PROCESS FOR Bl ODI ESEL PRODUCTI ON FROM A YEAST STRAI N CROSS- REFERENCE TO
RELATED PATENT APPLI CATI ONS: The present application clainms benefit of the
filing dawve 20f1/u5md7an Provi si onal Patent 2514/ MUM 2009 PCIraN2036/0@Ith
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TECHNI CAL FI ELD The present disclosure relates to ol eagi nous yeast,

i ncluding Pichia kudriavzevii, a _specje f _the n Pi chi well as a
novel - Pr cniBRQGEHSSHOBBIO el sHEPH B MEaMER e AT RAR N0 ' vroc
5493, and to the production of oil and biodiesel from ol eagi nous yeast.
BACKGROUND Bi odi esel is an environnentally benign solution for gl obal

warm ng, the energy crisis and depleted fossil fuel supplies. Today,

bi odi esel (e.g., fatty acid nmethyl esters, "FAMES"), is the nane given to
cl ean burning alternative fuels, produced from biol ogi cal, renewable
resources that are biodegradable and non-toxic. Biodiesel can be used

directly @ROSS-FEFRRENCE TO REDATEDHATENT APPLICATIONS9duUCt s, such as
petrol eum di esel. Biofuels have clear benefits in addressing environnmental

concer ns bk aresgnt applicaiéothelaines benséis of Mhrdfiling date pdvindine drevisional Fagnt s
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crops for réfeehee. An alternative way to produce biodiesel in a green and
sust ai nabl e manner w thout conpeting with food crops is to use m crobes.
There are a few mcroorganisns in nature that have the inherent ability to
accunul ate or store oil/lipid "up to 60% of their dry wei ght when grown
under nit ﬁ%&?ﬁp&b@ﬂﬁﬁtﬁﬁ“di tions. These lipids usually consist of 80% 90%
triacylglycerols "wth a fatty acid conmposition simlar to many plant seed
oils (Ratl edge, C., Evans, C. T. (1984) Influence 'of nitrogen netabolism
on |ipid Jheuredeat idoxlosureotetedes twoukagieast seastGanclufingr diphio1kuiBiavie683a704.
Ykema A, Verbree.EC, Kater,. Smt.H (1988 timzation aof |ipid.
product i oAPFHSt Hg%bq @Sﬁ?%gMe%%twe}ip?sotar ?%‘%‘?b%ﬁ}ﬂf’\/é’tjﬁ’mv‘feﬁ”\/%e@?toBté?lpreat e.
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ol eagi nous m croorgani sns. Mcrobial oils, also called single cell oils,
are producémh blgagioows Ysagfagi nous ni cr oor gani sns, such as yeast, fungi,
bacteria-and mcroalgae (Ma, Y. L. (2006) Mcrobial oils and its research
advance. i i ocess. Eng. 4(4):7-11.). It has been denonstrated

t hat suchﬁ%@#gkml s can be used as feedstock for biodiesel production.
In conparison to other vegetable oils and animal fats, the production of

m crobi al Bibdiede$s arbyviftvientallgdenign sotwulvasfoh globalawsinang, the feeergy chisisas
conpared to planpts so the time to harvest. i horte there is less |abor
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becone one of .the maj or. o] eedst ocks. f bi adi esel , produg¢tion i,n the
future. AW?FL%?‘E%ME cgn h%wee ‘ﬁ’gﬁéﬁ{“{ R Re‘E‘ﬁF%mzlj’F%dé‘Cf?a§“°§é"éR%‘é?% i mted
(Li, Q angeseMei, Du., Dehua, Liu. (2008) Perspectives of mcrobial oils

for biodiesel production. AppL M crobiol. Biotechnol. 80:749-756.).

Biofuels have clear benefits in addressing environmental coricerns related to
greenhouse gases, and offer new income to ‘farmers. However, traditional oil-rich
crops are limited by land availability, as wéll as environmental and social issues
regarding the use of feed and food crops for fuel. An éltemative way to produce
biodiesel in a green and sustainable manner without competing with food crops is to
use microbes. There are a few microorganisms in nature that have the inherent ability-
to accumulate or store oil/lipid 'up to 60% of their dry weight when grown under

nitrogen-limited conditions. These lipids usually consist of 80%-90% triacylglycerols



M crobial cells studied to date for use in biodiesel production include
bacteria, yeast and fungi. Preferred fungus genera include Mrtierella,
Phyconyces0 2BRfSrpht hora, Pyt hium Thraustochytrium BIPEEEN2EA&000RH zonucor
and Aspergillus. Exenplary bacteria that have been studied include those of
t he genus Propioni bacterium Studi ed al gae include dinoflagellate and/or

bel ong to the genus Crypthecodi nium Porphyridiumor N tschia, for exanple
Crypt hecodi ni um cohnii. Yeasts such as Yarrow a, Candi da, Rhodotorul a,
Rhodospori di um , Cryptococcus, Trichosporon and Li pomyces have been studied
for their mcrobial oil properties and anong t hese ol eagi nous yeasts,

Crypt ococ s ract i I : ate
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cheap 'carbagn sources |ike V\,hed/ perneate (Ykema, A. (1989) Lipid production
in the ol Ja@?’ﬁd%%’r%%[slﬁoﬁlﬁ%ﬂ 4hum curvatum PhD thesis. Free Universi ty
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production of yeast oil is nore expensive than the production of vegetable

oi | . Ther efioroergasisnyl sucels yohit, fiargie hacktrizo andvinhicraatgae ddfronY cbt 130G asi bl e

when a particylar .oil .can be produced .t .. gh add val ue. cardi ngly,
pr evi ous Q’E‘ﬁf%’é@ﬁé@ aﬂg\}té 5% BeSs C?prn@éf’?)r At ?’d@I g%ﬁﬁélﬁ%ﬁehrasl i pid
product i opeéid8monstiitdinBiat GatH Wlidloblal Rild GAMNeetied @Ntkebitadie forbbiodRse
production, all geared to make the process nore econom cally feasible.

Di f f er ent peeductiomt iloaomparison to ratharcvesefablepilsaandangnal fatsritherpreduction of
fermentati ons,.have been reported to.incr et I i
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the ef fi ciphiits eXtthé¢imeoto Bhrveit! isf shomef, athere nis alessOILOE tcmireGUMIEAED alOBil
| NVENTI ON Di scl osed herein.is a novel, isolated strain of ol eagi.hous yeast
known as Predvction isdessaafiestedibyt yeate rpgasopaaf cets ARG scalmpis Fet d6i Q- ~ Type

culture CRULEENIOY. (AMHTL: AHAGATMAR Mo B Bibaul AR BbRFbRSEdeerAlN are
certain net s of "fernenting ol eagl nous yeaSt such as | Chi'a kudriavzevi i,
met hods ofTetkiolegnt bhFood Eadiistp 65689t TFheedfoss nilicribiad didublsi atremendqusret hods
of extracting the oil produc by ol eagi.nqus .yeast .such as Pichia

kudr i avzeﬂofe_,ntlélnﬂ’ H@PH@d%neoneg}eo’aﬁlﬁr rﬁ)g] tﬁegﬁ?@éefgr #’FWSSII RRgpetinnsin s
such as Pl a iﬂiﬂfoh@l‘( 26Vl new Rof WORORY RN hRa Hab HeBRLBRASMHES (Li,

i nexpensi ve and econdmni cal conponent’s and processes. Accordi ngly, disclosed
herei n i s Qiang.soWai,dou.y eBshuazdli. (008 Berispectivey phwierobial oNTGT Dedissilt No.

5493. In sone enbodi .S, .t he_isol at V£as ell is able to accunul ate at
| east 50%P t‘ﬁ%o,‘&‘l"?g%ﬁroglf’l‘iP?t%f’%/ﬁgoa@%ﬁ&hnder oi | production

condi t i OnSMi_chial cells studied to date for use in biodiesel production include bacteria, yeast

and fungi. Preferred fungus genera include Mortierella, Phycomyces, Entomophthora,
nyhium, Thraustochytrium, Blakeslea, Rhizomucor and Aspergillus. . Exemplary
bacteria that have been studied iricluc.iev those of the genus Propionibacterium. Studied
algae include dinoflagellate and/or belong to the . genus Crypthecodinium,

Porphyridium or Nitschia, for example Crypthecodinium cohnii.

Yeasts such as Yarrowia, Candida, Rhodotorula, .Rhodosporidium, .Cryptococcus,
Trichosporon and Lipomyces have been studied for their microbial oil properties and
among these oleaginous yeasts, Cryptococcus curvatus has attracted attention because

it can accumulate large amounts of oil, up to 60% of the cell’s dry weight (Ratledge, C.

-2



sone enbodi nents, the isolated yeast cells is in a culture nmedium In sone
enbodi nents, the culture nmedium'includes crude glycerol, corn steep

| i quor, aWNO 298AS197aut ol ysate. Al so disclosed herein i s RCPINHiI1/000712

kudri avzevii yeast strain deposited under Accession No. MICC 5493. Al so

di scl osed herein is a biologically pure culture of Pichia kudriavzevii,
MICC 5493. Al so disclosed herein is a mcrobial conposition including an

i sol ated yeast cell of Pichia kudriavzevii, MICC 5493. Al so discl osed
herein are conpositions conprising oil produced by isolated yeast cells. In

sonme enbodi nents; the isolated yeast cell is Pichia kudriavzevii, MICC
Deposi t 493. | d t : il 1] 8f t 10%
pat i 1 ¢ W MierqoRg PR i BB Ab e AR 1289 S Bt el

stearic a@ihn sburb@asike ablayt pdihéatd €vkerasi A. (@989)eBiplid ghrodiictibh%nl iheol ei c
acid, and at |east about 6% Ilinolenic _acid. In some enbodi rreg(i S, ,lg)ge \
ext r act ed®leAginoys et dpiaitiphiae cunvgtum. Zhdbtheds, Free Moiwasityspastegiagy | '0¢ed

herein ar ey ol 11RGe 354 X ok r%n‘g CUfHeur € -
medi um Ilﬁetg%[r%ﬁ% o@%%{%%&&ﬁ@%gﬁhu%gk% |1u%leqa§l(t(1: ﬁoge%sSI r u%ﬁéesgl ycerol at
about 1%yshstoilcsroducet @s1C.| dusuois r@tenaliieuiplaiOseed vils likapdlmeeit (Darsast B. &t about
0.5% w v, wherein the conpositjon has a, pH of abqut 5.5. o

oirbont oSBT Veasy eih GO Inse 1T oot Chelo ARt o Yiston REred Bossi ¢ no.
5493. Al squdipgc! 0seth e Ebiioar g*ﬂ)dlpm.foweﬁg{ktaf»itﬁg SRS PESHd Sarldo 1 nduce
oi | pr odzcg%li 8?\1' blgéﬂ.%%é (’:eﬁ)s'o. ’ Iep sone e)nbodi nment s, t'hegrret hods i ncl ude
provi di ngSaackurbinyeas, fordkample Pathia vifdroiddeve nlsdbegl sredtiedl at about 1% w v,
corn steep |iquor, at a(ﬁlgut 2% W v, }c]nr%pt 0COCCUS %(zeati%rll t ol X(za e atf about
0. 5% w v, CHiFEt i_ﬁhec REC Tl?%roéowaﬁﬁ halo8 FEPOPTaDb © gAY F enent i ng
the yeastygehbR bil ThGeHH, ! 4#hBe- BN TdmkbAdibe dvilabL BedRiiBNlyafdasibleat about
28C for at |east about 100 hours. In some enbodinents the yeast cells

