PRORIGHEMN Qb SN
MICRAQRGANISMS(A001]

This-application-claimg

60/941,581, filed J 007; 60/959,174, filed July 10, 2007; 60/968,291, filed August 27,

mlﬁ(m’yv tertd:Se provi ISIORE

ntirety, for all purp!

patent apmuga]mmlklos
%&]'owﬁ@lo Shod 0700}-7007;-

m morgansms n parts disclosure relates to oil-b miCroorganism:

dd of culti
@@d iction of useful c én:o@uh ud|ag7 ftéb iiﬁ@ cids, aldehydes,
wiédéb bane by refeArce"
APT mohié?“"r”(‘)‘li“ iTOses.

[0003]  Fossil fuel is a general térm for buried combustible geologic deposits of organic

g such microorganisms for

i ed plants and animals that have been converted to crude oil,
nesooreansensnariicther the
dAQFOte tdatestoen h@m *heerins

rmons: en:frede 71 Sesieisene
elrery, es@ef'eau I0|s/DOA

C; m“‘ g nel lrensgumes
SO NOREEAR AGAIN
elseenNe PING Seen Ifs
GANA. A foul theiS13 often



RipRe.setielp-FPhe.genms:m um

de, which is gne of the gree nhouse gases that HS radiative forcing gnd confributes to
Chastbim ay6a, fatal ei;
m the comhusl c of fossil «In addition, hci aj II itgnts, sueh as nitrogen oxides,
IHE.& ,Ldﬁl tend.gime:
em Minimether e«

(10 ide from fos3Pfucl combustion, but other gases, €.8., not negligible. The

|wmi|@ﬂe+ﬂfhugesewgemf0

such as burning of fossil fuels and deforestatidtfleading to high bon dioxide

inamenfictme difiemt] Ot s oy

and agriculture have played a major role in the recently observed global warming.

%zymgsum Inetenat.nens. .
pali={oToM@1\/ N an)IWo=ToTla o Mivinn
MLEIHW Vinmciteno wnemble
diesel team-embettnaen the
emhm:r;xn:emﬁ:é;ﬁ:mrmmﬁ
popLtatorofter ot A Sms..
tiermenet gl lembr oo
(ﬁt)";th’et BTN G TG oot boseeced

le 1. In particular embodiment ts, the cell is a species of the genus Chlorella, such as,

aminuteate ‘east: 1Q%otthe:-

Chlorella vulgaris, Chlorella i or Chlorella ellij

’Rtﬂhv» (al we*ghtsasﬂw oman@c(mls

), Lipomyces starke

Cryptoc u:curv atus, Cryptocdecus ter
the-heed-mho @oeneuw ———
ipolytica. Tn still other embodiments, thg microbe is a fungus selgeteq from the
seletect-non.i nging.enmities
et Omen: demlimemed

celtukon smtegal name,




Ralbl.ln.anoctner.aspeclihe

sterreus, Penngcillium iilacinumg, a species of tl enus Hegsenulp, ecies of the gegus
ison.Inucnl.on. dietttd il .
species of the genus Rhizopus, and a species pf the. anEjum. In other ¢ boﬁ Nt
dindutinguhachewhstern. e
ém lé acilla et prod mﬁ Idﬁ_; In one embodiment, the
A uuua h(ioé the presence of a fixed
i WA SeEreCted: e L he:
PERIENIQ SETECICH IR LG
, 1 samakerial svcrof \naa; f agabinose, galactose,
gouprcorsng Ottty
o hting i .@e g ﬁtl I' T-nce s, and suij i'tyisolamd
q;xt_cy'xtﬁ o 01;1; more u}gg reactions Héngla slr%n d!;%'ﬂl es,
el T b
a:ytreductase, a fats
[0040], In gnother asgect, the present invention is directed to a composition of liquid
aldehyde.tecincrancko: e
campo[itiorhconfonal (hesf:(cijﬁcali(]iofAST D97ra|t
% % anoMr aspect, lce prcsellﬁlinver%lg iected 10 a m¥od of producing jet fuel.

aldehyde-act - azich

xed carbon source, wherein (i) ée micfborganidms accumulate at least

acj:t canier{Norm:fa-seme o«

th
group-Lonsisting of glycerol, depolymerized cellulosic material, sucrose, glucose, arabinose,

casef: the-pileleb:31b-orella

foregoing, (b) isolating lipid components from the cultured microorganisms, (c) subjecting

wehﬁ h@]@@ r’n\oe ehM@F@sIzl;&mte straight chain
alkanes, (d) cracking the straight chaip alkanes, whereby jet fyel is produced.
miinbnuma.Chioteelatone..
Tone?. Cido, el yamc,
memyCABRH U-e NG atRa.Gu ww
hagbeen genetically engineered agd/or selected fo express alipid pathway enzyme at an
Morellavp tniother lise=,"
the 121Lciebe ts mother
speues desmbed hacm In




301“53;1;9&9”& e wild-type cell when both cells are grown under the same
conglifions. In some cases, the cell has begn gengtically engineered and/or selected to express
nikes.enceindshmentbeet. .
athway enzyme i the group consisting of pyruvate dehydrogenase, acetyl-
ﬁeﬁxgggag;mn, and glycerol-3 phosphate acyltransferase. In some
a g selected tg express a lipid pathway

33333333 33 3OS e e
rﬂgj the |i6 ghéyézyme ;g Uém], ‘TT?]W Zyme comprises
'citrdte AAthale™ .. b )
gene-100201-1e-anethef -

‘Benetically engineered and/or selected to gressa ‘global regulator of fatty acid s§hesls at

asheelHie- e033ewhend:3
fatty acid synthetic gengs are altered compared to the wild-type cell. In g@ses, the lipid
< )

i @R SEGEEeB:LA) o thelipid

3.333.1?“ is, Tﬁd from a stearoyl-ACP desaturase and a glycerolipid desaturase.
0 1‘

I EnGTIer a8peet, the present invention is directed to an oil-producing microbe

3038301330:0330130 Arse

Selected Trom the group conststing 3f & fal oesterase, a fatty acyl-CoA

e fau:gxemucmc, aetl/ Y Veidehyde reductas, a faty aldehyde

decarbdnylase, at¥an acyl carrier protein. In some cases, the microbe is Chlorella

Aﬂy‘ﬁmﬁ«“’:’ hiorella emersonii, Chiorella sorokiniana, Chiorella
2.

ellipsoidtea, ot Chiorella sp. Tn ofher cases, the microbe is another species as described

111161015381 SECORE

‘which is inducible or repressible in response to a stimulus. In some cases, the stimulus is

exXonensns.nee-eneodes a -«

and light,, In some cascs, the exogenlns gene is expressed in a cellular compartment. In

pretem{ea e\ CoReR el

chloroplast and a mitoghondg

mugl Inaoﬁgxxw ir-nenl. x;(c:?cg]o‘égs.mgcgesta zfy&ciéylf\@':h‘mcslaasc.
acer Corratdelevdeundue
acelcannerpnnete-t14-genmy--
gmcnthe Chlerella nen,..nee

C Morella one, oao (:3] 00/

urality of



popalahim.al.ciaathes.ia.a..

gylalrc Meditity ichemiti the

ne embodiment, the exogenous gene encodes a fatty ac

bes.comma {0-a fast-

reduction of a 20 to 30-carbon fatty acyl-CoA to a c spond; ing primary al lcohol Inwme

@X@ &f’m’@"y "@&S@e‘eﬂﬂ(}aﬁ’?lq tof

s‘;ief“é“anﬁ;“@‘f)z@‘éi 1@7@@4%@3.‘
ETa(o10] [ o [O# 115 (038 F=1) I O 0 KNI
dratdenydeacatia., o tm,

rfama.. %ciao est, a bin aC|d

t one embodiment, the micrplawfzhc invention further contains one or

laided. t@angeam cam..
¢intern - aCin e nac: Jfllﬂ? f;?m

t;lz; mmg@tagﬁca"m@
re-id-taccdivad; e

ot Chlorella profoth ther cases, 4

Lamine:::Carte;* tinicaid-~~
lialiielaroi-cidi-a- tatly-acid
Galdranttita.fary .. a.a Elt,
AT cmzamﬁ 1= S
iamchen aridarwail G, on
[0.261 In opeembodpne ante

method of p.Pluong molcculc

genes are



exogenous.gene catalyzes..
[TaTol=Ter=ToT(HToRE-Te KA I¥o NSNS
IZ=catigmaci . am A0
amp. e fisinanic crodeany
e -sewnd eXOGENoUs ge:

reductase, and the microbe further contains a ffird exogenous gene encdting a fatty aldehyde

Rpral vZpa roctuther-ofen £
the cleavage of an 8 to 18-carbon fatty acid from an ACP, the reductase encoded by the
1\4 ;Zepojg e 1a£h@1uuion of an § to 18-carbon fatty acyl-CoA to a
corresponging fatty aldehyde, and the degarbonylase encoded by the third exqgenous gene
AEY s LGRIMILY BlcolOE
‘whegein the thioester: the reducjage, apd the decarbpnylase act on the same ngchain
where the thtoeslérase ajd

tHULOUtkom UPPIC PAIN
that is naturall\éb-expressed with the fatty aSyl-ACP thioestefase. "
R Ul 0@ 1 e o xcncnssne ot n e e poin

and the nyicrobe fuggher contginsg jaigd oug gengeqcoding a.proteinselected from the
smblidant2 2. 2T 1t0nsiersia; .
Wil thy thisd expgenous gene engodes a fagy acyl-CoA reductase, and the migigbe

UIIUKABNTE DSt £X0gGeCap?2

geneeptxlr-thel:le:dgtutert2

olecule in & miclobe population, n one embodiment, the melihd comprises culturing a

apbon:2t2-nod titittt-the -~

exogenous gene encoding a fatty acyl-ACP thioesterase, and (i) a second exogenous gene
A@ P ch:eauro@ d Iof @Ctoasemz: a fatty acid

linked to an acylcarrier profein (ACP), the fatty acyl-ACP thioesterase catalyzes the cleavage
en @Qd.@ A&yxtld@mugh further processing, a fatty acyl-CoA, and the

fatty acyl-CoA/aldeyde reductase catalyzes theeductio of the acyl-CoA to an alcghol.
sécond;ogenou?,plarppes thp
rvPIAM/a of p L2
cubonfm.a.51-(e.Wdoanallid



calalyan.the.alundge.clan. A
i milm Chlorqlla minutissing, Chlore! amcrmmdhl rella sorokinigna, Chiorella
TR BUE Tattewid A the ..
JEVAY A= (00 Wi TS oo ol = (-] oitimaig
'glyerot. " In one nt,the’ e rification process. In
GUeratAT IO apanng.
o , the AT lealt bife bther Aol €8 sucrose. In some cases, all
otr-acne:pajatazec:

RaoRONOto-ache palalazec.. .
th. od bds ce heqc[:b resnw gthemurseof
e A Uﬁ@ﬂ 'am,gyccro lspmj|d to the microbes

fermentation. In some culture methods of the inve

eafﬂ‘qﬁ aﬂexﬁawia@@ok fr* em period of time, the at
least one other fixed carbon source is proided at the end of the first period of time, and the
am-ce-Arrafbp -adioredo = -
cadereaChetlucestemse. and..
b edUIasE Se. Cattle
garrecatcaciaath math I .
sgrdertases. OAP comb.

0028]  In gome embodiments, the thioesterase encoded by the first exogenous gene

OFHEO: CAPLOIh Bt o e rotcne

encoded by the second exogenous gene catalyzes the reduclio]: of mam 18-carbon fatty
2 a

POOPPABUIRGA vivBt-ECllu@ue
dldehyde-decathedalasc. that.
CAtalazZCs Hlo. Can Ton of Me.
dICIodo ed . ds 0 aniE . T00T2). .
A A I
opogolcaus pea, are , opc
able linkage andi a premolar




vlithesize .a.fat;. Emil{mhol.to
K 1 WAR: BOpteri (PC V)
and- F"‘i&“th!@ﬂaft&tﬂe copiotis™

molecule in a microbe poj , the method com| Ituring a

druatfraﬂ@a ﬂwehete&t “rroekloan

exogenous gene encoding a fatty acyl-ACP thioesterase, ard (ii) a second exogenous gene

the-AG Pwhenithes E}v&@l@lﬂnm

to an acyl carrier protein (ACP), the fatty acyl-ACP thioesterase cathlyzes the cleavage of the

has-bona-ononectireith them . wm

acyl-CoA re edwl catalyzes the Izucllo of the acyl-CoA to an aldehyde. In some cases,

speciic. curby-atop-letuthento-
fones.the.mitooPc Ta Chin Po”
bl otos/ermu oo

tonanome Cleforetiar m - .
§gmk;mgﬂaf'pe therrle e eim
bother.casesttic -Rere ;R wmo w
Elpsadia Clt ola.ba ?ﬁdﬁil
NaMab=Naer=Nor=To V) ilaVe =Tal e (o]
¢ngfenstsretea promoter
that-is-maidtbiel- triﬁabl’a@ﬂﬂﬁt S e

inducible, rst stimulus, and the meth r comprises providing the first

Ty TtV A K MUTaTs o i—
tactieddTbuib’ th“‘f“t“’é"rWrWﬁTnt
on] IndubeW tg the IbcP
bad™ cd.cmlltnn b. derted



113139sl.lit-enethet-aspeed-
AC00uncoC RINAY.S.di .

ECA 1 ¥ HeLIAC AP

traciebtgact-Onttectng -

catalyzes the conversiohdf an 8 (o 18-carbon aldeliyde 1o a corresponding alkane, wherein

m@g@“ @ucljget el:erbonylasc act on the same carbon chain length. Tn
es

sSome em@diments, the mi Futther coftain a third exogenous gene encoding an acyl

ithereMikle17:03830: 4 oo

is naturall cu—exsrcsscd with the fatty acyl-ACP thioesterase. In some cases, the microbes

_@30 2ip! X, @\g_g $02|38f t)@Mdmaﬂmnylasc that

talyzeg the copyersi oiézldc le to an alkane. .
3e1eCIEC.frNT1GrOND e o
ety e fpadea S
contaims J))cem and af lea: mth Tixd Qo n C  the at Jeast

.s I Cros: 1:6. D ﬁl £ The glycerol and all of the at
tranSpOhEE16:3:

least one other fixed carbon source are prov) ht My at the beginning of
13(383ti-artmictolangse ora™
fed to the microbes at a predetermined rate over the course of Termentation. In one

petracclicube ckoadmegt:

fixed carbon source for a first period of time, the at least one other fixed carbon source is

3te:3%113 Hr-senic-chte o=

(pelied Tt 138113 trtny. .o
2140181 1P @ - Wi o T4 Tl MO
(toaeter yordANIAL 18316,

P81t (e s Chtetia
otoevr-mdsy-it-ltaint eater;

tbets [tenth, xpecied
mitroclrtuc uentnbed linden.



Mﬂ:zﬂ:aw.pue.ﬁum&@tqa :th amella .
EGG8l. fivenrtton is droned t6™

empbolol-leopentery: s -
that is inducible in response to a first stimAlus, and the method=urther comprises providing
sonopetnent terppiz. mu-

preSence of the first stifhulus. In some cases, the method further comprises extracting the

composes opeotbnp-totxthre
ComiprsHg ettt Endpals.
AUy =G e O G, o
Ig';gdrotegaatstu /p one

n some casgs, 1 culture medium contains glycerol. In one embodiment, the

embediment-fo-~troupe-fent:

medium contains glycerol and at least one other fixed carbon source. In one embodiment, the

p@-@at»tnp@q 28 R«@ mrpca*n] FPR ol and all o the at

carbon source are provideli to the microbes at the beginning of

Ieast one pther fix

SINRoUENETE; Ale OUSMEGw e
to the micgobes at a predetermined rate over the course of fermgntation. Jn one

Eafetop iotoppsez.etlent éno

fipeq carb for.a first perigdy of timpe, the at lepst one other fixed carbon source is

PERP O HEGISTAT SOTHG - oo
1@ gt the I»ﬂ«ée oﬁclaéft one quﬁxcd carbon source.

gaaw xgo?e; aspect, the present invention s directed to a microalgae cell containing

depolymoroed-Pelutes] mowems

consxshnr of a lipase, a sucrose transporter, a sucrose invertase, a fructdkinase, or a

melonsedR-Renta-pate:mm.

Chlorella emersonii, Chiorel sorﬁmna, Chlorella ellipsoidea, Chiorella sp., o Chlorella
teen...re mtptbF A CO-HHNPHOPO M-
| 0) e ind r/‘A% omoter. In some
;. 0ne SUemSe, dglAToN:.

euzymP Inen, ombee mem,
them... potpie.. a spores,



the.gnnp.co.ung, AEALL .y
BEVALEINEekE igdPya?olh0..
RTO‘"SI"I?“°WT&U%“@“Pﬁbed ment

[0041]  In some cases, the gene encodes that has at Teast 70% amino acid identity

thepaeukwe mﬁmm <lpaseis sovomm435. o

to a Chlorella virus.

