD/U32007/012467
was exhaust ed and the di ssalsved oxygen spi ked. Up to a

LS R Ryt ] é %g HCWUSEQQ'Z

ey 4 o 1 e i e W bt g R R g fi g | | ow ng equatlgt*' 3

o ("~') I = 0.12rri n~" 0 15 wherein Dis the SpeCIfIC
growth rate, and o is the tinme at which the initial

| ucose bol us wa g{l et ed. Upoa reach%nﬁg t%e maxi n‘grpf
[00254]r at e, AopEPEt-fddsdiene¥as Gaptured and eyiregied,aegrding fo fwo different
protocoE/ Bbr nA8 @sb@dsit QA 950619- Bl vdIAiIE afrdksha 1 1 idinel BERND HEthe
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off-gas afﬁd cmu@gzywe@eag tasmotf:eas tiprghoy eps-Pasher cepiaiing 2R mL
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concentratidniimthé SONHE ak detvesendl. 6bmgﬂagnd: 30 migdl. Benrua06p#HR3-3,
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to the fdro@monas thedairhe of inddctiv. hPmdmtfc@amrﬂa(ﬁngvmmaumﬂ byStombining
,LO .. and.di ss oxygen tensi,on S
25 uL bEgheTis PERIS VS TER Aok S P ek [ Sremple at maximum
speed of 40Qshler Kﬂﬁtebcﬂ}j@mémﬁ" ﬁﬂ?j(@é{ﬂcﬁﬁﬁﬁc hidestries) Incf, Bohemig N Y)nfor at
run - 69 -PCT/ US200i j aSl 060327- 3
least 3 minAGs, FRORRERS P%ff e‘gsm the, MscewatftﬁaétOHesﬂdat’ﬂlt%‘Pﬁg
acetomt?@e/g&titt&tlmw BthlyE4dER4tE ahtiDihe abypRBH.11Uiche &ﬁt@&&éatﬁm in the
and 060619-5 (carbon-_and njtrogen- rest ricted) }p Y)va%
sample s heygead-ed and 2hmerla The qtayiageotser %aqver&r?aal zed by GC/MS
as descéﬁél‘f:h' nfifle {8. hours using a 50/50 m xture of 2.5 N
and 'ON NH4AOH, to further restrict the anmount of
[00255]ammn@@3!}2193133_i nto the fermentor. [00267] Production
f a -
02560, 2 TIHE Gatpte deflbBud ot S B plortiEliT 1 ind AR on by an
Eschembm@oizdlqshmam Etawreundsg |r@ﬂtmct53@ 9@@8}1 seyroe pprediions and at
Yas, capt ured by overlaying the nediumw th 10%
SuboPtl?]\?f{e)mpefa an- or gani c overlay. Anorpha-4,1 1-di ene was
[00257) hen exsdedcubdrenf hosndtiain BjS52 Svas lcstablisthedtbly adidtl‘rg Hftéclualiquot of

e e U Sy S B PR s e

in Tablé D4R groGéng tlhE@ultutBQi‘ﬂ 8M@on N.rdta)y fleikenat 350apm thian ODggp of 3.5
m nutes, renoving cells fromthe sanple by
to 4.5. centrlfugatl on, and adding 10 uL of the nethanol

[0025850! Ut RANbicPeREfs WBioBbMYdller 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.

[00259] 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-diene present in
the off-gas was captured by venting the off-gas through a gas-washer containing 200 mL
heptanol. The heptanol was then diluted into ethyl acetate until the amorpha-4,11-diene
concentration in the sample was between 0.63 and 20 mg/L. in another, amorpha-4,11-diene
was captured by adding 200 mL of an organic overlay to the fermentor at the time of
induction.

[00260) Amorpha-4,11-diene was extracted from the culture medium by combining 25

uL broth with 975 uL acetonitrile, shaking the sample at maximum speed on a Fisher Vortex
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acetate containing 10 uL/L trans-caryophyl ene. [00269]

Sanpl es were anal yzed by GO M5 as descri bed in Exanple
w0Q0077180270] Exanple 15 [00271] This exanpl e deeT/uisbes/012467
t he product| on of am)rpha 491 1-diene via the DXP
;RALIRY, : e lsizr PCT/WS 20070 ke4d
b il esl 8l B0O3, B617, BETH
B619 vvere esta |shed by addi ng a stock ali quot of

each strain to separate 125 nL fl asks contai ni ng 25 mL

MD- MOPS and antibiotics as detailed in Table 1, an 1%
Genie 25 ovikerd Seigatifig adysaiesolpgr, Aohsmia, NBpipgpt %’é‘é‘aﬂes removing

cells froﬁ‘}J HEYh ﬁgaé’\ﬁ* @eﬂﬁﬁ%aﬁ@n 'a?aa(aﬂluﬁhg 11 ac@fbnhtﬁ'lé §titiSn® ey ]

proxi , Separate 2 I asks cont ai ni ng
acetate utﬁllrdxe mOm hiedianamcone:nirglion in megmnm_e was between 0.63 and 20

e A i T O ot

[00261]Cul t uERsmpleriet i ncubat ed at 300C ina humdified

o, R o GO SR R by

EscheriéfifB 'cBh@&oststéaid gfbvanenden rdshectéﬂ)sdrbﬁle hhd nitegen source dorplitions and
adding 40 uL of IMIPTGto the culture medium [00274]
ats“bom&mﬁlﬁém??rﬁﬂ“%f i nduction, the cultures were overlain
[00263]W th % smzd @m{&g df%@iﬁéﬁerlBSG kv etstaltaﬁmti ll!iyt&dtlhtg a stock aliquot of
anor pha- i ene.. Sanpl.es were at_yar|ous
the straipit 290l 195 RO AR A VTR e 8 Suitueiies g detailed

in Tablé"ﬂ A YZQGPY w%m&éi‘ﬁ%ﬁf hibedcion ﬁé@dl‘?'sﬁalé’e@ at 250 rpm, sub-

Experiments were performed using i ndependent cl on
culturechthe Saktowinggnominginto thesame aagdivg %F@%o plhappgoximate y1,and

erovn dg5] 500 A TP W Dl 3E |0 < exampl & desor bes

[00264)t he pFou2 Lilsoreaétoss (iodoptrobar ABIA10 with Biegomsole ADI 1025,

but - 2- I
s Ul BB RGBSy B Bl L P B
in Exanip186?2 f&28i%,060268-3, exxtpBR@d theaiteogentrasiticteadndgid not contain
str takl nq Fﬁt a stock aliquot of each strain on LB
ammo“?g%‘f Aithg ﬂg antibiotics as detailed in Table 1.
[00265]Thr ee Ald‘@@éﬁélﬁiﬁﬂl fglekOfed svited 6 hpicdadblihgtineawhs initiated

strain, and_ each colo ocul at ed
automaGap v BT A RGEAR RIS 03 & i <eurtpod by Brsgfyeh Soveen
spiked. %%ru ABkindim 3f 80 ap/kr, il iateyofthe ket veds cabdlatgdmadeotdihg to the

| at e exponential phase. The cultures were then
followipgheuati®ped at an ODboo of approximately 0.05, into a
m (f) = 0 m-+b1ask containing 40 m of MB- MOPS, 2% gl ucose,

/oyeast extract, and antibiotics. The cultures were

u= Olgmwn overni ght at 37C on a rotary shaker at 250 rpm
0__.15léntll they reached an ODeoo of approximately 0.2, at

wherein Ois the specific growth rate, and 4 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 11.4
g/hr, and held constant at this rate for the remainder of the run. In fermentation runs 060710-
4, 060724-5, and 060619-5 (carbon- and nitrogen-restricted), the glucose feed was further
reduced when ammonia restriction lead to glucose accumulation in the medium.

[00266] Fermentation was carried out at the reduced temperature of 30°C. Airflow in
the bioreactor was set at 1 vvm; initial agitation was at 700 rpm; foam was controlled with
antifoam B (Sigma-Aldich, St. Louis, MO); and dissolved oxygen tension was controlled at

40% using an agitation cascade (700-1,200 rpm) and oxygen enrichment. In fermentation run

-69 -




0

whi ch point they were induced by adding 40 uL of 1M

| PTG The cultures were grown for 72 hours at 30C on a
woab@ripIrhaker at 250 rpm One to two tinmes pePCUANR2007/012467

the OD OO of each culture was nmeasured, and a 700 uL

AT et Wk POTAIS2001 261
Hehs 2 et il BRI SR iBY from the cul ¥ i

600 uL of ethyl acetate was added to 300 uL of each

renoved sanple. The sanple was then vortexed for 15

m nutes, and 400 uL_of the upper ethyl a hase .
060327-Bhearberrestrigiedethe Pl was smintgingd ot ¥ P&Pg%%gﬁé@gilg Termentation
runs oso[gg@%t? 8bo724Es SAA608 198" €adbal Mtﬁge@réﬂﬁ?ﬂt&i)%v%ﬁaﬁdﬁarl d

gas chrionat ogr aph/mass spectroneter (GC/ MS). .
maintainet] a¢ Znmitiellyasing @0% Mi@Iband startdE atsiZhpuss wWEng a S8{3gmixture of

i | L agi e fpal a,f;éﬁ, &r% it/ R
2.5 NN%C?& gﬂtog]ggxﬁ—? e’ot? e@r%g?rla'?%pgt %r@gg}dz?!‘r# ?for t (rel a 81.| ysi s ©
fermento¥as as follows: 600C for 3 m nutes, increasing
tenperature at, 60C/ mnute.to a te ra
(002671 g o RGbEIoR OEABTEF 4 1505 Ot 08 PO g b 0d Bam ODoo of
approxita&1y30'by bddifg 1 HHE of e MIIP¥G wahptaisuremedivnal yzed by a
Hewl et t - Packard nodel 5973 g&ﬁs sel.ective det.ector

[00268] by evi SoTRREsS 1 Lsiene WasraRBIed Py oXErIaing the medifg) wih 10% (V)
of an or?aHﬁ@BVe"rtagl. AR8rphalE] hitlend vaiditRér éxtRictddiecombiningrBSi nof broth
. Ime of 2.067 minutes using this GC prot olgolh. Jo fOogUS. s
with 9738k seathasiol.GhaingaRn ARG et BeKHTYD Spedign a Fisher Vortex Gerie 2
mixer (s"ﬁ.{fﬁfdgylha%és% TED: BotmiaONSE) €sitdt Yési PIniiited, 96mbeing cells from
nmet hod was enpl oyed that nonitors only ions 56 an

S d 68
the samplg by-cenifhgation, andadding 10 uLgfthgmethan) solyiomtody ul ¢ethyl

2 74 I YA Thi s exanpl e descri bes the
acetate %O%g%ﬁ%%ilgﬁﬁ“ 0 tgdr?%rcfa)h%faﬁ%}%-di ene by a Saccharonyces

[00269]cer evBanples west amllyzeidrby GOOM8 v desasibgd e Ezemple Ut host
strai p_EPY, is described in Ro et al. {Nature 440:
[00270]g 4 QM% and in PCT Patent Publication
[0027 I]WIZOOTh@Q:&ﬁﬂ.ﬁIe d-d@zﬁibstthabmdﬁé’ﬁ@rﬁdf amerpbariell -dfene via the DXP
expression pl asm RS425ADS by growth in YPD nmedi um
pathwa)(m)né{f el "?égg]thoﬁgsﬁ’@l"?'cs: A Col d Spring Harbor
[00272]Labor gé&d dulfuedsr sFhobbdttiihs BAOR) Be1d, B61§BNd B619 were established by
. 0-87969-728-8), plating for sj e, col oni es.on, YP
adding gfapk aliet of et Siedh fogperaiy L B AR SOUADE PR 1o MOPS
and antiblotic8 98t tietdiléh ESMUIB Y, Aflbypsidivingienaftuiddalvegiight. on
CSM Met Hi s atlzjar but not on CSM - 7 1 gééh Leu agpar . 1
[00273)er e Ehe sepdqultares werg userbio inARIpie 28 AR INifiRSIDenpEFPPIEKimately
0.05, seﬁé{rﬁ{é {dgﬁﬂg RS dshianal ArmER30AOPSAY3@Um)as ug/mL thiamine,

rans h expressi on plasm d pRS425-ADSL%JZd, a
micronystientsi HOOESmeldaFes 4&&1\4@&&% @Reepast ferachrlhab @t ot
glucoseté%ﬂﬁ%i&ﬂ:@.t %lg%)eél \\J&le%guﬁaﬁé@ &t 30{%’ é?@%’éxéﬁd(ﬁ%ﬂhﬁéﬁbaﬁﬂ@ shaker at

erg ( . Bacteriol. > 25-635) _yi el di ng
250 rpnhostil they mached arg8Dsgp of 0.2 to 0.3, 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.

[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
[00276] This example describes the production of 3-methyl-but-3-en-1-ol and 3-

methyl-but-2-en-1-ol in Escherichia coli host strains.
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[00282] YI 85 host cell transformants were sel ected on

synthetic defined nedia, containing 2% gl ucose and all
wearmoTadseikds except histidine, |eucine, and nePOT@SRV2/012467

(CSNqucose; MP Bi onedi cal s;1 Sol on, OH). The host

p it

85 restores Ieuc:| ne prot otrophy (LEU2) Si ngI e
colonles wer e patched onto sel ective nedi um

| ucosehi st d t hi
02771 e b s AL BT S B i e by
streakm% 'E)ﬁpé gt‘g)fzﬁ Gl oFBheHdtrat®¥h 0¥ ¥ar Qbﬂtﬁﬁ'ﬁ antibidtics as detailed in
e suspensi on was m xed, then stored at

Table 1. "ﬂmndpmg} ctonies prersRickest forsagh sirain atdwACIREolgRY was
moculatg 7 rﬂﬁﬂﬁ(} %m@gﬁ' dotafninb g.gﬁblﬁhbs? 4k cﬁftuxteg Sverd Fﬁivﬂl b®rmight

contal ni ng g ucose Tacki ng
at 37°C belacmmy ahrakermet mampmemuaam elxpoggntial plgan:hBhﬁt‘mltWSe‘Qere then

a1 P8P B3 1S PSR, ADRSH Ayl g or v

MOPS, ’Qi%agllacs&Fo Ap et hiravt, 2kl ayibidties.i Thededurasdvere grawn overnight at
ing. |leucin

o and cont ai ni ose, .l. 89
37°C ongafeiiey duekerath 45 ToHEL Ten APHRLed 99 Dt DL P etiefel 02, a
which pbﬂﬁ WRAL R e3hdiRRE b9hdinp A (ALY oS NAMEPTG! THRQultpres were grown for
Because t he presence o gl ucgse in the nEdI r.ev
a}P the 88500 of each

72 hours AAEC oma BrtaptDakeat 69 SPBt Ene fR YA HEIEE BET
culture @rﬁgfn@%réd Iind ad7(ﬁﬂﬁ_, P:{n‘i’ﬂé s FBmBAS. TRt exitraciuGe 3-1ibthyl-but-3-en-

cel s 'had used up the glucose in the media and had

1-ol andshimethidcbut-ensil rd frgm thetadirabroth, §0P uheniistiyd ppefte was added to
300 ul §€ééﬁrcﬁemm%“ve& Eﬁéﬁlb rf?heoganﬁnﬂ'lé’%‘i‘ﬁérpsfbrtekg& £ Ul St e rRSesVBR E400 uL

arn wt anic overlay to capture
of the upper etimyd rapétatephiase was traesfe pelegipglass wRkior ghalysis.

[00278][‘2“2? TRY s B1S bRiL %.ﬂ]aq%%dlﬂﬁ Phichi-PIAAR] gagurbaen!

ean contal ni ng 500 et hyl
chromaﬁxgﬁpﬁmﬁas{scnpbarmﬂgr EGRMIBN AcdnEcampia wemsqwra@@d en thgrGC using a

B

tempera@tﬂ%' prégenofor ﬁ;&ﬂdﬁiiw&!ﬁﬂﬁlldw@ﬁﬁﬂ?%S minutes, increasing
chr omat ogr aph/ mass spectro
temperatyresk BT BB 1 AGRBBTSRRY B 205 Ch 3t & PBI bR oE inutes.
The totéd%ﬁ ismfelk}v&Lw ﬁﬁn\!ﬁﬁi q}ffe?ﬁilﬂ\éé&saﬁixﬂéhé\ggreﬁﬁa@&ed by adfwlandackard
ngy anor pha- i ene
model S5 700 SoKP G CAGAPe PERAEHS RS PHUHITORIEAG tope >-methy1-3-
buten-la&%efzaméth%lé Blitei€-dl Ratdla RAERIVY @Y 6£2.06@ hiiles asing this GC
host strain where the host strain incl udtg hg tefntlve
Yheila

protocolrshaafoshadeipetion mpdanetid titizyencd -ahapd Saee 515
selecth‘?é{l‘fi1 Fin %Qﬂ@d/w‘ép@xtn ployed TRR mERidks Sily @nse56 and 68 in 3-

tero ogou regul atory control
methyl-but-3-en-1-ol and 3-methyl-but-2-en-1-ol.

[00279] Example 17
[00280] This example describes the production of amorpha-4,11-diene by a

Saccharomyces cerevisiae host strain.

[00281] The generation of host strain EPY224 is described in Ro e al. (Nature 440:
940-943; 2006) and in PCT Patent Publication W02007/005604. Host strain EPY224 was
cured of expression plasmid pRS425ADS by growth in YPD medium (Methods in Yeast
Genetics: A Cold Spring Harbor Laboratory Course Manual, 2005 ed., ISBN 0-87969-728-8),
plating for single colonies on YPD agar, and then patching single colonies onto CSM-Met
His agar and CSM-Met Leu agar. Clones that grew on CSM-Met His agar but not on CSM-
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[ 00288] Yeast strains CEN PK2-1C (Y002) (MATA;

ura3-52; trpl-289; leu2-3,i 12; his3D ; MAL2-8C,
weLER)13smne CEN. PK2- 1D (Y003) (MATal pha; ura3-5BCT/US2007/012467

trpl-289; leu2- 3,1 12; his@D ; MAL2-8C, SUC2

¥ EAE M 6HODPTTINS 2007812467

It ;@Qlot her standar Ziﬁiﬂ@#ﬂ“ﬁﬁ @
medi um (YPD) or in defl ned synthetic medium (. D.
Rose, F. Wnston, P. Heiter, Methods in yeast

genetics: a Iaboratorf)sl course nmanual . (Cold ng
Met Lev-agapovere eured £t or haddpsisthe plasmid gBSAA pHEne S)F\)Fhﬁ ne was

desxgna?eﬁ %2%\{& e @MM&&QM&&&J&J& Sf}fl eRpresbd Bwsxﬁﬂd f>1QS425 ADS-

I on I ntegrative transtformants,
LEU2d raqtlenmdodwtmatjtmﬂi&ﬂSCAQS)g@nyt thpou@gtggc] B&ﬁ @gapqﬁt@gs a LEU2d

selectloﬁ g’raﬁ er?ﬁlglaa}ri QiSHBPén%ngO‘ l%ﬁfy '§ (ﬁgrﬂ?effﬁ %@@@3‘5 gf@%g/m%‘host

Thium ace ocedure as descri be
strain Y#85.Schi estl, R D. Qetz, Curr Genet 16, 339 (Dec,

002821, 88 i o i BcCER R3S RRLP 51 meci
containfB 2 ghRasd atﬂﬂal( aRER cidy ek cegchistiting) dewaineg apd nfeilddnine (CSM-

e 3 56 AL AR i

blosyntﬁéstke(;llal CB'?Ht |e¥ 8564 bReAiPYREUZSLAD S AEURIE YES! restores leucine
er sequences are describhed i

prototrapbyi ¢£EHE)- &m%lﬁ CO}P@ZﬁtW‘IQ pa@bgd PDYQY s’elefg%)'negp\nb bé%%glaﬂm'
hlstlde lel?clefi‘eS %h% E?agld%‘??&ﬁ RSl ah d . EBEhQlls (i@ sé@bdd from the plate

00290] cereV|S|ae strains
and transmdand DS 284 &/ px @lpmrebnmaoqarypwppommwsewseﬁn was mixed, and
thenst djéic meval onat e pathway genes by the follow ng.

‘pronoter was replaced with the 5. cerevisiae
[00283]\/ET3 semﬁam of hofGRaimifll 85 weae ¢stablished he adding/R-stagk pliquot of

the strag)dgggﬁ; %@%ﬁ fg‘é@ﬁ("ﬁ%ﬁ a&an délélggéfg%ﬂm# g_‘r %’e(%gQ

methioribe, Nod by Prowiny the Rulngred bveraiahydl’ llesctdmretsomrlemggd toomphdate at an

ti ERGO
ol o R O 4287 ok SR8 50R o e
deﬁned%ﬁeledlﬁ’tﬁlfidl\pl‘gae&u:?é(%a caﬁtg%ﬂﬂ@e 2% gillcnse ug% @alkofdseyand 1 mM
pol yet hel ene gl yco ma- drlc St e)
methionipg The quitFs WA Hce %f?i at%é afg') arq |aﬁ8h8§f§r ﬁn"“ﬁ?ﬂi"' the

prese:nc:(elo‘?r \éldc'b%ﬁﬂhe andid E&U@zﬁg lihcBbn 39@@ CFA)LI prbnibtatthegalactose,
"fowed by a 42C at shock for ut.es

amorpheds bt e pwiusbﬁn s |n0&11@u@%dzuntth$’ﬂ? cllsdiggiiied B5 theghucose in the
media zfn%i%a)slwtcﬁ&ﬂot helSe EREQBR [aRbie mBA Saxbgﬁ Bburke.ek dy time of

to grow on rich nmedi um ¢ontaining
lnoculaﬁos,rtg¢ mllltt@mwrwwr](almwfhrsofgbrpf@ﬁ orgay¢ QYRIlpY te;&jiptaFthhe

0 I
amorrh | . ol Bl s 20t sy

solventl‘lbydr to & hikearPless vjad containdng 120G vk ﬁﬁl}’\l\/ﬁ%etate containing a

concentration of beta- or trans-caryophyllene as an internal standard.

[00284] The organic overlay/ethyl acetate samples were analyzed on a
Hewlett-Packard 6890 gas chromatograph/mass spectrometer (GC/MS) as described in
Example 10.

[00285]) After 72 hours of growth, 3 yeast cultures were found to produce 60.68, 54.48,
and 59.25 mg/L amorpha-4,11-diene.

[00286] Example 19

[00287] This example describes the production of amorpha-4,1 1-diene in an

Saccharomyces cerevisiae host strain where the host strain includes a native mevalonate
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repl aced with the Candi da gl abrata LEU2 gene (CgLEU).

The 3.5KB CgLEU2 genom c | ocus was anplified fromC.
wghadriate4 genonmi ¢ DNA (ATCC, Manassas, VA) usi RQT/US2007/012467
prlmars 61-67- CPKO66 G (S

‘10”rg ofﬁt. e resultl ng PCR product was
transfornmed into exponentially growi ng Y93 and Y94 as

( ORF) .

descri bed above, adel- strains were sel ected fq(ir
pathwaygsowelhas m hetgeolagans fpeyabmateprthyay i i wieh EATY o afigterologous
d by diagnostic PCR The resultant cl ones wer e
regulato %M‘ﬁe designation Y176 (MAT A) and Y177 (MAT
[00288]al phaYeagt60aias CENDPEEnKE §Y80D, (MAT Ay uEi3ae2; Tl a7 §9; Yeu2-3,112;
345 48289 leu2-

h‘S3A1'mLé%w%%$@w ﬁﬁ[ %‘\%ﬁﬁéﬁ were dl est ed

3,112; RSN 1D ML 238C; ISTRDBI(J (mlemnimgiearw aBj Bhalr, MBevk Teyhnol/dp, 706

and i ntroduced into ex onenti all 0 Y176
(un 1, S0 e iEed in Feasr Aol DAL S M) o 18diepd gynthetic
medlun'{ D. R6s8I W/ thsth, PEHEHER, A?e?%&d&gn Yeae Lg%némg BVﬁdréﬂlloﬂﬁcourse

teg ration into the correct genom_ c | ocus

manual. c(@mflql Spuug Blarkirdghertery Rrer, ColsbSoring HarbgéerYat 1998) lacking
'Aplfgﬁr?lm retention,

omorn AU RSUPHI B e gy B s Rl

and meibts peegenyel y, wer e di gested overnight with Prel -
intro h

[00289]d escr &EL@S atgd ?r OSI ﬁﬂ‘lmoa}ls el%ftg%g %%\geﬁ%écye]\/\é%ree%gg?ucted using the

lithium ﬁ&’tatb)pr@:fed\atdhs(rl”esﬂﬂthdlhy RaHkScigestlr RotibS¥iewz, €uct Genet 16, 339

| stidine. l.ntegrati n to corre

(Dec, IQ@ @aL Sfugtionf placem er%cé ﬁp%gr'Bgl)%né}g@ﬁ analysis,

colony bol%ﬂeﬁ%e ‘éﬁhlh&eidtl@m(VPCR& aﬁhheh{herﬁﬁngl\ef amplnﬁe&ﬂgmnac m{m

PlasmlqsanMé§$ or 6 hours roo (ggér %fgﬁg?aééﬂfgadcm

Wﬁfex‘é’alsir%?tF in‘Pg

and are @@n’s’dﬁcﬁﬁ? hbﬂﬂlb@& BY KR8 7 AL Cad TabNel6 ¢ Tl‘héJHIShHO niagker sequences
select for growh of diploid cells

are s s p AR 3-R0BHTE PLPINCIPALON, 955 (BN pSSRLPEVRRTIE AL Prastid
DNA wg@ EFHS’%‘F f]@scw%mgussgtr%fﬁtng%%ponen_tI al l'y growing

as descri ve. Positive
Table 6r econmbi nants were sel ected for by arowh

and

n_nmedi um

Strain ag
cor

IS*HR 5
rect d

deenaél
enom ¢ |

IGriidgr at
Fromoters

Watsoww 4

Pomhiotent

-GaTNIS2

Wenietico

d by di ddMadterc

8HdR
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[00290]

_S. cerevisiae strains Y002 and Y003 were prepared for introduction of

inducible mevalonate pathway genes by the following. The ERG9 promoter was replaced
with the S. cerevisiae MET3 promoter by PCR amplification of the KanMX-PMET3 region
from pAM328 (SEQ ID NO: 43) using primers 50-56-pw100-G (SEQ ID NO: 44) and 50-56-
pw101-G (SEQ ID NO: 45) containing 45 basepairs of homology to the native ERGY

promoter. 10pg of the resulting PCR product was transformed into exponentially growing
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using a Singer Instrunents MSM300 series
m cr omani pul ator (Singer Instrunent Co, LTD. Sonerset,
wolhe7/iBydependent genetic isol ates containi ng PO®/US2007/012467
appropriate conpl enment of i#mtroduced genetic materl al
il i t PCT/USZ00YQ(246
& 1@‘ uraci |, and it
I ntegration of all |ntroduced DNA was confirmed by
di agnostic PCR The resultant strai ns vvere gi ven the
desi gnati on Y210 SMAT A) and Y21 1 pha) ) .
Y002 apd) 0% ptraing using d0%s W rolyRthelenn gl 2@5? (::Jé@ﬂao’\l@cas%t Louis,
[ e e
MO, 1 s A P A
incubatjph@rO 0T forviemimitesoibliowed |bmta04@ﬁ[imab$hqcklfmy3(bmm?ﬁg(35/2

st LR B T35 P LEn g e R

identifiédBy fheﬁhibiilﬁt?)fo efow oA \Mdhﬁmltdiﬁ?maib‘amaﬁg of5 plgémt: Gleaetlcm (Inv1trogen
u enentatl on t

Co, Caibailad red cormBmerningnosiia PeFs  Toqpuilis pighes P den te

designafiBR Y& (MATMA YarddNpo4 (MWIDAMS@)Z NéiE,th QDD ofed)reading frame was

replacedyyiihs 6 aprckysTaaie | EErieoniC pABU ook S BB L D ARpomie

e
e BIEHIEASHAR 48 e ERAELORC, st )i i

61-67-GPHO0GS- GoSESY IR NG 48)\and)6preTneP tIPdﬁQéé"é) Gogfaning 50
soscra B SERBILP 5010 18 AP0 Ol (O, ot

resultmglfﬁlrgtbdmet was rhesforaeed into cbgponhmiuaﬂ}’aﬁrpwlt%/Yf’b ag‘il Wiag
abse | euci n
vk BT A BB ST 4 0 0O e
suppler?(@rﬁﬁtulfd\éﬁiﬂ c&in&ﬁﬂ%\):d b&@ﬁ@fé]stlcER@RpIﬁek@sdlﬁﬁﬂ%}wsﬂ’ws given the

exa e es f f
designagonar AT AV ERHLFT BURT B8 host st rai e [00299]
[00291156 ted bl%l %elﬂéﬁﬁe Sf cdrTtias sti&nnsl %FSﬂg’anﬂpBﬁﬁﬁd N & from pAM491

abl i s

(5EQ BNG 195p V48R (BB ROREN oFribivesls Giedd St imight with
Pmel (I%\H‘E?%Pand%lg%b){ e@é&erlglx M@Pind iafrddadeidiibiodxipeerilly growing Y176

det ai | in Table 1, "and by growi ng_the cul tures
as descibed ﬁbm POPGUS@QQ]OWB@%"GWC?EI?%‘? r oyl pgdium lacking

&£
ra R SR BB o 05 gt

PCR. 0.5% yeast extract, and - 75 -PC1l7US200 anti bi oti cs.
[00292?*5' t :”1%3 oiftfe §ﬂc§é¢9\?£ez§g ﬁﬁ‘%fn@fh‘é O[lg JFPiRhkd HNKForRbAM48Y
(SEQ ID NO: 50) and pAM497 (SEQ ID NO: 51), respectively, were digested overnight with
Pmel and introduced into exponentially growing Y177 as described above. Positive
recombinants were selected for by growth on medium lacking tryptophan and histidine.
Integration into the correct genomic locus was confirmed by diagnostic PCR. .