i ncl ude Pilemi @ phutignianeid ean be purtcedayithshigh Mddedsyalge. Agcerdimgle psdusent s,
the fernmentation runs for at |east about 110 hours. .l enbodi nent s,
the fed BRPEREFS: B weR aroteny Snpee ey th B 1o PRTSRIRR,
ferment atfigher dellufa® E%ic?ﬁ&ﬁ&hﬁ&m BighbhBioafids fradluySar, Qlll jeacddidemake tde
glycerol. Tn some enbodinents, :glycerol is added to the__ culture nmedium
when t he mypsese msire ceenosieallyafepsible ofDiffigrent enlhafion medes; yichdingfedthstph 8 g/ L.
I n ot her enbodinents., fernentation t] t] e f yeast
cells is 3 t\c/ﬁ=3netlrr11 U3 Sog?rmﬂ 18{1153 %&8.&1%% }segblrrlgédelﬂ 0 %rﬁéas%ttg ,gD%e}(gled%Igr (ﬁ?ati on
resul ts idleagindisimigiodesdinodultate. | @owéverlamue of 496 srivrartdivyusee by kite dffisiest. | n

ot her enbodinments, the fermentation results in an oil yield of at ‘|east
about ZO%XHﬁCtaowgplb\ﬁP@rf@%t@Pmﬁmsti || other enbodiments, the fermented
cell biomass' after fernentation is at |east about 30 g/L on a dry wei ght
basis. | } ST yeast cells include Pichia kudriavzevii,
MrcC Dep(r)s'ﬁt %@%}31.%80 I scl osed herein are nmethods for producing oil
that includes fatty acid nethyl esters. In some enbodinments, the nethods

i ncl ude ddistloséchdereire is sonaebdisglatedt steadh |of opleagin@uyeaso knewndist Pishs,  and;

extracting the oil .fromthe cultured yeast,gcells n.s i ts, the
extract ecﬂ'dtr ivaegtty Flgﬁgl&st AR iL(jigB(.’SltF& é‘b‘%ﬁ %P%Séﬁ?lr’refrﬁps? , @Mm (riljlﬁggdri:lder oi |
product i qrVEREITH A@BSssioRCNadSa9Pr Owileh @gscRséd| et drediextain medthudisngf cr ude
gl ycerol at about 1% w v, corn steep |liquor at about 2% w v, cryptococcus
yeast autfermenting gleagipous yeassosughas Rfediceikpdrinvzewi| methodsefi frmpRIEn pH of

about 5.5 and fernenting the . | \ [ i fed
bat ch fer(ﬁ%%%ug qsg'ﬁa%;tsu%}b%uélg%@%sg’gévzgﬁ’-Inééég?&sﬁggt&%%g%ﬁ%ﬁ?E&qll%%s me

enbodi mengleadittusyeastsuciehd BichiadtudeiavAevichind thethodsaof peoducing\ficiicdok fromi t  No.
5493. Al so di'scl osed herein are nethods_ for producing biodies i.ncl udi ng

ar. : .. I
fatty aci@easnoyp yeass sich asiRickie kudrimpeyi niroge qmRodgReniy dhe mstodguse
cul turing . for Pi.ghj riavzevii, MICC Deposit No.
5493 cel ?13)()‘?%?}%1(\3/?%%{1 Fcogpg%%ag??rgﬁ&%g%scﬂngﬂrqﬁcseg%ekt racting oil fromthe
cultured yeast cells, and; transesterifying the extracted oil. Al so
di scl osedAbmréinplyadisclostd betsinf isranpisaldted i yegst el difeiekiavitridohvzevic| MAEE f at t y
acid nethyl esters n._sonme enbodi nent the nethods.conprise culiuring
yeast cel PePEY ?|534|9{3|g IpSURe QH‘EB e&%ﬁzﬁiﬁ IF(F]aM%I&SI%m .acgwg&]%nder
oi | produgtian seondrtabBiSs0BNGE its WeldhGS loMdurdddt bil FRENBR BN, SIS Dy
direct tran.sesterification.” In other enbodinents, the nethods include
culturing yeast cells conprising Pichia kudriavzevii, MICC Deposit No.
5493, under oil production conditipns, and; isolating fatty acid nethyl
esters fromthe cultured yeast cells. In still other enbodinents, the
met hods i nclude culturing the isolated yeast cells, such as Pichia
kudriavzevii,MCC Deposit No. 5493, under oil production conditions, and,

-, Y o . - oy




Accordi ngly, disclosed herein is an isolated yeast cell of Pichia
kudriavzevii, identified under MICC Accessi on No. 5493. In sone

enbodi nrenwe,20tB19730! at ed yeast cell is able to accumul acemstawesd of its
wei ght as oil under oil production conditions. In sone enbodi nents, the

i solated yeast cells is in a culture nmedium In sone enbodi nents, the

cul ture nediumincludes crude glycerol, corn steep liquor, and yeast
aut ol ysate. Al so disclosed herein are isolated yeast cells of a Pichia
kudriavzevii strain, as deposited under Accession No. MICC 5493. Al so

di scl osed herein is a biologically pure culture of Pichia kudriavzevii,

MICC 5493. Al so.di.sclosed herejn is . cr.obi a 0SJ t 4. i Rel uding an

i sol at ed VBKs FIPRHIEIFS, S Sl o raf o 1S ‘Wq@%g%%%“gg o o

her ei n argniavpess,the BSltird edadeing ehobides pFude Wiedrddycors sleep Hquoreasi yoat |'s; in
sone enbodi nents, the isolated yeast cell is Pichia kudri-avzevii, MICC
Deposit Natolgs3. |n some enbodinments, the oil includes at |east about 10%
palmtic acid, at |east about 8% palmtoleic acid, at |east about 1%
stearic agjd,y:a . ahouty- 419 ' ' : ; %.dstgpol ei ¢
aci d, ‘and& iasg dll%gos?% gglg&ljf%&p fcﬁl%%%rfdgg%‘@ﬁ : StI %{%ﬂo%ﬁ%ﬁﬁéﬁf As%dr?lle
extract edNei MTGGE 3498n aidy dstlotal herains assh eridlbpically gure Ahltwe difsBicbized

mod um et rsts, AbhdTelRrd fdcfuanatitinal coepoghonEfittr o
about 1% g mﬁom&a[ﬁtaﬁt&ﬁpoﬁ PRNS! dhiaBRON MEBAVE Y93 Y AB%! diddbRUNAlif art  about

0.5% wW v, erei e conposition has a pH of about 5.5. In sone _
enmbodi nmendesyposhieny eamprisieg lodl prodiced dyHsdatied yiast celds/ zbvsome amBglimentssi t  No.

5493. Al so di scl osed herein_are hods .f qr, | turi ng.ye cells to induce
oi | produefil ats§ e et [SsPichp vé%’oﬁﬂﬁ@#t @FP?%‘gNﬁeﬁ% s Tricfifde
Provi di NGeAbdinbAts SHIES HRRINYSCl 1EAE 18RS 1% Uskmlcy 564,04t Rbstaddout 8% W v,

corn steep liquor at about 2% w v, cryptococcus %/east' aut ol ysate at about
0. 5% w v, pallépleinadidhent dedst abaat el steanihagid.catgersorbatidute sled; acihdt f@tent i ng

t he yeast .ce i.n the cul ture nmedi umuysgi n ed o e atjon at
about 28@@8& llg%’ lmelale ag'éomd’ itolﬁasﬁ 35?‘5(%%)? rlligg%rr% ée%r?rcgogll Sr?en% éﬁﬁﬂ{é&%@’ast
cel I's i ncingderiditsdbidhissbeh avestitb traMdesieriBeqipal t No. 5493. In sone ,
enmbodi nents, the fernentation runs for at | east about 110 hours. In sone

enbodi nents, the fed batch fermentation invol ves addi nc% .g]:'ycgr ol .during the
f er ment at Alsa. disckosed herednpEsdeorapasiions Hacluding Angsglated grast sEl jae e MUtfe

| . | heqifdds i um wh
gl yeerol . L0 %e%g%g%gbﬁaio nts P GBlthle dlédlﬁquﬁaua%e%rgcgve glgbérera dpBi um when

the glycero the fernentation s out 8 g/L. In
ot her enbpwdi wintem fseepeiquat iabraboon2¥nues, yeasi hutblysatODtofbouh®.59eawV, cel | s

is between about 110 and 150. Ipn so enpodi nents, . the ferpentati results
in an oi | Whereingthg LORPOFIROR pash B tOffgg/b“ogP'a %F?nwaﬁ‘i}“’ﬁﬁgsi g‘% YERt §Eiver

enbodi nen ' S B hadioMTES Webssit Roadyogi | yield of at |east about 20%
on a dry ﬁlgllugﬁtwcbhfgg{ms I'n 'éfi 'l ot ﬁie)rslen%odi ments, the fernented cell

bi omass after fernentation is at |east about 30 g/L on a dry weight basi s.
In sone eAlsodlisnbosed hetein greametheds fos ciltugingdveasti ceHs to indued @il peingtiomisce

Deposi t . 5493 Al so dis¢laosed,herein ar h fo i il that
colrorpri sel\?’ﬁtcfegs’a{fﬁ %ﬁ’%‘?ﬁé‘fﬁfé‘g{ﬂ&@? mjethods rlr%&é&rrﬁg%ra?%in& %?ulﬁk%&%giuﬁg%g{ i ncl ude
cul turi ngifchRled SPhdt @ ckRASAt 86ddt Dl wipv,066tat stogp diguei tak cabeut 206l velxf ract i ng

the oil fromthe cultured yeast cell S, I'n sonme enbodi ments,. the extyracted
oi | is trempeseeous ypasiautplysats ababavh 8 dYpt. Svhessin theruliyre medirmdias apthduct i on

condi tions,incl S pravi di cul LU i el udi. : 0 rol at
about 1% 9\; 3?011(’5:)5?% S e%%‘h%“%%oﬁ‘ea’% a%tboeﬁts qﬁ%m#&gr@%@%&% Egeg%ﬂ??

