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100211 Figure 8 shows the higher specific activity
and increased stability of the Enterococcus faecalis
HMGR- CoA reduct ase (HMGR) conpared to the
Saccharonyces cerevisiae truncated |1 Mz C, 0A
reductase (tHMGR). 100221 Figure 9 shows the
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mﬁ&mﬁﬁ gﬁégbw@r Qi | host strain. [0027] Figures 14A-E

show t he_ c i ned effects
I”tyétrFB eéf ey @ P’é‘&&‘ggg’ &SR ‘?’WE@‘&’I‘F Argppreomprises the
stepn of{perfiliming a fetmelitatimerepqtion creipriving a/fepfentatipnEedivarand inplarality of
g&ﬁchlly%ﬁe@ hdstdells thak PRAECE tie! ifbipfcRoid- EnaSiBMdRS QEMBA(Hthe fermentation |
anor pha-4, 11-diene via the DXP pat hway by an .
Escherlchla coi| host strain. DETAI LED DESCRI PTION OF
THE | NVENTI ON -Defini tions:-[0029] Unl ess defi ned
ot herw se, all technical and scientific terns used
herein have the sane neani ng as commonly under st ood
by one of ordinary skill in the art to which this
i nvention belongs. Reference is made here to a nunber
of terns that shall be defined to have the follow ng
nmeani ngs: [00301 The term "optional” or "optionally"
nmeans that the subsequently described feature or
structure nay or may not be present, or that the
subsequent |y descri bed event or circunstance nmay or
may not occur, and that the description includes
i nstances where a particular feature or structure is
present and instances where the feature or structure
I's absent, or instances where the event or
ci rcunst ance occurs and instances where the event or
ci rcunst ance does not occur. [0031] The terns
"met abolic pathway" is used herein to refer to a
cat abol i c pathway or an anabolic pathway. Anabolic
pat hways i nvol ve constructing a |arger nolecule from
smal | er nol ecul es, a process requiring energy.
Cat abol i ¢ pat hways i nvol ve breaki ng down of | arger
nol ecul es, often rel easing energy. [0032] The term
"meval onat e pat hway" or "MEV pat hway" is used herein
to refer to the biosynthetic pathway that converts
acetyl-CoA to IPP. The MEV pathway is illustrated
schematically in Figure 1A [0033] The term
"deoxyxyl ul ose 5-phosphat e pat hway" or "DXP pat hway"
is used herein to refer to the pathway that converts
gl ycer al dehyde- 3- phosphate and pyruvate to | PP and
DVAPP. The DXP pathway is illustrated schematically
in Figure 10. [0034] The word "pyrophosphate"” is used
i nt erchangeably herein with "di phosphate”. [0035] The
ternms "expression vector” da "vector" refer to a
nucl eic acid that transduces, transforns, or infects
a host cell, thereby causing the cell to produce
nucl ei c acids and/or proteins other than those that
are native to the cell, or to express nucleic acids
and/ or proteins in a manner that is not native to the
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100361 The term "endogenous" refers to a substance or
process that occurs naturally, e.g., in a
non-r econbi nant host cell. [0037] The tenns
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nucl eoti de basesSINCONDIROUMONEEBEPERENGE007/ 069807
Al QoG Lﬁsmppgpﬁa&%enh&e@ 586k {cifi@li6d ard &I&mm%md by reference
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or nore controlling elenents (for exanple, a
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ShthaCi d Wherein at |east one of the follow ng
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end o enous to}gg gggﬁven host cell, but the
F‘ﬁ‘ﬁ%? 3‘8?’? yEeR (ffi%rﬁsé’é’“i’ ' Be#Pin an unnat ur al (for
Figrafrgows 2 gresftcepressioaplaanippsMdeB. or great er t han
Flé@éyﬁﬁ%é[u&@m@reéﬁ@}:}l énnh{JAMl@ﬁt cell; (c) the nucl e! C

e

acid onpri ses nucl eoti de sequence that _differs
FigEr G UREED FRRT S B RO B R TR PHE B e EE S AT, PTre99A-
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Sgﬁl&@%ﬁ@ﬁhe sane or substantially the sanme am no acid
sequence) and js_produced in an unnatural A&]
FigyerfprGare samitst foF ffs Aomakpstion L alegpdpp s AMR and for pAM328.
Figag Bishaivh the highm shecifioraatinity dnd itcivesed ethiility of th¢ Ejterbduecus faccalis HMGR-CoA
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F%%&gences t hat re not ound he sane rel ati onshi P
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FlamstAsB shee dﬁtncmaﬂ)/oluﬁaﬁd&ﬂ sgcific paorplged) B diene pedsctiviey of host strains
%@S&Mﬁoa&%%%ﬁﬁﬂ@ athd H Mds%@irl:@ @&uﬂaﬂ:ﬁ@o lﬂas&%ﬁs carrying the
[t Can conprise_ an endogenous or exogenous, or"
S“FFé‘f"é’F’éi‘Feé G5ErEias Rend IMES ef859441 The term -
Figure O oEm khasvibe dioatof lofvarl tertpetapire on ﬁ&ﬂ)rﬁfﬁ—4a$ dine productivity of an Escherzchm
<cally nodified host cell" or "genetically
¢th§Q§h£d host m croorgani snt') denotes a host cel
that conprises a heterol ogous nucleic acid of the
i nvention. 100451 The term "€xogenous nucleic acid"
refers to a nucleic acid that is exogenously
i ntroduced into a host cell, and hence is not
normal ly or naturally found in and/ or produced by a
given cell in nature. 100461 The term "regul atory
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[ 00491 The term "host cell"™ and "host m croorgani snf

are used interchangeably herein to refer to any

arcg:hae%bact erial, or eulcaryotic livi ng ceI I into 069807

EUR B hessalgnauapaielen 0614 e, ISV RN,
E’Eﬁf’?rﬁf"ﬁéfl’]t“é‘lsFa‘DM| ch may not necessarily be
Figoapl3atihgwittkeninbioal efietts 6M6vh ehperytuRiand RAGENEHBE: 16ls on amorpha-
o} Qhble FEGAPD B IR L EoDL Nl parent, “due Lo

‘nat ur al nt al erate nutation. 100501
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Flgllxl: g@%?gr.l. %o?wnj) ngllgciﬁ?g Frigitﬂlleg)a?{jp amwg% by ngo.nIEsc(::fxenchm coli host
Strc?’c!SLnst ruct the ent| re gene. Synthesis of nucl ei ¢ aci ds

via "chenical neans" neans that the conponent

nucl eot i des DEIAFLEB SESTRELTTON OF THE. INVESTIONThe term -

Wfal" as applied to a nucleic acid, a cell, or an

or ganism refers to a nucleic acid, ceII or organi sm
U'tlffaf‘efingd oraviies: pih terbpicalaad s‘i“'@l’ﬁceti’é‘ﬁﬁlseé hergin Yaye\fhseprme piganing as
co@imopiy hiydecstlod by brite>f Sk NKIB id thodrt tb SVhiph @SsAienticR belongs. Reference is
mid e @JM&I of él-ms(tﬂat gﬂaﬁ %Q§eﬂld Hh3A [Mg%gq] me%%piﬁgztb e

Isolated froma source in nature an _
Thy &&m “PRICRAT 97O PRICPAILY niERTs ﬁedhwbsaqwmsmhedtf%ﬂe or structure may or may
not By0¢serdtOr Yhai the dubdeguenily dedOBELvent h_ﬁciicﬁhmncd’haiytﬂr adal Yot occur, and that the
degzg Hrfnrlﬁﬁl.%es 1§§an§ém¢he1%q pgrg?lﬁz: %&Lee rgtnﬁﬁl}' %r%nt%gg Hh ¥ icesd where the

or an organi.sm ers to a nuc

regi ﬁféﬂﬂ% SiAbseRly OTGRYRFHF SHETE P oo CBRMTHIaRGA OFFATs gpdinstances where the
evérdbr duc@niidoes doas @obyepept i de or pol ynucl eoti de sequence
1o Whe O Sal 11s 301 RGPS D BhabSRLai 0l 5% BLBSc patiway.
e at

roma sour I N nature an
A‘}ah‘tl’é REPEHAMVIV AT &S 2iyrea "ﬁl?ﬁ‘ﬁﬁﬁ?% sxt!aﬂler rrm&m%eas gfogess requiring
entrBy. NEakAB6IH DathwoB Gikiolvi B akifed 3 bf iger rhoddchies, biedlragistRtdeipy.
THE ge%uxgcva[ogg way’a iq ‘?’]832} Cl%agl at 015 Gedd fm%lg J(o rsfergs? le E Pyn{hdbec pathway that

or enzyne re ers 1 oNn portl on
copteBt EFHCo loghR: yjave Mﬁ‘a@ﬁe@v en&‘gfﬁeed sEhfetiqady & Fll%;ﬂre IA.
The Gperh Vo £ Bl oﬁm@cpﬂa,@he:e yihi BN br “WRAMAMhRGY As SOORHICR sefm(yme pathway

b ety £ RIS RESR AR Sl

111‘?’?5%‘%&%1“1“}7‘“\‘&1“?14’1%%@ ei c acid sequences and the

Thp iveidepysphokpliste BN 6526 @€krchimpadbly Rl With eq;ué,symwent

ThQ Ec e‘l gﬁ'esgm? P %B i oq e\‘?‘ec et@rl tngﬁ&?‘egcl a\éﬁl{%t ? ugcrgsttragls lgn%‘ dor infects a
ion of reco echnol ogy

hovemﬂa ﬁw@h!aﬁge@ thfrﬁeil rRePTpsfueR Bicksic geid And/ar motpips othre than those that are native to

thetBIlj ioh ek fteks nikAGELEid0 BndZdd PiokedtR P4 dnfHinsr thik 1stnbl&1aﬁhre@cpﬂiﬁ tdies

Thglteg% %dg‘ enoax? r%ﬁll'sg% ar; sglﬁ Iaange 90'?:%53 %%9 c:)cc ; S gﬁ’;rl] nge dxtx a non-recombmant

hogi ol uct , "terpene", "terpene conpound", "terpenoid",

Thaféns' E@yﬁﬁmamwepwpﬁ.m isdpERenyBBkbphsib i haageab) ]}éthway capapble of
pr r&ucm 150&611{(] \?érap s&mtc Lﬁﬁl&&%%ﬁﬁggsn, %ighﬁ tg va{onate pathway or the

Dl’@a’a‘hwahnd and "t he i nclude plural refer ent s unI ess
Tht Ren GRBER x&ld’cllaeﬁrnt ¥ pdbirhickia FodG oPiRIRbWHeS & .anyl IBkiHh, eifiRF ribonucieotides or

deoxynungo des. rlehf erth?sntgr?n 1'&18udea%utelg( Potﬁ % dqg s\u/lel%- oublel-,nC| Lig tranded DNA
ngl € expression vec wer 1 g plurarli of

or E?%ﬁrmeque RN\#\e eRNoA é?NﬁaRHArfebreclse:ﬁeeolmer b?rr@Shles’tmre eM pyrimidine bases
or bthé AGAS cHeBE @S BEROhOMIBNE n@ifidd hén-NAFA! & AbdvBtize @M@ 165 e bases.
forth. It is further noted that the clainms may be
drafted to exclude any optional elenent. As such,
this statenent is intended to serve as ant ecedent
basis for use of such exclusive ternmnology as-
"solely,” "only" and the |i ke in connection with the
recitation of claimelenents, or use of a "negative"
[imtation. [0056] Unless otherwi se indicated, this
invention is not limted to particular sequences,
expression vectors, enzymes, host m croorgani sns, or




[6039]

[6040]

[0041]

[0042]

[0043]
[0044]
[6645]

[0046]

[0047]

[0060] Illustrative exanples of prolcaryotic
bacterial strains include but are not limted to:
Bacillus subtilis, Bacillus anyloliquefacines,
TenaX Fon s GETER ] R0 BV e ELDAEH S U ECLUSI00TI0680T e
ostrl i um bei gerinckii, Enterobacter
Pf%@%?& ¢ A BFEh ﬂaﬂoﬂxwesswaef BRGLEULo1RRiEly Segulated by one or more
comlmglelemm (fonekotiile, 2 Pepe@oinwnas aer ugi nosa,

Tﬁw Px%gucgﬁ’y S WA cIPcﬁ@éd@9 ma(%r wﬂéé%ﬁé} 'or protein that is encoded by an

Rhodo sul at us, RhodoObacter sphaéro i des
\rfl}ﬁ{el a ervag Mmliyggmﬁém of morg %lﬂegge sequcnccs that encode a

pr@eih,pdeky dsoopihide iBahsmad ethéraoi-ycplﬁnglﬁnﬂéouﬁd’seqzﬁiﬁeg ella
’I‘}Q¥6§z§ r‘f;rg{eina?eferéb 98’1%@1{:%%%%%&0 a§£g & gi O\Qﬁ@x{ ¢an include coded and

a ococcus adr eus
nop; é?fgli apino pqidsychgmicplly or hwcwsceﬂsbr@?qlﬁng
haviofimpditiddogeidc backbanad. N i s preferred. IIIustratlve
m@me%m@gfom@ﬁﬁw@%%eﬁ hgrun% St a%hag%é@cor&{a% D%ne of the

limted to., Bacillus s sc”erlc
foljoyving ipymee {2) the nuclicsidrs Prgien Cleaggentys o (hass, ey igatelly fpund in) a given
hof2sellj (i) e Radeiasid @Pmprisa s nidkotidiGeRaRse ﬂﬁﬁyﬁnﬁaﬂlylfound in (that is, is

“ethﬁ éﬁ%'};‘}’ﬂ ngmgcgﬁ bﬁhﬂ%ﬁnglg &Idg Eeqﬁ &Sm an unnat(\jlral ({for example,

obact ér “capsul at'us | r
g“iaf?’éthful Regected @0@22]“=r Eiea Apraly Tgpnd %ﬂ“&la'ﬂ?/ 819 F‘%!l &cérhp gucleic acid comprises 2
nutlergiielgtquenes tha HiffeB 0 selpietetfgh dn@nddgar@ad nucledtlds squ@ﬁ’cHTBdlt@& nucleotide

dprmino acids, and polypeptldes

‘se Iﬁrcg H&Q@Jg th%%&zlmehﬂer&%g Klggmg 91 tsax&ro? naﬁ&é %ga tm%mg 1& g:quence) and is

onglng to per

oghors<pmpleesaterdan ffxagcaefiuouﬁfatwth}y Py, fewnd) amount in the
ce]l‘;l@f)(dy ﬂhh mixtHidEaid chigpHsesiao bamorPatiildtide seqiidhcetha Biea@pt found in the same

I es
RIS RIS SR
éﬁ}’%%’%eyf?f"lri:‘oé‘ﬁ”élﬂﬁéls E¥REraeudy Hirpdugiddntp g host gefly ft&d qopprise an
enddgEtgir lekdgsnons, dtﬂw&lﬂﬂogommelkiglahh us niger, Aspergillus

lek AL onsRdhR @sDlEAR5 10 %ﬁ&%ﬁgwmeé KEKRNERSE hically modified

Fusari um gram nearum usarl ven
hog PrFRREEaBipOSenres 2 frast calldbat ersprpises aéFta@@aous Pl agid of the invention.
ThaRg Sdxagendiis atidlace dcidn Iraadioaamclﬁi: sdid matlmﬁagm@,sly RitGMicad into a host celt,

I P
ancpfqurl? };106[1 ggr%ﬁeﬁ&%amghf P% in : Ct%l ?%dl!lc%@ b %IVCD Isgi lﬁ nature.
Tha Eﬁ@? cf%’i‘ﬂ“’fPFlﬁlﬁffﬂa rgfaws feiEaprgtionsd; agh Fﬁmbmwm;cﬂs%% such as
mehoeem énhbrices Poden}l@ion Bighdl, &nﬁlhdt@’s tphﬁcm Skt a 8400 ¥R Sand the like, that
prom ?or g&d/ n at§te:r( q@sglgr{%ﬁ%g uges%ngcalta od§£t1r g{% g}r{%?ﬁgd polypeptlde in

ureus, aro ces bayan accar omyces
a S&E%%aronyces cerevisiae, Streptonyces fungicidicus,
m&ﬁemaaﬁyzﬁﬁﬁong Edfaeaarpexameﬁ&ﬁnsm‘n‘t geﬁafc QRBNELiTdZEd i @ Ual following
mtrg{!ucggtt SIS g&clexc a\c/:idd %{]E@ Fran eqt OB &S on I Y rc(':o%%ﬂ&bd either by

nmyces raneus nyces a as
mcSPP‘é‘Eﬁ“dﬁ?’é ae™ DNAdrte the gemppe eﬁféﬁbcrsmfﬂ,rﬂé é:s'éanslarﬁ g stable maintenance of the

newBNARS phapid pRNLGaE 0 eNEikaydia cEE, a(;feﬁﬁaﬁiaft bdhelitbrdgt & generally achieved

" oy AR e R AR A0 IPRECT USRO0 009807 1000 erc

[06438]

caryotie cel
cmhsnu'ﬁsa'eq%g@rﬂwtchsqmﬂaqw q glaﬁm@awm@semllﬂerrﬁ@f ?uale fs\péasmids and expression
et MRIcR aPEont@itne Parhdto §@Biable Slaikarlks RSaid iA @eii@Rinkinc&inhe recombinant
hodn Ok limted to: Fusarium gram nearum Fusarium
ost getl. .
veéhenat um Pichia pastoris, Saccaronyces boul ardi, _
Theyiqem ‘Saerebly by Easfes ér RipKtagosition WiSTEGthe $ompantes 5¢ dsrcribed arc in a

reléﬁ@ﬁﬂlﬁipenﬁﬁﬂ@h% tmo@ﬁ%udﬁﬁid&fmrﬂ& by &shﬁce’,:@ﬁdm&&ds operably
lin]gd ?cga 1 t{t]:le g’ct re%tce 8 Hle (c';ﬁrA eg thG?rn Gl altl'mY %r ex essxon of rﬁs nucleotide
al e. ese ral ns

CPGoE*“BaCi

seqpepet-i baci | | us aC|doph|Ius LactobaC|IIus helvetlcus
and Saccharonyces cerevi siae. | PP Pat hways [0066]‘The
host cells of the present invention conprise or
utilize the MEV pat hway, thesDXP pathway or both to
synthesi ze 1PP and its isoner, DVMAPP. In general,
eul caryotes other than plants use the MEV isoprenoid
pat hway exclusively to convert acetyl-CoA to |PP,
whi ch is subsequently isonerized to DVAPP.



[0049]

[0050]

[0051]

[0052]

0053}

{0054)

[0035]

[0056]

[0070] In the third step, FIMGCoA is enzymatically
converted to nmeval onate. An enzyne known to catal yze

qr: a_gf{%% for exanple, HMG CoA reductase.
Thb ek tha cewem@%gg%a?gg&zw%%@éd e oo A oy 2rchae,
bﬁ%?fﬁﬂ Py hvipgget! lo‘f}%vfs*shakfé%ﬂggoewcsﬁwéa@ be @l peom inserted. The

tépi@BE weDites 8t thpiryteoy ot igigial @1l SYhich @y hAQded&aily GatdmpSetely identical in

_ i or(nﬁgggrﬁé %17 totaﬁ‘fﬂ(lﬁ QI’IQ}“XIG&%"ZO%E% ori %1%9 S%@zﬁsc)ue to natural, accidental, or

é{f 543 Ni cotiana attenuata)
?&Fﬁ?ﬁ%ra griseol-a), (AX128213, providing the
meqmmsh@n’wd:sadgn Rfetdnt 1o atddc ddidoNeanSae G IGEWESmically synthesized

oﬁ @éféo%haﬁz}l ﬂg’seg&s C’wﬁgﬁﬂ‘g then 3:12%63}1{]assiambled to

15734..1188 8 Sacchar erevi si ae
C?*ﬁ@mf e PRtE 8ene Pynthesp BieACide via nCi‘?i‘Pé‘Ellné’aﬂ greans that the component
nidkosiid eueiglaasembled @ visor m neval onat e phosphat e. An

Tﬁ@%%am?% Jp%eéé'ﬂh%(%ﬁ%cu;h §clIS$ref19 o { (Pefcr$ t)é%ngclelé acid, cell, or

rreva onate | cl nase ative ex
orsgiR Bt iflounddp pattre-oBor erEPlrd e PApePtide ar nﬂwuqlqometse@qce that is present in 2

nérl-pafte®ical Airadiseaef)Sirganisiidhait ednay isoldldlfrdnk® BBt@ in nature and that has not been
nRRAGRAY ABYAAS gmagmh@%m{ogpmm' in the fifth step,

secon hate group I's zyna ically added to
Thetemt ‘Sanrely SCCHHB% i aqpéle 19 appTieis 3eidy 20 BEEReen cell, or an organism, refers to a
nildiydciipbiashd) edligor offanin THATER fIAORAILR. Bateaén)pzee b&liRptide or

| .

S B ALY g
Ff@gte’e}ff’ﬂﬂlxwé&e brea busrg b lebaratery Hd’émﬁﬂff OCRYTENE Ot

Thd tBfint ‘de)ldg&a]ly(aéﬁvc%@ﬁ&ﬁ' ashippiRa ol pa@Lil, ipBIRSdpEde, or enzyme refers to functional

n nd 1145, l,enent
i o
SEAPRECESTIRY Briss: Sefip 25 HrEAPEAABTRAR @f codqpyrdapsierry gndivectionnl equivalency which are
mmydrahm@adu}ayy @iﬁﬂﬂﬁfcteaﬁcidmé@eﬂc@%nd & pﬁ)fbﬁbﬁ HRs kREWD. Hufctionally

c%% ﬁ)%(}%e hltr gepgaeg pna{r §1ternaﬁ c n%lrudt drre Vtﬁle lgc)z(atéon c1f recombinant DNA

ospha ecariroxy
tee#wh@e edtshreengesjo &n eetin %‘F@Ftafd &2pbr enaaneerqﬁoltasq@ omcer@xéeranons of the

propertics ¥OESMdino ﬁfds@éiﬁg%'xeﬁaﬁgﬁes cereV| si ae), (AF290095;

Q f. aec
Tl%g 5[%, lg(?p? En?%l‘-’ IS%I JT?B con\ier ?pmdl i 8mgkbﬁrigF}erp€ § n%%fme compound”, ,
“rerpgreidt Iind frerpenpid cprappind dgr uspthinieteaapaesbiy fieroin. Tery eeferd gompounds that are
capltiSorbigPddriSed ffdﬁmexarrpl e, TPP isonerase.

IIIu t|v £ cl.eot i uences. i n
T sioedl etan ot gI i mgt edie %&5 S 'ﬂ%i?)‘g%‘:o"@ﬁtf%é%"s‘gcmws
othgyise  Thehifey sxamiple) refeame te 260 vigshintleieot ghsle gpression vector as
wiihg a@QIRlG) oF eQ¥estiOn VOMAE hnit Sefér@tl o8 hosBkbilP HEK@A $&dence to one or more

R
Ay Wl 1 stamieplys inteagrditqservg es sksrdghY bawafphmyf sugh)pelusive terminology as
saatth&yy 10 the Jikein SEHAEHBA tvith the RERHENS R alrd BlerBdnts! SR IR “nepative”
1R hvvay is described in Figure 1B. In general, the

' pat hway conprises seven steps. In the fi rst st ep,

Uﬁys‘s atherwvise indicaterh s inysgtion is hpt Bmgtd e pargdulietegeaces, expression vectors,
ﬁﬂ%%ﬁhﬁ&&rﬁ&sﬂ'ﬁ?pr&éﬁ&@ %Y sulch ¥)¥ WbOis %c%mgs’m@t: @nderstanding of
thosc OF orﬁxXary ilél?l%vﬂ ; O Cx%uﬁ% Ot’%xéegéngﬁﬂ?’.%e%%me_{l Hel wsglv F?I;‘ %g geaec.hmg_ herein.
Tqrmnalsssr used Wpeeinsix ﬁwpme@e&ﬁf dﬁﬁ@%ﬁ%@mﬂu@m&mﬂmﬂ i#diet intended to
beldMic@al € not limted to: (AF035440; Escherichia coil),

HostCeHs(NQ)OZQM | ocus tag PP0527; Pseudornonas putida

KT2440), (CP000026, |ocus tag SPA2301; Sal nonella

[0057)  Amyrauigablechast Pell manyhs irsed et EGICe OFEYesert NEUOT 419 3ne dghodisent, the host

cell &0 obheBBWN) 2RAieANRARBAGLMisnSRRIARE QbleSac . rfblcbhles have been inserted,
(NC_005296, |ocus tag RPA0952; Rhodopseudonobnas

pal ustris CGA009), (NC 00455&: |ocus tag PD1293;
Xylella fastidi osa Teneculal), and (NC 003076, | ocus
tag AT5GL1380; Arabidopsis thaliana). (0076] In the
second step, 1-deoxy-D xyl ul ose-5-phosphate is
converted to 2C-nethyl -D-erythritol-4-phGsphate. An



[0058]

[00592]

[0060]

(60611

[0062)

- [0063]

2.4.1), and (NC_ 002947, |ocus tag PP 1618;
Pseudormnas putida KT2440). [0080] In the sixth step,
rret hyl -D-erythritol 2, 4-cyclodi phosphate is

P
dt Pe ]mlji'z)féélr 9§ }’Eyzmﬂﬁfumﬁlfegon,( gi)shtutlon, and!cgl;{lggzgsqggg?%%eondes),
An enzyme known atal yze

o ﬁi‘ n % % dg‘ hat e..
EHTPE gy B Serpdporespaiispraound drjgpissayd Srwden §efbit@Ejncreased yield of
thydrsiequhisoprtnad thatsepr&wm&eﬂmve |Th hrio8iky eibbdifrent, the host cell is capable

of®¥i Lanhifle, S Bhce £,

i m eﬁﬁt g{q H%\%OSSSlS Eglgcﬁerl cilcg&g%%ﬂ ﬁg%h&%g‘fﬁﬁb?w or saple
uspdiE AR SRR IR e TPAeR BRBIFE AL s Rt b mrpzfamy thatzglegs not contain the
m¢dNica s Bi3de th @ catespoadind¥okt 2M82; Rhodobact er

B

a“éB’n*ﬁ‘FecF‘t’ &lugden by a@ﬂ?‘h‘é?lteﬂ pphese bqhtrgmz WHB@WMMrchaeglobus
Ha@oyerurk Mekandcoccsadalhyiodadidriut, Bilr@dcdu§ Sulfldbu %@l WkMoplasma.

I J, L shrie Q%ﬁs !:)f@:thgé/ JulqlnL }ﬁ%l]}xgé 'rth?‘é Q(n edt): rHeroRCrénSr’z pl ” CI Arahaeoglobus

I Tustrative exa es of nucl eotide seque
Julgidys. Mf@a'r%ffwwwﬁ"ﬁ%&f Plsthapabeagpeithermesidtephicar, Byroesrasy abyssi,
PyaeteclNGrB&RE ARermbgiGst o ata@haﬁaﬁ@@@mﬁaﬁud@mm put i da

0SS t
Exﬂ%lés <$ )a Fé*]%g@z léeel{ 1&%12&% %ﬁ%@ﬁ& (iii ?) ﬁiose &{ongmr%tf) %b &Fnega Agroebacterium,
Aligyelpbacilassnapieng, HG%‘@“EP‘BE”E%@@%’ ﬁzwwrev éiqa%iut PBrevipresterium, Chromatium,
Cl@ﬁrﬂﬁbbc Uo@ﬁeb@éterl:ﬂpﬁ'ﬂarop&c@w‘ I Ei'ﬁﬂzi)ysckdﬂﬁh iRl IREORYcillus, Lactococeus,

Mésgry:S un? I]/[ QI%SS t a IE]IE(%rdongtm%Ltl nat Ed ﬁsgztml'o;n?rlz% Rhor?obacter

exanp |smn|m2é’or |
Rhgdopy %“éﬂ”&ﬂ"%@f?d?’ﬁ@”ms}fhoﬁ?cﬁ% PefairrtedenSeapdegmun, Serratia, Shigella,

StapHlokdd&is\NSiekrodret, hﬁn%?az@azwwmﬁ;% synt hesi zi ng | PP,
IHLFE%IVQ gu%lep git ré%@%oncsbaétgéaﬁ gxd ug la;}ieobutpr O\I{At%:mtgc{j tg J%:c%us subrz[xs

organi sns \NOU e equi
Bagfﬂrseimy{oﬁ@@@rﬂ'ms«eérgwMfeﬁafemm@owwnﬁa@rhwrefewz y»rwswdvlum Clostridium
be@ér@ﬁﬁs EnteldBacken s REINRE) ESIHOShRsh) maab@dcuwat:ﬂ MR MEMum Toti,

PSBJ%L W%.y aen%r%?niP?erz}? t hat v%l %’ lh Xegcllau %11 Ve ica ?(hodobacter capsulatus,

predom na | nc
Riedohipeyir sphapey hfemeerd@vlrt« r[v@o%@]omr!h esfem? Sadrtrrdiavenis, Salmonella

o erilan, Sﬂhzg@l@i J}seﬁfeﬁ&w Sﬁ&llhﬁ&n\ﬁz %‘higbl@ sbﬁv; W@M@éécus aureus, and the like.
§enfrale 1if a% en%lﬁ}o 1 CG].VIS o d, nnog O%Epogcmc %trggltls %‘_31%359 g.glfﬁ%%/examples of non-

.,__

er enpo
pathegegip fmns dnehers But are se&t}mefed tooBacHis subties. FrokerickieFdli, Lactibacillus

aciBspASIiC Bfe10b BRI K ETb ctiSils NIk oln bk 40 W giRbs k) %&E&m@m@wm Pseudomonas

ot
pu«?l ogol'bactter SNFVfag eg I]y\%}égcter d':a%su{f fus 0:5}) eth é!luénxrﬁ%aré:gsang ﬁheén}gc
Wfé@tof V&Wﬁg celisdnchugp é'etua@nlc’blfmvﬁ@ femgalmglise Fosfrpl¢seof iyl cell include,

buﬂaaetxhwteemzmaeselm@&g@mp QMSASQQQMSI Cmidamu.&dﬁur@f(}yotococcus

the inavention re
Hj ﬁr«e)myces %o téz){aregros orao tczlhum %h ?acgi[ézrromé) neé Trichoderma

aﬂ%’é@d’ﬂd@”ﬂ?ﬁ&f(@ﬂ@cﬂdé’ﬁﬂﬁ@d froma si ngI e | soprene unit

m&&dul:&;@&m%@ﬁ&ryo{:%&l mE]ﬁ&EFHuEaG@not ﬁl@lﬂ&ﬁl) Asﬁé?@ﬂtﬁﬂ%lam Aspergillus
mger 9.9 S etk & Ctalélr niida albizans, :msI D e angw 71 t?’ s J_SO g mearum
WEEE" VETReNE Y soprené'”sprl'f"hgse T USET4E @’
Fu&@%m@e’sﬂm Kémer@mic@ Iepdfs INswPindRe csesep) Eislie gnduste | Richéa fiplandica, Pichia
koddnRe, m’gﬁ:g'nieﬁbrgﬁ%ﬁ{cﬁns PR b3 W ca, PR L)j;&ﬁtt:@é BR)ia pisbris, Pichia pijperi,
0l.Ul Us

ch%o ﬁﬁercwaasﬁzilaﬁg;}xitw& cézzézﬁ,}begﬁ%rﬂ%mo §ztc%1m fre g)u%a g ﬁh ia stipitis,
Strepeamoees pirofeéant. vechidrpvoen agreciacigrs. Spyypte’prfescpfrm dafc@PRyces bayanus,
Sadt\ﬁ}bﬁﬁ:e& BoulbBl SalialoRgees %%Fb% aizﬂeﬁ&nﬁés ﬁ,@%&m fs:r%f?ﬁes

gn wn to cata
gnseoceill nepnraéenes eav n%/nfyc% §FL6%FI 8’ ggﬁcgrfyéesivﬁ?rﬁ a?éréptonil-)f:féssoézw@féeus Streptomyces
rampahowpies ces rrsashiesss. Rinavamyvess vivorees Eriqhedrerna trewband danthpgriyliomyces
der@FSPRAEL LAy PG hoNe prene units. 10088] Figure 2
shows {c,chemat |a"?g} ly Zﬁt’)nv%vpl F? and DMAPP can produce
GPP, which can be further prpcessed to a nonoterpene
" WD 20071140339PCT/ US2007/ 069807



100891 IIIustrative‘exaanes of nucl eoti de sequences
for geranyl pyrophosphate synthase include but are
not limted to: (AF513111; Abies grandly), (AF513112;

[0064] lt%ing 14@3 ’celi Eé%?’%g E%t@%m% ﬁ.’et%)l‘éd g ustraliye gg;gg??? gf non-

t|rrh|nummajus I'num maj us
ammn B4 bg? Bot {ipited fafﬁfmu("mww FE@GH’S Venenatum, Pichia
pa&Bﬂz&. G9ZiaroB@ees b&uﬂ@d:tﬁﬂ@ﬂ&aro/h}@@cel%%g) (AJ243739;

J lL.aphr
[0065] InQd&xg&g %%E% Fxgs h%%enbe ?%é é@g gg‘y‘@?_ﬁcﬁo‘ 2 g&:lc\ﬁ;%mngu’auon as GRAS or
G%@Hy 5‘?&”{%‘ As %g&q:: 1’@2@28‘3%1&%@@@:]1& %yéqd;st I@):‘fzbaczllus acidophilus,
LAchIBASUBE 2diverbadnld Baoehgrbmifed dePebisiak. VPl 249453, Ment ha x
IPP PaillPET 1 1), (PZEA31697, Locus CAD24425; Para coccus
eaxant hi ni faci ens), (AY866498; Picrorhiza kurrooa),
[0066]  TheAwssals@bthe RietcpnyPREAncamErjse oryitizg hEMBYPRthway, the BXP pathway o both to
syAdiEs1-2 88B4nd ZY [¥6xA%R  EILANP Dinlgke)al, c{l]&@%&} otk#lthan pBintt B fhe MEV isoprenoid
P q’fl?ig g:?c?ug%v&y}e/o céxg(\g?\rlte reéyq %o%ﬁbﬁ»gv g%lcheig xabsaaguc n}g 138}:}8«:28%&? g%/[APP
Prakagyofret withjspine @GEP“P@O‘QE Jhe e&r@mte[@c@%}ienmmﬁ@ammm@mdm IPP and
DH!A!PB Gdpdia@lyltrough$ bl@bH Wbidt. Ninlgbral, §%hi uRfboNRRMEE &1 DXP pathways for
fthg,gl arly pine trees. Carene is nade from GPP from
ene synthase. Illustrative exanples of suitable
MEVP“”‘H!F}CI eoti de sequences include but are not linmted to:
[0067) A eaﬁaﬁﬁfkl}éﬁamﬁﬁﬁ ENLAREY pARGay iPllescrbB@inFRRIN. &D%i:neral the pathway
LAES27416, REG ON: 78..1871; Salvia stenophyl
ﬂﬁéf r'ani ol [0094] Geraniol (also known as
[0068] In rﬂﬁd‘gqﬁ oD, » twqyrejecales plragetylpeenziige Mjare ehzymatigallyygpmbined to form acetoacetyl-

CE0 NRefhe @Bw@tolca@[&zerm Qe JoRRAhpM, 9&8/1-0bA thidldse éisa Qnown as acetyl-
Co ng’:gr Igrans?craq ﬁ]r % (] exgxrn% %dl cbfl?mgeo%{i%sreguence? Pflu‘fifltaﬁm noé limited to the
@mﬁ@ga@m%ﬁl@m@m@vélt@wsﬂa@n@mw spaverdcatistifndt (NC_000913

Rﬁnamn@_mimm&eﬁst&ch&z&&é&?@?&%@ @Bm%mmﬁcans) and (L20428
sab ce a(e Y362553; Ccinmum basilicum, (DQR34
ffea & 7 er &Stens strain 1864), (DQ@34299; Peril I a
[0069] Ingiepscoptimeat b ME\pel B8y, ot (DI AG8 enz Paaticilly gondensed with another

méléduleloPHRKACSA fodbih ¥BARky-32tkh GRATHMEEA) An enzyme known to
catg.{y% rt:lﬂ% dt?ég)fgrlcgiglgg} m@ m\%‘éﬁvg %lgﬁlglcgw gcotxde sequences
inqhjdg ritgresngt fmited te GNEC_ DRSS Oswlcstﬁnt L9064128516; Saschaeptecds caepisiae),
(x58H17 kﬁ)&c&hbﬂﬂb&?&er@%ﬂkﬁ as3882; k;&%ﬁs@tthdhﬁnﬁ )(ﬁﬁ@‘]g@'r’ thas@tospora

ST R T i

Stqphdpee9duredshcus AAB71482; Arabi dopsis thaliana),
10070] In (hé)i@é%% Zmé&fc@b.llﬁ&%ﬁaﬁc.—h R abivaie mbMMhAO AP zyme known to catalyze this

g’é%%ﬁ e st Bk Siralo A R Sl et inctude bt are

nO‘dem@Flm AYM_20APB6D &8 DRl hepiceasteny @Weﬁqzﬁf( D588 tad SAV2545, GenelD
1153596, I@@h SRS dudous), é\?@%@&&; G&IMEQ:@I@I)S(A@@H;GZ? Streptomyces sp. KO 3988),

NS Rh of sty A B e Bk s

sequElce am<re91mg { w8 SAMGR (icehamarbyess icéri@uns), and 0NV %8 3451 ymplement
. (11@7?/42@13%@& I.sa)((&).ar%{z:sgls O,Efﬁe L°§ES4 23?276005; Chy_zla_
|V ocus Z sall va),,
100711 1 By b, il o B R g b p il A
endymg kesuen sitglyze ANSEPGR By cRimpéametrioany kinfsOQIIGH Y4 cxamples of nucleotide
sedubfc8Pindhde GRERSOS imitddRS) dﬁ%ﬁg‘lﬁmﬁfopﬁ%mﬂm ahdl BEBEBERR charomyces

var. .crispa cultivar.
cerevisiae).

[0072] In the fifth step, a second phosphate group is enzymatically added to mevalonate 5-phosphate to form

mevalonate 5-pyrophosphate. An enzyme known to catalyze this step is, for example, phosphomevalonate

-8-



[0073]

[0074]

DXP Parh

[0075]

[0076]

[0077]

[0078]

[0079)

[ 0097] Linonene [0098] Lirnonene, whose structure is
is found in the rind of citrus fruits and pepperm nt.
Li nonene i s made from GPP by | i ronene synt hase.

méﬂﬂﬁiﬂ‘é’@zbav&uﬁga%@g@&eogées abéncu c%c eortm't gTPCT’US””’“”"ZWa

ences I Nnc are
ﬁﬂffﬁaé SM QeSS Her sepien), @Ni (1‘14310011856 vonm@neems} 23 §eHP670;
Smﬁar(n@éa&ﬁikiﬁme)REG ON: 48..1889; Agastache rugosa)

5, EGLON
1602 o BERARIE HYIRIEHES | BRI BRI pr. s e v
caféyzefg%%ep i\ B xprgpicameNalopate prePhORIGI GBS RoxyRECGIEM ative examples of
né’&onde&z&m&mm@ baPireatt Bhited (BQR1s SMELERP By 20D L), (AF290095;

ML cene, e uy, s found in the
es?goncmgeam ané&frr%%% pm”f'%’e"s#‘lcl udi ng bay, verbena,

IRRYEs iy recparentedgprPMHIPE hther 2 sgeanth step & repaiived. Avienoyemdndse to catalyze this
tﬁﬁﬁ,&bxf S ApIRR imeaé. ARG aSH BERPRE of dubibdiab §eaﬁén¥c§ include but are not

111%3%«%‘19 éﬁé 62)59 3 %&E?[QIT %{J%gg%&!eg %ua cggg ?%l{g? %%2 QZCA yfgeematolil‘gccus pluvialis).

If(ﬂ;mz%e@g 0 WP shequired, projperedsed emmgs 60BP ispmerase ehpuresitint the

cdiRorsi6n of IFNMo DM B docd ik RipRORSd Stelliin @Qﬁm@cﬂg&u pathway.
NM 113485; Arabi dopsis thaliana ATTI§S-

M 113483; Arabidopsis thaliana ATTPS- ClN)

A(sﬂwwmayesemoa Rf the DKE patbwny)is deoVellig Bi26re 1B} beggnceral, the DXP pathway

calpiies Joved Afpd 68 WeFirst Bl aebtl: 8 Eander@%wg@éemgyde 3-phosphate to make

LSS A AP ISP B o iy & et deony -
Xthdemé -rhpspbatepthest ymefﬁapvemxmiawﬁmfctegme sequercestigtiltlg but are not limited
toQNF[BW@ @&hbﬂ:&k&r&@nmﬂ sotvatl @ocﬁJ @é‘?’l@?ﬁ Weu&ﬂ:ﬁlo%%nda KT2440),

|ve exanp

U5 RO ST B8 T P 1 L 9 407053
R%?A%@W@?abaﬂquem#m R 1 (NG ) 005 20M IR B BP AJRSL:i R dvip reusiomonas
pdm)ru@}z\oég&de%&QSScs ABhsi kel Ihji@btm WP SSskidioke FelnbddddR fnd (NC_003076,
| Adng,‘? F%" al i ana IKT%'A’ 113485; Ar abi dopsi s
°‘f%%g i‘ana Q?Of’ RS 13483; Arabi dopsi s thaliana
Inﬂ??ﬁ@ﬂ@@ﬂ) 1- d{WlWWO?@-S-pMalmgp@mteﬁ tociC-ragilayl-D-erythritol-4-phosphate.

wn ON 14 fordxahid QQI%J»@ B- Qﬁi!llbé%?lphosrhate reductoisomerase,

- ATTPS03 N 27982 Ar abi f hal’i ana
i Rff“'ffb%‘?fg R 2 SRR L D3 S e 5 (ARPR PO Fycherichia co),

(AE b8852; dotbrdorse tedlias) NI _ 0428470 lvbwsdag)PP 1390 08Bl mandPpitizin £T2440),
Ali@@l@tﬂ]océhf RB94; WHARSm SLsI Uk IR B), (N 0693/ 1dA40388sP_2709;

Rho b{aggzsp 061/‘09 es § 9 Y), and (NC_007492, locus tag Pft 1107; Pseudomonas fluorescens PfO-1). ’
In the third step, 2C-methyl-D-erythritol-4-phosphate is converted to 4-diphesphocytidyl-2C-methyl-D-
erythritol. An enzyme known to catalyze this step is, for example, 4-diphosphocytidyl-2C-methyl-D-
erythritol synthase. Illustrative examples of nucleotide sequences include but are not limited to:
(AF230736; Escherichia coli), (NC_007493, locus_tag RSP_2835; Rhodobacter sphaeroides 2.4.1),
(NC_003071, locus_tag AT2G02500; Arabidopsis thaliana), and (NC_002947, locus_tag PP1614;
Pseudomonas putida KT2440),

In the fourth step, 4-diphosphocytidyl-2C-methyl-D-erythritol is converted to 4-diphosphocytidyl-2C-
methyl-D-erythritol-2-phosphate. An enzyme known to catalyze this step is, for example, 4-
diphosphocytidyl-2C-methyl-D-erythritol kinase. Illustrative examples of nucleotide sequences include but
are not limited to: (AF216300; Escherichia coli) and (NC_007493, locus_tag RSP_1779; Rhodobacter
sphaeroides 2.4.1). .

In the fifth step, 4-dlphosphocyndyI~2C:-methyl~D-erythntolﬁ -phosphate is convcrted to 2C-methyl-D-
erythritol 2, 4-cyclodiphosphate. An enzyme known to catalyze this step is, for example, 2C-methyl-D-
erythritol i, 4-cyclodiphosphate synthase. Ilustrative examples-of nucleotide sequences include but are not

9



[0080]

[0081]

[0082]

is found in pine trees and eucal yptus. a-Pinene is
made from GPP by a-pinene synthase. Illustrative
exanpl es of suitabl e nucleotide sequences include but

WQ2B07HAI330 i i (4). aDi svnt h PST/ASH07/069807

MR LA 0014, OPAOE BRSSP SERBECI

2.4 Nr s yS 7002947 Gy, tagBP 1648 Psendepiongseputidadelif40)and

In(tHe)shith wﬁm@myla%-%?ﬁ&iz,(ﬁﬁm%tggﬁﬁhfa& %;%&y_z-memyl-z-(ﬁ)-

| O S, LOo- Pl nene - Fl.nene

REE BB b BIRE BRI IR ef by BE Bl LRy 2 met 2 o

bytraylst-diphospliate syntiyses i1justrafivg exagwles ofguitqtidpeeqiegcayingiudd hupsre not limited

toGRR 0BYs 15,—531::{&{3&& &y hae294b) 1bd¢§_tcargi€1=tpb85@; ﬁst)ém&% pt?fda KT2440), and

nu | nces .l ncil.u ut are no

o bAS Tt E?’L ﬁ-g%ﬁ REzoar snpacr s q?;{gz 76072,

TnRGE G StEp,, 19pd0y-Ame -2 (E butemylr & yliherehatoAF Sn4@ R into either IPP or its

iséRER IINAPE Ban chB3dk knbWwh follStalytd WRID Jtep i, 30+ eRArlp1SRBpRS Mimethylallyl

a0 . 9dll BEne, . wWhose, st ugl g:le ences fg%”d L ot timited to:
DI BRET | ER T B PARREHC! el ssyees el iyl are ot limited to:

(ASRB? 2 &rfEschenchicnedd) d GRE (GRS 43)locns Isig IPAE06s Psatdomaens piiga KT2440).

Inisbrhd SritlodkdeME "8 ¥R MU "QorQhterfershibd) bl & thiokt@OHd (4 metabolic processes and

T D N M —

 elipinateid qutively. RQEBED]e. crgss Tl i iinimized aghlingigatest autictyurhen fbs host

[0083]

nli;cc&oé?xﬁﬁﬂ%_tiésteﬂﬁﬁkﬁveﬁfonHfé@))ﬁﬁfaﬁx%} £k sﬁihlasiﬁﬁgqpr,fqh& i Mggg athway is
T rulis. .OCNem C Yy -terpl nene 1 S,.nage r.o .
inftaiecSs prp ARG b sich 3 bS5 oS wepia TR IE ASTR 6 g’f‘ the expression
of sheiMEE) bathway chayoes eferosesy the irrdeomedisics|agpdaated WiFGHeABE pathway. Organisms
thdRES ENusidy orbBAdminkRiFoftn DX phath W ihe @3 Ofok ABEHO 4G erichia coli.

REG ON 1..1803 fromCiru nshi 100111 X .
o RGPS, DL G0T POLP i T Tt MEN a0 Pt Pz i
coBIn2B0 Fith G TIP paETY. USROGT HOBSBERts, 4 hostfs UPbathmais Swktionally
difb'lf:& ﬁ)_rl_lﬁat He ¥t @e‘imq&eeaﬁga ex%iﬂﬁ\ré%hrjg Q%%ét@mlog&ﬁﬁwinn%ﬁ&ied MEV pathway.

I pl NolLepne 1S ] (0] er pli.nol ene. . ) .

o SR A 7 oF P by ey i e B s vatin the funcion of

onp uChee tf tieDXR ppdevry @ndymed- udes but is not limted to

C; Compoiln¥906866, REG ON: 10..1887 from Pseudot suga

[0084]

{0085]
[0086]

nenzi esl ..
co

C; compounds of the invention generally are derived from IPP or DMAPP. These compounds are also

known as hemiterpenes because they are derived from a single isoprene unit (IPP er DMAPP).

J

]

Isoprene
Isaprene, whose structure is

is found in many plants. Isoprene is made from IPP by isoprene synthase. Hlusirative examples of suitable
nucleotide sequences include but are not limited to: (AB198190; Populus alba) and (AJ294819; Polufus

ailba x Polulus tremula). -

C;y Compounds

[0087]

~ [0088]

C}o compounds of the invention generally derived from geranyl pyrophosphate (GPP) which is made by the
condensation of IPP with DMAPP. An enzyme known to catalyze this step is, for example, geranyl

pyrophosphate synthase. These Cy, compounds are also known as monoterpenes because they are derived

from two isoprene units.

Figure 2 shows schematically how IPP and DMAPP can produce GPP, which can be further processed to a

monoterpene.

=10-



[0089]

(0050}

[0091]

[0092] C

{0693]
[0094}

[0095]

[0096]

G s Conmpounds [00113] C15 conpounds of the invention
generally derive fromfanmesyl pyrophosphate (FPP)

whi gh i s made by the condensation of two nol ecul es of
1&%3&9&% B4 EnBhoal MR Run ] osgo%‘\gg}%s e T ane mot
catal yze this stepls Q,E
ligiiddpHOEpHAL & Abiprerrade. (ARG =§gc@#ﬁb 3 Bietbigs gegndis),

(A@rﬁcmea&zmmqm iR G5 4430 LT RintoR O/ € 10876] XRBiddps® Maliana),

n i wWs. .o
AR AT LU A RSB s s
C{SF%UE‘@”@J#Y WP s i) (RQABHPHerorpriseeasadatmd (AF182828; Mentha x
pzﬁ&ﬁ&)LﬂAIFQSZSETj MenihB 0 pib&lta) (NIRIS40R 51t Méﬁhzﬁﬁ(ﬁm)hﬁ SP2E431697, Locus

CRHS Eg ?ggalec%c%e ga?xg%zﬁz?’z;fgcge%)h@t%ﬁéﬁbs dor?zza h‘?‘bg%angGZ Vitis .

Wﬂﬁa’:‘(& %6 (283 8BhdiocusfeAF 12343 THRPBoRs mabitif)i dopsi s
GPina itied Bd}equdnANLiIOE#E 1o LT bET,codiposA). , IksARAR LARDes of C,q

ur.u Escherichia coil K-12),
cop%é&ggggﬁe)kﬁ)%%%&%@%% Fusobact eri um nucl eati on
ﬁ:rﬁﬁssp nucl eat um ATCC 25586), (GFFPPSGEN; G bberella
fujikuroi), (CP0O00009, Locus AAW0034; d uconobacter
oxydan 2 (AF019892; Hel i anthus annuity),

a(r KEE%%QW% sapiens), (ICLPFPSQCR; Kl uyveromyces
lactis), (LAUL5777; Lupinus al bus), (LAU20771;
( NCFPPSGEN,

(PAFPS2; Partheni um arge m, (RATFAPS; Rat/us

norvegi cus), (YSCFPP; Sacekalnjomyces cerevisiae),

(1)89104; Schi zosaccharonycey—ponbe), (CPO00003,

Locus AAT87386; Streptococc pyogenes), (CP000017,

Locus AAZ51849; Streptococcus pyogenes), (NC 008022,
is {03048 TP ERsEs BEDY Ter EHTHBY PHRE UH o GEAWLS TRdA PFSFE)fom carene synthase.
NSO 8RR B:s of wisalde NFleBIO S:4ibencStincigt be ae audinpydQYe@Eds61460, REGION

Mz3S2998 kv R
Wi e e o el e B

pyogenes
&’ﬁﬂgﬁgr natively, FPP can al so be made by adding 1PP to
G (allsh [ktkstnraa tHod@DexbBmpbtesuefis nucl eoti de sequences

encodi ng for an enzynme capabl e of this reaction
i nclude but are WOGS? Locus
AAC06913; Aquife j _&02836
4r abi dopsi s thaliana), (D84432, Locus  8AAl 2575;
is fbg g corapoger of dik afrose eleﬂr@emsosa pib Jti@somAEREE Bgranium, lemon, and citronella.