[00293] Approximately 1 X 107 cells from Y188 and Y189 were mixed on a YPD
medium plate for 6 hours at room temperature to allow for mating. The mixed cell culture
was then plated to medium lacking histidine, uracil and tryptophan to select for growth of
diploid cells. 2pg of plasmid DNA from pAM493 (SEQ ID NO: 52) was digested overnight
with Pmel and introduced into exponentially growing diploid cells as described above.

Positive recombinants were selected for by growth on medium lacking adenine. Integration
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an OD oo of approximtely 0.2, at which point the
production of a-farnesene or b-farnesene in the host

woebd7s13yes | nduced by addi ng 40 uL of 1M | PTG pat/uSk@®?7/012467
time of induction, the cul tasres were overlain with 8

of e PPCT/US200401k2
e @%ééggagurs up to 120 RB0R
(total of 5 tinme points) by transferring 2 uL to 10 uL
of the organic overlay layer to a clean gI ass vi al
containing 1nlL ethyl acetate spiked wt

into the cpripes-geaPPisPRGEY WakCdITRIed; by diagnastis F&%ﬁ% al R repytant strain was

A ¥9tg al i quots of the cultures were spun down,
gwenth@gg l&h ﬁets were resuspended in 250 uL sterile water,

[00294}and t ﬁe gemdrptedaploitsraing compining hadnld p?@alwna0§1w§uced

s, 3 FCRUB R LA BEEAE B RS i e

Approxmddtely 200 géhefic mdtraasi(gtrads arffouhspoxbbineiaicl nrgdlectﬁr\mrh isolated

dded t t
i S PO PSP O BRS TBes , o
Somersét! BRYATHephdentigeheticdsiblbtes eomtaiiing ﬂﬁl’@bﬁﬂm&&r cﬂ)mplement of

SONC A NENTLCH TR THTATIRE TN S N
hlsndméqu%éér agg gg;l)%hw nlrﬁ@g&aﬁdsxaaﬁélerm@auteu BN a8 c@if&&&:d by
vi al

The aorgani c over| /eth
diagnostie RRe Pestleant SRS WeEe EER IS4 feotion Ragp VAT A)aad Y211
(MAT iy h sanpl es were anal yzed on an Ag| | ent 6890N gas
rormt ograﬁh equi pped with an A%I | ent 5975 nmass

[0029513 pect 2pgef p friom pAMA20(FQHINQ:63) sonfatping S.
cerevzsng f:gﬁ((ﬂ)%ddnﬁatt%&éﬂqﬁﬁﬁ%dfe ?)In?ﬁg%@ (ADY) %xﬁfe@&'ﬂ%tﬁ@ﬂ% S.

trix was to achieve optinmal pea
cerevzsme bl it promoterdwahimtroduegdsigto exponantiallygrowimg YALQ aml_Y21 1 as

descrxbeé%lj{& g‘a?eég\% e g{rggﬁ,ﬁ? t%%'u? cFl) gﬁ%\/ﬁéﬁgti%y?%ﬁgbgeﬁr@%elected for

by their@bﬂlty T ardve ipthe absonee pif tagicanm sﬁxppletrh:ﬁtaninal e sesudiantagirains were

given “{B '%\F/\‘g?‘ﬁﬁ 3335 @%'&%5” 32{52?%2@&&92{ E?ZI of 2000C,
(00296] et 8%%%’6@ pleGAREDAIA G@napASEOOSEA FD NO 254 ity

cerevisi SRR AL AT THSResE A DS) PR EioRB TR ATk

monoo@rgeﬁ}&et(AM@) Qxﬁraése@ FRRCtheX) detdviaddGHBY ARG &Rﬁc)hafhrane P450
retention tinme of 4.33 m nutes using this pr ot oc

ol
oridoreftapRETR NN PEPEA S thiPohrT SHiEde YL RSRmoRRy wes introdiced into

exponex%%ﬁ@r AbGthPeako MMETI 1 R4S UBR bE] UGV | 9. @bFe¥Biae strains that
brati on curve of purified b- farnesene

contain¢dsthgiph MP &2 p@ﬁm@]gfmq;mlec@q@aﬁy thety ablE%ﬁ°§r°W[§' theabsence of
leucine ts{xﬁiém@%&églp hyhd Feggla A iskaths Sy Ew@ﬁ@ﬁ@&@su %x{aggﬁ G202HREAT A)

produced approximately 4
andY2214(MNfed§h© at 120 hours (averaged over 3 i ndependent

[00297]cl one%‘)xa ?g &ad a maxi mal specific productivity of

appr o 6 ng/L/OD oo- Host strain B552 produced
[00298Jappr oSﬂhm&mh;pldd&cgbd:s the peduction of erferngserkXy fatgnasene in

e ver 3 independent clones), and had a
Escherif g qibest ST

[00299] Seed cultures of host strains B552 and B592 were established by adding a
stock aliquot of each strain to a 125 mL flask containing 25 mL M9-MOPS, 0.8% glucose,

0.5% yeast extract, and antibiotics as detailed in Table 1, and by growing the cultures
overnight.
[00300] The seed cultures were used to inoculate at an initial ODggo of approximately

0.05, 250 mL flasks containing 40 mL M9-MOPS, 2% glucose, 0.5% yeast extract, and
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productivity of approximtely 96 ng/L/OD oo (\
representative clone). [00303] Exanple 20 - 76
WORM@ITBBRQ0 [ 00304] This exanpl e describes thePCT/US2007/012467
productlon of b-farnesene viéa the DXP pathway in an
T J%&%[Gﬁa]MLuaaﬁDj'u
HOBTE 4 and B653 wer @#
est abl i shed by addl ng a stock aliquot of each strain
to separate 125 niL flasks containing 25 niL M- MPS

and antibiotics as detailed in Table 1, and by grow ng
antibiotigse Calfimeg vesse dvcibeied At 30°F0@3@33taryrséals@eaa 28¢ e sl they éeached

an ODgsh pkpoyllﬁ]ﬁfell‘} g ataxtlhﬁﬁ ggEh rodfi & a-%%sgﬁé %Mesene in

eparat € tarning 40 nL
the hosmqilsrvaas mévmedrhy aﬂtdlnag‘}QmL ofiil MIHEG At medtmc of mdmgtlon the

ety o4y B350 it e A g8l s

were talexi evern Q@ bmh&x:h;aito mmr’bumm(taahom‘i tndei mnint's)’lhwtransifergng 2uL to 10

shaker, at r until t.he ached. a
uL of e organic Sy eARp IR Wt S1Een BBy B Bire D Sy e piked with
trans-cé.rg Tﬁﬁ}ﬂleh@% af @itbHal\@andaidl Us @ddiivnad @Hlngluﬂﬂ)tslbf thé cﬁleres were
Gto the culture nedium _At the tine of .inductio

spun dqwipy celi ipellpts svere FesusRAaArdim230) v sfsn%&weqer:aﬁ#dé%% ispénsions

were ek tol PgIGaPT T &)n&aﬁﬁing 1f @l Resg 'ﬁ@etat%%ﬁmieﬁsm“ﬁ?fr@nst@f%bhyllene
at varloustlrre oints transferring 100 uL _sanple

as an ing¢rnghgangdepdIn @sigmnco Svek pliguaty pEtherwhale gnldyrg brefhavere e added to
a glass mﬁ Ed&ﬁnﬁ%ﬁl £8nd %Még stp‘?lféle&gﬁﬁ #lafs @ ofilidne BB LR ifi6mal

s or the organi ¢ overlay
standard afipe wbomlétum bmli mxelds wntecﬁmgted lin ghetgthyleasetats by vortexing

the glascépsllklg qo d{ﬂ 1&5‘ s? gftglr W ﬁ%%o ass %%{hb' f‘eéceﬁé _?g@actlon was

ntern I'n clean g
transferre&tmaelsamgtassvmltexed for 30 seconds, and then

| d d b h
N TR
whole &ulfuaé BRAE Bampled OO indiedpinen?A dildid 639G g'ﬁkl b&o&m@hph

R AL R e D e

To expémé\hﬁ RS B 18R RN PRb BImbhdl DM Rtk Gvag ¥iJdeFed t8lachieve
’ ag asmd fron1Saccharonyces cerevisiae strain EPY224
optim

reskeesqiution s shagtest everall runtirpe.oh 4 ulpgamppdg g separated using
a HP- 5%&61&% Qf NP PONERR R0, ParE Mith ugm dnd ﬁ%ﬁmﬁ Rarrier gas. The

al n EPY300 ‘was t Ren transfof ned
temperebaper wgram fori the muds'&p R84 25 fatkpyso A 59IReld HeB3 minetksiinggeasing
temperE@g«% atcsjeS:;’?}'rQEluyé %graﬁre Qf 206k @ﬁ&'gés\gr% I?Leﬁa% At 60°C/minute

rans ormants were sel écte etic
to a terpdratuexlof €, awbahalidrat 3§0°C for 1 minute. Prev1ous mass spectra

demonstrated that the B-farnesene synthase product was B-farnesene, and that B-farnesene had

a retention time of 4.33 minutes using this GC protocol. Farnesene titers were calculated by
comparing generated peak areas against a quantitative calibration curve of purified -
farnesene (Sigma-Aldrich Chemical Company, St. Louis, MO) in trans-caryophyllene-spiked
ethyl acetate.

[00302] Host strain B592 produced approximately 400 mg/L of a-farnesene at 120
hours (averaged over 3 independent clones), and had a maximal specific productivity of
approximately 46 mg/L/ODggo. Host strain B552 produced approximately 1.1 g/L of B-
farnesene at 120 hours (averaged over 3 independent clones), and had a maximal specific
productivity of approximately 96 mg/L/ODgg (1 representative clone).

[00303] Example 20
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2% gl ucose and all am no aci ds except |eucine
(SMglu). The host strain EPY300 was auxotrophic for
woeowimse2bi osynt hesi s (1 eu2% but expressi on pl a6miug2007/012467
pRS425- FSA or pRS425- FSB rmstores | euci ne prot otrophy
LLELD. . @z’s { r RGTAUSA007HAN2AS:
con ‘ Wi d SM gl u | acki® il
euci ne. The cultures wer e i ncubated by shaki ng at
300C until growth reaches stationary phase. The cells
were stored at -8Q0C in cryo-vials in 1 nL frozen
[00304]al quoTkisremawplepdeséribrssherprogiotien gikfonesene veohe MXP pathway in

77 -PCT/ US200i mai nSi [00311] Seed
anEsc”ﬁ"ﬁ%ﬁng%\?ét%é&gnst abl i shed by adding a stock aliquot to

[00305]a 125Sedd ddltmsds afdnstastrmmsgBQﬂ) RA6SEMBGH2, and BGS3gvere established by

0 the ¢ [n
ading S5 S SO oSt 5T FARS Phbuge HlRr %0
and antlaﬁﬂifc?&s ﬂa?ﬁéx%/nﬂl“%lﬁ? Zﬁﬁlgﬂy %@ﬁ;\ﬁillgﬂa;fduaai@ oventightni 2 (g)g/ 40
of _synthetic define ia lackin eucine, 0.2% .
(003061g| 10 oTBY SerePnltssi P Seebanorlie it B IGHA P b pippeimtely
0.05 seppkatd 996 nA fidsKsUoRtainiap ab%L M9—?@@PS RiThinRE GAetE 8m| &8 ug/mL
presence of glucose in di a prevents induction

thlaamnehewwmmmtmﬂe%ﬁé syolda Fa%%e%l M M98§e9ré YpYSauettiash % g/L of
D-glucc%@%sa:%tl'bwﬁ eﬂlé%ﬂlfﬁ\lrest\b&e‘-iﬁédb%tédsﬁ 30fC H‘@h%ﬂﬁﬁ@@ldcﬁbatmg

I a an swtch to usin al actose as their nain

shaker atéeﬁbwpmsuuﬂ they 1Tached antQP as Ogﬁé to Ve lab vhichi naintgheyproduction of
th
p-farnefEi i nsTHB il s ORI od i 40 8, B 1 MATPLE R MR ljure
medlunt Izt the gmu af mdxictnen; the ayhruretz weze oVerbain plithdbmi oflan organic overlay
et h t.e..con a| ni
to CaPnES ﬂt%#f? %cﬁm‘ggﬁ re i it 36’ SUCEY éo S I"ﬁe ne @égygnmg 100 uL
sample:*\,,\gﬂ 1{&& lil@bleﬁdrgﬁkdg bderrlldyﬂagékdlota dhaan tib& The tabé gastentdfugetido
t

spars A e BB S I, e B Sl samples were
transferfrécPitfo 560 YRR heAfte 2pikaA vwith Bdta-adr tﬁdtm_émdf:}fo@hyﬂ'&& astanlinternal

culture broth sanples were extracted in ghe et h

standar s elaee 189S Gior Viakt He TRETE e Y PHPCIOF dsesm a@éthen
analyzeﬁfag%re Meﬁg @QQm&ﬂe 5 @39#129}3?13’& cAERIR ERIR BB HPrbiteHas

ans erre cl ean glass vial. [00312] Host strain
approxmﬂyﬁrme,{aﬂéﬂv&éﬁrfmﬁm ely 9.8 ng/L of a-farnesene at

[00307}1120 h%{a%ﬁg?(_leraged over 3 independent clones), and

specific productivity of approxinmtely 3
[00308]11:;/ L/ Qisoeidmple dessibes thei predusition®f o-faossenst orfl-faryesgre in a

Sucorey S S BB oghy o0, 1o/ L of b farnesen ot 120,
[00309]eXi MStraspERNBO0 was (gdumtediuyyenfovh@he xkpressiory pladmid from
Sacchapgm)l/_c/eger%%gzare s%'ralens EF’&{%J: Yﬁo e QI 80065 %?ur§h4w b& %T Patent
Publication W02007/005604) by culturing in rich medium. Strain EPY300 was then
transformed with expression plasmids pRS425-FSA or pR425-FSB, yielding host strains
Y166.and Y164, respectively.

[00310] Host cell transformants were selected on synthetic defined media, containing
2% glucose and all amino acids except leucine (SM-glu). The host strain EPY300 was
auxotrophic for leucine biosynthesis (leu2), but expression plasmid pRS425-FSA or pRS425-
FSB restores leucine prototrophy (LEU2). Single colonies were transferred to culture vials
containing 5 mL of liquid SM-glu lacking leucine. The cultures were incubated by shaking at
30°C until growth reaches stationary phase. The cells were stored at -80°C in cryo-vials in 1
mL frozen aliquots made up of 400 pL 50% glycerol and 600 pL liquid culture.
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[00314] This exanpl e describes the production of
g-terpi nene, a-pinene, and terpinolene in Escherichia
woabo7/ideee strains. [00315] Seed cul tures of heer/US2007/012467
strains for production of gsterpinene (E coli DH
W4 SP)IC TAUS 200707
PRSIIEAMA4A3 or pAVA4R
terpi nolene (E. coli DH -TIr [pMevT, pMevB-Gops,
pAMA44] were established by adding a stock aliquot of
each strain to separate 125 nL fl asks contai ni n? 25 L
[00311]VD- MB¥&d @ftugisuers @stablidtd oy asidinga stack aliguegto a 125 mL flask

conin oSN SRR e T b Ao i

cultures Wte aeaiitotiubiulate st we irdtial @Dgh of apwoxinzitely £ 05250 miLthasfled

CD 00 of, . approxi ely..0.05, .250.nL | asks inin 0
fasks copgaRme RLF PRt GEDR misd ooyt (o ERE, Pt bk tha 1.8%
galacto&i."thml&& i\alié‘ie in‘éhb{u'ﬁagt s:fo'h@o@ éﬁtﬁltyi smakert7d11 eoc():u ujln’tnuBe&uwﬁre

al SO overlfaln w nexagecane. - es re
presencs ag alyaeesindhe BUGIE R5AVERLs BOAFO PLIRE Call PEGPtet BERAIRGRTE
farnese%ﬂgﬁuétnﬁywasteﬁ(ghﬁ&l&ﬁ ua?l @R cefls aRPEPhe By idthé metfia and

poi nt production of the conpound of intereﬁt
switch torusingegaiastesensitheir main ¢psbopsquree (The ef AR Qsdlagy with 8 mL

methyl gf;eg/{.erlg 1&83681]@11 %%&%tlapjs—ﬁng?g TN loficd 8% 29 Holrslff

for our transterring 200 uL of " the
transferriag 2dHr ah ef Heysgatio salventdaydr tniaclesnglesstvig) €ontagping 500 uL ethyl
analysi s, ,.the hexad e | S, fj . LnQhternal
st SIHHE by AR U AR Bl
standard.r Baddiaoy,@phuill slivmossofithe whbr euiturs bt wert added td a glass vials

. GC vial. In addjtjo 1nml ali s of th
contanf LTy AVl e B et ofypiilshod ah Aot e, e
whole dultufd Yokt SaniFleevereadiirated in eid ethylsperasd yneontexing the glass vials

transferred to gl ass, vial, containing 1ni eth
for 10 ribwtsa, sherviEh o0p O Gt B APR Gt 365 Hiifismss o oloan
glass viaf.@andard. The cell pellets were extracted in the ethyl
acetate by vortexing the glass vials for_15 m nutes,

[00312h t er Hest saiB 061 66 Profuced appropymaisbie?-§ e/ bt oabarmes g pls 20
hours (%\%)?%ge(fwfe?? 119(% l@n&érﬁ Abndl)assd HAPh ma&ﬁﬁﬁjsﬂct:iﬁb I?n'oductivity of

canel et acetate 'sanpl es and the” ethy
approxiaaattlytlemgAt/OAtbe(d represenpative slonsnblostsstrpin ¥ 16 argdused on

an ident .68 i - W
oo P A B OO R CHL AP A0S AR PBES b ctones,
and had'® eiexx{hat pebifie/productivitg of epiprosimatel yt20meg/L/ORaoo (1 representative
tenperature program and colum matrix was nodified to
clone). achi eve opti mal peak resolution and the shortest

[o0313pver algxanyiiepe. A 1 nL sanple was split (a split

rati o between 1:2 and 1:50 . selected based.on
100314} Sl U158 REAHEI 4enGTHFs BProHen Rehiar o Be e and
terpinocwg)emavsﬁérlwmh éﬁh&gﬁ@&aﬁﬂ@.Chn_ﬁ{Logi es, Inc., Palo Alto,

an eltumcarrier gas. t enper at ur.e progr

[00315] o1 ¢ rReesh It ST hBS! sias dpy RIRBucHRROMCIeIPiRgHe @ col DHI-T1x
[pMevT %&%~Gﬂ:ﬁk§ bmusé),hﬁsm@ﬂea@ c6li DH2GG [BMBVE, pMevB-Gpps,

tenperature of 115C, i'ncreasing_tenperature at
pAM44HOY pAlIA4R] ) @F terpinolene (E. coli DHI-T1r [pMevT, pMevB-Gpps, pAM444]

were established by adding a stock aliquot of each strain to separate 125 mL flasks containing

25 mL M9-MOPS, 2% glucose, 0.5% yeast extract, and antibiotics as detailed in Table 1, and
by growing the cultures overnight to late exponential phase.

[00316] The seed cultures were used to inoculate at an initial ODggo of approximately
0.05, 250 mL flasks containing 40 mL M9-MOPS, 2% glucose, 0.5% yeast extract, and

antibiotics. At time of inoculation, the cultures were also overlain with 4 mL hexadecane.
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tenperature of 3000C, and a hold at 3000C for 0.5

m nute. The various products, g-terpinene, a-pinene,
wanw7sypinol ene were observed at 5.4, 4.1, 5. 2CTAISA007/012467
5.9 m nutes, respectlvely 'ﬁlters mere calculated b

trans caryophyllene splked ethyl acet at e. [00318]
Exanpl e 23 [00319] This exanpl e describes the
production of |inalool, Iinonene, b-pinene, b-
Culturepivetd innulrateibat 395€ onea rotary shakien ah200 n230smme bnkthay gched an

oSt str
o o407 S p 57 R 558 1. oAt
host cellslinfthabéss celtntvas mldugedZEy addih® 40/0RSf ICMEI%F@ Samples were taken

once oS3t 850 B PSR ML BB 84 0O

microfulg@ @a;%lpofr Nl yeis dhe:h&:&adéme @lverlayswds dituted d clJbraI 20 alhtlracthyl

Initial OD OO of r oxi mat,el baf
acetate sprked With RPSeARREH I&?Lasm%ég? @%}59%32&8 i o0 yal. In
addmm?%rgj,taﬁqaas oR Bt ANukdd Wére GBun @wweelspeaea Wwére wbstispehdetl in 250
on a rotary shaker at 250 rpmuntil the

uL stenieeweﬁm@m@a@@anewradwﬁ tappiersd g glags glabconfpining 1 mL
j el fant
ethyl ac?é‘ﬁft% %)é?ﬁ% ﬁthtg%]ﬁis-gﬁ%ﬂﬁﬂl% RfanifRrk? FRAGRH. Phe é:élI ﬁlﬁg were

s I's" i hduced by addi ng 40 ul of
extractadifiche efhyh@em byivertexid tha glFssevials fpolmaningites, aftey which 500 ul

| qg%% JR%H ough
of the eihﬁ’[l &:ﬁ?{ (g/cetn Sl ac %ﬂéénﬂoea %let t‘P%ﬂng and
[00317Pec anﬂ‘abllmmadef:audﬂahyl dcetatofanples @I@hﬁb@@ﬁdﬂ ofetatstextrasted cell
rge e to s {
et s SO P A RO e
Agilent075 Indds ¢ féfbropeaéraqlGC/MS) in full scan mode (50-500 m/z). To expedite run
GAATT OA\AAGGA\GGAAAAT TGAAGAACTGT W
times, tho, fRperaHSE %‘F@W
resolutibh and the shortest overall runtime. A 1 pL sample was s thIC(A lit ratio between 1:2
GGTGCGACGGTCATTAAGGCCGCCATTGAA GCCAGCAC
and 1:56MREATIEEE hasadAT CIDmla APBRGITHCY AT\ BEEAS
COIWW%W%TMLQW%WME%IatWC
progrﬂmﬁwﬁimfmmmmmmmmm at
20°C/miny r ’rhllr&W

temperﬁure of 300°C, and a hold at 300°C for 0.5 minute. The various products, y-terpinene,

(]Q-

. a-pmer@ an terpmgiGA %%JI%L%%T%ET@%%%%WC 1v-lcﬁy. 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, B-pinene, B-

phellandrene, carene, or sabinine in Escherichia coli host strains.

[00320] Seed cultures are established by adding a stock aliquot of each strain to
separate 125 ml flasks containing 25 mL M9-MOPS, 0.5% yeast extract, 2% glucose, and
antibiotics as detailed in Table 1, and by growing the cultures overnight.

[00321] The seed cultures are used to inoculate at an initial ODggo of approximately
0.05, 250 mL baffled flasks containing 40 mL M9-MOPS, 0.5% yeast extract, 2% glucose,
and antibiotics. Cultures are incubated at 30°C on a rotary shaker at 250 rpm until they reach
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jibtact et

CACATGGGTATTACGGCCGAAAACGT GGCGAAAGAAT ACGGCAT TACGCGCGAG

ATGCAGGATGAATTAGCACT GCACT CTCAGCGCAAAGCAGCAGCCGCGATCGAG
WOCIEGEEREGT T TACCGECGGAAAT CGT GCCAGT TAACGT GGT CACGRGTAR a1 2467

ACGT TCGT TTTCAGCCAGGACGAGT T(mCGAAGGCAAACAGCACCGCGGAGGCC

! f i 3
CGAGCG(X)A\TOAATGATGGT GOA\GCGGOACT GGT OATOATC—IEAAGAGAC—I’JC—I’JCG
CATTAGCAGCGGEGTCTGACCCCATTAGCGCGCATTAAATCTTATGCCAGCGECG

a0 OD e EApBARRRA AP P IREiRs B Brar S LB CERRAR B aferest in
the hoﬁémwmwwm@qmﬁmm&mmmmmum
e ee.‘ CT ;?I'#,‘,CGACAGCGAGAA]r by

semmgcmmma;r ME%%FBTAGF m%m%%mﬁm the

media MWWATTGGTGGCGGTCAAGGTATCGCCATGGTGATCGAA
C
GOCTGAACT GAAGAT CT AGGAGGAAAGCAAAAT GAAACT GAGCACCAAGCTGTG
CTGGTGTGGCAT CAAGGGT CGCCT GOGCCCACAAAAGCAGCAACAGCTGCACAA
CACGAACCT GCAAAT GACCGAGCT GAAAAAGCAGAAGACGGCCGAGCAAAAGA
CCCGCCCGCAGAACGT TGGCAT CAAGGGCATCCAGATTTATAT CCCGACGCAGT
G
TGTCAACCAAT CTGAGCT GGAGAAAT TCGAT GGOGT CAGCCAGGGTAAGTACAC
CATCGGCCT GGGCCAGACCAACAT GAGCT TCGT GAACGACCGT GAGGACATCTA
TTCTATGAGCCT GACGGTGCTGT CTAAGCT GATCAAGAGCTACAACATCGACAC
G- 81 -nmPCp US200| iW
AATAAGATCGGT CGT CTGGAGGT GGGTACGGAGACGCTGATTGACAAGAGCAAA
AGCGTGAAGT CTGTCTTAATGCAGCT GT TCGGCGAGAACACGGAT GTCGAGGGT
ATCGACACCCT GAACGCGT GT TACGGCGGCACCAACGCACTGTTCAATAGCCTG
A
ACTGGAT TGAGAGCAACGCCT GGGAT GGCOGCGATGCGATCGTCGTGTGCGECG
ATATCGCCATCTATGACAAGGGT GCGGECACGT CCGACCGGEOGGT GCAGGCACCG
TTGCGATGT GGATTGGECCCGGACGCACCAAT TGTCTTCGAT TCTGTCCGCGCGT
C
TTACATGGAGCACGCCTACGACT TTTACAAGCCGGACT TCACGAGCGAATACCC
G
TACGTGGACGGCCACTTCTCTCTGACCT GCTAT GTGAAGGCGCT GGACCAGGTT
T
ATAAGTCTTATAGCAAAAAGGCGAT T TCTAAGGGCCT GGTCAGCGACCCGGCAG
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GCAGCGACGCCCTGAACGT GCTGAAGTATTTCGACTACAACGTGT TCCATGT CC
C
WCOAUCTIGIARAAT TAGT GACCAAATCT TATGGECCGCCTGT TATATAAPGIVUF 100T®1 2467

CCGT TCC‘AC‘AAAGAGCGT GT GGCCC‘AAAGCCT GATCGT CCCGACOAAOACGGGC
AACATGTATACCGCGT CTGT CTACGCGGECAT TCGCGAGCCTGCTGAATTACGTC

G
GI'TCTGACGACCT GCAGGGCAAGCGCGT TGECCTGI TCAGCTACGGT AGCGECT
T Sequence Listing

AGCGGCCAGCCTGTATAGCTGCAAAAT TGTCGGCGACGT CCAGCACATCATCAA
GGAGCTGGACAT CACCAACAAGCT GGCGAAGCGCAT CACCGAGACGCCGAAAG
SEQIﬁﬁﬂﬁQE{ECNXI%T03KHTAGXIAGMUCCGJWCTGMK%AGMKTTCA
AGCCGCAAGGTAGCAT CGAGCACCT GCAGAGCGGCGT CTACTACCT GACGAACA
Nva6¢vgm@ﬁACAAcﬁTccfirnﬁTCTTATGACGTCAAAAAGWAACTAGWAGEAGEAA

A Pﬁ%ﬁ%ﬁ%ﬂﬁ%gbGMxy&fggTCCG

CACGG@W@T@W m TCTG

ggéGCAC

TACAAGCCTBECTABH TAGRFACCCA

acoc R R AR AR R acco

TCAATAAGGTTTGCGGCTCTGGCCTGAAGAGCGTGGCCCTGGCAGCACAAGCGA

TTCAAGCCCGTCROGCRCARAGEATEET A E S EEATSEAGAACA G TCTC
TGGCCEOMAAT TEAT TG ABOACEEANTCCGEIACTCRREATOEICPGRBTGATGG

TCAGS B ARG T AR AT DRICEO RS AERETTAC

CACAPGGGTATTACGGCCGAAAACGTGGCGAAAGAATACGGCATTACGCGCGAG
GCGAGGGCCAAAACGEGAT CAAGAAAGCCT TCAACT CTACGAGOCGT TTCGOGCG
ATGCAGEATEANTTRGEACTGEAGTCTCAGCGCAAAGCAGCAGCCGCGATCGAG