aut ol ysat grabntaieibt Shv28P@ fomdtelesdt mbbitel (OUhduns. e Ieshimenembedimemts! tid  about
5.5; and fernenting the yeast cell in_the &:I huﬁrpe medi ur? gﬁl ngﬁ:‘aed bat ch

f er ment at yemt sellapighudogBionig Rudripege, Bb DOSthop-s St sdfesome
enbodi nmen a c L Pi chi.a L hi CC it No.:
5493. Al s%ﬁgé‘(islgﬁeégéﬁhﬁerﬁ&l ﬁntg{r?@ qngﬁ?wf g #to}é%gfrjg g%({tlzﬁgb b%l%lg[ig-’eselgeigt%zél udi ng
fatty aci embedimehtsgsther fed Ibatchofeementation niamodlyes tdudinge tghodoli detdingdhe

culturin east cells, for ex | e, Pichi udriavzeyi i Deposit No.
5493 cel Igge?llmﬁﬂ’ég?noih]‘ Sﬂpﬁﬁﬁgloaghperﬁ%ﬁ. ??%asghy@?lrlaégﬁg&&%rcgﬁfﬁrﬁrt iﬂa
cul't lfr_ed Y578 lenftdient@ N glykEBN IS HaBEd fr i Y. dulliBre Meddinh BFh& khe glycerol
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Al so di sclosed herein, are nmethods for producing biodiesel that conprise
fatty acid methyl esters. In some embodi ments, the nmethods conprise

cul t uri ngWQeaslfos¢®l’l s conpri sing Pichia kudriavzevii, MPCUIRI®E00712NO.
5493, 'under oil production WO 2011/051977PCT/1N2010/000712 conditi ons,
and extracting fatty acid nethyl esters by direct transesterification. In
ot her enbodi nents, the nethods include culturing yeast cells conprising

Pi chia kudriavzevii, MICC Deposit No. 5493, under oil production
conditions, and isolating fatty acid nethyl esters fromthe cultured yeast
cells. In still other enbodi nents, the nethods include culturing the

ol at ed yeastgel | S Ueh At Bl RokNIRAANZE L, WTORPaSidindRy, 5492

under oil T Sh €6 I ons I sola atty acid nethyl esters
fromthe fémhetnwrtm doatsilesankil she GBI ERhDFSGRICEY SNbeBFeddRMNNGE) Tk 1501 | owi ng

drawi ngs form part of the present specification dare in Iud to further
denonst r da some embiodiraente dhestegpentation tesulisip ag; (%]cfflglgtﬂf at faan%t 5‘%8 et t er

under st O%Id rg)(;vdéé tGHagi Cén B@]Ie_ﬁlo&ﬁbﬁlmgﬁt{]ethgfferhr% taoA MSAGS il 4h 60 d‘@f aton Wi th

t he det ai crip |on Igure 1 effect of . inoculumdensity on
bi omass pegd ubdutao% o adry iegghik balsis. aliz shill oth(edapb@dlmenltswﬂldéﬂmmn@@ ®lcessi on

No. 5493). Figure 2 shows. the effect of f th bi
product i driomass aifes Hpmnapationdy Ablqast about 38#’8 rtntb}%glse:‘lfqgsn S%

i nocul um 296 iGhe Rl AEBRSst REAHREIILO Pidned kzﬁ’irfbbk_@ukmrc@méﬁyshtl No. 5493.

Also disclosed herein are methods fo'rlproducing oil that includes fatty acid methyl
esters. In some embodiments, the methods include culturing the isolated yeast cell oil
production conditions, and; extracting the oil from the cultured yeast cells. In some
embodiments, the extracted oil is transesterified. In lsome’ embodiments, cultuﬁﬁg
under oil produétion conditions includes providing a culture medium including crude
glycerol at about 1% w/v, corn steep liquor at about 2% w/v, cryptococcus yeast
autolysate at about 0.5% w/v, wherein the culture medium has a pH of about 5.5; and
fermenting the yeast cell in the culture medium using fed batch fermentatlon at about
28°C for at least about 100 hours. In some embodiments the yeast cells include Pichia

kudriavzevii, MTCC Deposit No. 5493. -

Also disclosed herein are methods for producing biodiesel including fatty acid methyl
esters. In some embodiments, the methods include culturing yeast cells, for example,
Pichia kudriavzevii, MTCC Deposit No. 5493 cells,‘ under oil production‘ conditions;

" extracting oil from the cultured yeast cells, and,; transeéterifying the extracted oil.

Also disclosed herein 'ar.e‘ methods for producing biodiesel which includes fatty acid
~methyl esters. In some embodiments, the methods .comprise culturing yeast cells
comprising Pichia kudriavzevii, MTCC Deposit No.. 5493, under oil production
conditions, and ; extracting fatty acid methyl esters by direct transesterification. In
other émbodiments; the methods .include culturing yeast cells compriéing Pichia
kudriavzevii, MTCC Deposit No. 5493, under oil_f)roduction qonditioﬁs, and; isolating
fatty acid methyl esters from the cultured yeast cells. In still other embodiments, the
methods include culturing the isolated yeast cells, such as Pichia kudriavzevii, MTCC |

5.



Figure 4 shows the effect of carbon source on biomass production for Pichia
kudriavzevii. Figure 5 shows the effect of glycerol concentration on

bi onass pvoQOtise?Y7f or Pichia kudriavzevii. 'Figure 6 sREWANIM&O@Tfect of

ni trogen source on biomass production for Pichia kudriavzevii. Figure 7
shows the effect of corn steep liquor concentration on biomass production
for Pichia kudriavzevii. Figure 8 shows the batch fernentation profile for
t he production of Pichia kudriavzevii bionmass. Figure 9 shows the fed batch
fernmentation profile for the production of Pichia kudriavzevii bionass.
Figure 10 shows the fed batch fernentation profile for the production of

fehia | A Edos I shad diP B Jﬁﬁéﬁgor{@&hm&lﬁ LG BolbinS TANS adiiSnhn cel |

density FerTRnt at i'on~using cero I esel” i ndustry
Fi gure 1Zm&hQﬂSmhbﬁaﬂadmbﬁﬁﬁfmﬂbrnentat|on wi thout malt extract Figure 13
depicts the profile durlng scal e-up of fed batch fernentation w thout malt

extract az;[xcc%deglly,e <¥1sclosed herein is an isolated yeast cell of Pichia. kudriavzevii, identified
“under MTCC Accession No. 5493. In some embodlments, the isolated yeast cell is
able to accumulate about 50% of its weight as oil under Aoilv production conditions. In
some erhbodiments, the isolated yeast ceﬂs is in a cultur_ev medium. I,n some
embodiments, the culture medium includes crude glycerol; corn steep liquor, and yeast

autolysate.

Also disclosed- herein are isolated yeast cells of a Pichia kudriavzevii strain, as
deposited under Accession No. MTCC 5493. Also disclosed herein is a biologically
pure culture of Pichia kudriavzevii, MTCC 5493. Also disclosed herein is a microbial
composition including an isblated yeast cell of Pichia kudriavzevii, MTCC 5493. Also
disclosed herein are compositions including oil prodilced by isolated yeast cells; in
some embodiments, the isolated yeast cell is Pichia kudriavzevii, MTCC Deposit No.
5493." In some embodiments, the oil includes at least about 10% palmitic acid, at least
about 8% palmitoleic acid, at least about 1% stearic acid, at least about 41% oleic acid,
at least about 15% linoleic acid, and at least about 6% ‘linolenic acid. In some

embodiments, the extracted oil has been subject to transesterification.

Also disclosed herein are compositions including an isolated yeast céll and a culture
medium. In some embodiments, the culture medium includes crude glycerol at about
1% w/v, corn steep liquor at about 2% w/v, yeast autolysate at about 0.5% w/v,
wheréin the composition has a pH of about 5.5. In some embodiments, the yeast cells

include Pichia kudriavzevii, MTCC Deposit No. 5493.

Also disclosed herein are methods for culturing yeast cells to induce oil production by
the cells. In some embodiments, the methods include providing a culture medium
which includes crude glycerol at about 1% w/v, comn steep liquor at about 2% w/v,
cryptococcus yeast autolysate at about 0.5% w/v, wherein the culture medium has a pH
of abou'F 5.5; and fermenting the yeast cells in the culture mpdium using fed batch

fermentation at about 28°C for at least about 100 hours. In some embodiments the

-6-



Figure 14 shows the fed batch fernentation using de-oiled Cryptococcus
yeast as a nitrogen source. Figure 15 depicts the fed batch fernentation
usi ng seaoant/pivducti on media with sanme conposition. PBCHFINW1GB00HOWS t he
scal e-up of fed batch fernentation using seed and production nedia with
sanme conposition. DETAILED DESCRI PTI ON | . DEFI NI TIONS The term "Pi chi a
kudriavzevii" as used herein refers a species of the yeast genus Pichia.
One exanple is a new yeast strain deposited under MICC Accessi on No. 5493.
i solated fromyeast, including chem cal variants or nodifications of the

FAMEsS. The term"oil" as used herein, with respect to oil isolated fromor
produced yBystYEaR! indifde Fick kmaqéevﬁﬁumw hésdsit 86l 548t hyln asier s)
produced ‘i n yeast, el ds or total Iipid content isolated from yeast.

The ter me‘r‘rthokilmﬂsmsjudta cﬁem(entaﬁpnl nws" ants atisleabt hahost nlllOeﬂlemss t olngrseweh or

fermentati Qn condition I will rod uc con tlons
may i ncl GEPOSURYE | Hewi Sf?chwl’e;h%‘é%??%’roncé?‘ﬁ’(g Pg n$l?'(éec§° H%s of ot her
nutrient %‘cqr?e%@&fo]}l' ﬁl dothe &hﬁdd?ﬂ@ﬂs the adaeE El@&@ﬂhﬂﬁﬂfe§ crud@lélydéf(ﬂdllﬁt ion
conditions" are realized when the ratio of ¢arbon source to nitrogen source

in the gromehembedimmeniss gisotl i40adgied mntfﬁonéﬂém@ﬁlmnwben "th¢ 1glynearduct i on

conditions" are.realdzed.when the.t |carb Ci ssed
the met aQRFRUAtPTMY fegfl‘frg?téodl % 81t0¥VZ f %‘é f%m sﬂlc@/lhses anéﬁ'ﬁ%{tg

accunul atgofbnpliReeShtihSesatil Viet ©D. ofl the SRAR QNP BBWEInSaboud 10 pid AL i on
conditions" are realized when NAD-1DH activity is decreased or_ absent in

t he ol eadhsoms eydwdiments, shenfesmentafigrareselts ia anial Ela]ﬁ@fyaé&‘@t?t aé’t"lfr%am‘/"lﬁ’ﬁder
! YO8 b QBT RRNS Y S enBEOR RO AN RAFEE ML 11,2

acetic ac,ai rce 1 ze cero actrc-acid as

a carbon léé%tlﬁ&ﬁtt 2h%, uﬁadidjlexfeeghlﬂ badifield silbhothabenbo dlﬁllﬁdtsl the fmntefd gelinges in
general , whether or not (%ual ified by the term about, mi';%ﬁ) that the nunber
g Vo8

conpr eherhiemasssafiestfemmantation is gt dogst aboxe 30ng/ kiR 2 ey | af’l‘ér Pr?,omgnd is
|ntended i ge. whil e not
departi ng rog?ﬁ{lgrﬁs hl%ef e@&%@lﬁ @E@alé %\g}tehlﬁfﬂ%%d%Aészuﬁs}H?tﬁgrg " about " wll be
, under st ood-by persons of ordinary skill in the art and vm Il vary to sone
ext ent onAlsbelishosté hbreim ashinethods farspradaung bil thattemmpmse fa,ts)egmdfm(tth)gl term

whi ch are not cl ear to rsons, of ardj nany sk| d |veﬂ tlhe

cont ext i8tfhi Bhsane ¢rab @Gntsf'taf)&ﬁt 0 ”P‘f @“{fﬁgt e oFAHU €109 of

the parti H&lﬂ'ﬁlohecroﬁﬂltl'oﬁyéﬁg' Gl S R oi VM th %oulthiiéd ﬁbaﬂto/@el@ O %onter- refer

general |y to a standard devi ation seen.when using standard procedures for
measur emembodisentsethehtmited aihés trensesterifiedhs datsomer pobedipyntsoeulturing
Tt anSEStu(:';lrdlegc X 1 p%duc‘f:ion COH&I? ortlshi%cl%dgsc sto%ldmg a culture medium including crude
glycerol at about 1% w/v, ,corﬁ steep liquor at about 2% w/v, cryptococcus yeast
 autolysate at about 0.5% w/v, wherein the culture medium has a pH of about 5.5; and
férmenting the yeast cell in the culture medium using fed batch fermentation at about
28°C for at least about 100 hours. In some embodiments the yeast cells include Pichia

kudriavzevii, MTCC Deposit No. 5493.

