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COVPCOSI TI ONS AND METHODS FOR PRCODUCTI ON OF BI OFUELS

This application clainms priority to U S. patent
wW@ppbiieasi on no. 61/ 065,851, filed February 15PCROSBN9I/034294

the di scl osure of which is incorporated herein by

r FOMEROSITHYNS BN\ MEEHQREFOROTROBUSHEN OF BIOFUELS

i ARV ' . ' S...and

| DASTRsOE LRSS ARREEELLY SBLALIRY il PERg a1 fuea Febrae
15, 2008 ahe disslosat b whetthes ivatgoyatedbérbinets); refedéties s

BACKGROUND OF THE | NVENTI ON: The search for biofuels

as an alternate energy source is rapidly grow ng.

FHHJ?@@QHQEPQV@BHH derived oils are the two predom nant
researc

areas o and devel opnent in the biofuel area.
(liver pradenyinvenisin refatdsipenevally tlofuesdd, had alore spepifvdliy edpoguction of

bacterial or ast fernentation.of cornstarch, but the
faty agids GG ARDIOAAS BLAS GOER G DR GG! PHPBPTHG. or oduct i on

of ethanol barely offset the gain fromits use as an

alternative fuel. Wth respect to plant derived oils,
BACKGRSIYD AR THERBRMBNG§YNhas been wi dely used for the

OGN iR o ol el 8P Paol o N Bigpney fhanol and

plant dafiebd @RQEE $183wb Qedonfhr ArdaBbMeadatc NARINEL BRbINEN PR Biofuel area.
and because of their slow growh rate, the cost of

Currenfly. gaostioh ooy oidie phangliihprodaerd hy bastesial or Yaassi ferneantationtof
j - igh. T Lnci pt e ingredients
comstapel, Bt e SEEEH i 2L Bl oD B LRGLRG, SBELERLS offset e
gain frévy dis asaadonalthaitive fizdlt Witciedsecnhu Iﬁlblntgfeﬁ@éﬂ 6itd, iiticF])ﬁfbinarrzj
| ycerjdes qr. waxes. These fatty acids are synthesize

technoldgy i bpe gty ese b e fmbpaccpisabo Productiam ipAjgherplapts.
HoweveY, bEORis€ DZHER oI Sr T bRk fald éﬁg’or‘géo%ﬁé)é %({ﬁ‘ﬁ%& td ffaitkain high-

Fatty acid synthesis I n plants and prokaryotes
densityi plard$, \aed becwsclofthtie dlofwugrowitiorite) gheodfoss efandiainl biofliedd using land

prot.ei ns forma functional FAS conplex (1-3).
plants RRiF pilfrab (s AR POR T al |t he seven genes

responsi ble for these proteins i s necessary to

NoGPrEe®lg ingtegients 1g péwh flepred; ails(pevelt anigennel fp) arp kydrocarbon

. i . r IS 2 i . .

chain (RN which pROSEHEE SRCREG WAL P TS (R REr arl nlbsized n
vivo framRadaytresurdts [(adehyd- atdapslonyl-CaA) iyy teiedzaye bysesin sermkd Fatty Acid

' tili tyl A, .mal | Co d NADPH as . .
sSSP B e Ll SO e nconing

of seveh ditiBudi ProRink M foin LABSHRAL! briplexd 109! Sinfullenéfis Shanipulation
The carbon chain length of fatty acids rel eased form
of all thefsevercgdneeresponsitdé fothaesalprdt@ss issiedessanyip nedlulaye fatty acid content in
the trantsgei:n?ce }g’ltareltrs.a %I%wae%ri, yr{ (t:(}{lttggtotg ipgoq(%r}pox(es%nd plants, animal FAS is a multi-
domain homodimeric protein that catalyzes all the steps in fatty acid synthesis. It utilizes acetyl
CoA, malonyl CoA and NADPH as substrates to catalyze sequential reactions resulting in the
formation of predominantly C16 palmitic acid. The carbon chain length of fatty acids released
form the active site of animal FAS is determined by thioesterase activity provided by a
thioesterase domain (TE-I). Specifically, TE-I activity causes release of fatty acids when the fatty
acid chain length reaches >C12, and results in the predominant production of C16 and C18 fatty
acids. However, some tissues naturally make short chain fatty acids via the activity of a separate

enzyme (thioesterase-II, TE-II). For example, the cells in lactating mammary glands and

uropygial glands in birds express a distinct TE-II protein along with FAS (7, 8). The TE-II
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t hi oesterase domain (TE-1). Specifically, TE-I
activity causes release of fatty acids when the fatty
w@eiod/1edoed n | engt h reaches >Cl12, and resul ts iPCT/H£2009/034294
predom nant production of Cl6 and C 8 fatty acids.
proteir-gAnesresarly shais ternysaios fﬂ%tl’fm&llnl the soaitleesishod predolranantfyanedjum-chain

(C8- C?@ fgt‘? X (Zsrltggge cflsé Wit Fiit? r Al g éceuq?,r\r/]sgelg é’lflfi gnedhum (C6-C12)
chain faﬂ}Z h@ﬂs g di@ffﬁ’@lé%e@iu@@ dﬁthaﬂ@hyil@eﬂﬁp%p%ﬁl@'aﬁﬂ delativelPhiglsr caloric
ress a distjnct TE-|| protein along with FAS (7,

valuesg 851 thepearrbe pegsdrestin ag Big8isls mpddjtiom dhey qeeeforbstcoyerted to their

corresﬂ'r?glgw tdl olshs{cg% %%%n%férkc?g/ﬁ%é% L will ?%@&)Iré/ffrablseufgg many direct

commd%aihtg{seam ds, and in particular short and nedi um
(C6-C12) chain fatty acids, are desirabl e because of

thedriexphegsibg af erd ogﬁﬁfufs o %nlﬂ{bqi FAS] iatH. o0, Yedit, 3@ bther microbial as
caloric values and they can be used directly as

well asngngletystems haﬁh%ﬁnmr%\ﬁou%@yoﬁ% (4ap)s dopevenribe newehigrgbial systems
are toogclé?ﬂ% &9 ?Eﬁ?fgﬁﬂlgf Rdadls C%}P{l’lﬁ pfb%lﬁéﬁ a@t?vﬁgsx(?ﬂg%oraﬂgénq FAS proteins

are prefera
purified droneiméirabialsysiems @V@Very)kpx’ eRs¢@ribiodnt emlmgl@gsz lss 8lko been used to

FAS in col.i ast and ot her m crobi al

|
eXPfGS%EﬂSﬁagofﬁmsm fi alty agidy e berexpmele ekl ¢t pbpld) digglosed
expres§idn 8 twd IMRYSE fusidﬁeprgf%ﬁlsmE%EP pi'u?lems, ?%&ﬁﬁ%oﬁ{aﬁlehg%ﬁnmahan FAS

costly for production of biofue he reporte
haVlngéiai I Jomaissleltedrandaaplacralnyiti-ASEpl atmenmacig sequeneed Fheawo chimeric

| tech
5GP B SR s 2 CR R B LRI e s
ACP (dcgt da¥ri@Girbteflj AoRRS dnd FIRUI SKAPRERL sed@RBés. Fich cBlmeric(pPdtein was

di scl osed expression of two chineric fusion proteins.
separatelycrrpedssadein jand priafied ﬁfomomeat m@wumrmélfatmwacﬂmvmwﬁgesmed in

d
M T e
purifie@ algihedit Pedteiny wab €ess €Rua0eEoARE pluefet RcOhbihaht AKETld type FAS.

regi on between the FAS ACP (acyl carrier protein)
Organigmshxnicssing ertien of theseriwo dision ptrienare ot masidered; vighls tools for

B 1D 5 SRRSO S O LB

and methods ébd prédimingslyisfueiss usi ng the purified chineric
proteins. The fatty acid synthesi's activity of the
purified chimeric proteins was | ess than 10% of the
purified reconbinant rat wild type FAS. O gani sns

SUMMEXPRY €15THE IRV these two fusion proteins are not
consi dered viable tools for synthesis of fatty acids

f’l“dap pmsentagvmtloﬁ uebased Th ths, disdowery that @netmagw il fsleaplls that

expressoars (ﬂai JSCI %nt Sﬁ?} %go and et eﬁ?ﬁ? @ﬁf)gs wild type animal

FAS, chdVEiel a6 sﬁﬁhé@ﬁb‘é&ﬁ’tt@ﬁbuﬂsﬂﬂa@ré eAN@Y f6in@l4 aen@loktedddbon chain
fatty ac?(?sd I’Ifhleeg%nectlecla{l}? mtorc]l?ttled cells can also express a distinct heterologous animal FAS
lacking a TE-I domain (ATE-I-FAS), instead of a wild type animal FAS. Accordingly, the
present invention provides methods for producing fatty acid compositions enriched in C4 to C14
acids from genetically modified cells. The fatty acids produced by the genetically modified cells
can be free fatty acids, or esterified fatty acids, such as glycerides. The glycerides can be

monoglycerides, diglycerides, or triglycerides, and can be in the form of phosphoglycerides.