Gemall i nikdZ bh GPP bﬁm& sabeDAIdckdY e exbBACFIPRFabIERR eotide sequences

mc%%c %\!}t%%él&? It e%d?c} F%HB] (ﬁjrénfz)é:bngré ;681%%'&49}& ﬁg%zgcrmum basilicum),
(DRBEATE0; Rﬂl@@gmeenfﬁl@wdﬁﬁﬁ)l (@QZWP? lé’e'hliaa@ﬂméwm@)isﬁl), (DQ234298;
PeEzﬂQEz%zam D4 93 SPA-RNBNO8IEI R PAXR2RAsdokad Ct obaci | | us ’

Lis k i subsp. sakei 23K), (NC 005823, Locus YP_000273;
ospira interrogans scrovar Copenhageni str.
Luplagh phigse iucti30y . ( AB003 187; M crococcus | ute us),

(NC_002946, Locus YR_208768; i ssgria gonotrhoeae FA
1090), (U00090, Locuys AAB9175Z: I zobi um sp.
NGR234) , (J05091;/8§M,amhyg§&gﬁ sae),
_ 1r(CPQOOOSl, Locus AAV93568; Silicibacté€r poneroy
is fpymign Ly flore owhwice plage frsh rdgdgeeedstly bl éBé‘LEEPm GPP by linalool

syfied) MhBIaee Benpleabth suidbleGadehids schmttSndiRe Bt Q061 Limited to:

St sa )
I AR R SRR ooz s agane cavess
Arahifsputphdirrely NBEA0EPE etrodidorss thaliane) (AFdF4123:5lrenP Gomgl (AF067603;
Cldrkil BEA e, {Amsmarm&rﬁs c@rcmﬁsl),%(A@omou AU kia brewer:), (U58314; Clarkia

orp it T A B e . @R g DA DRvcnsss

precursor to artem sinin vvhl-nh IS made by Artem sia
anna. Anorphadi ene is nmade from FPP by anor phadi ene
synthase. An illustrative exanple of a suitable
nucl eoti de sequence is SEQ ID NO 37 of U S. Patent
No. 7,192,751. [00120] a-Farnesene 100121]

Lupi nus al bus), (AF309508_AMis nuscu/ us),
. Neurospora crassa), (PA Par t heni um ar gent at unj ,



0097}
[0098]

[0099]
[00100]

[00122] fl-Famesene [00123] 1.3-Fanesene, whose
structure is is found in various biological sources
|nclud|ng but not limted to aphids and essentia

047/ e | ant s PEEAIS23/069807
I ey 0 B R Rl g R e T
EV#QQE&Q@ 4”@¢%§P¢u9hK?ﬂﬂléﬁ39I%ah@qmeXEAAﬁQSIﬁ;ﬁ&gaﬁﬂun¢n EOP1BV3; Perilla
czﬂaﬁ@]mﬁmmﬁymaﬁﬁtﬁcb;sb '@ﬁi’l’@gﬁvpzc%%l @ngg:!ﬂ- Picea sitchensis), and
($%hig9d§ .%%eoggde se pce%# nclude but is not
Ped Lo EERBRRR T E er AF024615 from
Liponetsa x pi perita (peppern1nt, gene Tspall), and

L8R 3Msd ekt em si a annua. Picaud et al.
Phyt ochem stry 66(9): 961-967 (2005). [00124]
Farnesol [00125] Fanesol, ose structure is OH, is
found in various biol ogicg rces including insects
and essential oils such ap | cintronella, neroli
cycl anen, | enon grass, tub , and rose. Fanesol is
made from FPP by a hydroxyl ase such as fanesol
synthase. Illustrative exa ples of suitable
nucl eotide sequences incldde But are not limted to

is GRRBaNke rﬁﬂ%ﬁ&ﬁﬁs@ﬂntﬁ‘ mﬁpeﬁ)ﬁz Qgﬁﬁelfe O € BBm TP %é @Rhcne synthase.

81C fron1S es cerevisj Pho
e i B SR B R SR lbt e BR - SE O 0
Sm%eﬂ(@lfﬁ 14387, REGOBY-. 47 NV 1008 lina 389 POT5HIS2 RGO 980 1389, Agastache
rug €26 L) hebehé @a{has[egéﬂ@ﬁg?&\la{mxoﬁm A 90911915&1 stk Hehesh UARo06193,

R%%%?%u%q% nomn our h@i%%lﬁa§ oéggéﬁ?ﬁﬁﬁm”m)

Mygicene such as fron1neroI| glnger jasm ne, |avender,
MbRéhe! WiRBe sudfike isemOn grass. Nerolidol is made from FPP
by a hydroxyl ase such as nerolidol synthase. An
illustrative exanplejof a suitaljl e nucleotide
sequence incl udes butxis._ | | 0 AF529266 from
Zea mays (naize; dene tpsl). 71001281 Patchoul o
is fo00ilia Bt cRattah@lin olany piiosieclstingbef, wérenasand hgreial fom \N:ﬁ:(h\/lfgcts its name,
M#reenl ?stxﬁzlﬁg Hl)zjn G@‘!P ‘59 'ﬂﬂflceﬁcrlgnﬁée s e&a%&g cigst.utz;bp%ufleqnde sequences

ssential o1 0st enon atC
i B Ao 0N AT B AR S0 Arrhmon maye), (XY 195605
Aritibrhing el @NE X ATASR £4robidapsis thizkiduh ITRS T0) QNMIO1 13685; Arabidopsis thaliana

APR4L enMNEs e 5 alﬂz% bsSndila ATBslafh 1298
REG?%%F 559 f n1%%gostennn cabllhgv?dggﬁ%%ghﬁummm“)
(AV&'{S@?I% é’ﬁ:‘éa abies), (AF3699 19; Picea abies), and (AJ304839; Quercus ilex).

(b

+)-limonene

[00161] Ocitmene

[00102]

o= and 8-Ocimene, whose structures are

/“\/\/‘\/ and )\/\/{\/ respectively,

are found int a variety of plants and fruits including Ocimum basilicur and is made from GPP by ocimene
synthase. Ilustrative examples of suitable nucleotide sequences include but are not limited to:
(AY195607; Antirrhinum majus}, (AY 195609; Antirrhinum majus), (AY 195608; Anfirrhinum majus),
(AK221024; Arabidopsis thaliana), (NM_113485; Arabidopsis thaliana ATTPS-CIN), (NM_113483;
Arabidopsis thaliona ATI'PS-CIN), (INM._117775; Arabidopsis thaliana ATTPS03), (INM_001036574;
Arabidopsis thaliana ATTPS03), (NM_127982; Arabidopsis thaliana TPS10), (AB110642; Citrus unshiu
CitMTSLA4), and (AY575970; Lotus corniculatus var. Jjaponicus).

[00193} o-Pinene
[60104] o-FPinene, whose structure is

-12-



[ 001311 Val encene, whose structure is is one of the
mai n chem cal conponents of the snell and fl avour of
oranges and is found in orange peels. Val encene is
WORHRT/ 1408 FPP by noot kat ong synt hase. ||| ust PEIiER007/069807
exanpl es of a suitable n (de sequence includes
but is not limted to A REG ON: 1..1647 from
Ctrus sinensi.s and AY917 EG ON: 1..1653 from
Peral a fruteseens. C29 npounds [00132] C20
is ﬁwﬂﬂﬁgg?eg%ﬁl%epg ; opﬁ%gngﬂea@e P\c/j\(ﬁ Cq']me 4 syn&(afc Blustranvc

ger any
exipgles b fpithls avqiqs*ﬁdwmtemee ew%q @éﬁf oy ligrfted it )g-pineno pa@thase
(AD43630) REGIGN: DMABR. Pihid 1283 Y8 plBR Whnthage Q6 £I5Y 7, ﬁbk@ﬁ» 32..1921; Pinus
IaeSdEJh F{ﬁl agg)g{ )a-.%%ex%xsay@%eg%(%g% 7%%% gﬂg{&e}sﬂ §+ 1 19&%93930 Sr n
Wouﬁlﬁimﬂﬁrpenes because they are derived from four
[00106] S-PiBRBvR& stidutrsis 1001331 Figure 2 shows schematically
how | PP and DVAPP can be cgnbi ned to produce GGPP
whi ch can be further progéds€uhto a diterpene, or can
)£&e a car ot enoi d.
1001341 Il lustrative exa of nucl eoti de sequences
for geranyl geranyl pyropHWosphate synthase include but

is A0S iR plne hdelirdsBelarl; MSISAQ\MBHY&%@:OSN @lﬂhéi@ R$ha8e from GPP by S-pinene

s t%ﬁl? I?@%% (3 Q % suistab@rrtu?ll (I%%Q sselg%n}:ef R& ugc;tj% bri Bﬁdg%tﬁd to: {~) f-pinene
SYIE@G*E?&J‘\ZFT"&?QJE?WSW 1856? Irtemisie lqvrric el @SS 4288 RESYQN: 26..1834; Citrus
zmhﬁyaelen3|s ATCC 35646 sql1563), (CRGGPPS;

Cat har ant hus roseus), (NZ_AABF02000074, Locus
[mnon'—%ﬁﬁ%0144509 Fuso bacterium nucl eatutn subsp.
mOHm]SdmmmeewpﬁwWWNFC@ 49256), (GFGGPPSGN;, G bberella WO

2007/ 140339 _PCT/ US2007/ 069807 | ap! Quo, (AY371321;
G nkgo bil oba), (AB055496;| Hevea brasiliens(s),
(AItU119 /1; Honp sapiens MCl 276129; Mucor
circinelloides |usitani AB016044; Mus
muscu/ us), (AABX01000298 gets NCU01427; Neur ospora
crassa), (NCU20940; Neurospgra crassa),
(NZ_AAI CL01000008, Locus ZRPQ0943566; Ral stoni a
sol anacear um UWs51), (AB 118238; Rattus norvegicus),
is fosfdliks818ckpeppeR eﬁﬁﬁieedl’)t:(‘ge,&nﬁ ©h @eds S Sab@ipne i§ MM FROSEEP by sabinene

yl?é%ec oﬁl% u? )ﬁm%ﬂg)‘?ggmlﬁ bol% a ?%f%ecsuélc?%%h%é %g%lo’t limited to

AFPHOAS R’Fﬁl%]?éslfgs SymSelyglaiisaéi di t rophi cus SB), and
wouw]lggﬂ@ 806840, Locus YP_204095; Vibrio fischeri ES114).
01351, Al ter tively, GGPP can al so be made by
100110} 7’% wpﬁﬁ’s?uggfﬁﬁ [I'lustrative exanpl es of
nucleotlde sequences encoding an enzyne capabl e of
this reaction include but are not limted to:
(NM 112315; Arabi dopsis ana), (ERWCRTE; Pantoea
~aggl onerans), (D90087, Lg AA14124; Pant oea
ananatis), (X52291, Locus~(AA36538; Rhodobacter
capsul atus), (AF195122, Locus AAF24294; Rhodobacter
sphaer oi des), and (NC 004 Locus NP_721015;
Streptococcus nutans UA159). ['00136] GGPP is then
is & C%QS%I@J%%P%\L XSS&']IQP\{)%rﬁtoﬁldCHLJQ fidits/ %&cﬁ&%ea‘ﬁ& inene is mad(f::I from GPP by a -

I SOpPrenol ustrative exarrp es of 0 co
teTpipRop %@aﬁupluatfagv%wnplfe%ﬁftsgablf Buclelo%fwfnces include: (AF514286, REGION:

30.383 Bfyth gﬂﬁzﬁﬁ}hcﬂzb and (AB1BB%0, BEGEDY I geeBiinoC vk e).
structure is OH,
{00111] Terpinolene

[@0112] Termpinolene, whose sttucture is

-i3-



is a constituent of wood oil from Cedrela toona and
of linseed oil. Geranyl geraniol can be nade by e.g.,
addi ng to the expression constructs a phosphat ase
WO/ HP338r t he gene for a GGPP synthase. [ 00P83]US2007/069807
Abi et adi ene [ 00140] Abi et adi ene enconpasses the
follow ng isoners: and ig~found in trees such as
Abi es grandi s. Abi et adi eng pde by abi et adi ene
synthase. An illustrative jl e of a suitable
nucl eoti de sequence includes bBUt are not limted to:
(1550768; Abies grand(s) anoL(AY473621; Pi cea .abi es).
C20+ Conpounds [00141] C2o+ igonpounds are also within
the scope of the present #hventjon. Illustrative

ls?&m{ 813 QS SO RN lRcd AL ERLET trgg,gsx@r%%s made fom GPP by

conpound 1 I sQpr ene
tefpinalenp HEhag- (‘&Blb“?&ﬁi)ﬁ‘ﬁﬁﬁ‘g ﬁﬁ%@@%ﬁ?@ﬁd% SeucEFiRgiles but is not limited
UMY 208366, RIEGIONE 1.0. A8 fpen@sudofsdih eampaund made from
CJSCWP(%QN i soprene units). These conpounds are nmade by
ng simlar nmethods described herein and
[00113] CS‘GB@N“?W g ryrotigy g bnirEr eBtr Bacytpieniewbatg GPP) which is made by the
cagpiaioh bftve ndynilias EHPSith oEEl@bBﬁﬁi‘dlegdmt waysmt QklvhAd catalyze this
iSRG fér{é\éﬁ gyo@%s%% shﬁ%&h 3 ed! PHERLEH al¥ado known as

d/ or ect
5"6‘?"&8‘@6‘1"? ?ﬁﬁ"""é‘? ﬂ’FYsad‘f:)‘iieé‘ﬁ‘Eﬁ fepan thige ﬁ"lﬁ%t‘m‘&"el | . The pat hway
[00114] Fig6re D ginivG adheptat2 iy Ho@d PR shdUiMA PIe@a BBt diditid foffvduce FPP, which can be further

ITD&QJ}QQJ osggﬁn%eggpr essi ng het erol ogous sequences

odin nmes in at | east one of these pat hways
(00115] Ulgrpive exaropics eyclg b/ RORFSHPTIIES DR PerBETT 00 mlsﬂle but are not
lihite t& (AT EL0509) Uedbeddpiittbaland) (@ THAPSIRE AR5 6B 6 SRdahly, (AAU36376;
IS elh Snn%) (Rtsb10Rb, %aé’&&r&%hg)oo@lr ES%?.QBL Soli 1{"‘15 (%1%5@9951 Locus

ressi on vector
Af\b%rSB sHhigpdactagiumdpplecgm subep- wecfee%m%&?é%%&ﬁ%ﬁ?&’@@w Gibberella
fuphiay) l(crg)omdoe,fma_tslwm s @hucoNdBapatolywans ce THDY 089198W) iHeRanthus
) | Vec r
aJnu% EH%QPQ o§1 z“ﬁ"é)f ggo%%g%& &) rgrg 2 lg‘%ﬁd&%@ﬁ%'? Lupinus

e silze O us S uences a
afé'éb é’e&‘ﬂ%ﬁ”?ﬁf Ll‘ﬂﬁ’é’-" 9@6%>d#§309§?3 Wit ruscel g d NGFRESSEN Mo ospera crassa),
(mlnesnm&hiumwgemmaﬁ (PARPISY EFPbr ik SR agaw@mwm Rattus norvegicus),

AP B Loy o e
Aﬁ@%ﬁ%é’ﬁf-’@c "Ff} (CHRO0QLS. Tvus WAEY B4 Sfpﬁ&PFOfé?SW?ﬁém)s
(N1 B80202E Lbeug enas;esssmﬁmadcwpy&gbﬁs MIIAS&OZ‘ID)S (N € eﬁmgs ,@Qcus
St al ne
Y{“n c%? fsg{ Fr wcﬁgcs"fp '10 ﬁ%tfaﬁ 9&]6?1 éN ¢ %g(ﬂge et er 2(%926% ococeus
rregarerdie 8198 cat H\jZEFr?@ fevragt)- DXP pat hway enzynes .
[00116] Amub@y EPALAnQlsh BElmit b9 BRIMRNIPPRIGPPO RIS exhiplSsyTRuclcotide scquences

"’lf”ces ac%%"p@bl ftﬂllé‘ g&og%gfué’enbm?&’rg’ﬁcﬁﬁ‘nﬁ{d%’ 'éﬂ%éoo%sv Locus

g er I Sopren over
Aé(}%@é?rﬂff{@@@&%ﬁﬂ\)ﬁ ek @Me@?ﬁédf*m{)lﬁ@ﬂs &ﬂs{f@el (l?ﬁf}e-‘fZePe,c“s BAA12575;
Bcamudsa&ﬁﬂy@nmss Qﬁrﬁ:s ke cxesdif sa8rhissbhaliApositunt DSD A 0T TBACFDPS;
GPr %ﬁlﬁ&? grgthgrfno% Eﬁ @\‘:‘q&ﬂgﬂ?i wSRb |8|§]'£7%4 ‘?L‘}aeeCtmla ch»%yz%ooom)

Xpression o uences 1 n a
(Ié%ﬁﬁrﬁioels AMEITbflesrorkilse r'@mnﬁq;éldé%%%r@éé@mﬂww aiaalens) (YP_395294;
Lai@ﬁ&zlﬂtﬁhﬂﬁ'simﬁ tssrenBrRYOSCl 3088b3f Décuy LR BL0200dMNospira mterrogans serovar

%aggne%%zoc%g é%%_) Q@B%@?% czrgt%sc%pgtepﬂ e do3B) Lakus ve  208768;

em
Nmm dongrthioeas Fe\x@ﬁw @Oﬂwelq@m@%?l?@ewe&u@weé@wm (305091;
Saicéha%&[} c&mmgyi (@mﬁ@m@o&m diafioesksf SkcidacterRlbrosash3s), (AE008481,

LR U s e s obas GBSt fIR trapos: wretosastiios

Topegdd).- Mol . Biol. Evol. 13(6) :864-872. See al so
Nakarmura et al. (2000) Nucleic Acids Res. 28(1):292.
Codon usage tables for many gfgani sns are avail abl e,
whi ch can be used as a reference in designing
sequences of the present invention. The use of
preval ent codons of a given -host m croorgani sm
generally increases the |ikelihood of translation,




[00147] Direct chem cal synthesis of nucleic acids
typically invol ves sequential addition of 3'-blocked
and 5'- bl ocked nucl eoti de nononmers to the term na
TRIB2007/069807
[00117] FP? m&g\%@r eti%/;c%ga Ofto o8 d%{el g rf]'%?ss nr%%ugcz glgle O pounds
m%%@@@@ﬁﬁwﬂﬂ@ﬁdﬁlack of the terninal -hydroxyl
wans]_gﬁﬁgggég the growi ng chain on the 3 position of the
mouslA» qmgee-wﬁwemhm |ch is typically a phosphorus
trve, SUCh as a phosphotri ester,
phosphoran1d|te or. the |ike. ﬂuch nmet hodol ogy i s
known to those of ordinary in the art and is
described in the pertine and literature (for
exanpl e, Matteuci et al- Pet . Lett. 521:7109;
U S Pat. No. 4,500,707 to Car thers et al.; and U S
Pat. Nos. 5,436,327 and 5, 700, #37 to Southern et al).
[00148] The level of transcription of a nucleic acid
is 4 lﬁ'ecﬁrshﬂts rtdhiGhio a:mgms in&ﬂa E)ﬁﬁfebﬁzd Hek. Eﬁﬁ&ﬂmhﬁneas RI¥IDM FPP by
amo hX@éﬁg 5 E]g %nalﬂgtra Ve Sle o n q‘%le nuléllft::q:d se ue\ﬂce is SEQ ID NO. 37 of
creasing the cop e nuc “de Sequenhce
‘J%ﬁﬁﬁﬁﬂﬁg7 ﬁ%ﬁéﬂzyne (e g , by u5|ng a hi gher copy
[00120] c-l2dl@E expressi on vector conprising a nucleotide
[mMzﬂtﬁﬁﬂ%g%Qggo%qgggHQg the enzyne, or by introducing
onal copres of a nucleotide sequence encoding
the enzyne into the genonef of the Wost microorgani sm
for exanple by i on, use of
"sui ci de" vectors, reconbination usin fanbda phage
is @%%%%010%%?"%‘3% ipcduding;bytnof fingited i ﬁ%ﬁﬁgfﬁﬁs*cﬁlﬁné fo'ants and in the
codting BSAPPIS adal @ar@ieﬁﬂ&ﬂ’hx)ncsehd’ls aadh {dnOFPP Hyle-faraseleaymdimsd. | IRwbtrative
ex ?-l: ues Qy l@&ldg %R&EQ?{CME bl;t ngplgfu{g@ g:rlg(g%?@(%% 3t fgzrus communis

poi cistronic an _operon or
"“lﬁri’élddﬁf"i“ fredr eepape iR 4d Aad 82744 Epmfafus d?'fegﬂ%mple gene AFSI).
Pedtiotils ledl., BlopAeng(E);840a (2000 easi ng the strength of the
[mn2ﬂgg__g- per (transcription initiation or transcription
ol sequence) to which the enzyme coding region
[00123] 311@"%99%1‘”&651‘3?@0?%‘% (for exanple, using a consensus

ar abi noseL or | actose-
2007/ 140339PCT/ USRQ07/Q69 LAduchbl ezpronoter m an
Escherichia coil" hoSt mcroofganismin place of a

is fowdiif vagidud dégiabsolnacilizikiing bprmoniptied to gphidhardssstiigl s ench as from
Qlllllﬁlg h{EOng%lgsc‘ ﬁ.\'&fx &tmﬁl}gtaloh@faplﬁ@g;m&Lﬁ% g@nnal%cct repellent. G-

u3|ng an_1n ronot er and_1 nduc
Faqnﬁalgj:clf Bpde W s%dms% Tystragve gﬁa%p{gs of suitable nucleotide
seqyérov ifidlutie dittismot Iﬂnmedl teGeiBagi accdssiom@indtn ARP2415 &om Mentha x piperita
(pePAERE0 "gén@ THIBUIEGS 9@{8'3539@ O Sibrelsfa oD PRLIW £ aﬂhyt‘?;@hemxstry 66(9):
IncreaSed i'n a nunber of ways, I ncluding, but not
96}1-?4i®@Wat 0, increasing the stability of the nRNA,
[00124] Famxdi f yi Ng t he sequence of the ribosone binding site,
vl L Y40 i stance or sequence between the
(061251 mﬂ& osor?egrg;cm%l site and the start codon of the
enzyne codi ng sequence, Jodifying the entire
i ntercistroni . f' or
adj acent to the 5 side of the start codon of the '
is feymdymerigediigiepioabygivges inchiding it seord ang cis¢ndial Bils wpljasdfomy giptronella, neroli,
cydHRNA 1L 1 4E, infdbrottS hddGosh AF Aridisb1$s B ASRFOP BY & B@fbxylase such as farnesol

ynil:'af C g S’é?( g’?’g’é&?%ﬁg@%gfﬁfﬁ?%g ns&%t?e% S ogdceorl]x%%e ndﬁ 11{nhted to GenBaok

accpisos ymﬂtve SF 529266 frdweZeagrayspsd YRRGS BF ﬁqmﬁqﬂe’a!sq"n’ges previsiae (gene PhoS).
Soritl BRlbikd 8RR RSy SRUZNSTRAnASEy 130140050 M0bE, Vi a

nmut ation of its codi ng sequence. Determ nation of

preferred codons and rare codon tRNAs can be based on

a sequence anal ysis of genesisderived fromthe host

m croorgani sm 1001491 The activity of a MEV, MCP, or

prenyltransferase in a host can be altered in a

nunber of ways, including, but not limted to,

expressing a nodified formof the enzyne that

ﬂd

Or-



[00154] Non-limting exanples of suitable pronoters
for use in prokaryotic host cells include a
bact eri ophage ' 17 RNA pol yrnerase pronoter; a txp
Wﬁk?@%t‘*@?@ a |l ac operon pronoter; a hybrid pr®cotuseo7/069807
or exanple a lac/tac hybrid pronoter, a tac/trc
100126) Hﬁfyﬂbﬂ-d pronoter, a tip/lac promoter, a T7/lac
(00127 mfon&ntvﬁfoses&ucttirelsprormter; a tac prom)ter, and the
i ke; an araBAD pronoter; in vivo regul ated
pronoters, such ag an ssaG}pronoter a rel ated

pronoter (see, f | /=l
No. 20040131637) pagC pr om)ter cki nen and
: 86- 93;

. Ba t 1
1s%}s§ ulhé%“}eu aAPeanrllvdo aé19 E{J?undf.nl 3 b}gI 38’3 smgﬁs mcgﬂelaaas egﬁmal oils such as
18 ngroli, GinEor] jpsmife) ¥Ser@d) tea weenand Bopn grast @lerolifd isxerds Gom FPP by a
hﬁﬁ@yiase(slalgag herbftot sthQs@ Oan fiudBfin: e%m% céf a)@ﬁ‘i@bfe Q@ciéok&eesequence includes

st an et al

r..e

‘?r‘sﬁﬁulr‘fmteg?"‘%ﬁl%%%ﬁf’f‘ R (FES 88515k 2004) VaCCI ne
[00128] PRChoBIPU3- 3255; and Chatfield et al. (1992) Biotechnol.
[00129] PAGioBBBBR2)rucheSE gMB70 pronoter, for exanple, a

consensus si gma70 pronDter ee, for exanple, CGenBank
08961, and AX798183); a
stationary phase pr oot et or exanple, a dps
pronoter, an spy pgdnoier /~and the |ike; a pronoter
derived fromthe pathogemisj\ty island SPI-2 (see, for
exanpl e, W96/ 17951); an actA pronoter (see, for
exanpl e, Shetron-Rama etal. (2002) I|Infect_ I mmun.
is 4B Wmlﬂa%)uh Addhs1RsMs p E@ﬁﬁ}hﬁf of (eQsentfaDsil mgaeleeon patchouli.

@g@m‘l’ n H’I!' atc%ou%.c% ;rrf ase Anl\ﬂlc A O bl a: gZ fa fmtatﬂe nucleotide

rorm anp e
Se@qegsagawquﬁs @aeﬁ@e‘ﬁmw t%ﬁoﬁﬁﬂmfﬁﬂ U165€ér<9§1)1’oz@ffrnescthn
[00138] vilblcegul ar and Structural Biol ogy, Protein-Nucleic
cid Interaction. Macm |l an, London, UK, Vol. 10, pp.
(00131 Vi%gnfﬁ%o;%%mgﬁés pr onot er (see for exanple, Melton
et al. (1984) Nucl. -Acids Res 12§ 7035- 7056) ; and the
i ke. [00155] In sonme erbQHis he total activity
of a heterol ogous MV
l'arger role in the ové elld of an isoprenoid
relative to other enzynes in the respective pathways
is bife df fH@ RGSAEMIBA caMibih&fsSIf g sinélPand HAYLoflofaR£8s andSik foitDin orange peels.
Vaﬂg Qéﬁgtls ?Hﬁltli‘gp Ib? n()%w‘aBQegsy%x%gD ﬁlg:!u%n\te_ole;iam%%%lg?g su%%le‘%ucleoude

inclu are no
seq’upnceanilfaldpq by s Hgfdumtpql]mﬁgﬁ Héf R@ﬁm il AT frgﬁl Ctrﬁeé sinensis and AY917195
RIBEIEBE D165 Nven Périlla frdeb@nd ot al activity of the one or
Cao CompollPAs© MEV pat hway enzynmes in a host is increased by
expressing the enzyne froma strong pronoter on a
{00132] CMFWE‘@M th‘Uﬁ’tf‘e‘POfpﬁea%?HYdim‘Sé froRIsFrenydscmel Rysophespiate (GGPP) which is
: mdds G ee b&hér@atfbﬁ lof thieB ﬁloudﬁes obIPP vaﬂhenmmedulew DROAPPO An enzyme known to

ca&%%gljl- e%g A % lﬁaagdl g)erl" osp mSJat grh s_f%tcompounds are also
lme‘é%ﬁﬁ“srpﬂ{ewf%? thﬁlbﬁc #qﬂmqfr%gfoerxme%mtef suitabl e

[00133] Fifr©OD Db @f &hdmticdlly @ow PPl Dmtchtﬁbefwﬁlbm&ﬁb bﬁd&ce GlGEP Sxkich can be

ﬁll%leg ?II;BCESSEE] % a tk%]écte 3 CLIOBJI IOCES[E;@ I 1166% caro%noid

I nase ormt er, an early
[00134] Iﬂ@ﬁﬁaqlvapm ef Prlspise é?‘luenEqu%f BPWWW@V#WPM&B@? syndlpee igchude but are

nomﬁﬂﬁﬁt STRA B GIERH RO9) 2B iddbpsItRUNDAR)  (BTO05328; ArabMsis thaliana), (NM_119845;

Ara 07.:s|'1]s'1 14}101'3 ian g)PgZ’.I'_H%)%{%B (ibgg%g&}?c ]ﬁ%@ﬂoﬁb{aad n;?xurmggnszs serovar

e constrtuttve pronpters
fs"rfﬁe"@as o"b@éﬁ@%ﬁéﬁ@:ﬁ%%ﬂ (‘é%qifﬁ%PSﬂEPffﬂ@ie"t&lSﬁSgﬂhmZM%@PO“ Locus
Zr( b4 28 2RI R crerdunt RIBERIS 5bs IvBBaR LD APCOIDLS8Y, IGFGGPPSGN; Gibberella
Non-limting exanples of suitable inducible pronoters
for use in bacterial host celd-s include the pL of
bact eri ophage X; Plac; Pttp; Ptac (Ptrp- lac hybrid
pronoter); an isopropyl-beta-D44
t hi ogal act opyranosi de (1 PTG -i nduci bl e pronoter, for
exanple, a lacZ pronoter; a tetracycline inducible




enbodi nents of the present invention enploy host
cells that do not require the use of an antibiotic
reS|stance conferring sel ectable nmarker to ensure
r. e OEAIS2007/069807
b e A R R RN )
W@Qﬂ@@%&ﬁ?ﬁfwe@%ﬂfééﬂ@zﬁa (ﬁﬁ@i@ﬁ@éf@ y'y{cehm)s@énﬁﬂf@sOOOBS Locus

NClve 1680; mr&mPcr@Bbmmm@mp@h ), vz 1A0gaio®0008, Locus

smdr Lor se
o8 b e AR Ol R A e 30 e
S‘&iﬁ{“frﬁw@f‘ cereseind ABOHOPS Smcchaspcen dampies), (SHGORS, Siakpis alba), (SSOGDS;
Skifo2Bs) aciliocBBEL ) (NQ' 00715371&38915 QZISIS%WH%:&c@Itrl ﬁ?lmus SB), and
sui tabl e plastni
(ﬁé%@fﬁé%}ﬁg@g 3 g?n 13/5’?0 %”% S%‘OSe i s encoded by the
[00135] Aﬁmelb&ﬁ%’wmoﬂsmmdm @ng Blas FRR Tihgtative Blagpleosdinncleotide

s e Bnddlis § SdnSyrAd YapdbRdf this rg-alaﬁonaﬁbﬁddta Bitiaft noAmiled B NI 112315,

he tox n rotein
Aralgldgpszs tpa 2?%%?%1{9'% 1L {ole%a%g per 583@9?(%2 R lEBéﬁg%lél»b?ﬁ Pantoea
awwb me%it Lorar BOAS6PReRhodabDEer sprsrions ol 1%1&122: kbaps AAF24294;

Rﬁtﬁr@wa&s@h&fm&éaﬁ mmbaém@soamdﬁ NiXi781015; %uﬂ,zsaaags InlahsiEr159).

XI n
[00136] G&%ﬁ T the enttl onvF] gf;%i %ﬁﬁ tPr gl‘ %’ﬁ@%g’&ldﬁ{jﬁ[‘lﬁ?@h‘fe (S:éa[mples of Cyg
CW@*W@W@@@IE@M@W& DNA replication protein. The

[00137] GEMRidel-asi d segregati on systemis encoded by the
A _ope ich codes for proteins that function
(00138 G?%nyr%smwpwgﬁfghﬁméd rnultimers that may arise from
DNA replli cati on [ 0165] The gubj ect vectlors can be
|ntrodue\| st cell spably qQr trdgsiently by
vari esta |sh t ech1i qu For—exa e, e
ciym chl.o de tre
is %&E&{genk géﬁgoo% ﬁi? ggrgt%a reialljoona '{m géh%s%e 0\1/1 gergnyggdefamoﬁ:an 'be made by e.g.,
ﬂ%ﬂééﬂi tb? Qxate&ﬁlon@%émctfs@hpyhﬂ#se pene Bax e gensdprci GFRP synthase.
[p0139] ABhasghat e, may al so be used followng a simlar
ocedure. d ion. el ectroporation (that is, the
[00140] Aﬁe enee’tmmﬁassef%c%?ﬁroe li o increase the perneability

of ceIIs to nucleic acids) may be used. O her

at ed transfor w1, and heat sho

& ofllthlu . Llpldcorrpe
and deng Yy al so be .
the host gni sm [ 001

gells into which thg ,subj ect
Vectors have been'iftroduced One exeﬁ'ﬁgl ary” sel ection
anfistfved i treeoduvies APt grahdisl r Abkgadianélis wiadk kg abeabies: s 56 AN illustrative
ex.lﬂﬂlgé ¥ a‘%ui@ble%gél%hg &quefn&l Jléi’nYh‘é‘s%u*P Yre B&%Hlt&gtof (%%0768 Abtes grandts) and
ression the desired gene product. Ano
%W@H éﬁ‘i‘?&‘f‘?‘% sel ecting transforned host ceI I s based
CmCompmpdn phenotypic traits conferred through the

[60141] Cy5 w&lﬁo%ﬁﬂsg& a%t) ﬁﬁh@@s@gyegf ﬁ@fnjééﬁt iR, ﬁﬂlgﬁaﬂbmgmpiis aof FUCh

he expr essi gn vector. hose of di nar
we*aﬂm%r%ﬂltqeﬁvfcg@ﬁ@ﬁ €1 peorsd F’Piieeflé?“h%‘éetls"efé?q lgmﬂstrlﬁ@enes (Cao
cotnh@mds Bdde Gbineix isoptehoddss)aand itdtalolpench (C.4 ddvepaintt mafldihOeight isoprene
-El_'j e'[‘flegé Joﬂ-g&ﬁxﬁé a0 mﬁ&e b%gﬁlg %‘l\%ﬂz& %&Wdes%ﬁl : ne@xggxbsdmp Jub;tilax%ng or adding

i nvention into a host cell can be con
nupleqtide $pqueatrs for dhe aprrppriatsSithasHf- bl ot or Northern bl ot

Engineerin@Whtnivaiszat i on. For exanpl e, nucleic acids can be

[60142] THa % S&’m&&%e@ &n Eng?m%rémiv Qﬁ)cﬁt;r B'Ja&\va qg%cg% %1 fh-level prodaction

I C sequences I nterest can
°fP€}Re‘%?éﬁs i BorticAte r Ehepphwis wPiedly cpgincesd v éeﬁ%‘é%ma@f DN
expradsiap B&érologon€seqtaptds kh@dinp e ghiGtin AtSeal bhy @eHesthath®rays.

agarose gel el ectrophoresis, ol yacryl am de gel

el ectrophoresis or capillary el ectrophoresis,

foll owed by staining with ethidi umbrom de, SYBR
Green solution or the like, or detection of DNA with
a UV detection. Alternatively, nucleic acid probes

technology by



WD 2007/ 140339PCT/ US2007/ 069807 pat hway enzynmes are
under control of a single transcriptional regul ator.
Tllg(r%ﬂgotéggrQerrbodl nments, the pathway enzymes are under
00143 I RR[US2007/069807
oo PRSIl gl Dol SLsboARR dLaUBRILILL IR e,
CXPERRAN VERQr can GopTIts| Ak least T, @@&J@ﬁcfge,éﬁ e]égﬁ' t\a@egrologous sequences encoding
:hérami ME‘HBEDEHb:hM&y em@aymﬁueam dRoipd alsﬂgly ot ;ﬁuzhﬁymgmamay depend on

© AR BRI BalUENS LGS Rl et NPe Yo b A A BBt on e

OVQ’@H el of Aeﬁw?@reaﬁé @t the Yﬂﬁ‘&éﬁ g‘l’fbﬁtPSOVIdBG/éFq Fpictsrd i 2 selected host cell.
TIBGGH &k vediorsChd s&fy&bﬂlﬁéﬁl& @moﬂllyedr%ﬁﬁﬂtb@al pha6f (RdREd ki bR ome.
TS e FERRRE el R ASRER Y R B B OTOn

[00144] Iﬂ“FPf’@ﬁ’rh?ﬁ‘l celisnthe Olﬁr‘i’dm‘eﬁe eterglogys ﬁcqlumswrlwgmeibamﬂ\é@ L3§P pathway enzymes

m@pﬁ@bﬁaoue&tyroaé FSndré\ettde \Tn Aﬁﬁehm&lsgbus off thhle@bdtb% system provides a

deI Ilgv br.io baé:terl ovor us. 1[rel ia burgdorfer| X
rOJ {an 1S0PIeno1d ove, asm

exus aur an opeflg t8r6coccus faecal i S;
[00145] WEﬁf trssesotbe trbiettaudig PFFd feqeenesd g Ye madificdia refisrifthe; :codon preference of a

scledted mmen {ol cﬁsct @ h@ﬁ&ammmmm@aﬁe@ss ih 3Gdst &ell. EbrekAfigid the subject

n“dﬁg}%g S°§hences %‘5’ 8 c c i s z e as a | 1l &%S’g%sc“%ﬁlsp S SS &8
qu@p awd Hall (QSabh Blob Cher (28 761 PRAGS03 ISha priwiHienradisniing example, the
nuCPbtAe Edqhht S wﬂsmlarayén%aﬁﬁuﬁ bVRGHRIG Y1l £C kb codon preference. See, e.g., Gouy

e85 ST EARAGS B LR RS el 1330 draf il vl 130
BHEAN B a};e Nalsmll@m‘ éc@@% Hugsipgeidedes. 25:2%0 yﬂomage tables for many

or@dedsAO BB k¥alliBle, ¥hiSH cRpE a&aras VRlefeadd lﬂumg}yfhphh&nsela oF B¢ SBsent invention.
tic and Vibrio vulnif

T’l{cfd%g?lﬂoﬁepﬁ?en?an ous > e%/ giyehao o:’s Imcrocfrganfspll gencral ét}t;lc':easaes &% likelihood of
traggaigefodhaaerdbofiprgsseenievkdf &?dpsg%mm enzyme is
(00146} Pr&Rta861 Sehelsivitt ﬁﬁﬁk}élndﬁ%bé Eun&ld%ﬁ&y a M&Mm&%ﬁmﬂt techniques
HMG, CoA re c:é % t?e nqva anat lnase J H}gﬁa 5,
0 BBE TR N AR R P T T 81%%: PERTH o%eﬁ‘a’“%\ gmen
cDighvs dnd Rihe 2P af Wiiehcae he srpectidedingalydwmadtel propombmantly Gnduced by various
a@hﬁ&hﬁﬁﬁ?eﬂé&l g c@iﬁlg%ﬁgﬁohﬁﬁﬁed bR %&mﬂ uctase, and _
e e _an rokar n ,
100147) DifEE e e S sk e B B A RS o e s 5
blqckel nyelentide @o@phgslt@tbe teoigal S[-hydaryph gnap Oémwdmgremeohctelrelmr chain,
wlféfeﬁl eﬁéhcad&%ﬁs SRAKE B%ﬁxcﬁ:ﬂﬂﬂﬂ:lt a&&kafﬁsiéaﬁm atsydﬁbaplfgw of the growing
rom ace

ch il FE o T B R B e R SRR I g = st a2
rhespbbtiicstef, plnsptorredin oo dedse. Sadomdthodology if kngpm to those of ordinary skill in the

artah &R R%LAEE Qﬁﬁé&nﬁ%%&& and ﬁk@%@](folr &a@p@tmﬁfm et al. (1980) Tet. Lett.

R AN R i T

Sontbguetabse. HMG CoA r educt ases ar e generally
[00148] Th@ ie@éi%f’ Ifrd.u?(gl ﬁcﬁlto@ a hﬂt\ﬂ)elcczlcﬁ & Rost m}&&aﬁh@cm be increased in a number of ways.

di stin on seguence
Fo’é i & ?8 E)cg‘fcf]@f?d Y “6%%‘8“3 %FOPE W;’ﬁf %fj theaéalron%%fcq%nce encoding the
enzymeBagttemsm oljgher 4@ PudiQB Pxpr@HOivectanrgmBrinitgamucledtidgequence encoding

or 128G opiddot z heclootide20Rknce RBdiASlhe enzyme in
tmlCl\@%l}?;e @gﬁl\/&iﬂgg ahHmmuct ag S zan bg ch?%afgterl z% yme oo the

in
BemaF ) O R P R B P o Lt IR e btk giede”
vedyurs, revotebihation bk lerobdAlpbage s oraltinass, a@déer ingertiorestia mtransmson or transposable
elefehty a8 h@itoR, it cal'r 9y @a%tie@to'u{by cﬁ)in@ﬂx@ﬁ{e dldedbf dxg'cm{@gsfta@ﬂs Bn the polycistronic

in some enbo
“%P%“PB“%P% %?f-‘?‘?‘?‘fpr?ﬁu"B‘f’?‘} B “@b"ﬁ‘&‘?‘aﬁ‘ﬁ“ﬁ?‘&a‘i" “Sf’ﬁ%ﬁ‘m‘“’l elements, or
incadaging thd strehgth it promotsr @ramsaripenchitiztion er tah @Pipyrincrvbiegyence) to which
thel eﬁzﬁ;eug&n%@%&ms BEMnS, h.ni(&?(fcge@ﬁﬁel Jsm@%%srﬁﬂ%&a&qacmse-

has an i nhibition const ant for Lovastatin greater

than that of the Cass | HM&gCoA by a factor of at

| east about 10, 100, 1000, or 10,000. In other

enbodi nents, the Cass Il Il M5 CoA reductase has an

i nhibition constant for Lovastatin greater than that

of the Cass | HI\/GCoA |soI ated froma Hono sapl en by




tenperature increases up to a certain point, after
which, the growh rate will decline. There wll be a
terrperature at which the grovvthrate will be at a

M4p33P evel is,is er at ur e, at  WhiPCI/uskoe7/069807
B e 40 Pl s SN B R e BT T S s meveioi
Prognotes lijcknad e onpdond irerBlerseript and dhe rBRERIMED dlaﬂmda),ror wfing an inducible

pkoid%&f 2RGhdtiBy ﬁ@ﬁd&lﬁ:leﬂﬁbﬁ&&%} allind LNEHA S 4g}§wﬂl medmm. The level of
tur | ow t raturetha

su
SRR AL pGeoP T PR hEPLDE > ODTLET P RECREL P g of s,
inglyding.fhutnoglimipad o, mteesnzﬁhp bty Witheapi A, edhdifijingthe egypactof the ribosome

bln@in® §1¥éeﬁoﬁgﬁkgtﬂe\dﬁ§n&gr Eeﬁ@enﬁee&%@ﬁ Mt h%o&x&ﬁﬂimg site and the start codon of
subst r at or |nst CS‘F W th res ect to nutrients

R (S F“emi?’é?ﬁ“ ¢ weiphiararedy ‘EPSET‘““ of” or adjacent to
tHe Gsiderns !;hqtstsrt oddotr hﬁb@en@mmem tegion,tsiabilizied the ¥hehndl ofylxt mRNA transcript
uhﬁé}ﬁﬁ-ﬁmﬁﬁd E&@a&@@ SREME AL h QAR 11k BRiok @M%&kmb Siitering expression of rare

cr In some caSes, at even
2 r“é"t“1 %ﬁ‘% Q‘STynfhﬁsés & SIS BRRGR oL Rgeeie %‘g ety of the enzyme, as, for
emwleeasemafﬁn@f tecodinp pagsqres Defennigutiovwilprafated cadens and rare codon t(RNAs
i 3L886h A’Q%&Jc ctaﬁﬁys%%@ &S defilddHonhe }IoE‘:%u&Q&FEaQnﬂﬁlm

182] The nmaxi hum

on Rt S R0 o S o A o

{00150]

[00151]

b @btdimied wdexptessidga madified &rmof higewyod thitlghitins inerded fdlubitity in the host
casé,@fe%lﬂgqn aﬁurédl 5h (T ¥he QR R REUEL 4 QSﬁup&%m&hﬁcsacnvuy of the enzyme

ot her factors contribute to sj
aﬁw ﬁ’é”?sa"f‘%a 'a?f[‘ﬁ?%w the SPYEY tpites  pieke Redt rAJer K for the
sustoudt Or exprtsing 8o dieted foraief & pazmeeithakuy dongffebtadby feed-back or feed-forward

reSNRAABY biokler RHASE iRfhe gmwﬂ sﬁ&tvg% s @4n 4 %e ls@\Bed through random

phase, ~decel eration phase, or th tati onarIy hase.
m?ﬁécnasmf 8 Bioadst SARE RS BhSAAYEI5 e PfSF@"*@ Pimf 74 augleetidh seqpenge encoding such
viigntp{yimie @th l&texﬂrmﬁr‘ﬁ'mi a@egession vdrer drefrompaTb@iribiuant lgyne integrated into the

ggléglg,ﬂ tR-86GANRL the appropriate variables.
Téﬁ 0183] Accord| ngly, .in sonme enpodi nents, host cells

Subiegy et €4 O ﬁ?ﬂé‘i’“&ﬁﬂ e pAsTelen! ey "@1”5‘?}(& §f thegncoded enzyme. In

sdne$sbédiamisathe sibjeP0otal yicldat kex 1 0Tbawep e tof 20 begreantOhS0, between 50-100,
o e@&ﬁughleﬂhﬁ 1'66 Eo %@pﬂé Hﬁl@ SoA Ieb&ta@cp ﬁ’)teva?cﬁlLtls §m§sre eor both Low copy number

cul'tured. under Tconditions such that growh i s
Playigs 2splly Provls fepsothangiyont Z%B%‘mﬁmes 3?5%11 pedipm Wq“m“ber plasmids
gch&ly thGidedronldbput @0 plag@sid copixs pérlrell mh(dumma&fﬁﬁtmﬁlb@er cell, or from about

2(961‘ Y}% i‘gé ;%r Jllqg)gel%ﬁt] 80 pﬁsngdgﬁﬂles%gpcgﬂ'l agt?ﬁ ;r Hﬁnﬂgpﬁlsmxds generally

cutur at "a ne mte eraturels
PrP@Q"s‘?“‘%ﬁ’@BFtso plasmid eopiesper gibto “8@“ 2%@95‘“{’5@""%?“ 925(9‘ more.
Slhletle)w\vtchgr dxpRishatdirefot Hﬁ:berwbﬂd leaki ipctade] el@ark 64t libditad to, pACYC184,

pﬂ%agﬂ r@)ﬁﬁ@iﬁﬁf&ﬁl&ﬂ gﬁ&lﬁ\{ ts %anja rpbﬁﬁ)1t ﬂl%ex{!os cosmid), and

erature r owmt 1S I et uce |nturn redauces
P‘Fﬁ FEPiBSuBtPlgredigGoRY Ef?’fﬁs%‘a’lj’é’f‘%’s iﬂﬁ Egcfigrichia gpH R udrebut are not
lithifed t)ETEI9A] pRAD] aniBEcEIOldnRinie &{ColH! @vigh bNgplitstoh Wfidits derivatives.