Also disclosed herein are methods for producing biodiesel including fatty acid methyl
esters. In some embodiments, the methods include culturing yeast cells, for example,
Pichia kudriavzevii, MTCC Deposit No. 5493 cells, under oil production conditions,

extracting oil from the cultured yeast cells, and transesterifying the extractgd oil.

Also disclosed herein are methods for producing biodiesel that comprise fatty acid
methyl esters. In some embodiments, the methods comprisé culturing yeast cells

comprising Pichia kudriavzevii, MTCC :Deposit No. 5493, ‘under oil production

-7-



of exchanging the organic group R' of an ester with the organic group R of
an al cohol . A schenmtic reaction is shown below. As used herein, the

term " culWOr20HgS19¥8ans t he process by which cells (e.g. PCYauanoee1s) are
grown under human controlled conditions. In sone enbodi nents, culturing
includes fermenting. As used herein, the term"culture nediunf or "growth
medi um’ or "fernentation nmediunt neans a liquid or gel designed to support
the grom h of mcroorganisns or cells, for exanple, yeast cells. As used
herein, the term"yeast cell .biomass"” refers to yeast cells that are
produced by fernentation or by other culturing neans. In sonme enbodi nent s,

:E gesgﬁgsgzgg 1é1é)n$ Ir gm actl % f%t?f&l& 816# Eﬁgrs?{zfr KRB s ﬂofimﬂl siggar at ed

re or rrent Ion ne |um er ment ed yeast

cel | bi orsastdimedtsr shé Omeﬁaﬁts ¢ellhde thdturiag e ypasodeeldd hyn;fresnr@ni’mhnaon As
used herein, the term"dry wei ght bam%ﬁ means the mass. of a.co osition.

when at |kedsavaesieMICG RePpsigpdo456r Fndss darrodection;qo ps- agd 1sQldiing)
det er m ne u? %{etﬁgl' %E%s Pond fﬂg %Feq ))égﬁséellge#l st QRS Smbolighets, @fe cul t ur e

is centrit m-nut es bi omass pellet is washed
twice w trhetﬂbdﬁ inkluee culnirérig mndscﬂiattecégleaext celBCsuoh asdhshzarkudmwsvz( Mdiled y 24h).

In this exanple, the biomass. is et.ermn ravi,netr provi ded
inunits %?Poé‘rtamﬁ’ p%‘}‘%m“lnga ltlePFO pg%coB@po e IS%]f’h ﬁ@ﬁl)/ug‘ég tﬁ% I'n the
term " oi | E5GmAe Bulfllr¥d YEiBMsbasi s” nmeans the amount of oil produced by
a unit of yeast ce(fﬁuﬂIr rrg&s rregsured on a dry wei ght bases. For exanple,
if the yeast cell biomass pn a dry weight basis is 32.8 g/L, and 7 g of oil

are extr BREYF DESCRIEFEION OBPRAWINGH | yield is 21%on a dry wei ght
basis. As used herein, the term"isol ated," when used in conjunction with a

yeast str n’ﬁl S\gﬁé tO g i‘eaSt th% rb%s'eff Slg %&aﬁ@ﬁ'aﬂhléfe Qheifdsiert i al Iy

free fro normma npany or Interact with the
yeast celfyrthér ﬁ&ﬁﬂﬁktﬂa& bér&lﬂaispﬂ’c@d bf’ tl@fC@bH’sémtn@sclosure which may be better

understood by reference to one or more of the drawings in combination with the

" detailed description.

Figure 1 shows the effect of inoculum density on biomass production for Pichia

kudriax‘)zevi,i (deposited under MTCC Accession No. 5493).

Figure 2 shows the effect of pH of the medium on biomass prodﬁction for Pichia

kudriavzevii.

Figure 3 shows the effect of inoculum age on biomass production for Pichia

kudriavzevii.

Figure 4 shows the effect of carbon source on biomass production for Pichia

kudriavzevii. .

Figure 5 shows the effect of glycerol concentration on biomass production for Pichia

kudriavzevii.

- Figure 6 shows the effect of nitrogen source on' biomass production for Pichia
kudriavzevii.
Figure 7 shows the effect of corn steep liquor concentration on biomass production for

Pichia kudriavzevii.



environment. Thus, an isolated yeast cell is one that is no longer inits
natural environnent, and is, for exanple, growing or preserved in culture,

for exanpwe 20nv/@id7aboratory. 1. | SOLATI ON OF A NOVEL OpEAGNNOWE0YERAST
STRAI N Yeasts isolated fromvarious rotten fruit sanples were screened for
their ability to produce oil. Eight different rotten fruits sanples (mango,

guava, orange, ponegranate, grapes, banana, papaya and chi kku) were
collected fromthe Ghansoli fruit market, Navi Minbai, India. Skins of the
fruits were peeled and were added to 100 ml of glucose-enriched nedi um
containing (in g/L): glucose 20, peptone 5, yeast extract 5, malt extract

3, KI42PQ4 1 and - 71,-420. 0.5 1n - . IO e

sanpl es g‘gei%rfgﬂ%'/g?é%gbaltﬁl eHnFrﬁgtﬁ%na?ré’Pﬁség%‘ee;%rggcégﬁ(IE.S,? ?62‘?”‘21 %@Jﬁe}g( "h") at
200 revolyimas per mnute ("rpnf), to-enrich for yeast. The above enriched
yeast cultures were then subjected to serial 10-fold dilutions and 0.1 m
aliquots fromdilutions ranging from10-6 tq 10-1§}Ewere S re%gi gn%l_o MGYP
agar (1 %igiacdstows. the, fsdpbaicle fermandatipnaprofids or &he PEpdyehion o £%tidact, 2%
agar, an ; : tonycin solution). The plates were incubated at 28C
for_72h,qm§ﬁgkfg%gﬁ%%g§east col onies were further screened for their

| i pi d-producing ability by a solvent extraction nethod (Folch, J., M Lees,
and G HFighreah® shbas|thy fed Da&h) fejmeBaton pEhfdm fop2be pagiuctipn eif aBishiat ed i n
exanpl e 3%. The i sol ated yeast,.identified as having potential for oi
product | dHHHAZEPH UG ‘ch%rﬂ%hﬁgﬂi (Institute of Mcrobial Technol ogy,
Chandi garh, India) for identification on the basis of sequencing the D 1/ D2
domai n ofpibie 136shoks RS BERI ceRNRnaBNRmEMEt e asihg Studaiglydens deudtifibm be a
novel subspecies of Pichia kudriavzevii. This isolated yeast strain was
deposi t ecdbiodie@tirslstry 12, 2009, as deposition nunber MICC 5493 in the

I nternational patent organi smdepository IMECH (Institute of M crobial
Technol o ngli , j under the Budapest
Treaty. qﬁﬁggggngggﬁgﬁ?g%g%gﬁ?égéggﬁé%§%g§#&§¢§§%ﬁtnay be cultured in a
medium typically used for culturing yeast. The nutritive requirenents may

i ncl ude ripERYSNdgacts tles peifiid dasng el ©np of tfed patoh dermeation exithoat maltheef
extract, coin steep |iquor, ammnium chloride, sodiumnitrate and anmoni um
sul phat e,ex&aet a2/ Bol§Veour ces such as gl ucose, gal actose, starch, arabinose,
glycerol, mannitol, sucrose and fructose. Culturing may be performed under

a range Oﬁiggl%g t%ﬁ&&st}{ehﬁa B RImadNEsS aéi\»Ai% afeisrl @yﬁb&&cuﬁgem%ra

condi tion aln the gromh rate or growih pattern desired (e.g., under
oi | produdtrogen soormi ti ons). Various physical and chemical parameters were
eval uated for maxi mum growth and oil production, such as pH, inoculation

density, and i ul.u age, .ln ditli I C : | tragen
sour ces (RSN & Sebit o ga At e T btaibn e el b ARB R el MHBECR. o
way of exapRl®mpétitioat by way of limtation, cultures may be grown under
aerobic conditions, within a pH range of fromabout 5.0 to about 7.0, with
an inoculumdensity of 1-5 % and an inﬁcful um age of 6 to 24, hours.

Figure 16 shows the scale-up of fed batch fermentation using seed and production

media with same composition.

DETAILED DESCRIPTION

L i)EFINITIQNS »

The term “Pichia kudriavzev,ii” as used herein refers a species of the yeast genus

Pichia. One example is a new yeast strain depbsited under MTCC Accession No. .

5493.

The term “biodiesel” meahs a diesel fuel comprising long-chain alkyl (methyl, propyl

or-ethyl) esters. A biodiesel may comprise fatty acid methyl esters (“FAMEs”) of oil

._9_



The present invention also provides processes for biofuel production by
extraction and transesterification of the oil accunulated by an isol ated
yeast st ra0r011/051977EMBODI MENTS | n sone enbodi nents, conBOeTiIN203H/800412%

provi ded that include a novel Pichia strain of the species Pichia
kudriavzevii (P. kudriavzevii) having MICC Accession No. 5493. In sone
enbodi nents, conpositions include an isolated P. kudriavzevii cell wherein

the cell is able to accunul ate at | east 50% such as about 50% of its
wei ght as oil under oil production conditions. In sone enbodi nents, the
i solated P. kudriavzevii cell is in a culture nmediumthat includes a

nitrogen.s a our,ce .and br 0 aut ol ysate.
In sone" éﬁ@ ﬁ%@ﬂ?%eas{’réqcﬂ%(ﬁgg e lﬁaﬁow ea°¥%§dé§rg§(gelhsld%é&ang Sol ati ng new

strains of yeast capabl e .of accunulating oil (e.g., ol eagi nous yeasts). For
exanmpl e, The eaAEoaMROdsERISin, S@hRtgRct toadil fﬁﬁbatddoﬁﬂéraldh pmcbdmgd hpysasyeast s
are cultured under conditions to enrich for yeast: sope, .enbodi nent s,
such condeterbislipide (el ag-fatty agidypeisyl @l‘ﬁrF)CPFé’éu“rFédPL}fﬁaSti A BRidS QL &0t ary -
enbodi e ins: 20 g/L glucose, 5 g/L peptone, 5 g/L
yeast extq?pé%t‘s‘g&gmqf‘g&gwgh{ rtgct 1 g/L KH2PO4 and 0.5 g/L MySO4-7H20. In
sone enbodi ments, sanples of the erriched cultures are plated such that

i ndi vi duefrhectehﬁrﬁodSprodmrctlba oendlltmm als fised Hergin defprsadigrowth erblefengationn somre

enbodi nent s,_. j ndi_vi colo ed d tested

sol vent eSOPARIONS iR, "ﬂ%‘?}héﬁ CF o pgﬁcﬂb?‘@aﬂtqnﬁdna&'binfflﬁ ¥ rinﬁcl?églrre
enbodi menf s, ARk of EarBBﬁ’\Ahdj ﬁﬂntteﬁ ARG Aot Qerfontss Gpdifidalip sitfapen.

