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The hydrocarbons produced by Botryococcus include (1) n-alkadienes and trienes (Race A),
(2) triterpenoid botryococcenes and methylated squalenes (Race B), or (3) a tetraterpenoid,

35 lycopadiene (Race L). Triterpenoid hydrocarbons can be used as feedstock for hydrocracking in an oil
refinery to produce octane (gasoline, petrol), kerosene, and diesel, for example. Botryococcenes are
preferred over alkadienes and alkatrienes for hydrocracking because botryococcenes will likely be
transformed into a biofuel with a higher octane rating. It follows that use of algal lipids or

hydrocarbons can greatly reduce the environmental impact associated with using coal and petroleum.
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The polypeptide of the second aspect may be used to synthesise a triterpenoid hydrocarbon
in a cell-free system. Alternatively, the polypeptide of the second aspect may be expressed in a
recombinant organism for production of a triterpenoid hydrocarbon or a botryococcene, respectively.
35 In one embodiment of the second aspect, the polypeptide comprises any one of SEQ ID
NOs: 1to 5 or 20 to 29. The polypeptide may be recombinant or synthetic.
The nucleic acid molecule encodes, or the polypeptide is, a botryococcene synthase, which
is capable of converting FPP and/or PSPP to botryococcene. Alternatively, the nucleic acid molecule
may encode, or the polypeptide may be, a squalene synthase, which is capable of converting FPP
40 and/or PSPP to squalene.
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In another embodiment of any one of the first to ninth aspects, the triterpenoid hydrocarbon

is a botryococcene or a squalene.
To overcome the slow growth rate of some organisms, such as B. braunii, a triterpenoid
35 hydrocarbon nucleic acid molecule, e.g. a nucleic acid molecule encoding a botryococcene synthase
or a squalene synthase, may be transformed into other organisms that are faster growing, such as C.
reinhardtii, Escherichia coli, S. cerevisiae, Pichia sp., or any other organism that is amenable to
transformation and faster growth than B. braunii. Such synthetic or recombinant tools and
recombinant organisms will facilitate the commercialisation of triterpenoid hydrocarbon production,

40 such as for biofuel or bioplastic production. Such a recombinant organism may be used commercially



synt hase/ botryococcene synt hase honol ogues of the Ayanme 1 strain of B.
braunii, Race B. The am no acid sequences of Figures 1 to 5 and 20 to 28
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deduced fromthe nucleic acid sequences pr ovided in Figures 6 to 9 and 30.

1 OAn asterisk represents a stop codom4 Figures 6 to 9 depict the
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Fi gures 1?;;?%@0' d%pl ct the nucleic acid sequences (corresponding wth SEQ
ID NO. 14! BEY1'® NO 17, respectively) of primer pair 1 (PP1l) used to
detect the prddmnctl debictshiee mwaeneemtm@rﬂwﬁpwmdt&mamesum in
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resﬁ@ctl\pé?]r‘?):or&ﬁsr’?ﬂdﬁﬁ’é? pai'l? N@ (PP2) used to det ect the pr esence of the
squal ene synt Irguee ESRbREIhC IR sribb atith séduaneiod squatnEsyntraise bfas. Gtduhii | N
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(labelled 51 to ich e
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Ohydr ocaorsrﬁ’é%%‘g‘ﬂ‘?ﬁtﬁef fraosioRednte Caﬁq"H’a@é’drbEW'e he full sequence corresponds
to SEQ NO 32.Figlhe 15equendepict iematleit Beaia sequerdds adoerbspohdiankit$EQ IleNGi 8yt and

stop co I 30.
P oSN PO ) VAPl G e T LR
PET302/ NYothpse-pRPEA4S Czﬂ“iéf"’@%ﬂ tpRsfosmBd LpEmBergti in @faé}pleéd to herein as
congtructs 1, Fyure3,18and 19 dedi® §ReGtbM 8t sequences (corresponding with SEQ ID NO: 18

and SEQ ID NO: 19, respectively) of primer pair 2 (PP2) used to detect the presence of the squalene
synthase pSP124S construct in transformed C. reinhardtii in Example 11.
Figure 29 depicts the amino acid sequence of ATB1, a triterpenoid hydrocarbon synthetic

polypeptide of B. braunii Race B, Ayamé 1 strain, and corresponds with SEQ ID NO: 29. The asterisk



15Figure 33 is a photograph of an agarose gel for nol ecul ar detection of

t he squal ene synthase pSP124S construct in transformed C. reinhardtii of
Exanpl e Mousiwg2zibe PCR prinmers of Figures 16 to 19. PEeRTudR0pmeniwsmed on
genomi ¢ DNA extracted fromindividual colonies positive for ZeocinTM

resi stance. Lanes: 1 untransformed C. -r¥inhardtii cells, PPl negative
control; 2 & 24 no cells, squal ene synthase pSP124S construct, PPl positive
cont r ol ;reFegsnisdhn ﬁORJ@IdQ'ZJB? PEFPEPHteRMiPUEes ezansdieai epreispond with SEQ IDNOsg 1 tg, 10,
11, 12, slahd 20have hopmesksGol ripgnse dlexod 8, 18, 24, 28, 76, 82, 87, 88, and 89

respectl vely, PPl 8..19, .20, 2 transfor med

col onies 12, 1@“%@1@&&%'”*%%&0%&”%'0 % Seﬁ%&‘%@”%‘&%@‘é?ﬂﬁ@l3&7"’ PP2.

Fi gure quee;lceofrf'rmntre)@&mdh:oméwagam@@E@elD ND: 301 Theghosr exipsisesdhaoag (labglled
restei ctign 4@ §1tv§h|c91fex9|§r211laé gﬁ@areﬂﬁ@lﬂgé NFhe EbRA AdRdrise&B&ns that o
CT-Hi s- ATB1/ p E éconstructs 2, 3 and 4, respectively) 25and confirm ng
t hat thecogﬁsp?BE‘N!'H‘? GIEAE 4P Jes are present. Figure 34A shows that
construct 2 wdsguoud1 dﬂptctsd\giaebmamdclasac)ﬂ segbegereecdlihlg tishwmiso adithdequansbf uct s 3
and 4 wefi&, 36 GUlredMohdd PdcXhe! . Figure 34A and B 100 bp | adder

fr agment uessshdy reg%1000 GégEgg' 8%(% 700; 600; 500; 400: 300: 200: 100 bp.
Figure 34A 1 Ifﬂﬂurea%@p'cfsradb‘ﬁ’éﬁtacg|32‘§‘§”C€1‘€§ed for C'B”'”QitheA‘TBét”teZp%‘o'dz 1.5; 1;
0 7513 0. HydroBar@dn dyhthetici rgieie adid Bedliekdz. Tiaaddieseqtieragmemdspside@sSEQBIO: 82. The 5; 4,

: | of
pr ot ei nséglfejn\/\% th%r ﬁ?\rt] ?ngﬁésd?a ‘tlerlfﬂaﬁE Sbj] Etaﬁg% ?tgéggd\%ﬂdl e colt(ffb\?Ig acﬂ}s éoe(r%(r?nad
(T) witFigendd e EQDNQRESTIE spaegfe HW%GM&@&WW/P&%@EI”1&/%1’5&19 of E.
col t tr grEyBoyNEHistANB 1VaidCTTRBMTBYBETID2( leftie§ totherdMlasHonsthuctsCiob 13, Wy £ 1 nduced
with I PTG rrM for O h (Lanes 1 and 2), 2 h (Lanes 3 and 4) or 4 h (Lanes
5 6, 88 Proteins were visualised with Coomassi e blue dye. Arrows
| ané57: nol ecd‘lmre $Weip g irhotograeaf an agayese gzt foomold@ilk Betect®B lobthe sauatenew 30 kDa.
Arrow | afjgihsse p%@hﬁ@ &)nﬁmﬂm E’rél@sxf&ffn@d C re/nhardt// of Eta@thiee1 13Rin ‘?n@'liélﬁ s gheni cal

conver si gn of t nesyl ophos 15 units to ene 030 unit
ot b diyRed 8P A e "(d)AY'déﬂﬁ'ocog‘)"eaﬂ%F'ttVﬁg’

cheni calzeogn\eesistace dianeazva) uhlzaahla‘esydd @ yeinpntsqia tRe 10iégative cdangrolt @ &t ao

botryoc n

cof att oﬁ%ﬁi%a%"*@ s S O SRS a5 A gl oo Rt bt NOTR

chr éftat SGPEHHY * rfadsS Spt it dretd Vafﬁ@eﬂ%ﬁd%ﬁél@sﬁs%f%ﬁt HeRei%. &and %’n

Fi gure 38spestivaly B 1Vib4,apaley $7,5180f9, 20)heazt 23; rAdfored tyauRCIReTE: 18, 24, 28, 76,

Fi gure i-s,0f heptane extracts of untransforned E. col i
derived fégrzs %syﬁsﬁ%@/é@ PP2. Figure 40 is a GC-Ms anal ysis of heptane

extracts of E. Flgyfﬁ 4 is p RRPBRRTE 297TPYe goEatectaphRTESis SeedAtngrrettction digefts ¢fnduced
\,':“h IP}i@Tﬁw/AﬂEﬁl BET:&)DHWP}-I-HIQ-AWBS%n@QQ%d’M’B@JET@@I\@b@Imﬁ&s d@mrmseqy@itww g
|g re S| t ane ext Is tran or ne
50 e pftpo RS PelBl Bechorh SRS B Feufasta s B R R s s

spect r urpubWithyéapbang Ws’ijﬂl&e é‘ﬂﬁ&shows @Jﬁt eansisucs @rsi ‘avedTenB Cah\ﬂtweéa@fxmépt ane
gt rHact Fighe ézh//s_sragig@ﬁmo%%ﬁéd\dsﬁrafgh@msﬁe% C1@b(b 1H6RBEG: g_brdjgfdo \wob: hf,oo 40ﬁ 300 200; 4 and

i s cons i nduced Wi th 0 ysed an
R A R AL RS L N D RS SU R RIS AR
Fi gure 43gukepiEct i laddeutdgmient sizisd1® exfuéned; £.3E10M0.8O  33) of nucl eoti des
insepted i mred d&?@ééﬁs HBﬁ&tB&%ﬂ cﬁfan TsB% Ff)a@sté Mﬁ.géﬂd%rfote‘ﬁ%%h&é uﬁt.*&ﬁsf%hgt?}' de

sequence_pr ovi I gu depi cts the nuclelc aci
sequence™ 6P AHAIRIS C?”é?ﬂ"?f%'ﬁddﬁ) %ihtcéns(trgﬁé_ (Fapegihto @AF)”d sgRegRAtant g qelpi ct s
the nucligae A€ ebisamgiamee (T fwith bensilake b (raess 8 bt 9)0R coii were (rB2d XhNXG B5) .

7 aure 46 e Bl oL@, 0, shpurnee, (S5 1 Rl 73 b ATEL
pol ypepti de enc % %@%i E”f ? gnstr 2‘% \} pol ypepti de
of Fi gurésugiged BE’@‘PCD‘EN@G bl flye AGRERN BB 7 d@?‘%“é@ﬁ!"?'g@l”}ﬂfwﬁt ¥PPETRIOWEASHPaNI ne

andzgne |hisitirel Be kDL Rrdwandlo: sddiddxtearpitals of ATBL. 2 O0The asterisk
represents theF sto

igure (p6 &e%%%r}he chemical conversion of two farnesyl pyrophosphate C45 units to the
squalene Cg, unit by the enzyme squalene synthase with NADPH cofactor (A and B) and the
chemical conversion of two farnesyl pyrophosphate C45 units to the botryococcene Cy, unit by the

enzyme botryococcene synthase with NADPH cofactor (B).



Figure 47 depicts a nucleic acid sequence (SEQ ID NGO 37) of nucleotides,
conprising Xhol and Smal restriction sites, inserted i medi ately downstream
of the nawvDwelg3eza3codon of the nucl eotide sequence provCiad20rw/opiygar e 30.
Figure 48 depicts the am no acid sequence (SEQ ID NGO 38) of the
MHHHHHHHHVH- 2 5ATB1- MH pol ypept i de endoded by pET302/ NT- Hi s- ATB1
(construct 3), i.e. the ATBl pol ypeptide of Figure 29 (SEQ ID NO 29)
augnent ed condigr $4jia p gasphremalpasaniytniase APasEOMellyd -9 )anpltine authartic

met hi onidagaler@nd one hi stidine residues at the N-term nus of ATB1l and

augnent ed con cut t n nd one histidine residue at
the O-ternmi nu wsﬁpg aS""’Eﬁﬁ'F (ﬁlﬁ?ry%@fc.enﬁ"he asterisk represents
t he stop codorFIQUH)N IgarGéJ 48 ad@mlscqfﬁemtaree extra¢ipofanirahsipenereh ool (GBFEY! frdn NO.  39)
of the NANBYsM+ HHHHHVNSLEI DDI RA poI ypepti de encoded by

CT-Hi s- ATB1 pET302 (const he ATB1 pol ypeptide of Figure 29
(SEO 1D No DR S ALLME SRRy St S oD Wb =W Bi e

hi st i di neonatngtt arEmdnreiumdomihnET(B &8 116l beshawidg avgnepetiech dgrs@atad tetgbipsatalent.s

N-term nus wi tﬁ;;rfré ¥eis ikl Mg'aﬂﬁysrseéf'hgb{% ARl & gHﬂﬁanM' bBM Rjatehe
O-term nus of Bl (Figure SEQ I'D NO 3529). The asterisk represents

t he st ogCEHH2) %f'idd!&*fd%ed‘a’ﬂthd%]{f? fr 46 PrBoviNe MapTSPEe YD %f@an%ﬁtefésweoﬁe Bst Xl
restipi cti on sifigird £58ald3-MOandl@)s of hegaeexbictademysates, dehedial Riceli aci d

Fi i ct
el SRS B G R e | Bt
U5201000watedarubatggfop 82 mn0sth 20 ReET? NBQG FOENPPH. 7 - Fi gure 53

illustrates a ApkyaERhicta medikebi edlche@eatiD®o: 38Qr hidid¥iesderléscl osed
herei n, .and osed previously egi ons

o oot d R eRm o e e S R Bl SRR pra b BT 2B oy
to Bbe highly dugwetddadickriongsteickicidesesuensgefdheelel restiptibaseSEQGHNONE4)] | | and

I'V have been qa?gulfeeieﬁée%féts%é .hucre%\e@rsah&nc@éf e Kol %sPﬁPdﬁ,s.t&Mcﬁ@mé@@nm ns
[1l and IV have b f” correlated wt onng(imon of .. PSP té)kglg'ual ene. SEQ ID

NO 10 conpri S8 *GRAICSROBIMEC Bt %%H’F’H’ﬁé PR 38 offpe A PYPEPieEG | D
NGs: 29 emrodéd by SET) 1eBTRO(coRGrucs2)3 2. he ATBA evlyneptde df BigBeQOI(EENM Nd22%nd

ﬁ8o )/8 'é&ﬁ.‘%ﬁt&@%ﬁs@cuﬁ%@M?JNQmeﬂh%m g'é% b A\Qﬁmé?esii o 3K LGRS 3t At SEQ I D

Figure 54 depicts the nucleic acid sequence of
pl ashi d F%@S@ﬁka{ﬁ@fa%ﬁ‘?ﬁﬁ%%stmﬁi?ﬁe%su on 103- ATB1 (pCE3-ATB1) of Exanple 109.
Fi gures 55 t o Fg ewpdetptctsrwmlclelc@ca@e@esmq(semesNCDB?)oifh@mwaﬁsemrduem@p(hd‘rers

used 11 F30R) o hon OETANLER: WERERI BTN R SARPAARE Lo PACh Rfiol g has

provi de he mairn | el1n nol ogy” since e 1980s.
Cur r ent Ifwc'eﬁldﬁﬁg‘iueé%?fw‘#?éj'fb'F'glﬂfﬁéglst rial biotechnol ogi cal process is based
around the useF.gmfre ﬁﬁdb@fcts&ﬁé Arifin& ek £dqa§hc@r(mlcsne 38 ofthe MHHHHQHHG“MPSGd

her eti oQ sef ul i
oo 50a b WP holfebfs Breeds R PREIBNT- P RTE 1 B ) 3k hE ALFL ATk M. o
pol ypeptﬁmlees29 WL IBMNS): 2P eatiombitederinsenut) et \slﬁnpnemgmmean@t ristidiesdgne
-tl)_r It Ier p?ﬂ&hl@h mgﬁ&&@rrﬁéﬂ&ﬁT Fé%ia?@oeat %@gtezrﬁiﬁus%f@q}ﬂq:ﬁnd)éhgﬂ’{entgb @(grié@&utlvely with
i oplastic, arnacumas, ood itives ustria c r
epect a 197 BN 68 Ope et st arthe Cermius el AR Elguiizo e BT Ko7 st dBenol
hydr ocardsterisk represenérttié stop coden.of | nt er nedi at es and products such as bi of uel ,

bi oghasti c, PhAJLRALILIRASahfo Sid YARGIBSSETINIBIY) or hopfRddlmves. (e o

for cancer preventlon i ndustrial chem cal 1( _I% | 'u rlcant) speci alty
chemi Cal@_'%_ll WQIB p()lépe@tldq qngmed by CT- H|s-ATB /pET302 (construct 4), i.e. the ATB1

polypeptide of Figure 29 (SEQ ID NO: 29) augmented consecutively with at its N-terminus with one
histidine and one methionine residue and augmented consecutively at its N-terminus with five
histidine residues and residues VNSLEIDDIRA at the C-terminus of ATB1 (Figure 29, SEQ ID NO:
35 29). The asterisk represents the stop codon.
Figure 50 depicts the nucleic acid sequence of the BstXl restriction site (SEQ ID NO: 40).
Figure 51 depicts the nucleic acid sequence of the Xhol restriction site (SEQ ID NO: 41).
Figure 52 depicts the amino acid sequence (SEQ ID NO: 42) provided as SEQ ID NO: 2 of
uUS20100041120.



25protection) is disclosed in Ab Gapor et al. Palm G| Devel opnents 32:
36-40; Newnmar k, Cancer Epidem ol ogy, Bi omarkers & Prevention, 1997, 6,
1101- 1103woroanmg2aBal ., Mol ecul es 2009, 14, 540- 554; ARCTrAAR)10/001203

I nternational Journal of Cosnetic Science, 2007, 29, 23-29; Cox and

Coul ter, Vaccine, 1997, 15, 248-256; Fdx; Ml ecul es 2009, 14, 3286-3312;
Schroepfer, Ann. Rev. Biochem, 1981, 50, 585-621; Tran etal., Fuel, 2010,
89, 265-274;, Cigushpbllustraieap polypeitidemeguenchalignmpelof SEQ YT NO389 digchpgd hagein324;
He et aland sEQ IBNOsE10 fRIaR fdpBRd pt&Rsly Sthe bgﬁﬁi'rggé’ns indicate Domalnsﬁxlemlph\ﬁr y

trit drocarb het.i | ei d I d
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speédbfical |y dlecembingwyBie techidlegyrhps Biopidedt e maintimpete fowibe yise it hioteRagB B.

brauni i srmx tH2€1 0B &. @g,tr@mly fiRa b8, H5QURISPBHictdhRdodital OS39W HabdeOdryungoast ) ,
Overuyo 3 lsBoI ivia epar ( Martinique), La Manzo (Martinique), CCAC
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bound by any p[amqsedjlheaem hrepgithe®iaggd resbmbinars todlsausefulfordritdrpPamdieyienrcathen e
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than other st r@éﬂ@% é%%@%ﬂlrt@ﬁm%.d @%@%‘érb% é"%?m%ﬂf fifrr]c?& it g?%f%k hd on of

triterpenoi d hydrocarbon nucleic [ecul'es. ano e odlnent of
t he fi r Swodsls €L aspiofiies IPEPEstitcPRerMesiericals de - erneeriaryiuay iP&ﬂ endlives 8mfdiase

gﬁl ypeptdaféer myerhsn | m@x}s&be&efnrc@m(@g Raﬁ@an@s sptcBRCEheRicak ofcd3akbeslie B. light auni i .
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e rdedtppit fRisag oAb GSboR e PRt ol DSRoh B bR Sl banéd SNo0)
Stral ne Gudprirbaschienensels Eswenlve, (HOBuUp 1601 B0 o0 ARhnblooU/aNioPg: 16aHEE )
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aci donol geulie e@gpq,d;\é}g poobrdhgﬁ,rmgqod?,gyﬁzocar bon synthetic pol ypeptide may
be synthe5|se ternms "nucl ei ¢ aci d nol ecul e" and
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doubl e- sfotrpaededng eynyhaes oraf sqdaleneysyntbasauc| eoti de or ri bonucl eoti de bases read

fromthe 5 Whilst not wishing to be bound to any particular hypothesis, a botryococcene synthase may
be advantageous when compared with a squalene synthase, since squalene synthase is subject to

35 biosynthetic feedback inhibition, whereas it is proposed that botryococcene synthase is not subject to
biosynthetic feedback inhibition. Alternatively, it is proposed that botryococcene synthase is subject to
minimal or reduced biosynthetic feedback inhibition relative to biosynthetic feedback inhibition exerted
upon squalene synthase. This hypothesis may account for the unusually high level of triterpenoid
hydrocarbons synthesised and accumulated by B. braunii. It follows that although a squalene

40 synthase may be a useful synthetic or recombinant tool for producing a triterpenoid hydrocarbon, a



25to the 3 end. A nucleic acid of the present disclosure wll generally
cont ai n phosphodi ester bonds, although in sone cases, nucleic acid

anal ogueswomy1s2218ed t hat nay have alternate backbonesPCEatoiogiony3 e. g.,
phosphor am dat e, phosphor ot hi oate, phosphorodithioate, or O-

met hyl phosphoroam dite |inkages, and peptide nucleic acid backbones and
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used her ei n, t‘Recldiesdd Sdooéncpapt pdi@iiciédlice set@sncd” palpddsdeth tRbassaised her ei n,

"enzyme’, ref er ratn9s R}%LIXiQ%QE h%%o@@é& oiftRF AV %/ 3&%&&%@5&8%? ih & dﬁ;&?&vﬁé §/|||°” of

a nol ecua] ar substra ecu rodu
her ei n ihst2@PEERRE PY thpseskilpe i et ﬁ'erqﬁfpwtwl%émlﬁ gigand also def'”ee the Sequence ef

35 the complementary strand; thus the sequences described herein also provide the complement of the
sequence. Unless otherwise indicated, a particular nucleic acid sequence also implicitly encompasses
variants thereof, and complementary sequences, as well as the sequence explicitly indicated. The
nucleic acid molecule may be DNA, both genomic and cDNA, RNA or a hybrid.