LEOPE e
“Eﬁéﬂ# Fip Bl Bofe A ESont R s cp YDA W‘%‘"ﬁfs i o, puC,
PBI*FFé““cPé REE FGrPEZ JECRih SeipbletlowFRpE I(FC{“FPé‘l"-ﬁ‘é?fFl?fEﬁ%‘Pn vectors for yeast
m&p@ﬁbﬂ’c hré n@nmmt:mtonﬂtsamind@RMt(sm@ﬂd; SCHistery 98 00MnExLe 1122:19-27).
sl %igl?-go 29 28804 & %s}’oﬁl%e%rs i?z(}%ist &8{.;1 e, 1§1‘?Lr§ ﬁ(%t %QutethQ | Rs425 and

can ascert alneé)sc\’/ vmn_g s under
RS GBS HEap b PR0 10 LA Ry GeT8R Ppfionygetors include
ncdeélbotzeﬂetdaﬁmﬁse:hf&l\t amlcrg:r @éfol\(Brasthl @SLud Wiy 1488 WDeY. Bkt @5:83-90) or intact 2

0

iy laHBPR o 3 TS TR b oAU Dl Abil 0072 o2
m@gpbwﬂ%/@%ra\ﬂé?m‘fr: Feltcfien Rarkss S'&P apL Bl¢Eg) (Frhanrypgal. (1983) J. Bacteriol.
156 €2yPE2S &6 Shroe URABG (RXEINUEYE PRAAl df the NeGVHoik Aatiany of Salkeed 782(1): 202-
ZOE)ZC. Accordingly, if E. Coli is the host cell to be

uSed for fermentative production of isoprenoid, the
fermentation tenperature is gl ow 37C. If S :
-cerevisiae is enployed, the tenperature for maxi mum
specific growth rate is about 30C. Accordingly, if S
cereviste is the host cell to be used for

fermentative production of isoprenoid, the



[00189] Wiere it is desired to have cell ul ose,
gl ycan, starch, or other polysaccharides as the
ultimate carbon source t hese pol ysacchari des can be
K146y er. mynosacehar i;des: and PCT/US2007/069807
(00152] Re%“lgf g‘cm%ng‘r. e TR PR AR ST orP SR eered o nctease te
ﬂlﬁt‘bﬂ@d@* ofthe ME¥ ot QKB eaﬂl‘tfe'ls puingswsing the clgressionefent @dnore genes that play a

sighE@ntbléGO&ERrAMink iR o@&ﬂyﬁﬁd Gﬁlnlléébx@x%ﬁd profue ey chi [Q&lx)fer i sequence of
gggghaarldes sucls IIuJosfe ound .in th
nfSTeghdes Bt a P AR Foptals R wonigtplion of afvplge peid spipie byag BNA polymerase
erzymes hampresston islagemence pirarleqtidsadizeanto theginaeom thapfoiicgits, to control

trRB&Pabn of R deRRd nRNEEkidRe e, THE M%untzﬁ&f fp?(ﬁem—bmdmg domain where a
onut, citrus treeﬁléh“gcoa tea, fruits such as,

C
gﬁ?gﬁ%\ﬁgrmf’f Ryeteig FaRcbinglyfndhe absencrof a iiable reptssspiprolpRy, fapsgription initiates
thyqgietha bioawter. dn fha perdned of 2 suable ompichser gpteinstherepessaPprdudiebinds to the
optkdtdr AR ﬁcrgﬁrr s FEdption frbm R Brolﬂﬁteg | 9&sk&d a&ﬁ%perators are also referred to

ceIIuIas enerate sinpler sugars for use in

th the fernentation procedure of the
[G0153] inmo@s EIHIQOCIJWE pf thopreseshinnweetidnspromerbodd Aergressiomfde®rs atdieducible, In other

eBRAMARWR: RbmdiEudRe® mﬂe&m Gy ard &ﬁiegiggf %?s%m@ Qﬂﬂdgﬂ:‘?ents one or

angwgr oh osaccharid &qggt itute. at out

?“‘g?ﬁ‘ ISP PRI Lot B SHicthle PEm A St Of Fogre ofher mucleic
admaengmen gre operdbhydink@k tre pdnatitihtin pronpteot her enbodi nent s,

[60154) N&&W%ﬁ@@h@sﬁgﬁe BREHRFs fH dsQﬂ%ﬁ&&{J@J 'hQs@ céil@ E}éfuké MaSteriophage T7

R@% | east out 80% or evmr;\ac 0% by wei ght
PRSTIRS B s RIT T e TR ﬁr@msfé@ 3 Hﬂ’l"ﬁ @m&f’tef ;g example, a
la¢/ar hybmit gtomoer, a tackug bibridipedmdtdne tfpdaapperbogedr) 208/ Inoaléraigr] tre promoter; a

m@ﬁ%ﬁ%ﬂ ﬁlﬂl the lfkl:: &8 aﬁhAﬁ%JnLﬂﬂ:lt&slﬁ vwgggﬁg&]pn!nﬂ’tgg Q\ﬁﬂ as an ssa(G promoter or

epbodi nent ‘’he host_ cells are cul

o EBRABITRET G- M GRIRE S ReB o it Ned EHOLEH?) 8 agC promote
(Ppﬂcesermd Millead. Barmtvit (19913173(3 8b-9hetiptchaArahdazt alviind92 hProc. Natl. Acad.
séﬂ@ﬂé Sil SOV 6o fsﬂr a Br SBEGL ftiaf 19%%0'? Mifth &: 2805-2813), and the

not ej ng oun any arti cu eor
g S P A AL AL (H90) B B Qe kde MoRAI 2L (2004) Vacoine
22H283-32F6 nantl IThétfigld @ 2b (1@P2)Hidtechicd. 19: 883}392) eaignaTangsotér/fer example, a
coB&LﬁaE glgwo Ipmteh (SQéJﬂ)@ &&:@J@é@%&&&% A AR BYPKK 798961, and

have found that by restricting
A%T?é ! §3év\i‘e“Fa“‘b‘F"yrﬂhﬁ“ a@&?‘ﬂa\f%ﬂ TR 2 RS PRI IHrioE FRﬁ’é’F‘{j‘H’Fﬁ' S the Like; a
proth@cralnieed fromfthei ppbpeeininy islasl RPL-2 dee, dbrie@anglea Wi 7951); an actA promoter
(s&r ﬁgé&ﬁﬁgl tgﬁe&ogq{ama Q{ a@ Qﬁ(ﬁﬂﬂ.‘nﬁ@i‘ inﬁ‘nﬂn_n'fbr 98P ﬁgﬁ gﬂ)%ter (see, for

| 'evel s of nltrogen pr esent |nvent|on |nc
eXpRplG Y EEW Falkoyy ( m Mfl %"Hp’ﬁ'ﬁi‘?lt 225300 At Bloroish Prosesser %%f example,
Hi8804¢ al5(0989) 1(084png3W, and 3gneBOHOU. {419 Tobits in Mdjechlir ahd Stiictural Bioclogy,
PerE ﬁﬁlemm&%ﬁcﬂd‘fuj rlngiQ;, f]ﬁt 1@ol {00%19 16-5.51%11 SPe6 promoter (see,

restriction of nltro en in Stag
A R PR A U A 8 A G
[00155] In sSngrndvdithed, therothetbegif ntadlogius MBY ok DXReniyak tlﬁfplzty@ a larger role in
mé&@m wemlom,&lg@Len&ﬁs)eMe o %@Qﬁﬁé%@&w@&% {)m@s creased by

he fermentation are free nitrogen, or are free
“m%&@ﬁﬂ%v T o wh include, but
ardFeok Iebiaddne TRETPH 5017, bk, {.£4 esbdbd cafbodiens ofthd $resaiit invention, the total

@m%@o&% ulue%v FQkwal, R Pl 15 a%st farfcrefasa u?g}lgfeggﬁg% enzyme from a

| evel of trogen i's malnt
str?xg PrERyerop ahlg{l F@y gﬁlﬁtif’ﬁ plagrpd éﬁ‘%ﬂ‘ﬂ@ﬁ{fﬂb@? hepigfga coli include, but are
notiitedtnassig aed, Tacs TH ITeVdnt P12k, promblees vaPBADI4, @BADDE plGEM, pBluescript,

%gpblir%vg%‘%%nt s which woul d support WO
2 40 CT/ USZOO71069807 at | east about 90% 80% A
[00156] No?é%mwm;g@% sug:gj:% prglgo}grs e @g%\ryq:cg%)st 54%; ingludey %t a@rnot lirited to,

a (MF6 Smmatiatd dafly prabiei,| 5 KEN thiyini dine Gind@satpboniosel,@n ey or late SV40 promoter,

LIRERIRIALERR, Bla SIS SRRl BN _coul d have an

inirtial nitrogen above as nmeasured in
the fernentation nedium to._gdlpport an initial

grow h, and a subsequent a nitrogen | evel bel ow 50mV
40mMM 30mM 20mht!l, 10mMM or 4 niMin the
fermentation medium 1001921 Sources of assimlable
nitrogen that can be used in a suitable fernentation




some cases, the point at which the reduced carbon
source feed rate is inplenented is the point at which
a predetermned feed rate is achieved. In certain

JOTI140839t S croaorgani smis I‘OVI ded wWH/US2007/069807
001571 e Bl B oG D M R BSET REHE SUTPAPE: Hor S
sigpr & nodmaids Gfgt ex2Bplg,/al chtrensusdignei70 ploinctar) tNva-Hngeg eratptes oBsuitable
nrdagug mbiers For Gsdkh b&&%aﬁm clElE i 1Q0Rs Lﬁmbaatmgt@& N PHcEPup; Plac (Ptep-

e renmmi nder o ntation
B o PO o S oo TR S B pggeter, o
expeplel ©laed Homvwm@ﬁmtimwuc@mymm & adrabthog ildueible pebmoter, for example,
P.‘Bﬁﬂt{&@ q"maeﬁcﬁr%rle H@M Qo(riﬁiﬁgy rBQ&erfo? QQT IIQE—QIMSA xplgﬁr}ndumble promoter,

reducr | evel bel ow t required for maximum

R SRR, B iR Bl SRR QoSG oLl S AeeRegpes: a ryptophan
PrYmot=p @ i erinsfr; e sleehiol-indebibid fybreotp) fonaxteple, atakehanc]-inducible promoter, an
e&%frﬁ@&cﬁﬁé ﬂ?&n&t& Iﬂaﬁﬁ&e%&ﬁleﬂ?bé pfd Fblaq{ep g hga@ in 39&1&9}\&,!\#& }09 example heat

‘“30 ieve %t Fgonentl al growth evel
e o A T fP?ﬂ?H’fdsbdé‘é’F%*'S?’Sﬁf"b’iﬁrfFP“ft(ﬁéﬁ‘“ml"e Cigs7-
replessed Ambdrbasd grpessibe emtttorsatee, foresxsmtk) Hotimbit: easl. (@¥ONFEMS Microbiol

Lj,tp\i\@;r(z)lg,gyg . f@tnelilge remai nder of the fermentation,
e in ucer agded after the carbon source f eed

[00158] NP%Fn@mlng e:iagla}ﬁ%(éfdmt lﬁ C%ﬁ@u?mt‘i%’f e mtyﬁgt host cells include an ADH]1, an
APHE 200 ana BERE2 mpmotémiercidditing ¢xamples of suitable inducible promnters for use in

yéaﬁ%*ft 214 lulcﬂlitp b&%ﬁo&ﬁ@dﬁpg %Erg&t éallzP I\@— c*bfe'fr& er such asa GAL 1l or
arsﬂ ﬁ car bon solurlce IS i.n :
Hthé P‘é’ﬁ‘BﬁH&FFé?ﬂt 8l (P Mo Fﬁ’érﬁl%{t b ?588?6 9ot 3{YP1
desizedf the mbjkct vacter compize b ptolr@ter tietas dkengdehard sakick Ei |momtac promoter.
[00159] NB;PMnEHQﬁ: Eer&t&@ffor degk &%&ﬁal%@ét l:ellg {'z LakE ﬁromﬁ@f operator (Lacl

exa nown when ucose
reRREPTYe f‘ﬁégﬁiﬁ‘mfﬂﬁ'fﬂwsbﬁ%cwsﬁwagﬁe Caby grswmipashe Luct repressor
pro@in fiou Hiwlingpo the o;tehaeorp B g@m:;&m prﬁﬁﬁer op@fitorewhdtlotipleed fwhith tryptophan,
Tl%k r&:‘ressc(‘ ﬂn%gﬁl)h;s (—rﬁzﬁlﬁﬂ th§ %pe@rﬁor JI %%b@.&:e of tryptophan, the TrpR.

pr ovi di t‘ﬁ‘g car bon sour ce,
r &ﬁﬁ?fd@a?!ﬂ%‘hﬁ °‘3%‘H’rﬁ'ﬂ‘ﬂﬂ’ﬁ5 2eF bd E Be RSPHBY i‘“ ét‘f‘fé’k‘?"i‘ﬁﬁ‘rﬂ’mm (see,
fogexamnpla, deBbee ot(all il S8 RredNgit. auddndci. .ha. 80ad1tdsgl growt h of -

[6G168] ""ﬁel'éer.,g ﬁl dxéexﬂ@yswg%eﬁé g%c ally talsL Qxﬁ:e&r a%amg% ﬁ%g?m: to dzrect translation

arrested due cunul ation of toxic su
(Vphis SYBSIS) Py TFEHY PR AGERIASIUEOR S Ple HaePHERPS for use in
Escheichiev@l, sealShinecttah @ngammsoﬂa&ha;sﬁ& n@iolaEaLRaghiatic and
Déve of; %rdeﬁg‘ﬁ Pes ﬁ_‘rdotldbg T}, VQIVF lp 25 n@?& Plenur? Publishing, N.Y.

hus Cert ai
Iﬂfeﬁé’nf’éihﬁﬁ%/ﬂs%ﬁ“? ‘Bﬁ‘f‘"?ge%f% trepfing ruclseide Wﬁ%ﬂ %Ifcﬂﬁ"“%%‘a? Yppfgcam of a coding
seQndedavil Bo¢sletiichBirdeeiftion hed yaust hdtemidfooighitidh (Lol et A101993) Nuc. Ac. Res.

21%@,;1;%11@“#9 aPEgB@’Mo‘i ﬁ%ﬁlg)ﬁm@ﬁés Ihegse skilled in

reciate that t critical
[00161) Otbes AeegFtOPEAITR™ JPt BT Fu R e SKPIefsiop Apsjer Wiclude Fanermigqngphpncer elements
and rahstripon B ahibhoryMSES For bmpReBltter 04} 9EY) Vatheds iieBiziMdeogy, 153:516-544.
[00162] Ad &Efé?smngvgété}u’}m%%@ G0 fo%@éwa%cﬁw QD¢ }%'srﬂm%g}gimsm and not others.

oun as i norgani c sa am ns
Ofrfé’f" adipary gfill iy tBdh h?)‘}“‘dﬁo?“é Fesdilysigtermipg ‘h’é’l‘gbcfe‘l‘Pﬁ‘é ERgEmeugton whether a
pagticaler d3fref3ioR SEMRIr i shiteddbra@iven Rdst mdGSIFaridsm. FofBkmple, the expression vector
v t
cat? Q%thgdice'éigxllt* Iﬂg gﬁ%ft Lrgt&gosllrg[, %gf;:l?gg%%l %grﬁxmrlrﬁ?&xfwl:l v?abgﬂyé%ﬂ prpe%sxon of any genes
‘:"é‘ﬁ*ﬁ?j’d{‘ﬁ’ér‘ft’c“&f the invention invol ves providing these
[00163] The eXip@LitEiGci mhyeAl®|conthih 8le o hBreSeIb@Ble niffiter fSe CBANPELEpression, confer

on Qr &g}gélrcwm tradty gs%ﬁlrl [ror gele% o1 .oguermnsg (Y \égfgn%ﬁosteceﬁfth}t rc]aerry the

ease | sopr
BXHP%?GH EeasAY ODtIGB‘EL@@]’“W °f @F%‘%W&?‘P‘éﬁmi‘féﬁ‘é for eplramyetietoeflsdnclude
maﬁfcﬂdtéﬁdlﬁam aail Beotybitl irdsRiahc?. mlqaﬁliagte&amwo@ amab‘fu@h:ctable markers for
P B S 8D  tR  R o BP e i rsisance
sources include, but are not,{imted to, phosphate
salts such as nono or di basic sodi um and potassi um
phosphat es, anmmoni um phosphat e, pol yphosphate, and
m xtures thereof. A suitable fernmentation reaction
m xture can al so include a source of magnesium In

promoter ‘Where

ke




greater control of the nediumand the growth of the

m croorgani sns. A continuous process can be

consi dered an open system where nmediumis

WOPRO 110350 added a roduct i s, sinmultaneowsiryys2007/069847
[00164] Formadpetpn o %ﬁ%’é@gﬁégaw 1L ORE BepisERal qr 409 oty & s a selectable

mpgegthatFairésistaddioen ofiam m@h@h@ﬁ‘d@dtmmﬁt;on frdedia. Accordingly, some

eal%az@&wfm@ grege%t RELHM, htﬁdai@@&m R 0GES e u&r&a@ﬂmm

ganl such as O ecane 1S p ace In conta
AT RS PRer 1B TR PRI G EREoP BB Lt n hee
embm of i piesenicigventis) (e expodsslen vevd @htaihyPplasalid iailtenstee system such

a@m@s@ﬂ%ﬁmp thelnfid oﬁ&n@@g o SR G TR a;glngdl}t@gng%{&?%g&x segregation

agueous fermsn ation nedi'um are extract )
SEMRTET PRTIAEE R T Hedbierrs obiyipticselectipa fsce. fir sxamrlentia et al. (1995)
1] Bropri@ NG A 38907 P apse@tiu eext] (1994)aXKMek Bioh D34:420-63 pialtitibie @Rsmid
naa,keg;m@ggmfn%@l@pmg{s e&%@e@ﬁ@% ar%h%g&&l“@fﬂﬁ%ﬁ codes for a stable

t hen s np aration or suc

R F%Wfﬁ‘e}f “ﬁ T‘rea%‘fm% SR P AR o O by direetproeie-
meﬁlﬁﬁisﬁcti’baﬂieﬂhﬁﬁiﬂﬁsb ElfeiesprésSibn Gdctobthiithaibork 6@ pdiEtdperon are quickly

B 05 e ag (iB4:h. RIS, RIAGEER m&%%%?%mg berf d1§h. The RK2 plasmid

rom
”ﬂ’&?aﬁ%‘rﬁyﬁfl}‘ Efﬁ“??ﬁ%fb‘?i’é%fs’@? genphwhigheqdes Sar @ PNAgPlicaHRiPRRIY She RK2
plRimif efesion kjsew if Gicoded By 0@ pirCBY oftfront hﬁc}ﬁdﬂﬂéstfbrq;l?otﬂaﬁs that function to

szﬁl}JEﬁ&&ﬂ{,hlﬁﬁ}n%Qﬁp[q%?%% oéhm{%lﬁ % ue&l?&tlg erment ati on

ocess or conbi nati on of
- [00165 Biect Brdrnsa b mfredugrd faip B JosppellFably entranHenls bY yarisly obtpablished
: teblivdqub ) \Fendxhutiple, obdi@eth@l iIOGAES £&ldlink @ildridOtrea@fic@bb@¥ein the expression vector

is Eﬁcgli v19£ c:hv.l}lﬁn h%l 1ta?r;c Cﬂﬂg Latltk i e fle cgfg}u.@{})g n%mcr%my also be used

ernentation co ents as a functron o
foflevige & pimdar prcetstre Ao efifitiopslorEIPrRRItiRGh thegpplisgtion of current to increase the
phaadfincifatils tespRziagikd) ynapheised. t hiker &afifddtinh @@thpdsQEHAE microinjection,

o 89544 U 0l 0O R i

ComPkeo FRPSFTS rAn G Brndripere payfisorhs crrplaYed e Eamsiees thehiprg microorganism.
[00166] Up&@fahifyrm@fion(d %e@rom&hmbam @mb&emad‘euﬁ@ @hekhyst ceIls into which the subject

vOlRATY Hitn iw&u&t %h;? Hysicinbof Al T 2l Ah& rﬁo 28iidual cells to

given vo Ion nme A commo
fogep g@mc@ﬂ,cglopppefogpve%ﬁﬁm,g g exprggsion uﬁéqr dqsmmne@froduct Another method
ent£6 mﬁ@gt&aasrfoﬁmd hestRelf R 1Pbn mﬁdaﬁ;d: il EoRfefradthRdegh thOstpression of
se&egmgg Hmtk%r&e&elg gonta?&e?%mﬁ c%gpr 10 o;‘ i‘h%seo of gl%r g%%iﬂﬂ gan identify

asur e
g%ﬁt&iﬂﬁ/ﬂﬁm@&“ ief hestentls purabiie P@tﬁebmﬁ*b%% aYaéathé ﬂ!ﬁﬂfﬁ cal
[00167] Tmemsddﬁgﬁoabf anMe pahengbduenls U itidtion @t FRtlell Ganttd eonfinm:d by
?ﬁ 3 ch as élggo %-lgteor ggnﬁemrﬁlg{%rbn%gzgt:ecjna%e%ﬁgr%lea nic eic acids can be

Si ganism w t
ﬁorncthﬂrrewtmﬁwsw@ls Fmaﬂms PaTiT jequepast eftiterpss pAnype amplified by PCR using
prhﬁm.@aﬁﬁc@a taa’uéq@mu Bit mt@xfestmrﬂerdﬁ@hﬁﬂr}ir&lﬂh mﬁijmdumamse gel

elf\égfré%xﬁ%g}%fga n er cl d%/ %c?glec orem nr cap g Ol? %boFahO{esm YBftowed {)y staining with

i on curve
etiigigmibrontides &‘t’%‘iﬁl Gipo prbution Py thghltemé depstigmef D Witk § U¥ dptpction.

AM&hgLy, avdic @;megespe&ﬁ@a} the SE§EDBEes bEiStercktRaB EpLA&IaS a hybridization
t hes correl at i dif

reaction. ressmn f% cﬁa gene e u%ncgc ri)easceriaercgg detectm% the correspondmg

er nen I on ar m CI‘OO

mRN4 vsaaﬁ@reeﬁa@mnhpmounle@i P@K P{OUM@UF hypridigateth errbya@ﬁét@essays using

arkibRidd FR&RD Wvith thé eﬁuoaéa;gem;@wu&e s?@mmjt 1Bk 20431 ih&khdd But are not limited to
DS err1,0r a fernmentation reaction

Efélg%’pm&omﬁmma 4’%5?‘ ?@r? fatt g]ﬁm'%%n fifand a plurality of _

- [00168] Thyeperiatedctiyitymb el givinandthiviey enzprat 423 be sssayeieatey eimecthods known in the

arl, 30 RneaDhe enspEBIc a@@«ﬁlﬁi |c$d Hé@&:eﬁdﬂﬁ‘eh b} 1@ forda@jon b@e product or conversion of a

r tation.mediu .a.tengperat.ure r. . .
NE%%%F Wact“’(ﬁﬁ’f'% hcach n}hat 13 ll;nggr 1aves auon e reac on can ta?_%,:\?i?cie én VItTG O in
spe

or maxi mum
growh rate of said host celbs; (b) the fernmentation
medi um conpri ses a carbon source present in an anpunt
that is |ower than that which would provide for a
maxi mum specific gromh rate of the host cells;
and/or (c) the fernentati on medi um conprises a



[00212] The practice of the present invention can

enpl oy, unless otherw se indicated, conventional

technlques of the blosynthetlc i ndustry and the liKke,
Wﬂlﬁﬂ n the_ skil the art. To t heceisemt/069897
VR e PSRRI PR3 OO0 5 FNISH G e s e cam be
mg@n‘ecf IPYI’FUC oy daty lefed pEHIIE-God: ih heehh. IHMG-HeA s@i1 teRrktrakied by Tricholoroacetic
Adill PRI i Bved @g%%}lg 100 efehiBred Rhek MR ﬂxqﬁ?&%ﬁ)ﬁmphy/h&ass Spectrometry.

A AT TR O ——
rela@yrzet dty of mevalpnae oasomd HNSG{Cohaeduathde om langtatiard ibg the Gaady state level
of @RI B AR TAR HAieaImin@ ) il Chl R YE lyMasElbduomdly. Seees,

wohE Q" i_n the nunbers reported herein exists, on€
&P ﬁ%ﬁijQﬁ‘F}m‘?Wri“Ffjeheﬁ?‘f‘éyrFfﬁmW‘?l ch this inventi on
[00169] Theyitldpive ivpendddaice of hereaerabelitpativays Misclbsed hdréicamfbe tlpnented by

m&a@g @aaagnscm G\ DS BBl EHbin pM&cﬁséstepp Q& Bnation of the isoprencid
ot h ervmse erature Is rep ort i n de rees

preshC g gl s e essris SR v gaeveds teexpression aud/or
acfYiy s enzgmetin@bad Indvedr. modd lhnprcaa@e@tc&;uomn Behseactidne tndlndeeside reactions
oﬂﬂﬁ%«aéyad thal¥BJaGo ﬁm z[lzﬁz!in@lbloy{/ynthzﬁsethfe gi& M fflrpathvay,

exanpl és are I ntende OI‘ I ustrat| urpo

EUEABPOBRTCT i Penp HAsynthesis. aRd/os dRfanpatrcbiesymbrsis ’d‘f WFé thatadleetpthe overall yield
of lamisgénodiprodixt@npAdditonally) e tehverdibn of aestdfplhao dhe@e vialiesaction of

phg&ilgm%cgtﬁgse @K&tﬂg e%fe%? ﬁﬁp@&uﬂ%v@ﬁm 1‘2§cﬂ£ﬂb aithexﬁﬂpeog ere desired,

for enzynes includi enzymnmes o rom

%%@eﬁa?*o?fymhe%ﬁ R %P"g‘gﬁF gfll}ﬁlfgtylase may also be carried
in bﬂ&&& Sifrefoe e @i df boptaédpradupdday ﬁeyua&ngﬁnm spboeftl ifiprenoid of interest,

onla Qéferdtlﬂ ﬂgart ggy %%Itﬂ%gétqul& Jé Llé?’ Jﬂ%&h IEQI O?’ vmg? carotenoid is

vector. eron e set

thcbuéqp’:ﬁw ogﬂlfyﬁgge et fog &glch Byt orf 5?%\‘ 6‘? P?ﬁ_—f‘“ more genes selected from the
grchblcqusisfmg.tﬁ' gfitAe ¢4 ESIONF, &ﬁle,thﬁ* orGfA &I0A, @P) Y, ARpCadlf) ABP &ipXP, creB, csdA,

s h
R AT a0 B e g0 nELIREY 08, e moc
oupk, Pﬁéﬂﬂ%ﬁﬁ H‘SSﬁ iy Pﬂﬂ'&ﬁ‘ééc%’r Meis amladfbrs  gefR OIS YEJPWSGN chc
yeiPh ﬁbb,@ﬁiﬂp nﬁhlﬁeﬂﬂm’@ﬁes&fr ah@haigaBs ganer nCanbadtin, the inhibition of which

&

wd?gd% AR ﬁgg gi’}%g%%g gdeﬁﬁﬁ%afyasegzﬁiéphcﬁaém 21558, which is
m%aﬂesﬁéﬁaﬁv@é?f%%w si ae general e DNA the coding

[00170] A efEyeNmethaks aieheailkRehs ogekieg quterBaking A6 ©ES SdnO 6f iftd S For example, a

rer?ﬁgf%%%%e’seécggsg %‘La? r@%a%b%éa@&%zl b% ng&l{ég q%xéar@igﬁ\;lly% ggéle rearrangcment Itcan
caal@@gﬁ’émthedﬁe PBLEBERAY FRYPoHRA. PP@WPIQ gffged DNA, and
trafdcaida Bkd/@ e afSbonhibitiad) ah addidd QrinspRiotd &Nbe ed @HGhPt gene

N N

adﬁmgegeéﬁ‘émfcr“aﬁmtofi’%&%ﬁed an artificial start
High Yield€s)U0prendill €ompaalsiid | ed fragments were spliced together

foor71]) Th ?llegbgts lg‘yerg{l’mL %Pov?cfég gaﬂ%gg&%s gn%QEéﬂﬂ)g) for gr%ﬁllsﬂ:g dp\lg(gﬁ gn)f *sopnsn()lds by the use

Ing sites were intro

of tSPR?mﬂSé prephgsrbae PEEREY SnYEET e ateardra fis eantrolgt pidpast qpe heterologous
regali6hir bil foriebtiod coitme kN §)6ne of BeoldBiationper on was

d I3} V.
o171 1 A b L 0D REA L s B o Ml Oty s
celfgghiate BEEF ot GW?LM%‘GM &1 ﬂﬂ)"% isepsnteny! pyseRbosphase “)%Fﬁ‘ﬁi‘! the all of the
patdsvy enbyRisds bie exhdeeébn&aby BlﬂeaSﬂ dne h@efrow@ﬁi s PIPAIDATe fulaths  BRA (b) culturing

tostac.lells u?l 13 9(?1)11‘1] undgra c% n? ﬁég s tﬂ%patrm“'l]a% %‘%rﬁ%%g}o coI@ tions that would

€ operon un
Prqyrde ﬁ%ﬁ@?ﬂxnrrﬁlﬁép%ﬂfwwms fpgsthq hoxteglls. i S&ﬁﬁé‘ﬁ’t"’d@?@nﬁmﬂy is the
mémsnafequdhasgedn vihécembiemNed, the YitRkaylid @ODEP batodayp BElMafhodiments, the

at %Fsﬁ%nc h&gm%%r %‘%‘% %h)%%@}tg Q%/?lg%glgon p‘iyass,r %OE'%I lbodiments, e

PAMB6- MevT66 was generated by inserting the MevT66
operon into the pAM36 vector. Vector pAM36 was
generated by inserting an oligonucleotide cassette
containing fiscl-Sfil-As1Sl - Xhol - Pacl - Fs11- Prrel
restrl ct| on enzyne sites into the pACYC184 vector



WD 20071140339PC T/ US2007/ 069807 by gel

el ectrophoresis, gel extracting the 0.5 kb fragnent,

and l'igating the |soI ated DNA fragment into the Xmal
'1/14@%3i90n en expression pl asm @CT/US2007/069807 -
DR B B SR L pis Tk ool e Tgamens: e

PR!EWB’ GPERcH pre uqthecmglof wplple hetomalogas Tarksarintiehal mgutatarhie

[00173] IS&be eABolinRahE, thé Sﬁﬁ&dy@:gﬂleﬁ%?ﬂgi@ aSd §e€§en&fen<\.4)@ﬁ%9 fnevalonate pathway
48

BB 1 1
%55%’5“ s Yy o AR TR L —————
7 AT qumlb EhoscrondiRe Fepdry: AFRPRAS] Afckqprgelns oiuelbivasini Rbrrelia;
mmf@mr&&g%@tﬁgam:ﬂw $8febib; Qﬁbe&rmgaclllﬁap'%’a%%uﬁ p.tegdomonas

encodes_a fanes r ophosphat e
S ficads Sharo Ry FREo T EHRRHEL FPOHPH Nepgmating examples of
smiﬁe strizs sncbifie: |ARRasmiglohusgugiduro Béaiolilgiodkictbhdbbvs; tBorrettldar gdorferi;
Cﬁ:@w a@-)ﬂrﬁptt}o@rgg%gcug EIEEG)IS, EID:%CQ(Q’QS' ﬁ&zu&eg&é%gc%h@johusomz,

th ene (GenBank accessi on numb
"f!fé‘%" P sprum; S 8450t PRSI Trace LFGBBWE?@HW%W%"""”"C" Tus
ihgpdniis; g’emmces BINGntyBifargne Phegdansonds npavelonst, SwphylacaciSagteus;
s{sszwcb&u PeSREY mp@v&&meﬁo&r&&e kéegtoggacﬁgzgazx@aw Stheptomyces

ac{' restiiction enzyme site anpl |
B ARt RS PUGEU B BRI P 0 SR G Y 85
Theembnlasetziogiopsiery (Teamoplanarvela@tinmg 1Vilmio X baleree; Wibsio parehaemolyticus; and
Vfb%g;zyﬁg‘sby gel el ectrophoresis, and the 0.9 kb DNA

I Th I f
[00174] I"Wégtgfr gxg?cg%lg’qt, eedm? ?ftél‘ %ggeggam?qdlgégﬂigﬁlegna%\ﬁ{y%zmetm selected from
agiyl-Eob thigieBIHMGCleAaimthasd, HM hoA hdudtse Andyesvelodite Igfasd. dh another

o e L BT R e

5 o Bttt HICSUBR B Bis saprplip's Hph ond is from a proaryot
balonging ssthogenyd BeniadcpMBItS deyusiFepidargdnagoritivaens Slpipbdbdagy. In another

SRAHERS B Whdidh R e _
~ger any‘IE di phos pldaty@k lg%%cggg% ‘q‘l”‘g‘%%& Wg %?\I%%ngls selected from acetyl-

CEOMTS TGS hawttes Q%ﬁﬁé%aée - aptBREinete e aﬁﬁﬂ‘“‘g’"g’“ocm
Jasdaihadpheligphgynbhasarads generated synt hetl cally

I90175] Inlﬁfﬁiﬁt%% Ie%gtgiérlﬁéglg E{nﬁ%ﬂ?ﬁ:ﬁ%@{]ﬁ&ﬁ ggcﬁhilﬂg g glgvg%ln%ﬁ Baﬁlbv& enzyme is a Class I HMG-

F{@@}(ﬁqA IS@CH%%FBHC@BH E}ﬁwgﬁq ;nﬁtxz@ﬂasrqﬁ,r winch are distingnishable
b:seque&suma honpldeyahdsri eodyratic@bpertieaGed for exapblal Iedl, #ue, J. Bacteriology,
1934 Cl'9§?§b(g,ean§%g&ﬁp G YatSied 'G@ﬁkli %ﬁv 68, xbﬁﬂeigg%d

restriction enzy site and a tertnina
100176] Clags 3§ H e G Feiaspngandte e laacigiepdia o 8Y B g desitiy to satin,inluding bu

not Gapal tb Bloevastetsd, Cerdbitain, Biuaytae ,diotasnti) Pragas@lig Sinngstatin, in some
erM%ﬁltﬂQ{]ts %&LQ’fhséﬁ é ‘c%ﬁ‘iéﬁgaég Wonidls Q@% d&ﬁgﬁ% Hstéﬁ?&&% than about 1

The synt heti cal ener at ed gerany
migtpokin d 8 miEepRia e laﬁ@cwgmaét %athsvrr&r) joeRty, %%U BMK-CoA reductase
has yininhibEibiS coR oS for ILo¢astutin grauspiied therof ths IChes ISBMGJCoamQI a &R ®r of at least
abrm?tslbr (}ﬁt 096‘ OPWE& Dﬂlgr%ﬁagl'ﬁ%ﬁé}xgs {hg %Iagsgﬁﬁltfl:%ﬁp&ﬂeﬁcw;eehas an inhibition

eCtrOp oresi s extfractin
aﬁﬁ?&x R ERleg R QAT LRSI CRAPNHeg SOP i lopR aapien by  fctor
oflasiedsadbect 1DNACf106@) BEIB000.1Th 6thérRenbSdnts, fha dlalsdBHKIGETd AOlaductase is from

a [ﬁ% ﬂ &tﬁet QILb gstﬁé &stﬁi l%é[?}' &Aﬂ%é&a %ﬁ# gl:lﬁg bacteria.

pression asm see Figure
[00177) A moaogﬁ’rcal %95?1 Hh[l@éfzéz?du% ﬂ%ggveérfmm Pé%’ﬁ‘i‘"d”"ﬁﬂﬂﬂ'&"’%s‘““ encompassed
in@ idiefion drelyndnnSiads 1l HgGtdva iMBl-Gsed pebitiiihg af 6Bt about 30%, 35%, 40%, 45%,

SOO/A%?*%, &@ &5/6 7'6‘%(180%(j g(l)‘}f\]]%lr gﬁc tlcier &rcgﬁ@% tbe Qlingn? 9&& segt.flence of P.

mefvpleﬁq Em-tgp%q%&sep r Ifqziré?r§nms?dslp H}@ inyention 9(5 tﬁn&nts havmg less than about
400 5T, BI%, QB £0%Y/ BFless) illedtigvithan & Sdpass HMGtToAGtdubtse. The identities of

enzyme site. The anplified PCR product was di gest.ed

to conpletion using Xha and Pact restriction enzynes,

the reaction m xture was resgjved by gel

el ectrophoresis, the 5.4 kb DNA fragnent was gel

extracted, and the isolated DNA fragnent was |igated

into the Xhol Pact restriction enzyne site of

pA_M36- MevT66, yielding plasmd pAMA3. A DNA fragnent




[ 00226] Expression plasm d pAMB7 was derived from
expression plasmd pAMA5 by replacing the MevT66
operon vvlth the (atoB(opt): m/aS: nvaA) operon of

waﬂnve;n?aca egu c dgtﬁl%]"%ws %6%1& %@H%SI On}gﬁ ngﬁ%?mgzmégg{e}z Metab.,

6¢,d3%- ﬂ"etﬂ%n enzymss the reaction mxture was

[00178] No£ SRl tkebilafatiat GG RBAREBSESs @i fdiCacBved dobh }Bh‘!é.coA reductases

LM S i T e O

b‘HH‘foe’f‘ K@@%m% G {fordflens gurgyiapls (am@ 18f; EbterScdcSEQrebdDs MOA0O81155),;
Eﬁt)zro@cr&g;s }E%a Aﬁz’.@b@)ﬁ) RAsdtodazife Ij&h%ﬁ@!l '[&(N%M%)Lact&mgdlﬁ%ntamm

oduct conpletion using
R e e PR S I A LR
Orpgdlagiée ipyengie (IN@| 000170 Plvorasis seaxtrivenifcitns BIDNAG); Pseudomonas

mwaﬁg!?@ﬂimms&%klo%% Q&%&QAF@B@’SGS %?a é%l]o .88 dMvis (AF290090);

f t th t
S N R e @aﬁm@ci@%@%éfmpmym
gexpreesisiABRI7A8T) Sirepddodis muQOAXANSESAT); segit@bccpd musmtodice

m&&zs Aa@o%cgw%\é@g Hz@&is@?‘ me%ﬁaama Qézaog,mzﬂ, (%W?sm)

145 b
T%'ffrs??%”ﬁv Oﬁﬁr’ % éf%ﬁ%%fﬁ n'%?&ﬁﬁfg"k"f‘ﬁé“’r&%%&gné’fb&ﬁ Pglacpelyticus
(Baﬂrﬁﬁmlﬂ)enﬂﬁbm@m&z!lmomgmrl nmers 9-70C (SEQ I D NO
{00179] T&)‘fﬁﬁl@ﬁ{aﬁ%ﬁ n@%@d&d@é@béd@ek@ rel%): to Jﬁﬂﬁla{l JQp&Eh ?ﬂﬁ%ﬁj{aﬁ of the host ceils.

s resol ved el ectrgphoresi s,
ﬁltw%baéheg’éwag‘és%w eretic gy R PRl IR of els pe ui
Oﬁb:cagmt univgigne d Tyepedil grovis cnglaethe oits oiesigro&Gatrhe @Md The maximum

p&?ﬁé grsvetﬁ tehd fs; éeﬁ&n‘i@ﬁ}{%cm@(ﬁfe&? Bl %?ﬁbﬁmﬁ%tmnon on growth
ested to conpletion usi ngH:aC' and

rafee giFI?e ca]llf ng ﬁvﬁ;@?wl}f # a lorwelatel ? sm)sgft&raéd M level of the substrate in the
medigwinyregieshyo dgai thetlzeof cedirgknmﬂe SHsvevdrBe rdte 6f dek) gfov@gdveddot continue to

ns‘é@ﬁleﬁﬁt‘ely%ﬁ qg&ls%ﬁﬁb&lgﬁ 4 %%%CQQS % :fujf’nﬁ]g{% %bs%il produce a

ligated wth t e MBI operon Tﬁ uct yl e
srllp PR Sradier TS the i YeovEnm: N i Bty reaches &
lingit, adivh ¢ opdiNERFed\Vie uBthovaisxiglem ispeeidic ffoeth res pa GESﬂem:ﬁl treatment of the

re%%&gl%\geg 7%?1‘@{1%8 E}iﬁ%{gﬁg} gé’veegl gﬁl\ﬂ'ﬁb Hse sﬁlﬁcd\% §Je %‘L%(?{s Qerrred to as the

Me,ttfg th%§e@é§cmq, ?pe%-mpp]aﬁ?f h@ﬁoge and Cell Culnvatxon, Wﬂey NY, 1975,
pag2f3 @701 0B8i3 G diichlSREMnAAIDMS Bﬁﬂmm%aﬁu Site ig) amyrnmﬁt& limit that is never
rea(?:thQ&I(ﬁ%gemuf sﬁgstﬁ@gs %9‘61 J‘KQETQ 11 eb@ th OI‘ an %euﬁc growth

reaction m xture was reso ectro
Taig R bg copsidpredpgbeing ab‘ﬁ‘é‘?ﬁ‘t“’%@e @‘E‘i‘“@‘)&l\“%f‘é’ ﬁ“gﬁﬁﬂ (et @ substrate level or
tei@oinat)aabphitithe fasagiEifidl giveith ol JBS trétindepin @ Gidphateh teddlor, the initial condition

wﬁér%' thhu Qr@gup%gﬁég E&ésts'ié c%&tk@&tﬁe% s o R Frﬁﬁﬁmg&lgmwﬂa rate. See,

| asm to co etl on usin
fokgrreppis Lt ot e’em%frﬁvzzs% Bteotbas: 581 "ES FEEOTi b (F88) (Pgrechnology
30FaS5r Becbiditbnbyhgeh subltactis @pdios epbst the fexithub sgekific growth rate is also
solnbBSTRRALrWRSs AQlmiRY g]ro@ﬁ]t %ga'ﬁﬂigg thgthg fRLat eggaﬁ%smbes the theoretical

ragnent was [ gate MevB operon
T3t Py B‘HE‘F’ for?lsgsmtﬁ@a@imq%ﬁ%?aﬁ%ﬂ& DR RIEAPYgRfiF mate, for many
suls@02s? Aihe X4 BArdching picasm @ nippd\dhBSravasSa dgeeinedeate&5el idyte is seen at higher

IeJeﬂ%%uHuQQ RS J ) @E Wﬁ%ﬂ&%'@:‘c% RGNS is achieved
i o Yo e P

expressi on 7|ntoavector tha
%%PX%%EPSH@Wﬁ%sm d replication, segregation,
[00180} Tha hdxifiRinRpeihia RRevtISHEicaglsowh hgllicdbit @dpea td thpet:@dnt dsritll dSto substrates.

Geggglﬁré{ o a%g ;xl v\ml %ﬁ)kﬂ%lﬂ%@l & Fotwl thgpda? tur'lzl‘o%ld o‘g ai a faster rate as the

t"‘Hl?WBF‘“e‘F‘E’@%“U’?F?@“F‘%‘P P°1P‘e%f‘icf VEER 8 g&ﬁ%ﬁ wilf #éhﬂe There will be a
terfip@Gird 0 Avhith W droRthYas wWilbhdd: ¥ edxibym@et], ilsenhd ©Rfeates ktSvhich the

the approximtely 6.3 kb DNA fragnent containing the

entire par |ocus was gel extracted, and the isolated

DNA fragment was subcl oned ipto the Psi' restriction
~enzyne site of the mni RK2 replicon pRRI 0 (Roberts

et al. (1990)J Bacteriol. 172(11): 6204-6216),

yi el di ng vector pA ML32. Expression plasm d pAM7 was

di gested to conpletion using Asa( and Sad restriction




expression plasm d pAM22. [00234] Expression plasmd
pAMB3 was generated by inserting the coding sequence
of the nvaS gene of expreSS| on plasmd pAI\/I18 into
“%%g%g 1% %c 66 l% ee(l res lgg‘:lgil clt::%ﬁcg] ascag.’l;gﬁ%%?gased by
loweging the temmfeqq pylpe ghe tmmmmt ﬁ!wnormfhetwemumwcrﬁc growth rate.
[00181] Tlhsls@iu\i&d sﬁ%}é]ﬁg Blow € t4nQRB 8¢ £l m&xh@spépﬁro% J6dsYo the fermentation

nt, cont ai ni t he codi sequence of
SRR GRS T B e A EH SO A s low e a
1wy Wm Pf thess campopentsetie fafetvoll g bigBaathe sintatrgfon ofthe component is

ifR1eBde€, Stﬁe'nQH sdhedel a6l c&ﬁh&%&%c%%@ﬁﬁﬁcﬁl’eﬁp the rate will decrease. The
| asm d pAMB3. 1002 51 I‘eSSI on plasmd pAM34 was
SREP LIPSt B IHeEt § Bt 8 cnfipiriop 95 P Pt suppors the highest

raxpression plasmd pAI\/BS into vector pAM29. The

[00182] 'Iﬁéfﬁ&uﬂ%ﬁ%eai@ RHEWRS for § Od118h £ Hhed¥m RARLA &E!u%ﬁn&i HES Hﬁgsmges of the
oRl restriction enzyne, digestingt

M33 usi_n
qelg?ﬁﬁnt) efor ]nﬁégron Wfogb%wmﬂ?fhﬁﬁs m](cr?vgig}gr ?r(‘oflqerofﬁctors contribute to
slewing dewvn thes@lt:ﬁgmgtht Her exgai¢ thomaximxh grogrthryte dyaiften determined during the
gkﬁ&ul 91%95@% vith 1Pt 1€ aa%, &,ﬁags Idag clalln @gwme@aa&!ax phase. The

pent The vec one
CTBTAPERT B BPORSTPHE AR 6‘1‘&3‘?‘“@??‘%991 até%ﬁrsegelos fie {rerRqnggtion by taking
BB apgropdidtanariadgd. ECORI restricti on enzynes,
[00183] AE&%@AgY)J B o EmBoRRtehls %st%ﬁgai-ér cﬁltl.pé’d L&&JI condluons such that growth is less than

ophoresi s, an extract| ng t approxi mately

abz'“ff‘% %mﬁa o armhrmm T begtfistrage Cultured under

copditiens| siqpaliag growthi 1elcek|ﬂwg a‘emp&@’sgﬁ%;ﬁom SERI40%PIIB 45%, 20%, 10%, 5%, or

191, B¢ e b0 ko O ERWRXAPD! € descri bes met hods for

n%_s iF%T ressi.on plasm ds that encode enzynes, o 1o <o

[00184] In qffter ﬁ'ggé‘ﬁz"gﬁf'é"s‘f ol aﬁf@%*b%ﬂ%?“ﬁ’é?ﬁe%ﬂ@??&ﬁf%\c 4°C, 5°C,

6TVLBIC, LI°GAI C,@d20°T below tenienpefaBBBat volid proeils Fod the plagisiindpecific growth

raRAMY Ave y}@%%mgensém%rm ds R0l n Sre&gsnﬂé fh Bffnation of toxic

enz nes DXP pat hway. 1 nto
PEEHE i VRS e erferasor) metolic Bt h’vwnvw%ra fgmperature also reduces
cellulgioaxgen Bensand wihizh endbles hifies piiafessitiy with akwinddencoded by = -

{00185} ﬁ&@nﬂé&x&& %cpt-ﬂ FRahs! &&E}h@n §0li#id growth rate of a host cell can be achieved will

1- deoxy -Dx%?u ose- b- phosphate reduct ol sonmer ase

depeeadadmsy! tae i zqlecan Shiptan B BRERinehY-ereigng the host cells under various
teﬂ:pﬂaqh’ﬁmpﬂ'mﬂﬁddd)yﬂe@ﬁm tohigtiveDeer rylbVand grod th Syads h ABeGemperature that

T N
Tt agaesw s S FEC il e TR TARHRAR BER)C EXatHh B 5 dbout 37°C.
Atcogledglyeif £t Cristhe hom iinaheatel farfekmentative production of isoprenoid, the

feg:‘egla%ﬁ;gsér@éegaﬁpy E el§w @l}b@ﬁ ﬁ)l%act:egevtsgze is emﬁloycd, the tem rature for maxlmum

ocyt| 12C— D-erythritol- 2- sphat e
SPecif oY & gifniefhoyt o?rpﬁcgﬁdwgl\{'ﬂ&% ceBtiiere Sebpbis beuppdfor ermentative
predicOaef Bb}itgtﬁﬂSth@ fermdt@ntion @pperddXPispalbR\Aer. WWepieally a desired temperature is

e s yingo ' : - .
e —
g&@?%@fﬂﬁgﬁeﬂl can g achiesdnBank accessi on number U00096

[00186] InkREEl mndnﬁa&aﬁ #E .hos'l: Beli hré epttir @it feCRnBaRkmAREEBipasts a carbon source

(26 0 Tl o SRR B0 B p R SR rowt e, 1n
“m qbpgimests holmen ce i@t e LB TAER e caigpy sowies i fgintained at a

ledaHb p('o%@r#@ﬁtﬁﬁ&)mﬂﬂfm‘h sl esho,aptel, s00d, 48h) 308, PRl QasaDI0%, 5%,1%, or

les% qa%%g‘?nu%ﬁec%c gﬁcgvgh ehrA Vﬁtcirtoqltc xg ?%ﬂt%s&fgsnble by the
mnﬁﬁaergp@:ql i é@j%@ SNM@WW%HWE & ohydrates such as monosaccharides,
oligbsa&hdripd wat sl Scch@ies, Qighliafdid Judias fgtichcidl @GEdhic acid; and alcohols such
[ e ' n kit, digested to

3 R T S R PN s

(Alto! and Kpnl for the PCR _pgoduct conprising the

dxs gene; Kpnl and Apal for the PCR product

conprising the dxr gene; Apal and Ndel for the PCR

product conprising the ispD gene; Nile! and M/ for

the PCR product conprising the ispE gene), and




[ 002391 Expression plasm d pAMA24, a derivative of

expression plasm d pAl vl409 containing the broad-host

range RK2 origin of replication, was generated by
Wﬂzﬂhﬁf@iﬁﬂl [ acUV5 ronDt er and the PCT/US2007/069807

di
[00187] In omti.:eagio I i I Sp B%nesrogrrc]:eso %mfnﬁ) ac -?r ohgosaccharides. In

otbeeemlmdmve OIATHOMRMETF cmeﬁgm@p@t of ahopgsadehdridenpd disdgeharides. In stili
othdk %&a&&mm&ﬁ@%@;m@uir resbrbapmdK2 plasm d DNA

[00188] Mgnoszyc::e:han lfgé&zp?75%:?s%ate AL e %ﬂ?ﬂ I}%ﬁ) ksl]'%%%zb()%%%?e?t)ﬁey are classified

bap@ongm)r ba*h@c of Uerbkb(CD@Rnpxmmhavmc ehrigrastoen, tetmses four, pentoses five,

heﬁ&ggu@ Qﬂd(h@ tUs%& {&geML l:arﬁ)ﬂqwm Qtle bbdasd lc)lh?cir&) P atohi¢é @L@ﬁ Sh_'ydl'm-;yl groups
and t fragnent was |i atedlntoapasm

(_E’HPI% (ﬁrhﬁgyl £198Ps ”.[%Q?r Tv]gqsw: “ﬁ“’é‘lﬂs Io b phronfigyratipps allow a large nurnber

of GtlaleGik EFRE Biti @ OPenfolS irB:uilR Rfosg,Atnerd firl WwddY Sateils; pfifitoke, [fdiGd in gums

ﬁ(%rg&%é%rg Ql% %B% ongzﬂlg?%)ﬂtm#(g ise\rh %?ﬂd deoxyn .7 conérponent of DNA,
Exgpploryihgposss anglude E?S’H%B@f‘i‘%ﬁ aef&ﬁnﬁg’ser é‘é‘tl‘P?aE‘thF‘EFEs eawyamﬂz cach other
anaticrgadthptb fidinfaivaridohel dise@Biride)andiokfddicCharias. AQ smgovmhahae isa

R
fowé§ﬂ1§ép erdf-linked feaomeawaleﬁwewa%ﬂé& félanmmorefnagmﬁ m%e@s A preferred
ohhdasgﬁha&ﬂe Fo @ ik he preaat fedolictatibinlréactidnti £diQbchidiR, iAdhRtingR2xample, sucrose,

_ %!%%@Q%gﬁggéghgﬁgberts et al. (1990)J Bacteri ot

yl el di ng vector pAML33; pAML33 was
100189] Whﬁ“g’é%@@&"% '8 besiepliudass. G Cars gD, Betther afﬂrfaqqﬁﬁﬂﬂ‘
th&seﬁcﬁfsh&ﬁdrﬂ& c&rﬁ%}&ﬂ&&onvbhﬁ ifit® BohdsDiBhartes tabld ﬁlgm&:handes by chemical means

or é}e %Q%z%&?&e lFOl'elJ’lS «g Eeect%}% §e com!%%ec?ng) | ggl)é(l:sn%}f Sle ¥nzyme celhilase.

rag nent

Aceadingly, afm@sgé'ﬁedea ﬁ‘éFh@F F"ﬂ“’@?frfj)‘u’éat t?ﬂﬁﬂemms? (;lvcivdwas £g equols, alfalfa, rice,

rye ¥dighagd Qelflovah Gvhbdl eoyb%a{ abedo law:oﬁreagﬂemon,vmset bbtard @dava, coffee,

th nthet| ner ted
cotdl P llll D8l E2etuke SRS O, DN AnLLAI TR mengo, gos bastey,

vegeggples, a?ﬁ\ﬂmﬁ’{’ﬁﬂ@ 9 qoe&ﬁr) Ao theyltingis cabenssqurcy; jitaphierfiigested by cellulase to
gelxeeﬁé SbplAMRR for UsXiRIcBiF Scfth ﬁm&eaﬁﬁ&%cm @ pRt@binvention. In
cellca l e]%l I gH 2 é&lzlé)n o:%gx}s%fof ?lngt)l)%gtltc L e’zlblr i/%taslagc@la,nde and/or
oheqseehqnépmaﬂeﬁ? a leagtigboug % Byyieigit pivhe carbpn spupe Rbdesmned at the beginning
of fhé EGHBIRIoNAS ofie enB¥dimatd, er m\(&ﬁic%d@ A1 % 517g0¥kﬁ&andc constitute at least

ab% rgrgeﬁre %/qum a%g%o e cuI S% uxt[ :%t rgltu g%mnmg of the fermentation, .
such et e fnﬂn@taeﬁenw@ewsssmteﬂ?oﬁ@rof eatidloges p FGH- i di -i spA

[00190] In &H@%ﬂﬂotﬂ&ﬁ&d theRdseild 43t QuldiRe ind Tokmeieddn n{eeiaﬁlrcblaﬁﬂsm nitrogen source
pres n%%ne I m%zs lt ge:re I\{%gr?evlgv%%u?c{ ﬁro%%ﬁj%r am m%gs;‘)es c:I gcl)'g]wth rate,
W}Elx aﬂtwlereg Boun{i MGTWW@CEWM keovapehad Fhabe@g theleYrésa§ cdngponents such as
nit¥SB Y ar@ $ 11835 Ho @ RelPdad ShBnESthE RALRITRR GLougR fhy R foud 8thical pathways

.conver 100 ssi.on asm . o
i, W Rlest i 0By = RLET O AR T AR b oo e
amging pfdprpeeneid sush Psrﬁgwmﬁ'aéfm ippsidpced by the mwaeryn ishigraqased. Exemplary
levEls Hrdgend SR pYREd QFvertibh GORA in I;hﬂn@ﬁm%a@ hrauléfl%ﬂoreﬁbeﬁm% 80%, 75%,
q &) n at nt het| ca

sof R0 308 DR B FRhI RS S ndnc e

[00191) Thbeestnﬁ@n of wiazen nbh implaesied inpagesh jn e R'ebOétmeatS, nitfqpenig yhe form of

amﬁ\ﬁfnﬁ is pRivieRMe b@;lﬂﬁﬁhyﬁ theef&ilneﬂgt%n longppo&%lﬁﬂ @Jowth'ﬂﬁn subsequent

| eQ e se uen encodi n
oo Rt RS R Ees BE Po uF B YRR st o bl BT o rmonie
needes] to maiptaih thopH ke fpmnhm at o withjen avoepnia yeletiong Sorfthedykeod] the
ferf¥ntAioR, theVe@] ofdkdoch l?amhﬁﬁakd 4t 8 Bkt which @NesSMEY KB a:ﬁéuhﬁwlnch would

U S Patent Nu 192, 75 The nycl eot |
e ﬂs&%‘rnéw%%e R R vould soppor

Xmal restrlctlon enzynes tbhe.reaction n1xture was
resol ved by gel el ectrophoresis, the approxi mately
1.6 kb DNA fragnment was gel -extracted, and the

i sol ated DNA fragnment was inserted into the Ncol Xma
restriction enzyme site of the pTrc99A vector (Aman

igesias the ultimate carbon source,




gene of Abies grandis (GenBank accessi on nunber
Ug7909, REA ON. 6..1892) or of Pinus taeda (CGenBank
accessi on nunber AF543530 REG ON. 1..1887), or the

RTS8 80 T Bass, gepioton
ngping Mmmmm deferricatation of Ge pRemiineot@ssild have awipdial nitrogen level
RN Q@&ﬁ!ﬁas %E%th&tﬂe fe;&%&o&ﬁecﬁfm,m ffﬁlrtgﬁ aindi é‘owth, and a subsequent a

P A o OB 24 0 Genion:

Srrtfwfltﬁuon medmm
[00192] SES‘Qdﬁ of asahmldﬂmﬂgei thet BN dsedig aewitble faoncnﬁﬁﬁu mun mixture include, but are
O TRkided | toe sim,w bR sbaLs, Io;gamphk&ogas@&ﬂ&é la8d SRRk miE&s ﬁnsmes Such

usi ng nglner sqguences SEQ 39 and
“ﬁ@g‘mcfemef ATy E P grpeRe: ﬁP’é‘H’B‘B’E‘ Sﬁ!ﬁé’ APgELG B grepye acids such as
amowppiue chlonde minmpividomifatg nohnBeigh acegtd, apdiiwmplestyrBgher nittogen-

bdiEnib £& 9%&9,@5 ﬁhé&ﬂé&&e&’%ﬁ Qloéhfle, m{d/&%lncmbml origin. Amino acids can also
eI eCtrthO or esi s, Qrom ma el DNA

bt psg A m‘E??ﬁ‘b’i"“%F ?ﬂdﬁ‘é FOIPe RRkR ‘é °§yﬂ‘f‘ﬁ 3%%‘”8‘8‘6“( thgeot
[00193] Ase furemes:thed Sor gelvidag b substricito aderaiedtition regaion tneibeDNAL to maintain the
s AR béWth% wgwéh aaTe) Kltnbﬁe R @k né@ﬁ: sﬁe'éife bohite. Mustrative

enzyne site 0O Trc99 tor, vyie
ERpies Belugihppard me&og Yhaoghtrs Stheef%f 9 f&megta‘s‘mmdd%? in the beginning of
thelfasaatgionepdtion; Feecobibodsrfeeg neeritos; ahdthe GFighle AR Gateanrehod, Svhere, for
lﬁéﬁfl@% ﬂqéclraﬂféjan{ogmh)? %Lﬁ@ﬂ?&oh){ed%s l;h@ %ﬁt{n)tggm:oceeds in: order to support the

restriction. enzy site and a term nal
negsayefl FROPTGRHoR ﬁﬁ?ﬁémﬁet”éedm&h Fombmations of fhege tryse Frethods are often employed.
Faongpatd, Bliss-omeot tol hgte agartan zyonpt ofisttesatofresant ¢ditdaily ingthe fermentation, to
alYo%@&lé’ﬁné&iféHmél% 18 dépﬁe@eﬁﬂi@ EefikiaP hdout of%@:}{a% Bk Q'sﬁbsé/q%%ﬂfadd substrate

fromwhich they coul d be |1 berated galn

A A T e B A Rt ﬁ“PF&“‘F & vtilized. Itis an aspect of
thisGiffehedin toprotitieaniiifel syininn efSsubsirgio methe wlld in teifrgenddyah medign, which may

b%entr a?a?%l‘ah&w }9&1 1@&@:? YJ%W eS8 lcé’ﬂs ?&uﬂ%ﬂlﬁr@% ﬂpQﬂa initial substrate, then
m xture horesi s, extracting the

topubseqsnily FQ‘“’E‘@FH@H%“ @ﬁﬁ‘ﬁ%‘é‘héh%’abﬁl P?gt W"H“F’é]g Shfpard o the smonn
thitveoul Sappvitait thikdmiy gowhk Ritsbwethe alchigiatas od viatiabld fv@ raterelk will be
}gbe%la % tha;e%% gﬁﬂnmr& Sihde ‘?he(?:fells\ﬁ%?tbg EroRite g&&%,c;(oﬁmﬁmate it can be
, ne 183- 190 61985 yi él.dirng plasmd

hine i Ueio ‘hbeF‘b’%At e&rssm&'r-u EYF ﬁ°§=f%té~temr!1ug&ﬂf grbgrate relative to
the Qdvel[plf Rshdells conpam). . THLO Bi4fin Eotpiiessts,clibspdtesind alded in an exponentially
ik AT gmtaR%&%Ecﬁ% M@Eﬁhm{ﬁwmh%mw&Iﬂ{eqnmmum
a nucl eotide sequence encodi ng an a-fanesene synt hase
specifigpoythapte.3 | 3-f amesene synthase ( TSB '),

[00194] In'semP &ﬁlﬁddit&]ny{ the fain@ntatien rpdfehiib gitsed d redneitferd of ddihwb esutice relative to the
caql&dél f?ed ‘wh(cilf Qvggle ﬁl) for &Q k'rgﬁmug% emﬁ%%(o%@ Tate 5%@139, 1%)? @mg bound by a

nucl eot i sequence |nserts wer e gener at ed
patiGpian BEPRd) if. VOWaéhﬂh@a%ﬂgéh@t leyep! %P‘@l%ﬁ‘%‘i‘am agelf pidl change the relative
fieohiongh R GHeBRRertital pdiBvags fvillif &8 edlie Foiaxthgls @orgremeynek are inducible, and

r WEerin & carbon source
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Exampl e 6 1002481 Thi s exanpl e describes the
generation of Escherichia coil host strains useful in
the invention. [00249] As detailed in Table 1, the

waa3at7/14838%i ns were.created by transform ng chkaiwsioyecsso7
b st RLR AR Rk sholicl BN R Tl R BIEo dhe ermenfacion. Tn
soffscesed ’ysipeintdt which thg sadiedd casbonBsaerfead rdte islimnplergrnted is the point at which a
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B8 G} o RS S LR T LB St s
5. e priddield| cppstaBt ay thetrhte fog the araiidemn 1@ fruepation.