BUrthe mCVG. . miCa.. 088
SuugsE. 41112 0Te e lig: m
spmg e emcgmeﬁm;s‘:a: g
geneticecly engtheered =0
t sew'ggess di}-ethgemus gene

induce the moter.

oth,0arA. .alleast-cue- Lok bhorns:
o Wali11-VaYa s Walgha¥iasl- Y
(0170 [ £ To=Tg a o o MO
TIr Tl IO TR 1T dle . ause

14 tation: eRZFYIm #1e- SO @

lipid molecule in a miczobe. In one embodiment, the method comprises (e) culturing a lipid-

Gases; the-GuM-medrum o

spable of infecting and lysing the microbe when in direct contact with the

PRI OS2 0L 626 TR AE N i e
(L14i51Tanolbe, oNpea™ ™
ibcpmtat In?tabon
duatecoLultunng
incroalgaccompnsmg placmg




Wa .ISAt;.chltlhe present invention is directed to a microalgae cell containing
an exogenpysgene, whergis the exogenous gene encodes a cofactor for a lipid qaﬁw«ay
thotlE L piE, Lhcpm.eram?en
I atlh - di \ n%ir h {uring a lipid-
won thrected to-a metho|

producing microbe. In one embodiment, the method comprises culturing the microbe in the

efeultinng- itptd- Pindeaatag-in

increase microbial lipid yidtd over mhicrobial lipid yield in the absence of saidwhe or more

man-Hi41-0mb-4nmpnansg ;-

pathway cnzymes. In one embadiment, the one or more cofactofs is biotin. In some cases,

culnumglhenurobe Gt-Eflg: -

genetically engincered o produge the one or more cofactors.

preseac.otwanl.acid.ld.Thn.

apaanca M ixe A
SOUrCE N SO TS
themnook taJirrxec-fa-0g-

comprises a sucrose nvertase.

RACSALCE Of e HRAIGR wssine of
amoiintal af.] . acalcon ame
E=1 (1 paTaP=WaaTF=1 10101 F-1 M E=T T WIS
In&AitaeE HariapErHparvical
thaghianat g 444434,
Wwheica-au Au;-condmens-are
GERGMABCARN-SaMIGw o s
hennaennaifhaf@nmwm”f
C13111,17-S aané&s;j
11,14/44c-naa.41.ner non Ls




ML CoBEGRNA it sracscocs, e
\V{ihallentaIors. .. ga
512801L17COS0S, 'Z“l:lf"“ ‘Z'if_"é
VELTEL AN e af lesur gig
&gt e adrbonsate
flied: Merrionndorgeeisro:; ?‘i’" Q
prxiaterenundoyvor bt w
5@7@7"7‘@1* the fe:eniatton In
c‘iﬁdeh*ehélfédﬁﬁféi‘iﬁﬁﬁ’ém;i:f;x,,
method.givahnepnorodailto.
(e orosence Melo al leel one

0051] In another 0 a method of culturing

@tlﬂpermpfixe@ vesartrheﬁ"f (’!‘I"&ﬂﬂled

depolymerized cellulosic material. In some cases, the microalga are cultured in the presence

FOFIFORHAG@ F HFECOTh-FIXE ke oo

glucose, arabin rabinose, mannose, geetate, and any

eaithem-seams-e-provided.al

presence of at least or

ére.ead ef (boffin.penedrof

gneraganen . altited 101l
SCComMrpmerd-of-tona;’ Cﬁen
Ereemen-of-die-ac-leather- -
fixed carbon amnia ei one

embodiment thorndna. erne




nenge.n.otatlded.to.the. . «
ﬁj,féliﬁ 6‘?‘@ ﬁ ulmﬁ caSseﬁi mi mﬁlgac is another species of microalgae as
38nitthemeneongantgmyom«

cxogenous gene encoding at least one lipid

telnetna-sam Pataennaann

utilization enzyme In some cases, the at least one lipid modification

Stetie.:Pratarnalreatanneeett

rol-3 phosphate acyltransferase. In

e-tRadietantlantin@um.s e oo

P thioesterase, a fatty acyl-CoA reductasg, a fatty aldehyde redugtase, a fatty
Daatathaea, nthinoR,the ..
HHmEnE e st
producing microbe, the method comprising culturing the Ticrobe inf the presence of acefic

i néhbsefbe ¢ aif P m ltured in the
prri.t]in-anotterashated:
ih d pn e,ﬂxt Te s are otherwise the same
gc{wgll\ two cﬁgﬁet’tjl ‘ﬁt ﬂ

tineated..34d- EalruOrOM A o
SHOGEnaUs. atiii., nataatton...
gRac LI L T ITI X IMMIL the
ofciqiesUlniietplojiciifnle)n[cHtA.
enantitrientthe goryer =
rentalet-huanthednNetaan:in
neé. Athnenmen,the Anne. .
affeddes a et Lige ™
bison...tat the mictoragetusm
ts a species selectea from




I[DQ(@Z Jnccia@sm&m&upcmd to a method of biodiesel
manufacturing, fn one embogiment, the method comprises (a) culturing a lipid-producing
XA theplateninivention. s
t jal pultyre, (c) subjecting the lipid to transgsterification to produce fatty acid
élﬁ;}‘dtfﬂx,r )n:uba ymrle d microbial culture. In some
r: anc:tjoxl"r jal cull argul ech ms
mﬁmﬁ ht "lﬁse nﬂmml e fﬁ; I.gmisms
[IW Egihmmf rach[ugriséri, Ctjg pﬁ:‘hecoidcs,
Fasteococcus medioniclealts, Protoreda nibi als,Chlolel hiti8ta, Chiorella sp.,
\GN,hA (g g rqgth orp-rr ||I lfurg comprises another
species 0 micgrgmism as described b i:af G eU!
GONfRINAG K taNGe: to-th@mmx
compriging culturing a microorganism in the presence of glycerql and at least one other fixed
ahbtotte.qvgrogocm: inrLRg
rovidgd to the micrporganig sifauljaneausly at g ppades i atjp. In some cases, all of
P11 TaYo 8 00 0 1 0 T 21 0 e
i g N 501 1] \ thawat Jgast,
TOOUNGO00RERT0NLNINN040
, igent of the method, glycerol is provided to the
Qﬁgmmﬂggﬂ ne other fixed carbon source for a first period of
o) fi e i \ iod of
QOROIO IO TON00 0000, .. .
rﬁou\e ixed mmqnmtdmtm gscr fixed carbon
source i Ted o The hicroorganismat ni & d period of time.
f exla] her’ A:aa urce is provided to the
ernre 910 e

microorganist at the ehd of I ‘period of ime. I oné embodiment of the method, the at

themd wﬁﬁmg@rwrimﬁwm‘tr‘mﬂt

‘glycerol for a first period of timexgycerol is provided at the end of the first period of time,

uun-fe-a-Ancroatgag, - -
art mew:yeartyfun gt
1,4"Gad[riUM Unics,othemige
weal.; In..mc =
cmrbT001.00040palL 0001300



AMLX.Qchromu. ASPAGQLILS. ..
Zerrenyer “‘"ITWVéﬁ“[‘Uem a

59]  In another aspect, the present invents fermentor comprising a

npneenﬂwem @AY st o e v

ing of xylose, glucose, and sucrose. In one embodiment, the glycerol is a byproduct of

Tleneenew *H@Pe@#@@s@fseﬁfwm e

group consisting of 7 kesgleri, Chlorella

gf@'n@l& ﬂlﬂ?@mmn/ @ a@ilorella sp., and Chiorella

1 species as described her

speetes of The genus. .
@Taﬁifm oo EEn.Jernite

dry-fentranGfirvarepevaror:.
,ng nie e Rinmedpus-and-a-
m@ﬁent@' fthe- yams Pe
MenneTooeslin.iee. . oens ™
CALIVERAGH, -IRneBtd ad. Ea.
EHE e, e, i narire
Infetoneenericenus wen( |
neldnalen. GO 34 o
m‘gﬁ§°§f§ﬂ;ﬁ°H@TJ@§‘I[§H“‘”ZTR§
éngaden. 17113 Lﬂii‘;"mf -4
UTaRe U enase a
henolenase n &modules, en

a Inctokmane [00701 ILL




ASANDAILLD.Aben.uhared.th
tl,"ijé‘iw'ﬁﬁ@ﬁ@é“"ﬁ‘l“"\“i’ﬁ?"fﬂ"ltg‘”“‘“’“
PGB Atrgls T 0Lty e

a population of microorg nd a culture medium comprising (i) molasses and (if) a

nddihenal gluLom 100791

\V(ETqo Mol (o oT§ST (=1 F=NIAY =W aT0To MM
qt)‘ﬁt%ttz m If Whom

066] In the u res described above, the microorganisms contai

@f@wlupl@ m@ogs +?ol D@selcl st
Efé‘i@yfé;%e&’ﬁey f292r@@re
and Pl ycm iAcggym”
grode. glycrocl-1:0080/Frcure
onon,mmgg}dmasma @@xwm"fmm,
AtGHCILYOIght oL Mo . e
§ﬁ@@@“ﬁ‘:ﬁéﬂ%ﬁfﬁi§?‘“t,SC‘lﬂ“““fll“‘a?
Wherr &It TGOy ghrge c
gropSe ity Co Withoo
reggeorgrade; QJ,ZVC”W :I:”Z‘;Z’:,,a
whoicra-&erd: e o

noctun ‘Chlorella photophila, Chlorella pringsheimii, Chlorella

nddlxl,,QUcmtmII ronrlgnatlon
votg gogyrc [oggi] hyrog




dy@iwitjga&ahglwg@bmwh@
iG Qmﬁmﬁﬁ&f’ vided . yiichia IIv
(o1 [ W IE=Tar o =0 Iﬁ’ﬁibi’rijfbmf"i e ol
dlﬁﬁﬁ;&ﬂifﬁtﬁﬂﬁ&lﬁﬁﬂtséi“iﬂ;ﬁ’:'
SHOWS. &t SyHergismar ot af, Z”?”“"
Faaccie]alelintetig)imio o] (o oo ligeln i
gowth-of Chlor™Mig-¢iom uy:d'
ieylme or-giuyae: aiﬂm;ef;; ez
1601601

[=itsTs10{010TAInTaTa[0 [0 0TaTetel e Wi aTa TTel 8
f@lOf)DEﬁfopkldesgllbombo ] ie]y10]

(0070] ed above, the microorganism can contain

10000-00idot-brculgenge

enzyme is selected from the group consisting of a stearoyl-, gly mlpd
100913 "el"_"‘**g@? rehi-03081066-

G000TTTI00&6..0f . eommn e sren

Qmmmzmmmg;mm "
@Qﬂl 3 aldehyde reductase, a fatty acyl-CoA reductase, a fatty

ldehyde decarbonylase, and/or an acyl carrier protein.

rll; 1¥g0th0i08.Heel-f:0thge..
and ‘Ouenalla py-enrndma ™™
100931,9,0ms (a) cagut

000*StY000i1, (h)non



10101 Lekigurer.cheoves
Q‘I’éﬁmmmﬁmm@aﬂh?ﬁaﬁ
pe,olnnnunien
007; Figure 2 shows dry cell weight ger liter gf multiple species and strains of Chlorella
nlnarannfonlrd withain..
¢hconimy awaneditineriase..,
front S | erCLIII114 /01021

161  Figure 4 shows lipid copcentration of cultuges of multiple species and strains of

igunenn.Ann.gknoimneng
addgional, se.
Qf (Elow& nt nurannu( AHa.,..
qmsecmlﬂﬂ:z :::c];.yc: :; V::.:: cl‘ypcs of glycerol with additional glucose,
[2121] T TaYNTo¥qtfaTdos THI Fol o} AN s WE-TaTa W
Chlorella whenscultured in the preg of vgEqus types of glycerol witl diignal glucose.
channug AMVC SE
HOT-0tSutl; 191102100969
apes.cluommogaph.genein.d.
B.analyAs.ola N .exalcs.™
(innetp-Apo-podocedbo----
ancoendinne:-h-990-annhed,
(o) 1 (=W o T=Io o T=To P21l o) W - 0 WM
feenhbed 1D EXditple 27
[01u41lnn tft.grntenn boding

pthradisbnbutton ON nut




p thoecilerame-meals. ma,cm
this OFE andtng .
LE DeStHaSC ey i

When cultured in the presence of erol and in the pre

Emmoempeamod naccurolb. |
aLISSIEbEmccgamomm ™
[iith 191111 then4 dotivml,,

10086]  Figure 12(b) shows dry cell weight p

1‘11 ;b‘eeaﬁgqefgthm g BIPAG combinstion of biodiesel

byproduct glycerol and glucos

939111940. unmwm;smmm -
B W10l 1)
mpmummmﬁmmegmlqt Y

ulosa when cultured in the presence of

eeyeatmee-cm-beecause-they

n with glucose.

ate.expesngd.in.Lmpoxmen....
tetH, e e, [ona] Mmc

[0090]  Fij gure 16 shows containing
aeviee IAn|e1eam Im am] CoV
'S & MEMEIMI Hidipnmng
10092]  Figure 18 shows codon usage of D. salina and Chlorella pyrehoidosa

MG Ao UM et 0 st s e
mﬁamm&tﬁﬁa f‘ﬁ’éi" T&lf}\ were used in
coonfyme - A MmMuUEee g -
atm.! csrochkemc film distal
climml




thatds taguteud LJs.au.mph!. lo
cony"UMHR urtofhakr=Rh, *
j“.‘d]i 1‘?&:‘” OLIS p cﬂ‘i’l}é@lh;&s (des:g;::e‘:ﬁslugsz

ﬁmw he presence or absen ce of s crose invert

Scallopromalniry DNA : | -
[hegmmwrhwfw Yteptesal pﬂm
ohpaRNA.uouall-bloated b3
ieversotrartSPN.Phao ™"
thresNanaN- RNAP RN A<

the dark cont: N EXOZENouUs SUCrose:

ifinattfi: hamtoshpapkyputouham
thitn. ze@wogetfogowff"?enl;gl18;]
TherRinehratm-flati™ Rod -
\aukitn,herOR L0ret-10.the’

described in Ex; rlpe27 I

migationol. tosterum.or ........
Wﬂ utit-tuicreaset-outt size;

tollplartuntetiatt pand-Gx

cal‘liﬂ't'm‘fco 3t|v)and

ﬁfi’ irapatton. Ontatutuatiil...
ﬁf’fi‘fﬁ"h@]“}i"?lﬂl JOLI0T0L.

Of al 10,1[01'1:1h I, lute of

totandad Suit The



10122.1..EXx0genoushrim «Liw,
I:éﬂv ﬁ'é et s[ﬁB R. Rieger ezal. Sedé] 6“ el Ve;:: i‘] 9‘::)110:::71!:15:&
provelttr ‘f&S“"“I’W co"ﬁ’é”r"“é“" ‘mond

[0106] As used with reference to a nucle 1ive in microalgac” rofers to & nucleic

*arcel ouleﬂrneei jfmz Ae-tsed

antibiotic resistance gene to impart antibiotic ce o a transgenic microalgae is

hf&g«rnmazfviaiﬁy -Boo:-etd-kp-
G8L0D2200.13.0b enzyme. ..
liQZ%L‘l 2ty zestu 000000000,
Oroo ot 0Q0 206020007
fl“ ©oop000do fARRT ol
d@ﬂr"Nsmon O 000200. FIX
RB.USed 0w, b am.non:.ftA:
dIeltitie’0oth 00300,02.B9....
enzyme 01. catalyze, rho
SWooh of fé hioel-CA™ ™™
molecuteonprom;
@“ﬂ:‘@@@“f@‘ﬂ.‘Eﬁﬂ?“ OO
Iftio]a.a. TAtly ior CoA™ ™
induct/no Is an onzftno that
raftlyzor 1Ift red anon or no

lon, IftrA MOICLUIC.213




1

10134 1. Hythophotac. m..

acromolegular complex, gapable of facilitating or pr ting a chemical geaction of a
fiastalsAiask.. o, the . cotton...

g of o1 ﬁﬂshﬁjm ct pn another regct. formgthe product. A
ar.frac Al Batasar vt ..
P i of ﬁ)[ r n)'r re. reggtion equilibrium may be more
ﬁmnpg c! U ‘ée esri uar. are biological catalysts, heat,
rﬁu mﬁﬁﬁﬁt "Uﬁlatgémd in fossil oil refining processes.
[0114]  “Cellulosic material” means the products ofdifge's(ion of cellylose, including
@en:pansouacianats phase
oligosagcharides, Jignin, furfuyrals and other compounds. Nonlimiting examples of sources of
ay-hadrepholne-Santana:
sawdugt and sfi(chgmss
substanttadamsalublG.... ...

EancPscI30TA nen=yelar::

‘may m.n@gmmgc a5 microalgad, or may eagmxga celreul witha

i e@%ﬁ he o 5@$W@sm wih g yspagahon
:Lg]wo ormure;l]lyp% o those that Tacilitate growth an gpgi?mz!ir f one, or a
Orreannnase-hunt-ave teeakal
[0116] ter “ﬁcl x is used herein to rg]br 1 olecule, other than the substrate,
.40 3casi 1.01¢

Pueductnna-ake run=014qel-

mRNA, usually obtained by reverse transcription of messenger RNA (mRNA) o

Iﬂﬂﬁim(r.siﬂlyl(whain reaction (“PCR™).

