THI AZOLOPYRI DI N- 2- YLOXY- PHENYL and

THI AZOLOPYRAZI N- 2- YLOXYPHENYL AM NES AS MODULATORS OF
WO EIEAIRIENE A4 HYDROLASE Fi el d of the | nventiPeT/Ukm®09/040123

present invention relates to certain

t hi azol opyhdi n- 2-yl oxy- phenyl and

t hi azol opyr azi n- 2-yl oxy- phenyl am ne conpounds,

phar maceuti cal conpositions containing them and

nmet hods of using the conpounds and pharnmaceuti cal

conpositions for |eukothene A4 hydrol ase (LTA4H)

nodul ati on and for the treatnent of disease states,

di sorders, and conditions nedi ated by | eukot hene A4

hydrol ase (LTA4H) activity. Background of the

I nvention Infl aBYE&EéPJgHtﬁIBQWRJdI\gI@ADnaﬁUt e response

by the immune syste 0 I nva m cr obi al
pat hogens, CQRAH{RABIAIBIQNRYSS AP Mlﬁ}‘QBSAL PHSsone
cases, homever the inflamratory response can progress

to a chronic SEAL EF&%QC%”FO fxﬂ ﬁ?ﬁ?ﬁxé’%ﬂbﬂ | ammat ory

di sease. Therapeu |c con

i nfl a[PH‘?HtT?"'d’FFSCPtﬁPPB‘ia'%PéFé@“@‘i@‘@&'&%"s“ﬂ% th%\be’i‘f'ﬁﬁ "6(?“ O Bl
need. AnE A0} ahrieotyE&610 fIFd) Jung PR20BY ieybrerppted byl réfgyenegdst theiy entirety
met abfadail buesse0f ar achi donic acid (B. Samuel sson,

Sci ence 1983RE@&@1§A§>&7A sEeSchbyrnghat have been

IITp|I €Qy ic n1 s ce Tistifga 'in pa easthma
(D A [‘8@5] ?££p1 bl IQHI{E?} Qq'ﬁéﬂ %fgﬁ%ﬁ@% d o 1‘%‘1@@;& d

1042- %‘80 N. Myahara et al ., AIIergoI | nt. 2006,
55(2): 91-7: E. W GITFLDRF THEINGINTION, Al | ergy d | n.

| Muniedo3] 286G entidchicfifedin the Bfdy of@ehetic Koginehing.awvaddliure, aad theag| . | J.
| MU N@émical2Q@5catiod F Bid Jontairkdig hftroB B pipmassnf | @ammat ory bowel

di sease (| BD) (P. BMMNﬁB@TWE@VEﬁI@RSOﬂ

Gastr [B(ﬁﬂt ? crease% g%an]dgor enerayaaG %lobal g &1&96 as glzi_g\s]d mc% sm ressure

obstructive

Respi PHE 8] fgs@](f“fls Th‘éél(”%)“’”h YRGS “flﬂgrafrf"?ugf"”( Pij .

G i f fipydkhegpvelggment ofbpresptic enigy sprplicpgadfssergidhe devilppgenpoinopg 95,

92( 2) petrcpllry fuGXdr internpl compgstignieng@@ts. Faul comprepsiof @gnitg {diesell @GS, it

64( 3) has ﬂesﬁlhohaﬁi) the sfpl@ BlboAS kstrs 6f}ﬁtty Jc]ﬂﬂ.blodles]al) ar%EeH&ter’ an SCi .

1999 ) altg'natlxg gllsel fullgéod;]edeﬁ'pas aﬁzgj}er ox%&%ox@eﬂgha!}@csel @Lbeh }r(ﬁnr fossﬂSk I'n
afe ma

Phar ng?s and ther ope reduccs em1 s o¥ Igmc %Eocar%{ns)i d ca?b P 245)

and atnerosclerosrs
Ar t er TR aFleFifr e vﬁg EPEPY F“e% Tow pejigrconsent (SPeshpgyl» o

Subb a-diéfe Cle ngeptorg pf Biogpsel andiPeygleymdiiese fay e anfaseBuBj ol 24,
369- 7%ti¢nd @Béyaple Elelegiathitotyl Report AREIGER - 8b-24088atold@samet (1936:;,
233- %kl R0)s:, and &l 1AM VarRRx, PRE. Efthey ddnB RO S 12012k 08X ikeg)) 25,
315- 34w ( %Q%)f@)ns at Et‘ffodﬁéém t&‘é&' a§d uQJ oﬂlu%}él&%l;lby%ﬁﬁed' S

initi O an
unst a 1|ﬁt) Veﬁe a¥le légxpﬁ]?(é? ﬁgéoaereg? solvT'lt extwctxf)nr o?%fqee&)&ﬂd a(uEall i

by 5-¢¥ ﬁéfﬁ&?@@ﬁé%@“‘(cﬁ o oyl sypipesipecredr Bt dhYRSRY: 70 aI
Annu. 81Re8Ps); B eierf. L. 198 MppieBingid 88 BAFculnrt1:§1-BhRYire | S
expr emgiederpéee onicfahdil ts ByieCRIdlcton Of faifyeet ndihl esis (FgMB),

par ti ﬁ?oHJ c@gdery lesgﬁéﬁtyrre@m qu HreedsHES !:ualstlBénl restaurant grease and soybean

nonoc tes
Yoot BR AR gt TR 2325%%% 13835 T
can e PReTrE- 1%8nf’ﬁlg£‘tﬁéf5“wri“?i‘w§ BFH gy mistions

| eukotriene C4 (LTC4) synthase to produce the
cysteinyl |eukotriene, LTC4, or hydrolyzed to the
diol, leukotriene B4 (LTB4) (B. Sanuel sson, Science
1983, 220(4597): 568-575). LTCA4 and its netabolites,
LTD4 and LTE4, induce snooth nmuscle contraction,
broncho-constriction and vascul ar perneability, while
LTB4 is a potent cheno-attractant and activator of




neutrophils, eosinophils, nonocytes/ macrophages, T
cells and mast cells. The stereospecific hydrol ysis of
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Yokom zo et al., J. Lipid Mediators Cell Signalling
1995, 12(2,3): 321-332). Leukotriene B4 is a key
pro-inflammatory lipid nediator, able to recruit and
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BLT1 versus BLT2, blocking the production of LTB4
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t he downstream events nedi ated through both BLT1 and
BLT2. Studies have shown that introduction of
exogenous LTB4 into normal tissues can induce
inflammatory synptons (R D.R Canp et al., Br. J.
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neutrophil influx in nurine ear tissue. Atopic
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al., Eur. J. Pediatr. 2001 , 160, 7 11-717). Wile AD
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responds to topical therapy, correct use of these

t herapi es and conpliance remain a mgjor issue inthe
clinic (T. Agner, Acta Derm Verereol. Suppl. (Stockh)
2005, 2 13, 33-35). Topical corticosteroids and

emol lients are the standard of care in the treatnent
of AD. However, system c imunonodul atory therapies
and potent topical corticosteroids used to treat
severe AD are associated with significant cutaneous



side effects, such as striae, atrophy and
tel angeictasia that imt the long-termuse of these
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et al. Role of |eukothene receptors in rheumatoid
arthritis, Autoi nmun. Rev. 2007 Nov, 7(1 ) :12-7).
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find utility in treating arthritis, including, but not
limted to, rheumatoid arthritis. Abdom nal aortic
aneurysm (AAA) is a localized dilatation of the

abdom nal aorta that exceeds the normal dianeter (2
cm) by nore than 50% It is caused by a degenerative
process of the aortic wall. An aortic aneurysm may

al so occur in



the thorax. Surgery is eventually required to prevent
the progression to AAA rupture, which is nbst often a
WO 200ai1268¥ent . Thus therapeutics which del ay orP@r/esmne/040123
the need for surgery are an unnet nedi cal need. Recent
genetic studies in humans as well as studies in mce
and rabbits have inplicated the |eukothene synthesis
pat hway i n cardi ovascul ar di sease (reviewed in
Whatling et al., Expert Opin Investig Drugs 2007,
16(12), 1879-93). In a well-established nurine
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cystic fibrosis (G E. Carpagnano, et al., Am J.
Respir. Crit. Care Med. 2003, 167(8): 1109-12), upper
grastroi ntestinal cancer (X. Chen, et al., Curr.
Cancer Drug Targets 2004, 4(3): 267-83; J. Natl.
Cancer Inst. 2003, 95(14): 1053- 6 1) , and sepsis (H
Nakae, et al., Res. Commun. Chem Pathol. Pharnacol.
1994, 83(2): 151-6, and 84(3): 271-81 ) , Sjogren
Larsson syndrome, Sjogren syndronme, and skin burns,
such as those due to sunburn or sone other agent.
Exanpl es of textbooks on the subject of inflammuation
include: 1) Gllin, J.I.; Snyderman, R, Inflammtion:
Basic Principles and Cinical Correlates, 3rd



ed.; Lippincott WIllianms & WIkins: Phil adel phi a,
1999; 2) Stvrtinova, V., et al., Inflamation and
wo-gmen26siat hophysi ol ogy Princi pl es of Di seasesPCT/US2009/040123
(Text book for Medical Students); Academ c Press: New
York, 1995; 3) Cecil; et al. Textbook O Medicine,
18th ed.; WB. Saunders Co., 1988; and 4) Stednan's
Medi cal Dictionary. Background and review material on
inflammati on and conditions related with inflammtion
can be found in articles such as the follow ng: C
Nat han, Points of control in inflammuation, Nature
2002, 420: 846-852; K. J. Tracey, The inflammtory
refI ex, Nature 2002, 420: 853-859; L.M Coussens and
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and

and USe00Rl083050, AN L Wt e GL 1B5. 2l
Pat enit &% seppayallygign copbinstyg WHEROsS 703 492, 5, 585, 492,
and plWRl Eamtrs ) SINDY ieGi967 pereeptPQRCW @yiiubng Plaievels EBIed ¢

di am Ree hisstcaniuage, Sagfreg@pd odolamtadond gdisschyeddi scl osed
I N U. ScerdPba@ddmbRBationrdeikdf and B8RZOL hi azol e and
benzogaélolygurleﬁéfsm;rpp% AlQhSor B@W%NQ&% eglaﬁogve,hged in

US20 0%1 Zxéhg;;\r% nce oﬁ\(/jm%ls t %ycerqu 2d in the 6)%%1%% c?f ccm%)matlonf of
Paper%wﬂﬁgﬁﬁﬁm%cs Natlonal Nbetlng, Bost on, MA, United
States, August 19-23, 2007), Rao et al. {J. Pharnacol.
Exp. Ther . 2007, 321 (3), 1154-1 160) and Whittle et
al. (Br J Pharmacol. 2008, 153, 983-991 ) . In
addition, diamne derivatives are described as LTA4H
inhibitors in U S. Patent Appl. Publ. No. 2007/01
55726 and Intl. Patent Appl. Publ. No. WOX2007/079078.
Aryl -substituted bridged di am nes are disclosed as
LTA4H nodul ators in U S. Provisional Pat. Appl. No.
60/ 984, 126. Conbi nations of a cycl ooxygenase-2

i nhi bitor and an LTA4H inhibitor for the



treatment of inflammtion and inflammation-rel ated

di sorders are disclosed in U S Patent 5,990,148 and
WO poopadseat i on WOL 996/ 41 625. Nitrogeneous PCT/US2009/040123

derivatives have been disclosed in patent-related as

well as in nonpatent-rel ated publications,such as

WO2008/ 01681 1; US2008/0057074; WO2006/ 0021 33; US

6, 316, 490; US 6, 632, 823; US 6, 432,976; WXR006/ 1 33802;

WO2003/ 037904; EP 623621 ; EP 416521 ; S. Col Mh, J.

Phar maci e de Bel gi que, 1991 , 46(1 ) 55-66; P

Dostert, et al., European. J. Med. Chem, 1984, 19(2)

105-1 10; FR 2446823; US 4,410,535; US 4,352,802; US

4,471 ,120; US 4,424,358; US 4,321 378 US 4, 329, 466;

us 4, 4,273, 7718 "
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of the di sadvantages of the conventional nethodol ogies
and/or prior art, or to provide a useful alternative
wWao bparas43 Addi ti onal enbodi nents, features, aneCT/US2009/040123
advant ages of the invention will be apparent fromthe
foll ow ng detail ed description and through practice of
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By way of a first exanple on substituent term nol ogy,
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gcanpie is S and S2 qcanpie is $S4 ; and equival ents of
each one of such choices. The shorter termnology "S 1
gxanpie is one of Si and S2, and S2 gxanpie is one of
S3 and S4" is accordingly used herein for the sake of
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branched, with a total nunmber N of carbon nenbers in
the chain that satisfies n < N<m with m> n. Any
waele®ahzsis uent referred to herein is neant to RPODURPASE40123
the various attachnment possibilities when nore than
one of such possibilities are allowed. For exanpl e,
reference to disubstituent -A-B-, where A B, refers
herein to such disubstituent with A attached to a
first substituted nember and B attached to a second
substituted nenber, and it also refers to such
di substituent with A attached to the second
substituted nenber and B attached to the first
substituted nmenber. According to the foregoi ng
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CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] The
w@e@gans4nppl i cation is a nonprovisional and cPEI/B820091@40123

benefit of 61/043,620, filed Appl 9, 2008 and

61/ 074610 filed June 20, 2008 incorporated by
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sources required for grow ng heterotrophic
m croorgani sns are produced ultimately by
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organi ¢ solvent for extracting lipids from

m croorgani sns for use as a feedstock ma
transestepfication process for the production of

bi odi esel Briefly, the "solventl ess" extraction
process includes contacting a lysed cell mxture with
an aqueous solvent contalnlng no nore than about 5%
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performed on the lighter lipid |layer until a

non-enul sified lipid |ayer is obtained Unfortunately,
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makes the "sol ventl| ess" process particularly |aborious

[0012] There remains a need for cheaper, nore

efficient nethods for extracting val uabl e bi onol ecul es

derived fromlipids produced by m croorgani sns The

present invention neets this need SUMWARY OF THE

I NVENTI ON [0013] In a first aspect, the present

invention relates to the discovery that direct

cheni cal nodification of hpid-contanm ng mcrobia

bi omass can dranatlcally |ncrease the eff|C|ency and
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al kyI esters—and—a ||yun upm I pnaac cont-ai g cet
material and glycerol In sone enbodi nents, the nethod
further conppses renoving water fromthe bionass ppor
to subjecting the bionmass to the transestenfyng

chem cal reaction In other enbodi ments, the nethod
further conprises renoving water fromthe bionmass
after the disrupting of the bionmass In sone

enbodi ments, renoving water fromthe bionass is
performed using a nethod selected fromthe group

consi sting of |yophihzation, drumdrying, and oven
drying the biomass [0016] In sone enbodi nents, m which
the chem cal nodification of the hpid-contamy




m crobi al biomass conprises transestenfyng the

bi omass, the nethod further conppses disrupting the
wher@sass4pnor to transestenfyng the bi omass | nPGDEE2009/040123

enbodi nents, water is renoved fromthe bi omass pnor to

the disrupting of the biomass In sone enbodi nents,

di srupting the biomass conpnses heating the biomss to

generate a lysate In other enbodi nents, disrupting the

bi omass conpnses contacting the bionmass with an acid

or base sufficient to generate a lysate In still other

enbodi nents, disrupting the bionass conpnsescontacti ng

the biomass with one or nore enzynes to generate a

| ysate In sone enbodlnents the biomass is contacted
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is no greater than 5 parts per mllion In sone
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carotenoid per gramlIn sone enbodi nents, the tota

chl orophyll content mthe |ipophilic phase is no
greater than 0 1 ng/kg [0019] In sone enbodi nents,

subj ecting the biomass to a chem cal reaction includes
contacting the bionmass with an enzyne to catal yze the
chem cal reaction In sone enbodi nents, the enzyne is a
i pase In one enbodi nent, the nethod further
conppsesseparating a |ipophilic phase containing the
covalently nodified |ipids from hydrophilic cel
natepal of the blonass [0020] In varlous enbodi nment s




m crobi al biomass are selected fromthe group

consi sting of bactepa, cyanobactepa, eukaryotic
won@eoaisghe, ol eagi nous yeast, and fungi | n soOPE@I/US2009/040123

enbodi nents, the mcrobes are selected fromthe group

consi sting of the eukaryotic mcroalgae |isted m Table

1 In sone enbodi nents, the mcrobes are a species of

the genus Cklorella, and in various enbodi nents, the

species is selected fromthe group consisting of

Chl orel l afusca, Chlorella protothecoides Chlorella

pyrenoi dosa, Chlorella kesslen, Chlorella vulgaris,

Chl orel |l a saccharopha, Chlorella soroki mana and

Chlorella el hpsoidea In one enbodi nent, the species is
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an exogenous | i pi dpat hway enzynme I n sone enbodi nents,
the |ipid pathway enzyne cogprises an acyl - ACP

t hi oesterase I n sone enbodi nents, the popul ati on of

m crobes further expresses an exogenous "naturally

co- expressed" acyl earner protein that is co-expressed
with the acyl- ACP thioesterase In sone enbodi nents,
the lipid pathway enzyne has a specificity for acting
on a substrate having a specified nunber of carbon
atons in a chain [0023] In sone enbodi nents, chem ca
nodi fication of the hpid-contam ng m crobial bionmass
conppses hydrogenating the biomass to saturate at

| east a subset of unsaturated bonds in the lipid In
some enbodi nents, chem cal nodification of the

hp|d contalnng n1crob|al blonass conppses.
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|'i pi d-contai nng m crobial bionmass conprises
hydr oxyl at ng the bi omass to generate hydroxyl ated

WO pEodzeskh sone enbodi nents, at | east a porti oPCDUS100%040123
hydroxyl ated |ipids are estenfied to generate estohdes
I n sone enbodi nents, chemi cal nodification of the
hpi dcont ai g m crobi al bi omass conpnses hydrol yzi ng
the biomass to generate free fatty acids fromthe
lipid In sonme enbodi nents, the free fatty acids are
subjected to further chem cal nodification In one
enbodi nent, chem cal nodification of the hpid-contamy
m crobi al bi onass conppses deoxygenation at el evated
tenperature ntthe presence of hydrogen and a cat al yst,
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fatty acid esters in the bionass are converted to
fatty acid salts In sonme enbodi nents, |ess than 1% of
the glycerolipids and fatty,acid esters in the bionmass
are converted to fatty aci d’%sal ts [0027] In sone
enbodi ments of the saponification nethod, the nethod
further conppses substantially separating the fatty
acid salts from other conponents of the biomss Sone
nmet hods of the invention further conprise boiling the
separated fatty acid salts in water and
re-precipitating the fatty acid salts by introducing a
salt into the aqueous solution to produce a purified
soap In sonme enbodi nents, the salt is a water-soluble
al kali netal halide, such as NaC or KO [0028] Sone
saponi fication nethods of the invention further
conpose conblnlng the purlfled soap or saponlfled 0|
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group consisting of essential oils, fragrance oils,
flavor oils, botanicals, extracts, CO2 extracts,
W@k@yAa268¢d| orants, titanium di oxide, mcas, tiPCI/H§2009/040123
herbs, glitters, exfohants, fruit seeds, fibers, grain
powders, nut neals, seed neals, oil beads, wax beads,
her bs, hydrosols, vitamns, m |k powders,
preservatives, antioxidants, tocopherols, salts,
sugars, vegetable oils, waxes, glycerin, sea
vegetables, nutritive oils, noisturizing oils,
veget abl e butters, propylene glycol, parabens, honey,
bees wax, al oe, polysorbate, cornstarch, cocoa powder,
coral powder, hunectants, gums, enulsifying agents
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bi omass before saponificati?f In some enbodi nents, the
extracted oil is substantially free of color or

pi gnments [0032] In another aspect, the present
invention is directed to a conposition conppsing a

| ighter phase containing fatty acid al kyl esters, and
at | east one heavi er phase containing mcrobia

bi omass [0033] In vapous enbodi nents of the
conposition, at |east 20%of the fatty acid al kyl
esters are C18 In sone enbodi nents, at |east 30% of
the fatty acid al kyl esters are C18 In sone

enbodi ments, at |east 40% of the fatty acid al kyl
esters are C 8 In sone enbodi nents, at |east 50% of
the fatty aC|d aIkyI esters are C18 In sone
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the fatty acid alkyl esters are Cl4 or shorter chain
| engths I n sone enbodi nents , at |east 20% of the

wo 200041268¢3 d al kyl esters are Cl4 or shorter cheCTUS2009/040123
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invention is directed to a conposition conmppsing a
i ghter phase containing conpletely saturated |ipids
and at | east one heavi er phase containing mcrobia
bi omass I n anot her aspect, the present invention is
directed to a conposition conprising a |lighter phase
containing lipids and at | east one heavi er phase
cont ai ni ngm crobi al bi omass from nore than one species
or strain In another aspect t he present invention is
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is directed to a kit conppsng a saponified oi
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[0038] Figure 1 shows DCWper liter of multiple
species and strains of Chlorelia when cultured in the
presence of vapous types of glycerol with and w t hout
addi tional glucose[0039] Figure 2 shows DCWper |iter
of nultrple specres and strains of Chlorella mhen
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strains of Chlorella when cultured in the presence of
vapous types of glycerol with additional glucose

WO 0®4/1268% gure 4 shows |ipid concentration of BCI/USR08%040123
of multiple species and strains of Chlorella when
cultured in the presence of various types of glycero
with and without additional glucose [0042] Figure 5
shows lipid as a percent of DCWof two species and
strains of Chlorella when cultured in the presence of
vapous types of glycerol wth additional glucose,
wherein glycerol is added sequentially after glucose
[0043] Figure 6 shows |ipid as a percent of DCWof two
species and strains of Chlorella when cultured in the
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[0054] Figure 15 shows a synergistic effect of a
conbi nation of xylose and gl ucose on growth of
w@hloonzskn conpared to xyl ose or gl ucose al oneP¢DOSH)PI/040123

Figure 16 shows growth of Chlorell aprotothecoides on
gl ucose and fructose [0056] Figure 17 shows DCW per
liter o Chlorellaprotothecoides when cultured in the
presence of glucose, sucrose, or one of severa
nol asses sanpl es (designated BSI, BS2 and HTM in the
presence or absence of a sucrose | nvertase [0057]
Fi gure 18 shows growth of Chlorell aprotothecoi des when
cultured in the presence of glucose, sucrose, or one
of several nol asses sanpl es (designated BSI BS2 and
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"acyl - CoA" is a nolecule coppnsng an acyl noiety
covalently attached to coenzyne A through a thiol
ester linkage at the distal thiol of the 4'-
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[0069] "Biodiesel" refers to a fatty acid ester

produced fromthe transestenfication of |ipid The
w@sien2aan be a nethyl ester, ethyl ester, or BPCTES2009/040123

ester depending on the conponents of the

transestenfication reaction [0070] "Biomass" refers to

mat epal produced by growt h and/ or propagation of cells

Bi omass may contain cells and/or intracellular

contents as well as extracellular matenal

Extracel lul ar matenal includes, but is not limted to,

conpounds secreted by a cell [0071] "Bioreactor" neans
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nicroorganisns are cultured optionally n1suspension

ETSP;E% /or mlcrobla %tgf ac1d lﬁ)eﬁé €C 1ca y %yg rlin}bc Ogl)q( [ﬂpld (e. % L%Qt ac%)sy?e% n

faC|PFF?PFW&“ﬁf“ﬁronntlng a chemical reaction of a

r eactiBitl trgnogiergnimdimet lind vicd & ineredrd ROt 2 BPippdecingf  t he

pr odugitrobfe g Ati@daly S} in thdyiSende PRh@AS@Sofhdves) Foas l@id pfthway

react ein%a (e. Qfatfaﬁf ac1m.ht§eha Jni}ﬁe} Gatealyy:s this BbYdiaad theON anot her

react c@nrcl,gn JnQn o@ tge c[)m[ictonsg is QJffgng gqncAse@!@Jr@JaMlﬁh (e 9 ef!&@ El J/ é{d
| owe h 88 t he

r eact (1ve6 ﬁncrglﬂag H)ldtyﬁlg fn tl}e bsen%e é) é%etcg}%:ﬁg g [hg)éartlcglg' emboglmen ql
or atorBReriitperirdy Brdiner 8 Car T ELets gy s e
equi | dowining m expaeproub Enerrpding (a fofitbrp)- dtepdivdreufEx@mel kes  of
cat al yshia td RedrtElencRnimy Fesbe (M) mChal@e eonlainiod 0 Gogawhs gene
cat al t}(a'?'gn&des Qﬁgemhﬁ 1c1ﬁé@sl 119&: sﬂmﬁws@ oﬂlQQonioxoin @Qhuc al

cat al L-X'xt%odl Qs sa§ lle co ac Ors mclu € anyqr]taqx%l re%ﬁulegdy a hJ{rcﬁp Hv?‘ay En%

pr odu estion o %e 9 (

xyl os¥® aSa%baﬁBlg giotingy Pé%é‘éﬁ‘éﬁa%%m%?% 68%5&“8 S gel e

| i gni imventipnpr hag pegicipatedri sthpiis pf syptoBet 2&svelf 180‘7‘ dc‘m e’

" Co- Cibtolivddd @ito,micgbed (et anitreptzbe usinhi@rseh ang igehiiqugsgnown to those
"Cco- Cltdivate”, refer to the presence of two or nore

t ype S[OBB] %Jrolalgal ﬁ?&nla@ gltﬁ%gﬁpekéngge%ﬁﬁhlﬁg acéﬁmﬁatlgﬁw d19 Gveléﬂp re
t y P esha%)been éenerate% usin ITﬁXvaBQy othl}?e.rent metg qrqupji ?wn‘%i t esaxltJ ch

m cro croa tured vvlth
a di fhr“érﬁaé%ﬂtbmeaéﬂ it g %}%&f Per‘ﬁléagi‘:ﬁ F“fwlétedc%’ﬂpdﬂ TEOHE “HEG Be

t hosevithihapresfrpigerien: Greigichritedrol vireddya 1O P B the two
Or NDlip@ bgBEW inbytip@S altirestzhi@s@det @toptfiaeidiions @t ehogsoitih

and/ Oérov@lr c@dala(gl@tﬂm@ nglﬂlfon QRenuEBlskLi &t VP BoresUice Becabits et  Of

the cgl, )4171¥92e(§00?))0ﬁod$1£‘§ altd%b%anﬁﬁgrﬁps&@akd cthye[%%s\/\hl | e

mai nt al ni n f 0075]
" Cof a%z{czg?n.s glltlges \Olléh 9689 h)e C anc{I 39, 89 Y J A@V respg:?velr;/ rﬁf__())w iL

ot her PheiphigFracorradesTifyee Ftﬁ’tae"“ “tnﬁ%i’fls Q‘%‘"l? ‘é duf’?‘%’ﬁ"’lf’% |& a n

enzy noctaineaian 103(1):0A1112i(2088) ke Prioydirankd etal- detribafiatapoc O 6T

