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[ 0008] The present invention provides isolated nucleic acids conprising
nucl eoti de sequences encodi ng i soprenoid nodi fying enzynes, as well as
reconbi nant vectors conprising the nucleic acids. The present invention
further provides genetically nodified host cells conprising a subject
nucl ei ¢ aci d or reconbi nant vector. The present invention further provides

a transgeni | ant conpr.i t, nuc e
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SUMMARY OF THE INVENTION

16008] The present invention provides isolated nucleic acids comprising nﬁcleoﬁdjé sequences
encoding isoprenoid modifying enzymes, as well as recombinant vectors ‘comprisiﬁg the
nucleic acids. The present invention further provides genetically modified host cells
coﬁlprising a Subj ectnucleic acid of recombinant vector. The present invention further
provides a transgenic plant comprising a subject nucleic acid. The present invention further
provides methods of producing an isoprenoid compound, the method generally involving
culﬁning a subject genetically modified host cell under conditions that permit synthesis of an
enzyme encoded by a subject nucleic acid, which enzyme modifies an isoprenoid compound.



production of IPP. [0023]Figure 15 is a schematic representation of the
DXP pat hway forte production of |IPP and dinethylallyl pyrophosphate
(DVAPP) . DEFI NI TIONS [0024] The terns "isoprenoid,” "isoprenoid conpound,"”
"terpene,"” "terpene compound," "terpenoid,” and "tenenoid conpound” are
~used interchangeably herein. |soprenoid conpounds are nmade up vari ous

- nunbers of so-called isoprene (C5) units. The nunber of C-atons present in

the isoprenoids is typiEREFPESURETIPNDY TFENRAMINGS i ve (e.g., C5, 010, CI5,
0200005,  C3Gind 1 Gefibts tho i fedliad ségtﬁ%é%?Qkﬁ%ﬁﬂgAQ%Nk%ﬁﬁg%é%ﬁﬁé’ee. been

reported, and are also 3. I nctuaea | n me aennmoh or -Fsoprenoj d. "
| sopr endSEQIBHNOtNds i ncl ude, but are -not-limted to, nonoterpenes,

sesggtdiei pen Righ ¥i erpen nd di.t er pene: | As used
nor Q0Ie, PO Feut 2 dbER B Eon Bl LRGRAR: B S RRERE IR B b iy
pyri@phsphat &igurafdepinisidesiatidomyamet ofithelvodinh fdgtin dtanidrerisis bivglee
“prenyl . e. |.PP. an \ as~Wel I as pol yprenyl di phosphates
that i n%%&%%oﬂs%?@mmga?@?ﬁ%bprenyl -di phosphat es i ncl ude

i sopetienyl Bigwphdspibnias ArleliRia anhacyfocheivE4 S0 RN ahinY dcil¥ERRARS phat e
" ( DNBPP) . g&%ﬁéés used herein, the term"terpene synthase" refers to any
enzyne t(ﬁ r‘rd‘a’t_i cally nodifies PP, DVAI'?, or "a pol yprenyl

py rOpiB]S phat @ipuseCd I dbichs the FREMO6DnGR VRO Ykt fégcﬂ}%l&g&iméil%? term
"ter "J‘ue synt hase" inc]udes enzynes that catal yze the conversion of a
pr e&?@f ldi phodjsEesdA ﬁﬁ%ﬁ%ﬁ%’@dﬁ?@ﬁbﬁmﬁm&ﬁmbﬂé@%{ d "pyrophosphate” is
us 14t er chas Xs! k., W ~ i NaL s LEH g., the terns
pﬁggﬁj di phosgﬁ%?e}%/ an i%:|tg£r3 &wﬁﬁﬁﬁgg%%?W“%qﬂ%égmangeam e; the
t erl#8161i sopefigmss 8¢ dsplvoptitre ethombedithsonidase emmymedisgiyssphat " are -
i nt angeakle. . tHhe .J ey e |.. di ph t.e'. and.faxnesyl.. :
yr SO et aeine B S S R oo 0P B 1o W R B e o
. pat hway 'isaprerbid-mBiifyiag bvsypie SEQUEEHOIRrein to refer to-the biosynthetic
" pat t hat .conv s.acetyt: CoA.to |PP. The neval pnate .pat hwa Qpri ses
 DAIHE ot PR SRR Hipand s o s B RS T B s of
acetyl - GIASEQ ImxKOmcetyl - CoA; (b) condensing acetoacetyl-CoA with -
ac - CoA tQ.form HVG CoA; ( converting, HM>: CoA to mevai onate; (d)
phg@é#ér yl at'i F@“?fe?\}ﬁ’ll\“/grﬁﬁﬁ’léf’lh%%%@\‘?’élr’}ﬁ%%ty'%‘éE?Fé’f@;ﬂpe]i“l-converti ng
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nmeval onate,5;-pyr.ophog(§9hate t o_i sopentenyl pyrophosphate. The nevalonate
pat hway mrestifying saryme SEQEPNRIY)-cal |y in Figure 14. The “top hal f' of the

mevagmnat e pathvays 1ef &S 4o Lh . . i far Cconversi on of
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t er m ™ 1ikpaeguction pf the dsoprepoifi ibeyvpiktie pathwahinteptnedintet Dhlppreayiidivhpiphatesus ed
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-t rgﬁ@ir ase" ﬁ%’“’u@é% aisﬁ?eé?éé‘f '5@0 fﬁeﬁ?é&f’%‘#ﬁbaﬁi\éaﬁg]‘é’ﬁgfm %%/ephos phat e
synt hasgrodaBgon ¢¥aPypr enyl - synt hase" (e.g., "GPP synthase," .E. PP - .
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- | _ DEFINITIONS _

[0024] - The terms “isoprenoid,” “iéo;;rendid compound,” “terpene,” “terpene compound,”
“terpenoid,” and “terpenoid compound™ are used interchangeably herein. Isoprenoid
compounds are made up various murobers of sé»caﬁed iéoprene} (C5) umits. The number of C-
atoms present in the isoprenoids is fypically evenly divisible by five (e.g., C5, C10, C15, C20,
€235, C30 and C40). Trregular isoprenoids and polyterpenes bave been reported, and are also
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[ 0031] The tents '-potynucieoncte- aild "nucleic acid," used

i nterchangeably herein, refer to a polyneric form of nucleotides of any

| ength, either ribonuel eotides or deoxynucl eotides. Thus, this term
includes, but is not limted to, single-, double-, or nmulti-siranded DNA
or RNA, genom c DNA, cDNA, DNA-RNA hybrids, or a polyner conprising puri ne

and pyrim di ne bases or other natyf, chem cal i.ochem cal,ly.
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" pept i deg,'momfby Qﬁ@tsbﬂﬁe?eﬁéﬁ%t&b&i&'ﬁbiyt&b@e@%d-dit&b%&hangeamy herei n,

and refer to a polyneric formof anino acids of_ any e@#)h whi ch can

i ndPB codeduwad hespingiba &gmniareny! dipherphaighis peedinicpehape Pl HEh et y
nodi fi e at , ?‘Hﬂp sHRGR |
pept i de%’gﬁ%ﬁlﬁgﬁ %033‘%% ff?li:h?lna urally- occ%??fﬁ%ﬁgﬁsﬂg{sﬁ%er ein as
appl i ed andMB),es Weﬁw nolypreuﬂldlphoephamt@fg&m r%ormrep@nylcgreumucl eic
acid, ¢ g_ﬁgj
pol ypept?.i}/I 0 eo{ﬁgl&seéuer@{b?ﬁgggis ptresent |n an organi sm
(incl udldiglethylrauymr)-ophbqihaia:@MhEP) sol ated froma-source in nature and - - -

as not, bee II’I.te lon rmdl i eg ralory is
natzﬁg%\‘ﬂl y ocﬁﬁ‘ﬁeﬂb Tg’ﬁ 3f% W%@%#%&%W% an%/ to
descri benédiged munh@qm dea palypﬁnygg@@pmphaca swhaielt h térperoid somipouadis ,
envi ronnent different fromtha wgﬁ%@%gﬁlde t he
pol ypepthresusedofhs f§an CETREDR & [ ipe Rmeerien ef §
_m)dl fi eﬁa g%q ifh® ﬂhaﬁ%&‘tolaﬁl pt in.a mxed popul atl on of genetically

S Rg

nodi fie t "cel'l's. [0035] used herein, the term'exogenous pucleic
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andJor @% !g@gﬂ P afeShie I @e tebps Used
herei n, pﬁ%%dﬁ&[%erm 1‘%%% EI%HE’ néuc eu‘@}englr rgégehra% to a ﬁdgg?%?%:iga%?d t hat

i s nor naffﬁopeﬁwnuiqbympheﬁpﬁﬂdf ant ddmmwnﬂﬁnélogmhﬁtﬁ’i appsigtesehiapggabls; afire or
ceII in patu ndo nou l.ei Gd eferred to as'a .
"native ﬁﬁ? %éphaﬁ’ha ‘ggarﬁes? hos% agemﬂg?l v%é% ¥b&§ gi ven bacterium
or qlan‘/qﬁm ork T thrm ﬁ@zvamm;jr?&wayﬁer B Vepathveayi” ahsusedha@mrig iy Ghe

=val e/t at.e ki_nsse, . an osphonev e in,re Nt exogenous
nucl ei ca‘%IE?y&Q“’PBPﬁhW% Ihgt ﬁ%%aff’ﬁ %a RSV AT e?%ﬁvgaé' TEFEER be

cl oned fg &%ﬁﬁﬁ%&ﬁ%% ﬁﬁbafmgss@e (a) &mdc@a{getWoahaeculéshﬁamﬂe:mquences

di , d FIWK th h I
St da. | TasbtagaciTics b coRdrasiT SGRBC I A TS atart-CoAD HEBANMGAR O ot er s
to a nu Aoi %mﬁg WWA%%@&M&&%’S td)gﬁespﬁé .«Iﬁﬁg bRivhiewitB e invdlsraes 5-(a) the
nucl ei ¢ aci

oreign ("exogenous™) ., hot_natural]y fognd in) a-

gi ven hashtosphais; (orcgevering wevalenate é‘@h‘PSPh%tB mﬁ‘éﬂl?ﬁﬁ?ﬁl EPEoRRqsEhEE Bt (Bes a

nucl eot i I i neéqglg ous to
e von (i PARSNCROLRES oy RaBlER b eobOUES bitofifofihate Th RAGIRAASOLS [0)
a nucl eogdtiieaysis diirstrated sdmmm@ﬂyan@c@emb%léﬂw ftopbalfoef the mevilonatp pathwey or

host I 1) but t h I
oxpect o b Gy BnEETREh PR S FoURE AR oo aea BB g Y

in sequep@f{,gt@m}tmnﬁaﬁg@enous nucl eot| de sequence such that the sanme

encoded protein (haying the s subs nt| t h am,,no id
sep?8A%e I)O as ??eﬁf(ﬁ!an S d@f‘gg eg Q}P}@Rfﬂ tﬁ“’%\’ﬁ nﬁiﬁﬁﬁ‘%‘”ﬂ(}’e 1%\;“mggr eat er
han exPritiado Rlferds ﬁi%b%fhv&d?&ﬂat%hﬁr@'gﬁ%mfamégﬂ)&ﬁﬁm@hﬁe and pguest to[PPc) the

nucleic acid conprises two or nore nucl eoti sequences or segnents that

are not W@wg&a%m@w&m 15 W W3y GRARES eﬂé’?@?s, t he
nucl ei c r 5@@&:}9 as used here| n, - means
that a p%%t%(t:%?mrtﬁér:l%c é‘IBg%c"%Q? ° %she it duct of various
conf9i0RBl i ons As ussd dedeirg thertewn Fprenyidransigraed’ dﬁﬂ!reﬂg%\tﬁi spplip svithdBeiernhg in a

Construcf. havin struct e ne
di sti ngui E?Pé%‘IYégI ﬁgﬁ%il%iﬁ g%{é%éouggg e agﬁé&g?oﬁ%d’ inn t%rasal ‘FPgterrs.
Gener al | ymitabiy” SOBP eymtiese S rixiomegfet tvemshryne haadatadynts Hiy conspauiineel ‘dan be

assenbl ed from c an sh e or froma
series ofondf DI\@S‘?WP%%P %Pﬂ%f%?“%tag%b %%3@%§%t %egélﬁ%genuc? eic acid
whi ch i ngﬁﬁﬁﬁ&{&fﬁ@énvb&ipﬁ@s;ﬁ&ﬁﬁﬁﬁﬂﬂ)uﬁ thaie Bnpeonbi nant transcriptional

unit contained in acell or in acell-free transcription and translation
system Such sequences can be provi déd in the formof an open readi ng
frame uninterrupted by internal non-transl ated sequences, or introns,
which are typically present in eukaryotic genes. Genom ¢ DNA conpri sing

t he rel evant sequences can al so be used in the formation of a reconbi nant
gene or transcriptional unit Sequences of non-translated DNA may be
present 5 or 3' from Theopeni ebg frame, where such sequences do not



- under whic

segnents of sequence through human intervention. This artificial
conbination is often acconplished by either chem cal synthesis neans, or
by the artificial manipulation of isolated segnments of nucleic acids,

e.g., by genetic engineering techniques. Such is usually done to replace a
codon with a redundant codon encodi ng the same or a conservative am no

aci ile L i [y e uen rec ion site.
Al t[g{Pnlﬁhr vel ?ﬂgr ﬁo"wniér%ﬁg% ‘18%?1%18(%) Lé’etug%‘f' %f‘? heé’“géﬁ FeRes of
desired pbbmﬂnccfmu bfmgboadmtcﬁ aAy hbaghhr either Abdnunibiides or)&eoﬁcmnmueoﬁﬂa THak,S
“artifici conbr 0 ften. _acco j t her, C ynthesrs
neans, }i"gr‘ %ﬁ’rﬁeg rr‘i?f"{;lf‘sf}? %@@ﬁg Mcl eic
aci ds, ga@nnncmz\r,g,emmcnmnmﬂbﬂas,bee SlyfideSom: PAHBY anCpRmhitet ri s
th-eifiala iecTinbinant, nucl eic _acid, ggnerMI %%f%%brnant_ whi ch has
_been ge @%ﬁPEHEFEWﬁFﬁﬂcﬁﬁWﬁ é“@!°PWE“%%b?@@%ﬁ%ﬁm@ﬂmggﬂﬁﬁﬁkﬂF%ﬂﬁﬁcIeotrde
Sequencefsibotid bakss. t 0 be used in the construction of other reconbrnant '
nucl eotide sequences. [0040]As used herein, the ternms "operon” and "single

t r A& pt i orfbatares “pepsides cpolyparéde Ao awidrabieip” et used Iferchgnesablydiereimeed - - -
contr u 5! e product
ook Suer Gy obfin ROk Be LiGlaB0k LSRG AR, L BRSAE AR P
nore corepdasl dnting aeﬂﬁmalajeo@mhammabyrmodrﬂed oAderivtizedraamind acidd, hed t er m

"-gene Rr. NA DNA (or vice versa) or protein
that i s% ﬁ%%%ﬂdgskgwga%ﬁlﬂkﬁegz eﬁ%a%%gfl%ya gene will typically conprise one
or [p83 nucl emem‘&ammrmmgt asaed Hererm a5 mppiikine a'amﬂemag&d,al&u,bmnl ude
introns and, oth on-cqdi n Ieotlde S C 10041 The ternms DNA
Fegul at STEFSEY FFS A0S naslGig A RS AL qouiy R 7 SFBIRAGs, * used
i nt er chaagpakide daebghﬁbledtﬁr&@éq&ﬁcetta@mﬁfemr i rg i (m@ﬂcsh@wﬁa@l thgont r ol

- sequences, such as. pronoters, enhancers polﬁadenylatron SI§¢§|S

tenni t t &% PeisolgiediiEqnn 2 supFeAaEhang Besmyitentiqeally mogdiied b¥¢i de fi x

and/ or hggith & Be BRSS! Qﬂﬁ@%ﬁﬁ &gghgg sequence and/or production of an
encoded pol ypeptide in"a host cell. [0042] The term ' 'transfomatition" is

usdB034ht er chdwgeebhsreindhetenn Wselate g@rmmttomme@plwie@éa armlme@htie a

per mane '
|ntrodug%|on g%’ng%gﬂﬁgggﬁg&%cr ? Ihﬁ%ﬁi&'exogengSQle foi e ce Geneti ¢
change @Mﬁd%wm@wwnmwmmsobhé@&mﬁbrm@ﬁcm p@}mybm of the

et onEet b 5B R b el 3l EdmedosRN “WRCTE (e Cel 1 1s a

- euleg3sptic ceﬂLsIu,satahefmn;mﬁm ‘@ﬁumhmes mﬁhmﬂ”sefgmneaahélmcwﬂrﬂwe{hdmy

.Lgrgggg%%ro of thelgusgmr g@ﬁ@gg (3%51 @ ceII alﬁrokargﬁ)trc ceIIs‘_

ext r achmngnes omﬁsea feyERl) s t&@%n&@genbﬁ@ﬁmsﬂ@a@@ﬁeme&ﬁbm MRGhAGS, Which
may contain _one. or. nore selectable narkers to aid in their maintenance in

the recaaBnsliroupdbipandior produead by|A SVERRARISHYme PrEgRIFE: e IRMFEaion
i ncl ude «WidakndlhaGkARic id ARSERSIH A as FURLWIRIE aci B HEORLRR acldBHQS -

eIectroporatron particle gun technol ogy, calciumphosphate precipitation,

di rect fnativs mewpmmmmmerceﬂ@%m@dhsmwﬁ@w ally
d d gnsd G

nder e@mﬁgﬁ"?%ﬁ%ﬁd BERpepas RS AL G GWRLCTY . o
in vrvohmdAkgEnekaTmﬁeammﬁsmﬂnpﬂﬁw&hm&énwmﬂﬁumﬂbe&hmhéﬁMGwhddbumﬁusubel

et al, Short. Pr co S.Ln | ecul ar Bi ol o ns, 1995.
00431 » Eariisey B Rrieesyiondh, M 5s tones dine FRRSIAS, B AW onent <
SO descrchmsamewgm&bd&h&dgeﬁmhmﬁclaemamt| ng themto function in their

i nt d man Fo t ance, ter is bl i nked to.a codrng
orBBTC e 1 1k ey BT oSt Picips BT o RisduBreRh FriaR o MRS S ORI Sag 0

usea neng oBRbf IS RHoRRHRLETHd: OGPEhS nBEIRRLRIS fc’z\élgn {(BRdRAGITIRBe.CAMIL I O
regions" refer to pronpters and ot her control ?rons t.hat,.are not

nor mal | yabdlydoundia) Wvﬁné"ﬁé‘i‘lﬁc’e{ﬂﬂﬁﬁmﬂﬁ@ﬁr% se(é e ppe ?Fﬁtaﬁﬁémmpﬁﬁeséx anpl e,
a"tr an%ﬁ&rb@ﬁae%géeneeﬂﬁrelmmyqau&m? g QOG0 et&tqugnenmew on" is a
transcriptional control region’that o0t nor assdociated with the
codi ng mgroorganmmhqrsteceﬂ[(@Mﬂqsmucinmgpldc@mpmemnm ddshreguenge thgbisot es an
invivo or in vitro eukaryotic cell, 5 @ prokaryotic cell, or a cell froma
mul ticellular organism(e.g., a cell“line) cultured as a unicellular
entity, which eukaryotic or prokaryotic cells can be, or have been, used
as recipients for a nucleic acid (e.g., an expression vector that

conpri ses a nucl eotide sequence encodi ng one or - nore biosynthetic pathway
gene products such as nevai onate pat hway gene products), and include the.
progeny of the original cell which has been genetically nodifted by the




DNA, or RNA, when a single stranded formof the nucleic acid can anneal to
the other nucleic acid under the appropriate conditions of tenperature and
solution ionic strength. Hybridization and washing conditions are well
known and exenplified in Sanbrook, S., Fritsch, E. F. and Maniatis, T.
- Mol ecul ar Coning: A Laboratory Manual, Second Edition, Cold Spring Harbor

Laboratory Press, Cold Spring Harbor (1989), particularly Chapter 11 and
Tabl e 1EndogeneyssSpTHIE MISHMGE ,wh%ﬂ)%%%ﬁﬁmﬁ?cﬁéﬂ%%wﬂééﬁhng: A

Labor at %rrga' t% e%&i Lty ﬂhat’gﬁ byPiromRd) Anthubibih R cclidBIOGi At R sddh @RS »
Col d Spring Har ,c)){P 20%%@#% con |t3?%0§gd)lof t enper a%quu’re_and io%éiac
st r engt Hrate frereniiogenotsanutleotidnspgnengs such thatdhapmeicasodst peyiein Savingjhmeapne

~conditians n.. ] - | I i cagment s, o
such as honeragaT BCELRt BlibdoRishiaoh s SR EhAl Rl phidBhed BAOTD" Pty
si mi l'ar donsigrt (4.6, greatehhasexperied ot grasteibp natarnbly fond) anomuk insthe geth {c)ftieom :

closely re| at ed,organi sns. bridi.zatd on _condi tions St - | idization

washes" d%n@{el%"é‘fdu‘l"c SHHTD 9 %nﬂggﬁd GHETET 7 T g@?%g%é%t%wéns of
the _hybriaﬂie&aﬁﬁ@ﬁmp@ea&ﬁh@ﬁ%mnw.g@ﬁe\\?hmmmhymmma on washes is-a-
series of washes starting with 6 x SSC ere SSC is, 0. Cl.and. 15 raM

TP bul | RsormngseS B s BB SPELE SRR A B PR Epat od
wth 2 &%u&-o?%é@%o@bmié&sf&u&ﬁ%wkﬁm aAder ligh€ion keperkultng iiace -

with 0.2 x”SSC, 0.5% SDS at 50C for 30 minutes. O her-stringent conditions

are obt adonsizchhavieg mgnwngﬁ@odma@paewmsqqﬁmﬁﬁﬁ@ﬁn@ﬁ% engogenous

are o _ o | | et a0 30
Im ﬁst Iec\%aug%eg%éﬁtg%g g x%ggagg/%g%% %3 T%Eﬂi%geai ncr e%fgg%ﬂ%ﬂ%oq Anot her
set of hioghigysegtentmeparitte assntiled ors cOMsfragueents and|shovi shgopuplgotidefinkergr,
0. 1% SDS. at - 65C,. Anot ol ' | i 0 2R R RO i
hybri di ‘?‘P&r?e%?s 0@3%‘1%‘? r"h"ﬁ"éﬁ%“@rﬁ‘@%%&%@%@?Wrﬁ"lsodllé%n%" chl 0%{'%13/ @%’S mlvlS

sodi um céftbeiigaxpreéied fiva a exampinantifansdriptions it kyigrined inc deliror ometilkfiemns i s
overni ght incubation at 42C in a.salution: 50%formran. , ‘ 150
AT eSO e BaRlAOG T e PUTSG RS B8 AR iy farty S sibock 10 |
Den  ar chyegdingkiink QRintsHRMcd ytin@mabhtin fdslatadnaqidtcds] g/inffordewhicheed,” shear ed
sal non sperm DNA, foll owed by washi n%#g%g\l{%i |ters in 0.1 X SSC-at-S about :
65C. St rYRIGE DIRYBE PTFEDPUREESHAPEI e L
condi ti ofg, B feA Db Yrkpkib Bf £ RRGInbineiSeA 6 PASEripishillitz Sbimicssathon-
conditions that are at least as stringent as the above repésﬁent ative
condi t | MSIWWb@fWi%mfﬁeéeﬁ@%%%ﬁm HTRIE, WRGET TIER SSupRees do
contain mle LAl e S OHIR GRRGEERRS, BRI fRP idesd fgency of
‘the hybr#og?%g?%%%ﬁr#s@ t%:%egﬁ-%)ec'?%en bases are_%os'si bI%??Th'é appropriate
st-ri ngenmydiiste productiat of axipsivertprofect hg vedousapsshanisran(seh N FBEWAI  t he

nucl ei ¢ aci ds a,_ng,it h? degree of conplenentation, variables well known in
the art . SBHEG} e&¥E€P”t he degree of similarity or honol ogy between two - -
nuc{ogssj de setuenegsthetitien Geambisnant helymiclestids ortriueleivaicid rfers wrope méiakie

(Tm for hybri of nucl ei c, acids_havi .those.sequepces. . The relative
stabi | i t'Wt@éB?ﬁé's‘t‘}BWﬁ’geﬁ'owﬁ?a&ﬁz’y'%ﬁﬁ'ﬁg‘fl%a%@aggﬁg| %V%{ilt_%?r-?"?l 4 a?%)tér’l&s/

decr easegghiinishie séc%%ﬁ&%f&g@hﬁﬂéﬁin@i%nﬁm; TRAARINAL chb¥inBids is Ben hybri ds
of greater than 100 nucl eotides in |ength, eq&gti s.for. (‘:]ﬁléculgiiln‘%dTm
have beesccamplished by sthershemicabiynthesiameans GpPLt -9‘.‘%‘-%?%%?. BpQp ox 1solated
hybri di zgt] nhdleis ROE & T ke fphfbering teBhniqik] SQIHUS LoAlYy d6se tot he
posi ti on&gﬁ%&g\%‘%&gﬁgg dge’(;ee(r)grr’er%s&cérre%re [ .ortagnt, a%d t he | engt hyof ,cgh .

ol i gonuctepbtce deodbet it rrdyndang codeacneqding e FHRLOTSAABFBHHLVE IO acl &E‘Pﬁ,
11.7-11. 8). i.call. t [, Az 2R A GdiG] iEisPeibmied tat
| east ab _fcag%gﬁ?g}me%% ?%%%Okﬁél%u%gé%f? gcé:Q n‘?&rjréﬁ%] e%g‘t hg f’ol r 1E"a_‘ B}

hybri di zalt ®gethed mickicumidisanentsatf desmd fudions to BSnsTefe Rdesiredeombinatipralit

about 20_nucl eot i des,..and at .| east: about _ ! re, the
skilled EHPP%%L%% 'q@%gloﬁm%ﬁ%?ﬁéﬁo eﬁgcfcggr%g#%{ﬁf%{bgp&ae%g&%\ég solufforT
gl i ft nnegikd, bkbytht bhtHicid eraastulinion df Bslandeegsentyopckicicids, ¢.g. baetnsis such
as length of the probe. 100471The term "conservative am no acid

subst i t uEREAEEONEFEPRIAET- t he i nterchangeability in proteins of anino acid
resi dues having simlar side chains. For exanple, a group of .am no acids
having al i phatic side chains consists of glycine, alanine, valine,

| euci ne, and isol eucine; a group of #&nino acids having al.iphatic-hydroxyl
si de chains consists of serine and threonine; a group of am no acids
havi ng am de-cont ai ni ng side chai ns consi sts of asparagi ne and gl utam ne;
a group of am no acids having aromatic side chains consists of
phenyl al ani np, tyrosine, and tryptophan; a group of amino acids having
basi ¢ side chains consists of |lysine, arginine, and histidine; and a group




are described in nethodS iti-if.tizralioregy, vol. 266. Conputer Methods
for IVlIacronol ecul ar Sequence Analysis (1996), ed. Doolittle, Academ c
Press, Inc., a division of Harcourt Brace & Co., San Diego, California,
USA. O particular interest are alignnment prograns that permt gaps in the
sequence. The Smith-Waterman is one type of algorithmthat permts gaps in
sequence alignment. See Meth, M. Biol. 70 173- 187(1997) AI so, the GAP
pr oposen usi ngg;;*bgmgﬁgm A’I lized to

i) Sy
al-ign sequences. See J. Bi ol . 48: 443 453 970) [0 50] Before the
present W %hﬁhﬁﬁﬂgﬁlmﬁﬁﬂﬂéfhed@%W@féhﬂwn seecifisqmelsodsd t hat this

i nventi %qﬁe?s r uch may,
of course, vgéf@t o%is@??%@a %ﬂé he unﬁr%kﬁ{gﬁ&%&? erﬁl&ﬁsofiog%used -
heri@B40li s f orAgused bmpo@e_tmd‘emn”mndg‘snglbmhahommﬁ’ms only, and

is not I Lmtin in the s e of sent i nventl on

w | | "ﬁiﬁg{ﬁg‘g%a&ﬁl t{;rh%& g%%g% ggg%}o}ﬁ‘ ?%ﬁ“%)’ﬁgglﬁ {}M‘gl?gu% 5#3 val ues

is provmxhedjeagenagrddnctﬂ;nsﬁmmtoragﬁhemm:aratemdwnawﬂyu@ulmﬁmet@nth of .
the unit _of t t unl ess_ t.he co Xt early, di ctates, ofherw se,
bet ween PHE wnggﬁam &4 § PROR20f5)- ﬁﬁ?ﬂﬁgﬁﬁ’@éﬁﬁe"ﬁ%mﬂg t’%ﬁ%eé%mor '
i nt er verRINg exedde@ bl DNA ¢dr derletsd) 65t6RIN thit ICALABRPHEARNAIRDNA Rehere 5

i nventi on. @‘f up r and,lower limts. of these snaller ranges, nmay

i ndepend®fe FRERIpeiOe PREERFleatids seawrases thiengeds aapreisinesdgnpassed

Wi thi n 1 shaMEVotroh andWile? abntOdiR HuctRRaL bdgudldey excluded limt in the
stated range. Were the stated range includes .one or both of the limts,

r an§@&llexcl u&hﬁ@eﬂstwﬁmmsmﬁ@%g@qﬁﬁel eloments,! pd ‘egmistory] so i ncl uded
l.ute invgnt gﬁﬁl
scienti f| C tel’ms gs #nggl g%%%’nlt%%e&;sg% rggyr??ﬁégn as com%lral‘}oy under-st ood

by one ckquendésnsuch asRidmotirn emhmcanst pqijmdmmtontshgmlsl mnemmpﬂo@lmngs

At houg t er, S e val ent t
descri beé’ r%ﬁ%ﬂg‘%ﬁ% %{&g%gg% 5%% §° dat e&ﬁg 5"%% BETESE ﬁ% c#x)n% he
pr esent mqnemnﬁanﬂnrﬂds@eﬁmxeﬁﬁwadodﬁtpbm}apminmbﬁmml s.are. now descri bed.