SRl ERNESCAREG . <o mir s
ASYHI3A 1L, A00T0LT0315¢ha
TCaliase. uscsEantighe .
percontsgeefus e imar
censtnuachpid.conscrcasmg
thc causs4 amouctatlind gel




101451-As-10E510570. dif-
M 1.07 710 nferne dintiran

ed herein, the term: cylolys ref slo na fypotonic

ehe-celtatar muningne-und::,

inside of a cell (hyperhydration). The cell cannot twit

01#70nefly In cell 7,0111 a
dxfmmgm ﬂﬁﬁﬁ [efeinlolo a1
WA Mo NTo o1¥1a Vo1 We=lT=Fo1TVAF- | M
[EEE (R 31121"6‘1“ o

d transformed into a cell. A transformed

@7@1f1°09@@320@&hmew o sneomay

be introduced. The exogenous gene may be from a different speciestand so heterologous), or

@uk&mﬁouﬁn F QO Lifds@ Fostomes. e cme

OFAGAAUA LNE-ANNGRAQ o meor
chlorophist and epOnnsii7™"
0p00-is capabie orperforirtay

PROLGMYAAG RS O G ot oty e
cleavay g fa fatty a cd org an len CP)during]ip:dsynthrsis

RESIOGNOTL, OBIAl .. o
rﬂ‘afn““?{tcm““}’b@'%@S?thrEnnl

[0125], As sedhemn "fatty acyl-CoA reductas: enzyme that catalyzes the

nphon ﬁ@@t@

ne1003 mgzu e e
Ennludeabllgnte
Phaoul10410ph00100h
551001 nnetabob75 a lined



and.olthossathandas..101531
VIO, Cémte ALl —
BT OTTYA Yyt
‘"‘r’i[Sﬁ“HDDﬁCiXiE)DO"Cﬁ@U”T@“” 't
frm ‘arrows mfam-@@ -
olamderals. SUCh RGOS . o
Mepids .and cells: "isjmfé“:"’r‘jim "
s o]/ 1\ YMasP-We=Tat(=ToWa oW ﬂﬁﬁig”f o
107 1 K00 Y/
mmmmammmm:ﬁmgr‘;AW
RN T mestﬁg
amx;w i I@‘n’f ACH
CO1I1T-0150tKEICESO -

Backbore. Aocordngy lhe térm includbs linear, branched, cyclic, or partially cyclic alkanes,

it dmrmsrammet-a-006-00

triolein, and squalene.

midmed.herem RoIEM . .
(e STty -altie
an i pelymiermmetitrripy -

ns or

Prometcr, TATrent A
prrmoimmdrooptrenrifimmOrd




1.@ 1BZ] ASBM: esto e i vtogn s o casn
e, LI I0TOLL “;"’;T““i“xil".f Py
“68“5‘“’C616pb|1Sfd|ppL|VlblI

10134] “Hydrophobio frax "2 material that

lg|ibbmeniak-sueh T Rua-dy-

tially insoluble in water and usually non-polar.

use&.maod.wade enel.nY...
RS 1000 >4 oTo Wo o ) g o
aaﬁ‘ﬁmdarll iter ofmrez me per unit time.

101361 An “inducible promoter” s o ates transcription of an operably linked

na&u#eaalb@&&aklchydc or

Vi NIEIGC RIER Farak ”“‘&i‘:ls
naaTPas-stiigturgr "«
gharPP«Lelﬂiﬂirnas l@él:@gsﬂsnASmm

ure may man a first microalgae secreting a catalyst and a second microorganism

used-insran: d@aceuryef@rs»ta
ﬁﬁﬁdﬂ@&& and.Jeaven of a
Pop a9t bas o,
bafrraf 01501 sucrose undyed:

numbcf £ cells pmduced Toring 2 give period s low

Pupae-p-a&gm-addi-Phe---
e&(MeS&@ed mds the and, ors
cell to dadal suurade as nu

nun PItt 050 nano PT.-PAT, a

SUcrose InzanaT gaPa



IJA‘J' aM&e in, hgugh ,solmmm&uzglnalys is of
Casrtar-r3red=rorig MY,
dand+e Fan-adds:»-9riwhor!

metabolism, i.¢., either lipid synt

ohm9: g@ﬂ’ﬂutﬁﬂ}é'ﬂ“’ﬂ’.8111990
[0\7ATe[=ETiv{o{e W aTolg1* o (s ) RS—-
CE /M MJALM“I@%TK[S{E@
sotne postave LTI,

geore TIor o RamMOIEHKI T a
database-sequento TOY

Friacylglyc

rﬁsfrgnd t@lena&teg:g to a solution containing the contents of

lysed cells,

diighloolacrod. 9000, SOU ...
Wesh@‘l‘db(Albrﬂtﬁm oo

intracellular content, often by t compromise its

hew lothal 0899)borhood
\&ar)ﬁ [ lla' gi‘é?d mia:sﬁf’s msdéfélgaeéelfgm?m:z;
Jttoerdgroarrhe 100) longer,..

[0146]  “Microalg: s a cukarytotic

Hirg eentrume:them-Fhe: @itl

arganism capable of performing photosyrthesis. Microalgae include obligai

thig-are  T-hr: ]b@nwaé +1-00t ))ﬂ
erotrophs, yhich can live solely off of a fixed carbon sour Mcmalgaec fer to

dwerborr.-along @ah = we -

sermon,. for as-far 8)8.9

Call]. 9 Agomenc scow con




fame.. aup,plad‘auems aemeyxamge
(1aF=10) 10 W} a =) OV
Hvﬂﬁmmtﬁﬁmmmﬁfiaﬁéfém;m;f
prrtumt-TIE proe(T oppitiallso

[0147)  The terms

desenhraetlit/dol

(WIVTTR= 11aTo F=11=100F- 1[0 o) - A

$3:LantaSed-praduct.athorid..
mereasermidyical, 614}6

1 J’&A@M“ébéi;éﬁ@h’ti%}%l

preduclian.of ifc.ani.p0.S. lM

QIS "%mm;smﬂmp
Tt fpatthafer o
embadali ala@aqa@l wald Q&Aep
Saltlan.gehetleana81.o™
of3. nuoalgar vatr ofe: m;‘t
ewi ts-461246 for- i,
exam&l C. auuaralpe that
4416111.1136]1lt els et
tuaclglycenda kC,),unaDle tot

theamel can be enguleued to




GRORO. LR Lo s g veirsr
S OEGHAL OOt ot
dtOpt: W“X"“@H‘{T Pmarvabi~

transcription M a nucleic acid. As uséd herein, a promoter inclu des necessary nuclki
{.\E] near the start site of transcription, such as, in the case of a polymerase I1 type
romoter, a TATA element. A promoter also optionally includes distal enhancer or repressor

taxstenshahehacheeoaceh
from.c.0)eocarchiv.hoard, loch
tcmm [ proriote. AW orem,
eexp: ol ﬁlﬂéﬂw,tstfe’ﬂﬁtﬁr‘; o
@"Z@Ji; eC A ILT2L. Tol mi@‘@“

000-ihnocct Ua’e;ez,\;ﬁﬂ” e
dam:ttha-ed ON-aS%*S mﬁes"**

form, or an expression vector formed in vitro by ligating DNA holecules that ai
ff@FW@F@VﬁH “@'@0@8‘8&‘1’&1@’ s
understood thal once ccombmam d is made and reintroduced host cell or

QOO L0x ONapKoh-hcanaa-:
Pachaas “‘”éi&“ﬁﬁa&ém@@bléﬁ%
ahoc.caalpla.fally-malACP”
Qhoegerase taco We .@ff@lm
f@r aoed dha mkE'dT«+gh hydrogenation and deoxygenation of
lech Lh3aciaalgtrana B to 74
celebon alone pretembly from

eo | el taebon atom; and



myvalbou.cell.be{Quad-m.nth.
LA EHRANITAS 27, 10/ Ak,

[0158] "“Species

aahttahaanattaea Anat.. a

015 uspd herein, “stqver” refers to the dried stalks,and leaves of a crop remaining
GilThtcroths plnraila.
aghjattarme mamaAmphora’

rose as an energy source. Proteins encoded by a sucrose util
dah s nsucmseh', /@(‘ Ih d , sucrose
ganaa: - Hrarxmpnoraar
Aaabaena.Anaratradesmass
sge, faeces, urine pod other liguid or spmi-liguid wx*m 1 cfr-d me forms of
BRaranend,. (aka*4616"
6:664/6641+- Boaatmailag:
typically one scquence acts as Areference sequence, 10 wh.mﬁgugﬁm compared.

B@.ﬁav@@a@alu@, At &’Vaﬂ sequences are input into

computer, subsequence coordinates are designated, if necessary, and sequence algorithm

810;<l,S-wuitleekies; THE- -
e NS minor

Bl st Chs aZetinnyesa ..
Carriita, Ctmdhras gretitil. o
Gaelmasfacheti
mustle6nb80t-Omewe; as a
WIMALEHLEash - adarellee. .
Anfdra. T ChlargilE annoviade
hinrFila canthde Ida. Oa
capsular, Chiorelle,




hkhalla,(ian.varareas.Ghla
=W 1Te 1 s TISEVET A Y EV- P T
AAHS, O ethaLIN At ST,
ya=181o b (MY M O] 1[oF 1] =11 aiititens
Eananhides, - Ono. & digdira
Cator-pcacturailaniiawm:...

yheyive ot [ty of q )1 i d 9 1
Gita:- ocamia sy ealmaganmars
the cumulative score goes to zero or belowklue to The accumulation Ne OF more negative-
{J@?Gzﬁeﬁe nie,.6[1h¥equence is reached. For identifying whether

nucleic acid or polypeptide is within thé scope of the invention, the default parameters of

C%ryt@@gﬁggﬁﬁ/%?i@ﬂ:GﬁfBjO "

defaults a word length (W) of (E) of 10, M=5, N=-4; and a comp¥risos

(0r-Cathilneartaitheraahe: s -

of 3, an expectation (E) of 10, and the BLOSUMG2 scoring matrix. The T}

rgefa Ia&haaaanuama.cqllgaps 4% defaults a word length (W)
of 3, an cxpectation (E) of 10, and a BLOSUM 62 scoring matrix. (see Henikoff & Henikoff,
CALA 4846 18,7 a

) ifioaq calluldting pesegry sequTY denfit. the BL, rithim also
RangieurtdarDalal td.

ul, Pr Wi s 547] 3)) i
heanvil haralalia Heaoton.,

G hi g tide or amino acid
IThhabaltararveadot:

Sequences would occur by ¢ s considered similar to a

Henahalla-marthaze "
banabellamaga
llunahahapaca
Dunalada_aranalthmilielhapa

rnailatil amilaaaardato



PQENERAL
Lakimmoft31$itriamigant

used To produce oils, fuels, an¥ ofher hydrocarbon or lipid compositions ally and in

m:ems)nmeopramily -orit:art

cosmetic industries, dmong other include

p@)pegekemal s P?.-:ugae for use in the invention i the
lucing ifi

lipid-pro icroalgae Chlorella. Trafeestlifiaation of lipids yields long-chain fatty

poplip:iPpPplpelp(lipfthP -

Yield faity acids, aldghydes, alcohols, alkanes, and alkenes. Mhe present apﬁzlion describes
PP

raampleximme 01841
gfhlo,e”a anddmlar microbgs to provide organisms havipg cthclenslics that

including
molmmdmohochnmi.Milesma. n
some grolications, renewable diese], jet fuel, or otheg hydrogagbon compounds are produced.
[1a10Toa WRY7ua n 118 VoTn o I =11 = A
roductivity and increased lipid yield, and/or for more costgeffgetive production of the
mermmaimu useJ fop

L& pg pppge nyegfm.-ing

meorppP&Ppyoppp M

strains of microalgae wi or more exogent ¢, microalga® that

Plop rams-GPPppifrm e

express a lipase, which can facilitate transesterif 1 of mickoalgal TAGs. The lipase can

pﬁ@kcﬁt*;‘nl y.;; a 'M‘@’F’@H (@t the cells can firt be grown 108

desirable density i a ferentor and then harvested, followed by induction of the promoter to

@{ear@mzr@mdx;%f@@i bl bl @poncsion o

'AGs to fatty agid esters.

mmuiL..prs2..Bp.Cheartha E....
';!'aﬁ erefﬁmmnfmthe transesterification reaction, it can be

nélicial to TySe thecel ¢ accessibility of the lipase to the lipid. Cell

gimprrsmonoftramyate Co.C,
hot-rer & cah-fac fournd; the:
lrenna Om fmexammle
(-wren./ Mmrobmium Mol

(10975 pr 3,6 262,




[0169]  Also disclosed herein is the genetic engineering of microalgae that produce high
Levels of TAGS to express a gene that lyses microalgae cells, such as for example, a gene
from a Iytic virus. This gene can be expressed using an inducible promoter, so that the cells
can first be grown to a desirable density in a fermentor and then harvested, followed by
induction of the promoter to express the gene to lyse the cells. A gene encodinga

polysaccharide-degrading enzyme, for example, can be expressed to lyse the cells.

[0170]  Optionally, the lipase can be expressed in an intracellular compartment, where it
remains separate from the majority of the microalgal lipid until transesterification. Generally,
itis preferable to carry out transesterification after water has been substantially removed from
the preparation and/or an excess of alcohol has been added. Lipases can use water, as well as
alcohol, as a substrate in transesterification. With water, the lipid is conjugated to a hydroxyl
moiety to produce a polar fatty acid, rather than an ester. With an alcohol, such as methanol,
the lipid s conjugated to a methyl group, producing a non-polar fatty acid ester, which is
typically preferable for a transportation fuel. To limit exposure of the lipase to microalgal
lipid until conditions are suitable for transesterification to produce fatty acid esters, the lipase

can be expressed, for example. in the chloroplast, mitochondria, or other cellular organelle.

This d results in on of the lipase from the majority of
the cellular lipid until after the cells have been disrupted.

[0171]  In other particular embodiments, the present application describes genetically

engineering strains of microalgae, oleaginous yeast, bacteria, or fungi with one or more

exogenous genes to produce various For example, mi that
would naturally, or through genetic modification, produce high levels of lipids can be
engineered (or further engineered) to express an exogenous fatty acyl-ACP thioesterase,
which can facilitate the cleavage of fatty acids from the acyl carrier protein (ACP) during
lipid synthesis. These fatty acids can be recovered or, through further enzymatic processing
within the cell, yield other hydrocarbon compounds. Optionally, the fatty acyl-ACP
thioesterase can be expressed from a gene operably linked to an inducible promoter, and/or
can be expressed in an intracellular compartment.

{0172] The fatty acyl-ACP thioesterase can be chosen based on its specificity for a growing
(during fatty acid synthesis) fatty acid having a particular carbon chain length. For example,
the fatty acyl-ACP thioesterase can have a specificity for a carbon chain length ranging from
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of lipids into biodiesel, % transesterification process is used as desrided in Section 1Y herein

l5]51yL)QL.odB 5m(hQ 05696;m invention are useful in a variclyv

of industrial applications. For example, the production of linear alkylbenzene sulfonate

(LAS), an anionic surfactant used in nearly all types of detergents and cleaning preparations,
utilizes hydrocarbons generally comprising a chain of 10-14 carbon atoms. See, for example,
US Patent Nos.: 6,946,430; 5,506,201; 6,692,730; 6,268,517; 6,020,509; 6,140,302;
5,080,848; and 5,567,359, Surfactants, such as LAS, can be used in the manfacture of
personal care compositions and detergents, such as those described in US Patent Nos.:
5,942,479; 6,086,903; 5,833,999; 6,468,955; and 6,407,044

VIIL.  METHODS OF PRODUCING FUELS SUITABLE FOR USE IN DIESEL
VEHICLES AND JET ENGINES

[0316]  Increasing interest is directed to the use of hydrocarbon components of biological
origin in fuels, such as biodiesel, renewable diesel, and jet fuel, since renewable biological
starting materials that may replace starting materials derived from fossil fuels are available,
and the use thereof is desirable. There is an urgent need for methods for producing
hydrocarbon components from biological materials. The present invention fulfills this need
by providing methods for production of biodiesel, renewable diesel, and jet fuel using the
lipids generated by the methods described herein as a biological material to produce
biodiesel, renewable diesel, and jet fuel.

[0317) Traditional diesel fuels are petroleum distillates rich in paraffinic hydrocarbons.
‘They have boiling ranges as broad as 370° to 780°F, which are suitable for combustion in a
compression ignition engine, such as a diesel engine vehicle. The American Society of
Testing and Materials (ASTM) establishes the grade of diesel according to the boiling range,
along with allowable ranges of other fuel properties, such as cetane number, cloud point,
flash point, viscosity, aniline point, sulfur content, water content, ash content, copper strip

corrosion, and carbon residue. Technically, any hydrocarbon distillate material derived from
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[0319] Biodiesel is a liquid which varies in color - between golden and dark brown -

depending on the production feedstock. It is practically immiscible with water, has a high
boiling point and low vapor pressure. Biodiesel refers to a diesel-equivalent processed fuel
for use in diesel-engine vehicles. Biodiesel is biodegradable and non-toxic. An additional

‘benefit of biodiesel over conventional diesel fuel is lower engine wear.

[0320] Typically, biodiesel comprises C14-C18 alkyl esters. Various processes convert
‘biomass or a lipid produced and isolated as described herein to diesel fuels. A preferred
method to produce biodiesel is by transesterification of a lipid as described herein. A

preferred alkyl ester for use as biodiesel is a methyl ester or ethyl ester.

[0321]  Biodiesel produced by a method described herein can be used alone or blended with

conventional diesel fuel at any ion in most modern diesel-engine vehicles. When
blended with conventional diesel fuel (petroleum diesel), biodiesel may be present from
about 0.1% to about 99.9%. Much of the world uses a system known as the "B" factor to
state the amount of biodicsel in any fuel mix. For example, fuel containing 20% biodiesel is
Iabeled B20. Pure biodiesel is referred to as B100.