" Conplune RinappybxiBAY 304 i ONAD atibrg D@ )DINA g0 @yiot@bphgaly MRNA,
whi ch,,¢ 2 BE nRREALAEHS (SJl&Ehe&MHDJo@naz Bl @ YREISS20:245-

t t
( r agsgsti }2&)%)1) %ﬁfrg{rérolotﬁgo?an %an produce up(orggg'}md (ﬁé\%?ll ﬂnfiér cation

reaction [ 0077]
AR e R Al R e AR AR
i nt enfaorial S7RHSHERIORYOBF gy Tl THEPEALEY At |
Si ze, creedik whodiang @RCENEIE min@thebive el desgribalto lactqenmutaigd
and/ Ofp 132 RBGaE } v éo'wﬂ LRSS bibrAct&eInder BRI Scdd
mtosis) of one or nore cells by use of approppate
culture conditions The conbination of both growth and
propagati on nmay be terned proliferation The one or
nore cells nay be those of a m croorganism such as
m croal gae Exanpl es of approppate conditions include
the use of a defined nmedium (w th known
characteristics such as pH, ionic strength, and carbon
source), specified tenperature, oxygen tension, and
carbon dioxide levels in a bioreactor The term does
not refer to the growmh or propagation of
m croorgani sns in nature or otherw se without direct
human i ntervention, such as natural growh of an
organismthat ultinmately becones fossilized to produce
geol og| cal cr ude oil [0078] "Exogenous gene" refers to
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transforned cell nmay be referred to as a reconbi nant
cell, into which additional exogenous gene(s) nay be
WO paopaeiiseed The exogenous gene nmay be from a dPET/E8WA2/040123
speci es (and so heterol ogous) or fromthe same species
(and so honol ogous) relative to the cel
bei ngtransforned In the case of a honol ogous gene, the
i ntroduced gene occupies a different location in the
genonme of the cell relative to the endogenous copy of
the gene or is under different regulatory controls of
t he endogenous gene it replaces or both The exogenous
gene nay be present in nore than one copy in the cel
The exogenous gene may be maintained in a cell as an
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a culture may contain a first mcroorganism such as a
m croal gae, secreting a catalyst and a second

m croorgani sm secreting a substrate, wherein the first
and second m croorgani sns produce the conponents
necessary for a particular chem cal reaction to occur
in situin the co-culture wthout reqnpng further
separation or processing of the matepals [0091]

"Li pase" is an enzyne that catal yzes the hydrol ysis of
ester bonds in lipid substrates Lipases catal yze the
hydrolysis of lipids into glycerols and fatty acids,
and can



function to catal yze the transestepfication of TAGs to

fatty acid al kyl esters [0092] "Lipids" are lipophilic
woreioeaedses t hat can be obtai ned from m croor gaPCBEOS20091€40123

mam bi ol ogi cal functions of |ipids include stopng

energy, acting as structural conponents of cel

menbr anes, and serving as signaling nol ecul es,

al t hough they perform other functions as well Lipids

are sol uble in nonpol ar solvents (such as ether and

chlorofornm) and are relatively insoluble in water

Li pi ds consist largely of Iong, hydrophobic

hydrocarbon "tails " Exanples of lipids include fatty

acids (saturated and unsaturated), glycepdes or
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C18 0, 15%is C16 0, and 5%is Cl4 0 Were a carbon
length is referenced wi thout, regard to saturation, as
in "Cl8", such reference can include any anount of
saturation, for exanple, mcrobial bionass that
contains 20%lipid as d 8 can include d 8 0, d 8 1
Cl8 2, etc , in equal or varying anounts, the sum of
whi ch constitute 20% of the m crobial bionmass [0096]
"Lysate" refers to a solution containing the contents
of lysed cells "Lysng" refers to disrupting the

cel lul ar nmenbrane and optionally cell wall of a cel
sufficient to release at | east sone intracellular
contents "Lysis" refers to the breakage of the plasna
menbrane and optionally the cell wall of a biologica
organlsn1suff|0|ent to release at Ieast some
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a chl oroplast or chloroplast remant, or (b) a
cyanobactena M croal gae i nclude obligate
WEb@voassdt r ophs, which cannot netabolize a fiReHUS2009/040123

carbon source as energy, as well as heterotrophs,

which can live solely off of a fixed carbon source

M croal gae can refer to unicellular organisns that

separate fromsister cells shortly after cel

di vi sion, such as Chl anydononas , as well as to

m crobes such as, for exanple, Volvox, which is a

sinple multicellular photosynthetic mcrobe of two

di stinct cell types "M croal gae" al so includes other

m cr obi al photosynthetic organisns that exhi bi t
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[0105] "Port," in the context of a bioreactor, refers
to an opening in the bioreactor that allows i nflux or
efflux of materials such as gases, liquids, and cells

Ports are usually connected to tubing |eading fromthe
phot obi oreact or [0106] "Reconbi nant,"” when used with
reference, e g, to a cell, or nucleic acid, protein,
or vector, indicates that the cell, nucleic acid,
protein, or vector, has been nodified by the

i ntroduction of a heterol ogous nucleic acid or protein
or the alteration of a native (naturally



occurring) nucleic acid or protein, or that the cel
is depved froma cell so nodified Thus, e g ,

w0 eondismant cel |l s express non-native genes, gRCIEES2009/040123
found mthe native (nonreconbinant) form of the cell
or express native genes differently than does the
nonreconbi nant cell, i e, the native gene is
over - expressed, under-expressed or not expressed at
all, relative to gene expression in the non-reconbmant
cell "Reconbi nant nucleic acid" refers to a nucleic
acid, typically forned in vitro by the manipul ati on of
nucleic acid, e g, using polynerases and
endonucl eases, in a form not found in nature (and can
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Sui tabl e m croorganisns for use in the nmethods of the
i nvention include nicroalga%; ol eagi nous yeast, fungi,
bacteria, and cyanobact epa genus of m croal gae for
use in the invention is the hpidproducng m croal gae
Chlorella The present invention also provides nethods
for the msitu transestepfication of tnacylglycerols
(TAGs) to fatty acid al kyl esters, which are useful as
bi odi esel fuels and/or for other applications, as well
as ot her nethods for chem cal nodification of the
lipids in mcrobial biomss [0112] The present

i nvention al so provides nethods of nmaking fatty acid
al kyl esters (e g ,



fatty acid nethyl esters (FAVE)) by cultupng a
popul ati on of m crobes that generate at | east5% of

W@ b@on2d@N as | i pid, such as tpglycepdes |n thPGI/US2009/040123
nmet hod, the m crobial biomss is harvested fromthe
culture and optionally dried to renove water
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contai ning hydrophilic cell material The lipophilic
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chem cal ly nodifying hpidcontai nng m crobial bionass,
i ncl udi ng wi t hout Iim'tatioP6 hydr ogenati on,

i nterestepfication, hydroxylation, hydrolysis, and
saponi fication These net hods can be used with the
vari ous m croorgani sms and cul tupng conditions set
forth herein to produce a w de vapety of chem ca
products for a nmultitude of applications[0116] The
present invention also provides useful conpositions,
i ncluding a conposition conprising a |lighter phase
containing fatty acid al kyl esters and at |east one
heavi er phase containing m crobial biomass, a
conmposition conpnsing a |lighter phase containing
conpletely saturated |ipids and at | east one heavier
phase contalnlng n1crob|al blonass a conposi tion
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and at | east one heavier phase containing mcrobia
bi omass The present invention al so provides

W@ 09p0%std ons conposi ng saponified oil derivedP@T/OR0DNe40123
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popul ati on of m croorganisns [11. M CROORGANI SVS
[0117] M croorgani sns useful in the invention produce
i pids suitable for chem cal nodification for
bi odi esel production and for production of fatty acid
esters for other purposes such as industrial chem ca
feedst ocks and edible oils, as well as the production
of other chem cal entities Suitable |ipids for
bi odi esel and chenicals production i ncl ude TAGs
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35% at |least 40% at |east 45% or at |east 50% Cl4
and/or Cl16, or longer chain. lengths Alternatively, the
bi omass can conprise a Iipié conponent that is at
| east 10% or at | east 20% Cl4, or shorter chain
| engths [0120] The mi croorgani ns useful in the nethods
of the present invention can be naturally occurring or
genetically engineered to increase lipid yield, to
generate TAGs conppsi ng hi gher proportions of
desi rabl e carbon chain length (e g, C18) fatty acids,
or to use particular feedstocks (e g , nolasses) as an
energy and carbon source Such genetic engineering
nodi fications are descpbed bel ow under the header
"Li pi d Pat hway Engi neering " [0121] Any species of
n1croorgan|sn1that produces SU|tabIe I|p|d can be used
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suitable lipid are typically preferred In addition,
m croorgani sns that can produce high levels of lipid
w@2009/1psexent age of DCW when subjected to specP€T/6S2009/040123
fermentation conditions are also preferred M croal gae
can be used in the nethods of the invention, and
nonhm ting exanpl es of m croal gae, both genus and
speci es, that can be used mthe nethods of the present
invention are listed in Table 1 [0122] Table 1
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Ni tschia communi s, Nitzschia al exandnna, N tzschia

communis, Nitzschia dissyata, N tzschia /rustul um
WORG28248#3A hant zschi ana, Nitzschi a i nconspi cuaPCT/US2009/040123

Ni tzschia internedia, Nitzschia mcrocephal a,
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specific species or strain of m croal gae can be
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, Wi et a! , Bot Bull Acad Sm (2001) 42 115-121
"ldentification of Chlorella spp Isol ates using
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sequenci ng of pbosomal internal transcribed spacer
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di scl osed herein For exanples of nethods of

identification and cl assification of al gae, see al so,
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het er ot rophs Protot heca are sphepcal in shape, about 2
to 15 mcronmeters in dianeter, and without flagella
Prot ot heca, particularly Pr 5otheca nmonforms, is a
preferred m croorganismfor use in the invention
because of its lipid conposition, particularly
saturated lipids suitable for saponification In
addition, the lipid extracted fromthis m croal gae has
very few col orant contam nants, further making it
suitable for saponification [0134] As with both plants
and ani mal s, al gae and other mi crobes store excess
energy in the formof |ipids for use when ot her
sources of energy (e g, sunlight) are unavail able

Mor eover, nodul ation of oil content allows al gae
living in an aqueous environnent to float and thereby
opt|n1ze access to sunllght to carry out
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content is advantageous for in situ chem cal
nodi fi cation of oil-beapng bi omass, because, as
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pupty TAG depvatives conpared to | ow oil bionass,
particul arly photosynthetically-denved | owoil bionass
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nmet hods of the present invention A G owth Methods
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exanple, air CO2 m xtures of about 99 75%air 0 25%
CO»2, about 99 5%air O S%Cg, about 99 0% air 1 00%
CO2 about 98 0% air 2 0% , about 97 0% air 3 0%
Cx2, about 96 0% air 4 0% CQ2, and about 95 00%air 5
0% CO? can be infused into a bioreactor or

phot obi oreactor in accordance with the present nethods
A 5% CQ2 95%air mxture infused into a

phot obi or eact or contai ni ng Botryococcus cells is
reported m JAgnc Food Chem 2006 Jun 28, 54(13) 4593-9,
J Biosci Bweng 1999,87(6) 8 11-5, and J Nat Prod 2003
Jun, 66(6) 772-8) [0138] M croal gae can be grown and
mai nt ai ned i n cl osed phot obi oreactors nade of any of a
variety of different types of transparent or

sem transparent matepal Such matepal includes



Pl exi gl as encl osures, gl ass encl osures, bags nmade from
subst ances such as pol yet hyl ene, transparent or

W@ epte@wspar ent pi pes, and ot her matepal s M cPORU§69/040123
can al so be grown and mai ntai ned in open
phot obi oreactors such as raceway ponds, settling
ponds, and ot her nonencl osed containers [0139] "Al ga
shading” refers to the inability of a Iight source to
penetrate and reach all cells of a photosynthetic
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(by virtue of their physical presence and absorption
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cul ture paraneters such as4§he pH of the cuIture
nmedia, the identity and concentration of trace

el ements and ot her media constituents, can also be
mani pul ated in the nethods of the invention to achieve
a desired production result [0142] For organisns able
to grow on a fixed carbon source, the fixed carbon
source can be, for exanple, glucose, fructose,
sucrose, gal actose, xylose, mannose, rhammose,

gl ycerol, cellulosic sources, and/or flopdoside The
one or nore carbon source(s) can be supplied at a
concentration of at |east about 50 mM at |east about
100 MM at | east about 500 mM at |east about 5 mM at
| east about 50 mM and at Ieast about 500 an of ~one

her



heterotrophic growth results in high production of
bi omass and accunul ation of high lipid content in
w@e200va2q8@3143] For |ipid production, cells, incPCHUs2P09/040123
reconbi nant cells, are typically cultured or fernented
m | arge quantities The cultupng may take place mlarge
liquid volunmes, such as nsuspension cultures as an
exanpl e O her exanples include starting with a snal
culture of cells that is expanded into a | arge bi omass
by cell growth and propagation concurrently with lipid
production Bioreactors or steel fernentors can be used
to accommopdate | arge culture vol unes A fernentor
simlar those used in the production of beer and/ or
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of the cells Nitrogen limtation is generally
sufficient to prevent cells, from undergoing cel

di vision [0146] M croorgani sns grown using conditions
descpbed herein and known in the art can conppse at

| east 20% 1ipid by weight, preferably at |east 40%
l'ipid by weight, nore preferably at |east 50% i pid by
wei ght, nore preferably at |east 60%Iipid by weight,
nore preferably at least 70%|ipid by weight, and nost
preferably at |east 80%Iipid by weight Insone

enbodi nents, m croorganisns are cul tured using

condi tions described herein to attain a lipid
conmponent of at |east 20% by weight within a culture
pepod of no nore than 1 week In sone enbodi nents, the
culture penod IS no nore than 14 days no nore than 13
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than 3 days In any one of the foregoing culture
pepods, the m croorganisns nmay yield at | east 20% at
WO e@ot 28834 at | east 30% at | east 35% at | eaBET/H8HN9/040123
at least 45% at |least 50% at |east 55% at |east
60% at |east 65% at |east 70% at |east 75% at
| east 80% at |least 85% or at |least 90%lipid by DCW
In some enbodi ments, mcroorgani sns are cul tured using
condi tions descpbed herein to attain a |ipid conponent
of at |least 20% by weight withma culture pepod of at
| east 2 days In sone enbodi nents, the culture pepod is
at | east 3 days, at |east 4 days, at |east 5 days, at
| east 6 days at |east 7 days or at least 8 days In
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[0149] In another enbodinment, lipid yield is increased
by cul tupng a hpi d- producny p1crobe (e g, mcroal gae)
in the presence of one or nore cofactor(s) for a lipid
pat hway enzynme (e g , a fatty acid synthetic enzyne)
Generally, in this enbodi nent, the concentration of
the cofactor(s) is sufficient to increase m crobi al
lipid (e g, fatty acid) yield over mcrobial lipid
yield in the absence of the cofactor(s) In a
particul ar enbodi ment, the cofactor(s) is provided to
the culture by including in the culture a mcrobe (e g
m cr oal gae) contai ni ng an exogenous gene encodi ng
the cofactor(s) Alternatively, cofactor(s) nmay be
provided to a culture by including a mcrobe (e g ,
n1croa|gae) contalnlng an exogenous gene that encodes
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i nvention or that participate mthe synthesis of such
cofactors are well known and can be introduced into
wWOonR@eosd3 (e g , mcroal gae) using constructs BEEUS2009/040123
techni ques known to those in the art [0150] M croal gal
bi omass wth a high percentage of oil/lipid
accunul ati on by dry wei ght has been generated using a
variety of different nmethods of culture known in the
art Mcroal gal biomass with a higher percentage of
accunmul ated oil/lipid is useful in accordance with the
present invention Li et al descpbe Chlorellavulgaris
cultures with up to 56 6% 1lipid by DCWin stationary
cul tures grown under aut ot r ophi c conditi ons ( e ,
phot nt hetic owt h con [ [
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35% atnobwashbeiddly at | east 50% at | east 55% or at
| east 60%gn G Qak Bidhnidh hiedtMs dry wei ght I n sone

enbodi nents, the mcroal gal bionmass contains from
10-90% m cr oaI gal oil, from25- 75% m croal gal oil,
from 40- 75% m cr oal gal oil, or from50-70% m croal gal
oil by dry weight [0152] In vapous enbodi nents, the
m croal gal bi omass conppses at | east 25% at | east 26%
at |l east 27% at |east 28% at |east 29% at | east
30% at least 31% at |east 32% at |east 33% at

| east 34% at |east 35% at |east 36% at |east 37%
at least 38% at l|least 38% at |east 40% at |east
41% at |east 42% at |east 43% at |east 44% at

| east 45% at |east 46% at |east 47% at |east 48%
at | east 49% or at |east 50% m croalgal oil by dry
wei ght I n other enbodi nents, the mcroal gal biomass
conppses at Ieast 51% at |east 52% at |east 53% at
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| east 61% at | east 62% at |east 63% at | east 64%
at | east 65% at | east 66% at |east 67% at | east

W@ 3NY/120843 east 69% at | east 70% at | east 71%CHEIUS2009/040123

| east 72% at |east 73% at |east 74% at | east 75%
at least 76% at least 77% at |east 78% at | east
79% at |east 80% at |east 81% at |east 82% at

| east 83% at |east 84% at | east 85% at | east 86%
at least 87% at |east 88% at | east 89% or at | east
90% m croal gal oil by dry weight a. Use of
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nitrates The sewage conponent serves as a nutrient
source in the production of4gipids, and the culture
provi des an i nexpensive source of lipids for in situ
transestepfi cation and the production of biodiesel or
for other chem cal nodification in accordance with the
nmet hods of the invention [0156] To reduce the cost of
produci ng bi odi esel or other chem cally-nodified
lipids, crude, partially purified, or purified

gl ycerol produced as a byproduct of |ipid
transestepfication can be enployed as a feedstock for
fernmenting, for exanple, hpidproducing mcrobia

cul tures Thus, the invention provides nethods

i nvolving the steps of cultupng a mcrobe (e g, a
n1croa|gae) |n a first mcrobial culture, subjectlng
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and adding the glycerol to a second mcrobial culture
as a feedstock The first and second m crobial cultures
W@ 2009/126883 need not, be cultures of the sanme mRCDDS2009/040123
desired, a continuous system can be inplenented in
accordance with the invention whereby gl ycerol
produced fromthe |ipid recovered froma culture can
be fed back into the sanme cul ture[ 0157] | nproved
cul ture paraneters incorporating the use of glycerol
for fermentation of nmultiple genera of both eukaryotic
and prokaryotic m crobes, including mcrobes of the
genera Chlorella, Navicula, Scenedesnus and Spiruhna,
are descpbed herein As the exanpl es denonstrate,
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Chl orell a protothecoides and Chlorella kesslen exhibit
better productivity on acidy ated and non-aci dul at ed
gl ycerol byproduct from bi odi esel transestepfication

t han when grown on pure reagent grade glycerol O her

m crobes, such as Scenedesnmus and Navi cul a m croal gae,
can also performbetter in the presence of glycero
byproduct fromtransestepfication than in an

equi val ent anount of reagent grade gl ycerol[0160]
Figure 1 denonstrates that dry cell weight per liter
(DCW per L) was higher on biodiesel glycerol byproduct
than on pure glycerol, and this trend held true when
the cells were grown mglycerol by itself or in

conmbi nation with glucose Figure 2 shows the sane
trends mnth addltlonal stralns of Chlorella Flgure
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Navi cul a pel hcul osa i s higher on non-acidul at ed

bi odi esel byproduct glycerol than on pure reagent
w@e@da2agiy/cerol [0161] Figures 3 and 4 denonstPEE/ES2009/040123

that, with nultiple species of Chlorella and nmultiple

strains withma species of Chlorella, lipid levels (or

lipid content) per liter are higher when the cells are

cultured in the presence of biodiesel glycero

byproduct than when cultured in the presence of

equi val ent concentrati ons of pure reagent grade

gl ycerol [0162] Figures 5 and 6 denonstrate that

mul ti ple species of Chlorella and nultiple strains

within a species f Chlorella accunul ate a hi gher

er cent age, of Per ce of
gel | %be ‘%F]dt a chaltss firf eltfﬁ)ategm guspe? F])n w1% sma abraswe p quéglgh

bi odi%®%eF Cgf VﬁeFﬁP“HV@WSHﬁ%?mT%BW“ﬁH@ﬂS?ﬁ??ﬂ?eﬁmln t he
pr es exdeThe beads dieripythd cella to reisern esbitrtr popitnis it coyflsqpafiwriedgent
gr adengd &€ udl as Fih@u iseot hikndd @B NG § lagh@BediohNdringddBider), the

Spi r ulpR,-RlL Btenshsuand i Navdr sk @1 pal hcul osa can

accu ﬁ t ?n aﬁaothhrlelgbrg)%menpog [hg &Qén%gmc%f th ss%?lyskng pl d when
cul t t he esence blodlesel gl ycero

byprdﬂﬁ@ﬁ“ﬁﬁgﬁe ghw@ﬁptﬁ?gﬁmfﬁmthe presence of
equi V8B nin spdpreabrtinegt f Spgesaf plirehresgents"gt ade
gl y c etigdorghuisg ismpeforh2 ta jteagherpamgtip dir@gh dldimt of Seseriesd 83 s
ar mat dism Gamherd@ Gl b QciBlishpigiietescpel, eeabhalen 0f. PGB as
Ilplqwmpgamgultured in the presence of bi odi ese

gl yce[rZ%!S FryaE rthgr erlfltl():oglmen resenpmve 10n, t&iler progesJ oplysqnlgg pr esence
of equl ent concen ?? ons O ure reagent

g | yC erplgforgflﬁﬂ}e(gx]pn%rffeéw éfrthe mﬁﬁf)r%afnﬁf %ﬁ Bf%c Vf §A g'ieglanety of

m cr olyesss arepeet g brtemgcmnfgetsreatﬂg%éor s e mghodyef Brestepta,

Sc eneeesiniis thiNavhiglahdase ogarpetticBilitiertimsefor @ xaricidar tmcfetesatlm
char &Q%@&l%{e {c@For &8t ilheQll iF@SﬁJﬂplepﬁandzH:Gzﬁ DS sakidchbolae: viplsesence
of m &Sﬁé{f 1(?% thggrot(g)lfpy&‘f g ETQJP (fﬁngmg&%m% éeﬂ@éhlolroklrug) Iaﬁarge

pres e?jgﬁ%edraellﬂalque fé/rmtgg youtge s?ranar PﬁA Hruse%hlat re]Thcate m an lys%t f L es

t hat ave

(cont l@ﬁtﬂ)ﬂarﬁéhmﬁf thté?fe“ad'te &6 ey ’é“'“i“igf‘gtYﬁ%Y Sb*feé% ﬁ‘t?@a‘%?? 1%
gl ycewmaley A srgrheppidersen tefyae by infectiny ghe pyfassiath e witle chPolayIticos e
Fi gur eb@Ehfectle Hoas bicabes withablorBEWaped kndwn e for example
Scenegde sl keabdBEAs 336SibgNen anhen@ub-tyuredymiha

p reseng ?(Hgfzt A %00 901858! Se;bi()ﬁb" QSIS Jg}zrb’lcz@(?ﬁ%af b gucose

han mt resen ucose Figure 1
dennn% ?%Veg&th%T’fkﬁﬁy%4&%4of Navi cul a eIhcqusa is
hi ghel20h drpoglisl smbridaert phite resenhiPEdiah Rer s of 9575 odi esel
by pr ogigetsagineoeret h94Gsgh bic odeditehgmigarstive vphlédence of
2% gl HeR&ef Rl dion kiggticaly Seistermansidiat es stoh@d wiChkearel | a
can a&&w&&&t "ﬁus@yﬁ egnﬁﬁbe &ﬁ&&@tﬁk@ﬁ Qldtht)le Meﬁ& t}lati t}Qi d

when C s stebe gr wn to a dﬁs rR[‘e%c%seltn 1%% cu(l%ure melatug gll(f %%n haryested,
conceft ratl t cent) mxture Q cerol and

gl uc o@’éOWf%ﬁdWeﬁ ““é P.ffnt%ft t& 8‘PTFSF1 HHE EPF R YBHE %‘395 Snl y

gl uc osodmicgiredytiq defeacodderreratheie-gegradig S7ynSR fuR e

pl at ea®bdEneag e RGN b @bedioa a iicghe Thypdr eentlageic ghe PAW as
l'i pi d, e aktldntdl e@gesiemin t bigordit R&QNE ﬁrozﬂffaecc@das. equal
concentration (weight percent) m xture of biodiese
bypr oduct glycerol and glucgse than when cultured in
the presence of only glucose Figure 11(b) denonstrates
t hat Navi cul a pel hcul osa can accunul ate a hi gher
percentage of DCWas |ipid when cultured in the
presence of an equal concentration (weight percent)

m xture of reagent grade glycerol and glucose, as well
as bi odi esel byproduct glycerol and gl ucose, than when
cultured in the presence of only glucose Figure 12(b)
denonstrates that Scenedesnus armatus can accunul ate a
hi gher percentage of DCWas |ipid when cultured in the
presence of an equal concentration (wei ght percent)

m xture of biodiesel byproduct glycerol and gl ucose
than mhen cultured |n the presence of onIy glucose

o - o e



heteroatons in biodiesel than | ower percentage |ipid
bi omass when the biomass is subjected to direct