InGBiAd A RIS, Qhe FAQVrd\@ it he £RTRER InEVA1bdaR oBBxH gatﬂVMy enzymes is
m%&b?era%%qgc@d (a:fgelr th% %grgonBsource feed rate has been reduced to a level below that required for
maximum specific growth. For example, where the engineered microorganism has an inducible proinoter,
the fermentation is first run by adding carbon source to achieve a exponential growth, but at a le\;*el which
is below that to support maximum specific growth, then the carbon source feed rate is reduced to an even
lower level for the remainder of the fermentation, and the inducer added after the carbon source feed rate is
reduced. In some embodiments, the microorganisms are induced with isopropylthio-beta-D-galactoside
(IPTQ) after the reduced carbon source feed is initiated.

In other embodiments, the fermentation reaction is performed in a manner that avoids the build up of toxic
substances that decrease cell growth rates. For example, it is known that when too much ghucose is addéd
to the medium, toxic prociucts such as acetate can build up in the organism. See, for example, Kortz et al.
(1995) J. Biotechnol. 39: 59-65. Thus by providing a high level of carbon source, at or approaching the
amount which would support a maximum growth rate éunlimited growth), the initial growth of the cells
may be higher, but the growth becornes arrested due to the accumulation of toxic substances. 'fhe level at
which the carbon source is added below the level where the toxic products ﬂo not accumulate 1s referred to
as the crit:ical Jevel or the inhibitory threshold. Thus in certain embodiments, the fermentation reaction is
performed such that the cﬁrbon’ source s kept below the critical level for the build up of toxic substances.
Those skilled in the art will appreciate that the critical concentration of substrates will vary with the strain
and the medium which i5 used.

An effective fermentation reaction mixture can contain other compounds such as inorganic saits, vitamins,
trace metals, or growth prometers. Such other compounds can also be present in carbon, nitrogen or
mineral sources in the effective reaction mixture or can be added specifically to the reaction mixture. One
embodiment of the invention involves providing these compounds at levels that are suboptimal as
compared to that would support the maximum growth rate of the host cells in order to increase isoprenoid

production.

[00199] The fermentation reaction mixture can also contain a suitable phosphate source. Such phosphate sources

include both inorganic and organic phosphate sources. Non-limiting examples of phosphate sources
include, but are not limited to, phosphate salts such as mono or dibasic sodiuvm and potassium phosphates,
ammonium phosphate, polyphosphate, and mixtures thereof. A suitable fermentation reaction mixture can-
also include a source of magnesium. In some embodiments, the magnesium is in the form of a
physiclogically acceptable salt, such as magnesium sulfate heptahydrate, although other magnesium
sources in concenirations that contribute similar amounts of magnesium can be used. Further, in some
instances it may be desirable to allow the fermentation reaction mixture to become depleted of a
magnesium source during fermentation. In some embodiments, the phosporous source is provided in an

amount that is suboptimal as compared to that would support a maximum specific growth rate.

[00200] The fermentation reaction mixture can also include a biologically acceptable chelating agent, such as the

dihydrate of trisodium citrate and ethylenediaminetetraacetic acid. The fermentation reaction mixture can
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8210 DP 8153 DHL pAMP7 pTrc99A-ADS 8282 DP 8255

DHL pAML28 pAML13 100 ug/nml carbenicillin 34 ug/nL

chl or at npheni colr B256
‘f&%‘iﬁh‘g’fﬁude a biologically acceptable acid or base to maintain the des%gg ﬁ%?%@?grﬁgnmﬁon
reaction mixture. Biologically acceptable acids include, but are not limited to, hydrochloric acid, sulfuric
acid, nifric acid, phosphoric acid and mixtures thereof. Biologically acceptable bases include, but are not
limited to, ammonium hydroxide, sodium hydroxide, potassium hydroxide and mixtures thereof.
The fcmenﬁﬁon reaction mixture can also include a biologicaily acceptable calcium source, including, but
not limited to, calcium chloride. The fermentation reaction mixture ¢can zlso include sodium chloride. The
fermentation reaction mixture can also include trace metals. Such trace metals can be added to the
fermentation reaction mixture as a stock solution that, for convenience, can be prepared separately from the
rest of the fermentation reaction mixture. A suitable trace metals solution can include, but is not limited to
sodium selenate; ferrous sulfate; heptahydrate; cupric sulfate, pentahydrate; zinc sulfate, heptahydrate;
sodium molybdate, dihydrate; cobaltous chloride; selenium or chromium solution; hexahydrate; and
manganous sulfate monohydrate. Hydrochloric acid may be added to the stock solution to kecp the trace
metal salts in sofution.
If a pathway intermediate or a compound that can he converted to a pathway intermediate is added to the
fermentation medium, the intermediate or compound is typically present in an excess amount.
Fermentation can be conducted under anaerobic {deficient in oxygen) or aerobic (oxygenated) conditions.
Under aerobic conditions, microorganisms can break down sugars to end products such as CO, and H,0.
Under anaerobic conditions, the host cells utilizera.n alternative pathway to produce CO; and ethapol.
Fermentation can also be used to refer to the bulk growth of microorganisms on a growth medium where no
distinction is made between aerobic and anaercbic metabolism. In general, aerobic fermentation is carried
out for production of isoprenoids.
The fermentations of the present invention can be carried out in a batch, a fed-batch, or a continmous
process. A batch process is typically a closed proceés where all of the raw matenials are added at'the
beginning of the fermentation. A fed-batch process is typically a closed process where the carbon source
and/or other substrates are added in increments throughout the process. A fed-batch process allows for
greéter control of the medivm and the growth of the microorganisms. A continuous process can be
considered an open system where medinm is continuously added and product is simultaneously removed.
Processes in between these types can also be used. For instance, in one embodiment, the fermentation is
begun as a fed-batch process, and an organic layer, such as dodecane is placed in contact with the
fermentation medium while the fermentation process continues. Isoprenoids, which typically have a higher
sohibility in the organic medium than in the aqueous fermentation mediurn are extracted out of the
fermentation medium into the organic layer. Where the isoprenoids are produced in excess of the
saturation point and form a layer separable from the medium, then simple separation by way of draining or
sucking the distinct phase layer can be carried out. This process has characteristics of both a fed-batch
process and a continuous process, because of the removal of product from the medium and the fermentation
progresses. The fed-batch and continuous processes allow for the control of the addition of fermentation
components during the fermentation process. A fed-batch, continuous, or combination of these processes is
usually preferred in carrying out the invention. Thee processes allow for greaicr conirol of the rate of
addition of feed and other fermentation components as a function of time. The removal of product during
fermentation can be beneficial, especially where the accumulated product leads to inhibition of the

production pathways.
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[00206]

[00207]

{00208]

by measuring the weight of microorganism isolated froma givexi volume of the fermentation medium. A
common measure is the dry weight of cells per liter of fermentation medium.  Another method which can
be used to monitor the fermentation while it is progressing is by a measurement of the optical density of the
medium: A common method is to measure the optical density at a wavelength of 600 nm, referred to the
ODgo0, or the OD. The OD can be correlated to a the density of a specific type of organism within a
specific medinm, but the specific relationship between OD and amount of microorganism per volume will
not generally be applicable across all types of organisms. in all types of media. A calibration curve can be
created by measuring the OD and the dry cell 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.

In another aspect, the present invention provides a method comprising the steps of (i) performing a
fermentation reaction comprising a fermentation medium and a phurality of genetically modified host cells
that produce the iseprenoid under conditions.such that.(a) the fermentation medium is kept at a.
ternperature lower than that which would provide for a maximum specific growth rate of said host cells; (b)
the fermentation medium comprises a carbon source present in an amount that is lower than that which
would provide for a maximum specific growth rate of the host cells; and/or (c) the fermentation medium
comprises a nitregen source présent in an amount that is lower than that which would provide fora
maximum specific growth rate of the host cells; (ii) recovering the isoprenoid produced under one or more
conditions set forth in (a) through (c). In one embodiment, the fermentation reaction is run under condition
(a). In another embodiment, the fermentation reaction is run under conditions (a) and (b). In yet another
embodiment, the fermentation reaction is run under conditions of (a), (b), and (c), orin any other
combinations thereof. - '

Using the methods described herein, the host cells pfoducc more than about 10 grams of isoprenoid per liter
of fermentation reaction mixture (10g/L). In other embodiments, more than about 15g/L, more than about
20g/L, more than 25g/L is produced, or more than about 30g/L of isoprenoid is produced.

In ancther embodiment, the host cells prodiice more than about 50 milligrams of isoprenoid per gram of dry
host cells (50 milligrams per gram dry cell weight) is produced. In other embodiments, more than about
100 ‘milligrams per gram dry cell weight, more than about 150 milligrams per gram dry cell weight, more
than about 200 milligrams per gram dry cell weight, more than about 250 milligrams per gram dry cell
weight, more than about 500 milligrams per gram dry cell weight, more than about 750 milliémms per
gram dry cell weight, or more than about 1¢00 milligrams per gram dry cell weight of isoprenoid is

"~ produced.

{00209]

[00210]

In other embodiments, the production level, whether it is in grams per liter or milligrams per gram dry cell
weight is achieved in less than about 150 hours, preferably less than about 96 hours, or even less than about
72 hours.

Non-limiting examples of suitable isoprenoids include: hemiterpenes (derived from 1 isoprene unit) such as
isoprene; monoterpenes (derived from 2 isoprene units) such as myrcene; sesquiterpenes (derived from 3
isoprene units) such as amorpha-4,1 1-diene; diterpenes (derived from four isoprene units) s_ucﬁ as
taxadiene; triterpenes (derived from 6 isoprene units) squalene; tetraterpenes {derived from 8 isoprenoids)

B-carotene; and polyterpenes (derived from more than 8 isoprene units} such as polyisoprene. In some
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pTrc99A- ADS 100 tig/ml carbenicillin B617 pAMA08
pTrc99A- ADS 100 ug/nlL carbenicillin 50 ug/nL
| cananycin 8618 pAMA24 pTrc99A— ADS 100 ug/rrL

‘Z%% 9...::..3@3# déjgk,&&iﬁ%%%&%@ {da car B nol%%:nl1 cgg]@c 5 %%750&?&"

IS‘PP&?’i’ﬁﬁym n 35 ug/ mL chl or arrphenkol 8650 DH1OB pAl\/B73
ATKMIphifé ikt béen ldbscibed @bdonjunction with specific embodiments thereof, the foregoing

description is intended to illustrate and not limit the scope of the invention. Other aspects, advantages, and
modifications within the scope of the invention will be apparent to those skilled in the art to which the
invention pértains.

EXAMPLES
The practice of the present invention can employ, unless otherwise indicated, conventional fechniques of
the biosynthetic industry and the like, which are within the skill of the art. To the extent such techniques
are not describéd fully herein, one can find ample reference to them in the scientific literature.
In the following examples, efforts have been made to ensure accuracy with respect to numibers used (for
cxample, amounts, temperature, and so on), but variation and deviation can be accommodated, and in the
event a clerical error in the numbers reported herein exists, one of ordinary skill in the arts to which this
invention pertains can deduce the correct amount in-view of the remaining disclosure herein. Unless -
indicated otherwise, temperature is reported in degrees Celsius, and pressure is at or near atmospheric
pressure at sea level. All reagents, unless otherwise indicated, were obtained commercially. The following
exarmnples are intended for illustrative purposes only and do not limit in any way the scope of the present

invention.

Example 1

[00214]

[60215]

[00216]

This example describes methods for making expression plasmids that encode for enzymes including
enzymes of the MEV pathway from Saccharemyces cerevisiae organized in operons.

Expression plasmid pMevT was generated by inserting the MevT operon (SEQ ID NO: 1) into the pBAD33
vector. The MevT operon encodes the set of MEV pathway enzymes that together transform the ubiquitous
precursor acetyl-CoA to (R)-mevalonate, namely acetoacetyl-CoA thiolase, HMG-CoA synthase, and
HMG-CoA reductase. The MevT operon was generated by PCR amplifying from Escherichia coli genomic
DNA the coding sequence of the afoB gene (GenBank accession number NC_000913 REGION:
2324131..2325315) {encodes an acetoacetyl-CoA thiolase), from Saccharomyces cerevisiae genomic DNA
the coding sequence of the ERG/ 3 gene (GenBank accession number X96617, REGION: 220..1695)
{encodes a HMG-CoA synthase), and from Saccharomyces cerevisiae genomic DNA a segmient of the
coding region of the HMG/ gene (GenBank accession number M22002, REGION: 1660..3165) (encodes a
truncated HMG-CoA reductase (HMGR)). The upstream PCR primer used for the amplification of the
HMGI 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, Carisbad, CA), and sequenced to ensure accuracy. The MevT
operon was subsequently ligated into the Xmal Ps#! restriction enzyme site of vector pBAD33 (Guzman et
al. (1995} /. Bacteriol. 177(14): 4121-4130). To place the operon under the contrel of the Py, promoter, the
araC-Pgap Nsil-Xmal fragment of pBAD33 was replaced with the Nsil-Xmal fragment of pPBBR1IMCS,
yielding expression plasmid pMevT (see U.S. Patent Number 7,192,751).

Expression plasmid pAM36-MevT66 was generated by inserting the MevT66 operon into the pAM36
vector. Vector pAM36 was generated by insertiﬁg an oligonucleotide cassette containing
AscI-SﬁI—ASiSI—XimI—PacI—FsIl;PmeI restriction enzyme sites into the pACYC184 vector {GenBank
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pAMA08 pAMB73 100 tightil carbenicillin 50
ug, / m kananyci n B652 pAM4A24 pAMB73 100 jig/m
carbenicillin 35 tig/mchl orarnpheni col 8653 pAMA08

0 ni.l carhenicillin.50 2007/069807
?@%ﬁ% ot kb S g5 PR YOI e ATl opron
ANpirsiraly Benseted beioe g ppicodersoapasiSEQI TR NEY 1 gt fetnplate, which comprises

the atoB gene from Escherichia coli (GenBank accession mumber NC_000913 REGION:
2324131..2325315), the FRG!3 gene from Saccharomyces cerevisiae (GenBank accession number
X96617, REGION: 220..1695), and a truncated version of the HMGI gene from Saccharomyces cerevisiae
(GenBank accession number M22002, REGION: 1777..3285), all three sequences being codon-optimized
for expression in Escherichia coli. The synthetically generated MevT66 operon was flanked by a 5° EcoRl
restriction enzyme site and a 3’ Hind I restriction enzyme site, and could thus be cloned into compatible
restriction enzyme sites of a cloning vector such as a standard pUC or pACYC origin vector. From this
construct, the MevT66 operon was PCR amplified with flanking Sfif and 4siST restriction enzyme sites, the
amplified DNA fragment was digested to completion using Sfif and AsiS7 restriction enzymes, the reaction
mixture was resolved by gél electrophoresis, the approximately 4.2 kb DNA fragment was gel extracted
using a Qiégen gel purification kit (Valencia, CA), and the isolated DNA fragmment was ligated into the Sfif
AsiST restriction enzyme site of the pAM36 vector, yielding expression plasmid pAM36-MevT66.
Expression plasmid pAM25 was generated by inserting the MevT66 operon into the pAM29 vector. Vector
PAM29 was created by assermbling the pl5A ongin of replication and kar resistance gene from pZS24-
MCS1 (Lutz and Bujard (1997} Nuc! Acids Res. 25:1203-1210} with an oligonucleotide-generated lacUV3S
promoter. The DNA synthesis construct comprising the MevT66 operon (see above) was digested to
completion using EcoRI and Hind II] restriction enzymes, the reaction mixture v;ras resolved by gel
electrophoresis, the 4.2 kb DNA fragment was gel extracted, and the isolated DNA fragment waé ligated
into the EcoRI HindII restriction enzyme site of pAM29, yielding expression plasmid pAM25.

Expression plasmid pMevB-Cm was generated by inserting the MevB operon into the pPBBR1MCS-1
vector. The MevB operon encodes the set of enzymes that together convert (R)-mevalonate to IPP, namely
mevalonate kinase, phosphomevalonate kin_asé, and mevalonate pyrophosphate carboxylase, The MevB
operon was generated by PCR amplifying from Saccharomyces cerevisiae genomic DNA the coding
sequences of the ERG/2 gene (GenBanlc accession number X55875, REGION: 580..1911) (encodes a
mevzlonate kinase), the ER(G8 gene (GenBank accession number Z49939, REGION: 3363..4718) {encodes
a phosphomevalonate kinase), and the M¥D/ gene (GenBank accession number X97557, REGION:
544.1734) (encodes a mevalonate pyrophosphate carboxylase), and by splicing the PCR fragments together
using overlap extensions {SOEing). By choosing appropriate primer sequences, the stop codons of ERG12
and ERGS8 were changed from TAA to TAG during amplification to introduce ribosome binding sites. After
the addition of 3’ A overhangs, the MevB operon was ligated into the TA cloning vector pCR4 {(Invittogen,
Carlsbad, CA). The MevB operon was excised by digesting the cloning constriict to completion using Pst/
restriction enzyme, resolving the reaction mixture by gel electrophoresis, gel extracting the 4.2 kb DNA
fragment, and ligating the isolated DNA fragment into the Ps:f restriction enzyme site of vector
pBBRIMCS-1 (Kovach et al., Gene 166(1): 175-176 (1993)), yielding expression plasmid pMevB-Cm.
Expression plasmid pMBI was generated by inserting the MBI operon into the pBBRIMCS-3 vector. The
MBI operon encodes the same enzymes as the MevB operon, as well as an isopentenyl pyrophosphatase
isomerase that cataiyies the conversion of IPP to DMAPP. The MBI operon was generated by PCR

‘amplifying from Escherichia coli genomic DNA the coding sequence of the /di gene (GenBank accession

number AF!19715) using primers that contained an Xmal restriction enzyme site at their 5' ends, digesting
the amplified DNA fragment to completion using Xmal restriction enzyme, resclving the reaction mixture
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- Xmal restriction enzyme site of expression plasmid pMevB-Cm, thereby placing idi at the 3' end of the

MevB operon. The MBI operon was subcloned into the Sall and Sac/ restriction enzyme sites of vector
pPBBRIMCS-3 (Kovach et al., Gene 166(1): 175-176 (1995)), yielding expression plasmid pMBI (see U.S.
Patent Number 7,192,751).

[00220] Expression plasmid pMBIS was generated by inserting the isp4 gene into pMBL. The isp4 gene encodes a

farnesyl pyrophosphate synthase that catalyzes the condensation of two molecules of IPP with one
molecule of DMAPP to make farnesy! pyrophosphate (FPP). The coding sequence of the ispA gene
(GenBank accession number D00694, REGION: 484..1383) was PCR amplified from Escherichia coli
genomic DNA using a forward primer with a Sac/7 restriction enzyme site and a reverse primer with a Sac/
restriction enzyme site. The amplified PCR product was digested to completion with Saclf and Sacl
restriction enzymes, the reaction mixture was resolved by gel electrophoresis, and the 0.9 kb DNA
fragment was gel extracted. The isolated DNA fragment was ligated into the Sac/l Sacl restriction enzyme
site of pMBI, thereby placing the ispA4 gene 3’ of idi and the MevB operon, and yielding expression .
plasmid pMBIS (see U.S. Patent Number 7,192,751).

[08221] Expression plasmid pMBIS-gpps was derived from expression plasmid pMBIS by replacing the isp4

[00222]

coding sequence with a nucleotide sequence encoding a geranyl diphosphate synthase (“gpps”). A DNA
fragment comprising a nucleotide sequence enceding the geranyl diphosphate synthase was generated
syntheticaily using the coding sequence of the gpps gene of drabidopsis thaliana (GenBank accession
number Y17376, REGION: 52..1320), codon-optimized for expression in Escherichia coli, as a template.
The nuclectide sequence was flanked by a leader Sacl] restriction enzyme site and a terminal Sacf
restriction enzyme site, and can be cloned into compatible restriction enzyme sites of a cloning vector such
as a standard pUC or pACYC origin vector. The synthetically generated geranyl diphosphate synthase
sequence was isolated by digesting the DNA synthesis constract to .clomplction using Sacll and Sacl
restriction enzymes, resolving the reaction mixture by gel electrophoresis, gel extracting the approximately
1.3 kb DNA fragment, and ligating the isclated DNA fragment into the Sacll Sac/ restriction enzyme site 6f
expression plasmid pMBIS, yielding expression plasmid pMBIS-gpps (see Figure 3 for a plasmid map).
Expression plasmid pAM45 was generated by inserting the MBIS operon into pAM36-MevT66 and adding
lacUV5 promoters. in front of the two operons. The MBIS operon was PCR amplified from pMBIS using
primers comprising a 5’ Xhol restriction enzyme site and a 3° Pac/ restriction enzyme site. The amplified
PCR product was digested to completion using A%of and Pacl restriction enzymes, the reaction mixture
was resolved by gel electrophoresis, the 5.4 kb DNA fragment was gel extracted, and the isolated DNA
fragment was ligated into the Xhol Pacl restriction enzyme site of pAM36-MevT66, yielding plasmid
pAMA43. A DNA fragment comprising a nucleotide sequence encoding the lacU/V5 promoter was
synthesized from oligonucleotides and sub-cloned into the Ascl Sfil and AsiSI Xhol restriction enzyme sites
of pAMA43, yielding expression plasmid pAM45. | '

Example 2 _
{00223] This example describes methods for making expression vectors encoding enzymes including enzymes of

the MEV pathway from Staphylococcus aureus organized in operons.

[00224] Expression plasmid pAM41 was derived from expression plasmid pAM?235 by replacing the coding

sequence of the MG/ gene, which encodes the Saccharomyces cerevisiae HMG-CoA reductase, with the
coding sequence of the mvad gene, which encodes the Staphylococcus aurenus HMG-CoA reductase
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pMevT WO 2007/ 140339PCT/ US2007/ 069807 Host Strain
E.coli Parent Strain Expression Plasm ds Antibiotic
Sel ection pMBI S pAM373 Exanple 21 host cell

NI loPE 000l REog BT PR S IREOIIONT,
sepp PR R amlifiest fam SaphylgEroc@p@repiqabsp @geug ST CCINRAPT enomic DNA using
privivel S10RRA T (SBYAD MOS2Dind 4-40 M2 AR X6 BISE@ID NOPHShO4mplified DNA
fra_ggéntovgas af‘gsessted to completion using Spel restriction enzyme, the reaction mixture was resolved by
gel electrophoresis, and the approximately 1.3 kb DNA ﬁ-agmcnt was gel extracted. The HMGI coding
sequence was removed from pAM?235 by digesting the plasmid tc; completion using HindIH restictién
enzyme. The terminal overhangs of the resulting linear DNA fragment were blunted using T4 DNA
polymerase. The DNA fragment was then partially digested using Spel restriction enzyme, the reaction
mixture was resclved by gel electrophoresis, and the 4.8 kb DNA fragment was gel extracted. The isolated
DNA fragment was ligated with the Spe/-digested mvad PCR product, yielding expression plasmid
pAM41. The nucleotide sequence of the atoB(opt):ERGI3(opt):mvaA operon contained in pAM41 is SEQ
ID NO: 41. '

Expression plasmid pAMS52 was derived from expression plasmid pAM41 by replacing the coding
sequence of the ERG /3 gene, which encodes. the Saccharomyces cerevisiae HMG-CoA synthase, with the
coding sequence of the mvaS gene, which encodes the Staphylococcus aureus HMG-CoA synthase
(GenBank accession number BA000017, REGION: 2689180..2690346) . ERG13 is also known as HMGS
or HMG-CoA synthase. The coding sequence of the mvaS$ gene was PCR amplified from Staphyloccoccus
aureus subsp. aureus (ATCC 70069) genomic DNA using primers HMGS 5° Sa mvaS-8 {(SEQ ID NO: 4)
and HMGS 3’ S5a mvaS-AS (SEQ ID NO: 5), and the amplified DNA fragment was used as a PCR primer
to replace the coding sequence of the HMG! gene in pAM41 according to the method of Geiser ez al.
(BioTechniques 31:88-92 (2001)), yiclding expression plasmid pAMS52. The nucleotide sequence of the
atoB(opt):mvaS:mvad operon contained in pAMS52 is SEQ ID NQ: 42.

Expression plasmid pAM97 was derived from expression plasmid pAM45 by replacing the MevT66

. operon with the (atoB(opt).mvaS:mvaA) operon of expression plasmid pAMS52. Expression plasmid
PAMA45 was digested to completion using AsiS7 and $f 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:mvaA) 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 S/ and AsiST restriction enzymes, the reaction mixture was resolved by gel
electrophoresis, the 3.7 kb DNA fragment was gel extracted, and the isolated DNA fragment was ligated
into the AsiST Sfil restriction enzyme site of expression plasmid pAM45, yielding expression plasmid
pAM97. _ : _ 7
Expression- plasmid pAM97-MBI was derived from expression plasmid pAM97 and pAM45 by replacing
the MBIS operon of pAM97 with the MBI operon of pAM45. The MBI operon was PCR. amplified from
pAMA4S5 using primers 9-70C (SEQ ID NO: B) and 26-39B (SEQ ID NO: 9), the reaction mixture was
resolved by gel electrophoresis, the 4.5 kb DNA fragment was gel extracted, and the isolated DNA
fragment was digested to completion using Sacf and X#of restriction enzymes. Expression plasmid pAM97
was digested to completion using Sacl and Xhol restriction enzymes, the reaction mixture was resolved by
gel electrophoresis, the 7.6 kb fragment was gel éxtracted, and the isclated DNA fragment was ligated with
the MBI operon PCR product, yielding expression plasmid pAM97-MBIL
Expression plasmid pAM97-MevB was derived from expression plasmid pAM97 and pAM45 by replacing
the MBIS operon of pAM97 with the MevB operon of pAM45. The MevB operon was PCR. amplified from
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[00229]
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. pAM132. Expression plasrmd pAM97 was digested to completion using 4scl and Sac! restriction enzymes,

the reaction mixture was resolved by gel electrophoresis, the approximately 9.4 kb DNA fragment was gel
extracted, and the isolated DNA fragment was ligated into the MIul Sacl restriction énzyme site of
pAM132, yielding expression plasmid pAMI128.

Example 3

[00230]

{00231}

[00232]

[00233]

This example describes methods for making expression vec'tors that encode enzymes including enzymes of
the MEV pathwzay from Enterococcus faecalis organized in operons.

Plasmid pAM16 was generated by inserting the coding sequence of the mvaE gene of Enterococcus
Jfaecalis (GenBank accession mimber AF250092 REGION: 1479..3890) (encodes an acetyl-CoA
acetyltransferase/HMG-CoA reductase (HMGR)) into the pBlueSeriplI-KS(+) vector. The coding sequence
of the mvaFE gene was PCR amplified from Enterococcus faecalis genomic DNA (ATCC 700802} using 5°
phosphorylated primers 4-40 mvaEF BamHI (SEQ ID NO: 11) and 4-40 mvaERHindIIl (SEQ ID NO: 12).
(Note that primer 4-40 mvaEF BamHI changes the start codon of the mvaE gene from TTG to ATG in the
amplified PCR product.) The resuiting PCR product was ligated into the Smal restriction enzyme site of
pBlueScripli-K3(+) (Stratagene, La Jolla, CA), yielding expression plasmid pAM16.

Plasmid pAM18 was generated by inserting the coding sequence of the mva$ gene of Enterococcus faecalis
{GenBank accession number AF290092 REGION: 142..1293) (encodes a HMG-CoA synthase (HMGS))
into the pBlueScripli-KS(+} vector. The coding sequence of the mvaS gene was PCR amplified from
Enterococcus faecalis genomic DNA (ATCC 700802) using 5” phosphorylated primers 4-40 mvaSF BgllI
(SEQ ID NO: 13) and 4-39 mvaSR BamHI (SEQ ID NO: 14), and the PCR product was ligated into the
Smal restriction enzyme site of pBlueScripH-KS(+) (Smatagene, La Jolla, CA), yielding expression plasmid
pAMIS.

Expression plasmid pAM22 was generated by inserting the coding sequence of the mvaeE gene of
expression plasmid pAM16 into the pZE21-P; j..cn vector. Vector pZE21-Py 1.0 is 2 derivative of vector
pZEél—MCS-l in which the tet promoter was replaced with the Pp .01 promdter (Lutz and Bujard (1997)
Nucl Acids Res. 25:1203-1210). Expression plasmid pAM16 was digested to completion using BamHI and
HindlIIT 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
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Thi am ne 0.1 ug MOPS buffer pH 7.4 100 nmol
(NH3) 6Mp7024 4H20 3.7 ug 113B04 25 ug CoCl2 7.1 ug
Cu804 2.4 ug MCl12 16 ug ZnSO4 2.9 ug FeSO4 0.28
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BXPr €sston p
exprptsiop plasmhid gAMA2.an Escherichia coil host strain that

[00234] Exbrasskaphsiid pAX3N OGS bdBateh aﬁm&hﬂgmhﬁgﬁi QGuehbteor Bl GRas gene of

ex@r!f/s%?ng] mgsn&g B,!le[‘i Q‘l:nltooer;ci:ressmeo%rpggna:}dlpggﬂ2?Exprgs]sailozp 5125%&1 }():AGMIS was digested to
completion using Bglff and Bamfl restriction enzymes, the reaction mixture was resolved by gel

electrophoresis, the approximately 1.2 kb DNA fragment containing the coding sequence of the mvaS gene
was gel extracted, and the isolated DNA fragment was inserted into the BamH] site of expression plasmid

pAM?22, yielding expression plasmid pAM33,

[00235] Expression plasmid pAM?34 was generated by inserting the mveS-mveE operon of expression plasmid

PAM33 into vector pAM29. The mvaS-mvaE operon was isolated by partially digesting pAM33 using
EcoRI restriction enzyme, digesting the resulting linear DNA fragment using Mu/ restriction enzyme,
resolving the reaction mixture by gel electrophoresis, and gel extracting the approximately 3.6 kb DNA.
fragment. The vector backbone of pAM?29 was thained by digesting to completion expression vector

- pAM25 using Miul and EcoRI restriction enzyines, resolving the reaction mixture by gel electrophoresis,

and gel extracting the approximately 2.1 kb DNA fragment. The two isolated DNA. fragments were ligated,
yielding expression plasmid pAM?34.

Example 4

[00236]

[00237]

This example describes methods for making expression plasmids that encode enzymes, including enzymes
of the DXP pathway from Escherichia coli organized in operons.

Expression plasmid pAM408 was generated by inserting genes encoding enzymes of the “-top” DXP
pathway into the pAM?29 vector. Enzymes of the “top” DXP pathway include E-deoxy-D-xylulose-5-
phosphate synthase (encoded by the dxs gene of Escherichia coli), 1-deoxy-D-xylulose-5-phosphate
reductoisomerase (encoded by the dxr gene of Escherichia coli), 4-diphosphocytidy}-2 C-methyl-D-
erythritol synthase (encoded by the ispD) gene of Escherichia coli), and 4-diphosphocytidyl-2C-methyl-D-
erythritol synthase (encoded by the ispE gene of Escherichia coli), which together transform pyruvate and
D-glyceraldehyde-3-phosphate to 4-diphosphocytidyl-2C-methyl-D-erythritol-2-phosphate. DNA
fragments comprising micleotide 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 UQ0096 REGION: 193521..194717), ispD
{GenBank accession number 1700096 REGION: 2869803..2870512), and ispE {GenBank accession nurinber
000096 REGION 1261249..1262100) genes from Escherichia coli swain DH1 (ATCC #3 384.19) 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 completion using appropriate restriction enzymes (Xhof and
Kpnf for the PCR. product comprising the dxs gene; Kprl and Apal for the PCR. product comprising the dxr
gene; Apal and Ndel for the PCR product comprising the ispD gene; Ndel and Miul for the PCR product
comprising the isp£ gene), and purified using a Qiagen (Valencia, CA) PCR purification kit. Roughly
equimolar amounts of each PCR product were then added to a ligation reaction to assembile the individual
genes into an operon. From this ligation reaction, 1 pl of reaction mixture was used to PCR_aniplify 2
separate gene cassettes, namely the dxs-dxr and the ispD-ispE gene cassettes. The dxs-dxr gene cassette
was PCR amplified using primers 67-1A-C (SEQ ID NO: 15) and 67-1D-C (SEQ ID NO: 18), and the
ispD-ispE gene cassette was PCR amplified using primers 67-1E-C (SEQ ID NO: 19) and 67-1H-C (SEQ
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. Example 5

subtracted fromthe measured weights, and the
remai ning wei ght was divided by the initial volunme of
each sarrpl e (0.0015 L) to obtain the DCW [00262]
{00239 E}qg asnn§ g‘g&l’ﬁ 4t ergvg v%tolfg n?e@sll nntpk?asm\éﬁ)gbhli{,pw tgammg cog{'ggglsggst range

ese exp e
RKP @028 9{ rcﬁﬂhp@newa rapmeeﬂt@éamﬁqrmgéhe lniE¥ Seraerpeter and the ispFGH-idi-ispA

opepénqﬁyﬁmmoq{e PANDI5P Ractdt, Vebtobth 2857 whs ESeRR S 1al1w< Bk RK2 par locus

RN T DOl T e ———

15GAEEQIR NEh BDrrpd 24 SER(SEQIIDINGD 3MBER2. 6 kbl PER/BSdudt 8@Bgpted to completion
,fadu Srkdl pHf Sri@ibn BOFness ldahd 19N 8 B2gmeRilval lighedl il %&@&a

usi e oat " ang 6256 e DNA fegrents Shled b 10 a &conMMgme

plsa“’ﬁ“d’é R"P’aﬁaf‘?ﬂfé‘fl thechigramghenjcplresistange EBpErRr L 2%”‘?119“‘: utz and Bujard

(19P DA celd Resal$11208-128)),nyiddidgpldviDkip AN a0 pABI B Ynr was digested to :

cong:lléﬁglq §s@n r@sﬂﬁh@xﬂédz?&h t.S'agﬁn@ﬁmgﬁ} ﬂ'k L&Egﬂoh mem Iw.@s rl:solv@@ gy gel

gr ow n%g]ﬁ tures overg{(g The seed
eleﬁfﬁ??‘f"tfﬁs@sﬂ’ & fggragt cymarisige the Pé’ﬁ 10% ‘“i‘drfPT Ghlgranpghenicol pesistance gene
wa s Déxirxdteining|te ithlddal INep ahgheat Rax0igarkd hioalskSc/FOMIHISI df the mini-RK2

rcp%% 5 d\@oﬁé@ 2 E’SF%HP.} %é‘h%) %%2@4—691%9 gﬂfbﬁdg@e&&ﬂgg\iﬂss pAM133

res wer |ncu at e rotrary
was&iflgegs@torcmlwlupmg ﬁ@'y apGHipddesiriciormarmess the reaction mixture was resolved

by @pﬂémpmieltye PpedxinatelVe)d KDIRA idgmdnhRckingQBH Mitpioilfin kistance gene and

oriFeon ca)a_lu "’ﬁ Bé%%%as%eﬁwﬁfg%r&qhen ?a&edQﬁ\H] r dﬁ%ﬁ]ﬁga?jﬂgya synthetically

generglied QNésframlﬁlé comrisingja mraiiple rl@ing smth%ﬁmﬁﬂge&rﬁ’uc% anshPdho{ rgspriction
enz{nBe Ges, yﬁ@ﬂ@ﬁr&fﬂ& pMSh )ﬂxp&ksﬁﬁtp&sﬁfd pASI0Y G@thested to complenon using
Xho?%xéd ﬁcglarfsﬁ-)ch e;tﬁe(:) 16:%(%181? g;?xr e?‘ Qfl sgr sg CHHJ o%:l el %h(){aerﬁlls and the
apporeingitebst Ve @N&%dm@@ anéw‘ectfdw He@EBHI257 was digested to completion using

restAOHN RRGmes Hbr Q-ld%@ 48 'ﬁﬁ%ﬁaieaﬁjm&é&@fém%ﬁﬁﬁﬁg ghe Y UVS promoter and

ferrin nji c over to
R ot aeehrea ewgt ol e Mo ROls ot ot i R Bhipe Patas? vesor,
yieldipg kogpessiprt tHasingt pa M (toe Fipgrecdpyaqitypld reapd as an
5 |nternal standard. [00266] The organi c overl ay/ et hyl

et ate sanpl es were anal ed 0 W ett - Packar
[00240] Tm%%cg@plé ggscré'tﬁf m?%é?r esglﬁlé{’}{‘% aéFnc? tconvert FPP or
GPBCcanning only for two ions, the nolecular ion (204

9 d L] [ 1ng an
[00241] m&l!séaxt%gli& gig?%ge% gfa Rher t&ﬁbyqﬁsé&ﬁglpﬁﬂlebﬁh M@qut:ﬁc@ Shoding

en
s 1o B o YeSDER e T gt bfgne symthase sequence
wasQeherdiad sgihdticallyps thad dpdni tafksldtion the Ay ecammquaml wqdtle identical to that
dcs!n%éé)l}*ﬂ\d!:rgyetqp gptg I'H?J;ct},&? th rﬁl'l’li vy écmﬁat tﬂ% i Tl%ltide sequence

was se us ing a DB-X
enchawzabq apsirda frldrdiong F}fﬂéﬁfc WFé errﬁ*a%eég?réépfesrsﬁ’e in ESF*tfrle‘f"a coli, and so that
the AlcleBtideGuers @ahﬁirﬂcbﬂﬁy%’ Ne@Tand)aS’. X7 m-Ehﬁ:stt'l&[ﬂﬂ @fifyind ki€ (see U.S. Patent

Nur@?regglimS 1f"rhct J]Lrgleghr}%ls € W%}de te% %l nugé%%ﬁfzo? and XmaI restriction

I.nCcre as ur e
enzmes R IEPHEST W@Geﬁelvc h!dgebelPF&Pehf’mm SW@PWBWE} kb DNA
frag[ﬂeﬁk@a@ §el-e§Ek‘h@wﬁ,Q§@{h¥%1a&a m@j}e&agﬁﬁﬁt&m&lﬁ@&&d eth By NévI Xmal restriction
m’fnﬁe stmﬁ‘ Pr{)the ‘?%?% ek gﬁg 973& r@%} AT, e 56 r3eV| tse{%%:r}ltége }répressmn plasmid
rTreig AP S(serdnimmst foaﬁelasmlﬁmap)t he anorpha-4, 11-di ene
[00242] Exps¥fd1sendy g ts é’%rﬁ%ﬁ}ﬁ&@-ﬁm&ﬂt‘d@h@ﬁ% of @mﬂ%i}hﬁbs It was generated

by P%%é‘gy‘?ﬁ#%ﬁyl e epigh! be?‘lgr%xgctg gpx}e'ﬂ%pnt\rtccur%ﬂ%ﬂ Fic (Lutz and Bujard (1997)
Nudt HadrsRes A6 APRPI Denieg \‘A’bﬁma@edla@sl pEmers 13-b¥ Trranil-pAMBA A (§EQ D NO:

SS)JnQ 9. Q40 5%?7%8]56@ rb@ gﬁﬂar;hknsgrhﬁﬁﬁe §2dt%rPOKE}§0duct into the Fspl

AR S ORI ST ST I SN
quantitative WD 2007/140339PCT/U82007/069807
calibration curve of purified anorpha-4,11-diene

(0.63-10 ng/L of KIF17-109-3F-in caryophyl | ene-spiked
ethyl acetate. [00267] As shown in Figures 10A and
10B, strains B153 and B282, which expressed the
St aphyl ococcus aureus |i MGR and HMGS, produced




[00243]

[00244)

[00245]
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restrltam ﬂmme apthdjgasted tosapmiplptivnysing Spqd g%%hmmmﬂ% thereagsigpmixture was
restéh HJ @ eledtfophtalis! HeappRAdR:d £7 kb 0} 52 fmgment comprising the §-faresene

40339PCT/ US200710698 si tion
B GeERE B RBGF ﬁ’f“affe@er‘?%% PR R IHEDE ol Bl o Neor st
restOS06 2@yrhe Giyrop bmpTicoBaraster, Ivi;emqurmerpsem ElfsnﬁéeélM%‘# {xei Figpyee 6 for a
plaskf@iagh) G ucose 5 g 590-650 g K112PO4 4.2 g K2HPOA

Exp?c]s'giozn plegé.guds p%chQA—-{-‘éA %T?C%QH GII' S7 rc99A-PS, pTrc99A-TS were generated by inserting
a DNA fragment comprising a nuclectide sequence encoding an cefarnesene synthase (“FSA”), a ¢
terpinene synthase (“GTS”), an o-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-farnesenc synthase gene of Picea abies (GenBank accession number AY473627,

REGION: 24..1766), the coding sequence of the §-farnesene synthase gene of Artemisia annua (GenBank
accession number AY835398), the coding sequence of the y-terpinene synthase gene of Citrus limon
{GenBank accession number AF514286 REGION: 30..1832), the coding sequence of the cepinene synthase
gene of Abies grandis (GenBank accession number U87909, REGION: 6..1892) or of Pinus taeda
(GenBank accession number AF543530 REGION: 1..1887), or the coding sequence of the terpinolene
synthase gene of Ocimum basilicum (GenBank accession number AY693650) or of Pseudotsuga menziesii
(GenBank accession number AY906866 REGION:10..1887) or of Abies grandis (GenBank accession
nurmber AF139206), all nucleotide sequences being codon-optimized for expression in Escherichia coli.
The DNA fragments for FSA was amplified by PCR from its DNA synthesis construct using the primer
sequences SEQ ID NO: 39 and SEQ ID NO: 40. The resulting PCR product was digested to completion '
using Neol and Sacl restriction enzymes, the reaction mixture was resol-ved by gel electrophoxesis, the
approximately 1.7 kb DNA fragment comprising the o-farnesene synthase coding sequence was gel
extracted, and the isolated DNA fragment was ligated into the Ncol Sacl restriction enzyme site of the
pTrc99A vector, yielding expression plasmid pTrc99A-FSA (see figure 6 for a plasmid map). The DNA
fragments for GTS, APS, and TS were designed to be flanked by a leader Xma/ restriction enzyme site and
a terminal Xbal restriction enzyme site, and were cloned into compatible restriction enzyme sites of a
cloning vector such as a standard pUC or pACYC origin vector, from which they could be liberated again
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[00246]

[00247]

(14842504 2 g MySO4 7H20 1.2g 12g EDTA 8.4 ny 13g
CoCl 2 61120 0.25 ngy 0.4 nmg MiC12 41120 1.5 ng 2.35 ny
CuC122H20 0.15 ng 0.25 ng 1131304 0.3 ng 0.5

g%zggggﬂg (gg i%nlpletion the DNA synthesis construct using Xdal and Xmal fﬁ'ﬁ{c[:{isozg 23?)?2%8327
resolving the reaction mixture by gel electrophoresis, and gel extracting the 1.7 to 1.9 terpene synthase
encoding DNA ﬁ'agﬁaent. The isolated DNA fragments were ligated into the Xmal Xbal restriction enzyme
site of vector pTrc99A (Amman ef al, Gene 40:183-190 (1985)), yielding plasmids pTrc99A-GTS,
pTrc99A-APS, or pTic99A-TS (see Figure 6 for plasmid ma;is). _
Expression plasmids pRS425-FSA and pRS425-FSB were getmeratéd by inserting a nucleotide sequence
encoding an o-famesene synthase (“FSA™) or a S-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
o-farnesene synthase gene of Picea abies (GenBank accession number AY473627, REGION: 24..1766) or
of the B-farnesene synthase gene of Arfemisia annua (GenBank accession number AY835398), codon-
optimized for expression in Sacckaromyces cerevisige. The synthetically generated nucleotide sequence
was flanked by a 5’ BamHI site and a 3° Xhol site, and could thus be cloned into compatible restriction
enzyme sites of a cloning vector such as a standard pUC or pACYC origin vector. The synthetically
generated nucleotide sequence was isolated by digesting to completion the DNA synthesis construct using
BamHI and Xhol restriction enzymes. The reaction mixture was resolved by gel electrophoresis, the
approximately 1.7 kb DNA fragment comprising the o-farnesene synthase or 8-farnesene synthase coding
sequence was gel extracted, and the isolated DNA fragment was ligated into the BamHY Xhol restriction
enzyme site of the pRS425-Gall vector, yvielding expression plasmid pRS425-FSA or pRS425-FSB,
respectively. _

Expression plasmids pTrc39A-LLS, pTrc99A-LMS, pTrc99A-BPS, pTre99A-PHS, pTrc99A-CS, and