The phrase “a nucleic acid molecule encoding” refers to a nucleic acid molecule which

40 contains sequence information for a structural RNA such as rRNA, a tRNA, or the primary amino acid



The term "isol ated”, when applied to a nucleic acid nolecule or

pol ypeptide, denotes that the nucleic acid or polypeptide is essentially
free of ovbepiigskiial ar conponents with which it is 30as®otisanet/tomnoshe
natural state. It is preferably in a honbgeneous state and nay be in either
a dry or aqueous solution. Purity and -tonpgeneity are typical ly determ ned
using anal ytical chem stry techni ques such as pol yacryl am de gel

el ect r opieayanss of agiretifighiotpin @5 pAYPrePidegrliadbindgsiaich g Frapsartingvegdpigp@geitde t hat
is the Mﬂ&%@s@@&cﬁ@@l‘?%h&ﬁndéé@%@@éenh@teaco%ﬁ%ﬂﬁé adift<Pdht ESdoRsRBEREHCbEY é y
purified. ln i sol ated nucl ei c, aci

ar an
From opeirsaatint s d Pt P adin s £ SeShRey Bah by MRAGE B b narBanEh®
pol ypeptrreferende in aspacdishosteit flank the gene from which the nucleic acid
mol egul e i s dq_'é{té/rggtheﬁﬁarijﬁeldChgrfd% Wherﬂﬂesehfslﬁlaf?ﬁhégc 2y SR e lsd R € or
poI ypept| de 3/ g | e WO 2011/ 032213PCT/ AU2010/ 001203
- represent mt%&‘“t sT@at 'ﬁré%f é'l ‘He mo\?&?'?%??fnp'eﬂetf‘%rFés Pye fanqes EPEOHUPECISI ecul e
t hat compthasesitide Joa eynatiols (tehs ars défined bisifoll@ves A eraderomd Crradyiosing; @ F gdadineyr i bo-

and i Dor DG R8I e (AL PIRINBHAATe 0K -RF RS, MChUdaARo B2 by N ne

thymi ne, cyCosine i nosi ne poxant hi ne, 1 socyt 0s]
i soguaniteeds) é‘ﬁ’cAWWG\%P?%’ﬁX B T@EICe(?(EbLé{& )P nﬁ’l’“eEZﬂ”@“tr@y alps‘BTé%i'er'?l%é/ a

del ei orGorA(ambutrr$ert| on of a 5 nucleotide. As used herein, a "variant"
includes a ho“i‘?m' ?QMQ r?ia nlyecd !i?ht gonger y\ﬁ?h gterrﬁ‘ nu\é%rc aggtn{olechlle (ﬂ

i ncl udes a nuclei ¢ agi 8 mol ecul fat under s rirngent con Ions hybridises
t o a nuchedleic apid gavicecul e encodl ng a pol ypepti de provi ded as any one of

SEQ ID NGs: 1 NL@Ieiﬂ::bc:ld&ﬁ)lecSIZs d|8c90§e@ h@ern é int‘,&jlnjg]bztr%'coao%ﬂe §)ihth$3€90r s@ﬂalé’ne
functi onal fra nt th eic aq any one

t C r ec&a om nEI inQr auls a C o%fgtgrla {J S tﬁ tic, or
of SEQ IRRES: 2N 5° PYPrepsed gee @% Mé’%B T2F Hr2 80P %Vf‘ nctY onal
fr a@ﬁentnonmbcpte%mthew bac@tia,durighncludiny seastsedrafast eaps. tAs@ppreripee heprte Qﬁfskllalny such

nucl ei c Rehd egﬁgés%ﬂfesnéﬂ%tg Eareliedig R aki ihto\weéduRindush ﬂ&p@t.&%lcsa&n (R
nol ecul e enco enoi d dro

tide that has triter bon heti c

ot i t yreatsncies oftn SRR nyionsissclash g B R Ror subesead ge %@5&5? de
conpr i sifreguancide bat bedtpbulaed usimgenbwomethods. Godmhsadet frtqu@my tblearindudingshasei d.  As
used her r |_.ague of pol ypeptide. All
15vari ar{tgﬂse{bofe%nd Xﬁn?@égk{uf cf%%%%éltlﬁepg%gﬂm d hydrocarbon synthetic
acttdity. As uTé‘ééP”ﬁe?qgiH'\eme”F?@htﬂ Lﬁ@‘ﬂl@‘are'” t%@ﬁ"ﬁltbﬁﬁhe Séﬁ%?“ﬁﬁr?ﬂ!“@'ﬁ@ﬁ%taryﬂ%f er to
nucl eot Idﬂ@rSﬁﬁW@ﬂrﬁ% réfeighdeagdynyiclédiide setuazeaci d sequence SI mlarity anong
nucleic acid o) vel 0 y al so
refer to funcpglp 8Ig¢gp§(?em %??)4 O%&getrlrﬂ%gd frérﬁﬁgﬁﬁ%ﬁ L ay e{)'? o@én(gé? nrgf; or
evol ut i G§ids py maANS'H AR ABIde ard: atmﬂva Poba?%'ﬁﬁeﬂ@fmﬁﬁ%netSmc'f'%/f[é@fé'%m aI"iorml ogous
Zequengeﬁg@&ml Ak BscRIMRI) BRI bcyyﬁebwlet m&majgsquépi.dégue "Ort hol ogy”

escgri bes nucleotide sequences or pol ypept.i ren eci es I hat
e L SRR E Bl B YRSRIACER oy Eh S PREL 88 ol
pol ypeptheesiansypsivate teaymeletulan arpdudt idederme eraumet s osed Nerir infetsgivertiyydthi bes
honol ogapstet ¢lofpidide. sequences or pol ypeptides wi t hi n a SI ngl e speC| es
that diverged ﬁ% ege ne du i cation. 25As used herei nol ogue” of a
first nucleic Q&1 mrr'B‘P'%‘& r@h%‘rapg'ée&d%ﬁ%c'e('cea‘gd m°'8?'r&F ?5r‘?8'y66fp“%%ée ¥ 6 to
9 or 30)the wuclefd acitor paipeptiqetis deset@ligiree antheoceulafcoBR@entd wil@suhich ittio 5 or 20
to 29), ds§oc§ate%qﬁ91@4aﬂ¥é¢gt§t'eclt I@‘Hé#ergﬂ?y ﬁ%%o%o&éneé&oét'ﬁ@ﬁﬁd m&y beslﬁ%%(#a dry or

pol ypeptide, in the same organismtype or I'n ferent’ organi sm type
that is @H%’Péﬂt“i‘%l 'f"ﬂf'%?’}‘i’lhlo@Pg‘inﬁ'tX e tﬂplcﬁ'g’tdeF?dE'P%‘i' v,s"&ana'vgf@ MEEY or  first
pol ypepttedhaiquésnsutieasipolyatrylatiiesetgletiroghordsisie high $&sswd§1kﬁqwd|‘tmmhiam:g;t®'hy iAS
subst ant | nst

pol ypeptdo Eéﬁfldé hm |L ﬁ{e(??e%f)hmgpggggaés &Q&HPL § ppeggr%h%l |g9l[|b%&\'r” aqu ?ﬂrﬂg{j IanOI d
hydr ocarf3gkuiasy At ﬁ@'?‘ie@ nplRiE daitmelesUup iFreErRaEAIGAETTONHPPEN H%’ﬂ‘dtnﬂ If'?@le?)é‘\fﬁ‘@h @”COde

hy dzecardanpesides dirdritian et paR@BStidE f infeRE], thefanR thaQERd BEH Rhicihe AUdINIObGYUE Or a

par al ogurgolgguleq Qurf\:/loe' c acid nol ecul e or polypeptide disclosed herein. The
honol ogue; ortho ogue or paral ogue corresponds with a nucleic acid nol ecul e
or pol ypepti deéisdisethasgiedinhiieelated’. nuglhie abid moleggeer, pamrebtioe ogy e ovrifgs freat ddasigue

may be apB@nmel, 0guUey, £k 159016900%, 8%, BRr@b0 YR, Of59ER5Y 20N 2589 38, 48BQ | D NO:

o eP AN e A e R S A A A

96%, 97%, 98%, 99% or more purity by weight.



nucl eic acid nol ecul e di scl osed herein, provided that the encoded

pol ypeptide has triterpenoid hydrocarbon synthetic activity. For exanple, a
fragnent wayondaspridse del eti on of a nucl eotide from 4 OPh@/AA20t00mMoaus, the
3" termnus, both the 5 termnus and the 3' term nus, or from between the
5 WD 2011/ 032213PCT/ AU2010/ 001203 tef®inus and the 3' termnus of the
nucl ei ¢ acid nol ecul e, provided that the encoded pol ypepti de has

triterpenoi d Hpdseckardbnvaiant reéars © aaueieigiagig molecule that congiriged degeneratg codon

" f r agmenubst@ftio®s RebyBiesohslsr deawnscow HitsEnUGRbRfek Qamd %maﬁbt@ﬁ@ &%a@é{si d fromthe
N—ternlncﬁg t he term the N-termnus term or from

bet ween P Fagl AIRRC g%(ﬁ‘a’et?wstﬁet%ﬂaﬂ'f‘%d%os&? Ph '”SBV@% rﬁ?'[‘%ésoc ?Sdﬂ? ded
t hat t hasqeodrymeepici Alyafiandgwelat atidmoterilé map elnofainiiipels delaiidbonars ipstrtietdf ¢

activygit Ynucleotlde As usé@ héhs,ﬁda RshiHl rhclu@es& ﬁérﬁc%dﬁ@@pé QJ&EY(FHC@Q%I&HBQ A’v%né’nt
Corrpoun e characterised presence of si X car bon | soprene

(2- et hy P”hfr @C'b?%M“é'ﬁEfc'B fiotegule giat T%Fbﬁ”%”t&&%%‘s f‘lé?“ﬂ@ﬁsetoﬁrﬂuﬁ'@c agd
"triter peoieiul enyatirgcarobpaptide pelidedss dnyiche piEFMIDISOs: rree 188187089 toidr etpenoi ds
and par t @H o, 1§¥fd H@ Jr aqaﬁc'n(gr%f npl'ﬁe egfacgrtté) QEL%IC ML&% FS}I)Vlcserd' h?f)lpeeno' d

hydr ocar ons i nc hose synt esi se raunii. Triterpenoi
hydr ocar$h8ke P ﬁ‘&suﬁ’éoﬁét%y%é&@ﬂég oY t%a%ﬂaP%fégcnona' fragment m§r98%éd her ei n,

" botloy oc'egaanelso fetdfr€toshd @nipldidr d@ay Hen ncaspatinskquérat desripiabdcedi by a
l'iving Al nLn I [ | ubl e
" or gane R oy BRE of nEREhl B IBpiold focilh Bloredltil o lER Lpty8
hydr ocarastfyconpri si ng i soprene units. Mre specifically, 15"botryococcene"

reg grs to a trd tv@ﬁataer@awaphd/éi.h&@@éIa%ysém@ééemmgm@ Baaétwnnéﬂlaseﬁldal&,a vvhelre
n t cul ar

oot hostlst Bl gl st sl e sPein. Aarat G RiobE sEnaRGeh RATESTE M &
depéehndeneriantoef ai potypentite haMe tijgrpenstitoydieaareor( $yPpticaastviti rret hyI al lyl
pyrophosphat e AsVEPRreiR“REHEISRES ‘hohBRgRAHd ENMBR SRR & fRieBliRddGsenaEr anyl

pyr ophos h whi ch then canbi nes w e FPP. Two

mol ecul 'tyl‘—*lg‘gor? "B ASBTIENIe S P IBharR pqﬂe@wdp%{fcglegapcgeﬁypgptﬁgpp wi t hin
t he act iregpestivelg. “‘ibmblhgy” b@t/lagsomc@fmect@ymtshalamy divmplgy iswveniirsticaton efrententrys
bot ryocq)(‘:gg\tnﬁIO Bot ryococcene in particular C30 botryococcene, which is the
precur sor 01J gher botryococcenes (C31 to C37), is a triterpene
reséPting fr orﬁ”h%%ﬂfl’ ooBe’ 1784 g "Peralague] R HrdtyRss Ofﬂﬁnqi%ﬁ“?riﬂqé%‘?ﬂe%%”dﬁf? gure 36).
Utimt eényom;meédy@ammme.omerb@m “OAhddty” dyseribdb n(Ekdtitl®sdgadnchy oif faiaéhiass

DY uCe e Bferb N pbdlehloe ALkl d SonHon BB KORREENE SUBL DABRICLAS 491 1O
cyclic and ac cP Stryococcenes ‘and deh tryococcenes.

used her@lyﬁept'ﬂwﬂ@{ Eriay ”PéTaé? H]etsamafwywoé’araﬂﬂsm q?é?fwéﬁhmnqlmvs F@'eﬁwﬁduced
by a li Vsie&t@an@ésﬁﬂ@bl%’@ph@d%dv%ﬁ aSdihglel Spediss tmldwb}ged by’lgé/h@td@bllcatlﬂiht i's readl ly

sol ? le in or am gd I§e e.h’ an%omolcl)v%ree 6}|rrstt|nc e|c aC| le uge Qrs que'hceﬁ o q
hydfdcar bon ¢ P&Ig™i% PP R e A R 224 8?|caIF eglgn\é e?ers

to a triSE \@e\#@ﬂ @ t¢19drr3§)¢a1f br@rpocmmldesq mgarﬂ@m@afrmlDa"ﬂw ¢ @90%0 to 29), is a

Triter peaghdd na¥sit B&&hw%hecm@&cs%q@@éé]lbak&@ﬁd SyPepRRI if the s%m‘é% RERNpeleRAH | PP
precur sors r.odu whi ch then

and

conbi nes‘JD ErEh oS pryr“&’i&é&bﬁﬁg%ﬁ*ﬁ%"aﬁ@ﬂ'g%fdfté@g@Fa Pﬁ"é’8’|’ﬁ§|°ﬁ8rs{ o formthe
I nt er mediohpeptide lireewheof RSBRRUandehDhetwise, the thorelogiud’ds pbsthiitalsgjuidr éntbe ignt hase
enzgﬁfe ﬁﬁ@lbfe*acula'ﬂ%[écm%mst%g?&ép%&'@m teome @t fERGion S @ triterpene resulting from

head-t o- head -1 I'inkage o P nol ecules (Figure 36). Utimtely,
squal ene ref er$cqrgingly. @éwewm‘%ﬁﬂf%éwo?)?lﬁ‘ﬁl?&%ﬂmﬁf a&'ds'ﬁ‘ﬂ%ﬂ“@n‘ér thagieHeRdd e.
As used Hyerbenrbbn gnthetichwtypaitied, inciidasy hansipmenth drinaibgusey alparaigued atposicby a

triter p éﬁﬁﬂ@ro?gﬂéﬂ%ﬁ(q SdYéBFoQ&} 4e(f\'e|rpqlh RS’rR& @% 3r910!% d&% ra gh%&&%é;ﬁ?@ﬁ?i d

hydr oca sel f E%ITII?“ roc

parti cuIVaﬁhIa)PUC'?ﬁéC'éU@?PW&P@PQ‘W?PW@ dISF*PBG&’ﬁGIedﬂ T Q'ﬂgua Preewespr of FPP.
The 3%1; bsdafztdg@e mak’Be alﬂdhﬂbgLBS(Eﬂ?lo@gudeér%télo@Qé ofdEd-BRIOE JPESEQYDNOEBO, But

reconbi na produced by an organi smvia one or nore enzynes.
The subst P%{ts%b IEE%) %900% P or precursor of WO

2011/ 032213 PCHsARDNa¢I0 0RO’ refors to Fmplairegeidyeolenuisdat eemiisesia pertiondfianant

or gani Srﬂuglfalctat‘ig nfo%ulé BlS@r&i&@%Erenﬁg@QH@d th&k tiee s,ri\'el&ie@'pﬁlyﬁé'dtl@'e 220y tﬁ’t@ﬂrblal%lcpf the
first a ﬁ stp %/tgedpﬁ*{ﬁ of t £ gcondtasg e Sk Eﬂ of 't ethlrd
aspect. "THEABBLYPY b TZhBIEGP PIPRIBE" fP E‘RW%? YPUoRPP? HePOiee %w ded
f r oAlan tex@gemowus, tisolitamintie bathpled & pepinusiandghe § emges.antiomdpeeen the 5a

reconbi nant organi smof the fourth aspect.



5As stated above, triterpenoid hydrocarbon synthetic pol ypeptide has an
enzymatic activity of catalysing the condensation of two 015 nol ecul es of
FPP to a worgHeisadia 030 triterpenoid hydrocarbon, e.g. SGUAERNN/001203
botryococcene. In addition, a triterpenoid hydrocarbon synthetic

pol ypepti de may catal yse the condensatildbn of two 020 geranyl ger anyl
pyrophosphate (GGPP) nol ecules to a | ong-chain 040 | ycopadi ene hydrocar bon.
1 0A "t ripmitusendind Shiguminsal e mudsiaadiempleciiri draeided tet te prsloded naypeptisle as

nucl ei ¢ tﬁt@jpdnc{mm@edéb@o.eWi.@g;t.a.typoI ypepti de capabl e of converting a

substrate to iter, en0| r.ocar. triterpenoid
Pyr ocar bon sy TRATarb oL R PlRR B B e L e e i e
nol ecul demtirass, temﬁeejemua, q@m thpBermites eidthe Egeprinus ex fromrbeiveed deiNsednifivsom  any
one af SEQHLR- M%muslofttﬁe p%l)@éptlag Hr&nd%gthapfhe%oltlé%ﬁéé PRRlenf 8 4IEREnoRI Vari ant
thereof. | n another enbodi nment he triterpenoid 15hydrocarbon synthetic
nucl ei ¢ 'HefoaafH%Sé(eﬁn?@%%n ses, or is derived from any one of SEQ | D NOs:
6 to 9 or 30, Asrused fiaseigta tr!tmbenbrdagdmcmqur’ |s\aa10'maMndttHreerre@be chiamactaisediy
enbodi m%ﬁ'é pre%éﬂge BF&.%féa?tEdﬁ%ere*ﬂX?{)m&ﬂi}ﬁoﬁ? Q%1|t§ o'?l'll]?eeefo a%lnqjer IeeCUI e

e that u |a

encodes a }? I'S subst ant simlar to any one of SEQ ID
NOs: 10,Yn{9 Ao% e4igenoig fhygrogar %P@n@ﬁt‘d%r”'t%?’i%t methypiedtriterpapolde andpastaeeyclic
enbodi marterpeiidids. Partidultr peanidled di it ehakibedrosyidnk @iciuge thdsd §hthesisddby®| ecul e i s
subst ant 13. However, the
triter pedﬁ%!nglyrﬁ'e glélgr érgca%%% Lgtu?egortlréc Oglgeggg%qhgﬁgécgul e does not encode a
squal ene synt H’és}’éeq ORISR bﬁ!yoft%C%EQefeD R@drydreeprbopzogyoungl thahis Aredugest by a

i denti ca.k/.ng Brghikh | dAd N%@@;%mﬁﬁ@. WGt isLBadikhsollibié I gRR@bEety tdrear bon
synt het i cIe|c aci d gi on of

" . . 1 [e50) e
Lot 108y SsERess i Es S a sTocagen comeis pgtE P oS i o ¢
nuclleot i “‘tefyoenseendi w@rsatomhlyrpemd tiairasaryp canniging the famelaoCiSEQ WIRrdIes30td to 5
or 20 tQ»,7%@30 t&e37ﬁvxfmafﬁ5ﬂv@ th bag5RAto A aéarcmam &th&rsee.ierpeno.d synthesis2)
conpri se a Tegion of about 100, 15 cY XB gﬁ% %%g 1500, 2000,
or 5000 ea?e VFORROP SEthegiss’s Ehel ?'EF?P@‘ '%Rﬁ”%%%?ph 2lerfFioe"d 6 to 9 or
30, or dirhetmgdllylqysiphdspbagjerddNARR) preanisanat IPPlaed BEAPP 30@bineitogerdusd gerargfient
Cond' ti :}&ﬁo PR &%) wah.éh tﬁéfWéo‘ﬁ{b%eé‘%tlﬁle’m!) seu!éc% F%c% ﬁngmeu@ocl#pppt i de

ris or a ctional
f r a ﬁentcoﬁ‘ﬁl@? éb‘f’fm b "t‘%‘i@e‘éfﬁt?rﬁloéeﬁ@ﬁ!’ Sf’ ﬁe"t‘t%fhe aciive sits Of thy befpyaeaccee Sy HbRsAt
condi t i camgyniyy vhicH thee fdr@s Botd€dceére. Battydcdtbérecid lparticuddd;4 Isdtmgtoadyne Oftachad  SEQ

| D NGs: f nt

t her eof bt br o HIEhL XS o o PR et hp T ling i bR GRERLPATTY
aci ds, dinkage of wﬁppmolecws( @ire 39, U'Qroatelmbotrzczwcczee repeqs topmy opegof Caarto 28, 29,
30, 31, i@&océ’!@ons%du@&l by?dﬁa, inital act&&y of%%otr%occ@ﬂte sy‘iwa}aséliﬁwcluﬂﬁﬁg cﬁ’s‘ﬁc al’i_tQacycgliQO

150 520()dotlr205'%0¢0 nesdn 3 g)ydmi)opoocc 500, or 550, or nore contiguous residues
of & polYPESPTEe oﬁpﬁa OS9-S of SEQ ID NOs: 1 to 5 or 20 to 29, or a
functional fr dgmsed heﬁemvw@n@ refheﬁeeﬁydroomozoqrmwcwmQlaBiPOJ'pﬁsz@ﬂi@@gLZOB -
13 - organism, 83d €85 ﬂ@/%llme M%@'@?lﬁi’&@@/%leaﬁo %ﬂ@?xOl\@ﬁPf:{QM% | east 60%
65% 70% 75% 80% 82%, 83%  84% 86% o©7%  88% % 9 a(; 91%
929% 939 r§H8LY é@”f""e’%fﬁ ery P, NYeSeR @W”@F'S'@Q'é%“tr%ﬂe YOS ﬁ’l?reaiﬂefif “Pentids'°to a
pol ypeptrefde tg o irjperpaionighydnoyarbamecootorisig 30 darid@stonts (€g). Frierpeldd symth2Sis, hencea
fungp O%La@r{easqmﬁ&.s kh:%g&%fent u%r?fppaan{%@m@f# Oﬁ%rs‘é}snﬁﬂvxngfomplc%%%e@ 50,
100, 150, 200 am no_aci d residues;

7) have %OWG%PBFCW%@FEP%C@GI?@%@“W 'ﬁ’gtto H@Q“ﬁr‘:@& &vo PRsFHIesH PP sa9hins89,  65%
70% 75%rmBi0&inteBh8diat Ritec B33 PSPB dMin B85 UrtivB 6o of8dequBi8hé sy8Bi%se &GHne, Nhidch 92%
93% 94(V en%‘f}r0 s s% 8ne9§(§9alle%§%qa tﬂ%l@engresmr%}%r ﬁh‘ég t(?f?eaddle1 AAYER4Fo |:|§|,§ntl ty
to a nuc el ¢ aci'd nol e e enco conpri sing any one of SEQ
| D NGs: “10'?%'95(%@”?@6t‘é‘“@@te'yoﬁqu%{eﬁe\m@fﬁt@ﬁzﬂse Wyﬂ@@?fé?ﬁpft)%?@wasql@@%r a
conpar i sYnthadendow of at | east about 20, 50, 100, 200, 300, 400, 500, 1000,

or more nucl e%sluggéherem a “substrate” is any compound that may be acted upon by a triterpenoid

hydrocarbon synthetic polypeptide to produce a triterpenoid hydrocarbon. The substrate may itself be
a terpenoid hydrocarbon. More particularly, the substrate may be FPP and/or PSPP or a precursor of
FPP. The substrate, FPP and/or PSPP or precursor of FPP may be synthetic, recombinant or may be

40 produced by an organism via one or more enzymes. The substrate, FPP and/or PSPP or precursor of



8) have a nucleic acid sequence that has greater than about 55% 60% 65%
70% 75% 80% 81% 82% 83% 84% 85% 86% 87% 88% 89% 90% 91% 92%
93% 94%WO2041/B82B3 97% 98% 99% or hi gher nucl eoti dePSEpIRABLIENt |ty
to a nucleic acid nol ecul e conprising any 15one of SEQ ID NGCs: 6 to 9 or
30, or a functional fragment thereof,-&%er a conparison w ndow of at |east
about 20, 50, 100, 200, 300, 400, 500 1000, or nore nucl eoti des;

9) be arfifiFi Maveke Asgduped byea rscarepingniereanisne ofdks fqurthoaseedi harbewite dinkigjeia acid

p0| ypePtﬁ@&u%m'éiﬂfsit QQ)eé’tny p&ﬂﬂpﬁﬁce 0Pt sbddnbleBpect] of HveatoP bf tROthr@ashBit. The

s a e rstoa c a cul e conprisin one of
SEQI ID %S”a%e gB‘?% (8 @ precursor O?L%B‘ﬁggiprf”?%’eétﬁﬁ?\’@g@ s %—‘?“ ‘i?ﬁ%ga)
3. 11 andolypdptid&SEithd ®CN®| aS?bectlér@mcemWiDlant &rgdniemdf tBe foutiSEQe¢tD NO 8, Figure 8)

and 9.2 (SEQ IAQ stdd shovd: &r%ﬁ&o@hy@@&ér%ﬂlﬂetwgo@ & hdd NQn@htic B & 30)
and encode ani no acids that carrés (g@ NOQ ZQPB1 ure 29

Exons 2. Cfa'yﬁ'”ﬁthe§°§je”%at'?” gy §: 52“% a8’ i 16 'Agrdhain . 1to 5,
Fi gur es hidiocarbin, 2§t duadlemosreswoomtend. irhadSEHQ, Ia[ﬁltbl(aancﬂcﬂh)(dlﬁcgnboms@&)etlc

As used dg@f;gdtﬂe m@{)catﬁ?s%ghe C(,O?]E S§tIJnQ)f ﬁvort;"zo é&bﬁ‘y g%%ng%gh{%'aﬁﬁe fé‘éﬁpk}er DNA or

RNA) that IS repréesen e mature nol ecul e after
port i ons’“‘('?%ﬁ&’r%ﬁ’”%?haé{‘ %PHE‘BHag'SFe YYOCAROR been renmpved by splicing. The
mat unoe RNA m)Ipewéreemmyblecabmﬁmetgﬁfudabléc.olfnoaecmunsa h@cmead adidmhoreaie a

q ‘ |
non-co Ietqgoﬁwaé[& ept%gc Nf?a‘o? r’{v%i\ @gﬁeg)fgtifgﬁﬁﬁ{ﬁ% o? alb%n IF'gneart W

appr eci a e am aCI ] ) e sequence
encodi ngmhediaesha rfatyrpﬁ@md g den wntheamw@l%aﬂddml%fslleawr@w rﬂt@letcwéld

plr lesencen&éculenﬁ& BRdRtELa S&ﬂﬁﬁﬁjg&ﬁdt Sbhghsks, @mssjaﬂmea @roinué}ﬁ/toh@ BSSEQ ID nlloS 1|to I n
a cas Ite Nnol rocar. thetic nu ecul e"

e ncodos B0l a0 ot £ RSB R aeier B e Ther o Sk ey S Bl e e BTG o

35The t dwdnotarbont synipetivgiudein pad owkeciie porsyiseh ot Isdem@érremcara@ndofrﬁﬂ(éw@s 6

refers tgodr spups ﬁm&roﬁa%rﬂd&qer%r@nafglueer&ﬁr|@amrems&%&qtaﬁé ﬂteﬂaaln&eul e. The
triterpengi d hydrocarbon synthetic nuclelc aci d nmol ecul e es._an active

or f unctYOREA™TIVPEPYTNEPE 2H§ A1PGELP BT %%P‘?%’FP@%Wi?ﬁé!Bstt?’lﬂ'@'R’tWPrE‘?ﬁt“él yses
t he conweesf $FQ 3 Nas:SI0bt2 ardR eortadragmbntdr crianthiceneof. In yet another embodimént, the

“triter Rﬁt@é%laﬁoh NQF&S%P%%&{M&%&' AidRRdiIdRRL élfggtantk\ﬁ){ éﬂﬂneﬁ‘% §¥8 1lPRof pngt i onal

polﬁpeptl OI s capa convertin te to a triterpenoid
hyd¢8caréhP N‘Pﬁé3t'é?"}‘ﬁVFrnH‘lelﬁﬁﬂ%r§ew Wﬁ@ﬁ%@%SWWWG@E'QWFAWI 001203
- 14 - fenagregalede syathbsdidentitd &t SE@ICANOs: fION2dr a7 asdib hotddedfidal tocSEDIDVEDt @
substratﬁ &9Q anngbt €5 penoi d hydrocar bon. I n one enbodi nent, a

"triterpenol 5 hydrocar bon synthetic pol ypeptide" conprises the amno acid
sequence of arfyésieensid gEQraEPINthetic nugle’s agie mppeely’ M or a fragnent or

varl ant Of SEQ) b&m amn@éb@tmmmgm 3uh b@sbo,aloboy, 1som12bw ortsmoaraf one

a ment or h%
Cri Carpdiat M@ﬁ? 55 hreBle AonpRueR s hERTR bt Plr! BERING Pt hr 0 BEwr £,
| east 55%qtld@hftragn;ent Qrwam@a@tereet) )/0, 65°)/0, 70% 75°)/0, 80% 81% 82 )/ 0,
83" )10, 84" )/ Q) &Rihse 8BGonSF YboBEI, 189 %0, 369108 ¥, 1980/ 5(%3%009&/90085).@ 98%
97% 98% 9% or e%r eat er 10am no acl % [ den"t“ég t o _any one gf SEQ ID Nos: 1
to 5 or MY PEILHISEPMAFNGANERT oG SED PO 9P, O /Bpetigna ﬁ%‘é%“it YR ndow
of at | ebeseofls5, 20 25, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, or
550 3@r nore anf)‘) Uﬁhe@gﬁipg%ht conditions hybridise to a nucleic acid molecule encoding a polypeptide
comprising any one of SEQ ID NOs: 1 to 5 or 20 to 29, or a functional fragment thereof, or the
complement thereof;
4) under stringent conditions hybridise to a nucleic acid molecule comprising any one of
SEQ ID NOs: 6 to 9 or 30, or a functional fragment thereof, or the complement thereof;
35 5) encode a polypeptide comprising at least 15 contiguous amino acids, or at least 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 50, 100, 150, 200, 250, 300, 350, 400, 450, 500, or 550, or more contiguous residues of a
polypeptide comprising any one of SEQ ID NOs: 1 to 5 or 20 to 29, or a functional fragment or variant

thereof;