TcTGQ?Eﬁ%%%?k6@%%&6%%%¥€B¥6@@ﬁ%?¥%1@@%@E@Eﬂ%&ﬁEB%KGAAG
ACGT BOGATTACASGOC € A S EGITAERAGGCC
oo Y S R PIC TeA inTo
CGAGCGGCATCAATGATGGTGCAGCGGCACTGGTCATCATGGAAGAGAGCGCCG
CATTAGCAGCGGGTCTGACCCCATTAGCGCGCATTAAATCTTATGCCAGCGGCGG
CGTCCCACCAGCCCTGATGGGCATGGGTCCGGTCCCAGCCACGCAAAAAGCCCT
GCAATTAGCGGGCCTGCAACTGGCCGACATTGATCTGATCGAGGCGAACGAGGC
GTTTGCAGCGCAGTTCCTGGCGGTGGGTAAGAATCTGGGCTTCGACAGCGAGAA
AGTCAATGTGAACGGTGGCGCGATTGCGTTAGGCCATCCGATTGGTGCAAGCGG
CGCACGCATCTTAGTGACGTTACTGCACGCCATGCAGGCACGCGACAAGACCTTA
GGCCTGGCGACCTTATGTATTGGTGGCGGTCAAGGTATCGCCATGGTGATCGAAC
GCCTGAACTGAAGATCTAGGAGGAAAGCAAAATGAAACTGAGCACCAAGCTGTG
CTGGTGTGGCATCAAGGGTCGCCTGCGCCCACAAAAGCAGCAACAGCTGCACAA
CACGAACCTGCAAATGACCGAGCTGAAAAAGCAGAAGACGGCCGAGCAAAAGA
CCCGCCCGCAGAACGTTGGCATCAAGGGCATCCAGATTTATATCCCGACGCAGTG
TGTCAACCAATCTGAGCTGGAGAAATTCGATGGCGTCAGCCAGGGTAAGTACAC
CATCGGCCTGGGCCAGACCAACATGAGCTTCGTGAACGACCGTGAGGACATCTA
TTCTATGAGCCTGACGGTGCTGTCTAAGCTGATCAAGAGCTACAACATCGACACG
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GGT CGCGGECAAAAGCGT CGT GGCAGAAGCGACCAT CCCAGGCGACGT GGTCCGT
AAGGT TCTGAAGAGCGACGT CAGCGCCCTGGT TGAGT TAAATATCGCGAAAAAC

WO RHEGEIGEBCAGCCCGAT GECEEECAGCGT GGGT GECT TTAACGCCACAT BSABT®1 2467
AATCTGGI TACGECGGT TTTCTTAGCGETAGGT CAGGACCCAGCCCAAAATGT C

GCGT TTCT ATGCCGT CT ATCGAGGT CC-ZGOACGATCC—ZGCC—ZGCC—IGOACCGT TTTAG |
A

ACCGCAAGGT GOGAT GCT GGAT CT GCT GBGCGT
AATAACERCOOREAR A A AP AR L EALTA CRAECAAA

AGCG%&C}F& TAATGCAGCTGTTCGGCGAGAACACGGATGTCGAGGGT
GCGCCGCAT TAGCCGCGGEECCA

TTTAGITCAATCICAC
ATCGAEACCCTGAACGCGTGTTACGGCGGCACCAACGCACTGTTCAATAGCCTGA

.
ACTG G A A L R e e A AT T
CACGT GCAT TAAAAGCT GAGCAT

ATATCOURCTSARTIIACEQ GOGITCEGRAGSTCLACRGACEFHCCAGGCACCG

rrocok iR AN I A TE BRcoTe

TTACAEIJ G@G@@@@W@GXMMWGWTM@SA&E@MTACCCG

TACCTERM AR A AR AR RS AT AAA T SR ERAGHACCTTT
ATAAd?b?Té%%%%?éﬁ%égg%%#ﬁwﬁ®mﬁA@G@acmGﬁT@@GCGAcCCGGCAG
GCAGGSCGCEETONAGHTAGTSAAC TATHECHAS BOCAATOLR] 1 RGOTCCC
GACCﬁ?E%§§§§§%2§%@é@%&#@&@éggggggﬁgggTTATATAA;GATTTCcGT
GCCAA¢CQGCAGCTGTTCCCGGAGGTTGACGCCGAGCTGGCdi56c§¥%ATTAC

GACGAGAGCCTGACCGACAAGAACATCGAGAAGACCTTCGTCAACGTCGCGAAG
CCGTTCCACAAAGAGCGTGTGGCCCAAAGCCTGATCGTCCCGACCAACACGGGC
AACATGTATACCGCGTCTGTCTACGCGGCATTCGCGAGCCTGCTGAATTACGTCG
GTTCTGACGACCTGCAGGGCAAGCGCGTTGGCCTGTTCAGCTACGGTAGCGGCTT
AGCGGCCAGCCTGTATAGCTGCAAAATTGTCGGCGACGTCCAGCACATCATCAA

GGAGCTGGACATCACCAACAAGCTGGCGAAGCGCATCACCGAGACGCCGAAAG

ATTACGAGGCAGCGATCGAGTTACGCGAGAATGCGCATCTGAAGAAGAACTTCA
AGCCGCAAGGTAGCATCGAGCACCTGCAGAGCGGCGTCTACTACCTGACGAACA
TTGACGACAAGTTCCGCCGTTCTTATGACGTCAAAAAGTAACTAGTAGGAGGAA

AACATCATGGTGCTGACGAACAAAACCGTCATTAGCGGCAGCAAGGTGAAGTCT
CTGAGCAGCGCCCAAAGCTCTAGCAGCGGCCCGTCTAGCAGCAGCGAGGAGGAC
GACAGCCGTGACATTGAGTCTCTGGACAAGAAGATCCGCCCGCTGGAGGAGTTA
GAGGCCCTGCTGAGCAGCGGCAACACCAAGCAGCTGAAGAACAAGGAAGTTGC

AGCGCTGGTGATCCACGGTAAGCTGCCACTGTATGCGCTGGAAAAGAAACTGGG
CGATACGACGCGTGCGGTCGCGGTGCGTCGCAAAGCCTTAAGCATCTTAGCGGA

GGCCCCGGTGTTAGCCAGCGACCGCCTGCCGTACAAGAACTACGACTACGACCG
CGTGTTTGGCGCGTGCTGCGAGAATGTCATTGGCTACATGCCGTTACCGGTTGGT
GTGATCGGCCCGCTGGTCATTGATGGCACGAGCTATCACATTCCAATGGCGACCA
CGGAAGGTTGCTTAGTCGCCAGCGCCATGCGTGGCTGTAAGGCGATTAACGCCG

GCGGTGGCGCGACGACCGTGTTAACCAAGGATGGTATGACGCGCGGTCCGGTCG
TCCGCTTCCCAACGCTGAAGCGCAGCGGCGCGTGTAAGATTTIGGCTGGATTCTGA
GGAGGGCCAAAACGCGATCAAGAAAGCCTTCAACTCTACGAGCCGTTTCGCGCG
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Prinmer 19-25 nvaA- Asi Sl - AS

5' _-GCTTGCGATCGCCGGCGGATTTGTCCTACTCAG S SEQID NG 8
wenmasIR4 70C 5' - CCACCTCGAGATGTCATTACCGTITCTTAACTTAFH0F012467

SEQ IDNO 9 Prinmer 26-39Bs3

5' TTCTTGA\(X:TCTTATTCCTTTGBTAGA\CCAGFCTTT(I:G S SEQID
NG 11 Priners 4-40 nvaEF BanH 5' -
TATGGATCCTAAGGAGGATATTTAGATGAAAACAGTAGTTA

TTTACAEE ADANGCAGABK TRECH I ROARFO A G TG LT CATBLEE Precae

ACCAC@%dA%@ATG@M%ETTWWA@Gé@T@}AATAT
Frier. 4-40 mvaSk Bgl | 5 - TATAGATCITAAGA

AGCCTEAATAGRA TR GACEAANIY MAGCTRGCAGGAS A TEFAS §CTCTCT

N

GGTCG(‘L‘GNOAMABG@‘ECCH‘GGCA(E&A@CCBQRCWC€A&§¢GAC&TG@§ CCGT
racoHR A SRR BG A S RR R T R G B AanC
CTGGTHGGCAGCGCGATGGCGGGCAGCGTGGGTGGCTTTAACGCACATGCAGCG
AATCTGGTTACGGCGGTTTTCTTAGCCTTAGGTCAGGACCCAGCCCAAAATGTCG
AGAGCAGCAACTGCATTACCTTAATGAAAGAGGTTGACGGTGACCTGCGCATCA
GCGTTTCTATGCCGTCTATCGAGGTCGGCACGATCGGCGGCGGCACCGTTTTAGA
ACCGCAAGGTGCGATGCTGGATCTGCTGGGCGTGCGCGGCCCACATGCAACGGC
CCCAGGCACCAATGCCCGCCAACTGGCCCGTATCGTGGCCTGCGCGGTTCTGGCG
GGTGAGCTGAGCCTGTGCGCCGCATTAGCCGCGGGCCATTTAGTTCAATCTCACA
TGACCCACAACCGCAAGCCGGCAGAACCAACCAAGCCAAATAACCTGGACGCAA
CCGACATTAACCGTCTGAAGGATGGCAGCGTCACGTGCATTAAAAGCTGAGCAT
GCTACTAAGCTT

SEQ ID NO: 2
Primer 4-49 mvaA Spel
5°-GCTACTAGTAGGAGGAAAACATCATGCAAAGTTTAGATAAGAATTTCCG-3’

SEQ ID NO: 3
Primer 4-49 mvaAR Xbal
5. GCTTCTAGACTATTGTTGTCTAATTTCTTGTAAAATGCG-3’

SEQ ID NO: 4

Primer HMGS 5° Sa mvaS-S

5°-
GAACTGAAGATCTAGGAGGAAAGCAAAATGACAATAGGTATCGACAAAATAAA
CT-3’

SEQID NO: 5
Primer HMGS 3° Sa mvaS-AS
5 TTGCATGATGTTTTCCTCCTACTAGTTACTCTGGTCTGTGATATTCGCGAAC-3’
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Primer 67- IB-C for PCR anplification of the coding

sequence of the dxs gene 51- TGA TGG TAC CIT ATG CCA
WCCW7AG2ECT TGA TTT TGG C -3' SEQ ID NGO 17 PpCmmIS2@®7/012467
ICC for PCR a tionsaf the coding sequence of

1 ] 5~...:. 4 Q | D NO- 18 g et g e
ID-C for PCR anplification of the coding sequence of
the dxr gene 5 - AAT TGA TGG GCC CTC AGC TTG CGA GAC
GCA TCA CCT C -3" SEQID NO 19 Primer 67- IE-C for
PCR anplification of the coding sequence of the ispD
SEQ IFNG: §- CAT AAA GGG CCC AGG AGG AAT AAA TGG CAA CCA CTC
ATT TGG ATG -3 SEQ ID NO 20 Priner 67-1 F-C for PCR
Primer 39925iat9B &l¢h of the codi ng sequence of the ispD gene

5’-GCT%%GE%@T%E%EEA’EC@IGN&%‘T’GH@A@%@%@%’TGG

DNO 21 Priner 67- 1GC for PCR
anplification of the codi ng sequence of the ispE gene
SEQ IDNO! TAA CAC ATA TGA GGA GGA ATA AAT GCG GAC ACA GIG
C-3 SEQID NGO 22 Priner 67- |HC for PCR
Primer 49925 thvaAAsiSI-AB t he codi ng sequence of the ispE gene

R -P L .- TGT TAG TTA

> GCT&@%’%@Q&%Q@&W@% 3" SEQ ID NO
23 Prinmer 67-2A-C for PCR anplification of the coding
sequepnce of the ispF gene 5 - ACG GGA TCC AGG AGG AAT

SEQ "M(B‘r%c GAA TTG GAC ACG GTT TTG ACG -31 SEQ ID NO 24

Primer BLigrer 67-2B-C for PCR anplification of the coding

sequence of the ispE gene 51- TTI AGI TGG GCC CTC ATT
5-CCAGETSEA AT oA FRACERN FEBT 8ACTICEES | b NG 25

SEQ ID NO: 9
Primer 26-39B
5’-TGGTGGAGCTCTTATTTAAGCTGGGTAAATGCAGATAATCG-3’

SEQ ID NO: 10
Primer 26-39A
5’-TTCTTGAGCTCTTATTCCTTTGGTAGACCAGTCTTTGCG-3’

SEQ ID NO: 11

Primers 4-40 mvaEF BamHI

5’ — TATGGATCCTAAGGAGGATATTTAGATGAAAACAGTAGTTATTATTGATGC -
3 3

SEQ ID NO: 12
Primer 4-40 mvaER HindIIl
5°- AGCTAAGCTTTTATTGTTTTCTTAAATCATTTAAAATAGC -3’

SEQ ID NO: 13

Primer 4-40 mvaSF Bglll

5’ - TATAGATCTTAAGGAGGATATTTAGATGACAATTGGGATTGATAAAATTAG —
3 ?
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Primer 67-2C-C for PCR anplification of the coding

sequence of the ispG gene 51- TAC TAA GGG CCC AGG AGG
WO 7825 GC ATA ACC AGG CTC CAA TTC AAC G - 3' PEEQSLID7/012467
NO. 26 Pri mer 67-2DC for

27 Primer 67- 2E—C for PCR arrpllfl cation of the COdI ng

sequence of the ispH gene 5 - AAC AGG TAC CAG GAG GAA

ATA ATG CAG ATC CTG TTG GCC AAC C -3 SEQ I D NO 28
SEQ IDNOd4 67- 2F-C for PCR anplification of the coding

aner@ggmggmme i spH gene 5' - TGG ATG AAG TCG ACT TAA
CG ACT TCA CGA ATA TCG ACA CGC AGC -3 SEQ ID NO 29
TTPGG&TCGTT@@HTGQWWQQA@&@?%‘ 8f the coding
sequence of the idi gene 51- CAT CAA GIC GAC AGG AGG
AAA TAA TGC AAA CGG AAC ACG TCA TTT TAT TG -31 SEQ ID
SEQ IINNO:35 Prinmer 67-2H C for PCR anplification of the

LN n '
primer §RATGS AR CFP Pt kAt e R P BTN
5'- ACA BTERQAKDGING GHNA IAABITG AGT TCT GATPARTLMGCI AAAGTAGHCCG -3’
of the coding sequence of the ispA gene 5 - CAG TAA
AGC TTA GGA GGA AAT AAT GGA CTT TCC GCA GCA ACT CG -3

SEQ IIPNO:!1¢ NO. 32 Priner 67- 2J C for PCR anplification of

t he codln sequ e 51-. . TAG TTC CAT
Primer 6151 By forGR Ppo sationel Hr GOARE FALSTFEL! ¢ 5 880 |

5. TGAN@G@@AB CWAﬁGJcéﬁ/GCQrA@GR:@mGAlm TG Gf-3t he RK2
gzérQ Iocus 5 - TAGACGT CGGGAAAGCGAGGATCTAGGTAGSGS - 31
D NO. 34

SEQ ID NO: 17
Primer 67-1C-C for PCR amplification of the coding sequence of the dxr gene
5'- ACT AGG TAC CAG GAG GAA TAA ATG AAG CAA CTC ACC ATT CTG GGC -3'

SEQ ID NO: 18
Primer 67-1D-C for PCR amplification of the coding sequence of the dxr gene
5'- AAT TGA TGG GCC CTC AGC TTG CGA GAC GCATCACCT C -3

SEQ ID NO: 19
Primer 67-1E-C for PCR amplification of the coding sequence of the ispD gene
5'- CAT AAA GGG CCC AGG AGG AAT AAA TGG CAA CCA CTC ATT TGG ATG -3'

SEQ ID NO: 20
Primer 67-1F-C for PCR amplification of the coding sequence of the ispD gene
5. TAT TGT TCA TAT GTT ATG TAT TCT CCT GAT GGA TGG TTC G -3'

SEQ ID NO: 21
Primer 67-1G-C for PCR amplification of the coding sequence of the ispE gene
5'- AAC TAA CAC ATA TGA GGA GGA ATA AAT GCG GAC ACA GTG GCC CTC -3'

SEQ ID NO: 22
Primer 67-1H-C for PCR amplification of the coding sequence of the ispE gene
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Primer 9-1 56B for PCR anplification of the RK2 par

| ocus 5' - TTCCCGCTCGAGGT GGCGGACCATATAGGCAGATCAG - 3f
WEEB@7IBYd¥® 35 Priner 19-137 cnml - pAM37- AS 5' - PCT/US2007/012467

GACGTCGATATCTGGCGAAAATG - 326 SEQ ID NO 36 Pr| mer

iﬁf% )

| ! B@Rilanpl i fication ”’é&*‘i*ﬁf"
nucleotlde sequence encodlng a b-farnesene synt hase
5' - CCAT GGACA CTCTGCCGATCTCTTCCGTAAGC-S' SEQ I D NO 38

s oA Lo AT AL bR Ftr e
5' - GAGCTCTCATACGACCATAGGGTGTACG S - 87 -PCT/ USs200| d

IDNO 39 Priner for PCR anplification of a
SEQ IOkt | de sequence encodi ng an a-farnesene synthase

Primer ?7-2%%%&%&@%d§1g s%’é&ﬂ@ (%%e fEQF Rehérer

or PCR anplification of a nucleotide se
5'- AC AT AGQAGEAeSERASYHERA3AA TTG GA ACG GTT TTG ACG -3’

5'- GAGCTCTTACATCGGTACCGGCTCCAGS SEQ I D NGO 41
at oB( ppt) : HMES( opt ) : mvaA operon
SEQ IINANNGWVIAACTGTGTGATTGT TTCTGCGGT CCGCACGGCGATCGECAGCTTTAAC

Primer §7-2B1G-FRrRER IRY Be e AR SR DRSS RS SRE R 000G

5'- TTTAGT TGG GCC CTC ATT TTG TTG CCT TAA TGA GTA GCG CC -3’
CATTGAACGCGCCAAAAT CGACAGCCAGCACGT TGATGAGGT GATCATGGEGCAA
TGTGI TACAAGCCGGECCT GGGT CAAAACCCAGCGCGT CAAGCACTGTTAAAATC

SEQ nic’;ngodzs -
GCCCCGA CC(%I C&CGI CAATAA TTGCSGCI
Primer 67-2C-C for PCR ﬁcatlon he codin sequenceGCf:'The ispG gene

5'- TAQ PANG IS CEREICAAGANANERATTCHEAET GREGETRRNXATC
TOGT TCOULGT CECATGAGAACAT GT CTCTGROGCOGTACT TATTAGATGOCA
A -

AGCCCGCAGCGGT TAT CECCT GEECGATGGT CAGGT GTACGACGT CATCTTACG
C
SEQ ID NO: 26

Primer 67-2D-C for PCR amplification of the coding sequence of the ispG gene
5'-TCC GGG TAC CTT ATT TTT CAA CCT GCT GAA CGT CAATTCG -3

SEQ ID NO: 27
Primer 67-2E-C for PCR amplification of the coding sequence of the ispH gene
5'- AAC AGG TAC CAG GAG GAA ATA ATG CAG ATC CTG TTG GCC AAC C -3

SEQ ID NO: 28
Primer 67-2F-C for PCR amplification of the coding sequence of the ispH gene
5'- TGG ATG AAG TCG ACT TAA TCG ACT TCA CGA ATA TCG ACA CGC AGC -3'

SEQ ID NO: 29

Primer 67-2G-C for PCR amplification of the coding sequence of the idi gene

5'- CAT CAA GTC GAC AGG AGG AAA TAA TGC AAA CGG AACACGTCATTT
TAT TG -3'

SEQ ID NO: 30
Primer 67-2H-C for PCR amplification of the coding sequence of the idi gene
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GATGCCTTAATGT GCGCGACCCACGGT TACCACATGGGTATTACGECCGAAAAC
GIGGCGAAAGAAT ACGGECAT TACGCGCGAGAT GCAGGATGAATTAGCACT GCAC

WO CICAGBEAAAGCAGCAGCCGCCGAT CGAGT CTGGT GCGT TTACGECTEAZNTA1 2467
GI GCCAGT T/-\ACGT GGT CACGCGCAA(MAGACGT TCGT TTTCAGCCAGGACGAG

ACAAAGCGEGECACGGET CACCGCCGGT AATC-Z('JGAC-ZCC—IEOATOAATGATC—BT GCAG
CGGCACTGGT CATCATGC—?AAGAGAGCGCCGCATTAGCAGCGGC-}T CTGACCCCAT

5'- TAA%AGC AAG g%-ﬁA’P’-TCTTL% f GGG TAA ATG % %WEW
GGGT CCGGT CCCAGCCACGCAAAAAGCCCT GCAAT TAGCGGEGCCTGCAACTGEC

CGACATTGAT CTGATCGAGGCGAACGAGGECGT TTGCAGCGCAGI TCCTGECEET
SEQ ID3¥AT BAGAAT CTGGGCT TCGACAGCGAGAAAGT CAAT GT GAACGGT GBCGCGAT

Primer WTA%%L%WQ%MJWQQ@A@
¥ A SCZOCTHTCAREMTCAIEEEG -3'

GCGGTCAAGGTATCGCCAT GGT GATCGAACGCCT GAACT GAAGATCTAGGAGGA
SEQ IDANGCA2AAT GAAACT GAGCACCAAGCT GTGCTGGT GT GGCATCAAGEGT CGCCT

e AR

5'-TA

GHPORACASHRN 4
AGOSCAT CCAGAT 1T ATATOCOBACOCAGT GT GTCAACCAAT CTGAGCT GOAGA
AATTCGAT GBOGT CAGCCAGGGT AAGT ACACCAT CGGEOCT GGGCCAGACCAACA
SEQ ID/S3GET CGT GAACGACCGT GAGGACATCTATTCT ATGAGCCT GACGGT GCTGT
C

Primer SFAAGS TonPER mpplifivation of thedAEA an JOGAA GAT CGGT CGTCTGGAGGT

5. AC AR AR TGS MM IGARL R AGIAIGAAGHCT GT CTTAATCCA
GAACACGGATGT CGAGGGTATCGACACCCTGAACCGCGTIGITA
CGGECGGECACCAACGCACTGTI TCAATAGCCTGAACTGGATTGAGAGCAACCCCT G

SEQ IWATGCGATCGT CGTI' GTGCGGCGATATCGCCATCTATGACAAGEG
CGT CCGACCGEECGEGET GCAGGCACCGT TGCGATGT GGAT TGGCCCGEA
Primer SESABTOAFCRIEGTHIGRATIFCHGIHEICBRar FRACATGGAGCACGCCTACGA

5 WC%%QW?M%%%‘K%C&%@CAGTGG

SEQ ID NO: 35
Primer 19-137 cml-pAM37-AS
5’ —GACGTCGATATCTGGCGAAAATG -3’

SEQ ID NO: 36
Primer 19-137 cml-pAM37-S
5" —=TACTAGTGCTTGGATTCTCACC -3’

SEQ ID NO: 37
Primer for PCR amplification of a nucleotide sequence encoding a B-farnesene synthase

5°-CCATGGACACTCTGCCGATCTCTTCCGTAAGC-3’

SEQ ID NO: 38
Primer for PCR amplification of a nucleotide sequence encoding a B-farnesene synthase

5'-GAGCTCTCATACGACCATAGGGTGTACG-3’
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TGACCTGCTATGI GAAGGCGCTGGACCAGGT TTATAAGT CTTATAGCAAAAAGG
C

W QAT TIGIRAGGEECCT GGT CAGCGACCCGEECAGGCAGCGACGCCCT eANDSIIBT012467
GAAGT ATTTCGACT ACAACGT GT TCCAB'ﬁGT CCCGACCT GCAAATTAGT GACCAA

GGT TGACGCCGAGCT GGCGACGCGT GAT TACGACGAGAGCCT GACCGACAAGAA
I ( GACCTTCGI CAACGT CGCGAAGCCGT TCCACAAAGAGCGT GTGEC
SEQ GATCGT CCCGACCAACACGGEGCAACATGTATACCGCGICTGTCTA

Primer €or PCR amplification of a nucleotide sequence encoding an a-farmesene synthase

%ATT (%%I JTACGI CGGT TCTGACGACCT GCAGGGCAAG
5°-CCAd ’% %CT TTGC-3°
GCGT TGGECCTGT TCAGCTACGGTAGCGECT TAGCGECCAGCCTGTATAGCTGCA

SEQ IWG‘FQ:GGCGACGT CCAGCACAT CATCAAGGAGCTGGACATCACCAACAAGCT

rimer SRR L ase
’ W%TCTGAAGAAGAACTTC@J Jé%%AGCATCGAGCA%@?’

>’ -GAGCACABZELEELCRTTACS EATEARCABT GACGACAAGT TCCGCCGTTCTTA
b
GACGT CAAAAAGT AACT AGT AGGAGGAAAACAT CATGCAAAGT TTAGATAAGAA
SEQ IVINOCECATTTATCTCGT CAACAAAAGT TACAACAAT TGGTAGATAAGCAATG

10 BORt) U SRR A PPEIRCAT T ATT GAAT CAT CCATTAATT GATGAGEAA
ATGABGAACTGTGTGATTGTTTCTGCGGTCCGCACGGCGATCGGCAGCTTTAACG

GCTCTTTASEEAGEACETETEEARTEEA T ET S8 TEEEAL LA TR R daccac

CAWWMW@@W%@@A@GW&TM@T@N@%GCM
TGTG ERA AV CRE PR CECREREAT K FRRAT CETEE MG RARTGRIMAAATCT

GGTCEGGCCGAGACCGTGTGTGGCTTCACCGTCAATAAGGTTTGCGGCTCTGGCC
GCGGATTTAAAACGGTATCTTCTGAACGTATTATGATAGGTCAAATCGICTTTG
TGAAGAGCGTGGCCCTGGCAGCACAAGCGATTCAAGCCGGTCAGGCACAAAGCA

T
TCGTi@@%@%W%@WFM%&M

AGCCEGCAGCARATABLHTCCTGGGCGATGGTCAGGTGTACGACGTCATCTTACGC
GATGHATASPATEGEONCECACEATPRUEAERYSETTATTACSELEERA A AC
GTGGTSAASTPGTACGOESATATTRT GESEGMXTRAGTA MERTPAGTRALT GCAC

TCTC A AT AR ERRAGEEAOHREEEATTASORGRS

GTGCTAGTTAACGTGGTCACGCGCAAGAAGACGTTCGTTTTCAGCCAGGACGAG
TTCC XTEEE%FEAE%%%%dWéW&%&Wm
ACAAATGRGGETAAGEGR A
coceRATEFENELS GFAETG%A%%EEE%‘%\E R RIEASF LA ceaT
TAGC%B@E’&TTAW%MG@@E@GWG?@@W@PM@@GGCAT
GGG TEEERTSERARIB RGN PSS TR ATTACESRAEFTRSAFAE TOGC
CGACATTGATCTGATCGAGGCGAACGAGGCGTTTGCAGCGCAGTTCCTGGCGGT
GGGTAAGAATCTGGGCTTCGACAGCGAGAAAGTCAATGTGAACGGTGGCGCGAT
TGCGTTAGGCCATCCGATTGGTGCAAGCGGCGCACGCATCTITAGTGACGTTACTG
CACGCCATGCAGGCACGCGACAAGACCTTAGGCCTGGCGACCTTATGTATTGGTG
GCGGTCAAGGTATCGCCATGGTGATCGAACGCCTGAACTGAAGATCTAGGAGGA
AAGCAAAATGAAACTGAGCACCAAGCTGTGCTGGTGTGGCATCAAGGGTCGCCT
GCGCCCACAAAAGCAGCAACAGCTGCACAACACGAACCTGCAAATGACCGAGCT
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TATTGCAACATGGAGATACGATCAAAAACGT CAACGT TTAATTGGTACAATAGA
AGTGCCTATGACAT TGGCAATCGT TGECGEGT GGTACAAAAGTATTACCAATTGC

wo 2007/139924 PCT/US2007/012467
/—\AAGCT TCT TTAGAATTGCT /—\AATGT /WLATTCAGCACAAGAATTA CATGT A

AGGTATCCAGCAAGCCCATATGAGCTTGCAATATAAATCTTTAGCTATTGI TGT

CAAARAGCARREAGIRRARAECANNARRETERRESPRATAARRITREC ATCA

AGGGCATECAS FOACARETAETGA AL A AAGETALGCTABSAGA

ANTTCE ARG ETERG BRI R EAr R ead e aRae naaRe aaca

TGAGEITCGTGAACGACCGTGAGGACATCTATTCTATGAGCCTGACGGTGCTGTC
GCTCTTTAGCGAGCACCT CTGCAATCGATCTGGGT GCGACGET CAT TAA
TAAGETGATCAAGAGCTACAACATCGACACGAATAAGATCGGTCGTCTGGAGGT

GGGOTACEGAGAE SR Y TG REAAEANEAXRNGOEFEXA G H G FOPEMATGCA
TGT Gl TACAAGOOGGOCT GAGT CAAAACCCAGCGUGT CAAGCACT GT TAAAATC
GCTGFTCGGCGAGAACACGGATGTCGAGGGTATCGACACCCTGAACGCGTGTTA

CGGCWW%%WJ&%%EM@Q?WCCW

TGcGi&ﬁﬁ&@@%&%ﬁ%@?&%@&@ﬁ%ﬁ%ﬁﬁéﬁ%ﬁé@&cm

CGCAGCAXTTBECHEFUAA TECTTIROGATHEF AT AEIADGRAGFCATGUBTACGAC

TTTTA&%S&%W&%%E&&%@&&T%WTCTC

GMGTXW%W@MWX@CAM

O T ARG ARSI A A AT ARG OB S AT ERGAFEERTIECCGGA

GGTTEREGEE GRBETEOLEACUSTERITALE MG AGREET EEAEGAEIhAGAA
TAGOGCGCAT TAAATCT T AT GOCAGCGECEECGT CCCACCAGUCCT GATGGGCA
CATCGAGANGACCTTCGTCAACGTCGCGAAGCCGTTCCACAAAGAGCGTGTGGC

