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the invention. 100371 "Fuel conposition” refers to a
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fuel conposition. There are "ngj or fuel conponents”

and "m nor fue r fuel conponent

is present in a fuel corrp05|t| on by at |east 50% by
or a stersbigamesr thered. By spieembodimeits, tbOBF[IUWEﬂQ comsrlsps @mubsmntially pur@stereoisomer
of p- éM&Lnec ms&dwamemmk B$FnelAAbmpAA a rﬁaﬁle o@ggk&goié% s s cis-trans

el The 1 soprenoi d oun
'S°me¢ﬁ é'tfuageé 8“'??8‘1“‘@1“?1 "}f aﬁowateofaachﬁf ‘B"r St%eeﬁﬁl’a‘iﬁ%'ﬁfhe Brfaragsenp mpxpure is
indepEx@ERDIY Mo tabouboy 1 wnem&eww \ar%, ifldmabdit X§ W% to aBbukt 9. D¥YE from about 1

wit. %];ol“%i%l)ut 9& \IJP’}D r}Er% a%out ;' wp";' ?0 abo 59 Qtr r}1om a ou?ﬂ)d ") Poru Sp)gv{gtd/%, gom

{erch angeab 2F el haR
aboutéo W@:‘bn‘p@aﬁéo de%; hm’b I0'eth¢ w@hwamgféhﬂﬁefmyﬂtserdmp)hmsphat e
4&) PP"). 100401 "Initial boiling point" and "final
10034hoi | i"Rgshpanfirefers @fhg love (BFTALTS 24 thick tiagrlicationefiap ignitien spurce
causel Vupbrs iRl exhedidski@uel dhigatd indét coditiansSiaddited by Astm DS3.r enoved
by heating the sanple to progressively higher

[0035§ enpeF et uefers to otie niord Hydradarboizpene bngorpﬂ¢0hd)ls o of hnere fatty esters, or a
mlxtuIRthéréoF %réféﬁﬂ?ﬁ ‘@\Lwyﬁrogafrbohﬁ% JS%]({ %%el g’Jn%QB 10 pb\geH nqemal combustlon

| eavi ng t he condenser, I nal “9 point 1s
engingsuchids, Fepiprqeptinecsigiags &t a;rgésobwe epgies M@teseamwe%f qnked engtmes jet engines,
some r2 ¢ brigthed, M@ siR@ALIRE SRS gas MBRB edghhes. IRTRk embqﬂmﬁﬁkﬂ'ﬁ&ﬁ@ﬂcally Gomprises
a mlxture 0%9 d%c?rﬂg)? gu%h asCT(/ nLeJ‘sSZC)(/)c oa%g)r}%%' grg arog%{i? l%ﬂré!:a%%lpﬁ tlrésoglre émbodiments,
fuel CPIUIEﬁ!Sloemr mrechf rheﬁenﬂoyemtd@owuoda distliped ieremg  poi nt . The

eneral |y accepted procedure for determning the
l00363i st i Fyehadqdigne” cefery e amior fuglepmpogenhspinvs Sheariabropp@engadded to fuels to
alter tﬁ@@élp'kﬁles ofete ffeliel toﬁﬁﬁr@k%ng‘ir{é parf(fnﬂaﬁhbe ﬁ]Ul' hﬁnﬂiﬂh@ ﬂerQfabeS/eonJi

conta?}njgng {;on?r(rr)]]lg:]'yp&s ofJéQcP 1v§% mclt@ bb't a[re no Iéml}%d t 1‘"§'8X“?8H‘8\A5%“’é3§ staﬁ)lllty
improvers, gefene manV)‘:rS stabjdireesy eolld Rpwhmpraesesncoi Gpraimpro 76 Btigfoams, anti-haze

additids ﬂ@aﬁr&hﬁ rdhfblt@rg @tfbﬁH{y%prgqugn?lhﬁlﬁlto?sr ﬁje&&mgﬁlﬁgs additives, smoke
rocar bons araffinic

S“PPf?féaaﬁtc[ﬁ%%ﬁ?/%c’"w@Y&f S Seactepie seersaliy ejeaente dopi gy goes, markers,

static digfi@ress, tiaidas, anelasubimatiofs theteef. Tap@ei ‘tyhvatiorl didieise? refers@d fuel

additib @ kPJV\Ql\“ ggskﬁl?ﬁ lﬂBE %uc%fag tlhgsE g@snbg\@a%ove tﬁe{t? e%gtttlieq I?)pr%nonc%com?ounds of
conponents o e ‘engi ne during net con

the inygitk®r hi gh pressure r oI i ng point contact under

ondlg Fns descri ped ASTM D 6079. 100441

Pet r 6% wagpsitiop df 'isé° at ¢l g‘agﬁ'&rfsfﬁ aplegst Gy fiehsggponents.

|0038g:13t Ié‘gllﬁs ! ?ntp(c))nfe{ltp%kr S0, ?nlyglnbr%g%dsoa g i ulre:f orf g{pﬂ)gggd\,\%at are useg% formulate

a fuel sprimositione These arp éwcm licksymponnss” and ‘mampr fuglvahpodéngst™ A Imajoefuelf

compBfRbtiHr&tHNn affﬁefpmn*ﬁgstl%ﬁ 8atJeall %")@Wvoﬁxmgnas mlnoaﬁlmm%n{ i$ present

essure. ) oint" refers to an a roxmate
in a tR] ERBSHoB Y 155 B a9t o iSO e PP CSPoRiHie AR opisEn
compaais diselosed bereie chnde a mgoarvdpbnént mmnmmmbmpnmhs byothentsélMes BLin a mixture

ith diRHeed [how through tubing and piping, and is
i rreasur(érh&an er conditions described by ASTM D 97. The

|0039|P0 ur «Repréhbid %d@ﬁgpr&&d t8otdRira b ®interthdnbil B@Lin and refer to a
usef ul ness and serviceability in

e
Comp?:‘i_l}é g"é'lyabé ‘?Qﬁhf°é’§"te“§['(5lf?ﬁ%sihaﬁ (d6hposition that is a
|0040{ 'S Ubs‘ nﬂrzl doﬁ é%(oug u{ng “?na Og{)]oq?t o%rg t% goutngjgaa d%tolrﬁgnscurve R\at relate the
fract'@mfrpmlﬂshat ip reéwvedtbh éeatmn'm@mlq to progresiively highegytemperasyrest Tranitial

bon]m§ Q&/ﬂt igheRtRg tembd’ﬂﬁlﬁ}e HRbrirg Eh%ﬁt)ﬁfqmﬁ hzaﬂnggﬁé%%ncgﬁsetaﬁn@ ﬁhetfhzﬁ Boiling

reater t % ater th
poi: B o G fo i s Tl oGy O poaenis LB o5 sty composed
than 99. 7% greater than 99 8% or greater than 99. 9%
of the conpound; or less than 20% |ess than 10%
| ess than 5% |ess than 3% -less than 1% |ess than
0.5% less than 0.1 % or less than 0.0 1% of the one
or nore ot her conpounds based on the total voI ume or

Y a1 o " A PN A™ A 'Y e . 1. i

(0037§



100481 In addition to the definitions above, certain
conpounds descri bed herein have one or nore double
whornde43shRat can exi st as one or nore Stereoi SOPET/ESENTII890
as cis-isoners, trans-isonmers, E-isoners and Z-
of a singlo pampgnent, the m@iat aad finabbriding poremirs iderttike arel refored tuas the “iavdling point.”
The gklﬁgﬂlly éc%f)ﬁ:h pl%t:e%[u'@ R §t9&‘ﬁfn§‘ng e ﬁlsﬁHﬁ&tcmg foﬁ%uLle /&f meStQJdard D 86.

her stereolsonmers. In certaln other nts
|0041'] heS@‘Je@QIQTpQWSa Ak Buifibi ol 1R Dt M@hd OUS St er eoi soners.
100491 "Tx" refers to the distillation tenperature at
[00420\hi C MKxroSmed frefdri@ a Gpetfipi fragtional @istila® obfetrbltign Gls@known as “crude 0il”),

generaﬁm@tﬁéén 1'5(96 apd’aZ%S‘kbe?Qrélg%gﬁenc pre es%dre a&ru?erodls argcompi)_se(§ prlmarlly o@

I'S I nNcor por a
hydrogakprpefehe pargffigie, "aP'TFEO)C andaneinatiq QGSeSr efer to the
distillation tenperatures at which 10% 50% and 90%
|0043|| es pe&fqu\(}léy' yefed? to p figasye P@Perfﬁ?ac\%ﬂf a ﬂlésebfpelttqféoquﬁ éqr more efficient wear
protecmOlmD@SrhrtohO\t‘k ohas edgde furiilg Sitthlltd Metala@tLr Ghdd Gigh presiind Milidg Bdnt contact

) 190" are al so known as the 10 vol . %
under cIr{ldglons des ﬁg)ed b{ ﬁgﬁg 8 6%9%

erature % tenperature, and the 90
1004%0' Hp Lo QTP Alrkid 6 aE&éﬁ@ﬁatch&ﬁglld%tlllaTeQ)f}{Qo%m%/engAaﬁ?ﬁoﬁn between 120°C
CT/ US2007/.021890_ 100501 |
and 3%@ etrafrmsi)haﬁc prespyre. iy pthsegmbodiments, Efggqiesﬁésraefraﬁtloa?lélstlllate of petroleum
from BeDEEe® XKI0M@And 3VAC uiSsymdsggad pldsass  whet her t he word
"about" or "approximte" is used in connection

[0045) her éfpur peintNigfelsar @ amayximzaq‘ iydibty'onlof petoaren te,mperﬂturp etrvihizha fuel can be
poure§ orpr%&)@(mrom %tam§r9m§n{ tm:r‘ﬁused]tp ﬂ(svpth%QghR%l%eam plpl}{!} %qyrﬁerasu%d under

nunerical ran [ ower uppe
condifigng figscribgg by AST %bf? gt chg BRYT POIH {5 owrﬂ% Icharaa1emt'ﬁﬁghweﬁ%mﬁ%tarf@' s
usefuln&B QR sbrSic@piB® iif dolad clivatekl scl osed. I n particul ar, the

foll owi ng nunbers within the range are specifi cal | y
[00461i s clAo®englositivmRht istd s {bRantially) gureVb@peund rdfers © aaommsitianbibhagis
substa{nainlg'frggof E@Mw%‘é&%ﬁbou&% I]EO Qle Q&Ep%gmn c}Mthun» g%an]:r thin rSG‘% IB’eater

I ncrement, | k perc ent percent, 3 perce
than W, g@arteé g)ﬁll 95"/5 grﬁ@?rél@h ?6% greaterg]@n Bg»@,cgéemer thzglfS%egtia mhan 93% greater
than OESEAC grBdter than 99.695 gfé&ér&l&m)ﬁ? 79 Ggrqaelrtmmo 8%Sof gﬁaérmnw 999 8f the

compguncrlfén nass tli\an %0/0 F?ess t ltO% 855 than ?A &gnn °/ less tEanoIV/e Te%st%mﬁ 5% less than

0.1%ton éssalbwél%sf th%ﬂns or @@@@w qupws dassctqnd@e@al vmwmht(@mhe
compbdtioMBODI MENTS OF THE | NVENTI ON 100511 Enbodi nments of

the invention provide fuel conpositions conprising one
[0047Qr NN @mpdshioh SEYIY ‘BitSaslialCRIPENAREHPoBSI réferSB) a@bmMkititH ddMfining less

than {O% %ss?h%rw (9/n % than'%@/y les Jﬂ?an 4‘% lers(t;“h o, lgs no%)f}, ‘ijefsi:tgarr]l dt%qgless than 0.5%,

less thas @ﬂ)%eqn dﬂsa:th@&r?p%@ﬁtdjscomwnhmd t:mtbe tetﬁl vph@e proveight efdhe composition.
51) z (Il) wherein Zis H OR or OC(=OR

(0048} 4 |:lp ?dgmpp to e;gg,ﬁmtloesyaep\@aqeﬁ% comaqug;ps des&plkeglhgfpm hayg one or more

doublabanlikiidt canleRist2O6MR or Q6D QéedBBMES suckasic5-ifomERs OiranstcQ{ersQ) RBomers and Z-

isomeg‘sp qﬁ%&ll’i a%]ﬁai%ﬁmsg &hé% lﬁbrﬁ!ollr}%d(s)%ge}?cﬁgfu.a s%ﬂelo{og(?%netésfam s%bsla%tia% Bee of other
stereoe';sn'bmii lneqm@is Othg embodimeRts ghesGo@per@Rrahiaturss of vRiqusst@tohymers

' ot her enbodi nents, the Cl5 isoprenoid
10049& orrpouﬁ defFfé tofthedisgiUatiptemperagure at whigh x Yeof the praging] yoluge ofthy fye!
compbsitiofrihas bea AR dlllel Becordrg HELSTOF D- eﬂh@ﬁh ﬁﬁiﬁﬁrﬁorat&f'lﬁrelnw PfeRened. Gror
exam&bg‘g g,n‘ﬁ'%d”aarr]lg i 9()1’ 1)efer ot %][d%{llﬂbon C}enl!%: f’ure";j gt hlcﬁqO"/atgg% and %0%

er se I SOprenol
respegtisetpefiiiecprigigal volgme qfthe fuel compesition hag bgeg dat;dleéi ecfcwﬁlezjtoa\kswé) 86.
«710"1 0504 4nd m@m-tane knoS@ s 1€ 1088129 & RS, thel 50 Soll/S RRP LMD, And the 90

r r n f th foll owi n
Vowqf%?%ugeéespgct}%ye or nore conpounds of the ollo g



WD 2008/ 045555 PCT/ US2007/ 021890 H3 H3C H H3C H (I-a)
CH3 HC H H3C Z (11-a) H3IC Z H3SC CH3 > CH3 HSC H H
WO an8/0§35H) CH3 H3C ,H Z , CHCH3 H3C Z H3C CH3P¢H/ChB01021890
CH3 (I-c) CHB HCH3 Z ,CHCH3 3 (11-c) H3C Z H3C CH3 H
[0050CH3 HB@e ﬁll@\&k)g@esmtidﬂ 3B bari3disclostd hértin @y apploxdBnateMaGes Aegardless
whetl%F tht@&d%@ﬁt’e& a;%rdx%aésls QQE tn%ﬂye&%mﬁ@rew‘ﬁp Fezi"semiy var@)ay 1 percent,

b), c), 1-d) are four possi
2 perecpiley %%‘iegto?fe*f’@etmes 1P tor2faereeny When%(ﬁa njIRiGe] ragge Yifhyalgyyer limit, R, and
an uppek Lmb)R i didel®}d, arymamifel fhtliclg withiethé AfgefipéciRAFAishbsed. In pamcular the
followi Em el(uﬁ]gélg QG t?le Pag%efal%rs‘%y:!ﬁgallg ng?lo dC (i% nlg‘glg‘gg%d Eg »( %}e{lﬁ( isa vran%llale
faﬂglﬁfm"ebne%ﬁ@rm@ hsgentofith al (De)%mmrﬂmahm Hdy 1 mnto?fpercent 3 percent, 4

perceﬁ@&%eﬂeng@per&m%ﬂp@r@&f &n Qntcom\’b@g d6ercdnt, 9FheRRedt! 9\8/)percent 99
st er eoj somer thereo ereln IS asS preyvi ousl Y

perceate(fr lp](b;a‘,rcerrt Marﬁg)v(eh Ay ngl@fnce)lf'anéwgmdﬁém%{ nqubfrgaséiﬁr@m the above is
also spdckfighlly distlosednot her set of enbodinment, Ris nmethyl. In
yet anot her set of enbodinent, Ris ethyl 100571 In
anot her s SABRBIEN ound is
0 OAR ( \/)%Esgfg“ a sﬁgdr eol Eé%ﬁwﬁé 6PQP%WVEN¥@S)R is as
previ ously defined. In another set of enbodinents, R
[005E] o ClEn@ngQFWf the inveptigpypyide fued compesitiops RSB BKISIAS 1gpesor mFge|C3; isoprenoid
comph®id$asla majoﬂory:ﬁlﬁor ﬁﬁﬂbhﬁfnerﬁ eAny(Ifls isophasld mt)lﬁld cdr b Sse@ﬁd?é(r{ .In some

embog‘%grﬁs eac!a othtﬁen@t lsci\_prenmg r:ompona%s c(ai %I\_/f one (Siﬁe to e | RS opr enoi d

nmpoun O
~-R (V) -8 2008/,045555 | PCT/ US2007/ 021890
mherein Ris alkyl~su h et hyl, propyl,

i sopropyl, butyl, isobutyl, tert- Butylﬂuamﬂ | i near or
branched pentyl, hexyl, heptyl octyl, nonyl, decyl,

dodecyl, tetradecyl|, hex decyl , octadecyl, ei cosyl,
docosyl and the I Re” odb nts, the
i soprenoi d conpound conprises a m xtu of formul ae

where(uﬂ 4 Is)—l- O(ﬁ Wo- C@@R Y] R |s nggy-rP %}cldaﬁcylag}ﬂt zhl@nFyl %ﬁ&ralﬂfl ln some

iments, the iso prises
e BT ARt DT E ot AT OoUPR 5K pO-C-OR
wherdirl R/js n@thy) V) otker erftoliments, DR @-R\d} O-QPFO)R wherein R is ethyl. In still other

embodiments, the C,s isoprenoid compound is farnesane, i.e., Z of formula (I) or (1I) is H.

|0052] In one set of embodiments, the isoprenoid compound is:

PO O .

wherein Z is as defined above.

M

|0053] In another set of embodiments, the isoprenoid compound is:
)\/\)\/\//Z\/
an

{0054} In another set of embodiments, the isoprenoid compound is one or more compounds of the

wherein Z is as defined above.

following formulae:



0 0 R(V) or a stereoisoner thereof, wherein Ris

Cl-C5 al kyl and the two conpounds are each present in
wa@pooawisnt at | east about 5% based on the toP&l/US2007/021890

wei ght or volunme of the fuel conposition. 100601 In

anz*t'she{scseﬁ Wt ¢rbodi ngnhs, the | pregaond 82 und |s(" a)

"fRC OcOR CH, I—BI—BCHI—BCH(IVA_E H3C+ H3C 3 H3C

”P%( II-c) (V=0 I—BZ(IV-C) HCE H, OB I3 H OB ROCO

CH3 CH3 H , CH3 H3C CH3, H3C CH3 H3C OCOR, 111dH3H

, CRBs H3@, dr, Ha,_ktn, CH3 ufé 000R (\fHd) &RC L H (1
c . :

Hgd 5C W’SI,S
as defined above For mul ae (111- a) (111-b), (111-c),

angu( 111 - are the four possible giereoi rs, of
f C@QQ@W' ael i V- a) ?Wm -
H6G V- re’the fourZpdssible sttFeorsorrers of formil a

(I'v). Formulae (V-a), (V-b), (V-c), and (V-d) are the

four possible stereoi soners of fornula @ . 100611
wherginz i3 agfefipgd @bqve oFrj)fr@Haél(Ioa) db'ﬁp@)’ﬁ)ﬂ@g (Ird) are the Tqup passible stereoisomers of
form@OMPAE ForinQRS(11CA, {11 oY) (IC-t)] 428 (188) ate thelBir p6seibmp Stevedifomerdof foitnula (11).

can rel ease energy when it chemcally reacts with an
[0055p x| ddminotherckt ofemtogtiynges the pprenofdyerhpoadids t | ve whi ch can

alter the performance or properties of the fue

conmponent. I n sone |enbodirfents, the isoprenoid

conmpound i s pres atinl east about 2%

at | east about 3% at |east about 5% at |east about
masm@gﬁmmnmheﬁst about 15% at |east about 30% at | east

out 40% at |east about 50% at |east about 60% at

I0056II east‘“ wthersctphogbodiments B fsoppvidrcodYgd ibr at | east about

90% based on the total weight or volunme of the fue

conposi ti on. ther gnbodi mgnt s, aﬁs i soprenoi d

compound is pr t about 5%

at nost about 10% at nost about 15% at® nost about

ora s?ego/%onﬂl; thmtwh@Qfﬂq’{tls gs%/éklo@sﬁy d@ﬁ‘r&ﬁ ﬁ\ka&}tﬂer s%pofﬁam%dmm?étl{ ns C,-C; alkyl.
nost ab nost about 45%

In a“‘ﬁ'i‘iéie‘ %fBB‘B‘td'%%‘ ‘%Pe‘%éf Y%HBH‘F’ 58‘(5’5/8'“"39 MRSt s SBYut 70%

[0()57?lt rlmanother s%t 0¥em8t>oc(‘fnergs the fsoé!%%ltdfcgngqou%d Oll’gré))((J?SI ?Iagﬁd ?2 the
further eﬂbodlnents, the isoprenoi g conpound is
present in an amount from about 2%|to about 99% from

about 2.5%to about; 95% firom abodt "% to about 90%
from about 7.5% tolabgut 85% . fr out 10%to -9 WO
2008/ 045555 PCT/ US2007/ 021890 apott %@Q@ from about

15% to about 80% from about 20% to about 75% or from
ora sakae.bttme%%dfowha.bmtms %5;9@10@@&{5&.% OR ahdaRr ieoafalnbdmiegﬁtk i©C,-C; alkyl.

100
In anot%se{mfem[)%dlmen;[s t%)qnp tanot er aet toeﬁjg edlg '%gEWi ved

ren

|0058f| r Omlf?‘a {hQr%ElQ,'r%%Elﬁmgm #Olsgdrém% ﬂih% Pohlufig

I'n certaln € I nents, I oengl neer ed

C15 | opreno d starting materi al made by hkpst
cel I s/ by converting_a carbops r LQt ot dhs
i sopf endi a~startig nat 8Hkal . 100631 In ot hef RaV)or

enbodi nents, the carbon source is agsugar such as a
nonosacchari de (sinple sugar), a dﬂsaccharlde or one

or nore conbinations thereofl. In &rthin enbodi nent s,
the sugar is a sinpl 0 )



capabl e of supporting the growh of one or nore of the
cells provided herein. The sinple sugar can be any
wa@owplogssstigar known to those of skill in the aPCT/USHO®021890
non-limting exanples of suitable sinple sugars or
wher¢imR GsitkgChebras thetbyl ethyl, prdeyl,gdopromys dutylgadbant, Gerepty ramdioseer branched
pentyi 'h%t Repfn, ogt&lb&ﬁﬁ de@nQO&W%H&E)A%Q&CEIG&%S&%I ﬁ)@ﬁ udg&)@yl and the

ting exanples of I sacchari
like. é*tﬂf‘?eb%bod'rna&% Hséoprﬁardﬁe@@unqqoewapwexwreef ‘i°'6‘b‘i'36§8) (IXhand (V).
onblnatlons 00641 |n othe enbodl nts
05 oo g e e TPE "‘581’ ﬁ?éﬁ&&fﬂm <P PG 7 drtérem
cmmﬁmﬂnbhesﬁmdwa@mm@ﬁbﬁéﬂpolysaccharldes i ncl ude starch
gl ycogen, cellulose, chitin, and conbi nations t her eof .

100651 In still other enbodijnents, |the carbon s urce
i s nonc f ab ﬁ *DJSOM%QQL\SOﬂﬁaﬂgn\\ t dg

exanples of suitable no ernent abl e carbon source

i nclude acetate and gl ycerol. 100 I n other

enbodi nents, the fuel conp03|t|on y further
conprise a conventilonal fdel orient derived from
petrol eum coal, hydr ocar bon
source. Illustrative exanples of ' conventibflal fue

ora sﬁarenp her h%r%ofl %%fi{tg{clﬁgr Bqaﬁgbaétg ﬁ1 g've 0, 6@2 S{jé?cg lf)r%geﬁts’lg 6r}%nount at
least Mé@h, bnmitos thettdm weight pevplume nfthe fugl @dmmeiigmonent i s

derived frompetroleumor coal. In certain
10064} iy o I ARoHheRset of prabofliments, e Fﬁﬁﬁﬁ@tﬁ‘tcom@‘l@f’rls esepnorsels a

dlesel fueI jet fuel, kerosene, gasollne or a

Cotfisattag” 1 HEPeof §* e tHhe'rC enprodi Mnt%w(‘v“’
HC” conponént” i § or conpfi rfTate dicesel ™ uel OCOR
Hur,_the egbggl mas;ts ththe f uedy, cpgmfnqptCH (1V-b)

at “h.east
©40% at I east 5096“°at | east 60% at | east 70% at OcoR.

,east gp@g r atoleas QOQQHgaged on”thecifii£nﬁﬁheD:fAfWﬂ
57 | 30Ry, I N st OCOR

He enbodlnents the aﬁﬁun he fueI ‘conponent is at

?gst n L0V, al, rrﬁ‘S"t) 20% at rmst SOO/qV(at 40%w 4w VO
st 609 %, at re, OCOR,

nost 90% based ot he total MEIght or volunme of the
fuel conposition. 100671 I n sonme enbodi nents, the fue

wherdif) ?%?de%n%na%vgayow u?e e( aa O(HP%{JIII ?)ean? (]?lo@\/e te Ifocl),lln pa(‘)|551ble s?ereonsomers

of Forapl(HD. VRSt S0, (Bhb) (E-cend (Ve ang ghe favt pastide fregispmiryefiormula

(IV). GORRNE (V-bYO(V-b), VO BRI(VLd) ar€ &e it FosBETDRGABNErSof fériBla fwie]
conposition is intended for use in diesel engines. The

[006 NTE T | Bagtiof He GSIoﬁEryndf cﬁrhpo'ﬁﬁiﬁ fir th\fgfua e pvkitiek tan |ftﬁlct(oA85Td\t)1el component

whicl{:ﬁ%;é?ege%sree Iéée?g? ﬁl(e:@% g'nenonrc:ls'@ res’a t es gangoglrél gsu?li :gsﬁr aofug ?(Hiietive which

can alfes the peffogmanes oafvronﬁﬂees eff theefipgy Fampgnenintiy ome anl@dmsf» gmsdprtr@id

comp@tﬂl@ 'isfﬁéé‘ent Rfah AkduBIYF hiYeaQRbAANS4, 8 ledstdBou 93 MEIRLsCabBhit 8%t least about

oo P oo P b ot b i o o
least gbagt 70% e ekt abhati§Ofé.or ftdeagt.about J00C kasedton e taal weilg ionedine af e fuel
comp@%ﬁ ntn o?nler em-wdn%enftsufh!a lsgb@e%m@ ccfnlxp@t?tja |sq9ésghtt in9h Elﬁt;uﬁtr of Lt%?t about 5%, at

and a mnimum cetane nunber of
most ﬁ%zlﬂt'i"%’tﬂt TPt gooufipenty mastpput 208 # %at%é?é%pfétoata%lhw% gignost about
35%, WGhROQHD Bt @%56505%%@82&0&&0%89@% aiﬂ&?&bi:utl‘d()% a mbdt htHute 0%, at
most gtlh Iéit?}ré(%s{ Jbait EO‘%,%%Od XVI thegot ePth\{eor ]y grilteadt,f he I chomgosmon In
furths eahﬂdetentameysoeﬁ'ga'drf@apoums peseatrrmr@mom frpm eladt 2rigilpesy9%, from
about 5B aREISR] Ronddbokt3b4d 1O 5HIUSPR Sl dBbAlt 7 W4ltdlabokt 8894, R about 10% to
| oads than encountered during the use of No. 1-D. The
flash point is greater than 52C and the m ni mum
cetane nunber is 40. 100711 No. 4-D is a heavy
distillate fuel with the highest density and | owest
volatility of the three diesel fuels. It finds use in
|OMF and nedlun}speed englnes such as narlne englnes
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t hese conpounds are C10-C22 hydrocarbons and are
general ly parrafins, naphthenes (cycloparaffins) and
war@satisss. Normal paraffins refer to al kanes P@iUs1v07/021890
are conposed of hydrogen and carbon) with a straight
about @8 fm abbaril 176 toBETE0Ys, Bbre sleit 20%ab abgerT6%adr frym st 24% to about 75%,

based%h ?hte 't(JteJl ati hlggr Joﬂ:ﬂxggftﬁgﬁmcéﬂ)QSIE& 715 F (from 200 to 380
at nospheric pressure and a specific gravity

|0062[ an g Gn iofn@ B EbdinfRks tie CQ51 15510|d d’dbmﬁ&jﬂa fs d@Red Pont shﬁ&ﬁgmeered Css

0
1sopré§?}$ ? ge'{n‘i-g ni%enil \}\lf cség/'ll lb?mbgg H\ent %Q}xg%ge%dglg} l%ﬁgrtelé{%do sé%ta'ng material is
made beltistrelistby cenveltiag af daragrtsopod intb the @ seprenoid skagting bidteiial. 100751
Di esel fuel QLoa_ua‘l ity can be characterized by the cetane
[0063f u i di othepprteorimgats; selcgrbdngpures i apugar suglpasragregesaccharidnisiBpletsegar), a
disacdBflide Adr bﬂe@hm%%@ﬂbﬁlamﬁm@&of ! ﬂ@b&ﬂieﬁﬁo&uﬁﬁtsﬂ% Spdr I|SQ|SInpr=rsugar

startin nd snoot ti |ne
capatfe ] SR G S B pdy AT i R e bt 8P e g 5 e oy
simplogigaheownueribese of skilltilthe @t Same an-limdog eaeakeof suiGHISHBAR sugars or

monoﬁ@%k%s IB lﬁiegrup(L e Qgc'tolsé/ m‘}ﬂxégegmgsen%egndqgmmgons ﬁiteresfh gome non-

er en Bscal & taneth onane
Ilmltlnﬁexwleéﬁgsultarlyggilsgqql@’ar@@gqcblﬁ%cresg{lgﬁtfée m%@frel@‘ose@celquafée and
combm@ioadn@erépfinber of a diesel fuel is determ ned by
conparison with blends of cetane and
[0064hept dmahdnyhipdingne thelchrb@(sbllr&smmdsactharidehGomwmi}ﬁmitioi examples of

su1tab9:2)r g &ﬁréd\étplaﬁelg@ ﬁtg{cl}] %@Jr%gw Eﬁ"h]gséac V\}nlIn’C d % ombinatj ogs tgg??é
|0065|| gni tlh ai ong@lnibSdfmal% th&rbbh Qlurce ;LQQJntlmﬁe?ﬁmer @bbsource. Some non-
ave an aromati c content bove 20

imiitg 3o Bt i %ﬁ’{b°BF°“r°§ Bo B PRt D <

[00662er rﬂ\ otl\elr onbo(ajmems) rthee f osr{{%}{s III N rﬁﬁrﬁmer com?r%% alfl gonvent.l.onal fuel
ddi t1 Onaf gen and, ro I npu

comp@rmtalpmvedafr@iesqtmbm dpaésn@bd preay othg hm@emmsoweeéléllstraﬂuﬁede&amples of

convehiYdRhiGa| !:OanHIQ% mOIREiedel RRIDYE Fidls! %ro&‘n@ @asblﬁhe ik ﬁltl:hert'ﬂ?‘&)sch derived
aromati ¢ hydrocar bons ﬁr esent In ggrgl ar di esel

fuels. e gprBoc Rl ol Rl L SBAPERS 'Scdewel BBISHE O Secp certain
embodiseray thk GpBtombdnem $.or ddipsises Sdibsyifued,adt fugl, m&em\@d)hhryor a combination
there(!?qu %glequt)d rﬂ(gxtst thcefugl%grwéo {nt Q'orec%@nsg%edlsuhﬂe di .!19 ﬁR'i 9% filthd

enat | on
emboﬁ,\f’n@gg the élgoqqu thg |fl§bcob1éoqgl§escpt legsp 9747 gt l@tép"ﬁ,@f ‘eqnsySO%, at least 40%, at
least 5084, hiadaglIB% i Rast THoE &i@dastfa0m] or &n&&@@% d)ahy onSt!thB{aBNelght or volume of the
e 0| i s ow in i
et b B B Bt Gtk S5 mos
20%, prmsig@Beat gas d0%.raemesh 1D %l tewoet 601 1 chass 70703t mésb§084y errat most 90%, based

on thd t@émeﬁﬁﬁt erolhiﬂ&Jf%%ﬂco%&ﬂﬁﬁ' c content. A typical
strai run di esel mght contain from20 to 25%

[0067RY orraﬁ bofi® ellﬁb’odnnéﬂtls ulmeruel YARbRRSs xaaycfux&sxaiommsendﬁdenﬁ&n@rmel additive.
cat al d%/t ca s coul aVv

The ngtlyrs zﬁm(?gnt o} %eho € grrrrcl)o ngaeidﬁiweﬁ (H)Frgicoa rt € c()iensw% ours] e ﬁng ﬁ{eﬁcomposmon
(0068 uel 119 gegtB llrﬁodl ntgi I%%epfgbﬁ]gosh% Ellﬂen[}%lyf FQJ?C 1L 91%5%‘ etng%ﬁég The

AmergMIetg doryT, @ﬂting)/and Msistigls @@Tqu:ate%nz§bi§§ﬁl fu2I5 m\t,tﬁhr_ee%eneéq,l groups. The
need @RAHoriZheVerhel HesuldERthéVaried SR of @iésallenglidh, WKRh @ déshpedfltsi@erate
nbodi ments, the aromatic

eff‘“‘ﬁ‘ygg ‘%E‘S\P{ag"ns‘%%aﬁ‘ﬁ??%e the fuel -11 WO 2008/ 045555
|0069l]3CT/ H!I%ZPB?! aq 2195957&0 Hﬁé??d J‘ogne \“o? rigﬁlgjswl'feessqu%ﬁ l(}égl:hatgges and

than 1 o 1 ess
speed\ﬁbqng%(w wués gactoR ggins) arg eqsqn%l E*a%@ﬂ hefn fleghepoinipgrepier ) §rfpand a
minin@im defafe fukhGdr o LIRSS is@hrticdidily QlitaIRE foLdbOHatkBIbb&atioh.ne
fuel conposition is substantially free of aromatic
hydr ocarbon content. 100781 Aronmati c hydrocarbons have
poor self-ignition qualities, so that diesel fuels
containing a high fraction of aromatics tend to have
| ow cet ane nunbers. Typical cetane values of straight
run diesel are in the ranffe of from50 to 55; those
of highly aromatic diesel fuels are typically in the
range of fron140 to 45 and may be even Iomer Thi s
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desul furizati on processes which may be used in
embodi nents of the invention. The discl osures of al
WwW@RooBles55Hr ecedi ng patents are incorporated byPCT/US2007/021890
reference herein in their entireties. The sul fur
[0070¢ ont eyt 2-Bfis 4 rhediufmuiiskillatecfoetpiirs  towerrvoldiilgydnd digbler Aasieyi tian dN@ani-D. This

fuel ﬁ‘ﬂ@svuge q ﬁlea‘;@pdlgﬁen qrorIeQanS)@evﬁll o?dsea%lﬁég qg'néc"ﬁ k())géljr;te a§ Ergfoﬂlp %eds but with

about pp
heavigs lgpdls tbrn ea%rmredl@"whﬁ usgyRf dl BnT'rerfeshtpewF SroRsdr e S25€ andiiles
minintutBdetafOipB& iistdoon. 1 n ot her enbodi nents, the sul fur

content of the fuel conposition is |less than 10 ppm
(0071 n f U¥ot fOris Swbodistitiartfee] witl thehighae densiorpdbivest aiatility of the three diesel

fuels. SIPE)I%E ﬁgg'ir{ I%lé aﬁd ﬁngoﬁﬁﬁn &Iaedséh'é rEey EWCE er”ia?net en%lrlreggrgdoe:lectlrlc Power %eaeratron

certarn e
engingspwhighsaperpig “‘}dé'tsuﬁfﬂ@}id F?é%ﬁ TW@SW@E Is g@@rrﬁlwn 5§°gtand theapinjmyimzgetane
ratingk€yoosene/ paraffin oil -based fuel classified as Jet
A-1, which is produced to an internationally
[0072¢t andae phemiaol g&di dietl fmp;emi thdscthdt ne& 81 exterd Either thdrNati@d] Conference on
Weiol? LS
eig % Q‘rtd%as%%L Ky vamY st @.Egélneqvlan ﬁ{ rés Ass%aa% n%E%’?/T)‘E}%‘:mUWQI ésa definition.

SO use er jet fue

|0073$| Vi ldefdial Vd A1 @RI b §co¢@iek ﬁl@(tul@(tf tl%usar';d:s"bf lﬁhhéuapcolnb(grmse Most of
int Q%gtha kerosene region that is used fo

or
these FQ"?OQHF]%{F]E@& ﬁiracava@rgtapfgqre %féetr?] Ipwﬁ&senaphfheé\es (cycloparaffins) and
aromdlicss tNokrhah parasfins réfa@ mgpekahed (whitareBomsosgien Bydedgényand éitboh)ovith @ Graight
carboh Bfa@m 50 to 250C). Jet A, Jet A-1l, and Jet B are
specified in ASTM Specification D. 1655-68.

|0074¥i\I t ermé&'ﬁ\/eeée\‘eral g@rﬁs 4 dr’s%lla‘iro@rraﬁge@oﬁ\g% t()|7 %LFQﬁlonﬁridO 'tJ ﬁf) '°®Scrt 1
ound t he worl unbers.

anosghegF BFHIS e e B DEBER Fah § 00104 155 LD Sy ppies s

fuel st halvef<f1 evt. %ot buful) 0.t We% afasiyRO.S v@Po i watkieind sedichicit] ane s flash point
nmple, Jet Al is simlar to JP-8 and Jet Bis

gmm;ﬂl ?ﬁ? to JP-4. Alternatively, jet fuels can also be

|0075ﬁ:I assljlésblqg:l cff‘ﬁh& @Jn%@ %ﬁctg{zed’]@gmc@@netn}émgﬂ v\ﬁgmsually falls into the range
|n1t|n% exanpl es of kerosene-type jet fuel's

from ?Q,]te P?J d%hlg}B@ ngc{lumygfndﬁatis the\-ﬁgtestral thasy\]s rtg]g a@dﬁmgoth operation of the

enginél OThe kétank hunitgr i€ thaafalog 6f todf autoamptite lzirie ene jn@hiser, itk beSane (n-hexadecane,

C16H3f)|?1§¥|&qﬁe a‘;tgéant Ia‘?g’]& dd]rﬁjmﬁer 0{ {()'a RI tneecgthe?%tagg ngggg\%gl’)? nQﬁryllnonane an

rsomeAg‘]cmargpI@g the pssigped @ﬁan@nunlb@%ﬂ(gghe\mm npipker pfigadiesel fuel is determmed by

compﬁgﬂp@ﬁl Hldn@sfbf Géadﬁpﬁddfhaﬁanfeﬂr&ﬂb“aﬁe (ltlcl)llrsspdﬂﬂs th M6 RiMbRr df bgrts 8y volume of
é . ein Z2 i s H } gé] Jet A.is t he sta g?rd j et

count R4 Bty U e e Ao SRR o | €

|0076EI m 'G’%B?&Q ng)ﬁ'% é\%&el fue? epah\a{f%gt\rj: %n%eap%gvn%q)\&;%eag%éﬂ ur c%ntent of
severgl Pndisd pists er oA oT frreway Gthegine Wdeceedienelovgaeh wrdgnitogen

|mpur1itQ§Tpﬁ>r oBlaldlaQesittd Hekf fifel, a 2008 aleseh ﬂlelQﬂfJaﬁv Jﬂd@iﬂ@pﬂdomﬁbﬁ step in which
| east a convent

the arf)rﬂzglf: Eédgod:?rgc?r\/ r(gssekttgrbﬁgrecl.g% |e]°.efﬁe aﬁé‘"@’ﬁ'& q non-argmatic hyérocar%ons such
as cyataparaing. i Thisadl tyrfiaakdy achiehdil by hydwganatmk thel eegalartdiesel fugdleimths presence of a

hydro%al%m&talﬁt a(ﬂhf!r k&r&erélm&yﬁers%ay & 306, i mprovers,
l'izers, | ow i nprovers, combusti on

|0077I| rrpr Q)l-diﬁa‘irly, anﬁrgm flra’aarsser fadl prod o@iz® srararéldtsmrée&q, of cla@ diIGSthiAN low in
1 Cln

A nhibitor .
aromatrﬁhI C(%c%r on(s:I Céaéatfﬁ ﬁl‘é(g(g& 8%”%){uak})é éo lhg%ckgég)ghepaﬁ%j grésglé)ﬁ%getron, however,
results BB GOBIOASESE ARFDIALISTOD TGI8 SN agntaigy frpre AUI26fy aromatics by

volun@d»dﬂerelaé/aefﬁesel %}%B&h frgﬁ @a@a;l)‘tr\{@lgr @facked Qécﬁspc%ﬁlﬁ A4k Fom 40 to 50% aromatics.
eteng nts, denulsifiers, mar kers, stati

The agpmag hdrogartion cqgiepf of fhe fuel caﬂe;“%m-rcw R "‘t"‘h‘é’r‘%\"‘a“ appi 50 vol. %,
aboutt46 & L6, atvotiiatvoldf, abdoes sfvdiech, abalield 0t viol2d Saboun 2% Yok%f at@bout 20 vol.%, based on
|
the toFa ?%tog var]\rglcgﬁ[%{)si@pglﬁ ofn% anl}ogréng%% 6%?1{0}18%%&% p)@r‘?&)ﬂteﬁ%f the fuel
enbodlnent fromO0.01 to 5 wt% 100831 Sone
conventional fuel additives have been described in
Chunsham Song et al., "Chehistry of Diesel Fuel,
Tayl or & Francis, London, Chapter 1, pp. 32-36 (2000),
mhrch |s |ncorporated herern by reference Further,

T o 1 . o - I B L



about 50,000 ppm from about 10 ppmto about 20, 000
ppm from about 25 ppmto 10,000 ppm or from about
wGopomsshd 1000 ppm based on the total wei gheCDUS1008021890
fuel conposition. Sonme non-limting exanpl es of
comp6sitioh &ldsethhnls IvbICh, tiags thamo OMEs, $esd thal Sudie, st . Ofol. foat keys than |
oL | [ - | L
vol./<>,a§ﬁseq,%n Ic'hlé ?(ﬁal Fotu dIQe (%91@? g} ng%/ gggtgﬂgﬂgoggﬁe{u]ﬁ,gl%g&?yomposmon is
SUbS‘aaV%l Ylﬁab?féfw%frhyﬁfﬁ@bemWie'z‘ol Chem' cal Conpany (e.g., LZ
dinerised linolejc acid
|0078&m n C&?WF Pﬁﬁ’f"ﬁﬂb‘?"? Pf’é% pooﬂ?e{fﬁnalﬁﬁ@)‘?wﬁéﬁ? {bat diesel fuels containing a high
fractighi of srb@4ticeliedd tc bdve log/;cetarlurabeksy TymdabivBLd valuestod ffattTaiSdiesel are in the
. . [
range IBP‘%(;HQQ) t@ES Ith%?esotfhlg}nfargr?%{tlg gﬁ;aélnf(l:lgg aqysg?lcaﬁg ggléﬁlﬂﬁg %l?llogl 40 to 45, and
may b§gyed r*&wer ﬂihérnat/ erugs naqrrcdiffigulty \gmolsanisg g incipmedepmbystigignoisgyiye to the
incre9¢¥/ighltA Gelayand U. S. Pat. Nos. 5,484,462 and 5, 490, 864;
and in the paper by Danping Wi and H A. Spikes, "The
[0079).Ubr IToirddycedlie sifue lentfofi ik 8¢l coM@Rition dldclosed(j\ax&&fi)desﬁ&i}lzaﬁﬁ process

canb sLd tgt'edm Ith%lale%ti Riel ch%&n%?(n%e%%l &%r gsnlln Qr}ﬁ/ r ?Elgﬁegyrgqu olf the

non- | 9(% exa mer cl a aval
1soprqng||5 pqnmogryis 1:am§? rAqy p%glfq}@mmﬁh(g@@)ﬂ)e@feﬁ @mn’@dn@{:nts of the invention.

AdditfeR41 Biegs@hic® emoMPIRGARR ErldRk mtr&é@ can akd WRARYINFeEN Sbam tRdWdsired diesel fuel.

US. §RE LT R PP 4%3% A P s ePlokordli oy
desulfiia8&ilprdcesses evhich may l@tuneenn envodidemerfths jnvérinien. fThedlisclosures of all of the
prece&:lf?%[ﬂ%gﬁt's Llje %@or@ﬁéd“ﬁq ?e?eréncé‘ llré?elin lﬁ‘ﬁingil' Enltl}éﬁest Ii‘ﬁetsul'fu? céhtent of the fuel

ergent ner al y he anount tergent
compogifign f"is‘i}‘éeq @fernég'sh%%{ﬁanbe madrgo prypriess|thes gbovhigﬁ PRI e@ublﬁﬁvpm about
50 pplnﬁ:S)SutBh in, llQ)Qt 20@&“] or @out 18 $ﬁm tbaadonlihk PEINReighess e fikNcompaition. In

other embo%1meVYEItI% sulfu r con erbt fIhe %Fl co %P?lorblf Iessctlha{\ g@bpm tIn further f:mta)glments,

Fm’ting exanp s I nc
the fUp'@P'ymseﬁn lﬁSléﬂme'IYtﬁm efduléluwtem m des or succi nani des of
yam nes, for instance polyisobutylene succinin des
I008%r pd!‘ SE1aIB BROYIMeFfe the fieheomepRtion HAHSndedor usg ip fshepgings. The most
comndATeNRS],is ANRFORINE PardTAG@Shastd fueBdHsdHRA as anm Parlicy @ pedduded (oing.

, ol vi sobut vl ene (c]U rresut(gﬁ
mtemgtll'lo(r:%l!y ﬁfalrlﬁlzjar ezec? Se c)f spec1l‘”1%a 10ns {rllhl}/e mted%% es ?/ ﬁlvggg% (3% 1 known as Jet

escri
Ads aEP@SPd?MﬂJEM@@Z@SmmEPDMCBQ senharew@swsemw JetrPe) JA® is a lighter

fuel 1191% ﬁ%&ggeros@rle rengn tHAhik Gdad foﬁﬁ@enl‘laﬂ&@ E@@Q%tﬁﬁpeh&ﬁﬁﬁc@ B distillation

range&fljv gl 1%$ep?§allgd6(§tp n?qu gr%mgg éoc%Sp] IC;)n JateAe Sl'% 2},—.'ler ng]ttB alresspemﬁed in ASTM

Specifiation B abistogl Aan@nasivedyG jenfuels declasSHedby militaries around the world with a system

I

of JP ﬁuﬁ@ﬁ@l sogrxse(%ltenac (H{}E%%Et% g!'kv;lé ﬁg‘ﬂ@g‘@t&(ﬂf‘?%?ng Era h/ bm the amounts of a
few agditiygee iFor aayPle PRy AcpsimHas BEP E RRdigs RO timflar tdbrdp ej\rlta?%ﬂy jet fuels can
also bYBIRGIMeSdsRErosehdor napll@ﬂg'ﬁel Sbile ﬁkﬁf]ﬁrﬁﬁn@ eQPRY ofREFDRAY- t?&fjétfﬁuels include
Jet AtJIe]teAII }afﬁ;é %ﬁﬁg?%%/néelrngrp gvdnnlg l elil(an? qu of na ht!\a t%jegets flu:%{s mclud? tIlet b and JP-4.
In othereamippdméntepthe (elrcgmipositipn es rpeqomxmsslé@,B awpltdmatoe"sSTM Specification D
165588 {vhdnt1RSue! &Rfosition &ae@sez Mlpﬁw ?bnﬁiﬁ;T(/l)lﬁaQ%érQZé%grD

conmpounds and the |ike. trates such as anyl
[0081i T I QL& is the ¥tdildarB ek ﬁjattﬁ)e angk ns.xed sm&ttw 195Us! JeBh @Similar to Jet-Al,
excep%fo??s 1%:er freem{%lé)tol%to d? 31‘89%,‘ nngeth&t‘re E E % t A}as a %{rl?iu@%{ hzgsﬁé(ée/ult)t é)tf] néinimum 38
°C, vithpyagipignitiprsterpperagrdgf LHERY | nitrate which is

commercially available fromthe Associ ated Cctel

100820 np dm§eriein fPtodEnerihdiefuc FEPossion FRIPPRE leitﬁew&mw"?h@e' additive.
SomeiGi-Bfiing XRRHIKEF coRBeyitidda! bl QRIRIAdS mcmdé da.eoxfldaek trefmp@a)n&y idProvers,
cetan% ﬁngrovgré) I’s]t%ben zterrs at {d%@}v 91{1%%%% l’!:torlnbustlon |mpsrovers any\'tf(%%ms ar%n heaze 'c%vaes
Corroe%nmhmedtlbrfcmmp@vm icing inpibBors, wwe%or 01@@‘81?% atIdrmveseMOéw wppressants

ot her enbodi nents, the fuel conposition includes a

fuel additive that is a stabilizer. Some non-limting

exanpl es of stabilizers i nHB-ude tertiary al kyl prinary

am nes. Many stabilizers also act as corrosion

i nhi bi tors The st ab| lizer may be present in the fueI
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conmbustion i nprover may be present in the fuel
conposition at a concentration of about 0.001 to |
wovdds/ossed on the total weight of the fuel PCT/US2007/021890
conmposition, and in one enbodinent fromO0.01 to | % by
drag sghicigh edditivas0O@4 deaktivaanotispesanagiglergents, demulsidiers,cigerposkers, gatic

dlsSlﬁat%rs,nﬁ&}ﬂEﬂﬁlq c@n@dﬁﬁﬁeﬁ 'th@rgof (I‘ﬁp to@%mb&@@t{tml chafOROMORel co position
the f a conventiona

may 'F‘t¥é &fion b é?ﬁ"t%’ Q*ﬁﬁf’( °“(“t*=)t°t%l Wﬂ&téwf @aﬁrF'ﬁpwsm?@wwnzem%od'mem
from 61 @5R1%or O C(=O R, and Ris H, alkyl, cycloalkyl,
aryl, alkaryl, or aral kyl; the anount of t he
[0083) s 0 prSemetalvaptenplduah edditgesditive|beansiescitipd intChiinsivand Soig etad, “Chenistry of
Dlese@m”nfaggf &tanﬁcé: Q&%@rﬂbhéa&ﬁl p£ l§§|36 &9@69 %Ents ir{c§rg?”}£tecl lﬁ%ﬁ]tby
t ot vol ume

about %. amount's based on t
refereacfe E%erftbeefpllcﬁwm§Sﬁa‘ewﬁd|sc<lﬂﬁejvam pdditiyes thas cap hegmployed in embodiments
of thed/@TLDS kd ddaifiveR @D 58420| @ESM,000 5,097,598 33b7,590; 993 @98 H1v63121 {;15958,089;

ol @i 005, |
s 35 ST 8025 RO 1A, B9 B DL S 00N
5,529(7AG S SABRNMLS AR, 54 B0S64 b 4BA6e: 538 IBLANd 5 2#. 4P eTHe distlosures of all of

the preRMTROS st JaRMS are Tt FFIr ARV rdiRdnEd HerelnSn Atir dnBRSL 2 vol . % 3
vol .% or 4 vol.% based on the total volunme of the

[0084] el 16 i SthérieMbodinhets, thd e Eon@ﬂbﬁbdhrﬁﬁﬂéss fuet ahemaerm Rt ldbf'lcny
mprogg or e %Or%reggérgrﬁ é:ma r%%’lnrt]sgonl\ecsc)) m }e uorl%l ogt {ovgr\ég 1xeé /wm%atge cy esel fuel.
Typlcalltyothv cq@copmitionpfithe letnioitimprovey @Ithe%lel fafls if the mnaﬁbttﬁ €rom 4boyoll ppipto
aboutls0,06 Pk froiPabot Qb pp@ to REYRER 008V pnt) Borh Mot 25 Bth 168,06y ppt'nh& from about

not her aspect, a fu

50 ppglélﬁcL 8)@{)) {J?nbﬁase onﬁliedg}?l d"é@a-t(? &Fl§PlﬁbOS|tlon f&mwn hmmng Iexamples of
SUItablb(]mB/cM&Sﬁ’éerﬂﬁENdU&ZdB@T/fdﬁQﬂﬁ@@uch gsplycanl manogkaennd d-isodecyl adipate;
i . z 1) ) .
SR P LI Ll ield iy Bl v
dimerjgpblingleiq agid;jaginpplkytmqrpholipes; @l@ph@))lp,ric inder-fiajcehols; and pligy} promatic
comp6uhad KaRh Kt least BXeychrboxg] df@pY BomeQUitaBle Albkaidy mmﬂnﬂ@rs 3r@hbAtersfe described

i) SR DB e B R St P 1P 0 nd
5,490864194d in tibpaper U5 DawfingJyei britth AaSrient Bhethalgiaty afiDicsH Eudlat idar, 111

(1986\/ @‘7@@? aﬁ’r)f vl;hlfkﬁ arfe %L) &‘rggmgfeﬁltbly Qforendd] %o?ﬁ@ﬁngfnnm% Qﬁmfpiégef
osition has a ?I poi ht (ﬂ{rorb to or greater

t ha
C°m“§8’ %Yﬁ6""5r‘l”bf'ﬂWt"?‘%{f’veffd'rcf“f’ﬁ%“r?é}? Qf‘\?\!ecé’ﬁ’%ti%'t"a"fb%‘etu‘()’
PARADYNEY 65K an@ 06K RONUBOD L frdnn InSmm, laidom eI )emattBTEA M 8580 (from Ethyl

t i soprenoi d conpound in the fuel
CorpoquHg{gclhgx::)rgngR) di scl osed herein is fromabout 5 vol.