[0322]  Biodiesel can also be used as a heating fuel in domestic and commercial boilers.
Existing oil boilers may contain rubber parts and may require conversion to run on biodiesel.
The conversion process is usually relatively simple, involving the exchange of rubber parts
for synthetic parts due to biodiesel being a strong solvent, Due to its strong solvent power,

burning biodiesel will increase the efficiency of boilers.

[0323]  Biodiesel can be used as an additive in formulations of diesel to increase the
lubricity of pure Ultra-Low Sulfur Diesel (ULSD) fuel, which is advantageous because it has
virtually no sulfur content.
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[0326]  Methods for growth of a microorganism, lysing a microorganism to produce a
lysate, treating the lysate in a medium comprising an organic solvent to form a heterogeneous
mixture and separating the treated lysate into a lipid composition have been described above
and can also be used in the method of producing biodiesel.

[0327] Lipid compositions can be subjected to transesterification to yield long-chain fatty
acid esters useful as biodiesel. Preferred transesterification reactions are outlined below and

include base catalyzed ification and using inant lipases.

(0328] Inab lyzed process, the tri are reacted with
an alcohol, such as methanol or ethanol, in the presence of an alkaline catalyst, typically
potassium hydroxide. This reaction forms methyl or ethyl esters and glycerin (glycerol) as a
byproduct.

a). General Chemical Process
(0329]  Animal and plant oils are typically made of triglycerides which are esters of free
fatty acids with the trihydric alcohol, glycerol. In transesterification, the glycerol in a
triacylglyceride (TAG) is replaced with a short-chain alcohol such as methanol or ethanol. A
typical reaction scheme is as follows:

——0CRy
cat. base
—0CR, ~——————* RCO0Et + R,COOEt + RCOOEl + CiHg(OH),
3 EtOH
0—0cR, Ethyl esters of fatty acids Glycerol
Trglyceride
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[0330]  In this scheme, the alcohol is deprotonated with a base 4o make it a stronger
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ction will proceed cither ex y slowly or not at all. Heat, as well as

COGP-(i6)-cOL4

not consumed by the tratisesterificatidn reaction, thus they are not réactants but cat
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low temperatures and pressures and produges over 98% conyersion yield (provided the
ARV ng; RI{1TO)

Using Recombinant Lipases

b

[0331) Tmnscslcnﬁcauon has also been carried out experimentally using an enzyme, such
as a lipase instead of a base. Lipase-catalyzed transesterification can be carried out, for
example, at a temperature between the room temperature and 80° C, and a mole ratio of the

TAG to the lower alcohol of greater than 1:1, preferably about 3:1,

[0332]  Lipases suitable for use in transesterification include, but are not limited to, those
listed in Table 9. Other examples of lipases useful for transesterification are found in, e.g.
U.S. Patent Nos. 4,798,793; 4,940,845 5,156,963; 5,342,768; 5,776,741 and WO89/01032.

[0333] Table 9. Lipases suitable for use in transesterification.

Aspergillus niger lipase ABG73614, Candida antarctica lipase B (novozym-435)
CAA83122, Candida cylindracea lipase AAR24090, Candida lipolytica lipase (Lipase L;
Amano Pharmaceutical Co., Ltd.), Candida rugosa lipase (c.g., Lipase-OF; Meito Sangyo
Co., Ltd.), Mucor michei lipase (Lipozyme IM 20), Pseudomonas fluorescens lipase
AAA25882, Rhizopus japonicas lipase (Lilipase A-10FG) Q7MAU7 _1, Rhizomucor
michei lipase B34959, Rhizopus oryzae lipase (Lipase F) AAF32408, Serratia marcescens
lipase (SM Enzyme) ABI13521, Thermomyces lanuginosa lipase CABS8509, Lipase P
(Nagase ChemteX Corporation), and Lipase QLM (Meito Sangyo Co., Ltd., Nagoya,
Japan)

[0334] One challenge (o using a lipase for the production of fatty acid esters suitable for
biodiesel is that the price of lipase is much higher than the price of sodium hydroxide
(NaOH) used by the strong base process. This challenge has been addressed by using an

immobilized lipase, which can be recycled. However, the activity of the immabilized lipase
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c:; ng a (:2 recombinant lipase is expressed in the same

C; :li n which the lipase acts. Suitable recombinant lipases

include those listed above in Table 9 and/or having GenBank Accession numbers listed above

in Table 9, or a polypeptide that has at least 70% amino acid identity with one of the lipases
listed above in Table 9 and that exhibits lipase activity. In additional embodiments, the
enzymatic activity is present in a sequence that has at least about 75%, at least about 80%, at
least about 85%, at least about 90%, at least about 95%, or at least about 99% identity with
one of the above described sequences, all of which are hereby incorporated by reference as if
fully set forth. DNA encoding the lipase and selectable marker is preferably codon-optimized
¢DNA. Methods of recoding genes for expression in microalgae are described in US Patent
7,135,290.

2. Standards
0336] The common international standard for biodiesel is EN 14214. ASTM D6751 is the
‘most common biodiesel standard referenced in the United States and Canada. Germany uses
DIN EN 14214 and the UK requires compliance with BS EN 14214.

{0337]  Basic industrial tests to determine whether the products conform to these standards
typically include gas chromatography, HPLC, and others. Biodiesel meeting the quality
standards is very non-toxic, with a toxicity rating (LDso) of greater than 50 mL/kg.

B. Renewable Diesel

10338] Renewable diesel comprises alkanes, such as C16:0 and C18:0 and thus, are
distinguishable from biodiesel. High quality renewable diesel conforms to the ASTM D975
standard.

[0339] The lipids produced by the methods of the present invention can serve as feedstock
to produce renewable diesel. Thus, in another aspect of the present invention, a method for

producing renewable diesel is provided. Renewable diesel can be produced by at least three
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mah an Tipi juce an alkane‘ whereby renewable
extraction from microbial biomass using an organic solvent such as hexane, or via other
methods, such as those described in US Patent 5,928,696.

[0341]  In some methods, the microbial lipid is first cracked in conjunction with
hydrotreating to reduce carbon chain length and saturate double bonds, respectively. The
material is then isomerized, also in conjunction with hydrotreating. The naptha fraction can
then be removed through distillation, followed by additional distillation to vaporize and distill
components desired in the diesel fuel to meet a D975 standard while leaving components that
are heavier than desired for meeting a D 975 standard. Hydrotreating, hydrocracking,

and i ion methods of chemically modifying oils, including
triglyceride oils, are well known in the art. See for example European patent applications
EP1741768 (A1), EP1741767 (A1); EP1682466 (A1); EP1640437 (A1); EP1681337 (Al);
EP1795576 (A1); and U.S. Patents 7,238,277; 6,630,066; 6,596,155; 6,977,322; 7,041,866;
6,217,746; 5,885 440; 6,881,873,

1. Hydrotreating

[0342]  In a preferred embodiment of the method for producing renewable diesel, treating
the lipid to produce an alkane is performed by hydrotreating of the lipid composition. In
hydrothermal processing, typically, biomass is reacted in water at an clevated temperature
and pressure to form oils and residual solids. Conversion temperatures are typically 300° to
660°F, with pressure sufficient to keep the water primarily as a liquid, 100 to 170 standard
atmosphere (atm). Reaction times are on the order of 15 to 30 minutes. After the reaction is
completed, the organics are separated from the water. Thereby a distillate suitable for diesel
s produced.
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fuel that conforms with the ASTM D75 specificaton. Thus, in another preferred
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pmduce alkane is perférmed by hydroprocessing oXthe lipid confposition.
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is hydroprocessing to saturate double bonds, followed by deoxygenation at elevated

is

temperature in the presence of hydrogen and a catalyst. In some methods, hydrogenation and
deoxygenation occur in the same reaction. In other methods deoxygenation occurs before
hydrogenation. Isomerization is then optionally performed, also in the presence of hydrogen
and a catalyst. Naphtha components are preferably removed through distillation. For
examples, see U.S. Patents 5,475,160 (hydrogenation of triglycerides); 5,091,116
(deoxygenation, hydrogenation and gas removal); 6,391,815 (hydrogenation); and 5,888,947

(isomerization).

10345]  Petroleum refiners use hydroprocessing to remove impurities by treating feeds with
hydrogen. Hydroprocessing conversion temperatures are typically 300° to 700°F. Pressures
are typically 40 to 100 atm. The reaction times are typically on the order of 10 to 60 minutes.

[0346]  Solid catalysts are employed to i rtain reaction rates, i !

for certain products, and optimize hydrogen consumption.

[0347) Hydrotreating and hydmpmoessmg ultimately lead to a reduction in the molecular
weight of the feed. In the case of tri taining oils, the triglyceride molecule is

reduced to four hydrocarbon molecules under hydroprocessing conditions: a propane
molecule and three heavier hydrocarbon molecules, typically in the C8 to C18 range.

3. Indirect Liquefaction
[0348] A traditional ultra-low sulfur diesel can be produced from any form of biomass by a
two-step process. First, the biomass is converted to a syngas, a gaseous mixture rich in
hydrogen and carbon monoxide. Then, the syngas is catalytically converted to liquids.
Typically, the production of liquids is accomplished using Fischer-Tropsch (FT) synthesis.
‘This technology applies to coal, natural gas, and heavy oils. Thus, in yet another preferred

9



GRA 41(038) 00050(0)2) _

embodiment of the e diesel, treating the

(F60-42)3-926.-0009785)0)
ISlSﬂ—Talc I Polemed

[0349]  The 121 illion gallons (about 80

ewdﬂmg@'bs ﬂgi els naisn

based fuel Alwh ich is produced to

S‘Ej!ﬂ??hsl’”&w}; 4844 b pahle A
Prelsowlsolic-eops-{Monthy
cFo0IChecoodo 4G L 1he)X '|§
(Iﬁsf}fﬂﬁl(“%"“fb@ B
(TLTICCO (PRICAC: e e
@10COT(AO: )@P@m

AO-31, or AO-37. Anti

(LelCAT-OPTIATE =
GIS)ACE CT(S) BAG v o
(ASSILCCLER0ATG.. meremimeson
(IIEDEIGLYSYOCC
(AlRACAT o INYICEC
buo]) GAG(GIS) 11.Fisotolon
1458 7d-Mans. @@nm@&@m SUC
scow.ni-micrealsap-Eteiidorg.
PEIMom Gal ars toslogsnous

to the &gashes, fronsformsd,




I )35; ﬁ!l(?p)n‘:?_u?b)%c ‘method of the present invention can be converted to
911t taecla@ylone e o

i
Coilecting a product stream comprised of dlefins, which is useful as a jet fuel. The lipids

I@@ﬂﬂ@@g}%ﬂﬂmmi@@@iv@@a

stream comprising olefins 4nd hydrocarbons useful s jet fuel.

1916,811(1)112/0.51105..,
QLOSSY REOLCAL.ST.L.SA,
1994 MO 22°91(24)11563 6

[0355] Ina pref_erred embodiment of the method

(AbFieis-Larks)-Talealore-A,

kmbodiment, may comprise conlaclmj thelipid composition with a cracking catalyst at

L-amm-t-leblane-ts:Allmon C.
Re st IV T 03839 LS e i
HICISIOIT K= VAN & ) WA 1 B W,
Cgaggﬁ fl M Yon pxlngc resin, such as Amberlyst™.-15 and can be used

rough Which the lipid composition is flowed, either upflow or

o) at N r y 4 i
TOlceututtantiicotogs; Stacec?
composition with an acid, such as sulfuric, acetic, nitric, Sehydrdehloric acid. Contacting is
0giss;*Villa-Coals 190121
cotogiss;Villa-Coals:1+96
[0357] TT lipid composition, optionally pretreated, is flowed to an FCC zone where the
adsqpmponems are cracked to olefins. Catalytic cracking is accomplished

T TLTCESAACISIIS o s
LOOIS UL AN T HalaS SIS
secatioc3.2tastRowsoot: |

1009-Plass 13911y 7-33

Teplaced by essentially coke-frec fegenerated & om the régeneration zone.

(Torphyndlums9) Pro, Nail
AcadUS A 20031. 11



mmealgne to

Fluidization of the cardlyst particles by various gaseous streams allows the transport of

antibtobes: a1 6: B wn

hydrocarbons, such as those of the lipid compasition described herein, in a fluidized stream
‘ !

XA MOk I Frofbe s s convsios
100608116-252(69542.
1037 LT NIZ33599691011S
4. (18939 f:art T6918:619.
535934 P e ity Tt -9

1pid composition. Before contacting the catalyst, thelipid composition will ordinarily have a

944951419-herem 1 ¢4 -

blending vessel to the riser where it contacts the lipid composition for a time of abort 2

entuely).thnutcl the

ALILBiSH, LIS IeducEsE e
(NR)BO.-froh LEEe arigan’s
= 1A= WAV o [o72 0] o) 181 001V] (ol o {0 G
Rgeticatat (hirrr el o e
@mﬁﬂfﬂ: TT E!- |1c9m. chrgha(iaflyaj)armed by the swirl

arrangement drops down into the siripping zone. The cracked product vapor stream

720029 el Q30 <4 4 3 e GBr

via a conduit which 1s in communication with cyclones. The cyclonesremove remaining

S aloarporatal 99-reneei« e

levels. ‘The product vapdr stream then exits the top of the separating vessel. Catalyst

VI M e W o\ W o o S

‘The stripping zone removes adsorbed h)idl'bcamons from the surface of the catalyst by

lel-E=Sust 91 lle EFT...,
s9lectable.99.1].




19031011 Of uo or More Elo

10360]  Low hydrocarbon patial pressure operates to favor the production of light olefins.

@:ﬂr@[’ueser@vamm about 172 to 241 kPa (25 to 35 psia) with a

irocarbon pgrtial pressure of about 35 to 172 kPa (5 to 25 psia), wigh.a p
IM@dmmn@m&g&ni@mw Sota.es
partial pressure for hydroc; team as a diluent to the xm-n that the
a.Rocrealyne.rnel.compris

mréosﬂ on. Other diluents dry gas can be used to reach equivalent hydmcarbon

pAEmT EXGNOUS Goacs
chad-Joe-example;: vet

150°F). However, riser outlet temperatt bovd 566°C! 050 F) make

smzlg- a'lsie: eotetesergne: o

make less ethylene and propylene. Accordingly, it is preferred to run the FCC process at a

enfodtng-eoptysacelortele -
JeGHOAUIE- @AY A0 mi sy o s 01
Qboihg0000000h0. msm,,omm
dsing.arvimdiedelepmiieite,
ulnealetent mugmmmw
etunpecoton of Unmet SOWS
to-he.contr. . diced enitlinde
ttlﬁ Jl,mg"i;ﬂgmmmg dC m ,-“61:5';9916

sbmgg ZIEE gﬂ Z’!:"h e yg ation (HDO) t’h@""
t@nemenmam enegengut gene..

may.helindso.contral ar
the...me tad udjlete
no-demo-cot undue...et of a



roduced by a

(HDS).”P and purity of the raw materials (lipid
33tdreergamsnt e
diftfatt 33T HE Chah3e
of Q ) ix réas hi a ed as a co-

3 3333 ngagngwme feed stock. After the HDO/MDS step,

30 fcTMra E?Ba!a pa¥ded (04 separate isomerzation reactor. An
Dot i 'hsmnin @ sds ippchi dcr ngl 248)
33130331th}"pSuduced 134

1 n

AN OF O @ O oxn@ [rocuvon s, 5. e
lipid compositionr the lipit in, can glso be pesformed by passing the Jipid compasition
hydn,3: 3.3p4R0 POXatiti.
3 figr the, carfnemuem.i further hys rogenﬁinamm n zone

3d-33 domallierhydn) e Sl
to the hygrocarbory effluent. ,Exemplas HDO:ZSI‘ sations and catalysts useful for cracking
SOUE NG LYPES. BE s e e v

3 TR033301 Shcd, 43
153 * Typically, in the hy mdeoxyganauorer, the sthucture of the biological

n@du‘ee,?ﬁhfmmﬂg ﬂ_hgs herein, is decomposed, oxygen, nitrogen,
and sulphur and light

are removed, and the

> s g
mieiﬂ@e‘,pgaﬂq@md @(ﬂge racess, ¢, in the so-callod

isomerization step, iso¥érzation is carried out for brinching the hydrocarbon chain and

example;mawolgae-can be
033333 L34 radanera. .
N MR N A RS HCT £ K H UM H 2 S
mm;@;;}g;gngﬁM@ﬂm comprising two or more catalyst

‘may be operated using the counter-current flow principle.