- pFrc99A-SS are generated by inserting a nucleotide sequence encoding a linalool synthase (“LLS"),

limonene synthase (“LMS"), 8-pinene synthase (“BPS™), S-phellandrene (“PHS"), carene synthase (“CS”),
or sabinine synthase (“S8”) into the pTrc99A vector. The nucleotide sequence inserts are generated
synthetically, using as a template for example the coding sequence of the linalool synthase génc of
Artemisia annua (GenBank accession number AF154124, REGION: 13..1764), the coding sequence of the
limonene synthase gene of Abies grandis (GenBank accession number AF(006193 REGION: 73..1986), the
coding sequence of the S-pinene synthase of Artemisia annua (GenBank accession number AF276072
REGION: 1..1749), the coding sequence of the S-phellandrene synthase.gene of Abies grandis {GenBank
accession number AF139205 REGION: 34..1 926), the coding sequence of the carene synthase gene of
Salvia stenophylla (GenBank accession mumber AF527416 REGION: 78..1871), or the coding sequence of
the sabinene synthase gene of Salvia officinalis (GenBank accession number AF051901 REGION: ‘
26..1798). The nucleotide sequences encoding the 8-pinene, sabinine, and 8-phellandrene synthases are
flanked by a leader Xmal restriction enzyme site and a terminal XbaJ restriction enzyme site, the nuclectide
sequences encoding the linalool and carene synthases are flanked by a leader MNcol restriction enzyme site
and a terminal Xmal Testriction enzyme site, and the nucieotide sequence encoding the limonene synthase is
flanked by a leader Nco! restriction enzyme site and a terminal Pstf restriction enzyme site. The DNA
synthesis constructs are digested to completing using Xmal and Xbaf (for the S-pinene, sabinine, and 3-
phellandrene synthase constructs), Neol and Xmai restriction enzymes (for the linalocl and carécn synthase
constructs), or Xbal and Pstf restriction enzymes (for the limonene synihase 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 5
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Na2Mb04 21120 0.25 ng 0.4 ng Zn(CH3C00)2 21120 1.3 ngy
1.6 ng Fe(1l1lll)citrate hydrate 10.0 ng 4.0 ny
Thiam ne BC! 4.5 ng - Carbenicillin 100 ug 100 ug

pindie! Sadnthe ahB o bhhrche Whob ideAG NRNRRY Sy it SCBERIRTIOEST
linalool and carene synthase inserts), or the Xbal PstI restriction enzyme site (for the limonene synthase
insert} of the pTrc89A vector, yielding expression plasmids pTrc99A-LLS, pTrc99A-LMS, pTrc99A-BPS,
PTrc99A-PHS, pTrc99A-CS, and pTrc99A-SS (see Figure 6 for plasmid maps).
- Exanple 6 ' _
[00248] This example describes the generation of Escherichia coli host strains useful in the invention.
[00249] As detailed in Table 1, the host strains were created by transforming chemically competent Escherichia coli
parent cells with one or more expressien plasmids of Example 1 through 5.
Table 1. E. coli host strains '

Host Strain E.coli Parent Strain | Expression Plasmids | Antibiotic Selection
B32 "DH1 pMevT 100 ug/ml. carbenicillin
B292 B pMBIS 5 ug/mlL tetracycline
B210 Dp pTrc9%5A-ADS 34 ug/mL
chloramphenicol
B153 DH1 pAM97 100 ug/mL carbenicillin
B282 DP pTrc99A-ADS 34 ug/mL
' chloramphenicol _
B255 DH1 pAMI128 100 vg/mL carbenicillin
B256 DP pAMI113 34 ug/mL
chloramphenicol
B86 ‘DH1 pAMS2 50 ug/mlL kanamycin
pMBIS 100 ug/ml. carbenicillin
pTrc93A-ADS 5 ug/mL tetracycline
B61 DHI - pAM25
pBBRIMCS-3
pTrc99A
B62 pAM34
pBBRIMCS-3
_ pTrc99A :
B003 DH1C0B pTrc99A-ADS 100 ng/ml carbenicillin
B617 pAMA408 100 ug/ml. carbenicillin
' pTrc99A-ADS 50 ug/mL kanamycin
B5618 pAMA424 100 ug/ml carbenicillin
pTrc99A-ADS 35 pg/mi chloramphenicol
B619 PAMA408 100 pg/ml carbenicillin
pAM424 50 pug/mi kanamycin
pTrc89A-ADS 35 ng/ml chioramphenicol
B650 DH10B pAM373 100 pg/ml carbenicillin
B651 pAM403 100 pug/ml carbenicillin
pAM373 50 pg/ml kanamycin
B652 pAM424 100 pg/mi carbeniciilin
pAM3T73 35 ug/ml chloramphenicol
B6S53 PAMA0S 100 pg/ml carbenicillin
pAM424 "50 pg/ml kanamycin
pAM373 35 pg/ml chloramphenicol
B286 DH1 PAM9I7-MevB 100 ug/mL carbenicillin
pC% 34 ug/mL
B287 nAM97-MevB chloramphenicol.
pnudF-H
B288 PAMI7T-MevB
: pyhfR
B291 pAM97-MBI
pyhiR
B592 DH1 pMevT 100 ug/mL carbenicillin
pMBIS 34 ug/mL
pTrc99A-FSA chloramphenicol
B352 pMevT 5 ug/ml tetracycline

-42-




WO 2007/ 140339PCT/ US20071069807 Table 4 - Conposition
of Fer nent ati on Medi um of Fermentati on Run 060403-3

onent Batch nedi um (per L) Feed solution (per L)
WQ;’-QQ 0839 59 6500 KHPPOA 4 2 KOHPOA 31120 RETIPSP07/069807

Host $tF8ie Acid 1 7 E.co]i Rarent Stogipy | Bxpression Plasmids | Antibiotic Selection
\ 7 pM:BIS
AM373
Example 21 host cell pMevT
{production of GTS, APS, pMBIS-gpps
TS) _ pTrc9%A-GTS or -
APS or -TS
Example 21 host cell pMevT 100 ug/ml carbenicillin
(production of LLS, LMS, pPMBIS-gpps 34 ug/mL
BPS, PHS, CS, S8) pTrc99A-I1S or - chloramphenicol
EMS or —BPS or — 5 ug/ml tetracycline
PHS or —CS or -S§

[80250] Host cell transformants were selected on Luria Bertoni (1LB) agar containing antibiotics as detailed in Table
1. Single colonies were transferred from LB agar to culture tubes bonta.ining 5 mL of LB liquid medium
and antibiotics. B003, B617, B618, B619, B650, B651, B652, and B653 host cell transformants were
incubated at 30°C on a rotary shaker at 250 rpm for 30 hours. All other host cell transformants were
incubated at 37°C on a rotary shaker at 250 rpm until growth reached stationary phase. The cells were
adapted to minimal media by passaging them through 4 to 5 successive rounds of M9-MOPS media
containing 0.8% glucose and antibiotics {see Table 2 for the composition of the M9-MOPS medium}. The
cells were stored at -80°C in cryo-vials in 1 mL stock aliguots made up of 400 uL sterile 50% glycerol and

600 ul liquid culture.
Table 2 — Composition of M9-MOPS Culture Medium
Component Quantity (per L)
“Na2HPO4 7H20 T [128¢g
KH2ZPO4 3g
NaCl T Tos5¢g
NHACI ' g
MgS04 2 mmo]
CaCl2 0.1 mmo!
Thiamine ' 0.1 ug
MOPS buffer pH 7.4 100 mmeol
(NH3)6Mo07024 4H20 37ng
H3BO4 ' . 25ug
CoCl2 7.1ug
CuSO4 24 ug
MnCI2 16 ug
ZnS04 29%ug
FeSO4 0.28 mg
Example 7

[80251] 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, se gIe_gatibn, and

maintenance system.
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MySO4 7H20 1.2 g 129, EDTA 8.4 ng 13 ny CoCl2 61120
2.5 ny 4 my MG 2 41120 15 ng 23.5 nmg Cud 2 21120 1.5

2.5 H3B04 3 5 Na2Mb04 21120 2.5 4
W(r)Tg007/1403:l;r9g " 9 rIE%T/USrZr(%'HO@SO‘I :

[00252]) A seed culture of host strain B255 was established by adding a stock aliquot ot the strain to a 125 mi. flask

containing 40 mI. M9-MOPS, 2% giucose, 0.5% yeast extract, and antibiotics as detailed in Table 1, and by
growing the culture overnight.

[00253] The seed culture was used to moculate at an initial QD¢ of approximately 0.05, two 250 mL flasks each

containing 40 mL M9-MOPS medium; 2% glucose, and 0.5% yeast extract. Culture #1 also contained 100
ug/ml. carbenicillin and 34 ug/mL chioramphenicol. Culture #2 did not.receive any antibiotics. Both
cultures were incubated at 37°C on a rotary shaker at 250 rpm until they reached an ODq of approximately
0.2, at which point the production of amorpha-4,1 -diene in the host cells was induced by adding 40 ul of
IMIPTG to the culture mediwumn. At the time of induction, the cultures were overlain with § ml. of an
organic overlay to capture the amorpha-4,11-diene. Samples were taken periodically for a total of 72 hours.
Production of amorpha-4,11-diene by the host strain in the 2 cultures was confirmed by GC/MS as
described in Example 10.

[60254] To assess plasmid stability in the two cell cultures, a sample of each culture was removed at 72 hours and

streaked onto a LB agar plate {no antibiotics). After overnight incubation at 37°C, 50 individual colonics
derived from each culture were replica-plated onto a LB agar-plus-antibiotics (34 ug/mL chloramphenicol,
100 ug/mL carbenicillin) plate and a LB agar-minus-antibiotics (no antibiotic) plate. After another
overnight incubation at 37°C, the LB agar-plus-antibiotics and the LB agar-minus-antibiotics plate were
each found to contain approximately 50 colonies, indicating that plasmid retention both in the presence and

in the absence of antibiotics in the culture medium had been approximately 100%.

"Example 8 )
[00255] This example demonstrates increased specific activity and stability of the Enterococcus faecalis HMGR

compared to the Saccharomyces cerevisiae tHMGR in an Escherichia coli host strain.

{00256] Seed cultures of host strains B61 and B62 were established by adding a stock aliquot of each strain to 125

[00257]

[00258]

ml. flasks containing 20 mL M3-MOPS medium, 0.8% % glucose, and antibiotics as detailed in Table 3,
and by growing the cultures to saturation. The seed cultures were diluted 1:100 into 140 mL of fresh
meéium in a 500 mL flask, and grown again to an ODssp of approximately 0.1, at which point production of
amorpha-4,11-diene was indiiced by adding 140 ul. 1 M IPTG to each culture. At 4, 12, 20, 28, 36, and 49
hours post-induction, samples were removed from each culture, and cells were pelleted by centrifugation.
The cell pellets were snap frozen on dry ice, and then stored at -80°C.

To conduct enzyme assays, cell pellets were thawed on ice, and then lysed using Bugbuster (Novagen,
Madison, WI) containing protease inhibtor mix #3 (Cz\llbiochem, San Diego, CA), benzonase (20 pL oer5
mL bugbuster; Novagen, Madison, WI), and lysozyme (30 ug/mL). Enzyme activity of the Saccharomyces
cerevisice tHMGR was assayed in 50 mM Tris HC1 (pH7.5), .2 mM NADPH (Sigma, St. Louis, MO}, and
0.3 mM DL-3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) sodium salt (Sigma, St. Louis, MO).
The assay was started by adding cell lysate, and the disappearance of NADPH was monitored by
absorbance at 340nM. To account for non-specific disappearance of NADPH, resulis obtained in a control
assay lacking HMG-CoA were subtracted from results obtained in test samples. Enzyme activity of the
Enterococcus faecalis HMGR was measured similarly except that the assay buffer contained 100 mM
potassium phosphate .buffcr (pHG6.5), 0.4 mM NADPH, 1.0 mM EDTA, and 100 mM KCL

Protein assays were done by the method of Brad_far(i ((1978) Anal Biochem. 72:248-254). Specific
activities were calculated as Anmol NADPH/min/mg protein.
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Zn(CH3C00) 2 21120 13 ng 16 ng Fe(lll)citrate hydrate
100 ng 40 ng Thiamne HCL 4.5 ng - Carbenicillin 100
100 ug Tetracycline 5 ug 5 ug Chl orarrphenlgg%lusgogtf
06 1069807
{00259] As(%% ESS C&E%geﬁ gn@r{xﬁg‘:’ufv fa%ﬂangﬂ| 5‘?‘“‘&3 éltsp cr1] UC?“%' and increased
stagief cormragpdriethe Sucgkar emie TS ﬁﬁ‘ﬁ@?&l ly to provide
Example 9 gl UCOse in the concentrations shown in Figure 12C,

100260) Thi Ranbf AIRAL A4 Ot i, IPG8200h & BHAANAI ELL-EL ed)

Fvere FIENTO dlng to
[00261] To pbfein the atlerivoibipistvern PEWRaH I0P690, a Eepreséntativestaiat B3 wesgrown in high cell

derg%%ssgs ithiPeSthosE ALBRHLN in B0 fe@ﬁﬁl LA Eken throughout the runs,

R A o e e
anchthqpupgrmaia difca@vd. 6Itg/cbi1 pelletyas washed oice titewitereghdwars then dried in an oven
at 93¢ fog LaLas & Mﬂgcé; AV QY wEGHA hORCight of the tube was

sub cted fcoxsn( e measurSde(wtng}ﬁs) anS the remalmng weight was divided by the initial volume of each
sample (0.0015 L) to obtain the DCW,

{00262} Figurc 2 shows the relationship between DCW and ODgy, measured in these experiments.

Example 10 .

[00263] This example demonstrates increased production of amorpha-4,11-diene in Escherichia coli host strains
expressing the Staphylococcus aureus HMGR and HMGS compared to host strains expressing the
Saccharomyces cerevisiae tHMGR and HMGS.

[00264] Seed cultures of host strains B32, B153, B210, B282, B292, B&6, B255, and B256 were established by
adding a stock aliquot of each strain to separate 125 ml. flasks containing 25 mlL M9-MOPS medium, 0.8%
glucose, and antibiotics as detailed in Table 1, and by growing the cultures ovenﬁght.

[00265] The seed cultures were used to inoculate at an initial ODgys 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 ODgg of approximately 0.2, 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.
The cultures were overlain with 8mlL of an organic overlay {e.g., dodecane, methyl oleate or isopropyl
myristate). Sampies of the organic overlay layer and the broth were taken once a day for 72 hours. Broth
samples were used to measure the ODgpe. Amorpha-4,11-diene concentration was measured by transferring
5 uL of the organic overlay layer to a clean glass vial containing 500 ul. ethyl acetate spiked with beta- or
trans-caryophyllene as an internal standard.

[00266] The organic overlay/ethyl acetate samples were analyzed on a Hewlett-Packard 6890 gas
chromatograph/mass spectrometer (GC/MS) by scanning only for two ions, the molecular ion (204 m/z)
and the 189 m/z ion, as described in Martin et al. (2001) Biotechnol. Bioeng. 75:497-503. To expedite run
times, the temperature program and column matrix was modified to achieve optimal peak resolution and
the shortest overall runtime. A 1 uL sample was separated on the GC using 2 DB-XL.B column (available
from Agilent Technologies, Inc., Palo Alto, CA) and helium carrier gas. The temperature program for the
analysis was as follows: 100°C for 0.75 minutes, increasing temperature at 60°C/minute to a temperature of
300°C, and a hold at 300°C for 0.5 minutes. The resolved samples were analyzed by a Hewlett-Packard
model 5973 mass-selective detector that monitored tons 189 and 204 m/z. Previous mass spectra
demonstrated that the amorpha-4,11-diene synthase product was amorpha-4,11-diene, and that
amorpha-4,11-diene had a retention time of 3.7 minutes using this GC protocol. Beta- or
trans-caryophyllene was used as an internal standard for quantitation. Amorpha-4,11-diene titer was
calculated using the ratio of internat standard to amorpha-4,11-diene peak areas based upon a quantitative
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[00267] As {HoGH iSHigidsU0ASA] FoEe ehraka Be ST G BaR2, Ohidh Expbeshd thkQra@hldboccus aureus
HM%%{ a]ﬁ'd %ﬂ\d&é pr%‘déc%d g‘l@va%%%ev%@ of amorpha-4,11-diene compared to strains B32, B210,
B255, B256, and B292, which expressed the Saccharomyces cerevisiae tHMGR and HMGS.

Example 11 '

[00268] This example demonstrates increased production of amorpha-4,11-diene by an Escherichia coli host strain
grovwm at suboptimal temperature.

{00269] A seed culture of host strain B32 was established by adding 0.5 mi 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.

[00270] 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 & for medium composition), 100 mM MOPS buffer
pH7.1, and antibiotics. The cultures were incubated on a rotary shaker at 250 rpm at either 30°C or 37°C
until-they reached an ODgg, of 0.18 to 0.22, at which point the production of amorpha-4,11-diene in the
host cells was induced by adding 40 uL of 1M IPTG to the culture medium. At the time of induction, the
cultures were overlain with 8ml of an organic overlay to capture the amorpha-4,11-diene. Samples were
taken once a day, and analyzed as described in Example 10.

[00271] As shown in Figures 11 A and 11B, fermentation at 30°C did not affect cell growth, but led to an
approximately 50% increase in the specific production of amorpha-4,1 i-diene by the Escherichia coli host

strain.
- Example 12

{00272] This example demonstrates increased production of amorpha-4,11-diene by an Escherichia coli host strain
grown under restricted carbon source conditions.
[00273] A seed culture of host strain B32 for fermentation runs 050608-1 and 050629-1 was established by adding
| 0.25 uL of a stock aliquot of the strain to a 250 mL flask containing 50 mL M9-MOPS medium and .
antibiotics as detailed in Table 1, and by incubating the culture at 37°C on a rotary shaker at 250 rpm nntil
it reached an ODggo of 1 10 2. 7
[002741 A seed culture of host strain B32 for fermentation run 060403-3 was established by adding a stock aliquot
of the strain to a 250 mL flask containing 50 mL M9-MOPS medium and antibiotics as detailed in Table 1,
and by incubating the culture overnight at 37°C on a rotary shaker at 250 rpm. The seed culture was used to
inoculate at an initial ODgy of approximately 1 a 250 mL flask containing 40 mL M9-MOPS medium and
antibiotics, and the culture was again incubated at 37°C on a rotary shaker at 250 rpm until it reached an
ODgoo 0f 3 to 5.
[00275] For all fermentation processes, the KH,PO, K,HPO, 3H,0; EDTA, citric acid, and (NH,),S0; were heat
- sterilized in the bioreactor (2L Applikon Bioconsole ADI 1025s with ADI 1010 cenirollers, Applikon
Biotechnology, Foster City, 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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[00277] Runs 050608-1 and 050629- 1lwere carried out at
W37C. Airflow in the bioreactor was set at 1-2 |hnin;
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measured by conbiniitng 25 yl _broth pl us-organi-c
overlay with 975 uL acetonitrile, shaking the sanple
at maxi num speed on a Fisher Vortex Genie 21m m xer
(Scientific Industries, Inc., Bohem a, NY) for at

| east 3 mnutes, renoving cells fromthe sanple by
centrifugation, and diluting the acetonitrile:
solution into ethyl acetate until the

anor pha-4. 11-di ene concentration in the sanple was
bet ween 0.63 and 20 ng/L. The ethyl acetate sanples
were anal yzed by GC/ M5 as described in Exanple 10.
[00280] As shown in Figures | 2A and 12B,
fermentation run 050608-1 (excess carbon) resulted in
| ow maxi mum cell densities and | ow production of
anor pha-4, 11 - di ene, respectively, correlating, at

| east in part, to the relatively rapid increase in
acetate levels (Figure 12D). In conparison,
fermentation rimO050629-1 (carbon-restricted)
resulted in increased production of

anor pha-4, 11-di ene (Figure 12B), and del ayed the
onset of WD 2007/ 140339PCT1US20071069807 acet ate
production. These results are consistent with the
hypot hesi s that excess glucose teects lead to rapid
acetate production and early cell death.
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[00281] Further glucose restriction as achieved by
fernmentation run 060403-3 (|l owest carbon) resulted in
IOM/acetate production for over 100 hours (Figure

WQZ@)’MOS significan i ghe Xi ) /069807

and a o AT LOPROSHIOB 8L }#é‘m" ug%#%&a ?ir:jfr?l%nga gmgﬁg%
12B) CofEgemepl € 13 [OOEG@Pnﬁhm@@sﬂanpl=Fd@ﬁdW®mMKtéB
I NC . alor prna-4, rene roducti dTT
Esch?]ﬁ:g' Mafmissf_t_al n gr oun llnigf:‘dﬁ;‘/pctri cted
car h&ER¥ur ce condi t| A& and at subop}i mal

© t enmperERO3L0[ 00283] i’5.83¢ged culture of-host strain
8153—W§°m§°tau..ohcd by—atda-rg—a—stoek—at-guot—eft—the

str 250 ml f) GiB cont ai ning 50 nft. M- MOPS
nedlGﬁﬁéﬁﬂhantlblotlcégas detailed inlTable 1, and

gro ol fgocut ture ;2§/p oM a Totar ylzs;gaker ar—250
rpmig. an (6. 00 of 3 5-°to 4.5 [0028 |

bi of EXdfor s (Blocontr%ﬁFﬁr AD! 1010 wj 13™8i oconsol e
AD! tﬁé@ﬁﬁﬁppllkon B nﬁeghnology, FosfemgCity, CA)
wer e—set—up—ana—rth t+he—sare Way—a gesetrtbed—in
Exa Nﬁﬁhlgﬁ? run_06048%3- 3, except thaffsﬁraln and
indJé@Cbﬁﬁﬁlne were yvhfimed. [00285] Prd8ometion of
anoiptgo 2, I1- diene i pe nost certs rhducted b
addi-ng—-1 - 1 I\/IIDT%Qtn the Plllfllrg_%éd_j_m_l_n_ty_qe
fer1§ﬁ?@¥18ﬁﬁ?un shom%sFﬁ Figure 13A, | 4™8
anot ghEH4caq), digne synhh§5|s mas |nducaﬂmgt an COD 6pO
of apptaxtaiel 25 o the—ferrent 1
con1gﬁgg8h§§g§%%eglu£gsg@ lLn_the fern ﬁ%a fon _run
showihipmingHElLr e 13B, | 4h@€pha- 4, 11- di ene synthesi s whs
I ndiegdeRdiman COo(T )| o ugPPr OXi mat el'y| @8ugWni Ch Was
af t - st rictedfeed hadl-started-

[ 00R8BY pha-4,11-%W%ne was capt urle L4%nd ext ract bd
ac c pChlioragphedicto diff%hent protocols Fb@ t he

%

[00276] For f@&éﬁ:ﬁﬁoﬁfmudfomﬁ' -1 (%Jc' iy !:ax‘bUn)'_ﬂhéJféé até’(ﬂft ﬂlﬂﬁdhﬁn, and feed rates were
di ene present as Was
adJEs'&ﬁtnEi‘Pwy EWPIQ‘@?‘& ghh:gsetqa] the ﬁ?qceré:a%onf: Fhom} gqg]l-' igurgy 12C.\ Eo fegpentation run

05052911 @dalboft g:st2iced) e ePpivasiliverciethh ephaft® heodgite td B protocol shown in
Tabqe g l'Ljrtofli enﬂen%%orgltugx)r(])éﬁé@gﬁ fa%vest g nbon#‘1 theEcc? hWéas started r’nutomatlcally when the
mltbéslmeﬂw@)w 68 girvas odaysga End Wssphed qxégemsw#%iit itrio p pipximum of 27.6
/b8 BRI bifthd Te@Ul cdIdifate PUIRIERRR 0 dhe KditoftinRRquatias: Capt ur ed

by addi ng 200 nL of an organic ovg;lay to the

fermentor at the ti m#®, &)= ¥dueel'on, [00287]

Anor pha- 4, 11-di ene gagracted fromthe culture

medi um by conbiningmgé E roth with 975 uL

acetonitrile, shaki ngehsl &npl e at maxi mum speed on
whé'ag 't ?ii‘tﬁé m}{e@&t%}l%%ﬁd%mosg 'u)é?&ep{etsg 'tﬁ:BL EJa!:}En the maxunum rate, the

ustries, ohe east
elusaseised Wy kil 4 1 BiROE R g@a% E@%@?ﬂ%@ﬁ e BEdes ey of the run

diluting the acetonitrile solution into ethyl acetate
until the anorpha-4.11-di ene concentration in the
sanpl e was between 0.63 and 20 ng/L. The et hyl
acetate sanples were anal yzed by GO Ms as descri bed
in Exanple 10. For the fermentation run shown in
Figure 13A, the total anmount of anorpha-4,11-di en was
derived by conbining the anpbunts present in the
off-gas and in the culture nedium and dividing the
total by the fernmentor volunme. [00288] The
fermentation shown in Figure | 3A reached a maxi nal
0D600 of 93 and a nmaxi mal anorpha-4, 11-di ene
concentration of 3.2 g/L. In contrast, the
fermentati on shown in Figure 13B reached a maxima
0D6(r) of 245-and a maxi mal anorpha-4, 11-di ene
concentration of 15 g/L. A H%ely explanation for the
differences in culture gromh and anorpha-4, 11-di ene
production | evels observed in the two cultures is
that in the fernmentation run shown in Figure 13A



(t) = open(t-") p = So =15g wherein p. is the
specific gromh rate, and to is the tine at which the
initial glucose bolus was depl eted. Upon reaching the

WOrRgo7 A3 , £h f eed reduced t @CA/USA408/069807
of 11.4 %ga%%‘r%fl;aeﬁ‘gyrﬁté’i:g?%%mtﬂ?o “quﬁg& ate for the
r emai nderRugfTirpe@oursin. ﬁhicmﬁ‘mdﬂhtei(grh)r uns 060710- 4,
060724- §5 and—060619-5] fcar borr=—ard
nit roger- restricted), he gl ucose feed was ant her
reduced [When ammoni a rE&Fiction | ead tolgl ucose
accunul gtioon 1 n the rrejoum [00293] Fernentati on was
carried qyt—at the r\,ddr f—tenperat-ure eff 30C.
Airflowi(in the bioreact F was set _at 1 vynm initial
agi tati oid4was at 700 rphe#8foam was contrglled with
ant i f oamB(Srgma-Adrchp; St—tours; M9 and
di ssol ved-oxygen tensipn was controlled at 40% usi ng
an agitatBon cascade (/®% 1,200 rpm) and|oxygen
enrichnment. In ternentpsedn run 060327-3
( car bon{est+i-et-eth)— e H-was—ratratat-nRed at 7 using
20% NR$OH,_ _in fermentation runs 060710-4)| 060724-5,
and 060629-5 (carbon- ph8l nitrogen-restriicted), pH
was mai Mgl ned~at— 7 TNy $ &g 1y usSing 20% N 140H, and

startiné-_al_ZthutLugJJ?_a_SQLED_m_wae of 2.5 N
NaOH and310 N N1140H, f¥*further restrict the anount

of anmon4a goi‘ng'into thes f ermentor. [ 00294]
Pr oduct iren—of—anorpha—4-ti-diene—+n—the—+host cells
was i nduced at an OD 600 of approximately 30 by
[00277] Rupsf3Pe0§-LandP50§79-} wars gapfed opipt BHe- Aitflorin e ogiagipn was set at 1-2 L/min; pH
washaﬁac%ad a\masipd enrdondubn KlideR Rle WaBor GRR o RyREbx Y, iRMAIE@Yibddas 500-600

e nedi u i h 100./ of ni. e :
m%m ha Cﬁ“@f@é dien en%vvagns]%t )ﬁl 'A?‘p hag(? E?JHSDBIY)j tll%%‘%ﬁ P cyggen levels
werg Ena@ﬁamﬁ abdye Hf°e hsimzram agitatiop edserde) | Aftes ﬁélbpwg off cybtivatigpypireduction of

améthhaVKIL dTBHITHS R 86kt 881is YadinShted byREEY.8 FRIre MIGh ¥050608-1 and 1.2

nt str I nc Bohem a
ﬂi(lgfé F g " O e, A i Spp e phr Llere o g
[06278] Rurc@a903-F wapahiriohout airﬁﬂ"'(éd@rﬂ;gv ift Ghelploreator wee s¢ret hahidin; pH was maintained
at 'ﬁ@ing b Bnid dﬁ%ﬂleubmﬁm ox$Hefe WMMQWe '39%1:9 ahl 1l£hon cascade and

ox;éelaerr%clglger Ié]¥ PgJ 1; a% 0922 ‘y&% 2@ h%ts.\’re\é% %ocal.}rigtﬁy 1 grgducgon of amorpha-
4,11-ditpetbysirdwstdelisavab indmaefl by adlintzdtmlo hMTBRG060327- 3
[00279] Amﬁﬁaﬁz{i’ PNakfSds b fnf ) and ThELE EJZE:@LlQH tQQ dﬁfeggt%q&gcoﬂ6For s 050608-1

I mum concentration of anorp 1-di ene of
md(”ﬁ?‘t}aﬂ evolailjeamompha-4. Hi-diens presse) lﬁﬂisf’?ﬁgas ¥ GRAtEEd By Vwﬂné fthe off-gas
thrduiea fresiasiet contalting@00 mbrtepthdoh ITh Bptans) Mas thenditufeH igai¢tyl acetate until

Jhe
the ;Lﬁr bad @a%mgm&%ﬁ.;}ﬁ%ﬁe s%%QMngﬁﬁr ae yslrg% %d}ﬂg{ For run 060403-

3, apempbasthl F-diercotes 69P Fﬁﬁﬁ}eé"qﬂﬁﬂf’h‘@’ 2dgipg 210 anr GFEP%%"WI“Y to the
ferridn@ bt tBQinRedfirdtctioh.ePstds tontdntritaa whenemittdty @mbiniig 25 uL broth plus

o560 A e PRER AP S Paomim s fhor vorex e
2™ ixr (RFloptie Jadyseine Mo Bobgrin WEN fsiklswt 3 minyter. evreavivg gells from the sample
by tﬂbtﬁﬁl@atﬂﬁ A ailing i Qcdiditle R6ttonGito EtRE akeilite l(nEi 1@&1 irﬁorpha 4.11-dienc

COH&CE%UGH motrger san 163 (s %6691%16? éné: wlaﬁm AFEOI ag%an% se l;:sa erg ﬁnalyzed by
GCMS z5|dgrspled i Bxaprinle 1é’ul ture medl um dropped from 15 g/L
[00280} As $hOwR & FOMrel 19A bnd 128 REHentdiadirud 05050811 &xce@sf@ﬂ:foﬁ]’@duﬁ&ﬂn low maximum

re 14E ceta s_were | ow t

cell dﬁ@‘“%se it 2T %@mgaﬁp%ﬂi%‘m[ fiﬁ’fﬁgflyﬁ"ﬁd?"él% "’?Eeﬁ\“ﬁ‘l’a" to the
relatitviywapid inarefise gracttete ieals iguyn12Dinkh OGRFH. Hrm@@GFRn §50629-1 (carbon-
restéagi) QeaRd 9 écréa@ﬁ d?&fﬂcnﬁ QJ@ axﬁérbﬁaggﬁ[lﬁegng ﬁilédr&iﬂj)and a-ehz@cd the onset of

fermentations produced a maxi mum concentrati on of

anor pha-4, 11-di ene from about 20 g/L to 30 g/L

(Figure 15A) ‘The maxi mum vel®unetri c productivity of

the host strain was nore than 400 ng/L/ hour in all

three fernmentation runs (Figure 15B), which is

significantly higher than the maxi num vol unetric




[00302] At the time of induction, the cultures were
overlain with 8 rtiL of an organic overlay to capture
the ant or pha- 4, 11- di ene. Sanpl es were taken at
g lg%‘%tég ‘?Ee rg%ug} Ze%s%te&%@g%ggb élé gxral qg{gea %c[gsscz{l}ggégqggg%o rapid
ac@%%ﬁﬁthéﬁwdﬁﬂﬁéﬂi%ﬁts wer e perforned using 2
[00281] Fumel gReRdpRtictish Qﬂﬁ:ﬁleﬁfd bga&medmfeh nfl066400-3 (BREkt EASIR) fefulted in low

n b sa s found t
N oS Bl bttt TS ERART R i g ofl demicy and
alnEsvhh'éH éﬂ@r@detﬂonlﬁbmsslﬂﬂamﬁl%w whi ch conpri ses :

Example 13NUC] eoti de sequences encodi ng enzymes of the full

P AW DL I R
grofinjusdes xeamipled cagtes Gourdzasnditfives prdod sudbptipn] efperature.

[00283] A s'éed”@%h&})! L)f ﬁb‘sjl.tstrgin 9@54 wﬁlestﬁﬁlgheg Bg‘;&% a SQ:H]E ah%u& 254 aae g:l-ald 6 a 250 mL flask

Escherichia coil host strai

consmg 200 ERESTR ma istraRti9ct StiEEd isdae bapd P g culure at
3710081 retty ahaie B2BGpm BRBDH288 5 tansl B291 wer e

[00284] 2 L%?Jr@a?lr?irsstﬁ%gcgmu&kb‘? @Mo%th%&oﬂsoﬁtfgﬁ'ﬁoﬂ WGRbs Qlfotcglﬁlgggy, Foster City,

ar cont al ni ngPeantl of I ¢s as de
CA) prerF ¢f|ua 2ad mlmrﬂéee*aww@p@ﬁla@ﬁ i Powmples! 2 s men 490¢)3ety oxcept that strain
and idduc@aCthineStdrevafied.and each col-ony was inocul ated into

[00285) Pmdu{g{ma ofHmo m&éﬁﬂq ?A%necﬁ%e%&'a@l% ﬁ@%d@&y%ﬁ# acdﬁing T'&i of )} M IPTG to the culture

res e grown overni
medingile thefermpaigtionsen shewy in I‘]‘%‘f%‘?‘éx pementd 4 rdmaﬁ a@élwsr‘n@ induced at an
orx:,cy bt @bﬁ&um&ryez whitnd ﬁﬂﬁdﬁ{oagmoa&mmxmy\glmfose In the fermentation run

sho R ?XI %éo OE%/O 1 (lin(re:]r'g:gs 250 n}'nglgsg at an g{)&? ag}iz)ﬂn 'mﬂ'tgly 33, which
wagifiel b elutaseTestipied @Eﬂltadlsfe%edwer e grown over ni ght at 37C
[00286] An{aa)m rlcpid@wwma&&ea 24 ed2tcl BBk itd twlol¥BHrdnBREBENE. Bdd the fermentation

at_whi ch nt the
IR B 3 Bt ORI AT iR A P Bt pai g e ventin
offgr roggicags Wesher2nioing 0L B G0h The hepbanl yassheaiddnicdinto iyl aceat

untd e aﬁﬁfﬁha@ﬁdfe& do¥RnitdBE S ey )évas l§e|ﬁ€ee@§991d% nRAC Ror the
cul turé was rreasursgll% and

e S e L B B At RS CSL 1 Agfing 709 mi of an organi
oveBayrettieyfemisotbe 2 thenimk obinddetiom t he cul ture broth, 600 uL
[00287] AnB&hQLHY@eﬂ&#&%&@a&@@%oﬁ%%r&@ weiifim H}cﬁbﬁ%@? ut%%y@ﬁh 975 uL

. _The sanpl e was then vortexed
s GRS oo PR AT G g B dEE f e Scienttc
Indbistden Sthe ) Bohelni ON'F) fol =@ deast § lnaesesytiembvifigiiellsfiomh the sauple by centrifugation,

and?_tgl Vﬁ%ﬁ}t]e % gf?{%}iuﬁ&l ey &yﬁ:ﬂ:%%%ﬁﬂ i} ha-4.11-diene concentration in the

s “chromat ogr ap
samplsetas Paweqn&@(ﬂ@:l gﬁlﬁfﬁaLacg%ﬁﬁ@Iwgmggﬂﬁ%%ﬁ% s described in
Exdnkpde mdtsﬁerfgnﬁmmnsmmbmm Righgi 13aNthe bed hn@hoglaespha-4,11-dien was
n t I '

der{vccﬁ% COE}?I ﬁ%ragié)}ma s%{l]tqrtl El@ of‘f 2)9/12 Fﬂ;theg\guét&g}e?llﬁ and divzdmg the total
bY@@)@“ﬂ?ﬂWSOlmﬂﬁut es, increasing t enperature at

[00283] Th&i@ﬂemaﬁéﬂsaomna@@mparratwda rﬁh&uﬁ@@ﬁm @@ 2@ 16l xEnaA hmorpha-4,11-diene
coml‘.?]ngqlon of 3 g@ Pn [ls). Otlme'é Ee ?crrtngrgta P E i Uvatulb (\:A@S% r%acm:c{] ui}aagusmal ODggp of

were ana

2454ad elalmﬂe?err@aﬂla-“#éd@rle %@Hmﬁ éfeafbe% lﬂ&?é cyplpnstipnfer the differences in
culfifeSYdvan! &J’%ﬁﬁ:hﬁ-ﬂqweﬁb ﬁ&d@ﬁkﬁilé@k%ﬂseﬁh@ﬁl the two cultures is that in the
ferrgenl;rgeél%tg Islbow%ﬁtl 91& an r-ﬁl ﬁﬁaﬁlg}sé pﬁogluc%%ttl ?vgs %du&% belt:]o?'é/ e excess
glhigsowacohsumid aﬁdﬁbu@ed!eteetoctptbwamﬂw <rﬁs!1htysle cygrd-c8ll éqgfhbyylenabling the

bui oBroRUdWI oPiliemedBRs br B! mevdlonate pathway. In the fermentation run shown in

sel ective-ion itorin thod was.e
Fighig D Py GG BT Fo oy VOt e i g buid-up of
pathvady igtercheBatne tehdihg tb high@ celhdendityGiid arhorphmpl, id; dieh¥ prof @O S0IF{els.
Thi s exanpl e descri bes the production of
amor pha- 4, 11-di ene by a Sacc#aronmyces cerevi si ae host
strain. [003081 The generation of host strain EPY224
is described in Ro etal. (Nature 440: 940-943; 2006)
and in PCT Patent Publlcatlon V®2007/005604 Host




1003121 After 72 hours of growth, 3 yeast cultures

were found to produce 60.68, 54.48, and 59.25 ng/L

anor pha4, 11-di ene. Exanple 18 1003131 This exanple
WRIEYEAI¥ESs the production of anorpha-4, 11- di eRETIUS20M069807

Example 14
Sacchar omyces cerevisiae host strain mhere t he host

[00235] Thisexagivte demensirafesinereased anvperhads) Aldisnepredysteniyay Egedenighialcoli host strain
groG udden &ts@lﬁtedl mm&@ge@ Rt caﬂhﬁwd b saboptisaluaER Fature.

co f ol ogous, r t or on trol... 100314

ooaso) & GRS pfles e P B RaC TG lork b e S0l S oso . s
cortzigag QBQL M%‘dQP%mﬂ@ﬂ af ap@ipidtics pylemilglin TR Thaedhure was grown
%t E@"d—@t 4 8383 hatcMa bod Qhﬁsubiéﬁﬁgecﬁtge foh&»ﬂgg %&%mg mto the same medium

112. his341; MAL2- l. n en
w5l o SRS LPLPTERNRG JoC H66° FIbf 1 O] o -
[00291] Fomérleblmtwateeqhmoﬂermlhem witheBickangler m 0 dpplikof Biérhnology, Foster

c,t%cm%féesu ‘gqqd W R Belhe wz?gu ddBribed iIDEXRIREI2 Fr run 0604033, except that
nston, P. iter, Methods |n %ﬁ?St genetlcs

themgmm%ﬂm#?gwﬁw TSGR J %4r bor
[00292] Anleggpaemitiglhycoderfed vith @6l haurSputiling tilda Wh)ﬂm,tlatbﬂ Mizomafi&BP Wwhen the initial
gluLc%ggél&%f"%%Q TR 1AL &J&E 18k3a a}pg b?m a?'l%!lﬁﬁﬁdag 0.4 g/hr, the

tegrative rans “onnant s, ent1 on,
raiq fithstped Vg ERIIRFS apupies D@Qo}‘fé’éﬁﬁﬂa@ﬁ t ransf or mat | ons
into S. cgf gz gﬁnwane conducted using the |ithium
acetate procedur® as described by R H Schiestl, R
D. G etz, #GuPrl2@inét 16, 339 (Dec, 1989). Al gene
dlsruptlogs,qgg.replacenents were confirnmed by
phenot ypi c®analysi s, col ony pol ynmerase chain reaction
whérgiRPEle the gacdfisgrauthiae, agd His tiwtiahe ot whidh e il gludobdbolus was depleted.

Upgd ?&E}Pg e RAVARS BAVE %@@@ f%g)c&a@ 8 &s'ioeadra ok 0% %ﬂr arnﬁggd constant at

V|trogen are SC emat | g/
thisgfers & Msaemafiorathsmen. Tpmeattonmai Oéozswmr@mr%m@ 060619-5 (carbon- and

mﬂ@dhlf@hc&eg URRERSse Tl wiLHAKdr RAGkel Whid andronla@Bigictifitlefito glucose
Ybas& 14, 953 (Jul, 1998). Propagation of plasmd
CBNR B&FFSFed in Escherichia colt strain DH5a.
[00293] Fermarmt@n@'a&mdwu@t the teflueed trarpgrptugy ¢f SR°CPABTYE 8 the\hirresptar was set at 1

iRl bG8l bERA #2068 abis whbokedlled wiiRana W3OSk A 1dich, St. Louis,
MOt) ;Hamgsolved oxygen tension was controlled at 40% using an agitation cascade (700-1,200 rpm) and
oxygen enrichment. In fermentation run 060327-3 (carbon-restricted), the pH was maintained at 7 using
20% NH,OH; in fermentation runs 060710-4, 060724-5, aﬁd 060619-5 (carbon- and nitrogen-restricted),
pH was maintained at 7 initially nsing 20% NH,OH, and starting at 72 hours using a 50/50 mixture of 2.5

N NaOH and 10 N NH,OH, to further restrict the amount of ammeonia going into the fermentor.

[00294] Production of amorpha-4,1i-diene in the host cells was induced at an ODyggp of approximately 30 by adding
1 mL of 1 M IPTG to the culture medium.

(00295} Amorpha-4,11-diene was captured by overlaying the medium with 10% (v/v) of an organic overlay.
Amorpha-4,11-diene was then extracted by combining 25 uL of broth with 975 ul. methanol, shaking the
sa.fnple at maximum speed on a Fisher Vortex Genie 2™ mixer (Scientific Industries, Inc., Bohemia, N.Y.)
for at least 15 minutes, removing cells from the sample by centrifugation, and adding 10 uL of the
methanol schition to 990 ul. ethy] acetate containing 10 uL/L trans-caryophylene.

{00296] Samples were analyzed by GC/MS as described in Example 190.

[00297] Figures 14A-E show data from fermentation run 060327-3 (carbon-restricted). The fermentation produced a
maximum ¢oncentration of amorpha-4,1 1-diene of 16 g/L (Figure 14A). The maximum volumetric
productivity of the host strain was more than 200 mg/L/hour (Figure 14B). The maxinmum specific
productivity of the host strain was >2 mg/L/hour/ODso (Figure 14C). The concentration of ammonia in the
culture medmm was about 30 mM at the start of the fermentation run, rose to abéut 76 mM upon addition

-51-
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of the feed solution during the exponential growth phase, and remalned above 60 mM for the remainder of

the run (Figure 14D). The maximum ODsg, reached was about 290 (Figure 14D), comresponding to 116 ¢
DCW/L. The concentration of glucose in the culture medium dropped from 15 g/ to below 1 g/L in less
than 20 hours, and remained low (Figure 14E). Acetate levels were low throughout the fermentation
(Figure 14E). . _

[00298] Figures 15A-E show data from fermentation runs 060710-4, 060724-5, and 060619-5 (carbon- and
nitrogen-restricted). The fermentations produced a maximum concentration of amorpha-4,11-diene from
about 20 g/L to 30 g/L (Figure 15A). The maximum volumetric productivity of the host strain was more
than 400 mg/L/hour in all three fermentation runs {Figure 15B), which is significantly higher than the
maximum volumetric productivity obtained in the nitrogen unrestricted fermentation (Figure 14B). The
maximum specific productivity of the host strain was >2 mg/L/hour/ODyy; for all runs, and remained high
throughout the runs (Figure 15C). The concentration of ammonia in the culture medium was about 35 mM
to 50 mM at the start of the fermentation runs, dropped upon addition of the feed solution during
exponential growth; and remained below 10 mM for the remainder of the run (Figure 15D}. (The lowered
ammonia levels compared to fermentation run 060327-3 (Figure 14D} are due to the lack of ammonia in the
feed solution and reduced ammonia in the base used to maintain the pH. Fermentation runs 060710-4 and
060619-5 showed a spike in ammonia concentration at the end of the runs, but the spikes occurred after the
bulk of the production of amorpha-4,11-diene.} The maximum ODgp reached was 170 to 220 (Figure
15D), corresponding to 68 g to 88 g DCW/L. The concentration of glucose in the culture medium dropped
from 15 g/L to below 1 g/L in less than 20 hours, and remained low (Figure 15E). Acetate levels were low
throughout the fermentation runs (Figure 15E).

Example 15 )

[00299] This example describes the production of amorpha-4,11-diene via the DXP pathway in an Escherichia coli
host strain.

[00300] Seed cultures of host strains B003, B617, B618, and B619 were established by adding a stock aliquot of
each strain to separate 125 mL flasks containing 25 mL M9-MOPS and antibiotics as detailed in Table 1., .
and by growing the cultures overnight.

[08301] The seed cultures were used to inoculate at an initial ODgq, of approximately 0.05, separate 250 mE flasks
containing 40 mL M9-MOPS medium, 45 ug/ml thiamine, micronutrients, 1.00E-5 mol/L. FeSO4, 0.1 M
MOPS, 0.5% yeast extract, 20 g/L of D-glucose, and antibiotics. Cultures were incubated at 30°C ina
bumidified incubating shaker at 250 zprﬁ until they reached an ODgy 0f 0.2 to 0.3, at which poeint the
production of amorpha-4,11-diene in the host cells was induced by adding 40 ul. of 1M IPTG to the culture
medium.

[00302] 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 16. Experiments were Iﬁerformed using 2 independent clones
of each host strain, and results were averaged. Deviation between samples was found 1o be less than 10%.

[00303] As shown in Figure 16, Escherichia coli host strain B619, which comprises nucleotide sequences cﬁcoding
enzymes of the full engineered DXP pathway, produced approximately 45 mg/g DCW amorpha-4,11-diene.

Example 16 '

[06304] This example describes the production of 3-methyl-but-3-en-1 -o! and 3-methyl-but-2-en-f-ol in

Escherichia coli host strains.
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[00305] g%gdzg&gllrggﬁghost strains B286, B287, B288, and B291 were established b}}) s(l:IEUer%g %‘Z{tog%tgggk aliquot
of each strain on LB agar containing antibjotics as detailed in Table 1. Three independent colonies were
picked for each strain, and each colony was moculated into 7 mL of LB media containing antibiotics. The
cultures were grown overnight at 37°C on a rotary shaker at 250 rpm until late exponential phase. The
cultures were then inoculated at an ODyy of approximately'0.0S, into a 250 mL flask containing 40 ml of
M9-MOPS, 2% glucose, 0.5% yeast extract, and antibiotics. The cultures were grown overnight at 37°C on
a rotary shaker at 250 rpm until they reached an ODgoo of approximately 0.2, at which point they were
induced by adding 40 ul. of 1 M IPTG. The cultures were grown for 72 hours at 30°C on a rotary shaker at
250 ipm. One to two times per day, the ODgge of each culture was measured, and a 700 ul. sample was
removed. To extract the 3-methyi-but-3-en-1-ol and 3-methyl-but-2-en-1-ol from the culture broth, 600 ul.
of ethyl acetate was added to 300 uL of each removed sample. The sample was then vortexed for 15
minutes, and 400 uL of the upper ethyl acetate phase was transferred to a clean glass vial for analysis,

[00306] The samples were analyzed on a Hewlett-Packard 6890 gas chromatograph/mass spectrometer (GC/MS). A
1 uL sample was separated on the GC using a DB-5.column (Agilent Technelogies, Inc., Palo Alto,.CA).
and helium carrier gas; The temnperature program for the analysis was as follows: 60°C for 3 minutes,
increasing temperature at 60°C/minute to a temperature of 300°C, and a hold at 300°C for 2 minutes. The
total run time was 9 minutes. The resolved samples were aﬁalyzed by a Hewlett-Packard model 5973 mass
selective detector. Previous mass spectra demonstrated that 3-methyl-3-buten-1-o0l and 3-methyl-2-buten-1-
ol have a retention time of 2.067 minutes using this GC protocol. To focus detection on 3-methyl-but-3-en-
1-0l and 3-methyl-but-2-en-1-o0l, a selective-iox_l-monitoring method was employed that monitors only ions
56 and 68 in 3-methyl-but-3-en-1-0l and 3-methyl-but-2-en-1-ol.

Example 17

[00307] This example describes the production of amorpha-4,11-diene by a Saccharomyces cerevisiae host strain.

[00308] The generation of host strain EPY224 is described in Ro ef al. (Nature 440: 940-943; 2006) and in PCT
Patent Publication W02007/005604. Host strain EPY224 was cured of expression plasmid pRS425ADS by
groﬁrth 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-
Met Leu agar were cured (i.e., had lost the plasmid pRS425ADS). One such clone was designated
EPY300. EPY300 was transformed with expression plasmid pRS425-ADS-LEU24, a plasmid identical to
pR8425-ADS except that instead of LEU2 itlcontains a LEU2d selection marker (Erhart and Hollenberg
(1983) J. Bacteriol. 156: 625-635) yielding host strain Y'185.

[00309] Y185 host ;::cll transformants were selected on synthetic defined media, containing 2% glucose and afl
amino acids except histidine, leucine, and methionine (CSM-glucose; MP Biomedicals, Solon, OH). The
host strain EPY30( is auxotrophic for leucine biosynthesis (few2), but expression plasmid pRS425-ADS—
LEU2d in Y185 restores leucine prototrophy (LEU2). Single colonies were patched onto selective medinm
(CSM-glucose-histidine, leucing, methionine), and grown for 2 days. The cells were scraped from the plate
and transferred to 1 mL of 25% (v/v) glycerol in a cryotube. The suspension was mixed, and then stored at
-80°C. ' '

[00310) Seed flasks of host strain Y185 were established by adding a stock aliquot of the strain to a 125 mL flask .
containing 25 mL of CSM-glucose lacking leucine and methionine, and by growing the cultures overnight.
The cultures were used to inoculate at an initial ODyq, of approximately 0.05 a 250 mL baffled flask
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containing 40 mL of synthetic defined media lacking leucine, and containing 0.2% glucose, 1.8% galactose,

and 1 mM methionine. The culture was incubated at 30°C on a rotary shaker at 200 rpm. Because the
presence of glucose in the media prevents induction of the GALJ promoter by galactose, amorpha-4,11-
diene production was not induced until the cells had used up the glucose in the media and had switched to
using galactose as their main carbon source. At the time of inoculation, the cultures were overlain with 8
mL of an organic overlay to capture the amorpha-4,11-diene. Samples were taken at 72 hours by
transferring 5 ul of the organic solvent layer to a clean glass vial containing 500 uL ethyl acetate
comtaining a known concentration of beta- or trans-caryophyllene as an internal standard.

{00311] The organic overlay/ethyi acetate samples were analyzed on a Hewleti-Packard 6890 gas
chromatograph/mass spectrometer (GC/MS) as described in Example 10.