[0085 0 abﬁ)e&'talgchém}nbo@melﬂéﬁﬁequépEbnprﬁno‘h%ﬁlhes\é(ﬂlemn%f thatt lg% detergent
COITpOSItlon enbodi nen ts, t he amo

GenerlaWe thF grawan{&e detﬁréer?ba(ﬁiﬁlﬂbe ¥ l§55|tl@g 10,800 3P dgstihin 1980 RpBY less%an 100
ppm, bslesk 8510t ppMbased Ohlthe toabwaight ofthe fue cdn@ﬁﬁtlmh&mealbﬂmhltlﬁé)examples of

sultabYe Jtete( 2t clud§ pélfo?e%ﬂtsubﬁ@ut%ibsgcl‘&mmlées or succm mnfaasso? )%%irlteg,] for instance

poly'sehbtﬁad@re H‘t‘fﬁt"g"deft M @olyipabuilenefine h‘é“i@@ﬁ?ﬁ éhmhaw: aewww{mrdchi bgses or
aminds fa@d bR (e, poBisoBfinlidhe M anhylifldeY. O3om¥Gsuitble QtdhBhide detergents are

sesr RO a2 B E SRR sE edel Sab SRS 4 SRTRRIRG g whin
are ineqmipeatkidrirerain by referpgcea roxame endfodimargs, the dpergen O dpatyeigfo subglitites
succnltlﬁxfamu@lbglﬁ)lyﬁoﬁ)u&ghe s%cﬁn@mn@eb Qe ri)i llm\(tﬂllg ex/ {)l%p&%g}ﬂ'rnéraally available

ot her _enbaodi nent s, he anount of conventi onal

detergeat&%%vgwpcl?qel qu?é anrdJéZPSchg%@gpqupngden NJ) and OMA 4130D (from Octel

Corporation, Manchester, UK).

{0086]) In certain other embodiments, the fuel composition includes a fuel additive that is a cetane

improver. Some non-limiting examples of cetane improvers include peroxides, nitrates, nitrites, azo
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di scl osed herein is at |east about 20% and t he anount

of isoprenoid conpound is fromabout 5% to about 75%
whawem43565 t he total vol une of the fuel conposiPCDOS20071021890

certain enbodi nents, the anount of conventional fuel
. Compwnmﬁl thatikel @kt nitragem Sitch Z00y brrichte, haeylamata fatd roikedtoltgl nitrates, 2-methyl-
2- nltrbp?‘éb?frﬁtﬁ@ gtdci%m?m%ﬁ?pmt'r cfar( e%bﬁt%?t bto&m@rQé’HE ce@dﬁiﬁmpfor\{er is 2-

baséd on the tot VO osition
ethylheyyl pigpte, whigthis Fomaerrindly wembk frOtnﬁ'ee A&Fﬁﬁlﬂﬁ? 0@}9' BPARYS himitgthupder the
brandfnued CIH0B0IAtTht &né ml@ﬂ)%raﬁﬂb& ;Jaeeranmmtel &mpbstdR hEItehcEntiaton of about

0.001 t(f /a E udt on§h tota(ﬂ wel tog‘th QJelqcom osx? I’& t{]ng gtnl?otd%lentvfr%lml{)rm t0 2.5

uel It on. taf
wt%. enbodl nent S, the am)unt of convent| onal fuel is at
| east 50% and the anount of isoprenoid is from about
1008704 t dn eepail Pthey swhodimegiedhediie! eqmpotition dicludes b fiekaddifiverthpgis p alilizer.
Some@mﬁﬁhé dxBfiples of QBRI s 1hﬂuc§@mrﬁﬂl@0&lnﬁ@rhhﬁmes tl\%y stablhzers also act as

onal f.uel caqnpone ased fue
comofiy 0o B BIOHLRL 25 ERE-ORE Re SRR PULR IETSRERLIOPLO 00 o
2 wi%p btsedomditiegahl welght of the fuel comnpreitiore argiddengembaijmenttfeom 0.01 to 1% by weight.
conventional fuel conponent is kerosene. 100951 In
100884 o e lesrraie Phes s odiments, fize fucd epmpesitiop inslydey j i) a9ditiv thbis @ eqmbustion
lmprohélS St rofMifnitiag ex@@ples of EoridRILIBE in@Foead ﬂ&lude?&ﬂ@&nﬁ@@dbpé@@i@lyl iron),

ron-ghed i bR Ao - THBEO TG Rl e Tyl GesBL e T, e,
bariuththased ¢perbusg orimdiones) tesiumbhsed ¢ombt1sma1 impovdrs, ang ingoand tmagrgsium-based
combﬁ&n&mnﬁgo&g (e %Oelg—‘kﬁ@l' @?&U‘;m :h%rq Gl;urbotm @%ﬁ\:} Ich nTéﬂHﬁ Texas) The

nbodi nment s, nmposi ti on di scl osed herein

°°meﬁ“?fh‘P’P86‘?r I"tahbe Pﬁ‘?ﬁ?"ht“ "@rf\é@éf%wost"t?éﬁt a cgispiptionfiesout|090 b't"Hé‘i‘%
based@fthe et @ BIEI] of thdfel konipabitidhQdnkd intge Etiotlinet Sro@ V@A oS Bylvaight.

about 225C, greater than about -15 WD 2008/ 045555
[0089PCT/ WS200a/afRdt 300! cdhip0diongy peevided campasingabout 275C,

greater than about 300C, or greater than about 325C

In furt@er evinpwneidsempound hving the Mrmia | i ng point is

greater than about 350C. In certain enbodi nents, the

final boiling poi nmut 375C.

100971 In other enbodientds, el ~comaosi t iy

di scl osed herein has an initial boiling point of from

about 100C to about 2p0C andya finak boiling point
greater than about 30QC. _J{n_anothertlenpodi nent, the
fuel conposition has an“inrtial boilinggpeint from

about 110C to about 140C and a final boiling point
gr eat er (b) t hamccalxatidnal3ad&ampbien@aamdt her enbodi nent, the
fuel conposition has an initial boiling point from
about 1GDC ¢ tyeladdiiee 140C and a final boiling poi nt
greater than about 375C. 100981 In sonme enbodi nmen
wherqq%p Hegﬂ?persq €4 Qhkévds%lséls@l@/l Hécrl(glkﬁl ﬁgsallgryﬁ-goaralkyl the amount of the

isopreabig tm\ﬂoatdnm lehsBiHoMNabIY end tiferaMBanfbfketicord éfliondl Miclab@ptinent is at least

aboutfﬁ IQo botF amounls bas]g?gt%ge tgtgl l?u?%%l%le f&?conwgﬁioh%@%e?e%&&@@il
compbsrtloot\herﬂa@mbmbhqmmtosgreaaer thae}8 “Canglos it initial bejlingmowttetiveen about 100
oc aniS¥oGiddo &8s a T50 distillation tenperature from about

175C to about 375C, from about 200C to about 350C,
[0090f r O MIAkyHe emBodbnents, Qhe&bﬁhﬂi oﬁfa’sﬁﬁpreﬁkﬁd cofnb@jmi aliRLiel 2apEsitions
dlsclose%%erem IS aQPast 21}'02% g \éoé er elﬁ’{f bﬁsggs)ongke.[titél vafumf: otf t eefJPel composmon In
other terelrpgeteatts mheemom ofithedivpigroidl ®@EdUNis &b abouBHAL), t<f erbetm%btbﬁ/rt from
about:bwlc% toQub&HP N0 1B 2Rfm abbult @ W13 dbou Q6L % Qr RARMourIABS4 tddbout 90

. Itl)}gut 225C t&e%gout 275C. 100101 In sone
V°M’ fad volymeqf b“r?ﬁ‘B‘?l"P'i‘ on d| scI osed herein has a

eta 0 | east about

o092 1B ecrod et ant S0 Mk By °00 ") ot

about 60, or at | east about 65. In further

enbodi ments, the fuel conposition has a cetane number

of at |east about 70. In cErtain enbodinents, the fuel

conposition has a cetane nunber from40 to 90, from 45

to 80, or from 50 to 70 1001021 In sone enbodl rrents

o " o



15C. In another set of enbodinents, the fue
conposition has a cloud point that is equal to or |ess

wo b@s/045520C. | n anot her set of enbodi nents, theCT/us1007/021890
conposition has a cloud point that is equal to or |ess
than - @bC. &0®pREsidJ{ompsodavegtedirment s, a fue
conposition disclosed herein has a | ow sul fur content.
In other enbodinmentyg, the gul fur ¢ontent of the fue
conposition is Iess/;haﬂ‘seg\pﬁh»/%asédzon tpﬁntotal

wei ght of the fuel conposition. In further

enbodi nents, the sulfpyr content is jess than 250 ppm
| ess than 150 ppm |eks _thagh 100 ppm | ess than 50
ppm |ess than 25 ppm ~ess than M | ess than 10

ppm or less than 5 ppm based on the total wei ght of
the f ue{b) CoONPQalchiidAR-fuel EbnfpSiechddng, €Mbodi nents, the fuel
conposition has no nmeasur abl e sul fur content. 1001041
I n some(cenbodfueiaaditve t he fuel conpositions disclosed
herein neet the ASTM D 975 specification for No. 2
wherelili 2t &l O-R, 4réD-PEOXK) 081 0 Ho8ky 1, LTS240 0. /1aH 1 800alkyl @@ 2Ot of the
1sopre|n5¥d @Jﬁ%!ﬂﬁ is a@ﬁ&?ﬁ%ut SQ'olf%'ﬁJd tIEQM§$f{tﬂeQGnvErﬁloM Ry cgrﬁ;%nent is at least

rising: (a) drocarbons in an anount at | east
abouté HB'L/?’ bpth %W"%Dasaw the(‘tf}' valums fhsriesheampoigtioniadinberedt the fiel
compbstfortidsa fidsh(pbiht, eq@l to oZ gréater Jhan 38PCaRd AnRMiENboildlg pbigdStveabdit 100 °C
mMammVﬂb dﬁmhereln each armount is based on the total
ume of the fuel conposition and Zis H OR or

|009ZP' X TQOR’G elﬁﬂ)q n@ntjs $he'5|m9£nt & tﬁe%p@“f&’éomp&uﬂd R H el compositions

enbodi ments, the |sopren0|d npound” 1S in an anpunt
dlSC]Oéq-_d hFl’élﬁé&tfl‘Og‘ld]b% 5 wolfgp al%ut 99 voldhs boﬁ;d Qprthegotyl yplumyg of|the fuehepmposition.
In othe e D6 AER] ﬂie anfida of meisqmmp G(Smibhrﬂl’ls lesk that 4bBt 78 QII]3%,1isI@S than about

65 vo‘& )lS Bafs(t)hall;] X t%% v?l /O 1s {ess tl%m ae})qptll’é vol /a,tbﬁseg tﬁe t?tbl voFume of the fuel

base ung of
comp@sempola|°thprmbodlr@@§06t1amonntaﬁm beprengid pemppund g ﬁowealbout 5 vol.% to about

10 vop‘ﬂ nan)?HeI én@Gdlﬂn&tsplthMhd%ﬁtd)f 1Y Wrén%l'd R&Mpolirfis f%pabout 1 5 vol.% to about 25
| east about Vol

rbops,. i anoun
vol. A)( %}stlgﬁ%f@gqugﬁe&s ecaawwa a{fae Iprepy cof"(B?lﬁ’ﬂfoOE‘ at)ciuj 450 vgfﬁ tozabout 55
vol%{(11) in an anobunt at |east about 5 vol.% wherein each
anount is based on the total volunme of the fue
[0093¢ o np s pthdr gmbodimeoks, Zhejamoit ofCprRentigpal {elComipert inghgducRedmposgifions
disclodd hérein §st @isk%t)ut 2099 alﬁQﬁEPanﬁm Qﬂéogﬁﬁm@oom H3d fs W8 about 5% to about
ition fu dr ocar bon

rt [] Ses
75%, BREER Y AP LS bGP o <o Eé@é@l%%ts g g comvetional
fuel coropousneis off leastt 3@ %fabibthe anwompOithé iapeanoid ddipddhd Is from ab@im®e% to about 65%,
4 io fn i e LA | conventiona
based%mgwtzgg%%l?e oﬁh\g %?c%ﬁb‘%& y.gll. g%?& 2%%()'%&?9{5:9%@, tEQa\'i}mgrd@g %{. entional
fuel it Jgast 4Q2nand dhie peprntof isoprencigriviiam abeyt Starieabepg0%yhated enthpigrkyolume of

the quI&orﬁ;Sosﬁx@ﬁSﬁ ceathl@ bher 2mVdAlimels, i am¥@h of%onvéntié@dl fulbis Rleasd 50% and the

amount o#ns%)ren g%a]ﬁ%?nl],?P%Lhn5§ (t)omgou?@/o %ase ttl?e’(tﬂtér\]/glulae otJ the f%)el composition.

er conp ri'ges rocaroons

|0094¥:'her % Q)me %ﬁ&g n%ﬁ% r%fcorgentron gﬂu@l’corgpoﬁent Q:L%oal Gyséi fueq: lﬁ’other

drocarbons 1I's present In nmount
embogjmentgy 5@ f°"éi‘6‘6€fta‘ fpel CQPEHO%“t ippiadiesein In snkl: O‘P‘EFQPO"WP‘&NE@ cgfventional
fuel cbri@nénuR ker6samgposi ti on. 1001091 The fuel conpositions
di scl osed herein can be used to power any equi prment
[0095§ uc h lagma embadimenig@iicy cogposiiontisdosat heteinthes an dditiat uifing point@reater

than a‘BBIQ Il (ﬂ)% gyé’gqumn Eﬁ)qyll 1 B%Sgréatefr hl)% aboif cf£b°@%regt|eﬁ§a%|ab(;uyl%b‘% &', greater

fue
than szout 140°C. In other embodlments the initial boiling point is from about 100°C to about 150°C.

[0096] In some embodiments, a fuel composition disclosed herein has a final boiling point greater than

about 200°C. In other embodiments, the final boiling point is greater than about 225°C, greater than about
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certain enbodi nents, provided are energency fuels
conprising one or nore of the above fuel conpositions.
w0 n008ms3585 N enbodi ments, provi ded herein are UBEBUSI007/021890
t he above fuel conpositions as energency fuels. The
250°G, greqrer timaloyeXT6C, freeedr thaw ebb@380°C,0or grefteratian wioltSRSCS In further
bgﬁBﬁ{m'r}h%& Gint iDgrBacd? B2 AbR850°! NRErtabnl 1
o F A v@{%% e grgalh ? uel Oou] EI‘ E)ea ng:t g%ﬂgrg&g\%gfﬁnglrrbomng
P°'“‘€>8feé‘ﬁﬁéﬂab‘é'ﬂ7éc? of time, for exanpl e, six to twelve
t he vehicle runs out of fuel, the, ,
10097, e 3 RS ergrglmerté a&&ﬂ%’a‘r’rsawr 'éc'ca%rsherews f“"t“‘ﬁr@"ﬁ‘éﬁ?‘&‘l%mm
aboutd ARTC o about A@NSC hindel fingldoilitpepoind gfetth204DBuUt BEBE S5 another embodiment, the
fuel chrfdsil e 88 g pYRNEH o i
| DR ELOf A Pl L B PRECI IS R B S A Pl e
than abpys 330G el @RYIST crepadimpnt theyfued qanpasition hapgn [nitia] hoiliag pping §om about 110°C
to abcuf40t(yand b @KaBBbiling pbikGrdateitidh abdut $yse. esel vehicle. The
fuel conpositions can also be used as an alternative
[0098] uel la®ndesbadintked, aifie] tdmpGitioPais@ditd Hein has 6 dik@Btiombmpehture
1 its enti.rety. 0
rom b P70 PAET DB M ol SBAFRGE NEFB el Bl f flgoou sz
to abqup}38iG sing a fuel tank cont a| n| ng the fueI
npaqsi tion djsclosed herein. Optjonally,
'0099iyst ehf h%ﬁmrqﬂr’tehtéra ftegwar?%@n diselaseigiersia rRSARD H@t”@%&terﬂerawre
from st@vti IREC 2o abawe BTSCT Ifratniabrgt 200 t0 eboGt360°@) from ahout RESPC loiabist 325°C, or
fromgbga%&%lto%o%?&)oé uel tank with the internal conbustl on

i ne or a fuel filter arranged on the fuel

|0010b| ne ln §9J|r@mmnneht|s kel & @sﬁﬁmgcﬁﬁe&?‘ere]nmgsear 'ﬂ@ldrstrllatron temperature
on en reCIE%Ocatlng endin

L0 0

from rb@&“d. g’a@strt?%) ¢ 3ﬁ@.arf>é*g'7aﬁd° ehoedet Clrrgn A 790 gyt 300°C, o

from xﬁmgizaée to gbett 2BAQiI nes, some rocket engines, and gas
turbi ne engi nes. 1001111 In sone enbodinents, the fue

100108 hnk 1h soma embadigesdts.aifechcogmpsition disdlaserithesindieennes rawbdr of at least about

40, at@éagt QWumaztt leadt ﬁb%ﬂt%ﬁ)ea'f legsf MttSE' Gt IEa@PJb&Q Ud at dt Qgst QBQ%E‘ eln further
ool ant tothe_ue1 n’p03|t|on contalne |nt e

fue
emb"g 'DANS e frebomegsitiophas 6‘?‘%?\‘{"?“ of pfdeapt gbaut Wy dr Higin ‘arbpﬁerms the fuel
comp@sitisp hisaedana nasteofian 40ue bo, fram US ©antoafrem sixod0.second f uel

for a diesel engine and a second fuel |ine connecting
[00102he degondmbadients,arfiel eampbsitioh disdlesedherviml hacaoaidud peintdhat is equal to or

less t}ﬁn gdd]@n angﬂsr SQ laat!nlb)fdlmgrl?sethe fulelrcgrhpcﬁﬂgn ResQnd pErHﬁLat ls ledlaBo or less
rovid th el ectrom netically operated

than \5/ 29 \Vé@%ﬁéft Of:eé'r?%@e%@ﬁ Big! cgppos P'b‘?é?dd?“r‘?dl’é’ﬁ'é’?f’ﬂ B ﬁ?HaVO gfless than -
10°C eiaaivtiet feesf embodsnents) thecfed engpbyition lhis afclond puint thet ek rosin tess, than -
]5°Ct 1":1%0%%%%[‘& eLUo%kmelné 1 fud? go ggtliogﬁgla cloa‘cpg 3]11’51;'[ 14 aQH)OQE' E% than -
aspect, an engl ne arrange
20°C gl 2pqfieBsehelembasimsnistthcdiel err@r)wen hasa cfou%woutt alntks qsrefﬂtoar hrsnlgm
2sect he fuel conposition disclosed herein, a fuel line
connecting the fuel tank with the i nt ernal conbustion
[00108Ngi Nesomphbadmeehts, ), fuel fvenpesitiph Hiscl@ed i@rRipeaEaTow SBfyr donter. i@ fother
embog” Qngrpsr h§. ?ull%r Johltgrlt oF thé ﬁl@q Eon%ggécianls 1B tha¥ glﬁlp rg AR }n{ tﬂ?totall weight of the

SIng arecirc atin € C00
fuel cgwt'ehﬂfo@r%ﬁv@ imeRte the sl BF geatent i emaers%Sp opim. dasgthand 59 emaless

than 180 Sﬁﬁhesﬁﬂﬁnlﬂ) 8pm, lidds @4ne Ibpif, rm@@ladmrﬂ)brﬁ,,lesﬁ {A6h 10PhAI dA&s than 5 ppm,

vosed3 TR R B 5 B G PR’y o B\ sgmrp o

measyreblerselfmeantepar ti cul ate matter originating fromthe
fuel conposition before injecting it into the engine.
10010¢h e r d¥ gpme embadinjegts,dizedial gfipesitions diss|ogsd hergin megythe AGTM [ 78|
specifidatidn@sr NoOX Didge i n a fuel system di scl osed herein.
Water in fuels used in an internal conbustion engine,
even in small amounts, can be very harnful to the
engi ne. Therefore, it is desirable that water present
in fuel conposition be renoved prior to injection into
the engine. In sone enbodi nents, water and particul ate
matter can be renoved by tHe use of a fuel filter
utilizing a turbine centrifuge, in which water and
partlculate natter are separated fronrthe fue

o " a .. -, . - o "



trains, ships, and aircrafts. 1001151 I n anot her
aspect, a nethod of making an isoprenoid conpound of
wo b@spersaul a - 18 WO 2008/ 045555 PCT/ US2007/ 028GP0S2047/021890
(1), or z (I'l) is provided wherein Zis H OR or
(00108} C( FOyrtheraismctR fud cdtposilidoyd provisled toomptiding: , ar yl ,
al karyl, or aralkyl. The method conprises a)
obt ai ni Y a €pBydraserbens igh ameuntat fepsheporidtvek%iand f r om a

bi ol ogi @al sSaEBRNANEMPIunE BfNSbiuRg t he C15 isoprenoid

starting material jnto the conmpound using chenm ca

synt hesi s. 1001%QLHLQ\%FELEQLVQEE%Q{, an i soprenoid

compound is providded”z ¥T) o 2113 wagein Z is

H OR o OC=OR and Ris H, alkyl, cycloalkyl,

aryl, alkaryl, or aral kyl wherei the conpound is

made by a) obtainLﬁgVQAQ;ﬁ\L§QQLgLQLd starting

material from a biological sourcé andalh) converting

the C15 isoprenoid starting nmaterial into the conpound
in an greduigit E#sEabPE A Ivolsly whdnersdagh amolrd @ based orl the bbb lver ofibyfed tomposition
and Z3s }tl)ld)f{qﬁb d(SO)Rr M 'Rqﬁq orpCE ijuﬁﬁd lrt 5091%@'% fﬁ%ﬁtgltﬂgllﬁgrel% dcalnﬁpound

i soprenoi d startlﬁ nq)erla froma I'cal source
is in aaﬁamwj at legh gROPY 3 Rl o1 hiel G154 VY Bh R 08T améadwtﬁ iy frgheamppsitjon
furtheld Sdnipgises (tL 0], BxatrocsiYdnk RS hifounat REK&o@N voll%s B49EdA @HeGbtal volume of the
nd of the formula z (1), or z (lIl1) wherein Z
melcg&g%?&b R, or OC(=OR and Ris H alkyl, cycloalkyl,

too1Bf ¥ yl, alkagie: 2spQf, o8 aﬁreﬁéomsmon&Qg%ae%lommfage set of

mbodi ment s, I soprenoid starting material is
or whi &h .sChpxﬁr%gréwatnéaawnmt sefatb@ut(lwm and 19 WO
2008/ 048555 RGIprmIDEIMPOLAL BAR: forulad St er eoi soner

t hereof. 1001191 Ipn another set of enbodi ments, the
C15 isoprenoid st}&i)\q'/m%gi\@g}\m which is
hydr ogenat ed and “esterified to produce 0 (Qor1-R (I1V)

or a stereoisoner thereof, wherein Ris alkyl. 1001201
In anot her set of gnbodi mgnts, t C15 i soprenoid
starting material _i [ j r ogenat ed and
esterified to produce (11)

in an amount at least about 5 vol.% wherein each amount is based on the total volume of the fuel composition
and Z is H, O-R, or O-C(=O)R; and R is H or C,-Cg alkyl. In some embodiments, the fuel composition further
comprises (c) C,o hydrocarbons in an amount at least about 1 vol.% based on the total volume of the fuel

composition.

[00107] In some embodiments, the amount of the C,, hydrocarbons is at least about 2 vol.%, 3 vol.%, 4
vol.%, or 5 vol.%. In other embodiments, the amount of the C,, hydrocarbons is at least about 2 vol.%, 3

vol.%, 4 vol.%, or 5 vol.%.

[00108] In some embodiments, the fuel composition further comprises C,,-C9 hydrocarbons wherein
each set of Cy) Cyy, Cy3, Cy4, Cys5, Cj4, Cy7, Cyg, and Cg hydrocarbons is present in an amount at least about 1

vol%, based on the total volume of the fuel composition.

{00109] The fuel compositions disclosed herein can be used to power any equipment such as an
emergency generator or internal combustion engine, which requires a fuel such as diesel fuels or jet fuels. In
certain embodiments, provided are emergency fuels comprising one or more of the above fuel compositions.
In certain embodiments, provided herein are uses of the above fuel compositions as emergency fuels. The
term "emergency fuel" refers to a fuel which is generally stored in a container other than the gas tank of a
vehicle. The fuel should be stable over an extended period of time, for example, six to twelve months. When

the vehicle runs out of fuel, the emergency fuel is added to the gas tank of the vehicle and provides fuel to the
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0 OAR (V) or a stereoisoner thereof, wherein Ris
al kyl . 1001211 In another aspect, a nethod of naking a
WO o@B/0¢35aposi tion i s provided conprising: a) CPOL/ASINTIORISI0
a cell capable of making a C15 isoprenoid starting
vehiclep Bespisathe flish hoiet ofthergibse! fgaligade in agrmid@ncedth dinbadmests of the invention

generall/! ete(?lmasl g4 ‘@}r it cqﬁgé ﬁﬂlytsla%d Q]tﬁe &uﬁl@&fa%ré@l fhRfaffd fﬁbgcomposmons can

énatin I soprenoid starting
s e 4 ek o SO SeE T 6 03o0p MBR feorprated
referep@hpoin firdijs eatitety.c) m xi ng t he hydrogenated C15
i soprenoi d conpound with one or nore fuel conponents
100118 fluygriotherdslictti afud systew isyrdvided tranpfising a foed pPlo®ntainiogithe fuel
compasQ(Q)tlr gg&os!ﬁd’}neﬁeﬂpUﬂﬁ&nal@sm@ﬁ&]’sys?en{%h%e&t)mmgﬁm%lﬁe cfoUlﬁllg system

onposition is provided conprisin % cont ac
havm& éreFlrcegwﬁp@ned:Pol%le%bhna cqnpestingt % 8 urt}stft%rlmle{nﬁgombusnon engine,
and/onafud Ifﬂt&|arngécfbnEﬂteﬁ'@lnhnef Séniemoh-tiltieg @(&ﬁﬂﬂ&ﬂ)f Bl@ﬂlﬁl(hemblﬁﬁﬁrengmes

mclu&?&fi{ Iat?ln ﬁé?nlés ﬁt ga§%§19{{l§”?sgaa;%§?l e%neg) % gngmes 6& er;%mes some
rocketgngingsi ‘rﬁ g3vditrieing eagingso f or m a hydrogenat ed CL5
i soprenoid conpound; and c) m xing. the hydrogenated

10011 5 i1 29 EPRATEMR TR BNl ErFrngs it Fi 3Pl g 50 o o allow hea
transfErFoMa R Bdirsul@ihg erfgthe booekdd the %bl&ﬁmﬁd?ltl&ﬁdﬁﬁtaihﬂen fhelRik] tank. In other

[ n.. 1 231 I.n._anot her aspect... a fac
embogrmnrR 31 dxe?s stem Qxﬁ% ac U?eéa %e onla %*el tarﬁ< corbalmrégna sec:rc]%ée}ruel&é/rfa drefel engine

and aé@h‘p‘(ﬂ’ﬂé hre conneqﬂnt)iheerrgri frektprkvith Uelmta@dmnbuseoroefngmh ptionally, the
first ahd36E4AY FeNined dan %J%@wﬁt@’&ﬁdnﬂ@ﬁr&“y 5@%&3 aam'eg ihhdéar B opened or

abl.e of bi ol ogic
close AP 5 591 PSP T AT IP BB P HETERS sy f i
petrodimtleri al s. I n certain enbodi ments, the facility is
further capable of preparing an isoprenoid fue
1001131 di tlp enetherasifectedn cogippormasment is pravideld comptrising dnrigjernad tambugtion engine,
a fuenlm dbininER fheEdnlpbdinbn AREsEPHIRIN S RelARYcoftebthE trd i1 hikaFitkne
ari.ng the Cl5 starting material usi

e X
e B AP 0P ot e B RERE 25 BAEE B heer andlora
enging aoling sy syenconprising@ Secdewatiag enpgioy @oladt. hkema@ibbdimehitsshé nsmal
combMgbEdnPime & 9 dr%s‘%ﬁ%iglﬁ ?&h&r@r%o%rmehtp %ek?AtQLaQQJin%ﬁét.orf é%gi'&é s b Yet engine.

conprrses a c ture conprising at | east

[001 lgf ar thﬂzg usn@tfﬁ‘erl b(ﬁtpodltfbn @Bcl@&ﬂ%ﬂﬁn @fs déﬁtraﬂl&@&:‘i’no Hlt:ula'te matter
ast a %, .at | east

ongma?nglfrggnélte fgﬁig{rﬂposztt?n %Wre (%ectdﬂg 1tdreto h& gngine. aﬂﬁ{#ore?’b 15\ﬁfsrrg)ale to select a

suitablieefsed €l 1tep for ifedn 4 D¢ aystewadisglbded bidrein. Wata é fuelcusbd ivlareintedngl combustion

engmg Wehn hl?srmaﬁ 5‘3?81 ts m@pﬁe%?/th%ful Q' t}%l eff hec %heréfa'gl tl 1.1; &e@ﬁrabﬁe that water present
onprises a fter ment rstng one

in fueﬂ@g@?qﬂ@g Be 1gmpvsd prior E)O@icggtlmtw etpgéqef@rwm entbﬁ(amer[gsawater and particulate

maneprawé ;dao@el»l e QE oh&m ﬁlidr @ilRing h AliR cahdugept. wrrat water and particulate

mase Rt Pt amst AT St TR Composiin
into tiggngne, Bewutgisk ofl damage to theoanging. Sithregtypas ef fog! filayy that ofn rénhpere water and/or
pmmgekhénghﬁgtgeggwherern I n other enbodinents, the
fermentor conprises a cell culture capable of
[0011@j Ol Qghrethbd aype&mwﬁlaetstprolviagj cfoamagyrl .n@mmahmm @iighe, a fuel tank
contan(nmﬁ.gt)e fusele%(’)mgosmg? FISCIOS g arlgnét gleb?uglllme C n%trng%QuegéPﬁ with the internal
combpgtipndnging. UPnitirglly, $he yevirdeemay furtheshoprphafud ﬁQt{:rpﬁt)/or ah pngme cooling system
compﬁﬁﬁéa@bﬂcrﬁmgmgm@%ﬁm bhife Joﬁﬁtﬂﬁlﬂ% QSYH? (léh%%&n@\u&%!irk motorcycles,
aﬁ ture cogprrsrng at least a Cl5 artrng material in
trains 1P, AR 0f  at | east about I @b at | east about 5
|0011\§t A)ln gr{otehearsaapséébagnq g Bfl V&kmg/oan rbcg)ren(ad compfnhn f) Ht foZQJlaWF %
of the cell culture. 1001261 The facility can further
conprise any structure capable of manufacturing the
fuel conponent or fuel additive fromthe C15 starting
material. The structure na¥ conpri se a hydrogenat or
for the hydrogenation %e ci15 starting materials.
Any hydrogenator that can be used to reduce C=C doubl e
bonds to C—C srngle bonds under condltlons knomn to

— .



hydr ogenati on catal yst discl osed herein. In sone
enbodi nents, the structure further conprises a m xer
w@200808%585 ner, and a m xture of the hydrogenat POIUS2007/021890
products fromthe hydrogenati on step and a
conventi onal Lgigg/ggggig%zygﬂsgge cont ai ner. Host
Cell 1001271 i pting @pgerial can be
cl’ud

made by any nethod known in the art in i ng

bi ol ogi cal net hods,, chem cal syntheses (w thout the
use of biologicalLngg{Lykg/qggegLals), and hybrid
net hods where both biol ogical and chefi)cal nmeans are

~used. Wien the C15 isoprenoid starting material is
is propigigglehigrie 12y CAR1 9 O-GreRand RotH clietb piclsallyliaryd alkanyl, grfarakyl. The
methdd@shpr&@l | that has been nodified to produce the
desired product. Like all isoprenoids, a Cl5
i SOpPr endtitainigptadl, i isapepnoidit@tingahaterisl fiomddiobigog hardeasd | y
t hrough a common internedi ate, isopentenyl
di Phos ptrarasting 'the PR ijopredadiDs1aP@ig nifitarial Ingesthe compdund esimg lokemical synthesis.
rown according to any techni que known to those of
I00"gki | |In anqtheriagpegtran isoprepoidsampqued s evidedhe host cel | can be

grown in culture nmedium appropriate for the host cell
I n advant ageous | enbodi nents,| the cul ture nmedi um
conprises readfl yravd | abl &7 rénedabl e @psrponents. The

present invention thus provides readily avail abl e,

renewabl e sources of ener|gy netthods of their use to
produce fuel co LA taiH enbodi nent s,
the host cell is grown or cultured by Rontact with a
siyml inder aondi ti on ui table for thei .
wherdl| ERE 0T G CHRE ond € R 20 0oRSh RGN 3 B e e
compayp sdadebrt s, the host cell can be grown or cul tured

by contact wth glucose, gal act ose, nmannose, fructose,
ri Hose, RFning alonipAPFeARid Hatingmperial Grom a‘Pf?Jé’gkﬁi“ & end

A e e
/ 8 ; , f t )
NG e

PrHAuCt plnide 4] i§dpRenoi® bilFR gGnaRHEIHoR-a bibRRiL A dur BN
sui tabl e host cell may be used in the practice of the

Pr ®Sent cdn¢@i ke @ isobfndiar@ig a@tid e chentith@syhB&ts tedkk an
Borégiamﬂgqg%¥%a¥L¥ nodi fi ed host m croorgani smin which
Praneid FTPRUd o B OB Ul es have been inserted, del eted or
nodi fied (i.e., ynutated; e.g,, by insertion, deletion,
substi tution, / LAV ELSI nucl eotides), to
ei ther produce the desired isopreﬁoid o) ¢rsopr enoi d
derivative, or to increase yields of the desired

I soprenoid or isopfenoid erivatfve. In another
enbodi nent, the h of being grown in

liquid growmth nmedium 1001301 'l ustf8ti ve exanpl es

wherit R4 DX e ERRY G & % WL b S ER SR TR
(00118 2R} 63 afofe%{bsm&t% kssaswﬁo@qﬁmkg@iﬁsgbﬁl ong to the
opus, (0]

genera: Aeropyrum chaeg acterium

Met hanococcus, t hanobact erjum Pyrjococcus
SqLEQLebgsL§ﬁmQZSIgernDpIas meon~l i Bkt iag
exanpl es of archae st °ai ns i nclude Aer opyrum perni X,
Ar chaeogl obus ful gi dus, Met hanococcusj annaschi i

whictBhJARRGRRE LGFJaktdN t her npaut ot r ophi cum  Pyrococcus
abyssi, Pyrococcus horikoshii, Thernopl asma

aci dophi l um and Thernopl psma vgl canium and the |ike.
1001311 Sone non-LﬂnLPﬁngEexanpﬂes/oQ“BacteriaI cells
i ncl ude those belonging to the genera: = Agrobacterium
Al'i cycl obaci | us, Anabaena, Anacystis, Arthrobacter,
Azobacter, Bacillus, Brevibacterium Chromatium
dostridium Corynebacterilfin Enterobacter, Erwinia,
Escherichia, Lactobacillus, Lactococcus,
Mesor hi zobi um Met hyl obacterium M crobacterium

- o - ~ o - 1 1 .



Ent er obact er sakazakii, Escherichia coli, Lactococcus
| actis, Mesorhizobiumloti, Pseudonbnas aerugi nosa,
wes@adeisshas nmeval oni i, Pseudonopnas pudi ca, RhpUDDSII0E021890
capsul at us, Rhodobact er sphaeroi des, Rhodospirillum
or a steigbisamryy th8@edfnonel | a enterica, Sal nonella typhi,
Sal nonel | a typhinurium Shigella dysenteri ae,
[00118h gdn pathprestpésmbodighity die Ca isoprpTedd start®g aptendl Scoccus

aureus, and the |ike. 1001331 In general, if a
bacterial host cell]_is usg¢d, a npn-pathogenic strain
is preferred. So -~ anpi es of

non- pat hogeni ¢ strains include Bacillus subtilis,
whiclHs Inlklegenatad andeodrified haotiackaci | | us  aci dophi | us,
Lact obaci | | us hel veticus, Pseudonobnas aerugi nosa,

Pseudonmonas nevalioni i Pseudo nas udi t a,
Rhodobact er sphaékordeJ\VRdegzgke psul at us,
Rhodosplrllluntrubrunl and t he I|ke 08341 sone

exa of eukaryotic cells include
masE%m“me%ﬂFquwgmmﬂsﬁ%h limting exanples of funga

|0012@F| l Sn érﬁfhlnlsqe)f éntbg&ﬁlerk@ th@ egllsrdg'ertogi stam?\g 91%
Aspergillu Candi da, Chrysosporium yotococcus

Fusari um Kluyvero ces, ot yphodjwum Neur ospor a,
Peni cillium Pichial Sacchagomices nd Tri choder na
1001351 Sorre non- 11 m Ui ng” exanpl eukaryotic

strains include Aspergillus nidulans, Aspergillus
whichnis By@ifogend@ P gstdrifieto proycae, Candi da al bi cans,

Chrysospori um | ucknowense, Fusariuntgraninearum

Fusarium venenatum Kl uyveronydes |actis, Neurospora

crassa, Pichia anguysta, Pichiaf¥Frgandica, Pichia
kodamae, Pichia g;QELQDiSLQE%%Qi* Pi chi a met hanol i ca,
Pi chia opuntiae, Pichia pasStofis] Pichia pijperi,

Pichia -22 WD 2008/ 045555 PCT/ US2007/ 021890 quer cuum
or a ste¥ecikuin@r hakbdf,ciharkin®, is Myt.hi a t her not ol erans, Pichia
trehal ophila, Pichia stipitis, Streptomnmyces
100123l o flaanoberaspe@t anegiitod nirealing a felsompsitiemis pro@icdephmisipges
aur eus, Saccaromnyces bayanus, Saccaromyces boul ardi
Sa®char @Hpeies 2 edcapable plagskingsp £ ppmrry@é@ﬁlumgatmaaw&wrmple sugar
underBbrid@iphsBOV4AE R For GakiBEBENE REPRA6IA Qring naltdr@Pt OMyces gri seus,
Streptonyces |ividans, Streptonyces olivogriseus,
St hept olpdoesating the s, isoBtenaidrapting cesrial toefransatiydigen8ed Cis isoprenoid
cOmpglgtnge;,m;orryces vinaceus, and Trichoderma reesei. 1001361
I'n general, if a eukaryotlc cell is used, a

nog- pat ARG Fme ‘Eycﬁ@g@ﬁlea cls %o&@r%fd&:%ﬁt&ﬂnd witiBRe B ﬂ:éﬂc&ﬁﬁ@&ms or
non at Ogen|C strai ns include Fusarium

mda&ﬁﬁ%?ﬁ@%*ﬁﬁf“ﬁdg PP venenat um  Pi chi a pastorls
C ces r eVl Sl ae.
|00|2?€0 1 n]Tn er a gag,ia me g of ma%{ngl isal tom%os{TXn |I§]5rov1 cor}t]pnsmg

tron, Ccer

degi g natoﬁgcthga tJ\%apFQQQf R ?é Bod? md@taﬁ,t mtt-rar‘w.ﬂﬁ nGIRAS

or ‘CGeneral |y Regarded ome Non-
fefmeétﬁ%prbéssoatce t'ﬁ'e@é"dstOPSaSM‘?s‘e.f% drkitgthEeae IS?H“HFQ“’ Q%tg mqts'a'

t|b illus. a ophi l us, Lact oba |IIus hel veti cus,
o DRGSR i RIS SAEHE e iy P S RS AARSs hoprend

umm&hémalare two known bi osynthetic pathmays t hat

synthesize |IPP and its isoner, dinmethylallyl

py? opho®isitgthe hydrasraappCys 'SOEEﬂ@airW@N}sd \withtpag ortnpzerfug) begrponents or
fuel alilft®ick RAnREMatuORahsidapendent (" MEV') isoprenoid

pat hway exclusively to convert acetyl-coenzyne A
[00128]' aced gnlom@@%p'éét dfacillgPRprovifidd gt ntaSuf&ubzﬁﬁq aenbibdngineered fuel component,
or biotzn%gtg@gd e gddltl‘;/é)of%,?\}: ntloﬁ) rllqlécq{a}’h%lhgéd’i e\Ms J? éc%rtyls capable of biological

ceptions, use the meval onat e- enden

deoxyxylulose 5 phosphate (" DXP") pathmay to produce

| PP and DVAPP separately through a branch point. In

general, plants wuse both the MEV and DXP pat hways for

| PP synt hesis. MEV Pat hway?%1001391 A schematic

representation of the MEV pathway is shown in Figure

1. In general the pathmay conprlses Si X steps



accessi on nunbers and the organi smfrom which the
sequences are derived: (NC 000913 REGQ ON
WQ 380855 2325315; Escherichia coli), (D49362;PCT/US2007/021890
Paracoccus denitrificans), and (L20428; Saccharonyces
manufpetpre of the @ tartifgOirtedidld. 1h pertainembeineng, tixtfailinoik furthe cdyible of preparing
an 1SOBQLJ?&'\Q¥1 adﬁ%%p@&@&rydone%rﬂ the &M?émlehaﬁal l'y condensed

anot her nol ecul e of acet CoAto form

[00123]' h y Chh@ RaYitie 'ci'fﬁ:uﬂb(rlis' lidg}ts@lfc}(ll‘e s f((r HNE%rEQﬁ\} Cis &&.ﬁ‘ggﬁf&?ﬁl using a

to ca or exa

et b S S i R R Bl dutosd
hereirs dijsoam embodarrosdherbiplagiselifacility compryseen detholltud eonfiNGn feast 4 6 starting
materf(%anaJ. Sifaof gt?qu %boulzlo\ﬁtaﬁ at 1@@&8&1@5 ?ﬁé%st &)gl[l'tqy Lvls‘% aa? )east about 20

617; Sacchar O;mCES cerevi si ae)

wi%,8F kiRl bt 20 v Pasetpayhe 1qiahmeisttfihe cell rylturgs A fdisiampodiments, the
biologléal RERy 8mprikdST RRAARR2 conlpAsiRg oh@infrscklls dafflbeld Neei 02758,

Locus tag SAV2546, Genel D 1122571; Staphyl ococcus
(0012811 e wgy ferdbi tharkar provideeelislof rackerdatassfable kiiGptiianferivBonment in which they

can gl%%}’ FéBJobL{Eé‘iaL ¥e l%QJh‘éPefnt %{jso&é’e Mo R0 He ?mé&@@%? Kigen

r exanpl e
comprisis gt ergiene SSOMEIR éusrzlcrwdrﬁetemngl QeETOETENSS the frnaater sognprises a cell

cultur® e@wmwcgiem aﬂm@mshg:tbmapn p9RBNOERRatt (FPP Y A futtNVErHBiRARs, the

hi | | L { -23
s RN O WG S TN
certaif] grtOBIR@nts, Steéephyitcm gqmm:lm a galirceltse) compridivig 20€p41855 s s@etink mgterial in an
amou&%lf Lt%%;t Zbo_(JABQl/ﬁ @12|Zast ab&tt 5 @%W%ﬁﬁ){)&ﬁﬂ wm aggﬁggbout 20 wt.%, or at

afk 43, Nicotiana attenuata
least P‘t‘&gg{ BIPHH AN §F elebwqigy of thegsll oo 13 py OVI d| ng the

[001 2%@ ? g\e/ljplg n %z%dflﬁrgxgr C?Ntefﬁsg %%%%[lief re cg@ﬁ Er?é“{;cturmwm ?uel component or
fuel additivs Fraa theﬂ;&&@@g mBariat HEbe stmpo@snag emepvisesi hadrpgendl @ @dt 48 hydrogenation

of thetchsestaf-tfﬁg Ha@nzﬁst %{ hyrﬁ‘-:o\é@rlafaptﬂﬁt%aﬁ be ufel &M%Ee‘ @@I cioyble bonds to C-C single
phosph oryl at ed form meval onat e 5- phosphate. An

b°“d5éﬂ9“yﬁ‘i§‘ KPS kPSR %!%l'ﬁ%ﬁrysz@ map pguseq heppin. J'he hygioecagiafpay gomprise a
hydrog@tévh 04121y sedibcl odiherein SI¥Bmd Kabodiné¥its, 1hagruetmamdhe$omfnses a mixer, a

conta?%ﬁggklquir (a%gh%ggﬁg%%r?an?\{jﬁ? Iu!étg g v {fljg p %ﬁgﬁ é{&? and a c!)nven%onal fuel

additigyip tha aenéaingtes cer evi si ae) . 1001441 In the fifth step,
a second phosphate group is enzymatically added to
Host@ell 3| onat e 5- phosphate to form neval onat e
yrophosphat e. enz mskn to c ze this st
on27 P O R Sari s o R et i
biologighméthad, Ehemiralsyathnsds €sithofit tewed a bivlogien!ls dqvehuasialenad dybnid

meth(ﬁy@ﬁkr%thw itk and EB%HQ %e&rAE %ggg 8@hen"iﬁ\(',e QSoprenmd starting material is
brasjiliensis ens nd

made biglogielly 1oag met %’rfﬁllngrﬁésﬁ‘ee use7°f 2 é&ssce"#*f@@v'efen ke HrRoofy ey desired
produ€te L&Y hiSis@pehoids] H0,1 4bpkenbid stattieg @atattahis Shd2biockercallyanadgh a common

imem%ﬁi%rigogg%ﬂlaﬁh%ﬁ'afé‘qpl;,%/mati cal | y convert ed into | PP.

alyze this step is, for

|0012§|X anWh?hosJ@W &h 80ab e RYS-ARNERIRLEquE R5AR RAKKE BN SRR 1n
limting exanples of nucleotide sequences