W@ e@psastenfi cati on [0165] It has further beenPCT/US2009/040123
di scovered that, by adding glycerol and glucose to
m crobes, including mcroal gae such as Chlorella,
Scenedesnus, and Navicul a sequentially, rather than as
a single batch m xture of glycerol and gl ucose, can
generate additional yield gans This attpbute of
mul tiple species of Chlorella and nultiple strains
Wi thm a species of Chlorella was tested mthe presence
of both bi odi esel glycerol byproduct and reagent grade
gl ycerol [0166] Thus, Figure 8 denonstrates that
Chlorel l a_can accunul ate u igher p ulﬁQE%%asu aSI;;C\/Vas
i pi d"WHeFPETYEarEIes® ]E’éidida 4°to lf tUr'e i rst
pepodrapteritipan mieresfepeiidtiniyd ta Eﬁmt“f‘sd}‘fh gfhe @rrsa’&ed’éﬁesm%{hd
cont i nmiredh. g ity pA ghd mulplys econibnpepdelvioks aekppen Ferhan
when dhgieSamigrman bdstisesniFegt Meeroky and 1gluppses;ar e
addedy; {0085 ssat odbha Qz%géy@ﬂ)l 9:Qf1047he expepnent Such

met h 092% ] {[n parp c%lareemaéolchrrr]lgtstthee crooé%ls%s ﬂéﬁ s@i aﬂe@ Ergv@lp ¥oﬁ&§np@f DCVV
are uset ge % I°'0mBss t hat %aﬁﬂg

annuﬁfmﬁ?mﬁﬁﬁgﬁﬂﬁfﬁﬁﬁ“?’t%f%ﬁ“%%@?“%?ﬁdFﬁ ﬁucts
t han ¢%W@WW@BW@@WW&§@mW¥6Wﬂmﬁﬁﬁﬁﬁ§§“Vﬁ@He¥ﬁémblonass
i S s Uibjugtgdp@ahottrpcelliysisemd thd nrodifgdrs biermbasterditali@magm cotias
met h O(@l § 1&ovaCd1 @13 G@tltiod P fldofol, @A chn®Bladfuited thloRimDe GHVOBWST fatty
Chl or gl L,S%rs %mlpgg &edmecgmgstehdcpm | evel's (content) per
liter of cul twp nglycero and gl ucose are added
sequentialTy J?W?ﬁﬂﬁﬁen the same quantities of glycerol
and gll"‘t‘}@oé@‘d%ﬂ‘%“%?d’?ﬂ’é‘d’°‘tr%ﬁ@s€is FraPeiit siokraregRiTARe ﬁg of' t he
cul t ursesesEhficgion in eppeflanwergth b dtedsetiraieren EFrdet Aredtc

bi odi gselontlhyprdghde bikyQdstre @ Hygdrophilaphachauibiatcdichairiaodd ese
by pr OQ}LJ&(II I%M&@{h&ls of th@ThvehtBR g@n;’bph@l? }ﬂldsels glm)é@)ﬁ{téa lrorvas
used[{ %Ql%c%$ﬁk£§ 10 denonstrates four different
strain orella of o di fferent species
accumul at i ng " hi gF&F* DESWBEr*™ " of culture when gl ycero
and gitdodemy ra’é‘ Pﬁ’ﬁl Bils e WRGlrERtie AN FEN AYe 4t Aie” same
quant ésts e§eedfity gldyw@ tofibydrrdlcgblustyeryb ngpreesierdierad coget her
at t hgychagianns Rgpiatd ditheloexpennnitsuch i imghdd,etrdol wa s

obser xgd,Manaei.du. ahadishimdisesel byproduct glycerol,
[ bi odi esel byproduct glycerol, or reagent

grade| gl ycerol was vused Fl ure 14
tat€™t hat hedh Sce (%§ & pmggrﬁgﬂ%Oé % “Navi cul a

pel | i ewd-es@rcan exhi bit |ncre@%$§“Wﬁ“EkNVper Emmhen
bi odi ed@tedypr oduct gl ycerol only is added to a

cul tu [oﬁz]f Q£ th@sclte}ng al alle%ﬂQtQprQInat&d' Wit baJe Qlnlaewe Qrmlxgat er by
addi t | 016081%]16 C?}-ﬂmocl a!nol or 51 %qseg 19 va@tqgtgsp(gp tl) 5&%@3)' cal

armun gehucod 1 1 a?l%eat aswega

t he f@?ﬁﬂﬁﬁﬁf*ﬁﬂ’leﬁﬁ et ﬁ?e”?HVMQmeV?erent harker s
of pr odaee by Eybe emWe@éweedﬁhe reggfispe 15 PT OpSe B OPRIAY and
per cemnt @gestetfcatDGWARS; thud, éyehE namesviagsbertystasts. Ajmpgt gl biodiesel
produgk ira@iﬂon@fy Beed ;ﬁm&@%@ﬁk R Yasd- a@yrsenife, itegiesa) low
byproduct and tenporal separation of carbon sources
[0169] The cost of producing biodi esel or other

chem cal ly-nodified Iipids Gan al so be reduced by
using cellulosic biomss as a feedstock Cell ul osic

bi omass (e g , stover, such as corn stover) is

i nexpensive and readily avail abl e, however, attenpts
to use this material as a feedstock for yeast have
failed In particular, such feedstocks have been found
to be inhibitory to yeast growm h, and yeast cannot use
the 5-carbon sugars produced fromcellulosic materials
(e g, xylose fromhem -cellul ose) By contrast,

m cr oal gae can grow on processed cel |l ul osi ¢ mat epal
Accordingly, the invention provides a nmethod of

cul tupng a mcroalgae in the presence of a cellulosic
natepal and/or a 5 carbon sugar for the productlon of

o, o Y S N a




ligm (10-30%dry weight) [0170] Surprisingly,

Chl orel |l a protothecoi des can exhi bit higher |evels of
WEe@dodsiyi ty when cultured on a conbi nati on oPCHUSOHEI0123

and xyl ose than when cultured on either glucose or

xyl ose al one This synergistic effect provides a

significant advantage in that it allows cultivation of

Chl orella on conbi nati ons of xyl ose and gl ucose, such

as cellulosic material, as shown in Figure 15 [0171]

The specific exanpl es of process conditions to

increase the yield of |ipids suitable for use as

bi odi esel and/or to reduce production cost can be used

i ndi vidually, as descpbed above, or in conbination In

addition, the |nven I 0 |ncI jdes the / or

genet PR EHE &S m%m’?mﬁ$%?% °mm$MHM§§mH%%?%%J&%ﬂ

pr odutle” fimeirete m?ﬁ%?“%}e even nore suitable for use

i Nt he2tdbove«id escoftbedterfstihgogdycEbrs aatphe! t he use of

M Cr opRSoBIRHinftgbraik GEraatvedda Thd dyteyolvbiOeaction k wszaty catplyzeddb t he

above, deaephedal §eoist 86kSdihn bk REEASAGRER)Ifefkat i on
and/ 0%1 gla(L I q‘ﬁesr oh%rlé(r% ¥he met yl%ge% ré’é"ct(le?rl cher g%eré%qm mgrro t he

met h I nvent ng

bi odi BLE F‘glb?“dﬁstpﬁ"é‘fm%‘ﬂeéhraﬁ RN m%'r’f) dM i arédsdl‘gllybefld gmcuéeﬁizal so
be re@a@@@ﬂb?dM%PW@MS@6F6§@d€§W§ f eedst ock, including

sucrose prodmcedkmﬁbumewanpbewﬁﬁﬁon*%v@@wmcane The

met h Ofdﬁﬂoﬁraﬁsbkﬁnﬂcﬁﬂdxﬁﬂiais@%eni el bil@petifi@tallySengaf engigiutteer ed

Spec I a% §11p9§(e m(stttela!d era%isi épagehzgzlyz&%séétt:rlﬁl:&&m%an%éj%gﬁga S a
carbon source For exa

ress of a. sucr
tran S%mp{e a}ategﬁ)‘a*ature between eroom te Q?ture and 89‘1’% and amo&i{] até)oroetﬁei ato
transﬁﬁ%wm@ﬂ@ﬁ%@@“ﬁﬁ?@”?ﬁbl @F@W@Pﬁﬁfﬁﬁﬁ“ﬁﬁﬂkﬂfge ffedi a
and hygeohifaen i8 werdgevit Ge pitefisd! by riyes Seengpndelfde. be tos e
Opt i oatalitys to, Bost fisldCih DKIRSBCrEAMPIE € lIEXRI-eB S Tnagerifvaloh | N
I Nst apc@sq M\'QQ rues RRAVGENOUS3; ex 0K BBs 8633, W4, b Y7618 and

I nSUf O§9 O?(?E each ofwlbcl éln@(}r‘lporatgcngr%lpgqgfey&! ét ion of fructose

ucrose transporters i ncl ude
thosewa§s86$€d“ﬁﬁﬁ@?”@%ﬁ%%ﬁ%k%%cess|on nunber s
CAD9 1334/2i/CABI PRG PBCARE C@RAGBBT0 EREFIIES ¥V sui t apl e
sucr oA B tasde 8/litdrck ide ApRBSe. degecpbed landérasGenpank
acces Sﬁlnglﬁ PREHEREL S C%BS 20, VMMPLIJI)JQIE: (2g l@%e an ceilcAMHG 839
Exa mp | C%SLtQ f M%Hlnxegepl pgse %[p%g&%%e%doynngsl fygscexshgﬁee

descpp nban 26984,
P26420“%h%gf§%4§§ﬁﬁmﬁ%??ﬂﬁ Aq&x$§RB é?#g ﬁoﬁ of
nicroaﬁﬁﬁéﬁwpﬁ%?dﬁﬁﬁﬁoﬁﬁfﬁ?%Iﬁﬁfméﬁg%ﬁ?ﬁﬁm“ﬂgmggm npr e
of suOesg@¥ EgyeaiP! B&1 desiayrredieegiod e SHRTYSP-frirast br
exanp| Sagast CHetEN@kpb@RA)] andilidade QUA INIDrSamppndde Ftd WEREGO8/ 151
149 [0143] Secretion of a sucrose invertase can
obvi ate-the—needfor—expresston—of—=a LIaprUILCI that
can transport sucrose into the cell Thig i t%ﬁ use a
secreﬁ%ﬁl|%V%WF%%%“%%?ﬁﬁy@8¥pPﬁ@”3%ﬁV “laemmn?

ol ec bibdesebif thag therierpBlivspis muchhighe| ety race g an d a
ol ec Naemyafed fyrtid gtomedess privest. Mhighallyk hestheeg aidresdsyd bitusiggs por t ed
and  UtndnlobigBiphy witdh 64 018518l iHE € @51 i Vi@ b itie FinnfdipEEBSE ON

of a %HS?JC%%I%MM ﬁ“‘trertbg%eecmé ilar a@nn‘l%ﬁl%rn%bergﬂy&g ®) @ﬂlﬁ/ a lipase-
generates nvertase activity outside the cell. See
Hawki ns et al , Current M crpbiology Vol 38 ( 1999),
pp 335-341 , for exanples of secretion signals active
m Chl orel | a Expressi on of such a protein allows cells
al ready capable of utilizing extracellular glucose as
an energy source to utilize sucrose as an
extracel lul ar energy source In cells such as

Chl orel | aprot ot hecoi des, which as denonstrated herein
can use both extracellular fructose and extracel |l ul ar
gl ucose as an energy source, secretion of an invertase
can provide the sole catalytic activity necessary for
use of sucrose as an efficient, inexpensive energy
source [0174] The growth potential of m croorganisns
expressi ng an exogenous secretable




sucrose nvertase is illustrated by the addition of an
invertase to the culture nediumof Chlorella
W@e@vordseroi des Addition of the nvertase per m BGT/U8100%040123
to be feraiented on a sugar source containing lignm(e
g , nolasses) Algae or other mcroorgani sns can be
engi neer edas descpbed herein to grow as well on
nol asses as they do on pure glucose, and the use of
this | owval ue waste product of sugar cane processing
can provide significant cost savings in the production
of hydrocarbons Figures 19-20 show the growh of cells
on three sources of nol asses (designated BSI, BS2 and
Fﬂ%@ as conpared to gromﬁh on gl ucose or sucrose in

& R PGS, OF ab %h tl[;]e stron@aase ?rgceses ﬁlttegmasc FtLe groduatlon COH C reos €
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advanbag)e @u skypldyoec@ndyiign @e¢xprepsignoCa i g mi agrrogrednisypiueh
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Wi | d- ryperesaicha oftfarsirpdien krakeen dg@e%raf@rlfbwwgae (see, for

char a&in@pstd:Us.rAub:4,di0osN oi44 pHOdE ectdr e algesiain e gechdge@s  or
quant ﬂtht ian@ﬁes QSrotJ:ui o 1@1§aﬂ5¥sﬁﬂ@& 18 &1 ahthicaenbye Rbotituae

Phor mmar er uBBnorAg/n%po?h hlég]‘s(s) g@;etfoﬁ&%ﬂ byla§ Qg%sﬁﬁ(rl‘gquence
Pyrobotr Eygl ena,

S e
Spl r O@V?%ﬂg a E}Jﬂa‘%?y 608 &1%131 Expr%m 1 cassetaes éncodm%%wol gfzngstco g,
Phagughysicals dnkedit trestgbti Pwﬁa%YeEﬁs R oo QiR IE5 P
gr owt &so ehasl.acthen digitel Get folggpigywie pigelttngeusnyd i tpralPrmséihvag e
or Wagd gwal.alle, BbiG12008 0td1Ssgan-oh ahangineerednboptvaale
| pr oyed, Lgseta 'uls;i R 4 Gt om e kAL @Pﬁt‘ib&o&ﬁ)r RSkl
char aCt & I Z\fns ells Pgﬂng ¢ res1s{a]1ge aés%%) ﬂouM ho? !g:rgv p er

unit Vo ]Terun et . car nJength
(e g 2 rDNB‘le’Ef&‘ﬁ‘“ég‘ﬁﬁ’“f)?“Sﬁlﬁﬁa[bieﬁ’?fkeb?an BeSFOT R mé P al

appl i Yethoisofrscodimggerrsrin grrisjiely meigpdsenireleeBg {"dERY ™ r educi ng
t he nursbeo. safitioakditbingtionk avkildd ethdrahddess ept fapmat.ibypddno
zero, renoving or elimnating rings and cyclic
structures, and increasing the hydrogen carbon ratio
of a particular species of Ljpid or of a population of
distinct lipids In addition, mcroal gae that produce
desirable lipids can al so be engineered to have even
nor e advant ageous out puts Exanpl es of such m croal gae
i ncl ude species of the genus Chlorella[0178] In
particul ar enbodi nents, one or nore key enzynes that
control branch points in netabolismto fatty acid
synthesi s can be up-regulated or down-regul ated to

i mprove |lipid production Up-regul ation can be

achi eved, for exanple, by transformng cells with
expression constructs in which a gene encoding the
enzyme of interest is expressed, e g, using a strong
pronoter and/or enhancer elenents that |ncrease

o o o T T o o T o



whi ch can result in anplification of the construct and
an increase in the expression |l evel of the encoded
wepwynessExanpl es of enzymes suitable for up-reRCl/E820091040123
according to the nmethods of the invention include
pyruvat e dehydrogenase, which plays a role in
converting pyruvate to acetyl - CoA (exanpl es, sonme from
m croal gae, include those descpbed under Genbank
accessi on nunbers NP _41 5392, AAA53047, Q XDM , and
CAF05587) Upregul ation of pyruvate dehydrogenase can
i ncrease production of acetyl-CoA and thereby
increase fatty acid synthesis Acetyl-CoA carboxyl ase
catal yzes the initial step in fatty acid synthesis

AC cor gzlz(g 9 L/I)!rf ar ctters are ac%%/e 11* ml%r(ia{%ae mclugr% p& gers thaf a?e endto;gnous

i ncrd uc exanpl es, sone
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pr oduGllQN, &bk g@J SOl r&ﬁﬁrﬁag%ﬂgfu@yondﬂ PrlcRgiib adnen Of
acyl .earneg. ) m%r%g to R dr ex g@gug chcm {h‘,ep?ongmatg;nw ng

acyl chalns acl nt he a 5, Some
fron1ﬁF&?&?ﬁ@%&cgbﬁgﬂmyﬁm?ﬁ%%e desepb mf&mwgqgm enbank
acces%?%mw%ﬁﬁﬁ@%%a%@ﬂ@%%mmﬁ%@?gﬁmmﬂpmgﬁgﬁﬁT“““mm“
YP_ 8 7dok88) su@layRESS DomFhiphydaplraeiehaa yidt raineoss. suskes
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mediumto generate a concentrated m crobial bionmass

Di sruption of the biomass can be acconplished by

| ysing the mcrobial cells to produce a | ysate Cel

| ysis can be achi eved by any conveni ent neans

i ncludi ng heat-induced |ysis, addition of a base,
addition of an acid, via the use of enzynmes such as
prot eases or pol ysacchande degradati on enzynes such as
anyl ases, via the use of ultrasound, mechanical |ysis,
via the use of osnotic shock, infection with a lytic
virus, and/or expression of one or
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contaWﬁWWg“Vﬁ%“hlcroorganlsn1[0201] In anot her
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m croorgani smincl ude proteases and
pol ysacchapde- degradng enzypes such as hemicellul ase,
pecti nase, cellulase, and dpsel ase A
pol ysacchapde- degradng enzyne, optionally from
Chloiella or a Chlorella virus, is preferred A
preferred pair of enzymes for |lysing oil beapng
bi omass are al cal ase and mannaway (Novozynes) [0202]
I n anot her enbodi nent of the present invention, the
process of lysng a mcroorganismis perfornmed using
ultrasound, i e , sonication Cells can also by |ysed
wi th high frequency sound The sound can be produced
el ectronically and transported through a netallic tip
to an appropriately concentrated cellul ar suspensi on
ThIS sonlcatlon (or uItrasoncatlon) dlsrupts cel | ul ar
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suspensi on [0203] I n another enbodi nent of the present
i nvention, the process of lysing a mcroorganismis
weeepozasesl by nmechani cal neans Cells can be | yB&HUS2009/040123
mechani cally and optionally honogenized to facilitate
l'ipid transestepfication For exanple, a pressure
di srupter can be used to punp a cell containing slurry
through a restncted opfice valve H gh pressure (up to
1500 bar) is applied, followed by an instant expansion
t hrough an exiting nozzle Cell disruption is
acconpl i shed by three different nechani sns i npi ngenent
on the valve, high liquid shear in the orifice, and
sudden pressure drop upon discharge causi ng an
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M croblol 1999, 53 447-94 [0207] In another enboi dnent
of the present invention, the process of lysng a

m croor gani sm conppses autolysis In this enbodi nent, a
m croorgani smuseful in the nmethods of the invention
is genetically engineered to produce a |lytic gene that
wll lyse the m croorganism This |ytic gene can be
expressed using an inducible promoter, so that the
cells can first be grown to a desirable density ma
cul ture nedium and then harvested, followed by

i nduction of the pronoter to express the lytic gene to
| yse the cells In one enbodi ment, the lytic gene
encodes a pol ysacchapde-degradng enzynme In certain

ot her enbodi nents, the lytic gene is a gene froma




a Chlorella virus can be expressed in a Chlorella such
as C protothecoi des[ 0208] Expression of |ytic genes is
wee@bar@iwd y done using an induci bl e pronoter, BUYOSHE9/@40123

pronoter active in mcroalgae that is induced by a
stimulus such as the presence of a small nol ecul e,
light, heat, and other stinmuli Lytic genes from
chlorella viruses are known For exanple, see Virol ogy
260, 308-315 (1999), FEMS M crobiology Letters 180
(1999) 45-53, Virology 263, 376-387 (1999), and

Virol ogy 230, 361-368 (1997) [0209] In particular
enbodi ments, the mcroogansns are |ysed after growth
for exanple to increase the exposure of cellular lipid
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gl ycerol (gl ycenn) to break chem cal bonds The

gl ycerolysis reaction is usyally catalyzed by the
addition of an acid or a baSe d ycerolysis can be
performed on sinple esters, fats, free fatty acids or
TAGs, wherein the nmethyl esters react with excess

gl ycerol to form nonoand/ or diglycepdes, producing
nmet hanol as a by-product Mno- and di gl ycepdes are
useful as enulsifiers and are cormonly added to food
products 2. Using Reconbi nant Lipases for
Transesterification [0214] Transestepfication has al so
been earned out experinentally using an enzyne, such




as a |ipase, instead of a base Lipase-catalyzed
transestepfication can be earned out, for exanple, at
w@2a0enp@eint ure between the room tenperature aneiCB0S1009/040123
and a nolar ratio of the TAGto the | ower al cohol of
greater than 1 1, preferably about 3 1 Lipases
suitable for use in transestepfication in accordance
with the nmethods of the present invention include, but
are not limted to, those listed in Table 5 O her
exanpl es of |ipases useful for transesterification are
found in, e - US Patent Nos 4,798, 793, 4,940, 845
5, 156, 963, 5,342,768, 5,776,741 and W89/ 01032, each
of which is incorporated herein by reference [0215]
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POi S Odidnfag inByie teding tri@dpIp el €idhGYcSpripypting @bk ty enbi®@ Auidin
tran Se§1§(§r @)@Jat!tvg %fll@ Ns xle}|>o§d PQI Seﬂtent %\l@s 1 63931%&1&12@%@ &f WeSURM
June tndc% éycercﬁs as reB%tede Itl U. § Pﬁgn‘aﬁ 7'7({11(69 &BQ&;@&%@ ofhx%gy%lyazrog,}és

refer ) for enhancin the gthlty
of i HROBRI DEET P fﬁ%e@ °°£W%f‘“f"lé’§8‘ﬁaé‘iy1§‘t°“ %‘9‘3““ P °B‘ 15 2

| i pasesyigigeilridowmedifecderedsenqihehmps Perpt:7f: Pﬁ“d&PPmEular
enbodireentcsl BioRgyra@ D\ he AL 104-1i1 PAXS, s ofnkigrieissedatddn t he
sanme ieabPetgani sms that produce the lipid on which

the | OB@]S %n S%Jn%théu Ith'e ﬁlptlst@p o% lg&lgi@:@on%%oplloéegﬁég §tu1|at@ ﬁ‘otltl-l’ed €

those I%ste bov descri.bed

under {1 foll@gd cﬁyg (a:téné aét g ev%ter:ﬁl ten %ure in tpﬁ prese?ce 0 hydg)gen and a *

Tabl ecamlyst Gysomg “ﬁ‘o?dir ppEerge apdispryeriaion ogfur if BEEPC TPV Bnmo
aci d etigremrhiods Jeoxyzendtionprers erforethpengdnitin Begriztion s bet ogtlorslbe m
Tabl epcHormdadhist ihat prasabiiohiydrGed ahqrag@ysiaittallyvdateyand taphtha

addi t LA ETRQGHLE HicSired Fh SxaBAZ MBS bEn@EIbMOTL Y 1S
present in a sequence that has at | east about 75% at
| east about 80% at | east agout 85% at | east about
90% at | east about 95% or Gt | east about 99%
identity with one of the above descpbed sequences, al
of which are hereby incorporated by reference [0218]
An exenmpl ary vector design for expression of a |ipase
gene in a mcroorgani smsuch as a m croal gae contains
a gene encoding a |ipase in operable linkage with a
pronoter active in mcroalgae Alternatively, if the
vector does not contain a pronoter in operable |inkage
with the |ipase gene, the |ipase gene can be
transforned into the cells such that it becones
operably linked to an endogenous pronoter at the point
of vector integration The




pronoterl ess nmethod of transformation has been
denonstrated in mcroal gae {see, for exanple, Pl ant
waowenzds4d4 4, (1998), pp 441-447) The vect or PERUS1089040123
contain a second gene that encodes a protein that
Imparts resistance to an antibiotic or herbicide, i e
, a selectable marker Optionally, one or both gene(s)
is/are followed by a 3" untransl ated sequence
cont ai ni ng a pol yadenyl ati on signal Expression
cassettes encoding the two genes can be physically
linked in the vector or on separate vectors
Co-transformati on of m croal gae can al so be used, in
whi ch distinct vector nolecules are simultaneously

used to transform Pr ot

2004 (EREneRsHE y“é‘%’e) 5903 “‘?‘Ee""yﬁem" ?yé"%rn}él i rem(():v‘gl be
optldﬁ%1$9®§@E@@F%&ﬂ5§§éﬁﬁ P& BB YT ow i n
t he presendesnef the antibiotic or other selectable
mar ker unger sspaiditibd @08 Bdafing\Midr@ih Bigdaksand Bakiengil t he

resi stance cassqg&emwgggqﬂﬂg%mg&gw [0219] DNA encodi ng
the | [IO O% S %m%r]d g%lel eCt 1%118131&&’6 of%gacy?g%ge d)Q%‘AGs) which are

codon- enes

expr e¥&; SR BryHe AP g‘aa‘é@ At ‘U%Y“Sat““m fhe
7, 1 3550200 in AGRK & Tempvedh ledqvipg ‘B?Cﬁ"é‘toi‘yé‘ha‘“id yiogi PpPEeAth t he
web adldr esscativvianck & Zadisa orpptasiiyny teodon faO280%pilts Matypyeal

pr oMot Rk.8 scRieis @aGlibwée 1 N m ci oal gae, i ncluding
pronoters that are endogenous to the al gae being

t ransferneeeras well as pronoters that are not
endogenous t o t heosal gae belng transf or ned e,
prono ers_Trdntotﬁerialgae ‘promoters froI \i gher
pl antis, cand.,cpronoters from plant viruses or al gae
viruses) Exogenous and/or endogenous pronoters that

are aﬁ£4blv &n tinpsc}grlng ﬁl%&ﬁg aCIdQ&gltmta}eblEaQ&i If:bm t[lceg%ibe%h ance
g e es m01erlfIFD {1(} r?pgceg wﬁ: h¥droxyl gourpsa'{" quanng/ oFoase Po%ﬁ) glat‘tsblgd %r t

an exogerious ‘gene can be
the p?ﬁﬁﬁ?%?“ﬁﬁ?ﬁ?ﬁthﬁvqﬁﬁﬁaﬁﬁﬁmFﬁ’fﬂﬁéﬁ% 8P %an be a
het er atoljous-dyener Sofre Mpromprers oabelweei=le e s
t han oNeosPerh esmoft ofbgiadicgae c@vdtel of e Dy todttgacdr e
Speci &SR8k in6 nPrRie hiad Neh@RNkSESioh RftfaiAa ifdh ONDt er s
such %%B%ﬁ% ] gmdgummm%ém nhagdh Mh@ﬂ d viral

Pr oMo Péfclpgitlon oy thel}atty %Fll sa%hcarhbe fac1l\ﬁ'%ed bgﬁcﬁtﬁm of SE}{ti Suc] as a er- and

chl or active in
mul t i plvge %é&ﬁtﬁ@@“dﬁfﬁe Ve ALY AdbefaEe ™Y P“é%?ﬁ%*re gse

Pl ant is @alkili nRelhydRBidGsufiiar Na@B (G| AlgpatipytherBes, sgch as

M cr olitamlam28 0B iundigor &ahptk)iieBBidlarbye advnindBietiire@inn oar bAM}d
2002 r;l ap reﬁﬁcjn lchcﬁl@ 'In7 sgr)xe ek&ai%gn}s, QIR Es Shay e Md to ﬁ&ﬂce

3" UTRs, .as well as other elements of the vectors, can
be generat%g %rough clonin technlques usi ng
fragments i s8| at B AL FoeeE8iPtes {see, for
exanplogsdl Neloweeongt oiliewing Figiobial boap PR 67 f9“ﬁ7&ﬁﬁlﬁ%ﬁdance

Sanbr ekhe@kthogd of h3ahergich ob in@e hionRBObjomESethalhaSpen diygptddarob or
Pressy bélg le]ieltesto Ratiende hﬂiro@&seaaﬁz )n thkotn@f M,txﬂta\it&hcybblal

ele "Egsnﬁssgaaatg Cia aetaﬁt@gto%cr écéttsﬁets G @bl YerdhhnGaikdpOWN

met hods {see, for exanpl e, ne 1995 Cct 16, 164(1)

49- 53) [0222] Cells can be transforned by any suitable
technique including, e g , biohstics, electroporation,
gl ass bead transformati on and silicon carbide whisker
transformati on [0223] In particul ar enbodi nents, the

| i pase is expressed in an inducible and/or targeted
manner The use of an inducible pronoter to express a

| i pase gene pernits production of the |ipase after
growm h of the m croorgani smwhen conditions have been
adjusted, if necessary, to enhance transestepfcation,
for exanple, after disruption of the cells, reduction
of the water content of the reaction m xture, and/or
addi tion sufficient alcohol to dpve conversion of TAGs
to fatty aC|d esters Indu0|ble pronDters useful |n t he
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substantially, transcpption of an operably |inked gene
that is transcribed at a low level In the latter case,

