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WO 2009/ 039201 PCT/ US2008/ 076716 METHODS OF REFI NI NG

HYDROCARBON FEEDSTOCKS CROSS- REFERENCE [0001] This
wa@ppbiogaedi on claims the benefit of U S. Provi sPOEk2008/076716

Application Nos. 60/973,394 (filed Septenber 18,

2007) and 61/085,780 (filed August 1, 2008), which

applications are incorporated herein by reference.

Foser | 0iODs O EREMRISE RV DRGCRRBS FRERRITCRS 1o

are finite and non- renewabl e resources At the

current consunption rRIGSS-RE pf fossil fuels

wll be exhausted in the foreseea Ie future. At the
[00G1¢: Jihisi application niaimgs the beneffit 61181Ss PloaisionekAppledtiomNas. 60/983,394

i.n, the, conc at i ca n, di oxi in th .
(e Sepahes - S0 and 6 Do rfUEBa MRl 200 whidh apptigatigns are
incoﬁ:)cjrﬁﬁﬁ ﬁer@iﬂ ngeregxge [ 0003] Biofuels are viable
alternatives to fossil fuels for several reasons.

Bi ofuel s are renewabl e energy sources produced from
bi omass, a nat BACKGROUNR OF THE INGENTIQNI i vi ng

003 i Fsnd Tossioie SO cor: RFTste ) e ags Anite and non-
rene@JaBESf ﬁfée? Aﬁ%@&fgrem Qb 0?1%&% SsuE@n 2 Y8 Foskil RieRAkiA YR

di oxi de released during t uel unption iI's
eth&ﬂsmtlhiokesdealﬂel Gitureciit the mmﬂitlmé btuméngofiogrilnfuelshas rédulted in a rise

[ 0004] Because transportation-rel ated gaso
in thecrucirpetionricahen dioxide in %?S@ﬁ wiyeh mhe{le\feﬂq@h@/e caused

use, supplenenting or repIaC|ng gasol i ne
glol:fapfiﬁhz}tegltrjhl‘ﬁg ‘bi ofuels is expected to reduce our

[0003¢ [Bisfiaele arvidbds atdmatived t fausil fiody foo Revaiabrdasiens. Blofuels are
producti on. Currentl(i/ avai |l abl e |i qU| d  biof
renaUHABIC ST SAREARSIProgHNGe fromdomass.femeserial deriyag o reyenﬂy living

: orgé?l sg%u?&ﬁﬂ dI %f@ﬂ? E%g!_?&%gr)l(ao@-gr oh)i/lg’?/ 5‘({ %t%ﬁusélécsvénﬁcant net

sugar  an €s such

1ncréa%l3 hmét@ﬁ@mﬂd caBorhéiokide ldvels becusethe airbon Bioxide edenRedidutng the
into sugar, which can then be converted to ethanol by

fuel igppyuBtpiign i revhsorbed ﬁnr@ughts)&y@fowih@rf@m Ggamie cal | ed
[00(9% %{:@%? h‘&ﬂsg eﬁlo\{lergﬁ e@% golig énsgr?lf){sl&ﬁ%pxteg&% the méljonty of all

as cor ean ower

llquﬁﬁbﬁﬁillfﬁél us&)Q0Flentfiting oe f@}‘acﬁfglgﬁidlffne @fithURjufticbiefuble liEOéxpected to
i d-based bi of uel s has however, been call ed

reducn our rqﬁm B fossifuelsand caden ldﬁwde peeduetign. Comeeth avatlable liquid

o35 e e TS PRl BRORb BB R ity
carboBydiates irAQS siaRflard dhirch. (UaQMxCiatiRASdrates sitchirak eéudk)se and

driven by fossil fuel. For exanple, the energy for

hemigelitigss ¢ng aiforbgrerken dawn infe sugar,rielcanAhan heeconvartsd yo @th@nol by
miclsbEaf3bl oS SARORRILA SR OR RILPR KSR g dyived rom

vegétﬁlqeéjduﬁlﬁ hd ¢dri GogBdadnahflowdresrd shi@hambeen concerns that
t he energy input for ethanol production may exceed the

[0005h dihg gnasey penetit plomsingrethapehnddipidsbased bigBicksthagrhowevernbeen called

mto&%g%tolgg@‘pawl ﬂ?sslgggﬁ?nregg %H%\H tg%b@gglggazsgiﬁﬁqa%l&%%man&qg

requied 4145308 A arhk@nergy output. More significantly, both ethanol and lipid

productions are currently driven by fossil fuel. For example, the energy for producing ethanol

C

includes running farm machinery and irrigation, transporting and grinding the crop, producing
pesticides and fertilizer and fermenting and distilling ethanol. There have been concerns that
the energy input for ethanol production may exceed the energy output from the combustion of
ethanol. In addition, widespread production and use of ethanol and biodiesel will require
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constructing new distribution pipelines because

neither is suitable for transportation using existing
WO eboski2et ri bution infrastructure. Mreover, aPgI/US2008/076716

| ar ge- scal e devel opnment of crop-based fuels such as

et hanol and traditional biodiesel will conpete for the

conf e G078 gl Lo pBRLRL T et g
cxishBE RlcHtR@butiord HBh&nicRird NGBSk, Any Mrgéistcalen&véwﬁlhémfovf @f¥p-based
renewabl e sources, as well as overcoming t

fuelsi supivas cthgnal fan@ ﬁad;twm@ bi@d@ﬁ@] oli coﬁpmmvhecaﬁm‘m&ources as food

NVENTI 0007 d herei talytic
produeien PG UgB be FafeL Pagk agus Lawdletedt pens. ¢ he
(0009 %%&%n%ﬂﬂ'ﬂ{ekéls RGPk ?Fddhaﬁ Hﬁf’seﬂorﬁ mmb SorEACH WA as
conditions a feedstock tontal |ng
ovesemag thedpwbacksiof bxistingdtiafugls. c corrp03| t | on The
sesqui terpene, for exanple, can be cuparene or

farnesene. The cing a

m xture conpri yi@‘g{gﬁg&%ﬁgwwéﬁﬁlw of greater
8 S e o e
proceydontpeismgesntactthganderapatatitevercking ronditodser feedstick nmﬁammg the

t he process COHDTISGS produci ng,a m xture conprl
S"’S%é?‘?é’%‘%ﬁ%%@,%l%wgmos on ﬂeﬁaﬁﬁwtﬁww Faspampleoia dn stparene

or (A T8 plockiih o4 %fﬁ%?f?di%ﬂ@ﬁég?ﬁﬁﬁwﬂgﬁé?%&%%%%s“%
we1gtt eﬁg&atet tham SG%QolGeneateds thine 2 %i bensame degrinameXN8s wylan; hsdkgreater
ing a mxture conprising percentage by wei ght

thano?fo"/g%aa@%mblflqﬁ@ﬁ of syglefrexatiss prherrapeppnes. rangthipningtance, the

proc!%k’s”é% nr%ésle@é&{gneﬁlé(}@ﬂ 1 es@fbéﬁmﬁéﬁ{agésebﬁe@ﬁ@&&%?& than 15%

tolua’iﬁnmtl gi’&%rltlﬁdnlleﬂ’@paﬁtﬁﬂﬁnﬁ e sémd d8tahices ahe trackif®eonditions comprise
paraffins. A m xture can also 20 percentages by

heatyp thefeedsiogkte greater thanr 56 6h4n whetein saif pacstsRopwRSes producing 2

PO SRR B9 BEGhe o6l MANLS9: G ARIIRGN LA &7 Sotane

erpene roces

nunfbergeater then o @Hﬁﬂ}bhrﬁgtumefesdiﬁb@baﬂ dompelrs@péfc@@ges by weight of
conditions a feedstock containing the diterpene with

aboyt 15%¢ 9l apwtc%&/owbws@ endogbout K% abﬁgt XY paraffing. Amixpreeaa also

roc S8, Broducing a
perceRBep b el PF et 8 Ry SRR Rb T ot o
[0003]' 3 afcfier GEpect a %ﬁta?'ﬂé afatking prdééb@ ﬁ:ﬁprﬁwﬂ@d for thadking Q%itdrpene, the
i ght of the araffins are nono- meth%/) paraffins. In
prO@wmmtngwe@tgctmgr@dRr qa@bé@mcm@r@gn@ prra fsedsinek confgining the

el ST SAARSe L0uRSAn ARG s ) PEFAL Tneoths co
comPAEECHOE R Diiimere ¢binpAding HerCait e bl wadight oPprehter than 55% C5-C9

conmponents with an octane nunber greater than 90. In
parasfﬁmﬁewlhﬁrgtnan@rééhan Tofebyvsieht & theopaseifiseare @@n@émtbﬁ@graﬁ@ns In
t _of Len.than 409% et h
somi ke el AL TR oAS B [ st bidpgq c and
whetdh §4d Pﬂicas‘sfcbmgnse[s PERtink A n¥ivfurddaipiing @aﬁeﬁthge By wei ght of

catal ytic cracking process is provided herein f

gre%q»ra\lm e ef comowﬁwﬁb an pﬁénqdmé@s gregishivan 89.da some instances,

the & q%rgg:éfnggsegg cent%?e%% )(’\Leleg‘l[t géﬁ%%ﬁ%ncﬁvy%/td H‘fekh catﬁﬂ y”{he mixture
can GRFBOEHfisePRreediige by whi ghmn@s tan 19eCs guaffage. 2 WO

2009/ 039201 PCT/ US2008/ 076716 , ,
[0009] In yet another aspect, a catalytic cracking process is provided herein for cracking a

mi

><

triterpene, the process comprising contacting under catalytic cracking conditions a feedstock

containing the triterpene with a catalytic composition. The triterpene can be squalene.
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[0010] Also provided is a catalytic cracking process

for cracking a tetraterpene, the process conprising
w@owwaseing under catal ytic cracking conditi onBCEHUS2008/076716

feedstock containing the triterpene with a catalytic

conposition. The tetraterpene can be carotene. [0011]

r0030] 3RS oS ke i ReS ERORE Gurk ol e Fibess
compRSiBE coREIHRP BRder CREIYRAE CaBRiAg CAHIN IS h TebdSotk amitdifibg the

under catalytic cracking conditions a feedstock
triterpgn¢ withiarvgtalytie composition. Therfetratsipene cin Heeastenehr ee

t enes with .catalytic conposi.tiqgn. .The at_ | east.
[00%1] i 8h $p Al oy néexgaiﬁswrpﬁ%@%er% Tagkipg Aduxture
e P e o P R Piopline e il 0RRS Safflc cacking
condjtiedtacfeedstoebk cdtdinimgphd inevtws compeshgeat ledstthre2@étpenes with a

araffins, greater than 5% xyl enes, 10 and greater
catapyfig SOmPOSItNT dhRat lesbihrRePpRes CanbGTesPLIEHIERRS Ypandpstance, the
r LI f '
e Bk B PR AL e AR S S e

weight 9| pichter them €5% naphthenen eneaser thani 2084 pealfias, gasatkr than 5% xylenes,
tetraterpenes. A process can further conprjse
c.

and gregten than fep tohwene. fhhg mixarecnlsp spmprisgrat eastdhreg tgrpames of different
. . t t .
sk SRRl (AR AR LA G008 Bl 3R sxhtpenes
diteflches| titsip@legand tetthferpdnes. N $16638 caviifihérson@iiseotiaiig the

~oil fromalgae to forma feedstock conprising a
mixfugs ¢asppsisingad lpagtdhriee tprpeneetromateacyt i ¢ cracki ng

A Y )

omposi
the Protds eSmSiY: eReRtHE B Fomadlgas t6bstnl d/fedbtock h@m?ﬁﬁﬁ@a terpene;
prior to the extracting oil. Genetically nodifying the

contgptipganderrcagl digseackingspnditiens thefredsteck containis the foseane with a

casGFRRR AR ch, BElonBSREHEE Bl AL ARl motiting
the dThae piidr td e _@Jgtlractiﬁgam.&ha@ﬁcaéﬁzmhbdafyfdgehe ﬂ?ig&g@ﬂddu% inefeased

to contacting the feedstock. For exanp fuel
amoyotseb therierpens cogipated deindtrgsneticaldy modifiying thesigae lngome instances,

the follow ng:. fossi.l uel et.rol e a, mxture for
the e Bl gprisgBGiine b S maBEAR ) () gt i o
conta&tiHy! tAdtee@todkNBsRRbmpIENS fle PERY IR e AN iR ted fRIm eaidUlponsisting
a sequ|terpene, dlterpene, triterpene, tetraterpene,

of thefpliowing:, fossilr fnels patoleuph pmukturesign Blebblending, gesolise aiesel, ft fuel,

0013],.l n. some instances, a.catalytic cracki.n r QCess
and pispgiition MiFeae PABRER cof n8 R oo STRE N HetY, RSB,
tritefifRAE itétl B perfe ObIpalcRE thadichflPhie shasdi! Sdardichebet ween
about 100-1000 C. In further instances, the catalytic
[0013] dw kamyinstomass.ta catedyticrerdckithg precsss eognprises dracking eodlitipes wherein
t enper at yr.e bet ween, ahout, 180, and .5 Cor b
the 5 Sl R oo T b e T L Pt a R A R . m
furtiR ilsBAdd] theRataBAB chatRih@ 06RBtiond ifchidIhkhting (BE REHI O to a
process conprises contacti n%ga feedstock with a

tempexatateyhetween ahpus 980 aahS &b Fpribsiwegn abavb L& andA004T extetween about
350Th§4@3¢%ecul ar sieve can be a large pore nolecul ar
& aving a pore size greater than 6 Angstrom

(00T ¥ SSmdRYEnces PGl cAimk iz pRbeesslébmidisay \@htac@fiBa fekdstock with
sonme instances, the large pore nol ecular sieve is a

a catpbyticicapppee o eamprisingts melscwdar[sgveykhe malequlassieveycan v large pore
mollgc%}(a'r Ltove gaa\liglgoe{ pcge::) Sie %r%lafexz fian %%g%frorﬁ Lndof Rit R a cglgne SLA&E: of
10-15 angstroms. In some instances, the large pore molecular sieve is a 12-ring zeolite, such

as a B-type, L-type, Y-type, LZY-72, Valfor CP811BL-25, ELZ-L, or T-4546. In other
3
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WO 2009/ 039201 PCT/ US2008/ 076716 i nstances, the
nmol ecul ar sieve is a 10-ring zeolite, such as a ZSM5
wQewbios®eol | n some i nstances the catal ytic conpOBUS$10081076716
conpri ses nore than one nol ecul ar sieve. For exanpl e,
the catalytic conposition further conprises a second
ul ar, si.eve that,can be fer i Z
instffe, S PG vl 67} 1588 o500t a2 g8M 3 e 8 S Tastances
the Ea%ilyﬁ‘d SfnpositidR SEhpRRE nfded ﬁhﬁ‘ oﬁé‘&%le&ﬁﬂ%‘iév% %r%&ﬁﬁﬂﬂb NHe Eatalytic
feedst ock conprising squalene in a flow reactor
comlmostwm furthgr ¢comeprisesscdecony molecidartsjeva ticht cdot el aﬂlffgreniasﬁaihdtn the
?duct with an octane rating between about 85 to 125.
mOIF‘ﬁ‘%réfFé(el nstances, the octane rating is greater than
r [
0031 ke - DBE BT FRE e A0

feedstookcamprésing squalehey/innafibw ieacton distilagehe eracking product; and obtaining
phot osynt heti c organi sm and contacting under
a fuela%rawz with an Q%tﬂlilf‘ri@“%?ﬁiWF‘?no%%“’ﬁt retofl d&d8 seyak nflapepsgthe octane

ratl,&\‘ﬁﬁlg%{e)é{egﬁhe U‘pOSItI on thereby making a fuel product,

catal ytic conposition conprises a |large

[00 1) rﬁasmpbeﬂadl Béreinliey Methdd fortgakingofuel grodect goBprisig: bbaming a
strom The cracking can occur at a tenperature u

6 An
feedstock Irpm aggenvtically modifiadinenceseylas pPhoteyynthetic pegapismpand wgfacting

The f Vv 5 .
BN, o g BB DN B S g
a fublyFbdict, Qifheﬂii@ﬂﬁs ehtalykia BorfbsitiontoiPHiBesiallalza P6Rmolédbdar sieve

nmet hod further conprises adding a fuel conponent to

havinga poteesizegreierdhan Mﬁﬂt@ﬂh The, eraﬁlg@g cagIepwTRb Atemperature up to

208 B0 ERorhdSlonEhTBE 1A RREARSTRF oo Rl PG s

octaﬁabl ﬁhmB@N)lf betwRed Sbdub €S folls dp Lk an bO@de/durhtier 8Ngreater than 90.
aspect, a conposition is provided that conprises: oil

In seme instaness, the ovethod furhes comprises adding aﬁgcl cmnmmamno thg fuel product,

whef BT o el B el e ue LR o Biiipg n some

instAreEE) @ thétBéd furher @arrpnmeadaﬁ@maa AERVOR theRRCHREudr om
the group consisting of th ol  owi ng: a nonot er pene,

[00137] de gy adpeety peoneposiiodiis mp@a@thaacommrtsear pid metxawd from algae and a

catafi cEiKiRE eomRpei Sl Al ErEovigg AR BRI CaRE L Ermsagand o
catal’ﬁfc%i‘d%kl F'&Gﬂn}d&*ﬁh&h GRERASthE teBpbne RAPHd s%le'&ﬂ:d fﬂirr{‘ﬂh% lordplconsisting
and a cafalytic cracki ng conposition and

of thedioogingi omondenpeies b nequitdryene) a @mmepeam«meca tetraterpene,

CUP%%&?%F n‘{)@? Ié‘te Ir?grl?gé&gp’:arn a3 a t I(ﬁﬁgr;%%ﬁloglﬁglesaq?éggbed herein

1nclﬁc!b9a N RSHbA Lo RN Ky igfhglr 61@‘519194 RN Ric ARk HoRHpositi6Y fnd a
havi ng ‘a pore size greater than 6 Angstrom and/or a

compasgjtorccmprising: pliytdleind 5 catalytjs crackipg compaesiting. Thecatalytesracking

compiohs Sqngiecufys v it sGHye et e Frolulab HANGGE i pore
molglplﬁa%%lesb hé-)émg abdre kize ﬁeaf@f ﬂ'ﬁﬂ@ Ad r&ﬁl Bed/of i‘ta’d'gg'aﬁgrﬁaéertob £0-15

mol ecul ar " sieve IS a 10-ring zeo I'te,
angi@msslnzsemel instanced, NEORRORAEINGNe®Yar REFEREI\IQEmﬁmbee #ich as a B-

ond b Reh PR ahe il PREURTO S B R W F A Pother insances the

molbEERSROE AlLD-RiYe ie%h@r SRA s hZSMIS z80A8 extent as if
each |nd|V|duaI publication, patent, 4

INCORPORATION BY REFERENCE
[0018] All publications, patents, and patent applications mentioned in this specification are

herein incorporated by reference to the same extent as if each individual publication, patent,

4
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WO 2009/ 039201 PCT/ US2008/ 076716 or patent
application was specifically and individually
w0 padboz2ed to be incorporated by reference. BRIEBS2008/076716
DESCRI PTI ON OF THE DRAW NGS [ 0019] Many novel features
of the invention are set forth with particularity in

o B8 PRSP a0 g RO PR B O i

es a van nven
refetinbd. be obtained by reference to the follow ng
detail ed description that sets forth illustrative

enbodi nents, in which man rinciples of the invention

are utilizedBREZDESER] O THE DRAWINGS of whi ch:

o013 o fton R W e it £ AT R bf Sopenced
claifls. 5t béthr thdstarddQ2oklex ety eredBrel inPadvanesmlor thedhRatiaNwill be

showi ng the pul se reactor in operation. [0022] Figure
obtaineg by wefmentertedhe fodowimgidstrded desciipting thatsels derth lpsirative

cupar ene obt.ained for ., different. tenperature 0023] .
et G BAHORETY Mo RinlexafthEnSbioh SRETIRS R headcompanying
draMﬁ%g Sushifpaction tenperatures 15 using SN27 catal yst.

[ 0024] Figure 2B shows the cracking products of
(0020 Fagues bA abowsar pulsesreactardol aunryingruie caidlytiersactions g evaluating

(t%Y-.?Z cat al yst. [0025] Figures 2C, 2D, and 2E
produigHiistFpYtion; he quantifications of the cracking products
(002 FigtP& (15 1t s%ﬁ&rﬁ&t%zcﬁ%gﬂ shéwing hePhlse hERRr & f)ﬁe?a[ti%ﬁ._t

tenperatures. 20 [00Z26] Figure 3A shows the cracking
[00221 Fagwee C simmenizes dreevagibuyandkingsproduts fren copangeohtained for

..-USiNng zeolite beta catalyst. [0027] Figures 3B and 3C
differgnieppesauiepe quantifications of the cracking products
(00230 FRARE S St AR p S peliehAgAlyiRion tomperatures
using S icaglyst. oduct s of cuparene at various reaction

t enper at ur es 5 using ELZ-L zeolite catalyst. [0029]
[0024]] doguge é&smmﬁ%?rﬁ%kvé&prg ucts @ RYPAEYS 3 pEQUSTEactipR femperatures

. getp o crack oil extracted from algae. [0030]
usmgielgzt?féi‘gﬁﬁgﬁbm the products resulting from cracking
[0025] Witmirexl 269 2DOad2E synfifidize thd quangfi @Gosdafiule ¢rbekiny prddundtss

resul ti n&zf rom cracking r@fi ned algal oils. 30 [0032]

of cypaggnecatglyzedbhn b4 Y r Hrab three G RISRL PDBFTalest he cracked

f : ' gal_0j.
005 6L 53 R e LA BRI s ABHERER LR s
using zeode béie caalgstki ng products of farnesene at various

reaction tenperatures wusing_ LZY -72 zeolite catal yst.
[002]] Figures 3B and 3C summarize the quantifications of the cracking products of cuparene

catalyzed by zeolite beta at two different temperatures.

[0028] Figure 4 shows the cracking products of cuparene at various reaction temperatures
using ELZ-L zeolite catalyst.

[0029] Figure SA demonstrates an exemplary pulse reactor setup used to crack oil extracted
from algae.

[0030] Figure 5B shows the products resulting from cracking crude algal oils.

[0031] Figure 5C shows the products resulting from cracking refined algal oils.

[0032] Figure 5D demonstrates a comparison of the cracked products from both crude and
refined algal oil to 87, 89, and 91 octane petroleum gasoline.

[0033] Figure 6A shows the cracking products of farnesene at various reaction temperatures

using LZY -72 zeolite catalyst.
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WD 2009/ 039201 PCT/ US2008/ 076716 [0034] Figure 6B

shows the bl endi ng octane nunbers of farnesene
w@e@eksngl products. [0035] Figure 7 shows thePCr/E8100$1¢76716

products of ginger essential oil at various reaction

tenperatures using LZY-72 zeolite catalyst. [0036]

k d
(oo 5 6 B B DB L P BB Y T FHBN S BE s
[0055?%1\@7 shc{v%Qﬁg l:raglhﬂglﬁt%d&@s SthaMger benttll 6114l NioREical BN

mbers of squal ene Cracking products. [0038] Figure
tempﬁmatstesmngbZYe?bzﬂollw@atalystjucts of phytol at vari ous

ctio at ures u ZY- 72 eoI.ite cat al
Iooﬁ% 2bi shirbehs eackine pedunSal T eted BaRot e pb isHetures
usin Iygzg)q:i Egk branchi ng, among 10 the paraffins
% ucts o phytol cracking. [0040] Figure 9D shows

[0037h é?lglire&ld ishgvsothe hleﬂdingz nttmesmmfbe;:smftsqmalmeadckimg products.
roducts #OO% ure é&wsl t he, crackin
[00 agee 2A showsyke gra Rg A B?t?:)a yiol 3¢ Vaﬁm}% EﬁaCtFOr“gﬁmB?iﬁWeS
usm%%???fk«idhtea&% 'gal sources, as conpared to the
ydro [ [

carbon conponents of the commerci al gasol i ne
[00394 Fidvess. 9BLEnd] WDhdIv the gatben distEButédnoand thddeghdesd dranghing, among
oct ane nunbers of phytol cracking products as
the paspihins agdues @@W@Wﬁk‘n%asol i ne sanpl es. [0043] Figure

I f
1004ty O St LR BB m BRSPS Bl iR ©
[004Y]] Fkeriré LOA shtrvsaRotradléng proadhytsof. the a@élél]lg ﬁbﬂuﬂtsﬁ‘oﬂﬁh@tol from both
shoms the bl endi ng octane nunbers of

compReaial and algahyupsies @s eprapared v ttl@tw;?caﬁrogwp@pqwt%qfdb@swmmemal

ally an apparatus suitable for |arge-scale
gasaﬁlgggﬁéwggprocesses '[ 0046] Figure 12B shows the

(00420 F@s¢ 1 0B sowafthé blendigg o@a® dubbeisdf phtolaickinegsodicts
from cracki nf] squal ene, DETAI LED DESCRI PTI ON OF THE

COHIPWENWWQSia g@ahl}esaémiqm ng a hydrocarbon mixture can

[00‘%5 F{f Ef‘g?lg v&sQ(B Qrta Zgndthy%roc}[a%ﬁzlg éﬁsohcﬁetg% Pﬁ%&oaégér%oiﬁ

car ure

reacliyRt eramfss wlmﬁkameg zédlitd &meal stuel industry
i nclude, but are not limted to, d| stillation,

{0044 &tgur@ hER Bhoiv/s tescblending erianegwmperstof phytok hiracsasking products.

0043 Fit P24 s pchighin B appRtonsl it lsfibuscale

crad(mlﬂi@eggésrefers process that breaks down hydrocarbons
into smal |l er hydrocarbons, for 30 exanple, by scission
[004¢( Faguraiiﬂ)showrtb@wnmmmonmﬁtm g9 and @amicprwwé@ﬂukmg from
i soprenoi ds or heavy hydrocarbons can be
maéh%§@ﬁg§a}nto si npl er nol ecul es (for exanple Iight
hydr ocar bons) by the breaking of carbon-carbon bonds

i n the prepETALED BESCRIPPION OCTHIINVENTFION' ned by
[0047& Li@e%@gg%glytifoggr%gr? inlf;tﬁrse caI(1: %2 gilsr)t(osr}n%d toocr)ptlarlnu(z:g tr}rlg It;p%ts Isggpes and
sizes of the hydrocarbon mixture to produce a fuel product. Typical refining processes in the
fuel industry include, but are not limited to, distillation, fractionation, extraction, solvent
extraction, hydrotreatment, isomerization, dimerization, alkylation, and cracking. A cracking
process typically refers process that breaks down hydrocarbons into smaller hydrocarbons, for
example, by scission of a carbon-carbon bond. Complex organic molecules such as
isoprenoids or heavy hydrocarbons can be cracked into simpler molecules (for example light

hydrocarbons) by the breaking of carbon-carbon bonds in the precursors. Cracking is

commonly performed by using high temperatures, catalysts, or a combination thereof.
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WO 2009/ 039201 PCT/ US2008/ 076716 Exanpl e cracki ng

nmet hods i nclude, but are not limted to, thernal
w@ee@eksng, fluid catalytic cracking, thernof oPCT/US2008/076716

catal ytic cracking, catalytic cracking, steam

cracking, and hydrocracking. [0048] Catalytic

I of ' :
T A o S e R
cracﬁfﬁlgdth&%cﬁblyeatalﬁiéccbacﬁﬁlgswtama: @hdkifig) @te&ﬁtcﬁkmg 38 hydrocracking.
zeolites. 5 Catal ysts pronbte a het er ol ytic

[oomgytmhmcrcm){mlgrpe@demgsecamfmbdmj&ms,%loaloﬁamgrmp mwleshule in e

presgiscod BRE gl A irid CEabHEh B P FBAPIoE pRyst or S6iles.
e e e e e e C By
opp63it€ chargess usmally a carbecalien andooséry unstatde Hydlids anioni Cabomludalized

in‘erm)IecuIar hydr og trapsfer o dride transfer.
free Fﬁf gk andicpins asﬁr%;sﬁ gj@@@@@éw ferrad Y@%ﬁ&%ﬂ@%ﬁ%ﬁ%d’ ?gam
rearfaﬁ énY q‘o{&aﬁ{ 'Cagc?s§1 (1"11‘}'1@1 %@Lz’msm&ﬂﬁd #AéFintra- and

manent ggener at eg g S e reactlon can

mtemoiemam hpdtrogerstednﬁfep oohrmigldb tragpferhini botingpésaofipsonesséh ehe

h f '
corrggp%iacgag? Eea{;t?\%ﬁhﬂegggquggsdan ﬁaé]il 4 oge a?‘c\f/ me o a!:r{tlg{ rtggeg:rngatré t e% thus

[
he SERRHSTE Boco bl 8oy QS LR Bl ot g o
therﬂfegaazamtﬁallmbmnhtedhytahwal srabeegbmbinatid@ve, for ex an‘pl e a
zeolite. 15 Catalytic cracking conditions, can als

[0049% A an gmbarimentnte ﬁ?fa]dFI@ aﬁaplen&ﬁqoe%sﬁ pad C%t%iwl%%a%mgecondﬂwns
com%{a%ol}x%gn%g%} E t OC rﬁ&@&%arcsﬁe%% kfof'%xaﬁrﬁﬁ@é Qéo‘ﬁﬂf’

etweeh a

Catalﬁﬁ: clmgczon&iubﬁm als@&bﬁbmd leatitigakorgghi€ miolbchile Ofos example
&Prl se heati n f eedst ock to bet ween about 180 and

fronss 8006 Yan ey lmdmnt grfonditiopsompyise beating a feedgfock to

tvf %Béut%& lb Jd" %ﬁﬁ&aéat{i%%gcﬁ%e%gg?%h éo%ﬁliaheatmga

rature tvveen abou

fcedst%ﬁpﬁf Htwied aBEHtVIBO And BYNILC. 3B Petalnsthdinbadinkét, aiamlym cracklng
cracking conditions can conprise heating a feeds

ck
condifions inelndlieating de \Ewésteclhw@-t@nb%rhmresl&t\g%qn@homs’-OO and 400°C or 2
encouna ed | a ca alyst 005
tem%eﬁatgg: bg een Q%lh?gp 5{1(? %(ﬁicgir fea (%%ﬁyém FS:FacC ondltlla 15 2 ](C)(éie duse
heatiripa ﬁé@st?déklf@a fenipRfABEd hefeeC- @E@ﬂ%&i‘ém@l@ mc@rmd in the presence
contacting under catalytic cracking conditions a
of afcetelyst ock containing the 25 ter pene with a catalytic

005 JREF el gartalind S ERRTT Bendhf Py PHe bl oo
prodésy dodiprisil c@ma&tﬁmua&iatacyt@rcmmng résndlmskm fe&lsreR esntéihing the
nmodi fied chem cally, such as by oxidation or

terpenecyittam gasehisiie campositiencar bon skel et on the resulting

o0 RS8Pl BB L ab S Bl PP PG REFBRpAS /a wice
vari§98P phétsyathdfc B@bﬁ%ﬁ@t\vﬁén téﬁneﬁé%fa% me@iﬁb@ CMI@EUE’ &feR as by

térmterpene can be used to describe terpenoids or
ox1da991p¢1en¢mrmem?m@)$ e W@Opéhéétoéaéhe t?éultlh@cmpqmﬂfyare generally

refeBchﬁot | ttgrggri??qs O \}\%)Erecng%g el 'c%|(>1d9 grrlog@s eng% V\? ge éI‘ISC a
hete?(ﬂitdiﬁ s feferié@ o ﬁ&éﬁhtthé/t@ﬁn fepient @ﬂﬂbe wed to dgckbraedendids or

perfunery, and in traditional and alternative
isopiengidsi nes such as aronmat herapy. Synthetic

...D

[0052] Terpenes can be the primary constituents of the essential oils of many types of plants
and flowers. Essential oils are used widely as natural flavor additives for food, as fragtances

in perfumery, and in traditional and alternative medicines such as aromatherapy. Synthetic
7
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7 WO 2009/ 039201 PCT/ US2008/ 076716 vari ati ons and
derivatives of natural terpenes also greatly expand

wo bowamdety of aromas used in perfumery and PCHUS2088/076716
used in food additives. [0053] Terpenes are a diverse
cl ass of biosynthetic hydrocarbons conprising nultiple

it th b t 1,3 :di i ch
varBon %o e BB W R 1 ey Sxpfd e Wy o ol
mp@ﬁinhér?‘ﬁﬁ&jﬂﬁﬂﬁ%ié@ﬁn tRdhadivacycl i ¢ (including branched
| inearly arranged carbon atoms) or cyclic

[00531 dreepeoesare Admgsetc}aefs@ bissynihetis psinemrboon simsprisiafg rowléiple units of

oG S S R A T e

can ﬁfﬂ d&o éﬂ&éi“?@ﬁﬁ% acsz ﬁ%fuﬁgﬁgrrl efy ﬁ\%ﬁr@eﬁfﬁrgwﬁﬁcﬁfmoms)

reed I soprene r ues
or cydmcfmnh@\romlenﬁaﬁodg thesee}xmmelr;mnesf mnme&nfmm& mpldane yuait (for example
sesqui t erpenes (for exag% cupar ene, é rcunene
g5ene B

ISOPF ey TMACKRENE EPNBIS SR P seggs IorGRUmRle: lisonene
S I

ond ok R ARSI R D AL inighcH80uc 3hd FERRR, fyclic

sesquitonpesos € for esamlple,&‘ameséne)l and Icycim seiqmlte@xmmfoe exanaplelcapeene,
and tetraterpengs consi st f ei g i SO ne resi dues

curcyigigne, Znigihsarne ang pisaholens); @n éﬁ?re%@ﬁ gonsj e fa&wmrene residues and

ARG y

mclha(ec (P(H%Q%gpltg ;h%o et e,stmﬁ%&e mgégﬁégx%éagcﬁrs}sg@gs}% ﬁg? g?ér I%¥1ﬁﬁéscand

mcltldb fareximpla) squaleig andfetrhoperardondist bb cehoisdprafe residues and
|sopren0|d framework, and is typically a nultiplicity

inclade, foresamplairagotanes thewayclie aoperier he manpeyekis YicAmtengyaad the

o B AR S AR oSk St 8 Ll TEELE s o

0o s BRI, LG S PRI

exethPlabBierpBResGhdt 3fe shitalplb eliisaratd oe feed EOckIBr REiningl 36. 2
famesene 15 204.3 cuparene 15 202.3 cuprenene do- 15
5046-93-5 204.4 isobazzamgper 15 88661-59-0
sesqui phel | andrene 15 20307-83-9 204.4 bi sabol ene 15
495-61-4 204.3 9

Name Structure Size CAS MW

1soprene 5 68.1

myrcene 10 136.2

limonene 10 136.2

ocimene /H\/\%/ 10 13877-91-3 | 1362




WD 2009/ 039201 PCT/ US2008/ 076716
28976-68-3 202.3

wh a00basene
enbodi nent s,

As used herein

[ 005

4]

curcunmene 15
zi ngi berene 15 495-60-3 204. 3
15 53060-59-6 204.3

I N SONePCT/US2008/076716

t he hydrocarbon has a pol yene structure.

ponene

refers to a hydrocarbon

:Iavi Iy a ||a| LX) UUII uaacu Uaur\uuuc VV"CI CT LIIC car U 1

atons are linearlyfehned by single|and doybl e bonds|

The, mai n caf hackbone referls,5 to est
tm@?@%?%ht chai ydr ocar bon stﬁgctureggnggg 1362

conpri ses at wo doubl e bonds. One ¢r nore

carbon atons that formthe backbone |can be|further

substituted{wth alkyl groups, in particullar, wth

met hyl groups. otyene can exhihit both E and Z
phélféhﬁreﬁ@d trans ively) geomefpicC i s;gg_%P_sz. Nl 1362

some enbodi rent's, ol yene includes termna

cyclic structures (for’ exanple, cycliohexenyl or

substi tuted|cycl ohexenyl) at one or |both epds 10 of

t he carbon-based backbone. [0055] IR one efbodi nent,

t he pol yene|stru ture corpri ses at lleast ome
farn€idd €r nary efi C op” chisefer$ to a 204.3

carbon atom of "a poneHe backbone that is ¢onnected o

two adjacent carbon atons of the pagl yene backbone V| a

— C-C-bond,  respectively, The

quat ernary ol efinic carbon is further connected to an

al kyl substituent/ (for exanple, a 15 nethyl). A
cupf@feesent at i ve s y olefinic gggbon |s shown |92023

el ow. CH quate efi ni c carban ¢ H2|H [ 0056]

Quaternary olefinic tarbon is typicdally present in an

I soprene derivative such as terpengs. As (i scussed,

TSOPTrene resrdue 1S a commonm structgrat o

bi ol ogi cal s$ystemny 10 WD 2009/ 039201

PCT/USZOOS/)?@ bi ol ogi cal derivatives of
cupreugieene, slic enoi ds, are ¢Hain el 6%m?P3-6n | 2044

product s of ; oprene residues. [00571 Thus]

in sonme enb)dlnenfs e pol yene chain comprises two

or nore repéating units of isoprene residues to

provi de an isoprenoid. An exenplary|structyre of a

pol yene backbong (5 segnent having tlhree r¢peati ng
isobftizagenef | SQPf esiygues i s shown [lgl ow, | 886EMELH

t he quaternar r “Carbons arelindicated in

circles. igoprend residue 100581 Dependi ng on how the

i soprene units are connected, the palyene ¢hain nmay

conprise ap alternative arrangenent] of the¢ isoprene

resi dues. A$ shown bel ow, the polyene segmgnt 10

s alternating CC bonds and [CzC bon

ses’gplg)‘scllféﬁrgng bnj ugat e ure. An % 383(}7983—9 204.4
bisabolene 15 . 495-61-4 204.3
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exenpl ary structure of a conjugated backbone segnent
is shown below, in which the quaternary olefinic

w@ a00bos0Br e indicated in circles: isoprene reRCHUS2008/076716
100591 In an aspect, a catalytic cracking process for
cracking a sesquiterpene, the process 15 conpri sing

contacting pnder catalytic crackimg econdirtTons a

feedstock centaining the sesquiterpene with a

catal ytic copnpesition. The sesquiternpene can be part
curefimangri xt ur ¢ organi ¢c_opl ecul es griscan beggyerdsx3 ur 223

conprising greater tha 0 sesquiterpene. [A

sesqui terpepe i s any ory c nol eculie conpfising three

i soprene unlts. Sesquiterpenes are a class of

terpenes that——consi st of three Tsoprene unmfts and arg
C15 nol ecul gs. Li ke 20 nonot er penes,| sesquiterpenes
may be acyclig—qr contain rings, ingluding|many unique
zingibeingat i ons./ Bi achem cal_nodi fi catijgss suchoms0-3 204.3
oxi dation or ' pr oduce |[sesqui terpenes
known as sesquit er pg For the purposes of this
di scl osure, [the term sesquiterpenejincludes

ool aanl

sesqgui-terpenotds—or—other—organtec—rgtecttes—¢

three isoprene units as well as addijtional |at

as oxygen. PBesquite
ithout limtatio
ba&ﬁ%‘? ber ene| [O%

onms, sugch
' ncl ude, fior example 25
ene, farnegene, ap

; qui t er pene ggn be g?g@ﬁ%ﬁ6 2043
usi ng a proge GEsCri bed herein by |heating a
sesqui t er pepe W mxture conprising a sesquiterpeng
in a reactof. For exanple without Ilimtatijon, the

reactor can be a pulse reactor, plug flow reactor, or
a continuous flow reactor. 11 WO 2009/ 039201 ‘
[0054CTH uBrOOBB@IIBIMLS thethyrancatbpg thas 4 polyencatrpituereaAs sssidihersin,

ool tfits o R cebfuPer by el sisbof A3 bahape Whfein the carbon
atorf @ Rh&nlyI6hEABY §ih6 hhd AUBRIIAEE. The nfNAERSR based backbone refers