Pa“"’é‘ﬁ’ci‘iﬂl"ﬁ&e% Eﬁ'i‘ e AWRIA SYIvE medimgeRionrisig fo the ! hOSS‘éE chahanieces
embodi@Er@Y thS dide, medip AN Tadilznl LlINE ok agiiobkids, Tirpeksent invention
thus p&oﬁ%ﬁ?@&&@@ﬁﬁ%h%&%mcé gpe:l’\é"rg}m% ﬁod Ffp helr%se S %rgc?uce fued
compggitiops, 2|ngalkmm‘{e@s the agsaq:ey stgrqv\mogmgtgre(bbyi cgntaef Uyth a simple sugar under

condifioh@ EiRhie fol (R dr SANBE PRBuctiSHUTE C[IXOprbriofdl T daﬂalﬁéﬁmlnﬁﬁs @€ host cell
me i ncl

nucl eot i de uence enco suc e de .
can b R 5 BRI ST et B ke B O, BT 5 St ton
thereqf AFI@SRIP6inventidndiig brovidss ugbcopbesiviows| deried frelXPmpla tugemy.g. glucose,

1001471 A schematic representation of the DXP pat hway

is shown in Figure 2. In general, the DXP pathway

conpri ses seven steps. In the first step, pyruvate is
condensed with D gl yceral d&hyde 3-phosphate to nake

- deoxy- D- xyl ul ose-5 -phosphate. An enzynme known to

catalyze thls step IS, for exanple | -deoxy-D-

o = o, s o ~ o 1



KT2440), (CP000026, |ocus tag SPA230l; Sal nonella
enterica Paratyphi, see ATCC 9150), (NC 007493, | ocus
wo ag3REB50254; Rhodobact er sphaeroi des 2. 4. 1), PCT/US2007/021890
(NC_005296, | ocus tag RPA0952; Rhodopseudonobnas
galacpge, mgnpse STuCBROMBe, and REHIRLE®S thered fomd Sieth@ly oRRXrBB@piction from the
s,mplgyljggrgl af astidi osa Tenecul a]), and (NC_003076, |ocus
tag AT5G 11380; Arabidopsis thaliana). 1001481 In the

[00129F CONKhy Sti@Rle holro@ﬁﬁ’ax%e@s@@ya tHd &&ﬁce&fﬁ@ %Qmaﬂv@ntioﬁ In one embodlment

onyerted.t | - D-er hosphat e.
A AL TSR AU AT B L -
deletetl-odmadifjed D-ex yaledie@- by ipfeoiom [deltt@n, sniddutixinping/onBveaRE of rﬁ;c)émdes), to

elthexj?)%uc!e t@d@&u@&scﬁﬁ‘eﬁ&ﬁ’ Lﬁ&pl@flm gl'aﬁ%t Brg(gmgrg 8%)@9% E Qe%ﬁ'eﬁi isoprenoid or

encode such an enzy |nc Reri
isoprengyd st'vat(VAFI"fmsﬂzﬂbowa'm "’(‘fd}ﬁ% el i 'i §4Bdblehbejne g(qw@"dmzmmmh
medidnocus tag PP 1597; Pseudononas putida KT2440),

(AL939124, |ocus tag SC05694; Streptomyces coelicol or
[00130B( 2)1)iystratifNSaDRFEAD Bijtatllcdrrselts drgluRSIRh2:/0Bs, balaixd cdilg @iidukaryotic

S ) Neerbi
cells. W%BPI ﬂﬁﬁ%)%aerﬁr%gs of aré}ﬁéj Fl ?h%%%ell({éﬁqiglgl@ getngrg Wyrum

ononas uorescens
A’chazsfo@f d‘&é?é%"wmwsz@ecrrso@fe%baﬁmmmechcws tSHélabts, tnd
TherrisdpRifiya. ZememnhiyitneRimpled\dtialcde stfrind MOBBNVEE By peRARNBEHES I0bus
fulgu}us A/?thanogougl%)aaggsyhna?y )ranobactfrhulmst;t]és;?toaatofrg)%tc]w&I};yreox%ﬁﬁ|agyss1
Pyrocz@coels /p’!vé@fyh Seyrapiiyha ggoplelumyehd Theeneplpsrrmnoleailiung ydtitivaise
non-1imting exanples of nucl eotide sequences
100139 hat Serie prdimiting lsxagmlegpf byqigsial ceiiscnclydethgsapiaging ®;the genera:

A grolESt@rgtﬂf /7] ﬁ?bl@ba@wﬁl ,)nabc(ezJCA_Wsﬁg BrthrbBSIS A}o@ﬂ:teR%Ba% %ev:bactermm
000 r aer o e
Chror%l\a?.l (ggs%(f?umA?‘g e, cbcbeélfug,slftnﬁ gﬂ%f’cé)ﬁ ﬂw gng bfngafL}Els Laclococcus,

Mesothizehimn, tmgrymteﬁtm Mrcrmeerdmrﬂfmdtpmtl?sdaoriﬁmm)dobacter

Rhoddg 98k bhas! ﬁhotz’ﬁﬁ:rzflw YREJHOL%E&P Salmonella, Scenedesmun, Serratia, Shigella
- di phosphocytidyl-2C nethyl-D-erythritol 1s conver t ed
Staph{o6ocgrus Strepromyces Synnecoccus, and Zymomonas.

phQs hoc 0S,
|00]3g\t1 e% Be non lmlt e{aglglg%l?lgﬁ%e?gl s{rzmmgnc ee acrllgs suF g:ls tgzczﬁ
amyloéigtgfpplhg Br4w@ptg|w5cpmlygqnd‘y3reﬂl@ctn@tnhcyrhm@;péﬂm Biokttidilim beigerinckii,

Entergﬂaﬁéssﬁkazaﬁg @ch@@c@ua cbﬁnLEJtJ}gccﬁs)?%p lﬁﬁﬁrﬂzfobtg}ﬂ %tzeﬁytellmgﬁonas aeruginosa,
equences that encode ch an enzyne i ncl ude

Pseudomensy geygigni. Eeudosends ﬁvdacac%ﬁomba%aapelr(@usoﬁ‘wd@saenszef@ergfdeag
RhodBBRIIA ®riumRv0at@ b acheticaSSatvand! iy PriSSaBnoel b )yphitdkh SHigdin

dysengfng g}iﬁ% ylgﬂ&ne%p Shi la sgefzel Sttallz]h%ocolsc_‘ué fzurfrh,raln% |I|§ phosphat e

|0013B|S C%é’eﬁ&&lﬂda lta@ter?a@ﬁos{@ﬁ RY¥idea B84 thﬂ»ﬁén‘cq{raugrs P eferred. S me non-
phosphat e. enz%ﬂ[m/nown to cat Al

hmmr&eé qeg o r}oa Ipat g}ﬁﬁtréms lz@de Fubggseliisylteﬁfipct qg?/ lgctzbaclzllus
acidophilasy C&c@ﬁbcﬂh@&e{b]@ﬂdue PSydndas @erudRi3® PR@QRonlohd¥iebdBii, Pseudomonas

pudztae %mgagér Lae Pa%! %@‘%‘8‘%3%’” T %dost h utm ri rz(l:r? %nd the! I(i(h an

enzyne |n cherl

|00136|NC @QrZéll%?] lmJthlgHﬁmb@gofaﬁpﬁgg%elﬂs’mcluwﬂgﬁp&ﬁst %BmePan il(q;itglg

haeroi d | ocus-t
examils g prpbire i G ripnats 21 1532 i, g psportn
Cryotedo@ps, Fiddariime tkiyberdor e, y\tebwphb&)bm, Redrospyra) mbicihaspbad, Sactiromyces,

47599yELs ed to 1-hydroxy-2-
o C%NI;JZ (E) - but enyl - 4- di phosphate. An enzyne known to

|0013§|at alSXﬁ@notnhlhﬁtmg E)@Q\pk&c‘of e&k‘afyotﬁ)ﬁmllﬁludé AJ(JWQMQMJ&M Aspergillus
I-2(E-buten| 4- di phosphate s hase

niger, ﬁ‘é?ff’&" PRI BL B e Sﬁ'ywer'%{"F'a@weggqﬁ@ﬂefé@rwwum Fusarium

venen@e, e va aplesdmsic Nay osporh ratst) Pechla AP FPldhia ﬁE&e&a&r Pietid lddamae,

833; nas
piehi o DR R DU TIE 2 e 5 OB DR, P
Rhodobact er sphaer oides 2.4.1). 1001531 In the
sevent h step,
1- hydr oxy- 2- net hyl - 2- (E) - bd#t-enyl - 4- di phosphate is
converted to either IPP or its isomer, DVAPP. An
enzyme knovvn to cat aI yze th| S step IS, for exanpl e,

1 . o o ~

e



i ntroduced to provide additional |IPP. Such a host
organi sns woul d not be equi pped to alter the
wez@spsssdn of the MEV pat hway enzynmes or pr oRP€BES100E021890
i nternmedi ates associated with the MEV pat hway.
querc@yng Eihig pegictahia P ichin élenmoeiecdms Sichiglrghabaphifs Bididmitinas, Slrsptapmices
ambo;an@ns Wptg?mmom&k W Emonhy O a@mrﬁg&%m ﬁ%%b?&r}u? RhRaromyces

col j In some enbo dlnentss
boulapd Sarstremicespergyisites WePRIGeSHL IR Steapiomses %&etqc’ug'mé'regf
Streprokrycesgris €€ IStrkpnadytdd Nividdng, h‘tr&phﬂzyBXBwbﬁtshWept&nﬁ}c@Trthﬁfts Streptomyces

lanasﬁgglggl ?M %és w% clgz(t)ssinﬂ%n ode aarte%]v\rl\iagr I()(Sjut:ggcf ngnal | y

|0013@|XC| Li1$ée\4§!ﬂ ifd &&M@ céf 1@@&?5 E{Jn%gtﬂ&?llnystllamtlsrﬂ?g%g dSoMé\{on hmmng

at hway can unctionally disa
examlﬁgﬁ °8P‘§‘al’6 h?%‘?b“’ ﬁ@ﬁé'"é'kwg%'wﬁ BB e Wa S aHY wwg"af%f’whmwsw"s
Saccdramyeds bouitar@f and SecdbmaBIcerevisafe. t he DXP pat hway enzynes.

-25 WD 2008/ 045555 PCT/ US2007/ 021890 C15 Isoprenoid
[0013%} ar tin ;dgitipmp@qainatlrairﬁ(bm B&h desighated|byihe Fﬁ(alrandsslylg Administration as GRAS
or Gefn)eyefl@ ﬁ@é&ﬁﬁ@ﬁg @fe( SErEE no]m hﬁllltﬁg e)&ﬂglepﬁ tﬂgﬁ:gﬁau@l&iug bzﬁ:ﬁ)uj' s¥4bttlts

ner al , I ecul es one ITD ecul e of

L“"%Rlﬂwc'dfpé'%wd'é%@w el ﬁ‘F‘P"“"?"ﬁ“’é 6% isébodi ment s,
IPPPttge reacti on can be catal yzed by an enzyne known to
yze this step, for exanple, farnesyl

|00139E</r o%gg E’rgsjoq(no los{]'l =t pagh e)%%‘n?g' syﬁﬁg%eze {11’9 nJ dls |somer gmethylallyl

nples o nuc e sequences
pyroph@Phﬂ@éWMMPr b;ﬂwtﬁwm?téer t@ywwm@w mewalsm?ée (ewnmo(wgv ") isoprenoid

pathwh¥ &bl @BSb &nbd’ﬂ@cétﬁf&@e))zyn(eé\-r(wzaﬁmA A6 FHPL RS s%bse%uent]y isomerized

a
e AR IR R L RN G S5
phosphAEODS S ﬁath\ta@MOMUBISMB'MAPFNWQUMEWgMﬂbrWB b@@t Largeneral, plants

)@@wm (GFFPPSCGEN; G bberell a
useb(ﬁﬁﬂ? &yglwflb Séﬁg%@gﬁgcus AAW50034; d uconobact er
MEV P¥NERNS 621H) (AF019892; Hel i ant hus annuus),

(HUMFAPS; Honmob sapi ens), (KLPFPSQCR, Kl uyveronyces
[0013bjaCt iASskhemlatioAkprésbnfafién oflthei EMUSathadatdid Shown (LUZOI7 Trlgeneral, the pathway
comp'kfepé hys al bus), (AF309508; Mius muscul us), (NCFPPSGEN

osg’ora crassa), (PAFPSI; Partheni um argentatun),

|00146]PAF|?1§%<5 ﬁrE’ta.»FeE h@@hbﬁ@u@g &%&Eﬂt&é@yme (A%Eﬁﬁﬁfgt’lca%B\Uﬁed to form

nor\gl:fgl CUS P; Sacchar O%es cerevi si ae
acetoR P10 A"sww‘z B@g{e @watﬁleswla%%ep eypmPle.eathon diolsp Sgge non-
limitidAX8np3S 6f nuBtdtidPicpRoR CensSodig 0GR ﬁleel)zyme kO MO BT dwind GBSk

acces%%\gég g%aad é%?rgpms?mgtgogngvghacsh%%gﬁ %g's ate d%g?ﬁg%@l 3 lzé’&‘d)?\l

232418 N@32§@85@§@he’L/eje Erél) W"%@OB@EPOC@ deemf@wb wéLW%&qéwomyces

cmv,gﬁé)\SZO%) (NC_008024, Locus YP_602832; Streptococcus
pyogenes MGAS 10750), and ( MZEFPS; Zea mays). 1001581

[0014MEt hOndihe eeund ktkyeof e Mmgjamahy PoeadE-CoNis Ofzyhaitdily kéAdensdadhith

anothé: ErPreg.Se & ape%e% B)g'yr L#gg%x Beth éqgrrv_]h%oﬁ ((EIS/{GIe &OOE\I} I\én enzyme known
to catggggysggggg4fpgexarg@@1ﬂm©@65ygthasarﬁj>me nongl Vg iy yapples of nucleotide
seque@é@dﬁ@ddﬁfé sukh &n&zﬁneaﬁ&ﬁe N 19465, &HQQQbmﬁ 20536; W&rﬂtgyces

nds. 1001591 PP ¢ e
cerev g S L S5 P RIS, BraoneRiblens DY o
Kitasaayeh gised/r BT01T8ER; Hono slapzm)aa@d ¢:05) d)ows;luocns (awSI\MZSGB GenelD

“225% S{L?Hyocwcgs%ugpgl n) C15 isoprenoids can be used as
i'ng materials. However, acyclic C15 isoprenoids

|0014lz|eq Uik Be ﬂﬁ&\&é‘p Bhemaal eniﬁnféﬂ&lly &)n%&ﬂU ?n@vaﬁdﬂﬁe dgsdngy@fd known to

catalyze tﬂpftep ms )éamg )gglﬁ%g ?du%fﬁf tS‘,gB\le gond%lg%{qeggeté o ers] 8(‘IS nacqe otide sequences
encods@ auch am@sztlm*udaWﬁh@Hm deosbrtila @elenopmter), (wcmoew Itogus t(gH

and OH a-Farnesene 1001601 a- Fanesene, whose

structure is -26 WO 2008/ 045555 PCT/ US2007/ 021890

-23-



is found in various biological sources including, but
not limted to, the Dufour's gland in ants and in the
wae oasiongsof appl e and pear peels. Bi ochem cal | RCT/US2007/021890
a-farnesene is made from FPP by a-farnesene synt hase.
SAVSéimGemdin 1 1225701 Sraply/ @ranpluess) ANMs 248 &b G @lungrdh A BUIS627;
Strept%%ﬁgcl@é 358?@ AF@%@Q ﬁ/tcgz%‘;zp at?egua?cﬂ %XE%?éd? C){I}élga?ospora griseola),

rus conmuni s cul tivar
(AX1282Y% @royidins the grapracearREise p E‘é’fa‘edég\éG’Péé%@%ﬂ!@’c@t“’a‘l'me)’ and
(NC_B0 1245t eomplethent ) 11874 948408.00dkharonly ceskeaengsgne 1001611
O0- Far nesene, whose structure is is found in various
100148] ol dyihe folurtlssapy o@slonaredd anehinragaliophosphary/lated wifdrd thetaignate S-phosphate.
An enaﬂms| I&*§w% Qatﬁyczg mts{eglis 1‘311 Jx§m;§é" &Qvaﬁ)ﬁate 8 eo%%lm: Eu:n lllq}llt]ing e)lanlples of

sonme plants such pot arnesene
nuclegtylﬁ foqueaces @Hoda%g sachﬁaf:rm/raq inglyde él(gfl68‘8€ﬁélft1ictgﬁ{ thaliana) and (X55875;
SacciBioaphera-&alab)y, 13-farnesene is nmade from FPP by
(3-farnesene synthase. Sone non-limting exanpl es of
100141 t divthe fiffucdpeotiodepiegptiuenraess dnpatati@nyaidel 16 tevalogdte S-phosphate to
form fEVabo R e K% LB
o PAY8353 9@; Ppha (r%As ?adzg'ﬁﬁ'b"é{%g gl o) g wg"f“ﬁﬂg
phos vaerﬁ@rﬁng%er §on@61()g 1m|tl%e_[<arg[6e;s o( Q.{g[gg)de SCHYANGES grtgpdmg such an enzyme
includk QOB R8s, H&nmlllensmﬁm 086556)Globth Quplefs), Gl (NCI 1143 UddRkpledent
7u3%aﬂ58ﬂs %%8%98 cal so rces including insects and

ce. cerewsza
essentia f¥om €Pntronel la, neroli, cycl anen,

|0014|5Frmrin Qz?tﬁ stﬁ;,tale}g% ofis- [E@t%g% Bﬁﬁqifngjm%ﬁg n&oﬁ@n’:&/ IRtO IPP. An enzyme

rneso IS rom oXylase suc
knowr iorcrluzsIthis tepiis forgramplsEivkalena pmnbpwfgy @xbmmsassow non-limiting

examplebl off AlRle6rids kg Leneds kkl6diseaenan G%?mé hﬂﬁde@@?f@%ﬁbﬁs cerevisiae),
ncl u ea S) an
@ R raious e T CRERY HER8 By T Aol od

ocC 8
o PR 0 U 03] P T .
catalyzg ti StRBVI XnPlselPR isPmtrasyhiomm nonslimitng reaninles oEnuplentide sequences
encodbig@.l.ca gm Mmﬁ@lﬂd@@& 0000 | 31863NEB 7 SDSIBEY; iERherhib Sold) EAMAF082326;
Iuwg;hs)ng jasm ne, |avender, tea tree, and
YD "Bi ocheni cal | y, neroli dol is made from FPP
Dxp P¥nvdy Nydroxyl ase such as nerolidol synthase. A
=Ron-Timti ng exanple of a suitable nucleotide sequence
|0014t7|h at A &Mﬁ&&r&%o@& t}%mthtv%% éﬁgﬁﬁnﬂ:gﬁl%gzﬁx%erf&a@ e DXP

rml Ze, ene
P BB HEIS et dn BT b eneens? il Srebsracebys Sposphc o
make Oldt@yDed lutse-Hplegmne dAdf dngyine kA@inuto edtdlye BB Gtey & Iﬂﬂgxample 1-deoxy-D-

xylul(}sf 5. ﬁﬁ)@;ﬁﬁte %}Aﬁgsecg& th%n él(r? g %ggplg olﬂ.‘p%t%g se\ége?!:%){t encode such an

ang
e"ZY"EOWB%Q%“QD@F/' 0007'/) GDG.HOLP47, dass tfgePrP§527a’Ffaud3'pwg@§da
KT2440)S(€L609026SIu6Rtag SP88; kamb ild ean&atfe:Fngph:eﬁe Ar€@b150), (NC_007493,

locus EF ﬁgﬁ_t%gsr?skl%dgya%{gz%hagrp g%iv I4nl§ ﬁﬁé@éﬁg i%;i;s tiigs %{ZP gféoﬁgo,seudomonas

palustgip @GN)@B] (NQ 094566, |cCasiaei FDA 2B ; Xodalg Sokididsa T en@@'ulc@l)p'all(ﬂé r0&3076, locus
tag Afgcﬂ¢3glos,1rgg,,§)gs,;<,ﬂgm as the diesel tree and kerosene
tree. It has many nanes in |ocal |anguages, including

[0014BjUPA 1Ythe &ddl SEH 1- daisasalocs@mmhvsapho@mais é@watea foQ@ nkBeRy1-D- erythntol -4-
pros S iR koS B P Y SR BRER P b e S
reducqglsmhrme Some nen-lahiingtexBples gf ratestitlc sq@ieices tat gncode shob rpeagne include

(Aaowsbo merxeﬁ,aaoh) %Qﬂl@@é AT%JBS!RQh&Ma? (ﬁérbofﬂﬁ %cbﬁa PP1597
fr Conifers % to

Prendppgrapudl KT G S 14 RapiHg SEOUOR Gl eliete 47
(NC_apa#ar ladus Yag BN @719 RHolsbgc18 8pterpliantdst),\ahd (INCV@S49a) 18dus tag PA_1107;
RmmkhééHﬁmmlﬁ% jiprity of conifers are trees, but some
coni f'ers can be shrubs. Some non-limting exanpl es of
suitable conifers include cedars, cypresses,
dougl as-firs, firs, junipers, kauris, |arches, pines,
redwoods, spruces, and yew&- Spurges, al so known as
Euphorbia, are a very diverse worl dw de genus of
pl ants, belonging to the spurge

Haemrztococcus 6



fam |y (Euphorbiaceae). Consisting of about 2160
speci es, spurges are one of the |argest genera in the
w@b@an455k5 ngdom 1001661 The C15 isoprenoi d stRCT/URY07/021890
materail s are sesquiterpenes which are part of a
100149kr g@n the third stepo?C-metbyliberyibritelah fhexihdiceis o vreed to A-dipagsptecyidyl-2C-
meth%"ﬂérﬁﬁi‘lt&ll ﬁﬁénz%e Mgﬁ 8‘5§5le9 s steb &r Ble&gtﬁplé Q%lg“&ﬁhocyﬂdyl-ZC methyl-

emterpenes, nmonot er penes, ses
D- erya]rlfoéfyﬁ@ixfé SSom§élglt @’Pl{]@-fﬁm of rtuFlpqtgf. ﬁé\ﬁé@s that encode such an enzyme
mclucteeuzabsspzeﬂeschlmmb o W&ngBﬂESag RAP M35, RESMbdeter sphaeroides 2.4.1),
a | enai. rtln e s can )

(NC ﬁ&bfl F)cu t? or%ct%gs;&f) err]ée]b c% ﬁzs lgrfa) %réag@lklnd’O?%W%ocus taé l33?1614,
PWW@W@@%PW@hKT€H@nlcaI Cbnver5|on 1001671 The f uel

onponents of the fuel n903|t|ons di scl osed herein
|°°'5ﬁhy B foghestep, &d'ehoiphowdyk G- methyl-Rrprghrisplris enyegedde 4-
diphofhedsti@i S¢ yhetl@f D-Er@ritoIF2Oshophae. (An)enijffne (howh t&@ﬁlyb&ﬁhl_s step is, for

ool SRAAEIARI R T EBHINDL e Bl D

sequepesethaffendgfleueigin @@Mnyindmel(letl"e?d639&1@¢hera¢hgz)c.oh)lanﬂ 162007493, locus_tag

RSP_ET0ORH 0B R er s3HIG 052 4i50Pr €noi d starting nmaterial is
TJsolated fr om natural [y occurring sources. For

{00158 K anph e fiftif @erpnce&mos;m&fyndwzc&%ﬁnﬁdytﬁm&m&]bmmm&inbe&ed to 2C-

methyqrbr r)ﬁhritol%yf alng%é)?ﬁhatgo ;E eqr A3 ?(hown aﬁagfz%thlgftgq, i, f?{ éxamplen2C

| so
meth)ﬁﬂ auythrigd! 2 '*scynladjpbowatasyh@m $:oeie [nort- llnmtmgmgnpﬂﬁ@ efnuptexdid¢ sequainces

that eﬁ‘do&ehs@fh dn anynqg QQU&QAFﬁ@B@W}J&% 8k, (Ne_ 003@36‘]@&@ tszb{%P 6071;
fhe naturall occurri oun
R”Od%/”i"f’%(s‘fﬁé’é’t"!dﬁ‘ez o n{ NG Q??%‘oc‘@aftgﬁ%bélsi%dmcsmﬁ %fffr'@%‘ioa

IOOIS?Lar t11|1 R]gsng{ﬁ J:satee | 58 lmse’ ﬁﬁergﬁr&&?#\féaél@gﬁpw eolgc\:/(ﬁretrrtgc?j tﬂ l d?oxy 2-
meth)drﬁ;(E}dwt@m 4fdmhes@ha4teo rnewaot krown oisetalyzghis dtepds; geample, drhydrpxy 2-
methﬂZQMchld@ﬂosgflater S?IQMQJ 'Sglﬂe Ho%qgﬁﬁn? @xaﬁm?gs of nucéeotlde sequences that

esterificatio
encodt SHSpLTBTE RSPl (VG M EE A aclf (56 PRt adests by PP’
Pseudayroia® g@ida WIr14n0)gane eN@ 0§73, G adisSPPEbS2;Rib dopackel sphdk &k 2.4.1).
Ru( PPh3) 2Cl 2i Raney ni ckel, or conbinations thereof.
1001581 oriethe reyeneti strpnithydioke2-weth a2y Exbuiesyl d-diRtiosplaateais spgterted tpeither IPP
or its R6YRdr WAMQH%@ knowh k@caﬁ@&eﬂhly §£p lé ?or %E’l@/ 153&en't)n/d1ﬁ)ethylallﬁ/l

further enbodiment, the cataly hi g
diphosphase syhase. %‘Ht?tnpfbhmv&%%@w'eaﬁanue'ﬁ%ld? %Webﬁat eacody speh g gnzyme
include @A POGQZ R eEbchbRtAid colDaip (N_DERI947, (oaR aigiPo§06; Bbdderonas putida KT2440).

conpl etion, -28 WD 2008/ 045555 PCT/ US2007/ 021890 the
(00154 ac tlih me minkadinreats,C erpss k" Vo siteefdrence )t et thedtog dgl'samd metabolic

proce§i5§ Hlnbe p%b@legm(/(h\%d Gith {hgﬁrgmﬁjdn QGIPM?&&%E‘ g}t tﬁgpl‘&ElQ %Q&tuon are
Al ternatively, any reduci ng agent that can reduce a

i oL el EonSHRR R SR ISE BT B M SRl the hos

microbigénis@lrblies S)@[DEl@dﬂ}OdndheSID&T;iathW@' foiesly @hdsiding [P&itj’hnbeMEV pathway is

|ntrodn¥eg kg e‘%c = o?a‘?uopéf (I:%Pr g?c%%gsg orgﬂ Lns WXLQJ S l)e e%ulpped Eo aﬁer the expression of

the M Y@ﬂth\yqy&szyme% ‘HWOFelﬁfn‘i“f intgieAipteAsoRirtechy it \EY pafohey. @Ranisms that

rely eRAINEP BSfrRohBat@l ¥ifthd bEP pdtHwa ﬁlQQ&dﬁop&am;hé/ @fc@é}%ﬂzat:@zd
products. The reduction reaction with hydrazine is

[0015dj Scllosed embodinteats,aheaibst adll.proddces BAvia @R MBY [R@/ay, eithdXkglusively or in

combﬂm%fbﬂ@ntﬂ'tl}1§6§i é%%gg) ’lr' mlr %‘bodﬁh nfbtpgg(%g%{)ﬁ; Satq'h a? E_%.Ectbol%MIa disabled so

erence.
that thehost pedl pogiares BB W@ﬁmlﬁth@ﬂ@rathrtﬂrglomlé infreducedME V rathwexe dThe BXP
pathwlaji€an b€ RARdtGTNP BichbRE byCetidb1 MG BEAS epyesdn@F RGBRAKE @O fuhdliod &T8ne or more
ofthe%&, at%e e%f A cat al yst and hydrogen at room _
racruTe ™1 n a further enbodi nent, the catal yst is

a 10% Pd/ C as shown in Schene | below. Schene | 10%

Pd/C, H7,25 G \ OHO H H 1001701 The fully saturated

C15 al cohol s obtained according to Schene | above can

be further nodified ’s



to produce the correspondi ng saturated Cl5 esters by

any known esterification agent such as carboxylic
wa@eiods4ssstar boxylic acid halides (e.g., fluoriPe&r/us2007/021890

chl oride, brom de, and iodide), and carboxylic acid

Q._aummm@gmm esterification reactions can be

carried out in any reaction conditions recognized by
100158k j | |Lékg IRk farmssyhryrophesphats e PP'a rlsorin henads biolopieally:11p general, two

moleo@le@&‘hﬂ* an8 B@ﬁﬁdld’dge Sﬂijh@APPailreScoﬁHeﬁse@t%tf&ﬁﬂFf)P e sde eh@&ﬁrﬁénﬁghe

. 3 %§ ed carboxyl ¢ aclh t he lprfesegl %
reae ‘%{h“’éB‘i °&aéﬁe yB’hé‘Q"&?&P%“T";}%f“yé?t lﬁé‘FFh&" SR faTRSSY PHaphoggpate
synth@e.egl i ch esterification conditions. In other

enbodi nents, the Cl15 al cohol starting nmaterials are
10015¢k t S e 'W"\gé’éﬁﬁﬂeh‘g’ nyflqopidetsprisengesghaf engods A famssyy pyirephosphate

symh@elnehudehmfumss WRbldbpis %ﬁ@eﬁmmpsﬁbﬁ,@m@s@fhar@nm&ausss76

aren s KR e BP0 el TPTRRYR R, Lpspagossns

Fusobarierivgstueedrim stsplnpcleaianc ATEOQ25086) (GEIFRRSARN; Gilgdretafilv@roy)| (C8000009,
Locuﬁ&A\dwOém Iamggr‘ogcﬁﬁr bxg]datnpﬁlgf ?ﬁ%%?z Qlfelmalthﬁ 9uu9) M/F‘?\tPS Homo

such as an am ne cO oun %— triet am ne
sapiergs GFIHFBIRGR; Khyeraapees oo (1ghl 13 Heiuewnsml@ﬁe@wé it apinus albus),
(AF309508; B £mailus)) ENCFPPSEIN; Vedr&@ora mssb)e@,AFamdP&thﬂn &@emazum

(PAFW@%Wéﬁ%@@B?&%%q’% n Esg}orevr&g_fugz& s)é\@}; %L}rg?es cerevisiae),
(D89 Bt FhizoSudpt@r oy ced Ba@ b)) CPIN0D03AL dcey AVSTETI8S| Streptodvecus prvganen.ed
A (CPO@@@ @&L@AﬁZS@@@ ﬁ@th&Eég)%QenisS m@ t()b‘@ZLS Rbdt b %688%' %’treptococcus

Pyogef’?s%%f*ségm’ W%%FP% oY S003AS: Siercpiseit PrasenscME206)

(NC_08D WL ocUINP_5602830S Steploedctis pyv@énesoiG A £1ATI0), @id (MZERPY) Eea mays).
carried out in any reaction conditions recogni zed by

{00158k | |Msthods fori thehrimdogichlprasiogtien efibbib dRPrapd ERP, haterheent prexivgsly described by

refereR@} ﬁEthmgC\ﬁé b6V8/01i KIE 4 V5. P&olx%Blﬁh&Zﬂ%/&MM% bBB&R005678, and,
such as al kali K, 'Rb, and Cs)’

2006/§q79g|6k5)fafnﬁ@s 1 etng 2 @lso prw@de eeaodugnts fo&mkl%tjleshgpmpé%p% e,
IOOISg]ar b‘%@fi‘t & b%b%&lee% ?y c,olae%i t?)a ﬁrlgg %50%%1% Oﬁj’telg?ﬂal aﬁycﬁcn(ﬁranched
or hn@drmd %ﬁﬁ(ﬁduﬂm; witkout sidgghdin) IChsysoprartoids eandel vl & sattiophatrialsc Hpwever,

acychp@ flSUﬁrErﬁﬁjE reHEQ'fef»\‘e?d\ert'nQal Q&&%@dugaﬁe de§ifRl E(ﬁrﬁ%@gfoMe practice of the
nown a | ati ng agent such

‘“Ve"\}&’?e?%!P“ri‘v"ﬁz“i“é'“%\?’ﬁéw‘esé‘rﬁ gitablg Gis aopgfaaa StP'a%m%fglals @‘F‘&‘Eﬁ?“ y
limited®: hal o, sul fonyl, sulfate group and the |ike. Sone
non-limting exanpl es of the al kylating agent include

al kyl halides, alkyl sulfonates, |and al kyl sul fates.
In general, the &é\a—l/t@h%\s/hw\béconverted to Cl15
al koxi des first by a base and then the Cl5 al koxi des
subsequently may bg reactged withyR-X where X is d,
Br, or Ito formt rr di thers as shown in

Schene 4 below. |In sone enbodi ments, the base can be

an active netal suych as tallic sodiumor a netal
hydri de such as iimmm al um num
hydri de, and sodiu orohydr nee. < 300AMD 2008/ 045555
PCT/ US2007/ 021890 Schenrean%

OH
x AN F

o-Farnesene

[00160] a-Farnesene, whose structure is
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OHOR RX X =0C, Br or | OR 1001731 Alternatively,

Cl1l5 olefinic alcohols can be first al kylated or
w@siosiufssed as descri bed above and then subseptipns1097/021890

hydr ogenat ed, as depicted in Schene 5 bel ow where R

Is R or C(:O)RandSis ng aIkyI!. Schene 5 OH OH\\
\''/ R-XOR \\ ion OR OR
1001741 Referring to Scheme 6 bel ow, the

is foumdbsin @4riofid @dgicalnowre inbladitg but n&@ dim@ed to, it Dufv@r’ SEANE inBAR AT in the

' . A ,

oS 360301 R R UREGENSAL: YPIF RO, G

Some spy-lispitipg qxgranss of uiigblegygientid ragrenchstbit engedsarch @mengyme ipgdude

(DQ30DEA |P§rubmnl§&mivbﬁdﬂ?ﬂtﬁaﬁs Fiﬁ@%zi4v;akc%rus la?r?éwtaﬁ ?ﬁ@l‘bﬂouus etal,
cat al ys at wi not affec e

”"‘”’“@E?g%?@%‘ﬁgu I nysome enbodi ments, the

ﬁ_FarJ;ps(eqléogenatl on catalyst is Pd/C using di phenylsulfide

cat al yst poi son which selectively reduces ol efin
|0016‘gm0t[3t1139@4ehet e sl DUt hydrogenol ysis of the
C(=OR

group, as disclosed in Mri et al., Og.
Lett., 8, 3279-3281 |(2006),] which is incorporated
herei n by reference/&pqt/hgg/s.qpmdwents,
pol y(et hyl ene glycol) and Adans' catafyst, i.e.,

is fouﬁ)ct 1QZarloﬁﬁf’bl$g@:al«k§ﬁ&s ﬂﬁluan &lt “&nﬁmt&ﬂo Qﬂlﬁﬁﬁd ééﬁht}él 01Is such as

Si{ ol nat e the %oubll Ezﬁ ﬂyq]r (‘fgﬁ? I
peppeg ksl RSPPEP B Gui o' PPFFé° e PR P el
Biochemicglysftfamgseat i madelfram dPRBckfamesetsyrahase, Sdme fondimjting &xamples of

sunab?e]n?(ger:ogl%%sgqlfegcg g%trgnc%ys?% fh %@88&%&8@2@1 g],%eg}hpx Eyerita) and

(AYsﬁfé?? U207 rerpa8 8 Picayd e, PhockemFrpe&(Br 3ol Pe72908h O O
O ~-R Hydrogenation O OO'-R OAR (1V) (V) 1001751
Famnesel o hydr ogenatl on of the Cl15 isoprenoid starting

terl_J als c e carried out in the presence of an
|00169! arnesol, w oses cture 1s
ymet i ¢ drogenat| on catal yst such as

rhod| um chi raI di phosphi ng complex to form
stereospecific hy,&t&ggq@.&w substantial ly
free of other stereoisomers. A non-1i®@iting exanple of

the asymmetric hydr ogenat ion catalyst includes the
is foupdyg arighs il egiepisowrees elydipg insppivand esertie] R CiompTopetp Aoy cyclamen,
lemoregtals, Gibbrede, and BgdITERdchdndcally Gine g RatadOfonCERPaY ¥ BjdBoxglase such as faresol

synth%%séﬂ %g% llrtggn \é(ﬂ% EjSUl?a'\g:%LCIGOtId]e si‘gﬂces%?mcodgg%gfl@%%e include

(AF53986 gareyD agy (N DREY Peéavchgremrewwéyaa Ko fieng] Incippligddigchemistry and

3,013%95139,1ﬁ1a;9113g(2&)6? pp. 16-94 (1994) and Bl aser et al.,
"Asymmetric Catalysis on Industrial Scale: Challenges,

Nerolpipr oaches and

[00163] Nerolidol, whose structure is

H
X AN A
is also known as peruviol which is found in various biological sources including essential oils from neroli,
ginger, jasmine, lavender, tea tree, and lemon grass. Biochemically, nerolidol is made from FPP by a
hydroxylase such as nerolido! synthase. A non-limiting example of a suitable nucleotide sequence that

encodes such an enzyme includes AF529266 from Zea mays (maize; gene tpsl).

|00164] In some embodiments, the isoprenoid starting materials can be obtained or prepared from

naturally occurring terpenes that can be produced by a wide variety of plants, such as Copaifera langsdorfii,
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Solutions,"” WIey-VCH Winheim pp. 23-52 (2004), all
of which are incorporated herein by reference in
wWo b@si4sat i rety. 1001761 I n sonme enbodi ments, PCT/US2007/021890
a-farnesene and (3-farnesene can be hydrogenated in
conifgrf) endrp@geericsectn fuclas swabynritbttreiflies Hyafl beogps natnitamnd pinaday Bies; and
marine Srgh AT B} s Alact g Ol @ﬁ:%l@laﬁdﬁ ereoi soners of

farnesane, 1.é., conpounds (lI1l1-a), (lIll-b), (lIll-c),

IOIOOfIm d ( || Copgd)fera Biigsabtpidn CORIf@ ree SR 0 kidwn B thiCdidelbed dnd Rdrosene tree. 1t

has m(':rryl qamtés)m Iogl_l%n%s F?c}%:%)c—l o %glala%éyp% (Eqpiuferadl)eé_| may @Quce a
large M@ uht diB@e@HydrocaftOa:Ti ifslwdsi adll@rdsy Gerkally e®cﬂop:ﬁm trbecan produce from
abouttw Wa@&ﬁ@@lﬁt&go#tape%pﬁl ;EF )ee§rence of an asymmetric

hydrogenation cata to formone of the four

|0016IQPSS| bl g 51@.@&&@9’85 @ota@hfed Ronf cohikerd dnll SFRtAY | RRRARBAd 1o B plant
i

- 9555 P 2007/ 021890
s PR o R TR sty s BESCE e h SO oy

of cortiferSIal® trictsGHiBsotid Eontbds ca h€lshruB-{Bohle adrintiRE ekdmpBEofGhitable conifers
mclu&Qlea?s%pr@s@ Jog#legsyﬁrs Hl%r %gollau&saﬁr(ﬁpg d)ﬂ%%%&‘&ggoqgts& % I;’a]ndtyews

sence
Spurgep a‘F‘b‘?"ﬁ’beﬁ@"b‘beW%fe # wdlv@s §’P'lb1“t¥ie§ﬁfé? efgiagis rhelprgingfto the spurge

famll)'BGEthl;ﬁaEJab)fTEBﬁ)éhﬁéQﬂ foa21 @'sﬁécne@%ptﬁé@@é‘i@m@ %f tB&Nar es%germ@le plant
H3C OH H3C CH3 , CH3 H3C H HO CH3 H CH3

"‘“gdflleH3 H3C CH3, and CH3 H CH3 mcmmccm
|0016%P01791T§ ?Fel’uy? st%% nQaLeFElL M %sq@l te&&ene%l“% Qare parteofa larger class of

°°mP§Lw‘FF%'ﬁ‘b'F@EP°S ot largp g priee Rlags @ﬂ‘yﬂfloﬁﬁdlﬂ’é% @rperaﬁmdp@@erb@rpenes

monoh:pfﬁﬂie@gasﬁnﬂte@%ek ﬂlt&ﬁkﬁes%ﬁe‘i@@%s therﬁaﬂes&@%mﬁcfs lard polyterpenes Asa
corre

L
result %Qabpeq;e lsZ})tgre?or?d S %lng W}é& ﬂs (i_a%ae 1&Ja(5e&&8{n§erpene oﬂgs' r?or use in ge present

lnventlon

Chemical Conversion

[00167) The fuel components of the fuel compositions disclosed herein may comprise,

)\/\)\/\)\/\Z ), or
)\/\)\/\j\/
(1

wherein Z is as previously defined. Formula (I) or (II) can be prepared by any method known in the art
including biological methods or chemical syntheses (without the use of biologically derived materials). In one
embodiment, the C,5 isoprenoid starting material is isolated from naturally occurring sources. For example,
farnesol can be isolated from cintronella, enroli, cyclamen, lemon grass, tuberose, and rose. In another
embodiment, the C,5 isoprenoid starting material is made by a host cell that has been modified either to

produce the compound or to increase the yields of the naturally occurring compound.

[00168] Irrespective of its source, each of the Cys isoprenoid starting materials can be chemically
converted into a fuel component or fuel additive disclosed herein by any known reduction reaction such as
hydrogenation or a combination of reduction reaction and esterification. In some embodiments, the C,s
isoprenoid starting material can be reduced by hydrogen with a catalyst such as Pd, Pd/C, Pt, PtO,,
Ru(PPh;),Cl,, Raney nickel, or combinations thereof. In one embodiment, the catalyst is a Pd catalyst. In
another embodiment, the catalyst is 5% Pd/C. In a further embodiment, the catalyst is 10% Pd/C in a high

pressure reaction vessel and the reaction is allowed to proceed until completion. Generally, after completion,
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1001801 I n yet another alternative nethod, the
hydr ogenation and the al kyl ation, esterification,
wa@oBatiser, sul fonation, phosphation, or phospiiDnsi00T621890
of the C15 ol efinic al cohol can occur simnmultaneously.
the repatieh mBowares be Waolitd, cidOLBEd afdvisied weicldcterprospondinghydrogenated product.
Alterﬁja't 5&@)1 A5eiudlfg £ th%% r@@rcpe{ @@lﬁ)ﬁﬁito alt- @b&@éatn 286 beAkdd ‘f@r example,

enVlronnEntal frien %¥ manner. Vantageous Y,
the Ct5 ngPrng’tﬁiﬁF‘gﬁé P‘a‘e%f?ﬁ BﬁW&g’gﬁ'? bydisefmens vish pydgazie ip he presence of a
catalypt; sucugsesebthlys- mEtEylkDmlfBﬁmem pmrwraw gl 0, Stiosphdrd @Sive the corresponding

hydrog?nggﬁ Erg&f:tg {;h%n;[%lgcl‘tl?)rg rseac on wr u§raP nre clrsgﬁseg nﬁ%@g";’?g[ ? Am. Chem. Soc.,

rese
127, b‘é‘r“tl“é‘tﬁ @40pY Whlﬁels fnesporatedriprois |b17 re&mscepr ovi ded her ei n.

Furt her, these |soFren0|d conmpounds can decrease
100163k e rfBrETRE SRS S et apsis dn thfure teRpeeneytl sprtig materiglse reduced to the

correip@rmi}(gm@@b(ﬁlds ligrrhddrﬁgemftlbherh trﬁ(ﬂdk&ldze\bﬁ?Scatab@t 2A€RyldRkgdh at room temperature.
Ina furmgr embgt?men‘? ‘the Czl;lq lS a%&’/ﬂ’d/g as s str{ 19 chergcpgegass es a fuel
ered farnesane.
1001821 As dennnstrated aggl enbodlnents of the
i nvention provide various f conpositions which are

partlcular!y us§ful as_diesel or jet,;fuels. As
co N 'y

vai l abl e die id
methyl ester derived

i odi esel fuels, the fue
oxi da - 08/ P45555 PCT/ U
degradation and thus h

veiarcipsieased shel f |ife.
Consgquent i sonme énbodi nents, the fudl

conpositron” has a SHe|f life of at S 0 €oH
year, at |east abqut t years, at |east about t
yearﬁ\vgtvLEQ§L\E?§£g our years, al_I|easi ahouj fjve
years, at | east "@bout _ten years, at” | €ast” about

fifteen years, at |east about twenty years, or at
(00170 as tThadyifaturaree il alchholsbipded wcording toSdhatie ledshe@dante mirger modified

to protd&% tH(e Q%es&gm%§$ﬁiegeis b@? b?f E)Q&I()\]:'rh%s{egﬁcaggn aggn E@é%:arquyhc acids,

about ears I ment
CarbOéﬂﬁﬁ%%ra!'?eéﬁr&é@oréeéh‘eﬂ'@ fronpide, gyyd lw&e)eaqdﬁerkpxr'iwrar»g anfydridgs. The
esteriflAfdnSattiotbitan Ge Iah&d blﬂVrﬁiﬂ;' fe%ﬁoh@ﬁdrﬁkﬁ?ﬁcdéﬁr%fby bieitkd WhitaAs. In some
embodr%%rese &e C.sfalca}oll startmg gfategaﬁse aree en%néﬂd% cqm @f tgé (H:%UI(%S Baéboxylic acid in
the Praqe'nqe ptmtaeél omacba@tcﬁérst enisivd plﬁerﬁlshemﬁr &tnechi epreréfivttiop pondidens. In other
embo@im&d, fhe @%Q%o%ng'ﬁtefrﬁ@ﬁ@é@ﬁﬁé’atbk Ve@ctrQ%wl@l the RSRE Gztrl%xﬂfc acid
the invention. In_sonme enbodj nen e conp ositions

ha"dea i RS OnRasy R AR hatpe Al Heb 2ien e'aﬁbwmnearm%or@pén st
embodimmrits, 0 €¢} aletfobdtdting Infatebiilhee eseritady reedibg with thedesired carboxylic acid
anhya‘rrg rpﬁé %rL‘sQ 2 of ¥ ba&%&tﬁ?s?' &gﬁg ah) Qmeé J&%h(%qg ?e gg (rreﬁglgmme), as depicted in

stan npoun
Sche'mﬂﬁ?@rVatT womn'étﬁfére?fﬂorvalrrmatcrw§onama% tYPSIh?dc%ﬂdldmiiéO Prodyeg the
corredpbiRiind@&&r | bed enbodi ments exist. For exanple, the
di esel fuel need not be a m xture of normal paraffins
and branched paraffins. It can conprise any type of
hydr ocarbons, so long as the aromatic content in the
di esel fuel is less than 10% by wei ght and the sul fur
content is less than 100 ppm Wile it is preferred
that the diesel fuel have an aromatic content of |ess
than 10% by weight and a sulfur content of |ess than
100 ppm a diesel fuel with an aromatic content
greater than 10% by wei ght and/or a sulfur content
hi gher than 100 ppmis al so acceptable for sone
purposes. It should be noted that the application of
the diesel fuel is not Iimted to diesel engines; it
can be used in any equi pment which requires a diese
fuel, such as an energency generator. Although it is a
regulatory requi renent that all diesel fuels have a
cetane nunber of at |east %0, not all diesel fuels in
accordance wi th enbodi nents of the invention need to
neet thls regulatory requrrenent I n ot her words,
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apparent to those of ordinary skill in the art in
light of the teachings of this invention that certain
webangesssand nodi fications nmay be nade ther et BCTMIB100U021890
departing fromthe spirit or scope of the appended
claims. EXAMPLES 1001851SdHeeepractice of the present
i nvention can enpl oy, unless otherw se indicated,
conventional technigues of the biosynthetic |ndustry
o e Ao Tt e argvbrtosir o5l
To ThE ext ent™~suthoH echnlques are wot™~d ﬁ$
herein, one can find| anpleegreference to themin the
scientific literatur ’f@o&861 In the follow n
exanpl es, effortsnha ebbeanaﬁﬁﬁe to ensure acc
mﬁtBE(esgeiL/LQ/;ugb rs wused (fo
tenperature, and’ so pn), but variation and devi ati on
can be acconmodated, [and in the event a clerica
error in the nunbersg reported herein exists, one of
inary skill in the arts to which this invention
l°°'7|bbr t ditR@atively, theseftraed ¢ esteessat Recobtaigetfinm thg s3tuipred s gicoholsand a

desired @41 ivia ia ians @kteriTlcihl FeletiBe s s€hdwn 1rL$Uhé?ﬁeS3 Uefddl ll:la:ttﬁﬂls est3dfic¥an reaction
can be2 (91101'%{1 QAEISSa%greE $Q§§£tgog§{eoz%2e%3§ skil E ams segg sormé nplg rdgéelﬁlt&%he trans-
esterlfffemﬂ rewmsq@heweé bm basswabstatch geakali Ke&v éli, NaAf, Rbrapdh§© 1ot atkaline
(e.g., N@l &S Sr, %@@fﬁ%rﬁﬁdé thioﬁzﬁ’é (ﬁ'qgeta\@e&g c%rﬂh&qgereof
conmercial Iy, The fol | owing exanples are intended for
illustrative purposes onl gchamgls do not limt in any way
the scope of the present invention. Exanple 1 1001871
Thi s exanpl e descri bes net hods for maki ng expression

pl agm ds|that |encode enzyne |nclud|ng enz of the
dHjom Sacchar o mnlzed in

operons. 1001881 Exprlessi on plasnld prvT was
generat ed by igsertPng®the MevT operon |2¥p t he pBAD33

vect Thet MelvT operon encodes the set RMEV pat hway
/J\guugﬁégvijgz/iogether tran;IQpnlpie/uQL;QLtous
precursor ‘acetlyl -CoA to (R)-neval onate,’/ nanely

acet oacetyl - CoA t hi ol ase, HMG CoA synt hase, and HMG
CDA reduct ase” The MevT operon Mﬁsmgenerated by PCR
from Escheri chi a, col enom ¢

0017300 1o G el SR iR B R ea e appoduce h
corresponding eth&iBGy HYRBdWh aRfyllifggenPsdidvlal RIX wR3AHR kaky! ag®X GAGe& leaving

group@@ch%gﬁaﬁ 91%1%}/ lsulgfa?r %ﬁ Itlﬁ%ﬁ aJng ] 1§1§t‘r‘hg h,?}! 8'%’ cﬁ}fé alkylating agent

cerevi sl ae sequence
includepiisyidaliflen, alkyl s feBiasianddod sdfpten Imfnﬁa.ifth@@s@@vols m@emvened to Cys

alkoxde&Uirst 3@9@6 Jn@ fh@l@lﬂ@@.s Akdidez s@&@quelﬁwrﬂ{ap BSBacted MR WHe X is CI, Br,
orl to%a Ee copeés ?n Hg ste % Iélﬁ)l\li\iﬁ/% S%ﬁegrgg]éel()ggﬁg%{ﬁ%n%g%@%r %ﬁbase can be an
actlvenmﬂbeuch MRROOR sodRE(ar ONetallgGie 3ULE bs)sodiemnalddss lithiut alumdan dykdride,
md“ﬁM&g}Mﬂéﬁguctase (tHMCR)). The upstream PCR pri ner
used for the anplification of the HMAd gene fragnent
included an artificial start codon. The anplified
fragnments were spliced together using overlap
extensions (SCEing), during which process ribosone
bi nding sites were introduced after the atoB and the
ERG13 codi ng sequences. After the addition of 3' A
over hangs, the MevT operon was |igated into the TA
cloning vector pCR4 (lnvitrogen, Carlsbad, CA). The
MevT operon was subsequently ligated into the Xmal
Pstl restriction site of vector pBAD33 (CGuzman et al.
(1995) J. Bacteriol. 177(14): 4121-4130). To pl ace the
operon under the <control of the PLac pronoter, the
araC PBA!') Nsil-Xmal fragnent of pBAD33 was repl aced
with the Nsil-Xma/ fragnent of pBBR I MCS, vyielding
expression plasmd pMevT (see U S. Patent Nunber
7,192, 751). 1001891 Expres¥i-on plasmi d pAVB6- MevT66
was generated by inserting the MevT66 operon into the
pANBG vector The pANBG vector was generated by
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version of the HM3d gene from Saccharomyces cerevisi ae
(GenBank accessi on nunber M22002, REG ON:
wa2003/043285), all three sequences bei ng codon-PEI/UAAB021890

for expression in Escherichia coli. The synthetically
generated MevT66 operon washem¢ anked by a 5 EcoRl
restriction site and a 3 Hnd Ill restriction site,

and could thu§ be cloned into conpatible restriction
f g1 PHject or. The VTBb~0pero S “BICR
anplified with|flanking Sfil and Asi SI restriction

sites, the anplifi®&# DNA fragnent was digested to
SLtlgand AsiiSI restrictign enzynes,

conpletlon Si I
/l\/he/de/gpv§gv/ xture was regsol ved loy _gel

el ectrophoresi g, the approxinmately 4.2 f ragnment

mas gel extractled using a gel purification kit

(Q agen, Valenecia, CA), and the isolated DNA fragnent

was |ligated into the Sfil AsiSI restriction site of
100178 he mgivvle,(ﬁ onlefinigialophd|s map be Kiyst dleyinted ar goterifieragidescribed above and
then sﬂhﬁMi@mlMﬁ)/dT@@nated 39 déﬁ@tea QORI 3 DaswW Bheld ISR Qr%(gggl‘(eh%@R is H or alkyl.