2) conprise at |least 15 contiguous am no acids, or at l|least 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, 40, M0 24P/03233 44, 45, 50, 100, 150, 200, 15250, 3@0T/A3R010/00003 450,
500, 550, or nore contiguous am no acids of any one of SEQID NGs: 1 to 5
or 20 to 29, or a fragnent or variant-&-SEQ ID NO 29; or 3) bind
to an anti body rai sed agai nst an i nmunogen conprising a partial or full

am no aci d seduermege apolyppptidnibathps SEeast 9/Nasleast 6%, &% 702073% 89%, 8bk. a

I)IF agﬁ:slntsz%‘ 83k Q@4bDab¥e) 862867%”@&;%@9%690%@1%6&)2% ng3ei, bir% osvabANG 7%, toBar eof . 2

n a ses

LrLt b t het tide" i
SR b T e A R AR R
triterpendd d@rhjucidoalftzgmestyireréndtover wnsppwmw@ownyatb@smao 116096698 a

triter p%@'ﬁ)ohéﬁérﬂﬁ)aﬁ%o@od Br '5%0%91% éardgaé?a@m Al ternatively, a triterpenoid
hydr ocar bon synt hetic pol ype to s esise a_triterpenoid

use
hydrocar bon, Ba"elaH‘“P'ﬁE aﬁ'ﬂ§g‘ﬁ’880eotf‘até‘a?18r§?tebt@?rf abo?éﬁfgl 5P%5 &% (0% MRFein to
"bot ryocﬁ@&’cér% 829/ BEASEI%, BE%a86 BT Yoy B6.008N 80% TP A2, 9904, PRBpRaaes%i s to a
pol ypEptg7G}695bl/’o 9%3% Bpm% quc?e%%@%ﬁg?r{&@weﬂﬂy %Cat ﬁuwercﬁécﬁ'Mofécﬁlhgﬂéodh?asynt hesi se

a botryococcene I'ncl ococcene. In articu

enbodi metetyPeryige PW@@&@%"@%?E%‘%N% Uaﬁé’élz%t%g %rcﬂf%cr“?”%fjaqﬁltﬂﬁt BAGPor PSPP
t 0 hot r yeecesiparisoh Wiraldatongteatdadi 202640, ,10(0@00,)300,000500, BY0idame i S capabl e
of converting FPP and/or PSPP to dehydrobotryococcene, by 30 limting,
decrea5|ng, m i msing or omtting reduci ng equival ents such as NADPH or
NADH from t he & Bawetd waleisyasigl spquepce thajthey eealetiearadyhtita $6%. $a¥e|70He 85%,

pol ypeptdodoe,si%,a@%lam zw% \68%i 8% B78%n8d%, ra@%f:\baj%fgw&biz%mas/ufgﬁ%csm/sltge%

t P b th
B e N
Accopdi rigepf SEREENOES taBtor $& ot h&mcti@nd frobraerd Hteeack, ovéra cofmppnisenyindow atalf er ases

are al sQeddt &8N0, 56 18629b rA00CRBCRNE1 Y hasEnuckEidesas, for exanple, an
aspartate-rich re 2+ bindjn

nd/ or a substrat
Met hods for |c?éH?g ?If'ﬁ‘gbﬁ?ﬁ%s Qéu"éfc'?'éé‘?'gmé’ CH%E%@QQ?%pP'éS?epf%%COHIPBE'H%?HVcaI

activi t yonebf 3EQ 10 Nes:pdanbiod2&pr2Ohet i ¢ pol ypepti de pol ypeptide are descri bed
in Pandit etal

dtering the aniuReRy patbs Eae%“%?%dﬁﬁ?%%“%%ﬁéi?ﬁ@?%"?ﬁgév?ié%é?yp‘Z{)P. de 4
OpoFky peﬁ??&é 3 or structure-function analyses are described in Gu et al., J.
Biol. Chem, I8 2 2@EQ IDIMD:208i4ir038%2313RBed A AWBOA M RO12EFRure 7D6.3 and 6.1
12515-1 r n ses of

2388 |D§l62§npﬁ &%%Q@Qisep{? @8 g5 thulrep{g cOrds Sﬁo%[%g BN&%O?ﬁgJe ré

a triterpenol € nu aCI nol ecu ptide

are ref et0gprdance W%ﬁmﬂr@@@)”dm%%’éﬂ%ég (Figies 2e site directed

(ol i gonucl eot imkengh. 1.act 63, ubAOSPamtsde dlitcaci@sEdirRoarao 6 FgRELi @lsh y

avai IabI ththr%r rS%Q Iw@%g I:Iforz tructure-functional analyses of a
tri€ar pelkdi gq\?gynt ¢’ po z $48“Mucl ei ¢ acid nol ecul e or pol ypepti de

wi || be known Aswisehkergiarandexoskiefersetd ainpcleip acidpequence (either DNA pr RIS thablisypept i de
of the sgGenMicAHPRE matue BridBtdAHOREEAR: a°fbé%chﬁo$§ (uﬁt%s %pPé%hbéBﬁmA Afel S

abl e todjproduce ssg)ﬁ IeEe and otrg occ nor e IE%éocfoccen% will be
pr oducedPHETY AN FRF MAREHIAMOIPRES FA 6‘ "6‘1‘33?}19??§ cEURgoPY ' LGual ene
w | | be dit nbeesiingdiNfatueh as IRNA abRNA. 1, or 10at | east greater than about 2,

35, 33@ 20, 50, Thl%@rsor?%ledﬁp(pe a#@ﬁ?ggprgé?QQtha?ﬂQQmm%Qc.Q@rQns%Qn QIQpnucéQtogoo 100
000, 200 000, 50 000 or nore.

As used 9&‘?8?%‘%9”006'6% ?@/%?@Bé'@é‘ﬁ@t S’/“r'ﬂer?é{§‘€‘"6’é}‘r€ reyideR e ‘P(Sheaor?ﬁﬁ’e?ee‘i’fc acid
nol ecul endohateteatncadesisibgtrory egioe pactensynt hase pol ypepti de, or fragment or

variant thereqf anc}{]& a ﬂéfﬁ%ogﬂﬂfd?&ntb%agfr&ﬁéﬁc ﬂu&%&rﬁ&b‘&%%n&ﬂé&a encodes

bot ryococcene syn frent Fyococcene synt hase
gene rraypolyﬁ%qt'd%léapé‘é'qt?é?f@@@'”%d@hfpa@'q WFSA%ON-t hat are not present in a

cDNAs The term “triterpenoid hydrocarbon synthetic nucleic acid molecule” refers to a double
stranded or single stranded nucleic acid molecule. The triterpenoid hydrocarbon synthetic nucleic acid
molecule encodes an active or functional triterpenoid hydrocarbon synthetic polypeptide that
catalyses the conversion of a substrate to a hydrocarbon.
A “triterpenoid hydrocarbon synthetic polypeptide” is an active or functional polypeptide that

40 is capable of converting a substrate to a triterpenoid hydrocarbon. The term includes polypeptide



The term "botryococcene synthase coding region" refers to the region of the
nucleic acid nol ecul e that encodes a mature pol ypepti de. A
"bot ryocoxwoent/snBhase nucl ei ¢ acid nol ecul e" is a nuclPerawreiodomoBecul e

encodi ng a 2 Opol ypepti de capable of converting FPP and/or PSPP to

bot ryococcene. The term "botrydtoccene synthase nucleic acid

nol ecul e” refers to a double stranded or single stranded nucleic acid

mol ecul dragments or variagpihafyefaitfencen suficientte conved atspPsfrpigde atritrseenpdcoccene

synt haseygegbdd. om an organisn1can be generated from conpari sons of the

sequences provided herein 5The refers.to oligonucl eotides
of 110t o 100 rETeAEent gerierbonyd nHkeBrpE STt PyvERiena ISR e stk

pol yner asi setnginpe of@ay bheort SERCRINGes 1 katoenZ0hy 2% nea gkdnhdnker viariant bfeSE 1D NO:

Any ieef 91996}%%&3@%%& ButsRintishfl YiHiSNE aSYdhe RASEQ |L§’N0s SQUA &S, SYTBASK or

pol ypept| de" is to an active or functional polypeptide having activity
suffi ci eta §e&Pht hesi se a squal ene, including a dehydrosqual ene. In a
parti cul ar enbithds, merterpesdlialdecarbsy syinthetepdypeptaipabht:e of converting FPP 30
and/ or PSP t 0 8142k £G 55!dladh ygtwasedmo@sm@ 1SAUBL IS YRLRGC ol

capabl e of convertl né:] nd/ or PSPP to a dr osqual eneé. term
i ncl udeSooPYpth: 88 fféga{gr?@r’ft 1% 92%pa P32 e 9%t96r/e% n98r°/u88%|°6afe§@f ficient
t 0 convemindkR iasntlyas alSE of SEG (URDENEo 5 or 20 to 29, ¢k aSEdAmk e SER M Nase7,of t he

present QLSClOSUES: r%%w%%t I%@FR{@@‘% S¥od 160, 9o, 3562305 96400, zf%o 900, & 42

351 f a squal ene synt de’is 0 produce a squalehe and a
bot ryoc&?@@h@orem@ @tﬁ’ﬁal ene W I | be produced than botryococcene. For

exanpl e, the rgtémprRé aﬂ@éb@h@é&ltl@&Ub%W@&@&@ﬁﬁ@ea‘M16' 1ba8at9 beastogseater

oo Sooh 2basde. Bhab ok 8538 SLab BBNEW YL 15800t Sed B R0 006, 1
0001600,2592, 3003500400, 450006, 6HD or MmEre@OWiIgOVB aprinoAside of anyOne of SEQ IDNOs:1to5

2011/ 0327 53R HPALHA 2Bt or BT iD NO: 20; or AS Used herein, " squal ene
synt hase gene"_refers tobq%,yn ucleic acid nol ecul e that encodeéjherﬁmaual ene

synt hase pol yppPf 8" BBHCY SHRERO2IBT 20 4PT 41001 FREtrEgpg 2 fyiil or aene is
of t en a sefMAcs efGng noeoftSEAL IDNS0d &85 sdilad 2her s fragniess ef SHONIDAIMre2d, awtbodi nent s,

a squal %ﬁsé@éﬂwﬁﬁ@duf%‘é Sruaﬁ?&’thér@&f' ude sequences, such as introns that are

not present 1 n a cDNA term "squal ene synthase coding region" refers
to tHe regi on 'Bfl taes. ACiEteEqeqoig By Oéélﬂ”éet'ﬁ H%tie@PR,eo&é’soolYﬁ%pt'ﬂﬁFWQ'ﬁtof de.
A "squal escisy Btria@peorugtetabaci d nol ecul e” is a nucleic acid nol ecul e

encodi ng a pol A?’tﬂ% e'n8|8’ d’f‘&%moﬁ ?‘Te Teg?gé{ﬁfc?ﬁ;!&gm%}:‘tf q@Qcﬁj(oop'}ooﬁc?{ X trﬁe(?%a%gldal ene.

The term "squal e syn ase nuc r ef
st r andedy@ecabeign & heg orgeairfettemnatyadi 8 rierpencifglydegiraon synthetic polypeiide ey at e

primers HeQied @epﬁthéswe@gr.ta@dn&mwd&embm skngtma aﬁ%h@é em&w&hase gene from an
or gggl sSm Ccan se ces,

Becaise hotryaTuERaRedp ol iRGeSRlARES JalE St or
triter penobypebtidg ds @@aQOIyoeptey At dneing @quywpmadwctlatybuﬁmwmﬁyoenesessy nt hase

or Squa|Id%ﬂ?océé/déh@Mdm%'d‘éhﬁrc%ﬁir%coélaénm £HEIBY bR, %Myfdé&ccgﬂ@ }‘ea]tures
imlarly, a

of atrite noi ocar bo clelc aci nDIecu

o RS bt e e BEb o el icc 6L Oy RBeeUl Sopatel | 201V, 2
f eat ur esbotfocacdene $ymthpenio icdpahiecht cometionF Ry atdiePSEPpotshyépbitgecoccene, by  The
persgn shlﬁhtlnb et%c?egmﬂdqﬂn%fsm%ll (Lmlhllﬂgferdﬁé ﬁgﬂgqu]:vglgﬂts Qwh'aWAD‘?’lH' cﬂ“ﬂl[llgpltfromc the

sequences for conparison nay be conduct by t | ocal honol og é‘? orithm
by the HBIRIPHYFER i“g?ﬁﬁ’é?ﬁ“%ﬁlsﬁﬂﬁ'HSFHPﬁ'“%ﬁ p?'h??pg%eeffaé’ﬁ‘ef‘térorﬁr'ﬁ'i‘t? tefhret hod,
by conmputetibrzedficienytb esreait 8PP and@ortiSAPte setn@taoend hns

“Botryococcene synthase” refers to a protein that belongs to a family of prenyl transferases.
Accordingly, specific motifs that are characteristic of prenyl transferases are also present in
35 botryococcene synthase, such as, for example, an aspartate-rich region and/or a substrate-Mg2+
binding site.
Methods for identifying amino acid residues necessary for the biochemical activity of a
triterpenoid synthetic polypeptide polypeptide are described in Pandit et al., J. Biol. Chem., 2000, 275,
30610-30617. Methods for altering the amino acid residues of a triterpenoid synthetic polypeptide
40 polypeptide for structure-function analyses are described in Gu et al., J. Biol. Chem., 1998, 273,



(GAP, BESTFI T, BLAST, FASTA, TFASTA, and DASH), or by inspection.

Two nucleic acid nolecul es or polypeptides are said to be "identical” if

t he sequewoeonfo3eaial eotides or anmino acid residues, respetiALzeioyo1208 t he
two sequences is the sane when aligned for nmaxi mnum correspondence as
descri bed below. Optionally, the per ceﬂl@age of sequence identity 25between
a reference sequence and a query sequence is only considered over the

| engt h 0fR251Hd2%3eNymeyays peteeds for conducting spagtyreqfitnglinn anplysesiie Hitasrsn@iént i ty" i s
det er mi ngpthéne p@@mﬁiﬂé meleﬁd/&.dqﬁmémldryol ebftesle muee@nwsmao/ommorpar i son

W ndow, er el e nucl ei c rar acid sequence in
e conpiPrsBrRedrrlR s o dd R il st er R BRGea 3 20) e
conpar eccommeB i evailafie Feritemsre quetheds fénstriaire dungtionalnalysasmf b grterpefuict | ons or
del et Ors%thétf% poldpdtifEhychid a&@%&écu%forbagpeﬁom vﬁﬁgynn%%thgbes&%kﬁe@tna&e i's
cal cul at ed d erm ning the nunmber of positions at which the identical
nucl ei ¢ ¥i d base or am no acid residue occurs in both sequences to yield
t he nunber of lita¢ pdigepiplesif the aasond dspecids agottococendmynthafe ame theletypgoige tsi ons
by 1he Ll pRUIRY coilleROML BRTochboh ot M@&ogéengmwr&%e@mgh

nult|p y|nq result by yi e rcenta sequence identity.
35A " comydt ?@oﬁor\ﬂxﬁﬂﬂwthe r&%" efdatyaeseensio Sﬂ‘l‘ﬂiffr\ﬁd‘@sber feaplarRater thian2be¥ dnint  of
any 10ne aZbfeatiyeeafu taa mbalft 2p@n0|@uwsomaem t500,N$00, 2000, 50005 1®000220 0@, 66000,

usual Iy @hays 25@06635863 8@(9000”?6 éb%“?béd’oo%b%oojogﬁoltrﬁ @pout 150 in which
a sequence n# ref erence sequence e sanme nunber of
cont i guous pos“istqs%%ef%!ﬂt eﬂ?tfyt)mcetf\%y@@f@@ﬂ@%se 8 &0 D eipercidmel¢quigrieal

In the Céhs@eeioot%&scew @mhgg‘e p%waédmeé |of fridm dn€ 6104 R 8t TRl biichaCefle is
nol ecul e tpe i nserted

se th
e L e
2011503@!@%%)@@1*@%@@@@@%@% sequsidest sunh aainirgns iteatrarg eellpreserd inea sequence
of the ngglaei c acid nolecule fromwhich it was derived. As expl ained, these
variants are ecifically covered by this te term
"substantial i d&MTt PIYPIRCEHE S&’B'ﬂﬁ%i?é"&ﬂ”e%’blr%f?@ QP LR Oéﬁieﬁ‘dc'%?‘dd
Sequenc esol¢mplerisat ehatlesna mattitregpatypatided. nol ecul e or pol ypepti de conpri ses a
sequence that Al‘%étr;%&oéo@r?esééynéar?s@rﬁj€|gfd%&8‘?no@oﬁ'l@ﬂ&bfné’dé add hEE&NELHEdiS Quence
Al ternatively, percent nt i F}/ can ny integer from55%to 10
Exerpl ar%?'ye%'SdFﬁ‘PéH‘%f?%?We: at andon EBPP Euin@eosenes59, 70% 75% 80% 81%
82% 83% 84%Th8%¥m “BliSpcoBddre sAiRase 30%6ic 4¥moledlle” rdd%to HIGbleI4indedDRy 96%
97% 98% y conpared to a reference sequence using the
progr ans %reessgrrg{% ﬁgég?'%%%%%% er abI%/ BLAST usi ng standard paraneters, as
descri bed bel d\QPFOEM%éW%fFF?gIdﬁm'M”Q% QPGOEPRIF §YHNRTF G826 TRIharsgraa TiRgt ¢af be
nucl ei c @ﬁérdteﬂﬂbnﬂ%@ﬂnﬁans@nsgafth% sequerny&cmmaeeemnt hase or a Squal ene synt hase

nuc i c aci dl drlfg]ﬁ e(%rlfl1| gr ng)ers referé?o ollgoréufeatldrrﬁf)flﬁ)' tPe Ln c?eal daes vgnlch a]re used to

subs anti al el pepti de
conpri slmr@llenweoney WJe PEEERE diaw:reatioro(PSRyas lgOwn by 2% skdhed m tlﬁemt:t i onal

fragment ther egf ref@knd@ HakG t%' éaualehedsymh@@u} %q&é’@ﬂe sisass BBSEpdd” & to bﬁﬂent Ity
to any one of nctional fra

S
e or - B o PaEramsDEonLS b e Rk AT s SO o P BIRGR y mopt | de.
e.g. a betydogogdeens spanichlasenisdingent gualedneyahase baspabld ofcbuddng &PP
DOl YBePL 8. Ba¥A BRGSHES! HEhbls dIBBHOhYsd 8RO rBS0 BESER IR e 0 S o

29, or functional fragnent eptides that are
subst arftear 'F?P R forf JefydrosgHalpre- geﬁﬁeﬁ@é@d%@o%?@ﬂe H%Wtsﬁd@ﬁf‘tstﬂl’?éfet?'%y due
posi t i orgnctibraduffzfeat thtbnvIeﬂlEHPlaﬁ(ﬂbrFFBP}Ptdlsiﬁlfaﬁi‘neby conser vative am no acid
changes. CO”S%{é’o{a&w Csyfitnd éeﬂtd‘-fs%%ﬂetdka'éér%'{‘ E&rsatn? & SEQID
i nt er chan resi ues aving simlar Si de al ns or exanple, a
group ofN 1916229&’415 havi ng al i phatic side chains | s glycine, alanine,

val izne, | eu0| ﬂﬂa sqﬂﬁldnd gm{hesu:;bdneept@ewacuenoefodadaMud@hd@qd%&rv@omene

allphatlc h sol S serlneFa epni ne; roup of am no
qua en WI|| oduce t an bodéoco%cene or examéa e ratio’of s ugl e 0
aci ds haVI ng e- CO al ning al nNs 1S asparagli ne a ut am ne; a

group ofboamcn@eaewdj:be hdeashgreaheohham alous. deatdérmt gfsatﬁrsthmyﬂ?aﬁa‘m A& 50,

tyr |05| neyoo addd, 400y Rfo@ PIvan,; 5080, ?bg@@ 2@%0@8@0@@0 215@@0@'?0@@00 5& éb@gi @%@0@62 chai ns
is yS| [ stidine; and a group of am no acids having

sul fur - cg’ﬂtoﬁ(ﬁ%(ﬁé%gq d@rag%g an“Ti % cystei ne and net hi oni ne. Exenpl ary
conservative am no acids substitution groups are:
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Anot her indication that nucl eotide sequences are substantially identical is
if two nol ecul es



30hybri dise to each other, or to a third nucleic acid, under stringent
hybri di sation conditions. The triterpenoid hydrocarbon synthetic
nucl ei ¢ awpadoni3enal e or pol ypepti de, e.g. botryococcen@CIHizhuge1208

squal ene synt hase nucl eic acid nol ecul e or pol ypeptide, disclosed herein

i ncl udes nucleic acid nol ecul es and poll§peptides identified and
characterised by techniques such as hybridisation and/ or sequence anal ysis
usi ng exenpl arAp usetheseie. "stplgne afiiape eanel iftdraidianyclain pcie melegtle $88FOId aNCs: 6
to 9 or FlalelsyhtHasetdoRPadtiaé, rorgagnt bharaR theredN th@x iRladjele RRY¥PEBHNAIC
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functi onsgﬂ@?%@*ﬁt%@oqaeﬁé%a&“.e 3imdse? h O‘Fﬁ%e'%??%’%eétsm%f"’r”iaf?a%ﬁlf””}ﬁ%??”&i "Wt i on
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sequence Y EPENERNIE PARFPUTS | be different in different 4 Ocircunmstances.
Longer sequendesqiadneisgitiase spaac dicmbleguleits hngheracdempenatencaeing aGener al | vy,
stringe ; Eﬁ&#o / - - conditions are selected to
be abouggogwélgjgﬁ%d\?g%%fﬁégﬁrie th%nrg/r(r)gﬁéﬁgﬁﬁq%?%edi nt (Tm) for the specific
sequence at a d&f§"RedfUPISRE Byndiepetslels a5id mofsreleTisfarstoprtoukle asred ersédteunder
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which 50 )/0 qof 1 t et i di t he
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nucl eot i glahy akht9dcob&s byl br A5kdOfynth@QGRHORRE na§ heve ang bERE Rattdian 50
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opti onal i (ol f¥olp? I i t
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performed for : , e [ « JBNUCE 2] L ds that do
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subst antrhadnhym tstRBpdna@lce ad BeEriBRIBES, ObthalBXREPERentifReIN s@yuefR)ddfitya nucl ei c
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ul e i sin num cpdon .degener ac r
e L ganaBfipef audeid Yeffhng albh SiF SRR B AR SRR RE Aetep i oMt by
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exanpl e, a botpye&RLe®NEeqdeRBYIUNIRSE QMDY ehRpANE MATEMBNGIiGIca aci d
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moder at SP§USOETS WEEhEORABTANAY M WIErYB AgiPPIIgR & Peyeic AR O ABEP P8 nucl ei ¢
aci d pr cleegenhainitimgcdntperise oirelne enayfcomprise @ddition oSHRtiols (NEs gaps) 4socobpored 80, or
a fugct 'tﬁ’@t%?erér{cégé%gﬂcet(b@/ﬁ‘ugrg%ets n%%%gise%ﬁrtibfr%ctﬂgglgﬂﬁls)sf)fr@ptﬂﬁ@eali&'{hgévr\}g?fqhéic' d

sequence can have,_e.qg., ) base pair m snatches or fe

rel ati véWp 8eqURRFeS e PEEENARRCP E3lcHIaled by d5icaBiaIng Misyhupiker postians pivhighdhe 6 to 9
or 30, adenécalblidticddidbaas of dnsigrEdid reSiue/aicura it bottheieaices QAN ths BEmaEN of

exenpl ar r . | el G..acl

sequence LR USSR SHOMIER e R BY B ARG PU B e 1 e
hybri di SEfqo9Pf PPMRRAMBRITFNEMUiPlying the fGSLﬁtg’rVﬁﬁ(Mod’é?,'d the ReTRRIEAge of sgquencsissnity. 37C,
and3a wash i n Al¥oriSrset witédw”, BUeBd N&@SIRascias rdiferRe td HEddREnf anponeldsthe30,

60, 120, or re mnutes. A posjti ridisati i s_,at ast tw ce
packgr oA B8 PRSRLSI Faea P i 1o WA ke Ebo o 1Pl B e LAY, <.
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i dentifying alt i terpenoid h\ﬂldfocglrgon %‘ynghetl ¢ dene, such as a. ..

bot r yococcene 'S{PFERANE SHresl & DRD U FRER U MECer PAMMRIRCEF M AFLEn be
genépPat gtk 4t witracogniar tha dresnsefted nelesagidandesiepreed na éd ideetical and may be
35Consequent |y, a "percentage of sequence identity" and/or hybridisation
can aid identification of a honol ogue, an orthol ogue or a paral ogue of a
triterpenoid hydrocarbon synthetic gene or pol ypeptide disclosed herein.

| sol ation or generation of a honologous triterpenoid hydrocarbon synthetic
nucl eic acid nol ecul e, such as a botryococcene synthase or squal ene
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CDNA, f rasm, & m7i/c 88%08%4,198%, D1%,OPMAIS% ey, DES.. 96%37%1"&8%)0#9@% armove t r o

arrpl ifi Gadnki9'do %Q@B% B @é sce(elu?%eldéﬁé Hle Pr gfg s%%la(?herég p%fgrgay EH&&'P' c
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other sequences. Stringent conditions are sequence-dependent and will be different in different

40 circumstances. Longer sequences hybridise specifically at higher temperatures. Generally, stringent
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Isolation or generation of a homologous triterpenoid hydrocarbon synthetic nucleic acid
molecule, such as a botryococcene synthase or squalene synthase nucleic acid molecule, can be

40 accomplished by a number of techniques. Cloning and expression of such technique will be
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i n t he cueeotef Niah perotpeiads-1gereoter, Cal promotg, ﬁa%bremetea@pmomloedeﬂee is