Al I licati ti-oned_herein i.ncor rated reln .b erence to
i SO ana RS DRy S Sed RO A By earis vt “EeE B
‘whi ch t hadpefbisits 3 bbr@iisediop rahdiad ge:[neﬁe.é&]nlgb intisdd iDQ danmsbvhﬁgaﬁmaéudas@d
-here| n and in the a pendﬁd cl ai s, singul ar fQrns ‘and, " and

‘the" i MEDEHEUPRIGASIE (e F‘@h‘?’?gﬁ’?ﬂ“é rellc Srpeti %@W %b%anbe

ot her W' %@soﬁﬁﬂéﬁed diftler BY ﬁi&&lp@ranﬁﬁ B?ﬂa% REH DA 125 tﬂesgéﬁ&ﬁé' 6f e BB 'céIY loP By
enzyne" includes a plurality of such enzymes and reference to "the cyto

chrone Fepssientey gieblgseaintepmce gbde pevwdNbh eban epizamsl slemenl Vbsre Heloelbire P450

R b R o e e S

opt i onalinieltengmomasf ik cefuEhprokmyotit ellg merpanest aiﬁngnstcembaz nfreduope ings the

ant ecede basi s for e.of such,exclusiv sol , " "only"
oot ne PopastoiS of B bbb ARGetEilh o Pl BB eT o, Lo
of a ne;gﬁthmay chritdih bat onmore] SROADIE Rearipibiol didin tsisnaisamsedd tHierein are
provi ded soi or t i scl.osur rior the fil of the
present TEPPE L mﬁ?‘ﬂaw@f@? Hggeg‘et[‘%mﬁégeﬁ?‘i’?ﬂ?ﬁ‘é‘# ‘g‘?Pﬁl&F"Hﬁ% ssion
t hat th&raﬂﬁi@&ﬁﬁ, cdﬁj‘ﬁ/g%ﬁbh %ﬁ?ﬁlaé’c@ﬁm@:ﬂ%lebﬂrﬁﬁr&d@: aphtr@aagal gueddidybidaaki on by

virtue of prior invention urther, the tes aB Ilcatlon prOV|ded may be

di f f er erophaimPrecHRtageR. dileciTRIsToisetiopnanddhe Bke of ¢ gemerally
| ndepenqept¥nCanhi %@@fcﬁeﬂ%—@sﬁ%ﬁbﬁr@%é MW&%OO%I The

present invention provides isolated nucleic acids conprising nucleotide

sequenc dengimpationgs takingmiassi(ee. Rowirbydnidroe Ay i) Aszonerkl dispyssieneefifesaant
VECt Or S GONBILIcSh Bﬁoﬁﬂ& ﬂﬁ#&gf of4! éi% PROBcRE S?ﬁ%iecmgf’ﬁﬁki%?“srﬁ%&t

provi des genetl ca “host c 'S conprising a gct nuc elc acid
or recodbSnmnﬂm%hctor The present invention further prOV|des a transgenic

pl onpri Ielc aci.d. The rese" ent rt her

o Jh4AS et hoRE=Br RER oy Bt ReB ot B s oo e AR A R a1y
i nvol Vi ngelatbishiy pegmittisgibeCb f@ﬁﬂeﬁ kil ntended fﬂaﬁﬁhrh@;&hnmﬁicb aLp'ildﬁﬁter is
conditions that permt synthesis, of an |sop enoj.d co unq modi f yi ng
enzyme OREBETIHY W &Y PGP &itee gremgter E%@_‘ET B EOr VEE:“IR?RS“’EAND HOST
CELLS [0056] The present invention pr¢vides an isolated nucl ei ¢ acid
conprising a nucl eoti de sequence encodi ng an enzyne that nodifies an

i soprenoi d conpound, mhere an enzyme that nodifies an isoprenoid conpound
is referred to herein as "an isoprenoid nodi fying enzynme." A subject

‘nucl eic acid conprising a nucl eoti de sequence encodi ng an i soprenoid

nodi fying enzyne is referred to as "an isoprenoi d-nodi fying enzyne nucleic




~acid co

i sol ated isoprenord-noctitying enzynkE nucleic acid conprises a nucl eotide
sequence encodi ng a sesquiterpene hydroxyl ase. [00571NADPH-cyt ochrone P450
oxi doreductase (CPR, EC 1.62.4) is the redox partner of nany

P450- nonooxygenases. The present invention further provides an isol ated
nucl eic acid conprising a nucleotide sequence encoding a cytochrone P450
~reductase (CPR). A subject nucleic acid conprising a nucl eotide sequence

encodi ngs &, LPRerb, ﬁﬁtaﬁfsege&@%@us FrofaBRrnaed ‘Gerraeiots com@tagl@s’eMdo by a
subj ect R nucl el c acid transfers el ectrong-fivni NADP ochrane

P450. |rprgtaptersa|n otherrateoh sagirng thy ars POtATERILY PSRCIATEE a3 a Fudeifer s
el ectro ?P kﬁ:exﬁg &ﬁﬁb&i BBl Ydoieh 1RRFY] us%gcmdlﬁgregm
sesquite pene ox1 dase co y a subject i'soprenaid-nodify

enzyne- ene tehsegpiiorel mnﬁoamgcbntmtwmtmmﬁlhsﬁs@‘f@&ﬁ mmgwﬂr%ﬁdl fying
enzymes ]00581|n sonme enbodi nents, a subj ect |solated nucleic acid
conpris ‘nucl eot i de sequence encodlng a pol ypeptide that exhibits

i sopos4oi d hWWé@SH&S&I&& hﬁemsdqmnenmmﬂm¢msmmﬂmw?6 cdllnasone

enmbodi nent s, ect h ol at ed nu Iel c.acid co ) gﬂ&ja%qltl de .

sequenceprgm%’rfﬁ °r uljreIa O RESE, (%5 ase some enbodi ments; a

subj ect ﬁ%ﬂﬁ%ﬂf%ﬁb&e@tﬁaﬂ@@ﬁpﬁkﬁ?&h@wﬁuc@mnﬂﬁwéqerem&eiwncodl ng an
i soprenoi d hydroxyl ase some enbodi nents%ﬁgsub ect |.at ed nuc e| c

aci d- corigeipisats far W@il%f-‘il@ée S eSS KT P SAP RS AR aﬂ R

SOnme "€ m&@b&ﬁ% bse oﬂnéﬂél%t&%thbé@ﬂ; Wi J2H6 bRIdGCta Gl a8 mﬂsnaegamwmyugemot i de

sequence encoding a pol ypeptide that _carries _out successive_ h ation
and oxi dﬂpdmbs)rmfﬂ he prageny ¢fith S TS %ﬁ% W%?‘E"@u%};‘?g%éh

- conpou a &p@aﬁb |S;H§ﬁe&ut A RBRBGria} sohol to
gener at 2‘9‘85?%%3%@ 3 d%%&eggtg an ?Ag s&t&he ter péﬁ% al dehyde to generate
ater pena)rqaetblgx&éuucaiannubrphqh)wmm gavbl ertatab DNA. eompleraentiag e a’F’éﬂmﬁucl eic
cleoti e NGk RERk afalseat al yzes
hydr oxyl EFP él’ﬁgtﬁfl%ﬁ‘“ag’)?’cﬁ[g ?t%h&u%ﬁgﬁaﬁsopr o&gr{slﬂ% oup . o%lgﬁc%lgr pene, e.g.,

cat al yZesfhwdrouyh Sdcnetivatif navificidpsionelilyis agosepll bito mhmmmtrodaced a

diterpene, a triterpene,. a ses U|.e ene, 0O

enbodi meh ?t?oogo‘éﬁfﬁic&é‘ta%‘i’zft BoEIqR Yeetog: C%ﬁ%‘}r&l% es a Prok“ ggg%sauence
encodi ng.4; FRRSHRIA Riofifel pitkaryolic BevecibEndi. tmtmnsm) a:ysmtipﬂaﬁtmﬁtfshlbmled
-nucleic acid co r| ses a nucl eqt | decg uenc enc ding a r(r}ono 3 D€ acid
hydr oxy| igea syitgh & heler ?@]uée’tw 1§8F1 w8 HLEET

conpri seg A L Sgﬁ% ﬂﬁna%%tﬁr&saaﬁﬁmﬂa? fheRediatyotipboa cb&diraxe;domant n
‘some enbodl ment a subject isolated nucleic acid co rISﬁ ucl eoti de

sequencenmi@@dmd@malspmty@@q@éf punshin thequokaryptis ot <& BB ect

I sol at ed, nyel e uﬁarg defley %@Bﬁﬁu@&t@&ﬂhﬂﬂ a saiedbby pene
hydr oxyl Qg 1?13%5% ngmg)r mant%s suﬁg)j%ect |3§ol ated nucl eigc a?:l d

conpri se sularry‘umc Ihest4edid e bsterologpme nodeic HEdH- BYABCHPCERITP apdeis gpid daat &s foreien, o e

moodi ment & | at ed |
 Coqnencove sttt oricely paHE L fhaeR el SRR ARy TR cc

i sol at ede@w}ﬁcqmﬁ%ﬂ conprises a nucl eotide sequence encodi ng a

tr| t er pene oxi dase, SQ ,rent ubj egt aci d
: ‘Eﬂes a nﬁd’r"étﬁ‘i‘ﬂ%fi ng@l‘i{‘%%gen%ﬁt(’ Bucg?g& ﬁtsélt’%ggn%&éﬂé\? gxy age In
Some emb ol ATRRRI A, Avisill Bidle kisolkiad Rein Rl eletintlcicictl mrmmmﬁamm¢ de
sequence encodi ng a sesquiterpene oxi dase. |rre t dlzatﬁtahect
i sol ated and@nésr a@p@mﬁﬁm@é@naomp%ﬁ%@g%g‘t}%tﬁéﬂ %3’%
sesqui t el pg SR WAt lotoofh 50 ERerRiIlIRA B A Bro0R, J%GbitﬁhlElE@htﬁt ed
nucl ei ¢ aci d conprises a nucl eoti de sequence encodin that
coni es oMartidiis, CIgolxildaEioningoft I@bQ@EﬂIuM‘?@P%e%"n@ ﬁd’gﬁﬂég‘gﬂég’&’i?
subj ect isol at ed, nucl ael ._ ﬂm@;gmm an

TP B RS AL S ety e L ng

anor pheC| GO59] 0 ion of a terpene cycl ase
(al so ref:ad Bedbioolds mad RoseihoNg Mgtmtmstéﬁz)mg éab@bomﬁotyé\dsmai Jbird Fditiog ,

"terpene s leto ne .e eic acid
compr 1 se el NI o B O A Ot R s e P00 ThEL SRS of | € e
that cat ahygesmidmdivnds seHos! dadtuamdhestingedat"i of medfybadtzeinipe ﬁ@mﬁ@q‘.?et on,
or a downstream produgt thereof. In genegral, a te,. nlnoana
i sopr enoicAnEEART AR AE 28NS AL %ﬁ??&d@d“%%‘%a‘éd%j“&?x “’{itg’isg‘”lggl%ﬁé(%%gﬁ ses a
t ewene skeleton or a nodified tewene gkel eton. In many enbodi nents, a
substuite tif an isoprenoid-nodifying enzyne encoded by a subject nucleic
acid conprises an isopropenyl group. [0060] Monot er pene substrates of an
i soprenoi d- nodi fyi ng enzyne encoded by a subject nucleic acid include, but
are not limted to, any nonotewene substrate that yields an oxidation
product that is a nonotexpene conpound or is an internediate in a

ot




[ 0062] Tri tenene substrates of an isoprenoid-nodifying enzyne encoded by a
subject nucleic acid include, but are not limted to, any triterpene
substrate that yields an oxidation product that is a triterpene conpound
or is an internediate in a biosynthetic pathway that gives rise to a
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t he appropriate’ subStrate. Products of the enzymatic nodification are
gener al Ibeaﬁa&@me@n&@omd@mdgﬁ%@mwmgd@mmﬁ gast Yy Rinngsht o
subject GleL &8¢l sesqui t er pene. caddase, or a sesquiterpene
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enbodi nents, a_subject_nucleic acid-conpri s }a % eot| e seg{fence havi ng
at | eastuglsisacidsseg thedepss of o WA, Xprigoeng Ste © prEget

bout 57 @i vahiR% at -
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- from about, 10.to t 15. fr Oto
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i 1§ ng BREOE 4 PHaes Rwe i rearo e aid eoielt S AERIETROEMENCE
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havi ng at | east about 50% at | east about 55% at |east about 57% at

| east about 60% at |east about 65% at |east about 70% -at |east about
75% at | east about 80% at |east about 85% at |east about 90% at |east
about 95% at |east about 98% or at Ieast about 99% nucleotlde sequence




that exhi bits terpene-hyrdtofyPahetidtbr terpene coddase activity, e.g.,
sesqui t er pene hydroxyl ase and/ or nddase activity. [0069]In sone

enbodi ments, a subject nucleic acid conprises a nucl eoti de sequence that
hybri di zes under stringent hybridization conditions to a nucleic acid
conprising the nucl eoti de sequence set forth in SEQM NO 1, or a conpl enent
thereof [0070]1n sonme enbodi nents, a subject nucleic acid conprises a

nucl eot pglewsRisaiieE sEfSaCETTEIic iifay by pdiptied es norgsriysicoording te fickus sich @s
sequence a dgﬁicted in Figure 2 and as set forth in SEQ ID 140:2. In sone
enbodinﬁﬁﬁ%ﬁf SP8Pect nucleic acid conprises a nucl eoti de sequence
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pol ypepti'de exhi bits. sesquiter %gne_ h>édro %/I ase aﬁti Vit o &(&9 blen some:
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subj ect n c acl'd conprises the nucl eotide sequenge depj d.in Figure
9 and seinchdidgBLASTEQaildbipoys thy Wo%ﬁ‘ﬁieéﬁ%’c?ﬁlpﬂ%ﬁﬁé?ﬁhg@g%‘égﬁ Rb Cérc
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About  SORESE pA oA B B S 10 e e ot Eg% at
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about 989WHSHY SWVRFRHLTEDOUL Y9996 nUcleot i de "Sequence identity to the
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set forth in SEQ ID NOS. 0073]In sone enbodi nents, a subject nucleic acid




| east about 45% at | east about 50% at | east about 55% at | east about
57% at |east about 60% at |east about 65% at |east about 70% at | east
about 75% at | east about 80% at | east about 85% at |east about 90% at
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a nucl eoti de sequence encodi ng an enzynme that exhibits one or nore of the
follow ng properties conpared to an enzyne conprising an am no acid
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subject nucleic acid c gd%b%ﬁ gﬂz?m tht '

pol ypept¥ 'éenf%% ng %%%%%ﬁg‘%ﬁ%ﬁg%bﬁ%ﬁfea jout 75, Ieeaast‘
about 1QQodifits dsmszbrezaﬁ@udimﬂﬁﬁm imtefdrmdso habinus “0B0pranoif wdifyiaBcoryIBh, at
T T o LT e L e
about 630w yRE idlkfdrRass aﬁ@@d&op?&&&ﬁbﬁﬂfﬂﬂg)ﬂ&yﬁmmdeﬂ@cﬂs’ &f paticidari no aci d
sequence having at |east ttt Stl./o, i bEi st bout. . 85w, .at Lent

about | 9CHBbOMmntagSTRREIEOIDS aSOQten‘P’é&%‘ftdl AUClEC PAG SPTBREEE 999 or -
100% ami diglen a8t} pMQﬁdmyQ&bﬁ Jegueiocier set forth in
SEQ (I) D I\’lg&e%ﬁagsesﬁgrg%%gﬁ@go di ne%sttééhrt hce encoded poly t| dﬁ transfers

el ectr omnbodmemmubmcftl@latﬁ%tﬂoplﬁeﬁﬁ nggcmlaﬁnt%ﬁeé GPHPTART yi ng

enzyne) encoded n%aew%uggcﬁg% %ﬁéﬂa bR i YRR AEN WGBTS istitel

[ 00861l n"Sone e ect nucleic acid conprises at, | east about
500, at Jk;q&emmé-hmnhfyﬁ'@(b;nzym:i: heca@c acif 6ompHSs ana@ieq’t@wm%%tmeeeg 83t | east

about 900, . at ast ab ut 1000 S 4200,
at | east "%HS’B?IPY Foé%%? %%%Lte&% Jb&g&q east Iétbout 150%, éat 1east

about 16&%31@&(:1&@64&?:1&@@10&3@& seqtenteasbdiapeitrpd8@didasg. Insame about 1900,

at | east about 2000,  or at ast abaout conti s of the
nucl eot i %b@@&@%“g@f’ IF%lﬁte ORGP ﬁﬂ? gg%‘% a%%a %Igg%fa a
subj ect Sl BIHE s@fvk ﬁce%eaﬁh%@sesqmémtomwunmﬁe embodimasts, mivbject 600, at
| east about 700, at | east about 800, at |east about 900, at | east about

1000, at | east about 1100, at |east about 1200, at |east -about 1300, at

| east about 1400, at |east about 150 at | east about-1600, at |east about
1700, at |east about 1800, at |east about 1900, at |east about 2000, or at
| east about 2100 contiguous nucl eotides of the nucl eotide sequence set
forth in SEQ ED NG 3, and encodes a pol ypeptide that transfers electrons
from NADPH to a cytochrohe P450 oi ci dase encoded by a subject

i soprenoi d-noclifying enzynme nucleic acid, e g., the encoded pol ypeptide




(008711 n sonme enbodi nents, a subject nucleic acid conprises a nucleotide
sequence that encodes a variant of a pol ypeptide conprising an am no acid
sequence set forth in SEQ ID NO :4. For exanple, in sone enbodi nents, a
subj ect nucleic acid conprises a nucl eoti de sequence encodi ng an enzyne
that exhibits one or nore of the follow ng properties conpared to an
enzyme conprising eat amno acid sequence set forth in SEQID NO 4: 1)

i nCr eas edblaarycmtict-akitying ¥hzyh)s inkiicRiPebnirraki 4 injcfeotifle Mghkie 3R | N
vivo; 3) increase ro t yield; 4) altered protein turnover rate; 5)
altereda§ﬁ§@1 qﬁ%ﬁ@W Tity (e.g., such that the variant enzyme nodifies

git ed SERAIPHLHG éﬂmmépmaﬁﬁa&w&emmwgm@me&@d hpereased

ef iciency of substrate conversion to generate product) d 7 I ncr eased

sol ubi | magy F&3Gmonaeyaemases: yThmment invration fetbrrmrayides m@s@d yuclqlgaegll n

sone. e gﬁ&? Aodelayy quence
encodi ng. a ﬁ%%ﬁ“‘g"?‘%‘?@f’“n that conp ?gggc an afr;‘ll}no aci d ggq ence 5%%
|sopren@W@m%%#ﬁ@ﬂmgﬂagzywdmNMH&wﬂﬂwﬁmme@n@aﬁ?ﬁeshﬁdﬂdﬁph&@ﬂCHR@hdmw _

t er pene ,cadd [ a De ous

ol ypepfide: Rk cieblid ty o ARicleCoR BRI SEh St Nt 027

i sopren oylmbhundnsﬂ%tﬁ@xgm@wm adPRiaxodddigt: sbjpuie PR nuddoacidniansfersent s, a
subj ect nucl ei ri gh | .t bride-Secgefforel actlii a

Fuel on pRSTuR o S R aY e PlrYBiest bt e gR s g

descri beﬂccﬂb@wasﬂﬁ&t@sob@h@fd&h@eﬁ@ﬁﬁgmirweﬂéddd%mﬂmaoﬁ pol ypept i de ot her
than a CPR able,fusmn partners include, but are not limted to,

-pol ypeptiy RHENEINEISAPIERNIG BIOCHYIDE BRIVIES | sopr enoi d- modi fyi ng enzyne or

t hgodZBR - pol I&P@;&Sé Sesodididts, larsayje@kqscfzaéd Rucled £6d adihisei ShddlediBe Sequete.

fl uorescent protein; an en érre that yi elds a detectable product

_pi - gal aErensing Ao Iyneptidss pieasiibit dsopeenpiddiydtoxplase-and/s isormpeidipridas qae@)n%y

pol ypep Heda i ing enzyne
or the R |ené pgrﬂﬁ%gﬁg?%ﬁ%ﬁéﬁﬁpa%éf&ng%& Qaﬁ&%‘ﬂt (E)@g%l&ycyt opl asm
etc.); anbditge ¢wmor@m]mwmmnmwmmbodanmja@ iegtigdlaéd aci d

Al I e L S e

t er pene embbdiaseatspctbjact isplatd drualefchisid dom;zsmsm mnhoﬂdamqumce anchdingaat

nucl ei c.acid co LS a _nucleotide se fu i.on protein
hat - coipPieCel e A song F SRR SO e SPURE O RS ansyme
-t hat  exhudlbdifislseupBtteondyding ¥ boB et tivt ci:ﬁémﬂeumssﬁasgmgdaﬂbﬁ ¥nd as
descri bed, above, fused.to a CPR polypeptide. In sone odi nent's, the

encodedomgﬁlwem.%ut%emlwdfa ViAiRg| 8 BIDRDSCHT O GHSFE A i s the

isopr en%@eﬂa@l&mn&u&aéyﬂﬁet %mhal th cﬂe@ﬁt@ﬁ qxdani;&s %:@@é&gés thexpene
oxi dase ‘acti wd%mx is an opti.onal |inkKer, is the R pol %gepti de.

I i someteEpgns @i edo g@%ﬁeﬁ@@aww tléuswgmbpdlm%mf@

- NH2- A- X B GO Rk £ ker,
- and B |SS§%ﬂhe |sopren§|°§1ﬂrﬁ8§?y| ng po %ep t at e g| fs tesp%ing
hydr oxI hg@oaadﬁ&@anﬁwzhmdehm9M@myhgm)ﬂquMMQ gl,lcmbfmmeptl de may

have an var of _am:n Cj C be joined. by a
- .spacer %E%PF@ Ofre}i%r aﬂpf ezoq"l% %f %%?n%%%?u’r edi%r%n% é%&gﬁég chem cal
| i nkageSesqﬂmqmte Ull}tt@end’ hiey sbmelembmﬂm;enﬁsﬁambgﬂcmwlat&ﬂauﬂenlaeﬁ Sui t abl e
| i nker sequences enerally he pe S en abou d about
50 At OV SRRIFRHG RO HpHDER SIS ariasn Jroas R Htiio | 1
| engt h. siRged: isdRutdd ikeRiSach &dimarise g hRgedtits fsé@mdalehwcﬁugm hongemesal | y be
used. The_linking peptides_may have virtually gny am no acid se nce,
bear i ngIVHORYIAYS- ik amT %b?ﬁ’@%ﬁsﬂeﬁlblef’ﬁﬁ‘é?@d fRqleic ﬁ%ﬁém&%%a&éw OHien
resul tssé fee®n 4 YoltfdeRehl ﬁ%ﬂ&ded?n sotRSerSRiAbntS HBhibjeaiTidl@ed@ci ds,
such as ycine and al ani ne, are of use in creating a erX|bIe peptlde
The cr eawl@m agift cgmm@@qmm‘@ée fequense eRqPding @ mh@@fée@foxsdm | Injsgmehe art. A
vari et efbofidehR! £idot ARl 1AbRICRIFEALHE ImRKBlEAR G dadisthgGons! der ed
sui tabl e tor use acc{)r ding t e prese I nventi on. 091 { abl-e |inker
pept i deditérpempignitdxylasn clnwmembmdlrmﬁm s@jent iroketediriuclend amihtttmpmes and
praline “315' dues, which are known t ,Q,A‘ba%afﬁ st QR | Q8. REQL el N
st ruct uF&? ‘Eﬁt‘éﬁﬁf“é{ﬂ?’ TFRREs & SHEVE LR inatron of gl y(‘fsf RETIE SRR,
praline, and nethionine residues, sggh AV
AAACItIVItSNﬂl,190:85,-Fen.AGCNPPAAAGGNI(SEQ | D 140: 9); AAAGGM (SEQ I D NO
10); and PPAAAGGM (SEQ I D NO 11). O her exenplary |linker peptides include
| EGR (SEQ BD. NGO 12; and GGKGXK (SEQ I D NG 13). However, any flexible
| i nker generally between about 5 and about 50 amino acids in | ength nay be
- used. Linkers may have virtually any sequence that results in a generally




[ 00921The present invention further provides reconbi nant vectors
("constructs') conprising a subject nucleic acid. In sone enbodi nents, a
subj ect reconbi nant vector provides for anplification of a subject nucleic
acid. In sonme enbodi ments, a subject reconbi nant vector provides for
production of an encoded i soprenoi d-nodi fying enzyne, or an encoded CPR,
in a eulcaryotic cell, in a prokaryotic cell, or in a cell-free :

transcr palikRRekIcd d hcRpEEERustl bidokiing adrmas hpdrovgesoissime| ude,
but are not limted to, bacul oviyus, vectors, bagtogri o%%ha e _vegtors,

pl asmi dembpfizsain asubies imlatadaucl afid ROmppse: L1 _gﬁ’T kal 3?°°§‘}ﬂgcﬁm_ hosones,
Cviral VeGLOlSe bfdlke, YA bfthe 4B5IdRGHD 3SR IsolREE huiblcc Aid bempriaeh & OV T US,

adenovi rus,” adeno-associ ated virus, 8V40, herpes sinplex. virus, and the
li ke), Riclbatitecsequents ensoding elspagriserpenecydpaxylpee. ginseme Embodiments, 3 sbject | ¢ a

chr onosq and.an : [ - %ﬁjsg]',,c : byl Laiagd fhnterest
(such aésr%%%%#‘?w ?/%%g{ng&gsﬁgg%#%%@:ég S &?%%%%F%EEP%EEMI menﬂ{ls, a
-subj ect someendbbdiarhisy 2 aibject olxedingdsicacki dopgrises aBis FPAUFRSE PRSP &
enzyme- esncodi ng n g% ic acid and a %@ﬁ%@& BGOSR Meheigaacid. In .
some of Wg%@ 'ﬁ‘é‘ﬁ?’éY 5"&%’11%30 reco |’nan§3 Vector 1S an expression
vect or  tyaadnrifdsQMindRBtifiOseqpéme vidoting agfoljrepiide thet cerripe dutthe C12 oxidation of a

i soprenoi d-nodi fyinhg enz and the_encoded .CPR in VOt | , In a
or okar y GEIGEERPRS. TBROTH SRDBGReE, LU FLHC B ST S Rbp Bt fhElsBe
-[009410%E§1@n&$ﬁ593§g%am&§1ﬁ&ﬁn@12-@xm@e expression cassettes of the

present invention to be anplified. her ty!gﬁs gf vectors -are.negessary

f orf08531i ci entThemprodngtetacter ofa SISRREYClaRH &l & B5F CEPPY IR ir

stabl ¢ GXALGESS ADs0BAfed rpBRURALon A ¥ iboGiaRal] exdjeceisoepilinndeis
subject nucleic acid is contenplated as a suitabl e, reconbi nant vector for
the pur peibempisewnicinside SepencEcacaking By SeRIBEMORIYIRE PRGN a3 R

| ength g t e t.her _int egrat i W,Q&Q&ﬁ?daﬁcﬂtﬁera@{[ nhai ned
in epi so%%%ﬂ?aﬁ(\?ec' o??ﬂﬁ%&%%& gﬁﬂgﬁ}%%%ﬁ%mni pul,aii on or .

parti cul @hebrdibsmamsoftzn ivpreabii wodifiny cizymecpendad byl 2 swiert aurleisecidel | (e

g., many expression plasm ds or..can _be f Hodlg@kati ng, cell
speci f i &%@?ﬁ'?@e&g?k 5%%80%@%@9 eﬁlﬁg?%lét{fﬁemvec oeﬁmﬂl sin é%ne _
enbodi Megbsidiscd i9RRbndid o diyiak anseid ercoddd by adubjeet mwlsic ackbeosumisEaMtt i on
to propagate the reconbinant vector and/or provide for expression of a-
subj ect ¥HePRIYl E9BPd.” The vector is in sone embodnrents functional in a
euk x@i“ C Colfhnotheh Esbbiatdastlal isoptdnbidifodifyiye embodienaxied bpe saiject
expressi on vector. [ 0095] Nunerous_suitabl e expresil on,%ﬁgct. r.s are.known to .

those ofnuskdi¢ &cid inchude, bt ere nok mifat {p, BRCEBARERRS SIPFIAATRA] YIZHT &0 oxifation””
fol l ow %ﬁ&&ﬁtﬂ% B f%g?@él?gﬁ&%ﬂ:pgﬁn@@rﬁs of RAAHIBa8 in b BioshaGEIRS patiiwdiaBbt

cells: uescri pt agen),

agene,” San Diego, Calif.)," vect or s ]
pBl uescrgipts iideds ainpreierpiE compaitndy ﬁxmmmgﬁmw@%%%%{%&%? - pTrc

(Amann et ., Gene, 69: 301- e . Upﬂ'gé, P97 folldtid2 Bmsiiied ARFHL and
pRI T2T (W?Wé?@)@@og?m%fggﬁ%é}%ﬁg%nge g’:‘%%)]ggrl, pSGo (%trata erte),

p ?XKS, pﬁteyote@bﬁ@,' bDaﬁ&th&thﬁ?dﬁﬁeﬁtﬁm_ ;ﬁamg@lt eizelyr Mdooterpe n@%@éﬁ@%ﬁé ﬁ’”ﬂ or
ot her vector y used.so | ong as i . ell.

[ 0096] A EHM‘?%’%’PBFW&Bﬁm\?gltgﬁi??eswbﬂan?sh%%%%%&ég’ﬁg% | r?%n_t S cont ainr?'§ ‘one or
nore sel fefagdd endBiiRbardRRe Fxb@phioMbaisedenmbeital mtarmgﬂiateﬁ=@nd eqdEetsi on
of transformed host cells. Suitable sel BTabI e. qar‘%(ng}goﬁ 'eﬁﬁ%ﬁ‘ﬁ?ﬂh@ ut are
not | i i inelndedyut asernpl Bepisd i Smoaghte FERe oy S PR ande Tor

eukar yot i, I tuLre; and tetracycline or anpicillin resistance in
prokaryo{]'ﬁaésﬁbésqtdc%go ﬂlCé such as E. col]l. [QQ097]In nang%ﬁgtéodi ntts,u B
subjjeast] _ngcl eDiterpenaisibsimed &fdw lwpreidswp !@éﬂ%@%@@?@éd e PIgIER TR

i soprenoi d-nodify enzy: : 8O ¢ Aryé-fgation product that
enzyrre-eﬁ%gmcg‘ﬁ{eh%@%ﬁ%‘?%ééﬁ?g%gﬁgg&| e%%??m Jijﬂ;\%ed to one grr nor e
transcri pid dieperanahpourtd arnsiminieonediate oms bisisynshetieasthgray {tpt gy rise to

enbodi ments, a subjec ucleic .acid ¢ i hdgn S efie8nene
encodi ng e@?ﬁ%“%ﬁéﬁ%ﬁt %F?ﬁ%iyd%g%ﬁ?%ﬁﬂﬁﬁgﬁﬁgﬁgg%%ggggg%ce i'S Qbe%§%|y
linked t QuipiSte® thatBAllEntol AR SE tefollowiag Fanitito AdycimBiterpenids Bigelia of

el ements. [0098] 1 n sonme enbodi menis, .as noted above., i.£Gt. reconbi nant
vect or ,c@iﬁ@meﬁ@gﬁsdv%%ﬂﬁyé‘&%}t%ﬁoé%ofﬂ’%ﬁsﬁiﬁ’ 15;%‘1*?1%%%? n%‘fj %;’tg%gi&;n'g nucl ei ¢
acid and a subject CPR-encoding nuclgkc acid. In some of these

enbodi ments, the isoprenoid-nodifying enzynme-encodi ng nucl eoti de sequence
and the CPR-encodi ng nucl eotide sequence are operably linked to different
transcriptional control elenments. In other enbodi nents, the

_i soprenoi d-roodi fyi ng enzyme-encodi ng nucl eoti de sequence and the

CPR- encodi ng nucl eoti de sequence are operably linked to the sane -




bact eri ophage T7 RNA pol ynerase pronoter; a tip pronoter; a |ac operon
pronoter; a hybrid 25 proittater; e.g:TaMentirhytiria Titthittter, a
tac/tre hybrid pronoter, a tip/lac pronoter, a T7flac pronoter; a trio
pronoter; a tac pronoter, and the |ike; an araBAD pronoter.; in vivo
regul ated pronoters, such as an ssaG pronoter or a related pronoter (see,
e.g., U S Patent Publlcatlon No. 20040131637), a pagC pronoter

(Pullc kbﬁﬁﬁgﬁ% M? X & KQhrenes! BYerenkd Hitskren8$ A%&dmahau che- Aranda

et al. 10079 83 a nirB promoter (Ilarbope et al.
(1992) mmyamw:una Gzebmmcycm@m@ewéﬁ@whﬂe cs. BSCAPEY et al .

gégggzslnfem et int m?‘ggiggag‘%ﬁﬂ’?'i%%g@%%‘%%lgg’hnol 10° 888- 8%92? a

SI gna?Oelpﬁthmbmpam@al,pmmamsmntpm@;@raﬂ@ pr ormt er (see e.g., CGenBanic

ess| on No AX79898 98961
?ﬂf’? '3“ SIRETR FY WOt O Gé Py Bﬁg‘%gt & &CQA %{Bﬁ@&t@%@%ﬁ) m)t er
der i ved a(ﬁﬂ g{aﬂdaebmafgm@muw anﬁhﬂmﬂeﬁl?ﬁubﬁra@skhm, yigldgjan o}ﬂ@@tx rese

actA prom Shel  anRane, ot -2l 0 |
70: 10874 @%m Senpggwpawaﬂs&%n%a e gty g b ar"'f‘%%és’a o

M cr obi g A Fferh Rﬁﬁfﬂéh@ﬁu}:fsﬁﬁes, iftergnediatds) étﬂrpmﬂuc‘anﬁ:lude hut
Wssnann A 198 In Saenger W and || ei nemann,.i | %ﬁrﬂ
Mol ecul axer@h erhragideg; WWMW%?%WHRN@@%W%% G PR FORT™
an %g%ﬁ%& J,ﬁg&;fayngm&_ﬁﬁ B doded whpet €. 9.,
Ic[?adn et al. Nuc t%gylféngaoes 7035-7056 and tBjaél e, . ]
[oo 100] moq:iemmdtmcrigdeeioatrqme@timteé@,taamsesqeﬁ%mw &%ﬂ%%&aﬁ}a% CW

i medi‘at e _ear pathWas tHat om
Forr ov erdiEhis B Rbak bl tbRBo A 16 SREMVARE A B B“’cﬁ “%ne 4 patuhly it 07
expr essighs tite @ mﬁtethd: corapsmilt BitreplpryomsuEeies %lb&ﬁ@tm@m% b‘@ 35? 0 m)t er

238%?2@%@%‘%&‘86@%‘3 ‘?@%5&%@%%% pr%gﬂthgr suc as a GALl pr ormt er,

?:]A Eas\L 10 mmggaml\%%e%%mgm@mmﬁp%éowwcmmmﬁﬁ&wgﬁ?ﬁ% a:

pronoter, a r onot e r onot er e. Selection
of the ABHOkBES. SeaElRBEY. réﬁﬁﬁ%‘}eﬂﬁﬁ ﬂ“’g‘nﬂ%ﬁ‘“‘v& ﬁf‘g“‘thrq"%aﬁ‘eé\/m of
or di nar yskiidrbndsNCEBRNEY cobiss, PXASERE] Cudinases Oplopaiyanas, Slopees,ai n . a
ri bosome binding site for tran§l ation injti at| o aiglg rek}r)js%éep tion
t er mi natfigrotoXimes Jlimashalpess, LARGIRIPANGR -BEICYCIFE ﬁ?‘ﬁ"ﬁ’r tiences
for ampld b SXRIE SRk, blRdAbbs Tapic aﬁh@dmmmas mugkssy i de

I

. sequence ng ‘an | soprenoid nDdlfylng enzyme is operablgéélnked to an

“i nduci blHiryotaoesn { estarahes, Stergurenes FHmasRe®nCs, MARMSEES. (e CRHESdi ng a
CPR is rab CEQL‘S’E r (r?%xazal: onBb&ls, are
wel | kn a%ﬁ?%ﬁ%%ségqlﬁgﬁ%ﬂ%h ucl epgpgra% ter%’d?ﬁ% %S&rq but” are not

limted Eamhombeespwnmineb,am)madmﬂmga Gﬁrgorﬁbeﬂ;Naﬂoﬁlpﬂneﬁt%@SQ@F% BIEHSErFor i d

D: d | |
D oot orSegignanea, §SFcEe gbPaR, BGARHANRR Sl spiibes B
(150)  TRgERaNS Mabs m4tfzg‘1ﬁ°ff§%sgp‘°tdm“ e e bl o bt eE“A'S‘""e Pyl
i s uci . Px
(see, e.Bxempigrysesauigpenesgbyy @@“@8@% ;hm“ﬁ& EAFP h%?r‘%% o Y

tryptop Blsefogg%&%ﬁe (3-d-RGnbRERA S @nﬁ@li@ﬁﬂae (+wammnemgmm¢& g.
a met hanol -1 ndUci pronoter, an et hanol - i nduci bl %@f‘@?mt er;

raffi noié)ﬁ@ﬂmﬁﬂ%(ﬂﬁ%%@eowf»l (HHeresieas. gp “noEy. heat

ind gk@l e | a%@th%"%%%lﬁﬁmo cPéﬁHEBésea{ tefrfRRs 6}@&&5@%&)&3@6@%@@‘35 toaw e
rep or (e represseé a- based expression vectors; see,
e.g., Hotﬁafmah}y asceraﬁued(umgeyanéﬁwwﬁoo&ew enzymgtic achyiizs, U 8y ) - and t he

 nduci bl BPEPERB e P e B R B B o i n

Mol ecul aghrih@b@gphy-Maks sp2etrakdfy, Wﬂmbﬁbt mleleumcid eICPEs RSCITH FPSHF.
Assoc. & Wley Interscience, alts ¢n and

" Secreti oﬁﬂ%@t%asge?%‘m%%%lﬁydr?’fy%%% N ﬁnzy I %d £& G ossnan,
31987 A@lggg $%o achivifies. 3@, e.g1355. Wmﬁb@auonm@wﬁoom% thephpel@iuoni ng,
Vol . ERL ress, Wash,, D.C., Ch. 3; and Bitter, 1987, Heterol ogous
Gene Expvféﬁ,@b@wm?PW%FWW?WBﬂ%“qrﬁ“Enzynol ogy, Eds. Ber ger & Ki mmel ,

Acad. Press, NY., Vol. 152, pp. 673;6$84; and The Ml ecni ar Bi ol ogy of the
Yeast Saccharorryces, 1982, Eds. Strathemet al., Cold Spring Harbor Press,
Vols. | and H A constitutive yeast pronoter such as ADH or LEU2 or an

i nduci bl e pronoter such as GAL may be used (C oningin Yeast, Ch. 3, R

Rot hstein In: DNA Cloning Vol. 11, A Practical Approach, Ed. DM d over,

- 1986, IRL Press, Wash., D.C.). Alternatively, vectors may be used which




ScLI VI SA s9:6141140.63 . (199ay; arbllltweiser et al., Ecotoxicol. Environ.
Safely 28:14-24 (1994)); heat shock inducible regulatory el enents
(Takahashi et al., Plant Physiol. 99:383-390 (1992); Yabe et al., Plant
Cel |l Physiol. 35:1207-1219 (1994); Ueda et al., M. Gen Cenet.