1001901 Expression plasm d pAM5 was generate

inserting the MevT66 oper ethemé)d 0 t he pAMR9 vector.
The pAMR9 vector was created by assenbling the p 15A

origin off repljcatipn and kananycin resi gtance OH
conferﬂa%$4ﬁué§t*9£%52§24-NCSl (Lﬂkz/auikBaﬁaﬂd¢7
(1997) Nucl Acids Res. 25:1203-1210) with an

ol i gonucl eoti de-generated | agiMp pronoter. The DNA
synthesis construct conprising the MevT66 operon (see

description for pANB6-MevT66 above) was |gesteg to
conpl et j@n. usihg EgQRL _and Hind Il restuictio
enzynes, SThe r&acti on MRt ure was 8o by

el ectrophoresis, the approxifately 4.2 kb DNA fragnent

was gel extracted, and the isol ated DNA fragnent was

ligated into the EcoRl Hindll?“W@?WPPctlon site of

pAMR9, vyi el di ng expressi on pasm d pAM5. 1001%%1

Expr ess|i on plasnid prvB Cm was geperated by inserting

t he oper t ' pBBRI - ctor . MevB

operon encodes the set of enzynmes that together

convert (R)-neval onate to |PP, nanely neval onate

ki nase, phosphoneval onate ki nase, and neval onate
(00178l r o Re 5 ph Bt Sehevwdhory. Uesaerifithion caviby Bried entdmthev@me manner as

descrﬂ&ﬂi@&v@t ﬁQ: spaéed:) mﬁ%ﬂi&hkggm cArfILh 0§ﬁ9 Fh'@ QJanéﬁrﬁﬁas described above.
cerevisi ae genom C t he

t he codi E}%ﬁ g@gnc es of
A'te”etweththaalﬁ%’-ql(e@éweawa"a%fé@sdp%bﬁ ybe setest'vehe@um any
hydrogdtion t8dlyls) thﬁt@\nlcmﬂ &ffectahe -0 (ED)ARBLE | sorasayboditnbves, HER3Drogenation

catal)%gpled/é %@5@” 1 %ﬂ cqalyﬂﬁgpo%rwh%ﬁge t?vdg%g)deﬁn nctlonal C}les

nco es a Ehomva I hase
withoptrgdraagmylysigeh @@T@&mumewe bedrin Merhts ek, Oxp Las B, 3279- 3281 (2006),

whlc}REﬁ:cgUrateﬁﬂlértem by l%f@)ence( mgﬁ%o@mgﬁs\/ Edlﬂaﬁyle%e glycol) and Adams’ catalyst,
al e car S
e, PRULCRBEE S bLEar et A Meiparr e e blenet iehdSemany)

atmosByenc brevwe.rthe appf hp Ailatseaplyit ivalisclsedndhadmsekhdner as tlo@rg. Chem., 71,
2196- §®§@ﬂ)§6)%hmﬁﬂ@l&r¢%ﬁ@d R efenceChanged from TAA to TAG
during ‘anplification to i'ntroduce ri bosone bi nding
sites. After the additionsgtmes A overhangs, the MevB

operon was ligated into the TA cloning vector pCR4
(I'nvitrogen, Carlsbad, CA). The MevB operon was

exci sed by digesting the cloning construct to

conpl etion using Pstl restriction enzyne, resolving
the reaction m xture by gel electrophoresis, gel
extracting the approximately 4.2 kb DNA fragnent, and
ligating the isolated DNA fragnent into the Pstl
restriction site of vector pBBRI MCS-1 (Kovach et al.
Gene 166(1): 175-176 (19953Y-, vyiel ding expression

pl asm d pMevB-Cm 1001921 Expression plasmd pMBl was
generated by |nsert|ng the VBl oper on |nto the pBBR

o 1t T o a1



end of the MevB operon. The MBI operon was subcl oned

into the Sall Sac] restriction site of vector
WQBBRIMSS 3 (Kovach et al., Gene 166(1): 175- 1F6GI/US2007/021890

(1995)), yielding expression plasmd pMBlI (see U S.

Pat ent Nunber 7, 192,751). 1001931 Expregsion fHasn d
pMBI S wa omserting | it o
pMBI . The i spA gene encodes|a farnesyl pyrophosphate

synthase, which catalyzes the_condensation of tywo

mol ecul es of IPP with one mpfecii’e of DMAPP td| nake
FPP. The|codi ng sequence®of the igpA gene (CGefiBaRk
accessi GMWQ%W gJ,LRREGI O\lj%Bfk\/TﬁSéﬂ\/}ve? PCR
anplified fromEscherichia cpli genom c DNA using a

forward prinmer wwth a Sac//|restriction site and a
reverse primer with a Sacl redtrsemtanon site. The
anplified PCR product -36 2008/ 045555

N

PCT/ US20p7/ 021890 was df gested t¢ conplleti onfusfng

Sacl | ™~e ¥ Cta"OR enzynes, a

m xture was resghved by gel electrophopgsis, the

approximately 0.9 kb DNA fragnent was gel extracted,
[00173nd tiR@hydfoRénadiAGf Y fsﬁ;ﬂ&aﬁ@tﬁning’\ﬁﬁerlals gt tR darfidatott it m_@presence of

Sacl|  Sacl | .rest[| ction sjte of pMBI,. thereb% | aci ng .
an aswréetr'cglﬁ ogégfwgn cgia yatfsuciha? rh% Lan-flwél o‘ﬁyg%ﬁmeocﬁgplg fi m atereosgemﬁc
hydrogenetediprodycie upstasalydre pflodsrstecbojpdviBsS A(rmedmingexaipit efithe asymmetric
hydro\%%gip)g rcatﬁysl%&udl?tm rhoéimb%lvl lfelégfyﬁs %quod%%mxﬁp Qﬁg@éand other

5 generated by inserting t NBISﬁﬁperon I nto

asymmolNBE dI9Rspats catalists 2 dirleRgd Yo ¢4 rlo Aot (Cherp- $og: f Yt 991 8), 5946;
RyojitNa@oriVBlsanadnek Aanyt6 6 @p@iiSparhesit,nEhVRIIE £1361s Oie., Wens YEHGR hapter 2,
o GBI LER L0 AVELS, U519 1L L IR PR Sgcs s
Solutiphsg WitepyIGHf WeidhdGRp (28 34 (PO04) et of Whigheaeetincdrpprated kanginl etréference in
their é@ifeRd Xhol and Pacl restriction enzymes, the reaction

m xture was resol ved by gel electrophoresis, the
[00178PPT QX o e@bidinfentd, okibrndsbWA ahd REAEEAe cHvbls: hg@bgemXddlimGé ®ebence of an

and , the isol ate fr nt ligated into the
asym 15 b R PRl R ! BB el BENER S BBl g
compeyogy (&8 @irbp(THS g (BIANKS shon BNY.f r agment conpri sing a

nucl eoti de sequence encoding the |acUV5 pronoter was

synt hesi zed fronfttigaquel et des, and sy cl oned into
the Ascl Sfil H@M‘i\%&\)&hm\}‘e&ﬁ"lsqti on sites of
pAMA3, vyielding expression plasm d pAWS5. Exanple 2
1001951 This exanple dces?_lri bzls t hods for making

T n

expressi on vect OWB i ncllid ng enzynes
of the MEV path¥iay™Trom StapHyl oCoccus aur eus

organi zed in operons. 1001961 Expression plasm d pAwv1l

was derived fromegxpressign plasnid pAVEB-chy repl aci ng
the coding sequ/%wéjg%ne, Wi ch encodes a
truncat ed Sacc¢b@r oifyc@S Cérevi sirae HM5 CoA reduct ase,

with the codi ng sequence of the nvaA gg@ﬁ‘,d whi ch
encodes the Stapitykocqagcis,@aer eys HMG 9 reduct ase
( GenBank accezisé5 Y 000013H, REA ON:

2688925. . 2687648). The codi ng sequence of the nvaA

|00]7§EB§ &%EU; %a?@ﬁ#&h%%%ﬁn E.%m%@é/ Ic: o CnO g%ﬁ%ﬁrgc%{x?r:g?%?ﬁgn catalyst

to forh-ofofithe oir Bpable {tSERoEds MG, 7,113 methylllodbcahd -ghoshdvnisaiv.
(SEQ ID NO 14), the anplified DNA fragnent was
di gested to conpletion using Spel restriction enzyne,
the reaction m xture was resolved by gel
el ectrophoresis, and the approximately 1.3 kb DNA
fragnent was gel extracted. The HMEL coding sequence
was renoved from pAMR5 by digesting the plasmd to
conpletion using Hind]]] restriction enzyne. The
term nal overhangs of the resulting |inear DNA
fragnent were bl unted usi htf T4 DNA pol ynerase. The
DNA fragment was then partially digested using Spel
restriction enzyne, the reaction m xture was resol ved

' T I I I T o I A ~ 1 1



(GenBank accessi on nunmber BA000017, REG ON:

2689180. . 2690346). The codi ng sequence of the nvaS
w@enws/owsss PCR anplified from Staphyl occoccus aPeBUS2007/021890

subsp. aureus (ATCC 70069) genom c DNA using primners

HMSS 5 Sa mvaS-S (BEQHE MOw,d Sk and HMES 3' Sa
mvaS-AS (SEQ I D K [ified DNA
fragnent was used as a PCR priner to replace the

codi ng sequence of the ,H;/GJﬂ ge@echn pAMA1 accordi ng
to the nmethod of Jechni ques 31:88-92
(2001)), yieldi n§'3expr ession pl asm g pAMb2. The

nucl eoti de sequence of the atoB(opt): nmvaS: nvaA operon

contained in pAVB2 {8 SBRQ CHD WQeH2. -37 WD
2008/ 045555 PCT/ W&Q&@T&ﬁ@anﬂpr essi on
pl asm d pAMB7 was derived from expression plasmd
PpAMAS by repl aci ng the ,ler:TGrﬁCo eron with the
(atoB(opt): mnvas: pr ession plasmd
pAI\/52 Expr essi ot*pl asmi d pAM45 wasdi gested to
onpl etion using Asi Sl and Sfil restriction enzynes,
[0017§h e rséfﬂ@f]}’ 6Ffolllﬂo%ampeehy%g§enat?dég the Véﬁnoﬁ)?f @épymmemc hydrogenation
catalyetl t@ ot oeloOthe RinspossivieGitetehidongpif B X il Maireihyld&lecn-Bla1 dORidwn below.
fragnment |acking the MevT66 operon was gel extracted.
The (atoB(opt): mvaSCHvafy gpen.on o pAMG2 was PCR
anplified using wé/A‘Er/S\]k\Z»E\aKLBCHSfl |-S (SEQ I D NG
17) and 19-25 nmvaA’ Asi SI-AS (SEQ ID NO 18), the PCR
product was di gest ectHt Oy, CcoHn'pI gbign using Sfil and
Asi SI restriction, e a on mxture was
resol ved by gel e*l'agctrophorem S, the approxinmately
3.8 kb DNA fragnment was gel extracted, and the
i sol ated DNA fragmerdts wasi figat’ dcnanto the Asi Sl Sfil
restriction site ¢ AnpAMAS, i el di ng
expression plasmd pAMB7 (see Figure 3 for a plasmd

map) . Exanple 3 100k%91 Inh'éh exa e descri bes nethods
for maki ng expressi lalckgncode enzymnes
i ncl udi ng enzyrré%?cof the DXP pat hway from Escheri chi a

coli organi zed in operons. 1002001 Expression plasmd
pAMA08 was generated by inserting genes encodi ng

|0017\9/|2§%’§?n%la&{51 Z(’Iyqu?gegn%g'@‘{hﬁ'é (E)%F:(i)r%ﬂ( %)éster? ﬁé) Sl}lfh tech @F\Né'-ated sulfonated, or
phosphorgied Rrgdupss gap|alsp bﬁsla/drsgenmﬂds ol alteseneyﬁatnhme(re hidyeberhtioncatalyst to

* form thDEbrEpSndEHE RRre & ecﬁ@%ﬁ&% ro@&tsi ) _

1- deoxy- D-xyl ul ose- 5- phosp ate reduct oi soner ase

10018012 N C Ol @etlandhertah@ndtivg m@ieid aheHydrbgeadiin ﬁrﬂhﬂealkﬂ@ﬂldn) esterification, sulfation,
su]fon%fei%;:;%tgsgagﬁlgr? %Y?'I ogpxona%)(r% ogﬁé% Pfe@f c\é}lgc!? (r: n ogcu{: sdrrmyl;gmeous??'d

Fuel onfdbdaR@sphocyti dyl - 2C— met hyl -D-erythritol synthase

(encoded by the ispE gene of Escherichia coli), which
(00181 pgetﬂﬂgfueltcfnﬂ;[b?lfl&f dicioyed Hirath Ean @E‘Q’O(ﬁted in a cost-effective and environmentally

ceral
e B Oy SEAGH FYPOUSIP it 1o b e ormor
microDisiyisins afireenisogrenadeppewwisrgn thuer@at b cheevablg sr@rre efenérinafor diesel or jet
fuels, WQQ@ar@Q@’fF@@onﬁ&nﬁoﬂ?pro%&@ her@(%unﬁetr rt‘%@e%so%ﬁcﬁd &%B@Jn@stcgrddecrease

npl i codi ng sequences
depe"(’éé‘h@é‘ﬁ?( reﬁ?ﬂ?@@é “E?ﬁs % Hb B! CBJGEYC)% e @taddmves '“ Ce”a'"
embodi B3 e pBADEYtion erd¥ihipagsed TBA BdmpaERIEIB@ BRI MBib@Eindd2d @B Hesane.
REG ON: 193521..194717), ispD (GenBank accessi on
1001831 b éys denyDORGE atRFGEANdinRB6 ORIGEInveRBYE P iR varicus fhel oppositions which

are a(t@@l &ul%?@n@s%ﬁir pfuay mQBmmgmnRﬁﬁmble diesel and fatty acid methyl
ester%m 62100 nes rom Escherichia coli strain

%‘% 8¥! P%ma'afd*e&tossﬁtﬁrwan QTR resiptant Yoxidive
sequences and 5 and 3' restriction sites using the
PCR prinmers shown in SEQ I D NOS: 19-26. The PCR
products were resolved by gel electrophoresis, ge
extracted, digested to conyl-etion using appropriate
restriction enzynes (Xhol and Kpnl for the PCR product
conpr|3|ng the dxs gene; Kpnl and Apal for the PCR




gene cassette was PCR anplified using priners 67-1A-C
(SEQ ID NGO 19) and 67-1D-C (SEQ I D NO 22), and the
WO sPBRISEE gene cassette was PCR anplified usiPgr/us2007/021890
primers 67-1 E-C (SEQ ID NO 23) and 67-1 HC (SEQ ID
degraf@pn 406 yhus RaleantivvpeaieChhelifild (ats@uamdy,én soeg ehhodishelnty, tigdilel composition

hasaeleﬁﬁﬁe PR A% eﬁh&axge_@rdatge ta&?ﬁm@ Laf neﬂaeoﬁ’gﬁe 8@&9341&& about four

r| S ng axr gene cCa Set
yearsebhﬁ} aéetrtéﬁe YF&P-RbleagtASput iR deapsprh feast é@vtrﬁﬂeetnuyeqﬁs atémm@stwenw years,
or at l8d3chbbud &eﬁi@lﬁv@feﬁlﬁuﬁbm%mﬁédnﬁdnﬁghé fhﬁ célﬁaﬂldnﬁlﬂﬁ s8N e of at least about

d.t t
o G P RS B S SR R P B B0

rif
ol S TS M P SBT3 .
speciffg) feprurgs @5 qne prbadimentshquid ngt berafiibuigajgpthercabpdimentspf BE divepgon. No
smgle@hﬁﬁcﬁtﬁ@lt 6} Fbp@keﬂﬁme@f Qﬂmggoﬁtl&eﬁ/entﬁh gIH rs&nedemfbwiméitsﬂh@c%ﬂib&iltlons

gaé) t) 011 Expressi asm d n

orme R mag nciu | nélmérghs Cgm%OH& 88{ %e S léort] I%C 8?!‘61{) hé Oth 681?? 6(Pﬁnts the
Compﬁs)(i@nmtrh\hay dp mit cludeeorprivBB@ntiabyc fresof, afyrreypawsds of stdpheot enumerated
herem b»QFuItQm anmnﬁ@ﬁ(ﬂy\@ym {hQGJSngj %@omsrﬁ%%st Pér%&éﬂplﬂar {hg 8Lsel fuel need

cycl odi pho hate synt h ase (encoded by the | spF
not begaéwétu ]of r’:egead gqr? rﬁla& ltrmcline)j pari ‘?fy &rcwmgnse any type of hydrocarbons, so
long ayEhe hly)lnatﬂ:-c()ﬁém iutieeifeydl fudt-icliess has plyabyevesindnb & sulfuedosed @dess than
| o,
100 p rﬁ o\;\lﬂﬁ tnt é rﬁ?&%r%ﬁ tht tﬁ qlel??ﬁ ?Jgﬁ{a{ap alg ﬁ%g\gtﬁ C{)Atent gfrfeg%than 10% by weight and a
Sulfo(Ce'n%@fé@S 1|b§n 0P pprp, g 91@56@@?1 avithpn @g@qﬁemn@mg&ate@hqn)l()%\hh pveight and/or a

sulfurtc@ﬂ&t iﬂ@{fcr M@m@ ;91{ Hhiso acceptable for some purposes., It should be noted that the

applulatbonlo&l_:;o% hOC Ilgd 1!;11.%;,%6' gseg%glée[s} 1% enga aaw&q%m%sg thh requires a

dieseltfirml, ourty s etnheexacnty gendratoroA Ithogghasd rggulathirpla@srhant at all diesel fuels have a

cetané 1§191 ofia (l?ea;t @6] GQQRgleQVfuéln aécg’r'dangee\pﬁ %odnﬁeﬁ\%g?{hk ﬁnbénﬁonhneed to
col i DMVAPP "can er converte rou

meet {hi§ EeeaPRILYETSHL. 1y °F‘&“r"\‘?é‘§3ﬂ'es?i fusls yéh meptage nugpefiof lggsahap 8@1%3'50

accep@ble. @€ AERAGhabe hétRodb ﬁp.ﬁa@@mm Rhng B aia@niua e AesciWell )mh #¥arence to a
number%?%téo? | Ir?%)in% grrr]lp(?hsngntér% e)Sﬁ stegs C&P]DSppﬁ:tl(t‘eg mn an rﬂS L}ea(g‘,elg éomcf em¥odlments
one of mareigsepy mayfhepimistop h@peblssdrbvha% echlemsbsgetraéy tht eaghe pppul®Re appended
clalms?‘lmahd th YdvBhi R virRidns bfeaBRBKoRGERRIR Géewiﬂmnt”m%e oEORAtion.

G ON:  2869323..2869802), ispG (CGenBank accession

[001 8WM I'Tb el publ26tRAs a?EﬁtMppl?c@tﬁﬁ; Méhtion2® &gﬁgﬁkolﬁcbt&ﬂ lake herein incorporated

by rel%glff} E}qp ;ﬁgﬂ% entS as 3eacg @elvaua] gcc::a?:lcénS cg p%}n ;ﬁnp rr%mon vy&ﬁspemﬁcally and
individupll7 ingjyated ttalwdnqospprﬁte‘( GaefBark. AldoeshdhiederegoingivwentiDOIe Begn described
in sonfsagam @%4“.“1,3&3)&[1@&5}#@@: tﬁngﬁmofé shemyfaha.raergmdlng sttwlﬁtbheadny

&F |?lf opti nal. Shine Dal garno
appaf@éw@ﬁ%@grdm S in g Iep G e fea st D11y BE S LR and
modiffé@iens pay baeiade thdnawwmithiont dGRQnE BorMNBSspird 6r 3bpe oﬂhéapﬁéﬁﬂhd claims.
products were resol ved by geI el ectrophoresis, gel
extracted, digested wt gppropriate restriction
enZyrres (BanmH1 and Apal tor th“e PCR product conpri sing
pF gene; Kpnl and Apal for the PCR product
lomsébrrprTlh%PrPFg‘“t ¢ e prepsty ippspiion caggmploy, yplesk BT wispIdieded, qoRntional
techniﬁﬁe@ duaet biosGIRINERE in&lslﬁ)ganti e likes PhictgRneithinSRd skilldntie dit. Melth bxtent such

techmal? aar ng des?r%eg) Fu? eﬁb&'loenpnr d%la{ngle re e?enlceqo thgnem ethe smerﬂi |llterature
mms@pne)m tharaqomgexzmg ff%matu aéenermau& mksfare a@cmwu # r&[)eceeﬁhnbers

product were then ad ation ‘reaction to
used (&géefm!eea"towés }eﬁ'afffwfaaaq Sog@n'é% V%"ﬁttoa a CYRIOP 621 be pegypnodated, and in
the evenia Sledidap@bi i0 the nirdRGtrdpoited héreitl bxidd, ofe@a@tin@nskim iX the &l tsV@kKich this
&
mvenﬁjtﬁﬁagnaﬁng fe I'$H &!:‘:;ogrgc nﬁ'%) %‘égiiltﬁe pr%_ﬁepngl _d?sglg%‘e h%r%in Unless indicated
cassettes. The i SpF-i spG gene cassette was PCR
anplified using priners 67-2A-C (SEQ ID NO 27) and
67-2D-C (SEQ ID NO 30), aifd the ispHidi-ispA gene
cassette was PCR anplified wusing priners 67-2E-C (SEQ
ID NO 31) and 67 ZJ C(SEQID NO 36) The two PCR

o, o o g, o o s



pAMB69 vector, yielding expression plasm d pAMA09.
1002021 Expression plasm d pAWA24, a derivative of
wez@sasssdn pl asm d pAMA09 cont ai ni ng t he br oaPET/HBEN7/021890
range RK2 origin of replication, was generated by
otherwise fregperature frgepoite in deglehsZesiug At prassugerisiat bh@ari agywbiBetid pakissure at sea

level. 'A?Hné Qﬁ)seﬁn@égs &ﬁenﬂé%%te& @ek%@ta@é%%x%er& B't ’Pr{e foll\{@ﬁg g[amples are
gener at ed as | oCus
'"te"%a&’f #ﬂewaawﬁmfﬁew‘m%?ﬂ 'RFdzmb'P . ﬂm&pf( q&@vereseét inygtion.

E 75) Sci ence 190: 1226- 1228) using pri rrers 9 156A
ver 7 GB
001 Q'llhl:géxan}ple% s)crlli:?s metg ?r %fsm{m asm1 oge enzymes mcludmg

enzym@@h@MEBBshWPU&@@W@Q@S@@W@@@@RA&qptrorand Xhol
restriction enz and the DNA fragnment was |igated

00188} o Eapr,sﬁsag iR LYt SFETHHEDY insertinedhe MgV opgron into the pBAD33

vectof. e’pd Medtop@oh @Medtﬁb&et&hMﬁV@W\b@ﬁh@ﬁhEs tﬁzﬁ&)géilﬁeafﬂz(hefonn the ubiquitous

[ Qm veet or A
peco UL R BT AR A ) Rl S B e gy i
CoA ﬁﬁt&@m ahem qugarwas gANBI iy XCRwaslifpingyean Bdheriohia coli genomic DNA the

codmg %@n@etdfﬂn@ aldB e (Geﬁﬁénl’( h&tsklemnuﬁmamteéoo&@%oa@ﬁ B4 bis3is)
was resolved by

(encoff GG 5o GO TS A S B fesofiRgseauenceof
the ERGI3 gei@CQenBankdhcdelson airhter 2960 72 REGIOIN: 22051693 )ddhCale EHNG-C0A'S

] 35 B LS 1 PR A g1 v
gene qq_gblpqnb egqes&,mum@er@ﬁé%r }EJIBGI@N k9p0..3 tﬁfg@@})deg a mensatesi HNG-CoA reductase
(tHMQ‘wKﬁ meﬁn@m pn)h'eﬁjsai' forGhe\atip fifbtion OMhel BHG 1 @eﬁ%gg%%nt\i\lﬁﬁlded an

t
i S R oEROPH G 857 Bec o EStes by e
dunnbyhng‘ajrocesg klb@bmﬂplmmgems were intreduagipteervaiBahd/th6ERG 18 loodiigAequences.
After fthre a&fﬂ%ﬂ bt I aGbRBed e MRIPLEloh Lvﬁsnlggt&ﬁhtﬁ e H‘ﬁgm&ﬁ@%m@ﬂ&m

conj ati ve origrn was extracte

('"V'tr°§%9|> Gy r5r<ﬁ e YGeererone e SP'i’Sg‘ﬁ‘F'é‘é! 'l%t@wt%thgwl he regrqtipysite of
vectogmmatcadmamazf neagNEe mcmmmm( 19): A2 1341 30 To ipfateRhedpertit uhger the
contrcﬁ Ftﬁ dlI omgtgp&garag%ﬂ,g i /gzclz’}(fira >§1|11e9 of p§.§15{3l V\(':ats Ireo n‘i\/a altgheaé Nsil-Xmal

vect ston'plasmd

ﬁagmdmtgé@ﬁBé?thCé mqbdml cERrEsHiAN ml@mrﬂgJNxMB [seqama P%mtmumber 7,192,751).

restriction enzynes, the reaction m xture was resol ved
001881, geEIxPré%S'@EP'PSSM NevTeGens ggpe% Priasering tha MavTiéh opgien into the
pAMI6rvagoreTte pABIS6 gelor eastgtnted By in@Ailg ﬁﬁtﬁlgdrﬁﬂéoﬁﬂﬁﬂss%ntammg
Ascl- .g/rl 9:9,5‘1"3#%1-)4"%? FS[%%% V(!élgt %test lgt% th)éhngg é )z%c}or géenhank accessnon number
X0648p)azp by repravitie ttempcifiegjsianse @nﬁe@mg apnpinaéﬁ]Yal 8§46} MevT66 operon
was sﬁ%ﬂmhﬁgeﬁergtgﬂgg QrEd_ D 8o &6 AR mB1ald SHich cBifissisdi®e I?:Fbg%erfe %m

rs t nt eqr ati on_ of
Esehefg e (e aﬁ°§55é’ﬁ Loy REBY B LA 3 Sl hagh e
from PratHangeryces mr@zsgp@bnﬂiank accésionmugbeTe964 16, REGIONL2®f1 695), and a truncated
ver510§%§tﬁpﬂﬁ4@'ﬁ¥&1@ Forh @z;aswré»y@e@ cerdA02 AR SR DQD%iGn FNBer "i@%gozz REGION:

rom Sacchar omyces cerevisiae stralns
1777. (3&N aﬂ,@e seﬁaeekeg Pﬁmdonmmzeddqrﬁg)rggon ip fifj:{[erggg coli. The synthetically
generht@lMev3 66l dp2ron WhsFRiMed b)Med_ Z‘C(ﬁ@restﬁ&.DGRBIte and {037 H(B 2B &triction site, and

S288C bac T
L I e R L g S B e
originpykatpr. PigAylevT @q)@zma westPE8ampiifieT YitiEfRk@Ring S/ 881 ASSNestriERGHEs, the
amphﬁ’m ﬁ’ﬁ!@nt)wamgsstgeﬁo @&ﬁ?pletl()M%Sﬁlr aﬁ@As:SF[ Fe@t;llctloh @rﬁ?mes NheSaction
; [f)f‘ﬁ' gg ? ns vvereq% F l(bllg\{ﬁt liquid d
mix “FFe“&“F CORY & HfCH&P P55y (08 ARProX Rt c fBﬁ?}f%Wﬁe‘%ﬁ'teéﬁﬁ"é‘e using
a gel punificallgo Kde(RiapansealnYBO Aymod theripolat€daIN S frapeee wiasigaad @@ therSpMsiS/
3,100 rpm
R o P e RGP P IPRLE e Cater ane
re-centrifugati on. Genom c DNA was extracted using the
Y- DER yeast DNA extraction kit (Pierce
Bi ot echnol ogi es, Rockford, IL) as per manufacturer's
suggest ed protocol . Ext r act’ed genom ¢ DNA was
re-suspended in 100 uL 10 M Tris-d, pH 8.5, and
03260/ 280 readl ngs were taken on a ND 1000

s g, .. o e — A F 5" .



conpletion of a PCR anplification of a DNA fragnent
that was to be inserted into the TOPO TA pCR2.1
w@b@siosggsvect or (I nvitrogen, Carlsbad, CA), A PCT/US2007/021890
nucl eoti de overhangs were created by adding 1 uL of
100130 agefixpressing PRl iq prdiZisiens (@rralgdby, insektihgthe Mey T6CAeroh intd thepAM29

vectof. TRCEANDSD v@@td?t\&ldg Geaftl By REMHAY, grﬂnerbg&@?}o 'retphcq landl'lgpamr?'cm resistance

m nute, 72 PCR extensi on ste
confe g v e F S0 ka1 ST B (SGRNAFIF s Ho6 267 ORI 1) bt

oligoguchbbiie-gepe e e rael/V 53pdnbter. MR DEA syhtidekohstrudt Ekﬁnphﬁﬁg':thd MEVT66 operon

(see dg%ﬁ%tg)ﬂﬁﬂq p%lp?%—%%’l%é gboﬁ)é’t UJI%?StaCI aompgqurgusi%g Léfﬁ{z\an% Hi ﬁh:' restriction
enzymgs the) reaghefrestare yeq reselyprt byi el ehrgr@hSesisgharippretimately ¢ ankb DNA fragment
was gor eQitdcR€ -and tﬂ@lSd‘@dﬂﬁ@’Bf‘r%ﬁ 5«55 l%gé ke ARQ:AL A Mﬂes&c@&?&lﬁk

S ro resis was perforned at
pAM% 'ﬁ’)&g?’%f'es%pﬁf ap@g? and DNA bands were vi sual i zed

|0019l1|ﬁI nq:,xFre}sw?Hllas%ln? ]\éelrvlhlg'gm vrvg 8nreraE?Q)amsemnﬁ§| ﬁrheop&?& mgo t@
pBB*DM&Sm!a\@ctgreTheMﬂvB Pheca epoiley ghe sth of Agmmoetha saet®e conDMAR)-mevalonate to
IPP, (RR610 WRVa¥onkié f(lnz{sZ)SﬁUQphBﬁ@«ﬁ@ﬁe@Jklnag ﬁﬁ%valon%yr@}ﬁ%ﬁa@g cgrgmzyfase The

nuf act ur er ested proto . The purif
MevE gherop Wﬁﬁgé&efﬁ‘eﬂ?&f“gfggﬁ'fymgtf\ga' SBth ‘é"”")(ﬁé‘tcé’r”’s’%fﬁa“"@ﬁz‘%’ﬁ)’? Bgepding
sequen@aiofi tiegBRGAR gape (GkBank Mesaod\immmoeszyp REGIONI580. 098} @ificoled a

mevag%ﬂlmse@ Qhe%8%9ng Jﬂbgnﬂ !:cggsllon Mﬁiargyl%%gy 8& 239331 4718) (ancodes a

gat i ons vvere@p orms usi n purifi
phosHBorRe P GHECKiseh s T D KBS R 5P on AU A 15F | EERIQNNGAR- 1734
(encolizld @ ndvlbnRe Wr@iﬂ&pha&eﬂﬁﬂ%)@hse) M@by@ﬁncﬁl@ the FBR lﬂtig'?h(étn's' fo@&h@ using overlap

extensmng gﬁ'ﬁ%{gg B%rehoosu%grag%ro;%rg{e I;?Eraer s?,]th%lceéstget%o %q&nls or% 636%3 Zgaﬂg_glgGB were

Cha"geﬁ@m EAA royTACpinpiag amplifitén tg intr¢dupevribbsomg binding3ites. &fathe ad@Ajon of 3’
A ovedtinf3&he MBVBpaSEH Wis@ibat imbBo @§Q@gn§)\}’e9&&%@h (ln\P QO%H byrﬁbad CA). The

tranSforantS wer e sel ect ed sol | nmedi a Contalnlng
MevEioPaion Bt g e ARt eestingght F i &ioRsrue lspnigtion psitadst! setpiction ggzyme,
resolViN@@le, reagitivdl nbQurel by gﬂ_eI@fropﬂ&esm&@&dﬁﬂdhh@&éap@fb&lh'Btle@'WlZCkb DNA fragment,

and hFa?nQ%@g @&iatgc{ Ndé E%ﬁﬁ%?th%ﬁﬁes%ﬁm.t% vecg'or PIEI?IHI CI Kovach et al.,

%(a nt al n!ng?
Gene | ‘énVéﬂ?ﬁ A Dyicdstingexpagssi smdrwepﬂ% §§1m d was i soI at ed
nd purified using a Q Apre Spin Mni [
l°°19?b' a%éwssswlmq @?Blcﬂa BeAatishy 'mwtw%f@?m%m@a@g@éwecs 3
vecto InGitidiG@l to thEenaghes dEth&SMuvBr opervi€ fhie ﬁvus& dperdﬂ)éls@&fcédaf 4iligdGenteny!

pyropgdsgigF%Qesigom%ragee\§ﬁl£hl c(e‘ittaﬁy?es the £ nozn%{&m of gﬁ’% blglﬁﬁlp "l"hae lngl %{)eron W%Se

VI Sua rrents on an
genergjgd by P§8la@eltfwes)ﬁ@n Faq’eerlshlmleeramgd)wetm cforhegisebgzn@mthe idi gene

(Gen[&‘aﬁﬂbbe@ﬁd)rﬂ@mbéMNFq:b7 m&lrﬁgﬂﬁerbbﬁat&dt{{ﬂed B ﬂm ?erstﬁ&fbﬁ blelaf@dirSs' ends,

dlgestln !n'_h"y 'fi %1 toloo ion g} ctl n \évar the reaction
Jéne |‘ﬁ§'g tP sy eﬁ% ‘E (VEa=le ‘fl—"IN/f#ﬁ Frakking thef
mlxtuvé)aigd lelepm)kb?eils gelrextmctirgalic@pproxdvi8y50.5 Neefcigment, pANIGdting W Ssolated

asdchah
ONA SEU AU e i A5 B SRR IR, B0 T
end 0?‘%@ merer &bk MB'eopﬁfe'sms sggigned "t%tha%s%clﬁsswwm@ of ¥eeHF t
pBBRAMIOSH (K6vathie big Grred 66(1) 176 ERGADYS)), vidkEngBRBexsibCplhstd MBI (see U.S.

p | he divergent GAL] and GAL] O pronoter
ate"p%%ﬂaglgsé tide position -1 to -668) (PGAL), and a

1001 9?]:) u g %g%rgsglo%mﬂi‘ l\ﬂi@a&g{%ed?ﬁﬁ&%@{g '(t)hqg [09 gechle ‘n'to -ﬂé §9A gene

e"°°deseacffra?5y'(wfﬁm°fnh6@aﬁthaswhrcé sﬁﬂyzesdaeconmmoftw;sm&e% P with
one mgeader ol DRTAPB Yo haks EPR. THgoDMAedueitg 0B lspTﬂ%EHc (8&Bankad&ssion number
r e P .

00k RO, | e SERIRAL By A0S Ml e RE AR wphag forvar

primefyyigh ae¥9elf HErEiesTie pskh revgIBPrimgT it LY“F’GFF“EH‘B’ stgydhe amptifind PER product
a non-native internal Xmal restriction site between
bases -226 and -225, into the TOPO TA pCR2.1 cl oning
vector (Invitrogen, Carlsbad, CA). DNA fragnents
ERG20- PGAL- t HMGR and TRP1:¥56" +548 wer e gener at ed by
PCR anplification as outlined in Table 1. For the
constructl on of pAM489 400 ng of pAM471 and 100 ng
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WD 2008/ 045555 PCT/ US2007/ 021890 Table I - PCR
anplifications perfornmed to generate pAMA89 PCR
waeosploatses Prinmer | Prinmer 2 PCR Product RoundPCT/US2007/021890
61- 67- CPKOO1- 61-67-CPKO02 G (SEQ ID NO G (SEQ I D NO
was digefedo irletian usiBPSacll BRI Sarigesoictiod@bdmee tho readtioBBiktudkGyas bddved by gel

electr@l_;}lorgs? $ @Emp& aﬁ:ily 0@7 b%ﬂ%ofpa%mgit ('v%':gg eL(Eaélwg ﬁn(ﬁhé P?fﬁa%dl [RI/’[\ggment

5211 0+148 41 42 enom ¢
was igiec2 p RepBesact oprigon ARSI, R RigcingtheyspPeeprd’ ofyd{ i MevB
operoh,RndNGEIdifRR@ssioh Rlashll) pMBIS (B U SAKEMINUNBA-7692, BRK052 G
(SEQ ID NO G (SEQ ID NO. PGAL 100 ng of Y002 genonic
[001931) 2 preSRHADIBniBTANEBKOS Boneriid ty TnsERIIBI MBIS(0BER ihDpN@36-BevT66

and aédﬁg%% Oﬁt%#g@gtf?@b I}z%g%ang %v'ﬁ% IgSe?&\@ 'I(Rg ME%:Hp'eror;LQas PCR

amplifiedfom HWSH%W‘P‘FWS PSP EBE P rayortionssiteamty ¥ Bani@stigtipsite, the
amplified3 R pra@uck WdSdigegtedCTONipIoHAGInG XBH hndd2}1 rdsB2tidM@nAMEd) th® Feaction
mixtuEE)eer(()% %&(?\2?9 @ﬁ%eégén%léﬁ%és thég%pggélacggﬁ%% DE%@RW I Esl g%%étracted and
the isqlggd qmﬁweeta@hhggfed BREROPIGRK! r6stricGoh- P PAB36-MevT66, yielding
expre@ﬂeﬁ 16 ﬁ%@d A'DT\E\R%Q&E c&npﬁﬂﬁig depéé&deflde %g:og) %RheGacU Vs

promdy 0908 TP Tt BRMBIN eSS GBS T Y BTG eREsticion
sites dERGEMVAB yiRIGAE etpkdsdign plassidpAMas. vect or pAMA72 into vector
pAMA67. Vector pAMA72 was generated by inserting DNA
 Exambpledgnent ERG 13- PGAL-t HMGR, which conprises the ORF
[00195F EF’E@S pompEReCries Reftddett m@!@gg&msswmgom enceding@Ryney iRkR@ing

ed bf thd MEV SRR 6m 52 iR lraksit Azl Rfopetbser gent  GAL]
i and GAL 18 prg]rfrrg?erg%ﬁégfl nucl Seogtalélee pgSItI on -11to

100196166 8 )ExRrE¥S6h Dlasmad AN | wak dbfiGatiReh elrdssio plashid phrv(zlslbﬁeﬂlacmg the
codin%gl%eﬁp olf QH% Ene w lc%SenSc]gdets 198%%&2[ Sagchglo u)ﬁ%s’ Cfrfws:ize 131\5?8 CoA

rict I ero oni ng
reducv@cw'@rthe ogdipg isﬁuepsqlvﬁteermm$erge\weqhav@desw Sran@échcmgu@NNMG -CoA

reducfagqumﬂrtk a%?bh fidmber @AOOF@IJI; RE@T?RE%@@EP ‘?68‘:78’4%) FhSRBERLuence of the
ocus o acchar o

mvadg é&’lﬁ&?f %%"é“‘f ﬁ%ﬁfmg@\ gyd%ccws e GEsR 84T E%Efc?s?.o{’%ﬁf"e"rz BNA

using pOm@POEH% e SpAZIEQIMINGIA B Jrnd 4-4BmvedR-Yrat (BE@ D KO :€r)) bk amplified

DNA % entr v@ag’ti %\és&ﬁ koQ:QmEIEtFoﬁ g&t#ﬁggul%ﬁ %éztyme %%%ﬁ%ﬂ)? mlx%gg’Was resolved

oni n
by ge%@*\%&@ﬂf’ fhﬁxmr%waﬂeuwb DNpofagment Y’Eﬁlge\/%ff@‘e&érﬁ@f’&’ﬁé eodmg
sequely WGP Frbrh bAEILS B1HigRSinOihE blhdﬁﬁ‘(ﬂto lccflinéﬁbrl WRing HirdDI redtritBon enzyme.

The te%@n t { ul%t?ésoo?the reaf?tlngilPeataDl\%Q g%gon%nt bPuAted gsmﬁ%%% polymgrase The

DNA ffe@terltl vep Fhernpaénﬂymste@!ﬂmg Spel agm‘ém snzrmﬁr rhesp@nrdmnglretvas resolved by
gel eléch@ph% Lrﬁ'thG’@pr&ﬂhm 4 QﬁﬂﬁﬁA ﬁ%@heﬁthﬁs ée'l &%Q&édzﬁg isBAME B A

9 nol.ar equi val ents of
fagmgr é“asp't%ﬁﬁmf viP Sreisfe esteeargvaﬁ Fﬁ%?feermwlﬂmaewrw plasmid pAMA41.

ui | neari.zed
10019?Hq éﬁ%@ssn&wﬁ%&ﬁq p?\S (oY, w’gs elrjnr/eéi frgg ef(presswn asmled gA&béE)de? ﬁmg the
codmg\[gquenfcefo t‘he ER@I 3zene] wighi ed@dgéqgeqq@@omyces cerewszae HMG-CoA synthase, with
the coding sequence of the mvaS gene, which encodes the Staphylococcus aureus HMG-CoA synthase

(GenBank accession number BA000017, REGION: 2689180..2690346) . The coding sequence of the mvaS
gene was PCR amplified from Staphyloccoccus aureus subsp. aureus (ATCC 70069) genomic DNA using
primers HMGS 5’ Sa mvaS-S (SEQ ID NO: 15) and HMGS 3’ Sa mvaS-AS (SEQ ID NO: 16), and the
amplified DNA fragment was used as a PCR primer to replace the coding sequence of the HMG/ gene in
pAM41 according to the method of Geiser et al. (BioTechniques 31:88-92 (2001)), yielding expression
plasmid pAMS52. The nucleotide sequence of the aroB(opt):mvaS:mvaA operon contained in pAMS2 is SEQ
IDNO: 2,
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of the ERG 13-PGA-t HVGR i nsert). -42 WD 2008/ 045555
PCT/ US2007/ 021890 Table 2 - PCR anplifications
w@esBosisetl t 0o generate pAMA91 PCR Tenpl at e Pri P€F/UE2007/021890

Primer 2 PCR Product Round 61-67-CPKOO5- 61-67- CPKOO6
[00198] ( SEERpteSioNplasn@ §ADEX) WapddN@:d fgRAXTESion pl@vl pAMIG by pplading the
MevT66 Ger AV me@atéﬂz%pt Abs: %) %roﬁzr‘ &g’g’%% isﬁﬂt&;‘é\?\?l%ﬁ%&@&m@plasmld
pAM‘éﬁ“&W@ﬁR@S‘?’“P‘S‘P“ Srngdéféb@& S/@ rfSSEt?"IeBZYN@ theree@mnlxwrw
resoMefREY geBelecéphorésis) anH@H2 apygoxirhate YOO LK LENVO fidgthe i lackidy thiMOEB6 operon was

T e

Sfil-§ (BERER NOHTERA 153233 myed) AsjSHASESER HOWO0:§), e BER mdqm digas@d to
compfefionQuém& B QR4 sisOrbstlcfiof EKIRS, tRNehchdinix i Wastr@ol (&l by gel electrophoresns

the a %y&egs é?ﬁi)?lg%xj?en&gf g%d%treﬁg é%\dcthlo 1§ atEEA ¢ A_Léggﬁra was llgated into

the AGY-S6/TeSERHOBRe ofBpr&TorGRKAEDARGALyicldinglekrissich fRERAPAMIT (stesFigure 3
for a faskn®ERL.D NG G (SEQ ID NO. ERG 13-PGAL  64) 72) 100

ng each of ERG 13- PGAL 61-67- CPKO31- 61- 67- CPKO32-
Examb@&13-P 3 and t HVGR purified PCR G (SEQ ID NO G (SEQ

[00190D NQhis@fkmpletdbdbfidds metRadyi o Makihdlexé3ionlfMam 0 hatRh@8dWnelmes including

ting the 1D |-PGAL-tHVGR
e S PR BEY B Bl T AR S opaacs. vect or

|002(ﬁ€M47E?k Q%70 Eﬁ?ﬂﬁd’ ;941\513’&8 Q’XS éeﬂ‘e?a%’dtbg ﬂ)ge%erg:@g&?@tewlj}es of the “top”

DXP patipyay '"HUE? %‘ﬂ%9déc“t§o'5§‘ﬁ"?eéﬁf tl1e “toag” BYH pathway mFlege, 1-depyy-D-xylulose-5-
phospy@egfihase (A& by RN gBievf Edchichitl bl GISdky- D%luiosaslam%ao

oL L A S PE BB LU B0t

synthise En¢odesiby the 588 gere oBB2BYicKid delMSRn)d 4-diphosphdcytey FAOR@tRE Perythritol
synthﬁla @:modédlb @He%%ﬁ%e ¥%Elfyrchta cy &/quh %ﬁ@i@éns\f@lﬁ pg'%%raﬁ'& Sd

sy CERTR S B R orcr i S Do R P ispRtss DB Fagmens
compSitrpCieléonitigse@BnceLtha vricSde@tzy inBEadlf the X TP fath@ WiikEdeRddtéddbe PCR

amphﬁ%%lt};e cgtnn egtﬁlér{cgsoof &?ﬁ&&%ﬁ%ﬂ?ngggcreﬁs%ngumri)%rrlp()%r)Q% GION 437539 A439401),

nat I nter na Ion site be
der (GsaBask accespign mymiper.UPPEP6 REGIQN:tl HiS2 IFaE@) WNpri@F@anis aecleemn ngnber
UOOOV@IQICQON W03 rzmmljltaﬁd lkﬁl(cénm&%sstohlw%ea!)&boé’dﬁﬁa@@%

o SEaE1% ASDRERL S Y o ATEbE LG s
Dalgatk@@eqq@cq;fan(pﬁm reatnictiol 6is u'sg1gdfe PCR primers shown in SEQ ID NOS: 19-26. The
PCR products were resolved by gel electrophoresis, gel extracted, digested to completion using appropriate

" restriction enzymes (Xhol and Kpnl for the PCR product comprising the dxs gene; Kpnl and Apal for the PCR
product comprising the dxr gene; Apal and Ndel for the PCR product comprising the ispD gene; Ndel and
Mlul for the PCR product comprising the ispE gene), and purified using a PCR purification kit (Qiagen,
Valencia, CA). Roughly equimolar amounts of each PCR product were then added to a ligation reaction to
assemble the individual genes into an operon. From this ligation reaction, 1 ul of reaction mixture was used to
PCR amplify two separate gene cassettes, namely the dxs-dxr and the ispD-ispE gene cassettes. The dxs-dxr
gene cassette was PCR amplified using primers 67-1A-C (SEQ 1D NO: 19) and 67-1D-C (SEQ ID NO: 22),
and the ispD-ispE gene cassette was PCR amplified using primers 67-1E-C (SEQ ID NO: 23) and 67-1H-C
(SEQ ID NO: 26). The two PCR products were resolved by gel electrophoresis, and gel extracted. The PCR
product comprising the dxs-dxr gene cassette was digested to completion using Xhol and Apal restriction
enzymes, and the PCR product comprising the ispD-ispE gene cassette was digested to completion using Apal

and Mlul restriction enzymes. The two PCR products were purified, and the purified DNA fragments were
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pAMA68 were digested to conpletion using Xmal
restriction enzyne, DNA fragnents corresponding to the
wO DlogoPEA8 -t HMGR i nsert and the linearized pAMAGBUS2007/021890
vector were gel purified, and 4 nol ar equival ents of
‘ligatetl né» theat! iMlal editrictivs eitetof tha s AMRYattedyiviilibfiexbressivh plasmid pAMA408 (see

FigurESIRS} Y bRt ag the purified linearized vector, yielding

vect or AI\/I4 (see Fi gure 6C for a map and SEQ I D NG

[00205] f orex @ﬁloﬁlbl All\ﬁiﬁ95v b9 fns Lied élacc% len Jﬁl\@f%he
867105 abl e

« 0455 P
o S PR i HSPRBE U DM o B GEHEF S0 PURHOR I et
D-erythetvp?, &tye loBiphasphate kynBaserf@acod2d @@R iipFgeheof Escloidhidcoli), 1-hydroxy-2-

methﬁ% (lg7bu91:>)%QQi hosg &e@?ntlggg@c&&dﬁ/ @%@? Pe mschgtg&&lég a?d

ADET- 82
'SOPC@TYWUWHdlphesrhwywm:@o@d bteyse emf Escherggpig cp @ er@h
togetlﬁgﬁgsf&aﬁﬁ&ﬁﬁfphocg?yl if(ﬁ)net tﬂ?m‘bzos l@ﬂe‘t@ﬁ’?@ﬁ’&@@ﬂl&ﬁlw is also
BT AN RTINSO
Esche@cl(i@@ DM%canm@Ngher?Q)vel&B)o FPB thr@igh PO Gify-of a farnesyl diphosphate

synth@g- (s@c% a@%@bﬁ)&t%@eﬁe@f b@wrt@hz& %QAln me enéom zyn@eg’))f the
73) ng each - 226 KO0O-

“bottagy W P@vbmaz wethe am@fmzlzis)h?saha@s@"ﬁme.am aefampsm RBOsplgssynthase
was gbrlerabdDby REK ﬁmfyhr@trNGIpFMarﬁzamiﬁﬁ&mb& UDOOBWREGSOM: 7)  50)

O YN RO

(Genli'a%@cqswq\q@anr D\O{)O% &@B‘]QN By 72722 7)1 00 GarPaplgastessidn number AF119715),
and ispJPt denﬁéﬁﬁbcc@sﬁdn mfb@rbo%&%clm 40111 537y JhKQEh £ L IR/ strain DHI

(ATCE%‘;&% é}?\__&h N mal m%BC?&agw%finCﬁ;I aa%?naaa( m%hgtsmwg using the PCR

primegsashman BED yNO$ 3286, ThgPGRyeodatdGvdre @oR@byﬁ%ct’t@hwmeget extracted,

{
e B I V0 Lo
gene; iR/ @pd ArebiRpihe Kefspredyet cogrisige thEmzﬁ 890°; SERad KpriferdhedSRipepduct
compﬂ:ﬁhfgltlid tS;bW genet Sbllb%ﬂ)adlﬂl&ﬁ@nel’@){ prddite c PRI the 117’1%6M$Hmd111 and Ncol for

the P%ﬁ%ct com 1sm 1spA Ve%([, ganH Hun?A é’ ]{ougﬂ@é%lm(gkﬁ;&yunp%% %fcl% %CR product

nuc t I'0
were (RFadddd to Emlomeae@ﬁz@ ai@mhlu the andividdad gquessintp progperon. tFppthig Rgation

reactlérER@ O*?elcthIil Hix%ret\na@ usk&B @CK%H)PI Fgl%rlgpanla&: g@AeQﬁ'BJ&I% ?(a@rféfyq’l{e ispF-ispG

Vect or pAMA69 was_gener at ed I nsert
and theyisph- 'é*z% ge“@%efiﬁssT\W( isPEAfsRS S?ﬁ‘&fadse‘f[el\t’)% PCM?‘E‘Ife%Efl‘Pﬁ |PT"§€§67 2A-C
(SEQUDWDIOSER) arelrst7 2 Daf (SEQ €D WOl 1), taydae ibllHS dl-igpetgsne@hssette was PCR amplified

usmggﬁlg&'pé\f %ES%% 1IBNF yfg %JKPG% 25 B%%%I)Hﬁ(flq?)f ﬁ%%S‘MFﬂe Ju.dtggere

resolv§b atei egqr;trwere%ans &4 |e¥trae}Pf' Thed§ R paodpgt SW;P?‘FT*&;‘E%‘FPF -igIeiepe cassette
was dig@dfedi@domypRtionXBiRd BIn@8 Eri’dl I(pw r@sﬁhcﬁbﬁ dzyaRt WarRk: ﬁdR%rdﬂhs%Msmg the
ispH- Lf/fils%‘}d%g& c%s%e e(:(‘vr%]lg: gxgestegj to completlon usmg nllélr?c[ Nco} restrlctlon enzymes (Phe two
PCR products were purified. Vector pAM369 was created by assembling the p15A origin of replication from
pAM29 and beta-lactamase gene for ampicillin resistance from pZE12-luc (Lutz and Bujard (1997) Nucl Acids
Res. 25:1203-1210) with an oligonucleotide-generated /acUVS promoter. The two isolated PCR products
containing the “bottom” DXP pathway operon were ligated into the BamHI Ncol restriction site of the

PAM369 vector, yielding expression plasmid pAM409.