" het er ol pgmisr, £|@a| n&;l@s%%%?ﬁ'os@h'é‘té @érﬁo@%b@srﬂmsﬁﬁwut%ehé (SJSU Brrohﬁten%h@&g&lr om a
foreign speci

from it PYBYRG Wéffe @W%?rﬁd%g'gﬁ%ﬁorﬁggﬁ%:’%@ﬂ? g‘g%‘h%{ﬁﬁvr?rﬁ?{%g%%?gac“ on

het er ol cyousglycasitieriplssgtracderngs gans (dpb Vil) padiotey fre@dheendicefluiagreensigeci es

di f %@r er\yol\fof( %H‘Rtﬁ@éZ SrBrﬁSﬂam mats B@erﬂ&ﬂé@ﬁ% téf‘@%/ecglgﬁé éé@ofl:ssﬂrf in tHef nufcl'éggre)ft he
same speci es, a cod I'ng sequence which i's different fromany naturally
occurri rig "&PHeedii ¢ variants. This disclosure contenpl ates a

reconbi nant orﬁgﬁmesthe promotst foomsgam'csmﬁarﬂm sethe Hd;pﬂns-bemed/bM brbmatenucl eic

acid mol g BEY al &ﬁeq |a§r‘ﬂ Q)dds'?n%u by iR cﬁa%ai? BB lith & 858019121131
£iih 88E] adE bl pChE e Mtiok by

25hydroca e use in synthesi's of a

triter pe’v}*’n‘é|S€Ihfﬁ9ﬁj?t(§’éa?1§d°t’\a”§€fé’l”ﬁaé§0%2 %t“f‘g'éé%ccene For exanple, the

recgsbi nant orgamy @mmnabmcmé ideRtified bFE’rFéu&mmmgaeqoénoas of a genomic

nmet hyl t r ansf erase ot.ryococcene transferase or ual ene
ot iyl 11 SR paraRaranage ol BuBR AR S R P eal SRR B Thiel
refers tsqualére quntb@@wnmSenlmnpmgran@ns@ekpfgr@nt@wqmmemanwsect ‘ordeatifdtheor

or gani srprbidt&r. @ host organism The termis not used in a



limting sense and includes any nmechani sm by which foreign DNA can be
introduced into a host organism Thus, "transform includes, but is not
limted twp 2el1&B2218por ati on, transfection, gene guns, viPCAUAUTBtOOU3 and

gl ass beads nethods for exarrpl e. The term"transforned” essentially unites
a gene and organi smnot previously conBdining that gene, and refers to the
artificial conjunction of the 35organismand the gene by genetic

modi fi cati on df PremetentefRaicsdivagd. a.9h avigatingdharpilitdithepromeleds dde expraasiont han
sexual GePphkGals, 6., gﬁeemalg@éﬂirﬁwﬁoh i€ bi&Yiralbls BNSFRALERY riRfbenbit RgdrbRforf the gene
may or na new or

| | h
e o RGeS s a8 A G RRE P HT e s stglens st rey SR SO E P ugh
vari ety of kndwamptes bicdiablg mgulajety migmieyts ne.¢ reoferncen etdneentsointiaded B ritand &EcR

DNA- goat d-r8ek i Koehd ét(éy gﬁQnt P MEOMSHM a38bASHe | @@@dod%%hmger elefnt
2011/ 032213PCT/ AU2010/

rjt i
ot oo mONCoL (Hcedr Geroriss A e A TR TG e bRy i nase
or squalariolssamehasemine@Det, 265 8)a88199) regartiiey flanking rdgionsluickesdDi nt 0 and/ or
targeted to t grﬂ:'epél érﬁééungtae %Ptréﬂsg éxBre?ﬁ&t H%f rem/gg/ apéeélgo de@crlbed in

triterpenoid hy rocar etic nu “eic acid mol ecul
bot ryoc d&e@r?éa%%} Ak-HAE é”aB‘rJOé'a?aéﬂ@ﬁe”s%‘t fre{sand rﬁ?!ﬂ"tbpéf e fa”ﬁ‘rﬁ’aé'éﬁf% 200%

Si ntloodumegsti-p410 and/or targeted to the nucleus. To use isol ated

sequences in Lpg, r@?&%}é}?s 6r§&n”6rq§%§aunﬁ¥£tfeﬂ% h 80| %%9%@5 BPt § OQQIA vectors

suitable for tra ormat 1 on of green |ca gae,
cyanoba&%@@ccaﬁﬁd@'@%ﬁwwy@a@r Cagan fjffr’dﬂs@é?rﬁfwl FYP”I?&@? é?q %Pcum'ﬂlﬁf@@”

i ncl udi n&ué{ﬁﬁﬁﬁ@h IeQJI ofmp@lg'br EiRkJeFoid hRirdarieas Bek ard §60AIYAHRARd B@AO percent, or
transformati gn} L known in the art and described in the technical and
1 Osci edf§i% e ¢ @(r efgtﬂ . For exanple, a DNA sequence encoding a
tritferpenoi d Hedsethargoristsymrdiers iccanmugdnisincheinngidd frohe sameespegieg) butgdisplaying

botryocoaqrega%néMﬂ&@m&%a@etewye&mmm;@%&d n%h%f%'sgmg‘éb&ﬁéélﬁwe can be
conbined, W th transcrlcgtl onal %bshﬂfgt her [ €9 8%,/ sequences which wi ||

direct t4{E"Y SRS RHG BR PR PR Frences Qé ecper’?BW” o118 SR HRIS" AYBRAIEY cel | s
of the tThassfrecambihaal gganisoyianiedaddtraini ofithe lxstirgarisnmSpéaficgyres of si@inadreng a
yeast, %fe%d’ﬂ‘t@therelnrbsoré\@esenh%ial A“%&Eps t@&ra%%f@sb?é&ﬂ wﬂééé@ﬁéj&rrnpuﬁ *H?éro&a%&% id ses

t he botryococcene sxnt ase or squal ene sxnt ase nucleic acid mol ecul e

fur tRer "BbiffNEs¥Y '3 %F%‘ﬁnﬁdéﬁ‘vaBEéPéﬁ?FtX/acﬂq Ravipottlee PR IHetyo WHEEEHES 80 nt hase
or squaleneusyatBase. Rk 8 efaciodtrand el bewunit whast hrajor Bridbodrdranbsis a

pr omot er, 40ocineOUREE L° A ALY 6 TRAhPuidiBhafll ifehaldoaRseLi ption of the
botryococcé/ne synthase or squal ene syn ase nuc &ac ecul e are
endogenolysoregietie or gani sm and the vector conprising the botryococcene

synt hase or S%&Js@cnﬁ?er&ﬁ)s‘&!r’@ém&ﬁ’ﬁe@té%gm md.a.euallnm@gt@.lne i's introduced, e.g.,

SW’I?%HD' ogous r s(?ﬁeqanlsm 4 Ftlars o (%lr ggnlsm ILetcr:f,%r%pglro O é})el'rl]%%s BN,&érOIQIQ ,Icene

ase or squ ase aci era “hRed to
an endog@fyeemld@w@mtlweﬂamr@xm@@m oganisn gthentean tb%/flrslfpéga@ﬁdogenous pronot er.

The present d'ﬁ]@'heﬁwg%m@m Q%@n-ﬁ%ér@'&%aﬁu@ﬁ%twm&] S¥ERElHErRE ofgﬁﬁ@rﬂ?' nant
nucl ei ¢ aci d t@ghnl ues rall e['?nortenclfature and the | aboratory

procedures in SyAPH fan'S'Brmary (oo} R 1 %‘l‘%’@;‘?rgﬁ@é'&r? aher B t hose
wel |  knowa neacbalgesrsah lay a sagplepy &dr examplhé’aaﬁd giant kelp. Pacifi®\giantgeld isreespering of
" bi @fOuel marrn@faﬁé $ou¥19 orﬂ M@lPagﬁtr éo\é%f NB%&%&QQ AARREL ‘Pc%e& néliife gan n'lli%?oscoplc

r epl eni shed make reduced, mnimal or no net contribution to atnospheric
car bon diPB'%i 'ﬂ’é’qaég@f"@‘p REY B "@tﬁé'lﬁ Lrpipena{rq"g}s fopmipg 18¢NSe 62NOPY 2t the e Ke®our ces
deri ved ffoh@maylgrow gegtosim td D nex psreag @aich miakdstitdeaenqiraiuby idrge aabbas of

o oduce Taro el h Bt Rl ¥R ShORR SALEEMRE 9. bR, 102
cr acki ngFeeRronmg bpasér! 'a/c‘maHg'S of Oﬁﬁh@fetﬁePW%ﬁdﬁ:é\%P@If%?@?@ﬁf@}f%@r?'o%ﬁﬁf Rigductss

di stibnctinddpemicht Redehrcw Al DevEREHENt Repdte BSttell& Phéifid M rP@BQIDN g hes pérben
producedr\‘eaccordg ng to this disclosure may be conbusted directly as a fuel.
However Frof fence in internal conbustion engi nes, the triterpenoid
hydr ocar bon sHoabkartigdar gmtpdiined. thy hest ogeyse s asmlen@ousmfmr olysis and catalytic

cracking. Cruge Jséci ﬁ@é.pem&) 5#amdre¢g;@foma§a|§&nb&eermnw ik RdingQeset 1 ol
(gasol i nygnob tgrla dlal%ms pho{osynthe élcterlg%r r?onoghlofosynnhetlc gac?erla or Euglenids.



catal ytic cracking as has been taught by Kitazato et al., Sekiyu Gakkai shi
32:28. The yields of petrol (gasoline) obtained by catalytic cracking of
al gal hydwocarihse3ar e conparabl e to yiel ds obtai ned fr@crpaRow/oowes Al so
t he gasol i ne produced has sufficiently high octane nunbers for direct use
in transportation vehicles. Aviation féd&F may al so be obtained using
processes known inthe art. WD 2011/032213PCT/ AU2010/001203 - 27 -
Similarly, "bilopregmbogimencpeplga isispd- 2493 calgae’i WieioFigaommissralssn” & terlkes t hat

can be rreﬂaharplaafawoa@ﬂb mﬂreesuabrmmmgwofm ﬂh?lhmcmaﬂdphﬁéltﬂh@@Igb@ar@tumé&lﬁber| c
car bon di oxi ref erstoc rbon

@é nﬁgll e | rﬁfECI ! Car'ast?é a Ls tb o? t leaves;
sour ces RIPFY ?%WI aig 8?%3 AR IR RRRE JURoU s, BB RETESH)Yr ocar bon
synt het icontgiergbloroahyd anth avera great yanedyi id skag,drooosicioserpicdmliatye seaveadds.Gsrganmoduce

pl aski c. a|g%Ihm1 &H &€ L.ﬁgwe& &9&}9&.@9@%@@3 amyge%tdhetesﬁn&eagyen%mw]
traditionall ﬁﬂlerlve fro E al sourc fossil fuels to which

the tri tElPFERYI L RYEPEERY o e"?@'”Qr'i%ﬁ‘éiﬁfyé’ta‘li‘éﬁ‘d'%%T%"'OVPWVE‘QQJI'QV?QS‘MC?B
bi of uel mycbeblsexpll-@wbvqn alga may abnbve daggkeh frad, of brewdissdéngsutie algaelardsablatsef ul
for, bUtthlOat cfe@a%@%&é&ule%f B?Hgt és%@ct%f’ a l?é‘t%rgﬁﬂ@wirh Q?Ae&'t pr)glgﬁeaaqqfeFde}{&'é 1

i ndustrial chem ca eci a chem cal s tergents, i zers,

medi ci né‘é’droﬁaéP‘?ﬂ%‘Chﬁf’t %@WP%“”&?F\%W@'@P% fibres, or synthetic rubber. 1 0ln
an epbodi nent |m6netéiﬁooﬂmtelnod gbdenalge, c‘,yhnﬁbbctérﬂmE((the grdea alghé )l €140@4t6m s used.

hydr ocar rise

oot S pRaeeh 8 oD By SSAGE S BB heh 1B FAPORGH BRSoc e b,
onbodi et eSOl #sh e & Wmﬂ&*@aﬁ* BenRacs Ldenkaly erogens| rrRice

dehydr oboHidny,@6M65RRE., a@dc trbighdr@un Qintch @ aseiNEEsd \ﬁﬁ/oﬂé)&s—S@m@hﬁlﬂmﬂﬁédQGeabhe

reconbi nant organi s or. he concentrati NADPH or
NADH. By(?}]r??rel atsg. f a.g or? \gllgﬁré]s or rﬁgﬁg}rﬁ‘n ésceaec}egwusi%bz%l% bwahe?ln éal 673 or

equilval erregratgedruag/uiiDrPiherexampps In¢1ucteh@70r/e§tz¢ $rore. $¢Qtrelnvr anfl é/‘hnfépmtﬂ

provi desExfasape& Becy M REMERd iR RS M@rdéﬁday ds. 0@%5@’0@}&@3 8. & sPRmslpaRRAsis yococcene,

whi ch eg\zgﬁ/ ack at least t ro en ar ons, when compar ed wth squal ene or
bot r yoc 0VEHB PLTRiE e Ganpe ‘Ef)é‘ SRATSP EREMENT G dehydr obot r yococcene
can be identi fAlteshataslynitye @Ga My bA\Vbivoxt @rtpre tstrebchyals Griar @arosytstietmainnsicl ei ¢

aci d m'ﬁﬁ%ﬁmﬁﬁeud@%ﬂ%%&% tﬁé’d?M?@ﬁ%r Qﬂreg&%&%aénsﬁ)%gér}’e'?éﬁase nucl ei c
acid nol ecul e, can be expresse n of algae, e.g., green al gae,

ot héf eukar yot‘i‘é”%ﬂeéé'@bo %{Hc?o%&’@iaé'ﬁ”&‘y bSPS%SQO@Wﬂ“ﬁéPl c or

non- phot osynt heyét@andthe tedibbdimeiitiBacterilindhdytieiged) FAS bstteriom nplyast cel |'s where
it isd p r 0 g. botryococcene
or squalepzhtré)%}lh%%gfg h%!%gﬁ il r,mr%'%acﬁggrq qgtrla %Eh%gac%eg Cé)ﬁ( phot osynt heti c
bacteria or ndfrha@ﬁ@[@ﬁ%ﬂ%l”@“ba@qt@*|Pb9t03y6‘ihelic‘1ﬂ*i@ﬁ“'sni AR RFHSAE) eyeadtest t hat

exlor esls Rl IFdneedIk eRoMsy 5ersmtm@ﬂamahé@wdﬁc@mamC@mrh\%uldbpﬂymbwng acid
no ule, e. g

botr occen ase of qua ene s Ie| acid
mol 6cul e, may 'BE"Y e“imﬁ'me” ?“ Sma “Ese‘r’ et Xas} i ?ehlése roUdet i on of
the tri t@rqyéﬁedeIIW@lﬁrbcar bon, e. g botryococcene or squal ene. The

transformnmed 0rAsrLﬁgd)ﬁ@élﬁ‘aFéEorﬁl&mb@Hﬁsrﬁwcﬁ tEHnQ@{@’rhc' RisAF RAGS RISseBbndl €r ment or s
that provide an ﬁncl osed e@]\él ronnment to con a?l n the triterpenoid

hydr ocarBEHSMe Oy "OH BISPYHE o HEEIEP WS LYela e '™ JHVeeFiaP Ak ALEEPHEMS: f or
mass 30cab¢qnmmanltdn@nashgaséers oyamolyacter suah abarcslgs, bagterwm, funpygg, includiod adi ng
yeasps, \@b§ cQ %Wn|n'vyhlc?l%ﬁleQég%qus%EﬂaB%&d'nﬂ)le‘JMéﬁtéxBﬂe%dQ\f/lor@tspécﬁi%é% AORMEL 100

litres, 200 tres | east about tres litres,
5000 | t"Fi&s, t° ?Lr(‘)/ tt‘?@@fo‘lni'etdraég? baﬂ?”@'@of“‘l‘guﬁr'%%“d'@(? X568 riPanEigat df@tﬁ‘y?)@edﬁ”tef' es,
200, 000 dhaiattessticHGoBAR: ddnbir 8@ host offa@RMer ThealBsired Bharaderdtibefdhenantr, i n

quant | t I an%tn |§Q?rHér8élwo%Q]?/drgQ b(ln sltyf.t‘ﬁénc%g@?r ?d m%}é‘&ﬁle ]e'gsg%bg%rgoc!claﬁer es, or

nor e. Ss-cu e quantities
of al gaesy”tb"iﬁ&r%%@te@? ﬁﬁ‘th%ﬁﬁﬁw%ﬁ/ﬁﬂ%@'ﬁ%ﬂ%m th%ﬁesﬂfh@f*@wfﬂ”h@t@%tfﬁgﬁéﬁ”@dl a, or
fungb, iHyelobstbditsyNBakiglypédiiad, eltp¥ BoRestcemtyhihgst dra sgXdMmRSSntRaser | t er penoi d
cual ond BpsRG e R el BB Rl ey Bn By e R RES PRGBS etbue. 10
| i tres cimilgpiodhe gu@ot grganis). T5®d¢alrt9¢ ewractaristich ofithe hoxd otganigna include stb@UY and/or

1, 500, 0GQst fdAﬁtﬁ$hergf@fe E’?@éHMbﬁrant%P&anish{ Wﬁ’l% ntﬁ&@ellévbrs%ﬁbntemgd Ih Ydré@pon 4000
40I|tres 8 % ¥ 9 gg gd% |tr§s 100, 000
litres, SBB°608° MY r@é‘”'s%‘,ﬁb ES‘B‘E‘} 'VAE‘J’*’Z”d'iofFB %i%‘ﬁb%‘iaﬂu B0 PsyRPinanbg
litAés, ctgadBt’ BdiGIsoibe mess stableandlgr g@Qy, f8HE thantthedqnooergarsme. | n one
enbodinent, the organismmy be cultured in large quantities in nodul ar

bi oreactors, each having a capacity of about 1,000 to about 1,000, 000
litres, for exanple, 200 litres, 500 litres, 1000 litres, 2000 litres, 5000
litres, 10,000 litres, 20,000 litres, 50,000 litres, 100,000 litres,
200,000 litres, or 500,000 litres. In one enbodi nent, a



5reconbi nant plant may be anenable to mass cul ture. A "Dbioreactor”
refers to any encl osed | arge-capacity vessel in which m croal gae,
cyanobactwoi2aligs2pbot osynt hetic or non-phot osynt hetic b&CTeni2e10/001208ungi ,
i ncluding yeasts, are grown. A "l|large-capacity vessel" can hold about 10
litres, or about 500 litres to about 12960,000 litres, or nore, for
exanple, 20 litres, 50 litres, 100 litres, 200 litres, 500 litres, 1000
litres, 2000 |Astuseshergu(®eqmbinant’ agscripes DEwoNd, o st S@Q?@waen¢tFm@é%fiaBO?t000
:VLE II:leZ hb?ﬁu@%@nétictrﬂﬁi_al c%ﬂ@ed(?% 4 flrEtr @rsd»on@rr soaR@, TG, thé kdsBRarb&rs EMBHEhous

ods of nmas

| t l.e, .al ) b
i i gh GBHETTYe Bhae PR PR o R SR e Attt BT oA piD e eiD senage and
wast e vvatlmputateeiaorrmmssenicr’rass cultured for the elimination of heavy netal s

fromscont am nafsQdeyGdr&h gé@ﬁémQMMéﬁb@%rfrﬁéle&B@bu@aé@ﬁr{% ?Qtréf@@ t&ényjf%rr%ﬁf ot ene,
hydrogen, and phar maceut I cal Hnn$)oun S

tjona | enent s
o o TRl iors toal & perfgmath Aol o o S ispiRbe o
nut ri ti oswdtion,aéplieation, modification @oeh thirbdustis: ifitola difiecent evgartism. tAopganisindhat has
hydr Ocarumgé}%&ﬁeﬁé&'n%.pﬁlaﬂéﬁs alsy Pe?é?.*%@% v as PORk@FYRE hetic or

non- phot osynt bacteria, or fun includin easts, e.g. botryococcene
2 Osynt hase- eX)5rEesheignofxogersp efﬁ@ 539?\%%'9&% RNG OéP‘ﬁ%RS’“'Eﬁ OpeAtiag | a,

ar e Lknovexterrially fden@kdanismowWitle beapget ©, DNredriRNES tHe@érmgran bk DgedBateiciagesiysithar e

di scl oseﬂ L 0,o0.2006/ 121950. Alternatively, a triterpenoid

hydr ocar bon be produced in a cell-free system Exanples of cell-free
systens are di@Brussdd appyedihgredt, "epdegeppyus” eferaied PReavst e 91NA.&ZNA orn US

2010/ OOAOLﬂqg&mder@d@t.@tvaihm aﬁr(ﬁ(%nlahpchem Bi ophys 2000 373(2) 307-317, and

Okada etal . ArTﬁh&teﬁm Q?rgllo%‘%“ nrggrs to a%ost é.g ﬁﬁ%ﬁgr %)gﬁIS? 8? gﬁpa? 6185?06'8?%"3’ e.

i ncopor ated he
bot Eyoc cossaseinga g@"qeumt erfensipmedite thelhpstt dreeclgrenes peel oynammdlyfresentar @atmt sme

di scl osed,. B%Erﬁh rspbéegﬁe.tgeqaug raﬁ.ﬂé.w ek w.tn tehRn&he tdMEnAQBIbEbUEEs NgWdv est ed
usi ng known t her ej n, ‘harvest” a triterpenoid

hydr ocar'%rﬁonvé”'a'y ‘”ﬂBﬁH%fE‘oSéO@ﬁ%OUBr '”s%%ﬁséﬁfea” TRIELYS ¥ capt uri ng and
sequestering thmucteiciacidmpevoieds hytdrobgausiory seeoml nubleicragio cateceln éf itariginates
305qua| &Y afoFblg% s%!acge%eﬁ Pfrorﬁ%téln@%gec%gvk %@fﬁ&{‘%y hu an act frol?ﬁ[s‘(aﬁ?ihélng rm'y

i nclude flocculatin e mecr oor?anl sm ustl n

t he 2fedifofm- FAr %?’E‘H'etan‘éorﬁ?tﬁ%ﬁﬂe?ﬁiy ikgddee het%@%ﬁe'ﬁ%%e%ﬁ?defgﬁ i E‘Pi’é‘gar e
not m scieblencé fnorwatsﬁécuearaidfetelneryommyt fldnS@hitiDthapdmbtedabs @drivéd)er, §irbinakesanfe t he
growt h e si phoned of f
fromt he%g%%%c%dﬂ gag%%gggf')éhe%e fel n sui ?@bqauranggf%]?rﬁ )g"é@é%%ﬂ er natively,
destructive haMpeksciopige é‘?ntft'wéat?%@ feePPRIfASE eroAyRIR Bcalsberoaisnyfurthest r yococcene

or Squalt%naomfeawmtamadé.ea@@bb@ané ome&amn‘éﬁﬂmgsﬂﬁaaidﬁ& @ligAadtetpensit udi ng
sea S|l N SO )

ot £ act e g b S Phetes Rl bt wel s AR AR Rt 2RR! ons,
70°)/0 @rucfhwerwa@omemewmwf@as@mm@nmﬂmmmw'ctlsnv deanpagecantriP 30

M nut es.syhiEeQf ahRaNRraR@EalEs e R & BURUSIcYeRMdiRRiaRSebd & N OREBKe agi tation
and recove rret hodol ogi es known WD 2011/ 032213PCT/ AU2010/ 001203 - 29 - in
the art. E&PeE%-cal fluids such as carbon dioxide (002) allow rapid
extracti on of Asydedloaeibdmssfean act \@riat@nt Grereof, réfere kptbe piovess obiaseduying epar at ed
frompt h%x@@@n&@&él@ﬂom@( f?&ﬁ%ta@ﬁkﬁ oRBRis A" rﬁ‘oéﬁb‘&% Iaﬁsm The term is AbtSQedth §C! O0sed

herein is a business net nprising provid a carbon credit to a party
gr owi ng it FerseEae Inﬁ'u?ﬁﬁcﬂ”f’ r@aha@fsahw Vgﬁ‘ﬁh f‘&rﬁ'ﬁi‘)Pl\‘ i°AY PainFericed iBlogd1oat ol ecul e
accor di nggdnent Meusf itsdformampladds, b tajot itet @o, preoipoeation, lrbadfeseidn, géne guns,

phar ma‘Cq}ljrglln(l\’ dds aantjﬁ[%gs gzggk He}ﬁ%ds fgpeia&gf‘ésﬁaﬁe tgjm ?Qﬁ%r%@!ﬂ esgenﬁﬁﬁ/%lnﬁgstay

chem cal, ertilrzer

synt het idene P'Ef’r@gaft'ﬁm Bpt SEPMPHESE gaptaniigkiest genss a@%f@f?fs t?ﬁ@ %ﬁ*ﬁ@'ﬁmluafﬁlén of the
conpesi tdr@h&wﬁe&@@ﬁd dead bl gerRtiimbBCalish @&@d;rgamsa] @wuﬁas HeifBlusing ploBest¥s hange

for carbgn ermt. credit, or
the |+ ke e oa B conBielRofaiior S udy el SIEEE o O By sf PEEhe,,

sone reIC@Vlamthsowpreﬁrgﬁﬂentlty (such as, but not linmted to, a city
(i ncludi ng munj giyRakHetduB8arOhitdthbndbibiZ AR cﬁl&%pﬁa‘éﬁﬁohé@érUQbﬁHﬂ)rm@@ through a

i ncor por at.ed nd uni nc (0] t ed muni Ci 1t1 e St at or
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credit may be substantially received directly froma regul atory agency or



adm ni strative entity. In other instances, they may be received indirectly,
for exanple, an entity using the nethods or conpositions herein may receive
t he car bowoeradisem3directly froma regul atory agency, amdThe0tofenosr ansf er
the carbon credits to another entity. Transfer of the carbon credit may be
in association with a given process or2product using the genetically
nodi fi ed organism 2 OFor exanple, a first entity may be identified that
provi des a corldorfedimtedigrest aditerpengid hygrogarsern syplieiecnUElgE agie molsgpeicsh ai n an
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resukt s gt R ,,qggg,cr/é}mgg&g@ﬂotﬁee,{ugggg of correspondi ng sul fur oxide. 25The
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roduct usin
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har nf ul r%fu pﬁ&Ba/n%ﬁ.é&%teﬁQ‘furﬁP ?bg 9&%{3 &%‘ﬁﬁ&% 9RlepaRyhOds of generating,
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i nvent i derO%“i(E%bP OWﬁHf' distngblramy frdiiopal feeili &8 ot her wi se due to expr ess
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inits capacity as an International Depositary Authority. Deposited plasmd
pUC57/ ATB1 was assi gned the accession nunber V10/022706. Deposited plasmd
pET11/ ATB1 was assi gned the accessi on nunber V10/022707. Deposited plasmd
pSP124S was assi gned the accessi on nunber V10/022708. 25Deposited plasmd
was assigned the accession nunmber V10/022709. EXAMPLES Exanple 1 - Culture
Condi ti ons