W b@ohizesed of transcpption of the |ipase pref er@blg2009/040123
does not significantly interfere with the growth of
the mcroorganismin which it is expressed[0224] It
can be advantageous, in particul ar enbodi nents, to
target expression of the |lipase to one or nore
cellular conpartnments, where it is sequestered from
the majority of cellular lipids until initiation of
the transestepfication reaction 3. Advantages of
Bi omass with H gher Gl:Non-Q | Ratio [0225] Direct
transestepficati on of agpcul tural products has been
perforned as reported in US ent .
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per l, alklahcl)‘lg hy%ro ysis reac n%/mgtq Ist p;fn§r’ enr}.clnr@nt QJEQIHJLMOQ fments the
phosphor o n t
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grea t lé?mais ﬁ%ctei 6 thﬁ gl?a{lrg h xé>}y31s rﬁai;t on nteP 113 comB%nﬂ'nPs otger t%an water in
enbo dihﬂsefrﬂréatlvetpf?@ﬂa?mmftbw@?“ g prnatrof hgtyestieiybeee crpPYrg
| i pophiwhithubglnadiealliosheyatedirséert @novedibybio86s papriss 2 (gl
i |11 @husiofdd hostaRliaiatidalemodoh bceodi ments, the amount of
sul fu OZSQ]y &f 91@ Imcxlo&]ga&g@ dés&&@ Qen:ln cin@)e @Q@ﬁ)@)dﬂc&lpﬂ‘amﬂﬁﬁ@t er
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annunP° c phase is
no gr @xtwet ‘t‘*ﬁrafﬁ’fai‘g‘“ﬁ%\? ?*ssapﬁ’é?ed i opreg s b

e b odinsiefstdsserib¢diaein Fro exentrleghicreafeesaf dffpregiredshies iehast he

|'i pophichiige phasee liFeatogti@atey in toha mdinparet, Selipe prange,
mlli QR arld the 1! @Ealﬁ;ﬁﬁﬁl@d ﬁﬁ%@ourﬁ%’t iRpR ekt co@fs toieNC by
weight in the |ipophilic phase is no greater than 40
parts per mllion In sone engpodi nents, the anount of
zinc by weight in the lipophilic phase IS no greater
than 12 parts per mllion In some enbodi ments, the
conbi ned anmount of magnesi um and cal ci um by wei ght in
the lipophilic phase is no greater than 5 parts per
mllion In sonme enbodi nents, the conbi ned anount of
sodi um and potassi um by weight in the |ipophilic phase
IS no greater than 50 parts per mllion In

soneenbodi nents, the conbi ned anbunt of sodi um and
pot assi um by weight in the |ipophilic phase is no
greater than 15 parts per mllion Sone methods of the
invention yield a product mwhich two or nore of the
follomnng heteroatons or conblnatlons of heteroatons
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mllion, and the conbi ned anmbunt of sodi um and
potassiumis no greater than 15 parts per mllion

wQ 02/1268400t her aspect of high oil bi onass gr oRiI/US2009/040123
heterotrophically, particularly mcroal gae, is the
amount of carotenoids resulting in the |ipophilic
phase after transestepfication In sone enbodi nents of
the present invention, the anount of lutein is no
greater than 400 m grograns per gram of |ipophilic
phase I n sone enbodi nents, the amount of lutein is no
greater than 200 m crograns per gram of |ipophilic
phase I n sone enbodi nents, the amount of lutein is no
greater than 100 nicrograns per gram of Iipophilic
phase In so Lytein is no

grea tngcrroalﬁaﬁ ggﬁ os&gucljl? retalned Fﬁs tha € restﬁhng?ﬁ)om{u% -0il comF)OF” ns an
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€ I'Tb 0 mven 1on I3 $ome em%odlmrgqs F!s gtabli ty I)rgdlucg Laﬁom@g oll (%§1§OS1EJH% 30
per gram 0
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of | Uferr g inffe plgs hydhs r%}ﬁ'bﬁafﬂﬂatiﬁteaﬁneé)‘raset‘ P FERE Pum
and MhegiyRtelipid ag\fety scidregee totitentlof Siboenass. Isygmdrmbedimpres} iy 400
and ghetelaR@S tise B XVhsEETOL BTN PEFid-GhtaiTdgBiomdsd cﬁ@ﬂhﬁe&aﬁsﬁ phase
In sopg oﬁné%gsgln Qmumeﬁ PBeat MR bihd? fonditddn@ bt biSmass. In

appr OXI eg&a% ants D use otcexce%% Tes Qf%ase ga?oﬁl]fy e eJte&' Q)%an#g hfng

phase’| I ments,
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| i popdakdet Gonphiase oilskagareilscbods, h@nkds, extaie Canouewt  of
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m crogranms per gramof |ipophilic phase In sone

enbodi nent s, the mnwumné%tmgg anthmis approxi mately
23 n1crograns perp i hilic hase 0229] In
sone @RBHodrAtes! sOHFaane GTEe e?) p‘daYO {‘;06'% T R s no
gr eat e rtafiymongolled beppustpl amdycepipbatifitaet tepfbask VB bRshIit phase
I N somBugitetininiospondiia @heatham ginderoipfds @ fatyCely pteoxant hhm 1 S
no greater than 5 m crograns per gram of |ipophilic
phase I n sone enbodi nents, the anmount of

a- Cryptoxanthin is no great than 2 m crograns per
gram of |ipophilic phase In sone enbodi nents, the
anmount of a-Cryptoxanthin is no greater than 0 1

m crogranms per gram of |ipophilic phase In sone

enbodi nents, the anount of a- Cryptoxanthmis no | ess
than O 001 m crograns per gramof |ipophilic phase In
some enbodi ments, the anobunt of a-Cryptoxanthmis no
less than O O 1 m crogranms per gramof |ipophilic
phase I n sone enbodi nents, the anmount of
a-Cryptoxanthmis no Il ess than 0 05 m crograns per
gram of |ipophilic phase In sone enbodi nents, the

l'i pophilic phase contains an anount of a-Cryptoxanthm
at between any conbi nati on of the maxi num and m ni mum



| evel s recited above, such as below 8 and at least 0 O
1 mcrograns per gram of |ipophilic phase In sone
weeodeasent s, the anount of a-Cryptoxant hm i s PCT/US2009/040123
approximately O 06 m crograns per gramof |ipophilic
phase [0230] In sone enbodi nents, the anmount of
b-Cryptoxanthin is no greater than 18 m grograns per
gram of |ipophilic phase In sone enbodi nents, the
anmount of b- Cryptoxanthin is no greater than 8
m crogranms per gramof |ipophilic phase In sone
enbodi nents, the anount of b-Cryptoxanthin is no
greater than 4 mcrograns per gram of |ipophilic phase
In sone enbodi nents, the anount of b- Cryptoxanthin IS

no greater than 2 crograns per gr h|||c
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conbi Matrivemof@k lytaR &itineich hreihisdeid: combingdnihm 4 peefeadds/v predt t ed
aboV €of h8 b1G bres: thRHEIOWatleasV6o8 RGkashil, bt @AST0%Qt 1BAGD., at least

mcr o&'%%ast@@} at%s@%‘%oaft lertISB}’/Q chelaJt JSO% awg@t%@% Iatneas$§\’)l%eat least

enbod) a- Carotene i s approxi mately
0 08 &0 Jatfeast9|51/eof%ngeceliilﬁqate i pOphI lic phase [0232] I'n

sone @%lo dfph%‘ﬁ‘t f’é5° beteﬁ@“*‘él Y2 DY 452 RS EEHE™ PEHE

gr eat eithout fasnantidlgr any gy cHgeainsvipe pr ofbarrelos the lspo phick i ¢
phasemMmasﬂmﬁmﬁﬂhﬂdMﬂﬁamﬁqwhaﬁmaﬁmunbmmmmhwﬂam@ﬁ®me IS
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phase I'n sone enbodinents, the amount of b- Carotene
is no greater than 4 mcrograms per gramof |ipophilic
phase I n sone enbodi nents, Phe anount of b-Carotene is
no greater than 1 5 nicrograns per gram of |ipophilic
phase I n sone enbodi nents, the anmpbunt of b-Carotene is
no less than 0 1 mcrograns per gramof |ipophilic
phase I n sonme enbodi nents, the anmount of b-Carotene is
no less than 0 9 mcrograns per gramof |ipophilic
phase I n sone enbodi nents, the anmpbunt of b-Carotene is
no less than 1 m crogram per gram of |ipophilic phase
I n sone enbodi nents, the |ipophilic phase contains an
anmount of b-Carotene at between any conbi nation of the
maxi mum and mninum | evel s recited above, such as
bel ow 14 and at




|l east O 1 mcrograns per gram of |ipophilic phase In
sonme enbodi nents, the anount of b- Carotene is
wappeoxiseately 1 2 mcrograns per gram of | i popdi/Ub2909/040123
phase [0233] The increased efficiency with which TAGs
are converted to fatty acid al kyl esters, and the
reduced proportion of heteroatons introduced into the
| i pophilic phase, via application of the methods of
the present invention to biomass conposing a high oi
non-oil ratio are unexpected advantages Exanples
showi ng the inproved efficiency with which oil can be
transestenfied, and the reduced proportion of
het eroatons in the transestenfied product, are
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80% or at |least 90%of the lipid is nodified by the
chem cal process A Hydrogen, adon: Saturation of
Doubl e Bonds [0236] Hydrogenation is the addition of
hydrogen to doubl e bonds in the fatty acid
constituents of glycerolipids or of free fatty acids
The hydrogenati on process permts the transformation
of liquid oils into sem-solid or solid fats, which
may be nore suitable for specific applications
Hydrogenation is a well-known chem cal process, and
general |y conposes contacting an oil mxture with a
finely divided transition netal (e g , nickel,
pal | adi um platinum or rhodium catalyst at an

el evated tenperature (e g , 140-2250C) in the presence
of hydrogen

1 4,



[ 0237] Hydrogenati on of biomass produced by the

nmet hods descpbed herein can be perfornmed m conjunction
wWaeaob/1268¢3 or nore of the nmethods and/ or nat epabPGI/US2009/040123

provi ded herein, including mcrobial biomass with a

percentage of DCWas lipid at |east 20% or to

produceproducts, as reported mthe foll ow ng US Pat ent

Nos 7,288,278 (food additives or nedi canents),

5,346,724 (lubrication products), 5,475,160 (fatty

al cohols), 5,091,1 16 (edible oils), 6,808,737

(structural fats for margarine and spreads), 5, 298, 637

(reduced cal ope fat substitutes), 6,391,81 5

(hydrogenation catal yst and sul fur adsor bent),

5, 233, 099 233, 10 fatt 4. 58
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product with a mxture of fats that can provide
desired nelting charactenstics and structural features
sought in food additives or tood products (e g ,

mar ganne) without resorting to hydrogenation, which
can produce unwanted trans isoners [0240]
Interestenfication of biomass produced by the nethods
descnbed herein can be perforned in conjuction with
one or nore of the methods and/or matenals, or to
produceproducts, as reported in the follow ng US

Pat ent Nos 6, 080, 853 (nondi gestible fat substitutes),
4,288,378 (peanut butter stabilizer), 5,391 ,383

(edi ble spray oil), 6,022,577 (edible fats for food
products), 5,434,278 (edible fats for food products),
5 268 192 (Iom1ca|ope nut products) 5, 258, 197
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4,603,188 (curabl e urethane conpositions), each of
which is incorporated herein by reference [0241] In
wop@agnsezii nent of the invention, transestepfiPel/Us2000640123
the bi omass, as described above, is followed by
reaction of the transestepfied product with polyol, as
reported mUS Patent No 6, 465, 642, incorporated herein
by reference, to produce polyol fatty acid polyesters
Transesterification can also be performed on m crobi al
bi omass wth short chain fatty acid esters, as
reported in US Patent 6,278,006, incorporated herein
by reference C. Hvdroxylation: Saturation via the
Addition of Water to Double Bonds [0242] Fydroxylation
i nvol ves the a on to
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5,451,332 (fluids for industrial applications),
5,427,704 (fuel additives), 6,7and 5,380,894 (Il ubricants,
greases, plasticizers, and printing inks), each of

whi ch is incorporated herein by reference D

Hydrol ysis pins Derivatization: C eavage and

Modi fication of Free Fatty Acids [0245] Hydrol ysis of
the fatty acid constituents fromthe glycerolipids
produced by the nethods of the invention yields free
fatty acids that can be denvatized to produce ot her
useful chem cal entities Hydrolysis occurs in the
presence of water and an acid or base catal yst The
|iberated free fatty acids can be denvatized to yield
a vapety of products, as reported in the follow ng US
Pat ent Nos 5 304 664 (hlghly sulfated fatty aC|ds)
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skm, 7,264,886 (water repellant conpositions),

6, 924, 333 (paint additives), 6,596,768 (hpiden pched
w0 eovrais4d eedst ock), and 6, 380, 410 (surfact ant BCT/082009/040123

detergents and cl eaners), each of which is

i ncorporated herein by reference E. Additiona

Chem cal Reactions to Mdify Lipid-Containing

M crobi al Bionass [0246] O her chem cal reactions that

can be performed on hpi d-contam ng m crobial biomass

i nclude reacting tpacylglycerols with a

cycl opropanat ng agent to enhance fluidity and/or

oxi dative stability, as reported mU S Patent

6,051, 539, manufacturing of waxes from

t pacyl r ol as reported in U S t..6. 770, 104
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an anount of base insufficient to convert all of the
TAGs to fatty acid salts is_jntroduced into the
reaction m xture Normally, ?$is reaction is perforned

i n an aqueous sol ution and proceeds slowy, but nmay be
expedited by the addition of heat Precipitation of the
fatty acid salts can be facilitated by addition of
salts, such as watersoluble al kali netal hahdes (e g
NaCl or KO ), to the reaction m xture Preferably, the
base is an al kali netal hydroxi de, such as NaOH or KCH
Al ternatively, other bases, such as al kanol ammes,

i ncl udi ng for exanpl e tnethanol amme and
amomet hyl propanol, can be used




m the reaction schenme In sone enbodi nents, these
alternatives nmay be preferred to produce a clear soap

WEe@doads4®. Saponification of G| Bearing Bi oneGEUS2009/040123

[ 0250] Saponification of oil bearing m crobial biomass
can be perfornmed in accordance wth the nmethods of the
i nvention on ntact bionmass or biomass that has been

di srupted prior to being subjected to the al kaline
hydrol ysis reaction In the forner case, ntact

m crobi al bi omass generated via the cul tupng of

m cr oor gani sns as descpbed herein can be
directlycontacted with a base to convert
ester-containing |lipid conponents of the bi omass to
fatty acid salts In sone e portion
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cells, 1ncl nechani cal |ysis,
or th é 1i)ni1aw ér o1 tfor actxcr(nésaE)Oﬁ 1cat10n {nglggs)e/ rI1 1cc01|‘deénr Ctg ﬁ tpen?ts of t he

mcr dé‘fe‘ﬁ‘afhf%eﬁ@ge“nore r eadi I y accessible to the base
Thi s ¥Yan KOMBOSIBIONACci |itate the conversion of TAGs or
f att yoagi dheste@iSentiod alfoatotiyes @dpoeliogahat @n hAbrtpred by e

aci d- rher}g&ch&llbédyeselinsln CaBf tb@vaﬁéﬁsezgnptysgloldloﬁlfelﬂ@stent tnhaﬁtloalth@ nmass

pnor Ti b omass 1s S E:Qédlfrg the ng‘ilpc%gsmth Bf@&gﬁ%& cquybaét"ega gﬁQeE'}gtlc
desi raf)f reduce 0SSl b ty &1 mlcmbl q)g);ntl onal
base ’i‘i\hcrf’allgaao"éea%ncgﬁgﬁﬁ’é’&? “61 hett T ‘me e any  remai ni ng acid
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50% ( 16%11 erksygase r%%n}a mn% %tté/ acugagc%est%s and al east Pﬁegeawer p ase co talm% d as
descnBEEHEFEEN | n ot her enbodlnents the blonass is
subj ewersld It Gridudrebaimk of thresothppdtion htyeast BPoltbrdaty w514 Wil t hout

a St epte®fre PIPOK otRTPREARNA] at b4 3860 AE2©4TBOC 4 RBITDS pf the @y

bi omag s .84 i€ GL OF. if Bmd diboadbdidh leddS o Yehe Qlisik Siyf Q@Lddl ON
contai ns conmponents other than water in the sane

rel ative proportions as the @lonass at the point of
harvesting In those enbodi nénts in which substantially
all of the water has been renoved, the bionmass
conppses a cellul ar emul sion or substantially-dried
enmul si on concentrate [0253] Any of the m croorgani sns
descnbed herein can be used to produce |i pid-contamg
bi omass for the production of saponified oils In sone
enbodi nents, the mcroorgani snms can al so i npart other
charactepstics to the saponfied-oil conpositions
produced fromthe nethods descnbed herein For exanple,
m croal gae of different species, as well as nicroal gae
grown under different conditions, vary in color,

i ncl udi ng green, yeIIom; orange, red and the |ike
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i ncl udi ng carotenoi ds and xant hophylls, can al so be
retained in small quantities in the saponfied-oi
w@opazistd ons [ 0254] The extent of saponi fi cat P@RUSF009/040123
the bi omass can vary in the nethods of the invention
In some enbodi nents, it is desirable to produce a
saponfied-oil conposition that also includes
gl ycerolipid constituents of the bionass The
approppate quantity of base (e g , NaOH) for use in
t he al kal i ne hydrol ysis reaction can be determnm ned
based on an analysis of the glycerolipid and fatty
acid ester content of the biomass In sone enbodi nents,
it is preferable to use an excess of base to saponify

l'i pi d-conta bi omass direct
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extract ed . Pb aan (ﬁ&ggegmﬂ(xght e bi omass can be
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EXt 1 g k@Bl NEm! dubdatheG OMSholikte B Sme@BnshiRSlididar med
vi a conventional hexane-extraction procedures, or via
an oil-extraction or solvengéess extraction procedure
[0257] Conventional hexane-eéextraction (other suitable
organi ¢ solvents can al so be used) generally conppses
contacting the bionmass or |ysate with hexane in an
anmount and for a penod of tinme sufficient to allowthe
lipidto forma solution with the hexane The m xture
can then be filtered and the hexane renoved by, for
exanpl e, rotoevaporation Hexane extraction nethods are
well known in the art [0258] QG| extraction includes
the addition of an oil directly to a |lysate w t hout
ppor separation of the |ysate conmponents After
addition of the oil, the |ysate separates either of
|ts own accord or as a result of centpfugatlon or the

- - 11" a T — o I 1



enul si on phase, and an oil phase The enul sion phase is
an enul sion of |ipids and agueous phase Dependi ng on

W@ b@opziseent age of oil added with respect to tPET/UyNaY/et0123

(wwor v/iv), the force of centpfugation, if any,

vol une of aqueous nedia and other factors, either or
both of the enul sion and oil phases can be present

I ncubation or treatnment of the cell lysate or the
ermul si on phase with the oil is perforned for a tine
sufficient to allow the lipid produced by the

m croorgani smto becone sol ubi hzed in the oil to form
a heterogeneous nmi xture [0259] In vanous enbodi nents,
the oil used in the extraction process is selected
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whi ¢ himd Bepoapundl mef. base added to the reaction m xture
can be tailored to saponify a desired amount of the
glycerolipid and fatty acid ester constituents of the
l'ipid conmposition A close approxi mati on or
guantification of the anpbunt of estenfied lipid in the
conmposition can be used to tailor the amount of base
needed to saponify a specified portion of the oil

t hereby providing an opportunity to nodul ate the
anount of unsaponfied oil remaining in the resulting
conposition In sonme enbodi nents, at |east 1% at | east
2% at least 3% at |east 4% at |least 5% at | east

6% at least 7% at |east 8% at |least 9% or at |east
10% of the oil, by weight, remains unsaponfied in the
resulting conposition In other enbodinents, it may be
desirable to saponify all or substantially all of the
0|I such t hat the resultlng conp03|t|on cont ai ns no
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[0262] In various enbodi ments of the invention, the
m crobi al biomass or oil can contain lipids with
wa 2094 ar bon chain I engths, and with varyi nBCT/Ey80%040123
of saturation The charactepsties of the |ipids can
result fromthe natural glycerolipid profiles of the
one or nore m croorgani sm popul ati ons used to generate
the bi omass or oil subjected to the saponification
reaction, or can be the result of |ipid pathway
engi neering, as descpbed herein, in which transgenic
strains of mcroorgani sns that produce particul ar
lipids in greater proportions are produced [0263] The
m crobi al bi omass subjected to transesterification or
ot her chemi cal difi pbed h can
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| ysis, ppor to subjecting the bionass to the

saponi fication(or other chem cal nodification)
reaction In sone enbodi nent the bi omass subjected to
the chem cal reaction contains conponents other than
water in the sane relative proportions as the bi onmass
at the point of harvesting fromthe fernentation In
this context, "the sanme relative proportions" neans
that the proportions of the conponents renain
substantially the same after having accounted for
changes associated with the cells' use or netabolic
conversion of sonme conponents follow ng harvesting of
t he bi omass, chem cal conversion of sonme conponents
within the harvested biomass (w thout the application
of exogenous reagents or catalysts), the escape of
gases fron1the harvested blonass and/ or S|n1lar
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e g, 5%[0265] In sone nethods of the invention, the

covalently nodified lipid is separated from ot her
w@oorspordmi s of the biomass foll owi ng chem cal PCT/US2009/040123

nodi fication of the |ipid hi sone enbodi nents,

separating the lipid conppses a phase separation

whereby the covalently nodified lipids forma lighter

non- aqueous phase and conponents of the biomass form

one or nore heavier phases The |ighter non-aqueous

phase can then be renoved to isolate thecovalently

nodi fied |ipid conponents I n sone enbodi nents,

separation of a lipophilic phase containing the

covalently nDdified l'i pids fronrhydrophilic cel

material of the ona§ qgn e thaS%mwe
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[0268] Higher ratios of sat (7 at ed fatty acids are
particul arly advantageous in the preparation of
saponi fi ed conpositions, discussed below, in which a
portion of the glycerolipids withmthe biomss (or the
extracted oil) remains unsaponfied As discussed
previously, a percentage of the glycerolipids can
remai n unnodi fied (unsaponfied) by adjusting the
quantity of base used in the saponification reaction,

t hus produci ng a soap product that retains sone
proportion of the originally present glycerolipids The
presence ofan excess of glycerolipids in a
saponlflcatlon reactlon |s connDnIy referred to as

I e o o, o,



whi ch can lead to the devel opnment of an

unpl easant -snel I ing conposition Use of a higher ratio
w@Roogarasent ed unsaturated fatty acid constitueP@BUS209/040123

the "superfattng” conponents of the reaction m xture

results in a product with a relatively |onger

shelf-life and m nim zes the production of nal odorous

oxi dative products [0269] In vapous enbodi nents,

saturated fatty acid constituents conppse from 1-100%

of the ester-containing |lipid conponents of the

m cr obi al bi omass or extracted oil subjected to an

al kal i ne hydrol ysis reaction in accordance with the

nmet hods of the present invention In preferred
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crograns, |ess m crograns, |ess than 15
crograns, |ess than 14 m crogranms, |ess than 13
crograns, |ess than 12 m%‘tograrrs | ess than 11
crogranms, |less than 10 m crograns, |less than 9
crogranms, less than 8 micrograns, |less than 7
crograns, less than 6 mcrograns, |less than 5
crograns or less than 4 m crograns carotenoids per
gram of saponified oil [0272] M croal gae of the genus
Protot heca, including without limtation, Prototheca
wi cker hamm, Protot heca stagnora, Prototheca
portoncensis, Prototheca nonforms, and Prototheca
zopfii naturally produce higher ratios of saturated
lipid constituents, as illustrated in Exanple 28
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of biomass or oil for practicing saponification

nmet hods in accordance with the present invention is
w@e@baeasesl VI. COVPOSI TI ONS [ 0273] The pr esentPCT/US2009/040123

i nvention al so provides conpositions that can be

prepared by the nethods descpbed herein In each of the

vanous conpositions of the present invention, the

m crobi al bionmass is selected fromthe group

consi sting of bactepa, cyanobactepa, eukaryotic

m croal gae, ol eagi nous yeast, and fungi In sone

enbodi nents, the mcrobial biomss is selected from

bi omass derived from m crobes in the group consisting

of the eukaryotic microalgae listed mTable 1 In sone
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i Cr OgY AT d Af cerGi ABE- QT bR aigr @am [ 0277] I n anot her
enbodi ment, the present invention provides a
conp03|t|on conppsing a Ilgp§est phase cont ai ni ng
conpletely saturated |lipids,” and at | east one heavier
phase contai ni ng m crobial biomass [0278] In stil
anot her enbodi nent, the present invention provides a
conposition conppsing a |lighter phase containing
lipids and at | east one heavier phase containing

m crobi al bionmass from nore than one species or strain
In yet another enbodi nent, the present invention
provi des a conposition conprising a |lighter phase
contai ning hydroxyl ated |lipids and at | east one
heavi er phase contai ning m crobial biomss |In another
enbodi nent



the present invention provides a conposition conpnsing
a lighter phase containing free fatty acids and at

wo egt2asme heavi er phase contai ning m crobial PCDOE2989/040123
[0279] In still another enbodi nent, the present
i nvention provides a conposition conppsing saponified
oi |l s depved fromthe al kal i ne hydrol ysis of biomass
produced by cul tupng a popul ati on of mnicrobes, as
descpbed above I n sone enbodi nents, the biomass from
whi ch the saponified oils are depved conppses a
m xture of biomass fromtwo or nore distinct strains
or species of nmicrobes that have been separately
cultured In one enbodi nent, at |least two of the
di stinct strains or species of mcrobes, the biomass
from&HMHET s conbi ned conppse dlfferent cero
pr of i (P28Y ﬁﬁL@Pﬂﬂ@ﬁeﬂ%”%ﬁ%%ﬂ@ﬁﬁﬁféﬁﬂ?ﬂﬁﬁ@dﬂgggIF?%% can
be a sodrockidkessie] {l HITRAGN 308 rtyviickal ivips vesre maintifedepingdified 280
Saportirdidof theddinl MRBEPOSH:E han cd@fisiel BR) df NEMEN®II.0zan
i ncl qgﬁPCT Q)tﬁS)é Kﬁﬁ’bgo (ﬁﬁé b.&s g@a@z »ed OfOfS(QMgﬁﬂ €1,0fand TR Iy&st
SpeCI etract ger liter, (ﬁﬁ:erg g ilromn’%thesggrodqg :%Q&Qﬁ&‘ed Ql?crergll(&a arﬁnd may

i ncl ude

di r ecPHFEY ﬁf’“ﬁ‘ﬁlémbq»o"ﬁﬁ§l§a‘“f’drf8f‘h9mv5mp‘§e“em Pmdmtsf&e &g Ot 1 s
wer e e Fareetd “reegenienirp slerrt) et Rt Scienge ﬁéwglgw&}’{?r#ﬁga) oi |
C 0P OBthlbd HOR® 83-Bk eachatainyii ! hiohe fflowine Hidferinoredia tes preprrestiene,

a- caratyeingaes.ast axant hm a- cr ypt oxapt hi n,

b-cr yptl%@tzssm o oddihy&lo. | ycopene, phytoene,

phyt of | Juene +ﬂ ail?ulate% axgnt hin In sone enbodi nents,
the sapgonified ¢ fposi t ons i ncl ude an al gal

pol ysaécﬁé?ﬁﬁfé*1"/Srt3?:l‘?‘d‘éi§edtglﬁ°6’§§1e descnbed in international
publ i cat iPoresatintere WD 00 7L0B% PEGI afPriEs) por at ed herein
by ref &1 eneaef 028idat gysare vatiyedidipg pites’? bt he

saponi fd et | 105RARASILI0RS] OONPRSEMa DS

{3[' OpO{Oigk]O RZeh gram QR%@&Q@J th gi?ere&'n%&aqg Q! ]l()ﬂ:lelg/§l cgrﬁtgya@gl Fnk Om

he bl onass vari.o Jed
gI yC e?ugqreis ?re §pt he dark dfswere l@ﬁlt%t% by (bbltalsHakerS g'})éné_,l'{) S gr%gfl‘r: | east