ol eagi nous yeasts. In some enbodiments, growh condi fions are directed to

t he ferment Mn@mndnbdmh@mgl ‘fodlu proglnetims conshtiornsd qmb odalized owhemn theesetipaeft i on of

oi | produc t he and/ or. for the manuf act.ur f Ies usi ng

oi | prodtf@é Utrﬁ%t%(?ig‘{gen‘lsl‘?ﬁg ]inn&f g}"f%,{f %Oé}r% clgn%hl ons are
al so " oi | e RANEAIRY “&iP PbducBOS -condifioBOMEreeRAREHINRALS . the tidsathoxghitidicid ons or

oi | producing conditions are determ ned by eval uating one or nore of the

f ol | owi ngeyeker isrmeprssssd, the metebelipspathwar i aleqr%m@élw%ﬂxeswﬁa%ﬁ%&re density
("0.D.") of.,the fe rrented ast ost;..p dar east

bi omass; llﬁld %Cézf]mbléainoﬂnﬁ)rocs? %h%cug% e(aexthrla%t ed%#ntrbg% éé’%eﬁer?'?legm‘elg[g%ty and: 5)

cost per gynditionk” kirodegsel waenNADUDI dctionty ok | dqureded ed éhsemhm yleast. In
sonme enbodi ments, growth conditions (oil producing cgonditi Oﬂ& are pr ovi ded
for P. kuelpagineus\yepst ssaihas spmpagsfblogihe fame YEast sryia ndeiicqsing |
fer ment ed ts ﬁﬁ‘d\ﬂ@é”'bﬁﬂj P.
kudri avzea\#l?ilt,hg(légeg &%Egay%dﬁ} ?t% h&ﬂﬁ E)%ggrﬂeﬁ#ezg aetid a %r?ga%/zev?l bi orass; cost
per unit @fndtﬂlﬁeglylcemkbfhcﬁeabldamam:hbome&j P. kudr| avzevii; and cost per
unit of . bi od| esel manufactured fromoil produced by P. kudrl avzevii is

achi eved. enbodi nent.s; net S are provi for zin rowt h
condi ti onds Gé?‘frﬁeﬁ’ieb‘a&g %m“f 6‘%@%“? B %f@&é?%b‘h%e‘%fé%{s “BY B g?/?dl ng
certain gﬁdh%&%?%e gl a%iams b ROiHGAIhe RRNAREEGhSrehdited M Eotdimkied iy s, such
parameters resul in inproved yi'el ds of one or nore of éeast bi omass, oil

product i mxactmgnberfseiafoahlherm, and isrimtanded tﬂ @ﬁ@é@ ranges subsengallynwithig they) |

produced by .the fer t i i 0 I

manuf act u‘ﬂ%’& ‘i[]F%e p?%d% gﬁmﬁyﬁ)?rﬁetﬁg SC%RC ngng 1{W‘%lfogex‘gté ﬁ?e? herelns ot by
way of |i«abbat Wil baQi}id%tsﬂiddgiyq%rso@lﬁﬂ)f Btdifdry Isl@mah t}likaziraﬁiﬁi @ﬂlsvarymd sothee

i nocul um age, inoculiimdensity and pH of the fernmentation pedi um carbon

source, cextpron tewopiextanwbidhribis wad. A thesyers ueupke Hm €80t ce
concen L Rt i S O R £ Bt Tt o
Ny pr OVi MExI m zi ng

gr owt h - coRéll tie@f aip (@ plus i aeited Mo ob ek pariadyr e, méladlg'glphusnymaw 5%y
provi di ng cert%u n nutritiqgnal. and physi ol ogl cal .paraneters and econpm zi ng
the produt¥s 8r%f0-QE4ser 1t asacrally e 2 siadya dsvigtPR seqn Whep using

enbodi nen I materials are used in the growh and

f er ment at#lo%ﬁe&nggg%?ﬁéeaynlgi@%ﬂvze growth conditions (and oil production
conditions). By way of exanple, but not by way of limtation, inexpensive
raw mat er Aalused hm:rbmdﬁlectemm“tsarfseqjemﬁ@uon” OCStansestarifpimgy rc;fc@rt@them@pease oil ed

yeast autolysate, for exa l e de- o} t oc east autolys

sone enboa* g‘ﬁ%oq‘%ﬁfg §F°6\R/t$r (9? B %ggal Y’ﬂgﬁstﬂgé%%%mﬁ ﬁ{‘ﬂuBg%s ferude .

gl ycerol ﬁl&:oﬁ’@ouﬁxséi{é’rﬂytl\bre&ﬁbﬂlssih%%ﬂe'l(ﬂk'or at about 2% w'v, yeast

autol ysate at about 0.5%w v, wherein the growth nediumhas a pH of about
5.5. 1n sone enbodi nents, growth _cl%n_dl tions (oil production conditions) are

provided for P. kudriavzevii usinginexpensive raw materials such as corn
steep liquor, crude glycerol and de-oiled yeast autol ysate.



I n sone enbodi nents, the growth conditions (oil producing condition) for

ol eagi nous yeast are perforned to acconmopdate | arge scale fernentation
and/ or hiyP20u/si97y fernentation. In sonme enbodi nents, @CI/IN2GHOETI20ON iS
done at a smaller scale volunme (e.g., 5 liters, "L"); in other enbodi nents,
oil production is done at a |larger scale volune (e.g., 27 L or nore). In
sone enbodi nents, oil production is perfornmed in a smaller fernentation

vol une and the paraneters are then scaled-up for use in a larger volune
fermentor. In sonme enbodi ments, the nutritional and physiol ogi cal-
paranmeters are additionally prOV|ded in the | arger vol une fernentor after
kal e-up fromthe small volune. In sone enbodi nents, inexpensive raw
materials such as corn steepdiquor and crude glycgrol are used. In sone
enbodi nents, the 3%§Eg|pous east_Ls_ELcéygﬁ avzev i, such as the yeast
strain deposited r Ac Qﬁﬁhﬁn No. Mr 93 RIE enbodi nent s,

nmet hods are provided to allom/oleaglnous yeast productlon to high denS|ty
in fermentors, using inexpensive raw materials including crude glycerol and
corn steep Ilquor In sone enbodi nents, the al eagi nous yeast is P.

kudri avzeAs wsed heteir) tlacStetrhé‘clylaamg” stenns thequm&ﬂ byewhichdelis @cg:e@ast@nllﬂo MICC
5493. I n sonme enbodj nents th ovided for ail. extraction from

ol eagi no&e \BEQWR m¥%n§BWEme Hﬁ%éﬁ?%‘“gpéag 5@§6Y3§@¥h?§n§ef H€d under
oi | prodq%ﬂ@gmq%%ghhh and oil is extracted fromthe fernmented cells. In
sone enbodl nents, ext actlon includes lysing the fernmented yeast cells
(e.g., by honogenization or freezing) and extractin the oi | using a polar

or ganl c ol wsatk herBin, why tam Esdpt enedbum” ot ghyvthagpe o tIarmeRtiogo| ar

organi'c sol ¥ent,s include.chl or,of orm and hex . S t he
gr owt h néﬂ‘?q\g?‘ﬁlfé? af‘@raﬁb%f(gf’f & ({eﬁl@fl Osupﬁgggg%éo\%ﬁ%g\%nﬁa‘t@e als such as
raw gl ycegens, fglng(a@gﬂ@ yehsteplld. i quor. I n some embodi ments, fermentation is
per f or med to high density in a large volume (e.g., 27 L or greater). Thus,

in sone enbodi nents, thods are Brow ded for oil extract| on fro

ol eagi nouss ‘}'S@éiler%ltbﬁtqr’él ‘vsatt celf prograsy erefers tvisast ealls yhaljazgpradiy g]bfyeam bl e
on a lar o] t i

kudr i avz%ﬁ&%ﬁc s§’t ﬁ:llﬁelegglcs&tg'i l{g?{ae?’?ls dggogﬁghﬁﬁg@%%gig% syl%gﬁ cI\ekl)l.

5493. In tﬁ@ﬁ&sselﬁdsdfﬂeﬁmbtlsctedrby leentsifipptonpnod isgdattdito séree degrde dionp theof

bi odi esel (e.g., biodiesel orrprl ing f acj.d.net hy "F ")
from ol edytHEUY %%rtt%nonl Wegl “Far?fe@St “ﬁht %a%ssare?fa‘%%\ﬁ?féaéw

bi odi esely, Lo Qi next racted fromthe newy isolated yeast P.
kudri avzevi |399gp05|9te gr A(\)ccesa on No. MICC 5493. In sonme enbodi nents,

t he nmet hods incl ude transesterl fiacti on of oil extracted fromthe -
ol eagi nouss yeeddtereinsthetérer “dyrivsighinbasis” mears the messlof # gempemtiemwhen Alect:

e okl Sk hE B BT RS el P e o

product i oReibhiodP fehR@ledpaust yiatsibmassy6he 88 oPaliira 1d<¢5ﬁtﬂfagé'c9w i0 oampnh is
cost effective, comercially viable and feasible on alarg (gaaed | n sone

embodi menfos 10 meinytsss Hhedbiemapasilel snxashed t‘ﬁ}cé\)’i’lﬂb@ls'ftﬂéeds?!?@éﬁn &l ate
hod
new str al pRcofy V&AM RAE. (101G UM ALl bxarbil #8750 prog #B8iiined et hods

and conposi ti On€oare provi rat fesel uction using .
oi | extr agheithelricilyl oiel isgvdwdddsinhaitedf gramster Riitiliter, gramd pealiegeid MICC 5493

As used herein the term “oil yield on a dry weight basis” means the amount of oil
produced by a unit of yeast cell biomass measured on a dry weight bases. For
example, if the yeast cell biomass pn a dry weight basis is 32.8 g/L, and 7 g of oil are
extracted:from this biomass, the oil yield is 21% on a dry weight basis.