(reduci ng at nosphere), or oxygen (oxidizing
to adwnges shaight)chaborpfitiee hysleatatbon sirettureand eoroprisas gtdeast two dduble

reactor. After the optional, pretreatngnt a ., . .
bon, L 6 1005 HEPRTTONEETH B DREAURPE PR (it absgiuted with alkyl
gro&éﬁ%@ﬁﬁicﬁﬁﬁ%i#h‘%?ﬁhﬁ@@%% eSolyeRE czﬁ?‘@dﬁmitﬁ?ﬂgﬁ @nd Z (cis and

rature o e cracki ng congltlons.
tranexrespetiave)y) @etroetrimisomerss Imgpne gmbogdenentsa dtego] yesermicludes terminal

eyl A iRsi e Sepraple il BerearE SO BB e ot5HyD RSB botn ends
oftﬁﬁﬁ%ﬁ%%@oa@lﬂ%nkhe catal yst used for the reaction,

ifTterent products fromthe cracking reaction can be
[0055¢ e pa¢t edbod@pentothe pblyenesstiemre domprisesaat {dastronh dguaternary olefinic

proceeded,. the reaction product n be jdentified by,
carto WRATSIES OGRS L BRI G OaRGITaH S sasnscted fo f10
adjaR B ChrbBA B of @(ﬁl@gn%gcﬁ%n 'QQCE@‘?JSB% faﬁcf@t!—@ﬂondt, roespectively.

techniques can e used as wou e obvi ous
Theapuatesiaiy dlefihic parbéreis durther f@GAtEd fo aadlial yobstituenin(arsxample, a

conpri se, an acidic catalyst, for e le, a
meti) e (P igpentalie puemaRIEnF Srbal isgRoRbeoKat or i al
contai ning pores of a precise and uniform size that
can be used as an adsor leattmanyrolefasesarbord | i qui ds or
to trap organi c nol ecylfes, Mol ecul es small 15 enough
to pass through e p S gre adsorbed while |arger
nol ecul es are nOt >t | I'tferent
H2 H

[0056] Quaternary olefinic carbon is typically present in an isoprene derivative such as

terpenes. As discussed, isoprene residue is a common structural motif in biological systems.
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froma common filter in that it operates on a

nmol ecul ar |l evel. For instance, a water nolecule my
wheoosnsd2b1 enough to pass through whil e | arger PoI/E8M0E€676716

are not. In an enbodinent, the nolecular sieve is a

zeolite. A zeolite is an alumnosilicate,

al.um nopghpsphat e, ~al um noskl i cophasphat e, or ,ot her
Ma o BERIRRRATES of Rl Ghs P iheb EFORBTAN b el Fledfin moducts of
mulé&ple[PRAL résidieki ng cat al ysts such as zeolites

typically provide nunmerous BrOnsted acid sites. Under
[00557% drhugrin sehei¢mbadiments,itapolydne chainrempragey tw ef heregepeating units

of {0BFR OB PERERY i BRPTEASEVEn SAELRB BRI of Rty packbone
segil6ift ®hVing tHr&d fep Mg ukity HGSpHtHe rQidues R'sh&WABENSw, in which the

carbenfumion”) refers to a trival ent carbocation
quatelmary olsficio narbonserte indwatellieeiraddsher car bons. 25 Schene
IV quaternary olefinic carbon tertiary carbeniumion

CH3 + CH3 HIc H H2 H2 [[0063] It is believed that

the tertiary cargeniumionljis a reactlive jnternediate
n: b opeNiscifegi o As shown in
bond at e (3-

t hat induces ¢
Schenme V, as t
posi tion of the carbeniumion ruptures, the bond
el ectrons neut j@Rhica€rdsli@ecar beniumion. 12 WO
2009/ 039201 PCT/ US2008/ 076716 Schene V (3-scission .
[0038) d%ppnding emhay thetispprensanits 4re cennepied thepelyens cheip maygemprise

on S ERRY nhR GERE BP s PRRRE ey £ ATSA £ b s polysy seament
condphioes dlteatinaC &7 Pdy afd O=€fbofidsto pesviaid isconulited Btructure. An
important role in transform ng the pol yene-based

exemplaiseimicire off aconitigeted backbpugisement ip stosa belogv,dn whishdle
L"ﬂ nor.e.. det abl hereidn, eol.ites are wdely used for
qua -F‘&@k?lﬁ’émﬁ%f QLA I 1c§W§1Q HEY ®ar e especi al |y usef ul
for the production of [fuel s because of shape
selectivity. NY. et al,. Shape Selective
Catal ysis in | ' ' ¢ | Dekker,
New York, 10 1996. @h_a.g)feh_s_e yh ers to the
property of zeolitessfhdmeirBGdfer OMIit heir precisely
defined pore structure, which results in products of
[005AtThear ashact; @vAtrydetracignl potas fdrarackidicalhtutargene, the process
structures, [0066] Typically, catalytic scjissians
comprigiag centpetgrunderapiahdic gracking gpnditionsadeedstak epntaipwg the

: . . .St ne. '
ses JVURREY with F IS e Bppdslionh Fho BRI SCHE LG pabiBP IR of
orgiri€mblegiiles & cah be a MaytubrecompBisdE toreaty tHan 7 SWwebduitefpehd) &
pol yene or may conprise a cyclic structure (for

SeSETPBRGIS aBY e1ZaRiE Fesrule compriving e isenTERRMIHE rYesquiteprenes are a
clas% ?g@aeﬁ{:saﬁht@?ﬁ&@El{g?eiiﬁgpgé%ﬂg _ﬁn& fe I3 i ALRRASLikEO" ©

Wween
monoterpenes, sesquiterpenes may be acyclic or contain rings, including many unique

combinations. Biochemical modifications such as oxidation or rearrangement produce
sesquiterpenes known as sesquiterpenoids. For the purposes of this disclosure, the term
sesquiterpene includes sesquiterpenoids or other organic molecules comprising three 1soprene
units as well as additional atoms, such as oxygen. Sesquiterpenes include, for example
without limitation, cuparene, farnesene, and zingiberene.

[0060] A sesquiterpene can be cracked using a process described herein by heating a
sesquiterpene or a mixture comprising a sesquiterpene in a reactor. For example without

limitation, the reactor can be a pulse reactor, plug flow reactor, or a continuous flow reactor.
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[0067] Any catalyst suitable for catalytic cracking in

petroleumrefinery processes can be wused in
w@orobiosdi on with a feedstock. Wil e comerci aPCT/US2008/076716

cracki ng catal ysts include acid- 20 treated natural

al um nosilicates, anorphous synthetic silica-alum na

i pat.| . tal li t.heti i 11ca-al un
A o858 R Skge p ZRHERT G BE oS8T nuh oy v el
atmBsphereiang caalyRl iy 56tined. Fob BRNERO hbli@s (iné® AeRkplesd)| hydesgen
are alum nosilicate, alum nophosphate,
(redutingiatmansphérelophwiygerafosidizing dmosphere) xardee wsedbeprstrest azatalyst in

the oot Aok 1 BT D resment L CoBBy S reRgprear e qaintained a the
desi?%f &acgikslh AmprARe foY e%éilél %ﬁ@taﬁﬁg&%&@éﬁhe EQEki £ @Rl tRns. In an

e ability to 13 WO 2009/039201 PCT/ US2008/076/16
exemplagcembaelinyers asing aplibe rdaetor, saal duantitienof thy sesquiterjsine are pulsed
excl.usi on process. This is due to a ver regul ar pore
throlgh (e eActor GYerfas ety strDeneREAg b Hie ormprractes anii sraplst ped for
the & IPLBftn t$ 2Bhdhe GREH SRR faftdd., 1
epor%es’ol?‘%a g%rgﬁﬁe ?I? ccontgﬁﬁ% y ?Iﬁgé] |gr?g€{rde€r)gﬁ%l}al Y, after
the teaetidnuns ptoseedbihrtbe reattion pt&dittszenbe identifygaldsy, foreratyslegas
synt hesi zed, and 48 naturally occurrin zeoliées are

chrqupRiqeraphy angor masy specteupetyd GG/ Mes Qther Aiem meptikcation techniques
haSLddl ' . - zeolites,
can BULEBIAE oBR Sekbvish SRR i | P s such as
[00634 o\ cdtsl yidetompsition eml tdngprise abucidhic zatalyst, for er@hpik yshslecular
. and thejr manufacture are within the know edge of one
sievgieh Mpakesulan sie s Araterfad oerdaining oty aF RISt adwrbiory size that can

! bl ) ;
e 5P TSR I RS Wi
enoagh td-pastthdoyiglethe poRS hictidsorbsdwhil@lardes moRCuléaire @6t. Ithddifferent

al kyl'ati on, and cracking. Mre specifically, zeolites
fromg a gemen dilfer Inyat dcaperstns Sniaimelerlar leyieh Fesinsigpge b watsngwlecule

e [ r.hon heir 1St tur [ .
o) SR BOEH QS oL ARAC ATt e hF S B i, the
moledudrisitve isatcBRRS A tz8ola [l wHiinbdili €t BRlhah phosphi@ 7 O]

The pore size of the zeolite catal yst can be inportant
alumlﬁossgmph@mhatﬁgortoﬂ@r exide fhat has a miseapprays §t mpgpRTous structure.

00d S5 M S B i A Bt O i
Undey slich @ hbigitcohditibe, 1hd qakephr 6R€ficlcArbBR of il ®bmdls folyene can be
consideration. In addition, the pore size may afftect

conydgred $eh tertigry catherspm dorc(shekn ingScheme E¥)s Asfused hgreipyi‘tertiary
hydr ocas hbon.  feedst ock.. Qthe ossi.bl.e .types .of .acid

carbBHIRI ISR O Sty SRR 08 P leay 28 v oAy 4T ls connected

to tlaed Gther daffdhid] During catal ytic cracking, internediate
cations fromthe hydrocarbons may be | ess 20 reactive
and nore stable than in other cracking processes. This
can allow the cations to accunulate at an active site
of a catalyst, which my Sghées il e deposits of
carbonaceous products generally known as coke. Such
deposi t s ngatereay olefintvecarbenoved (f or textérpbabénium ion
controlled burning) in order to restore gatal yst
activity. [C72]/In addition to caCHlytiL cracking,

ot her jondusyri cracl ng progessed+s as thernmal,
25 hy mTrackr ng-c ‘g8 an al so cause

car bon- caf bonsci ssion in a pol ygne H,
[0063] It is believed that the tertiary carbenium ion is a reactive intermediate that induces
carbon-carbon bond scission. As shown in Scheme V, as the carbon-carbon bond at the j3-
position of the carbenium ion ruptures, the bond electrons neutralize the carbenium ion.
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structure. These cracking processes do not necessarily
i nvol ve a carbeniuminternedi ate; instead,

W@ a00b08p2¢8r bon bond sci ssions may occur PCT/US2008/076716
i ndi scrimnately al ong the pol yene backbone to produce
light olefins. [0073] A process as described herein
can conprise contacting a terpene, for exanple a 30
sesqui terpene, with a zeddcheme¥at al yti c composition.

In an enbodi nent, the zeolite is a 1 0-ring zeolite

with a pore size of [less than 6 Angstronms. An
exenplary 10-ring z e&?}e is a ZSM5. | an
enbodi nent n anot her
enbodi nent, a?process c ontacting a terpene
with a large pore nolecular sieve. For exanple, a
nmol ecul ar size with a poLe Size greater than 6

Angstrom In 14 WO 2009{ 039201 PCT/ US2008/ 076716 an
exanpl e, a large pore no|e€ir’'%%i eve has a cage
di ameter of 10-15 angstrbns. The | arge pore nol ecul ar
sieve can be a 12-ring zeolite or a zeolite | arger
than a 12-ring zeojite. In an enbodinent, the 12-ring
zeolite is_a or Y-type | L&E. npLes of
zeolites u i a process descw be [
i nclude, but are not limted to, LZY-[72, Valfor
CP811BL-25, ELZ 5 L, and T-4546. A catalytic

(00643 %@swer,cﬂaﬁ reasivesaenvarioameYalsq lead touﬁqwerﬁamrbwét ed

oli géxﬁxgﬁn Cil\(lﬂe rﬁc%nm?@\g e %a%l{éal i ﬁlge%%ﬁtey ?ﬁ%ﬂltll‘lg frEB the quaternary

olefii et phy a@Xepanat fide inlteanplofh@p &bl venebaded Fesdktobk into
Ni (11 cetate aqueous sol utions such that 20% and 80%

diverseensp@icise al proton repl acenent by ni ckel cations

[00({'52% dtés‘cpfsgﬂ n m fhg{ il h H:Jg gg' %ﬁ%te € 1&@5&%&#?‘0&%&1 LCesses,
and ftl@&'ﬁt@éspé@aﬂyhﬁeﬂlﬁ o hﬁe%rodﬁéh@ﬁ"om@l@ bb@atd mhme&w@r N Y.

to the proton formwth the elimnation of amonia. A
Chepebelp Shipsr SelastiveCatabyis trelndeqtgala‘évpézccytqn&d\dar@dl Dekkerg Ngw York,

1998 Bt e SRR B O D Bl B8 s
porSfRdtikd, ¥hRANSsul@ th pralie®s STARMES HeroRPNI kil AdldciRr weights and
terpene with the cat al ytic conposition and a secon

strugtateal yti c corrp05| tion. The second catalytic

100687 T3Pl SRl sotiond ppRBRE g ofips bL el fRends Fhigh 4% shorter
segrhéms bfite ﬁﬁ%dets%ubtﬁreubleﬂ)énaﬁl% oRShd &tual bthfcturé ah@dh¥ pbat of scission,

conmposition, a 10-ring or I2-ring zeolite can be used
the light alefisuaycbecashatt weyctic chaip of the ipokyenemori rsay eomprigea gqgdicgiructure

(or s elpa BRIy BY R day Bt SmbgR BBl e B R G St opugen 3t
15 dafboflé, ik 26 Bpically, ARBvech B- @Q%Hbﬂﬁ exanpl e, a second
catal’'ytic  conposition can be used that is of the sane

[0067) wmymatasfst mltalsletfcbrs:atail)rtr@tcraﬁkmgllw petral e refiokry pngeess@s can be

use<{]16|tc 01'&@5 6 f?q%ét%rl?‘ig{n egcgfrgﬁ{;i:l'fa cerélj Lac kgqtus?sotnauge acid-
trealed Q4R7al LRnARLSARARS, lamoRpHoRt Hnvidtie sﬁfc@-ﬁiﬁhﬁﬂa QIR @HdNd, And
di scl osed for cracklng cupar ene. girene is a

crys@hmgﬁyntéwp@mbca-almnm (egolitad), thermost swicetknsed commatsinl egtalytic
giﬁ}g tgl edst ock containing cuparene under
cracs et SQFHE conditions with a catalytic

[0068} "ﬂé@ﬁ'ﬂeﬁ hx@%lummosﬂlcate, aluminophosphate, aluminosilicophosphate, or other

oxide members of a family of microporous solids known as molecular sieves. The term

molecular sieve refers to a particular property of these materials, for example the ability to
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25 Cuparene can be cracked in a reactor, for exanple a
pul se reactor or a continuous flow reactor. The

wo e@epamocan provi de catal ytic cracki ng condi t PORES2008/076716
conprising a heating the reactor and cuparene to a
catal ytic cracking tenperature for exanple, 100-1000

selestivel Sscz)}t%!iglecul?ﬁzo%ge 4‘1%)&%1 on 3% e)? Quss (;;: 8563? )ﬁlt’gp % ﬁue to a very

cupar ene can roug reaCctor conprising
reguq&tp@lre@m@tu@@@mﬁaeéumra,lméﬂsﬁmg ERfeln@dximEmRER 08 thelrfblécular or ionic

catal ytic cracking condition tenperature. 30 Cuparene
spedi¢sthatcam erten the pores efba zeoliteiie cmﬂigdsbx the diametess althe thnnels. More

art (08 e harubtiFosors e e i 48 pefutlypifins g we known

Typitaf§ héé&%olﬂ@sr &k 'ﬂomstﬁé Paukagﬁlc%ﬁy, (& am, gfe%’ RE)Y z%é-l%éé— _?entasﬂs

(zeolite-L type), (zeolite- ype)
suclCaspaS Mo omthemzebhm&s suwg appdohite leta mdmaohtEZSSﬁDMdhtnmgatalysts and

it W o ot o T bR o apy
00 T o 1 U RORRURATAR B P RIS AR i s

ust nents made to ol um so
amd; hiat canfpalitetee randley f mdalczﬂaaiyzedtreachmst stichas somerization,

|ncorrect HHSS ectr 007 I n
OB EoKng NRF cifigiity, w@&wﬂmﬁﬂfghé g M small spaces
whilpeasd te Bdedt %&'tykﬁzﬁl e (RIRARLLICOD: ¥odiflied, S2f bl Kindaverted

or exa stock conprising cupar enhe
fromqmth&ary@leﬁmﬁd&dadns qmadbenrungms;Qmaaauehase [0079] In an

T EEE TR e
f
R e L T

the $ia¢ gfth@hydeodupions td b cracked acaia Yo v takéndiatof consibérgtiver. In addition,
conver si on_of crackln? a cuparene nol ecul e into
nef

the Ropg size map pHed dhe stV QMG ProcesHpfed wdtydfpéﬁltbona
feedg{ogﬁ %tﬁerﬁiosﬁﬁl%@ eggg %c@c@&%@& e s t«ﬂ?ﬂ ?1% ik e He{cﬁdas r%‘“% 85/géanic

ac1dsol uene, Iess t han 2% benzene, | ess than 20% xyl ene,
and greater than 30% of a_conbjnation of cyclohexanes

[007 Prsipe caipbiic sreking nteamestiHe Fatioppriar thehydrocrhans may e less
Ki
reac%ve %?(ﬁcoxlicnsgabfegigg{ Elé)ghé? EPa%%gifo%F%%gMSfaﬁ QR ¢ %'c Bons to

uene
accﬁﬁhdﬁt@ eesbafivekitdofa datalyst, atlichingay fe: depoditstolf earbmbams
can 15 be a val uabl e conponent of a fuel conposition.

proqugtszgeneraibiknaranas coke Suel depesits rpa)bwé fasbeyemoyedhdpigrample by

con%c?lg g%uﬁﬂgégﬁg%?%qg&o}e caﬁggfascﬁvift}lr‘el to generate a fuel

n-an aspec catal ytic cracking
[0072] af edditidBtodatiblt R e LRkingl othérdadustiial frackiRsMdeessesisacesahamal,
is a famly of sesqui terpenes with three isoprene
hydgen ped steann craekingpraditinap £an alsogapacqaebonscaghon SRISHOR i dRplyene
strugh%}caj’l“r(ése %?%Qﬁggisoc&sgp dot cc‘e%ga gﬁﬁv&% g cyrbelﬁl%i i&termedlate

nesene can be Cr using a

mstéeﬂol:drb(ﬁl Seabt Bomtl sciSdiGly nasy chﬂhﬁé?lscrirﬁln@tely afunipakk patdne backbone
f eedst ock conprising farnesene is cracked. The

to praseesight klefian conprise nore than 50, 60, 70, 80, or

[Oﬂﬁ_ﬁ%ﬂ PI‘%CCS§ 14 868?%‘3%6%'1%5 L Con z)%gé I:o%%%tlﬁgﬁ tcgée%% f;&g Eggﬁﬂ zcga

nolecul es an ons
sescRIfterpeny, B Yeolite Ratalytie ohapbsitnt In an embodiment, the zeolite is a 10-ring

zeolite with a pore size of less than 6 Angstroms. An exemplary 10-ring zeolite is a ZSM-5. In

an embodiment, the zeolite is SN27.
[0074] In another embodiment, a process comprises contacting a terpene with a large pore

molecular sieve. For example, a molecular size with a pore size greater than 6 Angstrom. In
14
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farnesene is cracked under cracking conditions

conprising tenperatures of about 200 to about 25 500
w@200p0892exanpl e, famesene can be cracked ar ounPICBES20@8/076716

[0082] A process of cracking farnesene can conprise
producing a m xture conprising percentages by weight
of greater than 15%t ol uene and @reat er n_10%
on Gapfle ¥ nCEe o arecufi Bt HSs R R B L 13 dngmitlnsg e toree
pordRbREMNLAIRR chiY b¥Eil Bhilng 2bolAO M zebitS1h@crrRM A 1 28%8 zeolite. In an

t ol uene and about 10%to about 15% paraffins. In
embgdimdngrthehdbring metite is g PeLnari-tipe zeditp Hixgmples Of zeolites useful with

« e s irgneren Felso o PRERD oy L2V T oy A6 C1g0 (Bgs, ELZ-
L, afzé T-4346 88 %talytit BSmMdsition can BY cMee@lH tofit PTG pRASAANG form via

arnesene can conprise hydrocarbons wth”an octane
ammaenite exgraegs baforehian 1960 enbodimenty sicked voainingenhtersl ean be

fuel, product, ., blended,wth a fuel_ product, or refined
preqaiFd by e BT theptogaisd dealites vt i TRCRAR G ol s9lSigr gsh that
0 : s ] duct
20 AR O RO Gl PG b i S PEHER s U ot
embodiakent,ta datatvticltompadsition cantbe ien-&xahangded taigikel dibes @mmbniam form of
0083] .I n anot her aspect, a catal ytic crackKi process
the < i5o S 1PISGER R BE ﬁar? Vit ke B9Iah foFm e @%wﬁm Hg
amrﬂ(gnié.%?tfot(}n%ﬁﬁ o £t a%{spa%%&oné %?g%ﬁ%ﬁéaﬁﬁ%é&ibﬂﬁ

contacting under catalytic c ing con Ions a
[0075} edsdtagtic aackting proogs fdreracking dterpaenfor esinngle atesleitapene can
three sesquiterpenes with a catalytic C.Oerogi tion, A .
alsogomprise.copfactipg Higiterasnsariisthe saalytic ompasitign gnd & seqoge catalytic
corfffy S R CRABR o LR nd U OGN
cataBjtR@ompysitio Elsi a@nple)idd 12-engdicotiredsiutilized pethe Sirst tchual ytic
di versity of the crackj ng roducts may_al l ow for the ,
comppgitien, @rl Ogingprd dripigezeelite Ga be ysad anpsesend eatdipis Gamppositign. This
[ 1t N
can BE RS fvarkely SF. 86, RE Ryt MR SRR Moy Rfocarbons,
wheéif the Hydrogemenahsy be diffeihedifesf In@hothE08mpleAs sexdnd catalytic
exanpl e, the m xture conprising at |east three

compesiton eaysaisedsthatis opthe gatg bipe F size asthe st casglyst éprack any
comni se | ecul es incl udj hut . n L. m :
remfAR B RS0 S cr ESHEL b gitor B80Sl b Byl Bty
condpesifiesene, (3-phelladrene, cineol, curcunene, and
citral. 15 [0085] G nger oil can be cracked by a
[007Y de en aspeetnp eataliiigcrackangiproeess isahisclnsed: foy eracking svppyene. Cuparene
. ingerol fraom ' j | . t
is o SR Bime AT 8GR Blackl i fbieeq Yy HoplhEL s .
contd! LpakaOliRdet cithlgti@iradang einditiods vithtaicataBitic Reémposition.
cracki ng process and the scission of carbon-carbon
Cupgesng sanbpe erpeked isytereter: Surrasmpleadaulse aeastoy of & cantiaerysilpw
reacf B0 1805 b R R B R ERBBESERlofoBePaRE s RBufe t reacor
and 28pFQHERD a ThtA B0 efaCkiRE &@fferddire ot &limpl, 100-200(eC, 180510 C, 200-
15% napht henes, greater than 20% paraffins, greater

400€Ctoa 356994 ¢t Berexxamplgdcuppeae ean flayahramhagrassarcomprsipe die

e raf.f.ins. of the i xt.ure [
cotfh A SPRPRT T el T P a R SR e BB UG mperature

Cuplateib tiae t@mgts thel ohgitieéonmmnitionfis dricked ap ansiter hiydocarbons than
ginger oil can be used to as a fuel product such_as .
the original C15 cuparene molecule. Example catalysts include those described herein, such

as SN27 (ZSM-5 type), ELZ-L (zeolite-L type), and LZY-72 (zeolite-Y type).
[0077] Cuparene has a boiling point of about 275 C and may require an adjustment of

techniques to measure its presence after a reaction with a gas chromatography column. In an
15
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gasoline or a gasoline additive, 25 [0087] In an

aspect, a conposition is disclosed herein that
w@eoposees zi ngerone and percentages by wei gheCD1S2008/076716

greater than 15% napht henes, greater than 20%

paraffl ns, greater t han 5% xyl enes and greater than

5% one roduct heatin in
et 4 mefl TEEREARAL e ROMENSS 1l BERhE PRLAIRRL S
conﬁ'liﬁ'éé% fcofr8 &fks dpRctedidtRemaBsisect , a catal ytic

cracki ng process for cracking a triterpene is

[0078] du hwembodima, cuperepe isdlovesddlopgh sicagorempisinigrigatalidisr

compralon M1 RRE 4RI AXCRIE D) OaREBGRE FOTPRoi Cipidac can be
intﬂerliqthgf&%%%oh§pl?as§30 t er pene conprising six isoprene

uni non-limting exanple of a triterpene for use
[0079{]| Imalpcmbmhmemtscwqwab srwackecSquabremss povaled hergindly contacting the

nj c fI: ound originally obt %or conEe ﬁl al
CL‘PH %g argr RorRfeguIRT YexesHeh 1 4 B ofT rtyPe FRBEgReGHRS e
cup bl BI85 by ARKEBES (%) MDater poRALUELIE AT IAD covide lkigher
conygzsion oforackig a/mparehbnmldculg lieto smalyerhiydrosarponmsduce

sgual ene, |ncl ud| n Squal ene i s a hydrocarbon, .
[008093 a 50‘{1??1{1 %ﬁﬁf‘éﬁ g ga@%‘?g HIPasng Brogusre Pé’%lé@“f mﬁnsmg

gy d
oSBT 0 LT s ST
xyléne, and @ekacee tlmq@ﬂ%aaifel, combuazﬁomoﬂ@mlcﬁmx@baﬁudnazblmpaitmes In another

d I dified 5 t | at
embgrax%m%gﬁférgq%gq{i of, M@g&gﬁe&g@g}w%émﬁxﬁﬁg@gngng greater than 50,

60, élr ’)Sig/s {eogﬁeeqtg gl;oglge risoﬁf?&mfboﬁ%%ﬁ E%quuﬁg#i: @nd therefore, can
be asmuablera:empb@m Giéallﬁ;fel svmpobigion.dh gﬁlembedhineﬁtathebﬁackédapibéutts of

ing a process descri bed herein. [0089] In an
cup@ﬁaafoaﬁ Rlepded o agdesita adagsy @lrtaaﬁnqﬁ@e adushproductcan
100813 T bk RGeS o pR OIS TREI MBS AL Mo ene
Farr¢Sen id 8 fapibt csm,aéqaiiexi;éhers | Wigh ﬁ]ﬁ&hsdp@ene a9 Q4 ad anwﬂimhmstr
exanpl e of cracklng squal ene, a process of refini
farnéssaﬁmsl aecked PRy prjalatic samenosition ks eesembaddierrin. Son sxamle,i n
fl t ty; d
%:Pg 8)#1 'theecargék%{ghusﬂmg;a fﬂ dﬁJg]%Oil[éﬁa&k%P %*%%1@ Firzgf'b% Tn aft!

emboginyhen fadustatk S&n?lﬁslﬂgzﬁmebd’he ad\crgdkie® diHeesédstock earﬂﬁﬁ@ﬂﬁe more
product is greater than 90

f th
thafréaﬁ;l Iéggwg 8Q~,f@ﬁ SQ;é famgsere by weighhy\ @edat%@n Als@ eeraprisgHthes
mol\é\gllfés%]ng ﬁy(lfrgg or}sosu%ﬁ] &s g’lgzibl?iegxg aﬁc{]c&pﬁ% In 2 enfbd 1ment

squalenge 1's crac reac
farn@SAB I3 Badked Bndey aﬂaclhhgboxﬂhtidhmmh@ﬁssﬁgeﬁn@ératurﬁwfdbm 2beto about
fed to that reactor at a constant, wfrogrannable rate.

500th &operampie faragsers eanbewraclsed aroandiiSe.of carrier gas or
[Oﬂtglil rr%ggg §§ fl&g%%mets?nﬁbcgﬁ%lg&ﬁs% H}ﬁm n%%‘i'{l&gn? c;}‘fﬁﬂhsﬁ%

perdefRSEsHy wélght olf erepRe Rl 19%4itbludneCaitl Brdatdr EhaR AP riﬂﬁﬁﬁ] In an
and the feedstock to be cracked is fed over t

20
embogdinagng;themixdirp 6Qnpiissh perreriages by Mpight ofoabarid Ygto about 20%
tolugr? andtabgﬁsl Oanto a%gutrlsgf}gea%fﬁﬁé Qr?otﬁe?teglﬁngdlﬂ'{éﬁt the mlxtur? comprises

proprrate era as d erm ne user

perdéﬁt%g@ﬁ 18 we Qﬁo’ﬁ@fba@r thize 80%4l addinatier l@dﬂ)@hﬁoﬁg O éiebodiment, more
cracki ng can be collected at the output, of the

thary ¥h 60,010, 73,@¢ SQ%QfﬁpegmxBye By weight from cracking famesene can comprise
hydrocarbons with an octane number greater than 90. A mixture can be used as a fuel product,

blended with a fuel product, or refined to generate a fuel product. A high octane number
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condensati on devi ce. Cracking products can then be
identified as described herein. In addition,

wo ea@epsunat i on, such as distillation can be carPCT/E82008076716
to further refine the cracking 25 products. [0091] In
yet anot her aspect, a cat alytic cracki ng process is

for kr n

o8 G REAEE Pt by Rl Rl B SRR o o
blerfd@i}tihiol M ssilFuélasie faslk cont aining the diter pene vvr th

a catalﬁtl c conposition. A diterpene is a C20 terpene
[OO%Z'ddpran@ srgspestip catalypic eracking processds deserdhred|hiergin fongracking a

a h n be | resent in the 30 feedst to
miSE ity ot e s TR i R e At O G onder
cata'lFﬁlcF?:Eé?:ﬁﬂl%%@n(ﬂﬂ()ﬁsﬂﬂfeéd%ﬁ)cﬁ %@f&ﬁmm%%@ mBurs %&IFﬁ’ﬂﬁg Al least three
can be extracted froma plant organis
sesq;mtanpbmesgwtrm tatedgtic @spoeition. u’omﬂxttmeroé sesquitenpenas can crack mto a
di ment n, o nismi.s n aII drfre to

sl St oyt oD PRUIES Bet b u%ﬁgrrgf e it 46 b fuel,

e of ;
gas&lﬁle or‘iﬁ&c g&l%ngﬁ%ﬂtaaé#é y Hfiﬁq{lor opdrﬁ gc%qﬁ@e M e(ﬁ/r:q'sﬂ n(g/ﬂcl)? cracking
prormctsrma?gkaih»wfoofhe@t'danompf‘ryédmplete filed In ahdther eirfbolfiient, a process of

009/ 039201 PCT/ us2008/ 0 67il. [ 0092] Phytol can be
crackingadae s contgining ail oy mestngj! of ong dyneraf sesqbigrpane cam glsp be used
to gfferd Xcoﬁ‘rg]ﬁférfu -type zeolite. In an enbodi ment,

Cracki ng phytol under a condition of a tenperature of
[0084) Lt anFxBmple, the adxtarsconprisiag stileadd Kieecgeadqtitetpeney cah 8 ginger oil.

g S ARSI LAl it v
t b
YRR S A 2 B D e e

[0085} @ﬁgér@ﬂrmﬁibasrackiﬁ&)@!ral pregsPeomprvingladding cabon disxidh tefmove
by GC/ Ms. [0093] In_an enbodj ment, the process of
gm&%ér@mh@le srngeil. doflyipsdenatdsatibishepch app A2 wing zeolite like LZY-72

con BB AR Yo 80 O8R5 o

carHoh&:aﬂ)@h dbhdsnS tied RsquepenBtundér datlyicickdtking |c6ndiﬁ@ish er
enmbodi nent _the 10 process conprises producing

[008ﬁl X ap embeshpentaf ﬁg)rcpf@swm%@g rgylgweo rrhe 1690@ br&d@qes a mixture

confgi3 e B en Bl 59 TOPEEE Bt Mg SR BAAIRen B TR i 3081

pardffias; tea@r fhay 5 xyfléﬂe*é htﬁﬂ gﬁdaﬂip thaf 8% t@l(ieﬁ@CMaﬂ?g)f el ffins of the
froman oil. For exa usi ng an organic_solvent to

mixgure eanche bsenghed paraiging w lcarcgrahaver ahigh pat@gzumber, The bigh octane
nuan%F ?ﬁfﬁﬁ}; e Jrr ol?l%]ntg r?[‘f;glﬁ@ %bl ﬁc&?ﬁ{ Y uﬂé( aJ @g{ p‘}ﬁ&[c? Sheh as

gas@meglghsoﬁﬁeadtﬂu@ hydrogen sour ce under hydrocrackr ng
condi tions. For exanple, the catalytic conposition can

[0087 rlrp eR gweetna perapasitiondndieslesed hgrein thalsiompaiseseaingerpae and

perceﬁﬁ,ée AR vblc%%ljitz}( fﬁfg%gés&r‘%}é‘hi%&oﬁﬁ% tha%rfﬂf/c ?%}ﬁfﬁns greater

thare5% XelieH®y) hind gﬂeﬁeﬁ tBAPSY, ASIUERS ZikiperoRO 3236 vet off itatil gingerol and
exanpl e, phytol is flowed through a pulse reactor in

can b& present st coMpesitindn gemamautsy. 0096] I n an aspect, a

Lon i h r n
OR8N BT 438 P e
the P®cek lcbmﬁﬁﬁng ContaRfify et ca’lalpﬁ@@r@a&ng)éonﬂﬁioh@d feedstock containing

the triterpene with a catalytic composition. A triterpene is a C30 terpene comprising six
isoprene units. An non-limiting example of a triterpene for use in a process is squalene.
Squalene is a natural organic compound originally obtained for commercial purposes

primarily from shark liver oil, though there are botanic sources as well, including amaranth
17
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descri bed herein. For exanple, the conposition can be
the reactants for cracking the terpene into a
W@ o09po3920i on or fuel product. The comnpositi on PENUR®08/076716
brought to catalytic cracking conditions, for exanple
in areactor, in order for the conposition to react

s Bl B RSOl Al GRS Mg, ptin
hundahe Squslede i @ hgdrdtdrbieh aid d tHeerpenk. Syvhlege can algaswe(yeﬁér@tem €rom a

a sequ|terpene a dlterpene a trlterpene
geneticellpmedifien ergapispan arhéch manganisiethat dog aotemélrally produce squalene

s R i@ as e i B BRGHRLC P pEs RfMplgne fgodified

to uﬁﬂ@@&hlh@ Is M@feoﬁf&rehﬂﬂﬁle A gl dEINEhnt IR ABASTHRSE th PRSHuce an enzyme
erein. 30 [0098] In an aspect, a conposition is

that @rcsi@pe)wdlenmﬁmo iy M¥esor MEP pethwiay end thesqunheng|preduicerhfifom the

yti r acki n on. | n other aspects,
aleafcif Rl A SR i oo ginber o
[0089] 9n an @rﬁb&ilﬁibﬁtca Frod&k bR Era8eRPRfuhlch®fhn P c&%nﬁg the
cat al ytIC crac |ng COﬁpOSItIOﬂ or squalene and
squalerteainyleri Qata&)rtm@kamglg@ondmgmwﬁna capl pigioamppsigian,ssiugh asca

crackj co sitions i ncl ude those descri bed herein
prowa(tﬁﬁt?:gp i on. For exanple, the catalytic

2 p 1R h
A R e
feedstoakrpéraprisinpsqualercinlaftovsicester; dstlﬂlngalneg@aqkmgoroduct and obtaining

| e ar, si eve havi at er h n 6
o fuf pyRL I 20 PelFna ot e RBPDOYN 167180 dn 83 fmbppgniathe octane
ratﬂ%gtgﬁtlléjfu@fﬁBﬂct forddf ?rjt@an%% LEMAS c?{; ?}ﬁc@ﬁm’" shftaB1é Rlctor as

Exenpl ary 1arge pore ar sieves
woulldbe kidbevivto toheskilléd imthedrt. dm a1R¢xah1p1&; squéieny recrzcked irt ®wipular

such as LzZY-72, Valfor 5 8
reacior SAWENSTRA PERR I Hi%ﬂ@éc%?mﬁ defeﬁaeef?EdL .téﬂréeacgor gt a constant,
progealnfob 8 A€ s i Pl o Aorf ¥ AP bl i BaPBRIRer gascs nceded
to bé fedds theakactasuch bd kelfuar arfdeﬁurdsgengln(the)ﬁxampm"rﬂieeubular reactor can
cracklgg) and, met hods of ﬂgnvertl

be packsdwitlyd agyticogpesiHgR AL ?Bﬁ‘&ﬁ%oc,}r %em @giselé fthfyar the
cataghfa'&%%? é&gd%esm é‘&a{l{?@’ §ﬁ@r£§qﬁg?fﬁ3&@% be set to an

xt'rac fom geneti ca 0gl ca

app®Ptidte ednpesatnie agdetaingas] mynitle hmtfef exampley pOG-a00 Q Reaction
cracklnﬁﬁof oi | produces |i or re-arrang

trieem hs srskine sabeepliseted 8 %au&p@at of $herrgaqtey; %@ gkample, by a
f
°°n§%3%@%?5?9§§3m S kP Bt of #icdbod il o
additioh di'aatia@dtiioﬁ,ss,uclﬂ gssdistiilatioh cdnerescarriddamt mfaﬂber refine the crackmg
I ubricants, gels and the like. 15 [00100] More
Bcificall y, certain biomass hydrocar bons are

[009:12 fhl? g%tﬁagotﬂér ?Is @cg St A ﬁn cvggﬁcﬂhg ﬁ@ q{%ﬁlggpdcqéfeﬁ for 'H:hrcﬁing a

proc sses | rac

dlteipan@ it Iﬁrbcfess mﬁqﬁﬁmmmcuﬁgmmdbﬂ @mllﬁﬁ: dmkmga@hduunﬁs eﬁfeedstock
br oken down or cracked into small er nol ecul es

contaipingba Al AIe Wittt eatal kG ompesidonfA diserpek- i a kB Fﬁrbeélﬁds
compfisiR B | SERAGUIE M ndolXinicidt SRR DA CAIIRECR the

feedstock arta G’%ﬂ:khd’ ﬁm[sm{mhlamlpa@ zdmhbhlhnt is prodatedrdusing the break

such as branched hydrocarbons, dr ocar pons havi n
down of chlorophyll. Phytol canybe extracted from a plant orgam%m or the cracl%ng methods

<

as described herein. In an embodiment, an organism is genetically modified to upregulate
phytol production. For example, an algal cell can be genetically modified to upregulate

phytol, the amount of chlorophyll in the cell, and/or a breakdown of chlorophyll in the cells.
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hi gh octane nunbers (for exanple, higher than 90), and

so forth. Advantageously, these biomass feedstocks
w@2am9hs92e¢pnpati bl e with existing petrol eum r ef PCI/O§R008/076716

processes and the light or rearranged hydrocarbons

produced can be further processed or distributed using

o0 o B4 LGRS SEUIL DT SRL BT, Eor e
zeolte IAAA @mBbdifdexs dravkihd phyasiSinderf 4i&ndion 0P € tehglefitie asIKRAL 350 C
feedstocks before refining. For exanple, a feedstock

prodisees Rcmeasuraplsmuantiy er lessihab £olyerright benzene enackieg product. When

I d th act.ed wi t:h fal yti .
prodisine aehRseHtEt, suctlis grging 4 ey Do oo Byl odustigu ot
benseat 106l® r@éul&tﬁfnk.%ﬁbmysissdﬁ)hyﬁﬁcrfaﬂé{% ;iy(r@&@étsi Qi bepRfforlaRed as

perfornmed after a bionaSs feedstock is bl endéd or
desaribré grewioutly heyst, sudhens by KHEMS. f eedst ock. I n 30 sone
1004535, 35 Pt PG Tt PR RO S B e  Hikture
confpﬁﬁ?l b@k‘égnta ey ﬁéigiifefblfs gllreafehﬁxaﬁstj%‘@ﬁ@%&?ﬁfﬁfgiﬁg?éﬁﬁtr&%than

can be gasoline, , or jet fuel.
70% bsweightesf the preaffios are nemormbetbyd pafagins tncankthies embaodiment the
for fuel blending, for exanple, a hydrocarbon mxture _ .
PrOGeRSAOTRRISFS ISP LI P SPBPRARE PRTCHOIAEE PROIIEN f Spalerthen 75%
11 Itt~ooThe m xture for fuel
of Cgﬁhgﬁl&ﬁ %nggdr%n: (%lging ing#gérsﬁgégggﬁno%ok or both 20 WO
[00940) 08 A &RBAIIMBETA his260 8f erdekid®phytalfuttieer sompades extamting phytol
fuel, oduct before refini ng{. In anotalg)é it?st ancle, t he
fromy a1 pily Ror pxAmRle, Mg 3R SrEAMis OBt A Exrch R from g plgdliotlr

i . . | ‘ Al _
10095 5 e orick AR Py B cdh A Son o oA bY bifactng
the Plbjtalreitica fatpptit alpelitiomand £hwyirogen souree omder hypdrecracki@mi ¢

&o_rrpounds ob} ained froma bi ol ogi cal organi n} that was
condjfipnse Fof example; the cptglyic SOTBPOSHOR cN S?FBP‘&%WBF]F@‘@ ion exchange

. Ly ' .
zeoftE SHARCEilh of NRLROT. SRR AR SO cPorBle crifures of
100s1000 G In il}kﬂ}l&&ﬁhhﬂﬁhém,hhs&mpefaudes abé 200-$00 CHn an example, phytol
. originat romplant life up to 600 mllions years
is flgyye? thrf_n@_ﬁ P16 E2AC155 HS2 We BRIFGSOUh INEFRgeR: are  deri ved
| g . . C .