[00312] 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. '

Example 18

.{00313} This example describes the production of amorpha-4,11-diene in an Saccharomyces cerevisiae host strain
where the host strain includes a native mevalonate pathway as well as a heterologous mevalonate paﬁway
that is under control of a beterologous regulatory control.

[0b314] Yeast strains CEN.PK2-1C (Y002) (MATA; ura3-52; trp1-289; leu2-3,112; his3A1; MAL2-8C; SUC2) and
CEN.PK2-1D (Y003) (MATalpba; ura3-52; ttpl-289; len2-3,112; his3A1; MAL2-8C; SUC2) (1. P. van
Dijken et al., Enzyme Microb Technol 26, 706 (Jun 1, 2000) were cultivated in either standard rich medium
(YPD) or in defined synthetic medium (. D. Rose, F. Winston, P. Héiter, Methods in yeast genetics: a
laboratory course manual. (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1990)
lacking appropriate nutrients allowing for selection of integrative. transformants, plasmid retention, and
meiotic progeny. l

[00315] DNA-mediated transformations into S. cerevisiae were conducted using the lithinm acetate procedure as
desé_ribed by R. H. Schiestl, R. D. Gietz, Curr Genet 16, 339 (Dec, 1989}). All gene disruptions and
replacements were confirmed by phenotypic analysis, colony polymerase chain reaction (“PCR™) and
sequencing of amplified genomic DNA. Plasmids pAM489-pAMA498 were constructed using the pCR 2.1
(Invitrogen, Carlsbad CA) and are schematically described by Figure 7A-C and Table 6. The HISMX
marker sequences are described in M. 8. Longtine et al., Yeast 14, 953 (Jul, 1998). Propagation of plasmid
DNA was performed in Escherichia coli strain DH5a.

Table 6
Strain 5HR | Gene #1 Crick Watson Gene #2 Genetic 3'HR
Prometer | Promoter Marker
pAM489 TRP1 tHMGR GALL GAL10 ERG20 TRP1 TRP1
pAMA490 TRP1 tHMGR CUP1 CUP1 ERG20 TRP1 TRP1
pAN491 TURA3 tHMGR GALl GAL10 ERG13 URA3 TURA3
pAMA492 URA3 IDI1 CUP1 CUP1 tHMGR URA3 TURA3
pAM493 ADE1 tHMGR GAL1 GALLQ DI ADEY TURA3
pAM494 ADE1 tHMGR CUP1 CUP1 IDI1 ADE1 ADEIl
pAMA4GS HIS3 ERGIi2 GAL1 | GAL10 ERGI10 HISMX HIS3
pAM496 HIS3 ERGI2 CUP1 CUP1 ERGI10 HISMX HIS3
pAMA497 LEU2 ERGI19 GAL1 GAL1 ERGS8 HISMX LEU2
pPAM498 LEU2 EFRGI19 CUP1 CUP1L ERGE HISMX LEU2

" [00316] S. cerevisiae strains Y002 and Y003 were prepared for introduction of inducible mevalopate pathway genes
by the following. The ERGY promoter was replaced with the S. cerevisiae MET3 promoter by PCR
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[00317]

[00318]

{00319

ERG1 9 GAL | GAL! ERGS H SMX LEU2 pAMA98 LEUZ2 ERAd 9
CUP1 CUP1 ERCS HI SMX LEU2 [00316] S. cerevisiae
strains Y002 and Y003 were prepared for introduction

WCHF07/ ' | t h .t hePCT/US2007/069807
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(198 SueiRte regompingir H¥frp if e ifiod bythelr AIEB oIy ireling copsiging -
0.5,3%»1 (Eéi%t)'ba:t n(bﬁflit_ﬂ:@&g O, Yabad3 829 ddSbmeﬂ}widga&gﬁSPCLMesestm clones
11 t n .

werbin 05 Eich VL NPT L P it b, NPy b BPfben radin trame was
replaged ovith éhefcg'grulﬁe'ﬂ/\ﬁﬂbrﬁfy LEU2 geme el EURh JdR 35K B (BOEHT prgemis locus was
ampllified S65 €1 296k BihoREd DIER (ATEC, Min®ds, VIO stng prifeerd 61-67-&PK066-G (SEQ
1D 1§<§:946) and 61-67-CPK067-G (SEQ ID NO: 47) containing 50 basepairs of flanking homology to the
ADEI open reading‘frame (ORF). 16pg of the resulting PCR product was transformed into exponentiaily
growing Y93 and Y94 as described above. adel- strains were selected for growth in the absence of leucine

supplementation and confirmed by dizgnostic PCR. The resultant clones were given the designation Y176
{(MAT A) and Y177 (MAT alpha).

To generate S. cerevisiae strain Y188, 2ng’s of plasmid DNA from pAM491 (SEQ ID NO: 48) and
pAMA495 (SEQ ID NO:49), respectively, were digested overnight with Pmel (New England Biolabs,
Beverly, MA) and introduced into exponentially growing Y176 as described above. Positive recombinants
were selected for by growth on mediwm lacking uracil and histidine. Integration into the correct genomic
locus was confirmed by diagnostic PCR.

To generate S. cerevisiae strain Y189, 2pg’s of plasmid DNA from pAM489 (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. Poéitive recombinants were selected for by growth on
medium lacking tryptophan and histidine. Integration into the correct genomic locus was confirmed by
diagnostic PCR.

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 medivm 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 into the

correct genomic locus was confirmed by diagnostic PCR. The resultant strain was given the designation

Y238

[00320]

To generate haploid strains containing the full complement of introduced genes, Y238 was sporulated in
2% potassium acetate and 0.02% raffinose liquid medinm. Approximlately 200 genetic tetrads (tetrads are
foﬁr—spored meiotic products) were isolated using a Singer Instruments MSM300 series micromanipulator
(Singer Instrument Co, LTD. Somerset, UK). Independent genetic isolates containing the appropriate
complement of introduced genetic material were identified by their ability to grow in the absence of
adenine, histidine, uracil, and tryptophan. Integration of all introduced DNA was confirmed bf diagnostic
PCR. The resultant strains were given the designation Y210 (MAT A) and Y211 (MAT alpha).

[00321] 2ug of plasmid DNA from pAMA426 (SEQ ID NO:53), containing 5. cerevisiae condon optimized

Amorphadeine Synthase {ADS) expressed from the S. cerevisiae GAL1 promoter, was introduced into
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. Example 21
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werfriradsfafrébto Wilfuge wds tonpathgfsonl 30igee SdRgls jackingllegdirenThe cultures were

inct%ﬁ@& yyzs%gm?gsat %?g%{ﬂ%%qwth &a@é?@oﬁar}ﬁzsﬁmﬁé @Qé Qor@apit -80°C in cryo-

ost 'straln ro ucedloggzrom rrate(% Uépg
vialpyinfl gpin Eezen elq“ﬁ%@%iﬂ% Batycerphing S8% Anfif cutture.
[00334] SeeflEfittreh W68 cétittished Og uiling@riotk aliudtas NE2S@MILNBK containing 25 miL SM-giu

lackg)[{gflgxrcl%ces SN %@E %t r@lg&&%%%%%e’ﬂc%gerd%}ﬁhﬁés%r 319%1[ to inoculate at an initial

0" was gener at e

ODmf@mrwgmtﬁe 085% B3tk Péﬂedgﬁaaleﬁpﬁalﬂ%fﬁ %eﬁ%@%ﬁ&@eﬂ media lacking
leucﬁﬁr{??% @lu&ﬁe Shd EB% gﬁE’cY&g AcfitRRs @tre @tlcubafed APBIC Hiod 1dta8y shaker at 200 rpm.

Becgv.ég g)e Plieﬁence o gluﬁosre L é r%g Pu bl I C Lc'm%.[) %%«8] égggt?ﬁbg) ﬁgalactose

fmxméwwdewthndewm@ﬁmﬂﬂrsasmhe glugsRga 5 oegjs agd switch to using
2212522 Ble P RhainkhBbalidite MIAS bulfikds AledSer¥ihGAthanal MdBd oleate or isopropyl
respectively. [003331 Host cell transformants were
"sel ected on synthetic defin®d- nedia, containing 2%
gl ucose and all am no acids except |eucine (SMglu).
The host strain EPY300 was auxotrophic for [eucine
bi osynt heS| s (leu2), but expreSS| on plasmd

B



[ 003351 Host strain Y166 produced approxi mately 9.8

nmg/ L of a-farnesene at 120 hours (avenged over 3
WI ndependent clones), and had a maxi mal specific

LIS, e O AORL 013 Gl o SORO YECT ST
a clegmglast Vishtoataiping G0y tth:dfaceﬁqtﬂ Jop@iEing §&nepm crmntrwm ef beta- or trans-
carfyapb@lleg BhnGierhal Stahdacte 18 Bdbadh, (23 AD 8Fguots 81fe h@die aﬂmre broth were added

spec. Ruofuct i vi rOXI e
0 arln‘:%la‘slg' Mﬂlaﬁi PLSPYSERES '%/éé “é’{ho i) nﬁ‘fﬂ éy ?‘thml stndard. The
whplg9al8e] brgth |S§11Pé9§amﬁ| t‘ettr%féﬂsiem thp etbyltah@at@lrmumlngom gidss vials for 10 minutes,

aﬂgr'ﬁhﬁihﬁb@@lﬁ@fth«@e't@} RERR ex@llod SLRLAMRAS 4 dkaksigdiSfl Chi @
host strains. [003371 Seed cultures of host

cob
(00335] HogfisPipr 43 %P“ﬁ?%’%flfﬂéﬁ%s e/t of fiesEe ¢ 20 BYpY (aysrpgedrover 3
mdeﬁenﬂqmmmﬁs) piibyde Dp{iBal sipddiié SEodpctivaty @fiapftamitkly 3 @RT/ODsw (1

tepge_lt?ntal-gkgo gel%ﬁt stBMIE\y %-b%%ﬁuﬁed B AM443 rSGE%%%Lla}am%sene at 120 hours

M@XF wgenémf glohdis)s prsichath g naﬁarplrﬁgeca” cpregiewiviy pipuprexightely 20
mpAAOD &l kprRetBveapas.at e 125 inL flasks containing 25
Example 22T MO- MOPS, 2% gl ucose, 0.5% yeast extract, and :
eSS antibiotics as detailed in Table 1, and by grow ng
[00336]) This xampie] deseribes tharceduitiphtof v-Griizene cminson et terainolpieds Escherichia coli host
sui[&03381 The seed cultures were used to inocul ate at

R Y N T LT N -

PAYSAT, ogmatenca@t solidtl-BinpNiewat pMsz-@wpsmAn@‘iébr PAM442]) or terpinolene (E.
coll Iﬂﬁﬁ@'h%ﬂd@@l‘ pm @F% ol PARR44VGRLE eﬁlﬂﬁz&e@“?ﬁdﬂg@ sﬁ%ﬁ zh:qf}ot of each strain

rnl hexad eiiaé{i]s ures were incubate
t sepfa |7 gl 2 T MR PF ot SFOREh B snibiotis s
detgilog (:r’l}abbfl ad oy gromirgtisl gplt@edgvedizhvih ilaphexpaicntial phae.
[00338] Th@!e&ﬁéﬁﬁﬁ:ké’x@er@ﬁse& REnd RN 0L dl:f‘t oF ﬁy%loxinﬁte Jbeosh%tmL flasks

|s in the host cells was ind uced ng 4
conipning )PV MQER et AR BT BRI A pmegiinocaaton,
cultafrs vBreRlto beglnia frdth A inilche2iacant. afanedeerdimxpaied #136°d d\aabtary shaker at

206 958 Qﬂ lgmmh o)mg Jliugc{ alﬁgﬁDm&? Fpgrfx@%ai@flélﬁ ¥i§‘liﬁilb‘;0|ﬂ§ ﬂﬁ prod}x]ct on of the

hexadecane ay was

corgpouRdnf gntaspst iadke wttCﬁHStm He besh esls Y induserbypdding 4] i ol MFPTG Samples

weﬁ}ta‘it&dnﬁfcdpdr Haﬁoﬂ-Qﬁm}iﬂs bPirbnsitrrady 200 6L SRl Hckﬂ@ca?éllaﬁr- ltol 2 0.6 mL microfuge
| el l.ets

tub& Fmaal.ﬁglg Sf%l gip él%)%g%f% otvgtiagr \Eﬁ{l p# 1\?\‘2}@@}1 etcflgl o?%semked with trans-

caryophyllenq ps g pdreshfanderd dn 3 }- &nﬁrf(ié? Ylédlntaédlaongi md-gliqiogs|of the cultures were

spuﬁ Qs kI Ij&getél-w&k-re@ﬁsﬁé&le(ﬁﬁ QS@IEIEst&ﬂé A€, ad il cell suspensmns Were transferred

0 a &eﬁsTn %%I%Q\r/ver fg e)r{JIEL eﬁle as t%rs]p e e?:%llﬁ-csatg%g]%yﬂfne a.E)a.n neltcgngi standard. The
celhpoletsorirneriadie ig Iﬂfas&w\nca#ts bf wrteifg ﬁ'F glatserinls forf Iﬁemnw; affer which 500
ul SOLk dity1 QfetateRQu Rt as G RIRR 11428 6lalcQih WAS

(00339} The},]lrga st er [ t e ax%lelgiaagxti %:egegﬁb%é'%%'e:gﬁ%g%% ge?lé)fl%}h ?amples were analyzed on
an @mntaﬁseabég@s plamqgrml efuipyeskd [with a5 4B 7 fumnse speamdmezes (GC/MS) in full
sca®Rod@ 5800 L2 TS8O e J@Stirkdd RIRMLAG AP G%o%%w aﬂ&)@diimm thdrix was modified

an Agil ent 975 mass spectroneter
o agUSY CRER SO SBEP e Sh%steﬁs%ﬁt@‘% & %Sﬁ%%le el (a plic o
betb@APLraAd LEEwWLselgEtal Bassdthn Gl Eontentrition) and Seti@girht&ohidga HP-5MS

COImAgiiﬁ%t ?Q:Mld%es p[%@li’afoeﬁl@ Ek Joi2) h@lﬂgl JaPﬁ:r gQ'JE ofhtg? erature program. for

runt e was S bJ)
the prglypip wReas Rl 1753C %ﬂ#& o3 S’G‘%gn%@lﬂé%ie@ﬂ”ﬁ%é Ofr{minute to a

temP@iide Of CIGFT; Gidtchsitg tordperaing aﬁdﬂ@mﬁﬁﬁ@d ﬁﬁe@ﬁhm&t ag;oa"c and a hold at

-5 col u t Technol o

300G SRt TR aeea PRapee Sere 4 e A Erogrs piered st 54,
4.1,f5ek atdred mineatbs sispctivaly. Aiterd wirk caliated S cdralading mwrged peak areas against a
qualfeitit EstibratifChBR s g-giﬂe@ ERRIAL Y Rindlaryd PR L1 Bcetate.

tenmperature of 115C, increasing tenmperature at

60t/ mnute to a terrperature'5<§f 300C, and a hold at

300C for 0.5 mnute. The various products,

y-terpi nene, a-pinene, and terpinolene were observed

at 5.4, 4.1, 5.4, and 5.9 mnutes, respectively.




GCGACCCACGGT TACCACATGGEGTAT TACGECCGAAAACGT GGCGAAAGAATA

CGGCATTACGCGECG
AGATGCCAGCGATGAATTAGCACT GCACT CTCAGCGCAAAGCAGCAGCCGECGATC
A WM OCGITT PCT/US2007/069807

CGGCGGAAAT CGT GCCAGT TAACGT GGT CACGCGCAAGAAGACGTTCGL111
[00340] Wm@m@@@m@mmmm@m carene, or sabinine

mmm\mw TTGA\OAAAGCWCG
[00341] Seg%&m%?w . ga stoc a 1quu%T%rm to separate IZ%I-L flasks containing

zsm@@&m@@m@ﬁmmamﬁmmﬁmmm@a by growing
thd EHASHLIAGAHACCA

T T GEGT CCGGT CCCAGCCACGCAAAAAGCCCTGCAATTAGC
[00342} ww inoculate at an mitial ODgg of approximately 0.05, 250 mL baffled flasks
(G ARG ACY anmemmmd at

Gul | Ry Q;gfso r&_l_ m until the G"F reach an ODSQ of a%rox % int the

??M@ Wjﬂls is induced by adding 40 ul of 1 M IPTG to the
cumﬁrﬁAﬁG{Mc&ﬁém,ﬁﬂ' (ésAlsdphda AfnAuGOmEd Al duigh kofvent-solvent

*@f%%ﬂf%%&%&?wm&%&%%&www to saturate
theapedizapdtp Apynyeeepend phase.

AAGCAAAAT GAAACT GAGCACCAACGCTGTGCTEGTGT GGCATCAAGGGT CcCC
TGCGCCCCACAAAAG
CAOCAACAGCTGCACAACACGAACCTGCAAATGACCGAGCTGAAAAACGCAGAA
GACGGCCGAGCAA

AAGACCCGCCCGCAGAACGT TGGCATCAAGGGCATCCAGATTTATATCCCGAC
GCAGTGITGTCAACCA

ATCTGAGCTGGAGAAAT TCGATGCGCGT CAGCCAGGGTAAGT /—\CACCATCGGCC
TGGOCCAGACCAAC

ATGACCTTCGTGAACGACCGT GAGGACATCT ATTCTATGAGCCTGACGGTGCT
GTCTAAGCTGATCAA
GAGCTACAACATCGACACGAATAAGATCGGTCGTCTGCGAGGTGEGTACCARA
CCCTGATTGACAAG AGCAAAAGCGTGAAGTICTGTel |

AATGCCAGCTGT TCGECGAGAACACGGATGT CGAGGGTATCGACAC
CCTGAACGCGT GT TACGECGECACCAACGCACTGI TCAATAGCCTGAACTGGA
TTGAGAGCAACGCCT
CGGATGECCCECGATGCCGATCGTCGTGIGCGGCGATATCGCCCATCTATGACAAG
GGTGCGEECACGTCCG

ACCGEECGETIGCAGGCACCGTTCCGATGT AT TGECCCEGACECACCAATTGT
1- 11CGATTCTGICCG CGCGTCTTACATGGAGCACGCCTACGACL 111
ACAAGCCGOACTTCACGAGCGAATACCCGTACGTGG  ACGGCCACL

| CTCTCTGACCTGCTATGT GAAGGCGECTGGACCAGET TTATAAGT CTTATAGC
AAAAAG

CCGATTTCTAAGGGECCTGEGET CAGCGACCCGGCAGGCAGCGACGCCCT GAACGT
CCTGAAGTAI TTCGRA

CTACAACGTGITCCATGI CCCGACCTGCAAATTAGTGACCAAATCT TATGGCC
GCCCTGITATATAATGA

TTTCCGTGCCAACCCGCAGCTAE TCCCGGAGGTTGACGCCGAGCTGGECGACGC
GTGATTACGACGAGA
GCCCTGACCGACAAGAACATCAGAAGACCETTCGTCAACOT CGCGAAGCCGT TC
CACAAAGACCGTGT

GCGCCCAAAGCCTGATCGI CCCGACCAACACGEECAACATGTATACCECOICTG
TCTACGCGGCATTCG

CGAGCCCTOCTGAATTACGTCGGTTCTGACGACCT GCAGEGCAAGCECGTTEEC
CTGITCAGCTACGGT AGCE=1 | ) -
AGCGGECCAGCCCTGTATAGCTGCAAAATTGTCGGCGACGT CCAGCACATCATCA
AGGAGCT WD 2007/ 140339PCT/ US2007/ 069807

GGACATC: ACCAACAACI C1

Ci UCCI AAUCCI CA1CACCUACI ACC CCUAAACl ATTACCI AUGCAOCGATC
GAG

TTACGCGAGAATGCGCATCTGAAGAAGAACTTCAAGCCGCA AGGTAGCATCG
AGCACCTGCAGAGCG -59-
GCCGICTACTACCTGACGAACATTGACGACAAGT TCCCCCGITCTTATGACGTC
AAAAAGTAACTAGTA

GGAGGAAAACATCATGGT CCTGACGAACAAAACCGT CATTAC-:CGGCAGCAAGG




SEQID NO 4 Prinmer HMGS 5 Sa nvaS-S 5
' - GAACTGAAGATCTAGGAGGAAAGCAAAAT GACAATAGGTATCGACAAAATA
AACT-3 ' SEQ ID-NO 5 Primer HVGS 3' Sa nmvaS-AS 5
WO 200T/GOAPGATGL111 PCT/US2007/069807
CCTCCTACTAGITACTCTGGTCTGTGATATTCGCGAAC-3 ' SEQ ID
NO 6 Prinmer 19-25 at oBedUehdeliBtibg
L GCTAGGCCATCCTGGCCATGAAGAACTGTGTGATTGLTTCTO- 3 ' SEQ
ID NO 7 Prinmer 19-25 nvaA-Asi SI-AS 5 -GC
SEQ ID NQ b AT CGOCGGOGGATTTGTCCTACTCAG 3' SEQ ID NGO 8 Pri mer
- MevT66 op@ei¥0C 5 ' - CCACCTCGAGATGTCATTACCGTTCTTAACTTCTG 3'  SEQ

GMHCA@%%&%%%&& GcgrGTGTGATT%QFAAQP%CQG%ESGCGATCGGC

AGCTTTAREERET CTB A AP CHEC EGIOGAA TR T IRITRACGACGGTCATTAAGGCCGCCATT
GAACGCGCARRGATTCHACPATRAS XA AT XXE AAGTGATCATGGGCAATGTGTTACAAGCCGGCC

TGGGTCAAAACCCAGCGCGTCAAGCACTGTTAAAATCTGGTCTGGCCGAGACCGTGTGTGGCTTCACC
GTCAATAAGGTTTGCGGCTCTGGCCTGAAGAGCGTGGCCCTGGCAGCACAAGCGATTCAAGCCGGTCA
GGCACAAAGCATCGTTGCGGGTGGCATGGAGAACATGTCTCTGGCGCCGTACTTATTAGATGCCAAAG
CCCGCAGCGGTTATCGCCTGGGCGATGGTCAGGTGTACGACGTCATCTTACGCGATGGCTTAATGTGC
GCGACCCACGGTTACCACATGGGTATTACGGCCGAAAACGTGGCGAAAGAATACGGCATTACGCGCG
AGATGCAGGATGAATTAGCACTGCACTCTCAGCGCAAAGCAGCAGCCGCGATCGAGTCTGGTGCGTTT
ACGGCGGAAATCGTGCCAGTTAACGTGGTCACGCGCAAGAAGACGTTCGTITTCAGCCAGGACGAGTT
CCCGAAGGCAAACAGCACCGCGGAGGCCTTAGGTGOCTTACGCCCAGCCTTTGACAAAGCGGGCACG
GTCACCGCCGGTAATGCGAGCGGCATCAATGATGGTGCAGCGGCACTGGTCATCATGGAAGAGAGCG
CCGCATTAGCAGCGGGTCTGACCCCATTAGCGCGCATTAAATCTTATGCCAGCGGCGGCGTCCCACCA
GCCCTGATGGGCATGGGTCCGGTCCCAGCCACGCAAAAAGCCCTGCAATTAGCGGGCCTGCAACTGGC
CGACATTGATCTGATCGAGGCGAACGAGGCGTTITGCAGCGCAGTTCCTGGCGGTGGGTAAGAATCTGG
GCTTCGACAGCGAGAAAGTCAATGTGAACGGTGGCGCGATTGCGTTAGGCCATCCGATTGGTGCAAGC
GGCGCACGCATCTTAGTGACGTTACTGCACGCCATGCAGGCACGCGACAAGACCTTAGGCCTGGCGAC
CTTATGTATTGGTGGCGGTCAAGGTATCGCCATGGTGATCGAACGCCTGAACTGAAGATCTAGGAGGA
AAGCAAAATGAAACTGAGCACCAAGCTGTGCTGGTGTGGCATCAAGGGTCGCCTGCGCCCACAAAAG
CAGCAACAGCTGCACAACACGAACCTGCAAATGACCGAGCTGAAAAAGCAGAAGACGGCCGAGCAA
AAGACCCGCCCGCAGAACGTTGGCATCAAGGGCATCCAGAITTATATCCCGACGCAGTGTGTCAACCA
ATCTGAGCTGGAGAAATTCGATGGCGTCAGCCAGGGTAAGTACACCATCGGCCTGGGCCAGACCAAC
ATGAGCTTCGTGAACGACCGTGAGGACATCTATTICTATGAGCCTGACGGTGCTGTCTAAGCTGATCAA
GAGCTACAACATCGACACGAATAAGATCGGTCGTCTGGAGGTGGGTACGGAGACGCTGATTGACAAG
AGCAAAAGCGTGAAGTCTGTCTTAATGCAGCTGTTCGGCGAGAACACGGATGTCGAGGGTATCGACAC
CCTGAACGCGTGTTACGGCGGCACCAACGCACTGTTICAATAGCCTGAACTGGATTGAGAGCAACGCCT
GGGATGGCCGCGATGCGATCGTCGTGTGCGGCGATATCGCCATCTATGACAAGGGTGCGGCACGTCCG
ACCGGCGGTGCAGGCACCGTFGCGATGTGGATTGGCCCGGACGCACCAATTGTCTTCGATTCTGTCCG
CGCGTCTTACATGGAGCACGCCTACGACTTTTACAAGCCGGACTTCACGAGCGAATACCCGTACGTGG
- ACGGCCACTTCTCTCTGACCTGCTATGTGAAGGCGCTGGACCAGGTTTATAAGTCTTATAGCAAAAAG
GCGATTTCTAAGGGCCTGGTCAGCGACCCGGCAGGCAGCGACGCCCTGAACGTGCTGAAGTATTITCGA
CTACAACGTGTTICCATGTCCCGACCTGCAAATTAGTGACCAAATCTTATGGCCGCCTGTTATATAATGA
TTTCCGTGCCAACCCGCAGCTGTTCCCGGAGGTTGACGCCGAGCTGGCGACGCGTGATTACGACGAGA
GCCTGACCGACAAGAACATCGAGAAGACCTTCGTCAACGTCGCGAAGCCGTTCCACAAAGAGCGTGT
GGCCCAAAGCCTGATCGTCCCGACCAACACGGGCAACATGTATACCGCGTCTGTCTACGCGGCATTCG
 CGAGCCTGCTGAATTACGTCGGTTCTGACGACCTGCAGGGCAAGCGCGTTGGCCTGTTCAGCTACGGT
' AGCGGCTTAGCGGCCAGCCTGTATAGCTGCAAAATTGTCGGCGACGTCCAGCACATCATCAAGGAGCT
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SEQ NO 11 Priners 4-40 nvaFF BanH 5' -
TATGGATCCTAAGGAGGATALL | AGATGAAAACAGTAGITAS | ATr GATGC
-3'" SEQ I D NG 12 Primer 4-40 rnvaER Hi nd111 5'

GGACAY W:ﬁ ‘%&ibﬂ’ﬁ\/ ggééééfgﬁﬁ@bb}k&%ﬁk 'LACGA E&?,A(JL(JA TCGAG
P HGRGEAN A HMMMTIGAMQ&AG’CAGCTGCAGAGCG
GCGTCTAC&AC@E@Ab@AM@AT%AE!GA@{AérﬁQ: GTCAAAAAGTAACTAGTA

GoAGa TTTﬁgﬁEgg;%g%%%%%¥géﬁ2§%%§$$%§%TéﬁcGﬁaﬂ@§4ﬂﬁﬁmﬁv“ﬂfTCTGAGC

AGCGCCEHReRERET ASTCAMEGERCCGEIRA GCAGARBCGAGE SAGAGHA (A CHASACATTGAGT
CTCTGGARR ARG AT GG 446 Sk |%‘£&}§é& %&GA@EQ}&QG%CACCAAGCA
CTOAA A R DA PP AL b oL R CEREATGEAETIOA NG
AAACTGAGG AN AET IS CAR GACH T MC FRAGAT A GG TARGEA G- A GCGGAGGCCCC
GGTGTTABEEAGHE APEECCTGCOGTACAAGAACTACGACTACGACCGCGTGTITGGCGCGTGOTGCG
AGAATGTCATTGGCTACATGCCGTTACCGGTTGGTGTGATCGGCCCGCTGGTCATTIGATGGCACGAGC
TATCACATTCCAATGGCGACCACGGAAGGTTGCTTAGTCGCCAGOGCCATGCGTGGCTGTAAGGCGAT
TAACGCCGGCGGTGGCGCGACGACCGTGTTAACCAAGGATGGTATGACGCGCGGTCCGGTCGTCCGCT
TCCCAACGCTGAAGCGCAGCGGCGCGTGTAAGATTTGGCTGGATTCTGAGGAGGGCCAAAACGCGAT
CAAGAAAGCCTTCAACTCTACGAGCCGTTTCGCGCGTTTACAGCATATCCAGACCTGCCTGGCCGGCG
ACCTGCTGTTCATGCGCTTCCGCACCACCACGGGCGATGCGATGGGCATGAACATGATCAGCAAGGGC
GTCGAATATAGCCTGAAACAAATGGTGGAAGAATATGGCTGGGAGGACATGGAGGTTGTCTCTGTGA
GCGGCAACTATTGCACCGACAAGAAGCCGGCAGCCATTAACTGGATTGAGGGTCGCGGCAAAAGCGT
CGTGGCAGAAGCGACCATCCCAGGCGACGTGGTCCGTAAGGTTCTGAAGAGCGACGTCAGCGCCCTG
GTIGAGTTAAATATCGCGAAAAACCTGGTOGGCAGCGCGATGGCGGGCAGCGTGGGTGGCTTTAACGC
ACATGCAGCGAATCTGGTTACGGCGGTTTTCTTAGCCTTAGGTCAGGACCCAGCCCAAAATGTCGAGA
GCAGCAACTGCATTACCTTAATGAAAGAGGTTGACGGTGACCTGCGCATCAGCGTITCTATGOCGTCT
ATCGAGGTCGGCACGATCGGCGGCGGCACCGTTTTAGAACCGCAAGGTGCGATGCTGGATCTGCTGGG
CGTGCGCGGCCCACATGCAACGGCCCCAGGCACCAATGCCCGCCAACTGGCCCGTATCGTGGOCTGCG
CGGTTCTGGCGGGTGAGCTGAGCCTGTGCGCCGCATTAGCCGCGGGCCATTTAGTTCAATCTCACATG
ACCCACAACCGCAAGCCGGCAGAACCAACCAAGCCAAATAACCTGGACGCAACCGACATTAACCGTC
TGAAGGATGGCAGCGTCACGTGCATTAAAAGCTGAGCATGCTACTAAGCTT

SEQID NO: 2
Primer 4-49 mvaA Spel
5’ -GCTACTAGTAGGAGGAAAACATCATGCAAAGTTTAGATAAGAATTTCCG-3’

SEQID NO: 3
Primer 4-49 mvaAR Xbal
5S-GCTTCTAGACTATIGTTGTCTAATTITCTTGTAAAATGCG-3’

SEQID NO:4
Primer HMGS 5° Sa mvaS-S
5'-GAACTGAAGATCTAGGAGGAAAGCAAAATGACAATAGGTATCGACAAAATAAACT-Y?

SEQ ID NO: 5
Primer HMGS 3’ Sa mvaS-AS
5-TTGCATGATGTTTTCCTCCTACTAGTTACTCTGGTCT GTGATATTCGCGAACJ ’

-61-



SEQ ID NO 18 Prinmer 67-1D-C for PCR anplification of
the codi ng sequence of the & gene 5 - AAT TGA TOG
GCC CTC AGC TTG CGA GAC GCA TCA CCT C -3' SEQ NGO 19
WEPRQ0A2403897- | E- C for PCR anplification of the ®eodiuseper/ossse?
sequence of the ispD gene 5 - CAT AAA GGG CCC AGO ARO
SEQ ID NOsAT AAA TOG CAA CCA CTC ATT TOG ATG -3' SEQ NO. 20
Primer 19-2Raiomesr1§7- 1F- C for PCR anplification of the coding

et N e I BRI, T, T T

67-10-C for PCR anplification of the coding sequence
SEQID Nwf7 the i spE gene 5' - AAC TAA CAC ATA TGA GGA GGA ATA

ACA GIG GCC CTC -3' SEQ ID NO 22 Prinmer

Primer lQ-Zé?wiII\;ﬁngF PCR anplification of the coding sequence
5’-GCTTGORATERCCGRPECGGATEIGICCTRATCRAIS'TTA CGC OTT TAA AGC ATG

~ OCT CTG TGC AAT 00 -3'" SEQID NG 23 Priner 67-2A-C

for PCR anplification of the coding sequence of the
SEQIDNQ:8,c gene 5%- ACG GGA TCC AGO AGO AAT AAA TGC GAA TTG

Primer 9-70GAC ACG OIT TTG ACG -3' SEQ ID NO 24 Priner 67-2B-C

s.ccacctaELRs AR A %@H odi ng sequence of the
wllisp gene 5' - G Cgfih%@g‘&%dc ATT TTG no CCT TAA
TGA GTA GCG CC -3' SEQ ID NO 25 Prinmer 67-2C-C for
SEQ IDNAP@R anplification of the coding sequence of the ispG
Primer 26_3_.§ne TAC TAA GGG CCC AGG AGD AAA TAA TGC ATA ACC AGO

C CAA TTC AAC 0-3'
5-TGGTGGAGCTCTTATTTAAGCTGGGTAAATGCAGATAATCG-3’

SEQ ID NO: 10
Primer 26-39A :
5’ -TTCTTGAGCTCTTATTCCTTTGGTAGACCAGTCTITGCG-3

SEQ ID NO: 11
Primers 4-40 mvaEF BamHI
5"~ TATGGATCCTAAGGAGGATATTTAGATGAAAACAGTAGTTATTATTGATGC - 3°

SEQ ID NO: 12
Primer 4-40 mvaER HindIII
5~ AGCTAAGCTTTTATTGTTTICTTAAATCATTTAAAATAGC -~ 3°

SEQ ID NO: 13
Primer 4-40 mvaSF Bglll
- TATAGATCTTAAGGAGGATATTTAGATGACAATTGGGATTGATAAAATTAG -3’

SEQ ID NO: 14
Primer 4-39 mvaSR BamHI
5" - TITGGATCCTTAGTTTCGATAAGAGCGAACGG - 37

SEQ ID NO: 15
Primer 67-1A-C for PCR ampllﬁcanon of the coding sequence of the dxs gene
53'- ACA CTC GAG GAG GAA TAA ATG AGT TTT GAT ATT GCC AAA TAC CCG -¥

SEQ ID NO: 16
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SEQ ID NO 26 Prinmer 67-2D-C for ECR anplification of

the codi ng sequence of the ispG gene 5 - TCC GGG TAC

Cl 1 NNT 111 CAA CCT GCT GAA COTI CAA TTC G -3 SEQ
rrmer B0 o B K e el oL B e P les A B ATRER. Aac AGD TAC.
5'- TGA T@@@QWWGQCF@C@@"AT@AGHG TSECEC AAC C -3' SEQ

ID NO 28 Priner 67-2F-C for PCR anplification of the
SEQ ID N _%?;i ng sequence of the ispH gene 5 - TOG ATG AAG TCG

QIDNOKA TAA TCG ACT TCA CGA ATA TCG ACA CGC ACC -3' SEQ

Primer 67-1N@; foR BCIRPrmpldcat®r 0P Be @ dingrseddSite afifht dfrigerat | on of t he

5= ACT AG”cPf'A@ gABUIE0AR 'ﬂ{A k‘i‘@ AAQ:k cﬂﬁr@f(ﬁAcc WM FOEE S GAC
C ACG TCA TTT TAT TO

-3 SEQID I\IQ 30 Prlrrer 67 2H-Cfor PCR
SEQI» Nanpl i fi cation of the coding sequence of the idi gene

Primer 67-1P: CfoIﬁéRI% Coﬁé;&(&}%. &Egﬁéﬁ %@15@53@“ & ATG CAG ATA

AATTGW‘WFS&E TTEREARHT S AEqEREE -Bf the i SpA gene
5' - CAG TAA AGC TTA GGA GGA AAT AAT GGA CT!' TCC GCA
SEQmNOG%A ACT CO -3'" SEQ ID NO 32 Prinmer 67-2J-C for PCR
nplification of the coding sequence of the ispA gene
Primer 67-1 E‘Gforrm FRdificTn gire PARE FeRReTPT of RO ATG ATG TAG

5. CAT AAANEGECCCH GG 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 GIT 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 1spE gene
5'- TGT TAG TTA CGC GTT TAA AGC ATG GCT CTG TGC AAT GG -3

SEQID NO: 23 7
Primer 67-2A-C for PCR amplification of the coding sequence of the ispF gene
5 ACG GGA TCC AGG AGG AAT AAA TGC GAA TTG GAC ACG GTT TTG ACG -3

SEQ ID NO: 24
Primer 67-2B-C for PCR amplification of the coding sequence of the ispF gene
5-TTT AGT TGG GCC CTC ATT TTG TTG CCT TAA TGA GTA GCG CC -3

SEQID NO: 25
Primer 67-2C-C for PCR amplification of the coding sequence of the ispG gene
5'- TAC TAA GGG CCC AGG AGG AAA TAA TGC ATA ACC AGG CTC CAA TTC AAC G -3’

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 TIT CAA CCT GCT GAA CGT CAATTC G -3
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SEQ ID NO 33 Prinmer 9-156A for PCR anplification of
the RK2 par |ocus 5'-
ACATAGACGT CGGGAAAGCGAGGATCTAGGTAGGG -3' SEQ ID NO 34
WOR0DTE4033- 156D for PCR anplification of the RERT/P&aI007/069807
| ocus 5' - TTCCCGCTCGAGGT GGCCGACCATATAGGCAGATCAG - 3'
SEQIDNOsRH ID NO. 35 Prinmer 19-137 cnl - pAMB7-AS 5' -

Primer 67- ZM@% T@M&Aﬁﬁgs uendb-6d thQsﬂ@en@G Primer

5 AAC AG@&?@*@%@%&%&&%%%%%@%%H -

for PCR anplification of a nucleotide sequence

SEQIDN(ﬁEQOdl 'ng g 43-famesene syntha se
- CCATGGACACTCTGCCGATCTCTTCCGTAAGC:- 3'  SEQ | D NO 38

Primer 57'2%’9 1orhC Ry Brplipraren ARG PREREIBT O U TRILIEDt | de sequence
5 TGG ATEGH TN ALT- T4 TES AT HyMTCHASTA TCG ACA CGC AGC -3'

5' - GAGCTCTCATACGACCATAGGGTGTACG 3" SEQ I D NO 39

Primer for PCR anplification of a nucleotide sequence
SEQID NOa/t 0di ng an a-f amesene synt hase

Primer 67-26'C fGOATIGATETHco AT AGARA Tehicd of thEd geb NO 40
5 CAT CAA GTC GAC AGG AGG AAA TAA TGC AAA CGG AAC ACG TCA TTT TAT TG -3'

SEQ ID NO:.30
Primer 67-2H-C for PCR amplification of the coding sequence of the idi gene
5'- TAA TGC AAG CTT ATT TAA GCT GGG TAA ATG CAG ATA ATC G -3'

SEQID NO: 31
Primer 67-2I-C  for PCR amplification of the coding sequence of the ispA gene
5 CAG TAA AGC TTA GGA GGA AAT AAT GGA CTT TCC GCA GCA ACT €G -3'

SEQIDNO: 32
Primer 67-2]-C for PCR amplification of the coding sequence of thie ispA pene
5- TAG TTC CAT GGT TAT TTA TTA CGC TGG ATG ATG TAG TCC GC -3

' SEQID NO: 33
Primer 9-156A for PCR amplification of the RK2 par locus
5’- ACATAGACGTCGGGAAAGCGAGGATCTAGGTAGGG -3

SEQ ID NO: 34
Primer 9-156B for PCR amplification of the RK2 par locus
5°- TTCCCGCTCGAGGTGGCGGACCATATAGGCAGATCAG -3'

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’
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Primer for PCR anplification of a nucleotide sequence

encodi ng an a-fanesene synthase 5 ' -GA
GCTCTTAC‘ATCGGTACCGGCTCOAGS " SEQID NG 41
Bi4939 : HMGS( opt ) : mvaA oper on PCT/US2607/069807

SEQ ID N"A‘? GAACTOTGTGATTG TTCTGOGGT CCGCACGGCGATCGGCAGE 1 E
Primer for PERGEELEACR TNl of h mAEoGASequence encoding a B-famesene synthase

5-CCATGEACACIC SR TR R SCT AT TAACLCECAT TAAACECE
“CCAABAT CGACA

AGCACGTTGATGAGGT GATCATGGGCAATGTGT TACAAGCCGGCCTGGGTCAA
SEQ I NOAYECCAGCGCGI CAA

Primer for P% TCT%);‘;E € sequence e%ggGTﬂGTmm s;En TAA

5’ -GAGCTO TR ACARTC RIS
CATCGTTGCGGGTG
GCATGGAGAACATGTCTCTGECGCOGTACT TATTAGAT GCCAAAGCCCGCAGT

SEQ ID NO&8 T ATCGOCTGEEC GATGGTCAGGTGTACGACGTCATCL 1

Primer for PARGCHESESECHT 2 AXTEIGESIEACERATNE Hul AGHALSAd t¥olBase

5°.CC AT%%WWAA@ATAC@ATTAC@@GA@T GCAGG
ATGAATTAGCACTG

CACT CT CAGCCCAAAGCAGCAGCCGCGATCGAGTCT GGT GCGTTTACGGECGEA
SEQ ID NOAJI CGTGCCAGI TAA

e e T

5 -GAGCT(EFATAACRRAGCEEEEACEHTCA CCACCGGTAAT GCGAGCEG
CATCAATGATGGT GCAGCGGCACT GGT CATCAT GGAAGAGAGCGCCGCATTAG
. SEQIDNO CTGACCC -
TAGCGCGCATTAAAT CTTAT GCCAGCGGCGGECGT CCCACCAGCCCTGATG
atoB(opt): H@&Aﬂfmc
YyArktp NATCPATAGCGAG

ATGAAGA

B v e — o

AGCACGT AATGTGTTACAAGCCGGCCTGGGTCAAAACCCAGCGCGTCAA

WAGGWEWWWEW@@GHGGGC
cToncA GG O AR PR TABA O REETCABEEARARAGOATCOTIOCGG0TG

GCATGGARHATA CTTATTAGATGCCAAAGCCCGCAGCGGTTATCGCCTGGGC

GAT%TCW%@W%WACAT%G
TA“ACGGMWE:;‘WMWWA@A@G

OGO A O TT RNSAAEE ET REHARTRMFICTAGCEG

CATCAATGROGEMAACKCRRIAEC TGGTCATCATGGAAGAGAGCGCCGCATTAGCAGCGGGTCTGACCC

CAHA@W%%W%WTCCGGTC
CCAGOCAGH RN AT SIS N ERL T CR BT ECT I ETAREET MRMERB AT ATIOACCOTA

ACGAGGCEA T A A S AN CTGGCGGTGGGTAAGAATCTGGGCTTCGACAGCGAGAAAGTCAAT

crancod b R A T A A lhcrascors

ACTGCACGEEATSA Ad
GTATCGCdAU‘MUtG@AdGMGM(ﬁ’@@.Q@ATCTAGGAGGAA_AGCAAAATGAAAC"‘GAGCACC

octor R AR ORI erncncon

CATCAAG@m&@@ﬁﬂ@ccCGACGCAGTGTGTCAACCAATCTGAGCTGGAGAAATTCGATG

MG CTETEORERIM s ccamon.

GGACAT@W¢WWATC@W CGACACGAATA

AGATCGGTAHPE PO RH P elidr et Xt AdGCTGATTGACAAGAGCA AAAGCGTGAAGTCTGTCTT
LATAAGTCTTATAGCAAAAAGGCGATI TCTAAGGGECCTGGTCAGE
GACCCGGECAGGCCAGCGACGCCCT GAACGT-GCCTGAAGTATTTCGACTACAACGT
GITCCATGICCCGAC
CTGCAAATTAGTGACCAAATCTTATGGCCGCCTGTITATATAATGATTTCCGTG
CCAACCCGCACCTGIT




CTGAAGAGCGT GGECCCTGECAGCACAAGCGATTCAAUCCCKI TCAUCH CACAA
AticAl OLITTUCGC ti G GCATGGAGAACATGTCTCTGGCGCCGTAC |
ATTAGAT GCCAAAGCCCGCAGCGGT TATCGCCTGEEC

BT GTACGACGT CAT OF ACGOGA
AATGCA %‘P%é&éﬂﬁs&%ltﬁ;&@&btbiUAA{%{%SI{EQFY%S@JCUUC

ACCAACGOATTAEDTAXX , A

CGTGTGCARIEHNTA TWTATGACAAGGGTGCGGCACGTCCGACCGGCGGTGCAGGCACCGTTG
CTCTCAGCGCAAAGCAGCCAGCCCCGATCGAGICTGCGTGCGI TTA

EECFEET¢TTACATGGAGCACGOCT

S ACGAEECACTTCTCTCTGACCTGCT

ATGTGMM(%%M&%@MC(}AWC’I‘AAGGGCCTGGTCAGC

GACCCOG AN ERA R FECRBAAEOACFEOPRT AT ECRACT A EOERERIGNTS TCCCGAC
CTGCAAAWEWWKTAM&GAWCCGTGCCAACCCGCAGCIGTT

SHEACTREAp g CATCana
MGACWWW@WWW@W@@ CGTCCCGAC
CAACACGGEHAMAATET AL T CETCRA A A SIS A T ARTIGAGCCTGCTGAATTACGTCGGTT

croncon IR AR Rocorona

NOARTNESTFAGCTET ACETRECTFAT SARCTGGCGA
AGCGCATMM@A@AGATTACGAGGCAGCGATCGAGTTACGCGAGAATGCGCATchAA

oxsonsc BB N AL A oancr

GACGACA GTATAAGE A AP PTG ARG
TAGATMm@MMXTHEWMHW@mmmeﬂA

TCAGAAGA G LA A AP ARSEREAT A ROAEHSRACRTARRARGIACTTTAATT

" GAAAATGHRNTTEETATNAGGTGCATTACCCGTTGGATTATTACCGAATATCATTGTGGACGATAAGGC

ATATGHG@%TX¥§X%M§I@AMF%¥@G{%M&%%%@&AGCTAGT
ATT AGGTA TTCAACG | 1]

- GWCAGWWWMF@WGW
GCGTTGA CSAIANGTGAMMGAMITTIATIC AR ARCTACAHCOGAGITIOA A -

GATGAGG%W CGCGIGGTGGTGGTTACCAACGTATAGCTATTGATACATTTCCT
CA CACAAGGT GCTGEECECAGYMCGA

GAGCAACAGTTA GIAIGEATARAAGTATIAGEAGAT ACCAAAGATGCTATGGGCGCTAATATGCTTAAT
ACGATTTTEGAASGOOAA RGAGERITTETA GA A RATAARGAACARCAK AIGOGACATTTTAATGAGTATT

A R A AT A TS AP AT RITAD AT TAGCAAG

GGGCGAGANECTETARAACARG TTGCCAAACGAATGGAACGTGCTTCTGTATTGGCACAAGTTGAT
ATTCATCGTASAGEA RCASACAA TAQGRY AT ETGAATGHRANTRCATGRGCTEOCTTEAGCAACAGG

AAATGAT A R A A AR AR AT IR T CAT S AP ARBATCGTGGT

ATTGCAACKT: CGTCAACGTTTAATTGGTACAATAGAAGTGCCTATGACATT
GGCAATCYAORSEEGHAGCI A EA AT, CCEATAGCTRAATGTAG

arrcaceASRKRATATNATACTG CATCATTATA L L IACOCTAAIATCATIARkckatorcae

GCGCTCGTTATTCGAGTHARTCCA TACTRAAEATATARCTATTGTTGTA

GGTGCAA AR S A A AT EGCAAGTAGCTGAAGCATIGAAGCAAGAACCCCGTGCGAATACAC
Al | i AGATCAAGCT %ACAT T TATT. TAACCGTACTGAAGTATCT
RRTTAGA

AAGTAGCTEPASCRAGTARGAR
| GATGACGNGAALTr GACGAAGAACAAGATGCTGNnCATGAAGATCGT CAT

SEQ 1D NoAE! TTCTACI |
ATCAAATATTGAAAAT AACGT TCGCGAATATCACAGACCAGAGTAACTAGTAG

atoB(opt). mveKegt)-mvad operon
ATGAAGAAIVSGATATCIARSCETGACATAAEAAGTTATCGACAGTTATEACGECARTATAGCGAG

CACH@%WR? GICATT GGCCGCCATTGAACGCGOCAAAATCGACAGCC

CAATTCGACAL 11

AGCACGTT@{@WiW CAAGCCGGCCTGGGTCAAAACCCAGCGCGTCAA
GCACTGTTAGIAGCASSTATEGTASATAMSSATITTSTCITCASAGET AEAR AACICEETGGCTCTGGC

GATTATTACCGAATA

TCATTGIGGACGATAAGCCATATGT TGHCCT ATGATGGT GGAAGAGCCTTCA

GITGICGCTGCAGCT

AGT TATGGTGCAAAGCTAGT GAATCAGAG GGCGGATTT' AAAACGGTATC

I CTGAACGT ATTATGAT AGGT CAAATCGT c I I |



TTCTGTATTGGCACAAGT TGATAI TCATCGTGCTGCAACACATAA TAAACK/
PLO TA 1 C AA R G CATACA TGCCGITGrI111
AGCAACAGGAAAT GATACGCGT GGT GCAGAAGCAAGT GCGCATGCATACGCA
WOCDE7/140339 PCT/US2
CTGAAGA e AT PR B AT G TR AT A AR HAARAGETAAC DU 1
GCATGGAGCACATATTTHIXALAGCCGTACTTATTAGATGCCAAAGCCCGCAGCGGTTATCGCCTGGGC

GATGGTCASARN AT AL AT AR L e e AT e B LM AR T A ACATGGG

AATTGCTAAAGCTTC
TATTACGOLLAAA TR A AT ACROCATRACR AT P RGO ERT RS AOBITAGCACTG

CACTCTCAGUGTEHAA GOMGLACACGEALCECGA G ECAGE AT CRASEETEEAAATCGTGCCAGTTAA

coroncl RIS SN Ol g
\J

GAGGCCT TG AA. ,
CATCAA TN @E@d&é&Aé@G@é&@XﬁAGCAGCGGGTCIGACCC

eartaccq g AN PR B R kR r AT e RivageoToccare

CCAGCCACG AN AT IR AGFCCNACAACTGGCCGACATTGATCTGATCGAGGCGA

GTATCGCCKWE@H@%CTGAACTGAAGATCTAGGAGGAAAGCAAAATGACAATAGGTATC
AACAAGAATCITI1TATTGICAGTACTGAT TAGAAAAACT CATCGAGCAT CAA
GACMWW??WWWH@E&?WAG%GMGCMGCCAAGT

TCACAGTCCTGTAAACCAAGACA

Tcemcmmmﬁgﬁ%mmmm
CGJ CCAACATCAATA

GTAATTGTERABAFATAALPAREATET GATERAREAPAAGSFSROTITERAAALTEABAACTTATT
' AGGTATTCARGAGTGAGRIGRACT MXW(QGMGCAATTCA

AEBAC] ACAGCAC
GTTATGGA@W@GAGCCAACACAAGGTGCTGGCGCAGTI‘GCGATGG’ITATTGCACAT
. AATCCAAGCEG@EATCECACTAAAMEESEASTT CAAB CERP LT CTGGCGT

comcrod S PATRAREMAR Tty sppppeqmymrococronoon

CAAAGCTGHANTSAATANT GCAAAACGTCAAGGTAAGTCGCTAGCTGACTTCGCATCTCTATGCTTCCA
TGTTCCATERASKA A THCHNAVAA AGCEBIF RCNGHAACEPAGAMAATGCT R ERRACAACTC