250: 533-539(1996)); and | ac operon el enents, which are used in conbination
with a constitutively expressed |ac repressor to confer, for exanple,
EPfgssul ti Cialemeemibaomionts; ¢ \isjske nedisia acid oﬁm@eﬂhemclpgaie AP 992) ; a

* gene( %épﬁc‘%%fin?éxéré’ﬁaﬁé’&t e&m&?@%@i%ﬁ g ibolitpdl, et ict 2o
| progg';e asgé%ir;h e LH ene fam l@&ﬁﬁ;ﬁfﬁb&ﬂgﬁﬁ%,f@f&i@oﬂ{ﬁﬂ%ﬂﬂe&ﬂ net.
226: 4454@@15%,@&@%@«& at Beptabeut i 2 ?‘g‘g@?@e‘%‘\ﬁ@ﬁﬂﬁ@§%nsﬁ/e

regul at 6t 509 19asUatr%ut B55 S8 e abY YL AHOFU%%, Qi 1o about 95%,
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about 100y<iespide ﬁ@%ﬁ%@%ﬁ%%ﬁ&%%&ﬁﬁ%%ﬁp g 2ftd doliet: béuifg"ﬁ ""Fg“%*r ene
units to about 20 isoprene units, fregn about 20 isoprene units to about 25
i soprene units, from about 25 isoprene units to about 30 isoprene units,
from about 30 isoprene units to about 40 isoprene units, from about 40

i soprene units to about 50 isoprene units, from.about 50 isoprene units to
about 100 i'soprene units, from about 100 isoprene units to about 250

i soprene units, from about 250 isoprene units to about 500 isoprene units,




about 4000 isoprene units, from about 4000 isoprene units to about 5000

i soprene units, or from about 5000 isoprene units to about 6000 i soprene
units or nore. 1001261Suitabl e prenyltransferases incbuip, but are not
limted to, an E-isoprenyl diphosphate synthase, including, but not
limted to, geranyl diphosphate (GPP) syntbase, farnesyl diphosphate (EPP)
synt bsse, geranyl geranyl ciiphosphate (GGPP) synt hase, hexaprenyl

di phospb.@&&qsﬁemé’ast%mmmwwlatmwwm@waiwﬁa%m@m sse,
oct apr enyl OD di phosphate S nt hase,
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gutta-p S oSG Ry ab6if005 Rhab Acid lﬁtﬁcﬂsﬁ Hiped #di ng,
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Bi ophys: SecA@tl%F sebfothds 80 1D NO: ﬁi’aﬁpéﬂ@“’w D@EE‘?E , 48 9RCO F‘gﬂ? @@Bg? éﬂllh% i ana

- fanmesyl Qgﬁﬁﬁg E’M}t‘ ié 2Xu bonERRSAFh RS, mnaédédarresyl
di phosphat e synt At 4917190 GenBank Accession . NM 202836) ;
G nkgo lpob(pﬂmdg@chm gsqratﬂypenmo HVisy. si,nmpww@be@g}?p therrgodetenBank

bl 1 agPopenderpa AT HEEARYARRR.S e, ARLNL SRR DRSS D) ¢

~nRNA (Mﬁkdﬂ}ﬁ@ﬁﬁpﬁ@d&ﬁbﬂ%@ﬁﬁp@ehy@wmms el ongat us gene for

oA 2° 55 R e P SRR i DEREE o RSSO B g
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embodi MehSar1dalEatoBIMS0S Yt @S eaboft AW ohhgdonsastidd s oPhh hding@bRy @qﬁme
sesqui ter pene. In ot hef embodi ment's, the terpene synthase is }1 R
P elf’gﬁr pene

modi f i echa@np 2t Isasiehert 30%. at lewsth st pelieat Ipast sRoNEPO% A REHS
synt has el\ﬁ‘bb‘iteo O ROBE of 123l AR5V 5: 1%?515%& QO REEAL Sk 85% Ot BEsbout 90%, at

[ 001291NU @ Sequences “encodi ng ter pene splllages are -known in the
art, andemshybcah B, a@mus%%ms@s@bmﬂ% m&@@ém%@&%@ idepiithe
used to net i cal l.y _nodi f t er pene
synt haséggk?? ﬁﬁ%ﬂ%@sggfogg%gﬁ €s, ﬁgﬁ'l ovve P ;}%bo:%ﬂxl rig%ei}%%\gr?agd

accessi %I@éﬁﬁlﬁ@chﬂﬂﬁdt drheneiygaumymsand/onténperte dideye swdivey. tesondef i ed, are .

known and c _rt-be- ed; . - +erma re ase
Popul us-%l us %&%Qis%ﬂ%rsﬁlgn%ae "3‘:&%&0& Some
E, E- al p%ﬁoﬁiﬁéﬁ@%&éﬁ%&b@ 1peDie(cAMEARd Bé hyGoavilatidrsofepdeguitsipend , 8- ci neol e

synt hase mRNA (AY691947; Ar abi dop3| ) ant 2);..t.erpene syn | P55)
TRNA ( Avsbeigie: Inpiher gapagim eF'@r 9#1?%&3%”326 ’?P%I‘?)’p FFH\\SFP% W%?‘%%‘i’gasgka
mays) ; g&?e/ oci nmene synt hase (TPSlO) (At 2924210) nmRNA (NM 127982;

S

Ar-abi dopsi hal i ana); gerani ol synthase (GES) nRNA (AY362553; i mum
- basioeB&jun) ; rimseme em}bndm‘@, arRekioct PNCKT 8ei COPPHEs A SPElepHAs SPEYeRcH Rt ene

nt hase 1e20 nt hase
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Ar abi dopsi s th | i ana -):Ca hene o BRNA: 0; Abies
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granclis); nyrcene syntbase (AR.2) nRNA (UB7908; Abies grandis); etc.
Codon usage [00130]1n sone enbodi ments, a nucl eoti de sequence used to
generate a subject genetically nodified host cell is nodified such that

t he nucl eoti de-sequence reflects the codon preference - for the particular




[00131] I n sonme enbodi nents, a subject genetically nodified host cell is
one that is genetirally nodified to include one or nore nucleic acids
conprising a nucl eoti de sequence(s) that encode an i soprenoid-nodifying
enzyne; and that is further genetically nodified to achi eve enhanced
production of a terpene biosynthetic pathway internediate, and/or that is
further genetically nodified such that an endogenous terpene biosynthetic
pat hway. vyeria) insrebieapticotiyiti; 4 altadet @bt @bt rate;f5y Aldredadktrate Sheeaited, "

d h h t ext of d t bi t het
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limted to efiIc nodifrcations result in a reduced | evel and/or

n
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reduces nadeimd secretion. Genetic nodifi catl ons that reduce-the |evel
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paﬂ(’ﬁ?@ul ar | y&%éﬁ’ ?%@R’[‘ ﬁémﬁ’éﬁ {(‘? ?ﬂ?&ifg %"g BFfI%3ne t hat

i s genetdepiatsliyn Fiptiefd £d s folth an SBOIIBINOEC 16 &AM BbSiRenis) WhuBRE Mifcic
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sonme em3Bid FREREEES augleRtes LIHEEP PF‘G&% 7 T it feast ahont Y02p gt least| evel

of phosﬂb&hr%%ﬁﬂ%whﬁﬁz%%% @rd%'ié&k’@ib%ﬁ%%%ﬁﬁﬁéotﬁ% ubﬁce%degﬁ ite MUt ati on
that functi onaIIy di sabl es fhe proka otic host cell"s endogenous pta gene
encodi nguelpeidsoaimen b FsddaQEENOThe pta gene can be functionally

din YaYs NSk bile
geﬂg‘ﬁsi el eneﬁlgoﬁéeﬁbo\e%é%’)aéﬁg%oson leid &(&%&%ﬁ ggg ti on{eré*18 Tﬁ%tl%&?a%rt of the
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non-fun naI Qn et cetate; nutation of the gene
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one or m)rgﬁco rol elenents.that, control 839%15 n_of t(ﬂ %ne such
that thé&P§ SSATRrsing ah apineagid seapepce pady nFagprad ﬁl

enbodi MEECSID NIR4. EREGEHE RABEARIAL)L By &t ndcl6ie BEk c6mblides ARdLiEbRKE sBajhesel |
is deleted. Any nethod for deleting a gene can _be used. One non- mtl ng

exanpl e SPROGIPERPHIRFPHY: CHEIBIIETE SHPPR 2Fd feateaceripving &t nst phput Gy at least
reconbi Q@&ﬁ%@% UAERb IR ORI Qe BN HAODR! ot S0 54, USA

97(12): p. 6640-5. The pta gene will in some enb t?ments be del eted froma’
host cemnu(ceacgd seqrense ideptityria the asmgeﬁ@ﬂﬁefmenge sebirthile JEQGIPING: 4 Jobehe aci d
conpri si 0 T8 : pta .
gene wi £ ?"%%ﬁeé %‘%’Zegg:ﬁ%gﬁggagu 2 %ﬁg?n&élageﬂlgegé{&wgﬁg f g Bld’pg}p@-e colt)
that is cgapnsmgam h:mnnmchdfsa@danm bhavimg mmx;t&m thres; fmjzr;;ﬁvasm,ssengl, wight.aite; de

sequenc nco P

enbodi rrgeﬁt goﬁlea t83b? '¥§§n &g?mgg%vﬁ%méla or 03%%05'&% abogtrbgfznetl cally
modi fi edoneivatiae Abitbetid sabstintiRl Pompared tohe ke biol iz sephense forteGHONg MK,
MAK, MP ﬂ a prenyl transferase. [00135] In sone enbodi ments, a subject
genetic Is&-[’]m)dl fied host cell is one that is genetically nodi fied to

i ngdggde one OF s QnBHAGh&E 2a6hids: RO dcd w(@swﬁ@wohdeseaa&&nﬁ@(@a t hat
encode MEV b| osynt hetic pat hwa%/ca‘%ene pr oduct and that is further

genet i caPPiyPRBRAorcBETiSing Rt lendt eDaR SErrtdenstrhog: Igaspafant b4, iatlepsiahoiBy gene
s functl %kéaxtal%f;a%b%eagﬂabt%bﬁo E@E&%‘Hﬁ%%é& afloflt B 6 S RlabiGBbLY

nDdlfle ost ce is one that I's geneti fied to i'nclude one or

nmor e nuéf@iat least aisutci§hpatileasimbont m&; hideast deout éa@ehbé‘(tglyout 989, 26 IrasidbomXP
bi osynt hetic ap@tﬂwifgﬁnﬁmnﬁ%%mun,aepgf; mb Seili ﬁn]bgfre G tnlf g;'gml y

modi i ed”60¢R tHA endogenous NEV BI osynt I ¢ pathway gen
functionally disabled. [00136]In soge enbodi nent S, where subj ect
genetically nodified host cell is a prokaryotic host cell that is
genetically nodified with nucleic acid(s) conprising nucl eoti de seqguences
encodi ng one or nore MEV pat hway gene products, the host cell will be

further genetically nodified such that one or nore endogenous D3CP pat hway
genes IS functl onaI I y di sabl ed D AP pat hvvay genes t hat can be

.



ways, including insertion of a nobile genetic elenent (e.g., a transposon,
etc); deletion of all or part of the gene, such that the gene product is
not nuirle, or is truncated and is enzymatically inactive; nutation of the
gene such that the gene product is not made, or is truncated and is
enzymatically non-functional; deletion or nutation of one or nore control
el ements that control expression of the gene such that the gene product is
not nadgsoudBehe! dgedsi doout gmm&]ambomm%, atloadd pbmn 95%, gifesstaboybyBes at

geneti cal | y nodi f i ed. ha t cel I 0 uia
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I sopr enql,gaifRal &YRE) &R6NEED ﬁib@&cﬁmapnedmdmcahﬁutg] epgyme R 8Hdn vect or

d-
TR o osnar svbodinenans BHRLHa AR s B einad g ©
i soprenoi de @%Jﬁg&%ﬁ% tide Uetnprisig apaet@cid seqeeatck eot gl {oHEHQ PP ovi des

a transgem ¢ plant, whi c ant Cco r| ses a transgene co subj ect
nucl ei ¢ W64 E:mmﬁamgiﬁng Samﬁ@@l bedimegts, %"@h@‘ggl ?@Pﬁg r’nl%lfgr‘gm‘t%h

exhi bi ts te t O¥ {He Bl otixig prb &}ﬂ;lemmﬂ!eﬁdrl bed
“bove. %?%ﬁgga@%%zﬁg P ErRitd &Eﬁﬁﬁﬁr ofvixig pt P

egenome of the trans f)ep ?nt col rises a
subj ect ﬂ@,t@leezganacmmpndmtg moaeine abid geamshesset foRk ip S E@S@H ¢ o0
honmozygous for. the, etic esfipstsen $theeld; 4)
trart sgefZFTPHG AT m"l“g %&EF%%”@%%@%‘Q{?%@%%@?& S gr?ggl fi ca%)?gg h)<[£E:00141] I'n
sone e nbgggrgae%b&-,m Rirrfhvef e, 5§ ﬂm@aﬁs@gﬁmﬂiﬁm‘ (rizcish fhat Fhéﬁfé‘ﬂ EPERtDded
pol ypept i de t exhibits t Aa58 Bdidnék by N
an anmpunmegifigs ajselegipd ?‘E’é@?ieéggﬁ ﬁzﬁn gg&t&éﬂgggétg%b "t Inegst
about 5- g‘* 1Rhrike cBlvar@asio heuie pddcol ahd Btindreassd salbiwlity @Evﬁ@lphlh%wméé%‘t
about 50-told, or at |east about 100-fold, or higher, than the anount of
t he pol ypﬁpplﬁsmoppﬁdi%)ed by a control plant, e.g., a non-transgenic plant
(a t hat +d G&ub %@m@n@m@m@m&éep@twm g of
the?i speci es%%fﬁ%ysoﬁe@modl ment s, s ect trg;ilaﬁgg | ant
i s a.traaggsem protedy Sabromrises FoAINGIRC diFEFHEPP ”f)’fdd’ﬁ’to normal |y
produces g?art] %psl‘gﬁr £&noi ggﬁgg}qgga%n&)aﬁ{egﬁe Qﬁﬂﬁieaécﬁﬁtﬁﬁs désbnbai #hovky dinst team

pr oduct eptide that exhibits ter pene
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t han the anount of the isoprenoid conmpound produced by the control plant,.
e.g., a non-transgenic plant (a plant that does not include the transgene
encodi ng the pol ypeptide) of the same species. [00143] Met hods of

i ntroduci ng exogenous nucleic acids into plant cells are well known in the
‘art. Such plant cells are considered "transformed,"” as defined above.




particularly useful for introducing an exogenous nucleic acid nolecule
into a vascular plant The wild type forra of Agrobacteriumcontains a Ti
(tunor-inducing) plasmd that directs production of tunotigenic crown gal
growm h on host plants. Transfer of the tunor-inducing T-DNA region of the
Ti plastnid to a plant genone requires the Ti plasm d-encoded virul ence
genes as well as T-DNA borders, mhlch are a set of -direct DNA repeats
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i nt o thﬁm@%ﬁ&fab@ﬁ sd&ﬁé@ﬁ%ﬁ&@&ﬁdaensmﬂ ﬁﬂm:&d! ) BE19peBREADat

gener al col ntegrate vectors or, pre erab BI nary vector

syst ens ¢nhancwm®kiltﬁ h‘étbsomm@m sto@fymm:zrme 9F ﬁ@rﬁ@é’ﬂ@?@ﬁﬁeﬁiw wevideen a

~ hel per t [ e and |
carlro| es¥?%e££/ef:ta¥\flgs?%ﬂ§?ﬁ éH?B md talne Vector, b%cﬁ%nt a?%g e gene
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COMPOUNDS [ 00152] The present invention provides a nethod of producing an
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genetic nodifications. For exanple, in sone enbodinents, the host cell is
one that does not have an endogenous neval onate pathway, e.g., the host
cell is one that does not normally synthesize PP or nevalonate via a

nmeval onat e pat hway. For exanple, in sone enbodi nents, the host cell is one

. that dog&dnobe Rt hsosy RirbeainERts Fihcidbnal dn arenkalkyutia el petidhwdhy veadwrdvitihe

host cell is genetically nodified with one or 43 nol E huger ,
| abi dgl THERESHHRP RN FOTSIGHEFDs encoding two or nore enzymes in the

meygeapat € PRuMMRYS siBRbleRRpiEaoR RS ard kB6WH thoSFLENAE the o, el Bane
synt hase, and an isoprenoi d- nodi fying enzyme (

i sopr enmmﬁwwaéﬁ@w@eéﬂmV%@*Ofam?m%%dgéi’im%g‘?%ﬂxafe?‘aﬁm cul turing
such, ab%mﬁgﬁbelﬁ'f g%hﬂféipi trafioBitl! O4 DR CAHES, P i3 (Qiapdh, Nvay '

enzynes, I soherase, the pren%ltransferase, the tenene synt hnse,

and t he pBieprriphpleshidsardiH yeotorsdambireZAR vactors4Skatagre); o frolengn ctittse) .
Pr oduct i-on_of,. n Lk K SR PRAHRL the ..
pren;rt?%ﬁ%%%ﬂ?ggfg?ﬁﬁkﬁéﬁ%%%%gggg?%%ﬁgéxgﬁﬁht e |soeﬁgnoidﬁ§§?F i ng
enzyne eekagyotichoseshiuipikaippS@s (Rikegede)y B3, 9BPY., p e pRVESV:

. isoprengid conppound. | n many enbodi.nments nyl is an FPP - -
synt has & BAHAREH- HEWEYE BY Qgﬁ/% é’g%ﬁfc*%r‘%ﬁge%%b%sﬂﬁr a{ ee%l %Qﬁzlgggeggsﬁi terpene
m d: | se comgait@shwhy i@ uhjelct nucl ei ¢ aci d; and production of the

. sesqui terpene coddase results in irintio f the sesquiterpe trate
1 T006) hobt  GefpIeCRGO BT RD B SRR ERES FRVARTE 3t ORI TR
enzymes m4Re oL b gme%%@en@tbﬁc RaR Rl st nasdormicthoshelis. efyimble
synthase are suitable for use. For exanple, %gitable nucl eic acids are
descr i beedegtble magkers inglpde. Bubere apt ligitesys) dilyfspialal BEIHHT: FrOSERPIBT 1 e
above- 09564 idedy SERARHIRNES) thhiiofind HenihRHfinGEidtarod i0ARRIyER o eblE! 1 ed
- With oné or re nuclerc acids conprising nucl eotide sequences encoding .
two or modeasevelionnt e pat hway enzynes, the two or nore neval onate pat hway

en i nclude MK, . e ; : Rﬁﬁ&m j in medium
t hﬁ%ﬁﬁcl ude W‘éf’n&%?&? ,ﬁa %@E&ﬁé}%ﬁ%%?dnﬁnt S, stiiéuc‘,[l%\%bﬁ&g %éd#té)% mevgonat e
" pat hway caaddes: kamtnaibrmxdsyingeatyhe, Gbsrethn sdmseid-apeEyingvmymatecodifg,  and

MPD. [001611|n some enbodi t he host cell ks. S, ot
nornalIQﬂﬁéﬁWﬁﬁﬁﬂgﬁmﬁﬁ?mﬁﬁggﬂﬂég?%H%Pémgg?%§%$?hﬁﬁ% Eoggﬁkg%%%?gﬁ-

genet i CalshiolMRahdte dn dnd esbbiiprdtspbabict mniki¢ idd bosprisse b nudlentidher
conprises a functionally disable DXP- pat h ..] 0011621l ra : ‘
enbodi msAEEELcY FREowBE £ (E&: WheE %%ﬁgﬁe&a?‘%g% I SoRmedto |
conpri si g ArRHEk-ERLLHRNIGAUER Gandiasi dgre dutidpelr one P450 reduct ase
(CPR). A wide variety of nucleotide squggces of CPRW§§&$ known, and any
knd@h8IPR- endo&omeeny eals asingted Ao e a SieFt resempbinagt FRARIEDfed CPR
exhi bits BURSE) gﬁgg Fibyoier héi@ and\ORifkct OPRSG0BdIn,
enbodinéﬁﬁ%%k%ﬁ%¥%$¥5%nco %%g nuglé%%ﬁ%g?gagnéodes.a égﬁ t hat t,a%sfers
el ect r onmicleicomidNADRENE of thesd opndimenity thedenrrgnoitymediying engymy-encgdng

T R e Aot

nucl ei ¢ @ffedni tFanscriptiohsi cbntBbRlemmkeils ofiei cnbdddOeB3[theisepropdémodEymed i s

useful for production of .a variet [ [ ENQi QIROL | udi ng, but
not Iirﬁ%%Qﬁ%fﬁmﬁp¥%ﬂF§?ﬂ&%“ﬁ@?ﬁz%@gégFﬁﬁﬁggg%kggﬁgesqu%%%%%%ﬂ%ésubs?rate
I s anor pharbiylilndh eelk saik beheabingl éohehdentmehol somegmbodivert, thse
substrate is ™ _allotsetongitcitener(Wabek athota-Z,%%ég§§p<1%ﬁgl1&&.956
wher e t hisomrensid-mpdeying cpaape-pRopfusparisahssemEnce 20d ~ORCOCIE THCIE0

(-)-el enpgda2e LEGLR) g&eﬂb@ﬁrﬂ%d% tHeQafle ind0BBIeertMbtes UbShitetbbdiments, the
a

(+Fpel enenie), genmaac

-1(10), 4, 11(13)-tri -12-ol ), -where t .
subst r at bopmﬁéﬁ@ﬁﬁﬁﬂg@pfﬁmg-mqoﬁméé?@?ggﬁmﬁfgﬁﬁgﬁs %g}{@c?n,co i e?‘???eoﬂée

substrate is gei ' : = g=Tall rohiot® (e.g., where the
substrat%ﬂpgmngﬁéﬁgﬁgﬁﬁﬁ%%eg,%%gﬁéﬁgggﬁgg O|Q?§%§?, where the substrate

i s (00991 edeneduitabitPraortsdosnselia prliryetiehost edisapalnde; butgre nipiEdtne
substrate is. neoi deol).. (t)- _D-¢ I G ia ML) | eis
(+) - i - SBFHERERES arf ﬁ%@“ﬁﬁ%@?&%ﬁ“ % %g'*ﬁ’ql’é%%‘%%ﬁl%ée@ E'OE% %ﬁ%’%? Qﬁy{e”ﬂg
foregoi ng. [0016411 n sone enbodi nentss a subject genetically nodified host
cell is cultured in a suitable nmedium (e.g., Luria-Bertord broth,
optionally supplenented with one or nore additional agents, such as an

i nducer (e.g., where the isoprenoid-raodifying enzyne-encodi ng nucl eoti de
sequence i s under the control of an inducible pronoter), etc.); and the
culture nediumis overlaid with an organic solvent, e.g. dodecane, forning




products that may be present in the organic layer is readily achieved
using, e.g., standard chromatographic techni ques. [00166]1n sone

enbodi ments, an isoprenoid conpound synthesized by a subject nethod is
further chemcally nodified in a cell-free reaction. For exanple, in sone
enbodi nents, artemsinic acid is isolated fromculture nedium and/or a
cell lysate, and the artenisinic acid is further chenmically nodified in a

cel | -f r@m&mmg&gvﬁéﬁwawmmaﬂmt am@mﬁ;&tﬂd@ﬁmﬁﬁ]&ﬂ n?@dmpmnmmd;afmﬁas bt hte

i soprenoi 0 und | ure st a 0 abou

500k pur Bty B B e Y kb prSntter, ol e TS i CRRAD AR B vl e BBRE SO

93%’ pr@mlﬁdteﬂtsﬁh@lﬁﬁaﬂhQJS/ hG%&@W&arﬂhteB@)@&hofﬁb(@w, e.%?% PFatent Biblcatst abgut
% or re a % er nt ex 0 oi

compounder 2n0eSTksTha gk e oo et DAl 1 Spiegel. gns Dkl 065

i sopr enmﬁl&m&a%ai m@b@@tm 100991381k RAH Fombiet (HarbotAVRILES

[ 00168] The foll ow ng es are put forth so as to provide those of

or di nar YR Mol.iMicra ér 2&9{% E{)halﬁl “h‘bhiﬁ‘f See o@-Jnssn erlald doUdwlest Prmeh of
, Pﬁ‘é" tsgogg%g;;? m}}ﬂ“ i’?ﬂéeli'ﬁe BY 5©064) 'V&‘é&ﬂé b9Ap4ANTEsALG) ORiRkikend@deso 1 imt .

e I nventors: regar as their invention nor areé they
i nt endediatechnebil 6:88HE9Dhasizmag) propwiarnbat & conserms BgmaZ) progioter fge.ongy

expe Bl AL AR NG E eI dsBed e RBEY SRS R ONSLLE QAR A TN

respec ers use arfount’s erature dt sone
exper i mprdnadter g0 ksipamnthéar] @t $pomsonsdien bt thehkc;cammme’ar ﬁmved Goitbs

o ot SRS S5 S e hPa Nalir il PRSP o 5 SAoeL® 0 o1
Ib s at orRaﬂﬁ)ant R (2003 ,{iz_ﬁcr qmm‘ﬁizandmsd-wbbyl eits{kgﬁ%{ gmmmysebge gls*éaiﬂmaa s(gnd5 bp,

ase pair(s i coliter : nd(s); mn,
m nut 2( ofy (399G M aﬁ@gﬁrpgﬁ j&é"%';’ o 5EPY (yes; e%rﬁg g bp, base
pair(s); Wﬁ&maﬂ?xurﬁl(‘?gﬁg)@ﬁ—‘ Sﬁén’geﬂw and HEBSMSEL %eﬁé)YTapzés iR Molecularand

i ntraperitonea ., _subcutaneous(ly); and the |ike, Exe%{r\wﬁ)S
Cl oni ng S&wd‘usfd ﬂmkﬁgOfW—NydﬁwéﬁEﬂdfeﬁmoﬁyMﬁ‘gﬂ@ﬁW@g E’Penzyrres

known t g gé}sfs%gar&n&éf Ky ei&ﬁﬁte@&lhge ﬁé&%azdﬁtés ﬁz%slsaiﬂse a rnino

aci d sequence rpene ydr Xyl ases we aligned with the am no "acid
sequencesdﬁ:felﬂc;t ochrorre P450s from sunfl ower and |lettuce. These two pl ant

S I bel o %::?d%@ié 0
bgﬁﬁég@} Iso% @ﬂﬁﬁ’&ﬁ y?sﬁ;fe%%b)}%%'ﬂgﬁ@ouﬁgm% WWm Y, f’tius? éred
t oget heHS\Sﬂggﬂ&hem,aﬁ ety laataSHSOdnTRs[hgﬂmemamas pmliynmlscase chai n
reaction s were .design ich priners_a I s of the
Ast er acé%éal@é‘?'g S'IOVSW%’%%@ 85]’\#] SPeN1Y Tﬂeafr%eso sru%%ﬂfgr ed to as
CYP71D- Mom®&kr Ié\%l:éﬁs)ht@eiw é@ﬁ’o afaxﬁm{mﬁ&lnot&ﬂi RGEparoathidnyanSiiger SVART
PCR c synt hesis kit (BD Bi 1 ence) 50 n of t ot a %E?Apedourified
from A. PERRRIES 8X YEROprRmElT ee‘%@e 9?@*?8@@6‘3‘%% F)hfﬁ% Apger

desi gneq ¢4 pfg %gﬁﬁ%b?%\/&g% &ﬁoelcwa@ﬁ%%%ﬂae@mp radidersaigilioner Cl LP71

subfam ly; pri (forvvard and primer 2 from

r 1 from %&g
HPERF ( peveeisn g MEEH momosr,s/ peeseeiet aed the dikenaelpdionid Fhetaﬁemﬁﬂﬁﬁ?er s).

12D o BBt LIRS e B Qi e

TCCGACC&MNﬂi(ﬂoﬁMﬂ iﬁb’a’sﬁiﬂ@@ﬁﬂﬂiﬁﬁ PRTOEGsiation ngigioapnfi@trapgription |

CCAGCACAérmethA('I(‘gel Or'g‘ sion Gx)rec o&%agrai;,() J&&Aa(pgq p)nAé(sAél@n% for éﬁ%ﬂu@gm 116
expression.

[0&101} - In many embodiments, a nucleotlde sequence encoding an isoprenmd modifying

enzyme is operably linked to an inducible pmmoter. In many emboediments, a nucleotide -
sequence encoding a CPR is operably linked to an inducible promoter. Inducible promotérs
are well known in the art. Suitable inducible promoters include, but are not limited to, the pL
of bacteriophage ); Plac; Pirp; Ptac (Pirp-lac hybrid promoter); an isopropyl-beta-D-

thiogalactopyrancside (IPTG)-inducible promoter, e.g., 2 JacZ promoter; a tetracycline-
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eekeer AGGeRri cee( CM TNGC( NG TCNCC(M5) CA; 4 SEQ M NO : 17
ACGTCTAGAATGAAGAGTATACTAAAAGCAATG 5 SEQ I D NO : 18

ACGT CTAGAGCGAAACI TGGAACGAGTAACAACT; 6 SEQ I D NO : 19
ATGGATCCTATGCAATCAACAACTI CCGTTAAGTI AT; 7 SEQ I D NO : 20
TATGTCGACCCATACATCACGGAGATATCI TCCT SEQ I D NO : 21

fG|GACT AGTAAAACAATGGCCCTGACCGAAGAG, 9 SEQ M NO : 22 CCAAGCL
: CAGAT ?uqeaeeeeur*e,.d,t,},,‘ JAAAGCCI TC,
TRl R et R i ! S R
CGGGATCURRAN Aartetiol CXAERICHAPE @ayigse-induciblo promoter, &.¢., nyl (see e.g, Kim et

al. (1996) Gene 181:71-76); a GAL1 promoter; a typtpphan pramoter; a lac promoter; an
alcohol-inducible promoter, €.g., a methanol-inducible promoter, an sthanol-inducible

promoter; a raffinose-inducible promoter; a heat-inducible promoter, e.g., beat inducible
lambda Py, promoter, a promoter controlied by a heat-sensitive repressor (&.g., C1857-repressed
lambda-based expression vectors; see, e.g., Hoffmann et al. (1999) FEMS Microbioi Lett.
177(2):327-34); and the like.

[60192] In yeast, a number of vectors containing constitutive or inducible promoters may be
used. For a review see, Cuirent Protocols in Molecular Biology, Vol. 2, 1988, Ed. Ausﬁbel, et
al., Greene Publish. Assoc. & Wiley Interscience, Ch. 13; Grant, ef al., 1987, Expression and
Secretion Vectors for Yeast, in Methods in Enzymology, Eds. W & Grossman, 31987, Acad.
Pfe_ss, N.Y., Vol 153, pp.5_16-544; Glover, 1986, DNA Cloning, Vol. I, IRL Press, Wash.,
D.C., Ch. 3; and Bitter, 1987, Heterologous Gene Expression in Yeast, Methods in _
Enzymology,'Eds. Berger& Kim_:ﬁel, Acad. Press, N.Y., Vol. 1 52, pp. 673-684;and The
Molecular Biology of the Yeast Saccharomyces, 1982, Eds. Strathern et el., Cold Spring
Harbor Press, Vols. I and II. A constitutive yeast prorﬁoter such as ADH or LEU2 oran
inducible promoter such as GAL may be used (Cloningin Yeast, Ch. 3, R. Rothstein In: DNA
Cloning Vol. 11, A Practical Approach, Ed. DM Glover, 1986, IRL, Press, Wask., D.C.).
Alternatively, vectors may be used which promote integration of foreign DNA sequences into
the yeast chromosome. V

{00103] In some embodiments, a subject nueleic acid or a subject vector comprises z promoter

- or other regulatory element(s) for expression in a plant cell. Non-limiting examples of suitable

~constitutive promoters that are functional in a plant cell is the canliflower masaic virus 353
promoter, a tandem 35S promotez (Kay et al., Scienice 236:1299 (1987)), a caulifiower mosaic
virus 19S promoter, a nopaline synthase gene promoter (Singer et al., Plant Mol. Biol. 14-‘:433
(1990); An, Plant Physiol. 81:86 (1986), an octopine synthase gene promoter, and a ubiquitin
promoter. Suitable inducible promoteré that are funcional in a plant cell include, but are not
limited to, & phenylalanine ammonia-lyase gene promoter, a chalcone synthase gene promoter,
a patho geﬁesis—related protein gene promoter, a capper—inducibieregtﬂatory element (Mett et
al., Proc. Natl. Acad. Sci. USA 90:4567-4571 (1993); Furst et al., Cell 55:705-717 (1988));
tetracycline and chlor—tetracycﬁne—induc;ible regulatory elements (Gatz et al., Piant J. 2:397-
404 (1992); Roder et al., Mol. Gen. Genet. 243:32-38 (1994); Gatz, Meth. Cell Biol. 50:411-

i T

474 (1993)); ecdysone inducibie regulatory elements (Christopherson et ai., Proc. Natl. Acad
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SEQ I D NO : 26 GCGTCGACTI AGGATTTAATGCAGGTGACG 14; SEQ I D NO : 27
CGGGATCCAAAACAATGAGCGAAGTCGOTATACAG, 15 SEQ M NO : 28
GCGTCGACTCATAACGAAAAATCAGAGAAAT110; 16 SEQ I D NO : 29
GGACTAGTAAAACAATGGCCTTCAGAAAAAGAAATTAG 17 SEQ M NO : 30
TCCCCCGGGCTALL1GCTTCTCI TGTAAAC: 18 SEC) ID NO : 31 [00 7 ] Pol ynerase chain
reaction (PCR) using these prihaers and A. annua ¢cDNAs yielded a 1- kb DNA

temper 25?9@%#5%?@?2@”%%&&%% e eassy The
deduced (i Hohests { F% Fa rregfref? l?ﬂguvi\%'gmpg% ajjn:g 88%

am no a 19@2%@%& b o, mmzzmzbzowlzdnm@mmmw@m@m, MaldGereGengte ( QG
CA Conti cont i respect ively. The, K Co |tae EST- dat base can be

found a Q;é%ﬁiﬁﬂj@&& ,sﬁﬂéé%? opgrong) W@r’%@ Goabipatin using a
forward  prig “’6&%&#’%&?%‘ of'td YRS FOr Siakdy. mmmmfcxbﬂe)emsomned from:

(@)

t he conseéerved

BD NO 32) and CGDA 3#) tIfS
respect (Weldy etalhéfﬁmfplrlo@ﬁrh?égé@%§m%m“sgg/ﬁﬂ% o 56‘5“’ a3 T
t enper at Ot Go¥BAHIIDIA4 ") and-
P e i e oA s ot Ty st

CPR wer &P 't (Anbi on fr@ér%l -l ength
cDNA re tyr, amuhrmihmmmdfwr&:m@aﬂ sibvanip peRUBR AP ?SPQ CYP71AV1

and CP1? uey Rk Pl L1 T AR 2 M@Wﬁ?%&pgﬂd@mﬁ,melllsall

sites ofge and ¢ gi ng, respectively
For Pmaaaab&tme;y @ng}gtre@\samé\regmawpy elmestﬁdamb@c? wéﬂ% Batert PupligatipeR-

-ardipliticataartrerzitcpuu ers ver.e use 0 @erpsed was
35 cycl d¥o.wPPHPOIEIE; B AMEY ﬁ t“g i& OIYA? ezi@ esg&mé% g%%ﬁenced to

confir m5sg§U?@Cq§§93 gﬁ@&&?lﬂaﬁm g@gtsmst(lmygl pishtshorsdonsiridneiblelregulat¢ry00 to -
200 ng fresh ght

5. 8 UM bt Gt BRREOR L Sl A P 530 LR IR At M

g)é t R/EC; ﬁ%{\f”\@ i ss 58 Ef‘g@?; a& 12 IEé-mci@diEie %egalamrgamﬁemvmh asstheliman t he

W Sci entglmmddapemah@;(;%(&%ﬁgamﬁgoﬁégtm I@F@nﬁ%%@%ﬁﬁ%&i&ggﬁ as

or P useﬁhﬁa@%fﬁ%%&ﬂ%s@%%ﬂ%%%@bﬁ%&%ﬁﬁﬁ%ﬁ?‘i‘%ﬁﬁ@“ﬂve”

hexanol i & seyhjeaticstonduitable tiswmtseleetiverpeuinBryrlementa sTHeE@0(0s "8 i ne

ectopzca]ly express a nucleic acid in a single tissue or in a limited number of tissues, include,

but are not limited to, & xylem-selective regulatory element, a tracheid-selective regu_latqry
element, a fiber-selective regulatory element, a trichome-selective 1e gulaiory element (see,
e.g., Wang et al. (2002) J. Exp Botany 53:1891-1897), a glandular trichome-selective
. - regulatory element, and the liéce. ' g
- [00105] " Vectors that are suitable for use in plant cells are known in the art, and any such vector
can be used o infroduce a subject nucleic acid into a plant host cell. Suitable vectors mclude
e.g., a Ti plasmid of Agrobacterium nmefaczens or an Ri; plasnnd of A. rhizogenes. The Ti or
_Ri; plasmid is transmitted to plant cells on infection by Agrobacierium and is stably integrated
into the plant genome. J. Schell, Science, 237:1 176-83 (1987). Also smtable for use is a plant
artificial chromosome, as described in, e.g., U.S. Patent No. 6,900,012,
Compositions
{00106} The present invention further provides compositions comprising a subject nucleic acid.
The present invention further provides compositions comprising a subject recombinant vector.
Compositions comprising a subject nucleic acid or a subject expression vector will in many
emb(;dilnen‘cs include one or more of: & salt, e.g., NaCl, MgCl, KCL, MgSG4, gic.; a buffering
Tris buffer, N-(2-Hydroxyethyl)piperazine-N' -(Q—ethanesulfomc acid) (HEPES),

GI)I e.g., & LII3 GULICT, Sy~ o=y Ol YL JpE
ag
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arteraisinic acid content by the CC-Fl]) equipped with DB5 colum (n = 8).
The GC oven program used was 80C (hold 2 rain), 20C mn-1 ranp to 140 C,
product separation by 5 Cmn-1 increment up to 220 C. Authentic

artem sinin standards were purchnsed from Sigma- Aldrich (St. Louis, M.
[00173] Synthesis of artem sinic alcohol. Arteraisinic acid (100.0 ng, 0.43
ranol) was dissolved in THF (10.0 nm.) and LiAlar (17.0 ng, 0.45 mmol) was
added. ZRE"MBEELEASBRSRSHE EHEMBS), baNdvRlp hbﬁﬁé)ama&em@ma did dodidta Af ter

cooling, the reaction was %uenched W th wat er (3.0 and 15% aqueous

NaOH ( 35&t @@S) §1(NrM8§3hPB¥° propareslingie gcid QMOBY), Nq%[@ﬁlr%e#@ mptyl-8r gani ¢
phase W%nxﬁ)‘f) %rﬁzrg et%@%ubz@%%]g%%n DEeNidabat, ds] mmamﬁﬂt ary

evapor at or . e pro ifred b chromat ography (2:1

hex anesﬂﬁm@ent)mloaajweensaﬂ @tcrrg n@@wy@leibw mdthhbkealla@mv elabochme@sm | ess
oil. t was further renoved by
col um g‘]r‘]ﬁ?” 1?%%) y oveﬁgér?é%. #‘aﬂﬁﬁm na %’W nman activity 1).