10096 T4 bttt lraBSHER ' st Bbe CHEARS Merplihd o atelyti
crackiv@Leompbgtien. Jas csmpositionwah be atligdne tarpadut  proedssfdr @tkthod

organisns. In certain 10 enbodi nents, such_organi sns
deseribgsh hersia. Eorpaample, the compesition Gan &g the reartanisfoperackingthe terpene

T T R R
condi@iom fs exdrbple Eih £ B3abror) $n order %bthe FoInpostiand redot frairbak the

ot her instances, the hydrocarbon has 5, 10, 15, 20,
terpong intpdighthydspcagwng.ar bons. The carbons of the
| I ' o
001 FESHSTRPR! 6L SOAIERA B B SRMBIE 0 o
morfoyd@peée] 4 sesquitedrget diferpene, laitiiRfiene, i tatiat&rpehe, Cypatane, farnesene,
configurations or a conbination thereof. [001031 In )
squaenpezingerensn srdscargiprilBe teFRrae Grharm derpeiedhatpesuntable fgsreatalytic

: e A ‘ ars,
crack g3 SmlbHRRFSEABLER incllded (ee BABLARIERLS. | o o0 1
[0098) \In ke nypectoa comypositichdpdiesioded thaln admprives: wdleextretted Hadhaigae and a

as. wel | as pure hydrocarbons. Bi omass hydrocarbons .
catalyiic cracking cRBpeiltion dnother a3pets, senpeseipss aisidiscloged that comprise:

ginéep ghtghd 4 @Atalgfﬁé &ﬁﬁfiﬁgeéomﬂoisiﬁ%n,t Jh@to‘f W?%&l%&racking composition,

or squalene and a catalytic cracking composition. Exemplary catalytic cracking compositions

include those described herein without limitation. For example, the catalytic cracking
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20 feedstock, the biomass hydrocarbons can be cracked
or altered. In sone enbodi nents, the bionmass
whyapozerbons are broken down into |ight hydroREr/bs2988/076716
whi ch refers to hydrocarbons (as defined herein)
havi ng fewer carbons than the hydrocarbon feedstock. A
i I QC n r oduct. of
complfithn TR er S5F B Bno b\ FHRTH moecllsp R is Dharge pore

molBgkr@feRé Bfing Hpcre sR¥Rreateh tian 8N fpafrIANE lard pdre WRMlechiRAeve can
15 carbons, or fewer than 12 carbons, or fewer than

haveg cages dismdtesred 10dP angsiromstandiar be zal boing zeotite Bxegblary large pore
hydr ocar hons.can, be..cycl.i c,qr agyclic, ,.sat urat r

molg T e B SR R BT, o S Spe G BEe B AT 0g, Valfor

CPY1¢BEISCELY ., 8P TRBUAIH biher inSiRhaY 1BE REAILNIGF dibve is a 10-ring zeolite,
hydr ocarbons are also referred to as napht henes.

suchUssZftMrSateelitehy dr ocar bons  are al so referred to as

, ol efinsg. Unsaturated hydrocarbons can al so be
Eﬂmﬁﬁﬁiﬁékgﬁgkenp!ary light hydrocarbons include,
[009%] TR B&Haid ébIdBhbRE) bidnassRRBARL&E siitab] 467 fefiin (RIR k180

hydr ocar bons (for 'exanpl e, benzene, toluene,” Xyl enes,
crackngharvethethedsanfaonveeting the yameGatodiht omapinniged bwdir¢dadvons are
examl.e, sybstituted or unsubstituted cycl opentanes
et QYR ASOSSS Ot pomPHS JAAF TS CARRE e BT e cally
I ] . »
oA o il b BB of ol procuos
ligharsrelarmeged hyditocirbonsdiredebd adeanitabdnas, fuels (foreexatnpdd, gadline, diesel

WO, 2009/ 039201, PCT/ US2008/ 076716 00104] Certai . .
fuel&ﬁb%&?t@g)r g@? ptves and petroragmpig f'ﬁq*iﬁe@e&awca%swmw plastics, resins,

agt r ﬁﬂ%ﬁ t i . cracki ng processes. For
ﬁbe@)’(%ﬁ%ﬁé’?@’tlﬁe | gngés’iéﬁfg? %%%r bons may have
[00 100k AVibieGpédifycally et thinbi@mnass pdtogedlsink aresetbcted ab feedstock, which
centers that cge%ebe convert efj into reactive
u

can ppdeaga g o imese [phgEE rEecesses Hisludig raadkingfad akteratiny fheariain
f G | i .
et ST, 1 i BE RNy o BB LD o TR molcut

of hgdrobmaborsalidoogh dvisidns 6f @it obrarbdn dopdso tistker enhodliments, the
. hydrocarbons. Branched hydrqcarbons are particularly
biomass bxdspraspens pee aligradd fr sxabple, byalkodation og iremegzationgiorferm

e i e T
higtsetggieinunbed (f’ba eXaiiple, digher than S8 and r foftk aAdlattagddusiyathede
. C. et al. Angew. Chem Ed. Engl. 18, 429-440 (1980). )
biomays fesdstocks cambeeenenatipleyyitl ¢rsing petroleum refipingsprpecseps abd the light
' [ - [ f i ch _al . .

or BAREUSS LSS OURE LIOH B0 el bF Ry 08 ik SERE i
infriserveturedbtiefining@efréloahds are particularly useful for
[Ooﬁ\rIOdUCi ng. hi ghly branched hydraocarbon structures which

b I8 spme jstances biginagp fesdstecks are lended pr mixed withdfossil\iael or
| . |. ) . 2Ll
S L b P S T

can bebleddsyith Gadepstiotipeddshdnleohfacted ptastahaii compbiiti@eto

i soprene residues) di t erpenes _(C20 terpenes havi ng
catabygigallyl e tbpmittesi Qthespethads efrpinippsnetsas(Estionasppeimabe
rel A b SORBBIES LA oSy ORI LIStk 1o

somSetintese thepanpleas baded titdstockkis-alreatisrbeke fafimed Before blending with
Jisoprenoids _include, but are not |linmted to, _ .
a bipmaps fdatocks fprpamwle, theretpleumibaseddeedatock gan begagpline, diesel, or

jet ha" R RS linsta.fn@ésp fiR %letrolelli}}ﬁa%ed FSQAYUBLERS ARfhre for fuel blending, for

example, a hydrocarbon mixture that when blended with another hydrocarbon mixture can

create a suitable fuel product. The mixture for fuel blending or the biomass feedstock or both
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20 the like. [00107] These | ower-order isoprenoids
conpri se branched carbon centers (including both
weywbiog92and acyclic carbons). They are theref OPE&I/US2008/076716
sui tabl e precursors for producing hydrocarbons in the
gasol i ne range fractions with high octane ratings and
can 8L Q8(abf155 0 bFoguBIRRSE Hifithel I MARL £LA8K Bmixrue for fuct
PSOMBr I Zati on> And/ or ot her SKnow pr ocesses typlca(yy

bler@ifg! o2 Yiechiomssifeedstotk Sedeyth@is siatablRs a fid) Pddtst bforsl fefihing.
herein, "octane rating" refers to knock resistance

[00402htAs wsad brremathiogass bydrgcarbensr’ kr iemnassdeedsiaghisi sart rpdar to one or
as_conpared t m xture of . i sopctane . oy

mor? Srg B rpru o Pisthet 1y Ctou ARGy ik maslps within the st

50 yo¥daA¢ 86k PRoRiARY @Bon SndHydRigah and %‘dy'blpﬁ‘gnally comprise
hydr ocarbon. Mre specifically, in’interna

heteraatdinstuch as exygemadtrogan andk suifue (iflikg dessilibasedanufleaily which

. compressed bef o ignition. Th onpressed, m xture .
ori 3R IR RGNy O & F P e o@Ha e E1S RREAED N fafibed heren are
deriP&H frbd givﬁlg%ﬂébleﬁ{ﬂy IRFiREBleHiSm . BRLA +ABWAKE biological sources include

self-ignition) creates a knock, characterized by a

naturaltyt dccwnging organisuis ag welb an geneticably enasti fiedmr ganisphs. Freertgin
The knock.results in a |gss o eak power. Typical.ly,
e LS, Bt D BB Dt Rt o Fre pusarcll fictiodss
hydf%él*’f?gn thkad'é}\lfécﬂea%ut SOROALAQARE DO cadon¥\B02AMRES 3060 carbons,
PCT/ US2008/ 076716 [00109] ‘An octane nunber 1s

15-40hearbehe r1é-@) @risons,i 20240 cacbone aislisocfordh. Igathet instahees, the hydrocarbon
[ es] ce t nock. .The _octane n er i s determ ned

has _Byls% Tl £l T dRere RS Qs ¢ gvggcaﬂa{%a Fpclecule are

conpSAANPOR AL AN BTG iy Cafiin DEABHY o Yypically amanged

in liheangasanochedyieyelat doafigubtidnses e combinatimytherest S | S

typically, used to nmeasure the octane 5 n er of a )
lOOldéf)tIp SRM& nsiASSS: Pipmasshyrocargorsale th forgy q%ggra?peads%m@mdsy

- nu r i 0f -

ipidh AR esfls, B, Ao 5pERTErop i Taef, bt 6 oy tchdcioid o

isoppaiofinatriadlidechetsreftams as welhis ped hyizocatbvnsBiohashydrocarbons
er typically, to an octane numher of 90 or

hi gher, . ) ¢ . :
descﬁi'bgqilb?r@n[ncgéﬁqe;edsai@daa%m pdusinial fafinerigs ddkethe gpnvantinnal
] ' .
o 5985 ARG L R BeRRD
biorBash &it/drb tdreehs RegiYbkerdesvn(ihwrlighkKkydpdcrbons which refers to hydrocarbons
met hyl| cycl opent anc, net hyl cycl ohexane), and aromat

(as ¢phip h¢rgﬁéha@mﬂaf¢wgoca€m}haaéheam@roqam%é“?@.stgck- A light ih(sjrf?rocarbon
cn Y RGBS oRNLF -2 BN DAL T BRMLP R IAFy Earon

has &sheblr thayi @9 carbensybs fewieethan 11 & darbonsasr fewet thae 1 beadbds] &r'fewer than
Typi cal octane bqosters _include, for exanpl

10 cathonmor fevey then S«athons The lighthydeeathaas %%@V@I@% o 36¥rliss
N e

Saturated eyclit hgdroc@bBehs kA sOReidrl td asSnaphitbbnedsUnsaturaed hytrocarbons
| ead, and so forth. [00111] Under suitable cracking

are gamisiarediie as elpling bneaturated Bydoeasbans san also bagropatis Eyrmplary

ligh l‘?}y&?oci%{ébg)nﬁ ‘)}lgfutdg,rw'gﬁo%f lil%#ﬁtg%}, 82 Z%Véﬁéﬁntsﬁ-ggp%)on%g

r-anc rocarbons. ractions s e as
hydrocarbons (for example, benzene, toluene, xylenes, naphthalene and the like), C6-C20

naphthenes (for example, substituted or unsubstituted cyclopentanes and cyclohexanes), C1-
C20 paraffins and the like. Depending on the distillation ranges, the light hydrocarbons may

comprise fractions suitable as gasoline products, diesel, kerosene, or jet fuel.
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hi gh- oct ane fuels include, for exanple, branched C8
hydr ocar bons, cyclic C5-C7 20 hydrocarbons, and
wa@e@omsd2e1 hydr ocar bons (for exanpl e, toluene aPdI/US2008/076716
xyl enes). The desired fractions can be isol ated by
distillation. [00112] Apart fromthe isoprenoids,
[00ﬂi4'g| eéer&ir?éh%ﬁ?ca?é hﬁﬂ%ﬁ&mﬂ%@&f&& Hbid b{l’ﬁl}lﬂ%eddk/blﬁﬁég in the
an nitrogen-contal ni ng hydrocarbons. “Li prds
cracj@igarradebses. /Fok exanliple, fthd biymagilygrocibensy maiehidve apdcifkallpnubstituted
sterols. Afree fatty acid typically conprises a |ong .
and positiened caibAn senderh thabFan l??éloé‘épf&fj fifo seaghvecipteppsdpatprunder cracking

condfbl AT GERYT Refiryih a8 R PR
inteBfediAéREEald ffth@cariehRarbor Bokdstissiofts o prydire light hydrocarbons.
derivative includes esters of a fatty acid. For

Braughgdrpydrocagbans ard pheticularlyrsuscepiifle &, cathogeqatttonecission dugrte effects

| | pirds. J l | .. +1,.2, 3-triol _
soch S el 35 Pt Bty GE° R bR nR et pispfala wit
subdideted LBH cehRbd. Yo fr@xaBpleVIREhURBCl &Gl UBew| (hem. Ed_Engl. 18,

esters, which are transesterification products of 30
2940 é1W0).e oils. Typically, nmethanol can be used to

[O(]lgﬁg y f(:)ﬁﬁ’r,'re S%E%%ﬁng’iéagﬁébig&ﬁgﬁ 9%%}0% ig%gpriseﬁol%vaelr-%irgé is%}r)]r%noids,
whifH 4ré @35S RALRY RVBEHEY Sik Q&PIAR Aiduld) GheseAb Rerl HBEG R prdhoids are
am no acid derivatives and are constructed based on

particlarlylusefulfior ptodii¢ing highlybsarshed Jydedcatbpn Aguctirss whishdre suitable as
hi t h(g bi gass hydr.ocarbons are derived fromrenewabl e

ghsp ‘T’”(?g{ﬁ 5Pt fughaddityes. " \hi ch i ncl ude natural Iy occurring
[ . -
e T S
two psopmmn residuesypsegpquitetpened (O S darpenes havingthopensopname residues),

., (eukaryotic or prokaryotic), . which include nt )
diteppgpesd 2 fEgES h&%@}l BoRre ne%lﬁueéh@dttﬁaerquﬁ%@ﬁﬁwnes having
six BRSS! ThaT0pne roRALY ircafarliEh B Mkt 38U CRREatons.
Specifigaxanspies of(the lowessider forfefélot 4doptenojdairtclucie) art aretdoelimited to,

. pol yenes descri bed herein are present _as qrganic
limgnepmeHpaeRenBYTesRe TarAeseRs. SF1apiob derpinepln Gresolpplyinlssayplgne and
the ﬁl?ém ot her photosynthetic organisns |ike al gae, sone

ypes of fungus and sone bacteria. Carotenoids such
[00 9] aFhese lotverrordef SeprancidsasomplidSbianched ctrdoe fentasn (ncluding both
| ycopene, (7,y-carotene) are known isoprenpids. [00115]

oycly apgeacydisicadiony). Eheyoug therefese staplessecupars iPERodvdige

hyd@‘dbﬁo&@ ifi tPaslif r%gggcf?écﬁ&%%ﬁ?ﬁg@ 88ane]r9tilpé(;s%g8' GlhePesirable
ecause al gae rel'y ‘on photosyntfiesis for &nergy

propertisd dlabugincracking; ssomarzation) aidér athehkigiwrcgratesses tyfically employed

. carotenes (for exanple, marine algae Dunaliella

mr@‘é’leTYrPcPFFatl@Pﬁ-i ke crops, algae cultivation does not

[OOfO%E eAéﬁ%e%éQin “Ac@eﬁg r?lﬂlg” td"@ock ?&%itz{nge gaﬂtijk'h[)&&%{ih Qrbf a

system reoiler, al gde are diverse mcr organi sns

spark higitiere¢ngie fgelraebbmpz_irbd/tor?ﬁixnué af ‘eobdtamf is(m;ggﬁxgtﬂyl]ﬁntane), a
I OS thetic roguction.o car ot enes

hi P@%@ng%hyci?%ﬁr % aa‘aﬁgv-é?melas aseHehichain @7[Bé/dm° ge.ddore

eSO Rl il ABEES LR O EERT 0y

befdve i gnéionwahessomphéssedainidiae haea feadeney tocigniseptemntuexdy rather than
Carotenoi ds can be extract ei:d fromthe drie

| gae
burning smoothly. Premature ignition (or self-ignition) creates a knock, ala%acterizcd by a
rattling or pinging sound in one or more cylinders. The knock results in a loss of peak power.
Typically, highly branched hydrocarbons have better resistance to knock than linear

hydrocarbons.
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usi ng an organic solvent. Typically, a |ow
boi I i ng- point solvent is used. The sol vent can be

wo ewyobeo (for exanple, via distillation and PCT/US2008/076716
condensati on) when the carotene extract is 20
concentrated. Exenplary solvents include, but are not

1001895 A St niBEPR heriB bl € infure P Bhop i Rsistance to
knoéls [T86 betade kY &t determin@d by @omPari@aRs cliafachyivti¢sddd gasvline to

~cracking oil from al gae, the rocess conpri si n(c);: .
isoogtane tpetang gumber Y0P ominingdaoek) and heptanef(petapamunber U, considerable

ko3 Rl B Rine R 77 S0ABSER 1L SRR 1 g the octane
nubBSEIH PR alihb Tasd $a8d1dleWhithCanCoRMRL filhb& bf 91l Madihe same
enbodi nent, the oil from al gae conprises a terpene,

kno¢koas a reixsurp b£91% iseactameanidyp o o thaptane.gAs used bereins high oetenerating
carotenoid. l.n a her, .embodi nent ,. the oil fraoma e

refeidhh Peges it AL SreE Pkl an peee e of o o

higlfegrnesene. [00118] Algal oil can be provided to a

process in a variety ways. For exanple, algae maybe
[00HA} \Bas¢ gabolineibldnd shocka od straght rurthgasolide tgpitalhdtasel oftamgnumber

berssdhaap aas 70 TS By Bopdine sl Meniiches (ppexample.
metgfx JdPénefd, maRdyRlohEkdne Iaﬁu %m%ﬁésﬁﬂgé ﬁ%\é&nﬁm 9d&©g+)roctane

ae using an ‘organi ¢ solvent suc xane. e
numbetshHgdrocdrbensthawiag 96 octahe funthers ah baasalaas addisivesie adisa to boost

BB e S A e
boo#:fgg i ORY Q)Z%é an ﬁ%%}?&o'c&b@& iR humb&8, AEH as toluene

rom al gae conpri’ses ocar bons and terpenes of
(octhmenpeiber t2v) aicdhebsguith & diinah@cignemimeber tl i)t and atatiianbl (pctane

' | . Diff t ' f al
umber, 4384 graanginaalliss picB e R 8Pl Joitkt ur es. 1
[OOﬁqrEUnfd‘gp QftiafR 'Ha%hin% RSnd@itibns! 8 'Tﬁvé'érg)?&ir 'is%gre‘ﬁ?f‘& ¥ ebrBEen down

oils fr a .

om nore t one spécies of alga n sonme

to skoriee fonenimple, fdvweer diah G129 andbrahdhad hpdrogarbane sTharfractions suitable as
i ncreased appunt of t rgenes. I n some enbodipents, the
E%‘ﬂ‘rﬂi‘s

highspqtane el inchwe, fo eanghad desfagirocarbons cyslia ¢ C7
r e I [ :
hydfYBBYEE b Poholndfe AlBGoond W Kool RFRRG AT PBRAE Tn8dosied
fracbgaan be isblated Hywddtillatioonent prior to contacting the
f eedst ock. For, exanple, a blend of al g}f;\l oi I, and crude
%

[002] rpastfrqre dhe ispprenoyls; efber dlasses of piosasshyslsocgehons inghige lipids and

i SR GRRARLR R e PR Ol
sterdloled fisel Eyasidgasicdliyrvempaites adomy laglredrbontchain teraliratediwich a
conposition, For exanple without limtation, the fu

|
carbog Wisorsich The bydreeariaan chiainraap b exieer satwialsd o5 Hasalratad anst typically

f NGy . f il ] Ak
sy R U0 o A3 5 x4 225 3, Skl
incleduiieitertof @ fattyweide 06r exaiple? gl cdriled (foceraanl syeedetabte oil) are lipids

process conprises genetically nodifying the al gae |,
possepsing a ghycerpldpropan-d 2 -tiod) e Bructurqgith aReepgnere fattyeacid groups.

-k . | .
AL ARL 1 85, VL BUMIEDIISRY DA TS SRR ks o

vegétallp eite Typithiky, nestizaokcin dansddao padducambyyl seeustifhingadids.
the al gae or heterologqus tqo the algae. In an
Alkalaids @px%—glpﬂnyl RrARang|dy 4 plag-derived nitrogen-containing hydrocarbons. They

are typically amino acid derivatives and are constructed based on cellular metabolic pathways.

[00113] As discussed, the biomass hydrocarbons are derived from renewable biological

sources, which include naturally occurring organisms and genetically modified organisms.
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genetically nodified to upregulate the production of a

terpene that naturally occurs in the algae. In this
woraewnes920t he oil fromthe al gae conprises a grBEr/E82008/076716

anount of terpenes that are 20 capabl e of being

cracked under catalytic cracking conditions in a

Hy G AARES o i deftn R RRERTy SR 0L SEABE! Bliiryddl orpokagroto)
whitlPindlude glahehattdr angiPalggby bidtéa, &d the liles. T8O Biohl¥8s hyi@®Brbons
not naturally occur in the algae. For exanple, a gene.
des@iped Biptain can be abipined fiaax bojfe heng prgenisms endyepentlylivinggriganisms
. the MA or MEP pathway can be inserted into the
(blog}"i'ﬁ%r opl ast or nucleus of the algae. The enzyne is
[00 qug‘flhg)ﬁftf%dlaﬁ hRINES esdrited HeRIPSB Prséiftlas Ql%ﬁﬁ’ic?fgments that are
naturally occur in the organism In this way, the
natuwsaltyaoticemmng dmpliants anidsangmesthientphotosynthdtic organispwdike alghe; some types

amount , of | ar.ge_ hydrqcar bon t hat may, be usef in
of FETRBS B S hac o FArdoRGIG ook Brtroarolqhe BB altnt (h P-ehBtenc), and
I Ret. | ndi fied to produce
lycoiﬁgfgggcgg)t%%%%rﬁtkg&gﬁ?égb%egéﬁggi terpene as conpared to

[00 G @?H@febﬁb_@éﬂtﬁ sb@ee¢ for bitghasfarBdas; suftable Gdidl6gical hydrocarbon
transformati on encodi ng an enzyne that generates a
produstion becevnssatgae deli op photassmthesiy forenergs praduetion agdean peeumplate a

. .enbodi nent .. the. sesqui.t er pene, i s, cuparene,. at her
nigEERRRH REsaroreren £ S5, P e e LPRIE i) G, teae
cultMafdEdes AFDQKL WRdthble 14AE afi® 86k inbEreRSiRCarl iPrigatib sYARine Mereover,

al gae can al so be genetically nodified to generate

algasnge &verec menqueganisnisghatesm hp gencticallyoranipor giedhie, inggease the
. diterpene, a triterpene and the |ike. Exanples of
blostygﬁmﬁté‘g%rggqmp og:ﬁotﬁ cs. generated from genetically
ooyl ¢drs@nlio@s: éxﬁ%@&ro@ﬁﬁ%@dmﬂae&%d&c&d&&ﬁ% a8 grdWynol
and squal ene. 25 2009/ 039201 PCT/ US2008/ 076716
har{esiirigastinds. Dependingercthe types af algagt the pondsokaynepniaintreshoribsine

wat, e B i e AR R Son P BRI Beriehplese

i {elveROTRPicALNI 1 URALEEsol AL s QR TRE 5410k b
e wcat

lons the feedstock
recycbadt(for ekaygple,hea distilfxuon aed vendbnsaticrgtvdley theccandensasiraiton.

I n an odi ment,, the process further, c rises. 5 ..
congEDHRIo PR A7 igeBHE i GaaOHTBR (R catbon disulfde,
petrBithiafier NetBhd andiRixnfE&AlRLEs genetical |y nodifying

the al gae can produce i1 ncreased anounts of cuparene
[00 HiFparaedspeot, aottalytin etacking psocessads grovided for kmckihgai from algae, the

00123] . Cr acki ngn of, gi I a;rom | gae c(@n Ee ecformed
Proqes BRI So P TaRENE At KPR 82° (O IoFHS TPrasivsk CePTvde iPRsRc

conﬁ@ﬁrfg thdet GRS BRIt B8 keeoét#)cld. Sl Rk G sé&ﬁ\ﬁﬂ%g&le with

zeollte R catalyst. "Areactor 1 or cracking ca
a cafadyticpmposition [man embgdimagethp witgromalgacd@mptrisesfd towpend) dor
[ rough the catal ytic, conpositi

Dbl At . I n an _ .
exaDRls AR OFHErIng teipede UG A2t BHORERTiE RBOtERabydimgntihe oil
forf e, B TRTY soso B e S Pl B SEIREDP, Bl

e reaction y any suitable
[00 18] havlgtalas] dan dverprdvindetlhe a @rdcessiim e verdkity grajpu Fonextandpleyblgeeimay be

t . liquid chromat h
k85 45 A ORI S0l R o et Enss cn
cheffQlY nggdi@r hé&haliBal T6ick BRILAREPIAIRU ST RANIAIG, Ol *4E6ScxtRcted
carried out. For exanple, the crude "algal oil can be

froms thej abgae edling en argafBBokvemfsicl aschebareaOttienmethods of extracting oil from

algae can also be used with a process of the invention as would be obvious to one skilled in

the art.
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deodori zing) process. In another exanple, the crude
algal oil can be fractionated into desired
weewposent s, such as by distillation. Fracti onBCT/08200&076716
be predeterm ned by a user or can be set to
fractionate the crude algal oil into hydrocarbon
20 can |t|ons

[Oﬂﬁ% neré[n%B(T ﬁ: Oé SI [ZSF&%‘% conépnsgm Sﬁ)ctarbons fm(f) terpenes of longer
chaﬁi%ﬁ‘gﬂl beol mﬁpﬁ'@z{téﬁhﬁ%aﬁlréﬂy' ddb G higde Differehtspscibd\eialghe Hhay

paraffins ght, wherein the paraffins conprises
gencntr.o@mtl’p@félfem Iyslrocarhen mlgweseh;_symg embodlmeagn@n pil from algae is
t here n be esent in t ositio
a migGh ROl FoR T an R WaHE: SR SOt embaiptsdis AT from
algdeBmphised 'amﬂc?éasécparﬁoﬁn%@f teﬁ%ﬂé&uﬁlt soﬁfé‘éﬁlb%&nie%s, fd@l1 from algae
gasol1 ne, or diesel I'n an enbodi nent
compu'sqmdsnpbmesmoi mtutelty meducfedd)mt}meeaigapl ng out a pr ocess

00 B BB TistaRb & Birs betsin QU S PR RS FPBoLae with o
fuclfcgﬁlmfaﬁgﬁo&a%&:uger%glgrHme&swég%rtekaﬁpw b8l B SHATBH gﬁcfcrude

sl ze are present in
petrbleein danbe grogaledlin mprocéssias desaripddehefin anidocoft8tep zmﬁufa‘ datadytic

001261 I n an enbodi he c sition.i rived
°°“1EPP8H%£’ AIQLRRS exRIppls, a;ﬁse{e%ft Igaho gﬁﬂﬁ? {eépﬁfgﬁ%@f%‘ﬁ Ahgasgline can
|
confaf AW 41 RS FELERRRIS 1 RbE R Brelfull Romponent is
seleated &oal tha group acisisting of Mhe TAivisg: dossfl dsdl { petroledms & miiktart for fuel

herein gcan be generated from a cracki ng process,
blengeng: gasgling, d W@mﬁgﬁeﬂa@waqon@m% eﬁ"@?t er penes has

0 A e S g 18 B o

extracting oiloF erasxbyipleyithe @hlpfoptssser Hudlegenithaslgad ey be transformed to
conposi tion. Trjglycerides are present in
generaisteaaymesribatifacilipigaha rraductin of mea%ﬁe Theterpengiqande naturally
occérggé ﬁ?ti’la I%Ee Qll ﬁ’e@@g Jél%ecg ?l{eoa? %e]?iglg e\Arci‘lllg {jl%ll‘l? tlfeoe{)% or y
gené&txallg modified ecnﬁpreglahtb yhe préductied b letpeps hatsasilyeusrih the
crude oil containing a wide 5 range of hydrocarbons
alggentnghis mpsneroths odifrans the algag Gergprisss a sreatghampum ofterpenes that are
cap;rl%g ofl%lu{(gcr %lq.«& uﬁ&r 9891?’1}% hr%?ﬂrgé ?({ d(tlo%s m E{é}o&% ﬁcfh aga pB(g/CCSS

ructur es 'ons can a ne

des@ﬁb%& @breind irSdnotHeftmbodiMent, 10 hkzaehieigeh@idhllymodified tagtegudate the
| onger h%/dr ocarbons into shorter ones. In addition to

prowgm eba fepene tatdass Aptigturelly eccuiia ﬂéﬁ 3lgaec Eorexpmple, a gene

enc&ﬁ a%%le%g#%ar oc% ReTat&s ntel%leﬁet Jd]l IVBA ortMgpigt%Wc be

ons nor e Ie structures
mse!?@édmd) the cﬁlokdﬁl@t bioiucRuO 6 LS alkle. qa;e e@zm idl @ortfl gabddyto generate a
branched hydrocarbons suitable as hi gh-octane fuels or

terpmpeqhata@m potyetraligescur in e g dn bW AL Itk ATERETR AR

noI
des anC| °Q e%%e%&?aﬁ %Into é?a Mtf%&%%i&%%n thg%!#gé eful in the
prodRE618 bOLFR] SraduddSFor @f;alrﬁ}ﬂéi thealgacSdafibk géndﬁailnﬁhocﬁﬁectfol{fﬂ@iuce
oil. Thus, certain enbodinents describe a process

increzsad empwrtgot‘aa IaHiEsne avepsnsead te gotgeactinal Wélfyling Hte dge. A
gena}lcdtr f%{'xg o n 'g‘?&l {i‘ggﬁe‘ %Egﬁ? Itl¥ah §%1%pa%&%no StuIte C{;?e%a%g)’%llﬁs%ﬂed into

spec | ca roca

the biged. dgacahbdiitliencihe bagaitdrpene iocuppreas. h enchéregibodiatent, the
characteristics _can _ i .
sesquiterpene is farnesene. In yet another embodiment, the sesquiterpene is zingiberene. An

algae can also be genetically modified to generate any size terpene, for example a
monoterpene, a diterpene, a triterpene and the like. Examples of terpenes that can be

generated from genetically modified algae include, but are not limited to, phytol and squalene.
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be sel ected and obtained fromnatural sources or from

genetically nodified organi sns through rationa
waelewpgse2and mani pul ati on of the biosynthetic pRCTs2008/076716

For exanple, high octane gasoline products typically

conprise about 3 to 12 carbons and are nol ecul es which

" e | . [ i - de

(008238 IR BeriPan EBABA beckiBEPocks FlsRReE b B Sl trom
algal tBO SRICEE compfisif RMWARIng Bl FrdED £ ad ty dSrRCATRENSk comprising a

napheni ¢ character (for exanple, cyclic non-aromatic
cuparenay endpantacting urgden patelytic eaeking eanditionpths derdstack pantaining the

speci fi cati.ons, biological hydrocarbons hayi .
cop i i f e BS B LRE) BomemPbapRRL P oeattoee pomarses
genQRADY &B@ifﬁﬁ% tm!g?@ SrioSR(REE@M cfiry Al PIHSRApRE g8R ALK nodifying
fractions” through, for exanple, catal ytic cracking. 25
the §10€130 pra@uoeinatchsed spwathts of cupatese cemparehty not geretisally modifying
n ilncl ude cracking (for exanple, catalytic cracking,
the 81g36G mal cracking, steam cracking and hydrocracki ng) as
0018} ARG5St Ay composions
as desmripekheareinnnsnietrhbdimnenty nlgal aibis atagkedousingecieohty Poratadyss ) reactor
conpri sing .a bionmass feedstock and Cr acki .
for craqhte B b2 o By DRIFER €44 HFNETHBYBP ot tp HEWRC Birongh the
catawqﬁﬁlg&éf%&f? P4d &ﬁl?od%eﬂt,etﬁﬁ bil %rlﬁ%e@t)é&l IS BlcRORtdd M aftier gas,
ol'yene chain structure, the polyene chain structure
suclcaetiimi Tie aackiny products afithd eactanycan beident freddgrdng msitablan
0 i nst ances, . the bionass, feedstock..is .exclusive
metBgd askgaIvA R fhgiar: inF HOEIGE TG Haites Lugs o Hatige graphy and
conprises triglycerides fromal gae. 27 WO
masgg'g%%‘gg%l PCT/ US2008/ 076716 [00132] Fluid catal ytic
[00124% dkian gmbbdifieni, sruda eil difont digaeroas be vdfiled Yefoadcradkingyeogess is

carpd o PG g, FIEHR8A OhEwl DOublAGie & SR BB hping Deaching

[ I E : i : :
deo i) PRSI BV oA | R TE e gl PR PAAR SRR fto desired
conlpendnty] siwohchs dp disyitationn Faactidratibacam tefpraletarmived by Gaiser or can be

vertical or upward sl'og)ed pi pe), 5 where tge, i
set tgrfchensiedhe sude algal gl igtortydeacarbpn Geraponsats pEgpsired sizes,

; S bout 1230 to 1400 F (665 to 760 C). The
Corqi%%la{):%sf éﬁ Si;’tglft)t%\/apori zes the feedstock and catal yzes the
[00125hdkian @speer & Compssitidniatesoribalkcotprmwing aeri fliyedtideah@lesd thin 25%

wel ght hydrocarbons into |ighter conponents including
parafﬁx@gqx wejghtgwpereindheparpiding coniprseyGl bgjé;mar@ffasi "Rag)algal gpeyme or
oo o oo DY Brcsl B BLRGBROSAR, & s kbt O sgnifgen

amdun& @he t@hpgsitiin 0an bevimsRe el prBdwnshich hefet flef; gasotinaree diesel.
IS sg‘%arat ed via Qécl_ones,. The catal yst-free L
In ap pmbedimenlo Hie cap@osibion isderveddfron cHEHNHIN @ Presess comprising

r.ad | a C f .
AR 3 b BB REH y Rc A v
fossilfa¢lthasedpustline ATHeatpositoy caf alsohvosiprisd garsfting afd Rrge8size than

gasoline products, are nore volatile_ than the heavier

are p@&c}ns in fpprdl fheldppadrgasalirestor Warrlmli%cal el Spag{ting: et
00T 5 s e, B BSHESPARPrAEE,

condphi€ing icBeking bl €ront £lgd, nberehi the yarhpdsitichspmptiSeshight alkanes. In an

reactions which deposit coke on the catal yst and
embgdipgnt. the behi abkangstcoipprise xgasolng fEactipi ty. The process

[OOPi7] R lﬁgmposition described herein can be generated from a cracking process, wherein a

biomass material comprising terpenes has been cracked. For example, the flow reactor as
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formation is inportant to the overall process because
it increases the H C (hydrogen to carbon) ratio of

W b@9gseepus products to a range nore suitabl ep€dDUS2008/076716
gasoline. The "spent" catalyst is disengaged fromthe
cracked hydrocarbon vapors and sent to a stripper (not

desﬁlﬁgm%m%%m\mgﬁ&d td outa &)?%égs yelfc?atg [h%%mni)&i{i.(ﬁr{rq\‘iglyceridcs

ocarbons renaln

are peB@bin pHoRisghtitic dri@isnd @dSndhifeTatty :idld&l dl zed- bed
enerator where air (or in sone cases air plus
[0015483 gTsIW)bwrga&a Seedstoeksiaemauitpble foraeiinirg on an indugtaplacale as well as
labqr%Pryt %glt e &{{ven\gltléc}e{%{l < rgbmng p1rc;f;ﬁ%ses(.e ?otélge 8?@? 8@ contXmlng a wide
rangeif Ry ddbarbHiRNintd KXot IEFub abStaRles, Whigh hle$ffically hydrocarbons
repeating the cycle. 25 [00134] A simlar type of
chatactarikddrwittpspecific denigth eristructarey.i Brdragtiénsrcan heobtained by direct

distgiqﬁl Oml gfﬁgh%{lt eﬁy 881{9@ : chl}ygr H%o&%@@n%% }ralrt c?ylﬁ% In addition

to pH&éM’&B?YranﬁHx‘hHﬁé heRAIRSill &:rfaﬁ%ﬁﬁing BFoc@ééé’sr &h'alsmh@rﬁiélal?i
wel ght wi t hout necessarily renmovi hg carbon or

transfocm emske@}tdh:e:afhbﬁs toandre defirablestrpetota dior emarmrlcg@ﬂs@uon process
kno a for ,catal ytic .crackin e used,,.30

B A T W T P NN

for G, ?@t?ol@ﬁ h{%ﬁﬁﬁl car %%@E@%ml&owngt al, Taylor & Francis

cer alne 0|mant iumions are forned due t
Groujmés tlcmm of the cat alyst on the biologically

10030 55 eeOuks B e 1 S RTGRRIELA Gy Thus,cerain

ciGRIRSH AR SR 5y SR e

hydedchbrongd & dvymegeotisly, nlependagy (mtthe dasiredepetificatiuh fithd ]I@mt

quat ernary ol eflnlc car bon, V\,hl ch wi |l also |
hydgeaopa aefions{ tplegisal hudsogrbarshaxing sprcHiSrusTgR ic %rgctwstws can

be sTREAGYnd S’Jtalﬁ&ﬁﬁ&h 'ﬁgmp%f SRERTR s %eﬁgﬂgéa!:l? 'rrﬂ%ﬁed organisms through

contacting a bionass st ock w acki

ratiémal ddsygtand m{pumtloﬂbﬁth)tﬂ)ldsmhawl@aﬂgvayoﬁ@h ekamp],e high bdstme
bi omass feedstock including at | east one hydrocar
gaselgiPRRSVALS SN ALY COmPHERAbAPIE] tot Idecarhgns wears riofreplss & ich are more

o 55 LB RSOOSR
branthink for bRarhsit,taahéd/hydrdcarbbiis), naphenic character (for example cychc

bis(2,6,6-trinmethyl-|-cycl ohexenyl)-octadeca-1, 3, 9
non-aramatzy a@ct}}ms}]@rrﬁémthr Gharecigrsi Bassgion hese gtf;exf@étw%sbwlogwal

hyd?‘&?(‘ypns lga% r%az’[p%aﬁﬂg ate bc?/rbglq gﬁ@%&l&gﬁi# 6{%1' Ffa@gﬂ%% ?aré)gcngldn) can be
selelc&d wmeﬁdeelde deired fractioasihusaghofor exidnepls; @ataBtic um:kmg

t er medi at e undergoes C-C bond rupture at th
[00139] doenerallyriperings e cetimiaprasgssesinclyne qragkingdfasexmplecatalytic

crac?(rt{ge}%%ﬁéafl _cieu_*%ié@lg %ms%rﬁ%/ nig_ z}fl_dbhg{:iré)rc]:reacklgg) as \naell as dsomcnzatlon
alteﬁlﬁbﬁ becheatict komv@rsfpnoduces |ight olefin (2):

8-dinethyl-1,3,5,7, 9-pentadecene, which may undergo
[00135111 UPreanbadiment Pryidss 8 cempostigywftable fogiecetalitis rcbe@h’@s process,

cong)?lrglgg)égymuﬁs f&ﬁ%}%k%nﬂ%%?@ckﬁ%%ﬁﬁ%t V4 g&‘rﬁéuléng’ bodHent, the

roduce 0SSi
biomhew rféﬁ@tgdﬂﬁﬂﬁpnsﬂ@at least one hydrocarbon havmg a polyene chaln structure, the

polyene chain structure comprising one or more quaternary olefinic carbons. In some
instances, the biomass feedstock is exclusively of algal origin. In other instances, the biomass

feedstock comprises triglycerides from algae.