2% ¥K>Iafé*é‘§?m 3% %d‘f of jnigizl gowthg e () elppsy &g a%d%“’ %ﬁ?p‘ef Balst
10% atl 6 dndtstklls 2QYd agpther| 2@l sie m8Q94HDCHYE | hleteat clt@oy®s or  at

| east pebdddoyQfntriifa@ioSapootph foethidin kn EpBMOO S 1CicanifubnAiet her
enbo d}e%mg §%ern§tnle cetd Beﬁamgffrbz@rdit °)t61ﬁﬁ)@1£hih&h (s EQHRSe NO
or € %rher abiOG%M(p gsﬂq{es%ltstaﬁ %M%QP/guren o nore than 1 5% no

mor e no nore than 9% no nore than 8% no
more E¥E¥9% no nmore than 6% no nmore than 5% no
nmor e {ORPAIN S&%&“ﬁé@ﬁ%ﬁé"’rflﬁa’iﬁw%%ide% BN 2§0h§ﬁST§@gN 8% no
nor e ok avlordBgegter: #2herais BPokFilteres wok aiganadro gpdifiedfotfg282]
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con‘pog,rl?ptﬂje(gpﬁ@ﬁggor dance with the invention, the
saponi f east 5% at Ieast 10% at

| east 1]5°/Pr°te°?e+lA’ﬁ‘g%)ﬁyﬁﬁ%/ﬂa’}%luc ‘tast 25% at |east 30%
at | east ‘3‘5%“%1{’ %d@%@tglyifﬁ%l “#HPeast 45% at | east
50% at 3.| Rx@eote + 5% Yop-aqdulatpdeglyserol §004uceit | east 65% at
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total mass In sone enbodi nents, the saponified oil
conppses no nore than 80% nore than 75% no nore
than 70% no npre than 65% no nore than 60% no npre
than 55% no npre than 50% no nore than 45% no nore
than 40% no nore than 35% no nore than 30% no nore
than 25% no nore than 20% no nore than 15% no nore
than 10% or no nore than 5% of the conposition's
total nmass In some enbodi nents, conponents depved from
the biomass, including without limtation, saponified
oil's, unsaponfied oils, carotenoids, and the |iKke,
constitute at |l east 5% at |east 10% at |east 15% at
| east 20% at |east 25% at |east 30% at |east 35%
at |l east 40% at |east 45% at |east 50% at | east
55% at |east 60% at |east 65% at |east 70% at
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conmponents depved fromthe bi omass constitute no nore
than 80% no nore than 75% no nore than 70% no nore
WO bh@/15895 no nore than 60% no nore than 55% PEDHUROE040123
than 50% no nore than 45% no nore than 40% no nore
than 35% no nore than 30% no nore than 25% no nore
than 20% no nore than 15% no nore than 10% or no
nore than 5% of the conposition's total nass[0283] In
some enbodi ments of the saponified oil conposition,
the conposition further includes at |east one oil
sel ected from soy, rapeseed, canola, palm palm
kernel, coconut, corn, waste vegetabl e, Chinese
tall ow, olive, sunfl ower cotton seed chicken fat,

beef tall ow, i ne tal al gae,
Cuphead PP 4 ° hfjée G ER eas“red fo\?\%&{, geegg‘gg%é eggscf

Canel $hvaindittya, nust ard seed cashew nut, oats, |upne,
kenafgxspmiemdul a, henp, coffee, |inseed (fI ax),

hazel i), seiphorbiachpunpkimcoseetSTIaN 24and (ITRAIN 31),
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jatro fazil nuts, or avocado [0284] In
sone ‘@ﬁﬁ@ﬁf%t‘”@‘p&f“the saponi fied oi | conposition,

one or ndrogosaddf praskErobT & #eibi ned with the fatty aci d
sal t s Iz reene+ BiriodheiEntd +1 b Rlecomaddi ti ves are sel ected
t 0 opt i3MipzRost N8 ©h-RANSI BGe6f-f kghercy of the
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powd estgsphoriastid. friabtisal degsgeat S3frnatvas readdyi 4 slafy epred's asaiggpecipesEds,
her bsubehyels O&8k S samyle. Rasiis BEshoviid Heupowder s,
preseryidi €S, antioxidants, tocopherols, salts,

Sugar Vv allll:sgn C laOI aretia profotriecoidae, B aﬁ(?@lore a
veget @%0?] esﬁ_t%&h \(/:lél el 2 Wr?%ad%}’s‘iﬂm 54y REBlorell

nol s
veget ]gﬁ e;é#lﬂwgqr?,gg) St?{jﬂf %%%ﬁs ﬁe ma@ amed 01|'1 mozdlﬁequr ?eose méd]ui}]l é)see
bees WARMPLEDJE: ahetid oY i 4e @“OW%%/ "ffFéet“é‘Pghwas EBEG A 26869(1 er,
cor al ppewder, hunectants, gumns, emul sifying agents,
and thi pkr@&?@sreslil’laﬁsgeyc@(ﬁidi tives are comercially

avai | abj & §iL,Qm %nmﬂaﬁredg,fcerékm care ingredient and

bat h accessor liers | oils include
al | Spl ce Proteose¥1 A,ppp%yc‘irol +1 A)rg%cotse-l(adgﬁ af%ﬁ?tz k'nrged basi | .

bay, bet gPé‘ﬁ‘iSie o Fﬂn%?caﬁduﬁﬁiﬁ%?d TEY g‘éfﬁfﬂ‘adde%%%‘a

canan{aedl camdairom inogdict fetnedge@ammtdaf@@w alycerela@ﬁmnon-

cedar waiaeled) © harmbaish®onceitrniaa M Aultdesrwle keptiimminaliviond deassf |

i tr o0&l sih@Rm L HhABYKBRIE) at Glo@ME R nGORENE&L, 1%
cornmmt, cypress, davana, dill seed, elem,

eucal ypt us, fennel fir, fra}pkl ncense, ger ani um

bour bon, gerani um roast , geranium gnger, grapefruit

pi nk, grapefruit, gurjum balsam hyssop, junper berry,
| avandi n, lavandul a, |avender, |enon nyrtle, |enon tea

tree, lenon, |enongrass, |linme, htsea cubeba, mandarin,
marjoram nullein, nyrrh, neroh, nerolnm, naouli,
nut neg, orange, pal marosa, patchouli, peppermn nt,

petitgrain, pnme needle, ravensara, ravntsara, rosahna,
rose, rosemary, rosewood, sage, sandal wood, spearm nt,
spi kenard, staranse, tangerine, tea tree, thyne,
tul si, verbena, vetiver, ylang ylang, and zdravetz, or
conbi nations thereof [0286] Fragrance and flavor oils
|nclude absol ute tullp, aInDnd anaretto anber



berries and cream birthday cake, black cherry, black

tea, blackberry tea, blackcurrent, blue nme, blueberry
wa@l2000g24843 br anbl eberry preserves, brown sugar, POUIOE1089/040123

gum buttercream butterscotch, calla lily,

cant al oupe, caranel apple, carnation, carrot cake,

chai tea, chanomle, china nusk, china rain, chnese

peony, chrysanthemum cinnanon, coconut, coconut

cream cotton candy, cranberry, cucunber, cucunber

mel on, daffodil, dandelion, del phinium dewberry,

dul ce de leche, earl grey tea, easter cookie, egg nog,

eqypti an nusk, enchanted forest, enghsh | avender,

enghsh pear, evergreen fig, frangipani, frankincense,

french vani

frui tg uﬁose wahadcllegto saangl and%ﬁ) B’ld t%é celﬁs aﬁtured anothervﬁ P I.Ilpld con?enté
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gr as syeasgrdgedqheck Rranon-gudya@sorbggerrdsutfipegsivisam O-h AtRar ioanculwhi t e
gy er the aR@htoOlpid ApEsterbi@Naye i@ fiaCE Drivgin diksald G@oroform

frui t,GakeomNQlib Yekhiyae RORBYingmEr , honey,

honey | gs | asmne, Jasnrne tea Junper berri es,
kiw , Tavender, |eathe | epon Illac
i e, 0309 g Sepd e S}ilol’je ’%r‘%%%@&’%ﬁ ﬁa 4%5“‘1 C%rﬁll dann,

maNg okessTeTEiRA R AN 5 7kogt culuspsTeaaintaipef! jo “&’H‘Bf‘é Bl e (s a,
Nty BXAVBLE 2ntibr el steyin, 1 mpof thdfollomieg diffarent gellervegpacd mfred| |
oceanf:am orange bl ossom orange sherbet, orange

vani | | g, pB@&éWﬁ% purgagf%,&ropn} fobiode (aaR@lngho 1, peach,

peac h esz %roteose 1e,,/a mdulgf:%al cer%1r+r1¥/’ glLP oescp (ngednflter *hr) pl k akl pra
col ada, rai sins

and aIﬁoﬁ@§“e$héﬁB€WF?“gP83§T Qﬁﬁggmnggeﬁﬂod sage,
sandamﬁﬁo@%h@assaﬁﬂw§ﬂ“§eﬂaﬁﬁgg%dﬁégéﬁﬁﬂd%W%Eﬁéﬁmﬁine,
S NOWDE fidh YoidulStiRs k107 @8] cogduitgt@n. Tetcwliaedyer kept in tadgramd pl um
sunt %uale@ﬁyi o shSWEEH L61cQ¥ & 0shil® WR S 430 fpld SiSer 75 WRRARItIaPEA,

tan g eg%:’v% 10} &@Asa &9&96@ H’lti the Jeflsmﬁrred m&l@%hrol)d\@ﬁg hpld\ééﬂhtl l a,

ma: glr']\ge‘?e ngaQured n all saarples l(seeCEg(Aﬁ%’L%’S 2 and (5)) hce: e [ Er eht was ca?cul

I'nati ons tﬁereof
[028¢FmE%?Hﬁéﬁ?gdWﬁ@Ph%%yB§WFWE*@@“FH%?Scan be used to
di sl oerxperriBad skmcells, dirt, or other materials from
t he spgfiacilind Mhg: SMciréﬂllgz prandacoiiaiaserlz (suRA MR aUthlorella

limt @Jskr@#ﬂ (ST&AINiﬁS) %&Q@rea{}&e nfajnbi% Sn mc@i‘ﬁ@iPﬂ)te&QMﬁrﬁ &ee nut

and S%E\% Pheé F§r eacgprgn ¢ lnl Rl folm?ﬁg %ﬁgﬁwf vl JrepeIre!d Ql%ﬁ well

inclu berry, cranberry, grape, kiw, raspberry,
bl ackt¥&fry, strawberry, and the |ike G am powders

i ncl ude- Geteospolndere elveere + A a8 PEIfEr2br the 1 ke,

m || ed 2 @rovest yi Ngprdedyietetcot + COdnse els&t@Pd ypner beads,
such @ssit s erilRd @odubeim Pk yohikiyd cafaa, % @fc of 1henod-i ke, can

al so Q@ulé@ 9 eth)eS | @Q&Mﬁﬂ conQJntraqglaﬂe &lﬁﬂ@s @@4 lJe}§ in@Q ﬁMkQﬁd the
out er tats ateggy orbxtaY i%aker(%rom Ez}t‘vm (ger shup rU(P(Z 91% (rjp nlgfp\xﬁg LrtoHnl 1a‘1. y f O r

bi oacti can

be pr %‘%‘@h{% § ‘ﬁ"sf Hiaaddd R e F“P&i °b‘H"§d a&‘l‘thef Ha& PRy ﬂlﬁ{“?d cPf‘femt o
have greatsend ipd cogls (eFEXddBiFerand 4 feefigid prfeentapravasilplaled 28 8]
Ext r agdSordngl ok deXidbasksel vwrghtUdeltshesload in Batevact s
depved from conventional extraction procedures, or via
the use of liquified carbon dioxide Herbs include al oe
vera |leaf, alfalfa |eaf, alkanet root, annatto seed,
arrow oot, burdock root, calendula petals, carrot

root, chanomle flower, confrey leaf, cornsilk, dutch
bl ue poppi es, fennel seed, gnger root, ginseng, green
tea |l eaf, jasm ne flower, junper berries, |avender
buds, | enon peel, |enongrass, marshmal |l ow root,
nettles, oat straw, orange peel, pappka, parsley,
pepperm nt | eaf, rose buds, rose petals, rosehinp,
rosemary | eaf, shavegrass, spearmnt |eaf, and St
John's wort, and conbi nations thereof [0289] Col orants
and glitters include green #5, green #8, orange #4,
red #22, red #33, violet #2, blue #1, green #3, red
#40 yeIIomr#S yellom1#6 _green #6 red #17, as well



[0290] In vapous enbodi nents, the saponified oi
conposition containing one or nore additives, as
waele®epsd above, is fornulated for use as a CORGEUB2909/040123
product In sonme enbodi nents, the cosnetic product is a
per sonal hygi ene product, such as a cl eansing
conposition for use on an individual's body or parts
thereof (e g, face, legs, etc ) [0291] In one aspect,
the invention is directed to a kit conprising a
saponified oil conposition, as descpbed herein, and an
oral supplenent In one enbodi nent, the oral suppl enent
is avitamn In anot her enbodi nent, the oral
suppl enent is an herb [0292] In another aspect, the
invention is directed to a nethod of using saponified
oi | dEHEHE ¥ rom the al kaline hydrol ysis of bi omass,
pr oduesdy é@mﬁﬁﬁéﬁbé@hﬁéﬂ€WW?wﬁﬁF”ﬁH%W%?@ﬁ%“ﬂﬁ@%3%ne or
nor e aadthioteiln/ege #aSTRIES eibeck celbomrare mandiepaakdéing t he
M Xt WhdRosd Biedm GRSHIXRMPIE 2 F@ eidCitraid, NmienNgs: felriedifeenbediat he
COSMBLL £ RLAAMGL: £RPPSes a cleansing conposition (e g
, a faqig%nggﬁpqggg [ 0293] Conventional DNA anal ysis
net hods’ can be USed to detect the presence of
conponént¥“BEpVed Ft oM H*¢iobi al bi omass in accor dance
Wi th 38 Presentes inppyaritd il 020475 AP celpfarerarias™ci t ed
her ei daljuret Wi kpelih Mgdappatdeihigl by peitieiRker Fpyking dekdinsVKand
publ i S QRS o6 RESiRRIRRYipi REeEPat al.edd by ExafreEence in
their, eptiretles,J-e9ardl ess of whether previously
speciﬁlcgfly I ncor porated The publications nentioned
her ei EEgited for the purpose of descpb and
di scl @81 ngtaingaagMpiag Chiqiele ﬁ@ﬂ’tﬁfﬂb’@“i#é@wz‘%)oﬁ%i% Bt 3 Phat
may bed Cidet kel o (REBAIN G ok chltvtehesreeiaiaiesA pn RofijRdnt i on
Not hi H@eofl @ERimsed BXAMBLEIG FOORSErHiL €l caBe flhwiagifiess nai
t hat t hese.tefaranges are ppor art in relation to the
inventhQ@s dg§gﬂgggeh¢rein In particular, the

TOteOS

follomnn% gateqt qgﬁlbpqtions are hereby incorporated
by ref &r SHEE T I &1 7 "ehiTFeties for all purposes US
Pr ovi siloReleospplst §xcat + ohstiere 8ErOA387620 fil ed Appl 9,
2008, 108t iEhch edin WiBinp@lettd (Chiféervitovadia M0 Toplie/at dorgairagfn. The
M cr oRinak wd IR ES dark 2hdSgilAEdDY biBitaDRRd: frdARbet kDA UNGL
(G:é/ 0 7{]_:,9 Q&%aﬁerzé ﬁx?ﬁniﬁl%%th?l@a (W/Z)%Ql&se “ﬁibﬁde& tl) eﬁne&@iﬁa@&g@ n |d
snetjc Pr raduce [ 7. crobi a
Bi ok Ry i Pe LAHE Bty 8Tk PR | e o
2008/ BRI LHG mgh dhe PR RSP S PO AR R B RS 1/ 1
12, 469 dfidd pl deiptoGerbar shopn in¥oEas. entitl ed "Cosnetic
ConpoexAamramsoe Conpri si ng M croal gal Conponents" [0295]
Al thogihy tshiis ard INEN I oG desONbedHBTRanest | on
n%ggréﬁgﬁ%ﬂ%%ggﬂpq ' Bﬁg%pgﬁ%?aﬁeﬂ%?#%m$m§??ﬁC tions
Vapat Foe mligne: i Eadibaet §a8" a1 b B nRi i
f ol | ovispgpared im24gehe?al , the principles of the invention
and i ncl. uditeng + Yoty stephr Pasesse from t he present
di scl ostirmteds + COFR: giketolt 1% dobBavwmidopficcl8d OMAry practi ce
W thin ekt 1 QidMlaeheebN8od AWt i on pertains and as
may be applied to the essential features hereinbefore
set forth, are included in the scope of the clains
bel ow The foll owi ng exanples are offered to
illustrate, but not to limt, the clainmed invention
VI1. EXAVPLES EXAMPLE 1 [0296] Unl ess ot herw se not ed,
all strains descnbed in this and the foll ow ng
Exanpl es were obtained fromthe University of Texas
Culture Collection of Algae (Austin, TX) In this
exanple, Chlorella strains were tested for growth on
gl ycerol and glucose The follow ng Chlorella species
and strains were cultured Chlorella kesslen (strains
263, 397, 398, 2228), Chlorella sorokiniana (strains
1663, 1665, 1669, 1671, 1810), Chlorella saccharophila



(291 1, 2469), Chlorellaprotothecoides (31, 249, 250,
264) Each strain was inoculated fromsolid nedia nto
wQ@oa12d8u3jui d base nmedia (2 g/L yeast extract,PQI/og20aM40123
NaNg 3, 0 17 nM Cad 2V-H20, 0 3 mM \gSO4' 7H 20, 0 4 nmM
K2ZHPO4, 1 28 nM KH2PO4, 0 43 nM NaCl ) and grown
shaking at 27'C for 72 hours under a light intensity
of 75 mEm 2S' These cultures were used to inocul ate
each strain to a final density of 1x1 Os cells per ni
into 24-wel |l plates containing 2 ml of (a) base nedia
only, (b) base nedia plus 0 1% glucose, and (c) base
medi a plus 0 5% reagent grade glycerol (EM Science,
cat al og #GX0185-6) Pl ates were pI aced in the dark and
grown for 72 hours shaki ing at dd?\%zh s of each
st rai n ‘gr e T e e Hyead &6%%%6 [FERe diluted 1 9
1m di st5 IPlogete HOOompulas gepan e RiEs read at 600nmin a
Mol eculsarolevt Cesn-Sgead elakbix 1340RE€ (4d! dtr7alins
exhi bjpd18d cgth Gk Ras bdue: (i RSE MER: 1 x 10flcaIeBIS@caatibon. The

g l yc e(!‘ul%lres \9&9% ﬁlg datkgndqg t¥d b? %gl sﬁ?eg %r@%yamgshge ‘[J 219 7]
St | TRAI N
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250) ess[
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di vi si an rafeoshBrockre Kt + 1&:ahabagd#E%0185- 6 For each

strain,s meeosgilmﬁuu‘te@gyc@rgmg gdioff erent nmedi a was

prepar e{j | 024; o amdulatngl%grglsf— 1‘;‘ r{ghg a%ter#Zl’H’ 0 pure

gl ycer o] BBE ot % aci ycer ol 3

Pr ot eose PP64 HoH® ﬁg?l?ﬂﬂlglé%eréla 'GIEYEEr ol Prot eose + 1%
pure glfycdeter T%CﬁPlﬁeé@‘éfé“ﬂ(*dd’é @Seéaﬁ%eé?ﬁeﬁéhrhr ) 5

Pr ot eln3el Fach Yria gisthadulatdadiffffeytaediao s 10 kely/gl cocastio| Bdded
af t er culfwes REkefdin Mk QKOS Gitartd b YriRDRKA Géndilibrat @ekshgd, yoRr ol - +

1% gl A&G%eméra@lﬁ@ﬁm@f gfm%l 17/&wla{g)ucoLer%9a§Jed tE@zcn Sl do@edh WAS

I nocu € schtur ano ]ix DC}&,p Wals Ifalea;ure m allxsa es (se 8&/’.@)
conceh ract cuI ures were i'n t he and

wer e %?@‘1“?%?5@’&“8\;@6?181 tal shaker fr om Labnet

( Ber KERMRELEIZK) at 430 rpm After 72 hr of initial

gr owt {31711 Hrdinahnd Medih (LQS@nap@snsadded 2140 agdnpless #4, 5,
and 6peﬂzﬂﬂ1scx (b’ﬁi)(%@ﬂ) Lk &leetoﬂfpﬁbdmmmrned%piﬂﬂ1na1}@duﬁlﬁ&5 ure
DC\N ]éavzculacu;as %ﬁ%ﬂad%’m& el)‘!&agtm Cé@fﬁ)') S@J’uﬁrg mpch{qu&El&JafoMgﬁt Ion

P e L e e S ey

ets we ozen
MGG L A 4P SN P PGS @ oy

( LabcBat -0, mNISANL-4Re® 937 sMan@.. MM CaflPg.008 MM
EXAMPL#R103,- Q[HQZQQ]MMf‘Qtlxcaisms oa R e dMadi-7a,0, 10 pM H;BOs, and 0.001

Chl or glhan, ngzosxoh s&m H88n Bnsbied P TRAWNNNRRO).17 dhdaCITHRAl N
249) and Chlorella kesslen #2 (strain 397) stock

cul tures were mai ntained on_nodified Proteose nmedi um
(see EXAMPLE 2) For each st F&i n, 1m of the follow ng
di fferent nedia was prepared in 24-well plates 1
Proteose + 1% pure glycerol + 1 %glucose 2 Proteose +
1% aci dul ated gl ycerol + 1 % gl ucose




3 Proteose + 1% non-aci dul ated glycerol + 1 % gl ucose
[ 0300] Each strain was inoculated to different nedia
W@ 2009/1%68105 cel | s/ M concentrati on The cul t ur eBRCTHES09/040123

kept in the dark and agitated by orbital shaker from
Labnet (Berkshire, UK) at430 rpm After 96 hr, cell
grow h was neasured for DCW (see EXAMPLE 2) Results
are shown in Figure 2 EXAMPLE 4 [0301] Strains and
Media Chlorella protothecoi des #3 (STRAIN 249), #4
(STRAIN 31), and Chlorella kessleri #2 (STRAIN 397)
stock cultures were mai ntai ned on nodi fied Proteose
medi um (see EXAMPLE 2) For each strain, 1m of the
following different nmedia was prepared in 24-wel |

plates 1 Proteose + 1% 0 al se 2

Pr ot o'T8! ¥e5P67 éc??fd‘llvélf% 1%9 %I\é%g% éd’f "‘M]N/%l anéJsm?

Pr ot evEe Gyeqdgaisrion s %‘tdécﬂonéé} ilagst gyoerg! ¢ G)% @ﬂ“uc ose

[ 0302}iddEzad Hycst! MaGH warmStaingdie InatreldY <ttem s &Seleo ftai ni ng
di f T etsNtor gknkes OhiSf et @ng dafetfhdddatv@epa®d in 24-well plates.

non- acigul at ed) to 5 x 105 cells/m concentration The
culture75 ver e mdluQ1+2‘l/ Lhe dark and agitated by orbital
shaker 'f PBm Labnet -(Bérkshire, UK) at 430 rpm After 96
hr, |iph &P‘Elbﬁf“féiﬁ‘%z Pgé“‘%dﬁélfffrgd To measure the anount
of | i pi% Seiolme efivmitA%pwfefidlacdgyoerdy] of cul tures were

col | ectiedpiaid mwashed n@nd@lan drkerdanggwoleunme of nedia To
each tuype, 5 m of washed cells and 200 mM of sulfuric
acid ( 1%Emz(y\@50gseadded The tubes were incubated at
900C in a ]\\//}659 a r& cerol30 mm and 1m of phosphoric
aci d- vani T rei‘fen FWa5"4dded to the tubes and

i ncubat3ed"E¥t*1%?@e‘f6?d°%l.¥§ﬁ?h+1'é’gﬁ?"§pare t he phosphopc

aci d- vamisEvr e egelrtd gy@ol?2 g of vanillin was added to
20 M of semt-e% acidand gtyhel Mob guree adj usted to 100 M wth
85% phas RRAPGy, Aklchulieyepi i cal density at 530 nm was
read in, %Eﬁ'ﬁéﬁm%@ia@& e 98 Pgl,@ Tef erence tube with

EXZINFJB\I\%%]S rEf Cg%@%]%as §t;>crulat to y ferer(lzf mﬁéa o 55 xhgs\légls/mpconcengalt{oneThe

Chl or @ltrapFrded i He t aaié@ta&&%y ef@,?ﬁ}aemf%%?mél?fa‘shﬁa Fovel | a
kess| &p ipn#fdr 9f BTRAfoNer898Y meturyd; Ko magtute the @xpunjs figd content

Mai Nt akde cho PR e focdicdn Ol @05 ot dh b {oBeeof IMAMPLE 2)
For eé&&'?ube?'ts El%f \ﬂshedjegﬂs an@ EOO Llh)esulfﬁlgtl: ejcx@w l\mgeredlli({ecf e ebds whiE dia

was plrnc% a?e%g %) b water bathv}ocﬂ}(; rB ﬁ Ian%tl gﬂsof g'h fogl a%l@ %gnlhn re'lg/ ft Q/H'g €

gl yc non- acl £ hgp%(}/cerd ’IF
Pr ot e@%eé to fhe i‘b/% ii‘li‘] F“é‘baﬁfi % O P 8 gelpalﬂec 5P Aated " art e
72 hr ipazept, PEgopegEn ws gl nhmigbiguirateyhyt aietr 811000 104
gl ucosie s¢raphokgigiricatit. @¥e optidal fensity 4t B8 Odlras Eaictr sts it 2epesse

I noc ule@xt:&dtuﬂe Qlt}{mﬂ\ba@r 48 Qﬂﬁlaiﬂﬁ kdﬁg:ncﬁ bk e E(ﬁlﬁtsedgf Telet O I s

( pur edl&&lve@&&%golfoqwm%& ﬂ)n lttoqolﬁ_?g X 105 Cel I's/ m

concent ration d and
agl ta{O%Ia] To meas%ellh%\’\’céj lsa %ﬁge was e ed by ce g‘%g%l%n aﬁgo&) , UK)
at 43@mrf°pﬁﬁmAfA€‘%fem?‘?g Fﬁ""'“ﬁtf‘“t C?HHP‘E”F%W&%W '‘Weose
was acddeieht ineFreaafnt sestet BLabeorgo MO, iyl Thelirid pewsiniegs WeslfPlf“l&‘ie‘éd
anot hesm @4 1§ ambinfiviledb@ fHe@dalt SeigheRe@liypRaAS I i@ Blgdail.al |

sanmpl gganiS$93 EXAMPLE 4) The optical density at 600 nm
was al so neasured to check for non-specific absorbance
and subtracted from O D 530 nmto cal cul ate the anount
of lipid The reference curve is conposed of Triolein
di ssolved in chloroformranging from1 to 10 ny
Results are shown m Figure 4 EXAMPLE 6



[0305] Strains and Media Chlorella protothecoi des #3
(STRAIN 249) and Chlorella kesslen #2 (STRAIN 397)