AAGAGCOT RO A0 A A AT G TG TA AT ATAAC T AR GG S EARRATI TATACTG

GATCATTATAT DTG TCUONTAIICATTACTTGAAAATCGTGATTTACAAGCTGGTGAAACAATCGGTT
TAWCAGﬁJW@WMWWWWMGATC

ATTTAGAT! TATGAA

ACATTCT TOMORGGEEIT MRS TIANITKT GACGA AGAACAAGATGCTGTTCATGAAGATCGTCAT
ATW@A&%ME%@A%WW@A@W@H@@MA%AGG

AMAACATCY FREMASATARA A AR ARG SRS RRGAGANETTACAACAATTG
GTAGATAAGSTARTGCTCARCAGBBGATCAATTCGACATTTTATIGAATCATCCATTAATTGATGAGGA

AGTAGCAARPRETT P RPFGAGAATE LAY %&%@W@W@I@%Cﬁmm
AGGICTGCAGCGAGG AGOCGIAAT 1111

TCATTGTWWWWR@%@W%&K&WGCAM

AGTTATGGBACAAAGCTAGTGAATCAGACTGGUGGATTTAAAACGGTATCTICTGAACGTATTATGAT

AGGTCMWW%%%@%%AGW
AGCAAATTEABASFATTOREEATE SR NS ST BB R EE AR AAREERBACCAACGT

ATAGCTAT EAAEIT AP ATISA GCAACAGTTACTATCTTTAAAAGTATTTGTTGATACGAAAGATGCT

wwosccoc [T e

AGGETEPGTIGTTAAAGTTCAAGGCGAAA

TTGACGTTANASA AT ACAAGCONBEAASALTIRT AT AGBAGGTTGCCAAACGAATGGAACGTGC
| iii CCAACGATATGTACGTAGTGGTATAAGG

TGAGGGEEGT CCACAGATATAACATCGHFAATTTAGTACTAACAGAGACTTTT
GITCACAACTACATAT AAGIGTACAAATATAGTACAGATATGACACACL
1GTAGCGCCAACGCGCATCCTACGGATTGCTGACA
GAAAAAAAGGT CACGT GACCAGAAAAGTCACGTGTAA 1111




SEQ I D NO 45 CGIGTATACGL
iticcGcTTcTecTerrcGIerrrrcTel
1CT TCCGATATCACAACTGITACGA SEQ I D NO 46
AMBBCGTTCEGTL 1 1ATC1L 1 1 _ PCTIUS2007/069807 '
TICT GTAW&%%WWMT@MMM AdEGAITUGCATACA
TGCcGITG’ID‘IN@GCAACI‘AIE&B@A’EGAT&H@@GTG«‘HIICD&IE@{%AAGTGEGCATGCATACG(:GAGTC

GTGACGGKEASPANSAT " SN
AMAOT sequence (exc uaﬁﬁﬁééect W eAdddrrtiaTroaTaca
ATAGAAG%@WM@*% TR GORERO%: GAATEGGTAAAGCTIC

'ITTAGAATIIGMWW@MWCATGTAGHGCTGCCGWGG’.[TTAGCACA

oG SRR A dsscrcountan

AATCTTTASOY AT HERREAGEA

GAACCCCGT@@@AATACACAAGTAGCTGAACGCAITHACAAGAAAITAGACAACAATA-G
- AAGAAGAGTATTGAGAAGGEGCCAACGGT TCATCATCTCATGGATCTGCACATGA

ACAAACACCAGAGT
SEQ ID NOCA’AACGACGT TGAAATTGAGGCTACT GCGCCAAT TGATGACAATACAGACGAT

pAM323 — E(é_l_ﬁ HEAMMIREN promoter-ERGY (excluding vector backbone)

fapt &Wﬁé{? FBLEBLE T SoTaTCoAA

BABACT AGLCGACGAGCATTAARGAACGATTGACGCATG

ATATTACI%?%E@K@?%I%%G%&FTCT%GA\GCAGATGATGTCGAGGCGAAAAAAAATATAAATC .
ACGCTAA%W::: e ‘:::%:: AT %AAW%H%G&CAAGTTCHGAA

ATTCATAT%WWéAAA%GCCG’ITTCTGTAATGAAGGAGAAAACTCAC

GAGAATACCAATGACGTATGACTAAG TTAGGATTTAA
CGAGGCAF EF eIt R AP AT CETGGTATCGGTCT GCGATTCCGACTCGTCCAACATCAATA

CAACCTATINONGGETCTATCAT TTERTAGA GA AATCARCATEBIIT GACGACTGA

ATCC CCAGACTTGTTCAACAGGCCAGCCATTACGCTC
GGT%%%?M%% OSCCCECTCCTAGE CAGCA
GTCATCA /N TS KSARTHAASAELLRRES KEFRFFPAGCOACACGAAATA

CGCGATCWMXEGIT%WTCGAATGCAACCGGCGCAGGAACACTGCCAG

C@ATCW&%@%W%}FWCC%%AT

CGCAGTGETATEEY SFGATCEPBRAGTEFERARPCAATETEERATCETEFCAAGAGGCATA
MﬂCCGﬂW&H@A@&RWbT@W&Td:Ai:TGGCAACGCTAccmGCCATGT

ATTATCG CCRTAGBARTCR ERFERECTCGAAAC
GTGAGTC#MUCWA@&@A?G&WGW%WWGAACTGTATCCTAGCAAGATT

Wﬁéwg%&%@éﬁmfﬁkW%ACAmm

WRAGTCIGCAGCGAGG

Cl 1CTGAGICTAACCATATC 1 1ACAGGCACCAGATGL 1. 1
CCAAGTATREAGRA BATFF 465 36BE a7 DTG A OGCATOATI TATAAGAAAAATGA

ATACTATIASAN T ATTARAACKWOSUT AT ACICBAGA TGO TRA AV ARATAE TATAAGG

TGAGGGGE R AN AN A A CATCGTTTAATTTAGTACTAACAGAGACTTTTGTCACAACTACATAT

AAGTGTACAAATATAGTACAGATATGACACACTTGTAGCGCOCAACGCGCATCCTACGGATTGCTGACA
GAAAAAAAGGTCACGTGACCAGAAAAGTCACGTGTAATTTTGTAACTCACCGCATTCTAGCGGTCCCT
GTCGTGCACACTGCACTCAACACCATAAACCTTAGCAACCTCCAAAGGAAATCACCGTATAACAAAGC
CACAGTTTTACAACTTAGTCTCTTATGAAGTTACTTACCAATGAGAAATAGAGGCTCTTTCTCGAGAAA
TATGAATATGGATATATATATATATATATATATATATATATATATATGTAAACTTGGTTCTTTTITAGCT

CTGATCTTAT AJécéTéAHI%AéTATAATGTAGAGTAATATA
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GCCAGCATTGAT TGCCT TACAGCCACGCAT GGCAGAAGCTACCAAACAACCCT
CTGTAGITGCCATTG
GTATATGATAAGATGTACCAT CGATAACCAAGGGEGECCTATAACACCAACGEEC

e MG IO ottt SRR

GCAATGCTRANT GTAATAGCTITCCCATGTTAATTATACTTTATICTT

ATGCTAATACAGGAGCT TCTGCCAAAATTGAAAGAGCCT TCCTACGT ACCGCA
SEQ ID NOALLCCCTCTCGTAGTA TCACCTA A1 11111

aAGTOA RO AR TRAC AT Lorare

GTATTTCCACTACTTAATAATGCCTTCTAATTCTTCTAAAGGACGTALLLL
SEQ ID NOA5I ATC CAAGCTTTCAATATCGCGGEGAATCATC 11

oA S AR o A

ATTGGTTAAAACTGGTGTAGAAGCCTT
SEQ ID N0 4¢3 ACAGGAGCAGT AAAAGACT TCTTGGTGACT TCAGTCTTCACCAATTGGT
CTGCAGCCATTATAGT 1 1 1.1
GGTAAGACG G e A BT AASTAFACREEF STATTARNEM AT H A PR EF P BATRAL AL ACCTATGA
CC 1 1ATGACATTTGAA
TAAGAAGTAATACAAACCGAAAAT GTTGAAAGTATTAGT TAAAGTGGTTATGC
AGCTTTTGCATTTAT
SEQ ID NOpIATCTGTTAATAGATCAAAAAT CATCGCT TCGCTGATTAAT TACCCCAGAAA
TIGCGT T I TAAGCET ARG TT CAATTTITGCAGGTAGATAATCGAAAAGTTGTAAAACGACGGCCAG
T AATCGCATTATTATCCTATGGTTGTTAATTTGATTCGTTGATTTGAAGGTI TG
TGGGGECCAGE TACTG CCAA 1 1 11 1
CCl CTTCATAACCATAAAAGCTAGTATTGTAGAATCL 1
SEQ ID NO:L48T TGI TCGGAGCAGT GCGGECG

PAM491 SC%&% éé%%ﬂgéwcecmcm GAAGACCAGGACGCACGGA

SGIZAVE Of L e A@@@@AWMTAACA
ATMWWWMEMHM@AMM@MGMAAm

roncrar A S SO bugopymagmacrront

AAGAAGAGTATIRAGTACEECAB COSTICATCAARARARGAATT AACARA TGAACAAACACCAGAGT
| CAAACGAWEMM@MM&ATA&GACGMGATAACAAAcc:GA.A

GGTTAATGW%@GGGTCCATACCCGGGAGTTATGACAA'I'I‘ACAACAACAGAA’ITCT’ITC

TATATATG%%%%%%M%A%AC%W@ %Aé%@%’{ﬂ ACGT

AACACATGRNEETRANTAGATA 3 AGEATACCAATCAGHTATGACTAAGTTTAGGATTTAA
TGCAGGT T&?@W GG RGTedeAMCRR ATTE T AGGTTTTGTTGGTT

oo B o

GATAATTCRCTTGETABAMITETA CAGGCAACTATTCTTGCTAATTGACGTGCGTTGGTACCAGGAGC

' GGTAGCAW@W@%WW&%MM&C

CACCGATGGIACIACTTERATE A PETRETHEASTICTTITCA
TCAATGT'I@T@@XGTTGGAACTTTCGACAT’I'I‘I‘GTGCAGGATCTTGTCCTAATGCCAAGAAAACAGCTG

TCA@%WW%%%WCMHC :

TTAGCAATRITTEATECIACRATTSES PP T STRAGAGATEL TTTCTGACAACATCACCAGGA
ATAGTAGOACAGEALCACECGTACEACK CE AL CrTCAGABCAGTTGATGGCAGCTGGTTTTTTGICG

ornenct A NS AL eamacrerenscearracrr

AATGAGTAG . e
ATGAAGA@@MW‘E&CAAGTITGAATATGTTGCAGACGTGCAAATCTTGATGTAGAGTT

AAAAGCT’]E,I&:F@? ;‘%T@Gé@% WWA%%&H&CAGGCACCAGATW C

AAAATCATACGGTAGATTACTATATAACGAL | |

" CAGAGCCAATCCTCAATTGT TCCCAGAARET TGACG
CCGAATTAGCTACTCGCGATTATGACGAATCL
1TAACCGATAAGAACATTGAAAAAAC 1111 GITAAT
GI'TGCTAAGCCATTCCACAAAGAGAGAGT TGCCCAATCTTTGATTGT TCCAAC




1111CCTAGTATATAGATTAAAAAACTACT CTATTAAAT GAGAGCTAAAAAAA

GCAGGCTGCCAAAAA
AATAAAGCATTTATGAAGGEEGEGT TCAGCAAGAT GCAAT CGATGEGGEGAAGATT

7/14 PCT/U 82907/069807 |
GRS RS A ARSI O
GCCAGCATI®RY ) POGAACEIA TGEHATABTTACTARA CA SCCATAVINATTGCCATTG

GTATATGM&@@@MMWM@@I@ACGGGCAAAGGCATGTAACC
om0 Mcarcac
. W RCATCGTAGTA
TCACCTAm AAAGCGTACAAAGGTAACITACCGTGAATAACCAAGGCAGCGACCI‘CTI"I‘G
CITGTAAGTCGTCAGATCCAACATAG TT/—\AT/—\GAGA GCCAAAGGCGGECATAA
TTCTTCAAX RS ERE E AT AACTACTTAATAATGCTICTAATICTTCTAAAGGACGTATITTCTTATC

CAA CAAGEGAGACGAAGETOCTGACH AGATCGATTGCGC

o

TTGTACAGRAKH AT AACEK PESHTAFRTEETRAPEPATTATAGT
WHCMNWAGTATE&GTATAHAACAAITTmGTrGATACI'ITrATGACATTrGAA

CCANT] TAACET T ATCRAAMCEIT GTAGTPGAMEATL TCAMAC AT AT
ATATWGWMﬁW@W@m@FWTMGMMW
AATCGCAI@Q\@(&T CRACEFTABEEAGAECAGGTTACTG
T S TR T TTATTOTTCO0AGCAOTCG00s
SEANOGOG WCCAGGACGCACGGAGGAGAGTCTTCCGT

; A TEPAGEWATGAGCAGTTAAGCGTA

WACTGAAWW GATAATGGGGCTCTTTACATTTCCACAACAT

BISTEATATGATIATTAAACTTCTTTG
CGTCCATCEQ%@AQAMKA GAAAATTCAATATAAATGAAACTCTCAACTAAACTTTG

rrcanan A R AR R s

ATGACTGANITAMN AEAGCGACGECTTGAL

| GTATCCAAA%@%&@EMA@@MAAJEAATCTGAGC’I'AGAGAA_ATI'I‘GATGGCGTITCTC

GITCGIGICGATGI TGTAACTaTGATCAACT
ARG TAA A AT AGICRT RS TR R TET TETCAATGACAGAGAAGATATCTAC

TCGATGTCECTSACAT T ACAAAADATAITAA AT CRAGN A TARTCIATAAALT TGGTAG

' ATTAGAA&EE%TACTGAAACTCTGATTGACAAGTCCAAGTCTGTCAAGTCTGTCTTGATGCAATrGTr
AGAAACGCCATCAAATTTCTCTAGCTCAGATTGGT TGACACATTGAGT TGGGRA

TGGTGAAAAGAARTEF SRS CA TN AT HOGT (A AGRETEEE APEAACGCGTTGT
TCAACTCTITGAACAGEOBTIGAATCTAACGLATGGEGATGGAGG AGAGTHOEA TITGTEGTTTGCGGTGAT

ATTGCCAT?’?%&éﬂ%@&%%&#WTGT@ATCGG

TCCTGATGE R G &R Gy T O R AP KON ST T PG FEAACACGCCTACGATTTTTACAA
GCCAGATTCTCABEASCGRATATECETRACSCL GATGGTCATTITTCATTAACTTGTTACGTCAAGGCTCT

 roatcano AT SACTAARAM CMAATATEATANEGRMEL BMAEAAR A craoTTe
GGATGCTTAGARCRT TCTACAM CTHIM T BRI CET RITRCAT GI TCCAACCTGTAAATIGGTCAC
AAAATCATACHAANAFFACTATATAACGATTTCAGAGCCAATCCTCAATTGTTCCCAGAAGTTGACG

CCGAATTAGCTACTCGCGATTATGACGAATCTTTAACCGATAAGAACATTGAAAAAACTTTTGTTAAT
‘GTTGCTAAGCCATTCCACAAAGAGAGAGTTGCCCAATCTTT GATTGTTCCAACAAACACAGGTAACAT
GTACACCGCATCTGTTTATGCCGCCTTTGCATCTICTATTAAACTATGTTGGATCTGACGACTTACAAGG
CAAGCGTGTTGGTTTATTITCTTACGGTTCCGGTTTAGCTGCATCTCTATATTCTTG CAAAA’I"I‘GT’I“GGT
GACGTCCAACATATTATCAAGGAATTAGATATTACTAACAAATTAGCCAAGAGAATCACCGAAACTCC
AAAGGATTACGAAGCTGCCATCGAATTGAGAGAAAATGCCCATTTGAAGAAGAACTTCAAACCTCAA
GG’I;I‘CCA'ITGAGCA'ITTGCAAAGTGGTGTTTACT ACTTGACCAACATCGATGACAAATTTAGAAGATCT
TACGATGTTAAAAAATAATCTTCCCCCATCGATTGCATCTTGCTGAACCCCCTTCATAAATGCTTTATTT

~70-



CAGCGGAAAAGACGCATCCCTCA i n
1GCTTCTAGAAGAAAT GCCAGCAAAAGAATCTCALGAAGT G
ACT GAOAGOAAAAATGT Cl111

AAGATATC/ TAAAGGGT GBCT/US2007/069807 Cre
ArectirasalaVery sl sl it tibnaii o N

mAmemTATATACCCGGGAAGCTTHCAMTCATL TTTTTTTTTTITGTTCTITTT
TTTTGATTCOVMANAEA] ACAT A TTIPAGA DO ETATCTAE A EERANSIAC X TGA AGGAAG

GAGCACACRR KPR ARAR AT AR EEA RN R GRS RAAGATOAAATIGCCCAGTATT

CTTAACCQGNCIBANCHT: GGAAACGAAGATAAATCATGTCGAAAGCTACATAT

AAGGAACRAGCTEE AN A FAPE N A AT A TAT TTA ATATCATGCACGAAAAGCA
ATAATTAGT AAGCCGATCCCATTACCGACATTT

AACAAACEE G AT KT RO AT GART KRR ITAFT PRAGIGAS T PAAGCATTAG

GTCCCAAAAAITAT I I hAERAKINVCATGTGGATATCTTGACTGATTTTTCCATGGAGGGCACAGTTA

wccose R A B AR A e

GTAATACAG A B MY eI A TR TA TACAGAA T A GBI TG GGCAGACATTACGAAT
GCACACG&G%WM@WW@%MGCAGGCGGCGGAAGAAGTAACAAAGG

‘ AGLAGR : ' TATACT

L
MG%TAWWW@AF)A@A@&T:"LI'ITG’I"I‘ATCGGCITTA"ITGCTCAAAGAGACAT
GGGTGGAAGAGETEAASTTOARA ALCAGSTEAGGAMMPAGAPOACAAGGGA

GACGCAT R A EAR M R ERP AR A S LR AT BIACAEFA TTATTOTT

GGGTTTA/GNAGTCACCAAGAA GTC 1 11 | ACTGCTCCTGTACAAAAGEC, 1 1
CTACACCAG 1 11 1AACCAATAAAACAGTCATTTCTOGATC
GTCAAAAGTTTATCATCTGOGCAATCGAGCTCATCAGGACC, 11
SEQ ID NOH4Or CATCTAGTGAGGAAGATG
PAMA492 seqh@ERRICRTATREAAMGEY T GGATAAGAAAATACGT CCTTTAGAAGAATTA

GTTTAAACPREA LIATOOAGTGAA ACACAGGAAGACCAGAAAATCCTCATTTCATCCATATTAACA

ATAA’I‘TI‘I‘%C%BAAA I&ﬁa:‘ GE“ q ;} ‘T%TFTGAAACTAGG%C G%_EGAAJ&%GAAAMT

TTGAGTATITA mw czA n ] \ P ORTACTIPATACTTGA

TAAGAAG@%% CATCATCI‘CATGGATCI‘GCACATGAACAAACACCAGAG
CCT GT ATTAGCATCTGATCGTI TACCATATAAAAATTATCGA

TCAAACG W@Mﬁ%@ﬁ@WCWCCGA

AGTTATCTGATGIARZ0A A AN AET CCLAATAGATAGTGATGATATTTCATAAATAATGTAAT
T@ATATWIAMWMWWMGA

AGOTTAA T RS R ARSI RSSO TARATATATE A TTGTTATTAAATAAAGAG
WCHAWMW%WMGWIWGHGCCM

X%E%%@@E@é@mﬁmmmcmcm

MGATGM@$W@&@@M@A§@AMW§CWTGCT CAATGGAAC
CTTGAGGTI AT TTACA KT G GE CaAPRTATAKEMCARGE B )

T

&ACAATI'ITM@&WTGCAGCTAAACCGGAACCGTAAGAAAATAAACCAACACGC’ITGC
CTTGTAAGTEEFCREGH ' 4 ECEMEAAGEEECGGTGTAC

sroreacch RO e SRRSO BIEAocmon

TTAACAA ANGPRNITEARGTGRATCITATCGGTTAAAGATYICGTCATAATCGCGAGTAGCTAATTCGGCG

teaaCTT T A T A AT HET A GAT THAT A T AGA ARG TSPASEGRATEA T T T TG TG
GGICTGE TGGTGEATT

AN T T A KA A TER BN M T T SRERORICATCCGA

ACCAGCGGOLOTGCACRCOMWAGCCTTT. AGAAATAGCCTTC’ITGGA.A‘TAACT CTIT GTAAACTT GATCAA

GAGCCTT G e A e A e ToadT 6&AnaTCTaGC
VWO 2007/ 140339PCT/ US2007/ 069807
TTGTAAAAXTCHIACRSGIETAGHTAEARBAA FRT ¢ T TASAGA CTCAAATACAATTGGAGCATCAGG
ACCGATCAA O AGIANCEIGIANO GG CACCACTGGITOBGTCTTIGCGGCACCCTTATCGTAGATGGCAA
ATTAGGT GTAAGAGGCCCACAT GCTACCGCT CCTGGTACCAACGCACGT CAAT
TAGCAAGAATAGTTG CCTGIGCCGTCITIEGCAGGTGAATTATCCL 1
ATGIGCTGCCCI AGCAGCCGGECCATTI GGTTCAAAGTC
ATATGACCCACAACAGGAAA CCTGCTGAACCAA
CAAAACCT AACAATTTGGACGCCACT GATATAAAT




CATGGAGGECECGT TATTACGCCGGAGCT CCTCGACAGCAGATCTGATGACT GGT
CAATATAI Il 1 1GCAT TGAGCCMIG || GGAATTATAT 111
GAGATGACCC‘ATCT AATGTACTGGTATCACCAGATTTCATGTC G I I TT 1

CALCTETGARTOESTA

ACAACGC@g‘ﬁ@g’rﬁpcmﬁTmWWTACWCGACGTCAGTGTTITCACCA
MCMHB@MIWWEB BCG AEETCCAGRACEGA CTTCTAA

reracca S o A TS A TS M EARTHAEOACATCOA

" GTAGATA AP NGAT TGGTTTGGCCCAGACCAATTGTGTATTTACCTTG
AGAAACGCTATCAA RGTEEEAAAET A MG ET AL A AL PITGGATAC

CTTTA T G A TR RAS SRS TGS TCATTTGE

AAGme"rQTqﬂMWGCGGCCIAAGTCITCMAATACCACACCAACAAAGTr

TAGTTGAGAE PN AN REATIEEREAGTHSAGAOPNATATCTATT
ATTCMCTATATAT

rconToA R TAASMH HEAERAMTHAGHACA AT
TTATTTGAIT CICTACGT AN TEAK AANGICPG PO GG TGGTAGT CTITTTTGCTGGAACGGTT

:
caccocA AN AT NG T AR UARTBRARRE croacaaTo
ACTOACAGCAAR ST AT ERER A TR AP CE AT GO S RO AAATAAAGGGTOG

TGAAGTA BAMCCAM BECORER T AT A ACCEON AU PMIAFINATAAAAATAATACAAAAGTGTT

hh %%@A:{FI%EMM-{%%MTCGGCHA

CTAATTAW%WWITGACGCAGCGACTCGAGATCCATAGGAGCAACT
CATGTCTA AT AACHPTA DERATEETACSCTASGTCGATCCCATTACCGACATTT

ccccs A AR A dFlrrcenca
AT AR T AT AR AL AT A AL AT CATI T TRRSGGCTGATATCTTAG
cmeﬂwﬁmmémmﬁtAGTCACTGTCAAGAGATTcerCTGGCATIT

crrcrnc A R M A R G htheracenscoe

AATATGGATIGRGHETA THATANCNEAECABONAAN AACTACTTGI CITTGTATCAATTGCATTATA
ATATCTI‘(!’IQ"B@QQG%@AQ&@ERM@AG@A@QCA&@@M@@A@AWAAACTGTAC

AATCAAT MAFEETER A EFACTERCEEAMBATERPAFTEACCAAGAA

GTCTTTTAEHGWECET$$WNEBM5§GGCTTCTACACCAGTTTTAACCAATAAAACAGTCAITTCTGGATC

GMGTCWF@%&H&I@TM@@&W@EGAAGMG

(A AR AT ERTEER ARG FEATTATTAAGT
AGTGGAA&I' AANGAGBERGCTECATREIMATTCACGGTAAGTTACCTTT

GTACG @M&E@Hﬁ%@%ﬁé@&&dﬁm&%ﬁ%&mmswmcm
COGACTACTEEEC i

TGO AR AT AGE A ROACFTETH EEABLR A RBARCACTACGACCGCGTAT
TTGGCGCTTTAGTGAN A MCATATAGEIARCATAGEABTE ACCANNGAN TN TAGIAGICTTGGTTAT

AP T, L,
- CGATGG’I‘.%\W@&&FKA GCAACTACAGAGGGTTGTTTGGTAGCTTCIGCCATGCGTGG

CTGTAAGQQ&#@@&%?@Q@@Q@GGTGGTGCAACAACTGIIHA$CTAAGGATGGTATGACAAGAGGCC
CAGTAGTCCAG S

conmmcst SRR
CTAGCAG@SFAGT YCIITEAN GAOAITTT ASHA
TTCTAAGGACHEH AN G’HGQM&ATMGGGAAGATATGGAGGITG

rencears EF AR IACh L ATEALISO A SR Sanoarcoroor

AAGAGTG T RATATOSSOGARACRA TGSy PGB TE TS I GEGATGTTTC
CGCATTG@EW&E@%MM@@GGM&@&W@E&MG@%Aﬂ

Tancoen AT S A QR cncascTceracncaT

TCGAAAGT AL ARTGET AB PRI DATTARAS A G TECACGEAGATTTGAGAATTTCCGTATCCATG
CCl TGACGTTAAAGTATAGAGGTATATTAACAAL 11f1 | GTTGATAC
i iii ATGACATTTGAATAAGAA -72-
GTAATACAAACCGAAAATGTTGAAAGTATTAGTTAAAGTGGTTATGCAGCL11
1 GCATTTATATATCTG
TTAATAGATCAAAAAT CATCGCTTCGCTGATTAATTACCCCAGAAATAAGGCT

,d.1
|




TGTCGCCCGCTCGOCGGECTTCTAATCCGT A
| CAATATAGCAATGAGCAGNAAGCGTAI TACTGAAA GITCCAAAGAGAAGAE
111111ACGGAAAGATAATGCEEGAC! i1 ACATTTCCACAACATATAAGTAA

cenrcd A AN R ATCTAT AT GET T AL TEOTAT T AT AR GRETAETRH S sncs

ATTAGGTGEAABRNPCAS FATALRIEACERCICRAREACABARERCAKGICAA TAGRTRAGAATAGTTG
CCTGTGCCGTWGTGAATTATCCITATGTGCTGCCCI’AGCAGCCGGCCAT'ITGG'ITCAAAGTC

COTTTCAXAGATGRNATACACACCTGCATTAAATCCTAAACTTAGTCATACGTCATIGGTATTCTCTTG
AAAAAGAAGTATAXEAGEA EERFEEET AN EET AN A LT A BHASRANRPPEE T SO FAa TAATTTCT
TCCATAT R R R A F S T AGAEMERFO0a0AAGE

TITICAATTCPECTTECCENICA T GTICTTTTTITIGATTCCGGTITCTTIGAAATITTITITGATTCGGTA

ATCTCCGAGEAG HataA el Ad A ASE RGO LN RN A NS TP A AABRT AEGcATATG TG
GTOTTGAY ARG FARTATFRERMETEMARTES ACARAGGAALAALCTGCAGGAA

ACGAAGARAATCRTATTHEAGARKAAGATATAAGGAACGTGCTGCTACTCATCCTAGTCCTGTTGCTG

connceTAAT AL ACATACIALEARRARER AT ROFRLHAORTISS ARG Taccace
AAGGAATTARTORGFIFACET GAAGKAAAAGRBERE MM AATTARETTAT TR AMBARATS TOGATAT

CTTGACTEACIMGTTUA TGGAGGGCACAGTTAAGCCGCTAAAGGCATTATCCGCCAAGTACAATTTTTT

R
ACAGAATARRACAR HCHTTAG @i TG AT CRAG FOTRECAARFTATIGTTAGCGG
TTTGAAGCABGAGGAGTHA AGAAGPRGICAAAGGAACCTAGAGGCCTTTTGATGTTAGCAGAATTGTCAT

 Geanaaa R e A oA A A ARRR A AR AL O RcaAcanaaa

Tmenm@cywGAGACATGGGTGGAAGAGATGAAGGTTACGAITGGTTGATTAT '
GACACCCAETORAEAETACAGAAO AARGE BN NN FACGTGGATGAT

aroorerd g A R oo oM

: CCAAAATTTCTCAGG TCGATGAGTCTCGTGGC | | CAAAGCTGATGTC |
SEQ ID Nob sACTGCG TCTTGAACAAAGE TTACAAGAGAAGC WO

2007/ 140 39PCT/ US2007/ 069807 AAA
PAMAEY seqpqqR AGRFIRNRE P IRA] CATTAGATI TCAAACTAGA1AAGGACLAN
GTTTAAACTAQTA GCTATCGTTGTTAGTGGCGTTAGTGCTTGCATTCAAAGA

CATGGAGEEOATATAMAGASES ASOPEETECACAGAREATCTEGATGAESLAGERATATATTTTTGCAT

TGAGGCT QWWM%?Q %Aggf%GATTTCATGT C

GTTTTTT AMAGTG R VRATAGAC TIOTAACERTAGECNUMTAINCTGGTGAATCCTITGAAGGAACCAC
TGACGAAW@I W e AT TTCCTGCTTTGAA TTAGTCGCGCTGGGAGCAGATG
GAATT ‘ GCLAGAGCECCAAGAGCLAGGECAT _
ACGAGﬂg@ﬁ@@g&@ﬁ;@g@CAGGAﬂGﬂGGCCGTCGTGGGTCCTGAATGGGTCC'ITGGCIGGTCC
ATCTCTATIAGCGREAAIATIACLT SAGAARE ' ‘

ATACGCGWWW@_#MGWGAGAWGAGHAG
GGACAGTEAR COPEROTHOAFAIATRFFATATEPENEEEEAAT ACARAGACAAGRATTEGA AACGGCA

GcCCCGAﬁGfXBGIAAI@GGQA@ACCCGGGAGTTATGACAATIACAACAACAGAATTCTITCTATATAT

AT GFPPMAETAACACAT

GGTGCTGW@WW@A@MM?@#@@W@@GWAGGAWMT&AGJ
GACGGACAOT STACATECAH CEA CELAA A AACACT AT ESGN JEGGAGT TG TTCAGCAGG

TG A A A A AT SRS FEROARRS R4 poATAATT

CACCTGCOAIGACGEHTSCAGGER ATTAGINT COASECIFCARTGFTACCAGGAGCGGTAGCA
TGTGGGC@FE’I’&T@GR&‘@FAQ@%AJW@%&W&TAGAACAGTACCACCACCGAT

GOTACCT A R T GO BB A AR EC AT ACRET CEACTHG I PATCAATGT

TATACAGEEGEENCET TEXOT AT TIH TEEAGSTA TCATKITS RN ATGCCAAGAAAACAGCTGTCACTAA

=73~




GITTAAAC11 1 1 CCAATAGGTGGTTAGCAATCGTIul 1 ACI TTCTAA C
1111 CTTACC 11.1 | ACATI TCAG

CAATATATATATATATATTTCAAGGATATACCATTCTAATGICTGCCCCTAAG
[4 PCT/US2007/069807

Arraac A O AR AT T AR TAcicAA

TGTTCAACTSANaOAATITCTFAAACATCACTTTTTAACACTTTTCTGACAACATCACCAGGAATAGTAG
mmGCGEJMM@"@ﬁEWRﬁE%BW&GMCAM

aaTTacCUERRTHS EA RIS TFRGFFTAATGAGT

ATTC GACW&}{ITCATACCCATTGCGTCACCAGTAGTTG’I'I‘C’I‘AAATCT CATGAAGA

GTMT&MMW@MMMM@M@
GTAAAGAACL1CAAT

T A R A R KA A AP BRI AR PR PP APATRETTECAAAGTTG
GGAAACGGETTEAAGGAACTCATGAOA TAGCH FOCIHAKANIPAMATAGTTGTTGCACCACCGCCAGCA

'rrGA'I'rG(%W&@MME&Q&C&%W@W&TMM&

ATAAGAT A P B AP ERECCEATEABERA RS SRS A GRHFFRAACCTATAACA

TTTTCACAXCIOCK I GCCAAATACGCGGTCGTAGTCATAATTTTTATATGGTAAACGATCAGATGCTAAT

penoor A A A S G rcaccra

TTTTTTCTEEA EACEETACAMASSTA AR, WM@@MGGCAGCGACCTCWGTTCTT CAA
TIGTTTTGEA TCITCECT ACAGRCEA XS AT CAGATA SCALG @é}TATTTTCTTATCCAAGCI‘IT

CAATATCR AR S ARG OGCACATOAT

AAACITWK@EQC@%WACTGATTGG’ITAAAACTGGTGTAGAAGCCTTTTGTACA
GGAGCAGM&WW&@%WWWX@W@
Y

GTAATACAANTCAAASKANEEGAAAGTATTAGTTAAAGTGGTTATGCAGCTTTTGCATTTATATATCTG
ﬂMTAGMHJJmmm%EK%WM&MTC@A

TCCTCTTCETEATCAEEAANGLIBGYATTGTAGAATCTITATTGTTCGGAGCAGTGCGGCGCGAGGCAC

ATCTGCGTISCMBEAACS AT L&A FAACROEAGE R Edeh bdaeAdAd Tt etttcaAGaae
GTAT T GGT GACCMCA

TGTCGCCQEA T HERSIHAAEANCFRBACAREA T CBAEFAPEEARFASEEAARREEATTACTOAAA
GTTCCAA AR GAA T AGGCTAAGATAATGGGGCTCTTTACATTTCCACAACATATAAGTAA

GATTAGATAN S A A S T SRR I G AP A ARG KT PAPRAL PO e GTCCcATC
GCCCCTATCACGI CCC

CAAAAAA AT SARTTTATEN GO ACKECAMTABHATARFEEALEHA SOAPNAATEAGGAGAGAG

AGATTCTTREAGETGATCCCTRAATTAGTAGAGGAATTGAACGCATCGCTTITTGGCTTACGGTATGCCT

AaGGAAGEATETALIAGAARG AT CEAAN A A ST ACRAAH AR SO ARG A ATA G AG

GTTTGTCCRARCERPARACRTATRR A EACA AT AR ACEFT Tat T TERGRGCAAGAAGAA
TACGAAA AGGEASAA A R T RS AR IO ARSTIBACEGHCIT A CARC OGS CCGATGAT

e

TGCCATC ASNG LSS T T CEACAAGCTTTTGAAATCTCACTTCAGAAACGA

AAAATACTANAARNT I ACEEA LT TTRSATIGAD G JASE THC ARG SO UG GGOCAATTGA

ToGACTTA AR TSR A TR TSRS ARG CTECTTC

ATAGTTACTATTSABATTGSTTACTATICTITCTACTTGCCTGTCGCATTGGCCATGTACGTTGCCGGTA
TCACGG AT IAALEERSICAT DL ACENGRGR THETAAG A CAACH SR A G LT AT T CCAAATT

AT A S A R A A TSROSO TeoAAON

ACGAAAA’!T@M@ b'rt @@%CAGAAGCCAAATGCAAAAAGAMCAATGACHGAA

ATroa AR LT T T FT ST A T A M rrercaco

TCGATGACGTICTOCASGTIAAGA RGTAGATGACET SAATHASATT TG GAT AGEARPATGAGAGAAGC
TGGITGAAAGCCTCA
AGCTGCTCAGTAGTAAATTTCTTGT CCEAT CCAGGAACAGAGCCAAACAATTT
ATAGATAAATGCAAA GAGITTCGACTCA 1111
CAGCTAAGTAGTACAACACAGCATTTGGACCTGCATCAAACGT GTATGCAA
CGATTGITTCTCCGTAAAACT GATTAATGGT GT GGCACCAACTGATGATACGC



TAGGAAAGI TA
1111 CCGAGACAATGTGGAGT TTCCATTGAGATAAT GTGGGECAATGAGGECGTC
CTTC GATTCCATTTCc |11 CTTAATTGECGTAGGTCGCGCAGACAM 1 1

39 |1 i 0.CATTGTCGATCCTGT. ... .. PCT/US2007/069807
asniaCr AR S A EACT R ARTAALA

TATACT e AR TA B AR AN GATAGTATCTCTCGATCTACCGTTCCACGTGACTAG
TCCAAG A O S PATAISTGCRCATA TEROACTACRTGHCA GTAGTGGA

AT A T S e T A TG AT RRGGARREETEF TGO

CGATTAAGHRARRCCOTCRABAR ANGAAAAGGAGAGGGCCAAGAGGGAGGGCATTGGTGACTATTGAG
CACGTGAGFAGREGRARTTh AGAREA AN G TRAS AN A T GYPA TRAAAPT CACAGGTA

GTTCTGO A R A KRG P I TEARACA AP S REARAABAESFFRTAGATTCC

GATGCTGACGURAGCIGGE TATMTATGTGTGCCCAATAGAAAGAGAACAATTGACCCGGTTATTGCAAG

GMﬂéM@Mé%W%%@%@EM%%@TGGCGTGT

TICGTAN KA AR A A PR R M AT AR AT ATSIREECCAACTGC
ATGGAGATGRAGTCGEGCCAGGRIAT AT NG T GGTTTGCCAGTTATTAAAAGACTCGTATTT

CCM%%W%E%%%dT’dATTCGTITATchcrrGTITGAT
TCAGAA T G ATRS A IS TEAREA SEACBATEDAGAGGCAAGA
GAGCCccGh@AGm@AGImTATGWAGCTGGTGGACTGACGCCGHTAAAC _
CGT CCLAGGCECTGT CECCCECTCEECEECTTCTAATCCGTACT TCAATATAGC
AATGAGCAGTTAAGC GTANACTGAAACNCCAAAGAGAAGG 111111
SEQ ID NOt ABGCTAAGATAATGGGGCTCri | ACATI TCCACAA
PAMA97 se@HATAéWB?W)@TATGF ATATGGTGGTATTGCCATGTAATA

GTTTAAA W AéCIIll"]TACAT'ITCAG

CAATATA PATATATATACTECANGETATIAT TrEAPEGNEAGEEACTAAGAAGATCGTCGTTTTGC
CAGGTGA@@A@‘GWMM%EE@GCCATI‘AAGGTTC’ITAAAGCTA’ITI‘CTGATG’IT
CGTTCCMA A7 %&%@%& HeTATCGATGCTACAGGTGTT
CCACTTCQART BAAGBAAGGCTGATGCCGTTTIGTTAGGTGCTGTGGGTGG
TCCTAAATAAGET AEESE A FASLECT A AL GETADROEA AA AATCCGTAAAGAACTTCAAT
TGTACGc%%EOATTCCTMT&%a CEatr AT I e ancecac

AATTTGCTRACTECL I TAN I I ARG TG HABGACRXITTAGAATAR GATTETGATAAGAGA

AAGGAAGAEATM & T cEIEF o cCaCCGGGTCACCCGGCCAGCGACATGGAGGCCCAGAATAC
CCGAACATCGT GECAA

TGATGCCTACCAT TCTCAGGAGOACAGCGT TA
CCTCCTTGAGHFEART ﬁApC@ﬁﬁ-ﬁCAGCT CAGGGGCATGATGTGACTGTCGCCCGTACATTTAGCCCAT

ACATCCCOXITLRALA

oo B SORHEEE s elnteggmoroccaco
GCGCCCCTGFARAGTARA RRAATT ECTAGABAGAETT

AAAATCFMW CACATCACATCCGAACATAAACAACCATGGCAGAAC CAGCCCAA

Aaaasse R R S AR H ISR G hhactanane

TCAAATCEIATTACEUTRAATOTAGTAAIATTCAAA TAAARNGATA COATARARE T TGCAAAGAAGGA
TGACGATMWc@ﬁﬁﬁlﬁ@'ﬁw&zxddmATCGATATICACACAGGTGTTGGCTTI'ITGGA

TCATATG% ! TGACCTGCA
CATTGAC AAGATTGCGGTATCGCATTAGGGCAAGCGTTCAAAGAAGCAATGG

GTGCTGTAHISHEAMA W AR ATAIAT AT CEAFIATATH TR TLESId A e AcGTGCC

N IGAGATCANACTTTCGAARAKEACCFTGGAGECEGCCAGAATTACTTTGCATGT

TGAITGTC%&@W%W A AP GAGAGTGOGTTCAAGGCT TTGGCTGTTGCCA
TATCGAACCT CCCaGT.

TAAGAGA Y RGP ANIRATANARCL SETTEACTCMCGAR ARG TTTIGATGTGAAGT
ACTGACA ANNIACCIGST GCIEET G TRATAACOUCA TABIAGT GAA GELT NAGBAAGAGEAGTTGTTC
TTGATCTTAGGGCTC AAACCGCTGATGACAAAAGAI | 1t
CTAAGGTTCAATGGCTGGATGTAACTCAGSCTGACTGGGGTGE T
AGGAAAGAAAAAGAT CCGGAAACTTATCTTGATAAATAACL
| AAGGTAGATAATAGIGGTCCATGTG ACATCI I |
ATAAATGTGAAGT TTGAAGT GACCGCGCTTAACATCT AACCATTCATC ll




ATGGAATATGT TCATAGGGI; AGACGAAACTATATACGCCAATCTACATACATTT

ATCAAGAAGGAGAAA

wAAGGAGCATGT AMAGGAATACAGGT AAGCAAATT GATACI AATGCTCAACGT

wos 4 e . PCT/US2007/069807
AREASO-C

TAAGTT
R SNATREESRGENGOTATACTGCTGTCGATTC
CAAGTGGTAACTGCTGTTAAAATTAAGATATTTA

R R R e

GACCAGTCTITTGCGT

CAATCAAAGMTESAMI G TSI S R A AT A A M FRE A RINET TG0 EA ACA TCOT
TTIGCA I AL TEIRCEMM ER BN A B TTEATRATAAACCCTCA

AGCTGCTRATCAGRAAATCUITTGTCCCATCCAGGAACAGAGCCAAACAATTTATAGATAAATGCAAA

GAGTITCEA@T E%@\ AT LA ACKAED AT AAGARA TAT
T o A e et nfiégiéf&; GeAA

CGA’I'TGT%(C"JE TTAATGGTGTGGCACCAACTGATGATACGCTTGGAAGTGTCATTCA
TGTAGMHWMA@KMEE&W&T A}\TCCATCATTGTTTCC
TITGCAAM}@E A COCATGACTICAAATCICTTGOTACGACA

TGTTCAATW@K&A&A’{A@EE&WCACGGTCAATTGCATACCCTGAGTGGAACTCACA
TCMMMMWWWEM@&EWW&@GAH

R A A A S A R A AR T A TR CAAACAAC
GATC’I‘ACW&WA@@CWﬁGATATﬂCTGAAGTTGACTGTGGTAATEGG
TATAACTTASSGGHS AT CAACATGEAGEAGR GECA GEAGHGN AT AAGALCMEEAGCTGCTG

TAGGAAA AR N ETRCRA SF R AR AR ARgCoTOCTTC
G-ATICCA’M@FZ@@TmGGCGTAGGTCGCGCAGACAATTITGAG’ITCTITCA’ITGTCGATGCTGT
GTGGTTCTRXAGGAGACS A A CRARSE S AETCAACGTT

croncor ST el ——

_ TTCCCCCAW@T]_I‘A]j&GGG’ITGCGATG’ITGACGGGTGCGGTAACGGATGCTGTGTAAACGGTCATTAT

AGTWB@@T%HMI@@@ATWQ&W@ACWATGACAW
GAATAAG%& AAAGTATTAGT A AAGTGGTTATGCAGCTTTTGCATT
. TATATATGTAKRATE AMATAARCABEETAGAAATAAGGCTAAAAA

ACTAATC%@AMI@MQMA%TGGG@CAGGTTA
ATGACGTATGACTAAGTI TTAGGA 111 AATGCCAGGTGACGGACCCATA |
CTOCCAN BTGRP RAT I A A PEBARAA TEF PAGA TGH T TATTGTICGGAGCAGTGCG

GCGCGAGGITAGET OETGAGCGTTARAGAACA Gl CGRACTARMGGAGAGTCTTC
caTcaea %@@WWAMW
G‘l"AT"I‘AC“I‘g le oo

Wgﬁg@ﬂm&mmc

TGGCTT CA&@@W@T CHTACABCCART CESCAASCATCACA THGAA AAGKTT ARCGCTAACGTATT
TAGCTACTETRAGAATA RCACGAA CGACTACTGCAATAGAAACTTGTTCGTTATTGATATTTTCTCTGA

TGATGCCTACCATTCTCAGGAGGACAGCGTTACCGAACATCGTGGCAACAGAAGATTGAGTTTTCATT
CGCACAGAATTGAAGAAGTTCCCAAAACAGGGCTGGGCTCCTCGGCAGGTTTAGTCACAGTTTTAACT
ACAGCT TIGGCCTCCTTTTTTGTATCGGACCTGGAAAATAATGTAGACAAATATAGAGAAGTTATTCAT
AATTTATCACAAGTTGCTCATTGTCAAGCTCAGGGTAAAATTGGAAGCGGGTTTGATGTAGCGGCGGC
AGCATATGGATCTATCAGATATAGAAGATTCCCACCCGCATTAATCTCTAATTTGCCAGATATTGGAA

=76~



GAATAGTAGCTTCTGCGACGACACTCTTACCACGACCTTCGATCCAG TGATG
GCACCTGGTI tin GT
CGGT. AC‘AGT AGTEACCAGAAACGGAGACAACCTCCATATCTTCCCAGCCATAC

R L - 0- CT/U820071069807
CLUCIACTE HJTSTECA;”TAS %%ﬁr%%%#m

AACCA

ATCATGC

GAAGTTA@G@Q%@A@T@G&E@@@XW ‘ A
TATCGM@%@%@@%M%WWM ACTIGCTT

AATACCTGRAPACTEATNGS TN TN T GOAGTGATTGCTAAGCAAGATGTTGATCTTAGGGCTC
AAACCGC%%WW%ﬁGiAAGéAdG@GAGGGGGmH
THHEATAAEAREGGECOATATS

ANTBAC T GAPCACAIAIGIGCTTAKCATCTAACCATTCATCTTCCGATAGTACT
TGAAATTET I AMEGEEE AR AN ATYCFPTEARTAGEPRAAKRGAPNEAEEEBAAAGATTCTC

T T TATGATA R P A M AT T AT AGARCOACACGAAATTACAAA

ATGGAAT LCANEAT ARG ATAT ARG AL CATATGCEATATA QAP CATOMYEAIINAGGAGAAA

AAGGAGG@N}%@E@%ER%MMdMGCTCMCGTGATmmAMAGA
1cGATccAcl AA. ATOACTA ATTGGT TAAAACTGGT GTAGAAGCCT
ATTGCACHIFAAEATAAARATACAAAARGA TGP CEFAGAFALAAAGTTAGGTGTAACAGAAAA

- TCATGAA QABIGATACIAATTOETATACAGCASTIA TABC IATIAA AAAA AAAAAAATACAACAAAT

%ﬁ%{WﬁWM&%&mmo@m&cmM

FEPPAAAEATT AT IR NEE ARG TCCTCTIC

AGTACTAQQ&TACGAATACGKBMTF&#GATGGAAGAATGGGCTAATGCATCATCCTFACCCAGCGCAT

GM%W%WJMWM

TAGTGCCAIK

bll

SEQ 1D NO!(%F}EIGTOATAACOATAAAAGCT AGTAf | GTAGAATCI ATTGT TCGGAGCAGT

PAMA493 seqORNEBAGNECTEAEREKPEREGAACCCGACCGGET GAAGACCAGGACGCACGEA
GTTTAAACTARGAG AT ATPRA CEPRAGIIRTTEA A A e F PP EGAAGTCGGAGTCACCAC

sacacTrATIORACTTCMIATACAICAGEACT LANGCHIA rrccacrraacoccTaTTa

ATCTGAACAT CEETTSFEGADATATCARTAAGRAGCGCGTGCGATTGAAAGGAGTCC
ATGCCCG AR AT AGRIAT S A EEAT ATERT ST ATT SRS AT AT AACTAAC

e e R R oo

A AR A ST AT AT R ACEO T AT AT T R POMNAC IS TTAAGTA

CTACCACMM&G%M@ATCCAGTTCTACACGATAGCAAAGCAGAAAACACAACCAGCGTA
GITTCCTGAAATTATTCCATTACAACAAAGA

CCTAATACCCGATCTAGI A
CCCCTGT’%F@QW@@NW&%&%TGWWCATACTCGAAA“TCAACTCATCTG
AAACTTITTICCEGACHTIIAGEARRNE NI ACBT GAATCLAAATTEIATIACGCCCGGGAGTT
ATGACAATII]“ WWBWMAA%ATGACG