ARNUBEHNICRLAHDZ oo 1501w, ety e 0
EXPITSSI011303881
11333373m nnenoon als3

33333333 lor




Plant RutccEnoIZ 2007 41

{0371]  In the HDO st hydrogenation catalysts containing metals from Group V11

o104 i%@lll@%iadambadm e

gpﬂned Pd, Pt, Ni, NiMo or a CoMo catalysts, the support being alumina and/or sil

MikRatohe.32044.1 Ossued
‘Rbeiiter 2018101
VST MRs10AC) =) W M L 8=l dn i ol0) 0 8

%ﬁnmem@mmmmm Lons.
4:9-ye- 21 A4 1241 Dtreaced

beihg alumina and/

44][E@luc;& the. ReMBER Of.wi
ALAAGRILE SCallld.
2409040 Rish, 1he. e v ‘:Tiii‘fl
Hetetir, GOUS RUAE”, (56B5"HE"
ABYABADAAATO O o 5

substantial for the process that the lmp urities are removed as completely as possible before

Mo 2324 1 4-g0 AturiBnent

comprises an optioga! stripping stef, wherein the reaction product from the HDO step may be

4@&@ ttedue ng-lead Bl gom
hitemle.gyu.nucl oieaud A
222:?.’&? T'ﬁf“ﬁméiﬁ“? T4oropTt "7“’""‘"
152101020051 11:100;:

ture, are passet lomerizat

chxettraekshim Bt o o

operate either in co-current or counter-current mar

Intcualoblc incq, the
chlumplust,




placers rt promoet &wet:sr s

[0376] It is important for the process that the counter-current flow principle is applied in

es-a-prometerlessmutts-gene

step or the isomegization reaction step or both in counter-cuffent manner.

(N, 0NSESSING. LIS, v et s e
O STOUIMUS AL OIS o
trarocreton. eltemed-form:. mwwy

f& range of 20 100 bar, the temperature being between 200 and 500°C, preferably between

et-ore, As promote, freer
SHe Rots. DTS S ATl
strong-elseroprostsireter.Phs
effiercacyothofermioors-gene:
Aprieson.oitrueneth. 65.de.
eftharsgd ks ray .ol &smuts
or leetoyeren<Otos Ashok. the
Use.cimulipmeseters. mserted
(=% F=TeTa (Y0 (W (o X n PN
[e)10]e] (] of=IWIH ol (=) (=Tah o] NI
fonste doate" pstotprem:
0-adtlieopiaacerc
SEG S w0ty PEEDE Ls Nskn 201, con
serous smexters WereMAP
Caw. tha thrmoplF=t maim




2.Exprunion in mito,hondrin
[o,a;i"z"’i‘;iﬁsé@ﬁ3@";;”“1;:55??2;«.“953) "
IVJSJI%NW433g0mZ g[ernld
bl O tRE- X P SBR o st g
CBBATO1517. 0003584571310
102007410 m MJKSZ@GQ"“’ .
NVrethods Cot 3
3[34908303060re 57
4048418:0747003407 000
74 N3[787 (4744711733
24:340:4423 4347 heen
1404303410043 & 700
JO@DM@E (Oee mm@om?
n@l&"@l 149 2;828
3,78008;3)235:44

w o

):404131

'3 3333:0(3 a0 54446307

0083.0£1£074 suitable
040 g[gaal cand04d a

1[0.00134,0700437 to [he
3 433 103 1 371173 141103




104171333 con3crnent

[0385] Table 11, Prefer codog usagg in

144431 133 IntQi(),3447 fan
E@mpld3ad ifsr3 oo
presemum&nuth,g 14333333

ke TGA (Stop)
CGC (Arg)
TC (lle)

34731 (L93TH33F3) iy |
éE)smheGIEmS 338843 mito
113m3aldmanonA33434431,
TANtHStEIRHUCTAS A INRI G EHE
Li o1 M W2 Ko A1) =18 (o100 F= 1 (0] WK K
dor totem COl g e
taroK:l r‘tgm“ WIW&TA!“'#}; Liii:‘::’ m EV,‘;‘.Z":
1333 1430i; stabte o v
tad 31 PMMBMS @h@% Y

2002 May;. 129(1)7 12. (Porphyridium sp.); Proc Natl Acad Sci U S A. 2003 Jan

m4B38343-tungsten 3eads»

Feb;87(3):1228-32. (Chlamydomonas refhardtii); Nucleic Acids Res, 1992 Jun

@@;@@m 143003, 3(B (g Kenrs
Biol Int. Aug;36(5):1025:35 (Chlamydomonas reinhardtii); icrobiol. 2005
Wi 0r-0karotoct aolls el
Biotechnol 1999 May; 1 239-251. (T} bun); Koksharova,
sprall’ me"cent-|I1331 61 ot

33,334333




504111 849400199 of

Appl Microbiol Biotechnol 2002 Feb;58(2):123-37 (Various§cies)‘ Mol@ncl Genomics.

ex89499-94-49096899:0) 1 s
94 9ap-9990.49449(09"..4485
bl A 1AD48d iavb 148419,
tHE TR 6 11721 s, o spsacron s
(SEE/18.9844194, 14092499 &t
él (c,mmjlazto: ﬂ%ﬁﬂ%ﬁfb'e 1 from US Patent 6,027,900).

[0388]' The promoter used to express an exogenous gene can be the promoter naturally

Metheas;44)2-F-02007 i

one species of microalgac. Other prémoters are spcies-specific. Preferred promoters
ASE5156-5] o
9108-al-expressup Q-
such as cauliflower mosaic virus (CMV, chlorella vjrus, which have been shown to be
n
tarn4. ultigg:QAﬂ’cxidz(. ﬂpl)mf@gcp. 2005 Mar;23(10-
1):727:35; Miczebial. 2003 Augi43(4).361-5; Mar Biotechnol (NY 2r)2]au;4(])'63-7]),
0490-08,:PPR.dipped-Alva.. -
mpyisiggany p ofm :3 sopthe Chlamydomapas reinhardtii RBCS2 promoter
ddBEud:@ N x;caatnd, 40, 50, or 60 nucleotides or more
these sequances containing a prom aﬁﬁm. Profe edmtoengmgo
ASpUEodde Othtided
mh‘ep rs Gpetul for Feepsshn of genes in Chlorella are listed
En, hetQ-1:0144 955

in the sdquence listing of this application, such as the promoter of the Chlorella HUP1 gene

39809900990-99995-fgtar oo

Chlorella virus promoters can also be used to express genes in Chiorella, such as SEQ ID
4o b 194:930404,41.4.. 89,4141
for example, in Biochem Biophys Res Commun. 1994 Oct 14;204(1):187-94; Plant Mol Biol.
1ok Al 0204 & 250011900
:318(1);214-23.
84,21(42999Ge939314), Tun.

Crs

77959:399-602, (2004)
997,11,30.110, 99s9,71931
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10390] ~ Any of a wide variety of selectable mafkers can be Smployed in a transgene

MA@ Sl @OHHF @l i marers e
jostrte WML TG
aflared.ravenunn EXAMPTE]
11TIT61Istmorateunnert,
17 Mouth-en-atmmur-arte”

soroiniana mutants: (2002), Mar. Biotechnol. 4:63-73 (incorporated by reference

atumm-TruiaturneColomere

transforming Chorella ellipsoidea. Huang ct al. (2007), Appl. Microbiol. Biotechnol.

ra ;4 62-kenrynsu-Mey.

a selectable marker for Chiorella sp. DT.

:097 .590.,.22201 C lortha
volniana-2600:19 el tttas o o

a gene of interest. In particular, the use of d inducible promoter to express a lipase gene

ChimelersemarseremAthes

been adjusted, if necessary, to enhance transesterification, for example, after disruption of the
(Mi}-2460)-f Woman-pr-erse
o driva persion of TAGs td fatty acid esters.
2844SR IS s o e scrsion
Hractirated ron serarradra..
FOCHrated o seroaredrd.
MIt?ﬁclivale transcription of an essentially silent gene or upregulate, preferably
subStant{ally, Tanscription of an operably linked gene that is transcribed at a low level. In the
ruttunmibaMmedmiege:yea:
wilh the growth of the microorganism in which if is expreed.
Mart-9latel Nab..2.27:224.
promgoters, suzm r ﬁves( Chlorella hexose transporter gene (SEQ ID
GA)GIBm i IZ ajed W/the presence of glucose in the culture media.
sml4lflagesse|s20 0.40,200
laglinas, 1 earnai 220,P05,




77479 callk4 404(6144N,
1‘ 1 .’il. 1 Ej(p}resslrn of Two or More Exogenol}ls Genes

ieally engineered suchasa Igae, may

[T4991 11 TT0711de49T 9 and
(NG Vicastregime Farss:
tXTh &any; kit of 1911 0v/976

1 eoraeﬁtgcmthe mnﬁe?oNrst period of time (during which

expression of a second Gxogenous gene may or may not be induced) and expression of a

9799799479 R FATDEA i

of a first exogenoud gene may or may nof be induced). Provided herein are vectors and

pates-titoleese -t o waxn
44214479751 799491 2

NI RN TN AfianTree e, ..
o11101=110] NONAVIAAOTAT it
19 BTTTT T 7441119194 &Nerm]
4 @TTTTTTIT L T coneesna
MO79ET4A9-7<711 44

1IN WA (S kMo 6= Myl o
0111 @ M (=TT 11 =11 T
YIS N O T 4109989
P979497971 1777 non
aNduluNd N97979174 1 417.
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&@J'WQH PP @R LIk A A k.

'y a microorganism. The alteration can be a change in the amount of | hydmmrbons

42AL-AMPBOY Fwage-Atm o

hydrocarbons, and/or the Iypeso h drocar bon species pmduged in the microorganism. For

Arguiwersiids IS ERhage o

TAGs,

TX, URA). M&“.ﬂ,

nue&bﬁelAnumedﬂuruauAg@m ot gneof

interest. In pamcular it cap be advantageous, in particular embodiments, to target expression
SCAMPH 3&94@41M
ofccllulnrhpulsunu mmauzsofthe K calmnreac ion. PrcFrred organelles for

QQ LQ®§ p"J'SW
@mmla_getﬂ’; mpl IMcz'ﬁ Iforar Gr}:smn]-fz

'heterologous gefe to the chloroplast knownand cdn c:mployed in the present invention,

%:0'3:5S-2-P11.145C-1% <.

0 J. (1985, 1‘25 32. See also Tomai et al. Gen. Biol. Chem. (1988) 263:15104 15109

aciald @ds@*\f@e@*w@*l"%m.m)

products into the chloroplast. thods for directing the transport of

3-R1-0teard-Bnomaci

sequenccs endogenous to Chiopella are known, such as genes in the CRlorella huclear

A e me‘g&m P8: idkild43Dmtaeh

d AF49963

Acwssmn numbers AY646
FLORVG. all 0ggs @g@dv Mo
tof\ wich used th santh mm small subunit
orfein ¥ a |Ve1'ﬁ§mlom ‘:@g IR ast strdma (cywp]asmlc)
acmMn c ncmbmne Mratee;d. s fuused to the first 11
lly:g f the matufe rubisco protein in order to allow proper procissing of the signal
non:eadWaleg)to: 51 CAHAk
a natural intron fmm Ihc RbcS gene.

gonAummouAlngrumserc
kep| Ada& md mutated




12222254, 4112233 (PAM,
10401]_In another approach, the chloroplast genome is geneticlly engingered to express the
BB AV W7 VMo S e Y i =S N
e alga) using bombafdment of recipient cells with high-velacisy fungsten microprojoctiles
aﬁjtﬂﬁo;eé@%5it2§ej‘_m 28 &mn et al,, Science
1988)240; 1534 1338; Blowers etal. 11 (198041123 A0 otal,
(55218 GGANPY, 2512247,
ieroprojectiles.is described by Kiein et al, Natyre-d.odan) (1987), . pther
ExrerimearlandrEALA234 .
XgpleLS. Patenty £,6930507: 6,880/426; and Plant Physiol. 2002 May; 120(1):7-12; and
M’mwa%é» ):‘Me
443 l\f[csztﬁ_4m4331813&12@2@:1}m 20,2001 to Kaplan et
h

al.; which i$ incorporated hrein by reference), cells can be chemically treated so as to reduce

6584115was-RPtRd 22 4-wen

introduced into the cells via particle bombardment with the aim of introducing at least one

ﬂlraieusdczd Nt@@lges l‘he heterologous nucleic acid is

'selected such that it is integratable into the chloroplast's ﬁomc via homoloy

:
RelilslilasthaaLeldl3660
the heterologous nucleic acid includes, ip addition eng ofinterest, at least one nucleic
[483: 46843342380 i
clgic acid fypically include afel ab) agkerFurther details relating to this technique
3332cemi L33 2 LUMSE et
ference. A polypeptide,can thus fc p?i?diy? tein gxpression system of the
(added Ate 3y
Propose’:50513531214k eek-~-

3 blerence) describel hloroplast expression vectors and related methods.

ceverl-333-slum:(added-

juefices to provide for proper expression of the coding sequence th the chloroplast.

blES32E 30D IS8R 3 Buuw

from a microorganism gene of chloroplast gene such as psbA which will provide for

m&FﬁA&S‘ ofa DNA sequence encoding a polypeptide of mtcvrest in the
234241331 A52332521234
12221.445222¢, glycerols
(pure A nom 2213121.2'1) 55



tame 5.15771.0w a RI5 cells

that can stabilize RNA of introduced genes, thercby enhancing foreign gene expression. The

H-Sensed: @t Gnc .
THeRSPHOIdSRSOl auiatet67
Wﬁﬁfﬁﬂﬁt}ﬁf&§Jﬁ§It§TII"§QZZS§Q.“XZ’!S:Z'?Sffii“‘

Labisetirierkshe Ukt 4 143D

replic: viding for replication of

remt-Aft-tu-of-haunt groan, 1st
glucose.was.adasd.add "
catered SWeatet 24 R 0isu
celliie.gatand tnlnsataate
HEWLA35H055554 1ML v o
samples (S ETAMBLES
dnd3) e 4.9 persedager
aweeal Thai-henttotal head:
amount heeted-51-)434 cell
weight Results ate SREL
Plante SaAtAMPLE 740442

ere T is desired 1o provide for inducible expression of the heterologous gehe, an

&awls wel-hiedth-€41-1,613:4

regulation at the level of transtription and/or translation (at the 3° end) may be included in the

prviek: "o-a-med:« el{ S+ RAMN

expression is regulatable by light. Similarly, 3’ inverted repeat Yegions wuldt bﬁsed o

laR) were el/lamed Tow the
Culaute Toltec Unwept. ol
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EXAMBLE} L4421
Oxpeinuental hese j4252. £Z"§f§“
gl of foelm% O 224410~

NG thE terminatio Iob n Iy nterchangeable

;43 iptional initiation region, ma y be
Wa%ﬁ e

22011502»8 e kit
dﬁdﬁﬁmmgzgraﬁmmzz‘w°“
848008888 .22 4182, 2.04 4.,
(4161 1T ] 282204022

19)96214:9:1654-4-IN-42222%6

‘ganisms such as microalgae in U.S. Patent Nos. 7,081,567 (issued July 25,

eﬂfN“Qﬂ?ﬁ 5& ); '@@4”]1D2Q82d 5,693,507

seam.was.meculded. An

2014248441018 521118
tretts mitencenthau0s The e

gqgt 2@‘2‘@88@2 lh& %81% 82% s

logous recomb performed if chloroplast genome sequences
Talk-and-tgnarchi-888881.808
of a Chlorella chloroplast; Genbenk accession nui mber NC_001865). See previous sections

shakerbEV@M-Lohog
Iderks.IUt&"LTT) at 430
After 72 I|r of nuna| groeth
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10412] In another embodiment of the present invention, the expression of a polypeptide in a

58@819%8@8;ma1)<,9§52ﬁ§%;4 e
[8@ LB S cxampie Mol Gen Genet. 1993 sam2362:3)235-44),
118000800908 @hléﬁf&ﬁ@“rﬁﬁg
Slyla (Cor= g (1ol = 1T S,
%Qﬁ%ﬁﬂ%%&"@..:i: e
p122122 1.Profeme:d-42:2
purawmmzomz, LT R secone
S99 T TITE0T808 ™ "
Epure[42-ylucose: (addef d
after-Tit)-1-824: 18
amithated-41684821-21% -
008884 4-1488800; 42 2
Sosiibatad TAAAITL
156002224 52122 MMZ?:Z;‘;;
11215 8991020145 &6n
28.21.818y21- I FaF Ol cs, o,
iﬁ?&mﬁﬁ?‘%ﬁﬁﬁ@%"Ti%”“’“’
nen ac3dulated glycerol 1%
0100050 (addedsnos 71]o0)
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mmulaled (ﬁ'é.n§§g5nﬂwl5,§a§m
meigt'%p,ﬁ?:;ﬂﬁ%?wy ey
conceptrame daQ o mivenaxiom. ca

washed by centrifugation for 5 minutes at 1600 g and resuspended in 5
5010:55010: @e@ahpi%uw
(weighi/volume) cellulose (C. ) macerase (Calbi , and
%O@%l\)@ém bated at 25°C for 16 hours in the
dar kwllhg ntle shaking. The resultant lprolo ]asts wered by centrifugation at 400 g
El’q 2 medium containing 0.6 M

bmt@ﬁ Eﬁﬁﬁﬁ“’i “53 1551
Epm AL 285 eE RS T
GS”‘DSSZETI 19610 mmﬁﬁm
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150000 5 400 &bows 05
figure 10 EXAMPLE 52



Gene PulsTS 1l (B. Rad Labs,

00 V/em, and a pulse duration of around 400 ms\where high membrane permeability to 70-

Hereuley&A) elearcTurucon
afipal IR ten o st et
[L=Taa{ol)0) b (i o] o= AR
KRN ks i) | ol SO
ThAlithexspau L. ....Crum. to
§zu Examples of expression of transgenes in oleaginous yea e.g., Yarrowia lipolytica)