CCAA%%WWMWWW@TCTAC
GCGGWTWWWMGC

GCGT’%

AATTGICGGCGACGTCCAGCACATCATCAAGGAGCTGGACATCACCAACAAGCT
6GCGEAGCEC KT CRECUATREECERAL ETACERIECALC A EEA S TTACG
CGAGSATECRAETATCANGA AGIGATTEOAOSCCTR ARG FTAGCHITBAGFCACCT
GCAGAGCGGCGTCTACTACCTGACGAACATTGACGACAAGTTCCGCCGTTCTTAT
GACGTCAAAAAGTAACTAGTAGGAGGAAAACATCATGCAAAGTTTAGATAAGAA
TTTCCGACATTTATCTCGTCAACAAAAGTTACAACAATTGGTAGATAAGCAATGG
TTATCAGAAGATCAATTCGACATTTTATTGAATCATCCATTAATTGATGAGGAAG
TAGCAAATAGTTTAATTGAAAATGTCATCGCGCAAGGTGCATTACCCGTTGGATT
ATTACCGAATATCATTGTGGACGATAAGGCATATGTTGTACCTATGATGGTGGAA
GAGCCTTCAGTTGTCGCTGCAGCTAGTTATGGTGCAAAGCTAGTGAATCAGACTG
GCGGATTTAAAACGGTATCTTCTGAACGTATTATGATAGGTCAAATCGTCTTTGA
TGGCGTTGACGATACTGAAAAATTATCAGCAGACATTAAAGCTTTAGAAAAGCA
AATTCATAAAATTGCGGATGAGGCATATCCTTCTATTAAAGCGCGTGGTGGTGGT
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AAGCAAAAT GACAATAGGTATCGACAAAATAAACTTTTACGT TCCAAAGTACTA
TGTAGACATGGECTAAATTAGCAGAAGCACGCCAAGT AGACCCAAACAAATTTTT
WOATTGERT TGGT CAAACT GAAATGGCTGI TAGT CCTGTAAACCARGMDATI0G0 12467

_CI_TCI'; GITCAAATTCACAACTTATTAGGTATTCAACCTTTTGCACGI TGCTTTGAAA
TACCARAGAATAR G MR BAAREEREERYGEAACLTAGTATELTTAAAAC

TATTT@TTCC_%I_ATACGAAAGATGCTATGGGC GCTAATATGCTTAATACGATTTTAGA

AGACCGAATGAAAAAGTATTAGTTATTGCTACAGAT
GGCCAPTACHHGAREEEBAAASARECAAICHT @%ﬁ%&% GAGT

ATWT}W%WEEWEWM%@KWMT@GACG
TTAAAGATET AT SATGIGCEETEGACA AL AGARGATIERT SACHHEATEDATG

GAAC R T R AT G A S A B ECATA TLCATS G RASTGGASCAGATAATA

AAGGTGTTATGAATGGCATACATGCCGTTGTTTTAGCAACAGGAAATGATACGCG
TGGTGLATAACCAAGTACICATHEATACEUSRAEdtoAtEACAE A TeaTaG
TATTGOAA SGAHAA THA SNPCAAATA AGETITAATCT TCARMATGRET SCPGATAGA

AGTGEETATGACATT GGCAMTEE MGG TIHRERAAACTAT A A TOCT
AMG@’BT@T@WMT@@TAWT@@W?TGKEWGEMGTAG

TTOCTRUEETERTTRAIRAT S6 AR EA AR A TERGARFERCRERRC CoA

AGGT!*E('&%?GCAAGGCCATATGAGCTTGCAATATAAATCI ITAGCTATTGTTGTA
TGGIGAATTTTATAGI GCGACAT TAGT TGAAGGCTACAAAGATCATTTA
GGTGCAAAAGGTGATGAAATTGCGCAAGTAGCTGAAGCATTGAAGCAAGAACCC

CGTG@M%%@M%%UMWAMW&E%M%TAG
ATATGAAACATTCTTCAAACGT TTTGATGACGT TGAATTT GACGAAGAACAAGA

BEELG

A
SEQ IR N2 AT GAAGATCGTCATATTTTCTACT TATCAAATATTGAAAATAACGTT
atoB(op&anvaS(opt):mvad operon

ATGAA} .
€&
GCTCTQTTAGCGAGCACCTCTGCAATCGATCTGGGTGCGACGGTCATTAAGGCCGC

CATTGAACOOGCCARAATCOACAGCEATCALSTTER TEXISTCATE T 6Gaean
TGTG@%@@W@@WAM@@M@WWT
GGTcchcJX@L@%@%&E%%%%@E%?@%@GGCc
TGM@%P&@%T@@@@M@@@TW@G@@A@WAGCA
TCGTWQQ@WA@A@@@WET@T%@@?EﬁM%WﬁCCM
AGCCEGTAGEGGTTATEGA T hEGAGREFAREAEGTGTACGACGTCATCTTACGC
GATGGCTTAATGTGCGCGACCCACGGTTACCACATGGGTATTACGGCCGAAAAC

GTGGCGAAAGAATACGGCATTACGCGCGAGATGCAGGATGAATTAGCACTGCAC
TCTCAGCGCAAAGCAGCAGCCGCGATCGAGTCTGGTGCGTTTACGGCGGAAATC

GTGCCAGTTAACGTGGTCACGCGCAAGAAGACGTTCGTTTTCAGCCAGGACGAG

TTCCCGAAGGCAAACAGCACCGCGGAGGCCTTAGGTGCCTTACGCCCAGCCTTTG
ACAAAGCGGGCACGGTCACCGCCGGTAATGCGAGCGGCATCAATGATGGTGCAG
CGGCACTGGTCATCATGGAAGAGAGCGCCGCATTAGCAGCGGGTCTGACCCCAT

TAGCGCGCATTAAATCTTATGCCAGCGGCGGCGTCCCACCAGCCCTGATGGGCAT

»
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GICTTTGATGGECGT TGACGATACTGAAAAATTATCAGCAGACATTAAAGCTTTA
wWG2007/139924 PCT/US2007/012467
AAAAGCAAATTCATAAAATTGCGGAT@Q\GGCATATCCT TCT ATTAAAGCGCGT G

TTTAAAAGT ATTTGT TGATACGAAAGATGCT ATGGGECGCTAATATGCTTAATAC

GGGT@EEWW&W%H&E@WETGGC

CGACATGAACTTFRTATCHAGSETEAACGGAGEBET COGTCHEITGAAGT TOACBEIBCGGT

COOTANG AT PIOERTC R CARG A ETRATRTRAACEATIRRRCOAT
TGCGTKBETEXACCTHXTTCETHTA BEACHAGT LEGRATETTRTIXT SCHITACTG

A
CACGOM AR EEEAS SRS M RET G LEF TG TT FASAREABSIHFTGCTG

GCGG’R‘T,KAGGTATCGCCATGGTGATCGAACGCCTGAACTGAAGATCTAGGAGGA
COCGT GGT GCAGAAGCAAGT GOGCAT GCAT ACGOGAGT CGT GACGGACAGT

T G A TR LIS AT

AATTGBAKTIGBRCANAT THAGNATUST REATAIREAC TCGRZOASSARAGST CGTT

TCAA TGRS AR PRAGAIIATA1 FAGAERRACATARMAGAAA

ATTGGTATGGTAATTGTGGCAACTGAATCAGCAGTTGATGCTGCTAAAGCAGCCG

CTGTTEAARTTCACARC AT RESTAT AR LA BEACSTTAC PTTHAAATG

AAAGAGGIET SN G CAAPPCAATICGACEAMAGAAINT TTAG

A A AL AT LRGP rar

GATTGRET TG AGAAOt AAERCA AGE TG GHGCERTAGTTGCGATGGTTA

backbone
TTG TA@@WWW@WWWWCWA

AGAC%%T&_ATTTCTGGCGTCCAACTGGACATAAATATCCATTAGTTGATGGT
CGAATGGAT GGECGECGT TAGT ATCGAAT CGACAGCAGT AT

GCAT TR TANTCATSTATTAT AL OA TN R GRSHOEAGGHC RGBS PATACG

CAAA B O AT AAGTCOCTAGETGACTTCGCAT CTCTATGCTTCCATGTTCC

ATTTAOAAANT AGAATRASPYCAGTTATRA GG TAERAIPATEAAPEATGGTBATGA
MC%%%%&%%%U%M%FW%%%&%GCGT

TATGTCRBOACKTART TAPAACEG S PCEATPATCRRT AGGIBTARITIGRBAAAACTTGA

AAATC TR RAF AR A CAATS A EFTATTCABTT ATGGERFAGET

TCAGTGGEENACETTEIXATCOEACAIGTKIGAACAIKAECINASBIARSATTTAG
ATCARGETESRRATS ARG TIMETAAAAGEERASTRAGATATRERIEPATAC
ATATGAAACATTCTTCAAACGTTTTGATGACGTTGAATTTGACGAAGAACAAGAT
GCTGTTCATGAAGATCGTCATATTTTCTACTTATCAAATATTGAAAATAACGTTCG
CGAATATCACAGACCAGAGTAACTAGTAGGAGGAAAACATCATGCAAAGTTTAG
ATAAGAATTTCCGACATTTATCTCGTCAACAAAAGTTACAACAATTGGTAGATAA
GCAATGGTTATCAGAAGATCAATTCGACATTTTATTGAATCATCCATTAATTGAT

GAGGAAGTAGCAAATAGTTTAATTGAAAATGTCATCGCGCAAGGTGCATTACCC

GTTGGATTATTACCGAATATCATTGTGGACGATAAGGCATATGTTGTACCTATGA
TGGTGGAAGAGCCTTCAGTTGTCGCTGCAGCTAGTTATGGTGCAAAGCTAGTGAA
TCAGACTGGCGGATTTAAAACGGTATCTTCTGAACGTATTATGATAGGTCAAATC
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'CI':CCGGT GAGAATGGECAAAAGCT TATGCATTTCTTTCCAGACT TGT TCAACAGEC

Wé@@@ﬁl’fﬁ'ﬁm CGTCATCAAAATCACTCGCATCAACCAAACCGT PAT/TS2DTA12467
92

AAOAGGAATCGAATC—DAACCGGCC—DAGGAAOACT GCCAGCGCATCAACAATATT
TTCACCTGAATCAGGATATTCTTCTAATACCTGGAATGCTGI TTTGCCGGGEGEAT

OTCTT R ABRGS BAER0CEATAGTEARAAATIATEARGASARA T TARASSEITAG
AAWMW@W@WWMGTG

TG TOTTACR AN RATATEEATRG A TARSRRERRERABEAAGA BETAGTATC
TTTA%%’E&A%}TTGATACGAAAGATGCTATGGGCGCTAATATGCTTAATACG

TTGTOGCACCTGAT T GLCCGACAT TATOGOGAGCOEA

ATTTTAGAGGCCATAACTGCATTTTTAAAAAATGAATCTCCACAA ATTT
TAATG%WWRWM%@W&WWCGA
AATTGBAETTTARKGA TATCACABITGH AT SGRSGAATTIGENCHACAGGEFNCCAA

ACOAIAEAARGTSFTRGIRIMENNE OO IRETSIRIga A

CATAAMQGKGT?TFG?ATM@ TG
ATACGQ@%%@&&E#?ﬁ&ﬁ?éﬁ@%ﬁ&&ﬁ%%89&%%&89&%8&99&9?FﬁgﬁCAGT

ATCGTI}GTATTGCAACATGGAGATACGATCAAAAACGTCAACGTTTAATTGGTAC
CCCECCGT GOCCCCAT TGIAT.X

AATAGHS SRR e

AATTWWXWQW&WAGGT
CGAGGCAAGCTAAACAGAT CTGATCT TGAAA!
CATGTAGERCETGACRTARAET FARCASF AGARFATA CTCG

TTTCC@%W CAGCAAGGCCATATGAGCTTGCAATATAAATCTTTAGCTAT
TTTGT ATAAATCACGCGAAGGGATGATTTATAAGAAAAAT T
TGTTGEAGGTGCAAAAGGTGATGAAATTGCGCAAGTAGCTGAAGCATTGAAGCA

AGAACT LA AEERAT ACACARET TN EAUCOERT R RORNBARIEAGACA

ACAA'ICP;(BTATAAGGT GAGGGGGTCCACAGATATAACATCGT TTAATTTAGTACTAACA

AGACTTTTGTCACAACTACATATAAGTGTACAAATATAGTACAGATATGACACA
SEQ ITXNO: 43

GCOTTRREARGAE T ke 8
ACCA(’?CATEE&%%TACGATTGACGCATGATATTACTTTCTGCGCACTTAAC’I“TCG
CATCT/QGGCAGAT%J%%%E&WMHMWA%WﬂéATWG
ATTAA@MW&K&W&‘M@KWETA@WEMQACM@TGTTGA
AAACASCEATCTETAEAREAEEI S TACATATIAGAA AR EOAEEAUFAT CAAA
TGAAACTGCAATTTATTCATATCAGGATTATCAATACCATATTTTTGAAAAAGCC
GTTTCTGTAATGAAGGAGAAAACTCACCGAGGCAGTTCCATAGGATGGCAAGAT
CCTGGTATCGGTCTGCGATTCCGACTCGTCCAACATCAATACAACCTATTAATTTC
CCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAA
TCCGGTGAGAATGGCAAAAGCTTATGCATTTCTTTCCAGACTTGTTCAACAGGCC
AGCCATTACGCTCGTCATCAAAATCACTCGCATCAACCAAACCGTTATTCATTCG
TGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGACAATTACA
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'I[\'SCCAATTGT AATAGCTTTCCCATGT TAATTATACTTTATTCTT SEQ I D

1 44

WEABIGARCCT CCTGCCTGECGT GCTCTGACTCAGTACAT TTCATASTGEATIBBE1 2467
G GCGTTAGTATC - 93 -

SEQ I8 NO 45

: T A o IREG
""" ‘ ‘ ' A il aﬁm it
I

GGTAAGACG(JI IGG(JI TTTATCTTTTGCAGI TGGTACTATTAAGAACAATCACA
G GAAACAGCTATGACC SEQ I D NO 47

AACAGOAATIIGN SRR RN KA TATT

sequence
TTCAC@@AM‘C@GGGAMT@T@WWETACCTGGAATGCTGTTTTGCCGGGGATC

GCAGT@(-}ri‘réﬁAGC’}rXACCATGCAT&TCAGGAG%%%%%% “lGGTC
GGM@I@%ﬁﬂlﬁé@ﬁé&ﬁﬁ%@fﬁﬁﬁﬁ@?@K&tﬂ%ﬁmAcAT

CATTGE2ASCOCTARMIETAGCAAGET TG ASAACE A RF ARG FEAIGeECCTT

CCA AT RIS ToaE A coeAT
TTATA TCRATGEAGSIEAATA PR HERAARCEAC FEACGT

B e O

CTAGCM GATATTTAA B GGANGT AR AITTARIGA S GAAC CACHG TEOIEATCCT

A CCI AT A TR EA TG B A RS TR SRGACA A TR ARG CTOT

GAGG%T}AGCGTTTCCCTGCTCGCAGGTCTGCAGCGAGGAGCCGTAATTTTTGCTT
CGCGOLGTACGELCAT CARAATE TAY SGATIUARKI CATTATACA FE 6L d aToT
ATGG%W@M&WWM@WWTCA
AGACT;@TCAAGéﬁéé%%%%c%ré%%%%&&&%@é%&%GGC

GGGGAECBKIGAAAGETAASEATANETEANET CORAXRCTOAETARUUPGOTCAGA
ATACOORTEPAGATACST AT AS TP A THAEATAGEARGTAFEEAGCATAT

TCTCC AT T A ATAMTGAGRLAACATNT TTATAAQAMRLRTAATA

CTATTACACTTCATTTACCACCCTCTGATCTAGATTTTCCAACGATATGTACGTAG
TGGTATAAGGTGAGGGGGTCCACAGATATAACATCGTTTAATTTAGTACTAACAG
AGACTTTTGTCACAACTACATATAAGTGTACAAATATAGTACAGATATGACACAC
TTGTAGCGCCAACGCGCATCCTACGGATTGCTGACAGAAAAAAAGGTCACGTGA
CCAGAAAAGTCACGTGTAATTTTGTAACTCACCGCATTCTAGCGGTCCCTGTCGT
GCACACTGCACTCAACACCATAAACCTTAGCAACCTCCAAAGGAAATCACCGTA
TAACAAAGCCACAGTTTTACAACTTAGTCTCTTATGAAGTTACTTACCAATGAGA
AATAGAGGCTCTTTCTCGAGAAATATGAATATGGATATATATATATATATATATA
TATATATATATATATGTAAACTTGGTTCTTTTTTAGCTTGTGATCTCTAGCTTGGG
TCTCTCTCTGTCGTAACAGTTGTGATATCGGCTGCCTTCATCTCGACCGGATGCAA
TGCCAATTGTAATAGCTTTCCCATGTTAATTATACTTTATTCTT

H
e SR A R

SEQ ID NO: 44
GAGTGAACCTGCTGCCTGGCGTGCTCTGACTCAGTACATTTCATAGTGGATGGCG
GCGTTAGTATC
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AATTCACCT GCCAAGACGGCACAGCECAACTATTCTTGCTAATTGACGTGCGI TG

G
WOAWCAGRGCCGT AGCATGI GGGECCT CT TACACCT AATAAGT CCARCHTSL#0AT1 2467
C

GATACGGAAAT TCTCAAATCACCGTCCACTTCTTTCATCAATGI TATACAGI TG
G
SEQ IDANOT §5CACATTTTGT GCCAGGATCT TGT CCTAATGCCAAGAAAACAGCTGTCA

CPCT/ US200i
COTGTAMAGREET EELLET BECT OO TTACTAATNICTCAECEA CRBATAMGACAAC

TG’I"I‘ﬁ(:CCAAAGA TTCTTAGCAATGI TCAACT CAACCAATGCGGAAACATCACTTTTTAAC

A
SEQI
GGTAA!

6"]'538’ GACAACATCACCAGGAATAGTAGCTTCTGCGACGACACTCTTACCAC

GGAGT TGGNIACTATABGIAGAMCAAGEACAG

GAAAﬁ&‘iﬁ\&&&%@TMCTchoAGcoATACTCTTCTAcoATTTGCTTTAAT
GA
%.T%GACACCCTTAGAAATCATATTCATACCCATTGCGTCACCAGTAGTTGT

SEQI
TTGCEPPRTCTAAT EAPGHTTFASETTAA CET MG ABET AGAPAATTA SAHETTGTA

G
AAACEASGREEMERT GTAGAGTTAAAAGCTTTTTTAATTGCGTTTTGTCCCTCTTC
TG

AT CTAACCATATCTTACAGBCACCAGATCTTTTCAAAGT TGBGAAACGBACTA
SEQ IR NO: 4

pAM49T1C';@EE&E€@S€i S&EQQ%EFGI%QJWCAGTTGT TGCACCACCGOCAGE

AT A AT TIEESEHEEEEAMETAION

ACAAGOAEBEAGKEDFYXEAAPMTET TERGTARCAMGIGCCAANTFCCBEG AGG A
cTCAGRTATICRAA N A A K ST RE G A R AT S A EAR A ST A Tr6A
GAAGCSM TGO AT TCTAAGTACAGCARICAC ARG SA A CASTABAGTC
AAACGARERAMNEER ARSI CF IR TERATREAEARAGHEEATCA

TAACKAACCGAAGTTATCTGATGTAGAAAAGGATTAAAGATGCTAAGAGATAGT
TTGITCTTCAATTGTTTTGTATTTCCACTACTTAATAATGCTTCTAATTCTT
GATG@TATTTCATAAATAATGTAATTCTATATATGTTAATTACCTTTTTTGCGAGG

wmﬁ@ﬁ@@ﬁﬁﬂﬂﬂﬁ%&%ﬁmﬁmﬁﬁ%mm
GTTTGAG GG MEACE CARC BT EATOACAATTIFCANPRECAGEATTCRTTCTA

AT A OO0 A A T A IOARTTATEARGIACAPATENIARACTA

AATATITTACGTAACACATGGTGCTGTTGTGCTTCTTTTTCAAGAGAATACCAATG
ACGT@%@WWE&R%@W&WE@WCGM

TTATAARIE TGOUGT CCAAATEHTAPAGTA TAGRELT GCATIWGEATBGTTTCTTGTTG

TOGG AT SRR AR ARG R ARIGS APRAGABAACOAT

AATT(IA.CCTGCCAAGACGGCACAGGCAACTATTCTTGSTT%%&}FGTGCGTTGG
[TTATATATCT CAAAAA

TACC@%X%%'J@X%%&&C TTACACCTAATAAGTCCAACATGGCACC
TTGTAATEREEA GAXT ASTTAAT ASELCAGY G A ETPAM MG ARG EECATG

A
GATAGHEASY R SEFrE A A R R T EEHG TG T TERATSAAERTILTALASITTGG
AACTTIFEGACATTTTGTGCAGGATCTTGTCCTAATGCCAAGAAAACAGCTGTCAC
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CTGCCAATTTTTCCTCTTCATAACCATAAAAGCTAGTATTGTAGAATCTTTATT
Gr

WO CHEAGARGT GCCGECECGAGECACATCTGCGT TTCAGGAACGCCGAECHER eaA®I 2467
ACCAGGACGCACGGAGGAGAGT CT TC@@T CGGAGGEECT GT

CC‘AAAGAGAAGGT TTTTTTAGGECT AAGATAATGGGGCT CTTTACATTTCCACAA

Tmﬁﬂ%@éﬁ%?%ﬂ%&%ﬂ@%%&%ﬁ?@@ﬁ@mCA

ACCWETWT@KITM A AANEIGBAMITATUAGERTTCAACA

T AR ANGNTEARAIE ARG FEE RS TAF HOSASTRIEAGOACS

ACCTTEGATC CAGPTEGIROGCAGCTGGTTTTTTGTCGGTACAGTAGTTACCAGAA

GGOOGCAAAAGCAACAACAAT TACACAATACAAACTT
ACGOARAGIN AR GRS AAK A A ARSI TP AAAAATOA
GTAT@@K@MHAWWW@&W@@@M@@%TT@TTC

TAAATICRCAECAACAGFASSTIOEG TR P GACAT ORGSO ATATGETGEA GACG

ToCA TG TIAG R ST EERHA AL ST TG e g TTCTo

AGTCTAACCATATCTTACAGGCACCAGATCTTTTCAAAGTTGGGAAACGGACTAC

raac S A AT A o

TTGATTGCCTTACAGCCACGCATGGCAGAAGCTACCAAACAACCCTCTGTAGTTG
CCATﬁ%ﬁ%ﬂ%ﬁ%@ﬂ@ﬂ%&ﬁ%@ﬁ%ﬁm%

CGGGWWTWﬂTWWM@CGGT
COTAGER A BT TER AT AE SRS PAZATATRERMATACAGHABRAZCTOC

CAAAATTGAAAGAGCCTTCCTACGTACCGCAACCGCTCTCGTAGTATCACCTAAT
CCAACCGGT GGTGCCGGTACTGITGCTATGI GGATCGGT CCTGATGCTCCAATT
TTTITTIETCCAAAGCGTACAAAGGTAACTTACCGTGAATAACCAAGGCAGCGACCT

mn@%ﬁﬁﬁ%ﬁﬁ@%ﬁﬁ@@ﬁﬁi@@ﬁm@%mﬁﬁﬁfmcm
AAGGAGSTATRCTATTAVIAASGG R AT COGGEPANGAACTICORCACTA

GATG A A4 BT A A ARG S ACATGOTAAAGTT ETGACTTTCG

ATCCAGAAATGACTGTTTTATTGGTTAAAACTGGTGTAGAAGCCTTTTGTACAGG
AGCA%WX@WWE%@?&WW&U&@@CATT

ATAGTECARCECT TG SCTIAASATAHTARA GRGEETATMPPA S LR CETATAGTTGA

TACT AT AAERTFAGTAASNTTARTAT AACCOAMATRTESARACTATT

AGTTAMAAGTGGTTATGCAGCTTTTGCATTTATATATCTGTTAATAGATCAAAAAT

CATC({E’%%TC%:[]— (?%?A Agﬁgé%%ggﬂﬁ Mé‘% %%XI\ AA CATTA

TTATAT A TASITT EEAAATKA TCOS YOS GKA GCRITPETGCOGATAGGTTA

CTGOG AR A B AR S EE AT AN T AFHATEBEASAAFSTRFATTOT

TCGGKGCAGTGCGGCGCGAGGCACATCTGCGTTTCAGGAACGCGACCGGTGAAG
CTATTAAACTATGI TGGATCTGACGACT TACAAGGCAACCGIGITGGTTTATTT
ACCAGBACGCACGGAGGAGAGTCTTCCGTCGGAGGGCTGTCGCCCGCTCGGCGG

CTTCTWWEMWWEWUQTWGTT
CCAAAGAGAAGGTTTTTTTAGGCTAAGATAATGGGGCTCTTTACATTTCCACAAC
ATATAAGTAAGATTAGATATGGATATGTATATGGTGGTATTGCCATGTAATATGA
TTATTAAACTTCTTTGCGTCCATCCAAAAAAAAAGTAAGAATTTTTGAAAATTCA
ATATAAATGAAACTCTCAACTAAACTTTGTTGGTGTGGTATTAAAGGAAGACTTA
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AACATATTATCAAGGAATTAGATATTACT AACAAAT TAGCCAAGAGAAT CACCG
AAACT CCAAAGGAT TACGAAGCT GCCATCGAATTGAGAGAAAATGCCCATTTGA
wWOGHEGANCT TCAAACCT CAAGGT TCCATTGAGCAT T TGCAAAGT BT BTUFRIAT012467

TCCCCOATCGATTGOATCTTGCTGAACCCCCTTC‘ATAAATC—LI TTATTTTTTTG

oco ERTIR TR AT A TR TR A CTAN

AAAA ACA AGABCGTATAACKT SAPT BTATAAGCTCARAATHTTGCANTTAAAG

CTATGRAMIITACATERGACISM TG TEARSHAATITGARRTAG4 PAAATT

TGATG@GTCGTTTCTCAAGGTAAATACACAATTGGTCTGGGCCAAACCAACATGTCT

TG A A G T AR A G RS AT T TARAAGTT

GATCA:AGAGTTACAACATCGACACCA.ACAAAATTGGTAGATTAGAAGTCGGTAC

CTGCACAGAACAAAAACCTGCAGGAAACGAAGAT, CATGI
TOAARSERT MO H A AT A s ERICT C ARG AT OTTT

GGTGMACAH’I'GAd:b'ﬁdGAAldGTATTGB@A@&@@IAMGdCTGTTACGGTGGTA
GTGTGCTTCATTGGATGTTCGTACC
CCAA(&GCGTTGTTCAACTCTTTGAACTGGATTGAATCTAACGCATGGGATGGTAG

AGACWK@%@E@@K%%E&W&%?@@MMGA
CCAACRCATITGTCBGTHICIGT CFPAKECOCCAATTG

AT A OA T T ACAT A CARICEIACIATTTAGA0CC

AGATTICACCAGCGAATATCCTTACGTCGATGGTCATTTTITCATTAACTTGTTACG

rean AT

GTTGGCT TAGUGAAN(

NIV

ACTAﬁATAACGATTTCAGAGCCAATCCTCAATTGTTCCCAGAAGTTGACGCCGAA
CATGEGT GGAAGAGATGAAGGT TACGAT TGAGT TGAT TATGACACCCGGT GT

TTAG%T%&M@WW%@%WMWACW
TTGTTA@[WM@@@W@AMX@N%WW@@A@WGATTGT

NG 49 pAMA92 sequence (excl udi ng vector backbone
TCCA@ A @m@é@mﬁ@&@&ﬁ@@m@@m ATCT

T’l%%&;’r[‘ﬂ"%’_% ATCTG, A TTACAAGGCAAGCGTGTTGGTTTATTTTC
AATTT TTATTTGCATTATTTGAAACTAGGEGAA

TTAC(E;'}TTCCGGTTTAGCTGCATCTCTATATTCTTGCAAAATTGTTGGTGACGTCC
AncAfEMATERRSERRTTACAMAYTACT RACKAATIAEC CANCABKAT EaCCa
AAACTCTAXATGHA TRACGHAGCTATACEACTAATACHGAGRAYCAAGASTAC AT TTGA
AGAAGAACTTCAAACCTCAAGGTTCCATTGAGCATTTGCAAAGTGGTGTTTACTA
CTTGACCAACATCGATGACAAATTTAGAAGATCTTACGATGTTAAAAAATAATCT
TCCCCCATCGATTGCATCTTGCTGAACCCCCTTCATAAATGCTTTATTTTTTTGGC
AGCCTGCTTTTTTTAGCTCTCATTTAATAGAGTAGTTTTTTAATCTATATACTAGG
AAAACTCTTTATTTAATAACAATGATATATATATACCCGGGAAGCTTTTCAATTC
ATCTTTTTITTTTITTGTTCTTTTITTTGATTCCGGTTTCTTTGAAATTTTTTTGATTC
GGTAATCTCCGAGCAGAAGGAAGAACGAAGGAAGGAGCACAGACTTAGATTGG
TATATATACGCATATGTGGTGTTGAAGAAACATGAAATTGCCCAGTATTCTTAAC
CCAACTGCACAGAACAAAAACCTGCAGGAAACGAAGATAAATCATGTCGAAAGC
TACATATAAGGAACGTGCTGCTACTCATCCTAGTCCTGTTGCTGCCAAGCTATTT
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AGAAGGGECAACGGT TCATCATCTCATGGAT CTGCACATGAACAAACACCAGAGT
CAAACGACGT TGAAATTGAGGCTACT GCGCCAATTGATGACAATACAGACGATG
WORAARGAPRCCGAAGT TATCT GATGTAGAAAAGGAT TAAAGAT CCT AABAIG2IDAG! 2467
TGATGATATTTCATAAATAATGT AATT9@T ATATATGT T TT
. ol