Char act &pptaails on data was consistent with literature val ues.

f t | d I

e e e R e L s S
I|Haratae@ d 1(E)lmrfr1_ fl kﬂj‘ihagifbjara Fﬁﬁcﬁ&etP%hS i%ﬁ%ﬁo X 0(1% I)In
a ame as ont al n nmo
and N né?gﬁm%ﬁsﬁﬂﬁq?ég?@%‘kﬁ'@ém(‘%% e S‘i”%‘\‘zﬁéﬁ? ﬁ?}ggﬁ“ g?‘i Tat mospher e
of ar goemﬁ@mﬁe%imﬁg&% géiﬁhéaﬂy%é’&-ﬁeﬁﬂ)sié&ﬁ@% plyif hosp&liadaegear t em sinic
al cohol (55.0 nag, 25" m ned) dissolved in acetone (1 m.) via syringe.
The m x ewpedimssisst m@agﬁm Y@qdéﬁe@qst@ﬁdswﬁe %ﬁﬁ‘&ﬁ%‘kﬂﬂirﬁ’fm The

gﬁﬁggi Oduchz) goup%:%%%bwh&% g{r%tde /o e o*malaﬁﬁdrEwAc) to

- Yoyl e artemsinic e as acolorless oi |
Char act emgleaellnnndats ewmbodiownts 'élpémt ooll ista ¢uka@pm oalk yirbie sul@pvotisthest; n

car yophs R it RS Aol Ll o R G o REAGRIR 08

5-f | uonoelis (Suaabld cﬁhﬁ%)homupmmmmmmm@m%motm&dge CA) .

ol o vePE BRSO o SRS Bie ey K e B2,

<(:|g WOEFW&zd\%@m&Uk%ﬁsﬁzggzgzgﬁlgrﬁz& t}e&hz&g@faud ik, Wd&h@ﬂ@erﬁﬁﬂ:ﬁ%ﬂpﬁx cki nson
ran 1N aKke tral ns an nedl a ericnl a,col trains
DP110B & mziﬂgzﬁﬂ%ﬂepﬁgwpﬁ é"f‘“ﬁ@‘&f’%’if“r’séie"%"fsé?f t"f”éfﬁ“éﬁaf%‘% ‘rs?

anpl i fi %@Mn@&;ﬁan WBereRieds! Cﬂzﬁ%rgﬁzyée@@ac%m&ﬁﬁdmw@mmp@ Mzed in this

study. “The strains were cul ivated at 37C.in Luria- Bertani nmediumw th 100
mg | > 1 &y Aversiinsmigaedwecaiing asyross Tisfodpumeresdh SIPRSHATE i ch wer e
cul tiva ARk NBdb b endrdBhd Me ? £es
cerevi s?%gnstérng?%%g%fﬂ( Brach nlrzlﬂleﬁtéé% Yezast T{Af 115- 132‘5‘?%58%%)

deri vat |Ghé¢umfd0®@&wemhasdﬂmd theslileeh dn. praneermbostimeants, theshospedll wéaslsarmmau ns
This str th\mtﬁﬁ‘g rich YPD nedium Burke et al. Methods in yeast
geneti c§ 81 r| ng rbor | aboratory course manual (Cold Spring
-Harjpero9jabor &t cthyr dﬁi‘ﬁﬁrneﬂﬁ ahahdstow]] iNY plaBOGH) Plén géllvenciadt ogBssf strai ns

were grown in SD nedi um Al with | eucine, uracil,

hi sti di f&B0 W&‘?"s Pﬁ%ﬁ@r‘ﬁﬁéﬁd‘jﬁﬁ Cﬁﬁ?@%@ appropriate. For induction
of jeeNes exphesmedethbiinbits thefidst cofirio Bpickaryolic celbr Rultableagokatyca nallwer e
grown in 2% gal act ose, as the sole carb our ce. ééég Pl asm d,.

const r udadiysly, bufgrepet dingtegite,angiofa KrusAy IF‘GFY%‘F rIGHAESE with the

- GALl pr onpy, Wy { bQMERAHS 5886k, Tatieralal, (Na92) 7
Bi ot echnot S&Rﬂ@‘%? 8025%%?@1%??%8 rimer pair. Stg and eio abl)e ).

Usi ng t Hemenel 1481 176-1184; Hift Palsnt Nie Jéﬁc@dﬁmmewli 93§é§c’€¥1@ned
medi a r @&eﬂ;} ce
:Nas u!seg%@grgéué ﬁ}?%arl\@%aans g‘t?e?%r%.&%?@%ﬁand t he oi her St RCHRR

gal act osschideglnatizd motdamites! tosTdmenmile iphi StdE mhm%mpﬂ;wab@ﬁhéﬁéﬁé seaiohas

cl eaved  wit Hindl I one est ed
PRS425GAFY %ﬁ‘%ﬁé‘? ’é‘r’]‘gim%ﬁ%q":ﬁ“l"%ﬁe@d el g’”ﬁ%s"g‘?r%gﬁ ﬁw‘é&?g@% %’%’%1994))

[ 00179] Fybicaly, ey abb@rory birsin m%ﬁm—m&s&m&emﬂmﬁm&p@mr@f dihp8- HVCR
was constructed. First S d1lrestri Sites, r g ) ntroduced.into

pRS4 26 GApHatE i “““Eﬂﬁr‘{ﬂi‘% ﬁ@”@" He“Sof “FREEAL £*FF oot er and
3" end of the CYC term nator To aehieve this, the promoter-nultiple
cloning site-term nator cassette of pRS426GAL1 was PCR anplified using
primer pair 11 and 12. The anplified product was cloned directly into
Pvul | -di gest ed pRS426GAL1 to construct vector pRS426-Sacll. The catalytic
domain of HMJ was PCR anplified fromplasmd pRI 1127-3 (Donal d et al
App!. Environ. Mcrobiol. 63,3341-3344 49




(199Th ivitipptittret par r3 ahtrr4."The anplified product was cl eaved
with Banal and Sall and cloned into Banff( and Xhol digested pRS426- SacE.
PRS- HMGR was cl eaved with Sacll and the expression cassette fragnment was
gel extracted and cloned into Seal digested p5-13B (Lee at aL Biotechnol.
Frog. 13, 368-373 (1997)). [001801The upc2-1 allele of UPC2 was PCR
anplified fromplasmd p31)33 using priner pair 15 and 16. The anplified
product Pyﬁ&dﬁbmwﬂzmammdwﬁdomz RhadadiachegphiaenoideBlthodebagred Xhol

di gest ed pRS426- Sacl |, o cr ate smd pRS: WP F kL,

upc2- 1, C@aﬂz‘ﬁ@% gﬁ"‘?&@?ﬁ‘fgpa an#a%%%e %Sd‘ﬁgdﬂg&ﬁ% pl%é-%PCZ

wth Saga,st@aglsrmyké}g,h;dwzzapproprl ate fragment to p5-UB. [001811To replace |

the ERGO pronoter with the VET3 m RS-

-comYiiitt ed. Trpensrite 2 syl f(ﬂsélﬁ) %h%@ "“37‘9 5%’38?" “éﬁ’érﬁ“%ﬁa“"mi’“smg

274, 316 Shid-fdel esegtmaﬁceﬁfstdﬁw pl aced
s f&*%%%%%“ﬂ%r R N

behi nd was cI eaved.w th and g@iﬂ and
cl oned Ermbsientydnio #paregt Apst eﬁ%é@ee@swghe%wm%ﬁ%ﬁaé &i’i‘é E8i%0n

- marker - € %ﬁﬁigﬁe%ﬁ 1 DRAE6E28Dnedidt8OSTdabn, e X pr essi on
of ER&X2 E?p°§ah%3’ &55@% struct ed. Plasm d pRS-Sacl E was_first
di gest eupwmmamammwmdm Iiiree foe sale trpasiPmatiop.sHasteiadhidl  The

pl asm d vvas sel f ang. di&epid Create

pl asni d& gﬁ}“m %R%?% %513“4555Q4>§]‘§r,%g¥§§eﬁ0m ?]ffg%‘?ﬁ%m c DNA of

2Y4|742 gidémT WChd@h?mdén ﬂeiismneb ]aﬂqncilgn rsalslpinné |t@u:=p‘gmd g@sﬂlséﬁmlg ([:) IXeaved wth
pel and Smal _an cqne|0 £ ma >sted pRS- Sacl i

pRS— ERGobipsmabRRisol e gﬂ“ﬁ"”%&iﬁ t@&%?esm on cassette fragnent

@ﬁbbext r aetgek éiﬂﬁbzﬁrh@tﬁ@di dub @aeﬁdany mog@ﬂe.dstmsu m plant cell, A subject

[0 1831 easttransforrratlort and strain constr ‘ﬁﬁ)rew %e strain

BY4742 EBretisaiwmadife aanfceébspa%ﬁﬂfaﬂaf@@%ﬁ? 2875 E the

par ent B BEACE iR %%Mu&h@&ﬂﬁ@éﬁﬁy befounfi iglfbr st rai nc
of S. czgté&lsltaogﬁ\ﬁaﬁigksggmor med byt gpestandard | ithium acetate t hod.

G etz RxaibplesP ikl and Tigeue Gylimgi 1094; ¥astandiThomrdidse &UWT ANBRERTI ar and
Cel | Par {2 c(;ﬁ&;?‘i%'ib I &ﬁdsfiﬁMo'i@dmaPlB@cﬂs 2092)099,Thr ee
to ten ?ﬁgﬁeﬁssa?&r om?eaggﬁgl?rans OHTB.%}IO Wecr)e screened for thegsel ection
of the W@H&mﬂ@m ene producing transformant Strain EPY201 was
construc ed. _ LI 1L pati on of strain 8Y4742 with Masm d pRS425ADS
and sel egtFer— - teo-prates. .Plasm d p5- HMGR was di gested wi th Xhol
befpgeisyr ansflﬁédsm& bﬁﬁodﬁnehhea lvfect mnwgmmmqoeﬂmmmﬁsm supigpt .
selection on SD LEU- URA pl at t r ansf or Ve cp! at ed on-
SThr EU [FRETSESOR ¥5FEaE Wi E‘%ﬁﬂi"ﬁ‘ i_ecﬁex@rﬁgﬁn ey cggip |agﬁhgc eﬂﬁ&%g ioss of the
URA3  marder dind bish dﬁ%hu,@ blxnis"oﬁi&i’embﬁwﬁiﬂh& wanhj¢ch geneticellysf or ned

th Xhoi - di t uPC2' pl t I
D L) opipbbes ol semaies hiv e GERBS R PPE b S TRl B

LERTI pl gé,tﬁéﬁ’ EQdingd £1801 He et a:mmfte@&\%v&mﬁlmm d
PRS- . %@V\HS clileaveggvm h H ncE féor the integration of the Ppns-.ER®
f usi on aetndtdneerﬁmﬂdastvamePYZOS and EPY210 for the construction of

EPY nd ERY225 r cIeloRRIREs £ Bfst Qlbject
@fﬁ@ 11S- Iik‘/é?m& eé &%Jw%%ﬁg%{frﬁgﬂ%?%‘?ggd W ihilol digested
po 1- 11\dxpRspbasesiet, ﬁlhléremé fiest subjéct exgiressioh rettDINPIINISST: ubiget puslqif spigET

pl ates, transfonmmt re culture es
cont ai ni FEPESPEGD ﬁaﬁ’ es%lf’ncteﬁé‘co%(’ﬁ?s &@%ﬁge%%%gé rﬁ%% % 9X\B/)\i)aa§é
transfor Mr\thgéﬁéh%da@é Qﬁ&ﬁ@ﬂmﬂﬁﬁﬁ%%mphmmwn@mbjeﬁmmm YeoHL,
sel ection on LEU- URA- HI S- VET Q,I at es, transfmg.l nt e1c ‘ﬁmqjlm ugead and

pl at ed owheBihemecmOSHRISH FRPESEON VRIPLAGTREST &f CE%]K AStruct i on

of EPY224,1d 0828 ‘hﬁéﬁﬁe 6@&%@ PR, NRSHERGEbNASMSE sfubseelt deyctR@Ry awdifiedi s
usmgtwo sets o priners ach set contai ned _one, .ol.i to bin tothe

i nser t edhdakléelberanioTses @emqﬁ@xmrgssrwegfem‘heﬁewSE‘%!F%%WEFS& Y& i nserti on.
Al other integral olsedRAEH drebMBEEL isOPretisicng a

pri ner bP‘H‘BWFSQ 5%C?gHﬁcll%&&d\é%ﬁ%ﬁgb%ﬁam&?%ﬁr?vt edrl and .3' -e%d ofﬁrthe f used
gene. [ Oﬁibaﬁjnﬁgaﬁzymmﬂ a/aiojaehnucmltt a@wmmswﬁqoeée FAUEHS SPIIHIED600)
measur e S re take m, of R

rreasureng%%r pﬁ%‘gﬁ‘i@éﬁg&ﬁg ”%’g‘g%r‘f tre tugeseigﬁglﬁl ng r%gﬁmgg SD (2%
gal act ose) nedium (wth appr opriate apgino acid om ssions as descri bed
above) were inoculated with the strains of interest. These innocula were
grown at 30C to Doe |loetween 1 and 2. Unbaffied culture flasks (250 nal)
containing 50 M SD medi um were inoculated to an Moe 0.05 with these seed
cul tures. "Anor phadi ene production was neasured after 6 days of growth. 1
nmM net hi oni ne was present in each culture for repressi on of the PnEn- ERG

J'




anor phadi et . ae oxi dase activity, CY.P71D-A4 was placed under the
Lunkscriptional control of a Gell Qu*Samma a. pu, Sexl 5RX" ( STr at agene)
backbone plnsrnid in which the CPR gene from A annua (AACPR; Figure 3;

am no aci d sequence of encoded protein provided in Figure 4) was expressed
froma Gall pronoter. The AACPR gene was obtained from A annua gl andul ar
trichome nRNA using a degenerate prinmer PClt and RACE net hod as descri bed

above. [cBPE8RFecpE IR RCEpesshaswptol osmprines p Febjett hileleic esid oxi dase
activity, thiss plasm.d, (p71D A4/l CPRUpDESC- 1JRA).. a contraol. plasmd,

Whi ch | SERCHEPRE B SIS ofias 8 T mANarHs P oS Re el v cel 1 <
engi neerngsludes ap iRgtaeidanelifBtrdenkime bh®HEPRRr i ef |y, these cells are strain
BY4 /74 arryi n_j.ntegrated gene encaodin .tryncated H A reduct ase,
wnild$0isL sol Sofeble G _ dinrFusdeic aeify Solods 3@0?%@4%5%%&% KR 3

codon- opfidr, zaﬁltaﬁ@%maﬁo&ﬂ% AficiR REHS inchlie ERGiIGAds SIcOBMECIPR Al or med
cells were cultured in S){nt etic | eucine and uracil_dropout nmedi um and

i nduced fBgeip Hxaaplss elsuitabile CPReenseding nugleic asids inelyds; HapBank scsesgioniow t h

et her. i RCER : aANE (lg%:zg, S -
chr omat- %Sg%-s(% éﬁg ;E)%ct r 0%56%&%3%?8 é%azlvgmg?%%an Exﬁ'.ﬁglg)’l’zsﬁ'grm usi ng
t enper atGRRY; Prulankm ®SsipaNiANAE3 Vh einemiemess EPRINGBOBanoAPGSion Mot hent i ¢

o oy S RS20 FPL PR, SYOBERBNEING RLats ehllolfpenor 31 ©
det ect edrispom(PBS. cel | s expressi ng CPR and CYP71D- A4 but not from control

L Y S e T R S

fj o art e(rjﬂos hétoala :sgxﬁﬁalzeﬁd&geﬁéﬁﬁ @iyﬁdpﬂb@hﬁb detry clemevM @i Wi Binvaiohde Was not
etected; 1t wo not .be expected {o appear using a 1pout .beln

deri vat ipfﬂwa@rugﬂppsewawtwtawy mz?nae@sé%@mﬁ g Wgwg_é a ?@Wé%?éﬁf or
anmor pha-ggetdcaii KRR ; (EIBR @l akbtbaceWAT oRAYHH £RiyRIToA th mofm}me-tmf; &%me t wo

pl asni ds were individually transforried into a WId-t¥pe strain g

cer evi sicaayertmm HVES Coxda gievalepsts; (@bphosphirylatingmevplosgtety meyslogdz fr ose and
uraci | . .d%}t&i@ % oo by 29 ' gﬂgﬂ;ﬂs Five
raL of %8%3%’@%11 ce ?%é%{)eor%g{eco g%a%t%{@vg@%iﬁ??ﬁ’é’g%‘{hﬁ?ﬁ% éénd fresh
medi um convating mgvasttafvbyrophganhaty tol isoptntensd pyzarhesthsten i The meyaigetts or
artem si_ni | dehyde  wer 210 S were
t hen culqath&éa% eé]? y%ﬁ fE‘ﬁ‘S? f‘%sﬁg%%c;ﬁ.o}i?‘ﬁe medr S%‘np%g%%g gg'ltt%e:%% ed, %d%t er

f ol[p@rseyd by desrrovaltdbped, imsonsémibpdiments, a subject genetically modified bost cell is & host.
N-(tert-Bytyl di nethyl silyl)-Nmethyltrifluorpacetam to_all ow detection
of . A Gpior ey R R et PR S Br St BePo R AR o
artem siméwicheichatindfd el dsnd\6tBessleibodiaichisatht e call 5 deasticylly flodifleli withach

of the derivatized controls and, sanp].es s.-anal yzed by GC-MB.., The
t enper atafBIcHt FEFCARIY EREPT RAEIPHEIE 8 SUNFT IURISICRE (%@‘P'ig%g%’é?ﬁr%‘&fi‘to 250C.

[ 00190] \MisifilEers Gink SanWelieEnJsPSL IR RE RN, hddif PRER ofié BhbleGRftologons
accunul ation-of artemsinic acid along with .small anount of artem sinic
f

al cohol raelticecitisivpuprisingpenieriiieequsnepseaeading astoacstyliGes thidlespear dei | f
expirer f.'g-P AN 1 )ﬁﬁ&)ﬂf %}Q@&, A Sedibkg fed
a;qtmem' sﬁla'lfd% %gﬁéﬁ%%ﬁggé%m m@ﬂgﬁ(}gjé%%te, re '33' ive lg(g%:%%l ation of
art enm si(FAMGRS inEvaleath kipase (MK, phesphointvalenapeddiase(RIVIKGRRAGKVRIDDE

mAoWvibDEiag .
CPR 5l o eEb v Sy S Mol A S G AouRt skl o Be Rk

_ % gure
5A) and dnspdahdny, tikrtoertell i emeticdlprmmiliial wih an expréssion vectoccammamgla (Fi gur e

5B) and arjem.sinic al dehyde i gure 5C).-- wer dded t o, t he di um M 150
Lt M in ﬁ%%@”@%?’i‘@%&néﬁ%’r nﬁ‘%fﬁhe@f’ﬁngcl’ gmf’tfb%g?ﬁ(‘f%nat ogr aph)
or dvv' t 3 %a&%@?ﬁ;@tﬁéa@x&l?al&% & R¥dBion 6/BEL6F ddbaipRiging RIBIbjeet ckid doit ed and

| nauee en%odin%anisoprenoid—modifying enzyme; and the host cell is genetically modified with one

or more heterologous nucleic acids comprising nucleotide sequences encoding MK, PMK,

MPD (and opiionally also IPP isomerase}. In many of these embodiments, the bost cell is
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gal act ose. Amaphadi ene (1), artemi sinic alcohol (2), artem sinic al dehyde
(3), and artemsinic acid (4) are indicated by arrows. Artem sinic al cohol
(2) and artemsinic acid (4) were detected alter derivatization by
N-(tert-Butyldimethylsilyl)-N-nethyltrifluomacetam de. Asterisk indicates
substrates added to the nmedium [00192] The authenticity of derivatizecl
artemsinic acid in sanples was confirnmed by the authentic artem sinic
acid st gm&ﬁﬁﬂly(ﬂcﬁﬂééﬁtm “drpitESBh vedtheeunptising 4 nrcleotidewapnicp EOOREE r st
hydr oxyli on is catal yzed by the cytochronme P450 enzyrre encoded in
CYP?lDQ | one, and the subsequent oxidative conversion of artem sinic

Qg to aﬁ@mmmﬁan@gayd@ea@&mmmmhmdéwaéosmﬂmm@ ni c

al qeu
acid are highl I|keI Yyt cata zed t.he K CYR71D- .85 nant
enzynme, ﬂ?‘(f@@ﬂh‘éfs g)s?r %ﬁ‘(ﬂ‘gﬂj’é ﬂa%‘%?ﬁﬂé%%. %t c%
[00193] gb HhiaBEwABa siBes: kPR ﬁdmdomﬁﬁﬁﬁgamﬁctmlmaﬁzﬂe novel
produ

conpoun uced after am)rphadl ene feedin CPR/? Ad L ormed
yeast cehtodingrag issipowneid-mosifyog ensyme; axtibe hg%gel@*s ¥@ﬁﬁ’§eﬁ

aut henti ¢ @ uad da{gcgcstb@wﬁrd wer e
det ect ed” g‘y%a}gﬁ%@gg%{sg‘}uﬁ %%&ogg%%n%?%ﬁ%ﬁﬁed llé?ﬁ?ngs gnl ts o the

base nolCaeLihiniasa S, HMORONIOEMIGMP Dy P igemarass; anha &F

enet | cary SR AR asL A ff R Bt Aoy Wtk Ao o Cp%ﬁf“%z‘,?*épm

and Al Vlcﬁinbnﬁ}(fiﬁﬁbl%d)s SéQESE LRAJInAACPR. AVSPmAewboH 13 BRESHI ng
truncat ed uct.as t ast strain
BY4742. EPRSREL ‘%hi%gﬁ?%c?? SRR ég"eﬁﬁs‘l"%ﬁ %&pre tgl& IPPYESS

tSr anls cr 'Lﬁ)év'aﬁ‘;ﬂﬁtle 18 mB¥al S i %ﬂwﬁ@ﬂ?&omeﬂr@gﬁbﬂzﬂg ntndo@e,drmﬂea Fabigsat hway . .

- Squal ene synthase gene (E was epressi bl e

pr onot erexpIvEEaL V@W%W%ESM?*BB’Q?%?@%&%% éfﬂ“ %&r %%Dd#g?é 2&%{ ADS

- was als Wﬁhﬁﬁﬁ%ﬁ}ﬁorbaeﬂeM@usifmﬂab By224
%na%ﬁorl o q%@%eﬁis éiﬂehcaﬂnyﬂ@ﬁﬁédAND

strain h sculture%lns het crrelum _
cont ai nlm@pmwlam@%q@n@s@ﬂ@w 4)/&0 0 t cells

| osMebIDis buf f
vere pe ﬁg?gs%th? Zﬁ_’rﬁqnv\égreoam 3&?&1&;&@@1&@3@@9 ckiisdeketicale mbtlﬁfe&mﬂfﬁhl s buffer

pH 9). ied to pH 2 by adding FICIrlaldthe acidified
- butter vgpressibm Mcecbompnmngamyblem@tsaqwﬂcmﬂéﬁﬂéi‘% hane and net hanol
ed t the et L3 Nl LeRiGs 8 188 bRbigy aci d.
Theﬁ’ﬁiﬁﬁ é? g art%&%&{ ytIﬁ)‘:’(ﬁjget ected f)y GC- MS.

[001?5] &ﬂ&%ﬁgpl%?ﬁ@gﬂmﬁtedﬁaWopﬁgmm@fthah@@ﬁ%lsrﬂn@ﬂﬁél din ;
. yeas en n a ex se Cl

was det ews?sr?@ae“gﬁgﬁnf’ﬁ?rm%aj e{nﬁ?eggﬂr]\% M%&%ﬁ]g{@%@ucﬁégel

peak at I Gkl &éﬁwmzemwa@&ne)mmamnmcmm serfevzazgn:ent at| on
pat terns as the authentic artemisinic ﬁr‘%\lﬁ({;‘?#}imﬁ%%p%

(Fi j@i20l7 B aimox[ne@meqhmegﬁreé‘lwg% ‘{“ f zyrre ssays

M croso \chipase itkAH9: sxgperessemngdiABEPR or
CPR/ Amng%ﬂgﬁ?%g%giﬁg%%%%%?%ﬁﬁ?heﬁgubst rat es ?sqeg are shown by

ast er i skdchyfmgermachr @hz@mme%@a?\’hl@@e@dwg% i EZ 1sopE=gig

artem sinic_al @8ar{dGh :

Et her - exi’%‘g @9? ?E%g%{?do‘%sy%fggn%ée% g?}n;éegb%ﬁ% anal yzed b; GC-MB lithe
sel ect i Vel @n ciRAgoiiadell, orfliddy bd 89arisa0af sueh g delpaipogearss- JuE0me ¥R e

products are as .indi,cated;. 1 i

(Ro-13. o8P P VBl PSR g P o i pHRge b AR safheblc? |

(Rt =13. S%O%E%émhg&ggaiabyg ester). [00197]Figure 9 depicts the

nucI eoti de sequence of _ DNA cl one, designated 71D-Bl (also referred to
as "AWR, Meyal \ ¥K38¥ oxyl ase), that encodes a terpene

hyde R : udts sesremaen die arhend
! mﬁk@igodggg%?/ﬁ?m Eleezi\e%l-l) %m e y

rotern 001 Fi 11A- C depi ct
Iﬁydr oxy| aty lomvencyiEV najhvedy W@Fﬁﬁ“ﬁta‘?ﬂco‘z‘ﬁﬁ Qﬁé %ﬁ%&%‘@’&ﬂ %aﬁﬂ?ﬁd i%%g%%ratea

(71D Bl) h‘% %@Oﬂ@m&&ﬁgg h5§'09ﬁ_' ForRxhSpR! iefHotifieuaniesembdng AMO was
expr essed B OVer expr essi ng yeast

and the peak at 18 50 ra inB
s hydr ow@acem-@mm 30 ity BRMIGRR M MR GHED 1 100 arecsiov a3 £ it
HMSCoA oyer expressed yeast.. Jhe IRSS.e @\gﬁfﬁ 184138 ReiRhde8 iisodeis MEV
hydr oxyl éﬁ%b"”&’l’fﬁ? S SEBWERREY &0 ven‘::k‘lﬁll gg%e 110G - Peakeforcm{ghe par ent al

ion (220) of hydroxylated anor phadi edg i s shown and other typical ion
fragnentation patterns for sesquiterpenes and tei penes are al so shown
(e.g., 93, 119, 132, 145, 159, and 177). [00200] Figure 12 depicts the
nucl eoti de sequence of a genom ¢ DNA encodi ng a terpene

hydr oxyl ase/ nddase. [00201] Wiile the present invention has been described
with reference to the specific enbodi nents thereof, it should be -



situation, material, conposition of matter, process, process step or
steps, to the objective, spirit and scope of the present invention. Al
such nodifications are intended to be within the scope of the clains
appended hereto. CLAIMS What is clained is: 1. An isolated

pol ynucl eoti de conprising a nucleotide sequence that encodes an enzyne
that nodifies an isoprenoid conpound, wherein the nucl eotide sequence has

at | easpatiGdyEemafredicii it EFBaTeArwesion tymiirs andionganage followingeeagk iBhce

set for in_SEOQO | D. . 2T | , im1, '
wher ei n¥%#ga§§’ézsé?ehmtl\l%ennue§ Sé%?efocf'getglégg‘é%@é' égﬁgt e%@?&%ucl eoti de
seqUﬁncéB?demt.?WSWStﬂncﬁlbaDm bEQraradecemtive i:aﬁmvm ) arido(L 26428 S:EQ NOdI :

3. The=pol.ynucl eoti de_of .1 . reLn t nycl eoti de
sequenc g"’ ngcﬁﬁfggﬂlsgﬁ%m bﬁpmgéﬁﬁl?ﬁe@e&ﬁﬁﬁﬁﬁ?% ARG ot i de
SeqUeNC Qere®isiak D (KBGE1T; Stechdrbmdkds berevisiae), (X83882\eraphloysiv otiahda)de of claim
1, wherein the paol ynucl eotide conprises a. nucleotjde ence t é _
encodes (ABRVT LRI RRT el Pk TORB30R: Mo, drierit A SORhNete

| denti t 0818 mefw?g&k%fmgﬂﬁgpmﬁ @tazmpgdz{auy, MBtHSsE T NebBalycss sHEO-

pol ynucl eotide of claim4, ei n"the nucl €oti de sequence encodes a
pol ypepBP#M, (ERA4RY:adVitosiane astroata) 804039 Wo Kiteratpspegziseda), 487428313t o t he
am no acjlg- Lh i . - nucl eoti de
of clai %ﬂ?&ﬁmgglr%%gﬁmg ﬁ%en%ﬁ%a%gﬁlﬂe%%e%@e@geﬁg%kggo s{f e%&r%vi‘gge gi&{%e ‘havi ng
at | eas(NE&bOI148Sraidomnt EdiSA34 448848 Sasaderariyrss cmvism?)a dLEt%8: sequence
set forth in SEQ.I ) 2 ol ' .VBREL.ON | & t he
B0l ynucrEataEH g OCS5875; SebehdpolBEQ Tty BRRL-TATAOTRS) Feld
pol ynuc besslicdeisR{INM_806858; Homo sapiey), (NG 081146 eddmpiament 75231§.. T13670; :
. reconbi nant, vector -of cl ai . 10, A-Method or pr an

i sopren F@Wffﬁ'ﬁ@’f‘?f“‘ée%%@g):é%?ﬁﬂi P REOREEES CERPT ]?ﬁ‘gm5
cul t uri mGrarodlRBM b)Y anDAifonE0, Hsnd siRdrs); bfid IDISINC abeI31edi UM Wwherein

said host cell is genetically nodified with a nuclei¢.acid conprising a
--nucl eot ﬁ@%l@gqmé%Q%é@éi ?ﬁy@ﬁo’ﬁ%% {”ﬂt-oﬁ‘iﬁfff‘ﬂ}?‘ﬁﬁﬁ'@nzyrre havi ng at
! ef’fﬁﬁEBQEOUt 40 BRI G RR ks, EEOM G cbding RRIATENDAIE binGRMBNAE 8F BBIGROr t h.
in"SEQ B3 NO 2, to produce an isoprertoid-nodifying enzyne, wherein, in
‘the pr eSEHMGBY) thatdage ths-tanspenbrage dompig o5 maldEes B Lo gpmsmembrans |
| Soprenagl {%@ﬂa y Eﬂ'zﬁm@‘aﬂﬂ' fhCat 'au%,iﬂ; 0y
terpeneag]%dérffa eE%n %ﬂg‘jﬁit on{%¥b§ﬁgﬁ|§§%tg?enoi d cor oun%. ;1.a‘ﬁﬁzﬁyrrethod
of [60%8In 10, Thheodingsesmenteiof apy emoruMEBHPAtywayEnamey mayibg aliered iroyasionti ene
oxi dase, _and wherein_ the terpene [ | ( - - gl . 2The
et hod SR FRE T B asmfreRs e Shlnth 18 s R U Ritmbd i £ Bicqapd
13. The eABiha dTiRf angthahdhti 322 varkew BMEV pathdap estyneetill vswlly bpeabtantielly . 14.

e T
nodi fi eGeast one amino acid, and may differ by at least two, at least 5, at least 10, or at least 20 amino
- acids, but typically not more than about fifty amino acids. The sequence changes may be
substitittions, insertions or deletions. For exaxhpla, as described below, the nucleotide
seciuénce can be altered for the éodon bias of a particular host cell. In addition, one or more

nucieotide sequence differences can be introduced that result in-conservative amino acid

changes in the encoded protein.
Prenvl transferases , ,

[88124] Tv. some embodiments, a subject genetically modified host cell is genetically modified
to include a nucleic acid comprising a nucleotide sequence encoding an isoprenoid-modifying
enzyme; and in some embodiments is also genetically modified to include one or more nucleic

acids comprising a nucleotide sequence(s) encoding one or more mevalonate pathway
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with .a nucleic acid conprising a nucl eotide sequence encodi ng a terpene
synt hase, wherein said culturing provides for production of said terpene
synt hase, wherein said tenene synthase nodifies a fanmesyl pyrophosphate to
generate a sesquiterpene subshate for said isoprenoid-nodifying enzyne.