100202] Expression plasmid pAM424, a derivative of expression plasmid pAM409 containing the broad-
host range RK2 origin of replication, was generated by transferring the /acUV5 promoter and the ispFGH-idi-
ispA operon of pAM409 to the pAM257 vector. Vector pAM257 was generated as follows: the RK2 par locus
was PCR-amplified from RK2 plasmid DNA (Meyer et al. (1975) Science 190:1226-1228) using primers 9-
156A (SEQ ID NO: 37) and 9-156B (SEQ ID NO: 38), the 2.6 kb PCR product was digested to completion
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cloning vector. DNA fragments ERGLO- PGA - ERGL2 and
Hl S3- 32t 0- 1000- HI SMX- HI S3504t 0. 1103 were generated
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yieldifg] veOtdr fBRIKIG 3 FxfoeBibn s HAMDMD9 wasdiieit€a to donfpRE&a usibl Xkdr ardPLir
restrx%ﬁrﬁ% &}'%ctlc)( 1rF %ZSNSO f‘jgy ggf% %'Zﬂfﬁ%g% aéoroxlmact;A ely 4.4 kb DNA
fragmegrgt “@sfgeWK@R‘fg a fREPItod DNASE@eD Wetigadé Jnto( tBE®o] Bi/NGStrictidd site of

€ CCHor, € 1 ure l t as Q I'D
e e L et e

Examp®@ ng each of HI S3 1041,- 61-67- CPK015aIt- s04 to-
[00203]103 T elxahiip Shb§ciEeRnéth(dShf Indkid g MedtorSfbr theltargbiddtSerdtoibfSMeic acids

D NQ.,,55
encodle it uofop L Pl RECMGLL e e ofio S Baon gt
Sacc/@R@Véfocep@éeee PGAL purlfl ed PCR products (SEQ I D NO

Ig) . each of HI S3-37 to - 1000
002 53 e DA Gl e SRR PSS O B YOO2 CEN PR
backgﬁﬂm(ﬁ mmKﬁmasﬁrﬁllzsé Ne2BIK0L;&issa 1HMBMX s CHUS3jL déqs2seci f ed

o AL R R S OB 0 L

HMGPER am -BRS & pwrmn@dH(SSE@L.mepmﬁsblm(sseej’?)anm 123
( MA1§\6l)ra3E%ﬂg Quf%aﬁl@%g stran’BerQ %l%ghj T@&ﬂd%%o%ﬁ hge {% Yeast

exvach AR bl PR B pedi. G Qe(lmwolmzfgpn@owdms culues
by cenbefogution at 3,26) rBm MiyHingQdB cell bdi)ets lrﬂ.m_ltﬂﬂa ﬁkeﬁﬁaﬁ& AndPrblvth Fuatich.
Genorgli%ﬁff.g\ga? g)ftrgyted ursll‘?’)ge {h g(qﬂERtylgaest extrac 101 k1t rc:(le'%ioltegﬁn%lrogies?&ockford,
IL) as%er manufacturer’s suggested protocol. Extracted genomic DNA was re-suspended in 100 uL 10 mM
Tris-Cl, pH 8.5, and OD,s01280 readings were taken on a ND-1000 spectrophotometer (NanoDrop

Technologies, Wilmington, DE) to determine genomic DNA concentration and purity.

[00205) DNA amplification by Polymerase Chain Reaction (PCR) was done in an Applied Biosystems
2720 Thermocycler (Applied Biosystems Inc, Foster City, CA) using the Phusion High Fidelity DNA
Polymerase system (Finnzymes OY, Espoo, Finland) as per manufacturer’s suggested protocol. Upon the
completion of a PCR amplification of a DNA fragment that was to be inserted into the TOPO TA pCR2.1
cloning vector (Invitrogen, Carlsbad, CA), A nucleotide overhangs were created by adding 1 uL of Qiagen
Taq Polymerase (Qiagen, Valencia, CA) to the reaction mixture and performing an additional 10 minute, 72°C
PCR extension step, followed by cooling to 4°C. Upon completion of a PCR amplification, 8 uL of a 50%
glycerol solution was added to the reaction mix, and the entire mixture was loaded onto a 1% TBE (0.89 M

Tris, 0.89 M Boric acid, 0.02 M EDTA sodium salt) agarose gel containing 0.5 ug/mL ethidium bromide.
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vect or ing _vector
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B AT AR T —

into veator gaMA66a Y ectqp AVMIT vRERnSrepdiiyatsertify Dk fragmeRIERGE0-P2 -ROAGR,
whlchpcroggﬁéggthe ﬁ@“@ﬁl\%%rargz @M%QG2@(]¥R@ZO &E’l‘é&%@ poglngr‘éﬁ'% 12?8 A of ATG

start %mr 'y@' b (B3RO the sepommzsswmem%tte m@mﬁﬁél (dst_t”ea\lr'@prommer
(GALIN@XcleGtide pE@ioh D dDIB68)(ELID 19 6 triiratdd/OHF of BMIG 1GAMG] Ggeofide positions

0 6 KO2 KO
5 R R SN A T S i C gy Ve
PAMES$ 172 BIRBIBY NS4 frenent TRP("SEG") WhiN@omEREs: st oy wild-
type TRP1 ®las@PKRBnal oniycd ger@Zwagﬂl‘ﬁQﬁtgndg- 86 PG 1eotide YO0 g&@@farﬁ)ﬁlon 548 and
rrbog e LB CRTD e R RO B e O T2
clonifgRE&tat Ynvig@pn, 83)sbadDOANDN 8 fogments ERGRIPP 1 OPBIGRoand TRDI 38 were
generﬁgd' b%ngQPtﬁgl?ﬁc!ltlon asG(;thﬁzd' IIQP %@2!4For bl %%Ju%%%}%%@w %6’ nglof _?AM47 1

uril
and 160 '}SPSH@%{@ v@xg)d gesj_efi to completlon usmg Xmal restrlctlon enzyme (New England Biolabs,
Ipswich, MA), DNA fragments corresponding to the ERG20-P, -tHMGR insert and the linearized pAM466

vector were gel purified, and 4 molar equivalents of the purified insert was ligated with 1 molar equivalent of
the purified linearized vector, yielding pAM489 (see Figure 6A for a map and SEQ 1D NO: 3 for the
nucleotide sequence of the ERG20-Pg, -tHMGR insert).
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ERG ‘&|<E%%§2@U%{Wadeanormondm WZHEMQ) e BpTORQL4eq Blant (isignige yeptor. Vector
pAMABIRGS @naakmhﬁ&w@sm ﬁxgaﬁaf}mzr@d”%’mm»k.tmsﬁ“ ¥i''&] \Bhich comprlses

CONL al nvgldéypmﬁlﬁocus 8{% bt erew t#atcg?en% ucin

O S T S o P & O R DB S & ™5 g SR UNS O ebtI'da ¢ position -
32to0 g<rSt§lm H OQOeaad: fiend nuclsotige pesitign §ﬁ4p¢1m>sleon rrwe a tléﬂM&mwbqr,emd a non-native
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clonn]glvaciﬁc?rolg) frfgme%ts ERG]O PGAL-ERGIZ and HIS3" HISMX HIS3 were
generated by PCR amplification as outlined in Table 4. For construction of pAM495, 400 ng of pAM474 and
100 ng of pAM469 were digested to completion using Xmal restriction enzyme, DNA fragments
corresponding to the ERG10-Pga-ERG12 insert and the linearized pAM469 vector were gel purified, and 4
molar equivalents of the purified insert was ligated with 1 molar equivalent of the purified linearized vector,
yielding vector pAM495 (see Figure 6D for a map and SEQ 1D NO: 6 for the nucleotide sequence of the

ERG10-Pga -ERG12 insert).
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al i quot of each strain to separate 125 nL fl asks
containing 25 nL MB- MOPS, 0.8% gl ucose, 0.5% yeast
wezisaeisss and anti biotics as detail ed i n Tabl epGr/US2VA7/021890
by growi ng the cultures overnight. The seed cultures
Neol jgesf wstrigigiegite piohd plod@A adcter, aieldma exprestiangplasrDB O3 Tf (see Figure 7 for a
mw”ﬁg@ﬁﬁxinately 0. 05 separate 250 nL flasks contai ni ng
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o T PG B oL AU B P 5 e,
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tures were taken once every hour s f&d
fame%ﬁ%fdwghmaﬁ d’fa"'%myre%wav‘haécwswm% A §Foad gdowktéﬁzeétfor
expreséidn OBt BarpOFcks derROibiGd, in@Iveddyt ptxmams fnernmmgde&eqnhnc% encddinglthe p-
famesgIe s%lnt%s o4 §g%8mﬂ\lfl%5 tnﬂ’;/ P&l\%ﬁ ugl ggp%rr}lers %IV\"’-I?ZSS %{)32? BamHl (SEQ 1D

cont al ni ng acéta ked MAt
NO: %?@ﬁ@“&éﬂ'wpﬁ EM(S@QIBNQ ﬂt)e?hnwlsmw&’ﬁaamuct Wﬁélgweﬂlo

compRIA u¥idd BunB AR N3/ e BorPRBIMEZ 8 rad&tiokl Risdurd R Csbied B e E«mol e

as the le was analyzed as descri
et g o 0 o5 A ST ere pr T e A o BRGH Feigss codie
sequepge maogel exerbatddyan@thg isptgtéd DA fragnfeatrwae Bgred ingit thel B A Bkl sestriction site of
vecton(;ﬁmﬁ@%ﬂjn@\éﬂfresgion ﬂlﬂmﬁfﬁgm@%eecﬂggﬁ%%r’a BMd FRQ&J a
maxi mal~ specific productivity of rOX|nate
mmﬂ@bL/CEBOO (1 -51 WO 2008/045555 PCT/USZOO7/02189O
[0021BEPr @8R Btadpie d&crileOhEgdenerktion bf AtHzadhY YL HAdt $rhiCldEr@IGh the invention.
approximately 56 ng/L of (3-farnesene at 120 hours
I0021€Iaver/’agedled)mé'rab186 ihndl gp@m etgn treatdddn @@ fornamgkhiraichlla competent
Esche';r@l%& ngl%Gr@nQ @eﬁlk tvltlpong 5%9&#}%55‘0}{ pQImI&’stPE%\'pE?I l‘l?lio}fgh%oand Example 5.
00 (1 representative clone). Host straln
produced apprOX|nater 762 ng/ L of (3 farnesene at 72
hours (averaged over 3 |nd,Pendent cl ones), and had a
maxi mal specific producti vty of approxi mately 145
ng/ L/ OD600 (1 representative clone). Exanple 11
1002391 ThIS exanple descrlbes the productlon of
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cul ture overnight at 37C on a rotary shaker at 250
rpm The seed culture was used to inoculate at an

WO po08i0ad555 OD600 of approximately | a 250 nL f | B&RUS2007/021890
containing 40 nL MB- MOPS nedi um and anti biotics. The

culipégre% Ey@g,cg,g%,n\ogt@mm ed at 37C on a rotary shaker
at}+ 250 rpm unt| Lt rea hpd an OD600 of ?tn'—'x

10@%%4&% | coly Parﬁm\ﬁrsam ' I
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Bsza%aﬁ%ﬁa Bs(ga hJisf &9 %&s%ohm Gk mwo%d Jn)ncfcr%,ﬁ (Jw)nésh%iepﬁ 9$fipm until

growthqaflﬁe%stzanepaay ;Tas; %650 565] Bﬁ%}-ﬂl)i ?%ﬁt’o? ceJl n:gqpfoymantsmes(gzpubated at 30°C
on a réthiz Ghaker it 230 ilp& fanSO@ourE@ﬂ-eﬁceﬁs vé’erd‘ﬁdapteb% rlﬁlmal-rrhédﬁmy PRsagled them

throu%h 45to gguccetssnfe roun?s of M9%(§Psnn?e%% co a(l)l utO Q/]glucgﬁ ‘\%ﬁtlblotlcs (9 eedl'able 7 for

the Cm%iomf%@w POPS usdign)y TBXtBIGre Sfﬁwlg ke 8@ C in @Ermidesn 1 mbntock

aliqudtf mali AE&T 40U AkeriRBLU LIy af TP RNERNG Bk Ch Trace Met al
Sol ution Feed Trace Metal Solution (per L) (per L)
CoCl2 6H20 0.25 ng 0.4 ng WMiCl2 4H20 1.5 ng 2.35 ng

cuC 2 TZBTLZ’D— @onﬂp’ésnﬁm o@M&@ldﬁ Cul'@gl%dug‘n 3 mQ.5 NazMOX

2H20 6 LJ | 9 71 20 .3 ng 1.6 ng
Fe( | g D T 6 Qﬁa’f‘@(ﬁﬂq 662421 An
\

expo lklpllzp tf gl ucose feetyw th—a6—hour—dqubling tine
was e ated whenm the {gELTa grucose Hol us (15 Q)
was exaasted and the df$s0f ved oxygern spgi ked. Up to a
maxi MEs@] 31 g/ hr, The[igrBENTtOr software (Bi oXpert,
Appl i[ked, Bi ot echnol ogy, | b:0mmel C 1y, CA) |was

progl anmmde To calculate[dnegfeed rate adcording to

t he 1 oiopswuftgpRguati on: | 100 mmol

[REY

(NH3)6M07024 4H20 3.7 ug
H,BO, 25 ug
CoCl, 7.1ug
CuSO, 24 ug
MnCl, 16 ug
ZnS0O, 29 ug
FeSO, 0.28 mg
Example 7
100221] This example describes the generation of Saccharomyces cerevisiae strains useful in the
invention.
100222] To prepare Saccharomyces cerevisiae strain Y141 and Y140, the expression plasmid from

Saccharomyces cerevisiae strain EPY224 (Ro et al. (2006) Nature 440: 940-943; PCT Patent Publication
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nS(t) = Softe"c-10) ,u=0.12hr-' So =15g wherein ns
is the substrate mass flowrate (g/hr), is the
w@p@sioiisss grow h rate, to is the tine at whi chP€T®S2007/021890
initial glucose bolus was depleted, and So is the
WO2007i003684) veutsmbved becubtwrimg @rvich aedion, yieldng straireBRM3I D0 §trdihBP Y300 was
then tﬂﬁ%&rﬂ%xfb@&ﬁessn&hﬁasmﬁis H&ﬁ?ﬂﬁ ofr ﬁ@ﬂBWel%ﬁg@H&@t@a 439{1@1 Jr"’}’t]ﬁ)

q hel d constant at I's rat
respeqllé%ll-haé? | t@,psfqrﬁéntqv&rq]sgﬁqtféitqn Syhthetigfefingd modia fontammg 2% glucose and all
amindeidsredadpalciciie (SMa-gluk afnglh eddonis! tvera trars e drt@€lltGre dials containing 5 mL of

liquidtwe{a%ir%rleeucm% qqg:é cuf’ill gsfwe%%cllxpatet(i Ig)( h%lﬁ%ra?%é g?rtll\é\r/ao\%th reag]ed
statioagithpsl The eelipiverh sthb@ pﬁQrfelx cram«la*s wdmtzmert@hq@ﬁss@éqt wexﬂ400 ul 50%
sterildiMEBINNd SUDSL AGuiv@surgont rol | ed at 40% using an

agitation cascade (700-1,200 rpm and oxygen
[00228NT | AlFRPAre SaceHabmpdds WpssisaBdtain 1258 Sacollarobytts bdA&isfhe QralNs CEN.PK2-

oA B oS SR B0 SRy 39Dt et oo

(MATAIpAY; y2252; (rhioee; 8120y o) hisaA | ; NLR-8C; SM12) (vamDijkkP: al. (2000) Enzyme
Micro%cf:e (_{I g}t f%9n Og ]](Sétﬁ 4)f :w%%%&e Hf ﬁ{rc%dﬁctlloﬂg'ft llilréd((::lglf Pl%% \}\)gll'wegfzgé"nes by
replagingdhs &G aromaier Waefﬁara'pmscmem@eé\ﬂif 3wmsg¢r angltieh ARE ORF with
the CmdtdgglabralMLEEB- £ant @ gL b)) Cllstwdd &)n{mdlk Sﬁg Ihla k?nMX PMETS3 region

S tured b ven
R AR Fiflage sogmior-c
(SEQhR POas¥)| whird ingluileots basa pais uﬁmbgntb Ithy ndlivk BR@Tpronmiied, t@bsifying 10 ug

of thqug@ﬁlﬁgt I%R(&jéduﬂtldt@&pgn@lﬁ&w gr(;lvnggx\)OOZ §Q’| %@* gellﬁus[)gﬁ@/e §'Wleolyethelene

was extracte ferment at 1 on nmbi ni'n
Glycob 50 (Siemsr et thguig S 00 M@hwhﬂetaﬁﬁlmpmhs&ﬁ HOPiRGTO), and

10 uglStIg0H 8g¥Rh BNAIN R MUSH. SOLI5d, m) amcﬁnabarng M@ Eéuea& 365@1%@0 minutes
xer (Scientific Industri

folloed Sk 50 STAOTUR S (Bt e ity (BRI Cotropla 6339340

Positifd reddmbinings v idnefidd Yy deinibility td giowdn Fiew meH&nfBoﬁthlﬁu&@O flig/mL Geneticin

: ' Nl ki | Yt
(lnvnteog%ngggyggiaﬂsﬁaoéﬁ'&l%ld S(ch ggol%rhe% w%r% g&e 1rn£ned b?' %1§sgllc gé%.ofﬁ&fgltant
clones/\ei¢ givep (@ Agpippatiph & 9%@41‘3/17 A)aeéY%& M A zinbd)eEhe i kb Calrd 2 ygonenic locus
was tfRR adplifiéBfrdnCOnaB g@matblgsnwrc loNGAA TED) rwméagmmmg prﬁié%téﬁ?-m’

oo NS R PP nasfiged R o g Shnoben sbseaafi

ﬂanklsallqoioegw\)ashemmeOREdmcaHUngﬁuiTpmwﬂtmg PCR prbdiicnvetk transferined into
expon%@%mu%)\ifﬁ%%g%ﬁ@@§ﬁreﬁsd cHn%l'er}gcoﬁlR Pﬁllts SQIQJtéd%} gro(w%th%( absence of

leucinAISltpel’emmif)ri, splgﬁtﬁdégpqs jwate c%gned&h elaéngglc P@R |Taweﬁ.@tant clones were
giventiR Rh&iok V@76 MAJT B hd YOO ADAIghaf. OF 1 mi nut e,

increasing tenperature at 10C/ mnute to a tenperature
[00224F  ZBACY 188nvas enarsgien@awdémpgesahgmg ofip AM@T/and p#UM495 plasmad DNA to

BIRERAEM BsiBEioR & g r
comp m V\d?zo% 5 /stgétg)g 5%91}_1) C@? Eg% }BQ)I %Sg\ggﬁsﬂﬁ am]' wmdaHEgethe purified
DNA ,!ﬂsms Fepaxpongentiplby grevdeenl 7h sfs. P Ergambjnapie were gﬂlfe%f% fy growth on
medidiBld@ing ufadit 8 hist@lihe] anMBtegrhtiof .inde3théRofrekdt @Somic isAS &M Brmed by
iaond k E B were cal cul ated by conparing gener at ed peak
dlagn sti

eas against a quantitative calibration curve of
|0022§fJlr ' fsltrﬁﬁl Yigh Ja@ﬁé}?&ﬁé?ﬁed(@'d%%nﬁ l% of FAMEdem &Nw‘?ﬁnWMNA to
. Louis, M)  in trans-caryophyl|ene-spiked

°°mpﬁwt"éeﬂ%1’% Eeslpiction enzyme, ARddptiodicing the purified PNAmammexponem'a"y
growi@Y 172 ¢ At RogifivelrétOmBInHdb 22re Seldctei fof B owth biinédash ]aékhl@‘ﬂﬁﬂophan and
histid’myQ \{a\ﬁ({ intg$]%|on Y‘hﬂ) tE c%%gg%génl& &ogu% was conrll:I rmg(;~I b dlagslostl nes ene

an run nitrogen

|002ZEFr ”%G&é‘%é%%& HhEh ngégﬁw 1)("%' abﬁr&gﬁéﬂel} | 5@167%@1 S ﬂ%%lrg%l%tﬁ §|8 and
amonium i n the fermentati on nedi um

V139 3 B B B A epss 3o FmPRPETE S @w@g’g)an%@m Mtipg e mixed
excess amonium at all sanpled tinme points. As shown
in Table 10, both fernentation runs contained the
majority of the (3-farneseffe produced in the culture
broth. Table 10 - Farnesene Distribution between
B| or eact or and Gas Washer Fernentation Run Locatl on

o —— ~ - ~n7s7 r b .



070522-1 excess) Heptanol 0.2 4.1 0.8 2.8% 070522-5
restricted) Broth 2 23.6 47.2 98.1% 070522-5 (N
wo e@Bisssed) Heptanol 0.2 4.5 0.9 1.9% Exanpl BCIW/RS2007/021890
1002471 This exanpl e describes a determ nation of the
cell cyffugettp mpdinnp ekingfhisfdifequracdisad ayhitapha teseletti forgtawtmof dibloadrvells. The
dlplOﬁ%Qrﬂ %ﬂe%h f%n@f@*nﬂed ns(?r%b u%'b d}ﬁﬂll\ﬁh% i!rlg%(‘fl §P1‘A ﬁfa%@ B]ee}{\@igés@d to completion

broth (WCB) obtained fromfernentation run
wsineg k1RO bined BB oA LY B inspexpanswiatiy grpyjpgdiploid
cells. Pdsjtiveveesortitivane deratelcamdioit grdvengnaied fubii & kind\ioni fX andBitegkayion into the

. ' I. in a2 nL graduated
com&ﬁé‘ﬁmgé%tst% gona' d\ega?%'ngﬁp for 10 m nutes at 10, 600

IOOZZREF i ﬁhpl@ld%ﬂllﬂgi n gMQT' lehals st%neraétﬁ)§ gpoﬁfaﬂxiigr shng g%S' HQ%% Potassium

di stinct layers were visible'in

Aceaisdg O 5t RRSHmoss i S sl spPraHimisly 200gnshc SFscbsaASieer
Instrugn@hts BIISM(N)(] sgrﬁﬂ's nﬁoﬁimadlﬁﬂlatorl@ﬁg’ér Inkthubne @ TDJ SolnarSet t UKD Eiden8fYing
mdepgﬁmt géng o(l:?res g"ﬁ.lag“"éﬂ?é%%"s th Q‘l]pllem?nl{ Eétro?lljcegl Fenet{c maféng by their
ability g growp @R @,bsfjla@sqf adeniae, |hlsgdme ugeshl] 8@19‘, ¥yptophea, dnfl gmflmtlm&]}hﬁ iptegration of
all invRABced PNRBY WiBgholtie pBRSEPAr at e tube; the |ight solids

were transferred to a separate tube using a pipette
(00228 p aidll}Besgdirhia V258 waiagenswﬁesyt&hmmmudmawttlemmm@laannd

DNA??(E&%@&%S&)%B?% @Qrg selle]%tec? & nﬁtyllq etlc %ledtrr(l)edla con alm a% d} Flucose and all amino

el was re-s
acids enspRs Fpigied SMepdvg (Singlg C@low Iwigreerarsferrqd ta ClI’r‘ll_lfe VEHGWtdl'al}gérml\l\eféqu'd SM-
glu 128kt @R h & dndihd Jﬂlul?P L»\Qregﬁc@ﬂ?ed bﬁﬁ\‘élh?grh@hwt? Qﬁnl g@@ihX&blﬁd RMionary phase.

The C%S“PWPFFEP ?‘98 8‘667606’1'3'5( ”3‘ F‘h f’ ﬂ@g é‘fﬂémb'?‘%i’a Ue %fd‘o‘i’ H- 30Rgsterile glycerol
and 6@0MLtliquidtulmre. i s present in the light solids. 32% of

the P-farnesene produced was not accounted for in the
Exampla8j ous | ayers, which is likely due to the difficulty
100228k Vidisierantg'epsetibesirprpdugiisin ghe Srmespagsng f-famesengyia theMEY gpthway in
Eschdridhik &8i haddstrapk.oduct di stri buti ons Met hanol Et hyl

Acet ate (3-Fanesene (3-Fanmesene Location Dilution
[0023D) | utSeairvulfunay/ofifobt siviohsURFE2 {nd G592 WAfsRstaKdishkd Oy éﬁémé.ﬁ)st&ck Aligubt of each

stram?’c?’iegaéaté‘ffg I&%g!a%(g gdﬁg f%g 2%?-9 g;gzlgééig 8‘2%]u§or g 3 'g%spex‘i@ct gnd
antibiqifse e dgipitrd T ayle Goapd bgravgnegrhe cu\',wpsgmry'glmme peadiUAipTES VIR UBE to
mochteQ&n]m@i_l'Oquo cQ aﬁa?oxnmaﬁ:ﬂv msmgbmﬁﬁéks containing 40 mL M9-MOPS, 2%

2501
sucofe L Petg g e PP B r D B 51 P AR D e o250
until thqyrrmlggnleODarcﬁ:arpmgr@nb' 0(2284vhigh pdintthe lpeducB&tof fah)esevnaﬂa the host cells
was I@ggtg%' 5d@m§4(519_ of mg/l BEI‘(} o tné &Wur%fd?éﬁ‘ ?thyﬁwﬁescﬁll dGchGlé~I "f“e le{ﬂlgs were

a rnesen e
overlginwith § '6‘n°f\i‘é S w@é?y AP T SRS 07 eV 2o by
transferging RHMOTuD bf the orginid Bl @Idy @ kiedn ghled \Gan cdntalithgtl A it B EtatOfpiked with

trans- Egry)skﬁ%lgne% grgaﬁﬁyndgréed with H2 to 35 psi at 25C. The

ion mx was shaken until no further drop in

|0023'j|_{:: e Hge Qﬁﬁ §<§H{e @an% wgb %ry\le%%n Q@R@feﬁ)&kmtgg changtoQQﬂﬂ &L)lpped with

e _excess ?as was remnmoved unhder house vac
an Agflgyy P?Z\?\é‘dsslﬁlgﬁ"%‘ﬁ T (MR (Asilept Taghelagidice Palafta Cr\}ag) & scan mode
(50-s@htvon@dnggtrapi 1 ul’ aleuGi' o,f eaaf same woi seph@%cﬁtﬁﬁlg a HP SMS column (Agilent

Techrgloglné ﬁfréll 9a¢41Xlg)eC$§ lum amer g?s an? ?he %oﬂg\!w% tem eraourr]e pr%z% F()t’g hold for

appearance’ 0
3 minyjes WO IFPFratpre étr2é°@3/rm0lé<r to g tegip¢riterg 0@?@P°C( i8@caning tempprature at

60°C/Aindt@ k¥ mRAdrd 67 b(bm\ﬁﬁii Mld av\@ﬁ‘hj A thutd. U8inSthis bl%ﬂac:(g &l farnesene had
hexane % ate S Concentrat? on a

et e SEORBP Reateni i Lo b bles Brutittnaee HRERLP
compating e@er@h@lmk #r¢ag hgaingt@ quantitaive cdtmten canvy ofipedfied feidrndsex Bigma-

n 1 mAra C- 5 g! 244
Ald éhcz:haﬁmeglmsaﬁf @?ﬁélﬁ%)? c &%M@%ﬁ spheeamﬂa% m 17ty
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15H). Exanpl e 14 1002511 This exanpl e describes the
hydr ogenation of 3,7,1
wazaosiomsshyi dodecan- 2, 6, 10-trien-1-0ol or far ne€DUS1007/021890
3,7,11-trinmet hyl dodecan-1-ol . 1002521 Farnesol (572 g,
[00232] 58 Hustlsegin BBQ prodycedvapprozichakels 400omgil dfBORmestne@aN20 héursyhveraged over
3 deﬂErﬁ%ﬁ Ul%l?efs Vl&gégh att erﬁbﬁﬁdagad]aql{gxﬁr% g &i?c%goducz}%?b&f lapé) Crmmately 46

rneso he reacti on vessel
mg/L/z%oo @\f%?éiﬁ%{‘faébe dlpedeHost %tre'a B85 psedussApRPExinGtely; I g/ leaf Bffrpasene at 120

hours\dVer@ged e indépende® @1ohds)) fhd Khaxd rhilx Ena¥\epSci it RSB ityZ T Apprdxinkately 96
The reaction m xture was stirred at

t Q4000 psi .
mg/Lg%)@" rﬂ)resencfleveqp P9 be conpl ete by thin |ayer
mm@@ onatography ("TLC', Rf = 0.32, 90:10 hexane: et hyl
100233L €t %%)exaﬁipte%Escmp{hpﬁrbm&loyB e 2RViSine DR aEh%ﬂ:n'aQ Bscherichia
vessel was depressurized under vacuum fol ? owed by
colihgHiRi"g to a N2 atnnsphere The reactlon contents were

| t 0 Afr
B AN e i SN KA
aliqueg olesachit serailf toBep@AE125 BL f3sks chhraning 25 mlaMe-MQRSs0.8% plo@r, 0.500 @chst

extra@ AndPanfiflbRE ¥ dEiR W'ﬂﬁ)l@% and| tﬁrévﬁ@ R c%ﬁlura QQMQI'E THES ed cultures were
further dried under high vacuumto renove

used to inopulaieAt arpipidipl Oleqy ofppRrefigatedy §:05sepaatq %ﬁwhﬂﬁﬁb@eéawg fQ Bl
M9-MIEPSa4 3l ugGfLt thiymihé, nﬁdadmtynaitsl DWOEYS BEQUFESD4, 0.uiMIMOPS2MMRcose, 0.5% yeast

extrac&%nﬁblgg g:\l\//l'é_lljf%s were. mcubaél é(at 30% }’E'SP e_d]fricgt%& SR%% %gﬁf rpm until
they rggghed a@QQquf@ Z(gre(gb |at| vﬁ@Q poihtghespyaetidtion ofP- fgf\esene in the host cells was induced

by ad@ng7 4041 0? T Mﬁ'ﬁ’f@%ltmqlﬂﬁé/rhedﬁlﬁlehﬁﬁeemﬁer oP M tidn, thd cultures were overlain with
ecan 02541 To a stirred solution

8§ mL 8# an§rg?m§<iveﬁa}yltmtﬂvltlwgofgeeéﬂle 1 Salaples(%e&oztalﬁn atzar‘toogs tl'ffﬂ ;@)nts bﬁ
trans fEPHIRI0D (111 S0P lendf)theaipper @Ban(c oway ddReh talzeTHe Cubawhsyeltttifdged to separate
out ar%ggrzamg:g cAls glgmgﬁ@ar andjg;L gq'_rlrif otgtglll j: gg wgrgtn{}%/s}‘errmp 00 uL ethyl
acetatg gpjikge yvglhbetasgr traps qqg'omagen% @ﬁp pnm*ébstaagarchlnﬁlp@lﬁass vials. The mixtures were
vortexe@ fop 80 RtddlisSanki Gen AAPFA%E d¥RriBidyn Bxdmple@uUr s af t er whi ch

time a dark rust colored solution was produced. TLC .
00236 Rf  Ho.s@Bdi2n BEB6 prdditekappexiattbly I map@ICal &)p-faraddale YBCW is “dry cell
wmykydged the reaction to be conplete. The reaction was

térm nated and worked up as follows. Reaction

Exampl@d €Nts were concentrated on a rotary evaporator to

[00236 £ MO Vi@is GHdple Aesarids ®é produbithn B d-AmEdefddad 6 Fardedene l-lln_t?ﬁccharomyces
gmlayer was washed with H20O (3X, | L) and then
ai'hed into an Erl enneyer fl ask. Decolorizing

IOOZSQP ar CSQ&I JUI u?eg oﬂv)ost\ég%nséﬂg? Q'MOS Lnld V2§§jwefré)ersﬁg1ghe\%]:b? ﬁotdE? 8%?(1:( aliquots to

tered over a [ fe and was
Separa(wzuE)“L flagks prnisining@s aLiSMysle lagkinelleyging: pridieroaing thephlgure overnight. The
seed duitdrésivateRisddaASin6RRR @i th irddaOD QY bf @ppFdRinflely 008 3PREB L Y mIAkHehed flasks
vacuum t

dr | fford 3,7, 1 .
conafgng 51l Py e R e ESITigc U2 Kbt i L s ke
leucink, de|1§| 'ptdltures H:rNbﬂbét@M(BC on 5O@Nirgker a8200 rpgnd. The Y 142 lef)d, Y 140 cultures were
overla:i?n \Qiﬂ'](SSmL g‘fld))decalle %'@59&&5&: w;sm\_/‘er)amq'v 830 2 %6;9&%[ %ﬁ’@@ﬂe rQmples of

2H) . WO 2008/ PCT/ US2007/ 021
the YB&&PFpY 140 i‘é‘“TbU?S%ie“?Pﬁe§Veé>$<zéﬁ‘f)‘i'réupd%é@rhi°%§“d( e of he Y258

culturb yalrtakgen ae hanrs podt-induciooi tahdfyrigeni ven ub-of de fgmeneerfapto a clean

glass {5\ ﬁ&ﬁailﬁﬁ%%(go 6%§‘h)]: %e&@%ﬁl&% CPL;) beQal %r %Bgiaﬁfghl:fle‘}\% as]a2 Qntegn l Qﬁgard.

charge

The ¥l f band Y 14Gsampfpsi wers am}fe%@ dase%eﬂ)alaxmlqﬁwlwa%m‘b?éﬁ sample was

analy4eShOIRriNdGH Bx6Rp205699- 500 was added. The flask was
evacuated for 10 m nutes and then pressurized to 55

[0023B)si \Mobtlstrdin/dr40 g@nuctddpprgsimatelirPB mgh df e-fdekengat3 brattoen (averaged over 3

, 3 Ot , 0l

e b T B DS D R o AR St SR ATE
depleted in 16 m nutes. The shaki ng was stopped and
the flask was left open to the 4 L hydrogen cylinder
at 53 psi for over 48 houtls. Analysis by GC/ M5 using
t he Fene-Fane- Split100 nmethod showed that the reaction
was inconplete so the flask was pressurlzed to 52

cerewszaghoat S
was



the pressure dropped bel ow 48 psi over the next
several days, the reaction was recharged to 48 psi
wanioslo4iske GC/ M5 anal ysi s showed t he reacti onP@EES2007/021890
conpl eted. The catal yst was filtered off using a
repregithtive alogpd [Hoftistrain ¥t40 produced/approgimhtely 56 wglL bl famkseneyat E0diburg
aver%d'lgve& &&%‘p%&n@é&me@' a'nd hdﬁrﬂ"ﬂlaylﬁlhl%p&fﬁc Ellggucg\h&qp#i)royiﬁht@ EO

i ndi cated a ro uct purl
mg/LOPey G emsRsantatiky %oné)xa?fbwémdéé%:nf?%eg aarqxata&éf 762 BR/b of B-famesene at 72
hoursliyveiaged @ B Inﬂfbeﬁlfent(cﬁnd‘s)ﬂﬁrﬁﬂﬁ@ﬂﬁaxtn&l §padiftaBain@ivit) dThgprékimately 145

| on 1 4 kg (4.65 L = 1.23 gal) of
mg/l‘% ‘hg ne. ?a%vecod’éwas added pl us 24 g of 10 wt.% Pd/ C

Exam gny) Cat alyst. This gave an initial catalyst |oading
100239] .

hR eﬁhn{pleldescr-m@thySr%&ﬁtlonw&faﬁt%ﬁhﬁg an B W4kt strain in an
hen. evacuat ed under vacuum Stirri ng

aembtﬁ/a'g"?g%’f F’Pg:?ef‘c'? tﬁffac‘ﬂ%"ﬁib‘t“essed hydr ogen gas was added

Th
|0024§8nt IA%'EI: (P cultl}é atIhosltI :?Itgzg\ é{“}%s fer egtat[ e%v%& Otglﬁlwﬁglby gcﬁglgy%e sg)ck aliquot
of thelgtsaimty a@6D L Mask cdngainfirgSH eléaﬁﬁeM@B&mm ad pihiot@sandrbaigenbaidg the

culture Qvebtﬁgh4§ 3%¢ 9(% roﬁﬁ'}t Blkefht Qﬁ)d‘brh 'T@@Ql&d J&Q\H’E §as u@ed%@nﬁ&ngte at an initial

was taken nd g
0D R S - S O A0 PLAADRS s oo B cur
was agahaintublitedin37°C 00d @ry shakpanzsd rpnaundl] il@actiedah 0D, ¥#3.t.86.Pd/ C
(dry) catalyst was added (for a total of 34 g). The
[00241 bactlable hishows b¢ (wrahwdliacompdsitiens ddy Germentagarciuns@0522-1 (nitrogen excess)
and 0%3@215 tnﬁtﬁ’)@él lmﬁgcb Satch %\%dlm'ﬁ) Wﬁs?heat @ter'ilmx{ aq 1§19@Bl £ niARes SPREIbE two

ana fa
viore SR Glo<GRE" ARRLAT Uih £51 09 BT ahorie Biisleplop: Foser
City, GAP Pasodritthddioge (RSd) and @ttibddcsqcactenidiDin adt IOG/ug/IPﬂVd Q\lérdl’ﬁph):mcol at 34

ug/L ﬁlﬁt &h%ﬁt‘atnX\@%vel%QQ$Qtergl gJ as ?toé eagttlong';nd ?ng g)i {nto eac% bllro?e%f‘ r(t)hrough the

head plm A drgpegnetats wemfpmhn%iamnremm@s gongeairated m@utameﬂfgbbeﬂi and added to the
PSA $45dc Ghe BT it Qo1fiAd BESATBMERARE Ath WAl | DAIMES weldBRHIQGy

27 % Th ctor, wa opened, and 10
'"Je°t8g8¢)m';‘tﬁ t{mse%c ﬁr(olﬁ?‘%ehéaait’lé‘fa?; 80533 added (for a
total of 68 g) The reactor was returned to the above
Iedbll UTI .,UIIUI lI UITS. Af ter—2% IIUUI S, A +Ff t h culu
Tatjls § Gompasition af Kgarenptigeddfdiand anal yzed. Usi ng GG FID t he
final farnesane donggpiration wgs Feeldltiedort o biged Solution for
99. 7&ofonchh® T eagt Qieqii@s |cobied,| véur @W522and (opdived70522-5
The reaction mixt[ur@e s t BRRL i || t(@iFegsn exsespugh (a“fQHeS“mlted)
j tridge

nto twg 1-galer

i
tal—+eactiontHre was :=,4,53$0xi A y-98 hourl6308
KHQPX}‘\’) 71 _Racad on f‘k‘%ng nrovironce hatterh avnari onela t he
K}PO\J:;HI |=/ T e pwpw | T L. | !7 Pl A T OUJ ~ LB LI UI\I\IUI T OCTTO LB
2 < e A nﬁ_s_nge_d i A f Ay cuhoeAniant hat ~hoco lLntno 1
CltIPC acfavuul < Vv 1 \¥ | LIAYAL QUUQ\.\'IU\/IIL AT CTTC O, T
Hor—reactor A kg—{465—+—=3+=23gal-)—of

(NH 30 e etttk —ardttib it 70 96 -Pei-E
Mg 'AI-’FEG catal t Thi a :.22” i ||l |ga| catat "otl Esadirg

. I uaul I
EDYAT Y] Y 84 mg YAV T 13 U KN J

S
ThighindRcits g 1t The vesseglsygs Seated,—purged W th

BaBl tdcOREH M@mn L IEm evacygy gy urder —vacuum Sty

Fed@ace nidlal JoRiGH_and .CONPT €35€d NyqTgygRT gas was| gGHed
cont1 nuously at 100 psig. The reactor was neated 10

80 C. Total reaction tine was approxi mately 48 hours.
Using GC-FID -56 WD 2008/ 045555 PCT/ US2007/ 021890

the final farnesane concentration was nmeasured to be
99.76 % The reactor was cool ed, vented, and opened.
The reaction mxture was then filtered through a 0.5
mcron filter cartridge into two 1-gal glass bottles.
1002581 If desired, the product can be further
purified by distillation. An exenplary | L
distillation protocol is as follows. Approximtely 1
L of farnesane was charged to a 2 L round-bottom fl ask
wth a water cooled distillation head along with a

Vi greaux colum attached t¥-the joint. The liquid was
stirred and evacuated to 14 Torr. At this point, the
Iqu|d was heated to 155C and the flask was mwapped |n

o Y L 1 a0




m nor anounts. Table 12 ASTM Test Method 90% ULSD and
10% farnesane and 3,7,11- trinethyl dodecyl acetate
w@edoanesstunber D613 50.4 Cold Filter Pluggi ng B6BUS2007/021890
<-22 Point (C) doud Point (C D2500 <-22 Pour Point
( OratRY/- GonipdsitioniorazMeyal Sdlutidhs C D445 3.594 Exanple 19
1 026%1 Thi S exanpBchdescemebissiuiidie | e FtddMeacOMetWEo S
amount €"BYY'ar ndsane wi tgeruj tra | ow sul fur @éresel
obCeCln@tiof r om ei|tdSmgt he BP Refi nery0.4mg Wi tti ng,
| ninghdH®r the BR.Redinery in Carsomng35@ed i fornia. The
di_€s@h 2H,0om t he |BRS@@r son Refinery |i&25amgCARB f uel
nHefiDseet s t he |0yl renents of thel @abhgfornia Air
Redeaofe2H:Boar d [f&¥mgse in Californj@&imgl t hough
| WBRECHIGRP) kAL o 1a¥me t ypi cal |y addeld!-¢ ®g CARB fuel at
t hEe(IDeirdtahydrgte ¢ H.Omgqarml e of CARRB f4@mgwas abt ai npd
rior to any lubricity. a% ents, bei ng added, Figures
|00242hd mex%g&,altghléOSf @g&{wnalélt e{londqung twswaéwﬁﬁﬁ@g fthe mmal glucose
bolusf( Brgh @ssaricauddddandibeldiwbivdd okypen spiked elp td LiedxEnubt @ m t/Rgthe fermentor

show the disti]
soﬁwgrggﬂ &ﬁare}t eA%Plll{:th\[?ghﬁllolg éi‘c%sﬁ‘eE 2/ B& d/vaks) Pro%rargmft'd to fa"flcafate Ii}le feed rate
accor%ﬁﬁ éolipging e92®Y: Thi s exanpl e descri bes the
determ nation of the amobunt of farnesane that is found
natural ly in petrodiesgl)= 8, ptti® ex mixture of
t housands of i ndivi dual @?ggunds Most of these
conpounds are C10-C22 HAy arbons and are generally
parrafins, naphthenes, SaadSaromatics. 100262 Di esel
sanpl es were dil uted in hexanes and t hen neasured by

wherdison MBhAsbsHRE Mhss 1O ralkY g/, Blid thsdpetific@towd rate, 1plis t_fllésgr’ﬁe #which the initial
a

gluco\%/e\ﬁag{\xgw%\s/ﬁgpqgezj'sﬂﬁéso&ﬁingia /sHj?_stratwongintraélgzgov)dFacb}ngt r?ax.{mm rate, the

glucoR(FG8 MasiEEE&! tPOhfeldSPIONEHr R4 B ronsatyt tist8e fethsremyinder of the

fermeqagd,;tng,d Di lution Final Concentration Sarrpl e (Source)
ncentration Factor of Farnesane in Sa g/ m

|0024eb / mFel)me(ltWon (%15 c@med ot atp-]gn:gggﬁ EMPEraiNg a??@ n;ﬂpgr; zbloreaczor was
set at Dives;editia] £diaciod ©ag at 0084 FoahPwad 8&htralRQ watil Bibspafeant¥Bar) 208K ; dissolved

# ' | .90 & 44) .0. 843 901. 24
oA L IR o S8 AR B d B
and pH QM Eeraited307 Ging 3.9 NH.OHEB pitts (omprateatiidlH4RH, | BOB12€). Rmmonia was

meas@ (g T Qa O 1 al o 8 a mD\Aﬁ ording to the
B ettt e i

ma““%f‘%’? 10{Epe¥dway Rt. 306 & Ri. 2) 0.8434 13. 770 220

29. 4 3640, 39 # | es BP V\h
o024 oSy ghyngen o ¥l et s plo i o o
addingAMLQEf BYZBTG ®, ﬂ@@@“umd@%!olme Dfacpgsei®, vES ca]g@(}ﬁ @B&eﬂ@w@mff'gas
throuéhcbrgai-\bﬁhér @&ﬁanﬁﬁé@O@ﬂUﬁépﬁ‘aﬁol ' "ﬂ\e HRh& sotition Fhe suldb@SRY diluted into ethyl
acetate ?drﬂ?tlon ?actor lO%x)]c éjo?uble%ufgrges%% %vas extrrzgzggd gr?n the fermentation broth by combining 50

uL broth with 950 uL HPLC grade methanol, shaking the sample at maximum speed on a Fisher Vortex Genie
2™ mixer (Scientific Industries, Inc., Bohemia, NY) for approximately 30 minutes, pelleting cell debris from
the sample by centrifuging for 10 minutes at 14,000 x g, and diluting the acetonitrile solution into 990 uL.
HPLC grade ethyl acetate in a glass HPLC vial.