ATTG
TACAAACTRAUMNASGIAPIY PEGIAACEE A ST CIA L P TTCTTITTCAAGAGAATACCA

ATGACGTA ; -WMCGGACCCATCTTICAAACGATTTATATCAGTG

GCGTCCJ:IWWM%% ancears

PGS » GAA WW@M@@FWAWWGC
TAATTGAO&RW@GAGCGGTAGCATGTGGGCCTCITACACCMATAAGTCCAACATGG

mcme%ﬁf%ﬁgéﬁ-&%@%ﬁﬁ%% W%%WTACGGAA

TTGATTACATCCTAT

TTTATAAGATCAACGCTAAAGAAAACT PEACT GTCAACCCAAACGT CAATGAA
GITAGAGACTTCAAA

GGG TTCACCAAATGATTTGAAAACTATGI TTGCTGACCCAAGI TACAAG |

Il ACGCCTTGGITTAAG



CAGGCAAATTCATAGAATGCTATAACAACGCGT CAATAATATAGGCTACATAA
AAATCATAATAAC
TGTTATCATAGCAAAATGTGATATAAAACGT TTCATTTCACCTGAAAAATAGT

crrorcHATAEORCAR R AR HARHRBER R ORBL O PRI cac

CCAGCCATESTAGARCCHARBMEATATI TI CI TI Al TI ACUCUUUAWJAUI Ul UAUI UI |
TCTTAGCAMGNFS A CTCAACCAATGCGGAAACATCACTTTTTAACACTTTTCTGACAACATCACCAG

e A S e e i

- CGGTACAGTAGTTASCAGESATGGAGH CAACHTA TATWIAGETEGTAEBTACTCTTCTACCATTTGCT

ﬂMTGAﬁEWMMWWM&H&TC
AACGATAATGT C

TCATOAA A FARARA R A B R T EE TG S EE ST RIRATOTAGAG

TTAAAAG(FFMWMI[GITGTCCCTCITCTGAGTCTAACCATATC’ITACAGGCACCAGATCTIT

TCWG%W%W?%W@MM%&AC%C

CCCAGCAT IR FRG AR AL ITATAATAFACCEAREHACASREFTETERIFTTGCCATT

. GGTATATG@APAAT LOTTACCANCGATAACCAAGGGGCCTATAACACCAACGGGCAAAGGCATGTAAC

CTATMCWWWW“ WrhTEaTMacGaTca
e CARGNETECET AT TATI @A GCACECTCGTAGT

ATCACCTWMG@GTACAAAGGTAACTTACCGTGAATAACCAAGGCAGCGACCTCI’I’I‘
; CG [

BRCGERTTTICTTAT

CAGATGAT @%&Qﬁ@@ﬁ@@l@@ﬁ@é@ﬁaGAAGccr
IO A A R R AR CASAN T EFACTEEARECATIATAG

- TTTTTTCTOC AN AT TAWAGTA TAGAGGTATATTAACAATTTTTTGTTGATACT TTTATGACATTTGA

ATMGMWMR%WMMEWA@E@&@W@AmA
 TATATCTO) A A A A A T RRGABATE CTEACRTEL AL BA0GEREAAAAAAC

TAATCGCAAQBTEREACAGTEEGIGTTAATTTGATTCGTTGATTIGAAGGTTTGTGGGGCCAGGTTACTG

SAFEREE I TEA e G Tccaaea

coo0e R ISP AR ETCTTCDOT

CGGAGGGENIIPERICBTANER GGCTTCTAATCCGTACTTCAATATAGCAATGAGCAGTTAAGCGTA

ﬂACTGMCWW&W&ACM@T

CITCAAGAAGGTATT
ATAAGT ARG T AR At T T TIGRSAT TR TATPATGATERACTICTTIG

CGTCCATOCA AW AIA A AAGTAAGARTIACFGMAATTCAATATAAATGACTGCCGACAACAATAGTAT

GCCCCATW@WWTPm— LALACOUKEA L CTGAAGACATTTTGGAAG
cl rrAcAcc ut i G

CAATEtATICC STOACHATAAATACHAAASPEEARRTET AGTGAGACGTCAAATGACGAA
AGCGGAGm&ATWFW@Q\MGCAAATTAAGTMATGAAT@AAAAITGTAITGT

rrvooam NSRRI g roresTasTooamaTaTr
AT P NOACATT AT JCAATGAACAAGGTGAATTACTTTTACAAC

AAAGAGCdjﬁmmQMMCM&TWAACACATGchCTCTCATCCAcrATGTA
Eﬁ%l%k&éééCGCTAﬂACTGCGGCGGTG

TG’I'I'ATCAWWTAAAACGTTI'CATITCACCTGAAAAATAGTAAAAATAGGCGACAA
ATAATACCATI TAGGTGGEGT TGSGT TCTTAACTAGGATCATGGCGGECAGAATC
AATCAATTGATGITG ~78-

AACCTTCAATGTAGGGAATTCA TCTTGATGGYI TCCTCCACAG 11111
CTCCATAATC1 | GAAGAGGEC
CAAAAGATTAGCl 11ATCCAAGGACCAAATAGECAATGGTGECTCATGTTGTA




GAGTTATTAAACT
I AAAATACGCT GAACCCGAACATAGAAATAT CGAAT GGGAAAAAAAAACT GCA

T AAAGGCATTAAAAGAGGAGCGAAI 11111111AATAAAAATC | |
6{ & T A ‘ AT PCT/US2007/069807

e R A R O AR CAUAGA

TGAGGATW’{A&T&WGATGCCATCTAATACA’I‘ATAGACATACATATATATATATAT
ACABAS BETAAGATCAETEOEETEAMTEAATECASTTGGTACT

AmAG&%ﬁ%&éﬁ%@%ﬁ&%&ﬁ%&%ﬁ??wm&wmm

AATTACGAOEBACTGAACTBACGAGCGGTATATTGCCATTGGTGGCCAGAGGTAAAGTTAGAGACATATATG

A&TAGAMM@W@%WWWAT&W

JTCAAATGCTITG TATTCATCTCCCATTCTCGTAAAATTGT el
ACAGCA OO BT O RN T TOOTICAAGTICCTOTCOAC

AP TAFTTTCGATTATCTACCTGCAAAATTG

AGCGAACMMA@%&M@MAJ%WGW@ AMACATANS
T O CCACT TCCT T AT AMAT CAGT O CTCACOATATT T SO EALAppCTAATTCC

ATTGGAA G RPN TN MG ARG T R AT ACTTAAAACAGGTACTG
TGCATGGTITGRAAKBIAEOEAA GEA CGAROBAAXG LABCTIOM G AARTCICAXTAACCAATCTTCACCCCA

TCGACCAW@%%MWW@%HGM%

OO A B A A ARE A ST AT A T REATEA Y HET AR TTATOCT

AAGGAGAGGGETAATAACAACCGCRGA TAGTEARGTGIrTTAAAC .
CAGTTGTCGGTATGTGTCCTTCATTAGCCCATTTCRUI |
- CTACCATTAGATTCCTTA ccl AAncl | | AACGAACTCcl |
SEQ ID NOGECACAGT TGAATAAATCAGI TCTACCTTCTTTGGCCAGAAACTCCT
pAM426 seq@éndd I I cr OTOTAGGTATCcCATGAKFAALLL

feacoco G A RN e gopcncoomcacaccrrer

 CTGTAAGGGRFGACGFTAACAGAEABRTS €S TEABGGCGCGTCAGCGGGTGTTGGCGGGTGTCGGG

WWMWEEJNWMWMCWMGG

Gt R A AR TARRAT RATR TERRAMTRSTRF G AGTTATT
GACTT AGGTCATRGRAG KGR TEOEI TYGTTGTATITTITITTTTTTAGAGA

AAATCCTCEAATAACh RAA M AARETARANTIRIA T AT T AT G I T A TTGTGTGGTG

AGATTGAACTCCAG T TAGCTAACAA | AGCAGA%I 111 ,
CCCTCCTC W’@W%W CTTATCACGTTGAGCCATTAGTATCA

ATTTGCTTATGIATAGEH GATAAATGTATGTAGATTGCGTATA

TAGWCG@%%%&%Z¥WMWTGTCGTTTCTATTATGAATITCA’[TI‘AT
AAAGCGCGEEGT TTGTACTAAACGCGT CCA |

AAAGmﬁé@ﬁWﬁMAgMWGCMGGAMCﬁMmCGGC
GACAGCA TAAEETAROT T GAAGGTARA XUE2 : SBOATEATAGCATCCA
(‘FH'T TTICTTCAGGCAAGTTCAATGACAATTTCAACATCA
Wﬁ GT% AAAAGCACCAT TCI TGICA |
TTGCAGCAﬁWWﬁ A GEEFECAACCTTATICTITGGCAAATCTGGAGCAGAACCGTGG
CATGGTTCGTGAAA BAGRAIGEETGACEESTCAGCCAAA SACATANACGR K ACXAGCA THGCAACA

A CCCAA B A AR T A TG BEASATDATAT A CAAACATOTTGCTOOTGATT
ATAATACCARBEAGC ARG TERETECAMACEAGHATCATGGCGGCAGAATCAATCAATTGATGTTG
AACCTTCAAGGTAGOARETGCHIASTCORTE CCARCAYATACAEATIETCTCAAMBEASTIGAAGAGGC

crnsnon SRR el ot ppocsronmocos

TERARTATCCAARFEBACHTARTCACCAT
CGTWCWAE@WTWAHAWI@@Q@%M@CAGMcm

S e v T e

TTGGCGTAmA]&TA@RAWM@KGHGTAAACCTTGTTCAGGTCTAACACTACCGGTACCC
CATTTAGGASCAGHA DA e T IAATAGATEAAAMAA AAT BRI T ASTEGACAGCGCCTCATC

TaAGTORUCACGT AR R OGRS R GAD b o aacTTon

CATTGGAATTGRGANIG ATRAICRERCIALGIGAG AN GGATFEG GRIGTOA TIAGE TBACCAACG
AAAAuCt AGIi A Aci
AATCI 11ATTGI TCGGAGCAGT GCGGOEEGAGGCACAT CTGOGT TTCAGGAAC
GCGACCGGTGAAGAC GAGGACGCACGGAGGAGAGTCTTCc
| CGGAGGGCT GTCACCOGCT CGBOGGCTTCTAATCOGTACTA — AGATCTGL,
111




TAAATTAAAAATGAAG | | I I
AAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGT TACCAA Ta,

) .
o S T T SRR L

GTTGAGAAATAGAGTATAATTAT
cmmMWﬂ@ﬂ@ﬁ%ﬁl@%@@WMGAGMT

ST A AT R F M BB R RRENABGOATATACT

AGAAGTTCB-CTCGACCGTCGATATGCGGTGTGAAATACCGCACAGATGCGTAAGGAGAAAATACCGC

ATCAGGA%@?MHHWA&WW@@&W
CCCFCGTCA || GGT ATGGECL- 1

TAACCAN A Ao LT SRS T AR ER S AGANIARASSSHAT NEFOTTOAGT
GTTGTTCONGIANGAAACAAGAGTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAAC

CGTCTAT%%@%@%%%X%EMWE@Q%QQGAATHTC

GAGTTAT T TR TR T ETAACH B AR SEARTOAATRREATAATHPAACTOCAT

AAAGGCACT A RAGRGGRGNGIA TTTTTTTTTAATAAAAATCTTAATAATCATTAAAAGATAAATAAT

ACATG%W%%E@WW TeCTTG
TATTCAT@ CRARAACTCETAGASES AU TATN A CETET AAPAATITGGCAAAGATAT
ATAACAGCAAT M EAIA LBACERTEEAACATTCTTTGTTGTTAAATACTCTCTGTTTATGTCTTTCCAA

scorec ARSI hcuromanc

ACCCAGAW%(M@WAGCAGATACAGCCCACTCAACTGATI‘CCITAGTGA
AT AR HOH Mo R AR ancraco

GGATCGTGCTTNCASATX

CGMﬂc%c%Wcm&hbbﬂcmeGmcrccr
CCATTTCT?E@@A&@EM@‘&A?@M?WIMI@?‘F&pﬁ%ﬁmm@mm"‘*“m

AGGTGATCGREETANIITTC CATGET THAAGIAPARBIGATTAGT TCC TG TASTCOICATATGCGTCAT

ACGTGTCWW@MGTM GTAGCTCTTGAATACTGG

TG QO TAACT TAGMGAGLLTACT GICTALLL
AN 506%ﬁﬁéé@ﬁéff*%é@@?%%%‘?ﬂmﬁﬁmﬂ

mmMTMAIGCWCGMMWmmEAmmGCMT

A A S T A S I oo

ATGTACTGRESPREFRESARECTIE GCrPACTEATRRARS, FIGGATTTCA
GTGAATAAA(Bc@@@@fﬁﬂmé@?mmmGMmmﬁmmMmcc

AGoGCATLT oA SO CACTETARRATAGTETE AT cbcrchrhthakbcascanTeer
TCAACATCABAEREAAACRMAARAAA R EHACSASTAAETTS AERTATRITF A AAGAGACATCACAC

GTGACAT A STIPATEACGCATCAGCCTAAACCATAAGCTAGACCTGTCGCCATTCCAATTATCA

cexmmool O A AR M b hraceras

ACGTTGAANSTRGETBBTEAGNTTCOBCRAAETMGCATC TEEEA TEABAGT ADET &ATERTTCCTTTAA
CAACTGTc@%@@(ﬁﬁ:‘étTitcﬁrﬁ@Aﬂcdl?c{TAcrATTTGCTCCACACCCTGTTCAACTTGHTCTCATAA
/\

: J&%é&émw T%%mcwrc

1 1 AGCT GT TCT ATATG CTGCCACTCCTCAATTGGATTAGICTCATCCL |
CAATGCTATCATTTCCI 11 GATATTSEATCATACTAA
GAAACCATTATTATCATGACATTAACCTATAAAAATAGECGT, ATC‘ACGAGGCC
GilLCGIC SEQ I D NO 54 pAM322 sequence
TCGCGACGTTTCGGT GATGACGGT GAAAACCT CTGACACAT GCAGCT CCCGCGAG



AAATCCTCCAATATCAAATTAGGAATCGTAGI TI CATGA
1111CTGITACACCTAACL11111 GIGIGGTG CCCTCCTCG i
We OTC‘AATATTAATGT TAAAGTGCAATTUL 1 1 1

P U N G A A EARAGU ACTA T G1A

: S I ETTTRA q:AQ\ICTGCGTTTCAGGAACGCGACCGGTGAAGAC
GAGGAC&G@E@AG%M@@W@G@@&G@G@@@C@C&C@GCGGCTrcrAATCCGTACTA

AGATCTG A R KA TR AABRARGOE AAGAAGCGAAAGGAGCGGGC

GCTAGGGRGCTAAGEAGT GTAGCGHTRACTHITHTGEGTAACCACCACACCCGCCGCGCTTAATGCGCC

GHACAGW%@E@%M@WM@H@G@&G@
TGATACCTGCATCCA

CCTCT O A P P P AR SO ATE A N R AT BRSO P AR PRI PR FERRTTCCGTATT

GGGCGCTGEREANMC T CORECATBATGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTATCA.

o S

TIGCTGGCGTTTTTCCATAGGCTCCG

KT e e TACCuaA

TACCTGT(FGF@Q’F TACES W‘WW@@G@@T@T@AWC&CGCTGTAG GTATCTCAGTT
CGGTGTA@@F@P@@T@AG@TWWA@WCGTICAG&CGACCGCTGCGcc

Ao AT R AN A A AR FARARGGAS AGCCAC

TGGTAAC KGR T TG OTCAGTOACTEAACGTAGGCGGTGCTACAGAGTTCTTGAAGTGGTGGCCTAACT
ACGGCTACASHANAGH CAGTRTTEAET ATCEEAAKEEAEA S NEAELATTACCTTCGGAAAAAGA
OTTaaTAq e ARG A A AT R TG T TR ARG R GCAGCAS

ATTACGCGRIRTTAXASARGATOTTAAGHAGATCCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTG

GAACGAASAETEROERT AMGESMAPAEE AT ERGAT SRAONGTLAGBRFETRIAbE A GATCCTTT
TTGGCGTACAATTGAAGTTCL 1] A%
W i TAAACTTGGTCTGACAGTTACCAA

TAATIA RS
TGCTTAATCA G : AT CGMITCATAGTTGCCTGACTCCCC

| GTCGTGTMWFM@ﬁ:ECCATCTGGCCCCAGTGCTGCAATGATACCGCGAGA

TGCGAAGT GCACACCTGTAGCATCGATAGCAGCACCACCAATTAAATGALL 1
CCCACG A AR A KSR ARG A AT O GCCGAGCOCAGAAGT

GGTCCTG(IW@GTZMMTmGTMMGWAMAGAGTAAGTAGﬂCG
A S A GG AT T TOTCAGRCTCOTCGTTTGGT

ATGGCITQA&T@W@WAT@{:@MW FTACATGATCCCCCATGTTGTGCAAAAA
A AACCARGTAAT AAGTEAGAASGECSCANTAATAMTACTCATGGT

N

CTCAACCABRIR TTGT GA GAXIBIOTPE FRGFIGACCMMGTTGCHCTT GCCCGGCGTCAATACGGG
ATAATACWMM@%AMMA&I&TGQMCMTMGGGGGCGM

GCATCTTTEA GOATGAGCAA SRRRARTBAGSIAR AATIGACACAAAAAAGGG
AATAAGGAAACEALTARRRDEARA A RTRCAANA EEETTATAPATCAAMABAATAGACEEATTTATCA

OOGTTAT e A PR ABASA AR CARETATTTATAMASLAAARAAATARIGOTTCGE

AAAAGUEAAMNC CTGAACGAAGCATCTGTGCTTCATTITTGTAGAACAAAAATGCAA

CGCGAGAQHWWWWWMWMGW
CGAACGCAGAA 1.111C

MGCGCT%?E?WWWM@&&%AGAGCGC |
TAATTTTTAOAAASAAAGEGIAT GAGKBGCAT TARSAGAGEAGCBGAA ATTGL AL IGGAGAGCGCTATTT
TACCAACAOAAONAAT T A AT AATP AR A A N A PAF A TCCCGAGAGOGCTATTITTCTAAC

AGICTATATATACGTATATAAATAAAAAATATTCAAAAAATAAAAT, CT.
AAAGCATGIAMOAT TASEET ARRES TCCTTTGTGCGCTCTATAATGCAGTCTCTIGATAACTTITTGCAC

TGTAGGTCCGTTAAGGTTAGAAGAAGGCTACTTTGGTGTCTATTTTCECTT CCATAAAAAAAGCCTGAC

81-



GATGGGGAAAGAGAAAAGAAAAAAATTGATCTATCGATI TCAATTCAATTCAA
TTTATTTC1111 CGG

ATAAGAAAGCAACACCT GOCAATTCCI TACCTTCCAATAATTCCAAAGAAGCA

.. PCT/US2007/069807
EAARPERFCATCCCCG

ATTATAT IO RO TR TTGCGCATACTTTGTGAACAGAAAGTGATAGCGTTGATGATTCTTC
AHGGTCXMT@XM@GWM%MJ@M%GWACA

rrrrcor A TEEAMGN AL ATANGAS SCCALAAGLARACCICNCXSCATAND o

AGAGATAAGGRCARBAAATEWFAGGTCGAGTTTAGATGCAAGTTCAAGGAGCGAAAGGTGGATGGG

TAGGTTAﬁaﬁfé&@&ﬂﬁé@ﬁ&%ﬁ&ﬁ@ﬁ%@%ﬂﬁﬁ@%ﬂ%ﬁ%@rmmmc

ATTCTAAAGAGCTTGAA u
COOTATT A ARG ARG AT R GRGER TTTTTGGTTTTTTGAAAGTGCOTCTTCA

GAGCGCT AR A A DA A O G AN T PR RO AGABTOCATAGAGTAEGAARCAKRCGGAATAG

AT R P SR A ABEARSEREASASECAGaTACAGCTEN

CTGTTCAGSRSOOAIAFAIEEGCGTGTTGCCTGTATATATATATACATGAGAAGAACGGCATAGTGC
GTGTTTATSATAAWICHCTHACATATCOGTATETCT AT TABGAPGARRBGTAGECTAGTACCTCCT

AT R IO AR GRS TICTATATG

CTGCCACTCGTGAAT TGS AEFBCATCCTTCAATGCTATCATITCCTTTGATATTGGATCATACTAA

GAAA CCACEATT ATTATEA AT AN CETAAN AT AGGTAAATALCEA GGACCTAIG ST
GGCAACGTGTCTAAGC AGGTGA. TcGAccATCl | .
| ccAccK3cnCcAGTGAAAATCI 1 | AACTCCr cGTAAcI nCCATATGCGI CAT
SEQ ID NOABGTGTCATCAATAAGTG TATCACAOCAACTGCC
pAM322 seqLJ,;Ag:‘-T GAAAAAAACT CTAGCTCTTGAATACTGG
ACH CC

AFGELECREERTASRE 6 A cacerror

A
CTGTAAGCORATNFCPBBEECEA TCACEREA G RAEF B TGTTGGCGGGTGTCGGG

GCTGGCT%@MM MIM%@I@W%&TATCGACMCGTCGTAAGG
II AGOA\GAGll | | ATTATGGGA\GT CT TG TTGCT GAT.

AR QI FAAPAAGGTATT
. GACTTAAWTwAGGmATTGAGTGTITIﬂATTTUI TGTATTTTTETTTTTTTTAGAGA

AMTCCT@%WM@MWM@HACAccrAACTmTGTGTGGTG
GICATAATCGATAGCCTTGATCITGTGAATCCC AGGGCA

COCTCCTGERERAR AT SACEEAACTER AT AT A FARRRFAABERABTAGTATCA
- ATTTGCTTARTOGT ATCAS CATAATANCETTRATEATT GIT TR AGAGRAIGTA TIGTAGRE TGCGTATA

TAGmcdé#& W TAATTTCGTGTCGTTICTATTATGAATTTCATTTAT
%ﬁ TCAGCCTAAACCATAAGCTAGACCTGIC
AAAGTTTATGIMEAANPATOATABAAAAAGAGAATCTTTTTAAGCAAGGATTT ICT TAACTICTTCGGC

GACAGCAGCATAGAT CT G AA AT ACET TS CCATCALLATTA TCACEI T ICAIAMTT GCATCCA

AAACCTT A T AT 60 T A T TG TCAGECAMGETCA S TGACAATITCAACATCA
TTGCAGC AN TR TG CPRAT ARROTGRACEADA TTCET TR AT (8 AP AGAACCGTGG

CATGGTTAEIIEIA AIACEA CCASACERT ST AACTGUICIAKMAACCAAGGACGCAGATGGCAACA

wccean A R S bbrcosour

ATAATACCYTII PSSO EABCTATSRIAATGGCGGCAGAATCAATCAATTGATGTTG
AAccncﬂtﬂﬂﬂ&?@fﬁ@fﬁﬁ%ﬁ@@mcbmmmsmcmcATAATcrrGAAGAGGc

CMGA%@WWE@%%%E&%% GTAGGGCCATGAAAGCGG

CCATTCTTGTGRTTAT AT ATATTY qTRATACH NEPGTT SGCOACACCATCACCAT
cGTCTTCAATTAFEFASANM AAGRTAAALAAEA MQ%‘GW&HE@AGTACCH

oo BB e R AR R carscncr

A viy AGAGTASAESGITGTTCAGGTCTAACACTACCGGTACCC
(ﬁﬁi@l &Jﬁ& LA S ACETEEREGEEAGSMAEsCeTCATC
CATITAG E CCGCGTGAAGAC GACI:‘ACC;‘CACCI:‘ACI:‘AGAGT eil
TGGAAGT%W EREAEAETACEAERAFTAPAAPAAEPACTATCOAAATCGAACTTGA
CATTGGA MG ATCECAGARARAGCTITAAGAACCTTAATGGCTTCGGCTGTGATTTCTTGACCAACG
GGCCGGECGAACGT GGCGAGAAAGGAAGGGAAGAAAGCGAAAGGAGCGEEGEC
GCTAGGGCGCTGGCAAGT GTAGCGGT CAZECTGCGCGTAACCACCACACCCEL
CGCGCTTAATGECGECC
GCTACAGGGECGCGTCGCGCCATTCGCCATI CAGGCTGCGCAACTGTTGCRAAG
GGCGATCGGTGCGGEG




CACTI I ATI TITTTTATAAcI
| ATTTAATAATAAAAATCATAAATCATAAGAAATTCCCTTATI TAGAAG

TGT C‘AAC‘AACGT ATCTACCAACGATTTGACCc iisi CCATei ii
' PCTfU52007/069807

AT R T

AGAAGTTABITTNALN

ATCAGGAWW&%RWMW%@%%&CA&&CAM
CAGGTATAAACGCTTCTGCAT

TAACCAA A R AT FERGARTET R AT AP SO ARG IRAHHGATAGITTTOAGT

GTTGTTCQAGTTTIGGAEEBRXTAFTCCACTATTAAAGAACGTGGACTCCAACGTCAAAGGGCGAAAAAC

CGTWATJEW&%WRMW%@GMWC

GAGTTATLigMERNTA A CARETASBREAANCATAGMPEAEEFOITERRSAR A SAA CTGCAT
MAGGCAWG@@@WIWMTMM@AECAM&ATAMTMT

ATAA GAAAGMWE@TMWATHT@AMGAAGCACCACCACGAGTAGAG .
AcATGGeﬁgggﬁ@%@wﬁc%%ﬁg&%ﬁﬂ%%%%ﬂ%ﬁéméATéiAATemG

TATTCATCRECTAGECTACTAAARETHFECTCTGa 32
© ATAACAGUUATA AGRALSRGAAMATAEC ABRTASCAT AR

cUl |
e

ATTCTAAAS AGETTSAOTT N
ACCCAGM%M%MWG@MW&A&CAAC’I‘GA’I'I‘CC’ITAGTGA

nnsrof AR S S s rancinco

GGATCGTGECUTATAGGNTCMA ATATCAGE BN AGTCAR AT PANAOTARCTBICEBSATTCCTTA
CGAATTCﬁE‘WCCACAGTTGAATAAATCAGTI‘CTACCTTCTITGGCCAGAAACTCCI‘
CTATTAGCGAAAGT AATATCGTAGGTTGTAAGAATTTCC 1
CCAmaﬁEWM@m@Q@W"TP GACTTCATGTATICCGGCAACGTGTCTAAGC
AGGTGA TG QG ACCITC T ACTAKTITH GO TAGOGAICATAGTAAGTICCATATGCGTCAT
ACGTGTC MM&M&GC@M@TGMACTCTAGCTW@AATAﬂGG

TGIGGIGICr GI'TCCGATCAAAT GGTGCATGI GACCAAT GAT GOOTAGCCT CC :
GGTTCGTANEAGARCET A ECUCEAAAAATAGCATICAACGATACGATCTCTCAGACATGGGGCATT

TITCTTAATA@:I@A@GM@TC@QGIMATK@GT ACATEAA PAGTRGGCTCTGCAAT
AGATTG SGIALE G ASTHSES APAGAAGGGT
ATGTACTWWQ%ATCTCITCCACAATGG’ITGCI"ITAAAGCTCTCTGGATITCA

GTGAATAARNGCAGGGACOEANAEAAGT G CAATAAT AT T CGATAGCCTTGATCTTGTGAATCCC
AGGGCAT £ 4 EMMM%%MMCMT@T

%

TCAACATQATNARCAAR i A ACOTEETEATAGTTATTAAACACATCACAC
GTGACATWA&E&Q@@AGba%m%ATAAGCTAGACCTGTCGCCATI*CCAATTATCA
CCATAGG el JA%W%%%@ TACCTAA
ACGTTGAATIOSTICAR AT SEABRCAARAACCAGTOTTICCTITAA

CAACTGT@@Q@@@@&GT@&F%TCGHTACTATTTGCTCCACACCCTGTTCAACITGTITCICATAA

srcann R A GG Sresone

TAGABTIATTAACAA

mGﬁGIMW@WMMé@ﬁMTGHGAMGTAﬂAGT
GATCTATTAACAGATATATAAATGCAAAAA CTGCATAACCA

TAAAGTGGRATKIHE T TTOEACRAGAM A TORAT P T EA A TaeTTOGCTOATTA
ATTACCCOAGEOMATATTAATARNAA AMOTAATTGLATIZICLTCUBRDGF I CBIIBOVI TTGATTCGTTCA
AGTATCAACAAAAAATI UTI AATATACUI CTATACI TTAACuI t AAci ti AUA

AAAAActiti cAAti eri a -83-
CG GGAAAACAATGCAATCGACAACTTCCGTTAAACTATCACCTTTCGATCTT
ATGACTGCCTTGITAAA

TGGT. AAAGT TAGT TTCGACACGT CCAATACL1CCGATACAAATATACCACTGG



ACAGGGAATTGCTTATGATATTAACAACCAGTGTGECCGL 1 1
| AATTGGTTGTGTGGTTGTATTGGTAT

GGAGAAGATOATOAAGT GCCGCTAAGAAGGCCGCCOAATCACCAGTCATTGIC
PCT/TS2007/069807

TR AR ET A RAGTATAMAAGETAGTATTGTAG
AGIG G CRBRECATCTGCGTTTCAGGAACGCGACCGGTGAAGAC

GAGGACGH&@WW%WH@CCGTACTA
TTATTGAL |

AGATCTO R RSO R ERRERTEARACERAASIHAS MABSEACARPACCGGGC

- 'GCTAGGGCHTTGGGBATGTGIAGCGGTCACGCTGCGCGTAACCACCACACCCGCCGCGCTTAATGCGCC

GﬂACAGéW&WWWM%K%&T@GGG

. AR S SR A T RARAPR S AVSICTGACCTA
CAGGAAA@&BTTAM%%AGWEMCC‘!:AAGAGTCACT’ITAAAAT‘ITGTATA

CAAAN
mcrrm%@@@ ouu sl TTTAGAAG

2 AT, i :
TGTCAAC@@@GWWCCATWCGTAAAWGGCAAGGTAGACA
: AGCCGAC%G&GAATT@@Q@@Q@E@AEE M ESAATASET A CEXABETCAGTCGA

A %&]‘T d'ItT G%IACCT GAACTTTCCGTCATGT

AGTTGAA@(ﬁf@éé@ﬁMﬁéﬁAACGCAGCGCCAGGACACATACGACGTCCAGCCCCAAATGGTAAAT
ATTCATATIACRCAT I AT QORATAGRAA AT AT ARG ASATATE rrcrocat

CCTTCCAGINIGAASSAET ATAGETCOCRERCACAETAASSANTAAETOTGERTIGITAGGGATAT
TATMCCM%WE@I@%&&WM@G@T%GT@TA@
CTAAGAG -%ﬂ- s’ﬁ W&AT%%:E%ATCTTCFTCATGTAWCIT

_ NS AE AL
TCCCAHWWW@W%WAHA@TCW

TATAmc@Jﬁ%%M%&%%HWWAﬁm
ACTGMGCTGA 'CCAl Tr GAAANL |

 CATATTA AR CEAREA CEA T AGTEREREH IS T B RACATREMFACCOTTT
ceﬂmmnmmmxmmcmmmmmm

ACGTAGG% &%‘E@ CCGCTCAAGTGATGCAAGAACTTITTAGATGGGAAAATATC
CGI'TTACA AGATACTATTCCATATCL1 CTAGCCCAAAA 1
GGCAACATCGA AACEEEERGFERFGRG{GAGTAT TICTTTAACAATTTCAGT AAGTTCCTTTTGATCTTTA

ATTCCCTTRGTAAAGCTEHES XA AT AG TARUAPrAGT AR RTAAKC A XAACCRTFANETTAAATTT
AC1aoTCI G AR RS TTES GESRgERCAscanTT

GAAATGAGRTIAAGCHTIEETACACACAAGAAHTICAAGAGTACAAATCTTCCTTAATTGTCTCCAGTATT
CCCCATAWMM AL A AL GAL CEOT PO ET TTCGGGT

: T TS TSR ATTTASCAGIPRAACOACTATT
GTGGGTAMFWC,QW@(MACCATATTITCTCGCTAAATCCC’I‘I‘ACACCCCTG
TGTGGTG@W@WMAC&ATGATGGGTAGCCTCCAAGGTTCCGGCAAGGA

MR e

TGTAGTTAW}ZMGCCTTTAAAATTGACITCATTG‘I‘TTTCCTAGGCCT'I‘TAGTGAGGGTT
: - AT AR ATATAE RN A A GRA ST AEZTCATATTAC

O CACACERER TEENTACRAF TOCAAAT

GTAAAGAGC TOATTRIINAGCCTAAAAAAACCTTICTCTTTGGAACTTTCAGTAATACGCTTAACTGC

TCATTGCIRTASPEA R EEe RaAAHAAASTE ASIGE A PEARAREGEET EAGRL SEGA AGACTCTC
GGTAGATATI TGCGTG ATM 11

CTCCGTGC&%?F@%TE&?M e T RAF SAARREERA T EEREF T RBREAREEH CTCCTCCG
TGS AT AT GG TT ATGAAGAGGAAAAATTGGCAGTAACCTGGCCC
c,a;c;umc:%xéc&&;ﬁr Té‘rﬁ HEM%X&EI’?‘K@EXMTGCGATTAGT{THTAGCCT
' GACGCGTGTACGCATGTAACATTATACTGAAAACCLGCCTTGAGAAG
TATTTCTGEGGT AR TEAALEASEEAAGCGATGATI T TTGATCTATTAACAGATATATAAATGCAAAAA
CTGCATAAANCATOCACTRGTA TTAATGA SR EERCAA T X X IAGAGABCACECAM TGTAATAAA
GCCGTATTGGGECGECTC _
CCCCTTCCTCGCTCACTGACT CECTECE3T CGGTCGT TCGGCT GCGEGECGAGCG
GTATCAGCTCACTCAA
AGGCCGGTAATACGOT TATCCACAGAAT CAGGGCGATAACGCAGGAAAGAACATG
TGAGCAAAAGGCCA




ATTCTGAGAATAGT GTATGCGGCGACCGAGITGCTCl11
GCCCGCECGTCAATACGGEGATAATACCGCGC CACATAGCAGAACT 1 1
AAAAGT GCTCATCATTOGAAAACGT TCTTCGEEOCGAAAACT CTCAAGGATC

o RIS AR PARRE v
CGGGAAANTIBRTSAEEA IR TAAATAGCASCITAAGATCUAT N ATRPCTTGTTAAA
TGGTMA@@%WWJM@MM@&%@G@W&ATGGM

acacaoa e R A TR AR A R GGG TRIATTGOTAT

GGAGAAAIIUATABAGITCCCC TAAGAAGGCCGCCGAATCACCAGTCATTGTCGTCCCAAAGAAAGT

CAmGM@A&éA@E@@%%X@WMﬁXJW W&@&%%%B%GGGGA@
CACLGCT AL LLL 1 CAMACAABCAATCTCAGCTGA 1
GCGGAAGIGI’I"I"I"I'(fCﬁ Abrh AN A Al CiAz}AAAGCAGTATl"CAAAG

TTATT GA AR e TR RO X TG T G MTGATGAATACGAAGAAAAGCT AAAGAAAGAATCT’ITG

ddga AGATT
GCATTCIW OAACETR GRS A AR GCTAGATTCTATAAATGG

TITACTO AR CASAMAP SR AI ST A I T TTA A TGS TTTIGGATTGOGAA
TCGTCAAPATIAMAATTLIA ATA AGA TEIACAAABATGTAT GAGLTAGGGGGCTA

oGt e ot recrroanuc

GAATTGGWR@@C{AFW@@é?ﬁAf%E GACACAAGTGTCGCTACTCCGTA
CACCGCCETEGFTLEATAAANPATE ABLGATEEEECBGAAACTTACGATCAAGATCAATT

s e S
TTACACAGTECCTIPAONSAEA A TG A TASAPETTCATACEICARPRCTGGACTATCG
TATGAAAﬂ@é&f@ﬁé@@ﬁﬁ@@@f@ﬂqﬁmﬂmmcCrGTCTGAAGTTGTAGATGAAGCCGAAAA

o G R AR SR boracrcoacrros

CGGAGCCIGFU]‘ IGNACATTTAGAAAAGCTCTTGCATCTTATGCAGATGT

MMWEW&WW@GMWGA

GGCATCTCACAG

WC&@@CACCATTAGGC GTGTTTITCGCATCTGT

TGCCCCA&W@%@%@Aﬁﬂdﬂ%ééllAAﬂTGCCCCCAATCGTAﬁCA
CAAAAGCCCTCTGAAGE | CCTATAC |

TGTGACG@W@W%%@?G@féﬁﬁ;&eCA’fAAAGGTGTCTGTAGTACAT
GGATGAABBAICGO . ACTGRCO AAAONATECGAGCGGCACCAGATABAGI TCGTACT

%%%CCCTAAAGTACCAGTGA’ITATGATCGGGCCTGGGACAGGACTAGC
GCCGIGITGCCI GTATATATATATACAT GAGAAGAA!
GCCATTCW CCAAAAGGAAGCAGGTACGUAATTAGGAACCGCA

ATTCTATﬂ@MMEKﬁﬁE?CbTAﬁ?ﬁGEEﬁ@IﬁTEEAmGTAEE@KCE@AGEEG@EGTAEEA@ACTTCGTT

o RS BATGERED onsracorc

AACATAA%@@A@@@Q%@@Q@O@@W EYSIGAATTTGCTGTCCGAGGGTGCCTATTTGTACGTT
TGTGGTG@WM@MWWMCM@@@TLCAATTGTTCAGGAACAAG

arrecTra R ARG AOPCLPETAGARATTTO0TS

ATG'I’ITGq@mmmﬁccm%%m%&a@ﬁﬁgqmmAACCTGAAGTCTAGG
TCCCTATTIRART e RO Ar AN TGRS TA AN XA GG TIANY TATATUT@AAA YT DI TCTTTTTTTT

cromacn8EL 1k hoHBPRAREELLRCHLS SRR FEPRId A5 focrrocaacccnc

GAAGATCEAGUTEEABTAATEAXECGREE AAFSORNESF A BYCARKTFT TTGCGTATTGGGCGCTCTT
ceGeTTCHRRaR A AYIA divebeshecasTothTteteTe pGesacotAiA TAAGCTCACTCAA

aaccaathatafiroisiccReXiearERrbRRAT Rt diatia har BRGTaBRGAmancacen

GCAAAAGHECAGEANE TAHAMEYCECIPESEESCTEGCART BITEEAS AGFETCCGCCCCCCTGACG
AGCATCACRRARRTEE ARELTLAGBTY A GRS AL ALt GARAE ACT AT AMAGATACCAGGC

orrrocodu s B s By iR ERoraccrorecoe

C’ITI‘CTCCEEVGGG[BaIAE}CIG:TG@ES(KI’IG’H‘EE[‘@AEAﬁﬁ‘@‘@pﬁﬁﬂ@ﬁT@G@TAﬁﬁT%@VP@GGTGTAGGT
that converts neval onate 5-phosphate to neval onate
5- pyrophosphate; and (v) an-#nzynme that converts
neval onat e 5-pyrophosphate to i sopentenyl
pyrophosphate; and (b) culturing the bacterial or
fungal host cells in a nmediumin which carbon source




2. The nmethod of claim1l wherein the at | east one
het er ol ogous transcriptional regulator is inducible.
3. The nmethod of claim!| wherein the rreval onat e

,,,,, 3 | Id’CTIUSZOO'IIOﬁQSO‘T '
corioR RSP R TR AL OBl R0 B R R ELE IR s
CTATCGTGREC AGRCEAACREVAT AAGAEARSNRITP TEREFHETCEFAGIAGECACTGGTAACAGGA

TTAGCAGAQUT AU GIA TR ABE G ETECTAGSAG T It T TN GT RSB OFAACTACGGCTACACT

onnco AR R G I AR rccraccre

TTGATCCGGLASHA CARA EINOUIT G TAG GaVEFONRTS TPET FiIREAAGCATASGATTACGCGCA
GAAAAAA@(E@MA&J}MGh%c@i*?f@ﬁbfﬁ&cﬁﬁ@b@@aﬁh@ﬁbb%rék%TEGAACGAAAAC

coli. 7. The nethod of cla
TCACGTT%FSP&WHQT%E?éﬁé@é?ﬁ%%ﬁﬁ“s‘@?%%ﬁﬂ%ﬁ@%ﬂ@mnm

TGAAGTTSEAHATCAATATHARGFATATAVGAGTARA CHAGHNAYGA0XFIEACCAATGCTTAATCAGT
GAWCAJ&&MCQ%M&&&@BHWMW\@&gégTCGTGTAGATA

of claim1l wherein the host cells ar :
ACTACGAL ALEGICHGRBCTTAS CATA R SA O TIOEAR TEATHECEICH AGRECCACGCTCACE

GGCTCCABATETATO4CG0A AT A WEICA GRUAG GG A GEICEGAGCHEAGAAGTAGTCCTGCAACT

| TTATCCG%aCt eri Unﬁ% an en O enous neva OnWH&E&GWAATAGT
TTGOGCAAGOTHIETAREABECCFAGAGHEA m@m&rw@ ATGGCTTCATTC

AGCTCCGGIrECgeasGaeteated CATGPEE@UGONRAABAGCGGTTAGCTC

CWCGGT% el&ﬁ%‘t#f@gfer ridaTr %&H@%@fAﬁAWA]rGGﬂATGGCAGCACT

ogous nuc acl

GCATAATRGEC BT ACHE A AT & T G T TR %ﬁéﬁﬁG@TﬁéﬁﬁWCAACCAAGTC
ATTCTGAGARYABTEEhEGtedcEACUGACEIGCTErAGLOC LG eCA MMEGOAATAATACCGCGC

cncarnot B R Ao g AU AL BB, I eronsoone

TTACCGCHGET@AGAHET ACER A TGRSA CCRARTEF EGAT LA GRATEE TCAGCATCTTTTACT
TTCACCACOGPHT PG T ASSA A A MRGHEARIASEA A TR GAAEA ARABBEARTT AAGGGCGA

eacoonsafnibalaFaEh bt erie i TragArde ek dbearint focarrarrarcr

CATGAGCRaARAEAI 8T TACAATGEAETTARAHMARTARAGHANT ARG AT TIFCOIGEACATTTCCCC

GAAAAGTE}%A&%G&K%@G%@@@%&@M&IMMTGﬁA@AR@AAhRﬁT&@ﬁhCGCGAGAGCGCT
S, e ne

MWW%%TSFGWET%&W%%&%%%@%A%SE@A‘EG‘Z"%AAGCGCTATTTT

ACCAACGHAGAWTINETGCTTCATITITGTAAAACAAAAATGCAACGCGAGAGCGCTAATTTTITCAAA
CAAAGAATCTGAGCTGCATITTTACAGAACAGAAATGCAACGCGAGAGCGCTATTTTACCAACAAAGA
ATCTATACTTCTTTTITIGTTICTACAAAAATGCATCCCGAGAGUGCTATTITTCTAACAAAGCATCTITAG
ATTACTTITTITICTCCITTGTGCGCTCTATAATGCAGTCTCTTGATAACTTITTTGCACTGTAGGTCCGTTA
AGGTTAGAAGAAGGCTACTTTGGTGTCTATITTCTCTTCCATAAAAAAAGCCTGACTCCACTTCCCGCG
TTTACTGATTACTAGCGAAGCTGCGGGTGCATTTTITTCAAGATAAAGGCATCCCCGATTATATTCTATA
CCGATGTGGATTGCGCATACTTTGTGAACAGAAAGTGATAGCGTTGATGATTCTTCATTGGTCAGAAA
ATTATGAACGGTTTCTTCTATTTTGTCTCTATATACTACGTATAGGAAATGTTTACATTITTCGTATTIGTT
TITCGATTCACTCTATGAATAGTTCTITACTACAATTTTITITGTCTAAAGAGTAATACTAGAGATAAACAT
AAAAAATGTAGAGGTCGAGTTTAGATGCAAGTTCAAGGAGCGAAAGGTGGATGGGTAGGTTATATAG
G-GATATAGCACEAGAGATATATAGCAAAGAGATACT’I"ITGAGCAA’I—‘GTITGTG GAAGCGGTATTCGCAA
TATTTTAGTAGCTCGTTACAGTCCGGTGCGTTTITGGTTTTTIT GAAAGTGCGTCTTCAGAGCGCTTTTGG
TTTTCAAAAGCGCTCTGAAGTTCCTATACTTTICTAGAGAATAGGAACTTCGGAATAGGAACTTCAAAG
CGTTTCCGAAAACGAGCGCTT CCGAAAATGCAACGCGAGCTGCGCA CATACAGCTCACTGTTCACGTC
GCACCTATATCTGCGTGTTGCCTGTATATATATATACATGAGAAGAACGGCATAGTGCGTGTTITATGCT
TAAATGCGTACTT. ATATGCGTCTA'I'TTATGTAGGATGAAAGGTAGTCT AGTACCTCCTGTGATATTATC
CCATTCCATGCGGGGTATCGTATGCTTCCTTCAGCACTACCCTTITAGCTGTTCTATATGCTGCCACTCCT

-86-



opti mal tenperature. 15. The nethod of claim 14
wherein the host cells are cultured at a tenperature
at | east about 5C bel ow the optiml tenperature.

castrool TR ST Rt OSs R A REPGL RGNS .

TATCATGAGAPEAACOTATAARAATAGGESTNI GASLCASIGAIGATITORE i n_ t he

mediumwi | | provide for about 60% or |ess of the

maxi mum specific gromh rate. 18. (New claim 18) The
met hod of claim1 wherein the nediumw || provide for
.about 50% or |ess of the maxi num specific growth
rate. 19. The nethod of claim 1l wherein the nedi um
will provide for about 40%or |ess of the maxi num -
specific growh rate. 20. The nethod of claim1

wherein the nediumw || provide for about 25%or |ess
of the maxi mum specific growh rate. 21. The nethod
of claiml1l wherein the nmediumw |l provide for about

75%40% of the maxi num specific growh rate. 22. The
met hod of claim1 wherein the nmediumis :
nitrogen-restricted. 23. The nethod of claim1
wherein the isoprenoid is produced in an anount
greater than about 10 grans per liter of nedium 24.
The nmethod of claiml wherein the isoprenoid is
produced in an anount greater than about 50 ng per
gramof dry cell weight. 25. The nmethod of any one of
clainms 23 or 24 wherein the anmount of isoprenoid is
produced in | ess
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t han about 150 hours. 26. The nethod of any one of
clains 23 or 24 wherein the anmount of isoprenoid is
produced in |l ess than about 96 hours. 27. The nethod
of any one of clains 23 or 24 where the anount of
i soprenoid is produced in | ess than about 72 hours.
28. The nethod of claiml wherein the isoprenoid is
sel ected fromthe group consisting of a hemterpene,
WHAT I[5/gh8iMEPdRe, diterpene, triterpene. tetraterpene,
sesqui terpene and pol yterpene. 29. The nmethod of
claim1l wherein the isoprenoid is a sesquiterpene.
1. A meth3@ for Phedueiizhndsaptenoidéamirisiiger ei n the i soprenoid is a

. C5-C20 |, ig. .31. The nethod of .claiml,wherein: .
0 obtingge el RS o e e BT Pl A i st
encoding Qe GRh&E LN of ATRNANAGPAGWST6CRBKiIng isbpEMEBE P?I;ophosphate,

P-ef arnesene, farnesol, geraniol, geranylgeranio
wherein eksrogsicane thd onvairooire ehiymmasénendarperieah ef atrlgasy ppgysicrologous

. .oci.mene, patchoul o 0-,pi nen Lner ; ' ,
wansripd RS SRR S SheY i o CuRbAE D7 AGRR: L FERPIAR condenscs
acetoacetyb:COMIGAR bet)IDCo A for@ MIMG-0BRE (iDancarios taotvnvertaHIG-CoA to

nitrogen source. 33. The nmethod of clajm 29 wggreln

mevalonateh@ii sasgume thse nhosphoriates mewdonate toguevalprate phaig; (iv) an
> claim 29 wherein.the ' [ -
enzyme thghEends mEV R b RRER IS HRABERE sirfnioho RS BRE(L) an encyme
that conver® n&ValoplR &l BR6phosphatciddssprhtengl wiogHospimie andvher ei n
the sesquiterpene is fanesol. 37. LgiﬁgqthOd of . .. . d so th
(b) culturipg Hierhaggrioks fergal bo cellsiga mediparin W iSqBice is Lgited so that
. The [ in . ' ' .
the modiof L AP s S5 APIA o PR BEDRR G sl
fungal hos ea% wherepesaad %laxiyrajne peeif. growth rahe a met Hod woflddaxe been achieved
I, whereiin said one or, nore enz s is.a cteri.al .
by culturiughg acterial or fongal st fr0l WBACTARAHA SRFRSPIST: ERP e bacteral or
fungal hod? Cell¥hfd Ml Eitm' i vhidH0AAEntE BB ent in excess.

2. The method of claim 1 wherein the at least one heterologous transcriptional regulator is inducible.

3. The method of claim 1 wherein the mevalonate pathway enzymes are under control of a single
transcriptional regulator.
4. The method of claim 1 wherein the mevalonate pathway enzymes are under control of a multiple

transcriptional regulator. )

5. The method of claim 1 wherein the host bélls comprise a plurality of heterologous nucleic acids
encoding all of the enzymes of a mevalonate pathway.

6. The method of claim 1 wherein the bacterial cells are E. coli.

7. The method of claim 1 wherein the hetcfologous nucleic acid comprises a nucleic acid sequence
encoding a mevalonate pathway enzyme from a fungus having an endogenous mevalonate pathway.

8. The method of claim 1 wherein the host cells are S. cerevisiae.
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9. The method of claim 1 wherein the heterologous nucleic acid comprises a nucleic acid sequence
encoding a mevalonate pathway enzyme from a bacterium having an endo genous mevalonate
pathway.

10. The method of claim 9 wherein the bacterium is of the genus selected from Enterococcus,

Pseudomonas, and Staphylococcus.

11. The method of claim 1 wherein the heterologous nucleic acid comprises a nucleic acid sequence

encoding a mevalonaterpathway enzyme selected from acetyl-CoA thiolase, HMG-CoA synthase,’

HMG-CoA reductase, and mevalonate kinase.

12. The method of claim 1 wherein the heterologous nucleic acid comprises a nucleic acid sequence

encoding a Class I HMG reductase.
13. The method of claim 1 wherein the host cells are cultured in the médium wherein nutrient or

temperéture or both are maintained at a fevel below that which would provide for the maximum

specific growth rate for the host cells.
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14. The method of claim 1 wherein the temperature of the medium is at least about 2-20°C below the

optimal temperature.
15. The method of claim 14 wherein the host cells are cultured at a teraperature at least about 5°C

below the optimal temperature.
16. The method of claim 14 wherein the temperature of the medium is at least about 10°C below the

optimal temperature.
17. The method of claim 1 wherein the medium will provide for about 60% or less of the maximum

specific growth rate.
18. (New claim 18) The method of claim 1 wherein the medium will provide for about 50% or less of

the maximum specific growth rate. _
19. The method of claim 1 wherein the medium will provide for about 40% or less of the maximum

specific growth rate.

20. The method of claim 1 wherein the medium will provide for about 25% or less of the maximurm

specific growth rate. ‘
" 91. The method of claim 1 wherein the medium will provide for about 75%-10% of the maximum

specific growth rate.
29 The method of claim 1 wherein the medium is nitrogen-restricted.

73. The method of claim 1 wherein the isoprenoid is produced in an amount greater than about 10

grams per liter of medium.
24. The method of claim 1 wherein the lsop:renmd i produced in an amount greater than about 50

mg per gram of dry cell weight.

25. The method of any one of claims 23 or 24 wherein the amount of isoprenoid is produced in less

than about 150 hours.
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26. The method of any one of claims 23 or 24 wherein the amount of isoprenoid is produced in less
than about 96 hours.

27. The method of any one of claims 23 or 24 where the amount of isoprenoid is produced in less
than about 72 hours. | |

28. The method of claim 1 wherein the isoprenoid is selected from the group consisting of a
hemiterpene, monoterpene, diterpene, triterpene, tetraterpene, sesquiterpene and polyterpene.
29. The method of claim 1 wherein the isoprenoid is a sesquiterpene.

30. The method of claim 1 wherein the isoprenoid is a Cs-Cag isoprenoid.

31. The method of claim 1 wherein the isoprenoid is selected from the group consisting of
abietadiene, amorphadiene, carene, a-farnesene, B-farnesene, farnesol, geraniol, geranylgeraniol,
isoprene, linalool, limenene, myrcene, nerolidol, ocimene, patchoulol, B—pihene, sabinene, v-
terpinene, terpinolene and valencene.

32. The method of claim 1, wherein the nutrients comprise carbon source and nitrogen source.
33. The method of claim 29 wherein the sesquiterpene is G-farnesene.

34. The method of claim 29 wherein the sesquiterpene is B-farnesene.

35. The method of claim 29 wherein the sesquiterpene is amorphadiene.

36. The method of claim 2% wherein the sesquiterpene is farnesol.

37. The method of claim 29 wherein the sesqtﬁterpéne is nerolidol.

38. The method of claim 30 wherein the sesquiterpene is patchoulol.

39. The method of claim 30 wherein the sesquiterpene is valencene.

40. The method of claim 1, wherein said one or more enzymes is a bacterial enzyme.

41. The method of claim 1, wherein said one or more enzymes is a fungal enzyme.
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