-2.
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express as distinct nol ecules, a heterol ogous ani mal

TE-11 and a heterologous wild type animal FAS, can be
waeizwd1e3063synt hesi ze fatty acids that are enri cherU$2909/034294

Cl4 and shorter carbon chain fatty acids. The

geribe methiodyof thisdiny ¢rspng die| genetwallpmodifiedmells sreamaliiginied ¢n a suitable

media lfl%%aé{e?ibg%g)ﬂﬁieiatﬁ igpgég ngg\?stolarﬁ%ﬁ}cgq%% %‘E%Jhi gﬁ%ﬂ?&t&gcids include C4-C14

fatty agide oFleli fatjly peids heodpeakantheiganetivally modifedi awtls prowideddisrein contain a
. i | i.fiens—enriched, in
ighe bR EEELTR 4 A TRIRGLA RS ALt by e
cells cdrabhd gxtmcied Sropr tetiwedslarl/ort fivem glenatdie ahd yrersnitatile et wsehs biofuels.
a ree. fatty.acids, or esterified fatty aci
The exgrﬁ{;}tﬁg) g%t{yga}cildg SAR 8ét§(_)naqlﬁi)e df:é).\é:g& %Odt gir ézgﬁesg)gn(tlﬂlxg afcoﬂg'ls, such as
butanoirthergloy,cetandk slecatiot) Idpderaholes tertudetanof| yceri des, and

n be i e of phosphpgl ycerides. | n the nmethod

ot il AR End AT R B SO ¢ Fbiatinn e i Seg g genes
obtaind®BfrdthahHsinial. B Siél dnit @mBRdine FASY ardl el &é?ﬁa@s hileRpfelsed from

allow cells to produce fatty acids. Such fatty acids
rat genes cThedsTIEA-RégSefzantecan@lsode dEhiwed Giomya widd tipepiAstienpeeksed by any

. 1by the genetically nodified cells provided herein

anMalnntain a hi gher percentage of C4 to Cl4 fatty acids

yﬂfn contro ceILg. The fatt¥ ac%gf produced by the .

cE1918VEHRN 350 PXP YIdes: tBe senelirt haodidief sellyfpare siitablg fog use in the
method Betha ifRAHM eTRiL AR &pfds a H%r@@%c}ﬁb 9&?1‘@.41 T (]jE—I-Eh gf the cells do not

extracted fatty acids gan optionally be reduced to
normalishexpress on erdggendisapimblciohs| then surddites th thedmtdrologous animal TE-I1,

ey a0 e SRS rhe S0P S ARGl B RB RS o am amia
ATE-I-;FA@. bEcaRESSSGHR TH-INMrAGNES oORTRIINEK FERICAMWe @feekémkn the

n one enbodi nent, the FAS and TE-I|l enzynes a
geneticelp medisfed detloas PAA pelpmsclecTides Btk tlaASemthyzgrmatabdaimserted into the
cells al so be derived froma wild type FAS expressed by any
“animal . The invention also provides the genetically
nopdi fjed. cell.s that are sujtable for use in the nethod

ofheorlls piahzeAdn Bie NVeSR calbe Rro&RiyPES 8T gliREYadic srlby oliisvarious non-
o i . | . |
i BBl LB oL 0, PAUCIREIR LK 63 @0 T
methods tseitablofpo sysalmgisnell thiBatde, antdvays flfstoy aoige @msbegsoduced for a variety

di stinct..nol ecul e either. a heterol ogous wld type i
of comigiefeial ADpIEEGRS. S1Ch i A Orie £OTD RSN SHRH SR S AT e like,
TE-11 and FAS or DTE-1-FAS genes can be present in the
genetically nodified cells as DNA pol ynucl eoti des t hat
are transiently or stably inserted into the cells. The

BRIEFJE$ GRIATION@H THE FHeURRYent i on can be prokaryotic or

SHAPE YR SBhl Bl A LURSOT A T SRR BB By s
ID NOQ). Ak @@evieR FigureTN@ TE-I deleted FAS (ATEI-FAS) protein can be constructed by
deleting the sequence downstream of K99 and engineering a stop codon (1) after Kj;90.

Figure 2 provides the amino acid sequence of rat thioesterase-II (TE-II) protein (SEQ ID
NO:2).

Figure 3 provides the amino acid sequence of human phosphopantetheinyl transferase

(PPTase); (SEQ ID NO:3).
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method is suitable for scaling such that |arge amounts
of fatty acids can be produced for a variety of
W@ uveevsal applications, such as powering conbUBUSNI/034294
engi nes, turbines, and the Iike. BRIEF DESCRI PTI ON OF
DESCRHEFIQI‘@E@EMME@HON ovi des the am no acid sequence

O';‘he %segﬁg\x%ntiiaoﬁal %Iog%igg Q%Se?lga(l éﬂ%dlﬁ%& 8?6%53}1% %uce an altered fatty

acid proBERucir A} Oar- al1ai e @cﬁdsbﬁal@@ﬁ}&h hggch besbrodnt 4Rl Fihddtdl Bty acids, as
sequence downstream of 199 and engineering a stop

compa&ég@ atty 4C}dsam®rb>f@llg Wlﬂﬂioghtlhé gongicanedifieatione %arme% C14 fatty

acids a?é,lé% P% : s cﬁ&elg gltrreecttg ogr%gé gd’él@gl% oflgxleto %ﬁaﬁ%ﬂgj f)ggfl? dl%t geelngtlcally

mod1ﬁe@q¢13qﬁewdé alhetﬂ’mrbnpkmswmﬂdﬁmelshel nyl transferase
(PPTase) ; NO, 3) . DESCRI PTI.ON _OF THE | NVENTI ON

THee faiteacidt pwogveqﬁithyotﬁe gersiicalbs mgdifiedicels $ap bedfarer fpky acids, or they

ot cif ch
ey b RS Y SR SRl Bl by ol 0 L s

monogbyfcetidhes, tlxgl}a:lerlﬂest bytragtycds desasndamiwrie dhe ormhatd phosphibglycerides.

de .b |ls without the genetic nodific
Fatty agigs tggipeq Gop el Hh a5 b Sist g wopORoHuBRY (Fi5ply Acds, while
cell-as$HclaBGH fadty QEidY hid FRRURY 8¢i84) ab XeAROLREA il RIms bPBitty acids. Both free
genetically nodified cells provide an efficient source

fatty acadls Etﬂdcﬁs ied fathyeacidstqap bgais as;hloﬂti@ed by the

g]ﬁx v 1|o%i)rom% elis];%relgncaﬁl odc ta er| agﬁ?\éef‘;% ﬁfgiiagesi‘éd %rexpress
heterols gtcd% p@@te@ﬂsﬂ%ﬁteﬁﬁﬁolv@ scfty d@& sy‘lﬂﬁed@@ Bﬁﬁméﬂﬁﬁ)@bhﬂ’ﬁiﬁls meant that
di.gl ycerides, or triglycerides, and can be in the form

the progsin 515§ e & Wélprra@,-lév erfegdled by thie particalas el i 106 Aigagispsin Which
the progégf?gsﬁgﬁyﬁdsfgpﬁ b 9L 10858 nr edoni nant |y free fatty

e cell-associated fatty acids are free
flatetegllnosedsn thesinwarltionase egfisdtetdd te dxpresnmhaérolcgotiy animal TE-IL

. ids. B f at t d nd d fat .
st B i L0t DA PRSP Wi
alteratige hﬁfa'tt@abidyprﬁﬁkélﬁrd)(hﬁ:e@ 2)% |th:‘e dellatit RpvefehedthathgicoReire Genetically

moditi Qe s el B P R FbTeba S et Rgihdch wild-ype
or modi fiat anﬁrh@l A9t Thémiodifld@nirhalF AScdh®e mamiahl BA S ta0E&teen
e partl cul ar cel.l %(ﬁgg&(aorgam smin which the

by t
momﬁ?f?%ﬁ@?“n“ lagkex pEdompin Gh the | nventl on. The

8l afhiHS 8dd sfyuleesioF Mét&ﬂlo%&?s &gk us€d SrRE ?r%%hod can be
a heterol ogous ani nal e he ero ogous TE-|
the saneaay these gspatswd btyraey@ninyal |spﬁ;3®st adnhﬁt@nmwgﬁxpmlgemtelly a:ltered

. acpnl eve an
amino acu!i] sequences. A variety of wild type animal FAS amino acid sequences are currently

known in the art, but it is expected that animal FAS sequences hereafter identified could also be
used. Some non-limiting examples of FAS proteins suitable for use in the invention include rat,
chicken, human, mouse and cow FAS. The amino acid sequence of rat FAS is described in Amy
et al., Proc. Natl. Acad. Sci. U.S.A. 86 (9), 3114-3118 (1989) and is also provided as NCBI
Accession No. AAA41145 (April 27, 1993 entry). An annotated rat FAS sequence is also
provided in Figure 1. The amino acid sequence of FAS from chicken (Gallus gallus) is provided
under NCBI Accession No. J03860 (April 28, 1993 entry). The amino acid sequence of human
FAS is provided under NCBI Accession No. NM_004104 (December 21, 2003 entry). The

.
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alteration in fatty acid profile produced by the
cells, it is preferred that the cells are genetically
WOoremvfidawes t o express the heterol ogous TE-11 i nPCT/US2009/034294

_ conbination with a distinct heterol ogous wild-type or
amino geidistquetcant marserAB:s mryssulps HFAB ésipraiided underdNCRhApeessipn No

LMl F t e i fi so that it | acks
M_00 RS arch3, S0 cald3 REEA I Tld Ehudite bl debnesAE LSy PBos Taurus)
FAS idgievided afider OUCBISA utbdith NproOY 243889 aegust D5 ,123005 @Birlio dThe mRNA
can be the sanme as those expressed by any_ani nal

and dedypediagyno ayid segrepempfimeseneXpérs AEnkaeyy (Jgﬂ‘{“«?r L. 2R0RE7, 1991).
a&hi%a? %%Sggg%ﬁsll ﬁaYa%{e'rﬁEd/ I%fteiﬂv'ﬂi ?c&rﬁ@iﬁs nge%%tﬁglﬁg domains. The
am no acl d sequences are gurrenal y known in art,