The B. braunii strain Ayanme 1 (Race B) was cul tured under an atnosphere of
air enriched 30by 1°)/0 002, 2% CO>2 or up to 10% CO2 or nore CO2, using an
air-lift wo2pEmM32243t h conti nuous illum nation, and tenp@ecatairelcaesd 25C.
The grow h nmedium was a nodified CHU 13 (KNO3 200 nmg/ L, My5047H20 100
my/ L, K2HPO4 39 ny/L, CaCl22H20 54 nytB7-FeNaEDTA 15 ng/L, H3B0O3 2.68 ny/L,
Mh5041- 120 1.54 ng/L, Zn5047H20 0.22 ng/L, 0u5045H20 0.08 ngy/L, Na2Mb042H20
0. 06 ng/L, OoSimipFpObigplgRicTrgiers)o piagticyativer fieM carben saureestthabean egeplenished

i 11 umi naetnh%kmrrﬁnél bPHB Mzaﬁ.baﬁ&n%aaﬁwpm%&@& d.&ﬁégédals MéRQp&dicallylhe
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nor e whenwdrocdrbarsynityeticrgeae, laad thertriterpencid ydrocérbon ¢antbeaiseddio pepdeed @asfic. Exanpl e 2
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DNA was extracted fromth a%é |"as follows. First,
appr oxi rgtagymisalsosiges ofifessy Eb‘F'értﬂsW'B‘Fh the Ir¥erpRipid dwdraeasbagit ansrealedyPr example,
f 1 occul &b adtitioofto iefLidlsind bioP&He 6t it amisagéd thatahe dsuseretwilble LcslaDJl foEauiknot‘,Ierhnled

pel | et V@%r&ﬁéﬂ&%Q)?%\%ﬁqadeﬂtlcgls%o@gddmv@m%astﬁal%ceoﬁgE er (200 nM
Tris.HCl pH 7 ec e to 10 rounds
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Sequenc'dégydrobotryococc-Eh@aﬂﬂﬂ@ﬂ@]dmﬁns&onﬁﬁm buppRMmehi ti@@&mﬁé}gﬁﬁ%nand
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1T um n%@ﬁ@ SEELBH af%%hm&aw@qe(oﬁss@@wardsstfyog&%rkb WRieH 84dh@dk @) leadt Bv t Ot al
of 3 giga bases of data r| sin s of -35 bases II %l%é(ﬁach Anot her

20 pg of YERPL RIS YA © afefi H‘FBr dYRrERE g HRC el PYXARBE hi ne
(Australanaﬁmmmm’mtereeaneharFa@ldéntmgd SNGRFY- MSQJeensI and) to a total of 3

gi ga bases of Ajﬂfe?peg&Qﬂmr&%Fﬂag s§rﬁl?qu n@ieic ZPm &S e! Otgﬁacgc% %Q‘ne synthase or

Anot her twenty m crograns genom ¢ DNA from B. Ayane 1 strain
( Exafipl ea4glens Sdﬂiﬁssed‘é'éla'cﬁﬂﬁ ”ﬁ’l?ﬁ'd?ncé” B2 BIREFFERI 2BNHRPES Pﬂalﬂﬁen%g gfee”
GenorreAnawdays@merrémcdnydﬂeamd kytmbbeteriliay padtokyhiabticf ad hon-phdidSHthetic Gacdedapfuagi, of 5

gi ga baiisgﬁaglyg @;er{mgl‘ 3\’ % #98&%8@ to_ Zédu?@gﬁﬁeré B hgar%@rbonEé pl e 4-

Genone I catlon I‘ epar at or ass conti gs
by mner gi hﬁ?gy@PCC@v%Pﬂ HpPeey Tieasiraey al@%éywb%?tef%ba(cmaKﬂbp@smh%?%ﬁlﬁf%r med
at the AlRphotSiiaeptetiy), ordaig |rfcl'uQii’(§;§/éH§ts| lhbtumoﬁes @haér%@gdsnsmsrpbmcegrat ed
at EI i n ers Uni VeB@ t ER, VELVET,

ar i et EU
rocar %t(I: hnuc Eﬁé&d m[o}{ac Q%BOt Cy(c))ﬁ?cgene sgﬂtﬁssees r s‘%tia?en S%I onal
cont i gs nuclelc acid molegige, n@y&@%ﬂmdﬂmsamw ¢Wﬂ'ﬁ®"s fgdlnmrpcj}.@tl(g‘g}iég wer e

i dent i figdmpans & ?ocQI%Bﬁ) %tlybc&@erfé%‘ﬁ@éﬂ%e‘ﬁ@ Th3AEXHE e BERESRShiRY: am no aci d
sequences provi ded as. 0to é?mere identified

accor di MPE ERISIBYX Oé ac‘?ﬁl\‘l’%ﬁimfe“t% It'iberBY é%I%“ LERESHTRIAYBELY BB ded as
SEQ | D N tri€penaig hjdierattiohj @gl batwooatemgortsqualdries|nerdaipérebodixantyibendss RNA
Prepar atdumne ?tﬁec%elesc;%ot%ctehé BB dia, SYBRE, ifclRidg e A IBF SOl PWRN AR 8 FklorNAr Y
phase i n|n quantltles of at Ieast about 100 litres, 200 litres, 500 litres, at least about 1000 litres, 2000 litres,

5000 litres, 10,000 litres, 20,000 litres, 50,000 litres, 100,000 litres, 200,000 litres, 500,000 litres or

greater, and in one embodiment, in quantities of about 1,000,000 litres or more, even 1,500,000 litres,

or more.

35 As used herein, “mass-culturing” refers to growing large quantities of algae, cyanobacteria,
photosynthetic or non-photosynthetic bacteria, or fungi, including yeasts, that have been modified to
express a triterpenoid hydrocarbon synthetic nucleic acid molecule, e.g. botryococcene synthase or
squalene synthase. A “large quantity” is generally in the range of about 10 litres or more, 20 litres, 50
litres, or about 100 litres to about 1,500,000 litres, for example, 200 litres, 500 litres, 1000 litres, 2000

40 litres, 5000 litres, 10,000 litres, 20,000 litres, 50,000 litres, 100,000 litres, 200,000 litres, 500,000



(Exanple 1), then subcultured into an equal volune of fresh CHU 13 nedi um
and grown further for three days. On the third day, at the sanme tinme of day
as the i nsoubatisea13occurred three days beforehand, 1-10PGH/AIRD10H0¥RBe
harvested using a 0.45 pmpore-size filter and scraping the cells fromthe
filter using a scal pel blade. RNA was-é&tracted fromthese cells using a

Q agen RNeasy Plant 4 OMni Kit (cat. no. 74903). Extraction was begun by

r esusperéiphd 00080 81ep v 1.50Q,9G0diresRpTMONGf IntoRg eMRediment,\igy organism may be

2011/ 032ikAEGH/ Rtk +2Rskiutar Bidreactdr Ceahl Rhvirgid Rgadith ©f SIEPEIMRIOBLJUO at

I t 5 t t bat h,
rggf)ect |ﬁ%q%§88%sff8;%§ﬁ’t%|e %\&lﬂl%\sm (ght[egg){bgﬁ gtgels %Og)g?@? S&Oﬁ?%ﬁ@h@@ﬁﬁegct urers
i nst r uct40848 litfesr SGHOPritress dD0,0(RNIe® 09,801 litres. or BOEDCAiEse IrGone epipotimEeil & Speci es

(Cene R%édmb@farqopm%tméi/fa@gmerﬂéia@ t6”n§QcQJ§MEe is not limted to algae, but in
one enbodi nent the host cell is an aaga The desirable criteria for host

al gae incl ude Aegg’éea&tﬂﬂ "SR IRV NOPS e 1Bk TP eI HR R R ME A B hol ogy,
because dybrapedtératce phdtosyethbtawe nposhdiasyehgqtic bbderax bifugg dnchuddgneaste aseyradn.

harvest., ﬁbé{eeébpw@%@ss%f bér?ﬁdlcﬁabo&%h?reé‘%at}oh{%do'nﬂgs %B&[R'ﬁogf)oosl%g'o‘?s |isted

bel ow may ene reci pi ent ternative seaweed, for
exanpl e 'F%[%lf?'ieﬁ‘af@i"%r?to "E%‘i po litges, 1Q04ies. ?O(B'B'teﬁﬁeBE%ég@b'tre%?ﬂ@r"trﬁﬁéﬂoq hat

f r omowhilieks, 1000y @S CIDE0G liseysNEdIEmeatraE S 00,600 Ik ¢0(, Bocieres, or Ay@O0D likgs, and whi ch
satisfy at |east one of the above criteria nmay be used according to the
15di scl osure. Some exanpl es include B. braunii Race A or Race L, or

Bot r yococcus d\rikadp elygass-culturing algae are Rppve I Fcidmels. aigge CP@b%lgf@é!mﬂ‘sti‘f green

al Iga lThﬁMs@rpﬁotumre&ltérslIbafred‘cloaeg@t |cI|1aémﬁseaﬂﬁklew&@éja@%a%temﬂ&hre&ﬁ@ﬁt@irﬁ?@sfOrl t
nol ecul ar studli_es 0O a C oropl as
e Butnfo LY e ERRG oPoay PR R cBrialunaid et s bbb F6s ¢

Chl ébel Imodyptlonlowaarg@nesélydrbgm ayl hagedcedigalgrmerunds gavell pg nitdtiogglheri cal in

shape, ﬁ blEmeéntd Br B RLRARs R SHiREB BRJ for BB Brob @ik of i@ 8brh@undd Y AlEtbnal
photosynthesis it nultiplies rapidly requiring only carbon dioxide, water,

sunl i ght®“8nd smal | amounts of minerals to reproduce. One exanple is
Chl orel | a vul daniigons for growing trifexpenddl heirocgherex@égab appecyambadiata, ray be used

accor di Qﬁhoirol%méﬁc dirdfi 'pﬂétHJ thla a:c!fséﬁa %F%H&duﬁé% yRBL QUIBotnBERBL el | 2

sal i ne, emat ococcus I a atennerirm Is a diatom
spe@ioes SYPRRserpRrepHy %éﬂlé"}'ﬁ”ieél/”t'l‘%?? eh@?%ﬁ“@ﬁ‘%ﬁﬁf leacterjp+aie known in the art. For i Any
al ga of dxhapldi meapdiy ¢ gewilyafiirpaoyas aes distosedianopedmssi21gdoveol at es,

crypt Ophyceae’AnSMQJ v%l“yoePD.Ye?&e%‘Sud h%r?éa?&oq %%Z)?o%ug@ﬁn Q?e'H?e%%ﬁ’ﬂgT kB(%anies

vii. Chorlcer/ m cr oa
char act & edkfree Sf/%%mﬂ?fé@Sé'e??ﬁrheéei'rrﬁj EX%’H@? 10 éﬁdz@amno'eﬂﬁear@em P§:201
muci | agepkabi@ekal. onfrcfpmw,@mlsi@hamboamm&?@bwsm lafd OWhdahet 3OICE BRLRIH B/Bmy@fati on

of r and Ch. chodatii. 2.
Q/a%ggag#)é 29 ﬁﬁﬂ%gwg"cgt irersrf])cso Ora%d%grefn s refnﬁ‘en?ﬁ ue-green al gae, al so known
as oyanobact ecTrI@rpemgldhddrpqarbfqne@@ batiyaspcce @y rsabirieteeprogducad By e gkeatigaly i ¢

(reani ngn&d'f%?zf ofb@ﬁ|§rﬁ§§|s@&emﬂl%ﬁh§aot éur}ﬂenﬁ;al(hot?/ﬁ irf tﬁéz‘Qr‘tj buftolili®s MYRL&Ed u%“ ne
wat er, bracklshfggt M crocysti s in nutrient-rich water. 3

5ii. 0 héﬂ“o‘%@/?ﬁ%‘ﬁ‘& “ée‘i PEEEIN Ry B’é“u% gkﬁer%%‘dgﬁ‘éi‘i”ﬂ@a”foé‘ BALHYXRFGEEPe

i ncl ude s§palengl refms to capturing and sequestering the triterpenoid hydrocarbon, e.g. botryococcene or

30 squalene, in a closed or contained environment.

Harvesting may include flocculating the microorganism, e.g. alga, by adjusting the pH of the
medium in with the organism resides. Botryococcenes and squalene are not miscible in water and
they may rise to and float at the surface of the growth medium if released by the organism. If so, they
may be siphoned off from the surface and sequestered in suitable containers.

35 Alternatively, destructive harvesting of the triterpenoid hydrocarbon, e.g. botryococcene or
squalene, from the recombinant organism, such as algae (including seaweed) or bacteria, may be
required, for example pressing, solvent extraction or supercritical fluid extraction. Under suitable
conditions, 70% of hydrocarbons can be released by contact with hexane for 30 minutes.

Hydrocarbons can be continuously extracted with proper agitation and recovery methodologies known



pl atensis or Synechocystis sp. Euglena sp. is typical of the aigleiliCS,
and is commonly found in nutrient-rich fresh water. The cells vary in

| engt h f rem2ariase2d320 to 300 pm and are typically cyli rdTiAdzb10/00vA4B8, or
spindl e- WO 2011/ 032213PCT/ AU2010/ 001203 - 33 - shaped with a single
emergent flagellumused for noverment.-B9-sunlight is not available, it can
absorb nutrients from decayed organic material. Euglena is also found in
sewage é@/@@@ﬁss.upewdli@ﬁ&liqs(@mmé@nﬁﬁrié@@@zb@lﬁwwq Pdrettion of Rydpcaberss i n
whi ch ongder) Honioﬁlcdﬁékipé’f%d/e,i sy Jephratebrtti @ittexitadteBhyaRBAHEEUUND wARCHERbIBNI Ch
prevents the ¢ bur st i acteria. 1. Phot oSy nt het i o Bacteria
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of warmb oo e a host cell accor he di scl osure.

ani mal s an
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tobaccurBUS,ﬁ&SmI,@%ef]a,%etf&lg%gpc g(lj,gnt is one exanple of a photosynthetic

150rgani smth used according to the disclosure. Another exanple
may be Arabi ddpEios GEGH’&? nanke arlia”o‘ﬁ@%tpe”li'uﬁ@d't rRajhedike yhighearg oshave 8B host
cel hp fcllowscaamh@isad, pyerségnsee by ssneSelecit emieRiighentty (Jotichd, autspt lind kxxanpl e 7-
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expr essi 0 vec ressin
synt hasenynicinlitiegh ratcowéwatg@ted@@rqméﬁ or arn@t@nmwetﬂ@s m@@ugqyﬁm@ep@wnv@@t or or

simlar ,suamgrbh& il h o Ral ) @EN EiRE riddonal b dRX RIS R URikd NBfo NS GRS Elilsdani N E.
colt may carry 6 %dgf mna or Ctermnal 6-histidine tag for
puri fi calT¥hOgPe YR HY8 he expression construct may be synthesized.
A sééond nucl €lihe car@prdcre@)hnwWbSmt@%b@ewredﬂlrwefr@m ageguBkQyY 8EEY0Pr vect or

for expra%ﬁm.mt.@%ﬁ qge@.eﬁn&arﬁxmﬂe@%ylb@ rézlalv@mel.%mn%emp@%nemw The
expreSS|on o truc be SY nthesi ze he braunl bot ryococcene
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mar ker  caodpray sfiendrassieraind ¢athonicreclits esinstharentty geaefer bithe eacborpdradit nidyeeltd eonyci n

resist a%?oc%%&?wﬁ@&%n@oée@éér%&ﬂ&%sfn@ JQ@eﬁ&l&{l 'nibd fé@%smﬁﬂ | nvitrogen).

The construct or vector al'so Inc ter suita for expression
i n €Al amy dono &5 exampls: %WSE%{Eiyé“@ﬂeéqw%ﬁﬁﬁégmﬁ%?ﬁoéﬁuw Medugethatied from
t he RuBIGdtBugend consli@tichansi entsiiseOmobie platorniyayierainsite doRglnidien aid/dreast one

enhancerpréo%%%%?Eetcglr%hmgamnroidg)&gn%mdésoa c?oq'weg&)qdi%sﬁémeqﬁgi&n%r%xample,
combustion of diesel fuel often results in the environmental release of corresponding nitrogen oxides
and combustion of gasoline often results in the environmental release of corresponding sulfur oxide.
25 The first party may adopt a method of producing its product using the genetically modified
organism, or use the product generated by the genetically modified organisms in their compositions,
resulting in less harmful effects on the environment than conventional methods of generating, for
example, diesel fuel, thus off-setting the environmental effects of the end product. The first party may
then receive a carbon, or emission, credit as a result of a reduction of the total emission. The carbon
30 credit may be received from a regulatory or administrative agency, or may be transferred to the first
party from a second party, wherein the second party may have sold the genetically modified organism
or the product of the genetically modified organism to the first party.
The carbon credit may be exchanged for a substantially liquid monetary instrument. For
example, the carbon credit may be exchanged for a cash equivalent, such as cash, cheque, and the
35 like. The carbon credit may also be exchanged for a legal grant regarding an intellectual property
right, for example, but not limited to, an assignment or a licence. The carbon credit may also be
exchanged for a government tax subsidy or access to purchasers of a given market. The carbon
credit may also be exchanged for use of another carbon emission process, such as one not
comprising growing the organism. For example, a party may have a limited number of emissions it

40 may release in a time period, for example, a month or a year, and going over the limit may incur fines



35Chl anydononas. The enhancer sequence may be positioned in at |east one
intron, and the intron may be deliberately positioned close to the
transcri pypanigBaas site of the botryococcene synthase ®CTSquelod€03ynt hase
coding region. The enhancer elenent, or the intron conprising the enhancer
el ement, may be substituted into a natP%e intron present in the
botryococcene synt hase or squal ene synthase gene. Because an intron is

spl i ced apdirerhliiep iPWRME, Withreeegicregits. teePaRngPingOvehihe it ray exsbardercgbog

Oi dent i fdr@fls kb}bf@&mmrnwgr BehRiGN a1Hy Be BREK HRGREAANRhHHRIdAARRg Mo oHual £NE
synt hase sequence w ts WO 2011/ 032213PCT/ AU2010/ 001203 - 34 -

cor r es pSHHTSgS BRIR L & B¥Yi ng sequence. Furthermore, the recombi nant

i ntron may al sihelyesingsh methdd oart alghuinvohvg tRNoguctimed sipraguct Pther tbama biolyel foor

vectar @Xm?b %%hérﬂw%kélﬁé‘al & thbPARAIVE, Bh 'uf&ﬂsthé?"cﬁ@nﬁl@sh o sp(a&élly)éh@rﬂ@él)/al @étér@éht
region) sui Chl anydonmpnas. The ressi on _construc ﬁ% be |igated

into a VEY Pﬁer af”&%'d'c&?a?rm@ %p'ﬁfr“éisarﬁyathe%‘i\ll? - 81 TSREeLe @B'P:ﬁJé”h@ég‘e Pethef
nani pul atsegtiatesi wity aciofptiefuddgittosaingolsiugthe ase Geqiremciadits, {réeise Goalest tiiBe) or
Bi oedi t. @&@ﬁHﬂ'o‘?o(ﬁerJﬂe@%ﬁds‘éW&B& gaﬁh%tterrggor ation and the gl ass beads

met hod may be use transtormation of algal 1 Ospecies. The
transformed cdlWisbewdersood foraszene gkiledin haart Rk Bvenionthalipay Mqdfisgtioas 25C.
Tr ansf ormaytbeardde withdy dieartig p@ahespirlt @ncasnbpé)bfoﬁd iavem@brect i on (phl eomycin
(ZeocinTM re t.an me
Visiblo on ol at B8 PR TRl AL he bR R L ATV RIRARS TR VRER Ty
These CHheeapisheaides PF‘&W&UWXW?%W@L@Q@Pfr@cgséefér'r'nﬂﬁ?/@“ftﬂ? VR CQRIFR h t 0

produce cﬁmm&hsrm&reési ‘BbmprRes” roe‘icbﬁpﬂlﬁgd@ttﬁ&i ih @ﬁl|n@lf.13|t'é'1§en§6]lﬂa|t68;§ecﬁ3yﬂﬂ& hase or
botryococcene

t
Bot 1 yoodLEne Y eaeai ey APLREREPHT s PRo G5on BFEfer Relygeshococcene
syntlﬁase/ag@n@ntbpdlmqntabiath@msw{)mase gene may be functionally tested in E.

colt, S. cerewisiAR unberstod ﬂnsnaﬁslﬁydr.oré}fpmé&%n i kdfe Q) tOR&EIR] HBB reffer@gne may
be expressed as its native or._as the codon-optin sed

open re :
ver si on Gt MHeRBi Ut AR BISE" Blﬁ“thﬁé? 'B%F%H f%eaaea%?f e AN SPERPBYEEF genes
of the ho#k adrigAnststia orfanpothey@uoipcene synt hase or squal ene synt hase gene

TRy De_eXPr e Satbulhl Dbt BT Rbar sk EETL AR PG Al 1 RGlTbleCa, On (1 or

exanpl e exa-hi stidine, or an?/ ased purif |cat| on'tag).
Bot PYoc id dHATR5PHue 2oF astplpal 4 SPd (ﬁé%'ep'%l) e PEMEssEROTedel to Green
Fl uor escrrgepfembbie20n0 (Br-iRk Nanormt hedsufdmsar iasien{NMIP hygeps inde caf@oity asamoccene

synt hasg g.rna%%gr%e%ﬁﬁtaﬁy %_R/?De%gitéd}la% pgﬁfs‘%?w%? ws GLU g{ﬁg& ﬁne%gce% brauni i

pol ypeptide an pept i cation
and quarumPp\Gt003A7QsF Deresi et 1d>’r‘\T§ﬂqwa$ e‘-iwnm‘ E888SPHPN PUNbEhe

tL ans geny10/022 BaND &IBs faYbId8 fidCsyrd g wgis Ax¥ighdtsth& Gecesont Huabsenioe2rmst cel l's,
t he

det cti.n otryococcene. or s ua ene d

Bot ?éococ@%téaglp}ésrﬁgt asr”‘%S'%‘ﬁ?t“e acc o Hurﬁber\%&ﬁﬁ,é?é‘? cerevisiae, or C
reinhardtii, so any 30botryococcene detected must be due to the presence of
t he trar@ggmq_Es Squal ene is present in E. colt, S. cerevisiae, or C
rei nhardeé ny squal ene detected nust be above t he background | evel of
squal en ’ﬁaﬂ'p(f’e Tg Pé‘f’e?:ﬁe diERP ansformed control strain in order to be

concl uded thatThetBsbrpurdcmremlﬁame?a:ta@)Was ¢utterep Ledse AC etrwbpiteleoftair angyedie.

Al t gpnaty, vgl Q‘%atz*?o%@% Ly l&%/oéot&%&é eBs asM &q Qpliﬂf gydgmcw.ﬁﬂ%mﬁmewase or

squal ene s nt enz?/rre in transgeni c be ass 1y by |ysing

the tr ad'&’@erfﬂ“en RBS tempetajuge arPW}é’r?5o%tT86t9f°M’(§P ’E‘Fﬁ‘é“'ﬁ’dfatsfd%@% FEUGH (§RBaf®ne
usi ng a rhg/oAST,Talkho HBSeY/L, ﬂ@mmmme@smmmgﬂm@%gm PNaEPDA 06 aQNne HBO,
squal ene, odf QL) %@@ﬁ‘@' 01 BAMDOALH A L ‘d,msfa Motd det htf™ 319&5 L840 FPP
intotrle% n"g”' d botr cocceeorzi2 S{lum élgeiled3 %
0.06 mg/L, CoSO,+7H,0 0.09 mg/L) medium at pH 7.5. The tubes for illumination were from Mazda
35 (SF 36w AZU/965; length: ~120 cm). The illumination intensity began at ~40 microeinsteins, and
increased progressively up to ~120-160 microeinsteins (in the stationary phase), or more when

culturing in a larger container (10 litres or greater).

Example 2 — Genomic DNA Preparation



The botryococcene or squal ene can be detected by chromatography, for

exanpl e gas 4 Ochromat ography (GC), liquid chromatography (LC), or thin

| ayer chrwombogisagby (TLC). The TLC WO 2011/ 032213PCT/ AUZOIQNDOLEO3 - 35 -
procedure is useful for detecting tritiumlabelled botryococcene or
tritiuml abel |l ed squal ene using phot ogBiphic filmor other detectors.