27



10

15

20

25

30

WO 2009/ 039201 PCT/ US2008/ 076716 Schene VI R-carotene

(3-carotene in contact with a zeolite Conversion of
waxavesnary O efinic Carbon to Carbenium | on BF/D8200810M6716

Internediate Z (3-scission + (1) Further Cracking

(2) (3) [001381 The light ol efins produced can be used

0032} 3t ka@aik GRS Bnd ot A YA Y861 Bfipery processes for
conRr@EBIcAvAh V588 ond intd aoed Vdﬂ&b[&%ﬁ%lﬁiesand TibRer frofi @ Figure 1

ol efins can al so be used direct et rochem cal
shO\p$ shewsteslly poadad FCH mo@smntablnﬁ@mqrwimg bierhass fiiedstacks The
dst.ock,c ri ses at, l.east. qpe l,owe
feed B Putteiee SR el e € e hdertiod 0 e wd sloprkeive)
whekOfid g%éaféd%éa%c@mm&éed ieBﬁte@afal%ﬁ@t aB@&%B@R)kﬂoo °F
are subjected to hydrocracking t produce |1 ght
(66faﬂok7@ﬁ &€). Tﬁhehotmwlym wamklzcﬁghp faadﬂmk gnd cahalyess thatnackingrbactions

that% 368n FIRLER B IReDH HeleM b T Gpndeaty ncluding
f
p@{ﬁf"@fﬁ)‘%?ﬁ%@ Ficay Cgﬁ%\é}gﬁg’ e o agls idrocatbons (Cs

Co)nBherestdlysthadiokbirbat miktiny flaws |uﬁwmdtthmug‘“i the aisex fysjustt afatv seconds

i s capable  of rearrangin n ak| dr ocar bon
and g thEmIGUTG A Yepaated itk oxglo gﬁd’.ﬂg@ f@%a Faé%mléﬁae routed to a

ﬁacfg{)rﬁefé 'rf&é n%ag%?fﬁééﬁbﬁéf h?ﬁx’&@%?@rpngrﬁdﬁ?gggjst 2t ﬁ: C @%](ﬁl&x)océrﬂons)

nts
frons thejheati@duéle Theaheoredr hgdracdcbag, ﬂn@n)EofpVh'ldume siutabhi as gasoline

prodiipe o B TS0y CE . DHRTIPE Gl A desels an jr
el PR oIS RE Ol SR SRRl B 1, ©

(001338 Duitfhg t Wipehd'@se] thé trackins SdtAlyst SGREERT BSreb@ibing dhich
many chem cal reactions can take place during thermal

depesiteroks n@theucnf@lyamndggr@dmr@dusﬁ agivity end salessivity i he process of coke

forrf i SP e bbeveal ot Gofl tettuuf ISR e be DRempen o

carbPh PEHS 8f the ghdeod ﬁ%ams toﬁtrel@g@ 1Rére Siitabe: foABasBEn Thé "s?gnt"
out by diluting a biomss feedstock with  steam an

catahyst Eﬂlsyngaged Bramithe eracked haidiocqrben wdpotstangd Sentyo a gtripper (not shown)

uct rod C n the reacti depend
e Fsen el S5 e PtV kg AP PRGN & (i Glpst ores. The
"spen@t daﬁhl}%ﬂﬁleﬁ’ RoWb t& & A6 7E-bed regenerator where air (or in some cases air

plus oxygen) is used to burn off the coke to restore catalyst activity and also provide the

r1

necessary heat for the next reaction cycle. The "regenerated” catalyst then flows to the base of
the riser, repeating the cycle.

[00134] A similar type of cracking process is also envisaged for the biologically derived
feedstocks, though in certain embodiments, milder condition are employed with the primary
purpose being to reduce the overall molecular weight without necessarily removing carbon or
increasing the H/C ratio of the product. A process known as thermofor catalytic cracking may
be used.

[00135] In one embodiment, the biomass feedstock comprises at least one hydrocarbon
compound. In certain embodiments, carbenium ions are formed due to the action of the
catalyst on the biologically derived feedstock, which is believed to induce carbon-carbon

bond rupture in a P position of the carbenium ion (for example, B-scission). In other
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15

tenperature and furnace residence tine. Typically,

light olefins are produced. 15 [00143] The bi onass
whyapozerbons descri bed herein can be cracked Pe/vS2008/076716

lighter hydrocarbons in the presence of one or nore

zeolite catal ysts. As shown in the Exanples, the

cr,ackin ocesses typical.ly result i .
e BN e SRS el Rl ehERL hma s s oatepmry plgfnic
carbldBPFIRER R B8 feh@rop-Sdsstidr € of the hydrocarbon being
cracked, the product distribution can favor |ight
[0013%}I r o fiathepermbaalim it o vides ameetidnfoe crackidglhly drocartmink yompriseng
type of catalyst plays an_20 inportagnt role . in _, .
con@%tvmhlﬂmﬁﬁ%@wéwﬁlawﬁ é céﬁ?lﬂl_n&i%tgg’ﬁ Piohcaal vt ackinggeadition,
. I
e I I LS
polyehy §talcturé Bemsrikiigl @} nvadqutersdth pRfihkdatbongat al yti c
cracki ng conditions. The cracking products typically

(00337t | Sehlemp X1 sliqwsrthe ¢rhekingafdhrparetenddd, Tob2, 1érigitatietiykd, 18-

vis 6 BRI e ey o e o gl ey 2R fram  biologica
souxgéa.?%%heg'nm-%j&l&héis Bt WRR A0S c%ﬁ’?l?rﬁ (&3, Qﬁféﬁ%g a quaternary

n centers such as branched par I ns, napht henes
olefaidcarbundmedrivesed @ractatheninen @8 SHei catbediund interiedjite aodagees C-C
nunbers1%for exanpl e, higher than_91), [001451 In .
bong apiwgr At taaBaesitien pithe sprhempmdorp Aolight lefin gLl Agnathyitl -bis(2,6,6-

. Qctane nher e roduced, at _over % vi £l X
wimg L ey P RS Fhrfe Ssbne st B gein >
3,8-tineethyile S, 3, A0l Rniad@Ehs twhichafayoliderid|a fufhR R Rking ProcRfgOther

can be enpirically established at which, 30 products
lightst tempegks, den exampleurmbraterperies sudvas muireene 43 Jomay ialse be predpced upon
%han enzene, na hthqpes) are maxim zed and products
cracsyg a8 pg@{&%@wﬁ E?g'(for exanpl e, linear paraffins)
are minimzed. Typically, the tenperatures nmay range
from200 Cto 350 C, or 350 Cto 450 C. [001461 The
cracki ng products are thus produced in high yield and
are of desirable and/or diverse structura
characteristics, which allow for themto be used as
fuel, fuel additives or for 31 WO 2009/039201
PCT/ US2008/ 076716 use directly as petrochem cal s.
Accordi ngly, the biomass hydrocarbons descri bed herein
are suitable for refining into useful substances, and
can be used to replace or supplenent fossil fuel in
refining processes. [001471 In an aspect, a nethod for
maki ng a fuel product is disclosed herein that
conprises: 5 obtaining a feedstock froma genetically
nodi fi ed non-vascul ar photosynt hetic organi sm and
contacting under catalytic cracking conditions the
feedstock with a catalytic conposition thereby naking
a fuel product, wherein the catal ytic conposition
conprises a |large pore nolecular sieve having a pore
Size greater than 6 Angstrom For exanple, the
feedstock can be a genetically-nodified al gae. The
al gae can be genetically-nodified in a variety of ways
10 including those that upregul ate the production of a
terpene. In an enbodi nent, genetic nodification
all ows the organismto generate a hydrocarbon or
terpene that does not naturally occur in the
organi sm Catalytic cracking conditions can be
condi tions as descri bed herein.
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For exanple, the cracking can occur at a tenperature

up to 420 C. The catalytic conposition in contact
wowab/osh2el geneti cal ly nodi fi ed non-vascul ar PCT/US2008/076716

phot osynt heti c organi sns can al so be 15 any catalytic

conposition as descri bed herein or a conposition that

woul d be obvious or anticipated for use under

catal ytic cracki ng condi tScherse ¥ woul d be known to one

skilled in the art. In sone instances, a |large pore

nol ecul ar sieve is a 12, ring zeolite. [00148% A el

pr oduct~produced from aj|net hod or I bed
her ei n e’ a7 Bet ane” by 5 and
125. A product can al so an 0
greater am 90. [00149Z«wesome i nstances, a process

or method can further conprises adding a fue
conmponent to the fuel product, wherein the fue
conmponent is a blending fugl, such as ethanol, jet

fuel, diesel, biodigsel, or gasoline. For ex t he
fuel product can| he”aboyt 5-95% of a

conpri srig ( ) 2 S In
anot her additi ve MTBE
det er ge

o %aﬁm%%w,%gzd 2d
product. = Conpositions éh Pro uctsef%01501 Provi ded
herein are conpositions and nmethods for creating
products fromterpenes and cekBaiokdrgy opkhi@ehbG tabeidk G
t er penes fron1bion§§s. Exanpl es of products {nclwde,
but are not linjt, to,| fuel products, fragrg

2 ci s

any 30 ] at>T el Bases
ener gy. an enbodi nent, a Qrod ct is organic
mol ecul es. Ih anot her enBSHTHENT" a product is a
hydrocarbon. In some instances a product does no
i ncl ude hydrogen. Im sone ijnst"¥hces a produ )

i ncl ud In sone a 5 not
i ncl ude iBodies O ~d a

pr oduct ; not include fatty a .

2009/ 039201\ PCT/ US2008/ 076716 [00151] Exanpl es of

precursors dnd all other substa Ges:cLdat may be
useful in the petrocheni cal indugtry. Fuel products

i nclude, for exanple, petroleum products, and
precursors of petroleum as well as petrochem cgls and
precursors thereof. [The fuel product may be used for
generati ng subst dal s, 5 useful AT nmthe
petrochem cal industry, including petroleump odd ts
and petrochem cals. The fuel or fuel products y be
used in a conbustor such¢s a boiler, kiln, dr% r or
furnace. ther exanples of conbustors are in I
conbusti on engi nes such as vehicle engines or
enerators, including gasol i ne engi nes, diese

C

[00E384i Fhedighf elefinspensed canrks wsedhdirestlymp &tel additanss fhyoughdijending or

or g, B 87 B PR 5B ook ERLge b bR g e
lighPbleRhdEh alsd beaRédadiitkly BhdhetiRnticdl PRdcbges. hydr ocar bon
roducts and hydrocarbon derivative products that can

[00 k3% slngnother emhadiaa thobiemassdsedsiogk eernpras APWE amelgwer-order

isoprenoid, such as a monoterpene and a sesquiterpene.

fuel proaucts i ncl ude petrocheniial products and their

[00140] In other embodiments, the biomass feedstocks are subjected to hydrocracking to
produce light alkanes. The hydrocracking process produces saturated and shorter alkanes.

Typically, the cracking process takes place in the presence of an elevated partial pressure of
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and sonetines one or nore heteroatons, wherein the
heteroatomis any atomthat is not hydrogen or

w@ 200008020 EXanpl es of heteroatons include, but BCEUSNS/076716
limted to, nitrogen, oxygen, sulfur, and phosphorus.
Sone products are hydrocarbon-rich, vvherel n at | east

hyd%c% B }-Igzg L 19%% oLk ?yoéﬁl&?aﬁvi gyg;/ { %l galjiﬁyslt' Hat Psycapablc
of r&iMAREihBBAd breakiRg Hﬁii'é‘darbo% chB@Yadwelngd dﬂlmngqgﬂiér‘géh fomatics and

hydrogen atons. [00153] Fuel products, such as
olefingdo produtsoraphtheney apdalsangsur sors or product s

100 63815 Bin? Ebodtmentrche Fmareg P 1® setsfech e Ral oRking to
pro%ﬁ'rh?ﬁ’t oléﬂdsgﬂlﬁ}rﬂ}]hcr&iﬁ@ this lalé ﬁtoe‘?@v%?edt Hﬁe??tlme (about 800°C) and

cating o eavy -gas, aspha

pressaee @boﬂ@OBbIPa) SRathérmal éneedy t@p1@ﬂWaﬁsd§&¢mloh¢1b lﬂ'ﬂﬁo@ ﬁﬁdakbon-
al kanes : or_exanple, 1 to _approximtely 4 carbons)

carbog dandsangddroduges sn@ﬂlm@fmSpBwaWehomlyt ssie8 gewatemraﬁﬁgﬂs
ALl O PR B ORISRl o

elimihdtion @eaefiodzoN backbone of approximately 5 to
‘{) roxi mately 9 carbon atons, such as naptha or
(00142

rlgiother embOC%lméntus, the biemassgieedstockhare svﬁb.l%qtedptp Stpamtcgacking to
pro&h%e @Qﬁ%ﬁ%@g o%e%xg Q%E:klég {:&%f%’é%ﬁ?e%to%gﬁ\é Byt ﬁxécdl b?%h&%@ B&stBek with

used~as

stead] SiTDFef§ hedteRRI frtabBaiBOUL §50°0). TR I@f&l&btﬁﬁkﬂhb’edliﬁ the reaction
carbons, such as kerosene, or its precursors, nmay al so

depérad dnutbe ccpnmmumwf tliéufatd tlprwdmarbomm/st@hsntm aed onlthe cracking

tem Ao Tty ptoenise Biver bl b SOR BRPTORRYD f e

[00 P3P Attt biorh &S Ih?&i%ceﬂﬁéﬁéyieme@ herfin@hn Qé traclQ ihtD Fighter
precursors, typically containing al kanes,

hydmgatbosd ikdinemsreseanciofame mamooszmhtcapmbcml Aaslmlwyl il thet ExaBuples, the
BTG TR C MG R .
dep d the Etﬁimréeﬁth\% &%carﬂ&f‘ﬁeﬁx?ér ngck%@ théy} Irau diSetidutiBh 8an

rings wth about I nore ons e|r
favcpﬂghuh)slmcarbobﬁ)ﬁﬂlﬁgl} octire nnmhemuAdtﬂﬁlemal}yr thd ltl}qi'CS)f oatylyst plays an

s L AL B0 B OENES B SDSTS L
AP P a8 o
phyts, aad sjjualek) chinfieanle B¢temy)chamMCbmk1n‘g/|cbﬁdldmﬂsf 'ﬁhcecmtckmg products

e PRt 5, SR By B8 A e
(for éﬂ%ﬁ?l?l ek o;tosﬂﬁﬁ%@(ly%g? kﬁ%}é tﬁ&lbrszd%rQMIEéﬂiQJefaEklﬁ fdaga,i n

te xanp I Ng cat ysts
hydsitatboaswith btahchedcarbon caltert sudhras bhﬁn]nddrpamfﬁns iéypshthenes and

e A i TR e ST SIS
[OOirmuE Th'&ehaiR® &GH&%nMa&kx%%rQ&cﬁsq{gyoga oc?zln{e?lﬁfnﬁ&s Qe

rranging or restruct ons into
produved htarven®l%e yid st tenipezaterea raﬁgmgrftmrbmo Wt tod08 A€ dadpending on the
'rebi"}c: ns that occur in the catglytlcr forqg%d
deskpalcRIgQucsy, aAPRA{FIBPERTGTaRES GRS BRPBicalneNaplisied ;e whigh,
prod 88 Bhigh oot AtBerstfor RN LldindiE] L didh bt A sfbhiFRfles) are
maximézes anepofudiy dff logertanOnembarsrtfoneyampixe isear paraffins) are minimized.

t F |
Typlca.hy, the {e(r)nrg)eraugcras rﬁé(ya Hx"ﬁgee from 200 XJZ ?508"'&? or'350 °C to 450 °C.
[00146] The cracking products are thus produced in high yield and are of desirable and/or

diverse structural characteristics, which allow for them to be used as fuel, fuel additives or for
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butyl ene are m xed wwth a catal yst such as

hydrofluoric acid or sulfuric acid. [00157] The f uel
wEe@dosesl may al so be bl ended or conbi ned i nt oP@I/KS2008676716

to obtain an end product. For exanple, the fuel

products may be bl ended to form gasol i ne of various

wse s pe R R o oRRB et R s S0l Ridssoibed heein are

suithife @bﬁaﬁnﬁg indPuséfil bwsﬁmeésasiﬂ%anbshsefdu@ !repmée 88 ﬁippfeﬂféh’e fossil
heating oil, and chem cal s for making plastics and

fueldn mefmingibgasenss. Conposi ti ons of the fuel products
i bed her ei be .co ed .or .ble fuel .
100547 i e5pst a chehiyr BEHES 3 dudrodSitondisdpsed hercin Sencmprises:
obtzﬂﬁiﬁg Y ¢&AtOBY B8 aiehetcatly Hrodifed ROR vﬁ’s%ﬁl‘df ﬂtdté(s et rFanism; and
result of the transformation) produced oS
contaeluhg amildr mtajﬁm Graqlm)g d;ondnﬂsﬁsmlmﬁaédsta'ﬁewmhl .damltytwreqmp?dsﬁimn
nol ec not present in nature. For

be a n
thers%é%kleg 33‘1“’2 arpdpet, W ?fﬁllnéh‘f gﬂtaéme@asmﬁn SOTHRISeS R |ArgRpore
I
molb ST nHfidls Bore S A ERR R G\ AQGH R cRample, the feedstock can
be gogenehicatg-nimdifeddgdgnc Bl dlgeelcanlbe gemeticallyahodified mrap@nety of ways

. sgich as Ilrmnen? &lgOlSQ I n sorre i NSt ances, pr oduct
inclpding thoge that ynsegulgte Bepeadrciniaipipsnce i ﬁbffr@l?qshrewen%

mocgggart@g _aH%?th% %Fﬁgﬁg: tﬁé%ﬂtle‘fft fhp@‘%@%&%‘&?&z@%%%’% naturally

occdr(Pittheaddgani 5t Watal (1% crékg @aditiofH%n belcofittofas Hbseribed herein.
carbaons  of a product as described her eg n are derived
For exgnplgthe ?reﬁ:kg%?a@ QCEhFbA tesnsratwre upiaiidl] €s The catalytig semposition

i GRS RRO TR I8 WS G
any thtalylit Qe pdsitichasidescaibe®h@eifioe a tohpesitich thattwouldbdsbisous or
from an mo@g;\nlc carbon source that were fixed

antigipptesh fpr yee ursley patdlpte eracking ¢apditions aswenld éalsmowmﬁoanﬁ skilled in the
f& eesiﬁstm?c]% égﬁf{rg? Eaf? e%‘crlgc?%r '51%% %%h - St g“ on (CGD).

cal

[00148F eA ifid eebdaét pRodiiceDfrémGah ARG GHpRdoeyd dsmeﬁbr@edfﬁé@ﬁlﬂaﬁ have an
to be one of the naturally occurring carbon isoto

octang sRmbsrhepyaesn about 83 3w 13 Alfue) proguct @amalmnkoctanéwmg@fof
%%Q{]] dgch C D may be the relative abundance of

gre 1 y occurring carbon isotopes (for exanpl e,

[00140F. Inkafae i3tand&Ca %o@es@ of MiFTheH Reh feheddomiphidestdddin@astiel

one carbon atom ile it is 34 WO 2009/039201
conpaRnt8pthe dicd peLe, Wh@wdhq fugk comppnentt isablanding Bicl, saaiers ethanol,

j {4 R R 6P i, B By e bR s e BBATB B ora

mixBRé E6th C?ibiﬂg thatuel plod8aand gedud @amponcht. th SldtIG ¢mbbdiklcht, a fuel
from for exanple, the D of carbon in

addttlYﬁ,rS@ﬁh aiaMFfo-p eterizents and oxidiziersxcanl by added deitheifeh aradyet.
C Cl hoto- nzlreferstothe CI D of a carbon-based
2 5 photosynthesis in recent history

[00VSDE I Brotided ﬁéi’éi%%{% @%ﬁoﬁﬁbﬂ@dﬂd%&l@d&@ ) dﬂ@a‘ﬁng ﬁfdﬂﬁ&s frO{n terpenes
refers to

ioxide in the atnos ere. pOtO- oS
a_ndtcrﬁ@n@ progdiict érogaﬁemnesﬂgcg@ hlomaﬁq; @umjplng@]‘éprb@ucts include, but are not
im S AR ot e Bt R Pt SO0 Bipe any
subaaxwé it16he rePEaREkUR S16cUbMt ]y di6ted Bty On & erhBlihbntf Aifo8udt isdrganic

exanpl e, coal, natural gas, and/or petrol eun)
molecules. In another embodiment, a product is a hydrocarbon. In some instances a product

does not include hydrogen. In some instances a product does not include oxygen. In some
instances, a product does not include antibodies or proteins. In some instances a product does

not include fatty acids.
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10 [ 001611 The exact distribution is also a
characteristic of 1) the type of photosynthetic
wore@ansem t hat produced the nol ecul e and 2) theCHUS2008076716
of inorganic carbon. These isotope distributions can
be used to define the conposition of
¢ . ) .
100 417 AR 558 ot E oK pbEh e R A Blchs ot st coursors and
all othdriBubstaicéd thatendy teanpfalindie petfochgitiiciligdusg@tFuel groducts include,
di stribution can reveal information about the ,
for enanple; aetrolewe produsts, aad grosetsens of petrqleuss as wsl a5 peteichericals and

predaRpGRLY rhERR]SRIR B et BC0h e oe SISERAS,F Peerals
usefubinGREPERAIcHerhiRBSndiREH, i'hd_flu(‘lih% Ré’cﬁﬂ&ﬁ’ﬁ‘ B@ﬁuqt@hm&{dnﬁcals. The

car bon di oxi de, indicatin at carbon isot o(ge
fuelgir dieal preiduets map be yeedria aicambhssor suglcas plnilsr, kiln, dsyeroa firoace. Other
di pxi de i.nto phot osynt heti ¢. bi omass. 20 [001631. Sone
exafp i of ot BerBE A sPOUTiEl PO B RSP STRERF o
genérbfo®y, irfcRididyl g3SelindlehkinBe diesé] @Rih&sA et bififes! dildi obrs. Fuel products
petrochem cals, for exanple same structure. Some of
mayt e baused pr pdduse plastiesyresins, fivers; elastemens, labricantssanidrggls.
rochem cal s.. I n an enbodi ment., .a.fuel product. or
100 3} P 1 P dpES RO eBPIAG hRmy 9 B roBRPE S and
hydfota®Bh déativEFrod@etP Mt dARbRRS of H*dfrb genld1b&ies ah@ Carbon molecules
exanple, it 1's believed no fossil fuel petrochemcals
and lsemetimesSBOr diost hetéroatoms, Werah tHedwterdatoan is- B2 %om that is not

wher eas fue rqduct s as descrj hed herein.can have a
hydiESo R EAOR Gete iy Halas pubsrs ol lisshg 0 iogn.

- 450 -5Q0 0 - ) i 0
T L R
60% dfits, 86%a90°%)25 P9% of thegsoduct byeweight is ombenp caboraamd hydagen. In

o AL B BT
. . o . ! _

00 51 858 O RAERE PSR HEBSSTLS

derivedifiarh chels oilFarpeaskoml such as, wting iarited no, dignidyetrpleomigag chaptha

.that is.in the boili Jpoi nt _range of gasolne, and
(lighopys seseincokprescnechiessls {@ag%mr%h g%aV&BaSaa%s% Asp "Stv_é‘%reﬁld waxes.
. (o) .
For AR 05,068 RO el BN Rpohimaoy 4
carboasipuclssngethinedetbgenprapshec ot intahe)whiek tag be upddebehaatihf@uch as
hydr ogen ?glg ?ar,bon nol ecul es are at | east 80%.of the

in cegking) Or astics; Rieel prrdyeis may 9o inghedeiplp@iles Wik etn
R0, SRR SR SRR AR ol S L i, o

theipprecutsdrs. QthaduelpectivbBmedyrbe abbites thyuboade rarbonl awars e dycloalkanes
mol ecul es are at | east 90% of the atom c wei ght of the
used gsrgasaline;os motoriugl. Moleqwewandaromefies o8 approsimatetit 10 taci d
[ l.e % I
onfEbtls 15+ Goof 01 RSl R AR 0604 s o
pro&uetsns dlscoincludiemsleclilts, of thelr peR0B0S| WithA®re than 1 Dearbons, such as
(géglr ogen, and carbagn nol ecules are at |east 95 or 99%
HSE:

thﬁ)élcﬁtfrt&ﬁl]c Olest Gl Produgts inchdgperyiyigas pr fuphpil; gf their gegeursors,
typigzgg&)%gi#ah{ir%ﬁkarﬁegeﬁyﬂxQk&%ﬁ{hnggpotn%agi%%gf‘a Sfitb§2035 €

a C wel sition” Tn sonme
approxirhaelg 89 carbbes, Faetposiutisatsoiischadek bt @sidhals fivinetude oil, such as
i nstances, the conposition is a fuel additjve or a

coke, aaphal{, ta gpq waxes, generally containing multiple rings with about 70 or more
carbons, and their precursors.
[00154] The various fuel products may be further refined to a final product for an end user by

a number of processes. Refining can occur by fractional distillation. For example, a mixture of
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[ 001641 Al so described herein is a fuel product
conprising a conposition conprising 10 hydrogen and

w@ 200008920D| ecul es, wherein the hydrogen and car@DnS2008/076716
nol ecul es are at | east 80% of the atom c wei ght of
the conposition, and wherein the 613C distribution of

¢ o . '

rcl BASATRER 4 h Mol RekEaeHaRRLORE N 0y s st e

ma}qﬁe @ﬁate@ AT Qi dus @Bmp&ehﬁfbg ftadBonaR BiRtillatio2 %0, - 40%W,
50%0, -55%v, or In some instances,

[0015% Thﬁeﬂlelmdpl@tsmy dlso be rbﬁmddxymgnfounmg theda nmﬁcwn step, for

fossil fuel soI di esel, .et han et.1
exaigplE R e, T PP of 4 ST T st} m dhe e ggaton
pro&e@?tyﬁic@l?%)r@%cfek‘ ﬁ&drbée?l gAs 6a]l%cproﬂllhc"§ Whiéﬂ%é}p& WREd B @akEig.
For sone fuel products described herein,
[00156¢ Thedhel praduotsmenytalsosbearefined byadiciing wemngimgmmyestmctunng
an ant| - oxi n anti st

bydRasaoaes Bis SrAeOTPlSPues TASSAIF & amatch of Seroah sgtigns ﬂﬁt ocaur in
the E&ﬂﬁg&@fe %f ;g?ccg@éﬁxfl'n@ﬁ Qrcgkﬁf)@h kb HHof l%?dlgarg REiAGY

generate ending a fu product as cri be
Genardllypdatatytivrefoeming is perfoomed #0the peebence efa catdlgstfandhigh partlal
rog)gﬁt has 613C di stri byt |]<2 of reater than -32%0.
presspre of R¥4rogiis DR CUBMOR RRocess gl QP R BT FRagple, prpRlenc and
butflbmld Rided W] catdf sﬁc‘ﬂaag h%ﬁ%ﬂﬁ’onf 44d (ﬁ)gﬁlmjlce%cuii
conposition extracted fr an organi sm can bl ended
[00187] HTl=e fhelgiroduetspaayeaido herblended or croaihmndngto(mmmrmta obtam, an end

prodich i %833}1511% i sl e %@ﬁb@ﬂ%ﬁ@ to}ﬁ R agrtior phaioug grades,
gas ﬁ‘xc%vl hoocf oﬁf"@g}twgiéﬁqp t’fﬂé‘;&g?f@%lfs%el o{‘&{d%%d%@, Rrosene of

n1xture

vanbhseglddesgl eﬂﬁl}ﬂ H&sei finy dreatisy dih andcheiticats fobiaking pmsﬁctsainﬂ ®ther
for bl ending anot her hydrocarbon m xture

polyjesie rcémoaltlpuwf tb‘? Belirpdudtepeserbsrberein mayh %qmnfzsifor blended
e a certain octane nunber to
Wlt%ﬁgp%rogﬂbﬁgﬁceﬁyf) glgiemg%\éf uel, however, it can be

[00188¢ THerodicts pﬁtodiicemm@y bﬁﬁﬂuﬁlly,td# men-hetugdip €isd ﬁsﬁt 6fuﬁé
product. In an_exanp conposition wth a

trangfosmatia) prOgRCE DY tb%hOSf %Irand@mwm)maévfa@medm%p@dmt may also
be afﬁé)(wj/r 0568 ecaﬁc ?(W ésg tinl %gu;eo of clf(%npfg:l ?e]ljggud?gnatu?raﬁ)( @%ﬁ&ceﬁ in algae

ances,

may b@t'erpeﬁ@fmélﬂ@rﬁam@ér@m (ﬁﬁ' @xaﬁ@ﬁle b‘éthk@ﬂékdﬁe)ﬁﬁx@nf)l@@bf products not
product, however, when conbined, they conprise a fuel

nattmlbmr@duced Ry algae may include @gen-ngiivederennuick enlimeneeon or
00133 0 SRR R g L Fifith LA LS e

one®@ Mo @ihons Gedved fFomh s inbgaﬂ@tcaﬁbbﬁ go0rps. Melaie Embalitabnt 2t least
asoline or jet fuel. et other instances, the fuel

10° GQOWQ%]?@%S@%)ﬁOWﬁT@S HWr&?Ye6 or Y mebherarboss of a product
s RGN Rb R AR ERIRB S RV H6n SURED ASRASTr iRk

carfdin QWS Ss ihElBs bardse nétBnifedith,jatbon diuxidy, e@bsiiattgbicarbonate, and
hi gh- oct ane hydrocarbon products Thus, one

carbotisagidaB he Prgdaet cath besamorgaip wlesvlefmmar@nafrp@eqn inorganic carbon
souﬁ:c dag Cf?xnﬁrdhéwﬁ%ot%yﬁ%r%ng one or nore |ight

rocar ons carbons having an Cct ane

[00 Iﬂll]bﬁ fpraduct HBEeiW tanfiegtesdribey be it Clibog IsdtdpeMiBEBution (CID). At the
f eedst ock, and bl endin the one or nDre l'i ght

molggudardesh K dRg's Wetskntistical plinegle errbapater vifliha molecule to
be O\Me oI? th nlawglﬂr %{:Qﬁﬂg @ﬁ%r{]gofgﬂesceﬁra&ﬁnple, 12¢, 3¢, or Q). At the bulk

level of a product, CID may be the relative abundance of naturally occutring carbon isotopes

(for example, 12C, °C, or C) in a compound containing at least one carbon atom. While it is
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nunber of 80 or |ess. Typically, the hydrocarbons
havi ng an Cctane nunber of 80 or less are fossil

wo c@bs3ter i ved fromrefining crude oil. In a pReT/USW0&076716
enbodi nent, the bi omass feedstock 10 includes at | east
one hydrocarbon having a polyene structure, the

oI R rack SR ! el o ] B0, OID

i CArhSRS ere OMass

of chbefl & Pfssil fuel, &S ardple] &&%Ieuﬁnﬁathﬁ 5 Qfdd%ﬁlg is distinguishable
i soprenoi d, as defined herein. 1001 61 The bi onass

frorh 68 L(forcexambls, the&iID|0§ garben incqyeyent atmosphede earbon dioxide).

Addtftgale o i et T Bt el P nd Bede B
phofcﬁ%thésﬁeln ké&ﬂﬂhl@t@ry%@ﬂi@ EQREe BiRGHEELS cBsh @&‘s carbon dioxide in

dentified or traced back as to its original
the atﬁmdlsltem: KID@hoto-foglneferseto theaCBbof d mhomﬂmsedmmpbund made by

| ntroduced into a bi,omass h cour se, of
pholof R E FreReSrar WIRE: A FHbTF ouPypalital GEnEHrERictarbon
was'BaFHoR dfoxid® grbifuchy 6 BeBRRE: éﬁ@é@ﬁtfﬁéﬂ‘ébxpéxgﬁ’l?fee €bal, n-Eﬂl?al gas,
tagged hydrocarbon” f eedst ocks can be subjecltéd t'o the
andfoepetmlewgn)pr ocesses descri bed herein to produce |ight

00 DG EIRERE ato K eharactries 61 1) 0 tghe DrPApRayntheti
orgirﬁ@gﬁﬁt 919&&8& m&lb& i€ ind®) Mot e o@nﬁ;ﬂiﬁhl%ﬂogpfmsé fotope

t her tagge products, “such that t tagge
distpbmnlme tan leaned® defiac dot cbmpksmam diphtostrithetizsldy-derived fuel
%Fedst ocks. Bi omass Hydrocarbon Production [001671 Any
Prog)ietss he product s described herein can be prepared by
[00 JZTr@zfrﬁ&ms&g éérhré’ﬁ H]st tefd%{b@gﬁﬁd Ev‘i}ﬁm%f?&l:&‘fttcb@@ounds
y suc orga I'sm o uct organi sm can
and plitoitetepin divaibution pan mVeal mfmfnaaﬁm gbout the mhﬁmat%bmwal

TR LN S VT TR TR
I
L L0y S0 Sl SRR nTton o

atmssgyam Sibaradiotide, irdicating tHabcarbon ivdtbpd disdrimihation cOd Gdthe
npl es. of non-vascul ar phot osyntheti c organi sns

mcqrpftratemveofmb@}a Mioxide inte phptogygith e#a%t%a&% i ophytes or

[0019632l P&Q&&c Scan 'bQ ?o‘a[l@ed' %4 %&%?ﬁﬁg&ﬁetﬁﬁ&aa@ﬂetsﬁhh&gawﬂl be

er a. I nstances e organtsm .

1deraicgae eﬁi&ﬁxsg pmaanﬂnﬁcals]mr@alhgmamé stdoure. aﬂogﬁea)fthemel products
allap%ge can be unicellular or nulticellular algae, | n
masiBe thesama exexisting nstrachemicals. & an embndapenacfuelprodye or

conﬁ)g? g éng % %‘1 ﬁ@éf Iyé%g[g'%/ &%ﬁg%x]eﬁn g%cg ?E@fﬁe carbon isotope
dlstﬁmtmnamfammpmytsebeheswglmrfossn fuel bamdhahm have a 8"°C distribution

cryptormnad di nof | agel | um_ or_ phyt opl ankt on._ . 00170]
of gsg thagx 33¥s) wherepsefueh pé@tblﬁtsgaée&eﬁb%d gﬁm@ Eibhavg a s’ dsifbition of

lessrtﬁa{nn 9?‘? t3§%0 m?ﬂ’S%o e4§} 9fo 2! %%)t/ }ﬂor }9{‘ -%B%o In }ffo‘fﬁe? %8&181%hp 9 fuel

i monene Synt hase to procfuce nonene.

pro&iasb@lcbom;mmoﬁ hwesirhilaribat mltwnfmy a® exlhtirfgﬂsﬁsﬂrfﬁacﬂ)em d¢hiémical and
nore vectors encodi ng | i monene synt hase and
0,

has glﬁopéilﬁgbwtwnuq&bqswl@n F3 2% A%, p#Beputioen0%o, -55%., or “60%.