As used herein, the term “isolated,” when used in conjunction with a yeast strain, refers
to a yeast cell that is substantially or essentially free from non-yeast components that

normally accompany or interact with the yeast cell as found in its natutally occurring
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In sonme enbodi ments, nethods and conpositions are provided to optimze the
physi ol ogi cal and nutritional paraneters for inproved production of yeast

bi omass Byorhw/Sis7vari abl e-at-a-time nethod. I n sone eREBANZAENDE712met hods
and conpositions are provided to optim ze yeast production in high density
in fermentor using cheap raw materials including crude glycerol and corn
steep liquor. In sone enbodi nents, nethods and conpositions are provided to
provi de a process for extraction of oil fromfernmented yeast and
transesterify the yeast to produce bio diesel. In sone enbodi nents, nethods
and conpositions are provided to provide a process for the direct

transesterification of the. S I S. t .bi_adj | .
enbodrneﬁ?§F°W@FWbd_ gﬁdmkéﬁ%%%% ?%%g%grg %?ggﬁgégr@ok%g§VthpéEg?%cess,
for produgiviinfefdaes @, fbr eamasirowiicctr presarosd iretdlage, foe examplodnai al |y
vi abl e and feasible on a large scale. In sone enbodi nents, nethods and
conposi t ilab@atgry provi ded to maxim ze the production of yeast in high

density in ferrnentors using cheap raw materi als including crude glycerol
and corn ¥ eepdSOIGATION QF 20NOdib SHi. FAGINO W YEAKT §ERAOnposi tions are
provided to screen and isolate new strain of yeast capable of accumul ating

oil. In e enbodi t _the. present i nv i on SCLI - bdanti fication
of a newog‘fnalsiaS a](§8@t?§ra§?linn6an§)?l PR Sllug hlﬁgﬁ%%d\rvlg%véz%é%/e?ﬂgé I\%"hcgl 6554%@&%5{0
char act erpra@stelil. i EighGdifferesefpten taita Bahies margo, gauve, eahgd pompgranatepet hods

and conpositions are provided to optimze the nutritional and physiol ogi cal
par anet er&apesi hgnanae Penfea \Aadi diikar) aver cpllpgtedriiony the Gha‘ksB’r'rénr‘éhﬁ@Hlf%nt s,

such net hods I@[(lﬁl])gls 9450 Y O el Gt ivg}ed%ee%fd. %'gg%%re E8%S5 1 gbn Ej'nlS(?frna

enbodi nent's, nethods and conpositions are provi or batc fed batch
f er ment atglacosefenyielasit medinmseameaiginp qih gyt slncasa 0, pepthoad§, yeast exdecpboduci ng

t bi i d | | | i o
2 bodi TP Easec dr BEERP ey Vas O TROgh Sobeh 250 Birenirgrever Nt Breos |
scale. | g%aﬁg)lﬁ?s gg}eoi%w&@écﬁm 1Bt R SoARHIEP R ORI ¢ PAS4@MBuR! CXHIRD IO

extract rom
revolutions per minute (“rpm”), to enrich for yeast.

The above enriched yeast cultures were then subjected to serial 10-fold dilutions and
0.1 ml aliquots froxﬁ dilutions ranging from 107 to 107"? were spread onto MGYP agar
(1 % glucose, 0.5% peptone, 0.5% yeast extract, 0.3% malt extract, 2% agar, and 5 ml
of streptomycin sdlution). "The plates were incubated at 28°C for 72h, and isolated
yeast colonies were further screened for their lipid-producing ability by a solvent
extraction method (Folch, J., M. Lees, and G. H. Sloane Stanley, (1957);]. Biol. Chem.
226: 497.

) elaborated in example 13.

The isolated yeast identified as having potential for oil production was then sent to
IMTECH (Institute of Microbial Technology, Chandigarh, India) for-identification on
the basis of sequencing the D1/D2 domain of the 26S ribosomal RNA gene. The yeast

strain was found to be a novel subspecies of Pichia kudriavzevii.

This isolated yeast étrain was deposited on October 12, 2009, as deposition number

MTCC 5493 in the 'Internatio‘nal patent organism depository IMTECH (Institute of

Microbial Teéhnology, Chandigarh, India) for patent purposes, under the Budapeét
. Treaty.
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yeast. In sone enbodi nents, nmethods and conpositions are provided for the
transesterification of the yeast oil. In sonme enbodi nents, nethods and
conposi t iIEABVES1P7ovi ded for the direct transesterifi cRCICAN2036/000E yeast

bi omass to nmake biodiesel. IV. EXAMPLES The foll owi ng exanpl es are included
to denonstrate enbodi nents of the invention. It should be appreciated by
those of skill in the art that the techniques disclosed in the exanpl es

whi ch follow represent techniques discovered by the inventor to function
well in the practice of the invention. However, those of skill in the art
will, inlight of the present disclosure, appreciate that many changes can

be made i.n the ecific,_embodi nents .that are.disclosed,. Lhd tain a
like or si 'rloé(FISE légiﬁ’l udigy %Kﬁtye%l%ﬁé?lfli%a@' ?er %%le%emsapﬂ%rgclhﬁ& gﬂéfcgl%%%aof t he
i nvent i orfor EXaIgeychst. SEERMifde AdtfliremehtstrhAninefude Inftédpen Gotircyearh dsi ght
different rotten fruit sanples (nmango, guava, orange, ponegranate, grapes,
banana, [pEptpe. HyRioBh| YeRsH)exierte beefr Sdiaeld coBr Stesro HgHaTogmmpaEn shlopde, ¢

sanpl es were coll ect i | J vy ai,
. SeongrE PRl b G el bl RS ipeSRICA, ol MRS

gl ucose- epdrtlchedinte] gireeeinmahnitdgsuctae ghd Jructgbaucose 10, peptone 5, yeast
extract 5, malt extract 3, KH2ZPO4 1 and MgS™. 7H20 0.5, in a 250 m

Erl enneyer flask. The sgnples were incubated.ih an incubator shaker at 28C
for 48 h GHlHngHARY Rg pagomRRy wosder a9k ‘?Pr‘iﬂft Sf}l&sé’f’.n Q}ﬁfﬁiy ?ﬁgc%ast

I sol ati OTbrowth, or under condition to obtain the growth rate or growth pattern desired (e.g.,

under oil production conditions). Various bhysical and chemical parameters were
evaluated for maximum growth and oil production, such as pH, inoculation density, .
and inoculums age. In addition, different carbon and nitrogen sources (organic and
inorganic) were examined as nutritional parameters. By way of example but not by
‘ 'way of limitation, cultures may be grown under aerobic conditions, within a pH range
of from about 5.0 to about 7.0, with an inoculum density of 1-5 % and an inoculum age

~of 6 to 24 hours.

The present invention also provides processes for biofuel production by extraction and

transesterification of the oil accumulated by an isolated yeast strain.
III. EMBODIMENTS

In some embodiments, compbsitions are provided that include a novel Pichia strain of
the species Pichia kudriavzevii (P.. kudriavzevii) having MTCC Accession No. 5493.
In some embodiments, compositions include an isolated P. kudriavzevii cell wherein
the cell is able to accumulate at least 50%, éilch as about 50%, of its weight as oil
under oil production conditions. In some embodiments, the isolated P. kudriavzevii
_cell is in a culture medium that includes a nitrogen source, a carbon source and

brewer’s yeast or a yeast autolysate.

In some embodiments, methods are provided for screening and isolating new strains of
yeast capable of accumulating oil (e.g., oleaginous yeasts). For example, in some
embodiments, samples that may contain oleaginous yeasts are -cultured under

conditions to enrich for yeast: In some embodiments, such conditions include a- .
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The enriched cultures were then serially diluted with sterile distilled
water and 0.1 m aliquots of the dilutions ranging from10-6 to 10-12 were
pl at ed onwo 2M3B1®wgar pl ates (1% gl ucose, 0. 5% pept one, POTAX M @aEtr122Xt r act ,
0.3% nmalt extract, 2% agar, and streptonycin (0.2g/L)). The plates were

i ncubated at 28C for 72h, and isolated colonies wth the norphol ogy typical
of yeasts were used for further study. About 250 of the isolated strains
were further screened for the accurmulation of |ipid by a solvent extraction
met hod (Folch et al., 1997), and one strain was found to be highly

efchti \l;F in accunulating oil as the other strains isolated produced

negl i gi anmount. .of oil. (n nmeasur abl e: For..yeasts, the lipid. .
accunul at UpseERaghed W%‘iﬂﬁ‘%r 3&‘ MSXERPLATY e dpenly SHGP & mEdi Hﬁ%??é?lfl?

ni trogen,ot 91 ghQle, e g&8§eﬁ@{epggg/Loyebﬁ ek EA! PQJIAhRM dxdact, llighl &H,PT)US
further optimzation was carried out on this strain tor increase bionass
and oi | prdducgiloMegSexaHpDe I8 somelembpdimeatsi sampes giche enrighed icultorpeargeast -

strain highly effective ..n accumul ating ol |.SE! - e 2 was
dent 1 1 Pt spite ok Pl AR @ s e lgRe BRERCr e R, 1
D1/ D2 dorgi &hbsdiferBSindiiosaaiorragesgedisd bt tdtedr (hg.Alby Ty pelvéntl t ur e
Col | ecti on, Chandlﬁtgarh and given Accession No. 5493. The strain was

i sol at ed esiraetinn merhedt for theidpidipidusingabiibt the first tinme and given the
accessi on nunber MICC 5493. Exanple 4. G owth and nai ntenance of the

m cr oor gapi Th traun Piehia Il 5 wdsedyd n the

xper s nonts e SinbkEkne htbact Bt Batlde Moy SohiidRoR

ggnt ai ni ngeakdusl yeaktst hin NEYP ermbbdimenton peoiwth ngpnfligioh :argldicosd toOthepept one
; yeast_ extract 5; K2HPO4 3; apd KI-12PO4 1; pH 5.5. The, nedi um was

steri | i-zdBrmetatig ofiqleaginops yeasior {Respro %{ﬂnﬁlé&xwwnﬁ;@e@ag?%g]@é{ | um (2

m) and i e & £ h £ 8£bduBE Yy 4R cul tured

as above.tﬂgéggsttnb%‘e% ﬁ?nt%r oviengﬁa[gi O%L}sg&%%g%lljg?fiﬁgnﬁTﬁe dgxanp%’es \gg{lﬁsf)w

i dent i f y Ehusy intsooe! enftaidameres, @rowlihf doaditions angladsor ailggodusthgesntitipas.’ on nodes

ARSI NIRRT IR E W L NI RN 4 S
evaluating one or more of the following parameters: 1) biomass of the fermented
yeast; 2) optical density (“O.D.”) of the fermented yeast; 3) cost per unit of the
fermented yeast biomass; 4) cost per unit of the oil extracted from fermented yeast; and
5) cost per unit of biodiesel manufactured from oil produced by the yeast. In some
embodiments, growth conditions (oil producing conditions) are provided for P,
kudriavzevii, such that one or more of a desired biomass of fermented P. kudriavzevii,
optical "density (“0.D.”) of the fermented P. kudriavzevii; cost per unit of the
fermenfed P. kudriavzevii biomass; cost per unit of the oil extracted from fermented P.
kudriavzevii; and cost per unit of biodiesel manufactured from oil produced by P.

kudriavzevii is achieved.