TCAAAGAA

GGTTTCAGGGTCCATACCCGGGTATATATATATCATTGI TATTAAATAAAGAGT

ANTAL GGG ARG R TARSTERCARLPAARRIRGATACCA
AACAWE‘EEHET%XWEEQMET&@M%CGCTA

AAGGCAIAAT ACHANACAGIXNT A AT TTAT TAATERAAGACAGAIAAGINT GCTG
ACAT AT TARARE AT CF ARTACTSIGCEERETTOEAGABAARATCAC

AATG@GCAGACATTACGAATGCACACGGTGTGGTGGGCCCAGGTATTGTTAGCG
GITTCEGIGATTCTCTTCECTAATTTGT TAGTAATATCTAATTCCT T GATAATA
GTTTGHEAGCAGGCGGCGGAAGAAGTAACAAAGGAACCTAGAGGCCTTTTGATGT

TAGCXM@W@MH@@WR@@WWGM
AAGAAAATAAACCAACACGCT TGOCT TGTAAGT CGT CAGATCCAACATAGT T
CTGTT[GACATTGCGAAGAGCGACAAAGATTTTGTTATCGGCTTTATTGCTCAAAG

AGACATISEPOLAROAGR IR SN TR RTPIGHNOATTATEATAG EEGTGT
GGGTTTA ACSECARTHIGT CRAGACEATABENPCOARSGATGA

TG TOq A4 S ATCRRASA T A TR G RARGS T EA A GaTcaooc

T
SEQ nﬁ%AﬂJ TCGGCGTCAACT TCTGGGAACAATTGAGGATTGECTCTGAAATCGI T

pAM49'D°s'BQGH'M'E&M&I@AKE&RGEWATTTA@GGTTGGAAC‘ATGGAAA
CTTTAMMEIRFEAMTIGHNGTEIASA

ATCCATATTAACAATAATTTCAAATGTTTATTTGCATTATTTGAAACTAGGGAAG
AACCAACCCT TTAGAAATAGCCT TCTTGGAATAACTCTTGTAAACTTGATCAAG
ACAAGCAACGAAACGTTTTTGAAAATTITGAGTATITTCAATAAATTITGTAGAGG

ACTCAEATATFEANAARRARN ACTAVAGE KA FARGTA T CAFXA GAKEAGTATTG
GTGAAATCT GECT TGTAAAAATCGTAGGOGT GT TCCATGTAAGAAGCTCT TACA

AGAAGGGCAACGGTTCATCATCTCATGGATCTGCACATGAACAAACACCAGAGT

CAAA A B A TR SRR B LRk oA T

ATAACAAACCGAAGTTATCTGATGTAGAAAAGGATTAAAGATGCTAAGAGATAG
TGATEATRI T A PAAALARTT AT TEARY ATMEARA T YA P PO caac

GCATARTEAGTHGHETAZIAGAG PAAGATEIATACSAICIAAAGTACGTDSATGIGGCTGT

GO A AR AT RS AT IAT SR APRAEACALA TR A TARARACTT

TTCCTAGTATATAGATTAAAAAACTACTCTATTAAATGAGAGCTAAAAAAAGCA

coctGE A A ATRRREEATAATEARGEEEIH CRIARKGAE R e cat

GGGGE@J@W?WW@KWEGTTG
OTCALGTARTAMSASE ST ARG TR A REFTRAFFEATOAACT
TCTTETTCAAATGGGCATTTTCTCTCAATTCGATGGCAGCTTCGTAATCCTTTGGA
GTTTCGGTGATTCTCTTGGCTAA'ITTGTTAGTAATATCTAATTCCTTGATAATATG
TTGGACGTCACCAACAATTTTGCAAGAATATAGAGATGCAGCTAAACCGGAACC
GTAAGAAAATAAACCAACACGCTTGCCTTGTAAGTCGTCAGATCCAACATAGTTT
AATAGAGATGCAAAGGCGGCATAAACAGATGCGGTGTACATGTTACCTGTGTTT
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QCGCCATCAAATTTCT CTAGCTCAGATTGGTTGACACATTGAGI TGGGATGTAA

WO RIGEATRCCTTTAATACCGACATTTTGAGGTCTGGTTTTTTGI TeABDS2aNT012467

_lC_-I(_I'_;‘CCT AAGTCTTCCT TTAATACC‘AC‘ACC‘AAC‘AAAGT TTAGITGAGAGITTCATT

GTTGG%%%%&%J%%W%E%&F&M& EARIERACAT

TMCA?@WWWM@MEMGAWWMAGT
AGCTARTEREREE R HETICTERRAACARITFARGATARGGTGTIARATECTTA
TATAGEH\ATCTACCGTATGATTTTGTGACCAATTTACAGGTTGGAACATGGAAAA
GICTTTTTTGCCTGGAACGGT TCAGCGGAAAAGA Eg%:l" é;'cl'xglg(%a
CGTTGTAGTCGAAATATTTCAAAACGTTCAAAGCATC ATCGCT

AACC AT EF G SAACA T ECAEAPAAMMARTGRTITAAGA
GGCTAAGATATCAGCCTGAAATAAAGGGTGGTGAAGT

S GTISHAT ksiGocto
A@f‘?@f@ﬁ@f%‘i’%ﬁﬁ% WW@WACAG

AGTCWMWWMM@CAM?&M@WGCAC

CACC B BRSNS EA T O T AIATERRAP ™A

AATGGCGTCTCTACCATCCCATGCGTTAGATTCAATCCAGTTCAAAGAGTTGAAC
AACGAGTREETSECATCGTRACAGHE KT RACSEAG AR LT IR ERE s TCAG

TGTT@WMM@TM&TA@MMAWW GTCAAT
CAGAGETEGAGIACEENG RECTA RGBT T T ARG REFFGRERILG TAAC

TCTTGK'TCAACTTAGACAAAACAGTTAGGGACATCGAGTAGATATCTTCTCTGTC

TTCAGGCTGATAT CTTAGCCTTGTTACT AGT TAGAMAAAGACATTTTTCCT
ATTGA@'AAPQ%GA@ATGTTGGTTTGGCCCAGACCAATTG AGAA
ACGC@%%ﬁ%%E%RH@T@@W@K@B@WTAM
' TTACROACHETTRMOSTRRACATTRIGEECAGGHEECTTT

T AL aA e T TTTac
GGCCPAAGTCTTCCTTTAATACCACACCAACAAAGTTTAGTTGAGAGTTTCATTTT

aTGTGAPEME AT SATTEAXCAEAH S A PM FEAARMTART TCGAT

G ACT PETARAREARA CTGIA B ARG SGABATAT TATAPPOEAGTTIGAEB CAAG
ACAAGERETT T TSI I T ATA TG M TC TG AL KA TEERTAT GE TGaT

AGTCW%WWGW@MMGMWMTTCTA
CAACASHEGFEARG SR TERPAAREEA RPAARTRANMAARTCTT
TTTCTQAG%IFI_?GTAACA_&(}FQFCTAAC%?:II:ATCTAGCCTGAAATAAAGGGTGGTGAAGT
CCCGCGA GAAA GGATAAGAAAATA GAA
AATAA'TTAAATCATCCGTATAAACCTATACACATATA%@%A&D}\AA TACA

AMGWTMAWMM@HKWWAAAT
T TATTCACGGTAAGT TACCTTTGTACGCT TTGGAGAAAAAATTA(%_
GTCGQAT AATGGGATCGGCTTACTAATTATAAAATGCATCATAGAAATCG GAAG

TTGACHCAGAS MR ERE AT ERT AT AGKSEPEAT A FAAG WA CPFEAMCGATT
TCTATGATGCATTTTATAATTAGTAAGCCGATCCCATTACCGACATTTGGGCGCT
ATACGTGCATATGTTCATGTATGTATCTGTATTTAAAACACTTTTGTATTATTTTT
CCTCATATATGTGTATAGGTITATACGGATGATTTAATTATTACTTCACCACCCTT
TATTTCAGGCTGATATCTTAGCCTTGTTACTAGTTAGAAAAAGACATTTTTGCTGT
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GCTCCTGTATTAGCATCTGATCGT TTACCATATAAAAATTATGACTACGACCGC
G

WwOATTHESRECT TGT TGTGAAAATGT TATAGGT TACATGCCT TTGCECHUR BT 12467

TGGTGCAACAACTGTTTTAACTAAGGATGGTATGACAAGAGGECCCAGTAGT CCG

CAGTCAC RO AR T T EERSARERT TS AGAAGCABRARACCT

ATGCECTTTTCCGCTGAACCGTTCCAGCAAAAAAGACTACCAACGCAATATGGA

TTGTCAGAAM CATATAKKAY A ERAG AR A AL TEI P AT AR TT6CA
TTAT AACAAATTON S TCA CTASCAGIACAT ATATK T AGAT BAEATGASANTNASTATT

:
AAGAASTEST AN RRTASAATEAN TG AT AR ATRACOTMMAGRGGEIGCAG

ACCAM GAAGACTGAAGTCACCAAGAAGTCTTTTACTGCTCCTGTACAAAA
TGGTAGAAGAGT ATGCCT GCGAAGATATGCGAGGTTGTCTCCGTTTCTG

GGCT TSI FACHTARATTINARAANEEAAN CACTARET CESTtHSR G eEFE CAAA
AGTTQ%WEE’H@P@&&%%MEQ@E%@T@H@H@W%GMG

ATGA FECEAGHBAGATIESSAGTCET CGXT AGGYAR PN BGECOT T TRFAGSHAATT

ACAAGCATTATEAAITAOTAGAAATACA PACASTITAAGRARRAARARETOCC

TGCCHWGGTTATTCACGGTAAGTTACCTTTGTACGCTTTGGAGAAAAAATTAGGT

GATA&%&EX@E%FWWWAW&%GM

GCTC@F@TAW@K@@W : ARRAGIRARTTOOCT ATCOATCGCG
TATT GBI ETRH AN IRFEE S EERAC TS RIS SESAIGOTOTT

ATAGGCCCCTTGGTTATCGATGGTACATCTTATCATATACCAATGGCAACTACAG
CCATGITGGACTTATTAGGT GTAAGAGECCCACATGCTACCCCTCCT GGT A
AGGGRTGTTTGGTAGCTTCTGCCATGCGTGGCTGTAAGGCAATCAATGCTGGCGG

TGGT@@%WMWWW@AW@WCGT
ICSEEN g TOATIACAHPACPGHIGACTMERAAGAGG

NN AT TSRS

A WWA@’F@QMCT

crodig e R S rcopaTarea AN

AGCAAATGGTAGAAGAGTATGGCTGGGAAGATATGGAGGTTGTCTCCGTTTCTG
oTAAAUTAACEEACRAANARTAGET S EATAXCTEEATEC KA dd coTo

GTAAGAGVITCGGTE A GRAXGTCEACATARN GCEAGAANAGTGTT

AAAANEGATSTEFRG AR FASEI FAGABAITTAA P AT BEE TG0A

TCTGOAATGGCTGGGTCTGTTGGTGGATTTAACGCACATGCAGCTAATTTAGTGA

CAGC RO RTGRE AT ABANA AT TECAASPATT T ARALARGTCCAA

CTGT/QI‘ AACATTGATGAAAGAAGTGGACGGTGATITGAGAATTITCCGTATCCATG
CAGAACAAAAACCT GCAGGAAACGAAGATAAAT CATGT CGAAAGCTACATAT

CCAT GO GT ATAGTEN ECATIROTORT A B AATAAARAA GGTG
CCAT('_?‘T TGGACTTATTAGGTGTAAGAGGCCCACATGCTACCGCTCCTGGTACCAA

CGCACGTCAATTAGCAAGAATAGTTGCCTGTGCCGTCTTGGCAGGTGAATTATCC
TTATGTGCTGCCCTAGCAGCCGGCCATTTGGTTCAAAGTCATATGACCCACAACA
GGAAACCTGCTGAACCAACAAAACCTAACAATTTGGACGCCACTGATATAAATC
GTTTGAAAGATGGGTCCGTCACCTGCATTAAATCCTAAACTTAGTCATACGTCAT
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TGCACGAAAAGCAAACAAACT TGTGTGCTTCATTGGATGT TCGTACCACCAAGG

A
WORIAGBEEAGT TAGT TGAAGCAT TAGGT CCCAAAAT TTGT TTACT AERAACINTA1 2467

00

TATCCGCC‘AAGT ACAATTTTTTACTCTTCGAAGACAGAAAATTTGCTGACATTG

TGGT%*&%—?F?@W A AT G Ay W@Wmm
CTTTASAGEIGE ARG AAGIAKIACE 5 ,

@I TAGCCIAACTG

cacAGRARERAAIECTETA Aédg)AAAGCTACATAT

AAGGEATARSCTAET FATIG N AT A ACT AR TR G T AGEGATTARTATCA
TGCAGH A ELACAAAS TR TR TASA TR AT GEFESRACASIAACCA

ATTA@F GGAGTTAGTTGAAGCATTAGGTCCCAAAATTTGTTTACT ACAT
ATATTTTTGCATTGAGGCTCTGITTGGAATTATATT

GATGACTGGTCAAT
GTGG&@ATCTTGACTGATTTTTCCATGGAGGGCACAGTTAAGCCGCTAAAGGCAT

TATCG&@@%TM@M@TWF@G%@X@MTHWWGG
TAAT@%WMAW@@Q@@@Q@MC@GA@M@AMGGGC

AT A A T TGRS E AR A LT ABROSEETOAA

GCAG@CGGCGGAAGAAGTAACAAAGGAACCTAGAGGCCTTTTGATGTTAGCAGA
ACC GAGCT.GEEEG

ATTGC@AAGAGCGACAAAGATTTTGTTATCGGCTTTATTGCTCAQ_?G@l_gr}éTCATGG
GTGG VA T A A X M B SH AR SR N B 8 1865 T AG
ATGA CELASTHFAUGMAGARTIGAST AT A 8AT PAPAGHACECAGEATTATEPA G TCT
TATTOCT TATGGCAT G CTGECGAT CAT AAAACT T
CTACW ATTAITGETTGGGTTTAAAC
TCAAACGGECAGOOCOGAT CTAAAAGAGCT GACACCOGGGAGT TATGACAATTAC

AACAACAGAATTCTTTCTATATATGCACGAACT TGTAATATGGAAGAAATTATG
SEQ ID\NO: 50

pAM48%M%FW&%%EEJ%WMOA@T%T&TGTTGT@TTU
GTTTAAPARAAEA T RECATTASTET SASTANS TARGEY MG ERAGIAET GATAGTGC
TTGCA%@Q&J&@E&WEH@@W%@%HMé%@dk'dA&b'AGATc
TGATGACTGGTCAATATATTTTTGCATTGAGGCTCTGTTTGGAATTATATTTTGAG
ATGACCCATCTAATGTACTGGTATCACCAGATTTCATGTCGTTTTTTAAAGCGGCT
GCTTGAGTCTTAGCAATAGCGTCACCATCTGGTGAATCCTTTGAAGGAACCACTG
ACGAAGGTTTGGACAGTGACGAAGAGGATCTTTCCTGCTTTGAATTAGTCGCGCT
GGGAGCAGATGACGAGTTGGTGGAGCTGGGGGCAGGATTGCTGGCCGTCGTGGG
TCCTGAATGGGTCCTTGGCTGGTCCATCTCTATTCTGAAAACGGAAGAGGAGTAG
GGAATATTACTGGCTGAAAATAAGTCTTGAATGAACGTATACGCGTATATTTCTA
CCAATCTCTCAACACTGAGTAATGGTAGTTATAAGAAAGAGACCGAGTTAGGGA
CAGTTAGAGGCGGTGGAGATATTCCTTATGGCATGTCTGGCGATGATAAAACTTT
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TTCAGCAGGTTTCCTGT TGI GGGTCATATGACT TTGAACCAAAT GGCCGEECTGC
T

WOCHGEAECACATAAGGATAAT TCACCT GCCAAGACGCGECACAGCCARCT AR IW0T/012467
GCTAATTGACGT GCGT TGGT ACCAGG»MIZGGT AGCATGT

01

TACTTCGATGGATGGCATGGATACGGAAAT TCTCAAATCACCGTCCACTTCTTT

TCAA G A RO AT A A AR TEAGACRE RS TATGAGAATTAC

AACASCAGAATTCTTTCTATATATGCACGAACTTGTAATATGGAAGAAATTATGA

o A T OB o

TTCA/CGAGAATACCAATGACGTATGACTAAGTTTAGGATTTAATGCAGGTGACG

GACC@ATCTTT ARG AT R T AT A GO C SRS EFAGE T GTTGG
TTCA RGN ETAGHEESCTIT CAATO N CT TR A CABAILEGGOOGGT TGCT

C
AGGGEAFACHIBPIREAAAITEXCRERLEZFEBATATE Pl A Rd AT TCTT

GCTAKE_II“_GACGTGCGTTGGTACCAGGAGCGGTAGCATGTGGGCCTCTTACACCTA
TCTACCATTTGCTTTAATGAGTATTCGACACCCT TAGAAATCATATTCATACCC
ATAABGTCCAACATGGCACCTTGTGGTTCTAGAACAGTACCACCACCGATGGTACC

TACTTCORTEEAIEEEATEEAT ACOBASATTERORKN Y EAECGTECARIFETTTC
ATCASTGTEAATACSTITIBGACE CIMEHCIA TCATEEASCAGGURCT TGO RAATGC

CAAGR A A BRI ECASTAAAIIAITAESARTLRLORTARRTGEARCAACACA

CCCAGCCATTGCAGATCCAACCAAATTCTTAGCAATGTTCAACTCAACCAATGCG

AN AR TAGAC W AR SCEAC ARTAGTAC TeTG

cmc%ﬁ@ﬂ@ﬁemmmﬁ@ecmmwmmmﬁmmmc
GGTACARTAGEEARGAT ARG A AFERENEATETASSIG 6ERFOFACTCT

TCTA@CATTTGCTTTAATGAGTATTCGACACCCTTAGAAATCATATTCATACCCAT
AAGGGEGECCTATAACACCAACGGEECAAA GTAACCTATAACATT T TCACAA

TOCG FANCCAGAAKTACGEECT AarAER ARG K FAA GG HEABARACAA

GTTTGAATATGTTGCAGACGTGCAAATCTTGATGTAGAGTTAAAAGCTITTTTAA
CTAATACAGGAGCT TCT GCCAAAATTGAAAGAGCCT TCCTACGT ACCGCAACCG
TTGCGTTTTGTCCCTCTTCTGAGTCTAACCATATCTTACAGGCACCAGATCTTTITC

MAGi%&@A@Wﬂ%TEH&@EWWE@%ACAG
TTGTKIAACCACCGANEACATTITATTGCOTRPACAGGTACHOATOCKYGASMGCTAC

CAAA AT CTGTAGTT GOCATTGGTATATCATAAGATGTACCATCOATAACC

AAGGGGCCTATAACACCAACGGGCAAAGGCATGTAACCTATAACATTTTCACAA
AaGEERCARATAC GBI COTATERMAAT T RATRIGATRAEERT A caTe

CTAATASAMIGAGUNTATGCTZGAA ARG AGRUGCGUITTICC TACTHAABAGTIAACCGC
TCTCG AT M REEREEREF G OAMRG TE A ERTTAGTIACROTGA
ATAA@CAAGGCAGCGACCTCTTTGTTCTTCAATTGTTTTGTATTTCCACTACTTAA
T TGGTCTGCAGCCATTATAGITTTT ICT_IC+, %—:ACB%T %TATA
TAAT(A(IETTCTAATTCTTCTAAAGGACGTATT CTTATCCAAGCTTT ATCGC

GGGAMW@&E@T@@W@HM&GW&%WﬁMCAGA
PCT/ US2001 B Si Bl B

TGAT AT AR A IC PG M REREETATFE ST TAAMETOGTG
TAGAKGCCI TTTGTACAGGAGCAGTAAAAGACTTCTTGGTGACTTCAGTCTTCAC

CAATTGGTCTGCAGCCATTATAGTTTTTTCTCCTTGACGTTAAAGTATAGAGGTAT
ATTAACAATTTTTTGTTGATACTTTTATGACATTTGAATAAGAAGTAATACAAAC
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CTGITAATAGATCAAAAATCATCGCTTCGCTGATTAATTACCCCAGAAATAAGG
C

WOAIAANCT AATCCCATTATTATCCTATGGT TGT TAAT TTGAT TCeTT/@BATNT/AB1 2467

02

TATTGT AGAATCTTTATTGI TCGGAGCAGT GCGGECGCGAGECACATCTCCGTTT

CGMA%W%W%WWMMTM
GECTGI CGOCOGCT COGOGGCT TCTAATCOGTACT TCAATATAGCAAT GAGCAG

CTGTTAATAGATCAAAAATCATCGCTTCGCTGATTAATTACCCCAGAAATAAGGC
TAAAMACEAATUSERMATT RFCA R TOCTTETTAAMPEA T O YO PrTG aa
GGTTTET GHGECCAGGIABUTATE AT AT TIEIGATAART STAPNAGCTAG

AT TG AR AR T T R PR ARG PR LERAT S EAGANRRARGETTTC

AGGABCGCGACCGGTGAAGACCAGGACGCACGGAGGAGAGTCTTCCGTCGGAG

GOCT RGP RICRr PACH ARG A AR AR R i aoT

TAAGCGTATTACTGAAAGTTCCAAAGAGAAGGTTTITTTTAGGCTAAGATAATGGG

GCCTTACGGTATGCCTAAGGAAGCATGT GACTGGTATGCCCACTCATTGAACTA
GCTCEITACATTTCCACAACATATAAGTAAGATTAGATATGGATATGTATATGGT

GGTAW@%@WWA%@H@W@W%AMG

AGAG&%U@@%@@%E%%M%X&G%@EWWH

GGCT MG A TS DA TS PR ECARAGOTIIG COOATRAGETICACTAC
AACABMIAGEE SR ARE AL AT SEXG ST BT E T GhEA G o cTa

TTCTCUTARTZAGKITCAC WA SR PACEXCAAGGTTG

CoATS O BESRTEAGIERTS ST TASSGATOAT-

ATGATGGACAAGTCCATTACCAGAAGAGGCCAACCATGTTGGTACAAGGTTCCT

GAAGTTCGCOAAATT A AT KA TEALCAT I ST TAGASEC 6T ATeTACA
AGCTTREG A TCRXACTCAGIOCAETAA AKA PR CTASA CAGKXC A TCASAGAATT

GWC&&W&WTWW CACT
GCACéTWéK@ﬂWWWWM%MCTTCA

TAGWMWHW@WWW@CATG

_Eﬁﬁcrm

ATTCG'W@@KETGMMCFT ﬁTWMG@MGGTA

CCCC&MWEF&%S&%X&F&&%%&M&&TW

GGGTAATCAACAAGGCATTGGAACTTGCTTCCGCAGAACAAAGAAAGACTTTAG

acGARKATTACEEA AT ABUAEAEAGTCOERERABLERANTE AR A A TTT
TCAAPOACHTMAAATTAATAGACTACSHEEEATATGAATMGISTIATEGCCAA
GOATTEGAAGECNARKT AT FEASET IS M BN ETLAEHE G ARRE T AT
GTCTTAACTGCGTTCTTGAACAAAGTTTACAAGAGAAGCAAATAGAACTAACGCT
AATCGATAAAACATTAGATTTCAAACTAGATAAGGACCATGTATAAGAACTATA

TACTTCCAATATAATATAGTATAAGCTTTAAGATAGTATCTCTCGATCTACCGTTC
CACGTGACTAGTCCAAGGATTTTTTTTAACCCGGGATATATGTGTACTTTGCAGTT
ATGACGCCAGATGGCAGTAGTGGAAGATATTCTTTATTGAAAAATAGCTTGTCAC
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03

CACGTGACTAGTCCAAGGATTTTTTTTAACCCGCGCGATATATGTGTACTTTGCAG

TT
WO LAGERCAGATGCCAGTAGT GGAAGATATTCTTTATTGAAAAAT AGLTRONTA12467
C-102-iiiiii 103

GAAAAAAGAAAAGGAGAGGEGCCAAGAGEGAGEGCATTGGTGACTATTGAGCAC
GIGAGTATACGT GATTAAGCACACAAAGGECAGCTTGGAGTATGICTGTTATTAA

A A A S R GO X A T EEEEE A AAAAGATRS GOT

GAAASAAGAAAAGGAGAGGGCCAAGAGGGAGGGCATTGGTGACTATTGAGCAC
GTGA%%@%QMEWE&W%WENQ%MT

TTCACARGGIAGAGAGACTET AONEBG A GE

ccoc AT A AT A SR A AT R R o

CAATAG KXACAMARGXGRTGRIOCCEGTAAT GOAIKHEG M ABIATEXASTCTTGT

AAAAGEATT AMrATAGEREAGS SASTGIAMATA ETER T 6GSATGETTCGT

AATC&ACCTAAGGAGGATGTTTTGGCTCTGGTCAATGATTACGGCATTGATATCG
AGT TATTAAAAGACT CGTATTTCCAAAAGACTGCAACATACTACTCAGT GCAGC
TCCAACTGCATGGAGATGAGTCGTGGCAAGAATACCAAGAGTTCCTCGGTTTGCC

AGTTAFMARRCACFEGTATTTACARAACRUTCOA R AACTAEI R ge aceT
TCACSFAASTCTEAATTGRAAGTHACT TCRIATIGET T EBRAGSAACAIAHCCACAG

L S B e

CGAA SGUTFRACATITIARGATAGCT GAFGAACTATECOG T FAGAT TCTT
AC
CTTTTACATTTCAGCAATATATATATATATATTTCAAGGATATACCATTCTAAT

SEQ IIENO: 51

pAM4 sequence/?gxclugA g vector b;lré{(-gone
GWTWWWM@@MT@Mﬂ@WM@TmWAC
CTTTTHARTFEAGRASTATATATA AT SEATT COAARGATATNCRAETSTAATGT
CTGCEECTAAGAAGATCGTCGTTITGCCAGGTGACCACGTTGGTCAAGAAATCAC
ACTTCCAGAT GAGGCGCT GGAAGCCT CCAAGAAGGCTGATCCCGT TTTGTTAGG
AGCCGAAGCCATTAAGGTTCTTAAAGCTATTTCTGATGTTCGTTCCAATGTCAAG

TTCG@%WMWW@EW%@M%@%TTCC
ACTT CAASGASHCGTT CAASTAACTRAGAKAT CEAAG TG TTAGGT

GCTO G G A AT T AR AT AT A T4 P SR AAGETTTAC

TAAAABSTCCGTAAAGAACTTCAATTGTACGCCAACTTAAGACCATGTAACTTTGC

ATCCGREICTC AR ATACCARICAAG ELACANT TS EFRAXSE racTe

GGTGACCACGT TGGTCAAGAAATCA

oA A OSSO RS ASRATERACICC

CAGAKTACCCTCC&‘GACAGTCTTGACGTGCGCAGCTCAGGGGCATGATGTGACT
CGCCCGTA GCCCAT ATAATCATTT%AT JA
GTCGQ\E'}CGTACATTTAGCCCATACATCCCCATg'rI' ATAATCAT CS%ACCATACAT

TTTGATGGETEES VATAREEGCEEEPEBENGENTAECTGC
GAGCAGGGAAACGCTCCCCTCACAGACGCGTTGAATTGTCCCCACGCCGCGCCC
CTGTAGAGAAATATAAAAGGTTAGGATTTGCCACTGAGGTTCTTCTTTCATATAC
TTCCTTTTAAAATCTTGCTAGGATACAGTTCTCACATCACATCCGAACATAAACA
ACCATGGCAGAACCAGCCCAAAAAAAGCAAAAACAAACTGTTCAGGAGCGCAA
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GAGCAGGGAAACGCT CCCCTCACAGACGCGT TGAAT TGT CCCCACGCCGCGCCC
CTGTAGAGAAATATAAAAGGT TAGGATTTGCCACTGAGGT TCTTCTTTCATATA

W@ 2007/139924 PCT/US2007/012467
TTCCTTTTAAAATCT TGCT AGGATAC/MBT TCIiSIéCﬁ[?é%’ e

ACCAT
- 103 - IIl isilbfififfi pc us2ooi
GGCGTTTATCTCCCGTATCACTAATGAAACTAAAATTCAAATCCCTATTTCGCT

GGCGPBITATCTCCCGTATCACTAATGAAACTAAAATTCAAATCGCTATITCGCTG
AATGGTGGT TATAT TCAAATAAAAGAT TCGATTCT TCCTGCAAAGAAGGATGAC
AATGGTGGTTATATTCAAATAAAAGATTCGATTCTTCCTGCAAAGAAGGATGACG