However, although a molecule may not exist in conventional petrochemicals or refining, it

may still be useful in these industries. For example, a hydrocarbon can be produced that is in
the boiling point range of gasoline, and that could be used as gasoline or an additive, even
though the hydrocarbon does not normally occur in gasoline. A fuel product can be a
composition comprising: hydrogen and carbon molecules, wherein the hydrogen and carbon

molecules are at least 80% of the atomic weight of the composition, and wherein the 8C
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[00171] The nethods can be exenplified using the

m croalga, C reinhardtii. The use of mcroalgae to
we@xpprme3ron pol ypeptide or protein conpl ex accopdi/ngRong076716

a method of the invention and provides the advantage

that |arge popul ati ons of the m croal gae can be grown,

. i | i a
dlstﬁﬁ)ut orﬂ%f %%néégm(ﬁ? Hglf {1 gésglg}a%‘loéwﬁﬁo pﬁ? osr%ﬁllérfsgg ppqdl’ugtrs] descnged hefrem
the BRt#d gdﬁdmd c&rbbinbauled are af Best 80PWTtIe Ddmid wkeghit bEthe composition.
product. However, the ability to express, ftor

For é!/@nme,ea bigdieret oAty acidimetily} @ﬂtﬁr;ﬁwhlyb épv:q lgssghan 908 by:drﬂ@en and
r ot np the, chl oropl ast s n
cartin tigiacties BYRieGRiFinmbibt o B S 2 PRnGRieh, arfbiad g8Rpositons.
the h{R6 £hAHE carb@r@moﬁs@hﬂeé ir¥ af Ra OB VLI BY the aRndie Wefsht 81 146
amounts of the pol ypeptides. Accordingly, the nethods
compsitiom b getptler coropabitiaisthe bydrogenand carhon mglecules are 100% of the
chl or. ncl udi n f.or exanpl e, macroal r
atorgig i of %FPWBO%%%LH s SR ao s OTPOREPT 2K, aher
1nst£1{&€§ tlibré?)‘{ﬁgoﬁné&is aqulodg&?@]s off el ﬁx‘bﬂlhctpl ant” is used
broadly hérein to refer to a eukaryotic organism
[0015ght s dengribeal heesain sy fupleproducticemprising Qmmoblaen sQMpiRdng
i ncl ud s an uch organj s t
hydipgen o eSiles, BHREngRe Bdspiand FatBorimplegHiss Hp ableast 30%
of tl’fé’ét&ﬂlfégwexgnt Bk‘ﬁ{étcoﬁnﬁbélmorﬁ gﬁ’d Whtre i?1%+ 1@(9' 'dIsH{b%tloﬁoigtﬂe composition
pl ant org see a plantlet.
is lesethhn + 2% lard a;ﬁreh octmpcmlentahdsophmboﬂmgpntsathe lﬁﬁ”ﬂ dmﬁbuttdme)f the

mnﬁi"gﬂén 53?%%&%@ Fitbn 1% -?ﬁ{%%%%aéggq 8t Q@l%o P e instances,
the fifel éoﬂongntqyéfﬂéﬁ(flﬂ% Rl l;vhlcﬁﬁna‘if 11@@51t agcglmté' (99{%[ ethanol, jet

organized unit exanpl e, “a plant ssue
fuelpd)my combmptlmﬂlerea'ﬁ Uisstilbothéramdtanced, thedﬂendhg fael has a 5 3¢
ot opl ast ganet e_produci ng cel | cel

distEHHIoBOF SEsAicE fhag of M. Fafgome Aoel ProgEste ﬂ%se’ébqﬂteaella thh ek
2
confipfieh s CpEHE e 3y WNITRES S SRTBEME S0 TSR dfent o
corrokion ﬁlél[ﬂlﬁlﬁtand by cmllﬂﬁlludtbhelcbreqcﬂ Alfiel pﬁddhctfae ﬂemubﬁblsefag ofay be a
s disclosure, ant tissue qr p rgan can_be
prOéwgéf'@&rateddwdﬂmw eldapql% as @ﬁcr&wgi aaq? A @re? aqrams@nfoh some
I 1 r

1nst§ﬂc§%] Itheglﬁllall p?cl)JJnJIE?ﬁasngdr ?‘If 1?6}1 %fgr%ltﬁ? tlgaglr ﬁ%th&r mst%nces the
fueli paedudtiigas! % mttﬁbhtﬁ)rﬂﬁﬂésﬁ tland3mr Fe&r ethﬁf)lel a C(frﬁposmon extracted

propagati on of pr 0 enﬁ1 pl ant s. A harvestable Bfar t of a
from py pRgARISH cAR bey pign figh gomppongnt poiopogafining (fer example,

cra&%%m oerper fel gl%:'cg%ee 2&'1 k) {,1.c:tsél‘s3 Cc{l‘i?%isherv%ih' be 'ﬁ?ekcéngfo\ﬁ%ﬁt]; as
desqaibadtcati beh fidssill Guel, or apagiag ibiend forglenétating 4 fuel p‘m&rqnl For example a
seeds, fruits, cuttings, seedlings, tubers

mixuse fos e Rlending anay b 2| hyﬂ@cmpmmreﬁhm fyiablg for blending with
PRSI FR, E20085 R BrAND, ML BORIE Pl ooy

alkaaae§maj®hot Haiié & geraairesktae nyimiber t bk lsﬁlmb(d-bge typeiod ﬁBQQﬂéwever, it can
38 WD 2009/ 039201 PCT/ US2008/ 076716 M cr obi ol .
be ‘%‘Fﬂé‘f’%@’ﬁhél 1ghsptane mixtyre to Zewrygte a Agql praguplgnan examplensd
1 [ S,
confgBublt VR 5. T SBA o SIANERHE it HEATER AR A Chrbon mixture
for fuel bleding mrdr@tmﬁlasﬁmdm rThaomeé figtancgs oty dempaitiande fuel
encodi ng one or npre heterol o‘gous pol ypepti des,
compragnt aioRg ats a0y pitgble aea fh atoduginhoypsves, mihemporybiged; they spmprise a
I I
foel o1 1 At Bk RO 08 EhlbelHBRioE e 81 Bomponent o both
indiofdoplrars suitablelag a $iel produdtoBityee ethér ihdtadces, she fuel component is an

existing petroleum product, such as gasoline or jet fuel. In yet other instances, the fuel
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nodi fied to generate a product. Expression Vectors and
Host Cell Transformation [00174] The organi sns/ host
w@edbs3fzer ei n can be transforned to nodify thePCT/US2008/076716
production of a product(s) with an expression vector,
for exanple, to increase production of a product(s).
/ ( u I
comyrag%m (}:s(e)%c?]érg&i ﬁﬁxtg agrr%%egﬁa:ﬂlscﬁgscfﬁg%lﬁk a%/_P]BEtg%go? eﬂ;@&lysrcﬁ Ibl&éasohne
and\decliler can encode one or nore honol ogous or
het er ol ogous nucl eoti de seguences (derived fromthe

[00H5d  Therbiemass dgegptoeksans witable ferpseducingdught @Weé\ydv%mbon

oo R RS AR Bl BB LA BBl v
forrhia FBh &80 SreHght IR dRS AIREO VIO doPISalidas haﬁﬁg\ﬂpb@taneoﬁmber of

het er ol ogous nucl eotide 15 se auences that can be

80 arihigher by erackinga blomssiaﬂegtstoch bendingjthecdnede nmpse bghtf r om

oA i e B RS bR e Ot
nunfRAGESICAIess! TopicAR) tHG gﬁfo@%f)&rmﬁg'aﬁt&tﬁ@ n@mB& ofBOk less are
cell include isoprenoid synthetic genes, endogenous

fosqdrfoebdm\@délm sfiniggRmdeodnintamripsitat embogiment therbiierhass feedstock

e T e e
conBRGiNE B r mbIATRACARARPolENiS EAGIC BB er &H&ﬁfﬁnéﬁl Ahe Bidiifss

| east 50% ©60% 70% 80% or 90% honol ogy to
fee@@qkl envheles at ledséoﬂademn:ﬁklbr isdprermadyes defstedherem. a

Q@gub%ggéﬁaéﬁ%ﬂf ek @;‘%ed b%;‘:{gﬁ&o%ﬂg{ﬁé @'éfg’%g:r@g@ctenstlcs
that%'f@ﬁb ﬁ‘?e‘aQHm%' %k?@@%ﬂfeﬂ cd iRt BiRSafoR Y ?(ﬁ%ﬁct?,?s:ﬂlgft? angle light

into the genonme o ost” organi sm
hydmanbnd pradocts capixuderg #rpd enrased back dsdo @b otigiagltfeddtock 0D,

400,, or 500 ucle es |n | ength, 25 [Q0176] The
exa@pbr gsgsplopssen b &m& inte & bigmasEydrerartondn Bicurss ofits

r
biogyHesie) PraraR a@ﬁﬁ%@%&% TG B e B arb P LBAARR, BiBduced.
Theaﬁggeh aydrocaybamfebdsasks eanttietsubjectedo the sqfimiigfpracekbses teseabéd
|n usa f cl eoti de codons to specjfy, a given
&&eg. Mme%b%@mﬁl@ctﬁ&ﬂggeﬂ wf? Hbet gsotoaeﬁ U dggtopes
allot;sfg %& th€ dlent?@cﬁﬁ&{ %ﬁ@&f;g&gﬂa cts Qlﬁ'leF bofie o2h cB{nﬁﬁﬁ{l@& AR other
be grea ere eh sy n eslizing a
untafgged priopicsy eschatkgtrtbstapgd produsn can be&hced%bk tolthelmymbfs
desjrable to design the gene such that its frequency
feedstockssdon usage approaches the frequency of preferred
f st cell. The codons can be
Bmﬁﬁgsoﬁ Prw Ctn) r exanple, A/T rich in the third
[00167¢| £t oftthe podadts Mcﬁtﬁedtﬂefenmcuﬂlqu;repaireﬁﬂiyaﬂhkfpnnimg @n Atghnism
rich codon bias is used for algae. In sone
to caip s presitcion by sycageganisgupidhe podudh Hiscsagmisgpen be photosynthetic
the third nucl eotide position of
pnoggérgﬁégﬁé{sgorzg@i&or T. In other enbodi ments, at | east
Orgofi$ms 70% 80% 90% or 99% of the third nucI eoti de
osition_ of the codons are A or T. [001771 One,
(00168} Brramlasof erganisms dhat et bsrtransiguned vsing the compsisions prdhmethods

hel‘e?ﬁ [ngl ide %ﬁ%ﬁe PN Jﬂ)Ylo\Lag&ﬁaﬁ‘ eotr %@ﬂlﬁﬁggﬁ%&kﬁ{}?ﬂ% aﬁrgk'ag%ﬁl or
eukﬁbgltyo*rﬂ“ h& organisinl can bé umoelllﬂ:artolr ngltécelulecur s or i nt o a fuel

{3 uct or precursor of a fuel product 3
[00169] Exarnplcs ot non-vascular photosynt Cth orgamsms inclu cbryophtyes such as

marchantiophytes or anthocerotophytes. In some instances the organism is a cyanobacteria. In
some instances, the organism is algae (for example, macroalgae or microalgae). The algae can

be unicellular or multicellular algae. In some instances the organism is a rhodophyte,
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enbodi nents, a transformati on may introduce nucleic

acids into any plastid of the host alga cell (for
we@x@apbeot chl oropl ast). Transfornmed cel l s are PgPUSADS/§76716

pl ated on selective nedia follow ng introduction of

exogenous nucl eic acids. This nethod may al so conpri se

| .
ATt DR PEOEE, PealHd LBl PliE Syhor
hap’dﬁhﬁé r&momdsnadrdméﬂugeﬁuxﬂ 2rphpoppsikton.nserti on of the
enous nucleic acids. Cones which show the proper

[0017|Ql SXangfHe, g/ m %ﬁ@@#&fﬂn)&ﬁwow rewhardiémay be efh@@r@ed with a

veelfF Giibl e RhRPkte rari o ProaTEL HBCRaR Hh aF B ot 15
mictodBhe NG Se tradsficrh el Gitie 88 mofe VR PENFBANE Y IRPnYAEyAEse and
chain reaction (PCR); however, any other appropriate

prot@l@smmu@'euﬁmm prodeationrt may be utilized. Many

0y A 8 AP 4L
mlcﬁ%@ﬁ@{ ﬁ%s@&t ﬁ&lbrbépéﬁéi ot ﬂotelrh&)nﬁ?l%h&ﬂn@% g Eﬂelﬁﬁﬁ of the

herei n; however, one of skil in the art wl
1nvqng(m)@mj mevnﬂc&;he yi\&aeiag@mm latg@npmlqm ofrthe Imgroalgae can be grown,

. bstituted f rii escribed. .

e gl Syt Epre- ok ed R e gl o production

and, iPHQSERiARRof BXQIRAAE STUCeSit & REARIE HOWERES Blelability to
clones ‘are screenéd for the presence of the encoded

expmsalﬁnrlenamﬁe,cﬁlmtwnebqpammshmpoéypepte&esngclu@apg pritdiy corgplexes, in

e RSBl S0 e i STV Sl h STE
abllﬂP{oe&H{/&uéiﬁl‘? prddukdafed TRiJUAR o?fthﬁcgﬂb?yﬂeﬁf{ tA&Br(ﬁ%%I,EE% methods

contained 1n"a vector. Further where the
can be paetided using avg plagt mvingeblodoplasts, moludjng, foe exaniple amicroalgae, for

nucl ei ¢ acid | ecul es, tgl? second reconbi nant nucl ei c
CdMABICAGACENG PLY CEGHAS Y %ﬂﬁ?‘ﬁ? BETPH 1B SQfect or
C 73 -
01 G988 oy 0 Ol o
plastitd, @antilcelar] { bidoroplab oy and amclindzs amysuck otgamstumﬁmjr sthgerof

i.ntroduci ng a . polynucl eotide intqQ a chlor t and,
develorments|tg part oicq Rlgisinglu wera B@tl%&@éq%égg ant cell Culture, a

o BRI SHAT) R A iy A 0068 o

the P, cdnapristnganmbeplast and @lceld tvialleA @Hmu&mlaﬁn be l‘mﬂhb $orngof an isolated

bout 400 to, 1500 or, nore substantially, contiguous

log aicalsyed eell AT eAndyspagof E@?@rrﬁrgwun bEARIDIG @ Pyt
n h r

“SS%%?%?“& A0 FEOPER, § pon BN 26 bOGRAAES sBlnef proqucing cell or
a ce(lmeollefc@din eblipthet caBaedenerdte 1Mo|a_W}Bﬂ®j>1ant3A2 suthba 88, which

2001; see, also, Staub a Maliga, . Plant Cell
conmn%mlgnplggbgt cqﬂa%ggﬁp@? qﬁregeng@ﬁgg m&%a whole plant, is considered

plan% %&1 i;o} EJ%I})% g F}%sg@g los%greg %rﬁ 8%%1%%5 g%Bt 6r§&95aﬂ%re %tsgéh

protﬁ’ﬂ'ﬁt Uﬁﬂﬁ@&f Qr?ﬁ&ﬂié‘r grc[nﬁ;@ bT Plant Rlls ﬂﬁelslor@hﬁed: @fo a stagdural or
vectors include pronoters. Prom){gd 3 orre frgm any
funfignslaett( paskculatlymsel partsofje plashinchyde PI'VGEF gjparts and parts Useful
h
for @gﬁgégﬁfin oizﬂ}bg%k%t og;p Olﬁ{'\%t osggr%{)l tﬁrlt gf’g?ﬁgﬁ&gkg dny BRERpBrt of 2
plant,dor M@mpw dowpispadiey neédings taivegs lﬁasdfssstems; richity seeds) r@uts, and the
rgani snms, (for

hkwﬂ?&%ﬁ% tﬂE{ %‘éﬁ@ for prepagation lwéwfw?fgp ie Fesfiy uits, cuttings,
seedlﬂgé‘h)‘:f’%ﬁs%o%ftoﬁ‘%&ﬁi/eﬂ}ﬂ%et' c organism” refers to any
ma

’0SCOPI C or nicroscopic
[00173] A method as described herein can generate a plant containing chloroplasts that are

genetically modified to contain a stably integrated polynucleotide (Hager and Bock, App!.
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organi sm including, but not limted to, algae,
cyanobacteria and photosynthetic bacteria, which does

woei0940302e1 a vascul ar system such as that foundP¢CTUS2008/076716
hi gher plants. In sone instances, the nucleic acids
above are inserted into a vector that conprises a

M0 Bl los 54 ROOHBS Mo SA GBI iod B FIRT Bl o

or expressi on

traniéénid’(trénsfptds@hﬁ@p@@‘t fanéiafipleC. h@fnhﬂdﬁﬁtwlﬁch dofp8ieéEone or more
i nstances, the nucleic acids are chloroplast based.

chlomplesty eontaiing s pelytedleptide ArcefipEane ar more Hetpsalpgqus mOkypeptldeS

L T T
phoRRAthéi btdafitkm dshRscribe® ABYCRY caf %Gmpﬁseaat A5k hbdt ¥ that is
pronoter or an inducible promoter. A pronoter
modifygsd togengrateiapeddudes necessary nucl eic acid sequences
T e of tran crlptlon (for exanple, a
s FootBEP B ent i re chl or opl ast
[Oﬂﬁﬂi‘ Ot o?%aélﬁvﬁsﬂg's{mﬂggé ﬁ'@g%eﬂn chlzbéltfﬁislf&meé td Rodifethe pRIdubtidH of a
prod'lm(s)l withyardexpesssidu vetdrafoy expempesd incodabeoproduntion df § pduct(s). The
‘view conplete genong text fjile" link and "maps of
prodicS) i B BEELY ofBrtarBralbmedocob bt e sreien | o
[0017(53 OF Rk Ac8To R @arp?hcbﬁé e %r&mt}y@ﬁﬂ bousdr hiérotd g'o{lé’
and D. B. Stem unpublished results; 20 revised J
nucR8tideX@qincesd dereved ditoim élbédstmga@snﬁmﬂmﬁ\e diffelimt orgamsm) and/or

AF396929 Ceneral |y, the i de, sequence ,of t
one O PGP} agOU aﬁ%}rﬁ Cispguences (s f? E*améh%f?gfterfgsaqlﬁmh @Hﬁr those

O 45 VB B ot
seqliefncesdhat capbetamfemed iftdan fgatthlostgell mdhﬁimgmnetsrfmm batteria, fungi,

event, woul d produce a del eterious fect wth
plants, @ ‘étewnfl@tlf h@t?ﬂﬁ"l %Pg}S‘F algge. Examples ﬁe]a‘}qttgogqug pucleotide sequences

|
that r?ﬁlgir)]% ﬁ‘%{esﬁ%ﬁgg%}tg Igrﬁ?l A h% toogilh ol%c%g %plﬁn%%tllé‘g%gs, endogenous
prothesaat 5° UTRs fehsthe pshm tpd, ot 113 LtgeresCIn soferiiisandes, i heterolgous

chl or gpl ast genone_sequence al sq provi des maps showi ng
sequeaer Wdlapked byowocutelaRgUs wgrensss @Thorr@&goeﬁr»eﬂkl@vp%ﬁomologous
f iy b 0 0

S0 TFe phialRFE HIERL S0 AFhoBHL SOl RraREHEREfip e
sequenteoinald Rt celle &t wine ipdaites,iahomoldgonesequdrea il ﬂmkéd bmlwo

the Eco (Eco Rl ) site at_about position 143.1
autolpgouserauencsd Thy st aad sacorbhamolpeps spayances sna?lqo@cq%aaﬂon of
e HEESfRa S LR Relol® e st preayiam i st apd gecond
honﬁilo;g,@iss fegueites cailia:m&t Rhsttlbe, 200] 300000 9t S@Emrisetidés if kength.

and "140- 150 kb" 1i nk; also acceSS|bIe directly on
[00176} | The\grpressiprbvestor DRY cOBPESyi] legtifkeseamences haiare codon biased for
expye/sé‘i%ﬁrtﬂé %?1851’8 g glﬁlaﬁg ?%neg[ ?Q&%{Hed%rty ol bé'!nlv%u" %?fﬂe

e practice O 3rocess erern a an

"coduRBiay" RxBiBRed 9 a §Petific Adsticell ﬂﬂt@slag@tbﬂhﬁl&bhdfeﬁcoﬂsﬁme Bp@ﬁfy a given
that confer desirabl e characteristics gn the vector,

aming agih Wilyot heiog bauddy) thszndw)usng 2est qefl sl nuefemeyl codgps, the rate
or GHBHRL i SUERGETAUEIL f LAOIADD LR i Shueysdexression

a host eiipi gy tbe desithbleac desigipihe geriel such thiat itsfﬁeque@dy(nf cOdlon usage
transcription of nucleotide sequences contai

appropehesiths, freguefiryind ercterrraicodorigee of thehest celbilbe redove fan be
genagﬁ#p\(hlenkﬁ I ex’&% RUKFP 1|1cﬁ ﬁ%hé’t‘ﬁﬁ%l Aic1&st %8&1@111 bf tPé 95(10ns

one or fote ¢ oning sites su
Typidatini thg/ AST tieh codon bias is used for algae. In some embodlments at least 50% of
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5 which can, but need not, be positioned such that a

het er ol ogous pol ynucl eoti de can be inserted into the
woewbos2and operatively linked to a desired el POENS2008/076716

The vector also can contain a prokaryote origin of

replication (ori), for exanple, an E. coli on or a

the AR TLAcB0e fo045n B 12 WhAihs sRAR AP tn Blnck BERIASLAS, dr alk 605,
prokaryote *nost™ cel I',”"as " welT "as’ Tn~a” pran

70%; (809, 004:26199988f e tHirdahcleofi@b8ribn Hf the Gl dis @fey/A or T.
el enent, as the termis used herein, broadly refers to

[00177h Uenecapprageh tooronetristipe of a genetieadly magipedatedyrain of alga involves

transcription or translation of a palynucl eotide or
nan B GR A A ebte ST VBB sn bt eef st cRb i et Enzyme
capsE6 BlohVé&tiNg b prk@Sor iF62MaE S oduRESMREurdeH bf ARl f88uct. In some
limted to, an RBS, a pronoter, enhancer,
embodments; b prensforntatiomimagirgroducanuicteia dcidsiiot agy phastid ofdbelbosf alga
splicin signal for,.intron excisian and, mai nt enanc
cell ffor Exampic, ahtorantanth Tignatpmied cells @pcicallaiied i Selbptivs mgpha
foll@\ﬁﬁ‘% Entfad&idn F @x&égﬁm peliddcpRatiiy metho ?Aal[y also comprise several
conpartnental i zation signal (for 15 exanple, a
steps depsereeing. Hoitiall g agetesn af poharp épnsformants is typically candiicted to
or cell nenbr Such

nucl eys,, ¢hl oropl ast nenbr an an )
detegmgmﬁgchaﬁ%n%ﬁéﬁfe BEARRTARSeHon od the cxogengqus aite l%@écﬁ)- {sloges yyhich

h i ' - by, Such

o SR 468 8n L85 bEURTONSnd M. SrehBl v M 8 i, s

methadoldpyrennmegthattbe anségmbatt oontain it geaks ofdimtgrest remany instances,
regul atqry ?ontr sequenc for exanpl e,

I may incl
such$CEFOINgY BYTOTBER B&P@W@W chgh wgﬁw&éﬁgﬁz;élf?vewa any other
oppHRARETEhATke LIGHTA f B bl BT M W HERHARERa R of PCR are
knowe duthetaetr(§or evarhiple) nested BERc e ktimé PER). Pasticolanpredmpdésaare utilized in
wth the host cell and contgﬁl t he exptfssion 0

L ] t he
the giagpas desczived haspiachpveyer, ppe eigid! indheyt wy rfeéww&tt[%tyther PCR

C .
e GRAE oy p3SERE ARL SR L/ AIREAL LRSS hfhg gorecin o
clore§ tvéth tprdpeeintegirdtioatolf exogend s myeticaoids,ansitally dateshnaticoned for
of transcription. For _exanple, a regulatory 25 contro
the prespnepelkthe sucodedpratey Protein SEPTPBHONSRICSHAE Eyrigally iy pesfqrmed by
d f1cCl . e or gene product in
We%%% %%"ggﬂélggﬁﬁ Pﬁlf\%dé %ﬁ%@@&%@gﬁ? n of the gene or gene
[00178 dAl edcomBind i reglel edcibimoleed el bideiful gn § eHettdtolf Yhedfivention can be
indirectly) in _the increased production of a product
contgingd i HERFId Fwthgrmomsawhare thgmathndyis perfarmed usiag aseroad (riynore)
recq%%bﬁﬁ’an'i Bt 24i rr{oﬂe%uie?ﬁ%eefeéﬁnﬂegé%ﬁ%? bG8 Qbid FndBAR-4Ho can
y I ncreasing e st‘abi 1Tty of a gene or gene
be cphitathed in a WtdrOOHiGK banAbiitaged adtpby/the eahd vdctad as thancontaiming the
be aut ol ogous or _heterol ogous, and if heterol Qgous,

firstrregprpinant ienl eig atid motasaler Bhivestos cgn bemmyrsrtos eyl Aeraniredycing a
ro SRRSO AT RSB SR SN o

chidréplast gxmmat BN Athaeks siifficiRgnid Simd@goherheloyous @edohination with
sequence may be derived from anot her species of the
chlogepigst genemic BNA, Her examale & Ay goside ssaagmsicsompriging abous Aehto 1500

' . ] | i 2 0

o eSO AR BRI SN LR AP PO BR DB Gfpe

vectati ant egsthurls farguleatny rygionydfradhl e it geroneafor He adarviestordare well
from an organismin whic ression vector_ is to

h
knolya (67 piPbSASTPIS, Evol g5 Mobdtiahn | 37 0A3% AW aps tlsaStask and Maliga,
Pl A38Y, 1990 RS WANTSHeAAN 585 1 et o, B1chSPluhich is

incorporated herein by reference).

40



10

15

20

25

30

i nduci bl e or constitutive expression. The al ga

regul atory control sequences can be used, and 5 can
wheoood3noc| ear, viral, extrachronosomal, m tochoOntsioa$/076716

or chloroplastic origin. [00186] Suitable regul atory

control sequences include those naturally associated

[00W9Lr1nts&%e iﬂgﬂaﬁ{:e%o%ﬂcﬂ %38 Wt }oq%ﬁgrﬁ ; nﬁx%?fi‘selg?%éo%e from any

TOHD er op

souiek gtak exh@iple) adalnu@dt@m ifghezal PEOHSY) findal). TR probterstonteipifed

regul atory cont r ol sequences include reqgulatory
hereimennrhs Spg@ﬁ@@rﬁﬂ@@swﬁhetwa’rm@ﬁmwn@sweﬂlm togyrtheticisganisms,

and Yok B RS AmERE etniSnt BotSamPleABIE TR Fuld Planes ATRS Etherein,

the @Hn ”h&i—%&\hlﬁiﬁphoﬁ@?ﬁﬁ&&eorgémﬁmwf@é t@i@@ﬂéc‘?&@c&ﬁc 8t Bfroscopic
species). The latter regulatory control sequences can

orgdngsm, ancheting bhutenot hizited ényhigat, Syanobacterii and phbtoaynshetiebacteria,

whiG G S 3 SRS Go ot Pl HREIF papt I some instances,

the RIHBOAGAS HovE AL HhsBied hi a FLRTPE comPBefh PIoRdRMDYa 15
[00187] To determ ne whether a putative regulatory

photoeyrthetic osganiseny @ examplej dlgisl The priomopen cart bevaprometpn fertesprgssion
. control sequence js.linked to a nucleic.aci.d nolecu

in o £ 3tcpliss S GO Blostich B npatst. 1ot BRI Mogpioplast
basé?lleﬁﬁ d‘@@é &F pRbrabRes: cofﬁ@ﬁlgfé%%f MEérﬁ(SH‘ofr% of ﬁl%rl‘lu@l%c ac éis herein

I ntroduced into an a or other orgahi smby stan
mtotthaa:tbhhorqpﬂest igahat ecthigpe disslosed i REY Ap;ﬁhaaisomﬁm 2064/@6141If/ér The

exa if the nucleic acid cul e encodes a
provga S aQPSILHtig PEOTHR{PQI N 1p i Ryamgter. %Pa"@éﬂ.tmaﬂla
incifes HESuany It 800 SRS AP ifaf R oAl ride Bor epample, o
TATAslenateat)ce. [00188] In sone cases, a regul atory

control seq is a pronoter such as pr onot er
[00150] st eoiieschlogpalast genommestt Ca reitbareens awiisblgie feaubli op the

0] E "
wo R e R A I L L himey  Blox EHAMIP (e Cview
m;b@«:gdnbmd ak thUﬁE" lifdabdd "ni.’e@)s Af)t:hle ch]Nﬁ@laszQéhﬁﬁﬁQ Bﬂlaﬁéhch oflwhich

2004 14174 |1 Pl
is 1@81%9%&?051@@@)17)} %ne%ﬁllgzg Fd—la Mngp \nA{,g,g,ll)g gﬁ(g]e)g hf%tpg; }l%{gixhshed results;
fHeC 0 t
R ARt YA SR T (O e
nuckotidediegmsnt s of thé ehlsioplabiageaomicsDNAdS sdddcyed!| sudk'fhdt it & rioh& portion

EF1-a gene pronpter. |In other_enbodi nents,
of aggpR, ings? regplatogequenca REEPUIRg SeAvents, maa%hdv a ggpp that, if

dlsrpégdlgl% to/thd l'ﬁ)grﬂh(go% Bfn‘é n Q& %ﬁ@ﬁ)ﬂ?}lﬁfcg hpglgéﬂo@s effect

In a va oca I ons, n

wittepeaeol 1© the:‘cﬂﬂkbrﬂglaﬁnﬁr eximple) dmmgpltcﬁﬁbmm&he Hiloroplast genome, or to a
unt r ansl at ed refgl ons (for ex rrP regi ons upstream
3L,

plant egfheantainipg the shloreniass in thingeapest, thevebatie sontaining digi o meinhardtii
chlo%eﬁ:gst g@%hs%guéggﬁlgyﬁlgvﬁgwﬁﬁsr s‘ﬁ@@lﬂ‘ c%[ﬂtng qu ﬁ&g l:(Qﬁng regions of

["ogous of

the &ﬂélﬁpl@ht%ﬂ@tﬁe 41305\ i RGOS &3&&&109&5@&&29 Qﬁdﬁﬁﬁﬁﬂ&ﬁstructmg a
nucl eoti de sequence can include one or npre 3'

vectgh Forerarmple ther ireplast verier B2 israclonermcteging fgm &%ﬁ &cp(Eco RI)
site gpe[b%uﬁf%%{ﬁ%n 199k B% I'F%h enggj $te at %o%?ﬁ@sétgotﬂglqg.s%%ge, world

con can
wide web, at the URL "biology. duke edu/chlamy_genome/chloro.html", and clicking on

"maps of the chloroplast genome" link, and "140-150 kb" link; also accesstble directly on
world wide web at URL "biology.duke.edu/chlam- y/chloro/chlorol40.html").
[00181] A vector utilized in the practice of a method or process herein also can contain one

or more additional nucleotide sequences that confer desirable characteristics on the vector,
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Cyclotella cryptica acetyl - CoA carboxyl ase 5'

untransl ated regul atory control sequence or a 5
w@y®bosehl a cryptica acetyl - CoA carboxyl ase  PCT/US2008/076716

3'-untransl ated regul atory control sequence (U S.

Pat. No. 5,661,017). [00191] A regulatory contro

mdﬁ(ﬁﬁé}pe p&?caglg% @q@ y%fstlﬂ gl§ g phﬁg sf'&% R4t fécgﬁh%%%iﬁl 6Hulatlon of the

vectf, Qﬁ@ﬂ&&y%@[&&&hﬂ@l@& réjeicatic ¢TI Keectdd 6f 8@istftion of nucleotide
sequences and proteins. O her regulatory contro

Seq@e@ﬁ;fe‘»ﬁefégl th@témutfeum%th@tg@e@dq aielestablsapprkarcans thehle. Ag such,

omote tyranslatio t er.ol.ogou uence., . .
the R3tpr 5 SBhn. thE Bl G Srmdts PR RuROueR RS signine site
whiéHf ca?nh@t e &?%e‘iﬂ)sﬁﬁ@ﬁé@iu@h hat @h&eﬁﬁ:\gouﬂﬁ)lj'ﬂﬁ@}éﬁh&l &n be inserted

I nduci bl e regulatory control sequences, such as

intophovestos asd onmatlmbf linkeditoi rdesired,elemengHthe veotor elgengi entain a

prolggpg)gl at or t%artlgl.n:-{(%[ﬁp ogggagr?plga éétEg lF@g‘E}? §1E a ggsgid ori, thus allowing
pasda SO tﬁ& Qéclt’orqﬁ’ ngdﬂa?y@%g{‘&ﬂsas' Wl 4448 abﬁﬂ?&l&&ﬁi&staﬁsﬂiesmd
aut or egul at ed or 15 exarrpl e, endogenous A

[0018611 el segolatdey eltemenqo aotlia tarmpis usdd detiry proadly referdn lasmlecbtrde

sealfBET HAVEFUTE B aFroaRbeHO R AL S RORRF et oypeRlization
of a?b BB & sl 1% gé}Qthél Ik eﬁﬁﬁ%ﬂe@ RELIGRY bR GrAfiR Hﬁﬁféd to, an

or use herein. arlou nbi nat1 ons of th
RBS, agubmoter, gnhpoodry ms&nqmammatt&sm infsiatioth Estagt) wodray a tqﬂicing

. enpbodi ed and conpi ned with_ot her features de bbe
gﬂﬂﬂf?émtmn PRCIE g A %‘8%3“3%?1? Oéiﬁ?’é%% re3fing Sigmpet gﬁ{’ codon, an
ambRPOYhREDAN &n ES'DA(ﬁhﬁ@tﬁH% af &[%o&ﬁ%&&ttal%ﬂb@ﬁ%@? %fgr

operatively’l'in ed to a nutl eoti de”sequence enc a
examppleypeghénde tHahargess £ pdyreptidon thuaytpol nuclpuse ghlbmpkast membrane
produ t|on of a roduct  descri ped herein
or ofkgmbragg). éwf%&r@fscﬂﬁe el ke isni e il e bB"’rn Widf reported (see
t uences operatively linked to a
for%xﬁ%#ﬂeegp%gagggufé%% %bodi ng a polypeptide that
[00188] exxiysof theexpesssiop vectors peremudan fiethep caniprise |a0aguleto@ control

product. 25 [00194] A vector or, ot her reconbi na
seasies: & reulaioey spmirabssneense jray incfula eforaexaeeleearpmter(s) operator(s),

e
tranﬂtaﬂidﬁe ot oth@fregifatdy centpall syqumbagtthd ard @mpatible cdth the host cell and

peptide) that confers a detectable phenoty
contf@;&%fr ersa@a ef the nycleig agd@rolecuisst laspme ICESCE)@J rww@w@ntml
|
el SRR fonp R €S LR RRG o B Lol BT

effeaaii¢ imfttatiah,ecl@gandn, é@d/maeﬁmﬁatioarofmﬂsehpﬁkgt Fooéxatmipl) b regulatory
| uciferin, respectivel y) gener at es a nal that can
contgel sgeueRes @8 ipgyeasy wanseripiiqnyagd Arapsl gmratte@n or efficiency of a gene or

N R N I

resultigPieédtly o3 8fdirdétyd T the L&?@se@lﬁeduo&bﬁ of a gl dssunibedNdBén. The
J. 6:3901-3907, 1997, gl ucur oni dase) A sel ectabl e
regulaipiyePnigel sequsnegmaxalgo Wé‘i‘ muiheincrease of prrdyciipreafamrodct by

iner eS8 R By PTG “aGvant age (or
[00184} adl vegolacye Foritl] bdy@enmelcan boaitelogous@r héterotopols and ffor

exanpl e, the ability to grow in the presence of an
hetegﬁ@gﬂus,trﬁ%}t bedromalogoys %gp@lq@mcm@tﬁg sgqjepce may encode one or more

polypeptides which are enzymes that promote expression and production of products. For

example, a heterologous regulatory control sequence may be derived from another species of

the same genus of the organism (for example, another algal species) and encode a synthase in
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[00195] A sel ectable marker can provide a neans to

obtain prokaryotic cells or plant cells or both that
wexpprme3eot he mar ker and, therefore, can be usePCl/Us®0&076716

conponent of a vector (see, for 5 exanple, Bock,

supra, 2001). Exanples of selectable markers include,

an aggﬁ{: 1R afiot %ltelx%lrh aglldaé.\%oq?]%oug pe%gl%wég g(gntfo(l) Qéqg&h ce can oP ?er%ved from
an ofgaﬂisﬁﬁﬁ&?ﬂnchvﬂiﬂ &xPres bt PdctoriLHibRleRpreSeld 0 NMEL hOt rexate

%REI ss, Plant Physiol. (Life Sci. Adv.) 13:143-149,
[001BSb Dependmmthp npm:ltc@s@h mguénm ePnitnd sequEneR Carther used that effect

I St an to the am S neo cin kana
indogF3F iePBATHIG Pl AREakAIRRSpRAY SoBiogets WRRY G4, and
can Bt,ggleﬁuclegﬁ’ %51 e%fh'c%nﬂa@orﬁzﬁ nﬁlﬁ()&loﬁ&%l Sér%ﬁﬁ)?op‘l&tlc origin.
ygronyC|n Gene 32: 481- 485, 1984) rpl3,
[()OIxSﬁ] csmltablb mmlamy bemtroﬂ scquietices ineluide chmlsenaturaby assecmted with the
han; hisD, whi aIIo cells to uti
nuclﬁ? SRR heZlroBpY (i Srarti o plsaRte ppegTy gl with an
e 5 SO S S i

reguddér2@6@TY] seqendes mbtwatuteltynassoviatediwih the\muckctc acuhhellewle to be

r esi nce to the ornithi ne decarbox nhi bi t or, .
xpigSSEh T ﬁewﬁremlgyl TPmei Bf aneeRO APBiEES Y Bk S lclcotide
v/ -] |
sequbilot ahbthot HEREH of RTBLFA) mgﬁtﬁepf%ﬁs%ﬁééﬁﬁfﬁiehﬁ%w be

a sed\eped thiat dousols expre&s;mn offanetherqgené within thesinetspenes (fa example,
| asticidin i osci. Bi ot echnol Bi ochem
AULOKIPOYS) 9F Ca1H enwggu %& R QBRSO SEFIEHRY SraRIgy
heteMl‘& o‘d?)‘? those t hat confer herbicide resistance, for
ex e, phosphinothricin acetyltransferase gene,
[001817] Cllo detenharesvitetist s patatiee rtegulptbgs@lmtrnbset]ueme is s{iifdtile, ehefutative
et al., Nucl. Aci ds Res. 18:1062, ]1 Sp encer t .
regulgtory copielsequspes is litkaddp a nugleig asidgnolec e@mca y %{ICH&S&rﬁmtem

R L P TE S0 Bo pE o o

algaltd oahief orgaibialbectaalad $@¢hﬁ1hﬂé$€andwhpre§$1dmhérecﬁf3s monitored. For
i m dazolione or. sul fonyl urea res| st an Lee et al
exarenlsofﬂw mcleizqeidupolgcule emayes afdogminanh sel G5 maikgy, dhe alga or

orga gIIstl%o eefglﬁ%j%?qgrltyg @B@? 'gf@ysﬁxgggg%se%{ce @{ a con%o%ﬂﬁ for which

thelﬂﬁxikbm@i?ﬂésyﬂéslﬁta@%n oxi dase (see U.S. Pat. No.