In some embodiments, methods are provided for maximizing growth conditions (oil
producing conditions) for oleaginous yeasts by providing certain nutritional and’
physiological parameters. In some embodiments, such parameters resulted in
improved yields of one or more of yeast biomass, oil production, cost of a unit of
fermented biomass, cost of a unit of oil produced by the fermented yeast, or cost of a
unit of biodiesel manufactured from oil produced by the yeast. By way of example and
not by way of limitation, physiological and nutritional parameters include inoculum

age, inoculiim density and pH of the fermentation medium, carbon source, carbon
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Experiments were carried out by a nethod assaying, one at a tinme, various
physi cochem cal paraneters or variables for the gromh of Pichia yeast
cell s (Piwhi2a1k3t977avzevii, MICC Accession No. 5493). pRCTINZdP@HAensity,
and i nocul um si ze were exam ned as physical paranmeters, while different
carbon and nitrogen sources (organic and inorganic) were exam ned as
nutritional paraneters. The sel ected sources of carbon, nitrogen and salts
were further investigated to arrive at certain concentrations for inproved
production of yeast cells (biomass). In each of the experinments described
in Exanple 5, seed inoculumand the experinental batches of cells were

of “yoast, i areaenssfon BBy uE, ARogRL AFiL S ShEUER, pRL BT |

vei ght  of fepg@fhtions bichls ®aRE or feSbale Riftmagbras fol lows. One m of culture
was centrifuged at 10,000 rpmfor 10 min. The bionmass pell et was mashed
twce with distilled water and dried at 40C to, constant mass su Iy 24h) .
The bi ondgssm%elab@@mwﬁﬁealeéwé@|aFFeP¥qva§5ﬂ| for maximpizng:gropth cAREtPEOdensi t y
I nocul um i V4LY) it

bi omass p‘g g%gdc c?r(\)ﬁ@v\}gigﬂgv ua e;%ﬁlg‘ﬁ;d’ b é}y ra&gldg;%eﬂil{rl\g% ﬁsr%la‘ég%gl ty did
not - si gnighysitdial phifaatters hed gomotiziog thehﬁoglmh oftyeadt hicomas hehawd/om al |

subsequent, experi rrents 1% (v/v) .inoculumwas used. D. :‘Effect of.pH on yeast
bi omass 1’(H%§ ecthusf 13 ﬁP@FaﬁmwlfB?P%%@fpeﬁﬁlaﬁé@é’ IB?“SH Etair%ﬁs?)dagp Heydi gd,
wher ei n t%f@w'tﬁ”aﬁd ?% 3n AEdi& 9o frhFnpreOgrbRtly chdlﬁb AW pRMLGAn density
O 16.86 {dry wel ght -yeast cell bi omass of 7. was obt ai ned when

t he f er nesvnditions). wldy Myrcbfedxample,abutphthbﬁ Wi gf hz)ltatlEn, Eekpapsivefranocul um

age | nocul um or 6 h to 24 h
ased 1o dBrEr il d st pet aror (Lo e i der B apatai8ptds o1 o
i nocul um geepgd;, l%cﬂegdlléﬁ @%gﬁo'ﬁy&‘ug?eégt abfdlfad th e ¥Bbaimests, Medsin cel |
bi omass of 8.1 g L (Fi

for growth of oleaglnous yeast includes crude glycerol at about 1% w/v, corn steep
liquor at about 2% w/v, yeast autolysate at about 0.5% w/v, wherein the growth
medium has a pH of about 5.5. In some embodiments, growth conditions (oil
production conditions) are provided for P. kudriavzevii using inexpensive raw

materials such as corn steep liquor, crude.glycerol and de-oiled yeast autolysate.

In some embodiments, the growth conditions (oil producing condition) for oleaginous
yeast. a_fe performed to accommodate large scale fermentation and/or high density
fermentation. In some embodiments, oil production is done at a smaller scale volume
(e.g., 5 liters, “L”); in other embodiments, oil production is done at a ‘larger scale
volume (e.g., 27 L or more). In some embodiments, oil production is performed in a '
smaller fermentation volume and the parameters are then scaled-up for use in a larger
volume fermentor. In some embodiments, the nutritional and physiological parameters
are additionally provided in the larger volume fermentor after s'cale-ﬁp from the small
volume. In some embodiments, inexpensive raw materials such as corn steep liquor
and crude glycerol are used. In some embodiments, the oleagindus yeast is P.

- kudriavzevii, such as the yeast strain deposited under Accession No. MTCC 5493,

In some embodiments, methods are provided to allow oleaginous yeast production to
high density in fermentors, using inexpensive raw materials including crude glycerol

and corn steep liquor. In some embodiments, the oleaginous yeast is P. kudriavzevii,
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F. Effect of different carbon sources Carbon source plays a role in both

bi omass and |ipid production. The effect of various carbon sources

i ncl udi ngW@l20tgse)77gal act ose, starch, arabi nose, gl ycer @CT/INEMHDA0GI2
sucrose and fructose on bionass production was evaluated. O all the carbon
sources tested, glycerol was the best carbon source (Fig. 4) resulting an
O D. of 25.35 and dry wei ght of yeast cell bionmass of 8.3 g/L. Further
optim zation related to the concentration of glycerol in the nedi um showed
t hat the highest optical density of 25.25 with a dry cell weight of 7.8 g/L
was obt ai ned at a glycerol concentration of 1% (Fig. 5. G Effect of

di fferent ourc ) n.s C t medi um was repl aced
with varid ot?‘ggﬁ?s Sté?“}fi% 1?105 1r%lllcernl ?Sgloglrﬁ%%¥§gsﬂ?ncl udi ng pept one,
tryptone, yeast extract, beef extract corn steep |liquor, amoni um

chl ori de In Sole wRbddihéits mdtbodyrar® @'ramdeﬁwop bﬁteetrac’ﬁmmrfrm e@bmglnogsigeas(.” CSL")
was found to be the best nitrogen source . An eval uatlgn of CSL
concent r 3B jseme swaRostimenis, l ﬁpeglqus,ygaqs%&rg@n{eg ‘@ﬂ?m@%ﬂ Rradyemg £opditigps. wej ght

of 9.85 %l‘} §ifFiig- Zr)act@(ﬁ Of}?or/?l GRL- feﬁg&m eIt %ﬁaéoﬁieu&nﬁ{)dlﬂieﬁé leRir&ktibh

fermentor 'The scale- up he producti on of yeast:- cel Pichi a
I(( udri avz emludesl\lliﬁﬁg Abe deisienred\peast dAB) (ewpsby domiogehizationi or fredzing) eadt or
Sartorius B-p

th Ki !
Scal e- up§xﬂé‘|‘t€1gﬁg?f) g l%fmé%%?q?‘b ‘r"?nlrtnn CWE}Y()(;EGXEHQF B‘étl %%YK" a(y or )

Det er m naf;afiof h;sm FQiivenhe ifIRE | dIBGbHrAe Gl Rednkn Bxarghes 7-12,
oi | yiel romt nted yeast cells was determ ned by dividing the

quant i ty eafbodirherty, tHe; groomh imegdeing fier fofmengdtion m@lk@es iheppensive wyt macrialsn. B.
Batch and fed batch fernmentation usl I\/Es | um
_ such as raw g ycerol and corn steep liquor. In some em odiments, fermentation is
performed to high density in a large volume (e.g., 27 L or greater). Thus, in some
embodiments, methods are provided for oil extraction from oleaginous yeast which is
cost effective, commercially viable and feasible on a large scale. In some
embodiments, the oleaginous yeast is P. kudriavzevii, such as the yeast strain deposited

under Accession No. MTCC 5493.

In some embodiments, methods are provided for the production of biodiesel (e.g.,
biodiesel comprising fatty acid methy esters, “FAMEs”) from oleaginous yeasts. In
some embodiments, methods are provided for biodiesel production using oil extracted
from the newly isolated yeast P. kudriavzevii deposited under Accession No. MTCC
5493. In some embodiments, the methods include transesterifiaction of oil extracted
from the oleaginous yeast. In other embodiments, the methods .inc,lude the direct

~ transesterification of oleaginous yeast biomass to make biodiesel. .

In some embodiments, methods are provided for oil extraction and biodiesel
production from oleaginous yeast, such as Pichia kudriavzevii, which is cost effective,

commercially viable and feasible on a large scale.

In some embodiments, methods and compositions are provided-to screen and isolate

new strains of yeast able to accumulate oil. -

In some embodiments, methods and compositions are provided to demonstrate

biodiesel production using. oil extracted from the newly isolated yeast Pichia
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To pronote high density growh, Pichia krudriavzevii cells (MICC 5493) were
grown in MGYP nedi um cont ai ni ng peptone, yeast extract, malt extract and

gl ucose. WOI2DH/0M978 grown in a fernentor in either batcRCHANIGHOMWEIXCh node.
The fernmentation was carried out at pH 5.5. pH was nai ntai ned during the
run by adding liquid amoni a as necessary. The agitation was kept at 350
romwith 3 wwn of aeration. For batch fernentation, the run was .carried
out for 48h at 28C resulting in an OD. of 24.2 in 48h with dry wei ght of
yeast cell biomass of 8.4 g/L (Fig. 8). Thereafter, there was a decline in
t he bi omass production. To inprove the yeast cell density, fed batch
fermentati on was. @&b??@ﬁd ‘The fermentor was run for 120h under the

condi t i off&"Ed s node, except 1% gl ucose was added to the
fermentor as. feed when glucose |evels dropped to below 5 g/L. Results shown
in Figur b YomedemBb@inichR! rAethBdd AHEN nyposioaBt aref ploviieds® optiddeSdiel was
obtained in_110h. The O D. was 101.35. G| extraction was not done. C. Fed
bat ch f ephsinlegicdrandgiuttionshypargmetess, fartimprevedsrednaiion of ygast gnyraass Y and CSL
To bri ngth@%‘ﬁ@ \}aﬁ‘r?b183§-5-t91{t ﬁlhﬁioﬁer ment ati on medi um peptone and yeast
extract were re ced corn steep liquor ("CSL"), a cheap raw material,
and glucose was replaced with crude glycerol. Gycerol and CSL were

i denti f i Bd sbmet érebddimeipts,e nizthollk earfde compdsitionse atie uproweted mndeptn'xpizofye(asmde

gl ycerol 2% CSL. 1% mal t. extract 0..2%  The fernentati.o for 120
h at 28CPRHCEPTR g’fg%‘ag%‘SltTHB éﬂ’f“ffﬁ?rl Biingerbean Tagk, gnatpty ‘ﬁf \)sP‘tqh‘Y}gg

aeration was added as feed in the f er ment or after 17h
and 65h % %ﬂggu %%ﬁé%\}tén@the gl ycerol concentration was reduced bel ow
8g/L. dycerol levels were brought up to 30 g/L. The results show that a

bi onass bf sohie ghbodimenishmaihndsianchcamRisitiphs ma:mbmdﬁ@rap pmv@e agpeess i O D. at
112h was 06.. EX h. cel nS|t rrrent t|on crude

gl ycer ol XA 19%8?$$g%§688?%§%yeaish?fgl tfwe ﬂf)ea¥e att §?’d§ rstéi\'/vas
carried out in a bioreactor (Sartorius C plus, Germany) W|th a wor ki ng

vol une ofn Sorfk émbddimehR@ikthols i clemsdsitiond aeprovided ehprvideds pravesevori cel |'s
(MICC.5493) were grown_in medi um contai ni ng crude gl ycerol 1% w/ v; corn
steep | i thestirepbransesterifigetion of theasest blogogssfamakebipgicttlext ract 0. 2% w/v. The
medi um was i nocul ated with 20% v/ v inocul um prepared as described in