In representative experinents, a host organismsuch as C. reinhardtii or E.
coli may be triAWsVasrexacted fram the Aeme gtraveofdExpmpled @b &llews bHstraprissimalahicdcecene
Synt hase< B0 nifigtah & Bcel éleN\ A oRARE by AstchIBRM IBeelb ie80ni éthdfdr@nds Strain Ayane

30" ol SranfiorhhaRs o RlsfFe e Gamrkn i s Pt oR hrothlie bl °
squal eneTrieHStipit 7 5000mayi EDSA sy 66.M Ra@irpidsubcted-ori@truda bl MRes-thagiusing

Bot r TYSOCQiGGlQH@ro@HHnB%%% @\R/atm @%elr%é@m%én%d}i@& tB% f%Q%@ﬁJeMl‘P&i@ﬁGﬁf‘e
synt hase or squal ene synthase en %rres expressed i n cerevi si ae,

r ei nHBY'3tANY BF ”Bi‘ﬁaé’r'”cl“fo%‘?%@t Br %P%erﬁ:?“r a8 ‘Pl"eB}‘gf\hTﬂ‘ﬁb‘ﬁt"“W'ﬁf%}“?n nal or
C— t er m neds useryshdioin amiagehiDiNebsydiant MakitKitgeatwiot 68168), GFRtrant thetONgY, aédoutitgds cent

pol ypeptth{lﬁarﬁd@t@&% ifpdeighd h or without fused pol ypeptide of a honol ogous
or heterol ogous C. rei n%ar dtii pol ypeptide, can be assayed for specific

enzyne activity in vitro. 15Botryococcene or squal ene production may be
achilevecE)JayrmeitblilAzaé&,mcmb transgeni c bot ryococcene synthase or squal ene

Synt hase enzyrﬁlegFr%m J?PB bl’g 31;5 n&%ﬁ&n ] 'r‘éeéﬂce dhtﬁ%ﬂ" %Fe |? h& kﬁ \M‘l gl?nc,set te of

purity substant T ee Of er enzy I cation and
quant i f|V(?ét“|e@ﬁ$36f/f%ﬁler9§6@%@feﬁ1éf%’ﬁ”tgéaéﬁtéweﬁ'ay be conducted using a

bi ochemi cal aSI%MtyfnﬁcErog}Qrﬁyéfrtﬁé Ghomic ONABdn® BOEIH AGREE eBRINEXSHANabpRE The

botryococc e or squal ene thus produced can be det.e d b

ochy ot Bag PEattmcHRliRg of 6 S BeSGu a3 rlha et Sary on

i ncdpporrasiraia), & a tofal ¢fi3gigd kabed ¢f detafempripin@reads ¢fi-aprbaseb &ing eachb dinpiperciic cene
or tritityerladenhads wa%r%@ﬁ‘om.agaqumn an a‘#@&cﬁ@?@dmﬁéﬁﬂ&AQﬂ%ﬁ&%%hﬂec film

or other_detec S t |t|uml | ed botryococcene or s
Y e AT et R AN (R R v i R ot el
Gene frd:m_s@bdy@uhn)u 25Ber kel ey strain The host strain of C
reinhardtii (%%Qhw@%ﬁﬁééggaﬁn@of?ﬁe'denéﬂ\ﬁquNﬁﬁ%W@%ﬁa%mn?é &P’éﬁn (%&91 be

transforned into the cel he exogenous alga wt g ass
bead§ t dV35emet fPhQQé‘OF‘I’?éeG\S\?ﬁR'”%@I an Yepipa G?*P%n%n%%efﬁ@a*u@e (ﬂ”éE‘H‘ﬁl 'q'fiYé’afds an

est abl i stwtidrriy 0$ACB|a totding 5@k lbavelof dale {dombrdg reddsafythrasaasngédch). N may al so
be transfornmed using el ectroporation. 30Squal ene Synt hase Construct

To insert the B. braunii squal ene synthase gene into C. reinhardtii 00400,
a const rExemrigL- GenvgradnsemblyandiGese ddgrgticatipnt o express in Chl anydononas.
The artifi ci alprg@pforgasseibly et Dm&orhggspm@@.ngsP&%Aa%pa@daW@&quswdawa@sl sed. The

ant |ot si.Sstance wa e or mat |.on bI eorry0| n
DaPet iy WS B Rl RERGRE RetRLERH it BRSO by ol o

ant i bi otmte,gratetr@t Elih@erBUni%b'Wa@hgra vsrcﬁimf@lmerltbmmsmgaé E4ehB, ‘é%quEén@IeC was added
a Chl amyeloaRiRa SvdiRREN BASH rtQ@ktEMﬁ‘co%saaW qgm@ﬁgdmﬁs@mggene) t wo

enhancer/intr é{_l"] so ronote stron ression, and a
Chl anty dononas FEELAET SLBARH BEPTTS PHFe g5 HS FUHS91 SLRT ABUTONT 203
assembled.
30 Exons encoded by amino acid sequences provided as SEQ ID NOs: 1 to 5 or 20 to 28were
identified according to this example. The full polypeptide sequence (ATB17) provided as SEQ ID NO:

29 was identified according to this example.

Example 5 — RNA Preparation

35 Cells of B. braunii Ayamé 1 strain were grown to stationary phase in CHU 13 medium
(Example 1), then subcultured into an equal volume of fresh CHU 13 medium, and grown further for
three days. On the third day, at the same time of day as the inoculation occurred three days
beforehand, 1-10 mg cells were harvested using a 0.45 Om pore-size filter and scraping the cells from
the filter using a scalpel blade. RNA was extracted from these cells using a Qiagen RNeasy Plant

40 Mini Kit (cat. no. 74903). Extraction was begun by resuspending the cells in "buffer RLT" of that Kit,



- 36 - Insertion into Chlanydononas Genone The squal ene synt hase
construct was cut with the restriction enzyne Sac! (Pronega, W, USA) to

| i near i sewpRp11Z03e219as t hen transforned i nto Chl anydonon&sTal2h®/doy20a gl ass
beads nethod and in parallel by elect ogor ation. 5Bioinformati c Met hods

The bl eonycin resistance plasm d was oBfained fromDr Britta Forster
(Australian National University) and Dr Saul Purton (University Coll ege
London) .antaebieptingthe sueperien to aHsasl e syapsed frepzethaniista diwig nifreasmaca Ab &rketerhe
genomi c @Mre%@&'ﬂﬁé’lﬁSub@ﬂ@n%h&%ﬁ%&&&or&ng By tRd b hufsliiadsenausiphd Base,

checkin teness and |l ocating introns by neans of the program
Sequenc?ijmj-ﬁ’ntt Hgﬁ\g‘?{g@g@gs USA), then adding Chl anydonpnas el enents cut and

pasted fromthe bl eonycin resistance gene, using the freeware program

Bi oedi t EQa%ymer@,,mbkkm%k gto the start of the squal ene
synt hase where the enhancer e errent in them has easiest access to

assi st | m)tl on of transcription. The open reading frane for squal ene
synt hase was it distidsure isdot liDdtbe totalga, it intnarsgediment Glel restodt isan agalBRr i ner

ot I TIRRG do 0 BB 1 R b,

TGAGCAC’IWWW%W%& pogtE/Q ppgjoﬁ@s aﬂ_cgprg_rﬁategase of harvest. Given these crlterla
GGAAWTC@EEI’ TANBHHAG BlahGH 60T és TiaEBh3low ik Qe hEhdYekipid@y. Aeretivieyettle biga aapl i fy

t he B. %”awe %?%)I%H] Ielsyagﬁggggtrkglgne from genom ¢ DNA that had been

extracted fromin nhardtii col onies positive for Zeoci nTM
resi stance. RdsBl988 Trans formants After the el ectroporation and

gl ass bead prat owt@ob&éube@r@tr@aﬂham @t et wm&i my&daeceﬁauﬂh@aem@y@ab@ae
pSP124S Bon r.uct 1 ﬁtﬁg [ortrre ‘ﬁ Lncy bat ed T or twodwe ﬁjfat 25C
in 24 hdGPeIBAYERT THITOHC SN:S t51°8° ﬁ‘HSSg af OVE’fAE’S'a Pare et ﬁ°°2&6”c9| B

col ohi edlisslos@edwime e?Nmplesmslu@rﬁ b@nllnaﬁg@o‘wm bew Botsyocpgiubbesletityspl at es from
bot h ki nds of jt r a4 Mdnggsmah&ﬂus BEdnTQROT Iamrﬁ@%|eglfsac§m@§a.qﬁ

I ndi vi dual  col oni ese nonas tran or mant cked and

L oun | HRp S0 SO RB R T a5 B b aragRY SaPer PLror kT m“@ prastliEceEsct i on
of the Biyndmnieu hioperegiszdne genaiysiCna seangenie .C. leAfargicli um for C. reinhardtii is

described in r i _Nat.l C. 9 .
1665- 1669. Detqgctfrmg%'@l(i)%‘jspllig'\édodzl iijsn(g)nm&?:ﬁyg% gaeéﬁ%‘%g% |§9§91‘encap§rég%%, fg’%gtn%éor med

cel FOgr W #oingiagfenapd aks frecist AreushpaeR=ie8iedn | mukiphes saaidlsrequitngiéf or med

cel | carmyiongokibe vl omyghn aneshaitaanos geneeratueprotie. Bne blaaipriis squal ene
synt haseCh\c/,}g;g”aq/ eregted in transformed cells of C reinhardtii CC400. Priner
pair 1 and priner pair 2 anplified the artificial gene 35from sone col onies
of transfor medv-0CA0 9tesh BleRIEpeqieS thrimay B ysed according o trg ¢igglosgB4TUdeol oni es

t hat wer&ebéc@@rﬁymmqmsm@fam sk, dﬁ%@ma@&ocaﬁ%mul ve for the artificial
gen rried onIy t he, antibi ot.ic resistanc

% ca Nayvicula nerl |sa iatom specie tﬁat {entlalg)rﬁg len%cﬁ nt hase
pSP134S const ructVAIFAlE FAK f"ans 8P Ed TRt O tﬁ% é’lo HCERNG
carry a full sgéayegaoidhndinepbrcegadwetopkyceden stramshories.ahieelstes, Wptﬁuohmeaq;arts

of the [¥fiehdphfocad Vrrcd6sHybLR ntly bk hseSAURLENE synthase gene, or its
entiret y) 4 &had been excluded by the organi smduring transformation and

r econbi nat i on.vii. \WRoZityskisGB224 3BT oMUBLEEODLRBIFa witlBFpical characteristic features
comprising: small size of the cells; lack of mucilage; lack of pyrenoids and autosporulation with

30 prevalent formation of two autospores. Two examples are Ch. minor and Ch. chodatii.

2. Cyanobacteria

i.  Microcystis sp. is a type of blue-green algae, also known as cyanabacteria, found in
fresh watar. Cyanobacteria are prokaryotic (meaning they possess no nucleus) and can be found in
freshwater, marine water, or brackish water. Microcystis grows well in nuirient-rich water.

35 ii. Other cyanobacteria that may be used according to the disclosure include Spirulina

platensis or Synechocystis sp.
B. Euglenids

Euglena sp. is typical of the eugianids, and is commonly found in nutrient-rich fresh water.

The cells vary in length from around 20 to 300 111, and are typically cylindrical, oval, or spindle-



Test of Function Col oni es that were both bl eonycin resistant and
positive for the squal ene synthase pSP124S construct (i.e. using priner
pairs 1 amo02B)1/08e21@ assayed for squal ene content. The tramsflaorwedizogl | s did
not contain significantly nore squal ene than untransforned control cells. 5
EXAMPLE 12 - doning the ATB1 TriterpeRdrd Hydrocarbon Synthetic Nucleic
Aci d Sequence Gene ATB1 was assenbled fromthe Botryococcus

brauni i shgradevigersingle earaioensi=u2itm ysge fas orovenesnt.ilirpunlighys Rot(@Ppigble et 30 2bSED | D
NO  30) .nuffentt &6inldet B olghME Ma@risiNeughhBl HRNBundASschguystdmsFEG R 32, the

nucl eoti des, CA! TGCAT (Figure 43, SEO ID NO 3 C risi n Nsi l

o1 ot r 1ETPATOST GO RrRFIonER e S Iy ke ok FRIBP ool e P

i medi atehyeactipstreamheh prdyentn thieicelefran Aurstingodon of t he nucl eoti de sequence
provisded:. igacfetigure 30 (SEQ ID NGO 30). By joining these 33 additional

nucl eotiWW%he start codon, an Ndel restriction site (CATATG Figure
45, SEQ | D No- BBgtogudhelicRgctoifer at ed at the start codon. The addition of
t he 33 nucl eotRibeespigkuh tigatymiise sotsyrtionis badiatus, thatmagdhe iathostrrelbicconlimg to

net hi onipegand,ne histidine residue upstreamof the native start 15 codon
of the polypeptide _sequence provided in Figure 29 (SEQ ID NO 29), but not
in the constrfcNopEiretesymihelic Bactesia utilises the Ndel site of the publicly
availbabl e pET-El tomis\aanh-Oghotosyntiatit) bi0:ridnehdNdedomaiohig fahd inhtke Byait esinsetl ATB1

gene ( )S I%Sgcr)rlrr}!élo%lg%d %%%s ?\rl’sdi rpayrbe R :sg%eﬁl %Ec!o}[dlr%ggg\;ﬁ\}g%%aog&y %!)gn% s;tb?;r;%a@?;as.ésg:zs ID

NG 34) conprising a estriction si I'nser
upst r eariFotia R agatitirewareds atited sirpinsflackitleoglacl eot i de sequence of the ATBL

gene 2 (picINérPdtdshnthe@dlORadBmsSEQ | D NO. 30). In all constructs this
resulted In aq\gl z.l on, éo t he po rﬁ@egftitde seﬁuqnce Br Vi peg iQtFi gure 29 (SEQ
ID NO. 29), of "SHETRIHSFERi NS AN BifcOricse PaTna OPeerlne o AP WENTS t he
nat ilve gtrggpisgitiamaydpe wseripcAdBihg Hhe Hpgiesuee. AgothegE@nie INaY b34pbidgpsist her nor e,

t he nuclggihsles TCACTCGAGCCCGEG (Figure 47, SEQ ID NGO 37) conprising Xhol
and Smal_restriction sites were inserted i medi ately downstream of the
native sﬁ%ﬁiﬁodon to facilitate cloning. 25The resulting ATB1 sequence with
t hese 33 addi tAuogiaaymisolbe atsuithbie hastcel Yorteliapls e gedsbsuctban Sceargyisjacd PIdsA) .
Initially, ATB1 was cloned into standard vector pUC57 (construct 1) for
verification by sequencing. Subsequently, ATB1 was subcl oned

i nt 6%ect or pET-11 a for overexpression of ATBl protein 30including one

nmet hi oni Bamprd7 0BgpressIdén Yedier r esi due at the C-term nus of ATBl ( ATBl- MH
SEQ I D NO 36), vij.a.t [ i - | .ac [ tor.

The synt hesi séA‘deﬁ%ﬁlaB géh%ggtaﬁ){e?% L{S%%ragée?(% %ﬁ‘?”o‘ﬁ@té’%@?%@ge%ﬁlh% and Bdl and
cl oned iReiNEcPEreNpRMIINagher SBugteNe syNthass IHE. GoiiTay he gesigheprIbifueay kedaser Uit
pETilg/ Abﬁﬁlleétgsrrc?ﬁnlswi|u@bnd2ﬂ1e pﬁ@ﬁﬂpr&‘&}_‘éecﬁbﬁlﬁe siéﬂ@@és@nedpé Bclir@trl&&‘gt@ I8l mél,acfar@ upply
an uci 7-1ac pro r..and eit her t erm or C-term.n
o1 §ht b ghE PR bRl AEelei N G 5r e R B ERE arer
pr ot ei n.mJhe sgpthestredi sed ATBL gene (SEQ ID NO 32) was cut with restriction

enzyme Xhol andsgebrnfeieicRta chhgubRlitabRsh X8 M anSixbr@ssi veRElosBdrestify Pr oduce
pPET302/ NT- Hi s- ATB1 (.const ruct 3%‘ t hat ﬁngodes p[rhot ein ATBl1-VH au%g;ent ed
consecutPYEIPRNT BiRE wé%w ras g1y Re IRTLPE i EXPTEENEREHIHEHIHES and one
hi sti di regnthesidedulte B braubisboydcecaene sitias e opruoal ercesyMblbid detbtkdivt-br AGdRIr-niAy,

Fi glﬂ'@,e 4&Iud§§§elle9jo% n%@rcgfﬁarisiné‘laﬁ gﬁtﬁ&ﬂ'ﬁié Pé@isﬁénce&%%e,ngﬂfgxgrﬂﬁlla,stﬁéjblégr%ingene was
cut with t Nsi'l and cl oned

restriction enzyne _ _ _
2011/ 03Z8SSiPET SRR D9 Eoi5ence ig@hleomydneesdhal 'qugﬁ@)oﬂterfen?{@ﬁl Or ¥PHY of
PET- 302 risendo iidnait atphenoler-shigablegoraxpieasion is Chifasiyd@aimps. t0me BlicBlec e
CTH s- AT, r , . i - ed
consecut LpEopRs EARR IS be Sbnel B HRIER PEGE e Cehihictb BLARAY D0
resi due aedncaldg RElaes AN YNaRGENBIAYENCH tht contipuigstestipne RYAGRESSIINVR hi sti di ne
r esizduescrdmldbsh@UaR MhIcE! JalidRAe (Ha@ b peitiva& vk 18ddBdndMhtron, and the intron

13- Transformati on of

5HHHH|_NNrr§&'1‘ %%%ghb%e- A {)ﬁ d4c?dse§oEL9 ItrD SNQtio:r?g%ft Si I}{fl‘b% ryocogeene synthagse or

E. coli W% SR BRSO penol | la-ﬂlﬁr%car on e§§/n RSPV ECRGTLT aRR Py

Sequencesqualene synthase coding region. The enhancer element, or the intron comprising the enhancer
element, may be substituted into a native intron present in the botryococcene synthase or squalene
synthase gene. Because an intron is spliced out during RNA processing, the native intron may be first

40 identified by comparing the genomic botryococcene synthase or squalene synthase sequence with its



Transformation 1 OThe inducible pronmoter in ATBl constructs 2, 3, and 4 is
the viral T7 pronoter. Constructs 2, 3, and 4 were transforned into E. coli
strain BMO 280124378 ( DE3), which is itself a transgeni c ECT@A2010000n20ai ni ng a
viral (T7) RNA polynerase that allows transcription fromthe T7 pronoter.
Three vials of E. coli BL21 StarTM (DE3%-were thawed on ice, to be used for
transformati on of the three constructs. To an aliquot of these cells 100 ng
of DNA \gagespdednn R (cOAAD godingiseayenee- W thermenehbe [sicprbipant infren mayielse brcubat ed
on ice fgprcea%umunhg RRA per@ssﬁagHr@ cBRt@ctiR Aot MG KRE indfud4 2 fradsefiptid® seconds,

and i rre To the transforned cells, 250 pl
o SoC e P BT Felppl e el ChER I PEALy extract. 2 i of 5 M
NaCl, and 2.5 Tk exfressioNick@itrugeray|be igatedihtogateetor, fcmaxammleaa/edsntu'éfore use, 20
m 0% sterilizggel a%gla%%@}&% AR thdnlpekRATERE Lo r36ERek aRA al g@t?uteh@'%r
containing the c m x "'was shaken at 37C for 1 hour to allow cells
to recoJ@fg”efqoﬂﬁﬁ %S@tqrgﬁ’ﬁ'brnatl on, and to allow the cells to express the
anpicillin resistance protein fromthe bla gene locus that is present on

al' | consgy hniess ',?pa L,%,Mgt;og, spr ead onto LB agar (10 g Bacto-tryptone, 5 g
yeast extract, NaCl , P bact eri ol ogi cal per litre of water,
as

aut ocl aved bef%?céfola%% n and the glass beady methgd may B%R%e%écff tige trangfomatipn oAt mant s
wer e opr Esrpadfl&lTﬁe?l%is@hy@&feﬂﬁ may @0foubbied fd: Bvagweaks mmdum.ght(al% °@. Transformed

Eg?;?et Lc)ségt @W%%Bgctxg’ % tlt?igt c sglggtlop i&nle%n&laﬂZeBg ETMyeE{sS nc?e& O(ilf]g?)é?er s of r%glgtgﬁ;tl aved

anpi ci | |¢wmydﬁmomasmﬁe¢m%@6't§%%rplatps freyp peth kigdpef tf?h%i%fé‘a&@l m%th¢¢ﬁﬂ@”lehe
gl ycer oldays. lrBedd muanﬂﬂsm&m@mdhmmtah@ nfé?lréqﬁlrél\é;dvbn da;@lftpfhtaltg?owmﬁb prwauctal ng an

hour for cells to er ezin itro and t hen
b1 G ng TAEETITRT LG FiPete 6 tie sbaiste otk ar ot et SRR e R oA £ om
t helbransformants was verified by extraction and restriction digestion. To

30pr eparsafipie FMNPu St ohACleL R1bF Ba rg&wcbefﬁl sﬁ%&e ef s elgyAnRbOINBns was
gr own over ni ght at 37Cin rich di um was extr ctedﬂ%&gm

transformed EARYVPOOGENRGYUEH A EPata er‘i‘FﬁY'B'i‘aé’B IRGG MINREZUIPYY 8PS
USA) . coli, S. cerblisiae; Onsinharditisonutireelivingtorgaintsinsr &2 gérreinadyi berexgragseras Mdedtive whi ch
cuts at fpe re%@ﬁ&fr;rh@ oPRAKLS BGHAR DY ﬁnu@@dT\éTs%nathu%E‘éd §éc8|rd?n8% thb REycRYBLEs 1 sed

ATB1 gene. Each construct was also cut wt 5second restriction enzyne
as f28l | JUElY %‘efﬁé%emevesﬁtheégftkrgam%mt/éb@fvogwm@tthwth¢?§% 50,
SEQ | D MNedy b&Qkpress2a siith Netbnirdil ar[dteﬁnmamayslfor(pomcsnoat(fose@uamaexG:B@M& oFi gure
51, SEQ pand 0.5
pI of t helen?gg% oé?r(%ea a-eggéséu” 'Oﬁ% r%l}g{g&g%ergen%!hgéen(?oge% g Sy%%sﬁ of 10x
" Pr orrega?XPfé§9teﬂ|f‘c‘§Pij Bcmeer F'é‘PfeSPe“t RyotsingFRyfor B@@f fWé%@ﬁ“ﬁPﬁ'@leBWm $Ptf(y§<f06@%e 10
my/ m , fdyﬁlﬂéseQﬁ@@%%é yrittBe ARQ b8 Bxpekeddhda ctithéta 489B NGadi pENAfi@MUt HBstt 0 12
pl) 4 Onek] 0@’%"% O} eg ctl on volunme of 20 pl per reaction (by adding
nucF8ase®Pr & POVBHRY¢hen WD 2011/ 032213PCT/ AU2010/ 001203 - 39 -
i ncubati ng at l@éﬁ(ﬂ‘l@famn andlqgantificaBampl] belsyore¢cenedregtzienshnedusiod ipthe farnsgpirio
agar ose &@Jnlshﬂne-\ry% cBH(ﬁJC?eG bl AR NEafsRAR hedt Rells LihBMVIHITAY b&tyodedBené@k t's for
30 mi nutes, D&lA bands were visualised with SYBR-Safe fI uor escent dye,
on a Uvsin‘T"?ﬂ’f"'idr‘fS? and digitally captured to disc using an 8 second
exposure, W t IBotrgovec@naseant presenf ailall in e S. &fdvsigeadrt @ reinfabiicsvyad when
Con%rU%tr?oc%@c%n&&'éted’t‘éotrﬁus’\lgéhueat[}%e%?éséhcé AeleUfchefe Pand of 1070 base pairs

(Figure 34A) as predicted, confirmng presence of ATBl. The pattern
observed when %ﬂ%‘ﬂ%'ﬁ@'ﬁeée@'”aﬁlﬁoﬁsmfée{%”s&?t on- rH R SARY SRHIENS deicisded a
band of &Ble ase thedbtkyrdubd Buslef s?qdaa)aneans cplfsexlthe tuathnstoamdd doRirdl gtrdifa gpde@Sence

of ATB]' ‘to E.'JQ (ﬁ%@y@'tﬁat%tggr E%BEQE o?%ﬂ)r%%h&' %eq;an%-gﬁé' by Transformed E

col i rans ( transtorned with
pET11la/ ATB1 ( cHAgetvglyt the potiviy & t@d@ﬁsggan@mtrweqcﬁn@wthaﬁe FraLdlepesynthasen
nmediBBM GRRfndd iRitiidrahsgohl@ habteg 3R aséaybd w@ﬁnglhe frér&@érﬂ&ﬁd%'ﬁ@llﬁthe@]@biecﬁ@ﬂﬁ@-i ned

100 pg/ rgotriré:accgne Coﬁr(]:](l]:a Qr;[erL{smp r?rpd)cﬁemlcarrgssaly lf lrlccr)]ﬁveﬁe O?%ﬁi/%l{)l coccene or

unt ransfor con no anprc cuftures were
cent ri f Lgederentdr exae ppahdogiosatipe sitgtpenidutriiym-fabefled GPPLIMo t¥wadHbalind whi ch was
added t qoftbcBceRs of ti®eiabdledBelialéie. Again, cultures of transfornmed E. coli

The botryococcene or squalene can be detected by chromatography, for example gas

40 chromatography (GC), liquid chromatography (LC), or thin layer chromatography (TLC). The TLC



contai ned 100 pg/m (final concentration) of anpicillin, whereas cultures
of untransfornmed E. coli contained no anpicillin. The 50 m cultures were

i ncubat edwat208322483t h shaki ng and were nonitored by spe®CTxilzotogoedr at
wavel ength 600 nm Sterile technique was mai ntai ned t hroughout. The 0D600
had reached 0.65 by 1.5 hours, and acc8Pdingly cells were ready to be

i nduced. 2 0 The inducing agent isopropylthiogal actoside (IPTG was added
t o each reededyrp és ugefulfor detrslingcigivoelapeligd peffyoedccanermutritiap-lapelier sgpalent ysihdr s post
| PTG i nqﬂh@ﬂb%@ﬂmcﬂlmrﬂromgrdé&d(ﬁdﬂe was renoved and centrifuged. The resulting
pell et was 0||Ied m nut es i n ‘2 O”pl of grgteln g sa1¥ Effeg} (50 mM
Tris-HC pH 6.8 pfféewvﬁei‘%e”%ﬂﬁeﬁ '108 orgaie Yl gy U dBaR T ClMPaPe) , and

t hen pr dtaesformedndte atnpeleic ecid waecuteamdlegib@noepccdan@dmtbq:se@pmiewﬂ@tf@ﬁet er set
at  aswavihieRgioh bera%ﬁRéH@Bﬁf e 1%5 ﬁ@|efb'a‘8l fedl@ c%pﬁhrr%ta% Brnd\es added

to 3x strenm Lae i buffer % %/OSS 30° ﬂﬂ%%erol %0 LII-
mer capt oethZHEPS: 06° B ¥ Br%fHB‘iﬁ' R BRI’ vapgent 590 QIrYRePSceBnY BT Ed f or
2 mn. production Mdy$e aasaydd.hour s post | PTG i nduction, 5 m of culture of E.
coli transfornmed with pETlla/ ATBl1 was rem)ved and centri fuged. The
resultin Eg pellet was resuspended in 500 of lysis buffer B (50 nM