5,767,373), or other markers conferrln% resistance to
[00183] Ha serne Fases, g uegilaiery pRiFe) Spaignee 1S sprasaatenpush ah @ REJROter
adaﬂt@d: foy ?%re&%m?%%h&%t d%%% &eﬁ@et 1nca%f1 %rasc(él a'.i]ylﬁll %tﬁ‘étlec organism.

neo cln resistance

exeh@ev olid grometet fagbd ab eltgalqsrmbueﬂ dor e&ﬁmplélals Hes&nbed in U.S. Publ.
resi stance for pr okargot es su as_E. cai

Appbﬂ%qsn%QQG{QZSMa@dﬁQ{)H 01@111%,@@@ &t Hallmgngy g)’wégqmchlant J. 1:81-
98( Z)ggﬁg r%imortre"?tntfa?'tbreeaxcﬂo?%gg C]I?e%{%gr&notgpor a nuclear promoter. The

rrcin, spec

proxﬁMExf lﬁaﬁﬂﬂ BEl arg@n@yﬂoﬁ@w |0Hﬁ BPorbMdies A B6iRe erﬁbod@ﬂnam She synthase
(see, Tfor exanple, Maliga et al., Methods in Pl ant

is opvdpdbdy lihled tBitel ERjyq g@el plorSpter. hgothkfaenidwdirhets thet synthase is
page 39). [00196] Reporter genes have
Ope@@éﬁ‘ﬂﬁ‘n‘i E%Plﬂr ‘90"8§ed in chloropl asts of higher

[001@92% SoguBi c&{t&;@ QYRS h&fm 6 BORIuRaH a PAREPMocations,
expressi on have en reported. In addition, reporter
inclyding for e;deﬁnpm czﬂmg/aﬁ&ﬁmaodaﬁzﬁfegﬁﬁﬁ Gmer‘AﬁélaIGd rdgams (foe example,

used int Ior | ast of%dC relnaddt & 0
regxﬂ%psg%ggé 01@1 ?cq I'g&lﬁ% %)fmtrans ted regions (for examp €, regions

downstream from the coding region). Thus, in some instances an autologous or heterologous
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protein were produced. Reporter genes greatly enhance

the ability to nonitor gene expression in a nunber of
wher@bosg2erl organi sns. In chloroplasts of hi ghp€T/US2008/076716

pl ants, fi-glucuronidase (uidA, Staub and Maliga,

EMBO J. 12 601 606, 1993) neonyci n phosphotransferase

seque gt?eo oeé1 (§e la Zéln]S or mmore

‘%@855) ‘é&%%%@;}? ad’&?yPH s¥2 A %85%%& 59/“% &

and t heAequor ea vi ctorl a GFP (S dorov et aI - Pl ant
[00190] For exyanple, dn srgo@Rbddiments agegulateny catrolspicnes cagsamprise a

CyclpidilaicFirtice ah Gl b iR izne SupRaisris ebdrGh CpBpieiiste ora

Cch)fte]ﬁerﬁftl%’ h@sl- (Q@f‘@arﬁd%@la% §'h91'&ans%i€d"re§§laﬁ)?ys€on%f()l sequence (U.S.

anal ysi's, sensitivity, "or the abil to 10 exam ne
Patéiqoﬁ,éék,l)b?) in situ. Based upon these studi es, other

ool SRR B o S e T et M
such 4% rbt@ﬁi'ﬁ@sdr%Aq 3S(ha2 Efﬁnﬂftcs engégsflﬁ{ &t Hé%r&lsgc?tﬁhﬁﬂeglde%equences

I nsect her’bi vor é ota et Proc
and Broiteins. Ofifer 9€pulaBet corit SequeM@8 inchale ahtofo@ousintren sdquermenthat
(Staub et al '\%&85' ot echnol . 18:333-338, 2000), a
mayrjg@ngﬁtleltrgps laficmaia PBAUS SPqUEREEy or o] reporter genes
(00133 TSRO BT SefhaicR el 26 P B xRk oD herpin may
be ifduoiblis hiﬂmbtﬂle@lﬂ&tﬁmﬂontrblmhuené& sizh aRpomolQs,4888e #id8&ble by
1991; Zerges nd Roch
hgh&ior@z@splsg&%u afayy gyntr .S%ﬂaeenf(esm@aﬁkp&eéw@ﬁgulatab}eo Examples of

o) oy O P bR,

exathple] éndogeneud MR KereBtor 8Y the pibduct ﬁiﬁduce%& die organism. In some
262: 421- 425, 1999) and the am no ycosi de

instaneess Hhedesuenyontel SPﬂWﬁ?%é!lWétedB%}@ﬁ%‘? DY ELERIBPROUS gRfRhdIther

1nd@%6%$%§rgg%§ S04 15285k 8 the MRland f529 be N P ic RO

n sonme 1 nstanc ors MA

[00193] t\airibus bentinitins UElhe ae‘guaitbrﬁcoxﬁﬁdl bequendss deseib&Miesdifithay be
or | 8| n of replication, Such features, conbined with

embaéys opt F‘&lﬂéﬂ@e‘wlé]@: ptap featiies Kescabed hareindg spiae casss ap exprsysion
VeCtB rr? rlse one 0& /more Peet oY ! Qﬁeo Al &ecte%gﬁ?e?z%tlv%@ llnkgﬁ]g) Jﬂl%lcotlde

eas
seqxﬁ:h&;ﬁ énlchmg & bolypéptida e 6@6&@ fof eR@fiple rtqyeg@ldt@\@réductmmﬁ
25 conveni ent mani pul ati on of the features of the
prodpgtdeseribeg dieredk Anjrmee cages; @ae&m@ﬁommtm@mp@mw 9F Fgre

regutl Egré/\r/cggt%r rsg%u%%cé%ufpgrtﬁh}z 5 ?%uac%t}{fé ({/%ﬁéee %géx%uqé a

polypeptide thatetfe@s, fbr ex@ble, uﬁ@@llaté dt&:ltldn 604 peahad using
routi ne methods, and exanined to identi y vectors

[00194h t A vedtergr ather resembinant m}@lﬁ@tarc@dno efule megnelde appcleotide

sequencéen%‘cgdmég? F?g% }O;?or ﬁé?@e g Otlgtlfl rsélec?abé%rjtk@fj lI%E ‘?c%n e orter” or

rec agenest s O

“selbdigbl ShhatkeBaefetto raqiomu@lb@tmel(sxeencbdbarpog@aptmwﬂﬁt ednféreng

and sel ecting vectors having a nutate ol ynucl eoti de
detegfablephenase. AAepanier g¢r@raﬁef@n@ﬂde$ hdefeeiahie B@YPMIdgcfmmp e, a

greeg&} OH{) %e‘nggﬁo?el | %he!n%r 28 ls@ la iucn 8ra§g ?vh Cf:hawﬁgll go%%%{e]dqvﬁth Lpn

presse esired, 1So

appRPESE ddig d&r@culdi‘&&d%@l@ngtﬁ@f H@t%@ﬁ&it&%ﬂi&@ecﬂvely) generates a
ppP?:T/ US 008/ 076716 [001981 A pol ynucl eotide or

signaktbatraen ha detectedbeexe o epiag apprepriateinsEyRenidiond Ciasamine &lant Sci.
116!593, PO S cikantha, J. Bacteriol. 178:121, 1996; Gerdes, FEBS Lett. 389:44-47,

1996; see, also, Jefferson, EMBO J. 6:3901-3907, 1997, fl-glucuronidase). A selectable

marker generally is a molecule that, when present or expressed in a cell, provides a selective
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chl oropl asts using any nethod known in the art. A
pol ynucl eoti de can be introduced into a cell by a
we 2000089200f net hods, which are well known in tPEI/E§1008/076716
and selected, in part, based on the particular host
cell. For exanple, the pol ynucl eotide can be

sk ot i) @ B Bt cobinipg Bt e, ARty to grow
in tH¥ RdsLRIcQIf 8f bpdne tHAESthatast wdudd Rillithd &) transformation
using a particle gun, or the "glass bead nethod," or

[00395] posdlentablemaiikear e provadess meanatté obtain|prokasyotie celtsdir plasticells or

vor %50 i AT 8508 GRS oF vosor e
d i P , Jimi
et o) oA bl ke IS B g O mited v
thost @811 fonférnfit@tablite Risestnce] forexampler dibydrofoldts reductangs which
nd well known nethod for_jntrodugcin .
conf3Ey gsitiaicedt PRORRIAR (ResS oIl Fiof it S5 ide 13443 1¢9.4994)
neolj3)i g Rhoeyg tecinyonftey R an 0 o iRk hogyein
kanghycni8aid pasabycii Gbetiera- Estrells o BOnbh 298 ToAS,sl 98 ) hygrophiash
ransformatjon involves intraoducing_regions_of .
com‘t@hs' TEHYHICE LR kymyqlp Mmsh,gnge(}g'ﬁBQ -@35 nl?%f% gppq‘é(hlch allows cells
to uEARIEAAEn e RS propin; BIOPYAIR o FEATH] 1t ARGAC ih Bhce of
histidineHam®mam Ftrad Medl. darl. 5a., USA $H8G347add8kgnannuss- @ phosghate
. sequences of chl orop].ast genonm ¢ DNA nay be used.
isomggasg avhighy alloprs cellsdo “El&?erﬂlam}?ﬁﬁ QYO SRE002); pratthing g?%moaiglase,
.46 i ) '
i S B0 A R BB LSRN SR b0
omidenSOFMO eMoBoKegr, {987, In: @oatatrCaimadicatiohy mMelecdir. Biology,
Proc. Natl. Acad. Sci., USA 87:8526-8530, 1990), and
Col¢ 8pringdarber Laboriary ed );20d derrmippsedram Ainessidvoerainy ¥/hichiconfers

. r vV 1.0f Xi e} 0
resi ook FOBERGNGIRS (ARRURT B IR A1 N AL SRR AT 8).
Additichabdelctible rdtkérh fRluda thdse thas s fdrhetbididodsistand, for example,

pol ynucl eotide into a plant_ cel|l chloroplast (Klein et
phogphinotheein gestylipanstemsy geneg whieh confis sesistance tphosphinothacin (White
M,cr opf 0j ect il i ol d or -4 ungst [ Ll
eGSR 60 UREDESP RS 1 FhAS g 58581, 100
a miRteREANPVagyinasd)wthichCahfers gty sHdk Q¢ tedRtansP@Iinthde BEalQr
_ &%I yet hyl ene %Iaycol . The mcroprojectile g_artl cl es
Biokachnoded 1} 15t B, H98hiaghutaaeeiolapiels sxnthasgnwhich senfers

.. Usiing a deyice such e LAl G R 0
iR P G e RBh  al FUPO/ 7 TR PR Lo  mutnt
psbA N@hich EeHTert dsiBRintOR ddring (Sthedaicsill, Plae Fhpdsl. B0391MeI 117, 1993),
known in the art (see, for exanple; Christou, Trends
or aimtgmt gratorsephymicegen: axiRsames USoBa) Nond, &6 b ether markers
di ated transfor 1 Qn.has , Le,
confT e L B PR S BB Ry SeiPRfe ik PR

polyni6lesteics that Ednifé@dihydedTalateGeduct:®é (DHARPoH idoR9eih aésistdide for
papaya. crops such as wheat, oat

. I@gfortant‘ cereal )
eukyzioticesells sust tghrenycling) ampicillin gasistanprifpe prokaryotes syebias Ereefi; and

usi ng _m.cr opr oj ile ' Lv.er e .
bl PR PR MR RS o oo bR by @mycin
pho&pbiiridiridih, petitomPéin, repdriycib Ddonamide and sudfoaflareratditance in

of nost dicotyl edonous plants is possible wth the

plantsfsers flor edemplei Maligags al.dMethods/ipPlago Yobmglep Biology, Cold Spring
Harggﬂayg%%%b%gs? q §§5, page 39).

[00196] Reporter genes have been successfully used in chloroplasts of higher plants, and

high levels of recombinant protein expression have been reported. In addition, reporter genes
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Transformati on of nonocotyl edonous plants al so can be

transfornmed using, for exanple, biolistic nethods as
waele®ensred above, protoplast transformation, PCT/US2008/076716

el ectroporation of partially perneabilized cells,

i ntroduction of DNA using gI ass fibers, the glass bead

ita et
havél jeen él%%d?lrl}é € chli]or? %s&g)gﬁ'cryem mﬁ’{/ tzé et?urt], ap (Lenagéc s very low amounts of

protéﬁl%e@@ﬁﬂéﬂﬁﬁedoﬁeﬂoﬁ@ %diksy SrefitBNAhBrcelthe dbilg &b ﬁoﬁﬂfﬁrl deh®éipeession
resi stance genes W dom nant sel ect abl e marker,
in a npberdif bgalogml organisme. Inichlerbplaststof bigherplents, 4 glacuagnidasa quidA,

Stav%dang g%a %b?f !,3 gﬁl%ﬁ%@gg %r}al?e'g)‘%?yglfg) Gl B‘alggefr?se (nptIl, Carrer

et aldINBISGON Fever 8514964 Q%S)Qa&ehéé%-ﬁ%&%ﬂﬂrﬁﬁf I Re GABR! S¥db¥and
required to reach a honoplastidic state.

MaliggapBroenVati. dcadleYcofU&zk OPI13917 HQ%\); and tihaﬂeqsuaraz victoria GFP

hl I f
iy R, o2 RERTE oG Sl ol s FFIBHET
BiodiEhi £2:453-468C2GU0RIRMOPIEscAchesaB bffods that e il eful

l'ocus of ~1nterest are substantially i1dentical
repdPlesssifichlosoptasegaie@rpressivmkiichias gasaef amal wsis, sﬁnextllvéﬂ dpyhe ability to
honDIo ous reco into.all .of the sever

r%ﬁn ti o
exaipig GSBRTUEL pod HROn ARt PGS BFIEEP?tBYOI"@B%?FQtemS have been
expiebed ilthe cﬁoﬁ@%tsmf ﬁ@i hilts such Iﬁ?%aémlsaﬂl&ﬁﬂﬁei%fs ¢ 8oxins,

PERGr mouS o ant age 15 over
confetmigeramstmcp tessed hgbmesest(ﬁotaeet ali tPrezx Platls deaan S¢ie VEUD6:1840-

N N S 2 TRV WL R VRN
potekﬂﬁalgﬁ(?% ?utmél 'S@Hr&lq it O%fhae ﬁ%'ﬂ%&ﬂ'@(ﬂres@ﬁﬁh%@chloroplast of

ecuelntoac wher er'n
the évkanyotic preet algaiol. ebieha@dlit] imobidigy dadAi(GoldsdmsidaClefmortt Nucl. Acids
Res.?l{-%l %33%19%}@"16 ;e&gé ﬁgi 1%”%8@?1‘?4 fcglgleB?%tol fO5POYPRRY, (A

t t
SSEIELRED SoA IS0 1060 SRS TNLYSHEL L

Bzomgnsmol (e 1999nddeﬁﬂla3mda&mu(mmkpei AP ANl @e. Gerat. 262:421-425,
anpl e, several  enzynes in a drocarggn product i OﬂAé

199 kAR B ARy EBon e RSaB PR R e e dehgtoBhery et o9
(Bat%}é?aﬁaﬁ(f‘?ﬁn&r%?‘%% Cf?%s’iii!oéPXuP? onzye in the
pa 2 pro ude

once are proximity to the

[00199K tIn 8Oy iRtahies] the vpasdlwal cordin [el}:ﬁiéﬁ&] sudtods an E. coli or S.
transformati on of chloropl asts, or benefit herein
cerepisigesaigirnet reRliontion SHeln eaires, coptbiasdistiHapprapaleapleciablp markers,

allo&rg ?orttﬂeu\?ecto\w& ISJ]‘ Sﬁl?'&l%(?; &?wpe%ttﬂet' ﬁré? L(?S? Eéﬁﬂnﬂ tﬂ%e{%&'ﬁaﬁeﬁﬁ/or

yeaét bél[l S[fh@ ramty t@fpaw‘ag@&l btttV ed ok i 4 &cﬂ&fafphidﬂedlab yllow for more
co-transformation of chloroplasts with two

conyepipst maeipylatiomel the fratiresi oA gheestor dor BEATEDl brdiTRastion e
cont%ﬁﬁxggﬂtﬂﬁ ?é?(gr%n? gp%g%?ﬁsg‘?eﬁ% g}l agotid@g Sf&l‘ﬁfe[‘est éa%l&%%%nned into

rans orrous an

prole@yiseiRash gelfsatuctnag B. icph eniptifis® arsd collected usm@ﬁ)utmmﬁethods and
required to grow sone transforned organlsrrs

examewé tigently vaFters cORtAMITENIBSFIHT FORSITUE D $Ié¢ré%tnlé de%flhthe vector
can Il))? gusrglﬁlslz‘l 0%91?%5 itop&a?ij);lee %& %Qllﬁf‘lﬁ%%ﬁ%r y gl g{u?:{gettlégﬁ of the

insepted polgimicieoside, akdm agginfadiplifyisg @elvelesiing wctarahavingsd mutted
performed by Southern blot (see, for ex

l e
polynagleeistead mierest48shuttla geapyn tmpbg gg(p_@uccdqgto plant cell chloroplasts,
wheretl k B%ngﬁfdg 08 fitGest can be expressed and, if desired, isolated according to a

method.
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[00204] In chloroplasts, regulation of gene expression

generally occurs after transcription, and often
wa@lenonsp20r ansl ation initiation. This regul ati oPCT/BES2008/076716

dependent upon the chloroplast translationa

apparatus, as well as nucl ear-encoded regulatory

[OO@E Clg éﬁlyﬁ&c@%ﬂ?@ 8}(’%‘7(3%&%% gﬁélgré %alg'sn%lg: Ms introduced into plant

chloBeh 1 Btushiplany 28960 knawiih@t}rérahor\q;@b&na&lecstr@waﬂx Bé inBa@hced into a

apparatus generally resenbles that in bacteri a;

cell b Iao’ﬂ@m’ at msthody whaghrprg well kn@mmrrbeart mrd,selaefRRiNg perhased on

ET T T R S e
usm'é% dTIQ@t' GtrarkP@ hethcNGch Esaél&Jtr%bdn‘aﬂoﬂ &r thitkiphdjé@ite mbdiated

| oropl asts and in bacteria by selective agents such
(brohstwc) hansfenmatiomiging a par€ici2@Bi, cddiesglnss benad snetlodieerdryi fodlen-

me EHERBO R o CBReAiLb RESorRAGdr: FORREOpD e wounded

O Y UL by P do PN it oo callus

(Poﬁrykup,IAamt Reh Pbme Rhasivls Plane dol Bid, ANS-225%.0 D).

100 R 16501 e orbon oot end g TRk gr GCbigne o
polygr%rwfd%tlm% 14 cap&%re aafrf 8. pdtalost 51%10913/@%&5 3¢ Sind

0 not pro roug ar conpar nen S
5 545)&18;:%40 95/16’78\3eM$de©9t aﬂloszreMztl deed eSeps BSA Od: 7Bﬁbﬁ$@15 1994),

15 nu ar ref qre, e nhot .subject to
In serag e ﬁ?fie 15'6%‘? foa?rﬂr%fr oy v Pt IBALIEREIqEs Of chloroplast
I 1
DN FHE3 B8 muliSortidSPauch Ay R B8 oo TRk BOrRb i of the
exo mnuszNMp’@dhetirge@ cﬂieropfaetcgmade vih kéroel instneds one to 1.5 kb flanking

nuc@%‘iﬁ%a@fg%??@t éﬁ@%&nl%%é%@%&w Oozgrﬂ%lg rSatgeggi goint
muthtffrs §the cgfakog,gagf’enc s é\ﬁg%@{ps gl ed Rwh?&ldc%gf ?ancéVBSt

am no acl two~ or ‘nore erent

spedtiegetianad a)epﬂﬁﬁ}mm ,catﬁb\ﬁutlltzedl as s&iﬂc’tabfe&ﬁﬁgﬂs f(&drahkfatmatlon
vari ous o&g snms utilize certain

(Svahretpbrirpe %Aé%é% U%éh%%ewperﬁ%rang6%&?8@%@@@“@
horr%véf@la%glca&aigfohﬁanlf%l OA fidheh ggx%&%?zhag‘pﬁe 100 %gl%fa&ra&ggts of

erein as ropta n usag

tmgaﬂan@hlanydononas rernhardtrr has been reported See
lication_2004/0014174. npl es  of nuclerc

[002&(91 d\élcmnf@ertﬂg miedigied drapsfarmstion 9h9 ﬁ@t b%userir soyipieduggiach

B RESEA { AgE) BRSSEIRISL B AR 1

metﬁmuﬂrzeemlo(wpaojtehﬁemglans gord br tangseén, ehichhaee axewderiﬂerhwaesned
i sol ated) may be about 50% about 60%_ about. 70%
po m@e@@@%prmmw@ vithselchnyehleridesinegmiginetos pelyediisne glycol. The

[
e QIR o MBS BU R T 5 Y o
as tﬂamamsmc lea@eoi partivle €ln (Bleliad Her@ll&rEaley: Methadscfbﬂma
neans that the sequence of a_ 30 codon in

tranpigration usg ibipdistiameadyare weh kaewa inche et dteey e e Ghaistou,
T; rer?cﬁén g?‘@&s Sélzénc 56‘93 f‘%}'? ef@%ﬁp'i{[uen%lpra(%f %cgﬁcltlpﬁ%tg@{r%?orﬂﬂh&bhas been

used; iﬁd)rfvxmmbhsﬁosgenékate polayiew of eadsgeltic plaat specied) irkhieithg citon, tobacco,
chl oropl ast codon usage can be synt hesi zed de novo, or

CO"b Abridhpopdas ged pansye- ﬂmﬁaﬂm cergal sEI gUshoAsTheat patc balsy nigrghum
altsg ﬁ%’b%gl’?ﬁ‘?xhsg(gﬁleﬁ gﬁggh?a e& egtﬂ%'n]re%mté?l' eﬁ%rﬁgD eﬁ al.,

agenesis ne or nore codo
Natitrléalot‘éﬂey4 4046498, 4906} Shimaxﬂ&o Curr. Opin. Biotech. 5:158-162, 1994). The

transformation of most dicotyledonous plants is possible with the methods described above.
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WD 2009/ 039201 PCT/ US2008/ 076716 chl oropl ast codon
usage. Chl oropl ast codon bias can be variously skewed
wo poodiosf2er ent pl ants, including, for exanpl e, PCTIUS100%076716
chl oropl asts as conpared to tobacco. Cenerally, the
chl oropl ast codon bias selected reflects chl oropl ast

cP - US ' ' | f
Traf ARSI RoRlo R Blnl 1 Do B GFkfifimed LAE 6 e
biolistd Mo dsi deb@ibed gbdvesirotoplast thansfotmdtion| éledtropodiion ofwtally
is biased to reflect alga chloroplast codon usage
pernfeabibiged Gells.aotradpction @stNR using glass fbers,dbroglagsdsnd amigtion method,
d&%i%08] Any of the products described herein can be
an &red by transform ng an organism to cause the

(00201 PAysistRRativn Betubn@ BAMbSHtedsel B rdplemeit-of Aitessive IRNA or r-

organismis considered to be a photosynthetic
protein gntitiictin resistAndefgenestwigng daminsntiselactable markeagneludisg, dut not

i A i i
199RCAfprokitnakddy €5 t5ZD delllddvisios BYtEesTOINGAN D Grars firhati6h Bre fgle:nerally

required for photosynthesis). Pathways to be nodifi ed
requjred RO®jchTHmepbastidis istate. ités apparenhioronk of galh incthe edhat a

tide(s) th : h i f
chlof RSP RRL PSS M e O i atniico Pl OISR | ves
“horg{)?lﬁﬁﬁc’%ro%lﬁlb laSlRy CletPefd the Rath Whelell opfes 6%@?%’:;?;1&“8&15 of

pressi on vectors can encode pol ypeptide(s)
inteestanoiubstatteallyridaiticli Rlastilfexpressonyiniwhick genes asdosstrted by

precursors, and.derjvatives in the jisoprepoid. pathway.

homplogsaypoqraipisdniaell obiesE e anuied Gplea ophg gt plastia
senGih ORI £1YGE PR el eRlsl vk B BRG] SRR P antage
overanelebu-expressedogenesoipesnit Spressiol develsriks can wadilyassedd Yo of the
dil di %6 of th

by t he nunber of isoprene units, such as hemterpenes
total selble plant ptieiier penes (C 10), sesquiter penes (Cl5),

[002?&%' ?&gﬁglspoi S,taer}n%%ﬂr)]&ege[ ( %ﬂ \Aﬁo er elynmﬁrﬁcﬁ,lfcl ergual Itlaélt nucleic
acidavolepubsintra ¢Hi@opldst) whékein pleenesonabvirant hydeio aeid mwiecutehatludes a
can be npdifjed (faqr exanple oxidize nmet hyl groups
firstpatypyeentide: whieh gpeodessat leagrqng m@@@@gﬁf Peie g 2 Ay gy moro).
d (Y . |
s GHARERAAL 50hide S REPD R R SR B B, s,
sixtiyebventh? BighthOzihth] teheér e e sibisequentsml ypeptide. Fooexghipld, severl

generated by two pathways. The neyval onate  pathway,, or
enzygpgs, iwa AvdreeAreanspradysiion nathway Biax pa Hakedgeither diyectly oy fndirectly,

suctf ORIt Mo enr 01 BOBARIAAY, RUC AR AL close
proximita kotha hextpazyineivn thepalwayl. t er nati ve pathway to form
DVAPP and | PP, The DVAPP and | PP be conde seci, to
[00203} Hog &rprsigrmatipn pbderaplasts, @ppajor l@pé%ﬁﬁgqm ?ﬂ”&@dﬂ%‘&ﬂ' ization of a
e 3 OSRa
recoB 0 n g LR AR B ¢ lstabl masken gng e or more
gendsST iteree ST i €al iy otk ari thrm b2 Thlofeplesksds parforoed b co-transformation
herei n may encode pol ypeptide(s) having a role in the
of chigtpplastatith tyaroRmHEIctssPRerFortginifgy selsciably Taarkenqng asegon
cont DI B4 e SNG40
condumiag fon atudtifle pascapitisphiad ttme required to grow some transformed organisms

(0=

is lengthy. Second, transformants must be screened both for presence of the selectable marker
and for the presence of the gene(s) of interest. Typically, secondary screening for the gene(s)

of interest is petrformed by Southern blot (see, for example PCT/US2007/072465).
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50 WD 2009/ 039201 PCT/ US2008/ 076716 decarboxyl ase. In

ot her enbodi nents, the pol ypeptides are enzynes in the
wmorwsdzal onat e pat hway, such as DOXP synt haseCT/DEXP8/076716

reduct ase, 4-di phosphocytidyl-2-Cnethyl-D erythritol

synt hase, 4-di phophocytidyl-2-C-nethyl-D-erythritol

i - C- et hvil - it ol eyl odi

0024 5 ool e 1ol Bl Son B 9 AR BRRE on,

and DRtEEEiHHeA 88l RIS Riatibl) ABis3bgl 1t odti @épeh it gﬁlﬁﬁﬁe cldéroplast
expressi on vect or may conprise a nucl eoti de sequence

tranglpieand] spparatys orsyprilasingelerrenapdadg e atenyi factpradserddarkan aad
Go@f;h@ffgfgéeerﬁgﬁ b@g?@%@fs@@%?g,%@ggi&%gOéz%gl;‘e%gzzsﬁ‘-go1, 2000).

The%Mmfd'iﬁ‘a%?traﬂsﬁti%@éf%{)%ﬁm?@gén_@ﬁﬂy $eseinBRs THalinRASRrih;Thloroplasts
botryococcene synthase, | i nohene synthase, 1,8 cineole

contain EPrribosenags; baveintRINAs thahlabla §'eaprandigenerell s§nndtaentain 3' poly-

- sahi pene synt hase,, jmr cep \ bi et adi ene, ., .
seryHioc 3 s ST BTl Kl 0013 5D, o FerSlsfin & hibicea
in cRYRHEE Gnd AITACREBABY 8416ctive Y PiRAR8h af EMlorBmBh&RRP! ene

synt hase, di apophytoene syhthase, or di apophytoene
[00205} SfomeasethodsEx degetibed lefreis yake hdemtage ntipioperi positieningnf & s
., are described i le 2. Table 2. Exanpl es, of .
riboe HALEE gRHeBES) SOh SsBe st oging Saiieh It K ppsviatisly been
mot R e KR0S b BB 8 pRA ARG flats (s
U.S AR 0h 208410he1vd, Bcorpbatediheesin lsy Rf@aR6)] 8nd Gt mdypeptides that

randi s AAB71084 . Abi et adi e A grandi.s 871
an adyapiage of expressing Ko ypeptidss %estﬁg-@?o‘%theg)gfxpagﬂcgeég%t

i . .
T
nucldarsgehe had thefeforepiare ust SuBJeS-th Stitdih pegpitrand]atioAAlRO8H fiGations such as

GPPS: SSU M spi.cat a AAF0879 GPPS A, thaliang CAC1684
glycepiatian. As sichnthe gplypentdepasipotepmpnplexeyprodygsd by o methods of

the invention can be expected to be produced without such post-translational modification.

[00206] One or more codons of an encoding polynucleotide can be biased to reflect
chloroplast and/or nuclear codon usage. Most amino acids are encoded by two or more
different (degenerate) codons, and it is well recognized that various organisms utilize certain
codons in preference to others. Such preferential codon usage, which also is utilized in
chloroplasts, is referred to herein as “chloroplast codon usage”. The codon bias of
Chlamydomonas reinhardtii has been reported. See U.S. Application 2004/0014174.
Examples of nucleic acids encoding isoprenoid biosynthetic enzymes which are biased for
expression in C. reinhardtii are provided in Tables 5-8. Percent identity to the native sequence
(in the organism from which the sequence was isolated) may be about 50%, about 60%, about
70%, about 80%, about 90% or higher. Some vectors comprise one or more of the nucleic
provided in Table 5 and/or nucleic acids with about 70% identity thereto.

[00207] The term “biased,” when used in reference to a codon, means that the sequence of a
codon in a polynucleotide has been changed such that the codon is one that is used
preferentially in the target which the bias is for, for example, alga cells, chloroplasts. A
polynucleotide that is biased for chloroplast codon usage can be synthesized de novo, or can
be genetically modified using routine recombinant DNA techniques, for example, by a site

directed mutagenesis method, to change one or more codons such that they are biased for
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51 WD 2009/ 039201 PCT/ US2008/ 076716 FPP A. thaliana
NP 199588 FPP A. thaliana NP 193452 FPP C.

WO edopzmat i i EDP03194 | PP isonerase E. coli NRCHUFSBEH076716
| PP i sonmerase H pluvialis ABB80114 Linonene L.
angustifolia ABB73044 Mbnoterpene S. |ycopersicum

chlo’gﬁ%ggoﬁq%ln élgre%r A‘Z@gﬁg’% 0%291? 81?1 léz{rngﬁr#ema@ﬁysg\gﬁ%%ed WY BiPRAG plants,

inclANYD $0iGRamé! @ee loroples LsAombarkd to Mﬁ&@ﬂ@eﬂ%rall@blhes
AASA7696 Myrcene, ocinene A thaliana NP_179998

chloggplasteason ias ﬁdﬂ@edmﬂmaphlamlamowvwse of5he qlam whigh jseing

eanGprm Qi e BT A B oK BRI AT na e BT Tos, the
chloRSHAHES R R 1s°b1a§et1% teliea dﬂ‘%&aﬁﬁ@;ﬁ@st cwnwgdzﬁt 74.6% AT

cablin AAS86319 Farnesene domesti ca
b1astraith¢élsle(h@)d@anat1¢n)us AAU05951 Farnesene C.junos

o A R e 0, SR e SRR 084 B

to cade eI prGfuRESIELy such B?éahﬁﬁhébf R pkd@RE An SIS h%ﬁﬁdered tobea
GPPS- LSU+SSU fusi on Ger anyl geranyl reddct ase

photokithetio argdrisi/ees if a ttwsfmyatgmream;tldestﬂxj/a ot émemsiies the

phot[roeI har g%q!?q ll@bpgtilg gns (%thﬁ Pﬁ%ﬂi}m f%gq%%iwgl %z)geg%us nucleic acid
is insdHRldi A0 PGB8 g 2 Photein required for photosynthesis).

Pathways to be modified

[00209] The expression vectors herein can encode polypeptide(s) that promote the
production of intermediates, products, precursors, and derivatives of the products described
herein. For example, the expression vectors can encode polypeptide(s) that promote the
production of intermediates, products, precursors, and derivatives in the isoprenoid pathway.
[00210] Isoprenoids, or terpenoids, are a group of organic chemicals related to terpenes.
Terpenes are typically derived from isoprene units. Isoprene units are five-carbon units (C5).
Terpenes are classified by the number of isoprene units, such as hemiterpenes (C5),
monoterpenes (C10), sesquiterpenes (C15), diterpenes (C20), triterpenes (C30), tetraterpenes

[

(C40), and polyterpenes (C,, wherein “n” is equal to or greater than 45). Terpenes are
hydrocarbons that can be modified (for example oxidized, methyl groups removed, etc.) or its
carbon skeleton rearranged, to form derivatives of terpenes, such as isoprenoids. Isoprenoids
include other steroids and lipids as well.

[00211] Terpene precursors are thought to be generated by two pathways. The mevalonate
pathway, or HMG-CoA reductase pathway, generates dimethylallyl pyrophosphate (DMAPP)
and isopentyl pyrophosphate (IPP), the common CS5 precursor for terpenes. The non-
mevalonate pathway is an alternative pathway to form DMAPP and IPP. The DMAPP and
IPP may be condensed to form geranyl-diphosphate (GPP), or other precursors, such as
farnesyl-diphosphate (FPP), geranylgeranyl-diphosphate (GGPP), from which higher
isoprenes are formed.

[00212] An expression vector herein may encode polypeptide(s) having a role in the
mevalonate pathway, such as, for example, thiolase, HMG-CoA synthase, HMG-CoA

reductase, mevalonate kinase, phosphemevalonate kinase, and mevalonate-5-pyrophosphate
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photosynthetic microalga species can be genetically engineered to produce an isoprencid,

such as limonene (a molecule of high value in the specialty chemical and petrochemical
industries). Limonene is a monoterpene that is a pure hydrocarbon, only composed of
hydrogen and carbon atoms. Limonene is not naturally produced in the species,

Chlamydomonas rheinhardii. Production of limonene in these microalgae can be achieved by
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exis@x& @h}%{h%ﬁ!: &th&g}?wﬁﬂﬂnstﬁe 5&%&95, eiter With G ROFHYOH oF in%l;eaﬁng or
allowing the production of a molecule by the photosynthetic organism.
[00223] The methods herein comprise selecting genes that are useful to produce products,
such as fuels, fragrances, and insecticides, transforming a cell of a photosynthetic organism

with such gene(s), and growing such organisms under conditions suitable to allow the product

to be produced. Organisms for use herein can be cultured in conventional fermentation
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| ong quartz tube 20, capable of w thstanding

tenperatures over 1000C. The quartz tube 57 WO
wQe®9/0820201 PCT/ US2008/ 076716 is equi pped wi PET/ESIYaF076716

inlet 24 and a gas outlet 28 at its respective ends.

It has a fitted disk 30 in the center which is used

vk FLBRRG B bR o D BB RBSAR, R

conthﬂleuzf featiémors tRurther, thely tmaybeRr@eein photobioréad@re@ene tximple US
at the tgg all ows for ags;%érlnge i njection port 50,
Appbri’elblah@t 5020055 3 SoPait Ne.P, 518, 1ok eU So PatoNpi 6083, 740 Cullyring

cn ERE il OBk, FGERSE, PR B TR e B

is carn@dddut 80 t‘éﬁ’lp&’faﬁl‘t‘@ PH @ raﬂgg&%heﬁt roptifte @608y fdcSmBiRant cell.
the Oring. mai n tube 20 can be placed in a

Such awriag cmﬁnm@ ereamezll withig tgeexpentiseolanetof ordumry ﬁkﬂcbnn the art.

attache ure | Spa sch ram
100330 Mot Srea iAo v Bpt 8 By Ao eases
hostfolrgith ﬁﬂ@%@@@@(vn%eﬁ%ﬁdn@lrprgmubﬁ plaX3iof @ih'exy fa@i!19¥d &8€gions (for
through ‘pressure and flow regulators. The 1o carrier

example, ditiesylsiglvmays, ethpgengrating €Qxnjesichahe pmthtods bisein cotemplate
tube, .over t cat al yst .. l e, .and ino he. trap. .
busifet et B sl af P SRR B Sl At it &Pipgons
genér&tﬁxg@?x‘vﬂifetmaléﬁ’g %1S|b¥%§owiﬁgbh9%bﬁé of Hﬁ‘ﬂl&ﬁ'ﬁemgﬁrﬁérﬁ‘s
reacti on atnosphere. For exanple, the carrier gas can
deschibedhiedréin mearrthe ethanobpedudtiongiant.at nosphere), hydrogen
uc at rms her e or Ox oxi di zi ng
100235 SERRE LS ORI Atk b GFovg H@Oﬁwpﬂ&évaﬁ%%%ai pRndsyfhe
Cocea‘?lnééaOtflvetré1 SatkPsids Shlardt WR@P@ [foW £00 ?I( %s@x‘%ﬁrs etc. When grown

tenperature prior t0|ntro uctlono ses
in wates ¢heanpanishhsecanda comtained intr Imkghke ctbg;edt tmnprdmg ofdego-like

reaction t eratu ina fu
Paﬂﬁl?aqm’heﬁaa@soeb% ?%m(waw B RaRdt e qt%ﬁ%fwater
benéa \Qhﬁefléaee{}lhg‘f’l"ﬂQ ﬁ%thhl ch carries this "pulse" to

e catal eactl tenperature. To coll ect

[00226]adm Bame mstamﬁstcﬁgamdms dan belgeovinriagomainers wheeeibedch oconthiner

i mer.se col trap e pped with |iquid
comppiges éé’ég or ppfulty gg QB IHBS. 3@? Spafeipers cabes B fEwEd ot fn
wate{r.@r ﬁ(ﬁj@g afér%g%ﬁr%g 8@%\/\@% fﬁl?é& b‘?/% JoﬁPo aﬁgﬁgfo %//%r%it é!ﬂ tH %akc the
contaimerwmd ohe hosfl dngarpsmmjmtlsbwantt Aénsthﬂgamm ghaad ad\apléd o grow in

GC/ M5 for qualitative dete mnatlon of uct
freshy water ean thyscheagroveinggalt pvager Hog exaserl e the e B vice yersy JThis

L]

mec tésglti IQT?:&?S fbﬁéhé%%?gg(%%mhc{fgﬁcogﬁnﬁﬁ@ ﬂt vt\nﬁgél N%Zﬁﬁﬁﬁ%to the contalner.
[002(2@] lsorheimptendes apiuraljty ofjcakainergegprvefdohmed méthinselshlo-like

These are, 50-m PONA capi |l lary_ col ums, and splittin

struchure jaf fleseribrdsabay e Fas e, BB oy D0 406028400, or 1,000,000
cont 9(@ cil'be Arran g ({i]ngaorﬂgtne%gé ofﬁgﬁgﬂ 11&%{ Lrehas a high

I'ng poln ere ore can require
[002&&] llustmémlﬁrfdmbtrtgmmprgm&pttbpemmplmfﬁalr;&odmt fapmhysproduct,

. A GO/ VS y st sed for, anal ysis_of crackin
mseﬁw&&m@%mﬁ@@“@x gew%aﬁ herqzganism. fihg produgh gy ﬁ%ﬁrgbfbf
extrictR SN Bhe 3;'}?&}1@1{19 were conducted on the fully 30

prot onate ormof SN27. The cracking conditions were
[oozagpah somk ¢rhleodamgras, ehreexpeessipi ofthel prbduttfon eparhple fuck protioet,

with a_heliumcarrier gas 0 cc/mn) at .p
fragigppehred uornasee%%«?@rg W lafnduegbamow &axi’ﬁ ﬂw@ced to be

eXpItQ%SI%J' o2 %s%@r?] rzngg 2,5 1&98%{%%% ﬁmh @ %Joﬂ{er Qﬁlﬁgd{fi%ﬁts,vfﬁé froduction of

the product is autoregulatable. The product may form a feedback loop, wherein when the

product (for example fuel product, fragrance product, insecticide product) reaches a certain
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xyl enes, ethyl benzene, and heavier aromatics. In order
to avoid sone aronmatics such as benzene and the
wogdoenzeocr acki ng was al so perfornmed under cr aPKi/ngR008/076716
conditions of |ower 58 WD 2009/ 039201
PCT/ US2008/ 076716 tenperatures: 450, 400, 350, and
0] Val1.0usy cr.acki J ugt
lovel Aty HHE gt il e SRfb UG Sl R B vt or
metEblite 6f the SrgakistAMMiBitsZex bROASOIL the froddct] For @xMpIe,endogenous ATP
Carbide Y-type zeolite which is often used as a
pro@ucgd Ry Hg ogganismyasta resudt oftiecreasechenergycpreduetion fa ¢xpressithe groduct,

i A _thi X | e, began with.the LZY-72 hase which i.s ..
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: ' o Figure 2A. As illustrated in Figure
the%g,&dﬁﬁég% gh%%?‘éer?{e&conversi ons were obtained at high 20
[0023dpRreqiresemtsii{ofdsOre-is hitheGllustratkdttol the fodlowas; dxamples) witich should
roduct, with smaller anpunts of bhenzene, xyl enes,
not b, epnsirvss as hisitgg Weny drny. Thegrpaynentalinrpedyes oaensrate the data
Shoff’iudl%l (M&PSSC& H‘Pﬁ&[%%tap%%ﬁw %?lg 8Rc1Bbur THE bk P H@s%ribc%d in an illustrative
enperatures into i'gh oct'ane nunber conponent's as
marmer)aRd it #€td be An#drgosdcthaBhe Erninohige usaldppéeed td e ialthe nature of
products from cracki ng of cuparene with the LZY-72
descaiptian yasher fepa of mighien. Xyl ene and 25 benzene
derivatives were produc ntially at higher
tenperatures, simlar tw;ggﬁlts over the SN27
[00232) alryclting Aithé sssyuirpfee adupirese, wde hehigiet wath thé processes provided
cycl gpent ane and cycl ghexane were produced in

here}. din this exarpley ad Aringinealeculgr sisve etalytiG commosibion yiemeelected to
deroRSE£&hk @Qc%ﬂ%ti{? b&&iﬁ%&f"&ga{eﬂg IThe: ?qulq%f%s & ZSMJ? lnaterial known as
component at nmay De sultable for ending or as a