TE-I dbmbini it tHesnest Getermthat bfthe aevennWIhATF AS guemcasd kejueades aray differ
identified,could al so be. used. Sone.nan-limting ) .

somewhathatved Bmplspepiey cashef 15 5¢vp BT Ip&BY PRrtiEWar FAS amino acid

sequent@¥&hd RAditPrecsgizd By the4H &KKR in MERD. ABRYES %PQH}FWI domain
FAS. The am no acid sequence of rat FAS 1S d% cri'bed
can beiidenfifiyd by on¢ skill@t icthe hfdtahd refheactd fiSom anyUFSS AsingGtap@drd molecular

ot SRS B 8SBR LErNE BYE83 MR, s v i
n PO ShAE ok EEUTING v SRS ARk B
havinggalehgmperied stop ooilaeaftaribecoddCBvr Mo ge sltiusthdeequdd38B@vnstream (C-

) il 28,.1993 t . ] i d
termingi§ EK sp &b oS s i FOREE: SAEE BLsP o R A RS
Accordé?ﬁy,(agﬁﬁg aB@s 1 %&oué}?@@%%)m FIAREMiMAnafk theSBAHEAER sequence

nouse (Mus nuscll us) FAS is provided under NCBI
of an eAonplesi ARENFAS 068 &t FASH, 2006 entry). The ami no

aci d sequenc t he, donestic w (Bos Taurus) FAS is

SVl Bt Hicr kb aer o f&‘g-%@mgs seatgaet arg surrently
knowndfR B8R £NTONS exahitie FRNGIRBE AEAUCEH ABINRgRALE i%ﬁ%@&fﬁ Figure 2

of | (TN 151, " 8d6- 907,

porcine FAS'Is al so known . Nutr.
(SEQ IDeN0)2) wnchshowsAst TE-1 thesdquertard ethéch wasddgscratedi by Wapggert et. al.

Bioshftal Mol AR L PR R T nEEobiicephiTET SRS G TP Eelgland of

mallar® 86LKEB GRS kiBYn {P&if165c AP TRMBALL, RHURBELAMTNEK o BRERIRSPE. J. Biol
each of the seven domains in any particular FAS am no

Chem. yol. d08@4u e £5353r8, 3885 e Aldi-Ihfrora otfgn auisth! bguredseould also be used in
the 1resédtlil %di(i)n the art. Accordingly, any TE-1 domain can
Pregd! iralernlhl}'i ed by one skilled in the art and renoved

fTh @b BBy erifdditentNEh fldahab dniwd @QaH-BEFABIAH QUYL the invention
techni ques to thereby obtain a DTE-I-FAS. An exenpl ary

provid¢yTier the ppgoralickpresstotoisebpientogons wd dyfedw dnutatedPEliass gene so as to

. | D, NOLL1) . wWhigh IS _expres froma codin

inereast Mt etk SRy T e SR P2t Bl imedie Bovmee

pantethefigiie ify-F KRit9 enelhtd actitdi®]1SEASE 116 @né eMBsdin®athe PPTase enzyme
(CGermnal) of K2 lgc,, which constitutes the TE-I

may haye g samejssqysee py e Baman PRTassenpyree.| Thg@nino acid sequence for a human
PPTase enzyme is provided in Figure 3 (SEQ ID NO:3).

For the animal enzymes utilized in the present invention, it is expected that either wild
type amino acid sequences, or sequences having homology with the wild type amino acid
sequences could be used. In this regard, for proteins that comprise amino acid sequences that are

not identical to the wild type sequences, it is considered that proteins that have at least 80%
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Accordingly, amno acids 1 through 2199 shown in

Figure 1 illustrates the am no acid sequence of an
wexeapdasy DTE-| - FAS derived fromrat FAS. As PCI/USZS09/034294
case for FAS, a variety of animal TE-1l am no acid

homolggyy gadowse preéerahly P8 Pk ﬂb%%ihnrrtomyavitth th@n’eilcbbyaﬁmq@lences

| d s i ded
could l%.f%s%%i zﬁj q%c_f%tl}g% h& %Tlh\ﬁhv}’ec ha ac Q{lgflll fpwﬂ)(i/ Wge ammal FAS and
TE-1I motpieN tosOfkind @hthdas cﬁiﬁ&étéﬂnﬂﬁé* W*h)bh"@ﬁﬁ@ ﬁ&ld@bsm@hs can tolerate
(Biochem  J. vol. 243, . 597-601, 1987 The

Substltgw&eﬁ@eww angng poie ﬁ@bﬁtlﬂﬁ@nwp@w §F aradg ebhasepositians asige routine

al so known (Poul ose AJ, Rogers L, Cheesbrough
eXpemSﬁ%ﬁ%tK%rFattukudy PE. J . Biol Chem vol. 260(29), pp.

1WHH8 sfisciid@hino atid-detudncestion ekanplanofiaizyses thaesanceulsdd in the

al so be used ip_the present inventio n anot her
PresenpEe iRt pquH{é&é]awrf Srviibbesisrommzadt %tﬂflmsr%@u&@qq of DNA
sequentc&ethhﬂ'ﬁéﬁréhbéﬁé R HRSaciPleqhRe® @ﬁé Qﬂﬁé r&Ridm 'o@fhegenetlc code.

a heterologous wld type or mutated PPTase gen
Thus, ¢edls compasisg aipDNA smjudney nll¢lE1$tl§thBSﬁ duzgmeeganatluded within the

scope (éfﬁ ee {fl%lgntepcgl-r éﬁgxggtzcé Safi(ln? ! e1 kno Oﬁﬁge ant %::,fg% lar%tmeahan genes arc
also in€UBQL &AM thetdnyrRE I&ﬁﬁ%_%lﬁﬂéﬂ&s RBYd MAMEirvBeti iPBECloned directly from
sequence as a human PPTase enzynme. The am no acid

mammglkapgsiesi¢ BN/ human PPTase enzyme is provided in

e dlob MR A EAS of RTETAS B g BE FERecintq gt expressed

by the gmeheaﬂlwmbdhfe& pellsammg)a@cyudalse aeHg e Snd tu:hlslqam;e BCgeral, the
hono

heterolg gl SHBECME SUTHS B FQubA el eFidgaial hivg,begh ensisndly orstably
inserted Aad tHeMIs.| Bér iasthi®, A% itlnSefNUBRERSHs] DNA pélenuitdotides encodlng the
h identical to the w | pe sequences, IS Coﬁeﬁ' der ed
cterolp g ggcy @nRg GKH%FS@H%%% bie Poaer SowBAS VEgors hat@ragpeated into
the celRfaffl FcaepNcaBid%nd ey (TR MAFDINAY Siitdbile dxdpeestoh Fectors can be

type sequences could be used.in the inventigon. Due to
obtainedHgomyepmerciplaiepders & gonsiveiee inthephogetepysaich Hakiie cprspression of

multipRFendsfoflihteREOMSI dtgired &q’lst?p§ ki beehiRed hSu@f \tecfb?@can include
determ ne which ami no acid positions can tol erate

varioussyrpRotery A dgriher ragilatanaelemaith éo effecy and(prentinyes eresiu of the
inserted® §eRA € oA st PGS SuilHR éﬁp?&%oﬁ%&grsrrﬁé& é(gngﬁ)rge é)rokaryotlc and/or

experlnentatlon Wi | e speC| I C am no equences
eukarygtisy prejeatnss. eshutcernelemats, andaeleetahleyearkers dor yse fnmaintaining one or

more dR¥tifGEHR re'sﬁ&? DEALOR iR fH dREiPed c%‘ﬁqyﬁ:e rﬁdﬂe réiplfel_s)mhﬂwebc%mmermally

recogn there are a nmu sequences
avallablerm'@temnn@m asmcﬁ lmﬁqddo,af@r thsew gokk nxpresstne mesthevectors and

Bac-to rBaag %%%%%gév%feagcé;@org Elggfg’fﬁO Hﬁt@ C?rlg EJ‘A&?SS?O%ITEFT? g&grs
(avallab\bp tﬁtwrnNQﬁéAGEN@) and pQE Vectors (available from QIAGEN ®); for S.cervisiae
expression: pYES2-DESTS52 expression vector (available from INVITROGEN®); for Pichia
pastoris expression: Easy SelectTM expression kit (available from INVITOGEN ®, and for
algae, AlgRx™ Algal Protein Expression System (available from Rincon Pharmaceuticals.)