16. The met hod of claim 10, wherein said host cell is farther genetionlly
nmodi fied with a nucleic acid conprising a nucleotide. sequen ncodi ng a
,terpen%mﬂﬁﬁﬂﬂS&ﬁﬁﬁﬁﬁkﬁ@ﬁﬁ@@mﬁh?ﬂﬁﬁﬁ@ﬁ%ﬁwgﬂ@?ﬁéﬁhﬁgﬁjﬁﬁ%%h(ﬁ sai d
terpene synpt hase, .wherein said terpene synthase nodifies a geranyl

pyr ophd®f @IFﬁﬂﬁgggﬁg?%'a nnnote;fene_substrate f or, s&kd .

| SRR§E0I d- NEdinfitimgraeg yomstitute a broad growp o erEyweY srlvare PeSPRCTH " wher ei n

sal d host cell 'is_further genetdcall i fal 1 ediRicBaia Géngths.
conpri sqonge@amrwfég%’ﬁf@ﬁ@égﬁg’ﬁfsméﬂ#ﬁé&. Eg gl t ro\éﬂéﬁnages?fﬁt hasec, : in said
cul turi g&g?gfe b S\ BSarksRtashy DG boymes tmacatalysrthe pends ﬁ%%f,f’l’mggiy °said

t er pene nt'l | ageneidill e erartyl ger Rhalig b av@enerate a
di t er peprim straéQSéOfQ;Fl%%HIa‘qu%B_ %%ﬁ%w%ggﬁ%ﬁyy%%{%ﬁz ne. i 18. The
et Pﬁd g&ogclls@r&ﬂ%ﬂgm g{@k@ﬁg@&%ﬁéﬁ@s;%ﬂg%&@ﬁ?mpmwaﬁedﬁé‘%’ﬁsﬂ?f‘ nor mal 11 y’
synt hestze Tsopentenyl pyrophosphate via a Jreng at hway, an

R T ORI (e Enf

wher ei nisbivendosits (Fadnksyl yIge | mor e nucl ei c
aci ds conprij si.ng nu t i &% i@ (hexmiecyipyropEsphEty nes in t he
bhphile yHR8) 3 HopR8 RS BSadpRaRintia(s -

meval on& ornerase, a prenyl transferase er pene

synt has gyntsdi)] 7dsdptans unigs, Briswpraticyits (FaymeBgiBiRhagh O PP %@Iaﬁg%@gj%;ﬂ

pat hway enzynes,: wherein sai i Fthede ! 100 scprertuniis (devaitamat m

 pat hmysﬂﬁ]%%ﬁﬁ}sé‘s@é?nﬁw Ogg%r}gggﬁi%%?ﬁﬁenyl ?r ansferase, said.terpene
synt hnsgﬁoiﬂgspﬁ&b@yﬁﬁﬁﬁﬁmabmdlﬂ isoprgnewis e ahoss b (Sopieps B‘P%‘dﬁ%’ia R of an
i soprendi d compound, . 19. Th ' i dts tWRABSRIZA ivpiahet WO

or nor e LAESRRrEEALES WACAWAD ﬁ?ﬁ%@%o@ﬁﬁ gg%‘gﬁfr)reg\?gﬁeg%at gs ki nase, m?

phospho tagaﬁéé@%E&u@m&ggxm@aﬂmummaaﬁVmpmopitﬂaﬁpnh&b@u%ﬁ%wr%é? and

ot 0S

wher ei n t cell is cultured.in the .prese @thid) &logh about 50
20. The abwﬂ#@ﬁﬁuﬁ@l@i%f%@%?gﬁﬁq%ﬁ?ﬁ%v%%ggﬁﬁg?%pﬁ%ga onat e ?)gt hwa

y
enzyne' s comr.i : ‘ Qs | fhire kb 1 0hisdprony wEtsiy Bavg 230 JFPPEBRA
si nt hasé?opﬁé%rdg%g?ﬁe%%y %%%ﬁe- COZ reg ctase, vgl nakh 3601 ne units
phos phoRinéty,Aremn abert R5hisoprens Heits e ¢aPE R S@BW%BWHESSL’)H%TG 'gtecar %gxy#:se.
21. The netha . clai -8, 086 ishpRhe Rt thabewr286@ iscpreae iEiesy |
pyr opho<pHae d@%fsﬁg%ié%%’ ﬂ%&i%% ‘ng mgt rlllod .of _cl aLm 333 % 181 Dniadhd
Sesqui t ex@RRBEMIP0 isspenammiisso phop 3AYF isgpreRfpunits, from abgK ME ﬁeﬁ%gﬁ o? -
claim 10, wherei.n said iLsqpr | S 2Rk by LY/ fRut 5008l iyapeaneamitsiatri on of
an isopr@ﬁ&h@qm@ﬁ%ﬁe&’fmﬁ%@?g&ﬁ%ﬁe SobarTate. 24, The m;t hod of claim 10,

wher ei n ﬁ@%%@g@gﬂ%@ﬁh&%ﬂm abeuta08@ qpiete Fyts i§ more. 25 The
- 0T

met | f dd claiin- 10, wherein sajid i i: (- | &Y ERShpeRgY hmhﬁbﬁes
t he[00126loxi da$mtﬂbled¢rer§'m-fa%%?§{.“g@b%9%e“§@?’g? e ?r%%/hod of -cfﬁpi m 24,

wher ein @kﬁf@ %ﬁ&hﬁiﬁ%%ﬂ?ﬁtﬁ likiteaeb areke diphosphato (FRRGYBIRAsS, Tarnesyl

all oi sol6ngrtdlene, (-)-a-trans-ber ijrﬁ)thgg(g’ﬁ ((G}}-E@P Dehexiprin@er macr ene

,(A;) ggr nafii_pht?@hﬁ;e @Bﬁ)wthﬁﬁ?rﬁ@ﬁé‘?m’% h SPHE,(H;;%)Q er m; Dggﬁﬁquw)
- 8-selj neneg, . - §fMbreny! diphosphilte Ytk 2 ,

wher ei n Q%ESSP?‘EPZQ%’_&“%SE%”%PEJ sr%ny}mr?o?er ne. 1&%1105{11&2@? d of

cl ?ihmdlofiﬁmmdfmm’ $®mﬂd}maﬁ%&s3??-§lgﬁ%§mﬁ?& gttdgﬁgﬁiidlph - é 9. ,_ehe

met hod of c]Jaim erei ] & BRd & ELiso diphotpbriosmathase,

30. The FEFH =%¥3%F3\éﬁ%?€gd%erg%ﬁﬁag§i@l§wt§ér(&%ne splg?iraéec )

pol yter P #iduding, bt n&hmiﬁbm,mnaﬂg}séﬁlpéipﬁhﬁel_ ] Pl RERERS 005D yhﬁiplh b

i soprenoi d- modi fyj na. enzyne- encodi - SHRHIE e iR egdnte

about '60%@9@?@&@5’2’% ﬁt‘ge?l?’% %@?ﬁ/}y@h t %ﬁﬁﬁcl eot | deSisIg uence set

forth in %ﬁ%&e&&@ﬂ sibber synthas2andlbtberr#tshpunddiphosphael b WfEr ei n sai d host

netically nodified wth a nucl S:Itrgné'?ﬁ R%répﬁbﬁgg%tymbaﬁés de
ase :

cell isg
| & dihegualepfdeseniaares PASH U
- sequenias] encodibegualeelicced ) ibject genstically modified

are known, and can be used or modified for use in generating a
host cell. Nucleotide sequences encoding prenyl iransferases are imown in the
| hogohate synthetase mRNA (GenBank Accession No. J05262; Homo

art. See,e.g.,

Huwan famnesyl pyre
34



~of claim¥%4l.

33. The nethod of claim 10, wherein said isoprenoid-nodifying

enzyne- encodi ng nucl eoti de sequence is operably linked to an inducible

pr onot er. 34. The nethod of claim 10, wherein the host cell is a
prokaryotic host cell. 35. The nethod of claim 31, wherein the
prokaryotic host cell is Escherichia coli. 36. The nethod of claim
34, wherein the prokaryotic host cell is one that normally synthesizes | PP

t hr ough st¥ehs);iteheiesy HiptinsibatsoyitiSaeDBPhgdne (GE2Nk patdugiay No. J05091; 37. The

T el a0 S PR D b sy e
conpoundqJ05090; SacsHronbites bablisite)9Wash ahdOhdumaPe0®) BlodHin. BissME SN d

conmpound s r%. Isjnic acid __ 40 The nmethod of clai'm 39, further
conpri si ﬁggﬁ%& ﬁ'ﬁngatﬁﬁlghﬁ#ﬁﬂ&?aﬁ Al H%ﬂ_@‘?"é’f{f@mﬁyﬂ BYFeRhasPhate 41.
An i sol 3YRHRRINMBSHEHHPASHERNRI $ PHRtsA dBsHsSREd SRIESIUERSS 71 godes a

cytochrone P450 reductase, wherein the nucleotidée se uence has “at | east

90% nucl(EeaBak Avsepsiondlo. NM2028§6)Cinkge hidoha graayigetrayistihrephate yethasor th i n
SEQ | D - ' i Si | eoti d
1 g mi o RSSGHINGY £08 i Tl REshAAANY o0, C

conprising the po claim

41. - pyrophasphate hynthase GGPSOMBGEP nnthdtase / Soespitmasitansfernsa(A4g36818) m 42.
45. A i t : d. th t hod i Si
a1 TOGA Bl R0 B FIORESE SHRIPRBGN cloper ARl B s o

sai d hogtranglotrany, greanlfaoebylyhexaptehyl citbpuiptanybdiphspite syatiiace (SelfpHesHS)g a
nucl eot i, de ,sequence. encodilg.an.l soprenoi d- nodi fyi ng enzynme havi ng at

| east aﬂgﬁpiﬁgé¥§ﬁ§ﬁ@%§5gﬁﬂﬁg@%yi%@ to the am no acid sequence set forth
~i'n SEQ Tk gintliagespr oduce an i sopi enoi d- nodi fyi ng enzyne, wher ei n,

in resence of a terpene conpound, said production of said
isJ{B‘?ﬁﬁ i dmodft ORGP RAEYFRES. 2SEbie Tt ﬂpgg%eg ﬁﬁelg;s sepriicely erigied - -

CONMPOUNEs include a nftéleic AciilcBRTHSRL & nRbiBOdeGONRbSéitBdiAg B bRl Sydfdd, In
conprising a nucl eoti de sefuence encodi ng as_isoprenoi d -nodi fying enzyne
havi ng &¢me embedimpuis:the rpeagisygbase ivonedeamadifiasd PP e seneraiv? sasidtesragence
set for B otg ' ' I, Ehod SRE ed in a cell
of the _%Pg{rl%'?rto gﬁ%ﬁ%ﬁth Ié%}g&aﬁ%ﬁgﬂ%ﬁ%ﬁn&?ﬁfgé?ﬁg?ﬂg |n?€?2?1e_cel | . :
/. The t arsgterpeve.plnaitherembolibnents) die tehermaivnthtseds phethet medifies@@bBR ot .

48. The [ nie plant of claim46, wherein the plant is a Sot. 49. .The
tansgen#%&%%gﬁgﬁE’dgﬁain146, wherein the plant is tobacco. 50. The
- tr§9Egeni ¢ pNadkotife sedgintesddbcodibe tefpehe sirethdsspire nwintlin e i, \ind gny known
nzynmeencgort nucl eoti de sequence i s operably linke a gpnstitutive

D ot e fetbene byt <Biodiy R S Ercara BF viedap Apreca it st ¢

| sopr enGoflei@ld, Mo ToliGwiny tBpERGOHHhRAG-HI6di O hi ke tiEe StRBERs, FSllGRA T hyir

i nked to an i nducj bl e pronoter. . 52. . The transgenic_plant of c¢laim
46, wheF@Pﬁw?wﬁaﬂ@w@fﬂaﬁﬁéahera}gwgswwké@héh%wmg%%@%aﬁ ipevasitence

i's oper e&%&&@%@a&@m@%@%ﬂﬁmﬂ@ OB Populus dalsaiferd s, " aNSgeNi ¢

pl ant of claim52, wherein the tissue-specific pronoter IS a

t ri chon®idiseept ik Poprlypdeleaids); E.E-alphasarneTimne synthess gaiNa (AIYAM 154 Cutatim 46,

wher ei n s&tﬂﬁls)? II,%-r:Uméo’fe ﬂ%ﬂh%gg m}@@ﬁ"@l 947, Afabidopsisthaliam); terpene synthase 5 :
(TPS5) mRINA (AY518314; Zea mays); terpene synthase 4 (TPS4) mRNA (AY518312; Zea
mays); myrcene/ocimene synthase (TPS10) (At2g242-1 0) mRNA (NM_127982; Arabidopsis
thaliana); geraniol synthase (GES) mRNA (AY362553 ;. Ocimum basilicum); pinene synthase
mRNA (AY237645; Picea sitchensis); myroens synthase 1620 mRNA (AY195609:
Antirrhinum majus);, (E)-B-ocimens synthase (0e23) mRNA (AY195607; Antirrhinum majus);
E-f-ocimene-synthase mRNA (AY151086; Antirrhinum majus); terpene synthase mRNA
(AF497492; Arabidopsis z“ha_liana); {(-}-camphene synthase (AG6.5) mRNA (U87910; 4bies .
grapdis); (-)-4S-limonene synthase gene (e.g., genomic sequence) (AF326518; Abies grandis),

delta-selinene synthase gene (AF326513; Abies gramndis); amorpha-4,11-diene synthace mRNA
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55. A nethod of producing an isoprenoid conmpound, the nethod conprising
mai nt ai ni ng the transgenic plant of claim46 under conditions that favor
production of the isoprenoid-nodifying enzynme, wherein production of the

i soprenoi d-nodi fying enzyne results in nodification of a terpene substrate
and production of an isoprenoid conpound. SEQUENCE LI STING , <110> RO,
DA. f1 YUN NEWVAN, KARYN PARADI SE, -ERIC M KEASLI NG JAY D. QUELLET, MARI O

MACHOS- (A RISOREL; ArEm i WRER: -byhitabdlbdd Shithasd ARN ARAPISCISEQFe DESHEINECD] NG

R L e T e P S S T

Ver si 0n(§9@266219@3grmd&2§;m48}&ﬁ$3&%m SRIGH(USTDRSYidbica samily, <400> 1

at gaagagta tact agaagc _aa
gaag %nyrcenesyn e (AG2. 25 %ﬁg (687908 Abzes grandisy, etc.

Codon usage , ‘

[0013¢] In some embodiments, a nucleoﬁde sbquence uséd to generate a subject genetically

| modified host cell is modified such that the micleotide sequence reflects the codon preference - = - -

for the particular host cell. For example, the mucleotide sequénce will in some embodiments be
modified for yeast codon preference. See, e.g., Bennetzen and Hall (1982) J. Biol. Chem.
257(6): 3026-3031. As apother non~hm1tmg example the nucleotide sequence will in other
embodiments be modified for E. coli codon preferenca See .g., Gouy and Gautier {(1982)
Nucleic Acids Res. 10(22).7055-7074; Eyre-Walker (1 996) Mol. Biol. Evol. 13(6):864-872.
Ses also Nakamiura et al. (2000) Nucleic Acids Res. 28(1):292. '

Addltzonal genetic modifications
[00131] in some embodiments, a subject genetically modified host cell is one that is genetically

modified to include one or more nucleic acids comprising a nucleotide sequenoe(s) that encoée
an isoprenoid-modifying enzyme; and that is further genetically modified fo achieve enhanced
production of a terpene biosynthetic pathway intermediate, and/or that is further genetically
modified such that an endogenous terpene biosynthetic pathway gene is functionally disabled.
The term “functionally disabled,” as used herein in the context of an endogenous terpené
bi_osyntheﬁc pathway gene, refers to a genetic modification of a terpene biosynthetic pathway
gene, which modification results in pﬁ:o&ucﬁon of a gene product encéded by the gene that is
produced at below normal levels, and/or is non-functional.

[00132} . Genetic modifications that enhance production of an endagenous terpens bmsyntheﬁc
pathway intermediate include, but are not limited to, genetic modifications that result in a
reduced level and/or activity of & phesphou‘ansacetyléée in the host cell. The intracellutar

* concentration of a terpene biosynthetic pathway intermediate is enhanced by increasing the
intraceliular concentration of acefyl-CoA. E. coli secretes a mgmﬁcant fraction of mtracellular
acetyl CoA in the ferm of acetate into the medium. Deleting the gene encoding
phosphotransacetylase pta, the first enzyme responsible for transforming acetyl-CoA into
acetate, reduces acetate secretion. Genetic modifications that reduce the level and/or activity
of phosphotransacetylase in a prokaryotic host cell are particularly useful where the genetically
modified host cell is ‘one that is genetically modified with a nucleic acid comprising mucleotide
SeGHences ‘encoding one or more MEV pathway gene products.
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tcactgacca cttccattgc tcttgcaacg 60 atcottttgt tcgtttacaa gttcgctact
cgttccaaat ccaccaaaaa aagocttoct 120 gagccatggc ggettcocat tattggtcac
atgcatcact tgattggtac aacgccacat 180 gggatttagc cagaaagtat ggatctttga
tgcatttaca gcttggtgaa 240 cgtggggtta

[00133] ‘In some embodiments, a genetic modification that results in a reduced level of
_ phosphotransacetylase in a prokaryotic host cellisa genetic mutation that functionally disables
the prokaryotic host cell’s endogenous pta gene encoding the phosphotransacetylase. The pta
gene can be functionally disabled in any of a variety of ways, including insertion of a mobile
genetic element {e.g., a transposomn, etc.); deletion of all or part of the gene, such that the gene
product is not made; o, is truncated and is non-functional in converting acetyi-CoA to acetate;
mutation of the gene such that the gene product is not made, or is‘truncated and is non-
 functional in converting acetyl-CoA to acetate; deletion or mutation of one or more control
elements that control éxpression of the pta gene such that the gene product is not made; and the
like. | , | | o '
[00134] In some embodiments, the emiogénous pta gene of a genetically modified host cell is
deleted. -Any method for deleting a. gené can be used. One non-limiting exampie of a method
for deleting a pta gene is by use of the ARed recombination system. Datsenko and Wanner
(2000) Proc Natl Acad Sci U § A 9I(12): p. 6640-5. The pta gene will in some embodiments -
be deIeted from a host cell (e.g., E. coli) that is genetically modified thh a nucleic acid
comprising nucleotide sequences encoding MK, PMK, MPD), and IDI. The pfa gene will in
some embodjments be deleted from a-host cell (e.g., E. coli) that is genetically modified with a
~ nucleic acid comprising nucleotide. sequences encodmg MK, PMK, MPD, and IPP. The pia
gene will in some embodiments be deleted from a host cell (e.g., E. coii) that is genetically
modified with a nucleic acid comprising nucleotide: sequences encodmg MK, PMK, MPD, IPF, |
and a preny] transferase. |
[00135] In some embodmamts, a subject genetically modified host cell is one that is genetically

modified to include one or more nucleic acids comprising a nucleotide sequence(s) that encode
MEV bios;mthétio pathway gene product(s); and that is further genetically modified such that
an endogenous DXP biosynthetic pathway gene is functionally disabled. In other
embodiments, a squect genetically modified host cell is one that is genetically modified to -
include one or more nucleic acids comprising a nucleotide sequence(s) that encode DXP
biosynthetic pathway gene product(s); and that is further genetically modified such that an
endogenous MEV biosyntheﬁé pathway gene is functionally disabled.

[00136] | In some embodiments, where subject géneticaﬂy modified host cell is a prokaryotic
host cell that is genetically modified with nucleic acid(s) comprising nucleotide sequences
encoding one or more MEV pathway gene products, the host cell will be further genetically
modified such that one or more endogenous DXP pathway genes is fimctionally disabled.
DXP pathway genes that can be fimctionally disabled include one or more of the genss
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gttccaacaa tcgtggtgtc atctccgaaa tgggctaaag agattttgac aacgtacgac 300
attacctttg -ctaacaggcc cgagacttta actggtgage- ttgttttata tcacaatacg 360
gatgttgttc ttgcacctta tggtgaatac tggaggcaat tacgtaaaat ttgcacattg

en&‘t&'&-ing ahy-dF e iﬁI'IOW'ﬁIg BXPgene products: 1-deoxy-D-xylulose-5-phosphate synthase, |
1-deoxy—b-xy11ﬂose-5-phosphate :eductoisomcrasé, 4—d1'phosphopytidyl-.-z-c-methyl-D—
erythritol synthase, 4-diphosphocytidyl-2-C-methyl-D-erythritol kinase, 2C-methyl-D-
erythritol 2.4-cyclediphosphate synthase, and I-hydroxy—Z-methyI—-Z-(E)—butenyl 4.
diphosphate synthase. : _
[00237] An endogenous DXP pathway gene can be ﬁmcﬁonally disabled in any of a variety of
ways, including insertion of a mobile genetic element (e.g., a fransposon, etc.); delstion of all
or part of the gene, such that the gene product is not made, or is truncated and is enzymatically
inactive; mutation of the gene such that the gene product is not made, or is truncated and is
enzymatically non-functional; deletion or mutation of one or more control elements that
- control expression of the gene such that the gene product is not made; and thc ke,
{00138} In other embodiments, where subject genetically modified host cell is a prokaryotic
host cell that is gencﬁcaﬂy modified with nucleic acid(s) compx_'ising nuc‘lgaoﬁde sequences
encoding: a‘ne*ﬁfn;ére DXP pa.thWay gene products, the host cell wil be furthergenetically
- modified such that one or more endogenous MEV pathway genes 1s functionally- dlsabicd
Endogenous MEV nathway genes that can be ﬁmcﬁonaliy disabied include one or more of the
genes en;odmg any of the foltowing MEV gene produocts: HMGS, HMGR, MK, PMK, MPD,
anrd-IDI.r An endogenous MEV pathway gene can be functionalty disabled in agy of a variety
of ways, including insertion of a mobile genetic elaﬁlent (e.g., a transposon, etc.); deletion of
all-or part of the gene, such that the gene product is not made, or is truncated and is '
enzymatically inactive; mutation of the gene such'thatr the gene product is not made, oris -
truncated and is enzymatically non-fimctional; deletion or mﬁtation "of One or more con&ol
elements that control expression of the gene such that the gene product is not made; and the
" like. o _ ) |
Compl ositions comprising 2 subject genetically modified host cell
j00139] " The present invention further provides compositions comprising a subject genetically
modified host cell. A subject compesition comprises a subject genetically modified host cell,
and will in some embodiments .compﬁse one or more fm’thér camﬁonents, which components
are selected based in part on the intended use of the genetically modified host cell. Suitable
components include, but are not limited to, salts; buffers; stabilizers; protease-inhibiting
agents; nuclease-inhibiting agents; cell membrane- and/or cell wall-preserving compounds,
e.g., glycerol, dimethylsulfoxide, etc.; nutritional medié appropriate to the cell; and the like. In
some embodiments, the cells are lyophilized. |
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420 gagcttttga gtgttaagaa agtaaagtca tttcagtcac ttcgtgaaga ggagtgttgg 480
aatttggttc aagagattaa agcttcaggt tcagggagac cggttaacct ttcagagaat 540
gttttcaagt tgattgcaac gatacttagt agagccgcat ttgggaaagg gat caaggac 600
cagaaagagt taacggagat tgtgaaagag atactgaggc

. TransBemc piants
[00140] In some embodiments, a subject nucleic acid or a subject expression vector (e.g., a

subject isoprenoid-modifying enzyme nucleic acid or 2 subject expression vector comprising
an isoprenoid-modifying enzyme nucleic acid) isusedasa transgene to generate a transgenic
plant that produces the encoded isoprenoid-modifying enzyme. Thus, the present invention
further provides a transgenic plant, which j&lamt comprises a transgene éomprising a subject
nuclei¢ acid comprising a nucleotide sequence encoding an enzyme that exhibits terpene -
hydroxylase and/or terpene oxidase activity, as described above. In some einbodiments, the
genome of the transgenic plant comprises a subject nucleic acid. In some embodiﬁwﬁt's the
transgenic plant is homozygous for the genetic modification. In some emncdxments the
tansgemc plant is heterozygous forthe genetic modification. ' _ ,

[00141]°  In some embodiments; a subject transgenic plant produces a transgene-encoded -
polypeptide that exhibits terpene hydroxylase and/or oxidase activity in an amount that is at 7 7
least about 50%, at least about 2-fold, at least about 5-fold, at least about 10-fold, at least about
25-fold, at least about 50-fold, or at least about 100-fold, or higher, than the amount of the

. polypeptide produced by a control plant, .g., a non—transgemc plant (& plant that does not
include the transgene encoding the polypeptide} of the same species.

[00142] In some embodiments, a subject transgenic plant is a transgenic version of a conirol,
non-transgentc plant that normally produces an isoprenoid compound that is generated by, or is
a downstream Iiroduct of, afransgene-encoded polypeptide that exhibits terpene hydrb:tylaSe
and/or oxidase activity; where the fransgenic plant produces the isoprenoid compound in an-
amount that is at least about 50%, at least about 2-fold, at least about 5-fold, at least about 10-
fold, at least about 25-fold, at least about 50-fold, or at least about i'OO-foid,' or higher, than the

- amount of the isoprenoid compound produced by the control plant, e.g,, a non-transgenic plant
(a plant that does not include the transgene encoding the polypeptide) of the | same species.

[00143) Methods of introducing sxogenous nucleic acids into plant cells are well known in the
art. Such plant cells are consideréd “trans—form’ad,”‘ as defined above. Suitable methods
include viral infection (such as double stranded DNA viruses), transfection, conjugation,
protoplast fusion, electroporation, particle gun technology, calcium phosphate precipitation,
direct microinjection, silicon carbide whiskers té.chnology, Agrobacterz‘um-mediated
transformation and the like. The choice of method is generally dependent on the type of cell
being transformed and the circumstances under which the transformation is taking place (i.e. in

vitro, ex vivo, or in vivo).
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aaactggtgg ttttgatgtg 660 gcagatatct ttocttcaaa gaaatttott catcatcttt
cgggcaagag agctoggtta 720 actagoottc gcaaaaagat cgataattta atcgataacc
ttgtagctga gcatactgtt 780 aacacctcca gtaaaactaa cgagacactc ctogatgtto
ttttaaggct caaagacagt 840 gctgaattcc cattaacatc

[60144] |  Transfofiation metHody Based upon the soil bacterium Agraéagtgrium tumeféciens are
- particularly useful for introducing an exogenous nucleic acid molecule into a vascular plant.

The wild type form of Agrobacterium contzins a Ti (tumos-inducing) plasmid that dirscts
production of tumorigenic crown gall growth on host plants. Transfer of the tumor-inducing T-
DNA region of the Ti plasmid to a plant genome requires the Ti plasmid—éncodec! virulence
genes as well as T-DNA borders, which are a set of direct DNA repeats that delineate the
iegion 1o be transierred. AnAgrobacterium—based vector is a-mo&iﬁg:d foxm of a Ti plasmid, in
whic]i the tumor inducing functions are replaceé by the nucleic acid-séquence of interest fo be
introduced into the plant host. _ : _

[0(}145} Agrobacterium-mediated mformaﬁon genera]ly employs cointegrate vectors or,
preferably, binary vector systems, in which the components of the Ti plasmid are dlwded _

 between a helper vector, which resides permanently in the 4 grobactermm host and carries the
wrulenca genes, and a shuttle vector, which contains the gene of interest bounded by T-DNA
sequences. A variety of binary vectors are weli known in the art and are commercially
available, for example, from Clontech (Palo-Alto, Calif)). Méthods of coculturing |
Agrobacterium with cultured plant cells or wounded tissue such as leaf tissue, root explants,

. hypoeotyledons, stem pieces or tubers, for sxample, also are well known in the art, See., e:g.;.
Glick and Thompson, (eds.), Methods in Plant Molecular Biology and Bzotechno{ogy, Boca
Raton, Fla.: CRC Press-(1993). .

. [001406] Agrobacterium-mediated transformation is useful for pro&ucmg a variety of transgenic
vascular plants (Wang et al., supra, 1995) including at least orie species of Eucalyptus and
forage legumes suck as alfalfa (tucerne); birdsfoot trefoil, white clover, Stylosanthes,
Lotononis bainessii and sainfoin. _ o ‘

[&9147] . Microprojectile-mediated transformation also can be used o pmduce a subj ect

‘transgenic plant. This method, first described by Klein et al. (Nature 327 70-73 (1987)) relies
on m;cropro;sctﬂes such as gold or tungsten that are coated with the desired nucleic acid
molecule by precipitation with caleium chioride, _spermiéinc or polyethylene giycol. The
microprojectile particles are accelerated at high speed into an angiosperm tissue using a device
" such as the BIOLISTIC PD-1000 (Biorad: Hercules Calif).

100148} A subject nucleic acid may be introduced into a plant in a manner such that the nucleic
abid is able to enter a plant cell(s), e.g., via an in vivo oF &% Vive protocol. By “in vive,” it is
meant in the nucleic acid is adminiétered 1o a living body of a plant e.g. infiltration. By “ex
Vivo” it is meant that cells or explants are modified outside of the plaut, and then such cells or

' organ ars regenerated fo a plant. A number of vectors suitable for stable transformation of
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tgataacatt aaagccatca ttttggatat gtttggagca 900 ggcacagaca cttoctcatc
cacaat cgaa tgggcgattt cggaactcat aaagtgtccg 960 aaagcaat gg agaaagtaca
agcggaattg aggaaagcat tgaacggaaa agaaaagatc 1020 cat gaggaag acattcaaga
act aagctac ttgaacatgg taatcaaaga aacattgagg 1080

plant Telis or Tof theé &stablishiniért 6T transgenic plants have been described, incinding those
described in Weissbach and Weissbach, (1989) Methods for Plant Molecular Biology
Academic Press, and Gelwn et al., (1990) Plant Molecular Biology Manual, Kluwer Academic
Publishers. Specific examples include those derived from a Ti plasmid of Agrobacterium
tumefaciens, as well as those disclosed by Herrera-Estrella et al. (1983) Nature 303: 209,
Bevan (1984) Nucl Acid Res. 12: 8711-8721, Kiee (1985) Bio/Technolo 3: 637-642.
Alternatively, non-Ti Vectors can be used to transfer the DNA into plants and cells by using
free DNA delivery-techniaues "By using these methods transgenic plants such as wheat, rice
(Chnstou (1991) Bio/Technology 9:957-962) and corn (Gordon-Kamm (1990) Plant Cell 2:

" 603- 618) can bg produced. An immature embryo can also bea good target tissue for monocots
for direct DNA delivery technigues by using the particle gun (Weeks et al. (1993) Plant
Physiol 102: 1077-1084; Vasil (1993) Bio/Technolo 10: 667-674; Wan and Lemeaux (1994)
Plant Physiol 104: 37—48 and for Agrobacterium-mediated DNA transfer (Ishida et al. (1996)

‘Nature Biotech 14: 745-750). Exemplary methods for introduction of DNA into chloroplasts
are biolistic bombardment, polysthylene glycol transformation of protoplasts and
microinjection (Daniel et al Nat. Biotechnol 16:345-348, 1998; Staub et 2l Nat. Biotechno! 18:
333-338, 2000; O’Neill et al Plant J. 3:729-738, 1993; Knoblauch et al Nat. Biotechnol 17;
906-909; TSPt Nos. 5,451,513, 5,545,817, 5,545,818, and 5,576,198; in Intl. Application
No. WO 95/16783; and in Boynfon et al., Methods in Enzymology 217: 510-536 {1993), Svab
et al., Proc. Natl. Acad. Sci. USA 90: 913-917 (1993), and McBride et al., Proc. Nati. Acad.
Sci. USA 91: 7301-7305 (1994)). Any Ve,ctbr suitable for the methods of biolistic
bombardment, polyethylene glycol transformation of protoplasts and microinjection will be
suitable as é-{argeting.- vector for chloroplast t‘ansférmatioﬁ. Aﬁy double siranded DNA vector
may be used as a transformation vector, especially when the method of introduction does not )
utilize Agrobacterium. |

[0061491 Plants which can be genetically modified mclude grains, forage crops, fruits,
vegetables, oil seed crops, palms, forestry, and vines. Specific examples of plants which can be
modified follow: maize, banana, peanut, field peas, s_:mﬂower, tomafi:o, canolz, tobacco, wheat,
barley, oats, potato, sqyﬁeans, cotton, carnations, sorghum, lupin and rice. Other exampies
include Artemisia annua, or other plants known to produce isoprenoid compounds of interest.

[00156] Also provided by the subject inveniion are transformed plant cells, tissues, plants and
products that contain the transformed piant cells. A feature of the subject transformed cells,
and tissues and products that include the same is the presence of a subject nucleic acid
integrated into the genome, and producton by plant cells of 2 polypeptide that exhibils terpene
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ttgoacccto cactaccctt ggttctgcca agagagtgcc gccaaccagt caatttggct 1140
ggat acaaca tacccaataa gaccaaactt attgtcaacg tctttgcgat aaatagggac 1200
cctgaatatt ggaaagacgc tgaagotttc atccctgaac gatttgaaaa tagttctgca 1260
actgtcatgg gtgcagaata cgagtatctt ccgtttggag ctgggagaag

hydroxylase and/or terpene oxidase activity, e.g., a sesquiterpene oxidase. Recombinant plant
cells of the present invention are useful as populations of ;ecomﬁinant ceﬁs, or as a tissue,
seed, whole plant, stem, fruit, leaf, root, flower, stem, tuber, grain, atnmal feed, a field of
plants, and the like. | | a
[06151] Also provided bj( the subject invention is reproductive material of a subject transgenic
‘plant, where reproducﬁVﬁ;m_ﬁterial includes seeds, progeny plants and clonal material. "
. METHODS OF PRODUCING ISOPRENOID COMPOUNDS ,
[00152] The present invention provides a method of produbi:;g an isoprenoid compound. In
| some embodiments, the methods geperally involve culturing a genetically modified host cell in
a suitable medium, wherein said host cell is genetically modified with a subject nucleic acid
comprising a nucleotide sequence encodi:ig an isoprenoid-modifying enzyme. In other -
embodiments, the methods generally involve maintaining a subj eét tranggenic plant under
conditions that-favor preduction of the encoded isoprenoid-modifying enzyme. Production ajf
the isoprenoid-modifying enzyme results in production of the isoprenoid compound. For '
example, in some embodiments, the methods generalijr involve culturing a genetically
modified host cell in a suitable medium, wherein said host cell is genetically modiﬁéd with a
subject nucleic acid comprising 2 nucleotide sequence encoding a terpene oxidase. Production
- of the terpene oxidase results in production of the issprenoid compound. Typically, the method
is carried out ir vifre, although in vivo production of ar isoprenoid compound is also
-contemplated. In some of these embodiments, the host cell is a enkaryotic cell, e.g., 2 yeast
cell. In ofher embodiments, the ‘hostrcell is a prokaryotic cell. In somiie of these embodiments,
 the host cell is a plant cell. - In some embodiments, the method is carried ovi ina subject
transgenic plant. '- 7 7 '

00153 - Cells fypicaﬂy. use one of two pathways to generate isoprenoids or isoprenoid
precursors (e.g., IPP, ﬁolyprenyl diphoéphates, etc.). Figures 13-15 serve to illustrats the
‘pathways used by cells to generate isoprenoid compounds, or precursors such as polyprenyl
diphosphates. | : '

[00154] Figure 13 depicts isoprenoid pathwayé involving modification of isopentenyl -
" diphosphate (IPP) and/or its isomer dimethylallyl diphosphate (DMAPP) by prenyl transferases
to 'generé.te the polyprenyl diphosphates geranyl diphosphate (GPP), famesyl diphosphate
(FPP), and geranylgeranyl diphosphate (GGPP). GPP and FPP are further modified by terpene
synthases to generate monoterpenes and sesquiterpenes, respectively; and GGPP is further
modified by terpene synthases to generate diterpenes and carotenoids. IPP and DMAPP are.
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gatgtgtcct 1320 ggagpcgcac ttggtttagc taacgtgcag ctccngctog ctaatatact
atatcatttc 1380 aactggaaac tocccaatgg tgtgagctat gaccagatcg acat gaccga
gagctctgga 1440 gccacgatgc aaagaaagac tgagttgtta ctogttocaa gtttctag 1488
<210> 2 <211> 495 <212> PAT <213> Artem sia annua

gerdrbted by lghieéf tive ptEwEYs! fiic mevalonate (MEV) pathway and the 1-deoxy-D- -
xyhﬂose-s-phos;)hate (DXP) pathway. . :

[00155] - Figure 14 depicts schematically the MEV pathway, where acetyl CQA. is converted via
a series of reactions to IPP.