SNFTughiciphazdirelatively Bighatindfa conddat fa@ASMS typd Asshiteabfabolite27/1
composi tions fromthe cracking of cuparene with the

Si0y/2ds O3 SThigmpaterial ey canvertyd to thsprojepifosmdycxchaagpwith ppgiopium
' . i ¢

o 5L SN B LA 2005

[00233] A pulse reactor was constructed to study catalytic reactions of the biologically-

derived hydrocarbons described herein. Design criteria include minimizing the quantities of
reactants necessary to produce reliable results and allowing for evaluation of the products and
product distributions. As shown in Figure 1A, the pulse reactor 10 is constructed of a 30-cm-

long quartz tube 20, capable of withstanding temperatures over 1000°C. The quartz tube
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[ 00240] The hydrogen-to-carbon (H C) ratio of the
products from cuparene cracking was al so observed.

wab@onzret ant cuparene i s CL5H22, with an H C PEX/Us2008076716
1.47. |If cuparene cracked exactly into its two basic
rings, the products would be woul d be 54.5%

s PR 0 ig /R0 78 et KR AN oPrAR bt e gis 30
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tempavdtecuTe col[e004Qion Iprodaniss the U-tlubestrmw’maatohe bdtemeis dmplersed in a

h bl |
coméﬁ%;ﬁﬁl-}‘?’ég%{‘]{g& gelélé lfjlit?l?gﬁlﬁ & r?frl% ﬁ‘h X }%ﬁr}gﬂzﬁg}& freeze in the U-tube
trap 408 €1 B’qu‘érfevécp% f&ﬁ]lﬁvﬁ’ig e ltSbes: rﬁn@%va c o o soﬁléﬁh(e g,

unsat urates 'y accCept ab cause
metletinb)i The grodiscts dan ﬂmadtlanalygedlwnth GCOMdS 29 qqallaamvet detesgmimation of
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progrmxrgaprb file§ aréasddy Thesk mtec¥OratAQIMA Icpillary leelurmes eanid aphthag
known as, Val|for CP811BL-25. It has a Si 02/ A1203 ratio
injegiprs gFosed 9B bo @rﬁi&"% 25 suppl ied inits acidic (fully
Pt t {
[00134,3 @@Qlteﬁ \Mflerf%o%gﬁ 4%9 I|[o gaStafhcl: Po ﬁ%‘}y&ﬁt (&5but HT) and
therbibmhangequlrb @dj&StﬁlﬁhS@f dmmcat@graphuaprpcﬁsm ﬁoganatys1snAcGC/MS
pellets, _gri in .a nortar and pestle, and
SYStgfflé‘(Pr"H@ed fop EV&]S crckiag Prdusieol ite Y as denonstrat ed

{ fadRftlgh Gy EHn%Q ted on the full
1002353 BB Rl Pkt e e eord Hiffcted on the ully
protoedtal foan obBN2Y.riHeesickng comimmshNdnﬂ: H00EE aBd thsi cﬁﬁdréﬂm& provided
ratios. This gﬁves rise to a lower density of_ protonic

to a gpiseEcacty with 4 Spliym ganipheas (1 Q) qodmin) at 25 UL pulses. The conversion of
cuparene to cracking products was near 100% and the major products were toluene, benzene,

xylenes, ethylbenzene, and heavier aromatics. In order to avoid some aromatics such as

benzene and the xylenes cracking was also performed under cracking conditions of lower
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Is generally stronger in zeolite beta. [00245] A
process of cracking cuparene was perforned in a pul se
wo e@onamont catal ytic cracking condition and PCT/US2008/076716
contacting the cuparene with zeolite beta. High
cuparene conversions were observed at conditions wth

B S R S N e R

obtairdier tht difRfentienipe@ates ig ShowroinFrEICFi gure 3A detail s
the tenperature sensitivity of cuparene cracking
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repeated a second tine. This material was dried at
[002B7F @ secendhialysti RN, & HESMep zeobitd. basd roatotial inzanufactured by VAW-

d ti j t { { .
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sodiHABIE MR Wi fR afhRAl i Ex ching?. p?é’deﬁﬁ‘re rf@lﬁﬁe‘arbyk?ﬂéatmg was used to

contacting the cuparene 15 With the ELZ-Z €atalytic
conGuotnpsi dtioog acid. h%MfSaEbhmg ane rchai'acielszed@vea tenaliypeesidnblch@inel

and ., . MS. . The, .chr om exhi lted a.wide_arya
syst R SRR g A Sl TR %P‘Pfﬁ direter g ahout s 342
I 0 f .
[0043%[18;2585 e(g% sg%ﬁ%@%@ﬁx?thﬂ&%& ra%ﬁr}]e \A"E‘?i’% raﬁ?egzbgt&{aﬁtactmg
cupaféres Wndgihe Shed cptelylssan]fmhﬁ lrm&hnm?dsﬂmgmorg tigdprecshart surhinarized
in FlgD{a it TSRS P IS PRI T o e SHoHg PR bbpghed at high

B A T B

benmen@tdnhsy ahdtthplnecthyilenzeapht henes (cyclic al kanes) at
ten'p ratures tested, as shown |n Fi

. High .
(00830h iSRS L2 2 A b OB H A Pk e HTS oW eppgates info
hi ﬂﬁ%‘?ﬁ*“’?‘b‘%ﬂﬁ?@ﬁﬁs Al ﬂ"‘%é%‘?ﬁ 25, P B obfionent n ol

produen frmnedraclting dfccuparshe wfth e ui'apm hamlgst mdolaa‘rmelene and

0
ben:%g(x)llg grhn\gtlgéﬁe\iesrﬁtﬁ h q]gjlﬂ)r/%fgéﬁt kyoat Eg*gﬂ?%%@é%sﬁ%& Srnto the results

2
e RSSHS! Sl 30 8 RRRELL o b

werOpnpdaved e sighifisyry gnarioies, iith vegy litdb denders indieatiag a high octane fuel
roduced. [00249] The, ELZ-L catal yst vyi el crack]
prougwwtfe% §°§1Pﬂ1i‘qné at Bay syt z{ﬂs For Wsndinasies p gtwg groguct. Figlres 2C,

2D, and 2E illustrate the compositions from the cracking of cuparene with the LZY-72 zeolite

at 200, 250 and 300 C, respectively. The numbers in parenthesis indicate the range of octane
numbers for the various components.

[00240] The hydrogen-to-carbon (H/C) ratio of the products from cuparene cracking was
also observed. The reactant cuparene is CysHy,, with an H/C ratio is 1.47. If cuparene cracked

exactly into its two basic rings, the products would be would be 54.5% trimethylcyclopentene,
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30 catal ysts denonstrated in Exanple 2 and 3. In
particular, LZY-72 and ELZ-L produced simlar anmounts
wo@Rowmosuene and napht henes. However, the LZY- 78CT/US2008/076716
cat al yst produced nore xylene and benzene than ELZ-L

does at corresponding tenperatures, but LZY-72 also

n f
crEih B BTN SYRE 08l R g
paredtfioleehlow. 471 Ho elefYthé Srackiag prddactd afi aurt of ¢hip &€ ebntains
nore xylene and 61 WO 2009/ 039201 PCT/ US2008/ 076716
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second nost abundant, product at . about
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and ELZ-L catal ysts. derate tenperatures al so
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Iarg ore Iecu ar. si.eve arene cr,ac
1g1!1]t9y too large to

knowp {0, %TO’E}@ oxiRE P tee iz ghns Ot E FERArEe ARy bies

DR, S YO o SRR
but the gelectinity seffeas ktddglien tempptdtlses Wéitcpares ofi abhuta% GAL LPY &2 appears

sh in 15 Fi e bA. Fre eolite R catal yst as
bett‘?iégigq? B%W@%ﬁ{’%\%@a%%@@%lﬁeach cracki ng experi nent
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alkytayalokéxegesin mlohmbducwmhmlmmlby nedesirgb16E Al prédhiksssucke aegasoline.
then identified i nation of, retention time

Suclyppaiuraisahp e lwpwﬂ;i & Pl Cweefiifﬁaévermﬁ%actmty in large
bt i s A et

gasolink mawalso hetGe&seht ifnleanrsbl quiantitiésdd sbrheoinsahgae vi a COQ

and provided a first crude sa Ie Sone of the crude
al gal oil was refined b rocess to provide a

o A A P i AT,

The resogpiat Bkuows as VaBTHS 1 TBE-25t 1dtes abgaIAlgD] ratio afdbedt 25 and was
approxi mat.el y equal anmpunts_of paraffins, olefins, 25

supphigd ém s a3 Qe iy Emt%ﬁh‘—dh%’ﬁﬁt T zenkils bt veas sapvertad froma leose
powggi utg' §b '19 nli&%gﬁ 89&19@? Eﬁ %1 1&8% n!éac c{(l.)r %ﬁ%%iﬁé G 1}1toq)ellets

crac |nc

gm‘ndiﬁglinamobezt@dq;bsﬂeaandmefmgt enper at ur es. The C4- C13
[00£ar af fins and, ngpht hal enes _averaged_19% of t

bty to gppliteY 2 Hemppsyrtcd snExample 2 ce ﬂélbewaqﬁga 12-ring, three-
dim%\éﬁ)qlgl%‘?e bj}gté‘}n Maliky %&mea@,ezem bhtd%abd 5%&%51%(9&%&%@&

Si04/AlyOs ratios. This gives rise to a lower density of protonic sites, but each individual site

is generally stronger in zeolite beta.
[00245] A process of cracking cuparene was performed in a pulse reactor at catalytic
cracking condition and contacting the cuparene with zeolite beta. High cuparene conversions

were observed at conditions with temperature as low as 200 °C and toluene was the major
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tenperatures, conprising about 9% of products.
Par af fi n, naphthene, and ol efin production 30

waelewmpmezed with increasing cracking tenperat urBSI/US2008/076716
Benzene, toluene, xylene, and C9-Cl4 aromatic content
increased with the cracking tenperature. Naphthal ene
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significantly fewer paraffins and nore napht hal enes.
forncsnde MeleatlarSieerstid 0 gof itevpotassiuml form abihe eedliss wetealurti¢dsin a

solug R Fasteating 4 35 RinenoP gkl g PEeser A Tikfife ivgvarmed
and @@t"r&if (fvleﬁﬁg}it rlh&rhﬁe %lﬁﬁdﬁi Wgs ﬁl%m tafid (RIS s Rad &péﬁ@e%l a second
his trend held true for g‘%hthenes ol efins,

t1mﬂhm4naaimﬂmas dnecba; 19890 ovemi)gl{t befesHeink wed drixﬂ;rcﬂoahptaadeedirptlon

ked b f. th |
exp G Hop s SR oS I BE SRRy A D
[00133}; ‘r@%&ilp% 6%}0)?@1%@\5@5‘3&% it ﬁi e rEilﬁ’or CBRdct g%’ﬁ?é Suparene

. Figure 5 ows th t par
withwshe ELZ%cqbalymmmmmosmba,cﬂlertgachmg@mﬂuctsf\wm afailyzedi bﬁ Ggadnd

GO Eng AR hne ek ias 3 WA AT L RSB Prodiyes Eauigulaiy at
lowd&" t?ﬂq%atﬁm%s@ Olﬁ Eﬁ&%lﬁva?%]afé‘%egas% 197681h, Bf%%g%gl? at%% 819%1%

terrper ures Wi t maxi num o
chroNeatapraty &re&t emlyzed. §he deglectéd makd cmmbmedaxbbumm% leech to the total
refined but ter was nost

R 1 O G A T RAo By RGRIneq B aES Wl DRt 1 efed by library
seartR RS ERES TR SllerREORRSE 1o 'cngfogils'egg. ncreased.

[0014@]) Aadkiderpareac With ghepE IHLGatl st prodtidee priafatityerdluahagald
were simlar tQo the crude 0|I 20 crackin

napla'h@ma Eqvslic dkanss) at Al tempgeratvies tesigd.ay shoyn BdieERd. Iélfgéer cracking

f
tempifes R OO0 LECHIES (HRERY OB AR behdBe |
deribmivies {thimethgl Wer&nethjxll%nxmé Imﬁﬂylakmpybbénz'em) @frthe Sest of

and 91 octane, petrol eum line. average, th
naphthengs ang spmertplugng. Lagsrthasy gths@r%@ﬁ Werebareries lefing prly made

p i I
up ISeLngg)g/g {)ﬁhg Qt%aﬁi& EE &g@ﬁctg t?ir‘?:é r?g@ %(gg 1% o}%'% (ﬁg No ﬁ%ﬂﬁ!zﬁﬁ amounts
of naphaledéneg ((DIOGdinmhalcs) or ox9EEnails (oxygtacunesning hﬁlecnlas:)kwrg

cﬁx@OdUCt s may require conventional fractionation
proquged-ning in order to produce a suitable gasoline

t ' I -

0P e PLZL BhREyBal ARARR pbNRLOR AN D b AFYS bl it bot
catalysts demonstrated in Example 2 and 3. In particular, LZY-72 and ELZ-L produced

similar amounts of toluene and naphthenes. However, the LZY-72 catalyst produced more
xylene and benzene than ELZ-L does at corresponding temperatures, but LZY-72 also had
better conversion of cuparene at 250 and 300°C. Zeolite beta produces more toluene than

ELZ-L at 400°C and below. Like LZY-72, zeolite beta also produced more xylene and
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EXAMPLE 6 [ 00257] Farnesene, a sesquiterpene, was
cracked by contacting farnesene with the LZY-72 30

W@ a10al03e01 t hat was t he sanme ammoni um exchangedP¢DU#2008/076716
used in previous cuparene cracking exanples. This
material converts to the acidic (protonated) form upon

venf AL U0 e AP GEBLARRE, ASFERS B B9RG
naphth@ereh OO BricEaovE, ViR Geitlier DZ Y -VE myr DAL, bfoduesdl cant
to the wide array of cracking products, particular

amoypits pHpgphthgEneng any caynprzgpe1 Conmrresporslite betrlBLZ-L exhibited
o rtergoeraturgs. Onl é &gﬁés Ea“h areas at |east 1% of the
POOIPLF ST OP Ak R AF 4 £h&SS-chr omat ogr am wer e anal yzed
[00250] CuPhiRné &B&KiAg ovER Sectii®@béi£ L.2Ye?K nd ENASdploduced substantial
contri bute abou 0.3% each to the total nunber area

amourits af tolyseeiksveriesa thanr3dband ugnalin S0Reorhettetaspienlogstrataddn this

exar ) B GYe S Errndl O F Wbt QTR D1yt Vere e

seco?&%@%ﬁndﬁ?%ﬁu& Rdbou P2, PRk cBiRg itlﬁed?ﬁdikfﬂgqlgmgéfg@fb@ td/B

|ngerpr|nt or GCCretention tinme Wwere abel e
betweek 20tvnd J00U2 p@ludea sbmkt 3 6% mphtbenes esing &Z¥d72 mddi%-batalysts.

dlvin : : .
SRt B 25 R DSBS At B v
molééllgﬁr gi‘ég@qgfo%%né’{:ra%i#§ %}ép'e% to DO XEILER cdRRiBesFor drlcking

onen Farnesene 61.4 Bi sabol ene
cupaténednto lingbnartans fidd pAdu@srcompenents/ oBaddfti-eCedr ene 2. 2

6- Guaiene 2.2 5,5-dine %\Ib ropyl-1, 3- 1.7
Cycl opent adi ene 2- Met hyh- 1\(1 Lﬁét hyl -but-2- 1.6
[002??% ldi{ ra%rfét%? ﬁ?ﬁgﬂ%de%gtcfagk@;iﬁla) Ul ST Sitha LRRAY SRR

nriche rnesene was cracked over
Figure/ YA 7Etestadealite $ catdl @0 26dekcribed ggiregatiBed for @adhi odgrking experiment
farnesene with the LZY-72 catal yst produced 60%
and drigshipriar ¢o usepl ke areking exporimenhweERSEomagdat $884450, 400, 350, and

300 %rﬁefcira%ﬁing%rr&ﬁllétis Wrd erm%ij%(? gy 86/10f§r bda¥s RBRMLAEASified by a

combination of retention time and library search using a NIST MS fingerprint database. Peaks

that could not be identified by the MS fingerprint or GC retention time were labeled as
unknown.

[00252] Oil was extracted from algae via CO, and provided a first crude sample. Some of the
crude algal oil was refined by an RBD process to provide a second refined sample. Each
sample was cracked at 500, 450, 400, and 350 °C cracking condition temperatures.

[00253] The crude algal oil cracked to approximately equal amounts of paraffins, olefins,
C8-C14 aromatics, and naphthalenes as shown in Figure 5B using the processes described
herein wherein 0.1 g crude algal oil was cracked in contact with 0.1 g zeolite beta at various
temperatures. The C4-C13 paraffins and naphthalencs averaged 19% of the products, while
the naphthenes and the olefins averaged 16%. Methylbutane was the primary product at all
temperatures, comprising about 9% of products. Paraffin, naphthene, and olefin production
decreased with increasing cracking temperatures. Benzene, toluene, xylene, and C9-C14
aromatic content increased with the cracking temperature. Naphthalene production peaked at
400°C. Oxygenates of indeterminate structure were less than 1% of the products at all
temperatures. As a result, water was expected to be a significant reaction product; however,

water was not quantified using these specific procedures. The unknowns at 350°C resulted
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15 between 200 and 300C and aromatics at higher
tenperatures, as shown in Figure 6A. Methyl and

walzompssehrycl ohexane were the primary napht henBGI/E82008/076716
cracki ng conditions between 200 and 300C, conpri sing
21% and 17% each of all napht henes. Napht hene

ronf B0 BRI TE e "o B ERERORGEH 110 o e
con@h®@&®inl cs, napht hal ene, and benzene content i ncreased
with the cracking tenperature. Trinethyl benzene 20 was

[00254E KigureraP plsodemonsirates thespompongteefif7e89, ané P hgetarp gsokine as

ok b RS o S BB 8336 355 Bty rom
the 40@G12N x PRAKATain&E si SHANMEA Y fGieR pliraiTths and RREECPhblenes.
490C. Tol uene and E%[;‘tf fins were produced relatively

Gas@line\wo2e6i0 /QBD26ma eJsdashanby aeckinpaigicseibprofyctythat were

| I ' 179 Y . '
obscPyee, BT RIBRY Pestabiaa ety (4210, i e dpy oty gacking
pro%trs RarlgB§ Sip t@1B. AHasqfenll REIARRRISIGhS ndphtldhés, bRIRE hAd UBAY-

~significant amounts of ol efins were detected. The
aromatics aswell.i n unknowns at 485C resulted fromthe

(0053 b tsrord s STt Vi CraB e ioest OF B PYIGIAS Phprein the
secon@SARAE Wad rdfRed 8P &Y RBY prb &5 963616 cfa@kiﬁ% 89k dfMhOsecond sample

aromat i c products as cracking tenperature increases
overi &1 gaedits p.diguraSCrshowether mnafinswene theprineipaberheking product of

refidaiph| o Erenees e hcrss dienepEris e dbey? patics and
naplﬁHAlgrE:E 8l ﬁ{ﬂé}iqueh%flﬁﬁﬂq 84 BEfRnE Qsﬁefra[ggg %ggf!ﬂf Fﬂi&&l&‘f‘s dFoss all

cracking temperature increased. i gure 6B

temEciaiwRs With aanaximgn of B.80hsat 400 S€aNe bx pgetlatevivere idendfied friom
oct ane nunbers for 10 the species found in the
crackiag teesrefeedaih bt wafergyasduest kely presant.-Lespihansh acafpeaksnan
t hyl but Leyel t : .
e U 0 A SRRt 1 DAL RREANRe v

C8-OlhabmatPiicbiesmsreagtd. paraffins had octane nunbers nore
simlar to base petrol eum gasoline blend stocks or

[00256} Fhgieracking pesluers ifioa thopfmed Algal cilwere sianlar futhp exude oil

et ween 60,and, 7 00264], Cracki n arnesene at 350+C
cracRFb HERRAS AR dp Bhun® S REh s | faftlon B
gasdhin€ athples SRRASHQAMPWITPRIUFe SI) B6mPatehé Eracld Préduli. frohBoth the

hi gh oct ane ?roducts fromfarnesene cracking at 350+C

crude gn¢ thetrefinedtal gaheil 0% 89, and9% wotere pesiplaymeageling. Angherage, there

b ABEPHPR e PR AL e BuRiTR i e s o
samplRs 8hidehehg thieRBID k&HRingedbel BotenHERE We dratRingHr&dli¢et In some
conponent, or additive, the conposition resenbles

instangese theerackingpredygis andyrequirsecgnembena fraetanatien relimipgrin order to

0- 80). d _hi.gher oct ane, bl.endi ng,.f eed,. 20 st ocks
prodide § s e SRl BOhR EMPPD s kg gy pe vsed as
a fudllpRsdRSE cObipsileAs bt MMitave Xt ure of sesquiterpenes was
carried ouIt) inthis exanple. G nger oil contains
about 80% sesqui t er peneEXAMBEEer ene nmakes up 36% of
| r oil. The next |arge co nent . at 169%, i
0033 Falnesles preas st e EERURERRORFEE froBhors Wb 172
catalyisSRARGY RN AL alriehilhesehgd foRh asdd i PPRevaas bupamdnegedcking
oi

that was cracked in this . ]
examples. This material converts to the acidic (protonated) form upon heating during the

pretreatment process at 500°C.
[00258] The cracking products were analyzed by GC/MS. The chromatograms tended to be

very complicated due to the wide array of cracking products, particularly at lower
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exanpl e was obt ai ned using carbon dioxide to mnimze

t he anount of gingerol, which represented about 6% of
W0 b@9034201 [ 00266] The LZY-72 catal yst used f orP€TEs2008/076716

cracki ng of ginger essential oil was the sane

amoni um exchanged form used in previous cuparene

' . [ ri t he
terfE G LT YORBLAR archy bEIeIR LA G e 1ot DR ik o e
chrogia€igta WeR nalyt@LRs thiveporb OBE smh0& 2R 4ls téided & covtribued@sbout

cracked simlar to the nethods of the previous

0.3%sashio the total raumher area of dhpaalss onym depmetegemy Retained perkisryeere then

idenfiiBEHY 4 PR P ien Wi Y Spr PN M fineerprin
databdse.Okeaks thit @uiiiod bé ideftifaddth 16 Mﬁ“’lﬂf%ﬁ)rinﬂ)ﬂd}@&et@&io‘ﬁlﬁme were

2009/ 039201 PCT/ US2008/ 076 cracking tenperatures
labelgdlaanal@Wpr oducti on of aromatic conmpounds at the cost

ht h d fiins.  Thus. b .
100230, RABRente s po R ol Bl 0 ispeebsh! Bing & GG ATk = gparative
GC @lumd 8563 2 L OF it RERRhchy B0 Nket&d, ARkbRBoR OO Fickls

0C and were not detected at higher tenperatures.
showaxipgkshbetes were not positively identified in any
cracki ng products. Figure_7.5.denonstrates the
conposi tion of cracking pl@@-ﬁé{s froma process of
cracki ng g~ re_of sesquiterpen o LN S
exanpl e? i'cr‘ HﬁﬁF (‘.rarkiqng gi ggpreﬁ/r tzgnti al_oil
yi el ds a daedesemei ety of napht henesl.garaffins,
xyl enes, éﬁid bﬁnzene derivatives at 30QC. Many of the
par af fi ns §aé)o HGnched and provi de ‘a-fi gh octane
nunber . EXMBidav8s10 [ 00268] Squal erld.Bs an exenpl ary
triter pen%;j Processes as descri bed g?egei n were
utilized toTCRYR squal ene. The LZY-72 catal yst used
for the crackddignef squal ene was theé.2ane
amoni um exchanged form used in prevjqus cuparene and
farnesene Q@WH@ exanpl es. This r#a?erial converts
to the acigdLcy; N3 fprm upo eating during
t he pretré?%%?é%ygggé@ygtﬂgooc T'Z cracki ng
product s ycggamuaﬁm by GO/ M5. The chronat ogr ans
t ended tOﬁMé&g}’-%Eg’S-?@éﬂhbrl-%ftﬂﬂ due g0 the wide array
u [

of cracking pro ts, ,particularly at | ower
terrperatur‘f@é’f)‘&@'lﬁéﬁlﬁ‘mmr}i'areas at least 1% of the
| ar gest p%@gpsogéﬁﬁeon the chromatogram was anal yzed
for this r rt h00269] The cracki ng products are
shown in ErdfyPRhglenand denonstrate SPnilar products
to those observed in previous cracking exanples: nore
ht hene at | ower tenperatures and 20 nore aronatics

[oozgﬁfﬂmgmcue@ haseesgna iy esscrackad pYar 73 cateystngs resul ts

00235014 ARG5S 80k SERMBA S BT3PPI planl s ot
mol €XMS 154 Bdphertesphf 1396 parh e Ohckihepod it prifiafibedaphthenes
the cr ackedcé)r oducts is shown in Figure 8B, indicatin

betwier 20Qans MG anderemplées gt higher terpasetpies. o showen isrIignre 6A- i\g/lethyl
and Iilﬁ%tﬁyl%ﬁﬁle)ping w&ﬂe Sﬁﬁ%enaﬂﬁﬂprfers At é'%ckti&econditions between 200

and 300°C, comprising 21% and 17% each of all naphthenes. Naphthene production decreased

with increasing cracking temperatures, as shown in Figure 6A. Xylene, C9-C10 aromatics,
naphthalene, and benzene content increased with the cracking temperature. Trimethylbenzene
was the primary C9-C10 aromatic molecule, averaging 63% of the C9-C10 aromatic
molecules across all temperatures. Benzene reached 1.5% of all products at 400°C and peaked

at 3% when cracking farnesene at 490°C. Toluene and paraffins were produced relatively
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25 higher tenperatures are indicative of the higher
aromati c concentration of the product. The higher
w@oneesm2ort i on of | ower octane nunbers at | owePCT/US2008/076716
tenperatures results froml|ow octane nunber cyclic
conmpounds. EXAMPLE 9 [00271] Phytol is a diterpene

conficyaf Rk G gL CHARHE) P51, AR AT et
1ndetdﬂnﬁfa€ddmyabﬂure werg lese thAA 2%hefhe pl’@dﬁctspﬁraﬁftémpéiratuﬁé NG $ignificant
pri nC|1|% cracki ng product of phytol, averaging 62%

amoa@ﬁs ob8lefiny werg dgteptad. lﬁl@sncrqqﬁ@ 1rh1aaé,<neww§85 “Geresudisd &@m the

o LA, S 05 0 o

[00262['PRNe 3t diéaRink t @fferl fbpfaﬁ%%r@fto alatk REPEUmbEe pﬁ&ﬁ&@ik&:rackmg
and 66 WO 2009/ 039201 PCT/ US2008/ 076716 napht hal ene

temmﬁ@@nmrmsmﬁ Sonsésient siith 3he taends m in depder sqselmyerpqnﬁ cegcking

exaifigh IF binefi ey e ol ufhe PLESTAROER s R wenes and

ben@nslaﬁﬁe @Jsowfﬁdpmh@ﬁdska@araehﬁg fempetan@B ikdasddne degr ee of

br anchi n respectively, anong the paraffins. Low

[002§Bh&kguﬁg gB shoes the am@eftémrewmb aod motor dlendigig-oc@ge n@nbers for

the RF RO e P ek o b L B GO Methylbutare,
metKiERIIpBAthA) ﬁxeth?dWloﬁéxah@ nd ﬂ{eaafr(ﬁlhﬁ& rﬁéleéiﬂk%e@(ceyt benzene. All the

crack| ng phytol were nono- nethyl, as shown in figure
otheg @phdlmbmwgtpatalﬁ@rsdlad Qctsomlmlmmmnmﬁxmxbam tasefpetrotetrn gasoline

blenl B Re 0 yaiefl o o hae iR eniom anf R G &) L

[002'62]5 tCrE’ékYﬁgoﬁanﬁe%@ It 5’520% 9?&!9&& Béﬁéﬁh@d 9% Bfodh&s WASEh

derived from farnesene. Figure 9D groups the
blendmlg@c‘lahesumhﬁm foli exgmple, shvee 80.crhedighofctank produets dmrcfarnesene
d bl en oct ane nupber. The hi oct ane
crac R BbTS A SO YD T TRy 6 AT oSG pmber. As
i
e e ot X RRfe TFRLEE PR rsultng
thertfﬁ)‘m @ et wlefud fueli prdudtpconpoaent c&calddlnge ake aingmkitiph yetselhbles

o TR B RS U LTt e

stock @%Mﬁlﬁe + 50 C, chosen because it was the
xgec oSe ‘conditions ensure little or no benzene
production. The cracki nEXAMBLEt? were anal yzed by

M5 as d scussed |n evi oys anpl es. Afterward
lﬂoﬁfe wmgesgp B &%@W&? S%Wéﬂ%ﬁwasecwﬁput in this

exa@@ﬁ?ﬁﬁ%tr%ﬁl Btaid bSH ’80'?"’5@5(3416%%3&(5 Qxleh@ﬁlaF%ot%%G{egf ginger

all gas station In hona
oil. ’Bhemaamgeeiscomonexitmtéé%i gé;bmdesqagmelﬂa&ﬂrena @urtcanene, famesene,

duct f phytal
and G RRens er e et gl g bRy iae@s%s rhaekddn fhivm
ex € walk gﬁt% @t}l:‘gsxhg b (ﬁf)ilﬁgtotxﬁmﬁﬁ eﬁle %rol which

tract auct s o asmgepu o
repmslenueﬂlabnutg?/na’ttlm:loll froma corrmerm al supplier

[002&%/ g[g? Lék(d’?écatalyg rtll(sjed fgr trhgfcrearc ng o% glngesr e;;sentmxl was the same

ammonium-exchanged form used in previous cuparene cracking examples. This material

converts to the acidic (protonated) form upon heating during the pretreatment process at
500°C.

[00267] Ginger oil was cracked similar to the methods of the previous examples in a pulse
reactor under catalytic cracking conditions and contacting the ginger oil with a catalytic

composition. About half of the ginger oil cracked into paraffins and naphthenes. Higher
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25 products of multiple pulses of the commercia

phyt ol which were collected into about a' h cc product
w@200pl0g92and encapsul ated in a glass vial and iBCT/US2008/076716

referred to as "Vial of Commercial Phytol"; a sanple

of 87 octane gasoline; a sanple of 89 octane gasoline;

ol FBOE clontSh B8 RAGPLA g D e S o pepivene
and e@né parhffink.tThut bentedy fotthalién inateaded Stonasil ae200¢250Wto about 5% at
The cracki ng pr oducts of the phytol are shown

485°Cn qugm ireacheddn> %t cragking aradyctaat H0PG @Chwa]eylgb@etwedt% Bigher

SRR OB TR sHE BB e

dembiittds tl&&faﬂipoﬁhﬁon 6Berb&kinepradiicty Bord b PrdtegheFicracRing adixture of

phytol products than the retail gasoline, Lower
sesquiierpenesyin this prample, giigereib Craskingegingee ssseatinboil gields|ajgeed variety

ot RHES eI Doehit b BortegsMBnuR gL BBG. My SHREHa! s e

branChell 44320884 Lo 6ctaxﬁél%7b%}. A conparison of the octane
ranges of the 350 C cracked EE tol products to

gasoline sanples is sh&EX¥AM '&gjure 10B. The vial of

10058 SR is R Fh optde] i SbeRe ProcEREY A tesiri pete i fiized o
crack @g@%@ Ntife LAY 170Rbtaly¥t R8d for HeCtdtikingQr sipbaferle W8 fihe same
anol, benzene, and tol uene concentrations. This

amnganisina-ek¢hiangad forn veedrie prezivus cuppread Jauni: fanmgertemaakmcexamgles This

matd TR i ot i Lo fien BHEH G friedh et proces

o e'l-* |
AT Sty AT, St

ver)d_czmpﬁzate(hdlm tg she wide drriyoof wadkeng eadusts wlv\d@rl}pai lowerl | y

tempetuss T Heks Widhfhoths ab st 10k i et yppeet pd on Y "

chrdnfé&bg%ﬁ%ﬁ%@%lyz@&@@r%ﬂn%%oﬂ?s as follows: 10 0 g of the
ammoni um form of LZY was slurried in 50 g of

[00264} &ihe cracking prodycts ireldhowh i) Figuretsa, end é&mm:tsgrata ainglanpsoducts to

The m xture .was st rred ove room
thosp i EEied eI SOk NaS KBNS GAreTMB P IA A ot SPRpeares and
C h
mor% Exg have% ﬁmﬂ&g&@é AQYEbAI GC/M@%S lty ?rfo%v zﬁ):di-‘% eﬁﬁ%

rogenation activity ue
amoantd oﬁbmkna’xgﬂ)aatthigh tepparatudese> t460°(]),em|dme§1@ﬂnie amrbunts of

r ot ons r pul se experinents, 0.5 g of this catalyst
Oxygﬁ%ebf‘%gc@ﬁﬁ?sn the pulse reactor, and it was activated
[ooﬂﬁ}jqfhe'%)éﬂﬁ(?&ﬁﬂbefrlo?me@ ¢ &P;go&&&s i1 mi-ﬁmnaa ésﬁqn&%ﬁn{% the

drocracki ng was conduc usi ng 25| pulses of
average biymilimggentank/nowbats of 8@, pr3B0]. TBS bigherténdingi@fanamdmbers at the

highgE EParaRE 1t indiativg é{;ﬁ? i Ehorgromat SHoren iR BRE PGt e
hlgh'ﬁf‘cginbﬁtlguléﬁofs%%?&t A Sﬁ TP TWRE K MRralir G R f@r{ lg)gveoctane

rocracki ng phyto own in F| gure 11 A
numbeln‘dyehsccmﬁ duhés. pr oducts are illustrated in Figure Il

B. EXAMPLE 12 [00279] This | e descri bes
macroscal e preparation mﬁéﬁg& oducts derived from

[06271] Phytol is a diterpene that is often found in photosynthetic organisms. Phytol can be

the product of the degradation of chlorophyll. Figure 9A shows that paraffins were the
principal cracking product of phytol, averaging 62% across all temperatures. The naphthenes
decreased from 24% at 200°C to about 1% at 490°C. The aromatic content of the cracking

products increased with temperature from 7% to 42% of all products. Benzene and
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terpenes. In brief, squal ene was successfully cracked
using a tubular reactor to produce 1.37 25 gallons of
wo eapgjosb2pr oduct. Fromthis raw |iquid product,POr/852008/076716
gallons of the lightest material was distilled and
sent for ASTM gasoline analysis, which indicated the
0 0,
S B AR A0S0 ey, o BRRLT B, No
oleﬁﬂs@a)xfygem&eevemdeﬁuftedlfann craeldng pliytelet up in a hood. A
fied schematic of the apparatus is given in

Oﬁﬂwu FmezRB apd §C 8§19thh¢ esbongheiribytionaad thegfeeres of b@@ghia&

O e R

parafiab&such engetdiifentdtlanmdtindiegpemd enhile Hibiest faagRthies produce
140, 150 and 1 0 neasure each_zone tenperature,

Prefl@@b’@@‘“ W‘éﬂhs‘/lb“ﬂ@ Megot ofthsrppraffingpioguced ba srasking pbyshwere mono-
mefFh AR SRS bbbl § st SFERERG, AR EFkieh o hormal

andkﬁhfét Sbarg@ins atlHB°© hind 499°¢ UsPedtivelE act or 170 measur es
the 6 2009/ 039201 PCT/ US2008/ 076716 tenperature

(00373}t Abe oepnedlengiing menhess ofingast phiséd crakingiprodepisiyeesesimilar to those

tr ol ogr am briygs the fu ce to
aerfi] o GRS Skt S Eirobiaine mbleMftpEedePutimioh 26 NBraeg o e
res&d?éh £l Métor BIBRIin dé&!{ﬁleﬁfuﬁ%ﬁ Mhehih Rlahe¥hemba 181 &fin the 91+
all the neasured system paraneters including flow
colpan gensist péthe eramaticspsciesnuethybutane, avcthyleyciapemapriapd 200
E]WEC slggatches of up to 500 cc of liquid feed 5 205 to
MEYEYPRAPBY 170 at a constant, programmable rate. Flow
controlled gas 210, in tﬁX&MPifielO nitrogen, can be

co-fed into the reactor 170. Wile the majority of the
[00274)c The §Z tildscatadgstl usedffor the caciiig ol gil phytobwes the spae dreionium-

oxcligr 29 v o Predionf piaensleS b o as bls coidibies dtaadle
np)%r‘hl‘fﬁergggm ! ng(ﬁ)ﬁs{éﬂ ggéaﬁge #:' oe?%( cg,’d'i@ﬁ ggglﬁ&%gehﬁﬁe little or no

berizendproductiod.2Fhe clradliiﬂg@rmdtsﬁbr@ ﬁtial}fzb@b&i GeriviSras tdh;eussed 1n prev1ous
bottom of the tubular, reactor 170 and mi x as they

exanplesy JRervare taheomnosigionnefecrackiod pldelarerarempage a@b S%T@ﬁlé% of 87,
89, T gBla8 BRI B Tiipa e Bas B R TR O e, 2

[0022RaBat athphy verdidt estigated Aportedia. thikerahysle: thopoduas of a single
IeaV| E the top. flowthrough a coiled, concentric-tube

pulsefp Airherigingted g elga Bhytal wagrstiactedfromghe algae and is
refe %d[g Gl SA@,ﬁelsl}yttth%xHﬁ& tﬁé%ﬁ@&? Ofa :{?ﬁ% lﬁlgé 8@@1@&0@ w“ﬁ?h o%glnated

arran neo

froﬁ@tﬁdnﬁnérelab@ppnérl(sm%aﬁ&)(am veferRd & as ‘iOoﬁ&nercxal Phytol”; the
nmpl e"), then theé enter a cool ed separator

PTOE]JH@@) ﬁﬁ@ﬁ%@& nydsseefige s@ra@e&% phytehwhighy é’etecﬁoﬂe‘ﬁ@ﬂ wto about a % cc

proaﬁgr \%hnﬁlesaﬂg encagglgaq&gi lésg Qfgaggn(g is g?fglgecgf% a%ﬁgﬁal g}r"]&{n%m%lal