In one embodiment, to co-express the inserted genes, the TE-II and either the FAS or the
ATE-I-FAS and may be encoded by a single expression vector under operative control of a single
or distinct promoters, which may be constitutive or inducible promoters. In the case of a single

promoter, second or additional genes may be translated from, for example, an internal ribosomal
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scope of the invention. Further, cells conprising
i ntroni c sequences of the mammal i an genes are al so

W0 pwbaeBdes shoul d the enzyme codi ng sequences RGEUSI0N9/034294
the invention be cloned directly from mamal i an

entry sg@mjm(é) e 2 single RN o Adigmas VTR the pahauFsidsrsequences encoding

the en% N R/%% §edclﬂ §ié1 fég:gflltbg%béstflﬁgge %s@ﬁ?{eé@ﬁe\%ﬁﬂ may also

comprise ageaf &waiwanetymf cqu%'gutiqurgedmﬂdb pranhaetsctetactivogetksrs, etc.
S50 LR OSEALEA N BEL S SO 09 oA

the invEigtion may b tr&r;lslzftcd fromangngdabpémeeding drasie ddNh mRNA, the transcription

of whiﬁlo'l n'%gn 8%1 B f%%l(ag nlgl’etg r(])? ro%lio%erg |10gnv¢l sﬂit%gfg%?( 1%?s1or*1J Cector. For
ex presse&- ro one or Q ressi on ors H

exampleNgerihesition conttielacs|providing aaroeelrc&mheﬁcahrﬁdlal A-TE-I-FAS -TE-1I
i ndependent |y of the hgst DNA. Sujtable gﬁres& on
fusion PEeIR A1 ERDIEESGHICKF HEUKET PR IANGIE e Ay BhdAS g the TE-II such

that th€ RS FdPr6Gle] sfhffsh@w!&ﬁ@ Qf@t@rél)’faﬁy' glidt hat the
CO-expressi on of p genes of interest in

dégArmélymlélelotld@spf@ce@ng He hetdiplegews angyehl Erébam'lr%% anATE-I-FAS
genes daﬁ% hddR SYbiy H]F?ﬁéﬁrlﬂﬂio%ﬁg ﬁy"f'rﬁ grgﬁ&?fntcf &@ﬁo@gc%mbNA One advantage

ments 10 ct and/or- opttm ze expression of
of integratieg the dietperiegouskones in i’itaaﬂt@ble tlsausﬁoabarés ercpredsicd nnd are capable of

malnta}ﬁ%% Ak %FEP(MO%% ehg‘sewlﬁé’n n%é\%v}{% QJVC %ﬁ‘ﬂﬁlxmfh% host DNA into

cer e ct a mar K
which &mrDNIA@oiymunhohdaimccugng)ﬂ)e h@tercniogcwscgeses are integpled s8i beinuclear

vec he desired cell type. Sone representative
DNA, Ororﬁ%%ne E[Wé‘ avai |l abl e systens include but are not

IWhil¢ e cells udedrto exmesstthe hd:tbroéogmusa priteins cifdibt Bals of any species or

cell tyn\éeCt %&%&%k; a&qu %}dBa‘f(@:ra% 1¢ 8 ﬁ\égﬁl)rgﬁer}egé-{lgerenl@{cs?lgal cells so that
the methad @it Bdherd ¢mﬁi@ﬂﬁﬂ(zre)i)foralatgepsﬁﬁewmwmn O Bviatelh | For

cxamol RB AT e 00 B 6L 8L RS PSRRI O o

sewagd, th&'B%MldSﬂ of faft® racﬁls ﬁhﬂha niAisddos 1l the BYWBARSS iIAGRImabaEly, yeast could
el ec Mexgessmn kit glablefromIN\/ITOGEN(r)

be used o pre e ity agdy Bsipg SIMBHIo8; RPERBPES si on

Sy b BY@Eieah e 1ﬁv@ﬁnoﬁtluﬁﬁ@és B BTBSR Wdae alAeae skyBte@BBffer an
enbodi nent, to co-express the inserted genes, the

advantage-of deeriqasies theepstiafdiciag pseductien biguse e mverl sreytheates and
inexpeff§iye’ grS?mP{on%lt%onQ g+\7§1ng P gl%%t%é 8hLi ghe[ %58 rctde%g ?ﬁ%ﬁg%ae%%g\‘}’zesome via

|nc

the phdmyﬁmeﬁ& pathivy. eAa)gaelamJIplamtblhI& q&gﬁﬂﬁhewahoﬁtrtob@ EstaASEr 18dves. Algae
e pronoter,, second or additional genes nay_ be
containy qhéq{g g}b)(llegldf\faémn figs frem approsconah fqrips ép}ﬁgpplankton) to large seaweeds.

Their habi h*o1 s r s BB ukaryotic (sub-
H;*Pa‘%?@ff@é ed}t 515( v&%ﬁégut?rqfﬁgtse)n] TBHH% VB a6 rotic

ternativel pol ynuc eOtI e sequences enco

kmgdoﬁhepleytzghmﬁa);rhyt doeerak(erg syetobantesin ynd prghlorasiyta) aye prokaryot1c
di.stinct expression vectors which na al so co
Algae sygblg ot sy dhe PLpseat VIO SRR YR REPKATHRRfC g faryotic algac

and ardPrOfRISf SnicARNAGI 44 URRKNEBILS alghl Gre also known as microalgae. Non-

limiting examples of algae that can be used in the invention include Chlorella vulgaris, which is

known to secrete high levels of free fatty acids into media, and Chlamydomonas reinhardtii.
Without intending to be bound by any particular theory, it is considered that recombinant

protein expression in algae is optimal for use in the invention when it takes place in the

-7-



10

15

20

25

30

As an alternative to co-expression of distinct
proteins, a novel fusion protein provided by the
WO poveneiooh may be translated from a singl e opePCTESWNNQS4294
frame on an NnRNA, the transcription of which is driven
chloroplaginT lmﬂyetcthI@OW'; BeA/ polystofeatidepemmvdingrtbe TH-Ihnayd FAS or ATE-I-FAS

s S S ORISR PR S i S IR S BEERAS e
with ok drEnbreMBStorsWrhich chMpHY NP 'h@tteﬁﬂ@gc;ug 3bn&RN Wlﬁ&?‘ar@ targeted to the
novel |inker sequence joining the D-TE-I-FAS and the

chloropiists.| Msthods ahdivedtdre thatcarybeeied for qugmlngﬂmefer@og@waedﬁ into algae

chlorogfit A Byt i poPee P B Bl PR el (See, or

exampaRufthiRoR et 1. a@% %@éﬂ%@hﬂ&bﬂaﬁ&fab&oﬁﬁaﬁdﬂ P8¢, aB0av6; In:
into the host cel One advanta i ntegrating

MolecylpeGensties of B‘qﬁg@nﬁ@ﬁ@ﬁmgﬂﬁﬁm N@ﬂ%c@? Bmlag:sf/’étd%mné?- Salter A H,
d | h
and Baﬁ5 ?er ggog%(ggrdg[glﬁg%rsﬁ @XR?QS & aP %é%') %%a%k geﬁec % &Q Further, Fletcher

et al. (M@\dEKI}bTMeH]'ELOh @300 7PNAL I6I116,Q)pv\:9®-@8) dibelogINfptimization of recombinant
ynucl eoti des_  encadi ng t he het er.ol ogous genes are

protelm %P%?la’tl gychlarerknsts i gresa ralaamAIn prtigHan flateher ek, degsripe

optimiAdin S ST R b SUESSIIE UL R SR Lh T foroplasts by

emplomng)ktdowtast:cc&imd beaslead yeenipo ] ativinl f prorhotesamt wftenslewd region (UTR)

) robi.al , cells at .t he h ca be no

combingGpn RSP drraneh a8 GrgEhaatl & IpoRIRICS CaRpgR of correctly

foldmgbdnﬁfaH@n?ohnngrr@H@(rfﬁbrﬁmahﬁn bl%t&l’fso @ﬁx@ﬂw&ﬂwltﬁ 31%5@ §}Ps?erns also
coul d be used to harness carbon sources, such from

demon@mmqbe suagessiie q§¢ oﬁltlncsq agagsms$ tx ¢fficignily SprﬁﬁStal‘F@Ilﬁ‘é't d@goteins

e U A ESBAAR g MOPELIE Y5058 SOHL 308 BB cono

Vol. 108pP@r438useLR; ahle@ff@tzePftB)CiB(D(ﬁf)th@mmd VIIEBL,i 633 %66} | BfSefore, it is
reconmbi nant al gae. Al gae systens offer an ‘advant age of

expecteflbpicdgdeny] ltmeVlée §copfeniing fYsEam HrrcanesTing funst anpd prajeins that
catalyzg lﬂﬁgxr o ?% glyrgﬁ%%& ﬂ'at?}s g@%%ggfdﬂ?g@%ﬂg ﬁéﬁmﬁ 8?%9ngesntltolg]1.e

rﬂmemxpfeemgry oBoHEte®Iogoas mhla-tpﬁmbmymﬁhehhimam fAISwWeigh a heterologous

Al g are plant-1ike organisms w fhout roots, stens or
TE-IT i @W@E@d tanbgy a%vwgwn@m erispNg Whersia theeslsiage aonyanimal cells, and

thus dofdc?b dé:lfyc@(%el r&ﬁ%g&ﬂgﬁs Qlﬁméﬁ ?WS%E(IW) T‘(;I‘%Xhﬁ e and without

seawee Itat 1s resh or salt wat
intendingicshe wowmwid l’txyraltlg lptlmcul‘db fiteoryl, gimee a]lgee émhatrqndbgemously express a FAS

that wo %n eg{vn h %cggghﬁ {glta% H[@# g)l ﬁ}%@?‘&béﬁiés it is preferable

to exprésGR eheSibdcadie tHeMetddSIBgd R ahlialPITEHERAY o H’é‘e’e‘i"%g@ib wild-type or
enconpass both prokaryotic and eukaryotic al gae, an

mOdlﬁQii%lllpﬂbF@Sabl y unicellular algae. Unicellular algae
38 prets mreci< gmdlmen he?erglogoushpé]-llf a{Hdtther:] geterologous wild-type or

modified FAS are each expressed as distinct protein molecules within the cells. Thus, a method

of the present invention comprises providing genetically modified cells that express a
heterologous TE-II and either a heterologous FAS or a ATE-I-FAS, wherein the TE-II and the
heterologous wild-type or ATE-I-FAS are expressed as distinct molecules, allowing the
genetically modified cells to produce fatty acids, and collecting and/or the extracting the C4 —

C14 fatty acids, or any combination thereof, produced by the cells.
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exanpl es of algae that can be used in the invention

include Chlorella vulgaris, which is known to secrete
wheglv10eeel s of free fatty acids into nmedia, aP@I/US2009/034294

Chl anydononas reinhardtii. Wthout intending to be

bé wnavdmenametipalrafiabaivarg thhedisyto preducs fagtyresidsas tdcuitued the cells.