[00245] The ethyl acetate samples were analyzed on an Agilent 6890N Network Gas Chromatography
System (Agilent Technologies, Inc., Palo Alto, CA) with flame ionization detection (GCFID). A 1 uL aliquot
of each sample was injected and compounds contained in the sample were separated using a DB1-MS column
(30m x 250 um x 0.25 um; Agilent Technologies, Inc., Palo Alto, CA), helium carrier gas, and the following
temperature program: 200°C hold for 1 minute, increasing temperature at 10°C/minute to a temperature of

230°C, increasing temperature at 40°C/minute to a temperature of 300°C, and a hold at 300°C for 1 minute.
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stations selling diesel

fuel .

The No. 2 diesel

from

Wiiting is fromthe BP Witing Refinery. The CARB
walr@smpissss fromthe BP Carson Refinery and conP@i/ns2000021890

| ubricity enhancers.

Fame%fne Ina’é Were @J]c%la% Ey C

finery

o?r.‘&&rﬂg

Exanpl e 21 1002641 Thi s exanpl e
Usingdeis protiodpd $- farakdéne hairprayfoudy Yeertshowoi tb Yrave m fegentios time of 403 3@mialses.

resel

Qengﬂat@é;

%Iak argag Eé;]ngtla%uﬁﬂatm Ic&lfbggon curve of

purifigge PREFSF (S 5850 GRict Conmy St P, M T BpoR - FRijed ethyl
acetatR@kddrae iyinterAdl Istaghad). 200 ppm of

InfiniumR696 lubricity

An addi t

i onal

enhancer (previously known as ECD-1).
[00246D0 plemema®n and@eh22-6 (ritrrgenimsted)Shoeled wet ctlhaaltiye Yensitickend higher B-

fames%lQe t\fépé tha@rur?(ﬂ'gﬂgq (1¥ 9 éen &Le@@ q%m%tnatfloq lﬂl%@ﬁ? S\MItg'JgeJ lnrﬁted) exhausted

uel teste [ubricity accord g]
al thegermgiumRng & @wvteﬁ'%g’eplu% br hoyyrs hirioRED QEPSQ ! ngtnwéceg) conained

excesk/ﬁhmd}bun&@all/@hpl% tm&rpdmﬁ Qs\epdwn%h DdbRN A BovedrAentadOruiblcontaddtd the

1002661 The CARB di esel
majorﬁ()ﬁheqihﬂ ﬁgpeé’rd%cgn re lﬁ‘ée?/bftcont ained no lubricity

additive. 300 ppmof InfinjumR696 was added to the

Tablp 40, pFafngsene Digiribptipistwien Bjpreaggor snd GapWashgr 50 vol . % and 6bH
: ds pof ar neYahme b #demésemel

lhentib &1 IllnrHo?‘a{tl?{/ acdh} di Z*‘*}f&ﬁi LI DER070 | Ton
070224 @N excess) | by Brotht vy |2HFRR@ Y f or] 28fle 5 voll.992%20
07052241 (N/&XCCF@ val blﬁptaﬂﬂd @204 bl ehtit wer a:0-800 pm_|248% Pi n
07053%%Feﬁtr'c‘%d Broth pm rzpcppm‘ 230 y - 22 2\\D 7009/9@4%'%'%'3
| 070332+ (N eestrieted) 02| nol #:3ting €090 1 D NOl 9%

Exam MeyT66 operon (5 to 3')
|0024§§ C(%A é%@%ﬁ)%ﬁ;r Aetermlla%ﬁwgrﬂunowg esene I%atlon of an

Esche@@BAQETTT AABGCCT CTTTAGCGAGCACCT CTGCAAT CGAT CTGGGT GCGACG
GTCATTAAGCC , ‘
100248 ceCATPrasescetrrinAGR)chandiRAde e PEAT GRS G CAT G of

cultivAedM{seelKxhhple 11) was thawed at ambient temperature. Approximately 1.4 mL of the WCB was

TRy WG TR 0 Bl &1 J,%%WJﬁ%%Ecup

rotor. AGTCHQEORT N\ BRSTEMWTIAVAGCHET TEBERONTEOECTUAARAGESPEBEOE and a

layer df 1ght solids). Upon tilting of the tube an addmonal liquid layer (light liquid) became
g TTCAA A RN CARAGEAT G T O LAY SEREAREATE

visibl @-FE&MC solids (likely to be supernatant that broke past the light solids). The light liquid was

pipett&dGd ACPAAT LHGAT GEHCANAGERGHROACDIO b F4phaehbl GHGEtEEPGAGRIghted;

the suy QAR e ipia g sepapie s L ceqfpasdannsepous ol dobeis s cel

pellet @agreausperdedin deionized water to a volume of 1.4 mL. Each layer was extracted with HPLC grade

methafSKESaAMMYSIOOT GEFIDCA HdsOelaEaniatel (FCAGGATGAATTAGCACT GCACTC
TCAGCGCAAA

[0024QCACEAMCGIAIEIA TECANPTTarh €senk Gradilctd NS TaANAT frestASLERAGIghAEas. 32%

°f‘“@%&ﬁ%&%&?ﬁ%&&&&&&%&%&&&&&%&%&é&m of

place

workimgarithamaltyofu
AGGTGCCT TACGCCCAGCCT TTGACAAAGCGGEECACGGT CACCGCCGGTAATGC
GAGCCECATC — —

Tabl et AiSTHPUWIONS A T oA AGAGAGCGCCGECATTAGCACCG
GETiGEGAC Methanol Ethyl Acetate B-Farnesene Vol p-Farnesene
CATTACCOCCEANHOR A AT T PSP oA o P eTdos r‘r‘Ar(‘)fElAn(%"f‘(‘T("_A'm

WCB A+~ 20 T00 12410 J14mlL (3374

Lightligd S0~ a A A AR coTacan AR CaaaccT EPA AT cacd @ BaTT

Cell 49 25 364 1.4 mL 5.09

Ligh QEAGGCGT TTHERAGCGCAGT | GETHEGOGGT (E@s AAGAATATIGGECT

welgllt CACACOCA

SuperRRIt~T S AT eancaEfacoeceA T AT T Ao APAREAT TR AAG
CGGCGCACCC

ATCTTAGI GACGT TACT GCACGCCAT GCAGGCACGCGACAAGACCTTAGECCTG

GCGACCTTATG

TATTGGTGEOGGT CAAGGTATCGCCATGGT GATCGAACGCCT GAACT GAAGATC

TAGGAGGAAA

GCAAAAT GAAACT GAGCACCAAGCT GTGCTGGT GTGECATCAAGGEGT CGCCTGC

NSNS N PN A A N



GICAACCAAT CTGAGCTGGAGAAAT TCGAT GECGT CAGCCAGGEGTAAGTACACC
ATCGCECCTGG

WOOAGASSAACAT GAGCT TCGT GAACGACCGT GAGGACAT CTAT TRTAUSAGI2 1890
TGACGGTGCT

Examplg G AAGCT GATCAAGAGCTACAACAT CGACACGAATAAGATCGGT CGTCTGGA
(002504 G Axample describes the hydrogenation of a-farnesene to farnesane.

GAGACGCT GATTGACAAGAGCAAAAGCGTGAAGT CTGTCTTAATGCAGCTGTITC
a-Fawmwole, 255 mL) was added to a 500 mL Parr high pressure vessel containing 10% Pd/C

CF:3 W%%&TW@AW@%AW@%&% for 5
minus e A AR PR PO e

was sigkynom paTuher drop in the H, pressure was observed (approximately 16 hours). The excess H,

gas w%ﬁgﬁimm%%m%aphy

TG GGATTG
(TLG R ReERRFRSTr HeimaTdRG Plietsd rsereiandinpesaase Alks

reacta@CTAGGRETRICOntents were vacuum filtered over a silica gel (60 A from Aldrich) pad followed by

washni%Wﬁ%%W?ﬁmﬁﬁap%g ql;e isolated

produgtavaefartimriisd ATte TV RIUAT ANEITEYF PAYTANEEA AR

liquid ©XS5 @EREMNED5%). 'H-NMR (CDCl;, S00MHz): § 1.56-1.11(m, 17H), 0.88-0.79 (overlapping t&d,
15H GGCAGCGACGCCCTGAACGT GCTGAAGTATTTCGACTACAACGT G
) TTCCATGTCCC

Exam%! GCAAATTAGTGACCAAATCTTATGGCCGCCTGI TATATAATGATTTCCG
[0025 € descnbes the hydro enatlon of 3.7 ll-tnme%hyldodecan -2.6,10- tn%r\;b\l -ol or

famew@é&@wthyldodecan 1 ol

oo A A ACT T G GARCeT CCOCAAGCRETT CCACAAAGACCCTGT

contai@if &SFPCETCQEEABHAASAITCOEDARNATHS FAdtUSEGY ST eaTed hrdlsifictaltédAinder

housexlm%%tes after which time the reaction mixture was pressurized with H, t si. The
GCCTGAATTACGT CGGT TCTGACGACCT GCAGGEGCAA G({{:Czl' &T QIQ
reactigmmarimp PAgtimed at 25°C and judged to be complete by thin layer chromatography (“TLC” Rf=

0.32, @B&@@%@&@ﬁ%ﬁ%@ﬁ%ﬁ@%@&%@@%ﬁ% under
vy RN ARGt S AT A SN IR i o

(60 AW‘pad followed by washing of the silica gel with ethyl acetate (“EtOAc”, 3 L). The filtrate

was c%%IM%%EWWQﬁ%%%QH%WA%I remove
any fﬂ@h@@éﬁiﬁéﬁ@?ﬂéﬁ%@@&@@mﬂﬁ@d@&m@%mﬁbﬁmﬁ”m

(CDCWWHAW(m, 2H), 1.65-1.05(m, 17H), 0.89-0.83(overlapping t&d, 12H).
GTAACTAGTAGGAGGAAAACAT CATGGT GCTGACGAACAAAACCGTCATTAGCG

Example AlGCAAGGT

100258/ AG TTtTT expopledyscbettoxmheis PO hdanoetindiode s PeerEronGEAGEGA

trimetfiYaEaR1HC

AGCCGTGACATTGAGT CTCTGGACAAGAAGATCCGCCCGCTGGAGGAGTTAGAG

[0025GCCCTa$tmARd solution of 3,7,11-trimethyldodecan-1-0l (542 g, 2.38 mole) in CH,Cl, (1500 mL) at

25 °c G SH LT Ao P Lol 2 M) Biowiab) Fet it B8 §3/57 5ol a7

mL) tq AT P A ST A RS GAYA T NGB AT EBOGTICEPOnREG! 2
hours 3R&(aRk KK dark rust colored solution was produced TLC (Rf = 0.32, 96:4 hexane:ethyl acetate)

analy%&aﬁ&@tmn to béA\ compiete i ﬁe reaction was termmated ana worEeé up as goiiows %eactlon

conteiBAGTAOBAORBOGT GPRHGEICEET CTHEUCAGAL REIWNET GBOTREARGICHe

or an'-ET g—% ith H,O (3X, 1 L) and then was drained into an Erlenmeyer flask. Decolorizi
& 'Té@TC@&C&T&%@T?&TG&A@G@T’RTQA@?T&CAATG@CGA&' e

charc@@@;@&ﬁ@gﬁd stirred for 15 minutes, filtered over a bed of Celite, and washed with EtOAc (2 L)
to proticd 4 AT (sBCARISCOA Tiltkats WakXoh st ot la

(G SRl .
Vo A RCCAAGER “'%@%%&5&%&@@&%&%&&@8%%&&?&
SOOMMM 2.04(s, 3H), 1.62-1.09(m, 17H ) 0.91-0.83(overlapping t&d, 12H).

GCGTGTAAGATTTGGCTGGAT TCTGAGGAGGGCCAAAACGCGATCAAGAAACGCC

TTCAACTCTA

CGAGCCGTTTCGCGCGTTTACAGCATAT CCAGACCT GCCTGRCCGECGACCTGC

TGITCATGCGC

TTCCGCACCACCACGGGECGATGCGATGGEGECATGAACAT GATCAGCAAGEECGTC

A AT AT N NN\




ATCTGCTGEECGET GCECGEECCCACAT GCAACGGCCCCAGGCACCAAT GCCCGCC
AACTGECCCG

WA 2008GIECCT GCCCGGT TCTGECEEGET GAGCT GAGCCT GT GCEORZAI 204742 1890
CGCGGGECCATT

Exampla@i T CAAT CT CACAT GACCCACAACCGCAAGCCGGECAGAACCAACCAAGCCAA
100254 AACKTF @@mple describes the hydrogenation of microbially-derived B-farnesene to farnesane.

CGCAACCGACAT TAACCGT CTGAAGGAT GGCAGCGT CACGT GCAT TAAAAGCTG
B-Farnesgna it ae! KRNG5 asEKy Fr4h- IRP6) vapghangddp J00 mhadass prepgusgaflask, to

whictO[9& @ N 0% palladiddb 8n ¢afbon {Sizm3 Aldrich #205699-50G) was added. The flask was evacuated

for 1%@@@%%5?%%1 w1tmm%1%ﬁn /ﬁ%q er 8

minute\BERCUCBETESATRTEEAT ¢F GEST GBEMSEIRENTS AN GRDRECEATT Esagdsted in
16 mrmm was stopped and the flask was left open to the 4 L hydrogen cylinder at 53 psi for
GC&J éA GATCATGQ;&OAA CTTACAAGCCCEOCTE

over usmg the Fene-Fane-Split100 method showed that the reaction was

(EEdIASN I CGhBRRKEh GEOTEH O GEETeST tedopdddAelow 48

psi om%\’%éﬁazsz the reactlon was rech r%g Eo 4? MW&&%&F? (SIKX that the

reactip-yyasalitipegmplete, another 10] mg of the same palladium on carbon was added and the reaction

was cRPARABRATCESTESCAET GRS IRGINCAN GICabpidted XdHK KAt d D UEPLE When
the Pr%ﬁé&éﬁ%*&ﬁ&ﬂé@?&&%&m%ﬁﬁw the

GC/MS@@{]ME‘IEAM‘F\@'the reaction was completed. The catalyst was filtered off using a silica gel filtration

over WTAWIMAJ ;ﬁmﬁ%%m&w&oduct

Al TTAC
purity GATGCAGGAT GAAT TAGCACT GCACT CTCAGCGCAAAGCAGCAGCCGC

] GICT
:30025 gﬁ-%wmar%%mgen%ﬁ - amesene 0 amesa%%AA CG
Into aWEWW%WTﬁ%M&%C (dry)
catalyEa CAPBEEECEA ctbrOarecE T ST AT BhsestseRTehATER Mt TieRN 825,

then efAcEtédAdecacuum. Stirring was initiated and compressed hydrogen gas was added continuously at

100 p%ﬁ%mergé%m wa&ﬁ(%%-glysrs smg GC-FID

inco

and a -FID the farnesane concentration was measured to be 47 %. The reactor was cooled,

WI TTGA T?Gﬁ
opene@% ry) cata]yst was adg:A d (for a total ogA4 g ¢ reactor was returned to

the abGEAESFTOCTEHOBGCABBGTARGAANBTCEEIT WOEKENBIaHGRAAAGCTTABTEID the

fome AN G s mossured 0 e 67,86 1, T, gactor was caled openedapd 24 ¢ of L.t %

Pd/C (e eatadysinwasedded (for a total of 58 g). The reactor was returned to the above reaction conditions.
After CATHGG\GR AR SIHPROANGAG arldTaNS Il TS A GAGTD T Fimofuhd Edmdetddtionavas

e R P B G AP AR AREE DT e

(for a ToratSof PR EIC(Fhe reactor was returned to the above reaction conditions. After ~24 hours, a fifth and

final Mmrmmwwmm&wzmmum be
91 @%mw%%mﬁmwﬁww%@rmr a0.5

micro@C @G AAELE@Ro two 1-gal glass bottles. Total reaction time was approximately 96 hours.

AGACATCGT TTCAAT GGGECGCTAACGCT GCTAAGGACATTATAACAGACGAAGA
[0025THAAABAEA A the previous batch experience, the procedure was modified for subsequent batches.

Into a%l@ﬁ&@l%rgﬁf WMEW&E%&-@FW é@ﬁ@@?&é@@c (dry)
cataly g KR PAT A KSR RIIA CEIFTH B AT e reslod SR A Epnipgsen o

then eyac@feHARISCTa@@m. Stirring was initiated and compressed hydrogen gas was added continuously at
100 pé %@%&Tﬁr LGrefYb BONECTromfGRAAE TGl A IR TG -FID
ATTGCT ACAGATACAGCACGTI TATGGATTGAATTCAGGCGGCGAGCCAACACAA
GGTGCTGCECG
CAGITGCGATGGT TATTGCACATAATCCAAGCATTTTGGCATTAAATGAAGATG
CTGITGCTTAC
ACTGAAGACGT TTATGATTTCTGGCGTCCAACTGGACATAAATATCCATTAGIT
GATGGIGCATT

N N RN R PN I\ T NSNS e ) e ) i g g pr—— g [\ wpm—— g g~ N N PN A N PNNVT" "N AT A AT AN NN



CGTTTTGATGACGT TGAATTTGACGAAGAACAAGATGCTGT TCATGAAGATCGT
CATATTTTCTA
WETADEAAATAT TGAAAATAACGT TCCCGAATAT CACAGACCAGARITHIBE20ATAT21890
AGGAGGAAAA
the fH@NA@ARRCANRATRITAGATIEAGBAIT DT VTIGACATT EATTCHEGTGARGARAAGTdpened.

The AQM%&\HQ@ then filtered through a 0.5 micron filter cartridge into two ass bottles
T T AT N A AR T A A R A AT B8

|0025-§AAT-|1-%3— @&Ghe product can be further purified by distillation. An exemplary 1 L dlstlllatlon
(ﬁAAA CX i(;( Aﬁ T
proto%&ﬁ%@é&rommatﬁﬁ Lo ames;lr—le was c];arge toa rour%ttom ask with a water

cooleEAATAITATE @PBEAGGVTRACCRNTAREITRGTABTIPAT GAT BETGEAM BRGS0

evacuItI(gA@_:Fg cxt'?’thls oint, the liquid was heated to 155°C and the flask was wrgl_p ed in glass wool
CTGCAGCTAGI TATGGT GCTAGT GAAT CAGACT GGOGGAT T TAAAA
along-pvith-atymingin Al During heating, the liquid turned from clear to light yellow. Vapor started to come

over t%E&dTéF AEE T A pkok (afdfy DS C bl thé Aebf Faknbsdne(GACEMd AT bEIVIARAETIAtion
GACAT

was S‘f’ (GCTTTAGAAAAGCAAAT TCATAAAAT TGOGGATGAGGCATATCCTTCTAT
ExambMMGCGCGTG

|0025%1|TGU hﬁeéiﬁi@%&@@ﬁ%ﬂ@%ﬁ&%ﬂa el SRR DfedMo. 2
meetingHFTAAR ACTIRAER PP TS mEtr eI RRITS NG T Aimstiaadeeyt Agts and

farneSaksCARLMNKINESGrimarily comprises 3,7,11-trimethyldodecyl acetate with farnesane being present in
mmo@& [ TAAAAAATGAATCT CCACAAAGCGACATTTTAATGAGTATTTTATCCAA

T -60 WD 2008/ 045555 PCT/ US2007/ 021890
CGICccar TGT TAAAGT TCAAGGCCGAALId GACGT TAAAGAT TTAGCAAGEEGECG
AGAGAACTCG

AGAAGAGGT TGCCAAACGAASEM FestOftethadr CTGTR0P T BEBRemd 8 YT GATIAT

TCATCGTGCTG farnesane and 3,7,11-
CAACACAT AATAAAGGT G TATGAAT GGCATACATHRetByifedesy-postta A\CNG
GAAATGATAG mber D613 504

@G N\AW I\I'" I'Y'Y'Y"I\TI'Y"I\TA "Y"I\G"rf"f"’rf"l\f"{"{"l\f"l\(‘j"rll_\\'r
ugging | o D63 - <22
|- . e%
i

TGG]
ACA] ACGATCAAMAAACGT CAACGTTTAATTGGTACAATAGAAGT GCCT
AT GACHTT Bgint (°C) D2500 <22
CAAT Bhy Hahirioe] CoT ACAAAAGHET TACCART TGCTAAALS TCTT TAGAAT
TGCCFAAATGTA
GATTXEACHABIATT AGGT CATRHAGT TGCT GOCGTTGAPP AGCACAGAAC
TTT GCATG

Example@CGCGCTCGI TTCCGAAGGTATCCAGCAAGGCCATATGAGCTTGCAATATAA

[0026T CT TThid@X8Mmple describes the testing of various amounts of farnesane with ultra low sulfur diesel

obtain:g{gr{ AR AN W ML RGP BRI TR HaCrne

dieschfrom iR Rf ACenRT A PGARBECA T TR MG ARAT MR EACTAR CRAPI@ Air
Resoutde§ Boakd lQise 8 Cxiterdd- Rcdugh IV dgéntaikd typidal PRAMEISCARB fukiQit the

refinefyhis ol of CARRg| o AR GERS AP AP AR S PR Gpnd 10

show (e TRAXATT\@ghs amounts of farnesane blended with the diesel fuels from the refineries. Figures
[1A- ﬁ%@@&%ﬁj@rﬁ@%ﬂ%\ﬁ AR (HichG A ACCAGATCTGATGACTG
Exampi¢ Z6CATTGAGCCTCTGTI TTGGAATTATATTTTGAGATGACCCATCTAATGTAC
[0026TIGGT AhlsAG@AES describes the determination of the amount of farnesane that is found naturally in

petrodbhd T IDERAR e oF io¥aab aheheh Eéniglial TGO A TollSenisare e o

hydrmwmmmwAWWMmewTdﬁww

0026y TTA%?@&@&W&%@W@%W@@MW

et al., A PG Banage. Assoc. 54: 1138-1150 (2004). Table 13 shows the results in ug/mL, wt.%, and

vol.wAATGGGT CCTTGGCT GGTCCATCT CTATTCTGAAAACGGAAGAGGAGT AGGGAA
TATTACTGGCT
GAAAATAAGTCTTGAATGAACGTATACGCGTATATTTCTACCAATCTCTCAACA
CTGAGTAATGG
TAGTTATAAGAAAGAGACCGAGTTAGGGACAGTTAGAGGCCISTGGAGATATTCC
TTATGGCATG
TCTGGCGATGATAAAACTTTTCAAACGGCAGCCCCGATCTAAAAGAGCTGACAC
CCGGGAGTTA
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ACCTAATAAGT CCAACATGGCACCTTGT GGT TCTAGAACAGT ACCACCACCGAT
GGTACCTACTT
WO BIATECCAT CGATACGGAAAT TCTCAAAT CACCGT CCACT TRTTVUSMUAR 1890

ATGTTATACAG

Table TT GGAACT TTCGACATTTTGT GCAGGAT CTTGT CCTAAT GCCAAGAAAACAGCT
SHAGHAAATT- Divied Diiation Dol Concentrat

sampleAdGED CCAT GT GCGT T AT QA A CAB AR CEAGCCAT AR S CAACCAA

= ATTCTTACCAN {g/mL) (ug/mlL) (pg/mL) (Wi.%) {vol.%)

FameshGEEGAACT CAACCAATECAGAAACAT CACT TTTTAACACT TTTCTGACAACAT

CAGGAATA

aes%h X
2 DB IE TG T COCACCABACTICT S5ad cci&cm%%&%méﬁeﬂq%xw

#2 Dies 0.8410 13.497 220 969.34

#2 oleﬁj‘:ﬁ prefes 0.8310 14,772 220 324984 030

#2 Die Nw;;l AGT TACTCAGASAQGGAGACAACERT C(AT#e‘ECI’TC@GAGCCAoTACT CT
#2 Dlesji-@ge Eg 2) 0.8434 13.770 220 3029.40 039

#2 Diesdl 0.8555 10.977 2414.87

CARB @TTEM’FMGI' ATTCEAGA COT&AGAAA@T@'I ATS?F@\TATTC-DGT CACC
I‘\\JI I‘\\JI | \JI | bl
AAATCTCATGAAGAGTAAATCTCCTGCCTAGACAAGT TTGAATATGI TGCAGACG
[0026FCCA&KAdeRITdithe last two samples in Table 13, all diesel samples were fuel purchased from gas

sttiofd kA P AR b biblel M Wil il BB Wrlhi kel “The CAve

diesel Ty irmpiAR T arsoT Refia FTdzomanydbacyARERBCCT CTTGT CATACCAT
CCTTAGTTAAA

E
W%%%TT%W %rcer to %%;%elther diesel

from RABCYRTT K AGATY GORATARBTIE1/ATbBARAREATSGT REEIGAY CGATAACCAAGG
GGCCTATAACA
IOOZWMPMMWBWAKMWWWMWQWMW

enhan AA o o_vlgn 9|_s ECD-1). An aqlc_ilct:l'g\r&g& 100 m was added to the baseé’_ul_el and the 5 vol.%,
20 vo lr m%ﬁ farnesane with the base fuel was tested iub ricity according to ASTM D
6079.TMWW ) BoTRG LA PLACKNAAINE 50 VdI T \ARE)0 um;

0 JACAABCGTAA
%@W&%&A@G@A@@CCTCTTTGTTCTTCAATTGTTTTGTATT

o0z m@%ﬁm&mwwwwﬁmwﬂmmﬁ

InfinhmrREGEART addgdto the base fuel, and the 5 vol.%, 20 vol.%, 50 vol.%, and 65 vol.% blends of

fames-m_e_lc_:@:t-ﬁ GRGIRGRITHR Tdabd\olalib Aot fn Sahihd 8 WS EIE AR TS AbEdity

TTCG

(HFR CABT P AT TS ARARCT s e AR P AR R and

240 pAESHREDIAAAA
GACTTCTTGGTGACTTCAGTCTTCACCAATTGGTCTGCAGCCATTATAGITTTT
TCTCCTTGACGTT
AAAGTATAGAGGTATATTAACAATTTTTTGITGATACTTTTATGACATTTGAAT
AAGAAGTAATA
CAAACCGAAAATGT TGAAAGTATTAGT TAAAGTGGT TATGCAGCTTTTGCATTT
ATATATCTGIT
AATAGATCAAAAATCATCCCTTCGCCTGATTAATTACCCCAGAAATAAGECTAAA
AAACTAATCG
CATTATTATCCTATGGTTGITAATTTGATTCGTTGATTTGAAGGT TTGTGGGEEC
CAGGITACTGCC
AATTTTTCCTCTTCATAACCATAAAAGCCTAGTATTGTAGAATCTTTATTGITCG
GAGCAGTGCGGEC
GCGAGGCACATCTGCGT TTCAGGAACGCGACCGGT GAAGACCAGGACGCACGEA
GGAGAGICTT
CCGT CEGAGEECTGTCAECCCACTCCECEECTTCTAATCCGTACTTCAATATAGC
AATGAGCAGIT
AAGCGTATTACTGAAAGT TCCAAAGAGAAGGT TTTTTTAGGCTAAGATAATGCGEG
GCTCTTTACAT
TTCCACAACATATAAGTAAGATTAGATATGGATATGTATATGGTGGTATTGCCA
TGTAATATGAT
TATTAAACTTCTTTGCGI CCATCCAAAAAAAAAGTAAGAATTTTTGAAAATTCA
ATATAAATGEC -61 WO 2008/ 045555 PCT/ US2007/ 021890
TTCAGAAAAAGAAAT TAGGAGAGAGABAT TCTTGAACGT TTTCCCTAAATTAGT
AGAGGAATTG
AACGCATCGCTTTTGGCTTACGGTATGCCTAAGGAAGCATGT GACTGGTATGCC
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CAAGACTGCTTACTATTCTTTCTACTTGCCTGI CGCATTGGCCATGTACGI TGC
CGGTATCACGGA
WA BBACEAT TTGAAACAAGCCAGAGATGTCTTGAT TCCAT TCEHCHBIACT 121890
CCAAATTCAAG
ATGACTACTTAGACT GCT TCGGT BQUBCAENAEAGAT CGGT AAGATCGGTACAG
SEQ JRTMTACAAGA

MevTHapreron AT G131 ICT TGEGTAAT CAACAAGGCAT TGGAACT TGCT TCCGCAGAACA
GAARTN 2500, 5 AAAATAAAATGAAGAACTGTGTGATTGT"TTCTGCGGTCCGCACGGCGATC

qi“% AGGC
°"\"~‘§f.ii‘ R e R e R A AR S oo
ﬁ ACCG
mﬁﬁmﬁﬁwAm
a' FUGTCAGGCACAAAGCATCGTTGCGGGTGGCATGGAGAACATGTCT chccc
cmﬁé’ﬁ%ﬁ@ﬂ%@@ﬂ@@&f@m A%E%&B%%@S% ACGTC

ATCﬁL&E@%@%&é@rTAAmTGCGCGACCCACGGTTACCACATGGGTATTACGGCCGAAAACGT
GGCOARACAATACH A GOAETAGESETANCEAT OATC AT CATTAGAT TAAPAGCAAA
GCABCARRIRI I CGAGTCTGGTGCGTTTACGGCGGAAATCGTGCCAGTTAACGTGGTCACGC
GCA BEDACT RITONEAN LSARAGAGAATASCATTGRRGRNIGCCTT
AGG RS XA RS ECEAGCCTTTGACAAAGCGGGCACGGTCACCGCCGGTAATGCGAGCGGCATC

AT GG G B AT T AT SN S ECBE O ATEAEEAATAGATEICACCC

, ATCTTATGCCAGCGGCGGCGTCCCACCAGCCCTGATGGGCATGGGTCCG
Al e
AGG e ; GTGGGTAAGRATC GCGA
NGO A AT ACGC
S FESNnS e dac oy pUSE NG cleitn e S s

PORAGGTATCGCCATGGTGATCGAACGCCTGAACTGAAGATCTAGGAGGAAA

GCA SRR EANACKEXS S AEA N EPEREET A TERIE AT A B GEAL AT EATdANCAAAA
GCACBKCACABAIEE ACAACACGAACCTGCAAATGACCGAGCTGAAAAAGCAGAAGACGGCCGA
GCA LASGATCCHGRIAGTATANGGIAG GAATEA LACA IR AG G TEET CEAITHASHEAGTGT
TGGAGAAATTCGATGGCGTCAGCCAGGGTAAGTACACCATCGGCCTGG

GTC

GAG AT AT FACAASARCAA AR PRER AABECT T T TN ARCARKATTERGLABEAACA

COG AT GTATCGACACCCTGAACGCGTGTTACGGCGGCACCAACGCACTGTTCAATAG
oA A AR A A R PGP PP PRI TaCRRCRATATC
GCCATCA TR ATTG
AR b R R ARSI KA LB e St e
PGGACTPe ) ATGT
GAAGEAEA IS BEAGGTTTATAAGTCTTATAGCAAAAAGGCGATTTCTAAGGGCCTGGTCAGC
GACEE R E AT AU SR ASSCLFGAREET G A FEXASTAATESAAAAA CETATTEER G TCCC
GACEHIRADTTTAGAGACCAAATCTTATGGCCGCCTGTTATATAATGATTTCCGTGCCAACCCGC
AGC SCACCTA ATCATGARTACKSTTGIRETGACAA
GAA QT T MTNES TTCGTCAACGTCGCGAAGCCGTTCCACAAAGAGCGTGTGGCCCAAAGC
CTGATRIBCACAGCT SARCTTTTCEATA TIIBTCGAGT EEAPETAGCCT
GCTINAREEEEG TTCTGACGACCTGCAGGGCAAGCGCGTTGGCCTGTTCAGCTACGGTAGCG

GCTW&@&@W@@W@@@%WM@A@@ BBAGCT

GGA
CGA
CAG

GAAGFAEAAGENGR fﬁf&?&%ﬁ%@@ﬁmﬁﬁ

AGCERREAMTERE TCTCTGGACAAGAAGATCCGCCCGCTGGAGGAGTTAGAGGCCCTGCTGA
GCAGRAAATATACAHAIATAGCTCAA GAAS A AGGRAGAEEALT CACHIATGCIHIOBABAEMAGC
TGC@KCMA@GAAZETGGAAAAGAAACTGGGCGATACGACGCGTGCGGTCGCGGTGCGTCGCAA
AGCORARTRATTGAT A ‘ B ABCGCATTGITGECTUCTEARBGAARCTAC
GACWGWGGCGCGTGCTGCGAGAATGTCATTGGCTACATGCCGTTACCGGTTGG

TG T A COREACT OIS OC I T EARAT A EAEATTAC I ATOOCAATT AATGAAGGTT
GCT “A 'ﬁ&@&@&éGCCATGCGTGGCTGTAAGGCGATTAACGCCGGCGGTGGCGCGACGACCGT

S e T e
e TS oA AT et acec
TGAMCTAAF Bontaty AAGAATATGGCTGGGAGGACATGGAGGTTGTCTCTGTGAGCGGCAACTA

TTGEASRTARAR ERKARCEHEAGEERPNATTATATPEHWG EP 66D b EARWAED SRS TGGCA
ACCCGGGAGTT

ATGACAATTACAACAACAGAATTCTTTCTATATATGCACGAACTTGTAATATGG
AAGAAATTATG
ACGTACAAACTATAAAGTAAATAT TTPACGTAACACATGGT GCT GITGIGCTTC
TTTTTCAAGAG
AATACCAATGACGTATGACTAAGT TTAGGATTTAATGCAGGT GACGGACCCATC
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ATGT TCAACTCAACCAATGCGCGAAACATCACTTTTTAACACTTTTCTGACAACA
TCACCAGGAAT
WRGHBGISPFICT GCGACGACACT CTTACCACGACCT TCGAT CCAGT TP GHTATAR2 1890
TGGITTTTTGIC
GAAGCT ACAETAICATA B
AGTW{'WAAAACCTGGTCGGCAGCGCGATGGCGGGCAGCGTGGGTGGCTTTAACGC

ACA TG EAG AT T LA CAC BT EAARG CTIOOTCAT SOCCATFCOTEAETGTCG
AGA O GOMATTGEAT TACCTTAATGAAAGAGGTTGACGGTGACCTGCGCATCAGCGTTTCTATG

e A AR A T e e
TACFAMATRES Wﬁﬁﬁ@m@&%%}

cGCAAGAd A A CGTCTGAAGGATGGCAGCGTCACGTGCATTAAAAGCTGAGC GCTAC
TAA@@]‘HCCAGATCT TTTCAAAGT TCGGGAAACGGACTACTGEGCCTCTTGICA éCA
TCCTTAGITAA

SEQ MACAGT TGT TGCACCACCGCCAGCATTGATTGCCT TACAGCCACGCATGGCAGA

ato B(S BTSSR operofd 2f MM 2QD84 DA5555 PCT/ US2007/ 021890

ATGAAGRCBUTIIG TAGTGECCAGICGTATAT 88T BOGCPA3TAGC

GAGCﬁﬁﬁjﬂnﬁp&&@CGATCTGGGTGCGACGGTCATTAAGGCCGCCATTGAACGCGCCAAAATC
Y AACC

N N N s e Sehance
AT PSR

5“‘3"é%TGAATTAGCACTGCACTCTCAGCGCAAAGCAGCAGCCGCGATCGAGTCT
oGTé@a??¥Ra6B@66KAAG€6*@§£X&¥¥R%@§B§ET stdedd A ASAdd et TTCAG
CCAGAACALTCCEEAAGGCAAACAGCACCGCGGAGGCCTTAGGTGCCTTACGCCCAGCCTTT
GACAM AT GGT G AIATIOACCOCTABAGRAGCET AG GGG CATANICAMGGTGCABAAGATACTGG
TCATTAJCEAMSACAGCGCCGCATTAGCAGCGGGTCTGACCCCATTAGCGCGCATTAAATCTTAT
GCCATTEETEA T TRGA RGAAGAACTET AT PINCCICCAT T GCCC
TGCAATTAGSSEOEEE TGCAACTGGCCGACATTGATCTGATCGAGGCGAACGAGGCGTTTGCAGC

A ICSSGTAARACHOLP CPACARBOE TG HEMQGOTGGC

AR RS SRR L E T
K AL AT S GEATHR A

AGA€Q¥ﬁ§3¥*§KA$EGGCGCTAACGCTGCTAAGGACATTATAACAGACGAAGATAAAAAGAAA
ATTESORTTRAAMET G0 A AAAYSAITT G BT GG AT AN A G EEGSESTTICAAAT
TcAd%ﬁbﬁﬁAf@KGﬁTATTCAACCTTTTGCACGTTGCTTTGAAATGAAAGAAGCTTGTTATGCTGC
AACACRAGCHMNTIEAMAA GATOGUT ATIZATEATGCAAT TAGRCLHY .
ATTGUWN&EGAARCAGGACQITMWGU%HJGRAI@CAGGCGGCGAGCCAACACAAGGTGCTGGCG
CAGOGGATAST TAGRITANTPAATCRAGEET AGATOCT@ TGCTTAC

ACTGANAGETIBAT O T eI CE T EAAARTE T AT VS HAGSAT DG TRANISOMOCATT
ATC R ARG TCCGCTCATTCCAACAAAGCTGGAATGAATACGCAARACGTCAAGGT

AAG AGGC
A 7O A A oa:a e"
ATT :c”c@f -{& AR ; GAA
A
oA &%@ﬁ%ﬁ%éﬁ@ﬁéﬁ% '%%%% aGo.
TCATTS L] CAGG
TTCA&¥% A 'TTATAGTGCGACATTAGTTGAAGGCTACAAAGATCATTTAGATCAAGCTG

CAcﬂ¥¥KXEBX¥FR%$IQ%$&ﬁﬁH6¥X&%@R%@%ﬁﬁ@?&??@ﬁ?@%ﬂ?ﬁ?6&@%@&f$@¥5cAAA
CGTTHBCACEACACAGAATTTGACGAAGAACAAGATGCTGTTCATGAAGATCGTCATATTTTCTA
CTTATCRGBAGARCAL AAANGTCIGETCAGAAAT SCATG AGCAPIATAASTAGTAGEEGCAAAA
CATGKWGD%NEANGWAGATAAGAATTchGAcATTTATCTCGTCAACAAAAGTTACAACAATTGG
TAGATANGXACHENTATT SO CENTROUGALA i

GAAQ@ﬂQﬁAﬂ$@A§ITTAATTGAAAATGTCATCGCGCAAGGTGCATTACCCGTTGGATTATTACC

CAA B AT SRR AT A T TG oA T AR ST DA SSTECARRI GTCG

CTG ALXGGTGCAAAGCTAGTGAATCAGACTGGCGGATTTAAAACGGTATCTTCTGAA
CGTAIT : ACAT
W A A R R AR AR T R e

A TR TRl
CTGC
ATTfﬁ$K@AA@E#éIATCTCCACAAAGCGACATTTTAATGAGTATTTTATCCAATCATGCAACAG
CTGAGCTAGAGAAATTTGATGGCGT TTCTCAAGGTAAATACACAATTGGTCT GG
GCCAAACCAA
CATGICTTTTGT CAATGACAGAGAAGATATCT ACTCGATGICCCTAACTGITTT
GICTAAGI TGAT
CAAGAGT TACAACATCGACACCAACAAAATTGGT AGATTAGAAGICGGTACTGA
AACTCTGATT
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CTTTGAACGT TTTGAAATATTTCGACTACAACGT TTTCCATGI TCCAACCTGTA
AATTGGTCACAA

WRRNEAIFASSGT AGATTACTATATAACGAT TTCAGAGCCAAT CCTARATTR20021890
CAGAAGITGAC

COTEEEXTNATFAGC T ROV T PAAAITIGACGAAR CAG K CTGG
AGAABABRGTHGECAAACGAATGGAACGTGCTTCTGTATTGGCACAAGTTGATATTCATCGTGCTG

CAA GG A A T T O AT AN G LT T MO CAB BT TOATAC
AAGTGCGCATGCATACGCGAGTCGTGACGGACAGTATCGTGGTATTGCA

NOARA A
FGGAGS mh,m?\- AAAAALC TTGG
SR s B A A A L A T
A &AL CATG
e D e e e an YN A a In g L s e ctass e Clmr e et et A
TTGﬁEﬁ’R&MEEQUAGGTGATGAAATTGCGCAAGTAGCTGAAGCATTGAAGCAAGAACCCCG
TGCWM%W@&Q@’E@G@%@@W%R%R@M%&HMN& ACTAACA
AATTAGCCAA
SEQ MG BCACCGAAACT CCAAAGGATTACGAAGCTGCCATCGAATTGAGAGAAAAT
ERGABPGCATMTRAnsert of pAM498 (5° to 3°)
GTTTIXEATGALATAT CAAA TP INACCRATCCATA TOXET AT TA TOCATTCAA
AGAQ@Q@@WTATTACGCCGGAGCTCCTCGACAGCAGATCTGATGACTGGTCAATATATT

S AT AN EN TG EASATS ARABNRI TN ICTASTOBTATCACCAG

AFELS - AAAGCGGCTGCTTGAGTCTTAGCAATAGCGTCACCATCTGGTGAATCCT
TTGAAL AC TAGTC
cosfit A AR e TR R B G drecro
CAARIAG * A AT oroc
CAAR AT A A R o0 A AToG
TAGMﬁﬂmAO%Q@HIE@&&EX@N@A(’;GCGGTGGAGATATTCCTTATGGCATG
TCTGEEEQH‘ERFRKKK@%WCCUQIAGC@@%AT(?T‘AMALQ}AGCTGACACCCA(\}ggﬂAGTTA

A AG TATGA
COTATZAHIATARAGTAAATATTTTACGTAACACATGGTGCTGTTGTGCTTCTTTTTCAAGAGA
ATAQCZEISPEATGREGAGTAADN TARGCTEGGATCTCPARCTCNCICGATT
TAT/’@Q@Z{Q&Q@ACCAAATTGTTAGGTTT"TGTTGGTTCAGCAGGTTTCCTGTTGTGGGTCATATG

ACT GOARR AGRATRATEIAIZURGCAACBEGGCA
CAGW@?@TGCTAATTGACGTGCGTTGGTACCAGGAGCGGTAGCATGTGGGCCTCTTAC

;v;.gm,g S AT T T seARsAo AR arACTT
s st AR M AT

Gﬂ@@@%éﬂ&f TGCGGAAACATCACTTTTTAACACTTTTCTGACAACATCACCAGGAATA
T AGTTACEABABARALATET AR R T RS AT NG GRS AR AGT T 1o
GTAONIYASIPACBAGAAACGGAGACAACCTCCATATCTTCCCAGCCATACTCTTCTACCATTTG
CTTTAGBCAGTATOUGIOAAGECTAABAAATT A TACTTAT ACCAABACACT M ARG TAGTEG TTCT
AAATOKRATGBRGATGTAAATCTCCTGCTAGACAAGTTTGAATATGTTGCAGACGTGCAAATCTTG
ATGIXCASTTAAARGCTAGITABACT CCGEANGTATATATAA GAGTAGCAAT G TANEABCAGG
CACQUBARSEAATCAAAGTTGGGAAACGGACTACTGGGCCTCTTGTCATACCATCCTTAGTTAAA

ACA G AN S LA SN T P T A S EOAATORCAOAOCRAGEA AAC

CATAZIS RS e TS SRS SeepiReTAOT
CTT A APt el G A QA MG TG G TR TR CRRTAETTA

TAATEE%E@@I%TCTAAAGGACGTATTTTCTTATCCAAGCTTTCAATATCGCGGGAATCATC
TTCACACALAA FEXTE NI CFEA TABEEE TACAGES eh LA & MA WACAER AT TTCG
ATCCA A AMTGIAGBGTTTTATTGGTTAAAACTGGTGTAGAAGCCTTTTGTACAGGAGCAGTAAAA
GACHTIAGCSAGAGGNCICAT T A AAVEAGT ACAGAACCANTAGATEGATIETGGTCIACGTT
AAAGQTARABRGT A TATCASSAA ATTATGCEAAOABE TTTTARGCA BT CABTAAGAAGTAATA
CAA S8 DeEHE CRARGCISP DG T VS G CTSRTS CASRI TTSCADF TATATATCTGTT
AAT/}GAF"'@Q‘_AAtH\"}"@QTpﬁgg”FQGQﬁG ,z(m BA @CA{(B\AB«TEAGGCTAAAAAACTAATCG

CATTALF TGCC
AATTI A AAC AAAAGCTAGTATTGTAGAATCTTTATTGTTCGGAGCAGTGCGGC

ceots EReE AT R RIS LRGN  nore
A e T Ao T

TATTAAECETCEGRICG TCCATCCAAAAAAAAAGTAAGAATTTTTGAAAATTCAATATAAATGGC
GAAAGGAGT CCATGCCCGACGT CGACGT GATTAGCGAAGGCGCGTAACCATTGT

CATGICTAGC

AGCTATAGAACTAACCTCCT TGACACCACT TGCGGAAGT CTCATCAACATGCTC
TTCCTTATTACT

CATTCTCTTACCAAGCAGAGAATGT TATCTAAAAACTACGTGTATTTCACCTCT
TTCTCGACTTGA
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ACATGGTGCCTGTTGTGCTTCTTTTTCAAGAGAATACCAATGACGTATGACTAAG
TTTAGGATTTA
WOATBIAGETACCGACCCATCTTTCAAACGATTTATAT CAGT GCCHCXZBAMI 121890
TTAGGTTTTGT
TTCAGAAACNGNIG ARG PG RIBTAGET T AR U TT GANOONANGIBCAGBBATTG
AACHEETQEETTTAGGCTTACGGTATGCCTAAGGAAGCATGTGACTGGTATGCCCACTCATTGAA

CT A AN AR PR BT CACE T PO O T AR COE ARSI PTATB AR TTCTCT

A (X X3
oo e AR AT AR ek oA
- £\ AA

GTTAT ACA A GATA
AT AL A A R G AT A T A A S G AT AR oy
GCACHNG! A\ AGTCGACTTGAGTAAGTTCTCCCTAAAGAAGCACTCCTTCATAGTTACTTT

CAAG AT T TCGAC AT AR SO BB T T COGA
TGAAXRGCEATTITGIAIA CAAGCCAGAGATGTCTTGATTCCATTGGGTGAATACTTCCAAATTCAAG
ATG ACTHATACEAR GABASATAGCTAX A TICEHACMSAAATEAAAGA
TAAQOMICTNFATOGGGTAATCAACAAGGCATTGGAACTTGCTTCCGCAGAACAAAGAAAGACT
TTA@NSZANATIBAGATABSABGHALTT. BBASRETEEAATG
ACT TN T SBREAGCTATACCACGAATATGAAGAGTCTATTGCCAAGGATTTGAAGGCCAA
AATHICTRACATE P AT e a R I A TCATOMIPRTMITIACTT A ET TR CATTCATRERCAAAG

AGKAAATAGAACTAACGCTAATCGATAAAACATTAGATTTCAAACTAGATAAG

T TCTCTCG
AT R R A A o
TATGATGE A TTCTTL GTAC
AT AT T N GRS ronc
GGCEAAJ AGBORAEACATTGGTGACTATTGAGCACGTGAGTATACGTGATTAAGCACACAAAGG
CAGAATGEASIAGCEATE SATTCACEACAAT I FAIGHE EASATED AT AREAMECGGeT
TGCATABTAEARKHGCCGCAGAATGTGCTCTAGATTCCGATGCTGACTTGCTGGGTATTATATGT
GTGCAAATAT A AT ARTACAGAACT GO TT GUAA GG AAGAGT TARMEETTCTAAAAG
CATATRMWWAPGRGTTTAGGCACTCCGAAATACTTGGTTGGCGTGTTTCGTAATCAACCTAAGGAG
GATGTITIOOT TS TG TR GNICAIAGOAG AR CITATANGGIAORA CGTG
GCA AGIATNCEAAGAGTTCCTCGGTTTGCCAGTTATTAAAAGACTCGTATTTCCAAAAGACTGCA

ACA T A AT A G T AR A CET AT T AR AR ST ACARTLARAA GCAG
GTG(A TTTGGATTGGAACTCGATTTCTGACTGGGTTGGAAGGCAAGAGAGCCC

CGA T EACRERREEPASE RN MMET AGT TGOCATTGG
seqQ IATATGATAAG

ERG ARSI AGHORGRAT, %W ATAACACCAACGGGCAAAGGCATGTAAC
GTT W&TXAATTCGAGTGAAACACAGGAAGACCAGAAAATCCTCATTTCATCCATATTA
ACAATANTGASKAACCECLHAAAEBABECTTCARACTAAGAAA G AEAAG AL et AMESTTTTT
GAA MOAGERGTAATTTCAATAAATTTGTAGAGGACTCAGATATTGAAAAAAAGCTACAGCAAT
TAA AGAGCER W T AL GRONMEUGTTOATASBT AOGCMCTCGCACATGA
ACA AN ARG AAACGACGTTGAAATTGAGGCTACTGCGCCAATTGATGACAATACAGAC