ATGT@WEWW%MW%@%@I@E%ﬁGG
CTTTITGGATCANARGATNT ATAHTG T GAEAAXCAETTUTRGG GOBGICOTATTATTG

TTGA AT GT QAR EBRAGATAACPATCAS MAGEALRRRAF4TTGC00

TATC(GIIATTAGGGCAAGCGTTCAAAGAAGCAATGGGTGCTGTCC GTGGTGTAAA

AAGATL

GATTTATCTAGTAGACCATTTGCTGTAATCGACCTTGGATTGAAGAGAGAGATGA
TTTATCTAGTAGACCATTTGCTGIAAT CGACCT TGGATTGAAGAGAGAGATG
TTGGTGCATTTATCCACTGAAATGATTCCACACTTTTTGGAAAGTTTCGCGGAGGC

GGCC%W@XEW@TW%RH@W@W@QCAGA
AGTGACAGERABTAGAAGOG ET TEOG TR ET GRSMEAN ARG CASTATTAGCA

A G L T AN GG AT T TRAT AR GTAREOACAA

TAAAAAGATTCTTGTTTTCAAGAACTTGTCATTTGTATAGT TITTTTATATIGTAG
ﬂGTW@%WMWFH%W&%ATCA
TCTGORBAGKIGTCAET T T rA G OSAGT SR AT EESTCATGCSTERETCGTAT

CTOA R GGG ARG RESATT S SATAGTAEEaSCARER ACCT

GGGTTBATCATTCAAGTGGTAACTGCTGTTAAAATTAAGATATTTATAAATTGAA

TS T R KB AR A AT AT AT B A

AGGA ERXAAGALCAAXA SWAA GRS CEA CHIATOC WA CEEAFETATACC TTTG

OTAGAEEAEES ERF RIS SO AT TRRAREGRERC AT SGARSERGAACC

GACTTQGAGTTAAAATCACTCTGGCAACATCCTTTTGCAACTCAAGATCCAATTCA
GCTTGGTCGTI TCCGACCAATACCGT AGGGAAACGT AAATTAGCTATTGTAAAAA
CGTGQ(-\GTAAAGTTAGATGATTCAAATTGATGGTTGAAAGCCTCAAGCTGCTCAG

3 A AT aToc
GT AGACCAGT CT TTGCGT CAATCAAAGATT%%TTT TT g
AAAGAGTTTCGACTCATTTTCAGCTAAGTAGTACAACACAGCATTTGGACCTGCA

TCAMWE&%&%%WKM%W%@W&@CACC
AACT@@T CAAGTAGAG TAGAPGATGTCAANTTRGAT GTRKGAA A XGAGT

CCA“%?&ﬁ%ﬁ%%é&%&‘&ﬁﬁé&&%%ﬂ?@&%&mm

GGCGAAATCTTTTTCAACAATGGCTTTACGCATGACTTCAAATCTCTTTGGTACG
ACATG AP EARTTCIPHE I TA AT R A B EREE PGSO EI A A6 A TACC
CTGAGTASAXTETATCXPECEATIGAIA CATCGAPGACH AT TARICATATARECTTTC
ATCTGAGGCCAGTCAGAGCTGTCTGCGATTTGTACTGCCATGGAATCATGACCAT
CTTCAGCTTTTCCCATTTCCCAGGCCACGTATCCGCCAAACAACGATCTACAAGC
TGAACCAGACCCCTTTCTTGCTATTCTAGATATTTCTGAAGTTGACTGTGGTAATT
GGTATAACTTAGCAATTGCAGAGACCAATGCAGCAAAGCCAGCAGCGGAGGAAG
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AACTGATGATACGCT TGGAAGT GTCATTCATGTAGAATAT TGGAGGGAAAGAGT
CCAAACATGT GGCATGGAAAGAGT TGRAATCCATCATTGT TTCCTTTGCAAAGG
WO 2007/139924 PCT/US2007/012467
GGCGAAATCT TTTTCAACAATGGCT TT#K:GCATGA
; PCT/U SZOO%;:
GGTTGCCACGE

CTGAGTGGAACTCACATCCTTTTTAATATCGCTGACAACTAGGACACAAGCTTT

CTAA A G REA TR A LT AT TR EPRSAEANTERAFAGERRERATTO

AGATAATGTGGGCAATGAGGCGTCCTTCGATTCCATTTCCTTTCTTAATTGGCGTA

GGTCQRGEAGACARTI RIS AT AT ST EERTEEG18TaGHEK e aTTT
AACC%W@T@WGTW@@WK@@@@@WGMMCGW
CTOAQE T EAITIAEEAACARTRA BTN EARGG0 A FEAGTSGBEARATTCA

ACWCGﬁ@fccdﬁﬁrCB@’dd&&@RhTTAAGGGTTGCGATGTTGACGGGTGCGGT
AAACCAGCTGCT GTAGGAAAGT TATTTTCGGAGACAATGTGGAGT TTCCATT
AACG(B}\TGCTGTGTAAACGGTCATTATAGTTTTTTCTCCTTGACGTTAAAGTATA

GAGGWX%T@WWX@%W%A&@WGAM@%TMT
AC AR CATTAG CAAPHTCES I TATCEASCETEENCATTT

ATAT AT AT ARATEA SOOI TS STTEOTOATIANTTARRGGACAAA

TAAGGETTAGNAARCTTAAGEROACTAATAFCATAIAEERAG TEAASGELGAATTRCG TTGA

TITGAA G E GRS EPAGE AT REF A ATHATS T B FERATAABEAT AR

GCTAGTATTGTAGAATCTTTATTGTTCGGAGCAGTGCGGCGCGAGGCACATCTGC

GTTTCASGAACGCGACCASTEAKSAEEATI ALECASEE BEREA6TE b caTe
GGAG@G@E@W&WWGG@@G@W@DAMU@”@M@TWMTM@MGMTGAG

CACTHEARRETARAARTIH AT RO A A OE T EERERMPAGEARPATAA

TGGGd—CTCTTTACATTTCCACAACATATAAGTAAGATTAGATATGGATATGTATA
ATATATCTGI TAATAGAT CAAAAAT CATCCCTTCGCTGATTAAT TACCCCAGAA
TGGTQGTATTGCCATGTAATATGATTATTAAACTTCTTTGCGTCCATCCAAAAAA

AAACTAASEAM S ANTERR AT R R EAG M EREAGERTTCAGTG
CCCCAG CEGOTCATXI TTAGTE TTCATALSTABATATGA

AGCA R T R AT G B T ST ESA T A CoeT

TCAT’KGCAAGAGTCTGATAAGTTTGAAGTGCGTGTGAAAAGTAAACAATTTAAA
(L (3 B e . q

TAGG@}GATCTAAGAACCCTTTCATTGAAAAAGTTATCGCTAACGTATTTAGCTA

CTTT%GCCTA%T B E XL LT AARUEAL WE%@E?%&TATT
TTCTCHEEEG KT T ATATI LTACHEAAT 6 MAGA SAGKTGACATTGHRATAGTST GGCA

ACACASERETAMRTTFTEMTEGRARAGAMAGA LS AGEFSSRAAAAGACOEC

TGGGAT CCTCGGCAGGTTTAGTCACAGTTTTAACTACAGCTTTGGCCTCCTTTTTT
AAAGTAAGAATTTTTGAAAATTCAATATAAATGT CAGAGT TGAGAGCCTTCAGT
GTAT@GGACCTGGAAAATAATGTAGACAAATATAGAGAAGTTATTCATAATTTAT

ACWEAMWMEMW%TAGC
GGCGGCAGCATATGGATCTATCAGATATAGAAGATTCCCACCCGCATTAATCTCT
AATTTGCCAGATATTGGAAGTGCTACTTACGGCAGTAAACTGGCGCATTTGGTTA
ATGAAGAAGACTGGAATATAACGATTAAAAGTAACCATTTACCTTCGGGATTAA
CTTTATGGATGGGCGATATTAAGAATGGTTCAGAAACAGTAAAACTGGTCCAGA
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AGCATTTGTAGT CGGAT TATCGGCAAGAAT GCATGCTGTAGCCCATCCTTACGG
T
WO CATTIGIARAGAGT CTGATAAGT TTGAAGT GCGT GT GAAAAGT AAA%WTI'SWMJAIMW

GATGGGGAGT GGECTGT. ACCATATAAGTOKZT AAAACT
PCTIUS2007/012

CTTTAAGCCTAACATGGACGACTACTGCAATAGAAACTTGTTCGT TATTGATAT

AGGTAA AT ST TOATI I AATICERILARTELEARNG LATATA CAC

AACTUGATCATGCAAATTCTAGATTTATGGATGGACTATCTAAACTAGATCGCTT

GACTGFI:I—A_CI_CTGTCAAAAGTATCCTGAGATCACAGAAGTTAGAGATGCAGTTGCC
ACAA’FfFAGACG%CTTTA&%%%&ACTK&R%A%@E& E%%-éA ]l-"ATl%GAAC

CTCCC?%@&K@T%Hﬁm@@WXWWKMMWAC

TTGC TRAARETIGT OEA T ARER I AR A TEG A EFEATTRETARCGCAA

GATGTT GCTCAAACCGCTGATGACAAAAGATTITICTAAGGTTCAAT
W%ﬁi 'F;I'GCQQGT GCTACTTACGECAGTAAACTGGCGCATTTGGI T

GGCTGGATGTAACTCAGGCTGACTGGGGTGTTAGGAAAGAAAAAGATCCGGAAA

A A L R R TraT

AAATGTGAAGTTIGAAGTGACCGOGCTTAACATCTAACCATICATCTTCCGATAG
TACTT&XWE%W&%@ RN T ARG AT AGCT

ACCCG_FGGWMH@M’RT TCTAGNTIG ATAGATIEGERETA BBATGAAA
TTCATAAEARGERAGAERATIAG CASTAR AT BT ARGIRACAC

GAAACTATATACGCAATCTACATACATTTATCAAGAAGGAGAAAAAGGAGGATG

GACTGTACCTGICAAAAGTATCCT GAGATCACA! GI
TAAAG AR A A A A G LA A A I L GAT ARG AAAA

AGAA’f:TGCACTTTAACATTAATATTGACAAGGAGGAGGGCACCACACAAAAAGT
CTCCCGIACAAACTAGCTTATTGGATGAT TGCCAGACCTTAAAAGGAGI TCTTA
TAGGTGTAACAGAAAATCATGAAACTATGATTCCTAATTTATATATTGGAGGATT

TTCTCER%&WMK&WKW@%@CCM
TTGATSG SO CACIAT AT CET GAPRCAT ARG ATARTFRETEAMAGTT

TG A A4 MAAST GBS TAGTE AR e

TTCAC('ITA'@\T AT AALTIARL T@A‘fl’ﬁ’CATCA

TSR A AT ASG RS IAARAATIACAD

GCTGAACCCGAGGATAATGCGATATCCCTTAGTGCCATCAATAAAGATTCTCCTT

ccACRAGEEEANAT ARACHPFRAATRCETTAAAL CT T TTAATCECTACAAG

ACCCGCGAAAGATTCTCTTTTTTTATGATATTTGTACATAAACTTTATAAATGA

AA
SEQ ID-NEX TR T AGAAACGACACGAAAT TACAAAAT GGAAT ATGT TCATAGGGTAGAC
pAM4 RAMT 6T OONERGATE TAT CAAGAAGGAGAAAAAGGAGGATG

M o e
GTCGGAGTCACCACAACACTTCCGCCCATACTCTCCGAATCCTCGTTTCCTAAAG
TAAGTTTACTTCCACTTGTAGGCCTATTATTAATGATATCTGAATAATCCTCTATT
AGGGTTGGATCATTCAGTAGCGCGTGCGATTGAAAGGAGTCCATGCCCGACGTC
GACGTGATTAGCGAAGGCGCGTAACCATTGTCATGTCTAGCAGCTATAGAACTA
ACCTCCTTGACACCACTTGCGGAAGTCTCATCAACATGCTCTTCCTTATTACTCAT
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TAGGTGTAACAGAAAATCATGAAACTATGATTCCTAATTTATATATTGGAGGAT
T

WO RATGBRRAAAAAAAAAAAT ACAACAAATAAAAAACACT CAAT GAECCT/BAIOAD 12467
TTGATGGAGT TTAAGT CAATACCT TCT(T7GAACCATTTCCCAT AATCG GAAAGT

TAACGACGTA&*:T’ SR

TTCAGTACTAAATCTACCAATACCAAAT CTGATGGAAGAATGGECTAATGCATC

TCTCTHASFABERSASANT AT RAAALTACOTEIATIIGA P AGTT TCTC

GACTTEASAACERACEAIARTCITAG TACTACTACHGCEATGBGABNIGESRICIGATC

CAGTTEAMGS CLA O LA A ALK AU B LA AL LAGERTAL LT AGAAGE

TTCTT%TW&@W&FHM@ETWKWE@MWEMMTCTG

AAACTOTRE AT OREI A AATE AR ARG SEEGAAIGRTATTC

ACGC%%E?&%{%AATTACAACAACAGAATTCTTTCTATATATGCACGAA
TGIAGGCCTATTATTAATGATATCTGAATAATCCTCTA

CTTGTKE\TATGGAAGAAATTATGACGTACAAACTATAAAGTAAATA[ ITTACGTA

acacAIEE

GTTTAWWIMEEC@WT WTCM@CW ATHEEGTGG

cmc%%?e@&%eﬁg@?ﬁ%ﬁ@&%ﬁ&?&%ws&%@ ATGA

GTAGJE%TWGWKGWTWWACWMTCTA
CAACARTAFEHEENARATRERARK T EEERAREATSCRATIRATAGIOAAA

TTCTCAAATCACCGTCCACTTCTTTCATCAATGTTATACAGTTGGAACTTTCGACA
ACGCCCCGEGAGT T

ATGACAATTACAACAACAGAATTCTTTCTATATATGCA
TTTTGAGCAGGATCTTGTCCTAATGCCAAGAAAACAGCTGTCACTAAATTAGCTG

caTGTICETMAKA FEALCARUACACEAORATFONTAPOTAACTARAT
TCTTAGEREATAITCASTISAATIAA TG CGASAAR ACATTREBFATACT AT TCTG

ACAACHTEAG AP TANEA ERTSTS R AG M RGIICRAGRAS T T oo

TCCAGITGATGGCAGCTGGTTTITIGTCGGTACAGTAGTTACCAGAAACGGAGAC
AAcc@%ﬁ%&&%@%ﬁ%ﬁ%@fﬁ%@ﬁﬁmA

CACCCITA BAEFIGHGCACATAEGA MATTGATCTEEATCTC

TTGAT[GTAGAGTTAAAAGCTTTTTTAATTGCGTTTTGTCCCTCTTCTGAGTCTAAC

TTGTCHATACCATCCTTAGTTAAAACAGTTGTTGCACCACCGCCAGCATTGATTGC

CTTACAGCCACGCATGGCAGAAGCTACCAAACAACCCTCTGTAGTTGCCATTGGT
ATATGATAAGATGTACCATCGATAACCAAGGGGCCTATAACACCAACGGGCAAA
GGCATGTAACCTATAACATTTTCACAACAAGCGCCAAATACGCGGTCGTAGTCAT
AATTTTTATATGGTAAACGATCAGATGCTAATACAGGAGCTTCTGCCAAAATTGA
AAGAGCCTTCCTACGTACCGCAACCGCTCTCGTAGTATCACCTAATTTTTTCTCCA
AAGCGTACAAAGGTAACTTACCGTGAATAACCAAGGCAGCGACCTCTTTGTTCTT
CAATTGTTTTGTATTTCCACTACTTAATAATGCTTCTAATTCTTCTAAAGGACGTA

TTTTCTTATCCAAGCTTTCAATATCGCGGGAATCATCTTCCTCACTAGATGATGAA
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TTTTGTGCAGGATCTTGI CCTAATGCCAAGAAAACAGCTGTCACTAAATTAGCT
G CATGIGCGTI TAAATCCACCAACAGACCCAGCCATTGCAGATCCAACCAAAT

WO CHITAGRAAT GT TCAACT CAACCAATGCGGAAACATCACTTTTTARCADFIONTAC12467
TG 108

TCC‘AGT TGATGECAGCTGGI TTTTTGTCGGTACAGTAGT TACCAGAAACGGAGA

GGTCWW&WL@%K@M&EWK&MWM&GMA

AGACﬁ&H&WE&R&%&E&%&Q&F%@é&‘%&’é&?&%ﬂmﬂ

CTCCTIGACGTTAAAGTATAGAGGTATATTAACAATTTTTTGTTGATACTTTTATG

AcAT;EEAR?&%%FX&%GFXETTTX%EA%R?JFF%KH%CEHAAAGT

GGWM@@F@@&W@A@’FKTC@M@' ASE ATEATLGCTTCG
CTOA RN THEEREAHANTAATRTEM A BATEATRIATR AT TATG

GTTGf:TAATTTGATTCGTTGATTTGAAGGTTTGTGGGGCCAGGTTACTGCCAATTT
CTTACAGCCACGCATGECAGAAGCTACCAAACAACCCTCTGTAGT TGCCATTGG
TTCCHCTTCATAACCATAAAAGCTAGTATTGTAGAATCTTITATTGTTCGGAGCAGT

GCGG W AN EANGAECAASACGC
g@T AN ATAACATTTTCACAACA%AATACGCGGTCGTAGTCA
ACGGAGGAGAGTCTTCCGTCGGAGGGCTGTCGCCCGCTCGGCGGCTTCTAATCCG

TACTICARTATHOEAA T OASEAATNAGETA PTREIEAALLIFECARNGAGAA
GGTTRRGK CCEITCT TEAAT KT BACATAMATATAIYSGTAA

AT A A AT AT R ATATOET SO AR IS AT A A TATCATEA TEAAACT

TCTTTGCGTCCATCCAAAAAAAAAGTAAGAATTTTTGAAAATTCAATATAAATGA

cT6CSRATAA CA KT AG T AT G T PSS S A S T A A ST T G EER BTG T

GCAAAROCA AACABSTGAA GMIATCBLGERAGMTICT TCCTOXAATAIINCCATTA

CAACAAAGASEFAATACCLEATCTAGTEAGABSTdAAaTcAB G AAAGCGGAGAA
AC ATW@%@KWT@@WGWTGWW%T GTA

TTGT IS AFTOGFASEARANTS EEATCERBESGTTAERAAEAAGTAT GTCA

TTTAATGGAAAATATTGAAAAGGGTTTACTACATCGTGCATTCTCCGTICTITTATTT
AGACTTCTTGGTGACT TCAGI CT TCACCAATTGGT CTGCAGCCATTATAGITTT
TCAATGAACAAGGTGAATTACTTTITACAACAAAGAGCCACTGAAAAAATAACTT

TCCCTAATETPIGBALYAA CACA TN GE T EATCCAC TRTET AT FGATE A CoAA

TTAGGATATCIAGTANHACTINEEOGETSAGAT ARGEACHATATT MVETGGCG
GTGAGEWAAETAGA TERF AL AU ST TTCAAK MK RAAUEE AL AA GG

GGTAAGTTTCACTTTTTAAACAGAATCCATTACATGGCACCAAGCAATGAACCAT
GGGGTGAACATGAAATTGATTACATCCTATTTTATAAGATCAACGCTAAAGAAA
ACTTGACTGTCAACCCAAACGTCAATGAAGTTAGAGACTTCAAATGGGTTTCACC
AAATGATTTGAAAACTATGTTTGCTGACCCAAGTTACAAGTTTACGCCTTGGTTT
AAGATTATTTGCGAGAATTACTTATTCAACTGGTGGGAGCAATTAGATGACCTTT
CTGAAGTGGAAAATGACAGGCAAATTCATAGAATGCTATAACAACGCGTCAATA
ATATAGGCTACATAAAAATCATAATAACTTTGTTATCATAGCAAAATGTGATATA
AAACGTTTCATTTCACCTGAAAAATAGTAAAAATAGGCGACAAAAATCCTTAGT
AATATGTAAACTTTATTTTCTTTATTTACCCGGGAGTCAGTCTGACTCTTGCGAGA

-108 -




CTGATTAATTACCCCAGAAATAAGGCTAAAAAACTAATCGCATTATTATCCTAT
G
WGRIGHBRRT TTGAT TCGT TGATTTGAAGGT TTGTI GGGECCAGGT TACT/BSLuAN012467

09

GCGECECGAGECACATCT GCGT TTCAGGAACGCGACCGGT GAAGACCAGGACEC
ACGCGAGGAGAGT CTTCCGT CGGAGEGECT GT CECCCGCT CGECGECTTCTAATCC

GATG?(&%% 'IAAATA_IC('BFA%K IF’&%&,X{I%E TCTAATACAT(/%AI‘ é}AGAACATA

CATAGSTATATA ASEEMNGRCAATECATTCTTACAC AREREAATA I BAAEA GACG

TG T A A TG R TR AR AT AT A ARG AN T GALTFATAACCATT

GCTTACAAAGAATACACATACGAAATATTAACGATAATGTCAATTACGAAGACT

GAACKEEACEEIATATTG R TSI EA AGETARAG T TAGABACAT ATAT

GAGG@WW@@W@G@MMG@W@A@TATG
NG E PR ETATIGFEARACTATC

AGAG’f‘TCTGGTTCAAGTTCCTGTCCAACGATGTTCGTAATCATTTGGTCGACATC
CAAAGACCT AATACCCGAT CTAGT GAGACGT CAAAT GACGAAAGCGGAGAA

GCCCRARTE ARG T BAT A LA AR TR T GOGAR A AAGT

ACAAAACGCAACTAGAAGACCGCTCTCTATTGGTTCACAAACATAAACTAATTCC
TTGITTTGGATTGCEGACGATAATGCTAT TGGT GCCGGTACCAAGAAAGT TTGIC

ATTGBAAGTAATTGTCAGAGGCTACATCACCGGATCTGCTTGGAAAGAGTACGT
ArAAREROE TR TOERT SN T AACRSEE IR BB PRRAABRATT CTC A
AGAGTCACTNEBMCABATTACATTIACARCGHNCE ST TGMNBANGAGTGAACA

TGACWE@R@WB@W%@E@WE@%GTCA

CGTAGMGWWTWWTGCT
GACAAGG
TGAACCA

GGGGTGAACATGAAAT TGATTACATCCTATTTTATAAGAT CAACGCTAAAGAAA
SEQ IDANGRETGT CAACCCAAACGT CAAT GAAGT TAGAGACT TCAAATGGGTTTCAC

pAM4ﬁ se_clluence
AAATGATTTGAAAACTATGITTGCTGACCCAAGT TACAAGT TTACGCCTTCGIT
TCGCGCGTTTCGGTGATGACGGTGAAAACCTCTGACACATGCAGCTCCCGGAGAC

GGTC@%&H@T@@@@%&%MH@%@%%@@M@%%&GCGC
GTCAGEEOET TSI CRETETANOGERTAARTEANG FATRRSBEATONRAGCA
GATT@A&%WW&K%WK&H&W@&EAGAG
TAAAAAMRCE TGAGGIHAACT TG ORNBLAMG ] EAGGITATTGA

T T AT RO TR A B R T

TTTTTHGGAGZONATCCTCCAATATCAAATTAGGAATCGTAGTTTCATGATTTTCT
GTTAGREETARL P T I GG R T ARG T Th A sGT
GCAATATATATATAT ATATABATG CT S RTAT ATTAGTANGNATT TOEATNOEEE TATT
CCTTTACTATCCTCCTTTTTCTCCTTCTTGATAAATGTATGTAGATTGCGTATATAG
TTTCGTCTACCCTATGAACATATTCCATTTTGTAATTTCGTGTCGTTTCTATTATGA
ATTTCATTTATAAAGTTTATGTACAAATATCATAAAAAAAGAGAATCTTTTTAAG
CAAGGATTTTCTTAACTTCTTCGGCGACAGCATCACCGACTTCGGTGGTACTGTT
GGAACCACCTAAATCACCAGTTCTGATACCTGCATCCAAAACCTTTTTAACTGCA
TCTTCAATGGCCTTACCTTCTTCAGGCAAGTTCAATGACAATTTCAACATCATTGC
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GITGEGITTTATCTTTTGCAGT TGGTACTATTAAGAACAAT CGAATCATAAGCA
1T
WGORHTAGRRAGAATACACATACGAAATAT TAACGATAATGT CAAT TACTAA ST 12467

10

ACGTTATTATGGAAAACAGCATTCCTGAAAAGGEGGATCCTATTGACCAAACTGT
C

AGCA {E R SAG PN PRI S AR E T TH AT PG B KPR AT G AGe

AGAACCAIGGCRABCTAGCTACSAFCC S AT COAHRAT TGATCHHATGOARA AGA

COCCARGIABESORMIGIAASAAREGHESACRCIIRIATARFRGARECTT

CATCGGAGATGATATCACCAAACATGTTGCTGGTGATTATAATACCATTTAGGTG

ATTGGAAGTAAT T
GO TG A AR SN AT T TGRS ARG i AACC

TTCA AP HSECAEARTCTTNCEG AT ACESAAEA GMOTACTICAATAATCT
TGACGAAAACATCTCT CCT GCCCAGGECCGCT GAGCT GGTGGGTGAAGATTTGIC
TGAAGAGGCCAAAAGATTAGCTITATCCAAGGACCAAATAGGCAATGGTGGCTC

ATGT GRée WWFWAACG
% %%&TCATCGCAGACACTAAATTGTTTAAAC SEQ I D NO
GTGngxmgéq@@%AGCGACACCATCACCATCGTCTTC TTCTCTTACC

WBW%WWWWA@A

GGTC
] |
AGGTCGTAACACTACCGGTACCCCATTTAGGACCAGCCACAGCACCTAACAAAAC

GGCAié%gﬂE%%ggf%U&W%%@MQU&TGTA

GCAT@MW@%WM@WATWKGT AGAITATTGG
AACCAMEATRARSENGTTERANGAACE TR SRETREPRACRFERATTCTTG

ACCAACGTGGTCACCTGGCAAAACGACGATCTTCTTAGGGGCAGACATTACAAT
GITACACCTAACTTTTTGIGTGGTGCCCTCCTCCT TGTCAATATTAATGT TAAA
GGTATATCCTTGAAATATATATAAAAAAAGGCGCCTTAGACCGCTCGGCCAAAC

AACCERMRCFIETIGTBARRRE RS R A ACCHITA AT SRACHI TT T
GAACACAGATBARCASSARTTACHAREACARTEG STATEOMABA@AATHTGCAT

T

TTTGAI f &E éﬁ I | ATTTTTAATAAGGCAATAATATTAGGTATGTGG
%&QELP CQ\XEX ATTCCATTTTGIAATTTCGIGICGITTCTATTA

ATATAGEAGAAGTTCTCCTCGACCGTCGATATGCGGTGTGAAATACCGCACAGAT

GeaTARBASHTANIS TS AT AN AT raaa
ATTCG@AECEAAATCTT TASITTAARTEZCEETAE T CRCCSACIUASTAGEFECTHANAATCG

CAA AT ST A AR A AN TASACERAGATARSSTTAAGTSELGTTC

CAGTRIGGAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGC
BINON e sy et s Y e e e e Ty
TTTAACGAACGCAGAATTTTCGAGTTATTAAACTTAAAATACGCTGAACCCGAAC
ATAGAAATATCGAATGGGAAAAAAAAACTGCATAAAGGCATTAAAAGAGGAGC
GAATTTTITTITTITAATAAAAATCTTAATAATCATTAAAAGATAAATAATAGTCTAT
ATATACGTATATAAATAAAAAATATTCAAAAAATAAAATAAACTATTATTTTAGC
GTAAAGGATGGGGAAAGAGAAAAGAAAAAAATTGATCTATCGATTTCAATTCAA
TTCAATTTATTTCTTTTCGGATAAGAAAGCAACACCTGGCAATTCCTTACCTTCCA
ATAATTCCAAAGAAGCACCACCACCAGTAGAGACATGGGAGACCCGGGCCATGG
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O LYVOOOO0000DVOVOOOXVDVYOVOVXOVDOVDDYDOVOOVWOWWDDI | VWXV
WRBXAHBELXXDDXXVDOOX DDVONDOWONWKVOODXXXXDXXXV X EEWDR2007/012467