The ath&ift? th{:ﬁ% Ahd ﬂ{eotﬁ{fé Sslkl(%{h %{I{]thgl ?ﬁseare %uﬁlﬂ‘%& WH] dre;%nd on
use in e I on &n
variou$ Feetdrs ﬁraop'lilhbd: appBhant heﬁlesaadhn@mﬂm tﬁlt\lm,psubly aﬂ.l!bb tqtei cfeslls being

ncoding .t DIE: | AS &N
wsed. GPERRRR b pARGe bRl abphaks MR RS, and he
particmrgﬂecekiyretthans beingiutitizdédne sepayaie thd Ch- G4 faty avidserom the cells
ch conprise the heterol ogous genes and

whi
and/or\ﬁﬁ‘? %‘ﬁ{ UG Wellifheted to the chl oropl asts. Methods and
VIaGine embbimtent,atcdigbitisie didad hedordiag t@therigveneive acd g.rgwn $n vessels

it Rk oo A O RSbn el SRl g ampes of

suitablk @esseXafgids plkticc $A0 largér o@htaanel@ Qﬁch &shap, Whl& may be in the

oropl ast transfaqrmati on. 1
form o el BRI AP S 5% m@gﬁr@l el st espels made of
transpal\{aﬁt%%& ﬁfat@la@ (@%\/ &12&@ dé%[‘}ﬂﬁ:”p@ga arbehdt€ retoﬁnﬁvhﬁiﬁ@l IR lgrow and

. eds. ()(for iversit vies et _al (19
prohferﬂt%mm&:emto 51549 Pradues m&rgy Fif dearrsy th@tcugvres E%‘?F Rixsd by
either %ﬂnﬁb@ hir bﬁ@ﬁ p A’l&!rnatﬁz@ QesseR- foPBroRBig e 2fda@$®lude but are not

ptini zati on of reconbinant protéin expression in

hmltedcwéal&w QRYsPPYs P errnag deathmagepends shiable for doldieg water levels of

approx@hateBeSCH 'SQ%HQHfgI'thEQE hOMHs@hn bE ORI BRALs B 'i&)thh Rvhich the algae
expression in donmonas reinhardtii chloropl asts

culturejy cisprlpted Profoe mstﬁn% lagpeddiesingl- bty agithipredwetionliamyiggalgace has
been rc—%%rt@& el as oPﬂgmul@bb %@b gﬁl%hsro? %ﬂ%re(/%?) It is eXCQ,GCted that the present

nmbi nati ons. enonstrate t
inventips iwil gaealior eweélsmﬁll mgduqtlgnéwésm e of corr ect |y

10 080 0T DOCCATTA PO AR SR o

culturegnedesrsfwill krmavipin thh@ﬁ; eanc@dm wed in peréfrining damnpeghod of the present

1nvent1‘ég p[:&s(%(lagnp!f l}%héh %en%{l%lgr' Afﬁ&{}f d geils J: E(fﬂlgtbé g'g/%}xtlgﬂ are algae, fatty

acids chiabé e;etta;l;xede&ora [the ﬂgu@s(r%)ﬂ@nvvmhonalﬂm presp AB&na’clMﬁ the well

known%ﬁ%r'éﬁ%a?hu orpethod a(rlxz lgeo Icé)sz((?d EIC %{:th Ic?]ﬁ \églds ﬁ%nwl]e cells/and or media.

df estéerifeedafatty avidn axerdxtragtsd elnayfcmn bte)hydﬂﬂyszledgfofr eRahplenading

rot ei,ns,t hat ro sy.nt hesi s of
enzymBic HEUR ity aE SR hEPROMRS A LT RS SRlassg T e atvoerol
using vedPkresgi methods. aFl’eefEEWy(Hcﬁig@Hﬁ opdibrchilly Y eeducedtthéir €orresponding
with a heterologous TE-Il is expected to be

alCOhogd\ligaikgﬁérgﬁl%s in enbodi ments wherein the cells are

I"ihie-eatthéted Cael C B4 fatfdcids uad/eothBiRtalodB o radriviiti s h,ai@ bt used for
endo enot;s ani mal FAS activit For_ exanpl e, and

produciE R HCREPRG: § BABRNG SHFRIA CRGHHER PRl driurbine, or any

machidet@pible oSbdIEE PN EBE bl QoMBlistRAGTURNAHS h¥idE ¥RT/EStheid cgﬁépondlng
that woul d cooperate with a heterol ogous ani mal TE-|I

alcoholsy synt hesis of fatty acids, it is preferable
It is generally considered that the invention provides for an increase in total amount (i.e.,

mass) of short chain fatty acids synthesized by the cells used in the method. However, the
invention also facilitates an increase in relative proportion of short chain fatty acids, as compared

to the total fatty acids synthesized. The increase in relative proportion of fatty acids can be an
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to express in the algae both the heterol ogous ani nal
TE-11 and a heterol ogous wild-type or nodified ani nal
WO-289/103068 preferred enbodi nent, the het er ol ogeCiEUIH09/034294

and the heterol ogous wild-type or nodified FAS are

increasgafHraax p P etsldo, asclakivg, iand ll prodadingalirvitegsd etwednt Hiorand 10%. An
t e

1ncrea§erlﬁ r&g 141e Sproi[&%%la o?tcg%efght?e)? ac% ‘%al}leoepg & Qéd;l ﬂ@p%/r} ﬂ]xtcfie%% in the
proporemp Désn.y ar aﬂbcbdele— €1 d dsttyl: aEndld rehimde &0 ﬂhemtabfattgiaelds bpdlmstszed. The
ota sl BB oo R RSP Bt e B M merprages of e
fatty acids(slunkths fmICeﬂc-uEHBfattylahdmm&xh@CQ,e@@t@&zﬂllOyCﬂm,deM €46:0, Cl16:1,

C18:0 %ﬁibi§ @{/ g% s%eléé Xtt acl g l’fhgfl %%n:ﬁgtutc %?ﬁtg\an an insignificant

amoun€ 0fdita) ﬁtt}oﬁudd’@h%ﬁo bephi@duieads hycetsMy.C ells. A
roduce

onveni ent f.allowing.the cells to
RO e ootis, B ieredt HE BRPL o THEaSHBG RECpRage of any oral
of C4 foi B! RRY atide by MPRaNUOBH BOVAL 067 IU(WPI 0%, 360%e bﬁ(ﬁtoagréater than
on V rio ac

cultured will de rsthat
1000%, jafrvsiip atcarrtem*@mg pity %‘a fliﬁ e&ame WF‘HE ¢ 9p%0ntr01
cells tH%t c&ﬁf)ﬂls% Ry Ugsdssidector Re e}?ﬁl@ssv&hyﬁ? qu-FA§ Sithout TE-II).

ture nedlun] tenperature nutri ent reqU|renents
alﬁdt naﬁé:u#memb@dumnt Jhe gweniien prexides forpegrensing the pereentage of C8,

C1o0, cgggﬁ@;ﬁ Falﬁ? %ﬁﬂlegﬁtﬂ)%, %gédgobcr/ e e A)lz@o«%n dhPto ereater

ture In one’e I ment reconti nant
than 1(810&aéela@%i0d10ﬂgsncx§ldmefaﬁym eadprafie ab@ngriém Fontipdseldd (s, control

cells th%%& fn Ut 53 veld 09%5“ E& rgﬁ %fl tIYF oﬁtofE 10).
& HRE R veRloP A E P ATE RN

\Rfﬂstaleqnera’mtalgdseoﬁﬁaag teids h)jag]msuad d’bylcallgean hecdetemnmmdmsmg standard

o5 B gk s e St i e vl ko
method ofBEEH ial DgaraBeigh,Uf. Guraad \DBgs,elVs J.(agls0) @ant F Bisgrhe Physiol, 37,

sut.15| BT S5 os E  LobryBPA NGRS sch o

mass spétBlossypRtongas ﬁlrbmat@lgﬁiﬂ)h?eFSﬂﬂ)@ii@& syrthesiiesrbfiRg cat B€compared to

tures can be m xed her, a
control it s SR HTE kel & s G RoioH™ P dgmghespress a
heterolb E&lsUFEIIb Hhd/8f & ﬁ]&texbifegé Ligfr b ‘Be@lﬂﬁb édﬁ‘é’m PRTES.FADI The

exanp , han- made pon S suitab |ng wat er
actual yraqigltsl.cofthe giolesx pineck lpyrtlfglar &tty@c&ﬁmt@wzecs@mlmm@etemned
t
using sg%aa@?g&?g&i: Igl,k‘bg’l 1@@)?/%3 by, ?m ﬁ% 1M%ﬁla@gtgﬁ&’ards

paddl e-wheel . Fatty acid productl on inm croal gae has

eported a Ievels rom 18
TR 25 Bles o By 00 b 1P pordigly ne e
invention wl| equal or exceed such production |evels.
Met hods for separating and urif}/i ng fatty acids from
a wde variety of cell t cell

This Example provides a description of materials and methods used for cloning Flag-wild
type rat FAS, Hise-ATE 1 FAS, and Hise-TE II, and co-expression of the proteins in Sf9 cells.