5110 0F-PI-Olroremedtd,aid,
shaken.an.a.501L.5 L NHaKke

xample, Mjcrobiologyul; 153(Pt. 7):2013-25 (2007); Mol Genet Genomics, Jun;
f §sofso enet, Mar;21(3):215-23 (1992); Current Microbiology,

: ) pajwradani ISR Research Grant, "Studies o olig Engineering of
AW MRSEYAVa o T =TT A VAN o1 SN
pjgs: f e genes in bacteria such as . coli are well known; sce for example
Sen'gmgéxmm Manual, Sambrook et al. (3d edition, 2001, Cold Spring
)
Harie5Ledcsulnluswoun at

TAMAN: 116014 -aid-?L.]™
SN W 1YV V7o -t A
SUpploMEmL} S5555200 555
SISWAXS N 0}VAV/ 011 /206111 I
THER KU XU HCUrysSt St -
under contwoous 4155 515
Pc., 5X5555.55TT 55555!
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of washed31900 01

media px s 0.5% reagent grade glycerol (EM

el53100.0 acid 25T e -

added- &1@9@315@@ 8,50 wre
1b5587 Tir 267718 56T ™

Qﬂﬁammg59 h Q n (STRAIN 250), #2 (STRAIN 264)
90T 3B TOLTET9853 783907
5937351 ‘@?3% RO
7y %%tta ryle%egﬁk*i@ 17@95.5@

d from Imperial Western Products (Selma,

3917590154550~ wwn
T5505-99595,119. ptmﬁp"hg.m,;
M1=5993191'595535997 01%
035591501:120550.99149317
95 00:91495,58;95: A, the
voltmeé-acijusted tor <1®8@*591
moth-855%.91 “E@SQ@QKQS Yol PO
(010 ¥ i e 1 IO WZ:’,,T?;L
[oleh i DSHléimDEmﬁSSiﬁSﬂlﬁﬂ
0555513949T455 ewe.
705291573 refg]ence tube
W|th 5 91553195 as sample
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EXAMPLE 3

2@25&@%22 2}@1,;1: 2 lzﬁ)vlsimsm #3 (STRAIN 249)

and Chlorella kessleri #2 (slra|| 397) were obtained from the Cul ollection of Algae at

s @@6@249 0 O e LR Bedbinines n s

A05555011221102.0F o
A@me goN th“elﬂ,omzz

OlImeXa Q(Au ated glycei 1 1% :Sl:co
A ERHMEME0 A Xl ANV i e

12)012121(228 TA"MAN‘”I“ZZ

CQ%?C?‘-T
oty Siyaxixdiior 12225,
Tmtmentepx "*A1431113
2dit.2222..... ing i
6?2%22(;2413&011312014. |
Charate'&cate 2.
Set?,t%%ﬁif"t?ﬂ::i.%ﬁ%m """"""
raetahbat@dmezlrtherri")i 453 RSErAA..
reandated ulterhoha. ;il%
ghleote's, MM ‘V
gé“%“‘rﬁé’ldaiéfé‘“c‘fogryéé?’é“l*?,‘i"““‘
atal let cm acidulated




| Shart | at amtulatedgﬂbeered

vanillin was added to 20 ml of wat d the volume adjusted to ml with 85%

p splth tm@ﬁe‘ygs@h ad in a glass cuvette against a reference

tube with 5 1

dhaciduiated glycerol I |
Ybleteterectiet migar 2 Ret

Q‘Qﬂﬁ%@?ﬂ;ﬂaﬁwa‘gm maintained on modified
imwl&tad@@uuedataa A4l S 1B s

wasp epai T in 24-well plates.

cancenvottem UIf CIA.
¥ Pﬁ'éii]‘réfriﬁ 'Mmloaamda«eattycd

by, edded Srker doal debug
(Betkrove WK 4. 18@ enAtla

bital shaker from Labnet (Berkshire, Ul 0’rpm. After 72 r itial growth, 1%

72 {eddeftsa’r@dg;e;gee@hﬂnwJf%wm

measured in all samples (sce EXA] optical density at 600 nm was ak

ogose-gat-added-le-et:cleat-

mposed of Triolein dissolved in chloroform

A4{d41[I46 7414144444210
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AredCell e s
47441014137 Recults ate
eller-Ehittate [(1474) Sthams
AN RIS o e
Ch5*017T,5,I5thect id“ﬁ* o
(UTE% 317 was IXSEE
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[0441] Each strain was inocuthied to media containing different glycerols (pure, acidulated,

St | Bl e, s veconos o

agitated by orbital h ker from Labnet (Berkshire, UK) at 430 rpm. After 72 hr of initial

l:a€h Sy et anuw}azted @ weiut nd i
ontent were measured B" samples (see EZ( MPLES 2 and 5). The lipid percentage was

me;b0;0bingthiferent:sugars.
(x15.se Mmose)to | x 11,5

(D A GONCETON. THECuint.,

)rikst ‘tj were maintained on modified
Pmlease med.l.gggxm ? (aﬂ
zoupwdﬂ(mm@m ] slinka-from
med lia was p epargc pl te:
Kslice,1,611-pE

Pre oieus 1 % n¢ lated j/ceml +1 % glucose (added after 72 hr)
%ﬁ ach stram was nocn aled m ing either 1 % pure or 1 % non-acidulated
g(@ 5111 lls/ @@ 1T5cullures were kept in dark and agitated by

7 Orbital shaker from Pabnet (Berkshire, UK) at 430 1 p n. After 72 hrofmlal growth, 1%

Xl;igmampl (um‘ésxgﬂz?g The lipid percentdge wi s:lgmedﬁm
G@Idmnumber@mlreaeh@arﬂvo
RESUIE.Le.s10,05 59X Xsmns
EXANMPLEIL LA IO ™
60 ) EE’S"‘fﬁllOlOlE45
(law-elk-venlo Fe'mde thr,
SGriii*fﬁﬁfk .0,P.50teose
meé& with 15Lsgctosc10 941 |
rlnl 1 KU PO 0410 1,1 NEC]
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(0447]  Each lmmwas inoculated to different media to 5 x 10° cells/ml concentratio;

hem@@yiwwex@iglg@@

rpm. After 96 hr of fitial growth, i ntents e EXAMPLE 5). Results

Pmmt-21 22 311 tom stranm

gEL.Cm. Summit. ;;Qmmrs@qm

e Al LY AMBLEZL.™
097]"92292729129] ks. 931]

Xperimentl design and ch strain, 1 lmxw.gdﬁ nt

99}.0m 1e07 7

1. "Prot

Sumy, ﬁﬁ:samss Theca.. of
@Mzw gftgﬁ 1% glucose (added after 72 hr)

ulated to different media to 5 x 10 cells/ml concentration. The

38131erhmubmonyAM-18-=

e was added to #3 media and cultured

h 21333038 Wl‘%’“‘!iﬁ?’.‘ﬁ";?:‘
mhe 143749} 7ftr. Iheel- hght
ZﬁFsu(:md Qm Qim mewa%mm 250), #3 (STRAIN 249),
icasunid- 3303 3pocE
demit: @TZ)“ éi‘f”@hnro mng ity
791

Hlowify gd ifferent
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3i@‘i°‘°ghi§2‘é§b‘&i@,@7@42300ld
t[ILOC Mifeicat Mass. .
333mM133113be)ed1301,8920
31 HIM) elmacra3 hom the




(6),.1L.SW sucrose 1 sate].

Proteose ¥ 1% non-acidulated glycerol ¥ 1% glucose (added after 7

mmu@e&wa&@l&& 10° cells/ml concentration. The

prestiteguaitiont the adatatie’

IHOWOSE EHfituras wera™
rown In dwisoass tot fete

Caloretemere-nerwdst etch
wageiaigsied atiowing-as niu
dews: ofteettaancul 2774177
reilfestliofetudatweartst 027

22 =MS Showsle.01722/231 .
tHETWIIS E8E GEOWIe s vomreneis o
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aywwavwe leseetasswitth

Vector construction
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ic |ransformnn nOf ¢

vripapt-ofinahum-pral-
pm!ocol fmm 'manuficturer. Lihearized pHyg plasmid (20 pg) was mixed with 50 il of
readmoraCed-Yampes o

ipitation buffer (100 1) was added, and the mixture was incubated in ice for angther 1

a&e@swﬁmsa} k ]m P -

Eppendorf 5415C microfuge for 10 seconds. ,The gdld pellet was washed once with 500 pl of

QRS OF I NUSBRUH B v 0

of ice-cold ethano], After g brief (12 scc) somr(uon ml 1l of DNA-coated particles were

Z@Js(;mma H#kdK plarmaa

@ﬁ, fdrrengng.y m’mﬂ oas.
r[ 8 Kzg’i ﬂ:le NaCl) on a gyratory

shaker under conlmuouﬁg t'at 75 umol photons th? Sec”"unfll it reached a cell density of

104921 f=or{rra nagara

resuspended in 50 jul of medium. 1 x 10’ cells were spreadiin the center third of a non-

van-4ddinaameatrosa }Paj s

Pamcle Delivery system (Bio-Rad). Rupture disks (1100 and 1330 psi) wer@lused, and the

Paarricavastad-natled'99)--

allowed to recover at 25°C for 12-24 h. Upon recovery, the cells were scraped ffom the

9990th-steriecisallea-aaler,

contained plates (200 pg/ml). After 7-10 dais of incubation at 25°C, colonies reprcsemmg

ane: relaspPended s a-Hagk wsm:

and, 12 cm distance Colomesw e picked and spotted,op selective aggr platgs for a second

p}a phate’] meta 2(‘) 11
70

lorella protothekBides tulture was glown in pmleosc Tmedium on a gyratory

W qpr&qmp\ap pa r)« reached a cell density of of
x1 ccllsﬁl cells were Feste ashed once with sterde distilled water, and

p*& O nré4ddazms:-to
losphate) containing 50 mM sucmse to a density of 4x10%cefls/ml. About 250 ul cell
edam-rafrd:10%>als-mi-About

the cell su:siensmn 5 ugof linearized pHyg plasmid DNA and 200 g of carrer DNA

414ul}411 prapcnaaml
10a441141 pp. plajard ra

.'?




[04961 sem0164 Indtdme A
(sheared salmon sperm DNA) was added. The glectroporatigq cuvette was then incubated in
g{gm PR &Jg.é‘»@cl@l@]gué\(/{i) was then applied to the
mems,mmilase-(m.L3064."
ingubated follows h,
AN T=0 e 0 0 B
[e¥1\VilagToTdn o W=Tolga =) Weab-To DINoW Wi N
Th b: 3 73 2 sec”!
4924).94.96.4949196.49°9 "
'A90[1186;9"T"dtln ‘commit
Genotyping' .
thatA m Scom d:gu)( H 'Hor(‘ H;y’orselecuon were cultured in
small volume and harvested. Pellets of approximately 5-0 uL volyme were resuspended in
90-940aed-Hno-a-ptiefd . nu-
then vortexed briefly and sonicated for 10 secopds, then centifuged at 12,000 x g for 1
49409499 1 CASMANG: i rines s o
YR EQ D NQJ d SF 0,2 P! t ) : 95°C S
1989C091911669.0,460014."
! ted 992 bp fig i 10 ies fi the biplit thod
94dmi eni. 929116 1.9 GHeEL LIt
aS.ECORINMTMEL 9621861
indivi ded to the d 992 by
(or= 151 a1 (0158 Wo a1 AN K A
04/497.1 Gic0401 of CM&

10462] _ Strains and Medias, (a) Spirulina platensis (UTEX 2340) and (b) Navicula

eelsverica-use - Ime v,
emenmento1900TI4661.
base.nada.(s6e. AXAMpIE o
I}scIc4 base metha'T¢'s99™
agmosec 2433231109,

were



100 u[sADArIon Suffss, drs

mMNﬂMoO +2H30, 0.78 pM CuSO4+5H;0, 0.15 uM ZnSO47H,0, leM H3BO;, a
256HP403:0, 5O o0
mMCaCI 2“003 mM M; SO *7H,0, 0.43 mM K;HPOq4, 1.29 n MKHPO 0.43 mM

s 0IC1, 8 DIA{DTA-814 "
SO ZSABIAY ™
drosrsyt 16830 AID

0SA §§mg‘am@|ms”m -er (DI
3333%343asp@@ 444|442

9. Spirulina med

1i l?)svfl*. HRH 3 "’@“’&1““20 41554 n.
PH;EME}OADD DPDA Das dons
0s 833383331 1A Dddstes

4. SEM + 2% ac illcd

D033 -Allths.tAinsfolmarns
spa-plasadd-DN uTIA san"

8 )38\3 @ Sm | concentration. The
tures Were Kept T dark an aglale{ 'y OTbital Shaker from hnel erkshire, UK) at 430

33 3 g, ired. To measure the amount of lipid content in
cells, 100 uTof cultures were col lected and washed once with same volume of media. To each

FOREOSTAFGEG: et e

incubated at 90 °C water bath for 30 min, and 1 ml of phosphoric acid-vanillin

S@TFFeACA@v < @1@}@@&

‘water, and the Volume adjusted to 100 ml

B&I@A@EI@C@TCACPCTGG
ACTCTOG DISSEDIDNO

21)34333 designated An.ner

ates.

1 23 wel



q%w ‘o measure }md hwc ng ml o?éalh cull re was pelleled by wr§fugzl fion
arthe deX-gakthy e o cw
tht@(H 10/STm i 5@@@544&.4”¥MB4
41.119105415545454p1sd(dil
O RA00 AL VInle: 11421
491 =10 11 WTaToN o]y WCSI=T0 1V 51 (<To Wi
é;ig -8 ﬂzﬁf %1 FQ"‘TOL\rlml\clm?.lCF)Tbl‘

Gi - e-(Noronmes! (a
celluime)Ras added to a anall
whiiﬁiﬁéﬁ’ﬁérgm 1% and
0,131, 11t thated....

; ;wwmqm M-DOTHOE:

'ml concentration. The i lark and agitated by orbital shaker from

]w K) 'F h’@ApP'I o@fww‘t\Eerﬂ by dried cell-

cight, and lipid content was measurediby phosphor-vanillin assay. (see EXAMPLE 13)

[:ﬁ?! prln& }:x@u at themtgw@ divided by dried cell weight.

1.{LiNa0B.

ot plechangel diemten.,.
Atriroughra 0 22um filtur

10470] rxwmema]d?;ﬁ d?iwlhmcasu ement: orca h growth condition, 1 ml of
di e it ned m{a e Wahsd '

|esenred for dek-rmination of

Owes, carearrauon




(Morella nnmauscro Cl]

1. SEM +2%

som{% r|ea 915i 10507

3. SEM + 2% acidulafed glycerol

U Oiﬁ(‘sls@ﬂu)@@@b % glucose

thelit4305840000.ture
ColleClftt (191949 at the-cote

G19599-21199995 3E Afgac
AV Ketes ffiee91.995
1485095654...51.995 x5 i vt
98918995049 mis60 T ibyhm“
A5TIA0T9"&HoH., tot 21799559
1999919-(Scoliwad,
usstedlﬁ@g@hffg/q; aﬂg QQALA'
reteppie.

% acidul

(]9@#11@14&11155!1“@%&0Ig,
VN RPN 1)) e WAVANMRETVIS 72V b

OTRB1159:09950: 995:54 -~
9959440 10510]

Del’dm959955 uf OroAth
Cal9519.91419994
/111545994959455,15055




105111 Straws and CcC?21,-2

[0474]  Strains and Media: s (UTEX 31) was obtai ned from the
OAdE4 1010 B-9 40,090 074/

were maintained or m (see EXAMPLE 1)

t.126.214.(712.e).and xeie....
WO,11111Ptute.22 man
21172.21clatoaalot

21 T7potyrmenzedatitulatt721
dional.22, 12 BUE‘@?’ G.4%2422.
Luvéﬁ  qitaont st o
g,@m\gesattetrarun 2162-47

was gmnitrt VP Drmtdtarow; o
2P &ﬂ?/n'ai +tseaALﬂt0ﬁh Prsthe

Tollowing different media

tomral deptZl 227 21

221421%7a nate.. 222, putt
sthte B EaYy. 221 0000,
22T T BT 22 o mnnn
al220121172,1121 [05121

Chlo ella on Sucrose

] spdibod] l?@@ﬁ@;d s (UTEX 249) was inoculated into
mmmmm tgose pedjawith 1% sucrose (2.94mM NaNO;, 0.428mM K,HPO,,
ﬂwié;ﬁi[i/’ .4 7mM CaCly-2H;0, 0.3mM MgS04-7H,0, proteos
matg/u w0 é, ﬁ,l ellad. F_%Ey (ﬁyﬁ Ilsp cr ml. Invertase (Sigma #14504) was
an2D212777enzaflon




0el111110000 derived

added to two of the cultures at 0.01U/ml and 0.05U/ml._All three cultures were grown in the

62bb0b10611011500wperfon
dlel100% oS TA000 30, ..