G AT @I CAPPICERB PO TAARCTE P X ABPAA T TAGBGREAAT ANDEPATIKIGATG A
g Ww f@fcﬁ@ﬁ WK}AGTT
Mo A%frf\l,&'\ﬁ'l: TTT TATATA‘%&%CTTGTAA%E?E}FGAAGAAATTATG

X A A
yesiearnieiiypuisenecell e uraprasietsiiciielcit: oyt
GO ATTGTT T ATAT
A A AT LN KB AR s D ERAB R acac
ACAGET AT ECTGCTAATTGACGTGCGTTGGTACCAGGAGCGGTAGCATGTGGGCCTCTTA
CACEWATAGMACCAATATEE ALACTINICATT AN X CAGTACTACTRACEACAGTAJCTACT
TCGATGAOASTABGGATACGGAAATTCTCAAATCACCGTCCACTTCTTTCATCAATGTTATACA
GCTTCGRAKNGIAGCCATARTAGTGTAGGATCUGTTGATEATAAOAA BA ACAGTCNIGNTCMEAAAAT

TAGEEARTETETCGTTAAATCCACCAACAGACCCAGCCATTGCAGATCCAACCAAATTCTTAGCA

ATGTEEAACTE AT EATHIG AT T AR A ATTCP QUM ACATICASSAGGAAT
AGTAGETAEFPRBACGACACTCTTACCACGACCTTCGATCCAGTTGATGGCAGCTGGTTTTTTGTC

coTHNRILS ??&@iﬁ%ﬁ%@?@%%%ﬁ@%&%
oAt AT AR AR GA A B AT T AT ST Cae
GCAATAGARI T PRI AAAGTTGGGAAACGGACTACTGGGCCTCTTGTCATACCATCCTTAGTTAA

AACAHTGIPBAECET A ¢ 64 EEXEELATATTAET HRAADSICCAELSATSEELOAALEEACAAA
AAAAGCTAGTA

TTGTAGAATCTTTATTGI TCGGAGCAGT GCGECCCGAGGCACATCTGCGTTTCA
GGAACGCGACC

GGT GAAGACCAGGACGCACGGAGGAMEGT CTTCOGT CGGAGGGCTGTCGCCOGC
TCGECGECTT

CTAATCCGTACTTCAATATAGCAATGAGCAGI TAAGCGTATTACTGAAAGI TCC

AN A APPSR PSR N 7~~~



ACTATGTATTGATGACGAAT TAGGT TTGAAGGGTAAGCTAGACGATAAGATTAA
GGGCCCTATT
WRANSOEEESGT GAGAAAACTAGATCATGAAT TAGGT AT TCCAGAARATT GARATIT2 1890
AAGACAAGEG
CAAGTHAGGTAGACIIUA TRANBAGASA TEAGTA KOPEATAGBAAGCAAAGBAGCATATAAC
ACC AR G GGCATGTAACCTATAACATTTTCACAACAAGCGCCAAATACGCGGTCGTAG

TCA AN AT T AT IS A AT T AR AR CATA M AT YO EARACTFEATIRBIAGAGC
CTTCCAAGEAA %—AACCGCTCTCGTAGTATCACCTAATTl I lCTCCAAAGCGTACAAAGGTA

ACT f&e‘u AATAA A GHFFS AARLGTT ; CTTA
A AT T (A eemi' AECINCA
TR, X
ATA }?cf Vv W : 3( A %}g. B it 3!“; TCGCGGGAATCAT
CllC v ‘t' uuﬁ. A;A ATTGC ATARA TTTC
/ e'. AY
GATCT AAAN GTAAA

AGAE e FPAIOFE AL CAGTCTTCACCAATTGGTCTGCAGCCATTATAGT Q&% TTGACG
A T L A AT N ve
ACA@W@%TTGAAAGTATTAGTTAAAGTGGTTATGCAGCTTTTGCATTTATATATCTGT
TAARIRETAMAATTACAG APPEGCTCATAA AR TGS AGIAHGA WSGCAAAAAGAGRAATC
GCATITAARSCTATGGTTGTTAATTTGATTCGTTGATTTGAAGGTTTGTGGGGCCAGGTTACTGC

CAATITATTTCAUCREAASSATASA ACTEAABTAITGCGG
CGCWWCGTTTCAGGAACGcoAcccGTGAAGACCAGGACGCACGGAGGAGAGTCT

TCCHREPEROEEER IR AR A TR ANTAT CATLIATET AR CAGT
TAA ' AG CCAAAGAGAAGGTTTTTTTAGGCTAAGATAATGGGGCTCTTTACA

] it R R B A A A A Arca
ArTABE G REA e R CARE SEERATTME L

CAG CGGTATTAAAGGTATCCAAATTTACATCCCAACTCAATGTGTCAACCAAT
CTGAFTNSAAWATFTEACE A ITACARE EARAANLD Ad A ARG EEAMMM ccaa
CATARSIARGACAATGACAGAGAAGATATCTACTCGATGTCCCTAACTGTTTTGTCTAAGTTGAT
CAAGRECITNEANOAGTARSATCARAA A 3T ECEOTACHSNNTETGATT
GAC BN AIGTGTCAAGTCTGTCTTGATGCAATTGTTTGGTGAAAACACTGACGTCGAAGG
TATTOREATACETA SCIGITHIGATGCTACEGSN AR TG TECAACTTGATGRARATEBATTG
AATHIAACSCATROGOATGGTAGAGACGCCATTGTAGTTTGCGGTGATATTGCCATCTACGATAAG
GG TGOS AP AASEERTEO T AF T e PANIATBET C RIS TC RS CFEBATIG TECAAT
TGTAFF RS ACRGFGTAAGAGCTTCTTACATGGAACACGCCTACGATTTTTACAAGCCAGATTTCAC

AT GE %@W@ﬁ?ﬁ?gﬁm"m
TTACARGAGTTA GATG

AG . NCASRAC NG AT TG AFITCCAALL, W@ Ag:é‘
GCCW(‘}TCGCGATTATGACGAATCTTTAACCGATAAGAACATTGAAAAAACTTTTGT
TAATSITTCCAA A GEAART A KA KN GNIAGTAGAE AR EET AT BATFET TEE AN ACAG
GTAABCGTASABBGCATCTGTTTATGCCGCCTTTGCATCTCTATTAAACTATGTTGGATCTGACG
ACTTIAAAAGACKATIGCATEEIG TTAAACAACGTCAAEEAGT TS DATCAGAAT TCTT
GCAROCAASGTGACGTCCAACATATTATCAAGGAATTAGATATTACTAACAAATTAGCCAAG
AGA APCACCANEICA R BAGCARASCTT AR TINATTGAATAT SASGAAAATRTCTAT TTGA
. AGAAGHACTXSARACCTCAAGGTTCCATTGAGCATTTGCAAAGTGGTGTTTACTACTTGACCAAC

ATCEGASPAAGTTARHBAT RGO TIET CACISTABMICTICACARTRRITEFATCTT
GCTG T GEA Ol ATAAATGCTTTAI ITTTTTGGCAGCCTGCTTTTTTTAGCTCTCATTTAATAGA

GTAGIIAX = UKVA ACATRATEL T AN AL Jéeeat Slygeivgecer CGGG
AAG ART) ,w-. LI L ,.ﬁ § ,. ‘lv G
ATTC NeCG d; SAAGA/ AR TATATAT

ACG@MQﬁ GTTEOARG AACATGAAATTGCCCAGTATTCTTAACCCAACTGCACAGAACA
AAA AT TR G AWAWGA@HAHJW@&%@\%FM@@Q%@%@@%ACTC
ATCERTCCAGEICTGCCAAGCTATTTAATATCATGCACGAAAAGCAAACAAACTTGTGTGCT
TCATTUGATG T CGT AATNIONAGCNATTAATGAGGT BANTCARCGATAL G GRACEIOOMTTTG
TTTAGTABGAGEATETGTGGATATCTTGACTGATTTTTCCATGGAGGGCACAGTTAAGCCGCTAA

AGGAATACCECCAGARET ST BTTTAT GITICCA T AACH SBBAAKT CTOTNCHXFTGE TAAT
ACAW@TACTCTGCGGGTGTATACAGAATAGCAGAATGGGCAGACATTACGAATG

QO
TGT TGGT GCC
GIAGACATATTCGAAGATAGGATTATCATTCATAAGI TTCAGAGCAATGTCCTT
ATTCTGGAACT
TGGATTTATGECTCTTTTGGT T IAAI I ] CCCCTGATTCTTGATCTCCTTTAGCT
TCTCGACGTGEEC

CTTTTTCTTGCCATATGGATCCGCT GCACGGT CCTGITCCCTAGCATGTACGTI G
AGCGTATTTCCT

————— R R NN R NN N SN NP g —— g g ——— g [\ o —— g I [N PN PN ———— g g g [\ g —— p———— ——————— g——— ) g——



CTTGCCTCGT CCCCGCCGEGT CACCCGECCAGCGACATGGAGGCCCAGAATACC
CTCCTTGACAG
WG B ACST GCCCAGCT CAGGGGECATGATGT GACT GI CGCCCGT AP TS M2 1890
CATACATCCCC
SEQ IWNETATAATCATTTGCATCCATACATTTTGAT GGCCGCACGGCGCGAAGCAAAA
IDI1-Rar MG Roneart of pAMA493 (57 to 3°)
GTT FA e T ACACAC T LA A S RE A AN AT e AN I AT TTICRGA G TCA
4 A - GATT
ol VRV o tvce s Sucies wo ol
AGCTATAGAACTAACK TTACT
ATV GE W&%WW&W
ACAW&TTAAGTACTACCACAGCCAGGAAAGAATGGATCCAGTTCTACACGATAGC
‘ A A G TABARS X EFMEBERAIAR AT PN FECATG T
AGcMﬂkﬁ‘b@MATTTCAACTCATCTGAAACTTTTCCTGAAGGTTGAAAAAGAATGCCATAAGG
GTCACAIGAWGATATAAAT SETALNACTATACIATARPAATATA
TGC AT GNTRTARTATGGAAGAAATTATGACGTACAAACTATAAAGTAAATATTTTACGTAAC
ACATG TESATSAGCRICGATGR AT SAGACHOAGNTBAGATTTA

ATGEAGRRGACIGHECCATCTTTCAAACGATTTATATCAGTGGCGTCCAAATTGTTAGGTTTTGT
TGO A RS R T ¢ G TG G PO T AT CAT A TIECAN T EASARBAC AT CTIARI ARG GCAG

Sij ey 1
TAG :".En_ e T T A A T AT e ann
A A R A R AT
CAG@%ER@RGCCAACCAAATTCTTAGCAATGTTCAACTCAACCAATGCGGAAACATCACTT

TTT AT TR A AALATOA ECACCA BEAGT AGT T A G EGALGA AT FER ARG EGACC
TTCAAACTAGARGAEGGCAGCTGGTTTTTTGTCGGTACAGTAGTTACCAGAAACGGAGACAACCT

CCAROCTTCCRAT GARGRGATAGM GRATTIBGCGRTAAT CEqTIAGKAATCA
TATm'Awq:@;n@cGTcACCAGTAGTTGTTCTAAATCTCATGAAGAGTAAATCTCCTGCTAGA

CAAGTS GCGTTT
TGT%Q@@T@WCTAACCATATCTTACAGGCACCAGATCTTTTCAAAGTTGGGAAACGGAC

TAC R S A A B ST T G AG A OCEABATFTEATTGC
CTT TGGCAGAAGCTACCAAACAACCCTCTGTAGTTGCCATTGGTATATGATAAG

oA B e e R A A A A AR M e
ATA adcTT

ceTAiy GRS e EAMN AR (et i erer

GTTATCAAMT G GPATTTCCACTACTTAATAATGCTTCTAATTCTTCTAAAGGACGTATTTTC
TTATETBAGETATAAATATCGCHCGRATCAACATCATATERCAACATE XX B G EICTOAPEAGCT
CGAW@KTAAACTTTTGACTTTCGATCCAGAAATGACTGT’I"I‘TATTGGTTAAAACTG

AN TN AEANTEC CORT PO TCAGET CMCIBATTGG
TCTqacmmm:gD@GTTTTTTCTCCTTGACGTTAAAGTATAGAGGTATATTAACAATTTWTGTT

GAT AT STAEOETIIATBIOP AT PARATA A SATTATST T TIOAAANEATCARTTAAA
GTGQ—W&@# GCATTTATATATCTGTTAATAGATCAAAAATCATCGCTTCGCTGATTAA
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# ‘\\A ,‘. A ﬁgg‘éﬁ‘g mc A TTTAﬁTtACTCWCATAAC%ATAAAAGCTAGTA
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CTAAT Prc A TATAGCAATGAGCAGTTAA TAT AGG
TR AT AN D OT T S S Ot A A A A r e
ATA@%WT’%C@MG&QQ h 94 R PRorTRANCPPEPIEGAEBRPCCAAAAAAA
AAGPYAGATTITTOAGAA CTTAMNTATGAARGAETECCEAECA AN AN AGCBCEAAEE TG

AGTATIBATTEBBGTAAATTAGTGCAAAACCAAACACCTGAAGACATTTTGGAAGAGTTTCCTG

AAATRGTTTEARMTASTCTOGTAGUIPMALTCAATT TRTHAMGARGT CTRRAGSABGAGAGCGG
AGA AN TG TXTTOS TGGTCATGATGAGGAGCAAATTAAGTTAATGAATGAAAATTGTATTGTTT
TGGAGLAREEENATEEET AIGSGIAC SORARCAGCAAGTT Y X CAATTALTAGIOBIA TATT

ARG T AT ACATCGTGCATTCTCCGTCTTTATTTTCAATGAACAAGGTGAATTACTTTTA

ST T AT
oAl AR A A A A R AR T AR A TE R A A s
GAAE%ﬁﬁ%ﬁ?&@mTTTTATAAGATCAACGCTAAAGAAAACTTGACTGTCAACCCAAACGT

CAATIGAKGTAGACATTEE LAL C664 TOChEEAGATE ARG AOCAICTAGEGATEATEAlccecaa
CTAAGCCTTGTA

GGGECACATTCACCCATGGCATCTAGAATTGECTTCATAACTTCAGGAAATTTCT
CGGTGACCAAC
ACACGAACGOGAGCAACAAGAT CTTTORGT AGACCT TGGAATTCTAGTATAGGT T
AGGATCATTGG
AATGGCTGCEGAAATCATCTAAGAACTTAAAATTGTTTGTGI TTATTGI TCCATT

R S ——

C




TGGACCACTTATGATTAAAGCTAATGT CCGGEGAAGI CCAATTCAATAGTATCTG
GITGCAGATGAC
WA GBSHIATIT AGCAGGTAGGT TCTCAACGCAGACACACT AGCAGCCAAAMBAR 1890
TTGITGTACAC
GTTAAGAGAGTT CRIGANAAAATAAT, CCAONVEARTAGGRAGGAGCAA
TTAGATGPGATATGTGAAGTGGAAAATGACAGGCAAATTCATAGAATGCTATAACAACGCGTCA

ATA AT PEETAEAT AR AT AT T A EA TSRV ARG ARTEATATAVAACGTT
TC?E%&?' wfﬁﬁ%ﬁ@ﬁTAGTAAAAATAGGCGACAAAAATCCTTAGTAATATGTAAACTTTATTT
TC A A

G

AGT A CTCG
A P R AT TR OATIC M AT AT T oo

AAGAJG
Car) HIRIAT A AT AR AT AR E Mo acr
O A el P SRR QAT TG oACe

ATTEAAGARAANGGGA TCCTATTGACCAAACTGTCAGAGTTCTGGTTCAAGTTCCTGTCCAACGA
TGTTUGCTARECACAES TONATATCAATCTTAFCAATACATMACCA T TS PACACTATAAATT
GAGTGTACROMT/CTTTACAAAACGCAACTAGAAGACCGCTCTCTATTGGTTCACAAACATAAACTA
ATTECATEGTGABCAGEN TG ACTIGOTTAGEBAAGBCTACGGSAAAA
CAGG TAQRSNGEATGGTTTGAAACAACCTCAAGGACTTAAAGAATCTCAAGAGTTCCCAGAACC
AATEINEACKCEAREM NN TG AL AAGATOAA T AT AL EEAACATE XRICETEFCCAG
GCCOAHASET REFPGGTGAAGATTTGTCACGTAGAGTGGCAGAACTGGCTGTAAAACTGTACT

cenfly HEABEACT AR TR HATGATREPACARAREMATRSEFFAAAC
Eﬁ%} A T I ARSI TGS CAACATATAAGT AGATTAGATATGGATA

FSITSAGGGTCAGTTATTTCATCCAGATATAACCCGAGAGGAAACTTCTTAGCGT
croW@Mﬁ&&%ﬁﬁ%ﬂ%ﬁéﬂ?ﬂﬁ&ﬁ@@ﬁﬁ%ﬂmmm
TTAATRBBBTEAACTGGTGTCCATGTCGCCTAGGTACGCAATCTCCACAGGCTGCAAAGGTTTT
GTC TOMNVEAGTBAACAT ARG TEICATCAGCSARET TAGNACASTCRARTCXSEAEANGTCCAC

CAGQITISTCGEAACCTTCAGTTCATCGACTATCTGAAGAAATTTACTAGGAATAGTGCCATGGT
ACAGA! (@At GGTGCC

GTAQA KA TTCOARGATAGGATTATCATTCATAAGTTTCAGAGCAATGTCCTTATTCTGGAACT

TGO A AT A T AT L OCAT O AT E TCATITARET TATAGAGAIGOGC
C PGATCCGCTGCACGGTCCTGTTCCCTAGCATGTACGTGAGCGTATTTCCT
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AATWW’I@‘TTWTTTCCACCTAGCGGATGACTCTTTTTTT’["I"CTTAGCGATTGGCATTA
TCACATAARA RGT A ANTHATHPA ARG T A EGTAETEPTEGA A GA SANATA AT TTAG
CTTGOBACGTACKATICCGGGTCACCCGGCCAGCGACATGGAGGCCCAGAATACCCTCCTTGACAG
TCTTARTATATGCAA ORI G AT AIGTGACAAAT T ACHEIBAAARCT G TCTATAICKICCCC
ATGPNTBBTGRCGRACATCCATACATTTTGATGGCCGCACGGCGCGAAGCAAAAATTACGGCTCC
TCGCARNPCCTFTGAACHBT GEEA AGCIIESTCARECEAT COETGTATIATCCACARGCCG
CGCQOFREROACAAATATAAAAGGTTAGGATTTGCCACTGAGGTTCTTCTTTCATATACTTCCTT

TTA NPT FECEAG G T AGI A ERACARAOAICEOAT AT AAARTAEAATOOTAGAACCA
T AR LC ORISR AMTAAABETaOITCTT
T A A A A (TG G TRLATATTGT

GGC@MWER%GAAGCAATGGGTGCTGTCCGTGGTGTAAAAAGATTCGGTACTGGGTTCGC
ACCAAHCHICAAGCECTEHTEAJ XA TAABOACLARTAGT AB A ECRESIEPRATCG
ACCOTIETCCAATEGAGAGATGATTGGTGATTTATCCACTGAAATGATTCCACACTTTTTGGAA
AGT GEAGTAANTNACOAETS TTOOFASASETAGCGNACGRXGACCA
CAGMWCGTTCAAGGCTTTGGCTGTFGCCATAAGAGAAGCTATTTCTAGCAATGGC

ACCANTOPGIITAT T A AN G T CAGTEX ACCACCACARGATECTTGT
TTTC@AW@@(\TTTGTATAGTTI‘TT’WATATTGTAGTTGTTCTATTTTAATCAAATGTTAGC

T e e s st occ
AAT GGTC ATA CGATTCGA AC AACGCC
AR MR GRS LA an
AAA AAA

TGCCTATCGCAAATTAGCTTATGAAGTCCATGGTAAATTCGTGTTTCCTG

GCAJ%EME%AIHWQJWWUWJQA&AGGG
TGGTGCTAGAGT

GGTTGITACACTGCTATCCATCTTACAGCAAGAAGGAGGTAAGATCGGTGTTGC
CGCCATTTGTA
ATGGTGGTGGTGGTGCTTCCTCTATTETCATTGAAAAGATATGATTACGT TCTG
CGATTTTCTCAT

GATCTTTTTCATAAAATACATAAATATATAAATGCCT TTATGTATAACAGGCAT
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GAGAATGGT TATGT TCCTCCTCACT TAAGAGGAAAACCAAGAAGT GCCAGAAAT
AACAGTAGCA ACTACAATAACAACAACGGCGGCGTTTAAAC -66 WO
wWQO@8N&s5555 PCT/ US2007/ 021890 SEQ ID NGO 7 PCT/US2007/021890
ERGS- PGAL- ERG 19 insert of pAMA97 (5 to 3')
ATTGATTARAST ATTUUAATASSA TENMAGCEAT CGICNAIAGCACIEAGTCTTCTATTCAAGT
CTGPFCARATATATIGTAACTAAAATCATCTTGCAATTTCTTTTTGAAACTGTCAATTTGCTCTT

GAG AT AT AT AT AT A AT PP A GRS OCAT T AT AAFCTCTCE AT TTGT
GGAQ‘ ﬁngﬁéATCATCGCTCAGATIlIlAATAAGTTCTAATCCAGGATGAGAAACACCGA

LS e A A A e A T e
TTTCH A ACTTAACTTAGTCAT CTCTAAGCCTTGTA
on Z%f L N S G R e A T R S e
ACA ATTGG

CTAAGAACTTAAAATTGTTTGTGTTT CC TTqéégﬁ TCTTT
e N I Yy E e oS TN s e e NS eIy Ry oA

TACJ@@@H&F@EITGAAGGCCCATTGATTCACTATATGCTTATCGTTTTCTGACAGCTTTTCCA
AGTIAQETATTCT BBAALTCSCHRAA TRRGETAREAGT A FOACATAGBAGAARTAGA
GGCGETTTACKAAA ACCCAGCACCGATGGGTAAAGTAGACTTTAAAGAAAACTTAATATTCTTG
GCAPIGTGET BCACBAGATAASACGATGIAVGOTAOBCAREGGAT
TCGEAPNGUTEBEETRACAACGGATCCAAAAGACTAACGAGTTCCTGAGACAAGCCATCGGTGG

CTTRRRAPEATEFECONTOAAEBERACART M EARACTSIGETAACOAET G GARTIATTGA
TGG 2= TAAAGCTAATGTCCGGGAAGTCCAATTCAATAGTATCTGGTGCAGATGAC

'~

N e
AGC STC AA AAGAACGGTAATGACATT
ATA ) ATA

ACA

A ATG
o= ey Ellecire st v
cTTHigel ATCTGTTAATAGATCAAAAATCATCGCTTCGCTGATTAATTACCCCAGAAA
TAAGBI TN A AT AT SR PRA AT CE AT A A TP EE AT SN EEM AGG TT
TGTGAESATASATACTGCCAATTTTTCCTCTTCATAACCATAAAAGCTAGTATTGTAGAATCTTT
ATTNTTCGOBG TAGTGCGA  TTACAGEA LT CEXTCEAGNECACCAG
GACW@WAGTCTTCLGTCGGAGGGCTGTCGCCCGCTCGGCGGCTTCTAATCCGTACTT
CAA RGAN

GATWTACATTTCCACAACATATAAGTAAGATTAGATATGGATATGTATATGGTG
GTAW?A@@EMT@?%W@&WWWW@WMW' ITT

ATGTCTCAGAACGTTTACATTGTATCGACTGCCAGAACCCCAATTGGTTC
A T GCCT
4 A AT A e R A A o
o1t “"""‘%' ARG T e T A R A RS A AR e
GTTG PRIRCAS AATC
CATd¥¥XHé$€E$KKTGCTGATGTTGTCGTAGCTGGTGGTTGTGAATCTATGACTAACGCACCAT
ACTACAESTNSTRGESE TEE A A FEANAAGB EEARAE TSP EPEARAS YT CGA A
AGAGATEHECFBIAACGATGCGTACGATGGTCTAGCCATGGGTGTACACGCAGAAAAGTGTGCCC
GTGAACGHAICAARGCT AGA CAGT LACKEA COMTTTRAGAT A CACHAOASSTAGE AGBAATCTCA
AAARTOTEAN PRGN AGGTAAATTCGACAATGAAATTGTACCTGTTACCATTAAGGGATTTAGA
GG TAASICISAHTBCET R EGTAARROACTSTESTTASTIUIRCT ARG R TG T GPATIGHARA TTGA
GATCIIEAASIACAGATTTCCAAAAAGAAAACGGTACTGTTACTGCCGCTAACGCTTCTCCAATC

A AR AT AT IO Lo MOTTTA P RAGOBEAAGRBTTEANAGC

s ,, FGAAAGGTTGGGGTGAGGCCGCTCATCAACCAGCTGATTTTACATGGGCTCCA
TCT SCAG ] ACTTT
Gan R .315‘““"' eI Nafecey e GyRecelediue et il
G AGE TRl AT TaTA
G AGERAATE L AR A R NN et rrana
ATGé@kﬁ%ﬁ%@ﬁ@cncCTCTATTGTCATTGAAAAGATATGATTACGTTCTGCGATTTTCTCAT
GATATTTEEE SATAAATA A RAAAN A A CEACAT AT ETAKAACT A TAZIFPARAGTT
TTATBOGCCARBAMICGTTTTTCAGGTACTCAAACGCTGAGGTGTGCCTTTTGACTTACTTTTCCC

GGGAALIGU A IAGA N ATGCCT GACBIGIATTCACTEAT! &CCGT
AGTG'WAAGGCTCTTGCGGTTGCCATAAGAGAAGCCACCTCGCCCAATGGTACCA

ACG ATOTIGCCT T A AATSEAATATAT :
GATWGTATATATGTATACCTATGAATGTCAGTAAGTATGTATACGAACAGTATG
ATA : TCCT
T B e e e VA v n T e
GAACGGLAA XA AAA
Accﬂgrﬁé’ %E%éﬁ%' E@ﬁi@ﬁ@@%ﬂﬁfﬁ/&@% ﬁﬁ ‘@ fXCAAC
GAGAAT CCTCACTTAAGAGGAAAACCAAGAAGTGCCAGAAATAACA TAGCA
ACTABOA AT A LRACG B ESE PR AAAAGT CCCCAGAAAGT AATATCAT C
AATCGTATGT

GAATGCTGGTCGCTATACTGCTGT CGATTCGATACTAACGCCGCCATCCACCCG
GGTTTCTCATTC

AAGT GGTAACTGCTGTTAAAATTAAGKTATTTATAAATTGAAGCTTGGTCGTTC
CGACCAATACC

GIAGGGAAACGTAAAT TAGCTATTGTAAAAAAAGGAAAAGAAAAGAAAAGAAAA
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CGTAAAACTGATTAATGGT GTGECACCAACT GATGATACGCT TGGAAGT GTCAT
TCATGTAGAAT
WOATINSBACECAAAGAGT CCAAACAT GT GGCAT GGAAAGAGT TCGAARCIZES 10AT 121890
GITTCCTTTGC
AAAGGT GCCGAAATCTTTTTCAACAATGECTTTACGCATGACTTCAAATCTCTT
SEQ IPXSr ACGACAT

ERGE&FerciRG P amsref pAVANXT AT T CGGAGGT TGCCACGGT CAATTGCATACCCT
GTTQQQ@ﬁ@ﬁﬁﬁ@ﬁQﬁTAGGTGGTTAGCAATCGTCTTACTTTCTAACTTTTCTTACCTTTTACATTT

ST A A R A e e
Al AA

T6CT - A e
TocT A AT ATREER AL G FRETERGR AT
TAGQ OTSGTCCTAAATGGGGTACCGGTAGTGTTAGACCTGAACAAGGTTTACTAAA

AATEESTANN DN AT G AT EGEANCTRENEEA TA FAASEF B EAFEASKIEreTTTT
AGAGTIANGABCA AGCAAGCCACAATTTGCTAAAGGTACTGACTTCGTTGTTGTCAGAGAATTAG
TGG AT G AGTAST TS AT A NG BTG CCAATCXONPCBAEEEEHEHE TCAC
CCCRATHFNEAAGGAGGCCCAGAATACCCTCCTTGACAGTCTTGACGTGCGCAGCTCAGGGG
CATROGTSMITGACGT G I TRAAGCTTATATATUEGAGAGAAT A THANGTGTCADACATAC
ATTTICAAGHTABTACGGCGCGAAGCAAAAATTACGGCTCCTCGCTGCAGACCTGCGAGCAGGG

AAAGEEY A TCACEEFECTT T TICEAPEF LG GaCIGRATTOTACARGEATAINAAA
GG A AR EAFTGAGGTTCTTCTTTCATATACTICCTTTTAAAATCTTGCTAGGATACAGT

TR AL L AR A R AR T e
noe A R GG RIA I GE ALBAHS N arn

GATEARGeR CAAAACACTCTGGTTGGTCTCTTA’I"I‘G'I”TGAATGTATTGGTGACCTGCACA
TTGAP@H@@R@@@A@NCTM Tt GLPRPEE E A TRAS SR ST eEARGCAAT
GGG AT (ST GAPGETGTAAAAAGATTCGGTACTGGGTTCGCACCATTGGATGAGGCGCTATCAC
GTG I AT THACBRATCIACTACGAMSBACBHEI CASTRPATAGAECTTACATOICANGNIAGIAGATG
ATTPOVETATAGGACTGAAATGATTCCACACTTTTTGGAAAGTTTCGCGGAGGCGGCCAGAAT
TACGTATATGANXHNGITTGAGAT TAGCGALSTOAGABBTNAEITILAAGG
CTTTOSAACTEABANTAAGAGAAGCTATTTCTAGCAATGGCACCAATGACGTTCCCTCAACCAAA

GCTG G GAARETATT M XA BT AT NAPAEACETG T CCARGFAG ARG ETFTATA
GTTT AT AP I AR TTGTTCTATTTTAATCAAATGTTAGCGTGATTTATATTTTTTTTCGCCTC

oAA L e AR e
STAQGA R AR A I A A

ATCENATTGA CCTTTGGTAGACCAGTCTTTGCGTCAATCAAAGATTCGTTTGTTTCTTG
TGG&HMQ@%E%%@K&FH At EAGEEA A AL TEITHPPGAMRATT AXEXKECAATT
CAcW&%@TAGATGATTCAAATTGATGGTTGAAAGCCTCAAGCTGCTCAGTAGTAAAT

A : A AITCTGACICATT
'I"I‘CAGWACAACACAGCATTTGGACCTGCATCAAACGTGTATGCAACGATTGT’I"]‘CTC
CGTAAN: B TCICBTABTACEA GAAT
ATTG@QS’@NWGT@AWAZ@GQISQABQ%AP@WWWT%@TGTTTCCWGC
AAA AR EAAAETETITOAFAPGACAT
GTT y AT AAATAGTTCGGAGGTTGCCACGGTCAATTGCATACCCTGAGTGGAACTC

ACA / TGTC
T6c A A AT A e A A G A T A
GCC ATAT GTTG
ACTTRERA GASCACLERE RO AR AT AT GRA Acan
acctAd CTGTAGGAAAGTTATTTTCGGAGACAATGTGGAGTTTCCATTGAGATAATG
TGGEEAATFA TS ESHCATEEARELATTTACT AT T T I ATAGACEEEEAGAERATTTT
GAGCAAARC AT PCGATGCTGTGTGGTTCTCCATTTAACCACAAAGTGTCGCGTTCAAACTCAG
GTGGATAIGUERATAGGAT AA CCERCAAMG N TATAT BTG AGCIICHCTC AAABGEFACGA
ATTAEISGREAAMEACAACTTCGTGTCCCTTTTCCCCCAATACTTAAGGGTTGCGATGTTGACGG

GTC PN CLTCARGT SECTENGAINAAGTARNOAAT T¢ KX ACTTABAGTCATAGAG
GTATAHEPAGAAT I TTTGTTGATACTTTTATGACATTTGAATAAGAAGTAATACAAACCGAAAA

A AT O P TR AT ARSI AAARGRTCAAAA
{ CAGAAATAAGGCTAAAAAACTAATCGCATTATTATCCTA

ST FERE RGATTAATTAC
AT e A T A A TR A R A e
CAT ~vA ATAAAAGCTAGTA ACATC
CGACCGGTGAAGACCAGGACGCACGGAGGAGAGTCTICCGTCGGAGGGC

TGT&%EEE@-’EE%E%EH@%%E%WWEM%%@WFA&TACT

GCAACAGAAGATTGAGT TTTCATTCGCACAGAATTGAAGAAGT TCCCAAAACAG
GECTGEECTC

CTCGGCAGGT TTAGTCACAGTTTTAAZTFACAGCTTTGGCCTCCTTTTTTGTATC
GGACCTGGAAAA

TAATGTAGACAAATATAGAGAAGT TATTCATAATTTATCACAAGT TGCTCATTG
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GATGCAGT TGCCACAATTAGACGT TCCTTTAGAAAAATAACTAAAGAATCTGGT
GCCGATATCEA
WSO OEES ACAAACTAGCT TATTGGATGAT TGCCAGACCT TAAARCIZEBE200UT21890
TACTTGCTTAA
GAA AR B REACAARES CGEUTARGCBTAGTGBTT CGOTAABCAAGNICAIONACATA
TAAQIPAAGANTAGCAT ATGGATATGTATATGGTGGTATTGCCATGTAATATGATTATTAAACTTCT
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TCG AYT'GA A TCTGATGATGCCTAC ATTCTCAGGAGGACAGCGTTACCGAACATCGTG
oA A AT AN AR E A R S M ST O Gere

CTCWA@CACAGTTTTAACTACAGCTTTGGCCTCCTTTTTTGTATCGGACCTGGAAAA
TAATESIAGACAAATAFABEEAAGTCATTCATA PBATEATANTAAFTACETAAKEI TAOMMAA CAGG
GTA A S ANCETE G TTTGATGTAGCGGCGGCAGCATATGGATCTATCAGATATAGAAGATT
CCCATAGRAMTEGATA B TTACOADATATFIGAAIG GOTATA GCGC
ATTT&Q&‘TA@@AAGAAGACTGGAATATAACGATTAAAAGTAACCATTTACCTI‘CGGGATTAACT

TTATESPHACAPACATATATES @ AOAGEATCTARFCEAIGITEBHA AATT
GGT%W"&??@TATGCCGGAAAGCTTGAAAATATATACAGAACTCGATCATGCAAATTCTAG
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ACEYS OENGGTTATGACGCCATTGCAGTGATTGCTAAGCAAGATGTTGATCTTAGGGCT
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GTG P AGCHANAGNAAAAGATCCGGAAACTTATCTTGATAAATAACTTAAGGTAGATAATAGTGG
TCCATURS RGAACT TTAVAANISAGARGCT T T A AHVE XA GCHCTTAL AATCXAAGAMNABEATCTT
CCGATACARGAAATTGTTCCTTTCGGCGGCATGATAAAATTCTTTTAATGGGTACAAGCTAC
CCCOUUUATTAAARAGAAATEIICTA AL RAOGHAGT SCACSTUORCARGAGAAATTCATA
ATAWWAATTACAAAATGGAATATGTTCATAGGGTAGACGAAACTATATACGCAA
TCT S s AP OBPEAOTASSOOEATEFAAATTG
ATA(AM—F‘:&&@@AACGTGATAAGGAAAAAGAATTGCACTTTAACATTAATATTGACAAGGAGG
AGG ATATA
oA AT %ﬁﬁfﬁ%@@ﬁ %memm
TTG A [GAAAGTT GAA

ETAG TS CAAT

ACCAAA GG A '&xﬁ%&%@%ﬁfr‘@é : c‘é T&éé@&%é&@Am%ACATAAGAA

T“F@Q@GG)QIGGNGZ\Q@TK@KGG&%ﬁﬁ@t@tﬂt\(‘i@WAQ‘QW@C@”IE’I}AGT@CATCA
ATAAAI}BTT)CTCCTTCCACGTAGGCGAAAGAAACGTTAACACGTTTAAAC

ATGCGACACTCTGCCCGATCTCTTCCGTAAGCTTTTCTTCCTCTACTTCCCCECTG
SEQ IBIMWSBCGATGAC
B-farnARGBGEY ST HBEAANCET AT ZETTOARKESF AT GENTE TERAGCGCATC)
ATGNCACITEGCCRATCTCTTCCGTAAGCTTTTCTTCCTCTACTTCCCCGCTGGTAGTCGATGAC

AAGFERETRECHCACT TR AP aIACOECAREATAT B AAF CARRBARL IACTEGPGCCA
TCA SERAE] '@ATGATGAACCGGAAGATCTGGTAATGAAAAAGCAACTGGTAGAAGAACTG

AAACHAARER AT ‘ A A A R AR G
AAACTG2 A A AAAT
e

\\4 APYAT GAAAAGGGCAAATTCAAGGAATCCCTGTGTAACGATGCGCAAGGTATCC
TGGEXA TN AGCEGSBAPACTIEEATCPEAANGAACHRNCAAC AT S AT A DA TGGA
ATTONABAATTGGATCTGGACATCATCGCGAAAGATCCGTCCTGCGACTCCTCTCTGCGTACTC
AGATAANCAATICACTCAGACAG T ORCEIACTHICGCCAGGAACHTATIGAM DGTCTGTACTAT
ATGQWGWWQAGGAAACCTCTCACGACGAAGTCCTGCTGAAACTGGCTAAACTGGACTT

CAGQOUNSACTAGATT RCAPA OGATAOBTCTG
GATWACTGCCGTACGTTCGTGACCGTGTTG”I"I‘GAGGGCTATT]”I‘TGGA'I‘TCTGTC

GACAACTATGGTACGTACGAAGAACT AAATCTTCAC AGGCC

AAGA
%@WWQ@@%@W e
ATGGCGAAAGAACTGGTCCGTAACTATCTGGTCGAGGC CTGA
e e NS Sy el d Rl Sy (2 o ¥y e LIS SN

ATGCCGATTTACCAGCAGGAAACCT CTCACGACGAAGT CCTGCTGAAACT GECT
AAACTGGACTT

CAGCGT TCTGCAAT CTAT GCACAAGABAGAACT GTCCCACATCTGCAAATGGTG
GAAAGATCTG

GATCTGCAAAACAAACT GCCGTACGT TCGTGACCGTGT TGTTGAGGECTATTTT
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CCTGATGATTGCGOGT TCCTACGT CGBCOGT GGTGATATTGT TACCGAAGATAC
CTTTAAGTGGG
W Z0DETEE ACCCGCCGAT CATCAAAGCGT CTTGT GT CATCGT TQBOUT AR 1890

ACGACATCGTTT

CCT@YTTATARAGH BTG AOIATTASCEARGCEMICITAGE TGGG

TTTEEARMSAAOEC CGATCATCAAAGCGTCTTGTGTCATCGTTCGCCTGATGGACGACATCGTTT

T A A A I NS ET EACORAAG AT TS ECFAAACT TEAPCHPABG AATC

AALGAAGAAGCTTGCGAATACATCAGCCGTAAAGTTGAAGATGCCTGGAAAGTT

& (A A .
o R T R AR

NARES

T ST A A R AT R AT TG T T ACT CACGOGEA
SEQ . GACATG
wﬁm&Aﬁ%g?EﬁJ&ﬁﬁﬁﬁ&ﬁ&%&ﬂKﬁﬂ%ﬁﬂ%@%ﬁﬁ?&&IGﬁ%gﬁﬁ&lﬁﬁﬁéEQ3hD
ATGOKTCTEGEAGTATRANTE GEXATGEAPCTIGATIGT®8AREOA BSTTGAACGTCGTGTGGGTGA
TTACOATOTAACC TG PEEE AT A GABTET AT DO G AGdSIaTECA CbC @G TAt GGG CTCTT
CTTAGCGEGAACGCGCTGAACGTCTGGTTGGTGAAGTTAAAGAAATGTTCACCTCTATTAGCATC
GAADQTCEACTT ATTMCTAGASATT CRARGRAECTT TEGTT GA TGATGHWIAANTGAAGBERCGCC
TGGETAECTCECTTPACTTCGAAAACGAAATCAAAGCCGCGATCGATTACGTTTATTCTTACTGG

TCT G AR AT AR T IS EAT AR TSI ATICI MG PEH DERCATERICTCCG

TAAAGGGGAA 5 QTWCTGC
TGCGIGLA ATTGCA % AA AGAAAGCACAGACCTTCGCTGC
AACCTA A A ATAT
ST M R A e A A A A b e

Fe A AT G TCCGTACTTCAAAAAGCCGTGCATTATGGTTGATAAACTGCTGGAACTGG
CAA AN ATTICAACECEETIEAAMEEEAREd LA ALETA KAA TEAY S EdGeTG
GTGEAHAATAPCTGETTTTTCCCAGCTGACTTTCACCCGTCACCGTCACGTGGAATTCTACACCCT
GGCATUIGATAASGCONTTTAGHCGAAADAGT GG OGET TECECCH S CIGAARABIC TGCT
ATCTSICIBETT ARG GGATGATATCTACGATACTTTTGGCAAGATGAAAGAACTGGAACTGTTT
ACCAOTISIBTACSET LSBT ICT AATACTGNI TRETAGCGATBATA TA RN GGCGT
TTATATEHCARTRTATAACTGTGTAAATGAACTGGCCCTGCAGGCGGAGAAGACCCAGGGTCGTG

TOETRSABEABECAAA

CCTG
GGTGA
‘ , ATGA
SGAC i : ; TGATCT TAAC
CTCCTCTAAGAAAC
ACO T AP AT G T A A AR AT R T E A RO T oG
AGAFIC XA RGIAACCTGGTGATGCGTACCGTTCTGGAGCCGGTACCGATGTAA
CGGTGAAGAAATCTGICCGTACTTCAAAAAGCCGTGCATTATGGT TGATAAACT
SEQ IQTIEEAACT GG
B-farnSAIAATTSRAAT I ENAQCTCHIQROT ZICHGCRASTAGA
3)  TAAGCCGCTG
ATSAIKAKOAT

1d&(5’ to

GG S T T TG P Ra T TTEAEERISTAAGER GTGG
ACGA ACCAAGCCCGACGTTATCAGACATACAATGAATTTCAATGCTTCTATTTGG
chcce; R A T A AL A T T AT PO CHSAATTARTE0ACT
e".‘ 3/ ANGEA APANCT A ATGCAGCA
TGTGAAATPGATTFGAATTAATT C TT AAG
ACA TS AT T G E O L R e O A R AT ERAAENOAAG

TTTACHGABEABTTJA TTGTGGTTCAGGTTGTTGCGTCAACAGGGCTTTAACGTCTCCTCTGGCGT
TTTCAGAGA CEET AR XA AL A SAAAAFTCAALTACTEAGINICC ARG PO AAAAGGA
ATATARGEAAGEOGIGAAGCTGCATTTATGAGGGTTGAAGATGAAACCATCTTAGACAATGCTTT
GGAATTIKMPBAAGCTTCART R CGANANTGAAALTEAALT FNPAGCGTA
CACAZANSSBTCERGCCTTAAAACAACCTTTAAGAAGGAGATTAGCAAGGATTGAAGCATTACA

TTACATRE SO A A AT A O SCA GNP S TITAGAATIAGLYES TTGG
ATTTM@&@@\F}MAGTCTATGCATAAAAAGGAATTGTCACATATCTGTAAGTGGTGGAAAGAT
CAN AAEANGTFA

e Ny rGoTT

CTAGAACAAGAATG ATGAAAACATGCATGTGGTT

A AR L AT AT ccan

R TG CTTAGA ATA A CCAA
GAATHAGYOAN

PPISCATGTGGAAATGGAAGAATCTTTGGAAAAGGAGGGAAAGACCT CAGA

TTCAPARCAAA A EEX T A FESETNARS R T ASAEERT AAhSAC TIENE A 64, GTTG
CTGCGTGGTGA

CATCTGCGECTACCAGECTGAACGT TCTCGT GGTGAAGAAGCCTCTTCCATCTC
TTGCTATATGA
AAGAT AAT CCGGGCT CTACCGAAGAGEACGCGCT GTCTCACAT TAACGCCATGA
TCTCTGATAAC
ATTAACGAGCTGAAT TGGGAACT GCTGAAACCGAACT CTAATGTACCGATCTCC
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AATTAAAAGAGGAAGT TAAGAAGGAATTGATAACTATCAAAGGT TCAAATGAGC
CCATGCAGCA
WA IDGAATT GATTGAATTAATTGATGCTGI TCAACGT TTAGGT ATRCZUITACTAL 1890
TTTTGAAGAAG
AAGBLATCEAERAVIGCTATGURN M ATACAGGTAOCTATBIAT GAACAICEFATBEATGG
TTTGATSATEAAAAGGTCCTATGTTGGCAGAGGAGACATTGTTACTGAAGACACATTCAAATGGG

TG A CACAEA O T ATT O S0F TLORIOT A LT MABAOGIEATSTTGTAT
A AGAAAGAGGACATGTGGCTTCATCTATAGAATGTTACTCTAAAGAATC

ATAGAGA ‘\{ : G'@AEAITiGiCCWAACGTzA
AT A c&aﬁéﬁ%@ﬁ%ﬁ%@%ﬁﬁ%iw@wm
SEQ BT TCACAAAAGT TCATTTAGATATCATAGCAAAAGACCCATCTTGCGATTC

a-farnEE%?ﬂim tRicea abies codon- -optimized for expression in Saccharom c%vec&'f&aeﬂ% to 37%)
GGA CAONRTITATCARCOTAMABCAAGET A CAAGANEINOATEA GGG
TGGAXINRABATCTAACTTATGGGACGATGATTTTATACAATCATTAAGTACTCCTTACGGT
GCTAGTCATBCASATBRAGBLLEEEGASAI \CRGRTGARPATJATCCA
TCTCAATARACTATGGAGAATTAACAAGTGATTTATTACAGCGTTTGTGGATGGTTGATAATGTA

gAGWrTrW?@ AT OARTARBAR AN TGS AT S ECAARTIITATTC
(X3

TA . 1i\GGGCATCGTFAGAGGTAGGGATTCTGCAGTGCCTGATTTAAACTCTATTG
CCT AGAAG AGATTAS,
AAG ATGT? ?ﬂﬁmﬁﬁﬁzﬁ gAéTT; AL AGG TGTTTT

AAACTIGLTTAGAGCT AACA
TSP TG %&@%@Wﬁéﬁé@%ﬁ&m
GAATAES -RTACGGCTGGTTGACAAACTTCCCTAGATTAGAAGCCA A ATATCG
ATG%&ETEX%A@%W&A%W @@M@@“ﬁﬂ%&é}ﬁ% TATTG
GAATﬁCT(T@MKI&@%@GAATTTAATTTATTTCACTCATTACAACAGACCGAATTGAAACACGTTTC
TAG A& KGN ANGNKICTCEAT CIMCATCERT T ALATATEE A CETEAANT AT TFSBARTTCT
ATAGMI@CMCAMTATTGCAATTGAACCTAAACACTCTGCATTTAGGTTAGGTTTCGCCAAG

GTTTIGAARTAGTGAMT TUERA TS B

ATTA{S@‘@N]‘@@@Z\CAATAAAAAGATGGGACCCTTCAACAACAGAATG”["TTACCAGAATACATG
O A A B AB AT TS LT OCAAG
e e e e )
R ST AT S S R T

TATA&ER%%\ APCCCGGTTCTACAGAAGAAGACGCCTTATCTCACATAAACGCTATGATATC
TGATAACAIARAEAKCTEACAA ATGATAAPATTA A LG A A AAIAGIASCAE A A FEAAGTA
AAARGEHXIGITIBTAATATATTACGTGCTTTCTATCACTTGTATAAGTATCGTGATGGTTTTTCTA
TCGQBANAINCEAA GARCECTG CAGCAITONGTATCAMETGACTC
GAG CTAAAGAATC

AGGTGCTTCTGAAGAGGAAGCATGTGAATATATTAGTAGGAAAGT TGAGGATGC
SEQ IBINGAAAGTA

Ka"N%TwTﬁAGM e MRS TeGAACAGCCGT TCCCTTCCCTTTGT TAATGCCA
GGATGGCGGCGTTAGTATCGAATCGACAGCAGTATAGCGACCAGCATTCAC

(7

ue‘-aiﬂ A } CGAG
SCo ARG %%WW%WW%%M
’-v-:." {CAZ CTCA
TCGH ST R AT, @}g eywetelta by
cccﬂﬁch@mﬂ;icﬁé@&@@&ﬂ‘@r@)@@d)@iﬁ TEE R PAGERTRSCAAGATCCTGGTAT
CGGmdmm‘ﬂftcmem‘bchAA@mCﬂmAQRAC@rAS&QQ TOFUERSG TCAAAAATAAG
GTTATEARGTSAGAAATCACOA BGAGTGACGACTGAATCCGGTGAGAATGGCAAAAGCTTATGC
ATTTGEATCRAGAAIATTTCGEAT AT T GRG0 ATAR CCEACTIATEAGBINICATEAGGA T AAC
CAA AQINTAABGST TCGTGATTGCGCCTGAGCGAGACGAAATACGCGATCGCTGTTAAAAGGA

CAA FiASAAGAT EABAREE ARG A G AT AR AT AT AGS AT EAT A AMGT PATTTT
CACGHEAATEABEATATTCTTCTAATACCTGGAATGCTGTTTTGCCGGGGATCGCAGTGGTGAGT

AC 65 HEAOF (ARG CAAHANITEEOTCA
GCC A %%% AACAT ATTGGCAACGCTACCTTTGCCATGTT.?F%(/;\GAA
ACA ATTA
osiva e ea e eRe IV e e SO e SEmu N e e A
GTGA CCCATGGTTGTTTATGTTCGGA CAAG
ATT@%}\_@mamwﬁaﬁ%%ﬁﬁmﬁ Tora