Tri s- HCIEXgmpie 1) - ﬁ”W@ﬂ’tTﬂ?tépﬁPM%Pcce?erﬁWW uglene Synthasell ra.00, 100
pg 30DNase) t imgydcopmat eghthasé oregasletdgmnase(ch@ynidsraxpresselver. |y & ecra@sae,

centrif u(9 %n/fa?c{tu gr%tt{% r%to(g%a% S Q;Oanlagv% Iopwf?nom I\(l;EeQM[H%I%tr %ger@ﬁbtgpg%)?ur)er hat ant

was renove ent was nmeasured w

spect r ophgiicahest é’fth oramﬂiomtﬁﬁ% plerlvprertens egtypeptidgdesian; angrval onwitheyt 9xed_aenmd i
buf fer. dea/a@&.dgofaend)n%wgf)ud%r%treaﬂo@éu@@ N ighdrdti polyPep@iedcadbeRlsaye@op gsekifivel v,
of this suyer n? nt..J he sanpl es were | oaded on a SDS- PAGE mi ni gel

conpri siPgE U W gel (4 )/0 35 acrylami de) and a resol ving gel
(101p/ 0 acryl dvirgepccemer subalerpetrodugtionrogy ketachiz@dvyIptficatiiniof Irznseeniof  t he
mi ni gel &ch@ﬁ@smaw&%aem&yﬁtﬁgse@n%eﬁ&m@w@tno&nummgﬂm At&lighs on

t he m ni wer.e Vvisual i sin
e et o oS st D of e T an e b Besy e sion S T e 8RG ¢ | ro
( Fi gur e hi®byochames orlsqudenehhay mcndmtedwslng)ae@emmnahadéay footanversibh sf RRPAnsf or med

with pETb%E'%cégcgﬂre ér(\sQ]UéEr{ €I;I‘r1e l@trx\@d?)gce%@'gpéq%gle thQs &ome@gﬁbel (P-lrgfe!d rBQUCt I on

(Fi gure 35, Lane 2). However rotein (running between and 30
811/ Deriospely. A G0k @O B3 The E‘GP proggayre maygely B%t%éﬂa%q”roé%“'&ﬁ?ﬁ%ded to
Iane 7: APF iete trtiam-1amil gl ot aioken 8 ottfLet-laBslied vaubienk Dad mMagbe detastediging0 kDa)
was expr r i ct 2) at 2 h
and 4 b oGP AERLORRY o ERL bl AR Rl oL BREbRE T D) Pk G
(arrowed in lane 9, Figure 35: soluble ATBl protein) was present in the
sol ubl e Laua@mﬁt-amns@émiahen 6£C.| reinyiSratibw iR the.Squdlehe Syrih&de e dronh\B.t Braunii
cong%rucé r%eé laure 35, Lanes 8 and 9), after lysing and centrifugation at
130 RS r of uge for 15 minutes. This indicates that ATBL was
correct I y f ol diéd hosiistaieofi G ceinirasdit (GL4 Ol rdesesaeFRIcelwyall \Wedkaedsiihat Rows A tabl e
peIIet %Nﬁéf%eéﬁﬂo@@Bafs%'sﬁléhr@fth@ex-g?éﬁo% BRAGKEalbly (D %s%adshwpaﬁe@fa@fomed

E. coli fewmcrolitr eac unt sorrre E. coli
T anot orfioteds ekl TRepbsEpadtir e ReaASEPRRs. STogT Terabmidriien AToy
(const r uettand)yonveras straik enay Bisohe genstened usitgetdesopndioadded to 200 nl of LB
medikdm LB mc&d&%h@s}ﬁmag@céﬁsﬂﬂéfor”ed E. coli were grown contai ned
anpicillin (100 Li n’% whereas LB broth in which untransformed E. coli
wer e grown contod”%‘?gél‘e beaypi RGUPIE NS SYNIBARHIRRE MU F Rl CHAPAPTRUFISEINES| e
gl ucose rpddemalichtanthe rhpaaty toRxIessgh Cosedononys. The pritifvict pénelcopstenBidsimased
expr essi on,d 9“1%@% I@&tﬁé&lska”ﬁé fidtic ?e*%%léﬁé'e »93@%@%9?5 mgg(eﬁz%gngfoﬂpétlgh n-a
sufficient nu of ? I onar nocul
Each 200PIRPmysii resistenorgene €aeain a@@d’t'%\ﬁd’etyr?ét"ﬁé?mf bleggydprNBELr)i e thoBni  of
LB gedi Whunl bgalcad d@thase g@RGeblenod whe fribd b@hﬁﬁﬂd@ﬁﬁrﬁ@ﬁb&bt’ék fign tHee i nducer

| PTG (final concen t for 1 u ow cells
to recovééh? HSHY astd’ugﬁbgegen??% enganc?'gntc? WEAEThé e rSPlpfomO?eftSron ?H%‘es wer e
t hen i ncrbrgsseh, éﬂﬁbfr ﬁh/g'mfdoatonq?ﬂ@nﬁ@lp%(tel\mwawshak| ng. The tenperature 28C to
33C may increase the yield of correctly folded ATB1 protein relative to the

yield at 37C



Fol | owi ng the overnight incubation, the cultures were centrifuged and the
pellets resuspended in 10 mM of lysis buffer A(50 mM MOPS

(4- Mor phovonrevespanesul foni ¢ acid) buffer pH 7.3; 25 nViPOTmaResmoa®s hanol ;
20 MM MyC12; 0.5 mM PMSF ( Phenyl net hyl sul fonyl fluoride)). First 25the

sanpl e of untransfornmed E. coli placed3fnto a cell crusher at 4C, and then
the sanple of E. coli transformed wth pET1la/ ATB1 (construct 2) was pl aced
into a cell criiggHien ing Cil@nydpenzsefgnopieusher was extensively washed with 75%

et hanol 25% wathekquaiind SWII%@,efc:ér%&bctd)a§5ut'vdﬂﬁﬁ1e%@étﬁtftlon aetjmeeacmarmbgé WIAF t er

crushin these ext r

O o e e R e g PR At e o S B S G 1
with pE'Ié(BIO’m’Wa"HtB/-eIWBHQOI@(B(nconstruct 3) was extracted directly with 10 m
hept ane, by headihbehay BBthdoounsen burner until boiling, w thout cell

crushi ng. ﬁp ane V\(i/agﬁfﬁs:s,eTParat ed from ?Fgueous material and cell
debris by cent™PPIEGRYTHFSFRN oS ey e Srittarhrstretsiipiag Mafiepalon was
renoved Wrdiersity)aans iDn§he-Pusen (WeipéraineCallegrslandgl)de gphnpeinbipict BaangHsigsedinr e
evapor alegnibiildorPLHank it LR gbmqecﬁen&%m R s &@”ﬁcetr&%iag};,r@aqamet h
pET11a/ ATB1 35 E. transtornmed wt ET30 construct
3). The YeihageychegdpoisLrmp!elRgessant Lsgfing Witoas %@?"’H‘@ ol tye pogm %ef"é%ﬁ‘?hﬁ%pt ane
per 10i NYSendBRIUEEBA)SBPhd@ing (o) dsAoRIselcnRatscorme phsted R the bRoflcin

Hept ane | 0 eir
est er s ar%%ét%”% %arpe Lgﬁg t%QﬂE&%@QSrb%rg%’bﬁ%%h Im%f? (N&%&)%H(yne ?#OIL% togﬁ sc!%ré oftﬂgene to
t he sarrpﬁqea|?ft§’ Siyf‘ltb??@aﬂ%e iwthere\ies erpangepelementiin thom hA@%i Frgesstieassist inre 10
of hept agaemdtidh eu@las@.pﬁcshl mﬁm&deﬁiﬁeem e R RYalenElsyHthase Wak HoModifiad t WO
2011/ 032213P AAU / nunber 9370) consisting of 2 g of
anhydrous sodifi uq‘f {ags%eﬁcf%aé"yg?mgnaﬁt hetic magnesia-silica gel

(Fl ébisil @ ariimeobaietidi-6gT TG GIGEMT,TTSACRAGHEISEQ IDINO:V6lothE- of hept ane

B AL £ VPRI TTAGRRRICHINGHAR G FABL 1 R DG U PaMTAineFhdragen- S

- | S
B AN ke ) LELRENR) oy ocarbon by Lysate of -
ei t her pPEIAAAICSTBI AGG@@;ITGA&TGZEG@TCEEGGGQ/SHQHP@ AYBAer¢ osrust ampltfy B¢ Bwer e
t aken fr@mngka/eernekyrﬁ#aggbaqe%% GAURR N R 1l b0 BdBchdialigpcknown as

nutrient bro dium i which transtformed E. coli were grown
contdi nefﬂ’”’éﬁ‘fffl’E‘?"Prl'eisrpof'i‘(?d%@/oﬁ‘ﬂ) resif@1Ceas LB broth in which untransformed
E. coli mR&ue grown 1Ocontained no anpicillin. Each culture al so contained

sterile gluc ucos&(&_{ ,’10”27%] final concentration). The cultures were incubated
overnight at 3 Shaki ng to obtain a sufficient nunber of cells in
stati onary pha¥ier e elseropgiaionandichase beagtregocols NgH Py @Iried pyicusing the squalene

x Pt r ansfshtiRse Jsp1248 donfihii ol @6 TbhsfdAR3d cone moutsd feH tW@G/bék)é a8 35°8Nn sl at e.
ter ove

t cult cel wer e ntridiu L ucose, and the
o G, o b afet B et 1 Al S b 1Bt S 2By et o e qene
15expr es@ilasmydomonas became Yigitleprs latesrfsem Both éstmis ofengomatiaetbat, lscimp@atim Y,
wher eas 224 hsObesk8ndivial doRnRE of tHEs cﬁﬂang;abﬁno,ﬁsrteh@&m\aﬁe mre%@e& gk gﬁswrh at

18C and .37

sanpl s 1§ (50 efi”r et g e Al 6 BTRUE R Ectog ohihe BrErEe oAb

gl ucose)syntasewené. GAP2nduaur for GtrelBdpti & dappibekin @trednandtledns AragNghds®,. and
t heRgi ndygehamdsd £k I6d8Medg Ol PTG These were then further incubated for 2

hours at 37C, 'to induce transgene expressi on.
Detection of Recombinant Chlamydomonas

Each transformed cell grew to a colony on the plate. Each colony represents a transformed
cell carrying the bleomycin resistance gene. Thus, the B. braunii squalene synthase was detected in
transformed cells of C. reinhardtii CC400. Primer pair 1 and primer pair 2 amplified the artificial gene

35 from some colonies of transformed CC400 colonies (Figure 33).

Other CC400 colonies that were bleomycin resistant but were not PCR-positive for the
artificial gene carried only the antibiotic resistance parts of the squalene synthase pSP124S construct
that was transformed into the cells, but did not also carry a full squalene synthase cassette. In such
colonies the other parts of the DNA (i.e. some section of the squalene synthase gene, or its entirety)

40 had been excluded by the organism during transformation and recombination.



Each of the sanples to be induced at 18C were passaged directly fromthe
pell ets obtained after renoving glucose fromovernight cultures. The

pel l ets woeorigsespended in 4 m of overnight culture, PhgAwnev®i®sred to
500 mM of LB containing 0.5 mM I PTG (final concentration) and incubated
overni ght at 18C. 25After induction, c8ltures were centrifuged. The pel | et
was resuspended in 5 m of lysis buffer A. Lysis was achi eved by sonication
for 1 mnute, 'GatdfEedfioce-water slurry) in a glass beaker. Sanples were

clarified by aidwmé@ttrtaiwsreibemﬁﬂéaswé.%éé@@ntmf@sm@n@ttﬁ@guuékngnfhgs@t 1|3000
rpm at ut es then co | n al | gqu ent.l c sanpl es to
R 3 ot ol MEiShy el Londiy Mot st SR e TP 57 Hpp
st ock ( gtaosfkrnted cafgl dicnat cordaio$ignif@actyforergauafendiBPHhtpoeidenedrastr@Celdded and

the g x was incubated with gentle shaki ng at 37C for 30 m nutes (Figure
36) . After incubation F hept ane was

PP of
added t PEHEHR st ening ity AR ’&R%fge'w HY‘JTBE?’QO% ﬁé’%@?f"’d"w%ﬁdc'f’éﬁqa%ﬁt 20
seconds. Then Gedne AT3$ abesssambled &brh theabtryaros@p arahiéeAyantémehyrde aphsh212 and

hydr Oph'rluHQ%t dfa%ﬁénlﬁfhs(FBMr%rsﬂ' |[ﬁ|ﬁof @2%&%@8%@{1%% Qﬁgtsés%hﬁ\bﬁfﬁi ng.

Next es were centrif hen
evaporat'fégi”ed%z ﬁ@d@@&?tlds%@/*?%@&%% (Figre 43y @RPIENP733) comprisigiag Ashf a
Triter peamudﬁodrt;ﬂtér(aua«;ASDnFudnké £3a SEChD nimasggreepihserted Massliatpeadstreare birtie ( GC- VD)

2011/ 033 e orCp RO BBYER st Eeordfockih EURREE Mol Wy,
Agi | ent (TR GPOIERUGETSES irdassiapersen cHaYdet oBRiop BEICAT A FOdTOWR . 6RO

telchnol qglmﬁ 35)8,%%@@%&5@@5&5@95@&8@0%%ada‘ﬁ‘z&?zﬁthalstmaaémb@srrethb@ igapi Il ary
col um was

€SS n n._was

Coed i s SRsthes i g Sestye el <oR ek ieie R Pt L M e e 00
The 1&ar rdoden g pelyserBide b¢quanderpravisied irdriguré POSERDBANCI29) b@ natih thersondtiiftect i on
Yol ume }[’ﬁﬁ'ﬁla/;?fﬁdjowhlch ut.nsesTHféQ\/o@%.ﬁe%m@rpaw %vagléggb@m}r@@ecfok{y J&lhfﬂth? Ndel

enper a ureo Cmn I Na enperature o
350C forS'QOfHP?lsy”ﬁ‘?é'S?%% qu? QE%angé\'(?@%ber ature was set to 280C. The FID
t enper at ur e wmiBdp e koleofidek IATSCAM (SEE O NP camprising amdisiresioeton sitameérer was
scanned fd.qm .mnzed%@msmazn éﬁ&- na%v@%aegédap&th@mcﬁeeaae% ddrkd oA ngv' th

the el ectron energ he source tenp erature was 0C. The M
quadPupl REYjieE '%Fé@w? 80 @?@GD NO 30 in a"/sﬁﬂwéﬁtts fthis @aﬁtﬁﬂ Braddifjento s W&ﬁ??tée 030
bot r yoc aegemee pevieedain @lgyieed (byQ BINOERY) Fdf goy @sthiddinaact a8 h.smm@eetjue/el y) .

Squal en%pgt%améf%jf (st GCOEOJT@R/ ng'lfrg? wﬁil?-‘ RS 894 4 RBO%ﬁEIﬁhé fﬁo% VJAB“ time

15.8 mn bl'e i untfans or e

anal ysed’UB'90t@€ﬁ VEAC F@RPeCBOFG (Figure HhtSEESIP, NEarpeampasing ed afd omalt i me 15. 7

min MBS Sstiddidy s@@dle@qimaum%m\éd(a@wdmardam tt{bﬁyaﬁvd'étdb)co%r{tltiféi:lll&ité@ld)rﬁﬂg. |

elution tine to aut ual ene e coli .transforne
%5construct d§ & “enc?ﬁ’ %?‘E??%dtd ?réa?n%éeoége Wﬁ)sy””\‘ﬁ?'sﬁgzby

suppl enéﬁﬂne@‘iprJhJWP and NADPH a cell lysate of E. coli transfornmed with

20construct 2 |amylm@4%gcwd1mb%ﬁumom%gc:@p(mﬁwa& 1Y id brigtdtoRby i e 16.5
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Subsequently, ATBT was subcloned into vector pET-11a for overexpression of ATB1 protein
30 including one methionine and one histidine residue at the C-terminus of ATB1 (ATB1-MH; SEQ ID
NO: 36) via the inducible T7-lac promoter in that vector.
The synthesised ATB17 gene was cut with restriction enzymes Ndel and Bcll and cloned into
the Ndel and BamH] sites of pET-11a to produce construct pET11a/ATB1 (construct 2).
ATB1 was also subcloned into vectors that supply an inducible T7-lac promoter and either a
35 N-terminal or C-terminal poly-histidine tag that can be used for affinity purification of the ATB1 protein.
The synthesised ATB17 gene (SEQ ID NO: 32) was cut with restriction enzyme Xhol and cloned into
the Pmil and Xhol sites of pET-302, to produce pET302/NT-His-ATB1 (construct 3) that encodes
protein ATB1-MH augmented consecutively with one methionine, eight histidine, one methionine, and
one histidine residues at its N-terminus (to produce MHHHHHHHHMH-ATB1-MH; Figure 48, SEQ ID

40 NO: 38). Alternatively, the synthesised ATBT gene was cut with restriction enzyme Nsil and cloned
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Nucleic Acid Sequence
Transformation
10 The inducible promoter in ATB71 constructs 2, 3, and 4 is the viral T7 promoter. Constructs
2, 3, and 4 were transformed into E. coli strain BL21 Star™ (DE3), which is itself a transgenic E. coli
containing a viral (T7) RNA polymerase that allows transcription from the T7 promoter.
Three vials of E. coli BL21 Star™ (DE3) were thawed on ice, to be used for transformation
of the three constructs. To an aliquot of these cells 100 ng of DNA was added, mixed by stirring with
15 the pipette tip, and incubated on ice for 30 minutes. The cells were heat shocked at 42°C for 30
seconds, and immediately transferred back onto ice. To the transformed cells, 250 pl of SOC medium
(20g Bacto tryptone, 5g Bacto yeast extract, 2 ml of 5 M NaCl, and 2.5 ml of 1 M KCI per litre of
water, autoclaved before use, 20 ml of sterilized 1 M glucose added thereafter) was added and the
tube containing the cells + SOC mix was shaken at 37°C for 1 hour to allow cells to recover from
20 transformation, and to allow the cells to express the ampicillin resistance protein from the bla gene
locus that is present on all constructs. Cells were spread onto LB agar (10 g Bacto-tryptone, 5 g yeast
extract, 10 g NaCl, 15 g bacteriological agar per litre of water, autoclaved before use).
Glycerol stocks of E. coli transformants were prepared (20% glycerol + 80% rich LB growth
medium (10 g Bacto-tryptone, 5 g yeast extract, 10 g NaCl per litre of water, autoclaved before use))
25 by scraping transformants from LB agar containing ampicillin, and transferring several loopfuls of
these cells into the glycerol + LB mix, resuspending the cells with a pipette tip, waiting an hour for
cells to absorb glyceral, freezing in liquid nitrogen, and then placing and storing in a -80°C freezer.
Restriction Digests
Plasmid DNA from the transformants was verified by extraction and restriction digestion. To
30 prepare for DNA extraction, a small aliquot of each transformant was grown overnight at 37°C in rich
LB growth medium. DNA was extracted from transformed E. coli using a commercial miniprep kit
(Wizard® Promega, WI, USA).
All constructs were cut with restriction enzyme Ndel, which cuts at the specific DNA
sequence CATATG at the start of the synthesised ATB7 gene. Each construct was also cut with a
35 second restriction enzyme as follows: construct 2 — BstX] (cuts at sequence CCANNNNNNTGG;
Figure 50, SEQ ID NO: 40); constructs 3 and 4 — Xhol (cuts at sequence CTCGAG,; Figure 51, SEQ
ID NO: 41). This was achieved by combining 0.5 pl of Ndel and 0.5 pl of the appropriate second
restriction enzyme, together with 2 pl of 10x “Promega restriction buffer 47, 0.5 pl of bovine serum
albumin (stock 10 mg/ml, final concentration 250 ng per pl), and 480 ng of DNA (about 6 to 12 pl),

40 making a total reaction volume of 20 pl per reaction (by adding nuclease free water), and then
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incubating at 37°C for 1 hour. Samples were electrophoresed on a 1% agarose gel in TAE buffer
(40mM Tris acetate, 1 mM EDTA) at 120 volts for 30 minutes, and DNA bands were visualised with
SYBR-Safe fluorescent dye, on a UV illuminator, and digitally captured to disc using an 8 second
exposure, with camera aperture fully open.

The pattern observed when construct 2 was cut with Ndel and BstXl included a band of
1070 base pairs (Figure 34A) as predicted, confirming the presence of ATB7. The pattern observed
when constructs 3 and 4 were cut with Ndel and Xhol included a band of 1230 base pairs (Figure

34B) as predicted, confirming the presence of ATB1.

EXAMPLE 14 - Expression and Folding of ATB1 by Transformed E. coli

Untransformed E. coli and E. coli transformed with pET11a/ATB1 (construct 2) were each
grown overnight at 37°C in 5 ml LB medium containing 1% glucose. Cultures of transformed E. coli
contained 100 pg/ml (final concentration) of ampicillin, whereas cultures of untransformed E. coli
contained no ampicillin. Next day, cultures were centrifuged and the pellets resuspended in 1 ml of LB
medium, which was added to 49 ml of fresh LB medium. Again, cultures of transformed E. coli
contained 100 pg/ml (final concentration) of ampicillin, whereas cultures of untransformed E. coli
contained no ampicillin. The 50 ml cultures were incubated at 37°C with shaking and were monitored
by spectrophotometer at wavelength 600 nm. Sterile technique was maintained throughout. The
OD600 had reached 0.65 by 1.5 hours, and accordingly cells were ready to be induced.

The inducing agent isopropylthiogalactoside (IPTG) was added to each culture at a final
concentration of 1 mM. At 0, 2 and 4 hours post IPTG induction, 1 ml of culture was removed and
centrifuged. The resulting pellet was boiled for 10 minutes in 200 pl of protein assay buffer (50 mM
Tris-HCI pH 6.8, 10 mM Dithiothreitol, 1% sodium dodecyl sulfate), and then protein concentration
was measured on a Nanodrop spectrophotometer set at a wavelength of 280 nm. A sample
containing 60 pg of protein was added to 3x strength Laemmli buffer (6% SDS, 30% glycerol, 15% O-
mercaptoethanol, 0.006% bromophenol blue, 0.1875 M Tris-HCI) and boiled for 2 min.

Also at 4 hours post IPTG induction, 5 ml of culture of E. coli transformed with
pET11a/ATB1 was removed and centrifuged. The resulting pellet was resuspended in 500 pl of lysis
buffer B (50 mM Tris-HCI pH 7.5, 1 mM dithiothreitol, 2 mM PMSF, 0.5% Triton X-100, 100 pg
DNase) then repeatedly freeze-thawed (10 times). The lysate was centrifuged for 15 min at 13,000
rem in a microfuge at 4°C. The supernatant was removed, its protein content was measured with the
Nanodrop spectrophotometer, and the supernatant sample was diluted using 3x Laemmli buffer.
Lanes 8 and 9 of Figure 35 contain 15 pl and 20 pl, respectively, of this supernatant.

The samples were loaded on a SDS-PAGE minigel comprising a stacking gel (4%
acrylamide) and a resolving gel (10% acrylamide). The minigel was run at 170 volts. All lanes of the
minigel contained 1x Laemmli buffer final concentration. The proteins on the minigel were visualised
using Coomassie dye (Figure 35).

ATB1 protein was not present in untransformed E. coli cells at any time (Figure 35, Lanes 1,
3, ), nor was it present in E. coli cells transformed with pET11a/ATB1 (construct 2) and sampled at 0

h post IPTG-induction (Figure 35, Lane 2). However, ATB1 protein (running between 46 kDa and 30
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kDa, i.e. between arrows compared to lane 7: molecular weight markers upper arrow 46 kDa, lower
arrow 30 kDa) was expressed by transformed E. coli (transformed with construct 2) at2 hand 4 h
post IPTG induction (Figure 35, Lanes 4, 6, 8 and 9). ATB1 protein (arrowed in lane 9, Figure 35:
soluble ATB1 protein) was present in the soluble supernatant of the cell lysate of E. coli transformed
with construct 2 (Figure 35, Lanes 8 and 9), after lysing and centrifugation at 13000 rpm in a
microfuge for 15 minutes. This indicates that ATB1 was correctly folded, since incorrectly folded ATB1

would be in the insoluble pellet.

EXAMPLE 15 - Generation of a Triterpenoid Hydrocarbon by Transformed E. coli

A few microlitres of each of untransformed E. coli, and E. coli transformed with either
pET11a/ATB1 (construct 2) or pET302/NT-His-ATB1 (construct 3) were taken from glycerol stocks
and added to 200 ml of LB medium. LB medium in which transformed E. coli were grown contained
ampicillin (100 Og/ml), whereas LB broth in which untransformed E. coli were grown contained no
ampicillin. Each culture also contained sterile glucose (final concentration 1% glucose w/v) to prevent
premature expression of ATB1. The cultures were shaken overnight at 37°C to obtain a sufficient
number of cells in stationary phase to be used as inoculates.

Each 200 ml culture was centrifuged and the pellet resuspended in 10 ml of LB medium,
then added to 990 ml of fresh LB medium containing the inducer IPTG (final concentration 1 mM),
and grown for 1 hour at 37°C to allow cells to recover from lag phase and begin to divide. The 1 litre
cultures were then incubated overnight at 28°C to 33°C with shaking. The temperature 28°C to 33°C
may increase the yield of correctly folded ATB1 protein relative to the yield at 37°C.

Following the overnight incubation, the cultures were centrifuged and the pellets
resuspended in 10 ml of lysis buffer A (60 mM MOPS (4-Morpholinepropanesulfonic acid) buffer pH
7.3; 25 mM O-mercaptoethanol; 20 mM MgCl,; 0.5 mM PMSF (Phenylmethylsulfonyl fluoride)). First
the sample of untransformed E. coli placed into a cell crusher at 4°C, and then the sample of E. coli
transformed with pET11a/ATB1 (construct 2) was placed into a cell crusher at 4°C. The cell crusher
was extensively washed with 75% ethanol 25% water, and then fresh distilled water, between
samples. After crushing, these two samples were extracted with 10 ml heptane at 60°C for two
minutes with vigorous shaking. A third sample of E. coli transformed with pET302/NT-His-ATB1
(construct 3) was extracted directly with 10 ml heptane, by heating over a bunsen burner until boiling,
without cell crushing.