[00156] Figure 15 depicts scheﬁnaﬁcaﬂy the DXP pathway, in which pyruvate and D-
glyceraldehyd&S-phosphate_'are converted via a series of reactions to IPP and DMAPP.
Bukaryotic celis ofher than plant cells use the MEV isoprenoid pathway .é:{ciusively.to convert .
acetyl-coenzyme A (acetyl-CoA) to IPP, which is subsequenﬂy isomerized to DMAPP. Plants

 use both the MEV and the mevalonate-indepeﬁdeni, or DXP pathways for isoprenoid synthesis.
- Prokaryotes, with some exceptions, use the DXP paihway to produce IPP and DMAPP
separately through a branch pomt

106157} In some embodiments, 2 host cell is genetically modifisd w1th a subject nucleic acid
compnsmg a mucleotide sequence encoding a. sesquxterpene omdase and the host cellis

- cultured in mecimm that includes the sesquiterpene. The sesquiterpene enters the cell, where it
-is modified by the sesqﬁiterpéﬁﬁ oxidase. In many émbodiments, the sesquiterpenér is 'sglected_
- from amorphadiene, alloisolongifolene, (—)-aén'aMSQbergamotené,r(e}-ﬁ-elemene, (+)-
germacrene A, germacrene B, (H)=v-gurjunene, (+}-lédene, neointemiedeél; (+)-p-selinene, and
(*)-valencene. In some embodiments, the sesquiterpene oxidase is an amorphadiens oxidase, .
" and the host cell is cultured in & medzum that includes amorpha-4,11-diene oxidase.

[66158] In other embodiments, the host cell js further genetically modified with a nuceic acid-
comprising a nucleotide sequence encoding a terpene syﬁt’nase. Thus, e.g., the host cell is
genetically modified with one or more nucleic acids comprising nucleotide sequences encoding
a terpene sﬁ&ase and an isoprencid-modifying enzyme (e.g., a sesquiterpene oxidase). |
Cultuﬁng'such a host cell in a suitable culture ﬁedim provides for production of the terpene
synthase and the isoprenoid-modifying eme (e.g., a sesquiterpene oxidass). For example,
the terpene synthase modifies a farnesyl pyrophosphate to generau a sesquiterpene substrate :
for said sesquiterpene oxidase. ' o

[00159] Depending on the culture medium in which the host cell is cultured, and depending on
whether the host cell synthesizes IPP via a DXP pathway or via a mevalonate pathway, the host
cell will in some embodiments include firrther genetic modifzcétiqns’. sz_f example, in some
embodiments, the host cell is one that does not have an endogenous mevalonate pathway, e.g.,
the host cell is one that does not normally synthesize IPP or mevalonate via a mev&lonate
pathway. For example, in some ernbodiments, the host cell is one that does not normally

svnthesize IPP via a mevalonate PathWay, and the host cell is genetically modified with one or
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Met
Len
Thr
Hi s
Lys
Val
Ile
Tyr

" Gn

Lys
Gn
Asn
Lys

Lys Ser Ile Len Lys Ala Met Ala Len Ser LeuThr Thr Ser I|le 151015 Al a
Ala Thr Ile Len Len Phe Val Tyr. Lys Phe Ala Thr My Ser 202530 Lys Ser
Lys Lys Ser Len Pro Gn Pro Trp My Len Pro Ile Ile 354045 Gy H's Mt
Hs Len Ile Ay Thr Thr Pro Hs My Ay Val My 505560 Asp Len Ala My
Tyr Ay Set- Len Met Hs Len Gn Len Ay @ u 65707580 Val Pro Thr lle
Val - Ser Ser Pro Lys Trp Ala Lys G n Ile-Leu 859095 Thr Ti-it Tyr Asp
Thr mbisamaleic bAIR-SNHs FEiEY ﬂ:ﬁ@aﬂdc seqvendds en@dingteo 00 Blore exgyres frethe/a|  Len

LTy g e rogeech et ¥ B 3ARGR L (2 (iF
ae L is {ﬁi-?m}iﬁ&mgﬁz% Sg],t 48 mmlmdifymg ey hiO56dedyAsubieetn  Val
e s O Rt T L
A Yeddyfeb iBe ﬁ?‘ﬁs&&aée}’&e@réﬁyhﬁﬂsf&%ﬁe @ tedpbs é{&thase, and the isoprenoid—

modifying enzyme (e.g., a sesquiterpene oxidase). Production of the mevalenate pathway

. enzymes, the TPP isomerase, the prenyltransferase, the terpene synthase and the moprmmd—
modifying enzyme (e g., a sesquiterpene oxidase} results in production of an 1sopren01d
compmmd ‘In many embodiments, the prenyltransferase is an FPP synthase, which generates 2

sesqulterpene substrate for a sesqmterpene oxidase encuded by a subject nucleic acid; and
proguction of the  sesquiterpene omdase results in oxidation of the sesqmterpene substrate in
the host cell. Any nucleic acids encoding the mevalonate pathway enzymes, the IPP isomerase,
~ the prenyltransferass, and the terpene synthase are suitable for use. For exampie suitable
- pucleic acids are described in, ¢.g., Martin et al, (2003) supra. : :

[00160] Tn some of the above-described embodiments, where the host cell is genetically

modified with one er more nucleic acids comprising nucleotide sequences encoding two or
more mevalonate pathway enzymes, the two or more'mevaionaic pathway enzymes include
ME, PME, and MPD, and the host cell is cultured in modium that includes mevelonate. In
other embodiments, the two or more mevalonate pai‘hway enzymes mciude acetoacetyl CoA
t]:uolase HNIGS HMGR, MK, PMK, and MPD. ' '

[60161] ‘In some embodiments, the host cell is one that does n.ot norrally synthesize IPP v1a ‘

mevalonate pathway, the host cell is genetically modified as described above, and the host cell
further comprises a functionally disabled DXP pathway.

[01}162} In.some embodiments, the host cell is genetically modified Wlﬂ‘l 2 nuclsic acid

‘comprising a nucleotide sequence encoding a cytochrome P450 reductase (CPR). A wide
variety of nucleotide sequences of CPR are known, and any known CPR-encoding nucleic acid
can be used, as long as the encoded CPR exhibits activity in transferring electrons from
NADPH. In some embodiments, the CPR-encoding nucleic acid encodes 2 CPR that transfers
electrons from NADPH to an isoprenoid-modifying enzyme, €.g., & sesquiterpene oxidase,
encoded by a subject isoprencid-modifying enzyme-encoding nucleic acid. In some
embodiments, the CPR-encoding nucleic acid is a subj ect CPR nucleic acid.

[60163] A subject method is useful for production of a variety of isoprenoid compounds,

including, but not limited to, artemisinic acid (e.g., where the sesquiterpene subsirate 15
amorpha-4,11-diene), alloisolongifolene alcohol {e.g., where the subsi;rate 18
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195200205 Lys Gn Ile Len Mg Gn Thr Gy Gy Phe Asp Val Ala Asp Il e Phe
210215220 Pro Ser LYs Lys Phe Len His H's Len Ser Ay Lys Mg Ala Arg Len
225230235240 Thr Set- Len Arg Lys Lys Ile Asp Asn Len Ile Asp Asn Len Val

Al a 245250255 G n His Thr Val Asn Thr Set- Set- Lys Ti-it Asn Gn Thr Len
Len Asp 260265270 Val Leu Len My Len Lys Asp'Ser Ala G n Phe Pro Len Thr
Ser ASP 275280. 285 Asn_ -1 e .Lys .AI allelle Len Asp Met Phe Gy 4AI aI IGeyLys
Oys Pro 305910915350 L Al & Lo s rateh At & & e e ey b0 e S
Len Asn ‘&% i’gﬁ?@?@% l(%?n@-h%}@ 3HrientZs0l -5 whpre Abpsubsteatgisit-)@-n Len Ser
Lon Pro Lon VAl goeaoas ] oo prRelol & B, dhae o sffeatlls (Oheediliniton)
Ay Tyr SRERaqrEs Bysloohod ue., where sy subyrterisigeinyasrene B) 3, Bl (V3) guaidiekiadl 2 Bhe - Al a
e Asn i, éﬁg’%ﬁﬁm Q) tuifhdbe) Yhedd Bobtd (£ Pt sﬂbs@r'a% Fhs. e
ledene), 45-H-eudesm-11(13)~ene-4,12-diol (e.g., where the substrate is neointermedeol), (+)-
* P-costol (e.g., where the substrate is (+)-;}-seliﬁane, and the like; and further derivatives of any
of the foregoing. o - :
[00164] . - In some embodiments, a subject genetically modified host cell is cultured in a suitable
' medivm (e.g., Luria-Bertoni broth, opﬁonally supplemented with one or more additional
| agents,'such as an inducer (e.g., where the isoprenocid-modifying enzyme?enéading nucléoﬁdé
sequence is under the control of an inducible promoter), etc.); and the culture medium is
overlaid with an organic solvent, e.g, dodecane, forming an organic layer. The isoprenoid
compound produced by the genetically modified host cell partitions into the organic layer, |
from which it can be purified. In some embodiments, where the isoprenoid-modifying
enz_vxne—exicoding nucleotide sequence is operably linked to an inducible promoter, an inducer
is added to the culture medium; and, aﬁera suitable time, the isoprenoid compound is isolated
from the organic layer overlaid on the culiure medium. b
[60165] In some embodiments, the isoprenoid compound will be separated from other products
- which may be present in ?he organic layer. Sepai'aﬁon of the isoprencid compound from other
products that may be present in the organic layer is readily achieved using, ng.‘, standard
chromatographic techniqués. ' : | _
[00166] In some embodiments, an isoprenoid‘ compbund syntheéizcd by a subject method is
further chemically modified in a ce_II-ﬁ'ee reaction. For ex'a.mple,- in some embodiments,
artemi_sinié acid is isolated from culture medium and/or a cell lysate, and the artemisinic acid is
further chemically modified in a cell-free reaction to generate artemisinin, -
[00167] In some embodiments, the isoprencid compound is pure, e.g., at least about 40% purs,

at least about 50% pure, at least about 60% pure, at least about 70% pure, at least about 80%
pure, at least about 90% pure, at least about 25% pure, at least about 98%, or more than 98%
- pure, where “pure” in the context of an isoprenoid compound refers to an isoprenoid

compound that is free from other isoprenoid compounds, macromolecules, contaminants, etc.
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Asn Set- Ser Ala Thr Val Met Gy Ala Gn Tyr Gn Tyr Len Pro Phe 420425430
Gy Ala dy Mg Mg Met Cys Pro Gy Ala Ala Len Ay Leu Ala Asn 435440445
Val Gn Len Pro Len Ala Asn Ile Len Tyr His Phe Asn Trp Lys Len 450455460
Pro Asn Gy Val Ser Tyr Asp Gn Ile Asp Met Thr Gn Set- Ser Gy 465 470
475 480 Ala Thr Met G n My Lys Thr G n Len Len Len Val Pro Ser Phe <210>

3 386 490 495 <211> 2157 - . <212> DNA
_ : , - EXAMPLES
[00168] " The following examples are put forth so as to provide those of ordinary skill in the art

" with a complete disclosure and description of how to make and use the present invention, and
are not intended to limit the scope of what the inventors regard as their invention nor are they
intended to represent that the expenments below are a.!l or the only experiments perfermed
Efforis have been made to ensure accuzacy with respect to numbers used (e.g. a.mom;ts, '
- . femperature, efc.) but some experimental errors and deviations should be.accounted for.
* Unless indicated otherwise, parts are parts by weight, molecular weight is weight average
‘molecular weight, temperature is in degrees Celsius, and pregsure is at o near atmospheric.
Standard abbreviations may be used, e.g., bp, base pair(s); kb, kilobase(s); pl, picoliter{s); s or
sec, second(s); min, minute(s); b or hr, hour(s); aa, amino acid(s); kb, ldlobase(e); bp, base
pair(s); nt, nucleoude(s), i.m., inframuscular(ly); L.p., mtrapentoneei(ly) s.¢., subcutaneous(ly);
and the like.

: EMgle 1: C_loning and sequencing of isoprenoid modlfymg enZymes

[00169] - Most enzymes known fo hydroxylate a terpene are cytochrome P450s. All available

amino acid : sequences of terpene hydroxylases were ahgned with the amino acid sequences of
* cyiochrome PA50s from swifiower and lettuce. These two plant species belong to the

Asteraceae family, to which Artemisia annua also belengs Isoprenoid-modifying enzymes,

6.g., the CYP71D falmly, clustered together, suggesting a common ancestor. Degenerate

polymerase chain reachon (PCR) pnmers were demgned wmch pnmers amphfy genes of the
' Asteraceas CYPTID family.

[{10170] ' Cionmg of CYP7IAVI (also referred to as CYP71D-A4, or AMO) and CPR cDNA
A cDNA pool was prepared by Super SMART PCR cDNA synthesis kit (BD Bioscience)
using 50 ng of total RNA purified from 4. annua .tnc}}pme—ennehed cells. Degenerate P450
primers were designed from a conserved amino acid motif of lettuce and sunfiower CYP71
sﬁbfamilY; primer 1 from [Y/QIG[E/DIH/Y]WR (forward) and primer 2 from FIPERF

(reverse) (Table I provides sequence information for the primers).

Tabie L Primers used for congiruction of plasmids

ixrxlrf:;r Sequence (5'to 3% _

. TCCGACCA(C/T)ANGGNGAN(C/TIA(CIT)TGGAG ;
SEQIDNO :14
TCCGACCAA.ANC(GI’I‘)(C/'I’)'I‘CNGG(A]G/T)AT(A/G)AA

2 SEG IDNO :15

s CCAGCACA(AIG)TA(C/TIGA(A/G)CA(C/TITT(C/DAACITIAA(A/G)AT ;
SEQ IDNO :16
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<213> Artem sia ani na <400> 3 atgcaatcaa caacttccgt taagttatct
cccttcgatc taatgaeggc gttacttaac 60 ggcaaggtat cgttcgacac atcaaacaca
tcggatacga atattccgtt ageggtgttt 120 atggagaatc gtgagctttt gatgatttta
actacttcgg ttgoggtgtt gatoggatgc 180 gttgtggtgc ttgtgtggag acggtcgtcg
tcggcggcga

: E&A@GAG’G@}HN@E(C/T)’I’INGC(AIG)TCNCC(A!G)CA,
SEQ ID NO :17

5 ACGTCTAGAATGAAGAGTATACTAAAAGCAATG;

SEQIDNO:18
ACGICTAGAGCGAAACTIGGAACGAGTAACAACT;

SEQIDNO:I9
| A’I‘GGATCCTATGCAATCAACAACTICCGTTAAGTI‘AT
SEQ ID NO :20
TATGTCGACCCATACATCACGGAGA’I‘ATC’ITCCT
SEQIDNO :21
GGACTAGTAAAACAATGGCCCIGACCGAAGAG;

" SEQIDNO :22
CCAAGCTTTCAGATGGACATCGGGTAAAC;
SEQIDNO 23

- CTGCCGCGAGGCCGCAAATTAAAGCCTTC;
SEQ ID NO :24
CTGCCGCGGTAGTACGGATTAGAAGCCGCS;

SEQ IDNO :25

: CGGGATCCAAAACAATGGCTGCAGACCAATTGGTG
SEQIDNO 26 :
GCGTCGACTTAGGATTTAATGCAGGTGACG;

'SEQIDNO 27
 COGGATCCAAAACAATGAGCGAAGTCGGTATACAG,
SEQIDNO 28
GCGTCGACTCATAACGAAAAATCAGAGAAATTTG;
'SEQ ID NO 29
GGACTAGTAAAACAATGGCTTCAGAAAAAGAAATTAG
SEQ ID NO :30
TCCCCCGGGCTATTTGCTTCTCTTGTAAAC;

18 SEQ IDNO 331

{0617 1} | Pblymerasc chain reaction (PCR) using these pﬁ:&lers and 4. annua cDNAs yielded al-
kb DNA fragmient. The PCR—program used was 7 cycles with 48 °C anﬁealing temperature and
additional 27 cyeles with 55 °C annealing temperature. The deduced amino acids ﬁ'om the
amplified gene fragment showed 85% and 88% amino acid identity to the sunflower
(QH_CA_Contigl442) and lettuce _(QG_CA_Contxg'?IOS) contigs, respcctwcly. The
Compositas BST-database can be found at cgpdb-ucdavis.edu. 4, anmua CPR fragment was
isolafed using a forward primer (primer 3), and a reverse primer ,(pﬁmer 4), designed from the
conserved QYEHFENKI (SEQ ID NO:32) and CGDAKGMA (SEQ ID NO:33) motifs,
respectively. The PCR-program used was 30 cycles with 50 °C annealing temperature. Both

| 5%-and 37-end sequences for CYP7I4VI (“CYP71D-A4")and CPR were determined using an
RLM-RACE kit (Ambion) followed by full-length cDNA recovery from 4. anpua leaf cDNAS.
The open reading frames of CYP71AV? and CPR were amplified by PCR and ligated into the
Spel and BamHY/Sall sites of pESC-URA (Stratagene) in FLAG aud-cMyc tapging,
respectively. For PCR-amplification of CYP714V1, pﬁmeré 5 and 6 were used; for PCR-
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agaaagoggc ggagtcgccg 240 gtgattgttg tgccgaagaa agt gaeggag gat gaggtt

?E gggggagg -g??g??agttsggo actgtgtttt ttggaactca gactggt agt ggc?ggggg?t
ggc gcttgttgaa aagct aaag cgcgat at

tttaaagtga ttgatttgga 995 g cocoatatga aaaggeagto

amiptiicAtlon-bTCP Ly prifiers 7 and™8 were used. The PCR—lﬁrogL‘am used was 35 cycles with
55 °C annealing temperature. All clones were sequenced to ¢onfirm sequences.

[001721 Plant extract analysis. 4 anma leaf (100 to 200 mg fresh weight) was vigorously
shaken in 1 mL hexane spiked with 5.8 pM octadecane as an internal standard for 2 hours. The
hexanolic exh'acts_ were concentrated o 200 pL, and 1 pL sample was used for the GC-MS |
analysis using 2 DB-XLB column (0.25 mm i.d. x 025 pmx 30 m, J & W Scientific) o
determine artemlsinin content from 14.plant samples as ; desctibed. Woerdenbag et al. (1991)
Phytochem. Andl., 2, 215-219, GC oven program used was 100 °C to 250 °Cin 5 °C min™
increment. The plant hexanolic extracts were derivatized by TMS-dlazomethane to detcrmmo

s artemzsmc acid content by the GC-FID eqmpped w1th DBS5 column (n = 8). The GC oven
program used was 80-°C (hold 2:min), 20 °C min™ ramp to 140 °C, product separation by 5 °C
min” increment up to 220 °C. Authontw artemisinin standards were purchased from Sigma-
Aldrich (St. Louis, MO),

{001 731 Synthesxs of artemisinic aicohol Artemisinic ac1d (100.0 mg, 0.43 mmol) was
- dissolved in THF (10.0 mL) and LiAlH, (17.0 mg, 0.45 mmol) was added. The heterogeneous

. roixtute was held at reflux (70°C) for 15 h. After cooling, the reaction was quenched with
water (3.0 mL) and 15% aqueous NaOH (3.0 mL), stirred for 10 min and filtered through
celite. The organic phase was separated, dned over MgS0;, and concentrated using a rotary
evaporator The product was purified by column chromatography (2:1 hexanes/’EtOAc} to give
-61.0 mg {65% yield) of the alcohol as 2 colorless oil. A minor amount of artemisinic acid

- contaminant was firther removed by column chromatography over neutral alumina (Brockman
activity 1). Characterization data was consistent with literature values. _

[00174] Synthesis of artemisinic aldehyde. Artemisinic glcohol was oxidized to artemisinic
aldehyde following a procedure reported in the literature. Sharpless et al. Tetrahedron Letters
17, 2503-2506 (1976). In a flame-dried 10-mL flask containing RuCl,(PPhs); (17.0 mg, 0.013
mmol) and N-methyl moi'pholinc N-oxide (60.0 mg, 0.51 mmol) under an.atmospheré of argon
was added acetone (4.0 mL). To the solution was added artemisimic alcobol (55.0 mg, 0.25
mmol) dissolved in acetone (1.0 mL) via syringe. The mixture was stirred at 23 °C for2h and
concentrated iz vacuo. The crude produet was purified by column chromatography (4:1 '
hexanes/EtOAc) to give 32.0 nig (59% yield) of artemisinic aldehyde as a oolorless oil.
Chéracterization data was consistent with literature report.
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tgattatgct 420 -gctgaagatg atgagtatga ggagaagtta aagaaagaat ctettgcttt
tttcttttta 480 gctacgtatg gagatggtga gccgacagat aatgctgcta gattctataa
atggtttacc 540 gagggt gaag agaaaggtga atggettgac aagcttcaat acgcagtgtt
tggacttggt 600 aacagacagt atgagcattt caacaagatt gcgaaggtgg tcgatgaaaa
acttgt ggag 660

EFY mrmn :g’gﬂ'&i‘ﬁﬂ'&n AHd chakatierization
[60175] Chemicals. Dodecane and caryophyllene were purchased from Sigma-Aldrich (St.

| Louis, MO). 5-fluorcortic acid (5-FOA) was purchased from Zymo Research {Orange, CA).
- Complete Supplement Mixtures for formulation of Synthetic Defined (SD) media were
-+ purchased from Qbiogens (Irvine, CA). All other media components were purchased from
 cither Sigma-Aldrich or Becton, Dickinson (Franklin Lakes, NJ). '

[00176} ' Strains and media. Escherichia coli strains DEI10B and DHSo, were used for bacterial
transformation and plasmid amplification in the construction of the expression plasmids used
in this study. The strains were cultivated at 37 °C in Luria-Bertani medium with 100 mg L™
ampicillin with the excepimn of p3-UB-based plasmids which were cultivated with 50 mg L™
ampxmllm using DHSa. '

[60177] Saccharomces cerevisiae strain BY4742 (Brachmann et al. Yeast 14, 115- 132 (1998))

' aderivative of SZSSC, was used as the parent strain for all yeast strains. 'Ihls strain-was grown
in rich YPD medium. Burke et al. Methods in yeast genetics: a Cold ;Spnng Harbor
laboratory course manual (Cold:Spring Harbor Laboratory ?ress; Plainview, N, 2000).
Fngincered yeast strains were grown in SD medium (Burke et al., supra) with leucine, uracil,

_ histidine, and/or methionine droﬁped out where appropriate. For induction of genes expressed
from the GALI promoter, S. cerevisiae sirmns were grown in 2% gatactoée as the sole carbon
souree, ' | .

[00178] ‘Plasmid constructmn To create piasmld pRS425ADS for expression: of ADS with the
GALI promoter, ADS was PCR amplified from PADS (Martin et al. Nat. Biotechnol. 21, 796~
-802:(2003)) using primer pair-9 and 1€, (Table I). Using these primers, the nucleotlde_ sequence
5. AAAACA-3' was cloned immediately upstream of the start codon of ADS. This ;:onsens‘us
sequence was used for efficient translation of 4DS and the other galactose-inducible genes
used in this study. The amplified product was cleaved with Spel and HindIIl and cloned into
Spel and HindlI digested pRS425GALL (Mumﬁerg et al. Nucleic Acids Research 22, 5767-
5768 (1994)). _

[00179] For integration of an expression cassette for tHMGR, plasmid pd-HMGR was
constructed, First Sacl restriction sites were introduced into pRS426GAL1 (Mmberg et al.,
supra) at the 5’ end of the GALI pmmoter and 3' end of the C¥C] terminator. To achieve this,
the promoter-multiple cloning site-terminator cassette of PRS426GALL was PCR amplified
using primer pair 11 and 12. The amplified product was cloned directly into Pyull-digested
pRS426GALL1 to construct vector pRS426-Sacll. The catalytic domain of HMGI was PCR
amplified from plasmid pRH127-3 (Donald et al. 4ppl. Environ. Microbicl. 63,3341-3344
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cagggt gcaa agcgccttgt -tcctgttggc atgggagacg atgatcaatg tatc
gaagac 720
gacttcactg catggaaaga gttggtgtgg cctgagttgg atcaattact tcgtgatggg 780
ggtggzgcat ctgttgccac tccatacaca gctgctgttg gagaataccg tgttgtgttc 840
aac cagagacata tgatcaggat caactgadaa atggccatgc tgtt
gctcaacatc catgcagatc caat gt egot ’ % gc torteatgat 900

(1998 Wit grmvet yair 18 #he"T4;"The amplified product was cleaved with BamHI and Sall
and cloned into BamEl and Xhol digested pRS426-Sacil. pRS-HMGR was cleaved with Sacll
and the expression cassette fragment was gel extracted and cloned into Sacll digested ps-UB

7 (Lee et al. Biotechnol. Prog. 13,368-373 (1997)). .

[00180] The upc2-1 aliele of U.PCZ was PCR. amphﬁed from plasmid pBD33 using pnmer palr
15 and 16. The amphﬁed product was cleaved with BamEl and Sall and cloned into BamHI
and Xhol digested pRS426-Sacll to creata plasmid pRS-UPCZ For the integration of upc2- 1
p&-UPC2 was created i m an identical manner by dxgestmg pRS—UPC2 with Sacll and movmg
the appropriate fragment to pS—UB '

[00181] - To replace the ERGY promoter with the MET3 promoter, plasmid pRS—ERGQ was
constructed. Plasmid pRE973 (Gardoer et al. J. Biol. Chem. 274, 31671-31678 (1999%)

 contained & truncated 5' segment of ERGY placed behind the MET3 promoter. pRH973 was
cleaved with 4pal and Clal and cloned into Apal and Clal digested pRS403 which has a HIS3
selection marker (Sikorski et al, Genetics 122, 19-27 (1989)).

[90182] _ For expression of ERG20, plasmid p§-ERG2Z0 was consiructed. Plasmid pRS-Sacll was
first digested with Sall and Xhol which created compatible cohesive ends. The plasmid was -
then self- ligated, eliminating Sa/l and Xhol sites to create plasmid pRS-Sacll-DX. ERG20 was -
PCR amplified from the genomic DNA of BY4742 using primer pair 17 and 18. The amphﬁed
product was cleaved with Spel and Symal and cloned into Spel and Smal dlgested pRS-Sacll-

.. DX pRS-ERG?.O was then cleaved with Sacﬂ and the expression cassétte Eagment was gel
exiracted and cloned into Sacll digeste_d po-UB.

[0()183] Yeasttrans’fbrmation and strain construction. S. cerevisiae strain BY4742
(Brachmann et al., supra}, a denvahve of S288C was used as the parent strain for all S.
cerevisiae strains. Transformaﬁon of all strains of 5. cerevisiae was performed by the standard
lithinm acetate method. Gietz, R.D. & Woods, R. A. in Guide ro Yeast Genetics and

" Molecular and Cell Biology, Part B, 87-96 {Academic Press Iﬁc- San Diego, 2002). Three to

ten colonies from each fransformation were screened for the selection of the highest

: amorphadzene producing transformant. Strain EFY201 was constructed by the transformation
of strain BYA742 with plasmid PRS425ADS and selection on SD-LEU plates. Plasmid pﬁ-—
HMGR was-digested with Xfol before transformation of the DNA into strain EPY201. After

. initial selection on SD-LEU-URA plates, transformants were cultured and plated on SDTEU
plates containing 1 g 1! 5-FOA as a selection for the loss of the URA3 marker. The resulting
wracil auxotroph, EPY208 was then transformed with Xhol-digested p3-UPC2 plasmid DNA.
After initial selection on SD-LEU-URA plates, ransformants were cultured and plated on SD-
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gt caaaaagg agctccattc ccctctatct 960 gaccggtctt gcactcattt ggaatttgat

atctctaata ctggattatc gtatgaaact 1020 ggggaccatg ttggagtcta cgttgagadt
ct aagt gaag ttgtggacga agct gaaaaa 1080 ttaataggtt taccgccgca cadttatttc
t cagt acat a bt gat aacga agacgggaca 1140 ccacttggtg gaggettttt gccacctcct
ttcdctccat gcactttaag

LB ipldtes AabFGHEYY %550 A for the construction of EPY210. Plasmid pRS-ERG was
cleaved with Hindll for the integration of the Pygrs-ERGY fusion at thé ERGY loci of EPY208
and EPY210 for the construction of EPY213 and EPY225, respectively, These strains were
selected for on SD-LEU-HIS-MET plates. EPY213 was then transformed with Xhol digested
pS-HMGR plasmid DNA. After initial selection on SD-LEU-URA-HIS-MET plates,
 transformants were cultured and plated on SD-LEU-HIS-MET plates containing 1 g L™ 5-FOA
for the construction of EPY219. EPY219 was transformed with Xhol digested ps-ERG20
 plasmid DNA. After initial selection on SD-LEU-URA-HIS-MET plates, transformants were
‘cultured and plated on SD-LEU-HIS-MET plates including 1 g L™ 5-FOA for the construction 7
. of EPY224. o - o -
j00184] Integiaﬁon of ISRS-ERGQ was verified by PCR analysis using two sets of pnmers Each
set contained one oligo to bind to the inserted DNA and one to bind to the genomic DNA
surrounding the insertion. All other integrations were verified for full length insertion using a
primer binding to the 5-end of the GALI promoter and 3-end of the fused gene. '
[60185] VYeast cultivation. All optical densities at 600 nm (ODgqo) measurements were taken
using a Beckman DU-640 spectrophotometer. To measure amorphadiene production, culture
tubes containing 5 ml, of SD (2% galactose) medium (with appropriate amino acid omissions
as described above) were inoculated with the strains of interest. These innocula were grown at
30°C to ODggo between 1 and 2. Unbaffled culture flasks (250 mL) containing 50 L SD -
mediﬁﬁl were inoculated to an ODggo 0.05 with these séed cultures. Amorphadiene production
" was measured after 6 days of growth. 1 mM methionine was present in each culture for
- repression of the Pyzrs-ERGY fusion at the ERGY loci. All flasks also contained 5-mL
dodecane. This dodecane layer was sampled and diluted in ethyl acetate for deter_minaﬁon of
amorphadiene production by GC—MS. |
[o0186] A.‘rtémisinin is produced in the glandular trichores, specialized cells of plant.
Glandular trichome cells were isolated from A. anmua; and RNA was extracied from the cells.
- Using the degenerate primers, a partial cDNA of a novel gene that was named CYP71D-A4
was isolated; The full-length gene was recovered by performing rapid amplification of cDNA
ends (RACE). The nucleotide sequence of the coding region of the ¢DNA is presented in
Figure 1 (SEQ ID NO:1); the translated amino acid sequence is provided in Figare 2 (SEQ ID
NO:2). '
[60187] The full-length CYP71D-44 cDNA was expressed in yeast cells. To assay for
amorphadiene oxidase activity, CYP7]D-44 was placed under the transcriptional confrol of a
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aaaagcattg 1200 gcttcctatg ccgatgtttt gagetctoct e

aaaagtcag atttgc
Et'é?gct gct 1260 catgctactg attctactga agctgataga ct gaagttt? ttgcgtit gg
gct ggaaag 1320 gatgaatatg ctcagtggat agttgcaagc cacagaagte tccttgaggt

cat ggaggcc 1380 tteccatcag cta
acgtttgeag 1440 g agectoc gcttggtgtt ttttttgcat ctgtcgocco

Gl 16 promorer aprSERA (S’fi‘atagene) backbone plasmld in which the CPR gene from
4. annua (4ACFR; Figure 3; amino acid sequence of encoded protem provided in Figure 4)
. was expressed from a Gall promoter. The A4CPR gene was obtained from 4. arrua glandular
trichome mRNA using a degenerate primer PCR and RACE method as described above.
[00188] To perform an in vive assay for amorpha-4, 11-diene oxidase activity, this plasnnd,
(p71D-A4/CPR::pESC-URA) and a control plasmid, which lacked the CYP71D-A4 gene, were

transformed into S, cerevisiae cells engineered to produce amorpha-4, 11-diene. Briefly,these . - - -

cells are strain BY4742 carrymg an integrated gene encoding 2 tnmcated HMG CoA reductase,
which is soluble in yeast. Thess cells carry pRS425ADS which has a codon-optimized ADS
gene under control of the GAL]1 promoter. Transformed cells were cultured in synthetic

" leucine and wracil dropout medium and mduced by 2% galactose for 29 hours and the medium

 was extracted with ether. Extracts were , soncentrated and 1 pl was analyzed by gas
chromatography—mass spectroseopy (GC—MS) equipped with an EXL column using
temperature program 5°C per minute increments from 50°C to’ 250°C Authentic artemisinic
acid was used to synthesize artemisinic aleohol and artemisinic aldshyde, which were used as
standards. By this method, two peaks wers detected from the cells expressing CPR and '

| CYP71D-A4 but not from control cells expressing only CPR. By comparing retentton time and
mass spectra to ‘the authentic standards, it was- determined that these peaks eoxresponded o 7
artemisinic alcohol and artemisinic aldehyde Artemisinic acid was not detected; it would not '
be expected to appear using a GC without being derivatized due its low volatility.