11

DO\/w\/ Q/\W(XV D@/\X/XV@XO/\W/\X/V\MXV‘@XVX\N\D\/XV ‘
OWDCDDWOX D(DVXV\Y/\XX DW\XXVXXO\/ (DXXXXV\D\/ DODWODVVXXX

TTCATCT

“ Sy
DV XXQMI)XV\X/ (I)XXXXV OXVV\XXV\DDVDDV(I)\/ DO\/XV(I)XV DO

ADRBEECGT TCATT

WTTTCTGTG

AAATGCCTTCCACCACTTGCATACGTGACTCAACTCTTCCTTATGTAGGCTCTGCA
ATAGATTGAACTCCAGTTTAGCTAACTTTAGCAGAGTTTTATTATGGGAGTCTTGT
TGCTGATAGAAGGGTATGTACTGGGCGGCCTCGATCCTTGGCAATCTCTTCCACA
ATGGTTGCTTTAAAGCTCTCTGGATTTCAGTGAATAAAGCGGGGTTTGTACTAAA
CGCGTCCTTTGTCATAATCGATAGCCTTGATCTTGTGAATCCCAGGGCATCTTCAA
GAATTATTTCGCCCGGAACTCTCATGGACGTAGCCTCATATAATTCCAACAATCC
TTCAACATCATTCGCTAACGATTGTTTAAAAGCACCATTCTTGTCTTTATAGTTAT
TAAACACATCACACGTGACATAGTATCCTTGTTTACGCATCAGCCTAAACCATAA
GCTAGACCTGTCGCCATTCCAATTATCACCATAGGTCTCGTAAATACATTGCAAT
GCATGATCAATTTCACGTTCAAAATGATACGGAATACCTAAACGTTGAATCTCGT
CAATCAGCTTCAACAAATTTGCATGTTTCATAGGAATATCCAATGCTTCCTTTAAC
AACTGTCTTACTTCCTTCTTTAGATCGTTTACTATTITGCTCCACACCCTGTTCAACT
TGTTTCTCATAAATCAAAAATTGATCGCCCCAAATAGAAGGTGGGAAATTTGCAA
TTGGCCTTATAGGTTTCTCTTCAGTCAAGGCCATTGTTTTCTGCAGATCCGGGGTT
TTTTCTCCTTGACGTTAAAGTATAGAGGTATATTAACAATTTTTTGTTGATACTTT
TATTACATTTGAATAAGAAGTAATACAAACCGAAAATGTTGAAAGTATTAGTTAA
AGTGGTTATGCAGTTTTTGCATTTATATATCTGTTAATAGATCAAAAATCATCGCT
TCGCTGATTAATTACCCCAGAAATAAGGCTAAAAAACTAATCGCATTATCATCCT
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CCC‘ATTCT CGTAAAATTGTCTTTACCTGCATATTGGACCTCTAAAAATTGGCAA

ATGG%WW@WW%W@B@H@WK@?GCCM
TﬂTﬁ‘éﬁ@?ﬁ&WﬁW@@bﬁ@@WM@@@mwae

AGTGBGGCGCGAGGCACATCTGCGT AGGA
ATTCT TOGIT GACAT TaTATTOCTH AT A A G SRR T RAAEALE
CGCAEEGAGGAGAGTCTTCCTTCGGAGGGCTGTCACCCGCTCGGCGGCTTCTAAT

CCGTK@WW@%RW@@%&@%&EW&W@%@GGGA
CGCGﬁ%%&WWEW&@E@%A%E 6&6Tcacac

CATTCGACAKTTCAGRCTEOGEHRA CTATCHE UM GO COATE T ERCTAGACTCTT
COCT A A AT TR AT KA S B RGO ETAGHBPECTT

TGCGmTTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTT
GAAACTCCTCCATTTCTG

%GC"['('E%AA CAGITCTACCTTCT TTGGECCA!
CGGC% GCGGTATCAGCTCACTCAAAGGCGGTAATACGGTTATCCACA

GMT@A@@GWW@H%&W&%XW&Q@%GGC

CAGGARGRETAMMAAGS
oA AN IS S TERSEAMS LR AC0
ACTATAAAGATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTT

ceaaEERABEOEATACEEEAT AL HITECEEEITANEe S 8N oo
CGCT T ARAAAASAC T CAASEAT TG T ATONACS TEEESAC TR CTTCAATRIGCTCC

O AP R S A EFEARS EF RASIRFIRRE AT TCCG

GTAA@MTCGTCTTGAGTcCAACCCGGTAAGACéAA%(T}TATcTTATTArX(T:Gcc%%TQTGCAGC
TTAGCA GOGA

AGccg%%%%g&A%TTWGAGGTATGTAGGCGGTGCTACAGAGTT
CTTGAKGTGAT FGEAEIHN AT AT GEBAE X E TR ARG A T I 69 cTG e

GCTC%%%@&%@?@?&%W@WWWMGGCA

AACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCWZFéCGCG
CCTTTGICATAATCGATAGCCTTGA
CAGA/),@(AAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGGTCTGACGCT

CAGTCBARDT AN SRR FAGIGEATT S GTEAT RGN A A A A GG
ATCTTW@QEAQN@@@@TMMTTWMMAWMMGTA

A AT A R AP AR A CAA TR ERAGT GARGHARCTAT

CTCAGLGATCTGTCTATTTCGTTCATCCATAGTTGCCTGACTCCCCGTCGTGTAGA

TAACTACGRACGEEAS AL X AT GOLEETAGTICE LAY I A caca

AGA CUIAT GOTAATTECTET DBARART A TR XGSA N CAANCAG TEMECTCEAAG
COCCRAGEERAG ARSI T RSSO RTECOT A RECTARTAAT

TGTTGBCGGGAAGCTAGAGTAAGTAGTTCGCCAGTTAATAGTTTGCGCAACGTTG
TTGCCATTGCTACAGGCATCGTGGTGTCACGCTCGTCGTTITGGTATGGCTTCATTC

AGCTCCGGTTCCCAACGATCAAGGCGAGTTACATGATCCCCCATGTTGTGCAAAA

-112 -




13

AACTGTCTTACTTCCTTCTTTAGATCGTTTACTATTTGCTCCACACCCTGITCA

ACT
WO GHTHGIRAT AAAT CAAAAAT TGAT CGCCCCAAAT AGAAGGT CEGRENTFIIBTA1 2467
A 113

TTTTCTCCTTGACGT TAAAGTATAGAGGTATATTAACAATTTTTTGITGATACT
TT

AAGCWTW&@WMWW@WWF@%&CAGT
GTTARACE AT CEAGATAPCAATALTOGMENS T EATATANCIARAATGCCATCCG

A T ARG I AT AR GG ST ERET SR ATACTS

TATGOQGGEGACCGMG T TGOTICEIGCAUGGEMTEIAATAGHGCAARATACIKIGHCGCCA

CATAGAGAACTTRAAMGIGRASATTATT S AAGGET T GTAEEGAAAA

CTCTEXAGGATCTTACCGCTGTTGAGATCCAGTTCGATGTAACCCACTCGTGCAC

ceasgEEid |

AGGARGGCAAAATGCCGCAAAAAAGGGAATAAGGGCGACACGGAAATGTTGAA

TacTE TS ARCATCIGLT T TANT T TCCOUC AT CLOCAMACLANGLC,
GEAMKASINGA

ATGA@@@HM@@W%W%WMWTCCG
CATTCGCCATTCAGGCTGOGCAACT GT T GEGAAGGGECGAT CGGT GCGRECCTCT

A AT TR A A AMESATEESAOAS
CGCTACTATACAAMACAAXGCATU I AGATIXCELT CCTTCICLCEETGTAUGETCTAT

AT GRS EEE AT A CTE A S TR B GEERAGANBAAGG
CTACTHTGGTGTCTATTTTCTCTTCCATAAAAAAAGCCTGACTCCACTTCCCGCGT
CCCTTTCTCATAGCTCACCCTGTAGGTATCTCAGITCGGTGTAGGTCGTI TCGCT
TTAC'IE%’-\TTACTAGCGAAGCTGCGGGTGCATTTTTTCAAGATAAAGGCATCCCCG
ATTATRBECPAFAGCE G KF AT IREEEEA FACTIF S A A ENANATEA TAGC

G
GTTGAFGAGTATSG 6T TS LRt AT TR ARSETTA IS ICTEELAE CTCT

ATATACTACGTATAGGAAATGTTTACATTTTICGTATTGTTTITCGATT TATG
AGCCACT GO AACAGRAT TAGCAGAGCGAGET ATGT AGECCGT G NCACAGTT
AATAQGTTEAAGKSIYCAZSTERET RECECTXAS THEARSANCT AGGSTAFOTGATAA

AN B AT AT AOATGCOARTIGAARGARESAA G ERATOCGT

AGGTPATATAGGGATATAGCACAGAGATATATAGCAAAGAGATACTTTTGAGCA
ATGTTYEPOSAREEEd R MEARTATTTITAGTACC R EAL B I race
TTTTT GCTCUEFERACAGAGGOCTTT TG I TTCAGKMXGCGCTCT
GAAGERECTAT SRR ARG AEAESAACTISRAMATAT PAAGERGAA OCCT
TTCCGAAAACGAGCGCTTCCGAAAATGCAACGCGAGCTGCGCACATACAGCTCA
CTGTTCACGTCGCACCTATATCTGCGTGTTGCCTGTATATATATATACATGAGAA
GAACGGCATAGTGCGTGTTTATGCTTAAATGCGTACTTATATGCGTCTATTITATGT
AGGATGAAAGGTAGTCTAGTACCTCCTGTGATATTATCCCATTCCATGCGGGGTA
TCGTATGCTTCCTTCAGCACTACCCTTTAGCTGTTCTATATGCTGCCACTCCTCAA
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ATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGT TTTAAATCAATCTAAAGT

A
WOATAIGNGT AAACT TGGT CTGACAGT TACCAAT GCT TAAT CAGT GRCBRAKDT A1 2467

T - 114

TAACT ACGATACGGEGAGGEECT TACCAT CTGGCCCCAGT GCTGCAATGATACCGC

ERCALA BTRIAT, AMACACEESECEEAAG
TTGGA@B@@&*@E@K K’gg?%frﬁéi“ CADRELCOA s CTAA

CECCGACCCCAGAAGT GGT CCTGCAA!
GAAAGCATTATTATCATGACATTAACCTATAAAAATAGGCGTATCACGAGGCCCT
TTCGTET TGCCGEGAAGCTAGAGT AAGTAGT TCGCCAGT TAATAGT TTGCGCAACGT T

G

TTGCCATTGCTACAGGCATCGT GGTGI CACGCTCGTCGT TTGGTATGECTTCAT

SEQ Iﬂ-ggr(%&;TTCCCAACGATCAA(ISCGAGTTACATGATCCCCCATGTTGTGCAAA
PAM322 sequere | | |

TCGc%@é%&é%&%lﬁ%ﬁ%@%ﬁé%ﬂ%ﬁgmme

GGTCATASICEIGTATGIAATCHARTATCCE NG CAA TARGT EATREATGCGCGC
GTCA QBT ARS ASTT EE RS R RERAASTEAT FERGEATIRGACCA
GATTGIACTGAGAGTGCACCATATCGACTACGTCGTAAGGCCGTTTCTGACAGAG
TAT GITGCTCTTGOCORGOGT CAATACGGGATAATACCEOGES
TAAAA CFREREEERS CTTTCACCATTATGGGAAATGCTTCAAGAAGGTATTGA
CTTAKACRCCHPARAAPFAGHCHEG FERIAT SCACEFT WTTWT

CTCTCAAGGATCT TACCGCTGT! TGAGATCC‘AGT TCGATGI AA
TTTTTEAGAGAAAATCCTCCAATATCAAATTAGGAATCGTAGTTTCATGATTTTCT

GTTAMM%W@TWHW%WWAAGT

ccTTTWWWH%Wféﬂ%@?Tﬂ?A%ﬁEﬁqﬁAmG
TTTCGR O GART GO TECAAANT I A GHETAGEEETTCOT ATG A

WKAWM%WQ%R%@H%AAG

TCTTCQATGGCCTTACCTTCTTCAGGCAAGTTCAATGACAATTTCAACAX_IQIATTGC

AGCAGAL A KRR TS A T MG T EMTA AR GEATEAEEAGOACC

AGAA(Q:GTGGCATGGTTCGTACAAACCAAATGCGGTGTTCTTGT(QJ_I_I' GG GA
GCATCTTAGATTACTTTTTTTCTCCT

GGCCAA YA S A G A A A C N AGGAACC TGO A TAACGOAGGCTT
CATCG?&I@%@&T%E@G&MJXTW@&%MMKM@%@GGTQ
GGTTGGGTTCTTAACTAGGATCATGGCGGCAGAATCAATCAATTGATGTTGAACC
TTCAATGTAGGGAATTCGTTCTTGATGGTTTCCTCCACAGTTTTTCTCCATAATCT
TGAAGAGGCCAAAAGATTAGCTTTATCCAAGGACCAAATAGGCAATGGTGGCTC
ATGTTGTAGGGCCATGAAAGCGGCCATTCTTGTGATTCTTTGCACTTCTGGAACG
GTGTATTGTTCACTATCCCAAGCGACACCATCACCATCGTCTTCCTTTCTCTTACC
AAAGTAAATACCTCCCACTAATTCTCTGACAACAACGAAGTCAGTACCTTTAGCA
AATTGTGGCTTGATTGGAGATAAGTCTAAAAGAGAGTCGGATGCAAAGTTACAT
GGTCTTAAGTTGGCGTACAATTGAAGTTCTTTACGGATTTITAGTAAACCTTGTTC
AGGTCTAACACTACCGGTACCCCATTTAGGACCAGCCACAGCACCTAACAAAAC
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CTACTTTGGTGICTATTTTCTCTTCCATAAAAAAAGCCTGACTCCACTTCCCGC

Gr
WO RACHERT ACT AGCGAAGCT GCGGGT GCATTTTTTCAAGATAAACCLARH0TE1 2467

15

GITGATGATTCTTCATTGGT CAGAAAATTATGAACGGT TTCTTCTATTTTGICT

CT
GGCARCAKNCEACETAGESNT BT CEAGIGEEF T ATEPEHARAGEEKTAACTGTA

1G
GCATREAIR G AU AEAGT AT TS TANTRCT RGP ACABAATACHBATTGG
A A O T T AN AT AT SSRGS R AR T TCTT

ACCAACCTIRGACASRGATNSSAAKIBALTN ECRECAAXRGATCAGARIZNCTACAAT
GaTARAFECTT RN RPN RRANAT AGECERET AT REEEETEEEE aanc

AACCARTTAGT TGTTTENEABADSGAT CAGA T A TCCIA TAAGAANASAGTTTTTT
CAACHLAGATEAAGAMATMGEARAGAR Y ERSATTATGA CPAGATST GOAT

TTTGATGTAATTGTTGGGATTCCATTTTTAATAAGGCAATAATATTAGGTATGTGG

et e e e s e

GCGTAAGGAGAAAATACCGCATCAGGAAATTGTAAACGTTAATATTTTGTTAAA
GAACGGCATAGTGCGTGT TTATGCT TAAATGCGTACT TATATGCGI CTAT
ATTCQjEl‘:GTTAAATTTTTGTTAAATCAGCTCATTTTTTAACCAATAGGCCGAAATCG

GCAWMW@M&W@%@?@WMTC

CAGTTESPAVSANSEYSEREACT ATTBAGATCH TORMBT CCPACATTZOIEGGGC
GAM@%W%W%%K%%WE%&W&E%rgé&TAGC
TTTA ASNBAACGTAGHETATCACA GAABT MAACAATAGAAATANT GATEGYGSCOCT GAAC

ATAC ARG ORA R AR RNBCISER I areattnasngagionce

GAATTITTTI ITAATAAAAATCTTAATAATCATTAAAAGATAAATAATAGTCTAT

ATATACEIATAHAN

190% COOGAGTAC
GTAA&MMMMMWWW@WCM
TTCAA AP T GO A SR A CAR G S AMEIARET ABRI TCCA

ATAAH'CCAAAGAAGCACCACCACCAGTAGAGACATGGGAGACCCGGGCCATGG
AAACT CCATCAAATGGTCAGGTCATTGAGIGI TTTTTATTTGITGTATTTT
TTAGAflﬁ:GACATAGGGTAAACTAGCAATGATTTGATCAAATGCTTGTATTCATCT

ccuﬁﬁdféﬁ%@%&ﬁ%ﬁ%ﬁb@ﬁ@éﬁﬂﬁ%&@éﬁ%ﬂ%ﬁ@&m
GATA%?W%WWWW@WWWWCTC

T A A A TR AT G TRLEGACCAT

ATTCTFEGTTGACATTGTATTCCTTCATGTAAGATTCTAAAGAGCTTGAACTATGT
TﬂCT%WﬁWX%@%X%R%%ﬁﬁW@%%MT

TG TS AP SALOCECAEBAGATASATCCAETTAATITATACCTT
AGTGAEI&ATATCGCTCATTCCTAGATAACAGGTAGTTGTTAGCAAGTTTGCACCA
CCAGTGATAATAACTACGGGATCGTGCTCTTCAGTTGTCGGTATGTGTCCTTCATT
AGCCCATTTCGCTTCTACCATTAGATTCCTTACGAATTCTTTAACGAACTCCTTCC
CACAGTTGAATAAATCAGTTCTACCTTCTTTGGCCAGAAACTCCTCCATTTCTGTG
TAGGTATCCATGAATAATTTGTAAATAGGCTTCATGTATTCCGGCAACGTGTCTA
AGCAGGTGATCGACCATCTTTCCACGGCTTCAGTGAAAATCTTTAACTCCTCGTA
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ATTTCATTTATAAAGT TTATGTACAAATATCATAAAAAAAGAGAATCTTTTTAA
G
wQANGEATORT TCT TAACT TCT TCGGCGACAGCAT CACCGACT TCGGPOBTALINGH 12467

16

A A M T ERERE AT AR T AT

AAATGCUTHE S ACCHETCTGCAATAR XCCBANTTEAT CEATAFGECATRETCTGCA

ATAG RS RS AR T AR A ATTITAGE AR RS AT HATEGGARTCTTGT

TGCTGKTAGAAGGGTATGTACTGGGCGGCCTCGATCCTTGGCAATCTCTTCCACA
GAGGECCAAAAGATTAGCT TTATCCAAGGACCAAATAGGCAATGGTGECT
TAAA

ATGGEﬁ@ﬁﬂfWﬁﬁﬁéé&ﬁﬁ@X@§§if£$ﬁ§ﬁ@ﬁé&ﬁ%#ﬁﬁ&&%ﬁ#

CGCGECCTTTGTCATAATCGATAGCCTTGATCTTGTGAATCCCAGGGCATCTTCAA
GIGTATTGI TCACTATCCCAAGCGACACCATCACCATCGICTTCCTTTCTCTTA
GAATTATTTCGCCCGGAACTCTCATGGACGTAGCCTCATATAATTCCAACAATCC

TTCAé@ﬁ?E%¥ﬁé6@WX%E6R%F8¥?ﬁEQXKG@%%E%&@E%¥8¥@@FE&¥%GTTAT

ATAA

GCATGAEUANARTACPAGEET AZCUSEGATRS
CAATQE&%WE‘X&M?%‘&%WE%W%&IWW@WMC

AACTGIATIAA AECARTAIIAXBATURAT CACT AT PGB TCOMCACGEHITTECAACT
TOTT IR CARAEEAASTF A REREES AL AASETERGMATTTOCAA

TTGGECTTATAGGTTTCTCTTCAGTCAAGGCCATTGTTTTCTGCAGATCCGGGGTT
ACCAACGT GGT CACCT GGOAAAACGACGATCT TCT TAGGGGOAGAOATTAOAAT

ACTTT
TATTMWHMR@H@M%@M@%HAW%%MAWFMGTTAA

AGTG@%H%@ﬁ@NRMwdM@EAMEMKﬂ@@ﬁﬁﬂfﬂﬁﬁ$ﬁﬁﬁ@@ﬂéﬁ¢éﬁi@ﬁTCGCT
TCGC%%5@*KXfﬁXEEE6&@KWX¥ﬂKHE@Hﬂ@ﬂ%&@ﬁﬂ%ﬁﬁfﬁﬁﬁ%ﬂ%ﬁATCCT

ATGGRTRTAGAERRGH O ECOCTOEARATASEORAUIFOCCAA

T A TP ATAARI AT ARAG A KT AT AR OACC

AGTGAGUISHGIMGECATH I TAOG TRBCAGGAATTGIRASCOGBEGRAEBALGAGGA

caCA LR 0G A R RG A AT AT TORI EARGTECTAAT

CCGTAAEAAESACTAN I ABATTIAIG: CCCGZAAGRCAANTIAGGGA
O e e e
CGCGfAACCACCACACCCGCCGCGCTTAATGCGCCGCTACAGGGCGCGTCGCGC
CATTCGCCATTCAGGCTGCGCAACTGTTGGGAAGGGCGATCGGTGCGGGCCTCTT
CGCTATTACGCCAGCTGAATTGGAGCGACCTCATGCTATACCTGAGAAAGCAACC
TGACCTACAGGAAAGAGTTACTCAAGAATAAGAATTTTCGTTTTAAAACCTAAGA
GTCACTTTAAAATTTGTATACACTTATTTTTTTITATAACTTATTTAATAATAAAAA
TCATAAATCATAAGAAATTCGCTTATTTAGAAGTGTCAACAACGTATCTACCAAC
GATTTGACCCTTTTCCATCTTTTCGTAAATTTCTGGCAAGGTAGACAAGCCGACA
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ATAGAAATAT CGAAT GGGAAAAAAAAACT GCATAAAGGCAT TAAAAGAGGAGC
GAATTTTTTTTTAATAAAAATCTTAATAATCATTAAAAGATAAATAATAGTCTA
WO 2007/139924 PCT/US2007/012467

ATATACGT ATATAAAT/—\AAAAATATTGIMAAAAT
PCTIUS? 0702463
TTC‘AAI I IAI ITCTTT ICGGATAAGAAAGOAAOACCTG(X)A\ATTCCTTACCTTC
CA

TCGATLTAA AAACT AGOGACCAATAGCAATTCIGTITTACGTTGCATTGTTGCA
CCTGARCTITCCETERT T ER AT EXTCAT A EARACTECAMOIdER Y rTeca -

GTTGAGTAGATACAGATAATHACEETTGCCAATIG ARG TGGRABACICTAA

COCACRAEERITRAHTAIGAEICRAREFRUAMTGRTAANTATFEATATTC

GGCGCQ:TF%TgACTGTTGCCGAAGAGTTTTCAAATCTTTCAGGTATAAACGCTTCT
CGT TGACATTGTAT TCCT TCATGT AAGATTCTAMGAGCT TGAACTAT
GCATCQETTCCAGTATTCAGGATCTCTATTGATCGCAAACACATTAACGATTAATTT

CGTTT@WE@EE@H?WEK&W@AR@@%EH@&@R@HA@G@%ICTA
GGTAGCRBTAABECEMAGGBTGOEIEAGT CXNECAATT TRATTEN TEACEATAT
Teaa AGOX AT TS TATH AT ERTAA T PTTAPITacEMTe snc

GCCTTAAGT BATVTASCTGEEACTITITCATIARI TET CCSACSTE TN TTAGCTC

GCTTARIGERPATREFAEIREAPAATTEAAGEAIR AT EETIRACRGA4CAT

TCCAAKATTATTGCTTTGATATTATCCGAAGTCAGAGGAAACTCAGCAGAATCCT

TTAATEA AAGTAATACATCTAATASEE IO G TAC G cAL s YT TACG
GTATMGMMT@WMTMCM@WMTAGT
G ANCRFEFTARATOEARAAATA

TCGGC?&A é’@é@&rGTTTGTCTCAGTATTTCTTTAACAATTTCAGTAAG
B A A AT AT ACGT GT CAT CAAT AAGT GT T ATCACAGCAACT
TTCCTATTGATCTTTAATTCCCTTACCAAACGCAGCACGGGATAGTATAGTGGCA

ATTA@W%W&@T%@%%W@M@Q@CCTT
TATTTRGVEG AT ACANTERN ACAN TSI TICATACCTCAACOATTGAPARSALTTAA

T A A A A TR AT ST IS CeAGTAT

TCCCOATATGGAGCAAGGACAACATCAGTGTTATGATATAAAACTATTICCCCAG
TTM@%&WWKE@%&WWXE&W%@%RCH

AGCCOACTRAKRGASIET ATAIRCACTAIIGIGCHITACTTEIRATSPAMGEACGGTGC

TTAGRRAMREATATIET EREREMTERS AT AGCCEREL TR AETROTTCC

GATCAAATGC%’}'“_GCST'IE:(XFF(A}QCC%%\ATGATGGGTAGCCTCCAAGGTTCCGGCAAGGA
CGCGT TCGAT

CTTTTMGTTGACTTACTTCTAGTG%CAA%I-Ji“%r'lgr M RN A FAGTT
GCTA%E%ITTW&I@@T@G@W@@MTMQMMTTCA

TG TG TARG G TEE MR EAPRE TR RAME G C AT T AATAGFTACTT

TTTT AAGAAGTTTAATAATCATATTACATGGCATTACCACC
ﬁi&%&?&%ﬁ% GACATAGITATCCT TGTTTACGCATCAGCCTAAACCATA
ATATACATATCCATATACATATCCATATCTAATCTTACTTATATGTTGTGGAAATG
TAAAGAGCCCCATTATCTTAGCCTAAAAAAACCTTCTCTTTGGAACTTTCAGTAA
TACGCTTAACTGCTCATTGCTATATTGAAGTACGGATTAGAAGCCGCCGAGCGGG

TGACAGCCCTCCGAAGGAAGACTCTCCTCCGTGCGTCCTCGTCTTCACCGGTCGC
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GCTAGACCTGTCGCCATTCCAATTATCACCATAGGT CTCGTAAATACATTGCAA
T
WQCATGATICAAT TTCACGT TCAAAATGATACGGAATACCT AAACGT PGRATRINT®I 2467

18

AACT GICTTACTTCCTTCTTTAGATCGI TTACTATTTGCTCCACACCCTGITCA

GTTCCEMMWF@WWMMAWCT
ACAATACHBAGT AT ATATGET TATCAA GAGGAAT A STTHGT SOXAKCORGHCCCCA

CAAAGETFEARATEAAG FAOTSAPATEAA AT SATAGOATHATAATGEPATTA

GTTTITTAGCCTTATTTCTGGGGTAATTAATCAGCGAAGCGATGATTTTTGATCTA

TTAAGAGATATATAAN TGEAN A AN GOATAR COATHTARCTLATAC Freaac
ATWMW&WCTTL@TT@WN@WMM@AM@MAATT

CTTANTABACATAM FASTIRASS CAGERRECCGGG

AAAA(-EAATGCAATCGACAACTTCCGTTAAACTATCACCTTTCGATCTTATGACTG
ATGGTTGITAATTTGATTCGT TCATTTGAAGGT TTGTI GGGGECCAGGT TACTGCC
CCTTGRTAAATGGTAAAGTTAGTTTCGACACGTCCAATACTTCCGATACAAATAT

Acm@&ﬁ%@?ﬁﬁmé@ﬂfﬁﬁ%ﬁX%HﬁK@%&mAm

SOPANGANTATCAAGTG
CCGC%%@%%@EEFAX% WQWW%ACTG

AAGA@G@@GTMM%UGAW GEAGAAFNOGAAICACAAA
(4

&

CTAT@GTGACGGAGAACCAACAGATAACGCCGCTAGATTCTATAAATGGTTTACT

GACCTACAGGAAAGAGT TACTCAAGAATAAGAATTTTCGT TT TAAAA C8T C%‘T
GAAGﬁAGAAGAAAAAGGTGAGTGGTTAGATAAGTTACAATACGCT TCTTTGGA

TTGG%%@dé@%ﬁAM@%ﬂTM&AWMMMM&TGAA
AAATTARTGFCEAICHSATTASTAGHTAAERCRIGTRRETATEHRTGATGAC

AT A A G AL T T TG G G O SRAOT IACTIIOREEACAAT

TAGATCAGUFATTG AGGERCIG HABATGACACAAGTGTCGCTACTCCGTACACCG
CCGC%&%&WEWW&%MKW@ATCA
AGATCGREVCTAGSANOTSZCA CCRAGTTANTGACHUT BB ACE PG CA GATC

GAACEERGEETTRAAG ARG ATACARATIS COTRATLRPATBRAGTECTACT

CATT’KZQGAATTTGATATTTCCAATACTGGACTATCGTATGAAACTGGCGACCATG

TGGGW@M@WT@W@WWMMGGTACT

CCACHHRSES ARSI FEAAIT OEETGCRTEREAGRASRINGAEITAGAAAAGC
CTCTTACATCTTATGCAGATGTACTTTCTTCACCAAAGAAAAGTGCATTACTAGCT
CTAGCCGCCCATGCTACCGACTCTACTGAAGCTGACCGTTTGAAATTCTTTGCTTC
ACCTGCTGGCAAAGACGAGTACGCACAGTGGATTGTGGCATCTCACAGATCATT

GCTGGAAGTGATGGAAGCCTTCCCATCGGCAAAGCCACCATTAGGCGTGTTTTTC
GCATCTGTTGCCCCACGTTTACAGCCTAGATACTATTCCATATCTTCTAGCCCAAA
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CGTTTTGTTAGGGATATTATAACCAGCCAAGI TTACTGECTGACGACATTCTCT
A

WORIAGERRNET AACGCCAAGGEGT GGGT GTAGT CTAAGAGT CTCT T T GATGASLINT A1 2467

19

GCCT TACGTAATTCAGCCTGAACCTTTTCCATTGCTTTCCGGACATTTTATTAGC

AWG@E&WWX%R%%F@W@%WWTCCA

ron kRS SREF ATV S TTFIRATT™

TAGAchCAA(%%/Txg&rGA(A:CCTAAAGTACCAGTGATTATGATCGGGCCTGGGACAGG
GCTACCAAAT

ACTAGERCCATTCAGAGOTTTEPTACA AR ACK P GEOIAARRGERA G aGa
TACGGM@W&W@&WMHTKA@AWTTGAC

AAETE AT A F TR AR PITREFACAAT

TAGTC%&,"}? CFE%ZF%GGGAAGGTGCAACAAAAGAATACGTCCAACATAAAA
AATTCCCT TACCAAACGCAGCACGCGEGATAGTATAGTI GGC
TGACCEAAAAGGCCAGCGATATATGGAATTTGCTGTCCGAGGGTGCCTATTTGTA