Phﬁalﬁ’k@ﬁ@@?elﬁﬂwmﬂe%ﬂﬂma Qsamips oﬂ8@5‘(ktaﬁa§asfohﬂw afith €4mple of 91
300, and vent 310. The backpressure regul ator was set

octars gasline. 5 psig for all runs. 20 [00281] Experi nents

[00?96 L ﬁﬁ% %ﬁiﬂ?& ﬁpggt%f‘%}%ycrickké @J%ere&?q’;}% 85n§é({:29tt ‘(v)J‘th’ﬁ‘he LZY-72

cathlb@nis kiénaﬂseﬂ lienéif. Tﬁeﬁ:rsfdkfrfg@&hﬁmd)fkl%qih@fbl areshowg it Flgtue 10A and
380 - 400C wunder nitrogen flowto dry the cataly

corppares} with thegaalypesiof thergasimesamplen Thg crashl rredusts from phytol show
no (S)qlﬁ%t%@%bons in contrast to the samples of retail gasoline. C5-C9 paraffins are higher in

the phytol products than the retail gasoline. Lower concentrations of toluene, oxygenates (the

gasoline samples contain 5% ethanol), and benzene, are observed in the phytol products.
67



10

15

20

25

30

is loaded into the |1 SCO punp, then nitrogen and
squal ene flows are set to 2 standard liters per
woreewans920SLM and 4 cc/ mn, respectively when p¢EUS2008076716
reactor was used, or to |l SLMand 25 2 cc/m n when the
" OD reactor is used. Usually, the reaction

3/
o033 ALt o 106, L 0 Pt RO gl o gt
san§if26:d8 shdwi0in FezRel 6. THe vid @F adrmerciaPpftbiSStheloBBsmple

catal yst activity which occurs during the first 500 cc

signifigantlysiifferentfrpre theloghers showisloaven P bt ogiancaomponents, primasly as a
re,. bein stabl i shed l.l experipents .are f or med
resf ofts et et Agaeat and oo Spiloendfions, THisiequbd Tigly b corrected
b . 3 ) . .
R A s L SR e L e TR
vial Sorditled sirggle pulgidanrplas,is Ay Huete caiatysl d&actiwation akech can alter the
regul arly, and anal yzed by GC as quickly as possible
proguctdistiiionconpl et e” conversi on of reactant. [00282]
When using the 1" di ametEgE?Igagq wth -112 g of
catal yst, once the secon C%CH of squal ene had been
[00R78icFRS EAY (F0datahyst aded|foradthék@Ranples was @hially)iontkehanged with Ni to

reactor was cooled and A 69 WD 2009/ 039201 )
propyeee/ NiG2H5 62 ovhecin@n be peedcasadivgrocracking gatgl veln dhe ioprexehange

.3k . o0 . di r
ok S0 o, 1o DU AEGRBIAA i 01 £ 0 A 0 g
wahanded oifNir(11y A€kt € tetrbhyliata has edded dTHeasR turé Was kefed overnight
Note that for either reactor, very close to the sane

at rpemitemparatyrguthicn e spluger §’§|& fltergd otfand thesplid Arpdypt d 2Hksovernight.
ot sph TR Py B AR Aol SUGEPRE i el PR g activity

due s ekt proseAcddfIrOMBad. FOLFuISYEKperitérds, D3 £6fMhiatBlsEwas placed in the
content, then the remni nder of the s(g)ent catal yst was

pulps rgaeier, and i Was aetiveted anderbiydropen Aew et 309°G orrldipun prie tegse.

bur.ni ' JA h .
bR W poha g B o2 T b S RRSto] B e HR 4F 30, 300, 350,
400, 3s0,nBl 506°E0PRIdLES w@féati'a?ﬁédsinq uldEtroea! DeRbvasied oSy Siithdrap
to measure catal yst proton content 10 which is

using methanat before analiisisdn the GEMT systent. Thehpdoeragkieg prodects of

nyidhbite G R o iy 8,0 ot RPN B pitfuct are ilusrated

in Mbugiingcat al yst to ensure that the catalyst was still
structurally sound and catalytically active. No
significant damage to d&EXAMPMiF1as detected after

10037 i T8ty arEHE QiR oo arcgRy RO pLpBbpropi doANEa fom
terpcRBe MEhAdIEHualehle W RiceesSulty braBkedakRigla tdtRfA& r8acr to produce 1.37

squal ene was 15 processed and 1.37 gallons or about .
galloag of liguid product kidml thigwaw lignid poetuch 89S igellensedf g lightest material

Wag%géi‘é]a&?\sb%&%rggwﬁggﬂégsg%%ig Iw c{pgﬁclﬁ%{gd I}lrg%?n ugtfshas an octane
numBdlogofts. G obal material bal ance. % of total % of

total Total squal ene known
[00280] The cracking process was performed in a facility with a large furnace and tubular

reactor set up in a hood. A simplified schematic of the apparatus is given in Figure 12A. The
three-zone furnace 100 includes an upper zone 110 and a lower zone 120 that are 6 inches
long and 600 W each, and a middle zone 130 that is 12 inches long and 1180 W. Independent
thermocouples 140, 150 and 160 measure each zone temperature, respectively. A 2-foot long
tubular reactor 170 was mounted vertically within the threezone furnace 100. A thermocouple

180 is inserted axially into the catalyst zone 190 of the tubular reactor 170 measures the
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granms fed products Gaseous (N2 2236 30.76 33.07
free) Liquid 4410 60.68 65.24 Coke 114 1.57 1.69
wo@eosnt ed 508 6.99 - for 70 WO 2009/ 039201 PCT/US2008/076716
PCT/ US2008/ 076716 [00285] Fromthe mcro-GC, a
detai |l ed anal ysis of the gaseous product was
r i ql
tengB0E B 62 SN or it DLt R I STE R ao DA pi0frafftithes e

ﬁlrmfce t@Rctherml b@tdi‘tﬁfns ahditheawasiaed edal pit oshussirsture Th e sét@lodtit. The
wei ght of l'iquid collected was recorded as 4410

sanggRegamslwallepilogema o al dhexpprsused syttan ymm%ewnﬂéglga flow rates,

N SR

205 thd HadtoMER at U S6btany, ipebdhfighaBlé 4atdl. F1SW bbrtedled R8s 11fmeﬁﬁh1s case,
nunbers from 7268 ¢ fed yi el ds 508 g unaccount ed for.

nitrpgen, £ambd cocisH dnp therremt(gdﬂ@ White thepmaserathi1of theivgacking runs used a 1-

B GNBERT kRPN HRILT! | oL Ssg bt

Ch&hRY; G s EHrddB iR isflg 5@50%& of bdﬁ@leﬁe yabthnt wée SaidRtted ﬁsmg a %-inch
procedures and fill |g€z | ines. 10 [00286]

ODs,ﬂemwreﬁlbd withsabiont %t g e@l‘ltetﬁl{é" -4548)iA¢ Sbﬁamudflgurﬁd%ah@lnd and

easi s bt R ho b it BB AN 708 RSO b Rl RGP
preﬁéh%gfz@ﬁeezzo #aﬁke@lrvﬁﬁkgﬁlss behddyB ehrl Hﬁﬁiéférs)\f@l% ol ﬁ&lh ldng@atalyst bed
prior to ASTMtesting. Collecting the d(Izjallon of

23ths @beve thobedxsplasaheddy gné the égaaresdpdsatied by g nretad screen 240. Reactor

B eeying HepRARALThut 2sqilrntabiERES bl G itber? 250
maﬁll'tasiﬁédl at 8bduP B S U I%é’ddmre%‘nt‘?ﬁe ﬁeté?eﬂchﬁiﬁefj pﬁ‘@&hﬂoﬁ%lg #Qalve

5 gasol I ne range. wever his was done to colTect a
arrzggbtlnemt vdnclaalluwslanmmtam@ams liquif sample thde coll¢vtedt 268 t(knngvn as a

wNE M. sanpl e contai.ned 3070 th Ki
1 GARIE0s HEA Ay enfee s Etleq SEpRI R T /e o hseong pepducts
con%%ﬂ@togh int! Wit erﬁ&lpst&%ﬁ"iy taﬁ)ﬁecg&f {ded 8% rﬂ@ﬁPGCQ%O Whlch is

testing remained and is te [Tquid resid”
dedlcﬁasetdl to gasztnal/}ed thlmon tdmbackmmurﬂregdatan@m meb@st e ﬂbWeneter

dth t t 6 el di
R 5 15 By S T oS Bl
i i

maﬁsr -atll 9The rdeor tiethen loadeddnialtisfusnaot afidiseavedpoemight at 380 - 400°C
onposition is an average of 3 experiments that were

unqsé piteeerelow ‘m@ydbq eatal sy pnprcfmreacaemrﬂ@@mﬁa&ww AW gopd gqualene
is 1?£do mnﬁ%§§6$ 58 fn%ti%ggﬁr%d sqﬁgl'g;% ﬁo&zg a(}g]sétrfg 2 @&8&&8 liters per

minute (SLM) and 4 c¢/min, respectlvely when the 1 OD reactor was used, or to 1 SLM and
2 cc/min when the %” OD reactor is used. Usually, the reaction temperature is set at 380°C for
the first 500 cc of squalene. The temperature is raised to 430°C for the second 500 cc batch of
squalene to offset losses in catalyst activity which occurs during the first 500 cc run.
Including early runs where appropriate conditions were being established, all experiments are
performed with reactor temperatures between 300 and 450°C, with all but two being between
380 and 450°C. The collection reservoir (containing the liquid products) is drained regularly,
and line samples are taken regularly, and analyzed by GC as quickly as possible to ensure
complete conversion of reactant.

[00282] When using the 1”’ diameter reactor with ~112 g of catalyst, once the second 500 cc

of squalene had been processed (for a total of 1000 cc or 855 g), the reactor was cooled and
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Table 5. Overall yields from squal ene. % of total
Total squalene grans fed Gaseous (N2 free) 2236
W@ 2000/839285TM sanpl e 3070 45.41 Liquid resid (PQIBS)008/076716
1340 19.83 71 WD 2009/ 039201 PCT/ US2008/ 076716 Coke
114 1.69 [002871 Figure 12B denonstrates the
| 3 43
the GRS R0 PR AE i MO S ATA] WoiRE B L 7 diamoter
reaceunatithsd 7sg off cagidyse dhescapil ystl was chaingedefep 560 cadfadualent hhdbeen
6. Because_ i sobutane and i sopentane have bl endi ng
cracked; Note-thatfer either Fraptpe verygiose dothe samg railg@f squalene processed to

Cataﬁﬁf@@?éeg}(‘%{sﬁgedra reasonabl e estimate for the octane

“Tiquid product can be conputer that
[00283} I Whé&eca@ltysh civegesiweré Fedn 8@ bt th@featbr, laseBUn@liesadplt of

I sopentane which appear in Table 6 were included in,
catatyyewas upad th pmisgehaiancesisteneioaigteaning cpkheontauaitlsn thetampinder of

be . approximately 100..8 t not,Qr _oct ane, n er. .
the ot RSP T Bl P Zorll] e T G By Bining i
80/205000] /%754 RPUIREA! TR APt WAEthel b&ﬂ%&:% to n-propylamine

converted) and isopentane (repriesenting 10 2.24%of

thertnhakedesopptibe areal ystsmonethe sirobebanee systeny tr eepsareda@abideproton content
.the sanple recovered for. the TM apal ysjs, .the yield
whiGlp S0 SpelReagos Enesl igtraiaiol Lhrreans.hanat Remis o iy o

PO R A B8 vl Lopar GRTMAR R Syt 1 exBl tha
the eatadysheiade stilbstaicturalyt doend ardodatel ytizalby active. Nosighifieand8diibge to
nal ysi s, the_yiel uld have increased hy 22.5,
cata é&sa@%@a@@t%aﬁﬁ@e?@%?rﬁ%vaﬁ&dgi vBh alh fieTynowita salene
NG <f r
use SRSt e @friiod S RS ST HBon T80 B 08 Muadkd was
prodeksed and 532 galivroer atsomt U4l (oeoff @adked Bqlyid posisctobas rec@venedn
over 100 octane. Table 6. tajl ed gaseous produgt . . .
[00284 é{e@kwrwf/ﬂere total grodues g&rthaw axefo}@fafwélal@m éﬁés given in
Tabiéef]“:t ant Hydrogen 0.59 0.19 Methane 0.91 0.30
t hyl ene 3.56 1.18 Ethane 0.67 0.22 Propylene 21.74

Table'P GIS¥aPRH R arbathcd - 47

% of total % of total

Total
squalene  known
grams
fed products

Gaseous (N,

2236 30.76 33.07
free)
Liquid 4410 60.68 65.24
Coke 114 1.57 1.69
Unaccounted

508 6.99 -
for
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Trans-2-butene 5.54 1.83 1-Butene 3.60 1.19

| sobutene 9.67 3.20 Cis-2-butene 4.26 1.41 |sobutane
wa 2009938002 n-Butane 9.97 3.30 Trans-2-pent ePET/LSH88/076716

0.65 2-Methyl-2-butene 4.51 1.49 1-Pentene 3.29 1.09

Ci s-2-pentene 0.84 0.28 |Isopentane 6.78 2.24 72 WO

9 . . ¥
on B 6P TSRy R By B
time enyieltl @rtotakbahdumt obéack gadesusymodlics tahd bwnimedtongive thie zaaltvhaight of

gasi?(glg E‘I?t gt ea‘i\%égf{sa 51;0 %ctg:T gg}%%l)zﬁlfglaﬁ tof?ﬁgyslg 28156%@&4?%% recorded as

I ' it - eqUi
P ELORE Uit Wi RaldPLOS Yl Bt RS B o
this'geds 16 /4d gABTINR S @edalydswitios tataltof8l5 sgparate ibaehesfodicatalyst was

exanpl e, the research octane %RO\% and nptor. oct ane
usehrielding 1{ fenjublastingdhess nymgers drog 1268 gled yighdsyp08 g ymaggounted
-+ f 91 | ' ' )
or, FRE e P28 sl ST RckBo B i wer

actuallly cdiddtked ahd ivAillibe atedSn figtHes adalBes WMat@uhted hekrial Most likely went
general, the ASTM sanple only failed tests related to

to sampling profeduessiand fifingfliqnid litghese fail ures were expected

0082 s bt RBBRB LR Y procuc
wasSSRBR ﬂ/&ﬁb&ﬂﬁopéxaﬁf?l%, b&ﬁh% Béint IEQQhMASA D). Thbdelcré, it cracked

results show that the distillation performed only
liquié pvdect was distiledypristto BSTM festingo Cotleatiogpiergatoms of product for

ASERB i b BB B 2P ALl o1 et or 2200

ol A QUG Tl A ol s
gasalincuady, HowaxdrNhiy wasrdoneioadollecta ggherohd av@ininhind amount required for
drivability index is calculated fromthe tenperatures

the fgsting:i lbg ASTM snpip gonsgned Hi70wend thesrpkangrieduct peprest ixfhe
o RS 0o o by 855 KEPIMORR v o

andSiafgphed diduvdiebid tASTMdesting Meardakbt thicre®datch\watahenumber of the
maxi mum because the distillation curve exceede

ded
sampiewas e ansighe metprpeiane was $he yieldingn walweefct st foafReeMy2 which is

al bon of 1iquid duct fro l.en r T
e P S b e
recdVer&ll in@thé va10us Guatodb.erterdeaked ghal fsidi dfelek Fa@si Conmpdsidioh & an

Par anet er Met hod, Regul atory Squal ene Cracking, . .
avestzg 96 3 experiempntsahy were performed. The detailed liquid composition was derived

from GC/MS analysis of a small sample from the pooled liquid cracking products.

Table 5. Overall vields from squalene.

% of total
Total '
squalene
ams
& fed
Gaseous (N, free) 2236 33.07
ASTM sample 3070 4541
Liquid resid (>275°C) 1340 19.83
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Ref erence Product Measurenent Requirenment (ASTM D4814
04a) APl Gravity @60F ASTM D4052-02el 35.1

w@\ppeasance i n Laboratory ASTM D4176-04el P1 (r@I/Chmas/076716
& Bright Phosphorous Content (g/gal) ASTM D3231-07
0. 891 0.005 MAX Sulfur Cont ent ASTM D5453 08a*, 40

D381- 04el <0.5 5 I\/AX mg/ 100m_) Exi stent Gum (washed)

08 NiBB SR gFhod="o s %8%@9%?%%1@%9@8%% s

flowASadtbin 2Re/cudrbat exAmple2 AQictizlod MfsXysisftgassudpivtiedts is demonstrated
Research ASTM D2699-07a 98.5 Cct ane Nunber - Mot or
in Tl GoBerppsegaobytagy andusppentang ipvadlending tsspazch ogtane numbers ot 122

and Elg(?, g%g]pgg veﬂéa ?easeﬂa Mér%gg ﬁr arl &@g@%ﬁ&um product can

rr05|on(

be co¥iBiltdr Bidbwalld be Copined ifOw i of FohHEM HLIopRiaile Which
hrs. @ 122F) Nace Corrosion TMJL72-01 B Benzene Content
appqam e AW ingdudmlip the liughipraduatod hegeseanch retge nyrploer would be

b o0 RS e e S e

that@ﬁmu%g IepRidentidg 3.0¥%d of2RdsqbalEn Ebided) @ad &Bﬁen%e M’éiiresentmg
Vapor Pressure @ 100F (psi) ASTM D5191-07 -

2.24% ef the squalene capartey); vmbrqcpwed sndeadded-tp th@ﬁmmgwemﬂofor the
AS'IJM analymg) Qhe )ﬂglg WMD% go up 7.26% to 52.67% of the squalene converted to the

sample recovered for the ASTM analysis. If all of the C4+ components of the gas phase were
recovered and added back to the sample recovered for the ASTM analysis, the yield would
have increased by 22.5 percentage points to 67.91% and since blending octane numbers for
C4 and CS olefins range from about 109 to 176, therefore further significant improvements in

the octane number could be realized, possibly to even over 100 octane.

Table 6. Detailed gaseous product composition

Wi% of gaseous product Wt% of squalene reactant
Hydrogen 0.59 0.19
Methane 0.91 0.30
Ethylene 3.56 1.18
Ethane 0.67 0.22
Propylene 21.74 7.19
Propane 446 1.47
Trans-2-butene 5.54 1.83
1-Butene 3.60 1.19
Isobutene 9.67 3.20
Cis-2-butene 4.26 141
Isobutane 15.19 5.02
n-Butane 9.97 3.30
Trans-2-pentene 1.98 0.65
2-Methyl-2-butene 4,51 149
1-Pentene 3.29 1.09
Cis-2-pentene 0.84 0.28
Isopentane 6.78 224
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Distillation ASTM D86-07b I BP 117.6F (47.5C) 10%
207. 1F (97.3C) 50-70C MAX  30% 270. 3F (132.4C) 50%

WG2009859201162. 7C) 66-77C 110-121C (M N > MAX) ' POU62008/076716
394. 8F (201.6C) 90% 463. 6F (239.8C) 185-190C MAX'  95%
489. 2F (254.0C) End Point 500.0F (260.0C) 225C MAX

T PaRBCOVEred 95 5% ReSIdUe 2 gkeVol % 2 VOl 9% MAX 0SS ¢35
2.2% 74 WD 2009/ 039201 PCT/ US2008/ 076716 CLAIMS WHAT
Hexapagplsg A VED |'S: 1. A catal yt¥’c cracking process for 03

cracki ng a sesquiterpene, the process conprising
contacting under catalytic cracking conditions a
[00288F dde A M sample mias gent b t&ting shieribemgplistidledvia hingmize the amount

t ti iti Th ., of l.ain .
RN O RN T W R
also MclGdedh TIRmnWART @ik Pquﬁ'b@ st dAtdsSront 2602 l\/ﬁnﬁ? o?(h@ ﬁi&‘djieﬁ&s Bf the

ght” of greater

m xture conprising percentages by wei
produbtamees €9 A STM estemdarde fs réthib gasdlhd Forexample, thesssettvh 0ctan@(RON)
j on of

xyl ene, and great t han 30% o conhi nat
and B SR G MO B8 U oA resDEet e T DGO BpEOLS,al

of w;TI; cﬁin'i@eg-the%kﬁﬁr?h gliﬁiﬁﬁmﬁ%?@ RN BRI Igﬁ)l\f R RESHAE Bodd text in

e process o alm 4, erein sald process conprises
Tabler7addicatetests thexsample faitednjir geaeml threk SEVitsample dnly fadedtests
of greater than 15%tol yene and greater than 10% )
relatge poxip 3ﬁ§flat@_%9€1w{%he& %ﬁ_@@g wGFe EXpefiter becayss Sl pyfeide of the
sasEREBNAL pEALEY L Ao BETRIVEE (kL B hBfund SRASL S6%nkBr one
gallqar, e ASAYA distilitatioh uesalte shopr thst thgdiptiiation padenizd onbi rginbved the
of greater than 75% of conponents with an_ qctane

highgs bREing s rpPansals (9o exampleathpcgcss Subleftaddifignad heavy
comfFHR B R Endb b BB RRRH DFS GRS GEEERY TR B, Hinal
boilidBpuint 3H3600@J whith Mas 35°C higher than the allowable maximum for retail
gasoline. The drivability index is calculated from the temperatures at which 10, 50 and 90%
of the sample was recovered and gauges how well the fuel will perform when starting, idling,
and driving. As expected, the sample drivability index exceeded the allowable maximum
because the distillation curve exceeded specified boiling points. The example demonstrates a
gallon of liquid product from squalene for ASTM testing.

Table 7. ASTM results for the gasoline fraction from squalene cracking. Failed tests in bold

Parameter Method, Regulatory . Squalene Cracking Standard/Regulatory
Reference _ Prbducf Measurement Requirement (ASTM D4814-
04a)
API Gravity @ 60°F ASTM D4052-02¢1 35.1
Appearance in Laboratory ASTM D4176-0del P1  C+B Clear & Bright
Phosphorous Content (g/gal) ASTM D3231-07 0.891 0.005 MAX
Sulfur Content ASTM D5453-08a*, 40 3.8 ppm 120 ppm
CER, title 40, subpart
H.
Appearance Visual Pass
Oxidation Stability ASTM D525-05 60.52 minutes 240 minutes MIN
Existent Gum (unwashed) ASTM D381-04¢l <0.5 5 MAX
(mg/100mL)
Existent Gum (washed) ASTM D381-04el <0.5 5 MAX
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8. The process of claim6, wherein the mxture

conpri ses percentages by weight of greater than 50%
w@e@omsdzel hydr ocarbons. 9. A catal ytic cracki neCPUSIe$676716

for cracking a diterpene, the process conprising

contacting under catal ytic cracking conditions a

(mg/100HEETSTOCK containing the diterpene 25 Wth a
catal ytic conposition, 10. The grocess of claim9
MereapRRUREIH ) e clf (AYTSUREZ-®a byt P00211. The. pr B MAY
Octane NahBdriRedekch Wher eASTMVEBI6ED-gFa 0cessg.conpri ses produci ng a
1 Xt yr conpri SJ nt ag y wei ght of greater
Omneb{pﬁ'geﬁ}kgg% C5-C9 %&?ﬁ?ﬁﬁ{n@g V\her%e'%)n nor e thanzg70% by
AKI - AgteKngbkt Indsk, t he paraffins are mBheegwed hyl par &1fi ns. 30
=(RON+%?0N&/_-Eh? process of claim 10, W@xﬁc@ér!ha)t he cracki ng
conditions conprise heating the feedstock to greater
than 350 C, and wherein said BVdee&Enkonpri ses
Silver Cdpo$6hU G hRG122°F M ASTWI R48CRIVPIAL S| Mg per cent age by wei ght
) of greater than 75% of conponents with an octane
nunber greater than 90. 75 WD 2009/ 039201
Copper (Jo@TslodE2008/ 076 7ABM 11130-04ehe pr dBess of clai mi2,
ns@2Merein the mxture conprises percentages by weight of
greater than 40% net hyl but ane. 14. The process of
Nace Coggsign m 10, wher eiMPYHPH proces® conpri ses produci ng a
Benzenerrbﬁf&tl(m%)c?][rpri/sﬁmg):{wer-@vent ag|e.3by wei ghL of 4x&% than
1% C4 paraffins, . catal ytic cracki ng praoces o
for cracking a‘ttor(:l%t‘%@p%@e, t he process conpr(?nszl(aﬁlgm%beo‘GZVOIA’
contacting unde¥.12¥dt al yti c cracki ng condi ti ovigXa

Oxygen CRBATLAHK cont alAhnBadifes tritgppene with a gghgl ytic
osition. 16. The process of claim 15, wherein the

co
MTBE(‘(OH"IFer pene i s SHUM BHdI-047. A<Rhtal ytic cracking
V/L-20°Pr ocess for cragkivipusa-bat r at egopene, the propessx

cOo i.si.pg .10 c Lhg unde atalytic cr )
Vaporprg%uﬁnpd@tlﬁdoﬁg’s‘g fe%ﬂs%%kl'(g]cfnt aj 'igterg the tri te?f)ééir?rel%}\c/vi th

a catalytic compssition. 18. The process of claim17,
Drivabillif'Rb&I ¢y L e t eLLAMEHAGNPH S Cafget ene. 19. A Gaf plyih!
.. Ccracking process for cracking a mxture conprising at
Distillatip a5t t hree t erpdER36-07Phe process conpri sing
contacting undggpcatal yti c cracieemgr.sendi tions a
feedstock 15 contai ning the m O0Pri si 1
| east three terlgé’nes with a (r:né(ﬁall y&?'g%ggrrpos#%??w‘&x
20. The process¥0¥ claim 19, dHSfR{IR4LEe at | east
three terpenes gie sesquiter pengsy aedrc)he PfeOSRSS 18 121°C
claim 20, wherein the feedstock contains ginger oil.
22. The process of claim21, wherein said pr@E¥ssMAX)
produces a m xtigge conpri si ngsoyef Ge¥-epes by wei ght

of greater than 15% naphthenes, greater than 20% .
paraffins, 20 96/"eat er than Sd/é EWEO and léf'é%?t%MAx

than 5%t ol uene®s% 489.2°F (254.0°C)
End Point 500.0°F (260.0°C) 225°C MAX
Recovered 95.5%
Residue 23 vol % 2 vol % MAX
Loss 2.2%
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23. The process of claim 19, wherein the mxture
conprises at |east three terpenes of different sizes

w@edoeosed from t he group consisting of the fol POIUSIYNE/076716

nonot er penes, sesquiterpenes, diterpenes,
triterpenes, and tetraterpenes. 24. The process of
claim19 further conprisi EEA‘H"N acting the mxture
conprising at least 25 three terpenes from al gae. 25.

WHATE: GLAIMEDd8acki ng process for cracking oil from

| gae, the process conprising: extracting oil from
11 gheA4119 GATKIAE PIoRsts {8 CRACKBRBOFXIIETSNS Hbguessss Comprising

co | - e
oS B la R En LR SRR L o
conrspagitérpene widiDa 2falyfibeonpositeas of claim 25 further
conprising genetically nodifying the algae prior to
£he heprocgesqislpimil, wherpin thy,gesiiiserens isguparng. m 26,

[ ical)l RRY ces.
£ RS VR S AR SRR RS e
geneinptisihg }terﬂﬁdégey b §eighCobgreaer. thabs MM 208/ 103IRAN2 % benzene,
PCT/ US2008/ 076716 28. The process of claim25 further
c oS it g nx tenegandgseaien than Hio af yemnbipationpf cydehexanes and
conpanent 5i or to contacting the feedstock. 29. The
process of Claim 28, wherein the fuel conponent is
geImelpestely THiMe , Fherid the SRGliftpoRe isthrnkbedef Ol | owi ng:
fossil fuel, petroleum a mxture for fuel Dblending, 5
daddeiprecessdifetaim 4, pheretn seid pregess eomprisesypaetingmmixture
thereof... 30. The ocess. of claim 25, erein.the 0
¢ o peRasing Perodl ey by HERD 8" e R Toop FIREE R b gy 10%
30.padfifisci N the sesquiterpene is cuparene. 32. The
process of claim 30, wherein the sesquiterpene is
f.arhe peavess of 3Bim Fhwhereindbs eracking candifions comprisedicatingtthe

55 BRGr o Sei G S a0 WD s 1 oSS S e o
of ik RlrdRotmprisiaSefieRtabdBy WelRESTréaberdhdn 750 £6 PDRDonendPwith an

The process of ¢claim %5, wherein the triterpene’is
squatasepumbeg greatén¢han%cess of cl ai m 25, wherein the

7 T iEpcess Pt hin o b Perbi e it cEmpg s REeatks gy Weight of sbou
pr qggf’t% a%ut?g% Bubne ghd absut 1064 ﬁo]a%ouPTS"/@garamﬁr ein the

crackl ng conditions conprise eating the feedstock to

BetThe procatsonficlai @; wb&®inGhe mixturtlvempriges pssenthgas baiwai o of
wherein said catal ytjc crgcking conditions include

he d5fG t q‘i‘é%/ggg%ﬁ\{% Wr?‘ii‘?lé?n?'enper ature between about
480y @ﬂﬂy@@&a&in g”fﬂmcéEE‘ or F?:Eééﬁfg@ 2 cﬁ’t@:rp%hé,‘ 'tlI{E ﬁ@cesé’\&ﬁﬁlﬁ'lsﬁﬁ o

said catal ytic cracking conditions include heating

20 chateditgouker @tadyticempiingtaonditibet aveedsiabcantaip0 thediterpene

400 Cﬁ . i
with a catalytic composition.

10. The process of claim 9, wherein the diterpene is phytol.

11. The process of claim 10, wherein said process comprises producing a mixture
comprising percentage by weight of greater than 55% C5-C9 paraffins, wherein more
than 70% by weight of the paraffins are mono-methyl paraffins.

12. The process of claim 10, wherein the cracking conditions comprise heating the
feedstock to greater than 350 C, and wherein said process comprises producing a
mixture comprising percentage by weight of greater than 75% of components with an

octane number greater than 90.
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42. The process of claim4l, wherein said catalytic
cracking conditions include heating the feedstock to

wa@2aenpeoat ure bet ween about 350 and 400 C. 43PCTg2008/076716

process of claim1, 9, 15, 17, 19, or 25, wherein the
catal yst conposition conprises a nolecular sieve. 25
H TR 1 thab i pifetshinsb petbigrth e o
Si Zfeasr elainel0%4 Mmathylbudngst rom 45. The process of claim
44, wherein the | arge pore nol ecul ar sieve has a cage
- dibe pegeesseit clagm 18, Whigein spidprocass, CompaiseH eSS MEHPE m

44, .ej .nar J ' is a

12 o355 Byrbotede Yy e o PR e Bty 1, s,

MY eitilyfideadkad Dok orRlcRitig laafitefieay,@hd Sroesd corhprisig
Y-type zeolite. 48. The process of claim44, wherein

t heontaeting underecatplytiscmckingsonditionss fegdstork confainingthe triterpene
CP81.€QE13L- i&? .ELZ-L...or T-4546. 49. The process of claim
43M P S ROPOBHER U ar sieve is a 10-ri ng zeolite.

16, THOp2RRSY JI23R2A Y s REHldrsin2ROBitgené 16squblene. The process

of claim43, wherein the nolecular sieve is a ZSM5
Y50 catdytiGarackimgproease &g sragking ladetratergenewie pedcasstdemprising

ol e G ke 68 e Rk o 85 Rihus itpene
th@viﬁpcp@y%j?,tmoﬁﬁjékiﬁbn'si eve is a different size than 5
t he nol ecul ar sieve. 53. A process of refining

tSiheipsicas of ckadrkil Agwheréio distesaikrpeamig caroteng squal ene in

B, oA P G55 pp St e iRing o KR St figot 28 ferpenes,
beyNEFBcAP Bothpriing Gnikefing @ftter JRAyIR Q5SS &fndﬁio?éo E"geg&;t%k

wherein the octane rating Is greater than 90.
me tchoteind g thermkict tig; camiprising pi leaht thireecterpendssiithyn catddytia eninipgsition.

Shdeodoenma EL G RERR el PR SR
Qﬁtﬁ:e Fdssdrfih 9, GRGEhIhORSISNRE hRsHskRgk M th a

catal ytic conposition thereby naking a“fuel product,
2h drheiprocetseofchelimI2y § whereinspid pracdessproduces a egum comprjsing

pore ol ecul ar. sieve haying_a pore size greatey 1han
b RESRABMOY 18] OF S17aISh e 3 RO hecin ST i 0P HDATHERS,

cr ' t I 0 0 420 C. 57. The
rre?gﬁé:)d(kltﬁ? gl?a‘ﬁ??ﬁf(ﬂ]e@eéj &ﬁéﬁgﬁmﬁgéﬂ?ﬁeyt i c conposition
D3 Theprocessd claial1Df wherbi@ thelinixture thraplrises acleast thré&Sterpenes of

wherein the fuel prodyct has an octane nber of
betdid@rnt sizgs eale Qn growonaiﬂgl&éﬁlwo@“wn& RppQtemenes,

NS Ehrbifes! oS el Srleiiid Bafes MDY Of

24. The process of claim 19 further comprising extracting the mixture comprising at least

three terpenes from algae.

25. A catalytic cracking process for cracking oil from algae, the process comprising:
extracting oil from algae to form a feedstock comprising a terpene; contacting under
catalytic cracking conditions the feedstock containing the terpene with a catalytic
composition.

26. The process of claim 25 further comprising genetically modifying the algae prior to
the extracting oil.

27. The process of claim 26, wherein genetically modifying the algae produces increased

amounts of the terpene compared to not genetically modifying the algae.

76



10

15

20

25

30

20 than 90. 60. The nmethod of claimb55 further
conprising adding a fuel conponent to the fuel

wEe@dsegl wherei n the fuel conmponent is ethanoPCT/Ps1008/076716

fuel, diesel, biodiesel, or gasoline. 61. The nethod
of claim55 further conprising adding a fuel additive

| . € i t.i0n: i sina:
48 THE oS of GRS Fupnel ComRi AR b1 BRILAR vl e
c orpmporientprior 6@ contactiagpedtédstook.conpri si ng: a terpene
and a cat al ¥ti C cracking conmposition.  64. The
Forpepioces 1 giping L&, whesan thaeel spmperat isselselge from the group

2 SR AT S8 Ry FuRbRIg Bl ALl Muhiy
t r ighRIinE Weesel@jet firt, aad afpemthinsieh depdtf, farnesene,

squal ene, zi ngerene, and carotene. 30 65. A
¥ ipe procesiof eloim 29 svlegein gherig@eneos B senquiterpest al yti c

racking co ithon. .66. A C Qsition canprising:
{1 B PR SO AP i e S BRR EREFSR™ 67 e
TOMReptdckROf Slairk B WhPen tHRIesfditerpetic 8 Gamevegs. i n t he
catal ytic cracki gg conmposition is a nol ecul ar sieve.

33 Thepmges/of s 25, Pakreisteoeporsy aditerpene. The

it f. claim67, wherein the nol ecul i
FE TR pla o Bk 5 et Bt RARAG o pore oi ce
. %&Efocéﬁ%‘?cl@irﬁwﬁbﬁe%fh tRerpdlisis @ Hifepehd.i on of claim

erein the large pore nol ecul ar sieve has a cage
. dire pracessiof ¢lain 85,amitpaein thedtitepenois sqhalemsonposi ti on of

j m 68, I Qt l. I I [ [
§5ThF s b Pt 25 perf IRTeRANsCr PR SE af m o5,

Y ehebibcbRRf LRI 87 PABeilHelbidit@perti iS¥Rotele.2 (3, L, or
Y- type zeolite. 72. The conposition of claim 68,

¥hahe processeof claing é, HdSel i swdSawhaeiovke ¢rackingconditions Gomprise

Val f or 811BL-25, . ELZ-L,. O - 73. The
po&?‘ﬁ%@gtﬁ?“pﬁ%" 0¢ It‘_?;lpﬁw’é?‘, a L]r@rﬁ)% mol ecul ar si eve
Jé(g The phickdss® AR B Iehereid 4aid IREYEE @ﬂﬁ@lﬁhng&ﬂitﬁfns ﬁlc?ig@heating the

, erein the nolecular sievé Is a M5 zeoli )
79 feedstock to a temperature between about 180 and 580 C.

41. The process of claim 40, wherein said catalytic cracking conditions include heating the
feedstock to a temperature between about 200 and 400 C.

42. The process of claim 41, wherein said catalytic cracking conditions include heating the
feedstock to a temperature between about 350 and 400 C.

43, The process of claim 1, 9, 15, 17, 19, or 25, wherein the catalyst composition
comprises a molecular sieve.

44. The process of claim 43, wherein the molecular sieve is a large pore molecular sieve
having a pore size greater than 6 Angstrom.

45. The process of claim 44, wherein the large pore molecular sieve has a cage diameter
of 10-15 angstroms.

46. The process of claim 44, wherein the large pore molecular sieve is a 12-ring zeolite.

47. The process of claim 44, wherein the large pore molecular sieve is a 8, L, or Y-type
zeolite.

48. The process of claim 44, wherein the large pore molecular sieve is LZY-72, Valfor
CP811BL-25, ELZ-L, or T-4546.

49. The process of claim 43, wherein the molecular sieve is a 10-ring zeolite.
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50. The process of claim 43, wherein the molecular sieve is a ZSM-5 zeolite.

51. The process of claim 43, wherein the catalytic composition further comprises a second

molecular sieve.

52. The process of claim 51, wherein the second molecular sieve is a different size than

the molecular sieve.

53. A process of refining comprising cracking a feedstock comprising squalene in a flow

reactor; distilling the cracking product; and ‘obtaining a fuel product with an octane

rating between about 85 to 125.

54. The process of claim 53, wherein the octane rating is greater than 90.

55. A method for making a fuel product comprising: obtaining a feedstock from a

genetically modified non-vascular photosynthetic organism; and contacting under

catalytic cracking conditions the feedstock with a catalytic composition thereby

making a fuel product, wherein the catalytic composition comprises a large pore

molecular sieve having a pore size greater than 6 Angstrom.

56. The method of claim 55, wherein the cracking occurs at a temperature up to 420 C.

57. The method of claim 55, wherein the catalytic composition is a 12 ring zeolite.

58. The method of claim 55, wherein the fuel product has an octane number of between

about 85 to 125.

59. The method of claim 55, wherein the fuel product has an octane number of greater

than 90.

60. The method of claim 55 further comprising adding a fuel component to the fuel

product, wherein the fuel component is ethanol, jet fuel, diesel, biodiesel, or gasoline.

61. The method of claim 55 further comprising adding a fuel additive to the fuel product.

62. A composition comprising: oil extracted from algae and a catalytic cracking

composition.

63. A composition comprising: a terpene and a catalytic cracking composition.

64. The composition of claim 63, wherein the terpene is selected from the group

consisting of the following: a monoterpene, a sesquiterpene, a diterpene, a triterpene, a

tetraterpene, cuparene, farnesene, squalene, zingerene, and carotene.

65. A composition comprising: ginger oil and a catalytic cracking composition.

66. A composition comprising: phytol and a catalytic cracking composition.

67. The composition of claim 62, 63, 65, or 66, wherein the catalytic cracking

composition is a molecular sieve.
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68. The composition of claim 67, wherein the molecular sieve is a large pore molecular
sieve having a pore size greater than 6 Angstrom.

69. The composition of claim 68, wherein the large pore molecular sieve has a cage
diameter of 10-15 angstroms.

70. The composition of claim 68, wherein the large pore molecular sieve is a 12-ring
zeolite.

71. The composition of claim 68, wherein the large pore molecular sieve is a B, L, or Y-
type zeolite.

72. The composition of claim 68, wherein the large pore molecular sieve is LZY-72,
Valfor CP811BL-25, ELZ-L, or T-4546.

73. The composition of claim 67, wherein the molecular sieve is a 10-ring zeolite.

74. The composition of claim 67, wherein the molecular sieve is a ZSM-5 zeolite.
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