100189] An in vivo feeding assay for amorpha-4;11-diene oxidasé activity was carried out; in
which the sametwo plasmids were individually transformed into a wild-type strain of S.
cerevzszae YPHA99. Yeast cells were cultured in 50 mL 2% dextrose and uracil dropout
medlum and were induced by 2% ga]actose for 24 hours. sze mL of induced yeast cells were
“collected by centrifugation, and fresh medium containing 150 1M amorpha-4,11-dicne,-

* ‘artemisinic alcohol, or artemisinic aldehyde were used to resuspend yeast cells. Yeast cells
were then cultured at 30 °C for 5 hours. The medium was extracted by eiher followed by
derivatization using N-(tert—ButyIdmemylsﬂyi)-N-methylmﬂuoroacetamde to allow detection
of any artemisinic acid using GC-MS. Authentic artemisinic alcohol and artemisinic acid

 standards were also derivatized similarly. One ul, each of the derivatized controls and samples
was analyzed by GC-MS. The temperature program used was 5°C per mime increments from
50°C to 250°C.

[60190] ‘When the cells were fed amorpha-4,11 -diene, significant accumulation of artemisinic

acid along with small amount of arfemlsmzo alcohol and aldehyde cempounds were detected
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ccgagatact attecatttc ttcttcccca aagtttgcgc caaataggat tcatgtaatt 1500
tgtgcattag tgtatgagca aacaccatca ggccgcgttc acaagggagt ctgttcaaca 1560

tggatgaaga atgccgtgcc. tatgacagaa agccaggatt gcagtt C cccaatttat 16
gttagaacat- ccaatttcagaetteettct geagttogy 20

ofify+rdni YEW{ CEIIE exp‘i‘e%"éi'ﬁ'g ‘b6th CPR and CYP71D-44 (Figure SA). When cells were fed
artemisinic- alcohol or artemisinic aldehyde, relative accumulation of artemisinic acid was
higher in the culture mﬂdlum of CPR/CYP71D-A4 transformed yeast cells than that of the
control strain transformed with CPR alone (Figure 5B and 5C).

[06191] Figures 5A-C. Amorphadiene (F1gure 5A) and two other artemisinin mtermedxate -
arternisinic alcohol (Figure 5B) and artemisinic aldshyde (Figure 5Cy— were added to the
medium at 150 pM in which yeast celis transformed with CPR alone (upper chromatograph)-or -

- with both CPR and CYP71D-A4 (lower chiomatograph) were cultured and induced by 2%

 galactose. Amorphadiens (1), artemisinic alcohol (2), artemisinic aldehyde (3), and
artemisinic-acid (4) are indicated by arrows. Aiternisinic alcohol (2) and artemisinic acid (4)
were detccted after derivatization by N«(tert—Butyldimethylsilyi)-N—methyltriﬂuomacetamidc.
Asterisk indicates substrates added to the medium. o

[09192} ’Ehe authenticity of derivatized artemisinic acid in samples was confirmed’ by the
7 authenﬂc_‘ arternisinic acid standard (Figures 6A and 6B). These daia indicated that the first

* hydroxylation is catalyzed by the cytochrome P450 cnzyme encoded in CYP71D-44 clone, and
the subsequent oxidative conversion of artemisinic alcohel to artemisinic-aldehyde and

. artemisinic aldehyde o artemisinic acid are highly likely to be catalyzed by the CYP71D-44
recombinant eﬁzyme, together with yeast endogencus oxidation activities.

[00193]  Figures 6A-and 6B. Mass spectrum and rétenﬁon time of the novel compound
produced after amorphadiene feeding to CPR/71D-44 transformed yeast cells are shown in
Figuro 6A, and those of the artemisinic acid authentic staridard arc shown in Figure 6B. Both
product and standasd were detected by GC-MS after daﬁvaﬁ;zaﬁon, which added 114 mass
units to the base molecular weight. )

106194] De novo synthesw of artemisinic acid in engineered yeast from a simple sugar such as
galactose was shown by genetically modifying EPY224 with pESC-URA harboring both CPR
(“AACPR”) and AMO (“CYP17D-A4") (pESC-URA: . AACPR/AMO. A construct encoding -
truncated yeast }MGCOA reductase was integrated twice into yeast strain BY4742.
Transcnpnon factor upc2-1 was overexpressed to elevate franscription level of several genes in
ergosteml biosynthetic pathway. Squalene synthase gene {ERGY) was down-regulated by
methionine repressible promoter, MET3. FPP synthase was overexpressed by Gall pi:’omc)ter, :
and ADS was also overexpressed by Gall promoter in pRS425 backbone. Yeast EPY224 strain
harboring pESC-URA :AACPR/AMO was cultured in synthetic medium containing 1.8%
galactose and 0.2% glucose for 5 days at 30 °C. Yeast cells were pelleted, and the pelist was
washed with alkaline buffer (Tris buffer pH 9), The buffer was acidified to pH 2 by adding
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gatect aagg- teceagttat catgattggc 16-80 ccaggcactg gattggctcc atttagaggt
ttocttcagg aaaggttagc tcagaaggaa 1740 gctgggadtg agctcggaac agccatctta
ttettcggat gcaggaat eg caaagtggat 1800 ttcatatatg aggacgagct taataatttc
gt ggagacgg gggctctttc cgagcttgtt 1860 acggccttct ctcgtgaagg tgccactaag
aacacaagat

HCland the aciditied butter was extracted with ethyl acetate. TMS-diazomethane and -
methanol were added to the ethyl acetate fraction to derivatize artemisinic acid. The methyl
ester form of artmisinic acid was detectsd by GC-MS.

[06195] Figures 7A-7C depict de novo production of artemisinic acid in yeast, when AACPR
and AMO are expressed. In contrast, no artemisinic acid was detected in a conirol yeast strain
expressing AACPR alone. The novel peak at 13.62 min (Figure 7A, peak 1) showed the same
mass fragmentaﬁon patterns as the authentic artemisinic acid from plant, Artemisiq annug- -
- (Figure 7 B and . '

[00196] - Figures 8A-8C dcpmt in vitro AMO enzyme assays. Microsomes were isolated from
S. ce_rewszae YPHA99 expressing AACPR or CPR/AMO. Chromatographic pealcs.for the
substrates used are shown by asterisks. For -éach‘ enzyms assay, 10-pM aﬁmrphadiené ta), 25
uM artemisinic alcohol (B), or 25 uM artemisinic aldehyde {c) was used. Ether-extractable
fractions were derivatized and analyzed by GC-MS in the selective ion mode (m/z: 121, 189,
204, 218, 220, and 248). Bnzymatic products are as indicated: 1, artemisinic alcohol [retention
time (R.t)—13 20], 2, artemisinic aldehyde (Ri—ll 79), 3, arterisinic acid (Rt—13 58, detected

, as methyl ester).
- [00197} Figure 9 depicts the nucleoude sequence of a ¢cDNA clons, deszgnated 71D-Bl (aiso
referred to as “AMH,” for amorphadiene hydroxyiase), that encodes a terpene hydroxylase.
 [08198] Figure 16 depicts the amino acid sequence of the protein encoded by 71D-B1 (AMH).
j00199] - Figures 11A-C depict the hydroxylation activityl of recombinant enzyme en.codedin
AMH clone (71D-B1), The peak at 16.82 min in A is arternisinic acid when AMO was
_expressed in I—IMGCoA—overexp:ess_mg yeast, and the peak at 18.50 minin B is hydroxylaiéd
amorphadiene when AME and AACPR was overexpressed in HMGCoA overexpressed yeast.
~ The mass fragméntation patterns of hydroxylated amorphadiene were given in Figure 11C,
Peak for the parental ion (220) of hydroxylé’ted amorphadiene is shown and other typical ion
fragmentation patterns for sesqui_térpenes and terpénes are also shown (e.g., 93, 119, 132, 145,
159, and 177). _

. [00266] Figure 12 depicts the micleotide sequence of a genomic DNA encodmg a terpens

hydroxylasefoxidase.

[06201) While the present invention has been described with reference to the specific
embodiments thereof, it should be understood by those skilled in the art that various changes
may be made and equivalents may be substituted without departing from the true spirit and
scope of the invention. In addition, many modifications may be made to adapt & particular
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gact cagaag 1920 gagt abgt gc gcttoggata totggaattt actotetgag
ggagcatatt tgtatgtttg cggtgatgcc 1980 aaaggcat gg ccaaagat gt acat cggact
ctgcacacta ttgtgcaaga acagggatct 2040 ctagactcct caaaggcgga gctctacgtg

aagaat ct ac aaat ggcagg aagatatctc 2100

stmition; méterial, composition of nia:tter, process, process step or steps, to the objective, sp:nt
and scope of the present invention. All such modifications are intended to be within the scope
of the claims appended hereto, '
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cgtgat gtat gggt cgacat ggaacagaag ttgatttccg aagaagacct cgagtaa 2157

4 <211> 718 <212> PRT <213>

Ser
Val
Phe
Len
Lys
Thr
Thr
Al a

Val

Ser
Met
I'le
Lys
Gn
Gn
Lys

Len
Asp
Asn
Cys

Lys
Phe
Gn
dy
Ala Al a
Asp G n
Thr Ay

1.

2.

IDNO:1.

3.

Phe
Asn
Len
Val

Ser Pro
Thr Ser
Arg Gn
Val Val
Gn Ser Pro
Val Asp--Asp
Thr Ala G n

A a A ¥ dinidbdishY S

<210>
Artem sia annua <400> 4 Met G n Ser Thr Thr

Asp Len Met Thr 151015 Ala Len Len Asn Ay Lys
Thr Ser Aap 202530 Thr Asn Ile Pro Len Al a Val
Len Met 354045 Ile Len Thr Thr Ser .Val Al a Val
Len 505560 Val Trg Arg Arc Ser Ser Ser Ala Al a
6570758 LAfMs. 9. . / . 8eseValLt aannOnMjai =ye =Cal
Ay 859095 Arg Lys Lys Val Thr Val Phe Phe Gy
100105110 Gy Phe Ala Lys Ala Len Val Gn Gn

" An isolated polynucleotide comprising a nucleotide sequence that encodes an.
enzyme that modifies an isoprenoid cqmpmmd, wherein the nucleotide sequence has at least
- -60% nucleotide sequence identity with the nucleotide sequence set forth in SEQ ID NO:1.

The polynucleotide of ciaim 1, wherein thie wherein the nucleoﬁdersequence .
“has at least 80% nucleotide sequence identity with the nugleotide sequence set forth in SEQ

.'I‘hé polynucleotidé of claim 1, wherein the wherein the nucleotide sequence |

has at least 90% nucleotide sequence identity with the nucleotide sequence set forth in SEQ

IDNO:1.

4, 7 _
nucleotide seque'née that encodes a polypeptide having at least about 45% _amino. acid

The polynucleotide of claim 1, wherein the polynucleotide comprises a

CoseT L

sequence identity to the amino acid sequence set forth in SEQ ID NO:2.

3

6.

7.

'I‘-}ie"polyhucleoﬁdé-of claim 4, wherein the nucleotide seQﬁé;ice encodes 2
polypeptide having at least about 5% amino acid sequence identity to the amino acid
sequence set forth in SEQ D NO:2, '

The polynucleotide of claim 4, wherein the nucleotide sequence encodes 2
polypeptide having at least about 85% amino acid sequence identity to the amino acid
sequence set forth in SEQ IDNO:2.

A recomﬁinant vector comj:risiﬁg the polynucieotide of claim 1.

- 8. A host cell comprising the polynucleotide of claim 1.

9.

A host cell comprising the recombinant vector of claim 7.
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115120125 Ala Val Phe Lys Val Ile Asp Len Asp Asp Tyr Ala Ala G n Asp Asp
130135140 G n Tyr. Gn Gn Lys Len Lys Lys G n Ser Len Ala Phe Phe Phe Len
145150155160 Ala Thr Tyr Ay Asp Ay Gn Pro Thr Asp Asn Ala Ala Arg Phe

Tyr
Asp
Ki s
Val

Asp
Trp.

- Al a
Asp
Val
Lys

165170. 175 .... Lys Trp Phe Thr AQu Gy Gn Gn Lys Ay Gn Trp Leu
Lys Len -180-185190 G n Tyr Ala Val Phe Ay Leu Gy AsnArg Gn Tyr Gn
Phe As . 195-200205 HLys Ile Ala Lys Val Val-Asp Gn Lys Len
Gu Gn Gy, Aa.L 10215226 Arg Len, al Pro vVal dy Met d Asp
Gn Oys ||1i’ ?f*%ﬁ“g gonppgund insa hoshoqll, thean ﬂﬁ%n val
Pro Gomﬂ;@m Asp G n Len 245250 255 Len Arg Asp G n Asp Asp Thr Ser Val -

Thr
Lys
H s
Gn

Pro Tyr Thr Ala Ala 260265270 Val Ay Gn Tyr Arg Val Val Phe His
pro GHItHiRg agenelically M@@d@gfm@maw@ém@ gp, Whereipsaid@pst cells Al a
AS Berftigaify Modfhed FiR a288eic :u%%éé‘hﬂcéﬂfdeé&{ﬁef{&l enbbdng/dl LYS

Len Hissér Pro Len Ser. . 0531u

“isoprenoid-modifying enzymie having at least about 45% amino acid identity to the amino
acid Sequence set forth in SEQID NO*2 to prddﬂce an isoprencid-modifying enzyme,

' wherem, in the presence of' a terpene-substrate, said production of said isoprenoid-

' modxfymg enzyme results menzymattc modxﬁcatlon of the terpene substrate and productxon

of the isoprenoid compound.

11, Themethod of claim 10, wherein seid isoprenoid-modifying enzyme is an
amorphadiene oxidase, and wherein the terpene substrate is amorpha-4,11-diene.

12 Themeihod of claim 10, wherein said host cell is a eukaryotic host cell.
13, The method of claim 12, wherein said host cell is a yeast cell..

14, Themethod afélaim 12, wherein said' host cell is a-piant cell. f
, .
5. The method of cian;n 16, wharem said host ¢ell is ﬁxrther genetlcaﬂy modxﬁed
w1th a , nucleic acid compnsmg a nucleohde sequence encoding a terpene synthase, wherein

said culturing provides for production of said terpene synthase, wherein sald terpene- -

- synthase modifies a famesyl pyrophosphate o genera:te a sesqulterpene substmte for said

1sopren01d~mod1f§nng enzyme.

16.  The method of c}alm 10, wherein salfi host cell is further geneﬁcally modified

witha nuclezc acid compnsmg a nucleotide sequence encoding a terpene synthase, wherein

 said culturing provides for production of said terpene synthase, wherein said terpene _

synthase modifies a geranyl pyrophosphate to generate a monoterpene substrate for said
moprenmd—modlfymg enzyme

17.  The method of claim 10, wherein said host cell is further genetically modified
with 2 nucleic acid comprising a nucleotide sequence encoding a terpene synthase, wherein
said culturing provides for production of said terpene synthase, wherein said terpene
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Asp Arg Ser Cys Tin His Len Gn Phe Asp Ile Ser Asn Thr Ay Len 325330335
Ser Tyr Gn Thr Ay Asp H's Val Ay Val Tyr ;van. G n Asn ten Ser:
340345350 Gg. 0 Val Vval Asp Gan Ala G n Lys Len Ile Gy Len Pro Pro His Thr
355360. 365 Tyr Phe Ser Val His -Thr Asp Asn Gn Asp GIt Tin Pro Len Ay
Gy_ 370375380 Ala Ser Len Pro Pro Pro Phe Pro Pro Cys Tin Len Arg Lys Ala
Len 385390395400 Ala Ser Tyr Ala Asp Val Leu-Ser-Ser-Pro Lys Lys Ser Al a

Len Len 4 4 Arg
Lon Lys 430058 bl ey it Wpsrblh Blerlole st

Trp. 11 e MeapreddB4d@iiBing/dnayiBer Hi s Arg Ser Len Len Gn Val Mt Gn A a Phe
Pro Ser Ala 450455460 Lys Pro Pro Len @y-Val Phe Phe Ala Ser Val Ala Pro
Arg Len G n 465470475480 Pro Arg Tyr Tyr Ser Ile Ser Ser Ser Pro Lys Phe

Ala Pro Asn ArR.48528:048hod bﬁ:ltﬂhﬁl(}{&}heﬁm safd/imsidali ik e WAl doEyﬁot@'oﬁn&Hyﬂ Tin
Zr g \S/:{ %}éﬂ% ?3%%5055 ggogﬁlsp ate (I!F%) viaa me\égfon% aiggvg,y,-rhr W-Legemlvt%te chs Asn
| cell is genetically modified with one or more nucleic acids comprising nucleoﬁdc sequences
- encoding two or more enzymes in the mevalonate pathway, an TPP isomerase, a -

prenyltransferase and a terpene synthase said culturing providing for production of the

mevalonate pathway enzymes, wherein said production of sa.ld two or more mevalonate

pathway enzymes, said IPP i isomerase, said p;enyltransferase, szud terpene synthase, and said

isoprenoid-modifying enzyme results in pmduction of an isoprenoid compound.

19.  The method of claim 18, wherein said two or more mevalonate pathway
enzymes compnses mevalonate kinase, Dhosphomevalanate kmase and mevalonate S

.pyrophosphaie decarboxylasc and wherem the host cell is cultured in the presence nf

mevalonate.

20. . The method of claim 18, wherein said two or more mevalonate pathway
enzymes compnses acetoacetyl—CoA thiolase, hydroxymethylglutaryLCoA synthase '
hydroxymethylglutaryl-CoA reductase, mevalonate kinase, phosphomevalonaic kinase, and

mevalonate pyrophosphate decarboxylase.-

"21. . The method of claim 18, wherein szid prenyltransferase is a farnesyl
pyrbphosphate synthase.

22.  The method of claim 10, wherein said sesquiterpene comprises an-
isopropenyl group. -

23.  The method of claim 10, wherein said isoprenoid—modifying enzyme
catalyzes oxidation of an isopropenyl group of the terpene substrate.

24,  The method of claim 10, wherein said terpene substrate is 2 sesquiterpene.
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Thr Gn Ser Gn Asp Cys Ser Trp Ala Pro Ile T -
yr Val Arg Tin Ser 5
Asn Phe Arg Len Pro Ser Asp Pro Lys Val Pro Val Ils I\/e? e Gy 50535540

545550555560 Pro Ay Thr Ay Len Ala Pro The Ar i i

Len 565570575 Ate.LGAnt/WBCMAEQ FTHr | 4elu Laug Gy Phe Len GS?SO?BE érg
Cys Avg Asn Avg Lys Val Asp Phe 595600 Asn Phe Val Gn Thr Ay Al a Leny
Ser 610 615 Gn Gy Ala Thr Lys. G n 630 Ser AspAsn Ille Trp 645 (fly As
Ala Lys Gy 668, |irse Meifo@olicl 1 GiwhstibsaidisoprynoidampdifyinaGrayeo0 Asp I\/Et

GnGnlL
ys y%somééjlg \ <02El0 Em‘iLOAlf_p7 £212>' -DNA- - <213> Artemni sia annua

26._ The method of claim 24, wherein said sesquiterpene is selected from
amorphadlanﬂ, a]lowolong:folene, (—)-a—tmns—bergamotene (-)-p-clemene, (+}—germacrene
A, germacrene B, (-i-)-fy-gmjunsnc, (+)-1edene neointermedeol, (+}-B—sehnene, and (+)
valencene: St : - - -
27.  The method of claim 10, wherein said terpene substrate is a monoterpene.
98, The method of ciaim 10, wherein said terpene substrate is 2 dite_xpéne. -
29.  The method of claim 10, wherein said terpene substrate is atriterpene.
30, The method of claim 10, wherein said térpene substrate is a polyterpene.
© 31, The method of claim 10, wherein said 1sopren01d~mod1fymg enzyme-
encoding pucleotide sequence has at least about 60% nucteotide sequence 1deﬁt1ty to the
- nucleotide sequence set forth in SEQ ID NO:1. '
"33, The method of claim 10, wherein said host cell is genetically modified with 2 |
nucleic acid comprising a nucleotide sequence encoding a cytochrume' P450 reductase

. (CPR).

33, Thermethbd.of claim: 10, wherein s_aid isoprenoid-modifying enzyme- '

encodingnucléotidé_ sequence is operably linked to an inducible promoter.
34.  The method of claim 10, wherein the hosteellisa prokar?otic host cell.
35,  The method of claim 31, wherein the prokaryotic host cell is Escherichia coli.

36.  The method of claim 34, wherein the prolaryotic host cell is one that
normally synthesizes IPP through the 1-deoxy-D-xylulose-5-phosphate (DXP) pathway.
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<400> 5 atggcacttt aagttcgcta attattggtc sccagaaagt tcatctccga ccctggactt
t at ggt gaat aaagt aaagt aaagcttcag acgatacttt attatgaaag aagaaatttc
ctcgataatt gaggagacac gctgacaatg accacaatcg caagcagaac ggact aagct
ttgttgccaa acaagactta gaaattttca gagtatcttc aacgtgcagc gcgagctatg
cagttgttac cactgaccac ctcgttccaa acatgcatca atggatcttt aatgggctaa

t ggct ggt ga actggaggcg catatcagtc gttcagggat gt agagccgc agat gtt gag

ttcatcatct a‘xﬁ@mﬁn hiod @faﬂ% 3k LARAGS BRIDRPhARFEPRniHoE8aagC
acttaaactt gagagt gccy caacgt "t’ccccgaacg cgittggagec taccgctcge
at cagat cga tcgt accaag ctccattgct atccacaaaa cttgattggt aatgcattta

agagattttg g gtt 1 aa
Hagaagttggtttggggc %P?é’?f’%ﬁl lﬁgﬁt@%aagg g%g gfhe g%gggtc
acttaacgg;an@g@ﬁatcaaa t gaaccagtc ctttgcgata atttgaaaat t gggagaagg ‘ _
taat atacta catgaccgag tttctag cttgccacga aacagccttcacaataccac cagcttggtg
acaacgtacg tatcgcaata ctttgcacat gaggagtgtt ctttcagaga ggagtcaagg .
gottttgatg agagccaggt nf@eairatih 10} wikaeg dicisairaidid gmagpuat dcagptigic
aaagaaaaga gaaacattaa aatttggctg aatagggacc agttctaCaa atgtgtcctg
tatcatttdgidaggtttggaa  tccttttctt cgtaatttac 60 ctgagccatg gcgacttcce 120 °
atcgtgggct tatggattta 180" aagtttcaac aatcgtggtg 240 acattgcctt tgctaacagg

300 caaatattgc tgctgcacct 360 cggagottat gagtgttaag, 420 aattt

t caagagat t 48G0acaﬂbcmﬂwdglft¢éml% Mgfyﬁ’lg@?g%@‘ﬁ a‘gg%’

" tggcagatat ctt ta% 660 t aact agcat t cat aagaag 720 tcaaaacttc aagt aaaact
cca?‘?n‘ '

780 gcgct aaca 840 cagggacaga cacttcatca 900 cgagagcgat
ggagaaagta 960 tccatgagga agatattcaa 1020 ggttgcaccc tccact accc | oeo

Pacagaat at 1260 gaacustan Foggie pae codRagHEE At ol c%%?g%dfﬁéo

tctcggtt W&ec&fbﬁ&eﬂ»@ﬁ&m R rdlettidedsbinent 8 Bas<® @st

- Artemsia annua, <400> eu_Ser | Il'e Tyr Lys Phe
Al a 20 | seAnenpgislenfitywi W?\B@ﬁ?@*%afﬁﬁ gfé‘&; gﬁﬁ \éaHl s Met Hs Hs
Leu 354045 Ile Gy Thr Ile Pro Hs Arg Gy Len Net Asp Len Ala Arg Lys Tyr

505560 Gy Set Len Met H's Len Gn Len . d r .Thr e Val - val
657075BO Set %% Pr!brqcy@bmapfmc@rﬁﬁpﬁ%%ieémf a‘????‘e?ﬁFﬂW?iAsp lle Ala

43, Ahostcell comprising the polynucleotide of claim 41. o

44,  Ahostcell compxising the recombinant'vector of claim 42.

435, A method of hydroxylahng a terpene compound, the method comprising
cﬁlturmg a gmsﬁcally mod:ﬁed host cell ina smtabie medium, wherein said host cell
is gene.tlcaﬂy modified with a nucle1c acid comprising a nucleohde sequence encoding an
xsoprenmd-modjfymg enzyme having at Jeast about 45% amino acid 1den11ty 1o the amino
" acid sequence set forth in SEQ ID NO:2, to produoe an isoprencid-modifying enzyme,
wherein, in the presence of a terpene compound, said produchon of said moprcnmd—

modifying enzyme results in hydroxylation of the terpene compound.

46, A &aﬁsgenic plant comprising a nucleic acid comprising a nucleotide
sequence encoding as isoprenoid -modifying enzyme having at ieast about 45% amino acid
identity to the amino acid sequence set forth in SEQ ID NO:2, wherein the nucleic acid is
expressed in a cell of the plant to produce the isoprenoid-modifying enzyme in the cell.
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:85-9095 The Ala Asn Arg Pro ,Trp Thr Leu"Ala Ay Gn Ile Val Val Tyr Arg

100105110 Asn Thr Asn Ile Ala Ala Ala Pro Tyr Ay Gn Tyr Trp Arg Arg Len
, 115120. 125 Arg Lys Leu.Cys Thr Ser G n Len Met Set Val Lys Lys Val Lys

Set 130135140 Tyr G n Set Len Arg Gn Gn Gn Cys Trp Asn Len Val Gn Gn
145150155160 Lys Ala Set Ay Ser. Ay Ile Pro Val .Asn Len Ser " d u Asn

Ile
I'le
Ay
Len
Lys
Hi s
hi s

- Len

Asn
Set

Pro
Leu

Phe

‘Val

Arg
Phe
Lys
Thr
Len
Val

Set
Arg.

165170175 Lys Len Ile Ala Thr Ile Len Cys Arg Ala Ala Phe Ay Lys
180- lﬁﬁlQ%Mg%ﬁﬁpﬁﬂfoEymﬁwwmwlﬂ@%P Lys G n Mt

G n 195200205-Val Gy Ay Phe Asp Val Ala Asp |Ile Phe Pro Set Lys
Len 210215220 H's Hs Len Set Ay Lys Arg Ala Arg Len Thr Set Ile

Lys 2 %ﬁgb}gaﬁmmﬂ% Wieeeih the igsdicoten Val Ala G n.
Phe Lys Thr 2452502 Ser Ser Lys Thr Gn Gn Thr Len Len Asp Val
Arg Len Lys 260265--270 Asp Set Ala G n Pits Pro Len Thr Ala Asp
Lys Akg | lgy, éér&s%&ﬁ’@ cle whérézeﬂﬂlﬂatﬁlisatobdtcao(;y Thr Asp Thr
Thr Thr Ile 90295, 300 --Trp Ala Ile Ser Gn-Len Ile Lys Cys
Ala Met -G n Lys Val 305 310 315 320 -G n Ala Gn Len Arg Lys Ala

= Asndy Ly%OG N L’Eé&sééxﬁc fﬂaﬁt Qc‘i‘aim% wherein the- isoprenoid—modifying enzyme- -

encoding nucleotide sequence is cperabiy lisiked to a constitutive promoter

51.  “The transgenic plant of claim 46, wherein the iso?renoid-—inod%fying enzyme-
‘encoding nusleoﬁtie‘ seqnénce is eparébiy hnked {0 an inducibie pronmter :

52, The tausgemc pia;nt of claim 46, wherein the moprenmd-modxfymg enzyme—
encodmg nucleotlds sequence i8 operably linked toa tlssuc-specﬁc promotcr

| 53.  The transgenic plant of claim. 52, wherein the ,tissue—_speciﬁc prox_noter isa

trichome-specific promoter.
54  The transgenic plant- o};‘claim 46, wherein the plant is Artemisia annua

55 A method of producmg an 130preno1d compound, the methcd cumpnsmg
tammg the. transgemc plant of claim 46 under condmons that faver productlon of the
' moprenozd—modlfymg enzyme, wherein production of the 150pren01d-mod1fymg enzyme

results in modification of a terpene substrate and productlon of an 1sopren01d compound.
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325330335 G n Asp Ile Gn Gy Len Set Tyr Leu Asn Len Val Ile Lys Gn Thr
340345350 Len Arg Len His Pro Pro Len Pro Len Len Pro Arg Gn Cys Arg G n
355360365- Pro Val Asn Len Ala fly Tyr Asp Ile Pro Asn Lys Thr Arg Len Ile
370375380 - Val Asn Val Pile Ala Ile Asn Arg Asp Pro G n Tyr Trp Lys Asp
Al a 385390 -395400 Gn lle Phe Ile Pro Gn Arg Phe G n Asn Set Set Thr Thr
Len Met 405410415 Ay Ala Gn Tyr Gn T Len Pro Phe Ay Ala Gy Arg Arg
Met Cys 420425430 Pro Ay Ala Ala LE%P‘@? LA™ Afa Asn Val G n-Len Pro Len
Al a Asn 435440445 phkawbgn Tyr His Phe Asti Trp Lys Len Pro Asn Gy Ala Set
Tyr Asp 4504554666 maktwe Asp Met Thr G n Arg Phe Ay Ile Set Val Gn Arg
Lys Thr 465 - AFERARISEABRICGMAn Len Len Len Val Pro Set phe 485 .2112>0Di TAl
<213> Arteni si 3EA3hRNA J&ﬂ@0> 7 gcecttcgag tttgagt get agttcaagag Caagtt ggtt
‘ggagtttacg tatgg *”r';'t gcacaaa ctcaagtaaa attoccattg tttttttttt
acatgcacta- tatﬁpaggﬁ%ag 0ggaact o acttaaogga ggtaatcaaa ccgtcaacca
cgtetttgcg gogmid obhmrrecgt at gggg aagaaagt ag attaaagctt gcaatgatac
gagcttgtgg tcgcagaaat aagctogata actaaggaga acagctgata caaaaggcca

“actttagt a‘él%i)P??QltYHE
ataaatagggbﬁP

<130> BERK-049WO

<150> 60/697,067

<151> 2005-

<160> 33

07-05

ORI BESABNAGD
%ﬁ%ﬂatE YMES AND METHODS OF USE THEREOF

NG ASQFRE

<l70>,FastSEQ for Windows Version 4.0

<210> 1 -

<Z211> 1488
<212> DNA

<213> Artemisia annua -

<400> 1

atgaagagta
atecttitgt
gagcaatgge
cgtggggtta
gttecaacaa

attacetktyg -

gatgttgtte
gagcttttga
aattiggtte
gttttcaagt
cagaaagagt
gecagatatct
actageettc
aacaccteeca
‘gectgaattec

ggcacagaca

aaagcaatgg
catgaggaag
ttgecacecte
ggatacaaca
ccigaatatt
actgtcatgg
ggagecgcdc
aactggaaac
gecacgatge

<210> 2
<211> 405
<212> PRT

tactaaaage.

tegtttacaa
ggectitédeoat
gggatttage
tegtgatogtc
ctaacaggee

ttgoacotta

gtgttaagaa
aagagattaa
tgatigcaac
taacggagat

-tteettcaaa

gcaaaaagat
gtaaaactaa
cattaacate
cttoctcato
agaaagtaca
acattcaaga
cactaccctt
tacccaatas
ggaaagacgc
gtgcagaata

‘ttggtttage

toecccaatgy
aaagaaagac

<213> Artemisia annua

aatggeoacte
gttegotact
tattggtcac

cagaaagtat

atctcegaaa
cgagacttta
‘tggtgaatac
agtaaagtca
agcttcoaggt
gatacttagt
tgtgasagag
gaaatttett
cgataattta
cgagacactc
tgataacatt
cacaaltcgaa
agecggaattg
actaagctac
ggttotgeea
gaccocaaactt
tgaagetttc
cgagtatctt
taacgtgeag
tgtgagetat

tgagttgtta

tcactgaéca
cgttecaaat
atgcatgact
ggatcttiga
tgggctaaag

actggtgaga-

tggaggceaat
tttcagtcac
tcagggagac
agagecgeat
atactgaggc
catcatottt
atcgataacc
ctegatgttc
azagccatea
tgggcgattt
aggaaageat
ttgaacatgg
agagagtgec
attgtcaacg
atcootgaac
cegtttyggag
ctececygeteg
gaccagatcg
ctegtteecasn

c¢ticecattge
tcaccaaaaa
tgattggtac

‘tgeatttaca

agattttgac

ttgttttata

tacgtasaat
ttogtgaaga
cggttaacct
ttgggaaagg
aaactggtgg
cgggcaagag
ttgtagetga
ttttaagget
ttttggatat
cggaactcat
tgaacggaaa
taatcaaaga
gccaaccagt
tctttgegat

gatttgazasa.