Anti-FLAG M2 monoclonal antibody was obtained from Eastman Kodak Co. and Anti-
His6 monoclonal antibody was obtained from CLONTECH Laboratories Inc. (Palo Alto, CA).
Alkaline phosphatase-conjugated, goat anti-mouse IgG was purchased from Bio-Rad. The BAC-
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culture nedia are well known in the art and can be
used in perform ng the nmethod of the present
WO poveneiooh. For exanpl e, when the genetical | y modU$10e9034294
cells used in the invention are al gae, fatty acids can
to-BAG Baewlovualtexdressionsysten alag purchsieddram domtvegeni(Gadsbadj CA). Vent

polymH&*Rid eyt Ehotere Vi rets ot ey FRERR BTt oy
Ldm s bhach 08 HIR Ak ed-hld efedtl FASGnd Btrssas of¥eibinan

extracted, they can be hydrolyzed (for exanple, us

proteing i yifeeile | Waaeprdfomredbém lwwmdpgmcnyes driethyntherilise tmp& WIE I-FAS
constn%? {ng‘ g&‘?e??{t (? b§ ﬁgl @é }{o?g)(l:“ figgloglgﬁncggd?ﬁgoéégw}ge%?E rat wild type

FAS chSd'UCtE(éurhﬁhahbﬁi ih Figure &$ @mhdjb@@tuahg GMSP dbmain (whlch is the domain
hydr ocarbons. The extracted 4 fatty acid

immedipiely rece g theT Ed domagun %@rt@é@nelafhreseore)s\@&l PER amplified ACP
domalrp§é§géﬁfde'%grr9ﬂ1%ragd _tdififthal KOO, L?sn%éi ne gl% ues. The

ustion-efgi ne, a turbine, ofr
sequenoé amb]onglmmﬁehemmyrswabmlnjrfy oft AGR stﬁ‘tmtmyloacﬁagment are described

) and/.or. ei r correspondi ohols. It is generall
in Tab R dReheb il PRBS R A G g e st st [dgapeal éueDNA
sequentd) vﬂﬁfeadas&qﬁ W erChse@ire ndB3&sknCh BNA bnd BRI InEAbbdted into the

aci ds synthesi zed by the cells used in the nethod.
oligomexsie peder ta pregingey mtn@nnaltwtﬁlmmdlspéwphﬁm fragments Rastiiction

roportion n fatt aci
sites usgg crl%r&ng 8rep sgxgwp AP 4p étohcfs aﬁnﬁ ):;{og ggns %;ﬁ ts a ?ebd)‘cId Tﬁ &r B in oligomer
names iﬂaedaee%%ensemnheérfse bM@orﬁérOMﬁédtlQBIyOfThf:%bieypaameﬂﬁbdiﬁfbr REE I-FAS
ani ncrease of from1%to 10% i ncl usive,

primers gfg|agerdigede the rat BYe cBNAe seguepcermbliphpd m%mm 41 .ﬁb%@é?@c Natl.
Acad. Scﬁ 6§A§6§ﬁ4@19@fw}fﬂ%%&fe f&lﬂ{‘%h grﬁhé Ca{cgg‘r ol?ﬁe rat TEII
evi dence ncrease in on 0
sequened j)ulﬂfshéﬂfhn-Ne(g'gértfeataﬂ.)(l%ﬂ)@od‘lﬁhﬁﬂl 2/45‘3 1597 60Ok t ot aI
fatty acids synthesized. The total fatty aci ds
synt hesi zed can be neasured as the sum of the
i ndi vi dual percentages of Ita(p,?cai fatty acids (such as
for C4 - C18 fatty acids including ¢G4, C6, C8, 4O

Prifibp, Cl4, C16:0, C16:|, ClSe§uéneand C 8:1 fatty | Location

ATE I-BAS ®imer$X her fatty acids that could constitute nore

200T608MaN aNs1HfABRIGAROGGRBAOECOIGERMICERETECEC! dS Clagh70-6096
(SEQ IT# ._)be rreas%g@l as necessarxmahn various enbodi nents,

1B6665 " '~ b}g g’r 'ét'a“” ".j%"@&gﬁ@j}?c‘g’g@‘@%g%ﬂdﬁf@@t 6653-6678

(SEQ 5 0/n 1ﬂﬂNn I’)ﬂﬂO/n QﬂﬂO/n /If'\ﬂOA\ and-to grnnf er—t han
1000% rpl atl\/p to a r‘nrrpqpnndi ng fatty acid profile

g
5 %8

TE II Pymens ned fromcontrol cells (i.e.. control cells that

TE2T1 conpri $6'-atgctegracgcAXOOAESACOGLEGE BFAACHXPA ess onl y| 1-22
(SEQ IDNB:6) FAS Wi t BesHH IITE-11). I n a particul ar enbodi nent,

TE2B1 t he | nYan{daicpf ¥ PEAAIGIGAGTRESGAGAGETOEACENt ade770-729

(SEQ IIPNIH) Not 1

The coding sequence of the rat TE-II was amplified by PCR using TE II carrying plasmid
233.FB as the template DNA and Vent polymerase as described earlier (Joshi, et al. (1993)
Biochem. J. vol. 296, pp. 143-149). The sequence and location of the primers used to amplify rat

TE-II are described in Table 1. The sense and antisense primers carried BssH2 and NotI
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Ao Cl2, and Cl4 fatty acids by at |east 40% 50%
100% 200% 300% 400% and to greater than 1000%
WO 200at1039e5 t 0 corresponding fatty acid profil e POI/EHSI0034294
fromcontrol cells (i.e., control cells that conprise
restriction erryhe recqpnémisies thetwere weed txgomsthe emplifiBBNA,BASame, down

w t ho tTE-ll Rel at fftt
sl T LG BRSSP TPAS it
techni E%Nﬁ%eqﬁé&fé%f the d@ealTH-I1 eﬁ§ w%@ﬂoﬁﬁnﬁ&ﬂfy@ﬂﬁﬁ@equencmg,

roma cell pellet using the we known net hod of
and us®] fogtenarate g@EMbinBht Eﬁq:ulolglr@ stocakﬁ (h)y @}p@nvenmpngl tran@ggg;gg)n method,

wsing (2 PAC 1o PAR BET I Bistrssiaf o B i s Gl 8 e

manuf;ﬂjﬁ@leyg'hﬁahcﬁml s, such as nmass spectroscopy or gas
chr omat ogra Fatté acid synthesis profiles can
6

o@ﬁﬁﬁﬁ%@cﬁ’@ wm viedl stoeky SE-HuRAS 48d AdIE FAP) e t%lﬁ%‘éi before use.
€ 6
For pr(%tgl g%%% gfil_%?lls r(e';l g / %Jrﬂw Y\gﬂ elg %Er)g ggELg(%?%%M free media;
SAFC Bemfe@b@gm ABtadr wm {BEkedontbAant Vh&s@@tt@hmﬁmﬂJMIO L) and cultured

f h | f
for 48 hphhali SBY RAGE and Vs temb oG AbA ooty e specifi

'J't%h?w A RBADF R kﬁg FBPEY. exstbeon SdpBfifhts, the cell
pnmarg%gnda dcsO ﬁﬂe@%ﬁ SSWI E)g Ex les are ﬁ%%nt ofg(tp S e celis
were infbdted withtvaribug cangiindtions of tdoembmaemlwns fOE)@M:’hE'V@StW]bS

. [EX | e ovd tion of materials and
Cenmf‘ﬁ@?lﬁg 5 f?ityc?lclﬁﬁi b’% ag-wild type rat FAS,

H s6-DTE | FAS, and H S6-TE |1, and co-expression of

the proteins in Sf9 cells. Anti-FLAG M2 nonocl onal
anti body was obtai ned frE¥\MBiHhan Kodak Co. and Anti -

I_'lL 1S Ex(nﬂgl% € IO N des%%n‘gpl?tga}{ R}ﬁ? Bf gl%%(f‘%&lkﬁﬁsﬁrgf %%g%rter fatty

Laborat of I'nc
acids agihiesqiiat tas érveotiprugangeal mgexatce]a/bamﬂasmns ayidtg® coasructed and used to

cors Y SRTEEL KO 5 T EOSHI5 S5 GO S T

and Tableadr heddadyas Géermived using Icmmmnasﬁﬂ amﬂhddfss Brie€lyj totul lipids from

petete FRT i St T O il 503 B L6 Bl ..