WG @eH268¥d t ures were mai ntai ned on nodi fied PreCEUSM09/040123
medi um (see EXAMPLE 2) For each strain, 1m of the
follow ng different nedia was prepared m 24-wel |
plates 1 Proteose + 1% pure glycerol + 1% gl ucose
(added after 72 hr) 2 Proteose + 1% aci dul at ed
gl ycerol + 1% gl ucose (added after 72 hr) 3 Proteose +
1% non- aci dul ated gl ycerol + 1% gl ucose (added after
72 hr) [0306] Each strain was inoculated to nedia
containing different glycerols (pure, acidulated, or
non-aci dul ated) to 5 x 105 cells/m concentration The
cul tures ver e ket mt e dark or bi tal
shake{fm‘pr .Ec Vuﬁ'?rmams(%[ﬂ%g% sto%éc Iglr \¥ After 72
hr ofmafnfgingdiommodifpddegepre m%EWd‘i'O&l&?ﬁete edla“aa’ésa‘e %)0{ tre
cel | ssNotidst LPPETHRRON HeKHZA: RS DO afrdPi-Bi%d75cont ent
Wer e MBasuread 2 fyed ckiraQ adifrbr &8 efcs gevibXANE, BB oBheand 5)
The | 4Rl RELE B0 néakgykat ed fromtotal Iipid
anount qgg\sl ded by%sultsgare shown in Figure 5
EXAI\/PLéa'f 0307] Strains and Media
Chl or el't 3PPET XHEEH] des #2 (STRAIN 264) and Chlorell a
kessl erd #rotos¢ STRNFRY 308) stock cultures were
mai nt aisnedesan odidaeegdyckiot eose nmedi um (see EXAMPLE 2)
For each petessei 13 nodddlauiad gvdye fol l owi ng different nedia
was pr %péfo%gem/%%n mhltedgbmlaﬁ lyglgluE’&pt eose) + 1% pure
gl yce eose
1% no'{ﬁdc .Scéneldes za»manfs (;Igeir oﬁ@ﬁ wasinog)}? {e to 1fferer1t m(eg dt P dtoaf ter
72 hr¥sroustaips Ey C%tfffsgﬁﬁk%ghe dﬁbﬁé‘ﬁ*fgé"feéw PG gty
cont aliapeti@prkehirt, HYat 40pm uite 9, cdlggod mateientitdat &dV-gidy cer ol
t 0 5 ¥idl@bntealdesirdthy aroeatilintshydre TROPTRI2E Urégd wer e
kept fmcdhg wiankiBnenag thRkedn i@ bhiitab whalkenistt om
Labneg (F egkrg ire, UK) at 430 rpm After 72 hr of
initial  grow 1% gl ucose was added and the cells
cul t uf Shidt her 24 hr DCWand |ipid content were
meas uPEd H!\@é%P—Mé‘i&nﬁ‘fve’é“lf%‘é‘@”%WEmik AR %)° The
| i pi dmgremeentodgaacyyedivne Gde EXAMRLE iP) itk srotthepnditipnpy rf of
ano U Nihe feliowibigthedd edd padrepet I 20edights. Resul ts are shown
in Figur %EQEW\Q{E&SE 8 [0309] Strains and Medi a
Chl or edJ %ﬁllgr 94 gt hecoi des #\ (STRAIN 250), #4 (STRAIN
31) an orella kessl en #2 (STRAIN 397) stock
cul t ur s Siér &° PP H8Y on nodi fied Proteose nedi um
(see EXANPUE 17 )cidpged sveseoh 9t #upsh, 1ml of the fol | owi ng
di f f er entsEmediaonvadlpradpated m 24-wel | plates 1
Pr ot eose skm2 1%a@ltiGRseydr ok gase + 1% gl ycerol + 1%
gl ucoge. Jid %QILM Jawﬂv;a@maulm& raea%hunﬁqg ggtoswd%tnt er ent

ﬁ(rjlea%ycer%ls (Flg]re éﬁlgu at 8 oknon acgjxlate%)q% §: )iella d:elg/%xl conc%lmitl ﬂﬁt ur.es

from ﬁ%ﬁpéwhf @é‘ﬁ’ﬂ@ﬁﬁiﬂtfdé’y orpijshaks ﬁ%s‘obnftﬁ?ﬁkﬂf“t‘ 8’F> ab‘% ’FEP of

i ni ti after Ghowt fowt apbasuednPEW(se SR MELIg a&siters sfogeis
EXAMPELifnre5). Results are shown in Figure 7 EXAMPLE 9

[ 0311}k Shkigiif1s and Medi a Chl orel | aprot ot hecoi des #3
(STRAI'N 249), #4 (STRAIN 31) and Chlorella kesslen # 1
( STRAI' N 398) stock cultures ner e mai nt ai ned on

nodi fi ed Proteose nedi um (see EXAMPLE 2) For each
strain, 1m of the following different nedia



was prepared in 24-well plates 1 Proteose + 2% gl ucose
2 Proteose + 1% glycerol + 1% glucose 3 Proteose + 1%
w@bkooeaeasi3 + 1% gl ucose (added after 72 hr) [ O3RQI/UEN0$040123
strain was inoculated to different nmedia to 5 x 105
cells/mM concentration The cultures were kept in the
dark and agitated by orbital shaker from Labnet
(Berkshire, UK) at 430 rpm After 72 hr of initial
gromh, 1% (w v) glucose was added to #3 nedia and the
cells cultured another 24 hr DCWand |lipid contents
were neasured in all sanples (see EXAMPLES 2 and 5)
The |ipid percentage was cal culated fromtotal Iipid
anmount divided by dped cell weight Results are shown

in Fiqure 8 EXAI\/PLE 10, [ 0313

Chi o3 o %T”Ef’éi”“sﬁ’”if]’“ @%’&F%ﬁ aé%’”“ﬁ%)l StrRAI N
249), (UH S OO BT B RmE Py %‘“’élﬁtd@fr*m RfdgE y ch”f el

cul t uress avepeexnmintiai frédvioh réfodisf GceBXAPPOE Bdgexhedi um
( see sEXANVRLE 2 owr@iteateds tvis@icfed il P-wedflatéshe f ol | owi ng
di fferent dg,gggrgatyg,as pr epared in 24-well plates 1

Pr ot eose LI ¢ cerol,, l;lc()/ggl ucose 2 Proteose +
1% purzS PliomseJrl}J %1%3!1 C]emHl/g' er 72 hr) 3

Pr ot eoSe Feeotos, la(b‘i‘c‘dﬂ?teéﬁlécaml *I’y/&%‘fc%sf (aqf-ledf%) T §"icoses

Pr ot eos¥evickla g¥iedeed dul at ed gl ycerol + 1% gl ucose (added

after 742shvi)1%Ruetiadsel +1 2%¥wsn- aci dul ated gl ycerol +

1% gl uGosEM 61 RrotieasE et 1% R0Rs-gad-titbat ed gl ycerol +

1% gl, 83 ach QQQ\?Q m@ch&%fto et Bk 18 0B dA LonERGRN Sh @kuRs WaS
a

IC gﬁg g‘ﬁ:felk?]t_ lfl %ehdn? ﬁnd a%tatTd bborﬂtglghagef %)m%ﬁmé (B]e'rgs%recﬁi) at% rOLBma nd

agi t atfed? byl igihrear efaReres TdFeSmST‘ég#eath eéeélf‘ R re, UK
at  43@othepprii/fetl g@pwiyPas gasucsf bYiDEM Gealf X AYY b‘?/\)tzh Resujtor9m0

gl ucosgrivas) added to #2, #4, and #6 nedia and the

cell SE)&lMP&JﬁIi@ed anot her 24 hr Lipid contents were

meas “[53‘391 spam‘?and M§d%npglz§§lcégr§19§eco%kgl)%ck Results are

shown mF

Chl orféﬁ‘ﬁtagcdﬁp mdgfdﬁ’é(’ée&ﬁe a“dmmi“ "3@%’%« Efi*’g‘b%‘”%‘“%“ ?g@%m N
249) , folparing SPRAPRIPI At “CHIDPEIT a kessl en #2 (STRAIN
397) stwocktestl t ures were nmai ntai ned on nodified

Pr ot eose proeekt U & gaese EXAMPLE 2) For each strain, 1ni

of the Jq,lmltegswpg%@lofsef erent nedia was prepared in

24-wel | % e§0 /P'iu(c’§s§+ ?tyxyu;lse/o pure glycerol + 1%
gl ucose” 2"Prot 6

ure + 1% | ucose
(adaetivsh cb=ramios B sossEoghibe b el
gl ycediifentsusttgoogcnyiesese Prist Céb’glémmenl%"a“éﬁe e tagkert
gl ycemnok dak aki%gighdbg osie! st ted afterkshiF@ URra) 43GrPhdtr dose +
1% nog opgcoiwauglagtoe,dl wWa GREDN comtid S Ghbiee seacBeuRiOt @ 0Se +
1% nopg, q“ql .2t ed glycerol + 1% glucose (added after
72 hri ﬁ/(l)Sl ]/ Each strain was inoculated to different
medi a*¥ 105 cells/ml concentration The cul %ur es
were W&t Gharefameoderies SAer *adh AT EY Y STBITAN  Shdk er
f r om helfiadtroeBeapdugitior BAMBAY 1)-dier cxiB@uditipr wfof eyfllygngnr  of
i i ti akter@imaunt s prdMedivdswpl ghesicose was added to #2, #4,
and #6 pegdia.and the cells cultured another 24 hr DCW
was nmeasured in all sanples (see EXAMPLE 2)
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Results are shown m Figure 10 EXAVMPLE 12 [ 0317]
Strains and Media (a) Spiruhna platensis (UTEX 2340)
wae@fis4Navi cul a pel li cul osa (UTEX 667) st ockPCUIUS200%040123
f Spiruhna was mai ntained in Spiruhna nedi um and
Navi cul a was mai ntained in soil extract nedi um (SEM
Spi ruhna nmedi um consi sted of 162 mVWNaHCO3, 38 niM
Na2CC3 1 9 mM K2HPO4 29 mWNaNG3 , 5 75 mM K2SO4, 17 1
mWad , 0 8mMWSH- 7H20, 0 25 mM Cad 2- 2H20, 2
mWa2EDTA 0 36 mM Fed 3-OH20, 0 2 1nM Whd 2-4H2O, 0
037 nM znCl 2 0 0085 mM Cod 2-OH2O, 0 017 mM NaMbO
4-2H20 , 0 78 MM CuSM4-5H20, 0 15 nM ZnSO, - 7H20 , 10
mM H3BO3, and O 001 mMVitamin B 2 Soil extract nedium
consi sted of 2 /94} mM NaNCG3, 0 17 mMCadl 2-2H20,0 3 M
MySO4- 7HOEED" WR2RF K2HPO4, 1 29 MM KH2PO4, 0 43 mM
Nadl , a“‘n@f"@‘éﬁ”/e%tc'f’séct d ycerol wastes from bi odi esel
pr od umzs] ofacf &rain ¢ ngrtled tgheyic@ntoling (i@t spgad (ehlverrrare i dul at ed
gl y C efubthse) (NAG) kel cottidal TREdtuf et @aktphip epalk adésiheivn

Pr odugs slﬁéﬂio%abne%erkskﬁﬂk) Eo 1RaL0 &8 hlodrddn, élalmensﬁ»sf t he
foll ov\vlgs n ur(!!]]by éoeuntgg%ell I[EF;IQGI‘S f e\é\@ cultp 5 %F%Qshcmn %4-71

pl at es Ium + ucose 8 Sp| ruI ma
medi UAMP284% eagent gr ade gl ycerol 9 Spirul ma nmedi um +
2% noHdogedi g §icmeed gl ycerol 10 Spirul ma nmedium + 1%
non- aieizgy ulcabred pgbyeet-ol TEX 29V glingoaeient| tyye SUmISEK] of 2%

gl UCOBReoR mekMitt1 /2% dsEBFE NODACs ghkaeDpl 2s3NvSEMor 1%

r eag %7&[ @a@?@ le‘a(/F&EPQH d_ Og%ng&Q§% ﬁote&EMpﬁkﬂeZﬂ) toa

aci d U} naI ce?l(Eengtyéc er;)s(%el]égjr sﬁnvertase.](sg a % %§ waﬁ agcp d tg!w?{ G r ol +

1% g acl *SEM +
1% nocr“ll“'{f&?t Ath el e 01 ekt birec ltyen Gt ﬁf&“&é‘é‘ e[dey‘sff(sf Bach

st r ai shekinas 150 podirkiatient weraperfofre el thigesgffuzgs aftes ~69 hig of] 05

cel | sshirng & GOGRNE @itiol0lask Telbeed ¢ 610’ Killesr etie hk@PtUuml mdt he
dark @7 @/rrageislls aled cdl Yen@ilebir @l 2l hﬂk&&peﬁtfv@m&ﬁfﬁﬁ%s

( Ber k(§1 i(ed %i corget&znat%h at ﬂ:lg’gld gf @‘JJLX&HL’IQ‘I by%ﬁroagp&c aLalyQJ agd & Q/QE ents

were nmeasure measure t he anount of |ipid content
in celfs, 100 M of cultures were collected and washed
once W’W?@é‘he voI ume of rredl a To each tube, 5 m of
redid 1 ides refs godsgd 18 M were
addedo3Bhie p gb_hgaﬁ NI Rd caIE fdbaiceadonah 119161 ligsioweltoe bt dhliaefa f or
30 mi s st@tggakrllémue nQ)EulLthi%% ngm@’@ blge Yid alltl,lrLs Iwike gr@ﬁgﬁ@l{t
were f’g d?p?ommato}(Eys attZﬁO v&%rlxgs rheasgrg(plgkgeag ldghznogg ((ifggt (])'5

mm To F opc acid vanii1in reagent

12 g © m’%/aﬁ?wl?yldft?“ﬁm@%§wédded to 20 m of water, and the
vol un@338djResearapay ofMplag g opPolging; r)ﬁéét?fh?ﬂ“i“iﬁ“”%| d The
opt i craépardlevﬁmzhtcgse, alt:roiéaﬁthnmlﬁfva:st nplasseslsampla (GHaA S8, Biivat t e
agai nﬁf-M)@btzﬁrﬁxf fﬁ)ﬁl%&ﬁlm@rb&bﬁmd&.sﬁlé\)f Bgafthne WR GRS, 28GovG @l € The
refer gnee, *ﬁaulw Phelpfl ofcammm%@er@td 1oWe kn@e Rihdd oBleI SR deed i N
chlorof ormrangi ng from1l to 10 ng [0319] To neasure
DOW U8 VAT "’nfi CAcH culture was pell eted by

cent pPHFat Pt MYssouoE PP r 5 mm After renoving
super nat ant ,| _&eidsds pel |%Steg ware fysgzdaplfps - 80 0C and

1
dried over nilght—ma Freeze—Bry—syStefttabconco, M,
USA) The | i pi duper ¢ent age was cal cubat ed
BSI (FL) 44.25 113
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fromtotal |ipid anmount divided by dped cell weight

Results are shown m Figure 11 EXAMPLE 13[0320] Strains
Wi Scenedesnus armatus (UTEX 2552) st oRKI/US2009/040123

cul tures were maintained on nodified Proteose nedium

Modi fied Proteose nedium consisted (g/L) of 0 25 g

NaNOG3, 0 09g K2HPO4, 0 175 g KH2PO4 0 025 g, 0 025 g

Cad 2 2H2O, 0 075 g MgS™¥ 7H2O, and 2 g yeast extract

per liter For each growth condition, 1m of the

follow ng different nedia was prepared in 24-well

plates (a), (b) 1 Proteose + 2% gl ucose 2 Proteose +

2% gl ycerol 3 Proteose + 2% acidul ated gl ycerol 4

Proteose + 2% non-aci dul ated glycerol 5 Proteose + 1%

non- aci dul at e

BdsugIID reroslm; 1,% gl ucoge [0321]
Scenedesnus arirat us (UTEX2552) WeS rnmoculated to
di fferent nedfdtor5x40s¢ettstm _concenttation The
cul tures wereeptinthe d'r'.\ and—agi-tated by orbital
shaker from Labnet gBerks ir p - Q{anAfter 96
hr, cé&Pp é?@%%%%%ﬁééo “E)%EV\?S‘“““‘)a" prd  cont ent

was neasyd Peerotyitiphioees FrdPL Wishg Ir“ie'itaﬁf @i@@a}ym(ﬂ%‘@%e“e&mm E
12) Tdweuel wgpir.d percent age was cal cul ated fromt ot al

| i pi ChoBATO Wierin@hedt bcl@EbnbiM WiBe do GRbihreiveicghtreRESUbdignaAr €
sh ownof :IJ]ﬁJ: af &H!sg/su’é; CO%MPJT 60%1ts£@§%@§se §ﬁ [ @5 R péﬂﬂof Medi a

Navi C&Jorellzp rotothecgzlg?s Im a ba(s Lf’l-o%%(se medladThe cu $es were n%%x?%&c?a? fom)@fg €

nmai nt ai n For
each @r“éﬁ%t WY CHHYI | "/b%TM ﬁ??ﬁ%%sﬁ PHEBT P SR aaﬁlgﬁé)flé)r ent
medi asvwwas Apmipartelet v alvprepedd ity e wditiop ofgpEase Thay,

gl uc osBireR wSEMwitin 28n g4 fyrGigs dals shacinBEENFo+pri2@88%E i dul at ed

g l ycC e[ﬁ)@k] R@'Slﬂ%EMO\ihh &% @ﬂdrﬁ&%r@&@dﬂd@rl cHIE s Bhluzted ﬂ;%)vg)b HEDS Ry
SEM + of 1n%%ea1911 n agljesgééllw@];egigocgin Magk%gsp!%s s@owgl-l:-ngﬁtes 19-20, the cells can be

1% on- aci at ed cerol +

peI he#T'g §%lm aﬁﬁsg{ %g% ceofa sucrosre] 1(1’)1\(/:61& Yltg aﬁ scomﬁaer%lj‘%%that of growth on
cont an’“f?lgﬁ‘ijsegl ucose or different glycerols (pure,

aci duesAMlE20r non-acidul ated) to 5 x 105 cells/m
Odndraibd oD ghIdBInd] dv-DUI BiBas in the dark and
agl t aiﬂ%@l %te@a‘fsbﬂdﬁv@dhod§ haket. ptofo@%zmmﬁﬁlAﬁﬂBﬁﬁ K&shiste, UK)

at 439ans'23 (S 1 f L &L % erdtrop%%illl/ in g}% S}Mnlae oy\@ﬁosgﬁ AR gxgonby

MPLE®
EXANPT_EcefQS'T ftjlrobg?]fe t]glil ﬁsgentlalﬁ]ys ] %Ecabeds in %\Aﬂltcrcgymf é nﬁogescgnoa r mat us

( UTEX732839F008rdgmmga tP-€ itk pelrie tipu e s %Wé%}e‘?? t ock
cul t usoesnswedl@ontye bimieath fre cbtained ith ehiopiyeigticRropth Serapde "PEE-um
for SeeRafeSMiShat MRtallSit@ith Haiure BX béattsunteai ternfuer

Navi chl . Re| AGHLOSA( 568 EXMPLE 1) For each strain,

imM o h n
24- I0?3t7]p Ff Jon ggyvl'f (Qg bplé content o? orl&pée ranses nfyg?tgl%) Q;ésgggf&lgeq b

aci dufBCew gt 9@@?161f61Y+10 794 5?36?3?5% g B Sy o P!
aci dubmtedvit KO ey ghubaed 2164°G Puthogelipigdaat! Biter72 hr)

extracted and hydrolyzed using an isopropancl potassium hydroxide solution heated to 80°C

for four hours. The extract samples were analyzed with an Aglient 1100 HPLC using the
following method. The samples were derivatized with bromophenacyl bromide (60 mg/ml)

and loaded onto a Luna 5u C8(2) 100A 150x2 mm column (Phenomenex). The samples were
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Navi cul a pel hculosa 1 SEM + 1% aci dul ated gl ycerol +
1% gl ucose 2 SEM + 1% aci dul ated gl ycerol + 1% gl ucose
W@ aabdaehsai ter 72 hr) [0324] Each strain was i nBCU/U81002040123

to nedia to 5 x 105 cells/m concentration The
cultures were kept in the dark and agitated by orbital
shaker from Labnet (Berkshire, UK) at 430 rpm After 72
hr of initial growmh, 1% glucose was added to sanpl e
#2 and the cells cultured another 24 hr Cell growth
was neasured by DCW (see EXAMPLE 12) Results are shown
in Figures 14 (a) and (b) EXAMPLE 16 [0325] Strains
and Media Chlorella protothecoides (UTEX 31) stock

cul tures were naintained on nodified Prot eose medi um
ggﬁﬁoﬁéﬁgﬂ&%ﬁ@m Es?r e %rbto wgtgr to ltO(I)P acétom%n? tetr%ycg Zfman (%5 ).

pl at e e éﬁfe@@s*%ngs Dpsp Htaé%i%m gta Uavge“@ﬂ“ griieBse 6

Pr ot €oss®  $anle 5.09 soythinyd &6%70il Pnppraptys @80020-0 c2B8ingi2¥jt dicose +
0 25 #baxiplosie [ 0326] Chlorella protothecoi des #4 (UTEX
31) V@éct%rmge&wﬁ@atlﬁqulgomnasscont aining different

Sug ar[§ lo§r arat%lrl \%eY eﬁ)eg‘s%) blOE‘nQSS g%mfnﬂ-xsﬁlrggv &1%1 emt mhxgh

gLl
concentra r and
agi t aTlé‘B‘e‘B’yes‘B‘"r“B‘?‘yt ‘ﬁ?pmé?ﬁsa"ﬁsé‘fbe"faP"de ¥ lg"ﬁ}“lfzed %‘ I r°én UK)
at  430niepins APpEp 2 Pse Ry defnd giepigpinoverpigs 4t 559%%1 ‘ﬁC“Wis
neas Weedlt ipjstue ey détdnnigrd oéd 43%fu pemsleofing e Metier Tolgfld Nppsgre
Resul £1,8y.@r e shown in Figure 15 EXAMPLE 17 [ 0327]
Chl 0r[@§4$139¥a8£s{8£§3§1&0 IAg§(§0u§1t1Jt}Qﬂon§\I N%é}vl w#s?ﬂdde(ﬂmgedﬁéom%g ock

?gete U(TEEQ/Sj {mp §EE) aie{{'ﬁ oft 1% m a s<hew cg) ﬁgp gottfe 41 ?mejs- B 0‘11%90? ﬁx %qgs um

f ol | oWiHY et Hopd PP e Sis?"etﬁéﬂyé“ae i A

pl at eseodusPpt§iebsERuPFobliemserasfityehiyughdgemarg fiprpregse +
1% f rwbekose mft3PL8il filvac Mas slitar. Al Meshwagreicmbd el imtbddontigsk nedi a
cont aj;f iorfkgal Qhrgtg 84 80tandd g &ktBed (G LstAE OSBap. ORlordfdntl QoA ey t O
1 x1 g?ed z%g EJX%/ € ang 91&%&\%{1 rn@ta Legapatomﬁne@ Wethaugl @%a aﬁhek € pt

int m.Labnet
( Ber kag(ﬁa?tro éhe ﬂ%@uxf%%el 4§%ad ed to¥h}&]§e€aratory3gmei‘?] %?wa?er (OE Vo umﬁ) was cel |
densi ¥4 s Mt aEdratpadsgto %ﬁ‘]‘ﬁ’tﬁ PP greefte °°ﬁtﬁi’fﬁg?e§ep8?mr’é ach
cul t ufeeel Restidktryiserpiely Sffovering prd Fogytescrige. EXARNPLaEr 18

Chl or @lidr@ortra) & cdeseind H328]shdhisomelsiahippiotnotheedides

( UTEX, 24Qnci \ﬁ@assedoﬂ% ke Rto8 A hd AibrSFortnhEaRn 8Quaber fshasks of

Pr ot egse t-h r vapakl 428
m Kz'_iﬁ)v He\iel gg%e flask %r'g} d%(H:Ee ygﬁgete(n%nago% LEC'[M cmm & Qx

Cadl ZdE?WES by BPIé? Wcﬂﬁ:%@ave 60 rrr:l)easu{ementss %f’ thIS éaﬁotenmdtﬂv: g / L)

to a it gar ranyuae pyprestiongxere Nt upegp KPLE @pthadyes

| nver teased {ySthgivat 24 1 43049 Nvagocatideth4 {1895t Wewenfl aplppes was

cul t UgeBSmaby iBiudvely C&Jplﬁi plagidchaddsp@Bontdryyi Al | t hree

iglot u{Oﬁ%]F\&%&J% ga%lgy\gﬁov&s Gle Ie!ﬂlﬁs ogtgertllﬁnsisgt?ﬁed"' &Quchffo& lc§zlhﬁkl ng at
r | ipid) an Q i %rrnss(.)r aroenﬂsagl C ree

cul tu es Cid E}Ed) déﬁh 1(&%? y% RING ih the dark Tha:

cont r?flhp"f’}l‘ltig%seF"é*é‘&‘h?efﬁtyﬁ“dd‘if‘fy‘Gfé“scel I's per m while the
0 O 100%42]m TatggfolComposition of transesterified low-oil and high-oil biomass.