QIS0 01 Table 1605181
TO011 054. Coranattens

EXAMPLE 20

0556500000 0004
0481] tures of Chlorella kessleri a} UTEX 397and (b) UTEX 398) and Chiorella
Qe. i e h hic liquid culures
se +1% sucrose media in 50 ml flasks at 1 x 10° cells/ml. Control

[50 mn:;::lfalhed athesneld ngalﬂamcose media. Cultures were
330011040330 e s g n e
)UB’?SUO?)UO’C)ZWPIWH""I 6.6622

EXAMPLE 21

ell aoifesSpd@itop
>4

[0482]  Preparation of Chic A 10 ml liquid culture of Chlorella

C50bssiOsh l“!@mk@%ﬁ«@m

for approximately 2 days at 26°C. Growth was measured using an optical densitomer (OD) at

2&4@«@6&6@1 152

Sl raoRIecasSe% a0,

Imbm unerml processing of sugarcane into sugar, as shown in the
o ..@:KSy of all stocks was verified to be in the range of 6-6.6, and the

8611 Wwww,arcellwase

[0484] Table 13. Molasses and sugar solutions.

Molasses % Sugar % sugar dilin 100mls___
grams or mis

HIM 78.72 64

BSI (FL) 4425 13

12



1290330 011001100011405
0612 1i s

Glucose 1

100 5
RMIRIACEANCSASE ok souionstimersone
0511 Tr05110000105"140
Q210!
24&1: }xlenmemal Conditions and Setup: 10 m! cultures were prepared, each consisting
of 1% final molasses/sugar congentraf 05 us Inyertase and LOx 10° cellgper ml
21,0110 twbbvb504] e
liows: () media only.co olﬁl"n e gjﬁéﬁﬁﬂ{ ucose; and
120,00.610 ) e
b nuI w anfor ﬁve(fysshalijglzl 250 rpm at 28°C.
Csulls: Gmwz The CHlorel 19,0;0»901 les cklls was evaluated following the
qx:cE.farnaSejecle AMarkness. As showna-‘xgures 2324,
The cells can be grown on molasses in the presence of asdcfoblidviadelwith yields
[ ¥
:t ble to that of growth on pure reagent-grade glucose.
EEEEEE)
EXAMPLE 2
, 9llel L e
@@Qﬂwﬁqmmwwsgmx 250) was obtained from the
irdre Colieetion of Alga af the University of Texas (Austin, TX, USA). The stock cultures
r@@@@ b@@g‘l roleﬂf @@12/6@1 Proteose medium consists of 0.25
£ NaNO3, 0.09 ¢ KoHPOy, 0.175 g KF,PO, 0025 g, 0.025 g CaCly2H,0, 0,075 g
pulaWeaellemseThr
Cy» Plasmid Constructi 6c5;5| ccreted form quZDm Chlorella
a7 ycod? 7 gong ay plad ‘thacontrol of three
3131{ 02&1,‘03;&“1 i oy o m /2 Chlorella virus
o) c:; , ald hlos P LR ym  was synthesized to
EﬁXTm " $§Tﬁ for C. protothecoides and includes a signal sequence
% Yot dite irgcx aSeflular \ecretion of invertase. Each construct was built in
1266466/1\Wacwelowasert-
eadipromoler, invertase geng, and CMY' 3" UTR, respectively, by PCR ampiication using

113




Par-10.12150141a Aez

specific primers. Purified PCR products were cloned sequentially. An |glralio’n of the final

03004230

[0490] Transfprmation of Chlorella protothecojdes: ACh/arella rols h oides culture
r{“r“ib"[‘l’iéi‘é‘“S‘B“’é%Jt‘)” “i’ﬁi’”"IUTEX

91]  For biolistic transformation, S:  Lariers frorh Seashell Technology were
b4 EXAMPF126+(39-2999-
1g) by Bsal was mixed with 50 ul of binding buffer and 60 ul (3¥mg) of S550d gold carriers
I ang.ly w%\lﬁcr .p/as added, and the mixture was

incubated in ice for another I min._After mild vortexing, DNA-coated particles were c]leled

1204 @maymm 224124144(42

washed nce with S0 f % ethanol, pelleted hyb f spinning in the mxcmﬁlge
t \u‘| AQ euEF 2 sec) sonication, 10 ul of

NA-ggated paicles were olhc arger ells were
iisi{zam Mdfs;'ycd4*c4 M (1 x 107
1L

d were spread in the center third of a non-selective Proteous plate. The cells were

W WV B L e
WENLRIP.-314.11991. "@T’&Wﬁlﬁ;’l .
dﬂTétfﬁﬁI’ZﬂAIﬂ?&ﬂfR“
hp22124-444-049

sterile distilled water, and resuspended in a Tns p ospllate ‘buffer (20m M Tris-HCI, pH 7.0;

- 4%&1;;5&144 A@mﬂxl()”cel]s/ml About
SATATT AL A A T
L 2AAAT 2 e s vemy v em i
22T ATAA 24228 2108 e
gotitapigg PA aof g424244
41422721 xylose, ciao.



=1:Po (199 004 .9 15

was thén incubated % room temperature for 5 minutes, following ‘g..ch the cell suspension

larac! hi‘&f&lﬁmﬂewmmg&wﬁ@%

ys. Following recovery, the cells were harvcs(ed at low speed (4000 rpm), resuspended in

28 ﬁdale&u d Iow on modified Proteose plates with 1%
o

sucrose. After 7-10 days ofincubation at 25"C in the dark, colonies representing transformed

58444»&44/4444144 aguatra
SAWZ Al B
023 o w K=P AR {72101 I NI
09109754,110"210.

4040 7OURDIA0 LIERX"

cqpstmuct: orward primer (CAACCACGTCTTCAAAGCAA) (SEQ ID NO:6)/
4 (TCCGGTGTGTTGTAAGTCCA) (SEQ ID NO:9), CV constructs: forward

imer (TTG’ FQ ID NO:10) r¢ PPRC]
BG4l 7, r0dZ 10731 e
ALGH ACTG 'A) (¢ 1D NO:12)/ reverse primer.

1442 R OIOThe CATHAHE v e e

cells (approxiaal in gyze) e 1 enged in 50 uL of 10 mM Na-EDTA. The
(o) 000 A 2V 7 7 S

I:$ K D 9}?‘5 I%g:‘ a:ll was used for the PCR reaction. PCR

vadperfor er (Perkin-Elmer GeneAmp 9600).
83590 cgr mgojz 4; & Au:t% 3 501 each of the respective
rifmer 5 its 5f Tag DNApolymerase (NEB), and Taq

Li fer according to the manufacturer’s instructions. Denaturation of DNA
was Cartie

‘out 5t 95°C for § min for the first cycle, and then for 30 sec. Primer annealing

'?r‘hg(:l’.Sﬂﬂﬂﬁ@%%ﬂ.&&@ﬁ"@@ﬁeﬁw

PCR products were then visualized on 1 % agarose dels stained with cthidium bromids.

12042 244P 4P rashlorefia -

spetfic primers identified above. Arows show (he expecied size of the PCR product, and

kﬂF Z’tﬁh'@ew%ﬂ_ 8 aﬂs_ 7-&81@“;:, the PCR product matched to

the expected size (V: Vector only, H wild-type),

04914421Chlorellapagotkrold
es 11911049]8 J { .....



c9lslls Iwo. echs SAQO 2133

[0495] Growth in Liquid Culture: After five days growth in darkness, the genotype-

>§,‘Yi obrrorella-e |‘hp&0'@AG

iess, while wild-type cells showed no growth in the'same media in darkness.

2141, 733333

isige

10496] Secreted Invertase: A gene encoding a secreted sucrose invertase (Gen Bank

35929:0143.3503337330--=

1599 bp Asc I-Xho fragment that was subsequently sub-cloned into a pUCI9 derivative

BEDB @ MR feyrer s 01 s e 1

Xho/Sac I cassettes, respectively.

p Vi [aXY=T w1 AW N BCH Ko T=TYor- HN——
" i wmy fixed carbon in the form of

x| T gy At k on base media in the absence of an additional fixed

kmx&gﬂ'&h out on plates, and grown in the dark at 28°C. Single

395«2 @4 %See_g 93@@.:4 containing 1 %

Blucose and allowed to grow in the dark until mid-10g phase,

‘measaring cell counts cach day.

037779e34- EX-3335<ieinis

asole carbon source and exhibited no growth, and were thus chosen for transformation with a

5{5@3,2 ]l_)@lu@; plarlt@fd.ila( 31); (2) Chlorella minutissima

(UTEX 2341); and (3) Chlorella emersonii (CCAP 211/15).

8 1ACSloteda. . .
5 tely 1-5 x 10° total cells. The resulting pejlet was washed with
332333:2;2 d carbon source. Cells were centrifuged=gain and the pellet
n ) lyme medi ieft 161:3 2x 10" cells/ml.
v r late in a sterile hood. Plasmid DNA was precipitated onto gold
%nmmm manufacturer’s recommendations (Seashell Technology, La Jolla,

CA). Transformations were carried out using a BioRad PDS He-1000 particle delivery

system using 1350 psi rupture disks with the macrocarrier assembly set at 9om from the

rupture disk holder. Following transformations, plates were incubated in the dark at 28°C.

116



Sucrose0257743 a to urrx

All strains generated multiple transformant colonies. Control plates transformed with n¢

rn#B @469@323@91#{94’{1#8@0 i
dﬁfﬁﬁs&&ﬁ H@Cﬁ@fmﬁ
3"8"33053’3%1?4”)(1’?&&?1“8um
P eitelote ateio)s s tolc ANNEMNURIRNS
3363330850038 8 3 vess
?,m%% ENCChh77eg.L5es
enbMIX 299 ERc Bwé‘“e“‘t“;”rd‘“’”dlg
'Febt’)‘tj‘l"ﬂ’o‘ A 3o B B

‘Genomic DNA was extracied from ChloPella WT and the tranformants as follows: Cells

33‘% ‘33@7‘3%1’%'@{@”} mM NaCl, § mM

EDTA, pH 8.0, 0.25% SDS) at sional mixing via in

1313 31(3 818 A.ed37m @n “Tris Cl, pH 8.0. Genotyping

‘was done on genomic DNA extracted from WT, the transformants and plasmid DNA. The

Onelosec9303331 7
3333553362283 0w
FrUCIOCEab b 043533759
5‘3?2“35?2; f:fi%iﬁ“ i, Toerc potiev s
4333089337337 1:3g e
OnclayoC12055771 kr33103

3353 124314331503373303

Genomic DNA was extracted

. !culn ies as follows: Cells



Alarmosc333333591373135
FesslenSACS 1240
Vammas 1335573105

EXAMPLE 2

Ce]lucl:m

m%@tgﬁﬁnéﬁaﬁ%ﬁ?aﬁﬁﬁﬁ

205 M- A 310FQC 0L T, % ;L‘”'
i A O %ﬂ”ﬂﬁ“ﬂ; i
NFRAOSO(S o oo e
hi@@lﬂﬁestretmheeeat@Sd n e dukn e

ellulosic material or other ional fixed carbon either did not occur or was

14"32720

4&231323, mmmmm:';zf
311307513X99, 7135539333

33303337T37.1442. "
Wartnose3877-959872-nue.
f@%manUTEeme%bsM@r»@sec
rhrﬂsaD! tion of Guc: ee y 3
(5“(?""5”2@‘62541“%%%@?‘“ ‘@'“e’“““‘“‘“
naa,.s,,b.,., mu. 29

2 tlA tlalactoye 913133733(




Gelectoso 97555..9753My..

—Teaction. The corn stover cellulosic

frem.th SAC 2045 Cleltdesc
(Hal E‘%Fé‘tjé“tﬁ“ (o} (=)

Cenus/Spe: ource/Designation

& A UTEX 66
Linada & U LU ST saczidn
Chiorella kessleri UTEX 1808

14137324 toroAnted24
! Chjlor emm" 1 AG 2133
UTEY% 4902 Galactose —
h Iy

33733421 f‘i““'“ 03387371

ey E
Chlorella sorokintana
9 .
A aLyrochlasllg kesslpe o
13131 7-dugdls
yoToheca morliors
Frototheca mogfopnisg (TS 4
Galacteg&..i s 303
em P I‘@th.f{ sed herein, UTEX refers to the culture collection of algae at the

Universfty of Texas (Austffi, Texas, USA), SAG refers to the Culture Collection of Algae at

the University of Géttingen (GBttingen, Germany), CCAP refes to the culture collection of
algae and protozoa managed by the Scottish Association for Marine Science (Scotland,
United Kingdom) and CCALA refers to the culture collection of algal laboratory at the
Institute of Botany (Tfeboi, Czech Republic).

[0508] D ination of Growth on Cellulosic Material: After enzymatic treatment and

saccharification of cellulose to glucose, xylose, and other monosaccharide sugars, the
material prepared above was evaluated as a feedstock for the growth of 24 algal strains of S.
cerevisiae in Proteose media or YPD media respectively. Proteose media was made up to a

final glucose concentration of 23 g/L (the final concentration of glucose generated via

119



(CAP 233542 041331e33

Ilulolytic treatment of corn stover), as was YPD for growth of . cerevisiae, by Ttting

C993533378373647 3w vorv

concentrations of cellulosic material were included, providing 0, 12.5, 25, 50 and 100% of

11932 {-3bb0-Loalaetose ..

One mi of the appmp;]n e media was added to hwclls of a 24 well plate. S. Terevisiae grown

s aY Qs [ PV ISSe yeast wells. Twenty
3553?73“2@15? Gialaclode tm
,‘35,"2' ik 3*motirron es 111577

) YPD ol offratgte | ook F 1% | vl of 100% Final Percent
‘ j@l@}_ o 10 Proteose | Cellulosics Made | Volume Cd’\:::m
(ml) i ';AE dia () up to YPD (ml) (ml)
™ 44 'y
JadidlUl( UllUSS ATOCRY
075 025 25
ya 05 4 Pac 50
O l\ W lOS T 100
0
0875 0.125 1
075 025 1
05 T 05 1
0 [ i 1

[0510] Table 15 shows the volumes of depolymerized corn stover modified to contain
Proteose or YPD media components that were added to Proteose or YPD media respectively
to yield medias containing the indicated percentage of cellulosics. Medias were prepared in
order to obtain a final glucose concentration of 23 g/L in all cases. Volume of media prior to
the addition of either 20 I of mid-log phase grown yeast or alga cells was 1 ml, Cells were
incubated two days in the dark on the varying concentrations of cellulosic feedstocks at 28°C
with shaking (300 rpm). Growth was assessed by measurement of absorbance at 750nm in a
UV spectrophotometer. Surprisingly, all strains grew on the cellulosic material prepared with
Celluclast, including media conditions in which 100% of fermentable sugar was cellulosic-
derived.

EXAMPLE 25
Growth of 24 Algal Strains and S. cerevisiae on various Cellulosic Feedstocks prepared with
Acceilerase 1000™ and Celluclast™

120



CCALA 2 Awl414 UTE%

[0511]  Strains and Culture Conditions: Algal strains used in this Example are listed in

12306-HAeetate-Chlorellars0:om

of depolymerized cellulosic material and/or pure glucose. Saccharomyces cerevisiae (strain

"1 0l 4810 ACOR - Bidf @S orserormeries

llylosic mategial d/zl:u g 5 1?55¢ were gro nalZS“C m'.||1dark
1144585415 Z“L agotale
uh R@ t(l«.?lw \J;h.anuo able

Enelg! ory colkirlg o Stover it a 1.4% sulfuric aci sounonand

ﬁ 94.-,55 A 2@ \8. 1enewable
ncrgy oratory( utilizing the same method as for com sfover. Sugar beet
Anew: iMef@ o3P SAE 244

MD. Using a MettlekToledo Moistare analyzer, the dby solids were 24% in the wet com
40-Atm-(Morelta-dacd:theid: -
or switchgrass was resuspénded in deionized water to a final volume of 420 ml and the pH
adjusted to 4.8 using 10 N NaOH. For beet pulp, 8.8 grams dry solids were brought to 350

ml with deionized water and pH adjusted to 4.8 with 10N NaOH. For all feed stocks,

Accellerase 1000™ (Genencor) (a cellulase enzyme complex) was used at a ratio of 0.25 ml
enzyme per gram dry biomass. Samples were incubated with agitation (110 rpm) at 50°C for
72 hours. The pH of this material was then adjusted to 7.5 with NaOH (negligible volume
change), filter sterilized through a 0.22um filter and used in growth cxperiments outlined
below. A sample was reserved for determination of glucose concentration using a
hexokinase-based kit from Sigma, as described below. The same set of cellulosic feedstocks
were also prepared using Celluclast™ (Novozymes) (a cellulase) as described in the previous

example.

[0513] D ion of Glucose C: ions in Various Cellulosic Feedstocks Treated

with Accellerase 1000: Glucose i d d using Sigma Glucose Assay
Reagent #G3293. Samples, treated as outlined above, were diluted 400 fold and 40ul was
added to the reaction. The cellulosic preparations from com stover, switch grass and beet
pulp were determined to contain approximately 23.6, 17.1 and 13.7 g/L glucose, respectively.

0514] D ination of Growth on Cellulosic Material: After enzymatic depolymerization
polym

of cellulosic sources to glucose, xylose, and other monosaccharides, the materials prepared

above were evaluated as feedstocks for the growth of the 24 algal strains listed in the Table
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8A4 22 I
14'$}s4geremme ir;IFrﬂ:ase'e\ vr;lgedg!;peemvely. The medias were designed to
Cluntredawronatheecootestm=w
derived from com stover, switchgrass or beet pulp. A first set of Protegse and YPD media
UFEX: 3Lt-WaRG RtsGadmmemn
stover, syitchgrags and beet pulp, each of which contained 23.6 g/L glucose, The
proiodgetddied-411:406,4dd..(
normalize glucgse in all cellylpsic medias 3£23.6,¢/L. One ml of the appropriate media was
Morella.eillido2de U e o
inoculur 0 ul) for the yeast wells. Tw microiteas ofgnoculum for the 24
ChiWgIohatas, G d T4
L gucps; ells baped, ingtheglar re irying concentrations
212 QCAS TTLarA
 phabs 7 ina gy, ingly, all algae
oAel ] Ing 1 @n tion: i table sugar was
@‘;.W@tha@ erform pryith onmiSvT?Xﬂ;fAﬂl?w_
indicating that inhibitors (6 ydadt krbwth in¥he Gellulbsic material made a major impact on
i fes n 1 of atsyaae *:eeion
Asototo Od- orciar Aromnre

enzymes and feedstocks with 100% cell

E@/d;dgsnsc are shown in Table 16.