ctgggagaag
ctaatatact
acatgaccga
gtttetag

tettgeaarg
aagecttect
aacgecacat
getiggtgaa
aacgtacgdc
tcacaatacg
ttgcacattg
ggagtgttgg
ttcagagaat
gatcaaggac

ttttgatgeg

agcteggtta
gcatactogtt
caaagacagt
gtttggageca
aaagtgtceeg

‘agaaaagato

aacattgagg
caatttgget
aaatagggac
tagtictgea
gatgtgtect
atatcatttc
gagctectgga

Baga .gaaacattaa gtcaatttgg

60
120

180

240
300

360

420
480
540
600
660
T20
780 -
840
500
360
2020
108¢
1140
1200

1260

1320
1380
1440
1488



attactggcg agtcatatca caggttcagg ttagtagagc aacagatgtt ttctacatca
atttaatcaa cgctccttga acgttaaagc taatagtgtt tcgtgaaaat caggcacaga
cgagagQt at tccacgaggaggtt gcaccc ctggatatga accctgaata gcaattacgt
gtcgcttcgt gataccggtt tgcgtttggg gagggaactt tatttoggge taaccttgtt
tgttcttcta catcattttg aaacaagctt ataatgagtc cacttcgtca ggagaaaata
agacatccaa tccactaccc catacccaat ctggaaagac aaactttgca cattggagct 60

gaagagga.f“ﬂ% aattt 120 aa tttca aatattta 160 aaaagaatca aggaccataa
240 ggt gg'ﬁtt t‘jtﬂ'&c?% Sabbeﬁg%[%a FGt te4ctg” 59 -
gctgagcatﬂm¢hg&hgaaﬂﬁ- L@QQ&@QﬁQa&ﬂﬁbﬁﬂﬁﬁ%tﬂ@ AB0-gt abgaatta atccaatata’
540 gaaatttttt ataamfaagt 600 atcatzgggg ttccatgaaaze60 accacaatcg
aat gggt gatys7 26r Chagiaggaec Stydgyaaagely’ 86 gapdirgabot Pactilaaiett 840
ttggttttgc cacgagagtg 900 aagaccdaac ttattgtcaa 960 ggtgaatctt

t cat cocag@¥1 {20 "£638> L pee 1%2¥¥>“3725i?¥°%§? KftiF®ci al Sequence

<220> <221§s> é@% ﬁ%pgtd%vr ?Se&r ﬁ%f‘m@i q{ls %\}Z/ &/?t 15 <210> 9
<211> 14 ééiZ P Aptiticral Sequenge < %> RS Igdwker pepti de
<400>9 Al @iAbso A ﬁeyvﬁ YalMiler Rk B¥® L:_Ns arplmaAly: Gy :&yLeMBt 1510 <210>
10 <211> 6
Thr Thr Tyr Asp Ile Thr Phe Ala Asn Arg Pro Glu Thr Leu Thr Gly-
100 -105 : 110
Glu Ile Val Leu Tyr His Asn Thr Asp Val Val Leu Ala Pro Tyr Gly
115 120 125
Glu Tyr Trp Arg Gln Leu Arg Lys Ile Cys Thr Leu Glu Leu Leu Ser
130 o 135 , : 140
Val Lys Lys Val Lyg Ser Phe Gln Ser Leu Arg Glu Glu Glu Cys Trp
145 : 150 ' 155 - 160
Asn Leu Val Gin Glu Ile Lys Bla Ser Gly Ser Gly Arg Pro Val Asn
. : 165 -170 : i75 -
Leu Ser Glu Asn Val Phe Lys Leu Ile Ala Thr Ile Leu Ser Arg Ala
180 - 185 1m0
Ala Phe Gly Lys Gly Ile Lys Asp Gln Lys Glu Leu Thr Glu Ile Val
195 200 205. :
Lys Glu Ile Leu Arg Gln Thr S8ly Gly Phe Asp Val Ala Asp Ile Phe
‘210 - 215 . 220
Pro Ser Lys Lys Phe Leu His Eis Leu Ser Gly Lys Arg Ala Arg Leu
225 230 235 ) 240
Thr Ser Leu Arg Lys Lys Ile Asp Asn Leu Ile Asp Asn Leu Val Ala -
- ‘ .. 245 250 ) - 255 -
Glu His Thr Val Asn Thr Ser Ser Lys Thr Asn Glu Thr Leu Leu Asp
L 260 265 : . Lene
Val Leu Leu Arg Leu Lys Asp’ Ser Ala Glu Phe Pro Leu Thr Ser Asp
- 273 - - - 286 - - - w285 e
Asn Ile Lys Ala Ile Ile Leu Asp Met Phe Gly Ala Gly Thr Asp Thx
25 . - 295 ‘ 300 : '
Ser Ser Ser Thr Ile Glu Trp Ala Ile Ser Glu Leu Ile Lys Cys Pro
305 _ 310 : 315. 320
Lys Ala Met Glu Lys Val @ln Ala Glu Leu Arg Lys Ala Leu Asn Gly
_ - 325 o 1330 335
Lys Glu Lys Ile His Glu Glu Asp Ile Gln Glu Leu Ser Tyr Leun Asn
: 340 : - 345 350
Met Val Ile Lys Glu Thr Leu Arg Leu His Pro Pro Leu Pro Leu Val
355 - . 360 N 365 - :
Leu Pro Arg Giu Cys Arg Gin Pre Val Asn Leu Ala Gly Tyr Asn Iie
37¢ 375 380 : '
Pro Asn Lys Thr Lys Leu Ile Val Asn Val Phe Ala Ile Asn Arg Asp
385 3590 : ... 385 ¢ 400
Pro Glu Tyr Trp Lys Asp Ala Glu Ala Phe Iie Pro Glu Arg Phe Glu
' - 408 ’ 430 . 4315
Asn Ser Ser Ala Thr Val Met Gly Ala Glu Tyr Giu Tyr Leu Pro Phe
420 - 425 : 430 .
Gly Ala Gly Arg Arg Met Cys Pro Gly Ala Ala Leu Gly Leu Ala Asn
435 440 445
Val Gln Leu Pro Leu Ala Asn Ile Leu Tyr His Phe Asn Trp Lys Leu
450 455 460
Pro Asn Gly Val Ser Tyr Asp Gln Ile Asp Met Thr Glu Ser Ser Gly
4565 470 475 480
Ala Thr Met Gln Arg Lys Thr Glu Leu Leu Leu Val Pro Ser Phe



<212> PRT <213> Artificial Sequence <220> <223> |inker peptide <400> 10
Ala Ala Ala Ay Gy Mt 15 421e>"it <211> 8 <212> PRT <213> Artificia
Sequence <220> <223> |inker peptide <400> 11 Pro Pro Ala Ala Ala Ay Qy
Met 15 <210> 12 <211> 4 <212> PRT <213> Artificial Sequence <220> <223>

<210> 3
<211> 2157
<2125 DNA

we5

<213> Brtemisia annua

<400> 3
- atgeaateaa
ggcaaggtat
atggagaatc
gttgtggtge
gtgattgttg
actgtgtttt
gaagctaasg
‘gctgaagatg
- getacgtatg
gagggtgaag
aacagacagt
cagggtgcas
gactteocactg
gatgatacat
catgacaaac
gctcaacate
gaccggtett
gggyaccatg
ttaataggtt
ccacttggtg

gottectatg:

catgetactg
~gatgaatatg
tteecatcag
ccgagatact
tgtgeattag
tyggatgaaga

gtiagaacat.

ccaggeacty
gotgggactg
tteatatatg
acggcettot
gckteggata
aaaggcatgyg
ctagactect
cgtgatgtat

<210> 4

211> 718
212> PRT
<213>

<400> 4
Met
1

Artemisiz

Gln Ser

caacttccgt
cgttegacac
gtgagetttt
ttgtgtggag
tgccgaagasz
ttggaactea
cgegatatga
gtgagtatga
gagatggtga
‘agazaggiga
atgageattt
agegectigh
catggaasga
ctgttgecac
cagagacata
catgcagatce
gecactecattt
ttggagkcta
tacecgeogea
gagectottt
cegatgtitt

attectactga
cteagtggat:
.ctaagceteg,

attecattte
tgtatgagea
atgcegtgoo

ccaattteag-

gattggctca
agctoggaac
‘aggacgagcet
ctegtgaagg
totggaattt
ccaaagatgh
cazaggcgga
gggtcgacat

annua

Thr
5

Thr Ser Val

taagttatct
atcaaacaca
gatgatttta

acggtegteg

agtgacggag

gactggtact

-aaaggcggtyg

ggagaagtia
gcecogacagat

atggcttgac

caacaagatt

‘teotgtigge
‘gtitggtgtgy
‘tecatacaca

tgatcaggat
caatgteget
ggaatttgat
cgttgagaat
cacttattte
gocacetoct
gagctotoct
agctyataga
agttycaagc
gettggtgtt
ttottececea
aacaccatca
tatgacagaa
actteattet
atttagaggt

-agecatcetta

taataattte

tygccactaag

actetetgag

-acatcggact

gcteotacgty
ggaacagaay

l'inker peptide <400> 12 Ile Gu Gy Arg 1 <210> 13

480

cccttegate
teggatacga
actacttcgy
teggoggega

gatgaggttg

gctgaaggtt

tttaasagtga

aagazagasat
aatgctgcta
aagcticaat
gcgaaggtygg
atgggagacy

cectgagttay

gctgetgtig
caactgacaa
gtcaaaaagg
atctetaata
ctaagtgaag

tecagtacata

ttecctceat
aaaaagtcag
ctgaaatttt
cacagaagtc
ttttttgeat
aagtttgege
ggecgegtie
agccaggatt

gatectaagg-

tteocticagg

tTtetteggat

gtggagacgg
gagtacgtge
ggagcatatt
ctgcacacta
aagaatctac

tgatiteey

Lys Leu Ser Pro

10

taatgacygge
atattedgtt

titgeggtott
aganagoggo.
atgacggacg -

ttgectaagge
ttgatttgga
ctocttgettt
gattctataa
acgcagtgtt
tcgatgadaa
atgetcaatg
atcaattact
gagaataceg
atggecatge
agctecatte
ctggattate
ttgtggacga
ctgataacga
gecactttaag
ctttgetige
ttgegteotes
tocttgagot
ctgtegeccec
caaataggat
acaagyggagt
geagttggye

teceoagttat

azaggttage
gcaggaateg
gggetcttte
aacacaagak
tgtatgtitg
ttgtgcaaga
aaatggcagyg
aagaagacct

Phe Asp

495

gttacttaac
agcggtgttt
gatecggatge
ggagtoegoecg
gaagaaagtt
gcttgtigaa
tgattatget

Attettttta

atggtttacce
tggacttggt
acttgtggag
tatcgaagac

‘tegbtgatgag
“tgttgtgttc

tgttcatgat
ccctotatet
gtatgaaact
agetgaaaaa
agacgggaca
aaaageattg
tttagctget
tgctggazag
catggaggce

acgtttglag
teatgtaact-

ctgttoaaca
cecaatttat
catgattgge
tcagaaggaa
caaagtggat
cgagettgtt
gactcagaag
cggtgatgec
acagggatct
aagatatcte
cgagtaa

Leu Met Thr

15

&0
120

189

240
300
360
420
480
540
600
660 .
720
780
840
500
960
1020
1080
1140
1200 -

1260

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1820
1880
2040
2100

2157

Ser Phe Asp Thr
25 :

Phe Met Glu Asn

40

Val Leu Ile Glv

Bla Val Thr Ser Asp
30

Leu Leu Met

Asn Ser Asn
20

Pro

Leu Leu Gly Lys

Thr Asn Ile Val
35

Leu Thr

50

Trp Arg

Arg Glu
45

Cys Val

60

Ala Ala

Leun Ala
Ala Val Val Leu
55

Ser

Tie Thr Ser Val

Glu Ser Pro
80

Val
65

Ser Ser
70

Arg Ala Ala Lys Lys

15
3



<211> 6 <212> PRT <213> Artificial Sequence <220> <223> |inker peptide
<400> 13 Ay Ay -Lys Ay Ay Lys 5 .<210> 14 <211> 25 <212> DNA <213>
Artificial Sequence <220> <223> synthetic priner <220> <221> m sc_feature
<222> 9, 18, 20 <223> N = C or T <220> <221> m sc_feature <222> 11, 14, 17
<223> n = A T,C or G <400> 14 tccgaccana nggngannan tggag25 <210> 15 <211>

25 42Xe>VilNAle /AL ZPn oA bd ik bk cRQ0¥eNG8y Asp Glu val Asp Asp Gly
g5 =~ o0 95
Arg Lys Lys Val Thr Val Phe Phe Gly Thr Gln Thr Gly Thr Alas Glu
100 105 110 .
Gly Phe Ala Lys Ala Leu Val Glu Glu Ala Lys Ala Arg Tyt Glu Lys
115 - : 120 : 125 ‘
Ala Val Phe Lys Val Tle Asp Len Asp Asp Tyr Ala Ala Glu Asp Asp
130 135 - 140
Glu Tyr Glu Glu Lys Leu Lys Lys Glu Ser Leu Ala Phe Phe FPhe Len
. 145 15¢ 155 ) 160
Ala Thr Tyr Gly Asp Gly Glu Pro Thr Asp Asn Ala Ala Arg Phe Tyr
. 165 .. 179 e 175
Lys Trp Phe Thr -Glu Gly Glu Glu Lys Gly Glu Trp Leu Asp Lys Leu
.oolse - ) 185 2 180
Gln Tyr Ala Val Phe Gly Leu Gly Asn Arg Gln Tyr Glu His Phe Asn
195 : 1200 - - 205
Lys Ile Ala Lys Val Val Asp Glu Lys Leu Val Glu Gln Gly Ala Lys
' 210 . 215 ' : 220 : S
Arg Leu Val Pro Val GSly Met Gly Asp Asp Asp Gln Cys Ile Glu asp
225 , 230 235 ' 240
Asp Phe Thr Ala Trp Lys Glu Leu Val Trp Pro Glu Leu Asp Gln Len
245 o - 250 . 255 -
Leuw Arg Asp Glu Asp Asp Thr Ser Val Ala Thr Pro Tyr Thr Ala Ala
' © 260 . B 265 : . 270 ‘
Val Gly Glu Tyr Arg Val Val Phe His Asp Lys Pro Glu Thr Tyr -Asp
BT 275 280 - .285 _
Gln Asp Gln Leu Thr Asn Gly His -Ala Val His Asp Ala Gln His Pro
280 o " - 295 . 300 - : .
Cys Arg Ser Asn Val Ala Val Lys Lys Glu Leu HEis Ser Pro Leu Ser
305 - 310 ’ . 315 _ 320
Asp Arg Ser Cys Thr His Leu Glu Phe Asp Ile Ser Asn Thr Gly: Leu
; 325 . 330 : ‘ . 335
Ser Tyr Glu Thr Gly. Asp His Val Gly Val Tyr.Val Glu Asn Leu Ser
- 340 " 345 - - 350
Glu Val Val Asp Glu Ala Glu Lys Leu Ile Gly Leu Pro Pro His Thr
. 355 - 360 : . 365 ]
- Tyr.Phe .Ser Val His Thr Asp Asp Giu Asp Gly Thr Pro Leu Gly Giy_.
370 ) _ 375 380
Alz Ser heu Pro Pro Pro Phe Pro Pro Cys Thr Leu Arg Lys Ala heu
385 - . 380 ) © 385 400
Ala Ser Tyr Ala Asp Val Leu Str “S¢tf-Pro Lys Lys Ser Ala Leu Leu
.- 405 - 410 415
Ala Leu Ala Ala His Ala Thr Asp Ser Thr Glu Ala Asp Arg Leu Lys
420 . 425 S 43¢ i
Phe Phe Ala Ser Pro Ala Gly Lvs Asp Glu Tyr Ala Gln Trp Ile Val
435 _ - . 440 : 445
"Ala Ser His Arg Ser Lsu Leu Glu Val Met Glu Ala Phe Pro Ser Ala
450 - 4535 B 480
Lys Prc Pro Leu Gly Val Phe Phe Ala Ser Val Ala Pro Arg Leu Glm
485 470 475 - 480
Pro Arg Tyr Tyr Ser Ile Ser Ser Ser Prc Lys Phe Ala Pro Asn Arg
) 485 430 495
Ile His Val Thr Cys Ala Leu Val Tyr Glu GIn Thr Pro Ser Gly Arg
500 505 510 :
Val His Lys Gly Val Cys Ser Thr Trp Mel Lys Asn Ala Val Fro Met
515 520 525
Thr Glu Ser Gln Asp Cys Ser Trp Ala Pro Ile Tyr Val Arg Thr Ser
530 535 ) 540
Asn Phe Arg Leu Pro Ser Asp Pro Lys Val Pro Val Ile Met Ile Gly
545 ) 550 555 : 560
Pro Gly Thr Gly Leu Ala Pro Phe Arg Gly Phe Leu Glm Glu Arg Leu
565 570 575



<220> <223> synthetic priner <220> <221> m sc_feature <222> (13)...(13)
<223> N = G or T <220>- <221> m sc_feature <222> (14)-(14) <223> N = C or
T <220> <221> misc_feature <222> (20)...(20) <223> N= A Gor T <220>
<221> msc_feature <222> (23)...(23) <223> N = A or G <220> <221> m sc
feature <222> 11,17, <223> n = A T,C or G <400> 15 tccgaccaaa ncnntcnggn
atnaa25 <aixhbryedbhngduedddn. BN 52133 Afhti'zx%ﬂa"%% e e <2207 <229
"synthetic prinmer <289p» <2215 n1sc_fgg§ur¥ < S 590 )

Gly Cys Arg Asn Arg Lys Val Asp Phe Ile Tyr Leu

Glu Asp Asn

5985

Phe
€10
Glu

Asn

Arg
625
Ala Ser

Cys Gly

Thr Ile

Val
Gly
Asp
Asp

Vai

Glu Thr

Ala Thr

Gly Ala

Lys Glu

600
Ley
8l5

Tyr

630

Ile Trp
645
Ala Lys
660 .

Gln Glu

675

Val
690
Asp

Tyr

Val
705

<210> 5
<2131> 1467
<Z212>~DRA-

<213> Artemisia

<400> 5
atggcacttt
aagttcgcta
attattggte
_gccagaaagt
teatetoecga
cectggactt
tatggtgaat
aaagtaaagt
aaagctteag
acgatactit
-attatgaaag

aagaaatttce

ctogataatt
gaggagacac
gctgacaatg
accacaatcg
caageagaac
ggactaagcet
ttgttgecaa
acaagactta
gaaattttca
gagtatctte
aacgtgcage
gegagcotatg
cagttgttac

<210> @

<Z211> 488
<212> PRT
<213>

<400> ¢

Lys

Met

Asn Leun

Glu Gln

Asn Leu
Gly Met:
Gin Gly
Gln Met

Lys Leq

Leu

Ala

Ser
Val
Ser

Lys

Glu Leu

Gln Bis
635
@lu Gly
650

Asp Val

665,

Ser
680
Ala
695

Ile

710

cactgaccac
ctegttceaa
acatgeatea
atggatettt
aatgggctaa
tggetggtga
actggaggeg
catatcagtce
gtteagggat
gtagageege

agatgttgag

tteoatcatct
ttatcaataa
ttettgatgt
ttaaagceat
aatgggegat
tgaggasagc

acttazaactt

gagagtgeeg
ttgtcaacgt
toecocgaacg
cgtttggage
taccgetege
atcagatega
tegtaccaag

Artemisia annua

annua

ctocecattget.
atccacaaaa
cttgattggt
aatgcattta
agagattttg
gattgttgta
attacgtaza
gctiegtgaa
accggttaac
gtttggaaaa

-ggaagtiggt

ttecaggcaag
cettgttget
tetictaagg
catttbggat
ttecggaacte
acttaacoga
ggtaatcaasn
tgaaccagte
ctttgegata
atttgaazat
tgggagaagg
taatatacta
catgaccgag
tttetag

Leu
Gly

Ser

Asp Ser

Arg Tyr

Glu
715

Glu

cttgccacga

aacagectto
acaataccac

cagcttggtg

acaacgtacyg

tatcgcaata
ctttgcacat
gaggagtgtt
ctitcagaga
ggagtcaagy
ggttttgaty
agagecaggt
gagcatactt
ctcaaagata
atatttgeag
ataaagtgte
saagaaaaga
gaaacattaa
aatttggetg
aatagggace
agttctacaa
atgtgtectg

tatcatttca’

aggtttggaa

Met Ala Leu Ser Leu Thr Thr Ser Ile Ala Leun

1

5

i0

Phe Val Ile Tyr Lys Phe Ala Thr Arg Ser Lys
25

20

605

Val Thr Ala

- 620

Lys Met Thr

Leu

Ala Tyr

His Arg Thr

Ser Lys Ala
685

Len Arg

700

Asp

Asp

Leu Glu

tcattttett
ctgagceatg
atcghggget
aagtttcaac
acattgeott
caaatattgc
cggagettat
ggaatttggt
acattttcaa
accagaagga
tggcagaktat -
tzactageat:
tcaaaacttc
gegoetgaatt
cagggacaga
cgagagogat
tocecatgagga
ggttgcaccc
gatacgacat
cagaatactyg
ctetecatygy
gagcoegeact
actggaaact
tecteggttga

Ala Thr Tle

Ser Thr Lys
30

Glu-

Phe Ser
Lys -
640
Yal

Gin
Tyr
655

Leu Ris

670

Glﬁ Léu"

Val Trp

cgtaatttac
gogacttece
tatggattts
aatcgtggty
tgctaacagg
tgetgeoacet
gagtgttaag
tcaagagatt
gttgattgea
gtgtacggag

cttteotteg -

tcataagaag
aagtaaaact
cocattaaca
cacttcatca
ggagaaagta
agatatticaa
tcecactacce
acecaataag:
gaaagacgcet,
tgcagaatat
tggttiagee
ccecaacggt
aagazagact

Leu Phe
15
Asn Ser

60
120
180"
240

300

360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1260
1260
1320
1380
1440
1467



<223> N = A or G <220> <221> m sc_feature <222> (12)...(12) <223> N = C or
T <220> <221> nmisc_feature <222> (15)...(15) <223> N = A or G <220> <221>
m sc_feature <222> (18)...(18) <223> N=Cor T 42Je>l <221> m sc_feature
<222> (21)..,(21) <223> N = C or T <220> <221> m sc_feature <222>
(24)...(24) <223> N = Cor T <220> <221> m sc_feature <222> (27)...(27)

<223> N =phs0loGue4a9s GREANE; ARGARE ANk maﬁﬁé'ﬁﬁé 39,<210> 17 <211>
.29 <212> DNA <21B3> Arti |C|al ‘Seqpuence <220> <228> synthetic prinmer <220>
Ile Gly Thr Ile Pro His Arg Gly Leu Met Asp Leu Ala Arg bys Tyr
50 55 60 .

- Gly Ser Leu Met His Leu Gln Leu Gly Glu Val Ser Thr Ile Val Val
65 ' 70 ‘ 75 : " 8O
Ser Ser Pro Lys Trp Ala Lys Glu Ile Leu Thr Thr Tyr Asp Ile Ala

: ; ‘ 85 : S 90 95
Phe Ala Asn Arg Pro Trp Thr Leu Ala Gly Glu Ile Val Val Tyr Arg
- 100 ' 105 110
Aszn Thr Asn Ile Ala Ala Ala Pro Tyr Gly Glu Tyr Trp Arg Arg Leu
- 118 ‘ . 120 ) . ... 125 . :
Arg Lys Leu.Cys Thr Ser Glu Leu Met Ser Val Lys Lys Val Lys Ser-
130, . : 135 140 . :
Tyr Gln-Ser Leu Arg Glu Glu Glu Cys Trp Asn Leu Val Gln Glu Ile
145 T 150 o 155 i T 160 .
Lys Ala Ser Gly Ser Gly Tle Pro Val Asn Leu Ser Glu Asn Ile Phe
o 165 _ 170 175
Lys Leu Ile Ala Thr Ile Leu Cys Arg Ala Ala Phe Gly Lys Gly Val
. lso . ’ 185 : : 15890 ,
-Lys Asp Gln Lys Glu Cys Thr Glu Ile Met Lys Glu Met Leu Arg Glu
185 . .. 200 ) - 205 :
Val Gly Gly Phe Asp Val Ala Asp Ile Phe Pro Ser Lys Lvs Phe Leu
210 ) 215 ] : 220 - .
His His Leu Ser Gly Lys Arg Ala Arg Leu Thr Ser Ile His Lys Lys
225 : : 230 - 235 ’ 240
Leu Asp Asn Phe Ile Asn Asn Leu Val Ala Glu His Thr Phe Lys Thr
: 245 : 250 ‘ . ' 255
Ser Ser ILys Thr Glu Glu Thr Let Leu Asp Val Leu Leu Arg Leu Lys
_ 260 o 265 o 270
. Asp Ser Ala Glu Phe Pro Leu Thr Ala Asp Asn Val Lys Ala Ile Ile
275 280 285 :
Leun Asp Ile Phe Alz Ala Gly Thr Asp Thr Ser Ser Thr Thr Ile Glu
=T 290 : ‘ 285 . 300 '

Trp .Ala Ile Ser Glu Lieu Ile Lys Cys Proc Arg Bla Met Glu Lys Val
305 ‘ ~310 315 320
‘Gln Ala Glu Leu Arg Lys.Ala Lesu Asn Gly Lys Glu Lys Ile His Glu

' 325 ) . 330 ' . 338 .
Glu Asp Ile Gln Gly Leu Ser Tyr Leu Asn Leu Val Ile Lys Glu Thr
.- 340 345 350
Leu Arg Leu His Pro Pro Leu Pro Leu Leu Pro Arg Glu Cys Arg Glu
' 355 380 . 365 - :
Pro Val Asn Leu Ala Gly Tyr Asp Ile Pro Asn Lys Thr Arg Leu Ile

) 370 ‘ : 375 . : 380
Val Asn Val Phe Ala Ile Asn Arg Asp Pro Glu Tyr Trp Lys Asp Ala
385 . 38¢ - ) 385 400
Glu Ile Phe Iile Pro Giu Arg Phe Glu Asn Ser Ser Thr Thr Leu Met

405 410 415
Gly Ala Glu Tyr Glu Tyr Leu Pro Phe Gly Ala Gly Arg Arg Met Cys -
. 420 425 430 .
Pro Gly Ala Ala Leu Giy Leu Ala Asn Val Glrn Leu Pro Lieu Ala Asn
. 435 440 445
Ile Leu Tyr His Phe Asn Trp Lys Leu Pro Asn Gly Ala Ser Tyr Asp
. 450 455, "~ 4860
Gin Ile Asp Met Thr Glu Arg Phe Gly Ile Ser Val Glu Arg Lys Thr
465 470 475 : 480
Gln Lieu Leu Leu Val Pro Ser FPhe
485 '

<210> 7
<211> 1038



> m feature <222> (15)...(15) <223> N = C or T <220> <221>
;125(% f(ranatsﬁr_e <222> (21).. .((2)1) <(223> N = A or G <220> <221> nisc_feature
<222> (27)..:(27) <223> N = A or G <220> <221> nisc_feature <222> 12, 18,
24 <223> n = A T,C or G <400> 17 ccagcagcca tnccnttngc ntcnccnca29 <210>
18 <211> 33 <212> DNA <213> Artificial Sequence <220> <223>-synt-hetic
priner <4Q@%.Lk8gxAacgtctagaa tgaagagt at actaaaagca atg33 <210> 19 <211> 34

4C2t EDNA <213> Artemisia annua

Ala Alz Ala Gly Gly Met

1

5

<400> 7 : : :

. gececttegag cegtatggyg attactggeg geaattacgt aaactttgea cattggaget 60
tttgagtget aagaaagtag agtcatates . ghtogettegt gaagaggagt gttggaattt 120
agttecaagag attasagett caggttcagy gataccyggtt aaccttteag agaatattta 189
caagttggtt gcaatgatac ttagtagage tgcgtttggg aaaadaatca aggaccataa 240
ggagttiacy gagettgtgg aacagatgtt gagggaactt ggtggttttyg atgtggeaga 300
'tatgtttcct tcgoagaaat ttctacatea tatttcogge aagagatcta ggttaactag 360
- cattcacaaz aagctcgata atttaatcaa taaccttgtt gctgageata: ttgttgaage 420
ctcaagtaaa actaaggaga cgcteettga. tgttottoka aggcacaaag. atagecttga (480
attecccatty acagctgata acgttaazage catcatttty gtatgaatta atccaatata 540
tttttttttt csamaggeca taatagtgtt azacaagott gaaattttit ataactaagt 600
acatgocacta actttagtac. tegtgaaaat ataatgagtc atcatagogg tteccatgaaa 660
tatacaggac atgtttacay caggcacaga cacttcgtca accacaateg aatgggtgat 720
ttcggaacte atasagigte cgagagetat ggagsaasata caageggaac tgaggaaagc 780
-acttascgga aadgaaaaga tccacgagga-agacatccaa‘gaaCtaagct acttadactt B840
ggtaatcaaa gasacattaa ggttgcaccc tccactacce ttggttttge cacgagagtg 900
ccgteaacca gteaatttgy ctggatatga catacccaat aagaccaaac ttattghbecaa 960
cgtetttgeg ataaataggy accctgaata ctggaaagac gotgaatott tcatcoecags 1020
gcgettetta acteotggt 1038
<210> 8
<211> 6 -

© <212> PRT .
<213> Artificial Seguence
<220>

. <223> linker peptide
<400> 8 .

Ala Ala Ala Gly Gly Met
1 5

<210> 9

<211> 14

<212> PRT

<213> Artificial Sequence

<220> |

<223> linker peptide

<400> 5§

Ala Ala Ala Gly Gly Met Pro Pro Ala Ala Ala Gly Gly Met
1 5 10

<210> 10

<211> &

<212> PRT

<213> Artificial Seguence

<220>

<223> linker peptide

<4Q0> 10



<213> Artificial Sequence <220> <223> synthetic priner <400>19 acgtctagag
cgaaacttgg aacgagtaac aact 34 <210> 20 - <211> 37 <212> DNA - <213>
Artificial Sequence <220> <223> synthetic primer <400> 20 atggatccta

t gcaat caac aac tccgtt aagttat37 <210> 21 <211> 34 <212> DNA <213>
Artificial Sequence <220> <223> synthetic primer <400> 21 tatgtcgacc

cat acat ca atatct tcct34 <210> 22 <211> 32 <212> DNA <213> Artificial
Sequence §§%8> <223> synthetic primer <400> 22 ggactagtaa aacaat ggcc

ct gaccgaagr1ag3ehe<210> 23 <211> 29 <212> DNA <213> AWtIfICIa| Sequence
<220> <228msymthe1¢l@1 m'dqﬂa{ce

. 220>
T <223> linker peptlde -

| <200> 11
"Pro Pro Rla Ala Ala Gly Gly Met
1 5 . :

<210> 12

<21li> 4

<212> PRT

<213> Artificial Sequence

<220> .
<223> linker peptide

<400> 12
Ile Glu Gly Arg
1

210> 13
<Z11> 6
<212> PRT
<213> Artificial Sequence

<220>
<223> linker peptide

<400> 13
Gly Gly Lys Gly Gly Lys
1 5

<210> 14

<2il> 25

<212> DNA-

<213> Artificial Sequence

<220>
<223> synthetic primer

<220>

<221> misc_feature
<222> 5, 18, 20
<223> N=Cor T

<220> .
<221> misc feature
<2225 11, 14, 17
<223> n =A,T,Cor G

<400> 14 .
tccgaccana nggngannan tggag ) ' 25

<210> 15
<211» 25



< > 23 ccaagctttc agatggacat cgggtaaac29 <210> 24 <211> 29 <212> DNA
<ggg> Aftific?al Sequgncgg<220> <223> synthetic primer <400> 24 <210> 25
<211> 29 <212> DNA <213> Artificial Sequence <220> <223> synthetic priner
<400> 25 ctgccgecggt agtacggatt agaagccgc.29. . <210> 26 <211>35 <212> DNA
<213> Artificial Sequence <220> <223> synthetic priner <400>~26negggaycpa?
aacaat ggcimgcagaccaat tggtg35 <210> 27 <211> 30 <212> DNA <213> Artificia

2> : i.c primer <400> 27 gcgtcgactt aggatttaat
§§233P32c§30 <210§§§§é2%%%§£%§'<212> <213> Artificial Sequence <220> <223>

synthetic<?¥&ner
<223> synthetic primer

<220> _
<221> misc feature
<222> (13)...(13)
<223> N =G or T

<220>- . .
<221>-misc_feature_
<22Z> (14)...(14)

. <223> N = C or T
<220>
<221> misc_feature
<222> {20)...{20)
223> N =2, Gor T
<220>
<221> misc_feature
<222> (23} ...(23)

. <223> N = A or G

<2205

<221> misc_feature
<222> 11,17

<223> n = A, Y,C or G

<400> 15 . : .
teecgaccaaa nenntenggn atnaa ' 25
<210> 16
- <211> 29
. <Z212> DNA
<213> Artificial Sequence
<220>
<223> syanthetic primer
<220>
<221> misc_feature
<222> (9y...19)

<223> W = A or G

<220>

<221> misc_feature
<222> (12)...{12)
223> N =C or T

<220>

<221> misc feature
<222> (13)...(15)
<223> N =B or G

<220>
<221i> misc_feature
<222> fig)...{(18)

<223> N=C or T



<400> 28 cgggat ccaa aacaat gagc gaagtcggta tacag35 <210> 29 <211> 34 <212>
DNA <213> Artificial Sequence <220> <223> synthetic prinmer <400> 29

gcgt cgact c at aacgaaaa atcagagaaa tttg34 <210> 30 <211> 37 <212> DNA <213>
Artificial Sequence .4V2N: <223> synthetic primer <400> 30 ggact agtaa
aacaat ggct tcagaaaaag aaattag37 <210> 31 <211> 30 <212> DNA <213>
Artificialgpfequence -<220> <223> synthetic priner <400> 31 toccocgggc
tatttgattezdict hgiaaanlde <210> 32 <211> 8 <212> PRT <213> Artificia

Sequence <Z2@0HM§?232HMDtIf <400> 32 Gn Tyr Gu H's Phe Asn Lys IIe
s <223> N=C or T

<220>

<221> misc feature
<222> (24)...(24)
<2Z3> N=Cor T

<220>

- <221> misc_feature
<222> {27}...{(27)
<223> N =4 or G

<400> 16
ccagcacant angancantt naanaanat 29
<210> 17
<211> 2%

<Z12> DNA
<213> Artificial Seguence

<220>
<223> synthetic primer

<z20>

<221% misc feature
<222> (15}...(15)
<223 N =C ox T

<220>
<221> misc_feature
<222» (21)...1{21)

<223> N = A or_G

<220>

<221> misc_feature
<222> {27)...(27)
<223> N=A or &

<220>

<221> misc_feature
<222> 12, 18, 24
€223> n = A,7,C.0or G

<400> 17 .
ccageageca tneontinge ntenceonca 25

<210> 18

<211> 33

<212> DNA

<213> Artificial Seguence

<220>
<223> synthetic primer

<400> 18
acgtctagaa tgaagagtat actasaagea atg . 23

<210> 19
<211> 34

10



15 <210> 33 '<211> 8 <212> PRT <213> Artificial Sequence <220> <223> noti f
<400> 33 Cys Ay Asp Ala Lys Ay Mt Ala 15

£Z¥2>" PNR
<213> Artificial Sequence

<220>. .
<223> synthetic primer

<4Q00> 1% )
acgtctagag cgaaactigg aacgagtaac aact - 34

<210> 20 -

<21il> 37

.<212> DNA

<213> Artificial. Sequence

<220>
<223> syrthetic primer

<4005 20 : :
atggatccta tgcaatcaac aacticcgtt aagttat ‘ 37

<210> 21

<211> 34

<212> DNA

<213> Artificial Sequence

<220> .
<223> synthetic primer

<400> Z1 )
tatgtcgace catacatcac ggagatatet tect ' - 34

<210> 22

<211> 32

<212> DNA

<213> Artificial Sequence

<220>
- <223> synthetic primer

<400> 22 -
ggactagtaa aacaatggcc ctgaccgaeg ag ' : 32

<210> 23

<211> 28

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic primer

<400> 23
cecaagetttc agatggacat cgggtaaac 29

<210> 24

<211> 29

<212> DNA

<213> Artificial Sequence

<220>
<223> synthetic primer

<4900> 24
11



ﬁchcgcgqg*gwcgcaadttﬂaahgcuttc

<210> 25

<211> 29

<212> DNA

<213> Artificial Sequence

<220> .
<223> synthetic primer

<400> 25 . o
ctgeogeggt agtacggatt agaageocge

<210> 26

<211> 35

<212> DNA

<213> Artificial Sequence

<220> o
<223> synthetic primer

<400> 26 '
cgggatccaa aacaatggct goagaccaat tggty.

<210> 27

<Z11> 30

<212> DNA

<213> Artificial Segquence

<220> y -
€223> synthetic primer

<400> 27 o
gegtegactt aggatttaat goaggtgacg

<210> 28

<211> 35

<212> DNA -~

<213> Artificial Segquence

<220>
<223> synthetic primer

<400> .28 7
cgggatccaa aacaatgage gaagteyggta. tacag

<210> 29

<211> 34

<212> DNA

<213> Artificial Sequencs

£220> '
<223> synthstic primer

<400> 29 .
gegtegacte ataacgaaaa atcagagaaa titg

<210> 30

<211> 37

<212> DNA

<213> Artificial Sequence

1z

29

29

35

3C

34



g
<223> synthetic primer

<400> 390

ggactagtaa aacaatggct tcagaaaaag éaattag

<210> 31
<211> 30
<212> DNAR . :
<213> Artificial Sequence

220> .
<223> synthetiec primer

<400> 31 7
tececeggge tatttgetico tetigtaaac

<210> 32

<211> B

<212> PRT

- <213> Artificial Sequence

. <220>
223> motif

<400>-32
@ln Tyr Glu His Phe Asn Lys Ile
1 a -

<210> 33

‘<2il> B

<212> PRT

<213> Artificial Sequence

<Z220>
£223> motif

<400> 33

Cys Gly Asp Ala Lys Gly Met Ala _

1 5.

13

37

30