CGTT@%@KWEEWWEM@%WMTAC
AATTGTATDAGGRSBENGETTCOVIRGAT TSI TCTSAGBCAS AT TANGTTAAA

AACCT AT TG TG ATA RN SO TS AR TGS TRAG T AGCTAAGATC

CGCTOAAACCGAAAAGGAAGGAGTTAGACAACCTGAAGTCTAGGTCCCTATTTAT
TITTTEATAGTTATOTTAG TR T SG A PR A P AMA A A H Y FerTrTT

TTTCT?TMKW@WTMWAGA
AGGT TGS CRAGAEERSHtRARE A FEHF ARENTF AP RLARFIOABEISFCEC
GGAG}CGGCGGTTTGCGTATTGGGCGCTCTTCCGCTTCCTCGCTCACTGACTCGCT
TAGCGAACCATATTTTCTCGCTAAATCCCTTA é’XAA (%8%@
GCGC]@K}GTCGTTCGGCTGCGGCGAGCGGTATCAGCTCACT TAAT

ACGG]%WW@’K EETNGEAINCOARTATCFSAGCANAAG
CTTACTTCTAGTGGCAAATTTGTACACGAACAACAAAATAGT

GCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGCGTTTTTCCATA

GGCT@WE%@&@JMMMA%?&M&M@TGGc

GCGC%W¥W&%#%&&&%W%&&&%&A cCTT

CGGGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTA
GGTCHHCECTCARGETEEEYSTETOCACORAC L ISTREAICEROACae

TGCGOAPASHABCCHSAAPATTA TOGITTAPGA SAATTTA ACTUIGCEANGATHPGASTTAT
COCCAGEEEFIRENTRARRE T MACASSATEABRAGARRGABEIATBEACOCO
GTGcﬁc,écA}éxc%gggggAAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAG
TATTT@GT&I@T.(jﬁ@ﬁf:’@gj‘@pTGgTAnggXGTTACCT%F%‘TAXE\ACA%%GTAG
CTCT J%@WW@WTWAAG

CAGCAGAATACSTACOOAGAPEATAN AACHFEEZ ~

CGGG W CTCACGTTAAGGGATTTTGGTCATGA
% SSQQW TAGGATGATAATGCGATTA

GATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTTTTAA

ATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGTTACCAATGCTTAATC
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']C?,-IA- TTTTTAGCCTTATTTCTGGEGGTAATTAATCAGCGAAGCGATGATTTTTGATC

WO RAGAART ATATAAATGCAAAAACT GCATAACCACT TTAACT AAPATTRIW0AMNI 2467

20

gT TAATATACCT CT ATACT TTAACGT CAAGGAGAAAAAACCCCAAGCT TCCCGG

AGTGAGGCACCT A CROCESTEXSTCLAT T EATECRY AG T TG ACT
CCCCG@WAGAWMAGUAMWWWTGCT
GCAATROTAGEEEEAPARGG OERREASSSRFTEEARCATAT AERARAG A

CAGCCé_?CCGGA_IAI_C}I_(A}E_IQFCGA_I(_}GQI%SI_IAG%_%_IC_}TGGTCCTGCAACTTTATCCGCCTCC

GGT GGITGTATTGGLAT

ATCCAGTCTATTAATTGTTGCCGGGAAGCTAGA A AT N T aATA
-

AP GICETRICGTCCF APCARGTTBCTEGTTT

GAAAGTTACTGTATTTWCCC
CCATG M FARFACSRG O RARGAAG
ﬁ%ﬁﬁ@’* T GSCATTCI TCTTTTTAGCTA

TAAGTEGGCCGCAGTGTTATCACTCATGGTTATGGCAGCACTGCATAATTCTCTT
ACTGTEATGEL R B AR G O A O ST A AT RAABAAGT
cmrc@éﬁ@&ﬁ%@?@%@@@cmmmmmm&mmmm

AR BT ER TS iR ac

TTCTT&E@%@W@&HTGAWWATG

TAACCEAATERESOA PER A SO FER AR ER BT AGEREEARRABEETTTC
TGGGT%K@EW&M@EMW@G@M@@MM@M@GCGA

CACGOIAATANTIGASEACECATAERETCEACTAT S AAAATIATEAF AN AL TTAT
CAGGWEW&M%@G%?A@A%WTWMAAC

AAATAGGTEAFEIGCOGIACATIROTACTAMEHOITAPRAGGRCAAK CAGGEATCT
OTOCT I AG AR AT ACIOCAONTSIRTMTTTIICAACAA

GA
AGAA’ITCTGAGCTGCATTTTTACAGAACAGAAATGCAACGCGAAAGCGCTATTTTA

CCMQGWA%%%TWFHQWKW@A%@@GCG

cam@@ﬁﬁwmﬁmeﬁ%w&%ma&%%w

GCATCEICGAGAGCGCTATTTITCTAACAAAGCATCTTAGATTACTTTTTTTCTCCT
WGTG@(%%%TGCAGTC%WM%?—% NP EdTEEE T TAAG
GTTAGKAEAAGEE CECANRAGTIARATCCT CORATAA BACAGATIZITGACT
T GGAAGT GATGGAA
cCACHCCCGcGTTTACTGATTACTAGW%W%AAGAT
AMG%WEWTW&@WK@@GW@TWAAC
AGAAAGTGATAGCGTTGATGATTCTTCATTGGTCAGAAAATTATGAACGGTTTCT
TCTATTTTGTCTCTATATACTACGTATAGGAAATGTTTACATTTTCGTATTGTTTTC
GATTCACTCTATGAATAGTTCTTACTACAATTTTTTTGTCTAAAGAGTAATACTAG
AGATAAACATAAAAAATGTAGAGGTCGAGTTTAGATGCAAGTTCAAGGAGCGAA
AGGTGGATGGGTAGGTTATATAGGGATATAGCACAGAGATATATAGCAAAGAGA
TACTTTTGAGCAATGTTTGTGGAAGCGGTATTCGCAATATTTTAGTAGCTCGTTAC
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ATTTGCCCCCAATCGTATTCATGT GACGT GT GCGCTGGTGTATGAACAAACTCC
W6.2007/139924 PCT/US2007/012467
TCAGGAAGGGTACATAAAGGT GTCTGIAGTACATGGAT

0c) BOITUS
| L e

ACCTAGT GACCCTAAAGTACCAGT GATTATGAT CGGEGECCT GEGACAGG
ACTAGCGCCATTCAGAGGT TTCTTACAAGAAAGAT TGECCCAAAAGGAAGCAGG

AGTCOGETOCE PRSI TS GTH FrEITLAC AGTASEAMA BT TTC
AAAAGEGATAT 3G CATOIAI TACATASTAGEGIGARAGKEEACIE CAGARAIACCA

¢
ACTTCAASHRSAEERFRACHREEARS T EEARGIARAOTACAATAREA AR “O¢
ACATA%W@G&KMTBW@G@MM@TATAT

ATACATGROESACEHARGIAROSTGE EFETERELASTTACARSL GTAGARA TCC
GTCTAﬁX%W@@%WX@ﬂ@MWEMATTC

CATGCOAGITAACH TATCETCATREARAFEARG S TEENHIFREETAATCCTE

CATCCTTCAATGCTATCATTTCCTTTGATATTG
CCACTWM&EE&A&FTA@W&TGAAGTCTAGGTCCCTATTE@
GATCATACTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTAT

CACGAJF»}Q—&&%H"FE(JI TAGTATTAAGAACGT TATTGATATTTCAAATTTTTCTT
TTTCTGTACAGACGCGT GTACGCATGTAACATTATACTGAAAACCTTCCTTGAG
A

AGGTTTTGCEGACGCT CGAAGAT CCAGCTGCAT TAAT GAAT CGGCCAACGCECEG
GGAGAGGCGGT TTGCGTAT TGEECGCTCTTCCGECT TCCTCGCTCACTGACTCGC
T

GCGCTCGGT CGT TCGGECT GCGECGAGCGGTAT CAGCT CACTCAAAGGCGGT AAT
ACGGT TATCCACAGAAT CAGGGGATAACGCAGGAAAGAACAT GT GAGCAAAAG
GCCAGCAAAAGGCCAGGAACCGT AAAAAGCCCGCGT TEGCTGECGT TTTTCCATA
GGCTCCGCCCCCCT GACGAGCAT CACAAAAAT CGACGCT CAAGT CAGAGGTGGC
GAAACCCGACAGGACTATAAAGATACCAGECGT TTCCCCCTGGAAGCTCCCTCG
T

GCGCTCTCCTGI TCCGACCCTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCC
TT

CGGGAAGCCGT GECGCTTTCTCATAGCTCACCCTGTAGGTATCTCAGTI TCGGT GT
A

GGTCGT TCGCTCCAAGCT GGGCT GT GTGCACGAACCCCCCGT TCAGCCCGACCG
C .

TGCGCCTTATCCGGTAACTATCGT CTTGAGT CCAACCCGGTAAGACACGACTTA
T

CGCCACT GGCAGCAGCCACT GGTAACAGGAT TAGCAGAGCGAGGTATGTAGECG
GIGCTACAGAGT TCTTGAAGT GGT GGCCTAACTACGGECTACACTAGAAGGACAG
TATTTGGTATCTGCGCT CTGCTGAAGCCAGT TACCT TCGGAAAAAGAGT TGGTA
G

CTCTTGATCCGGECAAACAAACCACCCCTGGTAGCGGTGGTTTTTTTGT TTGCAA
G
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CAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCT
A

wOCHAEBWEGACCCT CAGT GGAACGAAAACT CACGT TAAGCGAT T T POTHTS200GEA1 2467

GATTATCAAAAAGGATCTTCACCTAGATLCTTTTAAATTAAAAATGAAGT TTTA

A

ATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGT TACCAATGCTTAAT

CPCT/ US200I

AGTGAGGCACCTATCTCAGCGATCTGICTATTTCGT TCATCCATAGT TGCCTGA

C‘I’ .

CCCCGTCGTGTAGATAACTACGA TACCATCTGGCCCCAGIGC

T

What is €laiveld 38T ACCGCGAGACCCACGCT CACCGGECTCCAGATTTATCAGCAATAAAC
CAGCCAGCCGGAAGGEECCGAGCGCAGAAGT GGTCCTGCAACTTTATCCGCCTCC
ATCCAGTCTATTAATTGI TGCCGGGAAGCTAGAGTAAGTAGT TCGCCAGT TAAT

1. AAblo-or%amc compound production system comprising:

TT TGITGCCATT
aTG:rr a vessel an—I-'I; capacity of at lea %@h ers,%TGTCAC&TCGTCGT

bgGT AT%I&MEG&@&I GOHET THGRAMI A HGARGORRAGRISCAT GATCC
CCCAT Griorationafigss celtss ﬂmﬁm@&%’@&@ i g%ﬁ%ﬁ-‘a&&&g at
G e bio- oré_l_amc compound; and,

TAA TATCACTCATGGT TATGGCAGCACT TAATTCT CT
dr a liquid organic second phase, comprising the at least one bio-orgamc

¢d@%¥&%}%%%1mm@@z@aw@mawme
CATTCTGAGAATAGT GTATGCGGECGACCGAGI TGCTCTTGCCCGECGICAATAC

2 G ase N RN gl CRPRRIRA & P

organic ¢dapIeAdGECGAAAACTCT CAAGGATCT TACCGCT GITGAGATCCAGTTCGAT
G

TAACCCACTCGTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGCGIT
3. T_FIQ: system as in claim 2 wherein the at least one bio-organic compound is a Cjo bio-
CAGGAAGGCAAAAT GCCGCAAAAAAGGGAATAAGGGECGA
organic @I@QQWQ‘\TGT TGAATACTCATACTCTTCCTTTTTCAATATTATTGAAGCATTT

AT
CAGCGTTATTGTCTCATGAGCGGATACATATTTGAATGTATTTA! GAAA% AA@
4, The system as in claim 2 wherein the at least one bio-organic compound 1s a L5 bio-

organic W TCCGCGCACATTTCCCCGAAAAGT GCCACCT GAACGAAGCATCT
TTTTGTAGAACAAAAAT GCAACGCCGAGAGCGCTAATTTTTCAAACA

A
5. ﬁ%&%m% T AGAGAAGACA AR CHRAGGRRAABRFGGAMTT T, bio-

organic COAMOBANGAAT CTGTGCTTCATTTTTGTAAAACAAAAAT GCAACGCGAGAGCG
CTAATTTTTCAAACAAAGAATCTGAGCTGCATTTTTACAGAACAGAAATGCAAC
G

6. WkT&MW@%?A@W@AMW bio-

Ofgamcé@ﬁ'?@t‘:ﬂ%AGA@CGCTATTTTTCTAACAAAGCATCTTAGATTACTTTTTTTCTC
CcT

7. TRESEER AEHAJIAAT BGASTETRERd BAEAAGCHE bioF OGAMTGPAGETATETAN
AG
isopreneIf CAMRRUAMGGCT ACTTTGGTGTCTATTTTCTCTTCCATAAAAAAAGCCTGAC

T
CCACTTCCCGCGTTTACTGATTACTA! GCTGCCGGGIGCATTTTTT
8. The system as in claim 1 wherein the vessel has a capacity of at least 1 ers.

9. The system as in claim 1 wherein the vessel has a capacity of at least 10,000 liters.



AAAGGCATCCCCGATTATATTCTATACCGATGTGGATTGCGCATACTTTGT GAA

C

WOGHPEAGTGATAGCCGT TGATGATTCT TCATTGGT CAGAAAAT TAT GRATESIN 12467
T 123
TCTATTTTGTCTCTATATACTACGTATAGGAAATGT TTACATTTTCGTATTGIT
TTC

GATTCACTCTATGAATAGI TCTTACTACAATTTTTTTGICTAAAGAGTAATACT

o A R T R

TACTTTTGAGCAATGI TTGT GGAAGCGGTATTCGCAATATTTTAGTAGCTCGT T

C- 120 -jiiliililiil.~ftBaHtt H K . .
11 Hsresarena BT R o SRR RS g g e
12. Tie system as in claim 1 wherein the vessel has a capacity of at least 500,000 liters.

GCGCTCTGAAGT TCCTATACTTTCTAGAGAATAGGAACT TCGGAATAGGA
ACTTCAAAGCGT TTCCGAAAACGAGCGCT TCCGAAAAT GCAACGCGAGCTGCGC

13. ﬁﬁré”s";é%@g EAGTE T NS R HARKE A TAL @ TRk IoFRDGRSITADRT,AT0 liters.

ATACATGAGAAGAACGCCATAGTGCGTGTTTATGCTTAAATGCGTACTTATATG .
14. The system as in claim 1 wherein the organic second phase comprises the bio-organic

compOU%CTATTTATGTAGGATGAAAGGTAGTCTAGTACCTCCTGTGATATTATCCCAT

CATGCGEGGTATCGTATGCTTCCT TCAGCACTACCCTTTAGCTGT TCTATATGC
15. TE: system as in claim 1 wherein the organic second phase comprises at least 90%

. CCACTCCT C%ATTGGATTAGT CTCATCCTTCAATGCTATCATTTCCTTTGATAT
blo-orgaﬂx;c compound.

GATCATACTAAGAAACCATTATTATCATGACATTAACCTATAAAAATAGGCGTA
16. A sgiemANTmtakIng CHUs isofizhoid dondtdunds dovBrishgt i s

claimed is; 1. A bio-organig co nd. production

Jyst emvﬁﬁ?b?‘i‘vé?%@:ca%a.mtﬁq@gége@ﬁ @%ﬁ‘& a capacity of at

beast ia&@ doub Q’iéiﬁux?,_- wﬁﬁin&ﬁél eodel, eeed;ipu:smng\ﬁ firki phaftsétﬁ

vessel, forming a first phase; c. a plurality, of _host

eel | sa PJfo’h‘iertﬁWét ‘afélﬁe%’l}g“‘n‘gﬁ AARROUS JRbTE, ‘@Pghlﬁlaf gat

| east 1 D8€oAY iQosHEAGAI sndconpound; and, d. a liquid

organi ¢ second phase, conprising the at |east one

8i 0- ondiamidorganissasnnd nhase sAMpESINg the at lsasting dyopEmRid; in
2. The susteih fs /2 SHRLM 2 wherein the at [east one

bi o- organrc conmpound Is a C bi oorgani c conpound. 3.

The systemas in claim2 wherein the at | east one

17. ng _sy(/)srteqr% %if %la‘fr%%o&ﬂgef.ns‘thg isgyapen%.kcpg&ﬂﬁ(gﬂrﬁi is a hemiterpene.

18.  The system of claim 16 wherein the isoprenoid compound is a monoterpene.
19. The system of claim 16 wherein the isoprenoid compound is a sesquiterpene.
20.  The system of claim 16 wherein the isoprenoid compound is a diterpene.
21. A method for producing a bio-organic compound comprising:
a. culturing in an aqueous medium a plurality of host cells that produce at least

one bio-organic compound wherein the aqueous medium and host cells
comprise a first phase;

b. forming a liquid organic second phase comprising the at least one bio-organic
compound in contact with the second phase;

c. separating at least a portion of the second phase from the first phase; and,



conmpound. 4. The systemas in claim2 wherein the at
| east one bio-organic conpound is a C 15 bi oorganic
woaopausuds 5. The systemas in claim2 wherei npCinaisain7/012467
| east one bio-organic conpaand is a C20 bi oorganic
conmpound. 6. The systemas in claim2 wherein the at
| east one bi o-organi c conpound is a C20+ bi oorganic
conmpound. 7. The systemas in claiml wherein the at
| east one bio-organi c conpound is an isoprenoid
conmpaund.. 8. The systemas in claim1l r
dosbapoling the  foadd S8 Gp Steanie Sop R P Bt Sodol pipse.

systemas in claim1 wherein the vessel has a capacity

of at |east 10,000 liters.10.. The system.as in.cl aj
22. Theanethad ohelaja 24 sVhesgia the ereanis WO'EFYI"%&SC % e%%;"d’b‘gl"%‘m'
liters. 11. The systemas in claim1l wherein the
vessel has a capacity of at |east 100,000 liters 13. .
23.  Theomethod ofrlaimi2i whespim the grganis seconbpliase ipfepprated,by decanting
j.t 500,000 liters. 13. The system as
the seco'ﬁ%‘%@%&gif#@ftkﬁrﬁgﬁﬁﬁ%he vessel has a capacity of at
| east 1,000,000 liters. 14. The systemas in claiml
erejn the or.gani : £OBLd is a Cs bio-
24. weoﬁyaﬁegéﬁ% ¢ cc%}ﬁ’pagtﬁ@?%%gﬁgﬁz&éﬁgt em adsréiﬁﬁc g?‘gp%mld Bats
organic ¥h@peund.t he organi ¢ second phase conprises at | east
90% bi o-organi ¢ conpound. 16. A system for maki ng
Cs- C20 i soprenoi d conpounds conprising: a. a vessel )
25. Teviygnfasanasint 1 ehefdin trantieaond bibesrganib compound is a Cig bio-
. aqueous, nedium wthin the vessel, conprising a first
organic gpmpaund: o plurality of host cells, within the
aqueous nedi um capable of naking at |east one
_ I soprenoid; and, d. a Lig%gg or gani ¢, second ghase dis aCis bio-
26.  Thepystes ayin¢laimy2 1 whetgin heatileashprag Biogorepmic eompaapd s a Cis
- W first phase. 17. The system of claim 16
(ngmucﬁkgﬁg?ﬁfthe i soprenoid conmpound is a hem terpene. 18.
The system of claim 16 wherein the isoprenoid conpound
27. ‘trﬁe 8\ st al &f agﬂﬁzl Iherdi B ShSMILRTHRL bio-Gighhib @oipBhsd 1§ a Cyo bio-
e1'soprenor d conmpound is a sesquiterpene. 20. The
organiceysipenmadf claim 16 wherein the i soprenoid conpound is
a diterpene. 2 1. A nethod for producing a bio-organic
conpound conprising: a. culturing in an aqueous nedi um
28.  Thebysteh ias jn chinh 83 twheedih she dtdeasp ooel biveorganicegapound is a Coo+

bio-organic compound.

29. The method of claim 21 wherein the isolation step comprises adsorption.

30. The method of claim 21 where the isolation step comprises distillation.

31. The method of claim 21 wherein the isolation step comprises gas-liquid extraction.
32. The method of claim 21 wherein the isolation step comprises liquid-liquid extraction.
33. The method of claim 21 wherein the isolation step comprises ultrafiltration.

34. The method of claim 21 wherein the at least one bio-organic compound is an

isoprenoid compound.



one bi o-organi ¢ conpound wherein the aqueous nedi um
and host cells conprise a first phase; b. formng a
wOi200id9an gani ¢ second phase conprisi ng the at pCeasR007/012467

one bi o-organi ¢ conpound inm2xontact with the second

phase; c. separating at least a portion of the second
phase fromthe first phase; and,d. isolating the at

| east one bio-organi c conpound fromthe second phase.

22. The nethod of claim2 1 wherein the organic second

h [ fnduction. .23. The met hod .of cl ai m
35 BRhodol BolRGBY CrChStodBholt hmbdSrd BBt ed by
decantcuhgribgn aeapreduphediunt & phorhig dfihost cebls alse praddhice at least
The systgfugs.in claim?2 1 wherein the at | east, ohég
bi 0- oPGEMSC- RSP FYTROW i Ao¥sisgrRl RKIngHwarity, obay least 100
The syié¢emas in claim2 1 wherein the at |east one
i o-organj c conpound is a C 0O bioorgani c conpound. 26.
he syRTRIREZR Arpant Rhase sompjisinedhe at keastame (sas isapsenoid
bi 0- olgapoingomPound i s a Cl5bi oorgani c conpound. 27.
The systémas in claim2 1 wherein the at |east one
Bi 0- orgRARtngaipast A dortiongofthe ofganisy plwse froouthsagneousasedium,;
The syghgemas in claim2 1 wherein the at |east one
bi 0- organi ¢ conpound is a C20+ bi 0-organi ¢ conpound.
do. Thelatbtgtbd ableastiome i@s2Ch isvpeersiid colmpomsbirami the osdaajr phase.
conpri ses adsorption. 30. The nethod of claim2 1
where the isolation step conprises distillation. 31.
36.  The nmthdibef débincBawieid thete leishoteiBopieabidtdontposihd s a
.. conprises gas-liquid extraction. 32. The nethod of
hemlterg’f“gg?m 2 1 wherein the isolation step conprises
liquid-liquid extraction. 33. The nethod of claim2 1
37.  Thensitlod dfclainnB Rivhereis et CeRPEmSISprehbidafopgonald io.
34. The nethod of claim2 1 wherein the at |east one
MONOteIRERCH gani ¢ compound i s an i soprenoi d conpound. 35. A
nmet hod for producing a C5-C20 isoprenoid conpound
38.  TAEBERIIEF claim 53 Whifeii thel 4 1t GHEOMEnERUoBoRnd is a
. plurality of host cells that produce at |east one
sesquitereRne?0 i soprenoi d compound in a vessel having a
capacity of at least 100 liters; b. form ng an organic
hS CH- [ renoid ..
(39 TACRRARAO ARl DA e RO SOprefoly SRRORREI S diterpene.
organi ¢ phase fromthe aqgueous nedi um
40.  The method of claim 35 wherein the organic phase is formed by induction.

41. The method of claim 35 wherein the organic phase is separated by decanting the

organic phase from the aqueous phase.

42. The method of claim 35 wherein the isolation step comprises adsorption.

43. The method of claim 35 wherein the isolation step comprises distillation.

44, The method of claim 35 wherein the isolation step comprises gas-liquid extraction.
45. The method of claim 35 wherein the isolation step comprises liquid-liquid extraction.

46. The method of claim 35 wherein the isolation step comprises ultrafiltration.



47,

48,

and, d. isolating the at |east one C5-C20 isoprenoid
d fromthe organi c phase. 36. The HE%QQ%]
“K)%ﬁgFﬁ?%S wherein the at |gast one isoprenoi coﬁ%@%ﬁ)ZM7
is a hemterpene. 37. The nethod of claim35 wherein
the at | east one isoprenoid conpound i s a nonoter pene.
38. The nethod of claim 35 wherein the at | east one
i soprenoid conpound is a sesquiterpene. 39. The net hod
of claim 35 wherein the at | east one isoprenoid
conmpound is a diterpene. 40. The method of claim 35
wherein the organic phase is forned by induction. 4 1.
The nmet hod of claim 35 wherein the organic phase is

he organic phase fromthe

Aﬂﬁ’?‘po%g&hsgﬁp%mgg%@&‘fﬁ‘g’ﬁ%’r@’t hod of claim 35 wherein the
i sB!“’é’FF‘B‘ﬁ"’gT“é‘ﬂ“"&GWﬁF‘F waerisipgsor pti on. 43. The nethod of
clai m 35 wateagtions wehia hindglaadppadin obtt ot WO P Ses

di stil it i Qagudbtle meliMR, WRENR: Rfs dnb Aludd) SRpMdiRr i n the

| sol ation step conprises gas-1liquid extraction. 465.
r“’ﬁs‘“ﬁ1 #%8d of claim 35 wherein the isolation step
corrprl §ds P plyalitgof hoy callyl witkip thy aqupaymmedingy, calfle ofret hod  of
c| miling3irodtkigy o8 kyfthbshrng kS @btabd lorgdni2 Porgoina) dne S
Ul L at i U r il sobbnl ke GASRATIAE bWl Ble@luCt | ON
system corrEm:l l?t g]yg ne E nore fernmentation systens
PSPyt "°5 LV U Rjessel having a capacity
b. formor hesgkirgt p&e@@emaranmssstmsuwermﬁ thedierbrhass argbli um Wit hin
-t hecdll org@aphasOst @nt §i5:@ kompo iR b1 1Bd sB@ndorfahic flasphase;
j igggsegmggdur ality of host cells, within the aqueous

e capabl e of  nmakin oduci hg or s theS|Z|ng
¢ at °H"%'Hn19t OmE) RO BB Ry F@%%‘Bﬁrﬂ'éﬁ%w“‘%ﬁyd‘h" ‘T‘%&s a liquid
or e bib-@ragrrompbuprhia searg e fiym the sprgnd degsnigphatepast  one
d. bi mﬁngnsormrq@a;uiﬁ»d o AssElOWkeRD thandt feft dnBBiobighsd phase;

c091 cﬁm&){scﬂpﬂ[cgly oH;u%L ia@zﬁ%ﬁcﬁhf@@par ation systems wher eby
%nd con m?‘r an| c.phase or one or

t he st

. rm‘?pg"“élb Bﬁ f°§’“r °a‘l°ﬁéys§‘@i':‘8 € Shase are
S epapfalt“é?! the godifigsitbicomgehit yompaend émvurﬂ#i er faeond phase
SQﬁﬁﬁeﬂII on systens whereby the at |east one

L ;%u&ﬁl%‘ﬂ%& m%{%'mf?&i.%ebsés é@#@&@ﬁnﬁﬂe&wm LG S€CONd

ani c pti onal nore regctors or

g pip-gre éf"a?"ﬁ"‘{‘ﬂ@ ong oF skl P3| CGMBIRESH T

g. optionally one or more further purification systemns whereby the blend of the at
least ote bio-organic compourd and the one o more additional fuel

components is purified or further purified,

A method of making a fuel composition comprising:
a. cufturing in an aqueows medium a plurality of host cells that produce, make or
synthesize at least one bio-organic compound wherein the agueous medium

comprises. a first phase;

b. forming a liquid organic second phase comprising the at least one bio-organic
compound in contact with the first phase;

e, separating at least a portion of the second phase from the first phase;

d. isolating the at least one bio-organic compound from the second phase;

RECTIFIED SHEET (RULE 91)
ISA/EP



conpound is chemcally or biologically nodified, e.

wo 20p1sonal |y one or nore purification systenspeh@saidyo12467
t he bi o-organi c conmpoundigr the nodified bio-organic
conmpound is purified or further purified; f.
optionally one ot nore bl ending vessels or systens for
bl endi ng the at | east one bi o-organic conpound wth
one or nore additional fuel conponents; and g.
optionally one or nore further purification systens
whereby the blend of the at | ea one bio-organic
conpound and the one or nore additional fue
conmponents is purified or further purified. 48. A

e. NMetfivshipéhemadly abidogichlyimodiffRa @k iat leanOR@EdnRI NQ:  a.

culiibig in an aqueous nediuma plurality of host

cells that produce, nake or, synthesize at | east one
£ i B GRAR e DB PR R ORI SE PR i um
commriwids a first phase; b. forming a liquid organic
g SEGRIBHAIPNaaRy GONN Sichy-otdate @dnpuB@Sikh @E@ ko~ Or gani ¢
COngG é’@""fpg Bt?;%%.d wth the first phase; c.

separating_a east a portion of the second phase from
bt heptippaihsrurifyig ghe bleggl of thaene 4 MG Ie-preanis corpRIY angn e

bi the ox gamircaddibenaduesh chrfperenty.t he second phase; RECTI FI ED

SHEET (RULE 91) ISA/EPc. optionally chemcally or

bi ol ogically nodi fying the at | east one bio-organic

conpound; f. optionally purifying the bio-organic

conpound or the nodified bio-organi c conpound; g,

optionally blending the at | east one bio-organic

compound with one or nore additional fuel conponents;

and h. optionally purifying the blend of the one or

nor e bi o-organi ¢ conpounds and the one or nore

addi tional fuel conponents, RECTIFIED SHEET ( RULE 91)

| SA/ EP

RECTIFIED SHEET (RULE 91)
ISA/EP