CTACTGGAGTGATAAGGGECATCGT TAGAGGTAGGCGATTCTGCAGIGCCTGATTT

AAACTCTATTG

CCTTAGGTTTTAGAACAT TGAGAT TACATGGTTATACCGTCTCTTCCGACGTAT

TCAAAGITTTTC
AAGATAGAAAGGGT GAATTCGCATGTAGT GCCAT CCCAACT GAGGGECGACATTA
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ATACATTGGECCTCCTGTATTGCAATTGAACCTAAACACTCTGCATTTAGGT TAG
GITTCGCCAAG

WGSTNSBEPFACT TAGCCATCGTATTAGATGATATTTACGACACCT TS84T (21890
AAGGAATTAGA

TGCWGTAATI I'T IGCTTCGCGCCGTGCGGCCATCAAAATGTATGGATGCAAATGA

A A AT AT YOO ROCG T ARTCAM TEAXICELATRAGERGCGC
- éAAGGAGGGTATTCTGGGCCTCCATGTCGCTGGCCGGGTGACCCGGCGGGG

AGAT

ey A B R e R T S e

TATA TCTAGAT
AT ﬁ@é@ﬁé&ﬁé@%@é&é@%ﬁ%&%ﬁ%%m
AGT@%@CTTT’FOTCACAACTACATATAAGTGTACAAATATAGTACAGATATGACAC
ACTTSHAGCHCSRAEEE SCATEd AT AT ESFOREAGAA A A A ARGE TA AEeNIARAGAA A A
GTCAJGTEIRATTEEATAACTCACCGCATTCTAGCGGTCCCTGTCGTGCACACTGCACTCAACAC
CATAMIGOTTAGAGAAAATAGAITT LCCTAACAPATAABAAGATT A ASCTAGRAEASTTAGTC
TCTTATGBAGATACTIACCAATGAGAAATAGAGGCTCTTTCTCGAGAAATATGAATATGGATATA
TATATABGBEATATATAZABTRABTARSNGNAARATTHL TCTAGC
TTGOEAREE TCYSTCGTAACAGTTGTGATATCGNAAGGGCGAATTC
TATA$@AGGATAATCCCGIBT TCTACAGAAGAAGACGCCTTATCTCACATAAAC

SEQ
Prime
R AR T R AT AT AAAGRRAMAT] CorATGTTOC
SEQ Q;Q%ACGCTTTTGATATATTACGT(3<:TTTcTATCA(:TTGTATAAGTATCGTG
Prim KRT)@I from 5'to 3' )

" GCTTCGRGARA %EWX%@AGAACTGTGTTGGAACCAGTAC

CAATGTGACTC GAG SEQ I D NO 12 KanMX- PMET3 region from
SEQ IDAMBA8 (5 to 3')
PrimeCANGE CCRAGVATINE G $3sC3CCGT TAGT AT CGAAT CGACAGCAGTATAGCGA
TTCQRAOABTATTCOKE TCCTACTAGTTACTCTGGTCTGTGATATTCGCGAAC
ATACGATTGACGCATGATATTACTTTCTGCGCACTTAACT TCGCATCTGGECAG
SEQ IRTMNTETCGAG

Prime %a%‘r AAAATAGAACAA CAAT
GAA&W%%GAG AAAGC ATG AA-’IE%E:FI-ATCGJCAAAAATAA%%

SEQ1 & TGACAAGI TCTTGAAAACAAGAATCTTTTTATTGICAGTACTGATT
Prim - %-Fl% from 5'to 3'
oc@@j@@%ﬁeé&mé‘m&mmw&mﬁmCAATACCATAT

SEQ 103 13 CTGTAAT GAAGGAGAAAACT CACCGAGGCAGT TCCATAGGATGGCAAG

PrimeATICBTHEGAABISI-AS (from 5' to 3')

GCTTUEGPTPGCCATT GCERTRIGTTIBARCAT CAATACAACCTATTAATTTCCCCTCG
TCAAAAATAAG

SEQ IBNTEAAGT GAGAAAT CACCAT GAGT GACGACT GAATCCGGTGAGAATGGCAA

Prime dfcrqr/ﬁﬂm' to 3")

ACAG Wﬁm&&ﬁﬁ%meMTm

T L GAT TCGT GATTGOGCCT GAGCGAGACGAAAT ACGCGAT CGCT

CAATTA CCACAGCCAGGCCTTGAT’I"I"]‘GGC CACT GOGCATCA

SEQ IBGAABRATTTT

Prime ANOCTGAATCAGEATATTCT TCTAATACCT GGAATGCTGT TTTGCCGGGGATCG

ACTAAGECAGNAGGAATAAATGAAGCAACTCACCATTCTGGGC
AACCATGCATCATCAGGAGTACGGATAAAAT GCTTGATGGT CGGAAGAGGCATA

SEQ IRANOF@EGTCA

Primer g7l SRRt PBACCAT CTCATCT GTAACATCAT TGGCAACGCTACCTTTGC

AATWWGCTTGCGAGACGCATCACCTC

SEQ CTGGCGCATCGGGCT TCCCATACAATCGATAGATTGTCGCACCTGATT

Prime;

CGAGATTA
CATA} AT O EAAAE SARSATFBARGETCGAATTTAATCGC
GGOCTCGAAAC

GIGAGTCTTTTCCTTACCCATGGT TGTTTATGI TCGGATGTGATGT GAGAACT G
TATCCTAGCAAG

ATTTTAAAAGGAAGTATATGAAAGAAGAACCT CAGT GECAAATCCTAACCTTTT
ATATTTCTCTA -70 WD 2008/ 045555 PCT/ US2007/ 021890
CAGGEGECECEECGET GEGEGACAAT TCAACGCGT CTGTGAGEGGAGCGT TTCCCT G
CTCGCAGGTIC
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GGAAGGGATGATTTATAAGAAAAATGAATACTATTACACTTCATTTACCACCCT
CTGATCTAGAT
W TNECAASGAT ATGTACGTAGT GGTAT AAGGT GAGGGGGT CCACATAITBI AN 1890
TCGTTTAATTT
SEQ IMGTAQF AACAGAGACT TTTGTCACAACTACATATAAGT GTACAAATATAGTACA
PrimeeA7F IFFCKQAGC to 3')
TATKETEST A AT ABEECT A TCATACATRE TECT GACAGAAAAAAAGGT CACGT
GACCAGAAAA
15,52% NI}, TGTAACT CACCGCATTCTAGOGGT CCCTGT CGTGCACACT
AAC CACAARA LR AT A T SN EAAAGCCACAGTTTT
GETAGTC
§f‘.S,Jg;rms@MWTACCAATGAGAAATAGAG@CTCTTTCTCGAGAAATATGA
TGTAATAGECATATAAAGCATGGCTCTGTGCAATGG
TATATATATATATATATATATATATATATATGTAAACTTGGTTCTTTTTTAGCT
SEQ IDGNWATCTCTAGC
PrimeT §1FAST OF@TTHGIGT CGTAACAGT TGTGATATCGNAAGGGCGAATTC SEQ
ACGEEATRSAGGA GHAARAAAMLGOG ANTABGSEACGETFITINASG to 3')

GCTACTAGTAGGAGGAAAACAT CATGCAAAGT TTAGATAAGAATTTCCG  SEQ
SEQH‘B"‘N@* 14 Primer 4-49 mvaAR Xbal (from5' to 3')

T A LR O TRG08] 00 | S=Q 10 N 15

SEQ] WEAICATGTTTTCCTCCTACTAGT TACTCTGGTCTGT GATATTCGCGAAC

PrimerkdRd-O(MG 5 1GyPrimer HMGS 5° Sa nmvaS-S (from5' to 3')

TAC TSGR AR ERARAT A TAGFTARREACAAAATARAC
T SEQID NGO 17 Prinmer 19-25 atoB Sfil-S (fromb5' to

SEQ B NO: 36CTAGGCCATCCTGGECCATGAAGAACTGIGTGATTGITTCTG  SEQ

Primek 87-NIC (fidin Prai3yer 19- 25 nmvaA- Asi SI-AS (from5" to 3')

TCCEEHTAGUEARTEIUCABCCAGTTTEIATTAWARIAGG SEQ | D NO 19
Primer 67-1 A-C (fromb5' to 3")

SEQ WCGAGGAGGAATAAATGAGTTTTGATATTGCOAAATACCCG SEQ I D

P“”“X%f%g :E;}Sn’ér")m 1 BC (from5 to 3

AAC TeREEEFAAEC SEQ 1D NO 21

SEQIPi 67-1 CGC (fromb5'" to 3")

Prim GGAATAAATGAAGCAACTCACCATTCTGEEC  SEQ I D

TGGM%AA?@rcl?md’ffrf«A@@GAC%&CHA&%@GAERC@CAGC
AATTGATGGEGECCCTCAGCT CCTC SEQ ID NO 23

SEQ IBrNoreB 67- 1E-C (from 5' to 3 )

Prime8VT2AQ GdnCOAGLAGGAAT AAAT GGCAACCACTCATTTGGATG

CATCAAGTCGACAGGAGGAAATAATGCAAACGGAACACGTCATTTTATTG

SEQ ID NO: 34
Primer 67-2H-C (from 5' to 3')
TAATGCAAGCTTATTTAAGCTGGGTAAATGCAGATAATCG

SEQ ID NO: 35
Primer 67-21-C (from 5' to 3')
CAGTAAAGCTTAGGAGGAAATAATGGACTTTCCGCAGCAACTCG

+ SEQID NO: 36
Primer 67-2J-C (from 5' to 3")
TAGTTCCATGGTTATTTATTACGCTGGATGATGTAGTCCGC

SEQ ID NO: 37
Primer 9-156A (from 5'to 3")
ACATAGACGTCGGGAAAGCGAGGATCTAGGTAGGG

SEQ ID NO: 38

Primer 9-156B (from 5' to 3')
TTCCCGCTCGAGGTGGCGGACCATATAGGCAGATCAG
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-71 WD 2008/ 045555 PCT/ US2007/ 021890 SEQ ID NO 24
Primer 67-1 F-C (fromb5' to 3')
WA 2DSGISBSATATGT TATGTATTCTCCTGATCGATGGTITCG  SEQPECDURKD07/021890
25 Prinmer 67-1 GC (from5' to 3')
SEQ IRRGT.AACACATAT GAGGAGGAATAAATGCGGACACAGTIGECCCTC  SEQ I D
Primen6}-6EPKOP | -frongY103) H C (from 5 to 3')
GTTHAPRAGE FAERSES TEAAA CTGTGCAATGG SEQ ID NO 27
qer 67-2A-C (froms' to 3")
4 GCCGAATTGGACACGGTTTTGACG SEQ I D

U T
oM., t0- . '

¢ gﬁ‘?ﬁ%ﬁ@%@é&%ﬁ@?&% SEQ I D NO
seQ NG ner 67-2C-C (from5' to 3')
Primel \CEAAKREGEE NS AEEAAAT AAT GCCATAACCAGCCTCCAATTCAACG  SEQ
CCGATZTMAA ARNAITIGREA COT630A A tAT®RTACTIOGBAGT

TCCGGGTACCTTATTTTTCAACCTGCTGAACGTCAATTCG  SEQ | D NO
SEQ BIN®HdRner 67-2E-C (from5' to 3')
PrimepARGNCLPRACES GRAGERWSATAATGCAGATCCTGTTGECCAACC  SEQ I D
GTTMAACHEASTCASTCEACORGCTAAGHOM 5' to 3')

TGCGATGAAGT CGACTTAATCGACTTCACGAATATCGACACGCAGC  SEQ ID

SEQ IgHO:43 py | 67-2G-C (from5' to 3")
g“‘“e é"g%@ TAATGCAAACGGAACACGTCATTTTATTG
i - C(from5 to 3')

SEQ IDNT. FAACCTTATTTAAGCTGGGTAAATGCAGATAATCG - SEQ I D NO

Primep@1-67-CPIBD6-6 (s o pf rom 5° to 3')

AAA ARTHS ATl TSI IICTGREAAEROAETCG  SEQ 1D
NO " 36 Prinmer 67-2J-C (fromb5' to 3')

SEQ DAGI BECATGGTTATTTATTACGCTGGATGATGTAGTCCGC  SEQ | D NO.

PrimeB&1-67-CPK007-G (from 5' to 3')

CTGTGGTTTCAGGGTCCATACCCGGGAAGCTTTTCAATTCATCTTT

SEQ ID NO: 46
Primer 61-67-CPK008-G (from 5' to 3")
GTTTAAACCCAACAATAATAATGTCAGATC

SEQ ID NO: 47
Primer 61-67-CPK009-G (from 5'to 3")
GTTTAAACTACTCAGTATATTAAGTTTCGA

SEQ ID NO: 48

Primer 61-67-CPK010-G (from 5'to 3')
ATCTCTCGCAAGAGTCAGACTGACTCCCGGGCGTGAATAAGCTTCGGGTGACCCTTATGGCATTC
TTTTT

SEQ ID NO: 49

Primer 61-67-CPK011-G (from 5'to 3"
AAAAAGAATGCCATAAGGGTCACCCGAAGCTTATTCACGCCCGGGAGTCAGTCTGACTCTTGCG
AGAGAT

SEQ ID NO: 50
Primer 61-67-CPK012-G (from 5' to 3")
GTTTAAACAATTTAGTGTCTGCGATGATGA

SEQ ID NO: 51
Primer 61-67-CPK013-G (from 5' to 3')
GTTTAAACTATTGTGAGGGTCAGTTATTTC

SEQ ID NO: 52
Primer 61-67-CPK014alt-G (from 5' to 3")
GCGGGGACGAGGCAAGCTAAACTTTAGTATATTCTTCGAAGAAA

SEQ ID NO: 53
Primer 61-67-CPK015alt-G (from 5' to 3")

-73-



Primer 9-156A (from5' to 3')
ACATAGACGT CGGGAAAGCGAGGATCTAGGTAGGG  SEQ I D NO 38
weriosmoe5585 156B (from5 to 3') PCT/US2007/021890
TTCCCGCTCGAGGT GGCGGACCATATAGGCAGATCAG - 72 WO
TTTQUOSABLBBFBTRCTAASZOTAGEZTGOUICBEQCLGCNG: 39 Pri ner
61- 67- CPKOO1-G (from5' to 3')
SEQ [BYG: ,&AACTACTATTAGCTGAATTGCC‘ACT SEQ ID NO 40 Pri mer

Prim for
CGA%%@A%@F oA R TARSARA T ARERTEAS TS T
SEQ Prlmsr 61- 67 CPKO03-G (from 5" to 3")
ane CCCGCEATATATGTGTACTTTGCAGT  SEQ I D
dc?ﬁfrfrc Frc1eERg4- G (from5' to 3')
CCACCAGCTAACA SEQ ID NGO 43 Priner
SEQﬁ)lN@7560PK005 G (from 5 to 3')
Primecl TFEACONOTI-GTRMATTIOGAGTGAAACAC SEQ I D NO. 44 Pri mer
GTTRLET-TCPROASTF AGGTGAITAGICARD 3')
AAAGAT GAATTGAAAAGCTTCCCGGEGTATGGACCCTGAAACCACAG  SEQ I1D
SEQNOJOAISB Prlmsr 61 67- CPKOO7 G (fromb5 to 3')

Primer g i=7 GCTTTTCAATTCATCITT SEQ I D
GGGR@CQ%G%QQ%QA%QLA%GFWMAQGE FFBR I TCIGTRAGCAAAGT

SEQg CAATAATAATGI'CAGATC SEQ ID NGO 47 Priner

Prime m 5 to 3') .
Rri~mer

ACTEH 6%%7 CPKE%O O ( &mﬁ&r Tcereb &S et A

SEQ MNJ:E9 CGCAAGAGT CAGACT GACT CCCGEECGT GAATAAGCT TCGGGT GACCC

PrimeTKMmfiE@ (frokd FBYSEQ | D NGO 49 Priner 61-67-CPKO

AATATQ AN AACAG AR TICTTTCCCGGGTGGATGGCGGCGTTAGTATCGAATCGACAGC
AAAAAGAAT GCCATAAGGGT CACCCGAAGCT TAT TCACGCCCGEGAGT CAGT CT

SEQ IBACTEITCCG  AGAGAT
Primer 61-67-CPK023-G (from 5' to 3')

GCTGTCGATTCGATACTAACGCCGCCATCCACCCGGGAAAGATTCTCTTTTTTTATGATATT

SEQ ID NO: 61
Primer 61-67-CPK024-G (from 5'to 3")
GTTTAAACGTGTTAACGTTTCTTTCGCCTACGTGGAAGGAGAATC

SEQ ID NO: 62
Primer 61-67-CPK025-G (from 5' to 3")
TCCCCCCGGGTTAAAAAAAATCCTTGGACTAGTCA

SEQ ID NO: 63
Primer 61-67-CPK031-G (from 5'to 3")
TCCCCCCGGGAGTTATGACAATTACAACAACAGAA

SEQ ID NO: 64
Primer 61-67-CPK032-G (from 5'to 3")
TCCCCCCGGGTATATATATATCATTGTTAT

SEQ ID NO: 65
Primer 61-67-CPK035-G (from 5' to 3")
TCCCCCCGGGAAAAGTAAGTCAAAAGGCAC

SEQ ID NO: 66
Primer 61-67-CPK040-G (from 5'to 3")
TCCCCCCGGGATGGTCTGCTTAAATTTCAT

SEQ ID NO: 67
Primer 61-67-CPK041-G (from 5'to 3"
TCCCCCCGGGTAGCTTGTACCCATTAAAAGAATTTTATCATGCCG

SEQ ID NO: 68
Primer 61-67-CPK046-G (from ' to 3")
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SEQ ID NO 50 Priner 61-67-CPKO12-G (from5' to 3')
GTTTAAACAATTTAGTGTCTGCGATGATGA SEQ ID NO 51 Pri ner
W®2608/4BFK0I 3-G (from 5 to 3') PCT/US2007/021890
GTTTAAACTATTGTGAGGGTCAGTTATTTC SEQ ID NO 52 Priner
TCCALCEBCTPRONMCABGTGEGHANG' to 3')
GOGGGGACGAGGCAAGCTAAACTTTAGTATATTCTTCGAAGAAA  SEQ I D
SEQIQNO:%8 prijner 61-67-CPKO 15alt-G (from5' to 3') -73

Prim &feam HIeB)ys20 7/ 021890
TCCE‘@%&@A TRFACH NS T TAGCTTGOCTOGTOCCOGC  SEQ 1D

SEQ1 4 Primer 61-67-CPKOI7-G (from5'to 3')
Prime > ( A CCCGGGAGAGGCTAGCAGAATTACCCTCCACGT

AAT

N e Rk A Rl L FKRAA © (T om 5
to 3") GTTTAAACGCCGCCGT GITGITATTGTAG SEQ ID NO 56

SEQ IBrNover 61-67-CPKOI9-G (from5' to 3')
PrimefHTTETAZRRCI TG ((oMADAGCTCGGTTAGCAA  SEQ I D NO 57 Pri mer
TCCTRATOTECPROZOG AA GECATM TATATGGBAYTTTCAAAAATT

GCGEGT GACCCGECEEEEACGAGGCAAGCTAAACGT CTTCCTTTCTCTTACCAAAG
SEQ IP NGBE ID NO 58 Prlmsr 61-67- CPKO21-G (from5' to 3')
Primep@iy6i GACGT TTAGCT TGCCT CGT CCCOGCCGGGTCACC
AGTT('ET%E@‘H‘\BTW CT@%C%FA&G%WW&T TeAEETOn 5' to 3')
SEQ TAAAAAAAGAGAATCT T TCCCCEGT GGATGECCECGT TAGT ATCGAA
brime 53.55Qu PN 60 Priner 61-67- CPK023-G (from 5

A AT AR I AT M crrrrr

SEQ BNAATATT SEQ ID NO 61 Priner 61-67- CPKO24-G (from 5'

aneE@l -&- dp](oﬁ[d'fmi)ul TAACGT TTCTTTCGCCTACGTGGAAGGAGAATC

AATREQGARANOIC ALT A A AreIG AT CTCRKOPAA AETTITGOM 5' to 3')
TCCCCCCGGEGTTAAAAAAAATCCTTGGACTAGTICA SEQ ID NO 63

SEQID NO: 75

Primer 61-67-CPK055-G (from 5'to 3")

AACAAAGTTTAGTTGAGAGTTTCATTTATATTGAATTTTCAAAAATT

SEQ ID NO: 76
Primer 61-67-CPK056-G (from 5' to 3')
AATTTTTGAAAATTCAATATAAATGTCTCAGAACGTTTACATTGTAT

SEQID NO: 77
Primer 61-67-CPK057-G (from 5' to 3")
ATACAATGTAAACGTTCTGAGACATTTATATTGAATTTTCAAAAATT

SEQID NO: 78
Primer 61-67-CPK058-G (from 5' to 3)
TGCAGAAGTTAAGAACGGTAATGACATTATAGTTTTTTCTCCTTGACGTTA

SEQID NO: 79
Primer 61-67-CPK059-G (from 5' to 3")
TAACGTCAAGGAGAAAAAACTATAATGTCATTACCGTTCTTAACTTCTGCA

SEQ ID NO: 80
Primer 61-67-CPK060-G (from 5' to 3")
AATTTTTGAAAATTCAATATAAATGTCAGAGTTGAGAGCCTTCAGTG

SEQ ID NO: 81
Primer 61-67-CPK061-G (from 5' to 3")
CACTGAAGGCTCTCAACTCTGACATTTATATTGAATTTTCAAAAATT

SEQ ID NO: 82
Primer 61-67-CPK062-G (from 5' to 3")
GGTAACGGATGCTGTGTAAACGGTCATTATAGTTTTTTCTCCTTGACGTTA

SEQ ID NO: 83
Primer 61-67-CPK063-G (from 5'to 3')
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Primer 61-67-CPKO3 | -G (from5' to 3')
TCCCCCCGGGAGT TATGACAATTACAACAACAGAA SEQ I D NO 64
weri08p45563 - 67- CPKO32-G (from 5" to 3') PCT/US2007/021890
TCCCCCCGGGTATATATATATCATTGITAT SEQ I D NO 65 Primer
TAAGATGAGTIHDEA B AGTATMATGACEGBTJACACAGCATCCGTTACC
TCCCCCCGGGAAAAGTAAGTCAAAAGCCAC SEQ ID NO 66 Priner

gﬁg@lN%ﬁ“CPKom G (from5 to 3') _
AAT ng/ft A%«W%CpéCéA AAPAGTATI\(IB% 67 Primer

AGCTTGTACCCATTAAAAGAATTTTATCATGCCG SEQ I D
an gg 5“?3%3 CPK046-G (from5' to 3') -74 WD
GCAT: 5 d:p WAQ@%&?@ATTTTCAAAAATT

TTCTCATTCAAGIGGTAAC SEQ I D NGO 69 Priner

SEQﬁ)]N@Z;ﬁCPKOM G (from5" to 3 )
Primel £QE0CCEEGTAAATAAAGAAAATAAAGIT SEQ ID NO 70 Pri ner
CCABIGATAMRAGE0GETCTCTIOCETAAGCS' )

AATTTTTGAAAATTCAATATAAATGGCTTCAGAAAAAGAAATTAGEA  SEQ
SEQ IDDNQNG7 71 Prlmsr 61-67-CPKO5 | -G (from5' to 3')
Primer BXTosnS P ROT TTTTCTGAAGCCATTTATATTGAATTTTCAAAAATT — SEQ
GAG?EWTAﬁAﬁ;Fﬁ%FGGIGW%PKOS2 G (from5' to 3')
CACCAATTGGT CTGCAGCCATTATAGITTTTTCTCCTTGACGTTA
73 Prinmer 61-67-CPKO53-G (from5' to 3')
%éﬁw ATAATGGCTGCAGACCAATTGGTGAAAACT
4 Primer 61-67-CPKO54-G (from5'to 3")
SEQ INJ: 'EETGAAAATTCAATATAAATGAAACT CTCAACTAAACTTTGIT SEQ
Primek D (N 5' 103)Pri mer 61-67- CPKO55-G (from 5" to 3')
GAGEXCIAMNBETCCAATCHGAGICRECATTTATATTGAATTTTCAAAAATT  SEQ

IDNO 76 Priner 61-67-CPKO56-G (fromb5' to 3")
SEQ ID NO: 90
Primer GW-52-84 pAM326 BamHI (from S' to 3")
TAATAAGGATCCATGTCAACTTTGCCTATTTC

SEQ ID NO: 91
Primer GW-52-84 pAM326 Nhel (from 5’ to 3")
TTATAGCTAGCTCAAACGACCATAGGATGAAC

SEQ ID NO: 92
Primer 61-67-CPK016-G (from 5'to 3')
CAATCAACGTGGAGGGTAATTCTGCTAGCCTCTCCCGGGTGGATGGCGGCGTTAGTATCG

SEQ ID NO: 93

Primer 50-56-pw100-G (from 5' to 3')
GAGTGAACCTGCTGCCTGGCGTGCTCTGACTCAGTACATTTCATAGTGGATGGCGGCGTTAGTAT
C

SEQ ID NO: 94
Primer 50-56-pw101-G (from 5' to 3")
CGTGTATACGTTTTCCGCTTCTGCTCTTCGTCTTTTCTCTTCTTCCGATATCACAACTGTTACGA

SEQ ID NO: 95

Primer 61-67-CPK066-G (from 5'to 3')
GGTAAGACGGTTGGGTTTTATCTTTTGCAGTTGGTACTATTAAGAACAATCACAGGAAACAGCTA
TGACC

SEQ ID NO: 96

Primer 61-67-CPK067-G (from 5' to 3")
TTGCGTTTTGTACTTTGGTTCGCTCAATTTTGCAGGTAGATAATCGAAAAGTTGTAAAACGACGG
CCAGT
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AATTTTTGAAAATTCAATATAAATGTCTCAGAACGTTTACATTGTAT  SEQ
ID NO 77 Primer 61-67-CPKO57-G (from5' to 3')
WATNSOMSEST AMACGT TCTGAGACATTTATATTGAAT T TTCAAAAARTT/USEQ/021890
IDNO 78 Priner 61-67-CPKO58-G (from5'to 3")
WHAT(S QGANGED AR GAACGGTAATGACATTATAGT TTTTTCTCCTTGACGTTA
SEQ ID NO 79 Priner 61-67-CPK0O59-G (from5' to 3')
TAACGT %ﬁ@@ﬁ@&%&%@ﬁﬁ&ﬂ@[ﬁ%ﬁ@@%ﬁ@ T%QFTQ GO“\
(%T rlmsr 61- 67 KQ60-G (from5"to 3
¢ TTT*’GMM W TGAGAGCCTTCAGTG SEQ

ID NO 81 Prifrer 61-67-CPK061-|G (from5' to 3')
OACTGAAGXZTQ%Z&K@I\W%TTTTOAAAAATT SEQ
ID NO 82 Pfiner 61°67-CPKOB2-G(frém5' tipod')
GGTAACGGATGCTGT GTAAACGGTCATTATAGI TTTTTCTCCTTGACGTTA
SEQ ID NO 83 pPrimer 61-67-CPK@63-G (from5' to 3')
-75 WD 2008/ 045555, PCTI US2Q07/ 121890

TAACGT CAAGGA AT ACACA TACC
SEQ ID NO 84 Primer 61-67-CPK064-G (from%’ to 3')

ora sté/e\I Qﬁlﬂﬁ%gﬁﬁ{gﬁég@ éé?rﬁéﬁ@%%@ﬁ?ﬁﬂ%ﬁ%%l 1, aryh-Rkaryl, or

am'“&a@)&ﬁfﬂ@@ﬂﬂﬂ?@ﬁr@ﬂ@@@&(@*ﬁw frarepbat it Gt Aent P w.Epbgsed on the
total welghfNDthe il dampmron ;And from 5' to 3")
CC@TCI:‘AC}@ “TEOOGATCTCTTOCGTAAGC ~ SEQ | D NO 87 Pri mer
rom 5" ‘TFS  GAGCTCTCATACGACCATAGGGTGTACG SEQ
IDNO 88 Priner C (fromb5' to 3")
CCATGGACCTGGCAGTAGAAATTGC SEQ ID NO 89 Primer D
(3 om 5Thetfs! @mpositEaciTRaT T ACATICOS TACHHHRPCRAE rature is from about

282°C to about 338°C.

3. The fuel composition of claim 1, wherein the amount of the isoprenoid compound is from

about 5 wt.% to about 90 wt.%, based on the total weight of the fuel composition.

4. The fuel composition of claim 1, wherein the amount of the isoprenoid compound is at least

10 wt.%, based on the total weight of the fuel composition.

S. The fuel composition of claim 1, wherein the amount of the isoprenoid compound is at least

20 wt.%, based on the total weight of the fuel composition.

6. The fuel composition of claim 1, wherein the amount of the isoprenoid compound is at least

50 wt.%, based on the total weight of the fuel composition.

7. The fuel composition of claim 1, wherein the fuel composition has a sulfur content of less

than 20 ppm, based on the total weight of the fuel composition.

8. The fuel composition of claim 1, wherein the fuel composition has an aromatic content of

less than 20% by volume, based on the total volume of the fuel composition.
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SEQ ID NO 90 Prinmer GWM52-84 pAMB26 BanH (fromb5' to
3') TAATAAGGATCCATGTCAACTTTGCCTATTTC SEQ ID NO 91
wWori0s®45568 W 52- 84 pAMB26 Nhel (from5' to 3') PCT/US2007/021890

TTATAGCTAGCTCAAACGACCATAGGATGAAC SEQ I D NO: 92 Pri mer

6192.67- CRK(bebco@psitiop f &dim f ovh@rein the fuel composition has an initial boiling point
g,eate%TW GCGAGGEGTAATTCTGCTAGCCT CTCCCGGGT GGATGECGEECGT TA

GIATCG SEQ ID NO 93 Priner 50-56-pw |100-G (from5'

to 3")

GAl GCCCTAEECG | CT GACTCAGTACATTTCATAGT GGATGGEC
ee@;rmg*cr/&*%’ep%@ PLS'ay > vagreipthe fust conipossisn iy g Gpal bgiling point
greatef fharo200%. to 3')
CGTGTATACGITTTCCGCTTCTGCTCTTCGICTTTTCTCTTCTTCCGATATCAC
AACTGTTACGA SEQ ID NO 95 Priner 61-67-CPKO66-G (from

S It o 3Tl)e fuel composition of claim 1, wherein the initial bonhn% oint of between 100°C and
GGTAAGACGGTTGGGTTTTATCTTTTGCAGT TGGT ?’ AAGAACAATCACA

150°Ceana s fuglsempositipie e fingtbyiling prig sregigr i 3ALE- 61- 67- CPK067- G
(fromb5" to 3")
TTGCGITTTGTACTTTGGT TCGCTCAATTTTGCAGGTAGATAATCGAAAAGTI TG
TARAACGHEBE! copssiEibn offdfain\D whoB (18 4ieb&bponent is derived from petroleum or
coal. PCT/ US2007/ 021890 WHAT IS CLAIMED IS: |I. A fuel
conposition conprising or obtainable froma m xture
conpri si ng: (a) an i sopr enoi d conpound havi ng the
formula; Z f( or a stereoi somer thereof,
whbr ei nThe fy canpos@_opzo C{ner@)\ T,lze fuglcqmpenpnt cqqmpng}s Rglpse] fuel, jet
fuel, keyoedne @hdshile, orakymhbinatdnleizefeptf., or aral kyl, wherein the
anount of the isoprenoid conpound is from about I wt.%
to about 99 wt.% based on the total weight of the

f uﬁd Com%ell Eolm Qs'm ?Qpﬁla(rp) v@nenfeH?rle ﬂ?e? ?ﬂ\%mtc%ra&rsesyaﬁnllate diesel

fuel conposit 1, wherein
fuel, wjezsfn; the agropns af tb%&?&?taﬂlwléueil is aflpagit 0% Iby treisht baedon the i3bypight of the
fuel cddgdSitions. The fuel conposition of claim1, wherein the
anmount of the isoprenoid conpound is from about 5
wW.%to about 90 wt. % based on the total weight of
?l_h%\/\,;grej&]eﬁ ?E%%Bstn%ogn clanF }Lﬁtﬁerc&l@grlslgopﬁg%hgnlwggugg I(:lsala.:n
least 10 w.% based on the tot aI wei ght of the fuel
conposition. 5. The fuel conposition of claim
whi ei nTherfes! eampesiion of claim &5, wagpip B Sﬁe'cpd@bmhaedu feomyghe group

consisltiﬁg’i&tlubncny improvers, antioxidants, thermal stability improvers, cetane improvers, stabilizers, cold

flow improvers, combustion improvers, anti-foams, anti-haze additives, corrosion inhibitors, icing inhibitors,
injector cleanliness additives, smoke suppressants, drag reducing additives, metal deactivators, dispersants,

detergents, demulsifiers, dyes, markers, static dissipaters, biocides and combinations thereof.

17. The fuel composition of claim 15, wherein the fuel additive is a lubricity improver.
18. The fuel composition of claim 1, wherein the isoprenoid compound is a compound having
formula (IV):

S

or a stereoisomer thereof, where R is H, alkyl, cycloalkyl, aryl, alkaryl or aralkyl.

Iv)

19. The fuel composition of claim 18, wherein R is C,-C; alkyl.
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20 wt.% based on the total weight of the fue
conposition. 6. The fuel conposition of claiml,
wob@sei#issi he anount of the isoprenoid conpoundPCEUS1007/021890
|l east 50 wm.% based on the total weight of the fue
coposi Thedwel compositive of drith 1% ehpas Riis nothybf cl ai m 1,
wherein the fuel conposition has a sul fur content of
|l ess than 20 ppm based on the total weight of the
f U@I' C ORGSR Edm%@smoﬁ of cldMf 1 f%@em%%ﬂ%ﬂoﬁd BRpdhd £h @Jbgﬁn%ally pure
SfEIn the fuel conposition has an aronaglc cont ent
compoynd having formpla V004 by vol une, based on the total vol une

of the fuel jconposition. -77 WD 2008 045555
PCT/USZOO;éi%é2Qgedghe;pgb;dgLagggEgE%;ion of claimil,
wherein t I I T S IR tial ?g%ling
poi nt %reater t han 100C. 10. The fuel conpo i on of
OFaSEIe%IF"r‘ﬁeT ergtharhete R it halkyorclodbhpod ipkingnoraadyla fi nal
boiling point greater than 200C. 1 1 . The fue
conposition of claim1, wherein the initial boiling

pOiZ’It OA ﬂbecto‘mﬁ&nloﬂ.m”ﬁﬁg?br obk&iftkBle &d6l atndd@uré ttprising:
osi tI’ua.rf]:f;{gpa(‘)?e,n’fSl n an amount a?teasl{bg’ IIE/OI nt gr ater than

30 1% Ion arm , wherein the
f u@D c ogrpatan éhar 0.916 UJéI%S\ﬂEd 5§% bvopieie oHdndsepnersiid compihd of 1ig formula

The fuel conpgsition qf claimil2, wherein the fue
conmponent conprises aldi esel fluel . jet fuel,
ker osene, gdasolThe, ~0r conbi nat’i orZ t her g9fr 14. The

fuel conposition of claim1l, wherein the fue

conponent conprises a dis iIIate i esel fuel, wherein
t he anmount of th i sA e_4al frael is at |east
10% by wei ght, ased on the total MEIQhQ"pf the fue
03| io 15. _The fuel on o
°raSI"I‘jI?? S#HP‘I@M& %Of%éIoig’%g’uaI} R'Sfba&yl"rféa?aﬂgéﬂa”‘ alkaryl, or

ammﬁonp05|tion of claim 15, wherein the fuel additive is
selected fromthe group consisting of lubricity
i mprovers, antioxidants, thernmal stability inprovers,
CejANe iEPUSHSsiiol bAMih b7 fRfftr cchidhithe kR OVET S,
combustion inprovers, anti-foans, %l-haze addltlves
corrosion inhibitors, icing |nh|b|tors InJector

cleanllness addi tive snok pressants, a

r etfuci ngPedUriFampPowen °ﬁ°é*’c"5?3 ol %{‘é'{‘ ﬁ’\‘? @“V“’dﬁ %B%?d%%?ﬁ‘ttgﬁ group
consmlleg ﬁh@entysmprdemjzhmmﬁdaas shernghy @abjlityieploedrs cetapt Bitprayers, stabilizers, cold
flow i §)§#rp @(fn%ruﬁron m POQ’!El‘g GRti- @EIII' &%T‘R&Q@J tlngp§or¥og§1{ ﬁlﬂ@i}ors}izmg inhibitors,

ue tion of claimi whérei n e tuel °

injectercsiepn!ingsaaddyives, qnlgbe(queqrqsgpmp ﬁf)agw&crmg aq_(gt_wesrﬁ)étalfqg@pvators, dispersants,
deterd@MEAEHII i@ dyRE, madkers, Matls disdipR¢rE bidcilidd @nd SARAABItidreof.

conpound is a conpound having formula (I1V): O OR

(I1'V) or a stereoisoner thereof, where Ris H, alkyl,

cygd oal I I . The I

oYE4021 il Bk B0 AL oo e

-78 WD 2008/ 045555 PCT/ US2007/ 021890 20. The fue

conposition of claim19, wherein Ris nmethyl. 21. The

fud coffsdyd eamppsiton ofqlaym A7, whergip e Srekrompracnt g sicesh el

compound is a substantially pure conpound havi ng

formula (I1V): O OR(IV)

27. The fuel composition of claim 22, wherein the diesel fuel is a distillate diesel fuel.

28. The fuel composition of claim 22, wherein the isoprenoid compound is

A,
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or a stereoi sonmer thereof, where Ris H alkyl,
cycl oal kyl, aryl, alkaryl, or aral kyl. 22. A fue
W@ 0op0$3565 on conpri sing or obtainable froma mMPEI/USH07/021890
conprising: (a) a fuel conmponent in an anount at
or a sterseispme s A ywhene Zu@H, oand (b) greater than 0.01% but

| ess than 50%,by vol u of an isopregoid conpound of
the formul a (1), of (1) Jor a stfreoisoner thereof
wherein Z is/g}\{f¥$/£:1<$ixél34¥“\ 3 3. alkyl,

cycl oal kyl, aryl, alkaryl, or aralkyl. The fue
or a SEIGRIRATET irent where Riigh, rﬁkZ'ZCYF'G?”M'}éW‘ é'(‘S?‘fb'r orarhy- a f uel

additive. 24. The fuel conposition of claim 23,

wherein the fuel additive is selected fromthe group

corvsi St TheduedEompoHitfoh 6f dajm R8yh@MEhS isoppdabid odmpdardtiSformula (IV) where
cht e% stability inprovers, cetane inprovers,

dtAbili zers, cold flow inprovers, conbustion

I mprovers, anti-foans, anti-haze additives, corrosion

inhibitors, icing inhibitors, injector cl eanl i ness

ad t i vBis fuek gppieesition phsiairs 3% mbaein B isarptykduci ng

additives, netal deactivators, dispersants,

detergents, demul sifiers, dyes, mar kers, static

di Bisi pah ekthod dFinakihgkeftel ashihositonizbmigising Askirz AR [s@®dnoid 28mpound having

The fuel conposition of claim?22, wherein the fue

bt ( . L
teo"m’naponent is ajet fuel. 26 The fuel conposition of

claim 22, wherein the fuel onent is a diesel fuel.
27. The fuel i i wherein the
diesel fuel is a distillate diesel el . (IR8 The fue

conmposi tion of claim 22, wherein the isoprenoid

conpound is Z [I) -79 WO 2008£045555
PCT/ US2007/ 021890 S e oner thereof, where Z
is OH or 0 OR ( \0 or a st érpeol'soner the&gof, wher e

Ris H, alkyl, cycloal kyl, aryl, alkaryl, or aralkyl.
ora st&gelsomﬁthéréb@ lNlthQfﬁBQ&hﬂolnGnﬂ a(ﬂfel éﬁhlﬁ{'emr Z&mbﬁtﬁtﬁhﬂteféoﬁ hﬁkrem ZisH, O-

PLENOI ound fo ere

R, or GRRIOR G i AR S Hon o8L o gt St S P e
compgugd rsértotny\bout Bwt.% /A ahrtt PO %6 foasadhdal tiegotal Weight of the figgloinpdsitipn.

conprising m xing an isoprenoid conpound having the

formula Z (1), or (11) or a stereoisoner thereof

Wi §2h a THGhel SHFRRRE BE clairdt 3 f, WhdreidlE!r§0 ds@11ibn Rmperature is from about

ti,on thereof, wherein Zis H 0O R or OC=OR

282(§W& %@ al kyl, cycloalkyl, aryl. alkaryl, or

aral kyl , wherein the anount of the isoprenoid

conpound is fromabout I w.%to about 99 wt.% based

o3t he Tlotfel comebsghvtl ofrfainy e whereh the amquotif the sppren8id corfifipend is from
about s WEY; 16 HIRDE uk :08hsdfon Bk kel oMELELE bdpbion TOO

distillation tenmperature is from about 282 C to about

338 C. 33 The fuel conposition of claim31, wherein

the ann fot i soprenoj d co und is.from about
w 3% t of t%’ d @J&'atﬁt 3 ‘@/E g%eétb‘hﬁ's‘t?ﬁn%)g gompgng jis ‘&fé‘? 'GHY °°8¥e“edsﬁ°"‘ a
C\s isppnaoifi stedtincrompeki ti on. 34. The net hod of clai m 31,

wherein the isoprenoid conpound is chemcally
converted froma C15 isoprenoid starting naterial.

3535, TheriiBlelodofRfaintiaiviBreafihe B0 REPRINBiId biveindraerlaSOPr €NOi d
starting material is H

OH ,or :

or a stereoisomer thereof.
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H OH, or or a stereoisoner thereof. -80 WO
2008/ 045555 PCT/ US2007/021890 36. The net hod of claim
w@208messei n the fuel conposition has a sul f urPCDOBENT/021890

of less than 20 ppm based on the total weight of the

fudl  cofipowihed givlaing¥, whkreiethhiivel corfipopititi hagp salfifrgeritent of less than 20
ppm, 6RMVN it itdi wlightioPdle faelfcuﬁaos@&kdl tive with an isoprenoid

compound having the formula: Z (1), or (ll) or a

st ereoi sonmer thereof, wherein Zis H OR or

ol Kar g1 Amgped gk ng{l’"e‘%‘!g’i‘(ry i HGE A S GP A} prenoid compoune

lwwnmheﬂsnnathe i soprenoi d conpound of formula (1) or (I1)

is chemcally converted fromja Cl5 isoprenoid
starting matefial . 39. Th nethod of claim 38, wherein
the C15 isopfenefd 7ng lalzis ol ajined from

a biological source. 40 The nethod of claim 39,

wherein the C15 ifgoprenoi fl startifg material is )\~

OH or a stereo%;gqu\gﬁeﬂggﬁa\¥%%ggg}s hydr ogenat ed

and esterified to produce 0-1- (I orlp

stereoi soner there
ora srgliegllpomelatlh%%ﬂf Wherena,Z l%llfl é} &wr O C(z@_)R apﬁg 1§]léta¥%]dcy6¥all&)1l zg{'yllnalkaryl or
aralky#0, wherein Ris C -C3 al kyl. 42. The nethod of claim

41, wherein Ris nethyl. 43. The nethod of claim 39

wherein the Cl15 isoprenoid starting material is H or

e L bl e LA

ChemP@Y/CQ!SZGGfrP'OZ §89‘(9Pfe'@'@alfm52m€‘$‘)‘a' or a stereoisoner

thereof, where Ris H, alkyl, cycloal kyl, aryl,

alkaryl, or aral kyl. 44. The nmet hod of clain143,

wher ei NTHR netho&df-caan 3, kydrein #EC, 5 Ebprendid ktadinl witerial inbbminkd from a
mMolw?oan Ris methyl. 46. The nethod of claim 37

§Er Cher conprising mxing the fuel additive and the
i soprenoid conpound with a fuel conponent. 47. The
met hod of claim46, wherein the fuel conponent is a

di 4 i | | Bheanegfiopafestaint 3o hereime CispRipidaee Byerhie et hod

of claim37. 49. |JA fuel cpnpositipn conprising or
obt ai nabl e frog%Aggl;LgégﬁgggpL;§Eg%{aL | east two
di fferent conmpolnd3 each rridepegndertt | ypHhavi ng

or a stefbiSBHePthérkdf] Which bs! WYArofhatdd\hd stedifidd to frblubd V), or O

//L\V/A\v/l\v/A\v/l\v/A\O/ﬁ\R

(Iv)
or a stereoisomer thereof, where R is H, alkyl, cycloalkyl, aryl, alkaryl, or aralkyl.
4]1. The method of claim 40, wherein R is C,-C; alkyl.
42. The method of claim 41, wherein R is methyl.
43, The method of claim 39 wherein the C,s isoprenoid starting material is
H
X X F

or a stereoisomer thereof, which is hydrogenated and esterified to produce
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O-1- R(V) or being a stereoisoner thereof, wherein
Ris G-C5 alkyl and the two conpounds are each
wEe@somtssin an  anmount at least 5 w.% based POT/UR®07/021890
total weight of the fuel conmposition. 50. A vehicle
conprising an internal conbustion &nhgine; a fuel tank
connected to the internal conbustilpn engine; and the

fuel conposition;of claiml in't fwrel tank, wherein
the fuel conposiflion_is ysed to Jpower the interna
conbusti on engihe. 1. he~ehi<cl/e cl.ai m 50 wherein

the internal conbustion engine is a di e§¥l engi ne. 52.
or a stdia@sofmenahere€ pas Riid ) Rlkgf cyclbakyinad], alkdirdy @ kmalkylhe boi | i ng
poi nt of the fuel conpositionis from 282 Cto 338C
- 82 WO 2008/ 045555 PCT/ US2007/ 021890 53. The fue
COfIPOSI T ARhOd ofClaft 43 dheref¥€fs@1.8, Jiie boi | i ng point of
the fuel conposition is from 140C to 320C. 54. The
fuel conposition of claim11l, wherein the boiling point
of the fuel conposition is below about 200C. 55. A
method U?"wagﬁfﬁﬁ“gnmgﬁﬁﬂﬁﬁ"E@Hprising the step of
conmbusting the fuel conposition of claiml. 56. A
fuel conposition conprising a fuel conponent and a
bi 4engi Trearctad €tBin Fdwtherroinprising ovginguleduel Bgitivganfl the fisoprenoid
comp&uRER@S] fuli@ingdhdduced by preparing farnesene using a
m croorgani sm preparing farnesane fromthe
farnesene, and preparing the fuel conposition fromthe

farnesane. 58 A fuel conposjtion conpri.sjng.a I
cotfponeHt "Hgf"? &R 1oowhe T;g‘l‘ﬁwgﬂfl é"%w{?a %’@‘."atgﬂ'ﬁsel fﬁél
conmposition of claim58 wherein the sinple sugar is
gl ucose, gal actose, mannose, fructose, ribose or a
Cof8bi naa fuehmadh by thomhethadOf clAmdet hod of making a fue
conposition froma sinple sugar conprising the steps
of : (a) contacting a cell capable of making a Cl5

| s@Pr engind) ShpdshibMnipBif ok Staivibik frorh Qﬁ\iﬂrmt-ngri%galﬁast two
.. under conditions suitable for nﬁkln the C1
differgng conpuney el indsPendenyy-ayies fraula (HpyITVy 353%9 enating the

15 isoprenoid starting material to ;forma 0
ydr ogenat ed C15 i{soprenoi d_Lcoppound; and _Xc) 'ﬁﬂng
t 0 t Crs-A1'sapy énoid cofpotind Wi t R on& or Rv), or

nore fuel conponents or fuel additéves to make the
fuel conposition. 61. The nethod of|jcl ai m 60 wherein

the sinple sugar is glucosg, galag , mannose,
fructose, ribose;jQL/Q\EBEELQQ£%$Q/Lhereof. - 83
V)

or being a stereoisomer thereof, wherein R is C-Cs alkyl and the two compounds are each present in an

amount at least 5 wt.%, based on the total weight of the fuel composition.

50. A vehicle comprising an internal combustion engine; a fuel tank connected to the internal
combustion engine; and the fuel composition of claim 1 in the fuel tank, wherein the fuel composition is used

to power the internal combustion engine.

51. The vehicle of claim 50 wherein the internal combustion engine is a diesel engine.
52. The fuel composition of claim 1, wherein the boiling point of the fuel composition is from
282 °C 1o 338°C.

-82 -



WO 2008/045555 PCT/US2007/021890

53. The fuel composition of claim 1, wherein the boiling point of the fuel composition is from
140°C to 320°C.

54. The fuel composition of claim 1, wherein the boiling point of the fuel composition is below
about 200°C.

55. A method of powering an engine comprising the step of combusting the fuel composition of
claim 1.

56. A fuel composition comprising a fuel component and a bioengineered C,s isoprenoid
compound. ) '

57. A fuel composition produced by preparing farnesene using a microorganism, preparing

farnesane from the farnesene, and preparing the fuel composition from the farnesane.

58. A fuel composition comprising a fuel component derived from a simple sugar.

59. The fuel composition of claim 58 wherein the simple sugar is glucose, galactose, mannose,

fructose, ribose or a combination thereof.

60. A method of making a fuel composition from a simple sugar comprising the steps of:

(a) contacting a cell capable of making a C,s isoprenoid starting material with the simple sugar
under conditions suitable for making the C,s isoprenoid starting material,

(b) hydrogenating the C,s isoprenoid starting material to form a hydrogenated C,s isoprenoid
compound; and

(c) mixing the hydrogenated C,s isoprenoid compound with one or more fuel components or

fuel additives to make the fuel composition.

61. The method of claim 60 wherein the simple sugar is glucose, galactose, mannose, fructose,

ribose, or a combination thereof.
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