10515]  Table 16. Combinations of algae, enzymes, and feedstocks.

Feedstock and G
Enzyme
comn stover/celluclast ™ By minor UTEX 66
beet pulp/accellerase™ Chlorella ellipsoi SAG 2141
i ™ Chlorella kessleri UTEX 252
beet ™ hlorella kessleri UTEX 397
i ™ Chlorella luteoviridis SAG 2133
beet ™ Chlorella luteoviridis SAG 213
i ™ rella luteoviridis UTEX 2.
beet ™ rella luteoviridis X2
com ™ hlorella luteoviridis UTEX 2!
beet ™ Chlorella pr UTEX 25
beet ™ Chlorella sp. SAG 241.80
beet ™ kessleri SAG 12.80
™ Prototheca moriformis UTEX 1441
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0.1E1250 Odorelfrx

beet pulp/aooe]]erase Prototheca moriformis U 1
q I G ofifory AA 1
v I 2 0 LU 1
com stover/accellerase Prototheca moriformis U 4
Z L M Na6314
IO

25.1885.1.2458141014

Te eV ENN -V N o I WY S——
identified bclow were started as 1 ml liquid cultures in 24 well plates and were grown

Exp RIRXE &qung at ~350 pm. Plates were setup with 1.5%

se-based solid Proteose media Iammg 1% of glucose, ¢ n)l xylose, sucros:

Rotduclownllichewallgjiesel..
trs ophic 24.well plate was. spo nto the solidupedia.
10518 C Pasiotios Gals aw

control plate v.onlamm no, itional f ef cnrbo Growth was observed for each of the

baf ;C‘ Table 17 below. Growth of these

sl.rmrﬁ ﬁié'ﬁﬁn ﬂdfdéa§encc of additional fixed carbon either did not
31711 755145401120

Fixed Carbon Souyce Genus/Species Source/Designation
\ l:&mm*um ) UTEX 250
Glucose Chlorella ke:slen UTEX 397
E' ICOS¢ ) UTEX 2805
d SAG 12.80
__Glucose — SAG 2149
V P
1!
Glucose [ UTEX 1442
Pa. 4
alloyed L : g
lucos Scangdesmus egopns CCAP 232/1 |
Glulg-contraligs{ihe glticose
Glycero Chioreila p i CCAP 211/3d
RY. iiggile: EX, 1244
| el 16:4l: [901s—
lycerol Prvr&: eca moriformis UTEX 1435 |
Uwéstate eoi 4%8
JVV LT CUI ' 7A,
Chlorella sorokinigna UTEX 1663

Gm mated Ren;al glucose
lesch (Topped to 10 g L tato



able Ig m

Chlorella luteoviridis SAG 2133
E fds H_@G 41
G 2149
Xylose Chlorella gp. . _CCAP211/75
I utdaYs [NTY i KLYA
y) P YSrtobifoprid D VA A 7435
Syeros Chiogellassgackaropkila g~ & o~ JTE%R469,
: A it 316 A
b 0! Chiorella sp. - 1 10.
A7y e M) % N\ D G2y
al e 44
7 Sucrose Chlorella minutissima CCALA 20024
N Lo ssl UTEX 398
LU Y SAG 3.95
ructose Parachlorella kessleri SAG 27.87
ructose Chlorella luteoviridis SAG 2214
ructose Chiorellap UTEX 31
ructose Chlorella p UTEX 250
ructose Chlorella reisiglii CCAP 1178
ructose Chiorella p; i CCAP 211/8d
uctose Prototheca moriformis UTEX 1435
ructose rubescens CCAP 232/1
abinose Chlorella sp. CCAP 211775
annose Chlorella kessleri UTEX 263
annose Chiorella saccharophila UTEX 2911
annose Parachlorella kessleri SAG 12.80
annose Chlorella sp. SAG 241.80
annose Chiorella ipsoi SAG 265
annose Chlorella ellipsoidea SAG 2141
annose Chiorella p i UTEX 250
annose Chlorella emersonit CCAP 211/15
annose ‘minor UTEX 66
annose Prototheca stagnora UTEX 1442
annose Prototheca moriformis UTEX 1439
annose Chlorella cf. minutissi CCALA 20024
annose rubescens CCAP 232/1
alactose minor UTEX 66
alactose Parachlorella kessleri SAG 14.82
alactose Parachlorella beijerinckii SAG 2046
alactose Chiorella P UTEX 25
alactose Chlorella sorokiniana TEX 1602
alactose Parachlorella kessleri AG 12.80
alactose Ji aquatica AG 2149
alactose Chlorella luteoviridis AG 2214
alactose Chlorella ellipsoidea CCAP 211/42
alactose Chlorella ellipsoidea CCAP 211/50
alactose Chiorella protothecoid UTEX 250
alactose Chlorella prototh UTEX 264
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~ Galactose Bracteococcys medionuclegtus.
. al: e
A . fal ™
A Selacigse
] .
Aletale @ sorokintana
4 PN o~ T2 Slorellateapiridey =3
0T8O T Geindc kg 7 )
cetate Parachlorella kessleri SAG 27.87
cetate Chlorella sp. SAG 241.80
cetate Chlorella luteoviridis SAG 2214
cetate Chlorella p it UTEX 31
cetate Chliorella i UTEX 411
Acetate Chlorella ic CCAP 211/42
Acetate Chlorella ovalis CCAP 211/21A
Acetate Chlorella p ic CCAP 211/8d
Acetate Prototheca stagnora UTEX 144
Acetate Chlorella p ic UTEX 250
Acetate Chlorella sorokiniana CCALA 260
Acetate Chlorella vulgaris CCAP 211/79
Acetate Parachlorella kessleri SAG 14.82
EXAMPLE 27

Production of Renewable Diesel

[0518]  Cell Production: An F-Tank batch of Chiorella protothecoides (UTEX 250) (about
1,200 gallons) was used to generate biomass for extraction processes. The batch (4ZA07126)
was allowed to run for 100 hours, while controlling the glucose levels at 16 g/L., after which
time the com syrup feed was terminated. Residual glucose levels dropped to <0 g/L two
hous later. This resulted in a final age of 102 hours. The final broth volume was 1,120
gallons. Both in-process contamination checks and a thorough analysis of a final broth

sample failed to show any signs of ination. The ion broth was

and drum dried. Drum dried cells were resuspended in hexane and homogenized at
approximately 1000 bar. Hexane extraction was then performed using standard methods, and

the resulting algal triglyceride oil was determined to be free of residual hexane.

[0519]  Production of Renewable Diesel: The algal triglyceride oil had a lipid profile of
approximately 3% C18:0, 71% C18:1, 15% C18:2, 1% C18:3, 8% C16:0, and 2% other
components. The oil was first subjected to ing, resulting in an imate 20%

yield loss to water and gases. Hydroisomerization was then performed, with an approximate

10% loss in yield to gases. A first distillation was then performed to remove the naptha
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Approximately 20% of the material was lost to naptha

0:0-304 ~ ffmd ki d e @ st Belbee Ak

to remove fractions necessary to meet the ASTM D9752ec|f20n but leave a bottom

fraction, leaving the des

4o, O sok MY Ao W s Ll

pproximately 30% of the

material was left in the bottom fraction in the second distillation. The resulting material was

then tested for all ASTM D975 specifications.

[0520]  Figures 29 and 30 illustrate a gas chromatograph and a boiling point distribution

plot, respectively, of the final renewable diesel product produced by the method of the

invention. Table 18 shows the boiling point distribution of the resulting renewable diesel

product, and Table 19 shows the results of an analysis of the final product for compliance

with the ASTM D975 specifications.

[0521] Table 18. Boiling point distribution of renewable diesel product,

Recovered BP  Recovered

mass% :  °C
1504
10 1636
20 114
30 1752
40 1880
50 1948
60 1966
70 1978
80 2074
90 2100
100 2144
110 2166
120 2176
130 214
140 2276
150 2298
160 2332
170 2358
180 2368

190 240,
200 2456
210 2480
220 2502
230 2536
240 2552
250 2568

[0522] Table 19. Analytical report for rene

BP  Recovered BP Recovered BP
°C

2618
264.6
2662
2682
2710
M4
2734
2762
2800
2824
2852
278
2896
2918
2942
295.8

mass%  °C

wable diesel product using D975 specifications.
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2521 2.3.03132:124.4 4L
233241016 0014 qr0

fater and Sediment 0 Vol %
% lgtion 90% (Recovered) 3010/573.9 CioF
D445 Kinematic Viscosity @ 40.0°C (104.0°F) 2808 mm2sec
D42 Ash <0001 o
05453 Sulfur 24 ppm
D130 Copper Corrosion 3hours @ 50°C i
D613 Cetane Number *** 65
0976 Calcuioted Cetane Index 72
02500 Cloud Point 3 ©
D524 Ramsbotiom 10% Carbon Residue 002 weo
097 Pour Point 3 ©
02274 Total Insolubles (Oxidation Stability) 40Hour Test ™ 40 mg/100mL
D4052  Densiy @ 15.0°C (69.0°F) 7938 Kgim®
D4176-1 Appearance by Visual Inspeciion (Lab) Clear ond Bright- Pass Visual
D4176-1 Appearance by Visual Inspection (Lab) Free Water- Poss Visual
D4176-1 Appearance by Visual Inspection (Lab) Particulates- Poss Visual
1500 ASTM Color Los
D664 Acid Number <0.10 mg KOHg
D600 Lubricty (Wear Scar) 405 wm
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42:Q.1S 0 250 2 213 6
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‘geacatageacteccttacatcacceageagtacaaca

SEQ ID NO:2
Chlorella ellipsoidea nitrate reductase promoter from AY307383:
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p A og,nzlml.b 0.1,-re.1,
22; GnCettt - g=tniaof m?: g“g“;g“
TOTLITAOTO P Gowoessacammiuss
B24M101:21-10102210:/0 410
0264:11-423-403-100:23229 (b
Fheof) 213

SEQ ID NO:4
Chlamydomonas RBCS2 promoter:

SEQ ID NO:5
CMV-Hyg-CMV BamHI-Sacll cassette from pCAMBIA:
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The method of clai herein the microorganism is a fungus.

(ADANA L oo oo

merm ;th@mﬂmﬁligﬁmm -
6111161 66761 theTerny:. .

mem=7}76-M-TFhyElla gear

amgtgh lﬂre‘ 16( bJ in the ism contains at least

66166166:Chio &a@laucauuran(ﬂum
w:'Ce66, T awleart, (Morella.,

thod of claim 1, wheret

careﬁs iﬂ@@@@%676666661
Qﬂl@ﬂfﬂlﬁ o]0 o] e To Iiuimmidniipmmm

Lrers,pt cfitormme ‘f"’m"éﬁ’f“"”
C6| 1,11f...46.4.446466. Collor
Flip oW1t Citréena 2. 4™
fseomon cvl6-1111
mfi66606277




C20220/44722 aped. ai the

(i) the microorganisms accumulate at least 10% of their dry cell weight
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‘The method of claim 14, wherein the microorganism is a microalgae.

15.
alaim 14 2 hereolale. ...
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17. The method of claim 16, wherein the microorganism is a species of the
leaaa oné eX6genous studse
M aJ Z@. n]@rrehm 921@@ @min the microorganism is selected from
the group consisting of Chlorella agitrata, Chlorella antarctica, Chlorella aureoviridis,
tha-method44.212,2323 .
Chjogella emersonii, Chlorella fusca, Chlorella fusca var. vacuolata, Chlorella glucotropha,
NSNS SUGTOS S rivoren s

pwhila, Chlorella kessleri, Chlorella luteoviridis, ChlarelH:eaviridis var.

Auxeny

MUIZaL0h.gene..cance. rella minutissina,
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a}ﬁrawﬁﬂ\cm at’a/s(gu var. vulgaris f. tertia, Chlorella vulgaris
Var. vulgaris f. viridis, Chlorella xanthella, and Chlorella zofingiensis.
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The composition of claim 29, wherein the micloorganism is a species

W4E846511:g Of a steamy’
] X £ elag erein the microorganism is selected
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i
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Chlorella vulgaris var. vulgaris, Chlorella vulgaris var. vulgaris f. tertia, Chlorella vulgaris

" vulA f viridis, Chlorella xanthella, and Chlorella zofingiensis.
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(b)  aculture medium comprising (i) sucrose; (ii) lignin; and (iii) a sucrose

invertase enzyme.

387.  The microbial culture of claim 386, wherein the microorganisms are

microalgae.

388.  The microbial culture of claim 387, wherein the microorganisms are

selected from the group consisting of the microalgae listed in Table 1.

389. The microbial culture of claim 388, wherein the microorganisms are a

species of the genus Chiorella.

390. The microbial culture of claim 389, wherein the microorganisms are
selected from the group consisting of Chlorella anitrata, Chlorella antarctica, Chlorella
aureoviridis, Chlorella candida , Chlorella capsulata, Chlorella desiccata, Chlorella
ellipsoidea, Chlorella emersonii, Chlorella fusca, Chlorella fusca var. vacuolata, Chlorella

Chlorella infusic Chlorella infusic var. Actophila, Chlorella
infusionum var. Auxenophila, Chlorella kessleri, Chlorella luteoviridis, Chlorella luteoviridis

var. aureoviridis, Chlorella luteoviridis var. Lutescens, Chlorella miniata, Chlorella
minutissima, Chiorella mutabilis, Chlorella nocturna, Chiorella parva, Chlorella photophila,
Chlorella pringsheimii, Chlorella protothecoides, Chiorella regularis, Chlorella regularis
var. minima, Chlorella regularis var. umbricata, Chlorella reisiglii, Chlorella saccharophila,
Chlorella saccharophila var. ellipsoidea, Chlorella salina, Chlorella simplex, Chlorella
sorokiniana, Chiorella sp., Chlorella sphaerica, Chlorella stigmatophora, Chiorella
vanniellii, Chlorella vulgaris, Chlorella vulgaris, Chiorella vulgaris f. tertia, Chlorella
vulgaris var. airidis, Chlorella vulgaris var. vulgaris, Chlorella vulgaris var. vulgaris f.
tertia, Chlorella vulgaris var. vulgaris £, viridis, Chlorella xanthella, and Chiorella

zofingiensis.
391.  The microbial culture of claim 386, wherein the microorganisms are

oleaginous yeast.

392.  The microbial culture of claim 391, wherein the oleaginous yeast are
selected from the group consisting of Cryptococcus curvatus, Cryptococeus terricolus,
Candida sp., Lipomyces starkeyi, Lipomyces lipofer, Endomycopsis vernalis, Rhodotorula

glutinis, Rhodotorula gracilis, and Yarrowia lipolytica.

182



393.  The microbial culture of claim 386, wherein the microorganisms are

fungi.

394, The microbial culture of claim 393, wherein the fungi are selected
from the group consisting of a species of the genus Mortierella, Mortierrla vinacea,
Mortierella alpine, Pythium debaryanum, Mucor circinelloides, Aspergillus ochraceus,
Aspergillus terreus, Pennicillium iilacinum, a species of the genus Hensenulo, a species of
the genus Chaetomium, a species of the genus Cladosporiums, a species of the genus

Malbranchea, a species of the genus Rhizopus, and a species of the genus Pythiurm.

395.  The microbial culture of claim 386, wherein the microorganisms

contain at least one exogenous sucrose utilization gene.

396.  The microbial culture of claim 395, wherein the sucrose utilization
gene encodes a sucrose transporter, a sucrose invertase, a hexokinase, a glucokinase, or a

fructokinase.

397.  The microbial culture of claim 396, wherein the sucrose utilization

gene encodes a sucrose transporter.

398.  The microbial culture of claim 386, wherein the sucrose invertase
enzyme is a secrectable sucrose invertase enzyme encoded by an exogenous sucrose invertase

gene expressed by the population of microorganisms.

399.  The microbial culture of claim 386, wherein the microorganisms

contain at least one exogenous gene encoding a lipid pathway enzyme.

400, The microbial culture of claim 399, wherein the lipid pathway enzyme
is selected from the group consisting of a stearoyl-ACP desaturase, a glycerolipid desaturase,
a pyruvate dehydrogenase, an acetyl-CoA carboxylase, an acyl carrier protein, and a glycerol-
3 phosphate acyltransferase.

401 A nucleic acid comprising:
() acDNA encoding a sucrose utilization gene; and
(b)  acDNA encoding a protein conferring resistance to the antibiotic

hygromycin or the antibiotic G418.
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402, A method of cultivating microalgae, comprising:
(@  providing ami 1l capable of

growth;

(b)  placing the microalgac cell in growth media, wherein the growth media
comprises depolymerized cellulosic material; and

(c)  incubating the microalgae for a period of time sufficicnt to allow the

cell to grow.
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