(1959) ©4ar Eiﬁb(ﬂi&nﬂ?hifﬁ@l@lﬂ)l q1ard17p fE%tei‘iﬂa*ﬁ fhtey &fids 1@1&11&: &)tzwa@ld extract
wn .t echni gues.. Bri ef

ropred u ni
were hY‘fI@[}’éad ¥ P2 FRTR N geiie st rw%féil t@tpew@ﬂuorobenzyl
esters dndQnURREEDLY Easl chésiBbrapRiags SREMARESy (‘(ECMS)%IS déksdribed by

R N G WU LRI A

190). ThdVRdhiehe )imﬂi ferdusdifted@sih stand%laﬂd insd $pRctra. The concentration
C-termnal direction) with nplified ACP domain

of eachsfatiyiapid evas £xpiested 2a th& Reggent ﬁ%‘lhe ekt agifs- kadyipgids longer than

C18 W&E %g ?ﬁa‘ﬁ FOLR PSRRI ER- cuklR RBAHBAS %@Wgrel ?K&Ed Othe results
prinmers used to anplify rat ACP substitu
of fattyf chbw&usmeg:rg agjproyidep dig Table 2 and Table 3. Parenthesis indicates multiplicity of

infection (M.O.I.).
Table 2

Control | Control | TE-II TE-Il+ | TE-II+ | TE-I+ | TE-I+ | TE-II+
-1 -2 only ATE-I- ATE-I- | ATE-I- FAS FAS
(empty | (ATE- | (100)* FAS FAS FAS (25+50) | (25+100)
vector) | I-FAS (100+100) | (25+50) | (25+100)
alone)
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in Table 1. hi Tabl

e 1,

that prinmer sequences are identical

wakiobaodoeses i n | owercase are not present

uppercase letters indicate

t o cDNA sequence,

were incorporated into the oligoners in order to

i N CcENKUS2009/034294

C8 &Y need.00kst r0.d6i an .6kes at 01084 end8.184 anyil.442 ed 0.156
C10 TNBQJ‘TP”G 674 936‘890“ Ofpfi'nt €3 @%%‘i‘ ror(’)‘%@m NY.Y£€ | 0378
STUN L A 0 0 O 4.5y R P
Cl4 ANPgoned-312 esp@@& vel 2.95The | b8¢4pai r 0.88bdr -9%% |DTE-859
Cl6:1 | R7BAS| pBlggRrs 2are tccgn@hng 1Z6.48% |1 &@i5. 930S [CDNA43 | 27.389
ST 2 A L A A O P 2T o 1 T A VR
C18:1 | @Pionef s ée addetdil nq4§é9t he 4ga§99TE_ p. Addqefi®663 | 47355
C18:0 pawl i she@2on Nadigerit etd.1 al | (51D87) BiSelkBem 13.85243,16.236
597-6pI."Tabl € 1 Te coding| sequenge of Theg rat T =TT
A | PRy ARkl S R e T .' '4 ;: 108 1 BT 5608
B %édtr bed e rlier (Joshi, (1993) " Bi dchem J.
vol 143-13149) Tha seguence and l decationlof

10

15

20

t%e/WPWéWsmd%get@ qs]d‘f&tﬁﬁla@fi? rat TE-11 are described in
TRibherage Ybhecreasn 96 cemepl A senfsd 2or i ners carri ed

BssH. 2 and i Votlrestriction enzyne recognition sites
that were used to clone the nﬂ 3fled DNA, in frane,
down stream of the Hi s6 recog i"on sequence nodi fied

PFASI Bfito1V €QFONT usqu st andard- Flmonimg | techni nugsir +The

DNA sequence;®j) t1h mlpnedAﬁI_ AOENE WagARONfi rgd by
DA sequencing, an t”%té}%f GR8ONARs: 1 00)
aclul ovi r g ock an

n‘et hod 4 I |§ 'ls o ]&J(ﬁl 32%%@ _’gj!gj\‘éll | ig\psnr oous\%n
systequp%l rv]f’.%:n@ éord@]u t % ° nﬁ%t r%;?' /3

i nstructions. three recombi nant viral stocks

DTEI AS) wer.e Litr efor e,
bl ekt ERpRety O AarbetRif C5 b R 8 fe Hifrec of e
percenCin®dRsd il (X0 fFE14:4 26k e WL dritRes. ITHCB Berapflo€ithe two controls (0.733 %
Bi osci ences) were infected with the reconbi nant
increasg) isigetele 108%0, apehomn for “(pmtral” jn Bade ul tured for 48 h at
%t ca%t%essgl%f ﬁﬁécfagg&dz a\fﬁs% &h {]thg lc8ﬁtrcﬁ?1§§e¥§3§ﬁa %r(l:tgﬁ vlepﬁg)av levels of

C8to @Dﬂnbaﬂilﬁg@]"/@éf the eftal [dhtog ahdils H@We\(b@ - €6t bOME- II alone in these
riments, the cells were infected with vario

cells reglégpdp Ay é}ﬁzgn Eroinadigref thsiiatiys kepdegenoys) F@ﬁ&}rthus resultmg in a higher
abunda'ﬂé‘é Eibadr @%KK/%'&% fa d%',%efah %lﬁ! 1862 Eol Brds@ibh ¥t BGthATE-1-FAS
ana ysSI's. e provides

and TEdB mizostsudtt ines]yobrmenetvat eftfagy ad:iﬂ ebhais resfult@®pdn dungher abundance of

rter fa
shorter cﬂglntfgtty a01(tls %{1p to ~10%). In addition to the early chain termination of fatty acids in

TE-II alone and TE-II + ATE-I-FAS expressing cells, cells expressing wild type FAS along with
TE-II also show early chain termination.

Although the total amounts of C8— C14 fatty acids produced are less than 15% of the total
fatty acids, the absolute increase in the short chain fatty acids (C8 to C14) represents from 400 to
>1000% increase over the control cells (Table 3).

For the data presented in Tables 2-3, pre-existing and newly synthesized fatty acids

following expression of the recombinant proteins were not distinguished. Also, the fatty acids
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aci ds achieved by the invention using an insect
cell / bacul ovirus system constructed and used to
weppreewset he proteins as described in Exanpl e BCT/U§2809/034294
fatty acid content summarized in Table 2 and Table 3
accum@ttmwor&am@eﬁoepwwduw o duimgy tha t4i8 dm sk feetismtymdiod. Therefore, it is

likely El:glf ﬁ%lcs%(tg 0%1 t“h% tﬁggla%lfé?rpge%sne%el %_ﬁ tgrggt&% %lg})!gsm(ogl q%élp]e newly synthesized
fatty abidGthanahewhNie the TAbled. FuAH&ERor&atis likely tBAAQTHAN C6 fatty acids are also
Physiol, 37, 9 11-917). Esteri fied fatty acids in the
formed &llpwing Fhe@Xemerla@ of Werlk ad/ AT BHyizb and THJL@ventheaeh they were not
free fatty acids were derivatized to

measu e@dﬁpg,?lfa EEW esters and anal yzed by gas

ctmmﬁ@aemn m&@ﬁﬁt’éﬁl@aﬁ%@é& éagolv%)fa%teﬁﬁagddslaﬁﬁnal TE-II
by Ramesha and Tayl or 1ia‘Rames S., and Tayl or,

alone grisygh y ThnHliy pssosition witherheleroipzorgild 90 or modifiied Iﬂ%&ut is possible
to 1ncr£2?stettl¥ ]g%br%il gwg)(rg%}éderﬁ (;1'401%8%?18’1 %ﬁxﬁ#e% ?38 rbgihedce\ﬁ:lé BRfve to total

fatty aammsﬁd R$s éxdpectpé foe e méthbdef meﬁr&}enﬁaﬁ tohldee gécformed in any
acids longer than C 8 were less than 0. 02% of

suitable ﬁ@ll}l Arith Hpelar teelis and indicates rﬁ}éﬁttﬂilf'olﬁ§ef§m Widlrbe useful for large

le prORREGH of A Rl il S aré as
Scaep’rgr owldeg %i{r%) Ta%wa;gng Er HOY %F'u% rent ng| s indicates
mul tiplicity of infection (MQO1.). Table 2A: %
sein C8 to Cl4 fatty acrds B: Average %
HFEﬁ@F se of control 1 and control 2 Table 3 Table 3

1. POQY iHRSica 88 AMBAIC Pthy (2 9585 E@Rﬁﬁldbﬂlaﬁ&&%nglﬁrdcﬁh@tah&' Evolution,
to the average of the percént increase in C8:0

1ls: Bardis; D ke & Goggiont'r B @lsevive, Ametea@eggrgp 2Be- 26\20
33 % 100%
2. G R ool Setehed b PR B 25T 358 Qeen v om Tabl g 2

3 aEn<$natH IFAISEENE (Co9ah v61.8,ippsieaR-0el | s contain very | ow
| evel s of C8 to Cl4 totaling <1%of the total fatty

4. dbiSghwensiddr Hofnpre@8PdrMasrotiplogy apd dfadequipriBielogy Reviews, Vil.
| t tion of the native
(ehhggensﬁﬁﬁg'&gfe?e%ﬁés\’th‘éﬁﬁi n termnati

ous) us resulting in a higher abundance

5. o¥. Jahakuner, WRHiHuahg! ByR&t,&s S. Chiralb) avd S200Wakil 09696) Proc. Natl.
9% égreg ion of both DITE-1-FAS and TE-I|l also results

fér\%?ln%%m@nlﬁo%ﬁv acid chain resulting in
6. h«qberosabg i 195) BRRALA! 1. %ﬁ'z@ §Y3.3g60s (up to

Itron e earl I'n termnation of
7. fIatLulyeramr €sYi hinT&d $ Sahitin e 1 906 FEE Rrbc B500 lan& ASerences therein.

C S l]s. e wldt AS al o
B I LIRS, Yook 7
Waxes (Kolattukudy, P. E., ed) pp. 147-200, Elsevier, New York
9. AXK. Joshi, et al (2005) Biochemistry, Vol. 44, pp 4100-4107
10. M. Kates, (1986) Techniques of Lipidology, 2™ Revised Edition, Elsevier Publications.