LO-1 080020-1 ASTM D6751 Specification

% oil of biomass 8.6 28
% of oil‘ converted to FAME 93 30.5
(gram oil/gram dry cell wgt.)
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0 05 Um flasks reached cell densities of 1x1 08 and
3x1 08, respectively Each flask was checked for
w@oamarseht i on at the end of the experinment byPCT/US2009/040123
m croscopi ¢ analysis and all were clean EXAMPLE 19
Chlorell a protothecoides Gowh on Ml asses with a
Sucrose Invertase [0330] Preparation of Chlorella
cells for Inoculation A 10 m liquid culture of
Chlorella was started taking the inoculumfroma solid
Proteose plate The cultures were grown in |light for
approximately 2 days at 26C G owth was neasured using
an optical densitoner (OD) at 750 nm and by
determi ning DCW [0331] Preparation of Ml asses and
Sugar _St ock Sol utions A 5% stock solution was prepared
with §e, sucrose and,three differgni. ol asses
sanpl eswédsabel ed BSI, BS2sand<HTM obvéi~med: f rom t he
commeftd#l processing of Sugargane |§§t¢j§g§§g@§aﬁ
shownpkn the fol | ow ng Tabl e & The pH o all st ocks
was veérified to be in the4°ran87e of 6- > 6, and t he
stock&¥ere then aut ocl aved [ 0332] Ta}lIKasgﬁﬁﬂiZbl asses
and sugameaol utions[ 0333JePreparati on of Invertase
Sol ut ?ﬁ*ﬁ*‘%ﬁm D uni ts/ st¥rk gl ution of nmvertase was
pr epag@ﬁ m@gﬁpnst i tuting: 1rrgsoof a 400 unit/ng
I nvertxaa@@e(m&ggrm) in 10 mo%|libiters of distilled water
[0334ﬁ'ot:ﬁ¥;§1€ gégaioenmc&(%cg/g)condigf On%igand Set Up 10 m
cul t ur@sc.RfEemprepar ed, eash eonsisting of 1% fi nal
nol asses/ sugar concent rati on, 0 O5 units/m Invertase,
and 1exefereed | s per ml of Chlorella protothecoides in
a basguRlioh £a06.1 AR Bic L Gtk €S wer e nunmbered as

! tokal evo ntage ot oi Y
RSl Ogsj 1 ol L QMUY SO ke o ) Mﬁ'ﬁ%%dgf)%%e .

siml gazfgﬁrelservrsd cglé fv e { awe room temrpérature and
addi P O Ty EP RPN Maﬁeﬁ%%%w e

dar knésisAdidgrondhydiae, 0ztyed- GHalkbh gg/hteasz@@ctrwfmluc%@d

[ 03354rowRes tidabsst 263CaMt Aita6dn (Zohiem)GH coregpldtap@yotee tdreted des
cel | s, asineNAlb a8tk i@ doPh REs L8 o frb-V@un @Y Snd@f tube. The

i ncub alzt ! osn e&a?mttwgs%lsgaggd%&ﬁe re\!u%mE T%l?gﬁett \Qa(;‘llgd \!Vl[ﬂ 1 g@Jf lfeﬂﬁ?é As

shown i n Hi

mol a s%aéeé T}ileﬁlgttlrﬁ\éas ﬁal& geétﬂfg%ed glf sugernatant dlscar([gd an% thg%el?%e ets . t h

yi el daecedenipaan freret Frmplprarere e Ixgridige F?r %ﬁﬁfs ﬁi’d P%Wwalﬁl%‘"‘ﬁé e
EXAVPEoEcR@hingene foat lipd n cdfiredd milnt «@iute wamgmdvesgad@iject@itonmas s

[ 0336]maiVBts@pal skoaRdiedbihads., Ehter, 8Y).aptatotdhecoi des #\
( STRALN.220Q)s pR mlesfvme shfAIBESHE mracs;@wm AMBS: 3@ T00WN

het er gctt:r:{ctg achvr ing to t¥e manufactDrer s?rot coE’Po?aﬂ 1% aSQthnglge% % thaeS a
fi xed”CAroon. Source d Keer tion,

essenfifEreE mé§ be&@?&?‘? ‘B@ﬂyzi’dr?“?&ﬁﬂpleslﬂ’dcg?l‘beﬁt e’STIaCteéld’beF echnol
78 29288 ("2008) DSAmpiiemins@e thown mki8e  aken dupng
exponpsbi alableg;rccmwtvalﬁon(oaxmcr&&aelmaqtresah@mdcom@nt ains an oil
cont ent ST TgL&r t 0 hate@bt aj Nedoaw [ Nsphet gsynt heti c
growth Sanple "080020- 1" was taken|df=PEd hours,

an

af t er @ld it TOgEN Twsthe cul twsa had been consuned
and t [geodabsferir e had BR{2P ed dy-state-phase of

Chlorella kesslei

i pi dr B at Fon [has 6 Li prdrtsontentsTotal | pi d
content of oil (pre-transeste pfacation) was

determ ned by HPLC anal ysis Approxi mately 10 ng of
dned bi omass were nmixed with 1m of isopropanol
saturated with KOH and i ncubated at 800C for 4 hours
Lipids fromcell pellets were extracted and hydrol yzed
usi ng an i sopropanol potassi um hydroxi de sol ution
heated to 800C




for four hours The extract sanples were analyzed wth
an Aghent 1100 HPLC using the follow ng nethod The

wa200plizs43ver e depvati zed with bronop
ng/ M) and | oaded onto a Luna 5u C8

henacyl

(2)

br B /t82005040123

| OOA 150x2 mm

col um (Phenonenex) The sanples wereeluted fromthe
columm using a gradient of water to 100% acetontnl e
tetrahydrofuran (95 5) Signals were detected using a
DAD array detector at a wavel ength of 254 nm [ 0338]
and sanpl e

Sample "LO |
"080020-1" contai ned 28% oi |
Transestenfi cati on of M crobi al

contained 8 6% oi |,

EXAMPLE 21 Direct
Bi omass [ 0339] Sanpl e

Preparation Wt pellets of biomss conprising | ow oil

nt_and highoil ¢ nf ent,

'l' | \la| \/

cont

prepared as

Parachlorella kessleri SAG1 F gc ?ar\ AR
descnNbElcebeVE,  WeT|€a zyﬂpfﬂl nzeanped bioomass from.
sanpl essimmsngs ound |9 coar se tbwder #hd dped again
over NeghEE R a5 Cundekdacuum Parcent DT St ure was
det er mﬁionedlﬁmx@mzhe < qggrgol each é}::i’?rplg_gsl'ﬂ_ng a Mettler
Tol e §MZ§?§§'§§§?}}:§ £ analy2el [0340];frapsestentication
Anhy ekt pheEhanol /ichieiNakoH was saeded t o dped bi onass

¥ 6 4832 oA A
(<3%Epickenre) at —a fgElR of L Himp-screw cap gl ass
bot t | [Cudtiblmms t he ¢ 2 of  the bl pmass A stir bar

P3 I G2Pp 0.98, t
was plemepds Fnthe BofiT e whi-cHpas then seal ed

(Chiorella, i .

t i ghticiorehiEeaT Xt UT € @SBk T E ] gorouwsiylat 55C for
7 hoycEeishi opmss| Card!? | | ter ¢d7t hr ough—\hat mann

hlogella ellipsoidea | CCAP 211/42. 93 ki .
fil temﬁéﬁg@;gu walsEedn Wt melaranpl wititf filtrate
was clcegassAheforipnshelscapgne colmhidied | n & ball oon fl ask

with opgnal filtrate, and nethanol

was distilled off
usi ngEP'a&MItly%i/ap ChI oroform( 1 part) was added and
AL ] 1 X

lteitNt 0 @ separatory funnel

Vet haﬁﬁk] cﬁl@ere&a&}ﬂes\&ars b NORmALLaETHOs Hhewdd @akyeam xed

wel | 'G nQnQC]ﬂg gsota@d ijfi'opleal z§ ﬁ%gs@;fg{oys ée“ﬂﬂ)ﬁrt)xnglely\@@
anéft%%e romﬁlann%l esl_ﬁmmutes 5?4’ OOOrrl Sg (,eegs werﬁ

vol une
t he s&p:

lt?len

(08

resg}gen ed 1¥1 0
epar at ory

funn e?te“lﬁé‘F“@edé“ﬁtg KEf TG GraESt i 00()\?\/? A th?/sé??fnftﬁb‘ﬁ‘médﬁd

al | owedle blos waipama tndiafdteewds eidid o tedigeass afidiivFsoree Plespdti oi | )
was cabd ectiad 14 miu@s. samplksererenghiol 150 1 sfgrirdingbufar 6% h

chl or QathJylnd M@'ﬁ‘)u@i\gg ﬁ)dnl\fblaa@kmtng/[ ]il:hﬁ 16(”(51@ &ls- HEQ!;H &0, RNase A
%nmm ol adﬂ,&nl | ed

Seco ng 9 1) Vev Xt &ie%cllellleg were Qs%sp&lﬁklﬂ Q}rvgx{egﬁ
of f u?fé?% e rotova

t he yrétdodet’ern nae

det er i AR (@l W@m@glmﬁl@%“@‘ﬁﬁé‘ﬂa fath B\?‘é““ﬁi‘ré?
NMeas unheben it §5°0fr 1 hauteatcothéich Biydver enisiegded 4y 840G 25§ 1€ he
t r ansgat@ntd |Em L ROSIstird RS HWVE LR aRdectd Sichigth a1 tHPLC
net h ngenoﬁlogﬁ)ﬁplmalg%l I§QB MOQO“@J by @clntnﬁlgagon@fr 5 AR@JS IS d
esh %geaCOMa‘?nmg 0. y\@jtsof

asrm mass

Ph I
D e?,/? 8 r’(f)g(y gDThe resulaxf.f a%u.eo(.l %ase \)éa(s) {jzan ?err dﬂo

spect iBrEre o328 bP@éﬁﬁP’f &d *’i’%ﬁ?ﬁ’fe%at FORERIRE 156’

ed
Qvgﬁvoﬁexed bge &O H%wen? lri:y the al 1t10n OF 6(8 Hl g

? »&eglnext

minutes

results

of t herotemizhisiet&t BYY Tae tfeoprrad dierestiriffaetspdt L ARR od fr 1 pictep Theg 6%
|1 pi djesudifithelldt vg$¥hed ivhshefl 08 Qi00%A etk BYdolldwed to ) firbi vormgis Al |
car ot %Q ietgﬁol @Lieis ‘5\/&]6 HfErQ:t'l & 2050 Ijﬂlhm@l%brll tierﬁpe@th}aﬁﬁ)wed by

cont ai _ni n

resusp.e ion in

o e
Conposi tion o%ou%lfg)%édgfs%nw

bi omass LO- | 080020 1 ASTM
of bionass 8 6 28 % of oil
oil/gramdry cell

ed | ow Oi

Enﬁs@@g@ [0342] Table 7
and hi gh-oi |

751 Specification % oil
converted to FAME (
wgt ) El enent (ppm) Sul fur 121 52 15

gram

ppm max Phosphorus 784 <2 0 001% nass max Magnesi um 2

3 Ca+ M 5 ppm max



Calcium4 <2 Ca + My 5 ppmmax lron 3 <2 Zinc 40 12
Sodi um 190 15 Na + K 15ppnmax Potassium 72 <2 Na + K
wWasppmeasex Lutein (ncg/g) 469 35 5 Zeaxant nm {PE€hHU§009/040123
288 23 5 a Cryptoxanthm (ntg/g) 8 45 0 06 b
Cryptoxanthin (ncg/g) 19 2 1 80 a-Carotene (ntg/g) 1
96 0 08 b-Carotene (ntg/g) 15 0 1 20 Total Identified
Carotenoids (ntg/g) 801 62 2 Total Carotenoids (ntg/g)
1006 79 3 EXAMPLE 22 Cultivation of Mcroalgae to
Achieve High G| Content [0343] Mcroal gae strains
were cultivated (cultured) to achieve a high
percentage of oil by DCW Cryopreserved cells were
t hawed at room tenperature and 500 m of cells were

added t /L
NaHZF;gﬂg]) glv?;hrpgo}a gﬂl/gg%& pﬁ_&é 6des<6195ébove vtere lu’t?dg ?50 ’&1 lg
mono Y Frigted 8.0 GCRypstiogy fnalcefenes *éwfzfese“? asgfliprsy s ef 2

ext r abrbof Hiphagg mpABIGIRGBseaddshd -G riovwe $28161375°days at 28C
Wi t h agirdatcaancAROGcrqe’ BID 1 NO- welomMploadcancddEd). wer e
det eris Red: BYen&OR fafnlﬂgm sdiMss @ Gon@tlicbddds@on ad. 14A%7 AR r pm
for ilgg]érn conservc% 1n91rg§pr Iyl\ﬁtls gld g% pﬁQQEQQ&g ffhlsthpfglloa;g%y é’ll ture

super nat an

ol T etASRH P M C sro s datiar el e 0D, o

was atyEimy! odrenaiitpged Thispriger ST QPR 'Reogion Sid?- and
t he c@bslin @eBinetcgssipl maadsiabd is BHIO @nygmddjin higher azis md Sgehpl es
wer e fikRBenbye pbt, hinediifta fotleh Ahne 2andh, D Ws et Rudaabe d

For def.ef,m f&@&é Qi 8. kRt 53dd pis 01'206126 ot 36 E/8S foliSwelhy OF
cult u’)’2% f\/\@ mm and%cﬂ%rﬁntgs er}dor unl‘iibzitlwho%ﬁﬂ &ct%%@ll ¥f§61’§M I ng

an Anko according to

t he n*ﬁ‘r?tfff‘%i‘&*tdif? gracgresion f""B?i”éi’ by SRR ‘\1/9/@} % subjected to
sol vethtnolRiophmntisorn! agphpld 2: B . varriprdeTifigingst { 408Et edr 0

ac cor eihutg PCROred e wema ipilfedio B-ui0estings (OF Btaicad and gtitafbeed fordi d

was detes ok ned, asistdrer giddseke Reequinly TORS Sonbaiween aci d

hy dr oflcm@@/@f@aqd &miﬁé s@e@@d f§9A ﬁ@%razc p@tgst Fru@ss;s Sia B

rrpl eS er % r{)t 9 t] usin gﬁ orwar an reverse er ehugn\é@ m Tabl e
8 [ 03%AFTSBI"e B EUPE VAt I on” 6 (5’a1]n ae to achieve
hi gh %Wefﬁsmu@memm@e@@“@éwwﬁéméf‘“aIMISé?f‘S%{F Fae
Wi t h seivgln F@inks 2@t Seavened 6845 ins Mt aktefde-aenrgh-d9fr om
t he 23 1std8$803D Nostzed the Rachailsbegend Laddove wer e genot yped
CenonpavidiiAz2ivas i sol ated from al gal bi omass as fol | ows

Cel | SD(e%QIF_’fBéE%LSA Mea Es?glegrg) were centi fuged from
| I eso?%

t hen ¥ scﬁlg‘ﬁﬁoéﬁﬂ“?uﬁsl’%ci S ik “faf“ a‘Feg&‘“ dagfxéenmen% ent pf uged
5 mi ngriekougtMogiicdGpmasgmegie. asfﬂawaPé‘b‘gﬂb%%’%%ﬁ?“aﬁ%SE% ded
A si ngPlngcugira gse speadso=Rilaskmsifafiovdi anet er was added to the
bi omass:. angtot prhasmeneria nplad&adhiiat, - 800C for at | east
15 m nuf q,gotegg@mtﬁ&dlg\@,(hq% efmved and 150 m of grinding
buf f e % 55 M Suc 50 20
M E 4&] %% ﬁX € two <Hnd§10r8 esc&%aabove at aMtlm%mgl )
was a%fas@cof Pt e°f1§ éultrfé%rg braiitied by e 8% %"ﬁ% for
bri ef ﬁays ThE eslly Wem aferi@ day @i Py and assessed for growth in the

dark relative to the control by measuring dried cell weight. DCWs were determined as

follows: One ml of culture was centrifuged and the resulting pellet was rinsed with water to

89



of 40 mM of 5M NaCl Sanples were vortexed briefly,

followed by the addition of 66 m of 5% CTAB (Cetyl
W@ pevetikogkanT nonum bromi de) and a final brief vRCT/ES2009/040123

Sanpl es were next incubated at 65 C for 10 nmutes

after which they were centpfuged at 14,000 x g for 10

m nutes The supernatant was transferred to a fresh

tube and extracted once with 300 m of Phenol

Chl orof orm I soanyl al cohol 12 12 1, foll owed by

centnfugation for 5 mnutes at 14,000 x g The

resul ti ng agueous phase was transferred to a fresh

tube containing O 7 vol of isopropanol (-1 90 m),

m xed by inversion and incubat ed at roomtenperature

for 30 m nutes or overnight o ered
via CERYRPUYEETERY By, ﬁ%bﬁ““ad pe““ o ﬁ°Tba‘%§eérfe§°§

r esul stierig) (pfest SrinaRreaishiirera R “’lt‘ (hepteaeonly -y S%‘%
et hanpdigs lift@lid Totweschelpyerey oft glyresk asweeshhn st b 1t G0N eEhanol
Pel | ef @e RicEof @ilcﬁse d&ﬁdonflpﬁlytgﬁlipa@mﬁlﬁmﬂs &Emaited 45 OSfibed in

Erenréegxgjp;é @[Ef ol | (vaed byezigis%zgfe?& onml n f50tmt Iof I1Om|\/l
pS al = 14 pro Vi us A, lg 0 ota a ga
DNA, [%?Ftépab g ayc ({‘ljl\;édp ﬁg d’ an% lg spe\é s.

mM TphH 8 0 PCRY 8{530%—0

f? vv?r u 150n10
hloaeg pry to(gufciudes .f.O/ | fl/ 2:3??/ a11 3)/0%'1“6& [g
set uﬁ a kessleri ”§ 040/2 %% °I 56(29

ET m , wer e
Bl O RA dded 13,,(5" -
tE G&&%&m@% B P eRRRLS L
concent FACTGHT" Thi g, pnist sequenipe fiing. £ o posi ti on

567-5P§i25°2m £n Bank acgession N0, L4335¢ ;angd.is hi ghly
conserved 1 h hi gher plants and al gal pI astl d genorres

Thi s vvasfollovvedb the addition of 4

S7026/835% (Ligid S@A@ﬁ@&&%ﬂ?ﬁﬁﬁ%@?@egﬂbe‘t %E@“‘i““t? RKS

10 Vb Sdlo 8 krere Om ereibpted ftlipid pryfileThiied 1P B Resplts g@ﬁ%ﬁé@ﬂl?
conpl eoemaey to position 1112- 1093 in Gen Bank
acces§i)c91rﬁcam o332 Cnad plo i@ Hismagonser ved i n hi gher

pl ant ﬁﬁm%lo%a %Lu%%ﬁ&i'c&teﬂ%@&gﬁé allx\dea?l(atyzed ﬁcommg thhedl | uted

t ot al cti ons

wer e rineﬁﬁd dégrlhfd 111 Fx(%\l}\;’)se 26 g g%loz_lgﬁ comg@e&%e cgjlpld 9@ (&r% %]_Jé 72 C
20" f Wb PIInd e pthssceliulst prtiesess B PRt B sl ke mRg™ Hbl di ng
at  250%idmas capumbrisgitd whele azhl cRCRmpipgline plebulepGrepded vt 10
MV Tngutiaip ktn@irldd coss. added to each reaction, followed
by exFOfSQ]Ct #réBQan\M Je bLlCﬂlQ Cmula@s&gphﬁ ﬂ@ilassgarltlmdggoﬁﬁmsbe&&my |

al cohol n Ao 0 x
g f or %e T 10 %)rm atn oil- 1’n Iséﬁn&lsmn conqgntrgt Qn 8(@6@8 opli&gsm!ac @r!: c:l)AVerp[Qe

reacttons t:% (P%t %1 d olve%mt?
col unffgreg aE‘Emi—?éﬂYCf‘ﬂ‘B‘&sraé fa“é A LEH AP GGed“ For 0°
at 3, @@0usgolgonPevfiing the PERsSTRUHHE ‘éth%étt“éd 'y {aﬁgaéecjﬂ@ﬁi‘ﬂ“y
TOPO et niethe iidolyREREIOW! TaR® amterpastict oy 80-981Cdn &gn 30
sel ec Rﬁﬂes fon ho@Elo Lﬁ/plgpﬁ&oﬁkr&ﬁleﬁlplﬁﬂi&fﬁtiyedd sﬁl{s aari et tONA was
seque QIQ %gnoh [ reB&%L(ﬂs g&eEsﬁ&ﬁu'm%ﬂﬁt tﬁé%‘ac@& pMessalaIl(QlE M@k and

revers eﬂ%}ngwgg the sap%nlge ¢ ?nﬁoasm(l)n nc %?yceﬂn ?or Haﬂ{)’%%tme‘gpa}t Lees,

wer e anal ysi s sof tware,

ar e sﬁ@%ﬁm%ﬁmpﬁﬁﬁFb?Wﬁgﬁmﬁg#m§éﬁﬁgﬁ%%§¥TP8W?%?raJns

1- 23 pfesingrvatnagd i perEyemrmpidgiondxocoqigdgprepy'@ytaing fop aprhdiend as
SEQ | R:NGE usétt@@pirtRledndt adtibsag hrepektiSegiiergecd ¢ gddicagsoap
EXAMPLE 24 Diversity of Lipid Chains in Al gal Species
[0347] Cultures of vanous SB?CieS of al gae were

mai nt ai ned, and all expennents were earned out m
Modi fi ed Protease nedia, as descnbed above in EXAMPLE
2 For each strain, 10 m cultures were setup in 50 n
flasks as follows 1 Proteose growh nmedia with no
carbon addition, 2 Proteose growh nedia with 1%

gl ucose [0348] Each strain was grown in the two
condi ti ons described above, at an initial seeding
density of 1 O x 106 cells/m The cultures were kept m
the dark and agitated at 250 rpmfor 7




days The cells were harvested after a 7 day growh

pepod, and assessed for growh in the dark relative to
w0 b@aoissy ol by neasunng dned cell wei ght DCOWSP@EDE2009/040123

determined as follows One m of culture was centnfuged

and the resulting pellet was rnsed with water torenove

any salt or residual nedia, the final, pnsed pell et

was frozen at -80 degree C, and subjected to freeze

drying overnight in a Freeze Dry System (Labconco, Mo,

USA) All species listed in Table 9 bel ow grew on

gl ucose as a carbon source in the dark No cells grew

in the absence of glucose (condition 1) dycerolipid

profile was determ ned as descnbed in Exanpl e 20

[0349] Table 9 r ous al

speci e CSBERYF 8%1’(%6{62“ -§e ﬁipg’m%‘c%inifmﬁs aé%élarﬁoab‘i%‘ ‘g 018

0 Chl®terinaytdbdthecoi des 0 0% 4 0% 1 1% 24 1% 1 1 3%

54 9%93431 6 YebEMY. Gmebrergs ok @ibist seap pradt Gre@yGran st 0% 26 2% 26

6% 23 cIipeAen6% Chi orelTa tiebouasdes 27 0% 0 0% 10 7%

0 0%)|48m&9%Vige 30 0 0% Chl or el | #-®%r ockmjana 34 8% 0 0%
0 0%!BOH0, 46 294 19 1% 0 09% Protcaheca kruegam 1 5% 0

LA~ A3 ollbuu

yA Y nn/S" Q

0% 1 ggggegg 9% 15—1% 66 0% 3—3% Phptotheca stagnora 0
8% 0 1@ 9% 15 6% 17 1% 6 1 5%+ 1% [ 0350] Lipid
sanplestef rom a subset of strai R0 O as descnbed in
Exanpl e 22, and shown in Table 8, were al so anal yzed
for |p3pad Threobidlsepsdsiihg it «@mRenuldt tualhedragizewnkii n

Fi gur S%ﬂegl% Wleﬁm?aﬁed%@%&de ealrbotyaraef andfro@hs dkmlthe

Chl Ofaﬁgal ofis, RS2 QLIS glamé?he%@ﬁén tﬂe%égolamﬁloggass havi ng

a hi ner at g and anal yze accordlng

to t hcgrotﬁ%ltd%andgoqar comé)n%lg's d‘%%he cg?os e 20 The bio
conpol¥d ABGRIFY EPrED0eE E“QTBB‘BHWI“‘Q{“%‘@“ b 3695 B 8? n,

10% ottvirdysis getijngd repducerohigtr predyeberse of Gohapliming or anglpg 5 %

sal t Sordaiic AR waBFEQghicaBModucd sdheiddoprainn &s lican eermposetcdned
whol eg@hgalsedael dosnsgompnsi ng i pid gl obul es suspended m

a Paf{oésg' | ¥ oﬁaﬁﬂgfa%tasﬁsalg% be p%ﬁaec{é%&%zlmxﬁire gpak@t dron of

a Li q}? on K¢ salts ar: egg use in com OSItqcesxr§corlnbma nw1th|v§d above is
di spetSed ?ﬁ PSS MCan  or S iy cel T enul si on

conceﬁf‘?vagtaédeﬁﬁﬁ’e‘é‘i‘éfé‘éss of KOH suffl cient to convert the
desi r 8¥#7afunio siofs agligeerof Ppimels wirid PIEREY Cheedd est er s

t o f aprbyreartibsBionad T8 sobseotidmen 0w wesghi Vietksss N t he aqueous
sol utt}@mﬁggpnw ng the bi omass The mixture is then

st I r r omrﬁcatlon 0 exane ]:aEra%te rggm g}ilorgln erI)thethag H?olmi&gl I ne

hydr PR %n;gq Ature

bet vve@ 8]8 C?“’g‘t"‘)‘;f)’ﬁgef’eé"fed ?"F"édr‘ﬁg ?6“3 Wfﬂﬁ’ eém efi 8 "F2"hours to
conpl eentopbhererriyesier e il fomgie lemapsé rrime) TP sal t s
WAt er exhr@sd lipliOregheagamnifikl byonixineghe e Wi dvas st oessHyr

t hr oUghOWhiailifi@n drOACH bR CRESer R kiRl Snoadeiifid v 6% can
be c Omsﬁl? o M}Atll;nthym&g &@HQ@& b e)sghlt&m&& $ilo QY acih AGLMDI NG

| ycenn a. i,
agly %n g%cq%ltated%y B%dl ofq\g or ICEII.nﬁ)051t1()IE[S£|s onifie oﬂﬁge[wrlgfrom

char at g@ yl enedi am _ atin
agent herBeSHH, @@“b@??%W%%ﬁ@@m%ﬁgﬁmﬁgﬁﬂm¥ﬁmﬁgﬁﬁmﬁb er
condi tfiapms yith vhoclend cdopT seh ydnrdyeds Hrvethempagrebialbishst enc
surf agtamtLeused to i npart cl eansing and nnsing

Pr opetdinGiSaion oA Menfesd Hx AOEAIAGE Eor ik DOHIEE i BRRAPP Oduct
In some enbodi nents, the so?p product conprises a
cellular soap with conponents as shown H Table 10
bel ow [ 0353] Tabl e 10 Conponents of cellul ar soap nade
directly from bi omass [ 0354] The cel |l ul ar soaps
described in this exanple include natural hydrating
and skin softening characteristics inparted by the
presence of carbohydrates and proteins fromthe al ga
cells, as well as antioxidant properties depved from
the incorporation of alga




carot enoi ds and ot her conpounds into the conposition
[ 0355] Alternatively, an organic base such as

wo p@bhzised ani ne can be used in the al kali ne hyRRDUYR0%040123
reaction to produce a clearer product The use of
t net hanol am ne or another organic base will also
generally produce a m |l der product, less likely to
cause irritation to skm when used as a cl eanser [0356]
Optionally, the fatty acid salts can be precipitated
fromthe mxture by addition of NaC or KO salts, and
separated for use in conpositions in conbination wth
vanous additives as described herein [0357] Figure 20
shows a nicrograph of soap made with 48%oil DCW

Chl or el | r ot ot hec bi. o t ai ned
10% \N?W aIB gTss %%enerate acco%% nﬁxﬁ%desg ed in Igcf'i : C a? IRO n of
Hex arteveietsaretied! o lipdshion i Ees FétrfPlaEf’rbétyiﬁstal’Fé’éeﬁﬂndﬁ ge

Bi onmasgsas 0858 Bi driwdrg piesurgEn etra@teighidaaccion dicnfrdbo t he
met hoglxishes Gpb eth & Rudxangabe 20H GHOHe fitainRHa kmdi xdmne

extr %Gﬁﬁ&(gﬂo (gailvexjt. th]s%eslréd Qtl'lm oif 1151@ mfatt;]aeld gltm@&)nil@ heating the
per for, r[t?re to [ en% the reac?onel'he?éttyragccsglg gre tlhén?tlecqaﬁate% E)}ead&tng gl" NaCl

sapon ueous

solutTBﬂ‘dﬁmﬂﬁfFﬁﬁwmﬁﬁﬂkgﬁﬁggwﬁ? AR ﬁﬁgﬁtm " base

suf f i relitight loverprapdirpsef ©riatingting @S)Fe?oé‘d SEIRPEPILC PP t o

f at t yipEg il togha Hrgased afficknga it B uthyonkpemdsiam grtrichietromitet ur e

t 0 expeshit®mldaing Baatden plherd atty acid salts are then

pre0|£&&@igg;by addition of NaC or KO Conpositions

of S%Hoanh Ol tt%ﬂ¥ed from hexane-extracted

bi oneSS - CoIt 4 g portions of contam nating
car ot &9i dye faﬁféhefadmtnh%efeéflt"at&‘t R 2 SR O R n e

ext r aktsgt 287G ohh g GOt if asor Rldtreling rafitshiesldetdyhiesArepis

EXANRki2d AipiSapasts. fThegipit brain: f@h pahollav enib didsshdpetipdicingsd O |

f r om Gl g5 hlogmeodetheeod esBiawass [B3591.8 omass i s

gener [%:1:6 d Ta)?eqplégl!:eggpl(;ppoﬁ{e Idlfg’ro%1 cbglgm deSC ri bed m Exanpl e

0O A sol vent i |rlc- -Frnmfh
b| orraé’gg"‘l Spp 125 ﬂ131ﬂ IC 14\01 ~C 1:60 ‘Hﬂl .@18; cCFl& C)-l?il +CL18;3
%rot theca

UTEX \CA BN | ) AT |JI C ool Ily Ul U 11T
bi onasss t hi ugw(hhe(msecgf physicgal opriesaur e« Thex
extradmadew@hjs are then saponifiled by mxxing the
i pi ds i O EH -afuediis| B on-bHNagH 6r—REH—

contalmmn@mammanmunm%oi1aasew§ ufifui Icient s4.0 eenvexst| t he
deS|r@@Haﬁm@mt of lipid Eo fatt%/a gd s%Ltsp/anz/

. rrms % %% 1'_0 ) 55% A %
OptIO |¥,oto 24 IiAI’g e i"lliX ﬁ?’e t6 C)\pcdl te—the

react i on Ihﬁm&(tWy ael d wal e, are |t hen precipilt ated by
addition of NaC or KO Conpositions of saponified
oi | s gepvatbmiss £ UTEX IBwR0bjERCH BRnDIxOIRS Shecondabin

r el at iMgle vehy QL 1RER RREL 19QRSs Qfmpl Ot aMNAt NG
car ot enOI sg)ntbox%m%gln%?gfofothecozdep@l)ﬁ%eﬁ) extract ed l I pl dS
e

due to T decreas I clency wth which such
conpofith 4/t extracted fron1the m crobi al bi onass
usi ...;,;a.ntqaj_! l§ b iy 5 /‘ Y]z s _n,: ormis UTEX

G vcersd i pi d Proflle of Prototheca Strains [0360] Five
Pr ot 0fof8IC atehdeRialld oWV fokhbd MW}QQ(UFEX MBﬂchﬁhaszNIsh 2%

9 l'u C 0 g'egera%@ Qco%‘n?%etﬁogg desang(ﬁxy §ta1ﬁgle 22%&/6 Wd t:vm aﬂgietl Bt ion
(200 rpm 1n a 6-well plate Lipid profiles were
deterntned u3|ng standard HPL.C nethods The lipid
profile for a particular strain did not change
significantly when grown in different culture nedia
The results are shown in Table 11, below [0361] Table
11 dycerolipid profile of Prototheca strains Oigin
UTEX




327 UTEX 1439 UTEX 1441 UTEX 1435 UTEX 1437 [0362]

Bi omass from UTEX 1435 was subjected to hexane
we@z2iopadsisdn The extracted oil contained very |PECT/U82009/040123

coloration Figure 19 shows a sanple of the UTEX 1435

oil in conparison to oil from Chlorell aprotothecoi des

UTEX 250 EXAMPLE 29 Carotenoid and Chl orophyl |

Anal ysis of Ol Extracted from Prototheca nonform s

UTEX 1435 [0363] Hexane extracted oil from Prototheca

nmonform s (UTEX 1435) bi omass was generated accordi ng

to net hods descpbed in Exanple 26 above and was

anal yzed forcarotenoids and chl orophyl| using HPLC.