Heptane was separated from aqueous material and cell debris by centrifugation in PTFE/
Teflon® tubes. The heptane fraction was removed using a single-use heptane-rinsed glass pipette.
Samples were evaporated in the order untransformed E. coli, E. coli transformed with pET11a/ATB1
then E. coli transformed with pET302/NT-His-ATB1 (construct 3). The rotary evaporator was rinsed
twice, using 10 ml of clean heptane per rinse, between samples. Each sample was concentrated to 2
ml.

Heptane-soluble polar compounds, consisting of mostly fatty acids, their esters and lipids,
were removed by: 1) Adding sufficient heptane to the sample to increase its volume to 10 ml; 2)

Passing the entire 10 ml of heptane through a column(LCTech (Germany), Elufix Column, Part

285
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number 9370) consisting of 2 g of anhydrous sodium sulfate and 2 g of synthetic magnesia-silica gel
(Florisil®) and collecting the eluent; 3) Reducing the volume of heptane eluent collected to

approximately 0.8 ml under a stream of nitrogen.

5 EXAMPLE 16 - Generation of a Triterpenoid Hydrocarbon by Lysate of Transformed E. coli

A few microlitres of each of E. coli transformed with either pET11a/ATB1 (construct 2) or
pET302/NT-His-ATB1 (construct 3) were taken from glycerol stocks and added to 20 ml of LB
medium (also known as nutrient broth NB). LB medium in which transformed E. coli were grown
contained ampicillin (100 0Jg/ml), whereas LB broth in which untransformed E. coli were grown

10 contained no ampicillin. Each culture also contained sterile glucose (1% final concentration). The
cultures were incubated overnight at 37°C with shaking to obtain a sufficient number of cells in
stationary phase to be used as inoculates. A glycerol stock of untransformed E. coli BL21 Star™
(DE3) was used directly as an inoculate. After overnight culture, cells were centrifuged to remove
glucose, and the pellets each resuspended in LB medium without glucose, to allow transgene

15 expression.

Untransformed E. coli were incubated at 37°C only, whereas each of the two transformed E.
coli strains was incubated both at 18°C and 37°C (i.e. making a total of 5 samples).

Each of the samples to be induced at 37°C was resuspended in 75 ml of LB (without
glucose), grown for 2 hours at 37°C to approximately attain log phase, and then induced with 0.5 mM

20 IPTG. These were then further incubated for 2 hours at 37°C, to induce transgene expression.

Each of the samples to be induced at 18°C were passaged directly from the pellets obtained
after removing glucose from overnight cultures. The pellets were resuspended in 4 ml of overnight
culture, then transferred to 500 ml of LB containing 0.5 mM IPTG (final concentration) and incubated
overnight at 18°C.

25 After induction, cultures were centrifuged. The pellet was resuspended in 5 ml of lysis buffer
A. Lysis was achieved by sonication for 1 minute, on ice (ice-water slurry) in a glass beaker. Samples
were clarified by aliquotting into microfuge tubes, and centrifuging at 13000 rpm, at 4°C for 15
minutes, then combining aliquots of identical samples to make 3.6 ml in total of each sample. To
each clarified lysate, 35 pl of FPP stock (stock 10 mM in ethanol) and 15 mg of NADPH powder was

30 added and the mix was incubated with gentle shaking at 37°C for 30 minutes (Figure 36).

After incubation with FPP and NADPH, 10 ml of heptane was added to each lystae, and
each was vigorously shaken by hand for about 20 seconds. Then the lysates were allowed to
separate into hydrophobic and hydrophilic fractions overnight at room temperature with gentle
shaking. Next day, the samples were centrifuged in PTFE/ Teflon® tubes then evaporated as

35 described in Example 14.

EXAMPLE 17 - Detection of a Triterpenoid Hydrocarbon by Gas Chromatography - Mass
Spectrometry (GC-MS)
Samples derived from Examples 15 and 16 were analysed by GC-MS.
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GC-MS was performed on an Agilent Technologies 5975C mass spectrometer equipped
with an Agilent technologies 7890A gas chromatograph and a 7683B autosampler.

The capillary column was an Alltech EC-5 (15 m x 0.25 mm i.d.). Splitless injection was
used with a split time of 60 seconds. Injection port temperature was 300°C. The carrier gas was
helium in constant flow mode at 1.8 mL/min. Injection volume was 1 pL.

The GC temperature program was: initial temperature of 40°C for 4 min, ramp rate of
20°C/min, final temperature of 350°C for 4 min. The GC/MS interface temperature was set to 280°C.
The FID temperature was 325°C.

For full scan mass spectra, the mass spectrometer was scanned from m/z 35 to m/z 550.
Electron ionisation (El) was used with the electron energy set to 70 eV. The source temperature was
230°C. The MS quadruple was set to 150°C.

Authentic squalene and authentic C3, botryococcene were analysed by GC-MS (Figures 37
and 38, respectively).

Squalene (elution time 16.5 min, mass 410) and botryococcene (elution time 15.8 min, mass
410) were undetectable in untransformed E. coli when analysed by GC-MS (Figure 39). In contrast,
Compound X (elution time 15.7 min, mass 408) and Compound Y (elution time 16.5 min) with a
similar elution time to authentic squalene were detected in E. coli transformed with construct 2 and
induced with IPTG (Figures 40 and 41).

When supplemented with FPP and NADPH, a cell lysate of E. coli transformed with
construct 2 and induced with IPTG produced Compound Y (elution time 16.5 min) as determined by
GC-MS, whereas Compound X (elution time 15.7 min) was undetectable (Figure 42).

The mass spectrum of Compound X after electron cracking (Figure 39) is similar to that of
both squalene (Figure 37) and botryococcene (Figure 38), except that a majority of peaks are smaller
by two mass units than those of squalene and botryococcene (Table 1). The absence of two
hydrogens, demonstrated both by the overall molecular weight and the electron cracked mass
spectrum, indicates that the triterpenoid Compound X is a “dehydro” triterpenoid. Indeed, the mass
spectrum is consistent with a dehydrotriterpenoid, such as 12,13-dehydrosqualene, also known as
4,4’-diapophytoene.

On the basis of GC-MS, Compound X and Compound Y are identified as triterpenoid

hydrocarbons. Specifically, Compound X is dehydrosqualene and Compound Y is squalene.
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Mass spectra of triterpenoids squalene, botryococcene and Compound X after electron cracking.

Major peaks (companion peaks in brackets) are reported.
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EXAMPLE 18 — Algae Culture

Algae, for example Chlamydomonas reinhardltii, is grown in Aquasol® soluble fertiliser with
trace elements at 150 mg/L. Aquasol® comprises nitrogen as monoammonium phosphate 1.8%,
nitrogen as potassium nitrate 2.6%, nitrogen as urea 18.6% (total nitrogen 23%), phosphate as

5 monoammonium phosphate 4% (total phosphate 4%), potassium as potassium nitrate 7.8%,
potassium as potassium chloride 10.2% (total potassium 18%), zinc as sulphate 0.05%, copper as
sulphate 0.06%, molybdenum as sodium molybdite 0.0013, manganese as sulphate 0.15%, iron as
sodium ferric EDTA 0.06%, boron as sodium borate 0.011%.

Alternatively, algae is grown in TAP medium, which is described in Gorman and Levine,

10 Proc. Natl. Acad. Sci. USA, 1965, 54, 1665-1669.

Algae are cultured in raceway ponds made of opaque plastic with dimensions 1.52 m wide,
2.44 m long and 0.61 m deep with a capacity of 2000 L. The raceway ponds are powered by a paddle
wheel and operate at 20-30 cm depth. The paddle wheel rotation is adjusted to generate a flow rate
of21+3cms™. Alage are also cutured in vertical tank reactors (VTR) with dimensions 0.45 m

15 diameter and 1.52 m height with 100 L working volume and made of transparent acrylic sheets. A roll
of low density polyethylene (LDPE-Uline-6-Mil heavy duty polytubing with 50.8 cm circumference)
material is used to fabricate hanging polybags with dimensions 95 cm deep, 15 cm diameter, 20 L
working volume. All the reactors are attached with delivery tubings and air stones for bubbling 5—6%
CO, and air mixture.

20 Supplemental CO. is derived from a liquid CO, storage tank blended with air using a
Concoa BlendMaster Model 1000 mixer and passed through a Whatman HEPA-Vent filter at 5-6%
CO, concentration in air. Cole Parmer rotameters are used to regulate air flow rates among the
raceways, VTR and polybags. Raceways are stirred continuously with paddle wheels powered by
Dayton Model 42129B motors (90 V, 1.27 Amps). For the VTR, mixing is accomplished by bubbling

25 CO, and air mixture through rectangular air stones (15 x 4 x 4 cm), whereas for the polybags, the
mixture is simply bubbled into a port disk (0.72 cm opening) placed at the bottom of the polybag. To
keep the VTR and polybags stirred after terminating the supply of supplemental CO,, each evening
ambient air is pumped into these cultures at the same flow rate as that of the supplemental CO, gas
mix during the day. Culture temperature and pH for the raceways, VTR and polybags are measured

30 daily.

A MasterFlex Model 77250-62 peristaltic pump is used to fill polybags at a flow rate of 3—4 L
min~". Inoculum is drained from the bottom of VTR through a gate valve fitted with a 1.3 cm internal
diameter garden hose that is either directly sent into the raceways or into pre-autoclaved glass
carboys/Erlenmeyer flasks for subsequent delivery to the intended culture system.

35 Algae are grown batch-wise in a green house. The raceways, VTR and polybags are
arranged in a row parallel to the east—west direction.

Biomass is harvested with a Lavin process centrifuge (Model: 12-413 V) operated at 2250g,
manually removed from the interior drum with a spoon and dried at 40°C in a hot air oven for 72 h. It
is stored at 4-5°C.
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Alternatively, raceways with 496 L growth medium are inoculated with 18 L of algal culture
5 and operate at 20 cm depth with a total volume of 550 L. VTR have 88 L growth medium and 4 L of
algal culture is added as inoculum. VTR operate with 100 L working volume and the depth of water
column is maintained at 61 cm.
Alternatively, algae are grown in raceways (working volume: 500 L; Depth: 18 cm), VTR
(working volume: 100 L; diameter: 45 cm; depth: 61 cm) or polybags (working volume: 20 L; diameter:
10 16 cm; depth: 95 cm). To each of the raceways, VTR and polybags, 450, 90 and 18 L of growth
medium is filled and 25, 5 and 1 L of the inoculum is added, respectively. Final volumes are, 500 L

(18 cm deep) in raceways, 100 L (61 cm deep) in VTR and 20 L (95 cm deep) in polybags.

EXAMPLE 19 - Generating an ATB1 Construct Containing Chlamydomonas Control Elements

15 Disclosed is a method for generating an expression vector pCE2 (plasmid for
Chlamydomonas Expression 2). Also disclosed is a method for putting the ATBT gene under the
control of elements present in this vector pCEZ2, thus creating construct pCE3-ATB1 (Figure 54, SEQ
ID NO: 43). Control elements used are a C. reinhardtii Rubisco small subunit (RbcS2) promoter and a
C. reinhardtii RbcS2 terminator.

20 An interim vector pCE1 is first constructed. The C. reinhardtii RbcS2 terminator is amplified
from pSP124S using PCR, and is ligated back into pSP1248S at the polylinker to generate the interim
vector pCE1. The C. reinhardtii RbcS2 terminator is amplified from pSP124S using PCR, and is
ligated into pCE1 at the polylinker upstream of the terminator to generate expression vector pCE2.

Stepwise, firstly the RbcS2 terminator is amplified from pSP124S using forward primer

25 RbcS2-termforw (5'-GAGTACGCGGCCGCCCCGCTCCGTGTAAAT-3’; Figure 55, SEQ ID NO: 44),
which contains a Not/ restriction site, and reverse primer RbcS2-termrev (5'-
GCACTCGAATTCGCTTCAAATACGCCCAGC-3’; Figure 56, SEQ ID NO: 45), which contains an
EcoRl restriction site. The polymerase used is Promega (Madison, Wisconsin, USA) GoTagq. All
conditions used of GoTaqg enzyme activity are within the manufacturer’s instructions (dNTPs

30 concentration 0.1 mM, MgCl, concentration 1 mM, primer concentration 0.4 pmol/pl, template
concentration 1 pg/ pl, 1x manufacturer’s buffer) and the PCR cycle conditions used are 94°C for 3
min, then 40 cycles of: 94°C for 30 s, 55°C for 30 s, 72°C for 1 min, and a final extension of 72°C for 7
min. The amplicon generated is 260 bp long and is purified in a Promega Wizard PCR purification
column, then cut with Nofl and EcoRI for 1 hr at 37°C, and subsequently heat treated for 10 minutes

35 at 65°C to denature enzymes, before purifying again through a Wizard PCR purification column.

The amplified and restricted terminator is then ligated into vector pSP124S that has been
prepared as follows: the vector is cut with Not/ and EcoRI by incubating with these enzymes for 1 hr
at 37°C, and the vector is then purified through a Wizard PCR purification column; the cut and purified
vector is treated with Promega Calf Intestinal Alkaline Phosphatase according to the manufacturer’s

40 instructions, in order to prevent self ligation; the phosphatase-treated vector is purified through a
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revepse prinmer RocS2-ternrev (5'- GCACTCGAATTCGCTTCAAATACGCCCAGC—3 . Figure
60, SEQ 1D NO_ 56, 40SEQ ID NO 45). Zeonycin resistant isolates from which
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10 EXAMPLE 21 - Assaying Triterpenoids in Transgenic Al ga CC503 C
reinhardtii cells are assayed for |evels of triterpenoids, and identities
of triterwenoids218si ng GC-MS. Transgeni ¢ C. rei nhardti iPCEradiznions120§
standard nedi a, tenperatures, and light reginmes, is centrifuged at 1,000 to
20,000 rpmto pellet the cells, the sup@rnatant is decanted and dlscarded
and cells are resuspended in IyS|s buffer (50 mM

3- nor pholeIreRERENETRECTYs)s (9 e dgmitatedh Atenatively Jhcopsenzas sagb encael Tiaye Séishasdie, 20
MV My0124entity Bive BRSHYE il bhé ea\ebirddpeRdidfoddMenopeRjeaded to a French
Press or simlar, nmultiple tinmes, to burst cells. The lysate is then

ext r act edligghuchofiptiaee forsith exa e, mutafenesicdrp iesighed dasasate frecbne or x@rpias1s,

and anal as,describ Bot h,t he untransf.or ned
00503, dHB- PR i e AR RGk Rl Ay TR R g P BB B R

i denfi ¢ dlolypeittide gshenzdresded a@CitsMBnefian assayes! acoorping @oEmmpEeﬂ@tpﬂ?amﬁxamples
hydr Ocaré@%rﬁ 2} Hﬁ‘ts ﬂfe?peﬂ?ﬁ%?d%ca?bo@s%tﬁé‘ﬁ@ aEtfvﬁ;ﬂ%ﬁ@fuﬂ&Qn %?1#1!9 ﬁmeﬁgd H&Q/E)eﬂ?5§§.ent

in the untransforned X such novel drocarb peaks that are

i ndi cat bENEPrRASS With Bietsirgriwe pihe pulgiedpelypent %Wﬁsﬁﬁétaé‘ra@'w@l raes that have
been derdoM@puté foxitefpbfoi@BdrRBroah synbRtid sciiggene. Five separate transformants
are assayed for triterpenoid content, to allow for differences in the
chronmosomal | ocation of integration events. Integration in euchromatin is
expected to facilitate greater expression of the ATB1 gene than integration
in 25heterochromatin, however it is not necessary to know which type of
chromatin the gene integrated in, rather it is sinply necessary to screen
mul tiple isolates. The isolate which produces the greatest |evel of
triterpenoid (such as squal ene, dehydrosqual ene, botryococcene,

dehydr obotryococcene, or other triterpenoid) conpared with non-transgenic
control is chosen over the other isolates that were assayed. 30 EXAMPLE 22
- Structure-Function Analysis Functional units (nmotifs) in triterpenoid
synt heti c pol ypepti des have been identified. Prosite accession nunber
PDO000802 di scl oses two squal ene and phytoene synthase signatures (PS01044
signature 1 and PS01045 signature 2). PS01044 signature 1 provides the
consensus pattern:

35Y- [ CSAM - x(2) - NSGFA- [ GSA] - [ LI VATHI VFG- x(2) - [ LM5C] - x(2)-[ LI V] . PS01045
signature 2 provides the consensus pattern:

[LIVM -G x(3)-Qx(2,3)-[ND]-[I FI _Fx-[RE]-D-[ LI VMFY] -x(2)-[DE] -x(4,7)-R-x-[F
Y] -x-P. These consensus signatures are used to find honol ogous signatures
in the triterpenoid hydrocarbon synthetic pol ypeptide, thereby identifying
one or nore am no acids, and the WD 2011/032213PCT/ AU2010/001203 - 50 -
correspondi ng codon(s), to be nutated. Alternatively, the consensus
sequence of Figure 53 is used to identify one or nore am no acids, and the
correspondi ng codon(s), to be nmutated. O igonucleotide priners for site

di rected mutagenesis are designed to nutate the one or nore codons sel ected
for mutation in a plasmd encoding ATBL . The nutated triterpenoid

hydr ocarbon synthetic 5pol ypeptide is then expressed and its function
assayed according to Exanples 15 to 17 or Exanples 20 and 21 for its
triterpenoid hydrocarbon synthetic activity. The function of the nutated
pol ypeptide is then correlated with the structure of the nutated

pol ypeptide to ascertain am no acid residues that contribute to
triterpenoid hydrocarbon synthetic activity. WO

2011/ 032213PCT/ AU2010/ 001203



- 51 - CLAIMS 1. An isolated nucleic acid nol ecul e encodi ng a pol ypeptide
capabl e of producing a triterpenoid hydrocarbon, wherein the pol ypeptide
conpri seswoani/saa8 15 conti guous am no acid resi dues ofPCT/AU2010/001203any one
of SEQID NGs: 1 to 5 or 20 to 29; at |east 70% sequence identity to any
one of SEQ5ID NGs: 1 to 5 or 20 to 298Tor a functional fragment of SEQ ID
NGO 29. 2. The nucleic acid nolecule of claim1, conprising any one of SEQ
| D NOs: @-AMS9 or 30, or a functional fragnment thereof. 1 03.An isolated

pol ypept4. de magswEnmeleicRicRehidc~ eAcddinglagioRBatsl cahuaie OESHbdRMg aWieheldl t he

pol ypeptide ¢ rises: at |least 15 contiguous no.acid residyes. of any
e bf | SEQ INBREasbon wpeyBis stiobperntge SSMset AHaad T 59diyt anBe PR ERITes I o
any one of SEQohdDINEE: IDNQsH1 B Dor 2200 2D aPloast 3% aedugnet identitylto emampewhBEQf SEQ
ID NO 29. 3B4oEhetallrsBetd; 8a Rhctibha friment 6OSERY iDSNGSD9aNY one of SEQ 1D
NGs: 1 to 5 or 20 to 29. 5. A vector, conprising the nucleic acid nolecule
of claiml1 or claim2. 6. A reconbinant non-hunman organi sm capabl e of
produci iy a Theinteeipasidndetyeofean baomptidig dydoe gl8HESID NQsBIte $ b3y, diee

nucl ei ¢ aci qurf&%r%?ﬂr’algﬁ]eﬂfth&rl?&? m1l or claim2, or the vector of claimb5. 7.
The reconbi nant organismof claim®6, wherein the organismis a

m croorgani sm 8. The reconbi nant organi smof claim?7, wherein the

m Crnoor gani s isdat@padlpgstide cagbRat p@tidifa taferp@noid hgirdcaontwhasi ther gani sm of
claim?7, wherein.. i Cro i L. [ t Qu hsiing
of - Escheri dpabrby frygo St BRENS e e il 8 s 12, PEHR SEQIBNERLTD,
and Pichi a sigo 53030tod8eatdsfast 1 spguencp ideally i amp PecellSEOP NQsail fa aorai0 te PYUI m 2,
t he pol ypeptdrd@r@ﬁ‘.ongﬂfa;ifgmb& HBEQIBND: 49. t he vector of claimb5, or the
reconmbi nant organi sm of any one of clains 6 to 9, to produce a triterpenoid
hydrocarbon. 11. A method for producing a triterpenoid hydrocarbon,

conppi sidg tThe pelyreptids of glaowmd. regmpiiring3Hy ecoeASIECRIRING: d&n$ emA0dd 2any one of
claims 6 to 9 under conditions sufficient for the organismto produce the
triterpenoid hydrocarbon. 12. The nethod of claim 11, wherein the
triterpehoi d"Y‘%@F’&B'BPrﬂf‘H}Q ”i‘%”%l?i?aﬁclgﬁ‘éo"?ﬂ"eﬁgf'?'(}‘cﬂc‘&?@@h% and the conditions
conpri se supplenenting the reconbi nant organi smw th NADPH or NADH WO
2011/ 032821390\%&%#%%&%%% oFgaﬁigm’capable of producing a triterpenoid hydrocarbon, the

20 organism comprising the nucleic acid molecule of claim 1 or claim 2, or the vector of claim 5.
7. The recombinant organism of claim 6, wherein the organism is a microorganism.
8. The recombinant organism of claim 7, wherein the microorganism is an alga or a bacterium.
25
9. The recombinant organism of claim 7, wherein the microorganism is selected from the group

consisting of: Escherichia coli; Chlamydomonas reinhardtii; Saccharomyces cerevisiae; and

Pichia sp.

30 10.  Use of the nucleic acid molecule of claim 1 or claim 2, the polypeptide of claim 3 or claim 4, the
vector of claim 5, or the recombinant organism of any one of claims 6 to 9, to produce a

triterpenoid hydrocarbon.

11. A method for producing a triterpenoid hydrocarbon, comprising the step of growing the
35 recombinant organism of any one of claims 6 to 9 under conditions sufficient for the organism

to produce the triterpenoid hydrocarbon.

12. The method of claim 11, wherein the triterpenoid hydrocarbon is squalene or botryococcene
and the conditions comprise supplementing the recombinant organism with NADPH or NADH.
40



The met hod of claim 11, wherein the triterpenoid hydrocarbon is

dehydr osqual ene or dehydrobotryococcene and the conditions conprise not
suppl emrernwpnregifdse218econbi nant organi smwi th, or m ni m siPA/AU210/001203
concentration of, NADPH or NADH. A triterpenoid hydrocarbon produced by the
met hod of any one of claims 11 to 13.-B88e of the nucleic acid nol ecul e of
claim1 or claim?2, the polypeptide of claim3 or claim4, the vector of

cl ai m 5,13¢r Tt“ﬁé“%“@é@ﬁ%@iﬁdﬁtWféﬂf@j@ﬁ‘%fﬁ@feq?n%}l’d@ﬁ@b@f is gphydresauleng °9, the
triterpenoi djehmmﬁwcbwan@ém”&mdmynstdaﬁ]pn&tﬁwdjp@iﬁamawgwe@a‘mMam ms 11 to
13, or the trlterpe oid h dro ﬁarbon i g i, 3‘2\? he production of an

i nt er medi at & 6" VH{]o?rd‘é'i" |s519§|e0c63|n% ?bono '\{&P ) ical, a food additive,
an industrial chem cal or a specialty chem cal production. A nethod for

proddci g am t'rlfétfd?eﬁ&‘@qi/(ﬁ&%r%h p%dpée‘afbyﬂemé}hcm d?@h)a&{e'o@clalﬁlsﬂh% fmceutical, a
food additive, an industrial chemcal or a specialty chem cal production,

conprising the steps of grow ng the reconbi nant organi sm of any one of
cl ai ns 615t 0 WBewhitie nudanatid inolasuleseffcfaint il endlaimh@r the pelymapgdenof staim @ovpcﬂairducthea

triterpenoi q/gmf glﬁf'f‘r{ ?%Pthe*?@cro}ﬁ%%ﬁt% aHQﬁ] o?Bﬁ}&'éB?&QhQGWQrt ér om the

or ganl sm an uci n I nter ITE romt ter en0| I’OC&I’ bon.
An inter rredlhé(f"écapﬁ?%‘é‘g‘aedo@’ ther@ethed PFC?GVB'Fe flckging igo 19rr?é”ﬁdr<’,‘13r§?r&9' cid
mol eﬁgl e of r@bracam_)oh dbElaidd B, Mtks prb?l.&tl@%fyépmﬂérmdﬁat@fof@blamén Bbioplagit a mlg t he
reconni nant ] or

¢ H)e rgr%t@%%lggl fog‘é]deﬂng a% mo%%tﬁ&l%ﬁer?iél %r g i;?ftcgﬁy %ﬁucg pr(ﬁ%ﬂlow

cl aim 15, ne of ¢
triterpenoi d hydrocarbon of cI aim 14, wherein the triterpenoi d hydrocarbon

i's produged Atm@tﬁbd:rBPpracnuyngranIﬁ‘&?lﬁed.éﬁb@fmsmal & bioghdlic mramdceutebl, §tdim 1 or
claim?2, the or gani sm of

1
S e of " acBP B PtE Henfeele® SeSdvEh i PrsrtdBn PR T LSRR R g of
anyléne of dreyimsthd fecombindnt gigarlign obanytohe otaldimes fpethwiddr depditians apffigentédr cl ai m

14, wher ei ntﬁ&&ﬁérﬁarﬁ% 84 &l neaea,g/ Qéhr&& pé?&ersm%ctﬁgﬁ.eem&ene.e hydto@hiene. A

vector deposited a 022706 .or,  V10/ 022
P from the organlsm and producing the mtermedlate from the triterpenoid hydrocarbon.

17.  An intermediate produced by the method of claim 16.
20
18. The nucleic acid molecule of claim 1 or claim 2, the polypeptide of claim 3 or claim 4, the
recombinant organism of any one of claims 6 to 9, the use of claim 10 or claim 15, the method
of any one of claims 11 to 13 or 16, or the triterpenoid hydrocarbon of claim 14, wherein the
triterpenoid hydrocarbon is produced from FPP and/or PSPP.
25
19. The nucleic acid molecule of claim 1 or claim 2, the polypeptide of claim 3 or claim 4, the
recombinant organism of any one of claims 6 to 9, the use of claim 10 or claim 15, the method
of any one of claims 11 to 13 or 16, or the triterpenoid hydrocarbon of claim 14, wherein the
triterpenoid hydrocarbon is botryococcene or squalene.
30
20. A vector deposited as V10/022706 or V10/022707.