Co
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Al t hough the total amounts of C8- Cl4 fatty acids
produced are |less than 15% of the total fatty acids,
wQ bwated ut e i ncrease in the short chain fattBCEHUS2089/034294
(C8 to Cl4) represents from400 to >1000% i ncrease
Weodem:t he control cells (Table 3). For the data
presented in Tables 2-3, pre-existing and newy
synt hesi zed fatty acids follow ng expression of the

L. I £ SR R brodnSing it Sy AMRIseofPris g&héﬁlﬁ i sthed. Al'so, the
fatty acidsaccunul ati on occurred for only about 36 hrs

dupyidetgeact!lymadifiesedlls thad express. asxhﬁémémph%ulp% i s
I|ker t hat, 1 he Sfim present a
far gr atera pér?ogg%tglﬁ%nlo f‘ﬁlh%sﬂ;?gz{ﬁ @%n?aeagllﬁzed fatty
aci ds bhan slriemlogaug mm’«rhfattegmdFsumhh@r(ﬂMrSé or pthefegnlogous animal
|'i kely that so forned
fol | owi ng t%’&egl%eaggl?l %Pfg%gt%%é %ﬁl)"%gn%&m- | - FAS and
TRaihlajniey the cehouwghmediey were not neasured in this
) Leul S clear fromthe above data
t%g%%tﬂ%ytﬁé C&%eaglg/logn%éo e(ci:%zl’ha{é]tﬁer ol ogous ani mal TE-11I
alxtmeting the faﬂy a&idEErdnh tHergeastsatly atddofiedMddls and/or the media.
het er ol ogous wild type or nodified FAS, it is possible
to increase the proportion of short C4-Cl4 fatty acids
2. ShHeth@Bod 6fclbiyn 1 heherehlise fattzlaaitdh ¢etridted @érdlthd @dlls¥indt the media
synthesis. It is expected that the nmethod of the
COMPIisg Gér@%ﬂwu acidg a&a@%@ﬁﬂ@ﬁﬂéoﬁS.ﬁfﬁteaﬁyd &itvagislseorcepamiipgion of free
] and i ndicates that the invention
fatty aé\?vlﬁﬁt%qﬁées{ggsfgg f{t f%lrlaslsar ge scal e production of short
chain fatty acids suitable for use as bi of uel s.

REFERE, 1. D Har di e, h 198 in
C ReTEOhe S Bt & Hher picpoe! Qﬁ@ygffﬁaﬁl%ﬁ ty@gils extracted from
I 24-
the cellHQﬁQI/'o? the[ﬁlecﬁ“:'a 1583 %@Qgﬂ rgb?een‘gwfg%f tdtEl BRY h&ls a%ﬁ&%ﬁt@%%CM fatty

06) Sci ence,
acids nlezallred 252p@cent&e (ffrtvttahfatﬂ;?ASiHB pﬂodu(:d@@ﬂyomrdl cals that do not comprise

p. 1248- 59 Schwei zer an
o heter B AT - Hn BRBTCHS AR 5} O b Pvacige f [ Egldomain.
pp. 501-517 and references therein 5. V. Jayakumar,
WY Huan, B. Raetz, S. S. Chirala, and S. J . Wakil
4. (l“jbgg@g ofcclaingt,|whepgin the Bty acid@pxtra‘ltﬂd fr@B thexells and/or the media
compnﬁe éQ %]|]44f5 %¥) gcﬁ% F§nd Y%ﬁreirhgl C/A 8E4 %}rﬂ a& 1a%$ g lefls{(g&{?eigp,otal fatty
acids eRfigbt& fr&mithdrcells bQdOy thealedifr oc. 35. 1671 and ref erences
therein. 8. J.S. Buckner, and P.E Kol attukudy, (1976)
in Chem stry and Bi ochem stry of Natural

5. The method of claim 4, wherein the fatty acids extracted from the cells and/or the media

comprise C4-C14 fatty acids, and wherein the C4-C14 fatty acids are at least 10% of total fatty

acids extracted from the cells and/or the media.

6. The method of claim 1, further comprising converting one or more of the fatty acids

extracted from the cells and/or the media to an alcohol.

7. The method of claim 1, further comprising combusting the fatty acids extracted from the

cells and/or the media to provide power to a machine.
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Waxes (Kol attukudy, P. E., ed) pp. 147-200, Elsevier,

New York 9. A K. Joshi, et al (2005) Biochemstry,
WO/2109/183965 pp 4100- 4107 10. M Kates, (1986) Ter¢irUspoes034294

of Lipidol ogy, 2nd Revised Edition, Elsevier

Publications. W claim 1. A nethod for producing fatty

. B R BRTRLIRRY, AR RRR e B B RBR b SRty pover o
machige. het er ol ogous ani mal thi oest erase-11 (TE-11), and b)

a heterol ogous animal fatty acid synthase (FAS) or a
het er ol ogous ani mal FAS | acking a thioesterase |

tai he ce

0. kPR R TaPaBih Solsea®Ss iR peledloBER  on ang ghe FAS
lacking HEEfBddnyaid Wl of the Rxtehgogepeiascal |y nodified cells

and/or the nedia. 2. The nethod of claim1l, wherein

the fatty acids extracted fromthe cells and/or t he
10. as e tﬁ8&'pf Jélgﬁ} gﬁzyﬁglgl@é Eéﬁsae%gx%% hfe{ % ?Igaglfﬁhe
heterolbgbdusyF A%, tais netnttle EASAn¢Kinga TEal domaAg.i ds. 3. The nmet hod

of claim2, wherein an anmount of any of C4-Cl4 fatty

acids extracted fromthe cells and/or the nedia is a
11. gf}%arh&ﬁocﬂ’@f asnt f‘g@hé?&nttﬁ’é Qéneﬂ@etlfyymé&iﬁg§ c&% &)ﬁ%ﬂi’@é @NA Qequences

4 fatty acids neasured as a percentage of tot al

encodlﬁgthe;hemcldgoww thy hciomtlcrgwlus emiias FARarr tigohatgplogous animal

conpri het er ol ogous an| TE-11, a heterol ogous
FAS 1R AR TER o Sy A RO ST HESETE 1 domai e 4. The
nmet hod of claim 1, wherein the fatty acids extracted

fromthe cells and/or the nedia conprise C4-Cl4 fatt
12. gldieguethedhaf cApiar bi whareia tioigaeticallytrmgdified eedlspogpaise Deé‘és/sequences

encodu?% J%fhe[e %1%&0&531‘]%\.1’1 a%?iitﬁj.%}éeqxllo c%%h? gl?lInr Fﬁ"Ag tt?emlllhetg'rololgous animal

alm

FAS latkiaghatB-y deahiddnegtaicadhecthucleanDNFeoc@ighitel R MIN Alofiiegenetically
nmedia conprise C4-Cl4 fatty acids, and wherein the
modifigycqts4 fatty acids are at 1east 10%of total fatty
acids extracted fromthe cells and/or the nedia. 6.
The nethod of claim1, further conprising converting
13.  dibe nethodbofclaiin 1, hvehdreih the gamictdsallgxhodfitdcelfsrapneukiaeyotic cells.
cells and/or the nedia to an al cohol. 7. The nethod of
claim1, further conprising conbusting the fatty acids

14.  etlerRGh&Hof 1AM I Reherein the genetically modified cells are prokaryotic cells.
15.  The method of claim 13, wherein the eukaryotic cells are yeast cells.
16.  The method of claim 14, wherein the prokaryotic cells are bacteria.

17. The method of claim 1, wherein the genetically modified cells are algae.

18.  The method of claim 17, wherein the algae comprise DNA sequences encoding the
heterologous TE-II and the heterologous animal FAS or the heterologous animal FAS lacking a

TE-I integrated into chloroplast DNA.
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19.

cells and/or the nedia to provide power to a
machi ne. 8. The nethod of claim 7, further conprising

w@eawhueshg t he al cohol to provide power to a PEERHEI989/034294

9. The nethod of claiml1l, wherein the cells express
t Hee inethed of clgom$ 7, Ehdreinghel aligheare ARibtanled ngthe riddid in a
omai.n, but not the heterol ogous FAS. 10. The net hod

d
PhotoBipreg§ial. 1 wherein the cell's express the heterol ogous

20.

TE-11 and the heterol ogous FAS, but not the FAS

| acking a TE-1 donmain. 11. The nethod of claim1,

wheg method leéclgam &7 i whirkip thealichs ard neanthimed ontheinsesliDix/a pond.
sequences encodi ng the heterol ogous TE-I1 and the

het er ol ogous ani mal FAS or the heterol ogous ani mal FAS
| acking a TE-1 domain on an expression vector. 12. The
met hod of claim 1, wherein the genetically nodified
cell s conprise DNA sequences encodi ng the heterol ogous
TE-11 and the heterol ogous ani mal FAS or the

het er ol ogous ani mal FAS | acking a TE-I domain
integrated into nuclear DNA or organelle DNA of the
genetically nodified cells. 13. The nethod of claim1,
wherein the genetically nodified cells are eukaryotic
cells. 14. The nmethod of claim1l, wherein the
genetically nodified cells are prokaryotic cells. 15.
The nmethod of claim 13, wherein the eukaryotic cells
are yeast cells. 16. The nethod of claim 14, wherein

t he prokaryotic cells are bacteria. 17. The nethod of
claim1, wherein the genetically nodified cells are

al gae. 18. The nmethod of claim 17, wherein the al gae
conpri se DNA sequences encodi ng the heterol ogous TE-I1
and the heterol ogous ani mal FAS or the heterol ogous
animal FAS |l acking a TE-1 integrated into chl oropl ast
DNA. 19. The nmethod of claim 17, wherein the al gae are
mai ntained in the nedia in a photobi oreactor. 20. The
met hod of claim 17, wherein the al gae are maintai ned
in the nedia in a pond.
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