Overal |, the carotenoid |evels were nmuch |ower than

talggv g gr(r)t%talgsina?dl cg?{%ﬁf 1%£1ﬁsg Tﬂal’? the (%ﬁ)t%x? l:t)i?evels were mucp lo*ver

0i | viba the ol bl mc?ﬂsoifﬁﬁfdk@ab‘er ¥ rAé‘J;‘ffPaély fh§°h&?%9ﬂ’§1? st ent

Wi t h drlwet of el visdesssthoiiimi/rs. Piisgrauités cdogistenipfith fe eshigs shown in

ext r agduR b, Githlthe Exirara dif RbXU 1K3 53 5Ibiodaensvéng kgittia gplowednyThe

litt |c%mt9n@1h%aﬁolr 1 andiAB fof @l @btuBRdsse hbats@phy| |

anal ysi s . e%lffﬂ X1, ract ed from UTEX 1435 bi omass is

sunmarl ze 403 41 12,

Car ot &8 aabﬁﬁ%\Fv%ﬁn%d aB?YS‘E)?fI‘”l eé‘fftF depeq” er“b"r’ﬁ” P8t ot heca

nori fdm s UTEX 1435. EXAMPLE 30 Genom ¢ DNA Anal ysi s

of 238umRNA fromoghé‘ye/x ains of Chlorella protothecoides

[ 0365 _Cenoni-c BNA-frem-8| strains of

Chl or|&FT"apr ot ot hecoi'des (UTEX 25, UTEX 249, UTEX 250,

UTEX |256¢nAfp 2046 EX 4 11, CCAP 2 11/17, and CCAP

2 1l /%mﬁww genom ¢ DNA anal ysis of 23S
r RNA was performed according to the nethods descri bed
i n Examptee=23,  alovecfi0366] Al strains of Chlorella
pr ot atthegotdestestedavere i dentical in sequence

except for UTEX 25 Results are summarized in the

d adograrieghown i"ﬁ”P‘ig/@ure 2 la-2 1c Sequences for all
ei ghtstcrahns aredheted as SEQ ID NOs 3-4 mthe
attached Sequence Listingl[0367] The 23s rRNA genom c
sequerRtE“F8F° Pr ot®8PA&ka nonfornis UTEX 1436 (SEQ I D NO
5) waSwal&0 conpareeet o of her Prototheca speci es and
Chl orlelLaprotothecaides The conparison showed that the
23s r|RRIE™genoni c| Seqliénce| for Protot heca nonform s
UTEX [Té4386-@s di Sstwad ar {0 the ot her Prototheca

genot )Fgﬁeﬁ”‘d‘ SEQ | D, NO-6) EXAVPLE 31 Sorghum Utilization
Screen 18368] Stral RS The|fol | owing strains were used
in the screen for i1dentifying mcroal gae strains
capablgwafigds i i zi ng sorghum as a sol e carbon source

10 st Egnlon'chD Anqugc?f] 2% rElJ\I/l @)m 8 Strains of Chlorella protothecoides
[0365] Genomic DNA from 8 strains of Chlorella protothecoides (UTEX 25, UTEX 249,
UTEX 250, UTEX 256, UTEX 264, UTEX 411, CCAP 211/17, and CCAP 211/8d) was
isolated and genomic DNA analysis of 23S rRNA was performed according to the methods

U)

described in Example 23, above.
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pr ot ot hecoi des (UTEX 25, UTEX 31, UTEX 4 11, CCAP
221/ 8D, UTEX 249, UTEX 250, UTEX 256, UTEX 264, SAG 2
wa le0b@eas4mnd CCAP 2 11/17) 6 strains were ProtPCTE8209/040123

nonform s (UTEX 1435, UTEX 1437, UTEX 288, UTEX 1439,

UTEX 1441 and UTEX 1434 Ot her strains included

Chlorella luteovindis (UTEX 22 and SAG 2214),

Chl orell a kessl en (UTEX 2229), Parachlorella kesslen

(SAG 12 80) and Prototheca stagnora (UTEX 1442) [0369]

Culture Conditions Seed cultures of the m croal gal

strains (identified above) were started as 1nm |iquid

cultures in 24 well plates and were grown

autotrophi cally for 48 hours in light, agitating at
rpmPure s urc ase from Ma

SOI‘ gHEﬁ%ﬁ] Ivr\ll Ttrglnsc)[o_%‘/h%‘;f& qrc%%z}zeco es test were ?r]ltlcal n se uence exci:’pmf)l | e

of f ri{fEK &% Ress e sgopeiigedi tha%aée%@@wzs F‘@‘%SW B s§‘lh‘?ffeése 16

0% W fov albetgtit smadrk trolged s GEQTDENGY- I i thenttehe scgrceslitier e t hen

t r anshaetr e 28:6rNA eidinid sefiRt i PrL@Bt: abriki-agu G436 BEEQID 7%

(VIV)NdYLE al§)Q£ngJ;}wm dudi A si.4 sJecrlngﬁi RSP Bt ACH) as

the SO| ealilsgnas OWE haﬁtgeligs }FN a%rérg)m}c ﬁeguer%y}o{ggoto?heqa%rr fgngb’%&

gr own he agitating a
~350r16?ﬁw§ajﬁi5’t“@fs‘°tl“"r°8’FhPfoﬁ’é”“66‘1“‘tt’iHFSés§ WeY&Ppul | ed at 24,
40, J4XAMREEING 89 hours and grow h was neasured using

A750 soemaiuigaionstresn Spect r ophot oneter Growt h was
Obser[Vﬁgj f@ns: eﬁ(ﬁhlovﬂxfg stah@wBduke In S scte@Sdr RhifiaSmiShHQwN | N

Fi gu rs%ﬁ s ga%ab% Z%Ig slorglugafél Mbclngburcg' 10 sﬁlrg@&mgreng
chem ca "?n%%é G1ge(< 3; %‘rgfzﬁ?%?ﬂ 7] /zﬂ)qU GhoBIeR]s0

bi orrd’§‘§0the}‘/”des pulat i on “of

i cr oPES 256X B PESt Y e OB R % 6ﬁﬁmﬁsﬁﬁr§§’°‘°ﬂ7\ﬂ‘i‘ér ein
t he DbrofrasIVESAt3aIVAEX H‘t” VE&SBS. 861138 dED I+ apdVTEE] |
wei ghtts34. @mehstr§its Inclsdadfr@etid mgvitidsaUtrxanms SAQ 0144 Cighéni cal
react ljes@l@‘i (Uﬂ@l 22@9#@&6@5}&]1&%@5@ @Aﬁ'lﬁ@)) @(t Prl)tﬁﬂ&ztstaglz% @fTEi h e
l'ipidy,,2. The nethod of claiml, further conprisi ng

se aratln t he coval ent dif|

C Oﬁp O[ﬂ?gﬂt @%ﬁ;ﬂ%@ﬁj S g ltXres o e gal strflﬁ (S Cfntlﬁfd%mveg were
wher efficdsela Fgtd FWQ““’S(‘:‘W?‘ p@@%andaweﬁﬁ'agréa“%’ﬁ*&ﬁlmfﬂf %f‘ﬁ‘
wher ebyeht dxeatieenv-aioemt Puye soreheln f4s eekhdsid ol slaafdap Pareunt Yitkht
non- agealdSowanas esugni feenpenentos wof, dkihe 2bivowassrdeor m
one 0{6 OWVV«ednm& 85y, Q/hfsaﬁﬁ §u,-1turé wer;.rthe% tr%grg@ld h(fﬁ{i mEdi@l M 1,

wher ecorrllaml%g" o l%l% OIr%Stv/V :Pﬁgr'e s% gl}uln ?dcf‘lstf%q'org 88 ;;Lnlg gocg)qgtﬁg sgléJarbon

reaction rior_enrichne

i ncr eReEE s é““?r%if”f’“bth‘iﬁ W@tef?mwag s 44 %g“a‘"é%r?t 13 ﬁ“md

mat er faablesiiyn trowlaet eI 5OU643P. Rt GAE hoB nIEET et hod  of
cl ai Muéisureivhigg &b edtlig ofvarev@shbtertkich COMASS ofsgvemiot cach of the

subj egtigestdss th@at ieRi 820t her than renovi ng water or

| ysis before the chem cal reaction. 6. The nethod of
claim1, wherein the biomass is subject to the

chem cal reaction with a step of prior enrichnent that
increases the ratio of the lipids to the dry wei ght of
the mcrobes. 7. The nmethod of claim1l, wherein step
(c) conprises transesterifying the biomass to generate
a lipophilic phase containing fatty acid al kyl esters
and a hydrophilic phase containing cell material and
glycerol. 8. The method of &1a|n11 further conprising
renmovi ng water fromthe '



bi omass prior to subjecting the biomass to the
chem cal reaction. 9. The nmethod of claim1, wherein
wee@p/1£68¥3 | ncl udes contacti ng the bi omass w t hPEFIUS2009/040123
enzynme to catal yze the chem cal reaction. 10. The
met hod of claim 1, wherein the harvested bi omass
WHAE dpoiliAddER 83 pi d content of at |east 30% by dry cel
wei ght, 11. ,Th thqad o | aj Urit e 1 SN0
separ ating & THBOoM 118 HEa B Pl oy RERAL b RBbiomass
comprés@yal ently modified |ipids from hydrophilic cel
material of the biomass.12. The nmethod of claiml,
wher ei )t hecwiusngsewpaladion ef BE¢eRESf r om t he group
consi Sfb' ng Rérv@&%%%i'cﬁfbia‘f%mgg%dﬁ Lig thEBKRIYOLdntains at least
m croa 3ae, ol eagffnous yeast, an {ungl. 13. The
5% lipig@bhaey el weightredd, wherein the mcrobes are sel ected

fromthe group consisting of the m croal ga isted.in ..
Tabl e ) andSYBeIRE BORPEAL PRANCHY reéftl‘%é%{ C(‘é’%%)mi%g‘o‘hﬁes
RNA, AiyC sequence identity to one or nore
mjem%edhéﬁggsﬁ?ron1the group consisting of SEQ ID NO 5,
SEQ | D2NO: 6 Th&E@HD dficlan ISE@HeDchi@p8sinSRparqtingithecovalently

_SEQ ID.NO 10, SEQ I 1.1, SEQ ID NO. 12, SEQ ID
momf%%%ﬁ‘?%@@‘%% %P%ﬁ?n[g%%%hls B“Kk‘fsi'(sg, SEQ I D NO! 18 SEQ
I'D NO 37, SEQ: AN ok@1aimEQwHer NCscbaratinE@ombribéd adthase

SEQ ID NGO 21, SEQ ID NO. 22, SEQ ID NGO 23, SEQ ID
separaion herdEdh¢ veengs mekEEd piNpfrs 2 Isghnpmagesos phaeand

I D NO.28 and SEQ | D NQ. 29: - Ol hous yeast |isted
comp?r}?nll\slgqél%%elf?mgﬁsggp O ShG fl;ls%lee plﬁ%%%'abl e 3. 14. The
met hod4of clTat melidd ofhetigi I wheeinilerohasssas aubdecsqeoites

of the genus Chlorella, Parachlorella or Protot hg%a.. .
chemigg reaution v theytia EP ef BIR enTchiret BRtin¢Igeses HsAtO g the lipids fo
gl Gl i OpPiBef: by weight in the
then"?‘?%’g%ﬁﬁe?%gg asggﬁlgH%Qgr eater than 5 parts per .
ml1iof, whaheimethdieofahoont, vdferghtsglaoveted biomadses not subjected

| i pophi li hase is no greater th . 001% by nass,
to rea BN SH M BFOBO A OF RS THUBITT FIePrSerelgng

great et hamnd ;dpid s P8 MW HGR tha¥iemedsis bltfe f@thetchemical

of potassium and sodi um conbi ned by weight in the ,
reaction i fai skdpoo fipimims entichnpent Grab cegesestharaiopdthelipids to the dry weight
fth m.llion, and/or wherein the total carotenoid content
of the gpicIPES | i pophi | i ¢ phase is no greater than 100

m crograns qhe Gastipddestal dmpe rwigiénstep @c) chagprived hadeaérifying the
~claim11, further conprising disrupting. the bignasa .
biomasg fogeneete ¢ Hreskiephasy corjainme ity aed 21KV] psterprad gdwArpghilic

of clai €] istinct strains or species of
th”ﬁ?%%%%e@l%ﬁﬁﬂgggﬁ?gﬁéﬁ§”@u|tured and bi omass from both

cul tura@s i s Texedhgqt ofoolaitmol . Stheler(coynpriddg rdihevime twatat fiofn the

claim 17, wherein_ at |east t the distinct strains of

biomass prgbESURiETAnEine PRttt [YINFCOPBIGpTaHibe i | es. 19. The
met hod gof ¢ 'ﬁ"ﬁ%&hod'\@&fl&hm,S\L}?e?eiﬁ%kepl(é) 96u86d ;o%ﬂtafcﬁﬁ@%he

the stéps of hydrogenating the bionass to at |east
biomasamtithadnl enzgmat tr edtd yenihatcheratcabrebdmas in the i pid,

interesterifyin h iamass to .generate m xture of.

gl ycer &%)I pi eﬁxgq;fxquofgclmf,fvls/}éeaelg?@%@gﬁéﬁblg@&fs&o&pns& a
lipid @ntcht 6PRATEAst 9@%tb%/dr2|c@1tl Ho the lipidin the

harvest ed bi omass, hydroxylating the biomss to

gener atlé. hy ditexyithedof ¢laipi furtbetaoniphiginggeparatingatipephilic
portion af thehydroxylated.lipids to gener . .
phascipis B hyFary SRR D 5 B e s AL e afuere gl the biomass

fatty acids fromthe lipid. 20. The nethod of claim1,
wherein step (c) conprises:
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(i) deoxygenation at elevated tenperature in the
presence of hydrogen in the presence of a catalyst;

W@ a0p/126ddreri zati on in the presence of hydr ogePCT/HS100%040123
presence of a catalyst; and (iii) renoval of gases and
napht ha conpounds. 2 1. The nmethod of claim 1, wherein
step (¢). COTRE hegwdARRIN Y ivhareih®e bhiorsbesart Gelgane fratrethe
fatty acid salts fromthe |ipid. 22. A COHPOSJtlon

group comti Hingioh §aseiie cyrabagiEa, pﬂﬁllé%réO%WW palgagy oleagyoys yeast, and
£ Ilghter phase containing fatty acid al kyl esters; and
“at | east one heavi er phase contai ning m crobia
bi omas$3. 23Thd hetlodryiekiimil0nwaéren the mi@2besresdicied frem the
m crobi al  bi omass is. sele fromthe grou
Eroup GBS PSR K B 8 | SREHE POVAGHE gt by least 85%

23S rﬁhﬁ%&ﬁﬂt@se}ﬁﬁéﬁ& (Lénﬁt)ﬁt% dn@ O-II'—?errg se%ueﬁc@@ frfot’H‘Qt'e \s:] Wt @Hsisting of

econp08|t|on of ' claim?2 ereln
SEQ Iméo@&nslm DNQ ) SHEQAD A 7TnB5REE N & Giad }Deal(bgf SRQ HAINO:10,

seo DG, SEETEFS PRI o0 S AL SO s 0

NO:16 'Sﬂtﬁ %tha%dg $DMNO IR EL@TDINEN 9OSEQJI%N©>QOITBE@ ID NO:21,
wherein the anount of sulfur in the Ilggtest hase |

S
SEQ IRONGr Xa S8R EhHM:2% SFA 13 N§x24,8HQ IR NO TR AD¥@:26, SEQ ID

NO'Z?MF%E\{ ' t a(i §§§w§of9g ?hee {Pcaatr.zglx?[{ti ﬁ%%st li)gteiﬁn 95‘316 bNand the

fungi itkd iroMabl@pd/ or wherein the total carotenoi d content
of the lightest phase is no greater than_ 10
i crogldns dhe axthaderisiamples “gersin th?@‘llC’RbE%?’Fﬁ@sgP?‘fl%srPfthe

genus%?néf%llglpcgf DL 9Re phase sel ected from the group

fr'ons conprising: a conposition having a
| i ght en5phaShe el ofi cegmeldyplhetedd thesatountofemldiumiadé

LN e A e (e -
whereﬁpfﬂeaahmuﬂgo rg}f%'sﬂ%r@ﬁhdin@ﬁe LSeHil ORsOIRAG %éat@lhﬁ&ﬁ‘OOOl %, by

cont al ni ng crobi al biomass from nore than one
mass ﬁmmwtof s@furai the 1&90®bmgo>§1a$q igno Igespkarghan 15 et gper million,

Wher eatgfo%gf]%tls t%sgﬁp}; %}é{ili\ﬁﬁtl gg%km%i g% Iwaén q}t % theqﬁﬁghlﬂp,%hase is

no gréa@¥RRMl § pAR feawinenaadd/ ehiidreipiids@tLd @ﬁlb&lnﬁidrt@nfdheef the
fatt aC| ds and a heavi er phase cont ai n| ng m crobi al

lipoptliopbass is meereateridandf0 sTCiRarAHY éa@é‘a}@l PEEHMsi ng:
(a) culkuri Ry ., RORPLALLAMN 1Offu ﬁs&ghxsﬂﬁﬁi‘ﬁg%ﬁé Hi¥mass

mcr ob| al bi'onass, erern t’he | orra ntarns-at
pnorio&&&ises%%ﬂ/in@tﬂebl‘prda@l\/ i ncluding glycerolipids or
fatty acid esters; and ctln%the bi pmass to

an a1 KAl ne oy anahorEyceHBhb M ighe b ¢ p sl AT GA P15
mlcroEF'sear%g eﬁ@i Gt ? A ‘berﬁ’a{ss &lon] BAR LuRuROfsthiRed BEort @&tep (c).

cer s or acld esters to fatty acid
sal ts. 187 ”IIhlelmhdrd)df cd)mnr:l’alwhe%n af lgast hheo theotigimics stregns of

X ubst anf j.a (a thefatty acid salts from
mlcr"g%]éarve@éﬁ% @Y%ﬂp@fplé fomass. 28. The nethod of
claim 26, WgLehdnhdd6r dﬁuﬁf Phﬂ%réﬁ@te?%ﬁi@tsagctfed &oht the steps of
group consisting of the mcroalgae listed in Table 1,

hydrogheatmlgdbgbinoass tp@aéetast pastially Japratglyneatoratedbgndhia the hgtd
interepigE R HeRET BT p *dabTear By Lrofidh MRy o HOHRL"

arrangement of fatty acid constituents relative to the lipid in the harvested biomass,

hydroxylating the biomass to generate hydroxylated lipids, esterifying at least a portion of the
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m crobes are separately cultured and bi onass from both
cultures is mxed prior to step (c). 30. The nethod of
W@ @689 wherein at |east two of the distincRCHUSNNGL0123

of m crobes have different glycerolipid profiles. 3 1.
A conposition conprising saponified oil derived from

hydrok yleteallikalsith gereyade odtylides, lofdrbliyoimg sise ipmass toaehedtedide fatty acids

roduced by culturing a popul ation of mcrobes. 32.

from t%ﬁélp@on‘posi tion of claim31, wherein the composition
furthep,conmppi i%%ﬁjo@toflc%ﬁtl, QREreH dtes &) @6HBHsdsF oM soy,
rapeseed, canola, palm pal mkernel, c¢oconut, corn, _
wast e (eget dbixgger@tioneseevaitd mmpeoitingén theymédeooref hydrogen in
cotton seeq chicken fat, beef tallow porcine tallow,

the presepe i 4 Ysvacr oal gae, Cuphea, flax, peanut, choice
whi te gneasgomeAbtionGATR hrésens@bf MiroFeash @dpeeede of a catalyst;
cashew nut, oats, |upine, kenaf, cal endula, henp,

and coffee, linseed (flax), hazel nut, euphorbia, punpkin
seed, coriander, canellia, | ower, rice,
t ung oflflstréeér,lOvc%8@%%86%%n§rr§?)ﬁ%%u%%m8§g%{/sj cast or beans,
pecan, 2j 0j olFae njedtodaitiaimmaeddasnii sep BY)avinprisest saponifying the

~ avocado, a fossil oil or a distillate fraction

biomash ks gegerateigty epidisalialry thalividr nore additives sel ect ed
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42. The conposition of claim4 1, wherein the
m croal gae is of the genus Prototheca.
WO 2009/126843 PCT/US2009/040123

(b) harvesting microbial biomass, wherein the biomass contains at least
5% lipid by DCW, including glycerolipids or fatty acid esters; and

(c) subjecting the biomass to an alkaline hydrolysis reaction to produce a
soap from the chemical conversion of at least a portion of the glycerolipids or fatty acid esters
to fatty acid salts.

27.  The method of claim 26, further comprising substantially separating
the fatty acid salts from other components of the biomass.

28. The method of claim 26, wherein the microbes are selected from the
group consisting of the microalgae listed in Table 1, the oleaginous yeast listed in Table 2,
and the fungi listed in Table 3.

29.  The method of claim 26, wherein two distinct strains or species of
microbes are separately cultured and biomass from both cultures is mixed prior to step (c).

30. The method of claim 29, wherein at least two of the distinct strains of
microbes have different glycerolipid profiles.

31. A composition comprising saponified oil derived from the alkaline
hydrolysis of biomass or extracted oil produced by culturing a population of microbes.

32.  The composition of claim 31, wherein the composition further
comprises at least one oil selected from soy, rapeseed, canola, palm, palm kernel, coconut,
corn, waste vegetable, Chinese tallow, olive, sunflower, cotton seed. chicken fat, beef tallow,
porcine tallow, microalgae, macroalgae, Cuphea, flax, peanut, choice white grease, lard,
Camelina sativa, mustard seed cashew nut, oats, lupine, kenaf, calendula, hemp, coffee,
linseed (flax), hazelnut, euphorbia, pumpkin seed, coriander, camellia, sesame, safflower,
rice, tung oil tree, cocoa, copra, pium poppy, castor beans, pecan, jojoba, jatropha,
macadamia, Brazil nuts, avocado, a fossil oil or a distillate fraction thereof, and optionally
one or more additives selected from the group consisting of essential oils, fragrance oils,
flavor oils, botanicals, extracts, CO, extracts, clays, colorants, titanium dioxide, micas, tinting
herbs, glitters, exfoliants, fruit seeds, fibers, grain powders, nut meals, seed meals, oil beads,
wax beads, herbs, hydrosols, vitamins, milk powders, preservatives, antioxidants,
tocopherols, salts, sugars, vegetable oils, waxes, glycerin, sea vegetables, nutritive oils,
moisturizing oils, vegetable butters, propylene glycol, parabens, honey, bees wax, aloe,
polysorbate, cornstarch, cocoa powder, coral powder, humectants, gums, emulsifying agents,

and thickeners.
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33. The composition of claim 31, wherein the microbes are selected from
the group consisting of bacteria, cyanobacteria, eukaryotic microalgae, oleaginous yeast and
fungi.

34.  The composition of claim 33, wherein the microbes are a species of the
genus Chlorella, Parachlorella or Prototheca.

35.  The composition of claim 31, wherein the biomass or extracted oil
comprises a mixture of biomass or a mixture of extracted oils from two distinct strains or
species of microbes that have been separately cultured.

36.  The composition of claim 35, wherein at least two of the distinct
strains of microbes have different glycerolipid profiles.

37. The composition of claim 31, wherein components derived from the
biomass or extracted oil constitute at least 50% of the composition’s total mass.

38. The composition of claim 31, comprising less than 50 micrograms
carotenoid per gram of saponified oil.

39. The composition of claim 31, wherein the saponified oil is saponified
from fatty acid esters comprising at least 10% C16.

40. The composition of claim 31, comprising less than 0.1mg/kg
chlorophyll.

41. A composition comprising an oil extracted from microalgae, wherein
the oil contains less than 0.01 mg/kg chlorophyll.

42.  The composition of claim 41, wherein the microalgae is of the genus

Prototheca.
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