Exanpl e ‘ol pH was
contnr) ol | fehd 0313“ nE,“t gnJrSﬁ[% %énmn ‘{OQRP"hgﬁ‘r 3%1 ﬁgéf%xﬁgﬁg% rd(S)Ur'e‘s% & P

sul phuri proalumdg;bmdmekaﬁsraryyast'ﬁh&cﬁ Brosreffetiivn coamenedlbr vable apd &gsnbEtl on at
700 rpmwith 1 vvtin of aeration. In total, 6%v/v glycerol was added to the
f er ment oPnééarg%é%Feadded froma concentrated stock sol ution of gl ycerol so
that final concentration is 1 %during every feed during the course of
ferment afy %m\éheﬁbadlﬁféﬁfsolmétﬁy@ andlrRRPREGtHAs hed \aﬂéd— to Rasuhifize gkown in
Figure 11 indicate that a maxi mum O D. of 123 and dry wei ght of bionmass of
30. 4 g/ 1pwyctiit af yragt innhigB @lansity inefermmenternsiusmevshenp asw enatenaleinglugingt 3. 76 %
, the oil th’ on groc vas optim zed subsequently) on a dry wei ght
basi s. Per g0 B % ceﬁpllgrmant ation without malt extract In order to
reduce nmedi um cost, fed batch fermentati on was carried out excluding malt
extract [mséhe eﬁﬂﬂbdﬂﬂﬁntsN Ihethcbdsedind edsmpcmttains care [pacvidet gy screer andksplateconst ant

(the sane as described in Exa The ferpentor n\é@s run for 136 hr and
% v/ v BEYcErH (\ﬁe)éea%d%@& feo0 H%"upétl?fﬁ‘rgt gil- aln pBe FIYROLIEt 1B MEFSCRy el s

dfopped iR iclGHdes frRCSHtRRCARACAL! £ ARy SPNREALALAS ShREkpRAUL ] on of

gl ycerol so't 'nal concentration is 1 9% duri ng every feed. Results |
shown |nkEdr@auzevzﬂMTiGm549§tas chhmattesizexbby 1t1gen®.sByuente ddysas obt ai ned i n° 136h
with a dry wei ght of yeast cell biomass of 30.1 g/L. The oil vyield was 21%

\(/)\nnt ﬂ{)ﬁt m&%}xgﬁ%&' gs”argrgﬁgiﬁ%lea)éhr ggrhpgs%%ncsi Qr% %Mv eiaatto op 1;nc1‘)zrg ttl?e medi um
‘nutritional and phys1olog1cal parameters using the one variable at a time method. In '
some embodiments, such methods are used to improve the yields of yeast biomass. In
some embodiments, methods and compositions are provided for batch and fed batch

- fermentation of yeast. In some embodiments, such methods include producing yeast
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Exanple 9: Scale up of fed batch fernentation without malt extract at 27 L
| evel Fed batch fernentation described in Exanple 8 was scaled up to 27 L
in a Bi of WORBOQB1978r m entor (New Brunsw ck). All ot her PCEANEN0/6Q07N
paranmeters were kept constant except the agitation was carried out at
350rpm per tip speed of the inpeller. The fernentor was run for 112h and 6%
v/iv glycerol was added in the fernentor as feed when glycerol |evels
dropped to below 8g/L. as described in Exanple 8. Results shown in Figure
13 indicate that a maxi rum O.D. of 96.36 was obtained in 112h with dry
wei ght of -yeast cell biomass of 31.8 g/L. G| yield was determ ned to be
22% on dry wei ght basis.. Exapple 10: Fed . batch . fernentatidon using de-oiled
Crypt oco H@S@g%g Cégéeag]rﬁc'frf’gpﬁg‘i B4 F@Sp 'f’]@u%kén tHE %?%og érggnt eragt a |
econoni Clh¥nt¥d &Pk BrgdRKRI e @Rl uptd o Ysebe. i n the nmedi um was repl aced by
de-oil ed Cryptococcus curvatus yeast cells collected from ot her
fermentations. All other nedia conponents and fernentation caonditions were
t he samelrasonu smbpdimentsy nthads|aad gompesitiepsyaie Fpvidedite sxEH of jolured crude
glyc% | 1% wv; CSL 2% w v and Cryptococcus yeast autolysate 0.5% w v. The
fermentation was carried out at 28C and a pH of 5.5. The fernentor was run
for 136h and 7.5% v/v glycerol was added in the fernmentor as feed when the
gl ycerol Il ev@hs @andpdaderty hettbods8gand asompsstionsedaren frxeidpd e f& Wesul ts
shown in Figure_14 ig}?i cate that a maximum O D:- 144 was obtained in 136h
with t helrefsgstarfieationof t $t %%l | bionmass of 40.6 g/L. The oil yield was
determ ned to be 14.8% on dry wei ght basis. Exanple 11: Fed batch
ferment aj Q@nidsiebodRShtdNFeRiodUsld QBnipRStBnM A SB0RIeE OFROMHet idaBetl N al |
t he previous batches, the seed inoculumwas always grown in MGYP nedi um as
descri bettansastesificatios of thehwags\biomassite tiake biodiesela commmodi ty product t hat
shoul d have ‘conpetitive pricing; accordingly, every bit of econom zation
is warrapted. Eg@éﬁf’ﬁﬁg t he seed inoculumwas grown in the sane | ow cost
medi um aS" t hat production which constituted crude glycerol 1 % w v;
CSL 2% w/ v and Cryptococcus yeast autolysate 0.5%w v. The nmediumfor fed
bat ch f eThe SlRiwing ex@sdples actihatddd 1 démozBfrate /evbsdmkbntnofiCthe imnveation.t fte
fermentation was carried out at 28C a a pHof 5.5. Al otggr ﬁlaramaters
disclosteh

) 8C an _
ver e t heshoaifh be @ppresigiedpgthose ok sl ie the artcthabibe teemidues B was run

for 114 4. bo ' : PERS ; when

gl ycer ol QfaZr\ﬁ}:gffssngré %‘5%%‘%}9 h%’?%&vmgayl@?q%ggﬁq%ége%%g%q?r omrgs gg%ggﬁ?? gt ed

st ock soinuthie pnactice @if Wineinvkntim. t Hatveddrnthbose ohslelhtin she arh wild, ip lightiof theg every
feed. Results shown in Figure 15 indicate that a gaxi n&:m..o.fg. -of 6.5 was
obt ai nedPiesen 1 KCIFYIR &PQ‘%WQ egiiat gnagg aehangey ca; Rggade, dn ge gSREPHIC e o |
yi el d wagnBOaidEnlotRit HE ¥iscldIdHNd sBfASIbEain 4Hke dF BT far Hsull WigRLOHephRBg | S
reduced to ensure conplete utilization of glycerol and elimnation of any
r esi dual frgmytbespirit and sdope ehtheafivehboment at i on. Exanpl e 12: Scal e-up of fed
batch fernentation using seed and.production nedia with same conposition

Example 1: Screening and isolation of oleaginous yeast

Eight different rotten fruit samples (mango, guava, orange, pomegranate, grapes,
banana, papaya and chikku) were screened for oleaginous yeasts. Fruit samples were
collected from the fruit market of Ghansoli, Navi Mumbéi, India. Skins of the fruits
were peeled and added to 100 ml of glucose-enriched medium containing. (in g/L):
glucose 10, peptone 5, yeast extract 5, malt extract 3, KH,PO4 1 and MgSO47H,0 0.5,
in a 250 ml Erlenmeyer flask. The samples were incubated in an incubator shaker at

~ 28°C for 48 h with shaking at 200 rpm, to enrich for yeast.

Examplé 2: Yeast isolation
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Scal e-up of fed batch fernentation described in Exanple 11 was perforned at
the 27 L scale. Both the fernentor nedi um and seed nedi um constituted crude
gl ycerol WoMNOS1CSEL wW v and Cryptococcus yeast autol ys®C#1IN2080/09071%. Seed

i nocul um was added to the fed batch fernentati on nediumat 20%v/v, and the
fermentation was carried out at 28C and at pH of 5.5. Other paraneters were
the sane as described in Exanple 11, except the scale of the fernentation
(5L vs. 27 L) and the fernentor, a Biofl ow 5000 fernentor from New

Brunswi ck was used in this Exanple. The fernmentor was run for 134h and 4.5%
v/v glycerol was added in.the fel-mentor as feed when ‘gl ycerol |evels

dr opped | ow 80/ ). Feed was, added,fr cancent r at jjon of
gl ycer ol b@t‘j‘ e[nﬁlgﬁei‘inﬂg.}resc\gg gh?r}_ %etqatl)lﬁ dl(i)hsrH e% W/@Hﬁ? Elltﬁg(ﬁset@feéfl f/‘{' a(r%ée;#éadl% géﬂl ts
shown i n Jfigasts @f e diktioat@ginpatond 108¢o MUTH @efd. platbd bith. MGNPSagabphitased i n
134h with "a dry weight of yeast- cell biomass of 32.8 g/L. The oil yield

was cal cull %t ebicoss, K> 1peplensn Oaﬁ%ryaﬁﬁef’ﬁﬁipﬁ' ba%i malt el &% 325 gnd
extractiq ét%%?g%ﬁ@&%g@@l | e Et%lke%hwﬁreokdgaﬁﬁétg fligep fégtmg)anﬁhﬁ?ﬁé?eﬁs"

bi onmass per‘u rment aton net escribed n"any of the above
exanpl es doforlewige tezasphbloBy Bpicad biipestsobere nkedrfof frrthetratutipnAbo@t250)

m xture (1 in 20 m of solvent mxture). After dispersion the whole
mxture i tg‘@lspb?ﬂf’é’clst%r‘ﬁ?rﬁ Hurthes Sﬁ??eﬁqdof"? dhe %‘W&W@gﬁg{l of gﬁﬁﬂ%ﬁﬁ%lP’SRtur e. The
honogenat g, j S: Ge i r eIl IS
washad wi kg kbl (AR b A09YERnd B b s RUER g by MEatSF LHEve

sul phat e/iNat3umsulhtirig eih as tetather\saninexsobged prodfiesd reghigibttsamaoune oo t(owte i s
centrifuged at | ow_ speed (2000 rpm) tq separate the t phases. After
renoval dFe%SH@Plfp\é\lE‘Pr }S?i’é@etzrﬁyh@fi ﬁﬁ%ﬁ?ﬁ@?‘or{)ﬂ@cf’%ﬂmﬁﬁl . F(‘ff‘g?"}??l%é’g é

cont ai ni NEylid P! gally n %@%rt@taﬂgw%%s c}éﬂﬂﬂ%g]ﬂerlrzl&)gﬁﬁﬁﬂ}im%\dﬁﬁ&ﬁ atgfs or

under a nitrogen streamif the volune is under 2- . Alternatively, the
extract i dortbér optimfzation ywesss tarbied nmg sorc dlnis bedragtorier irsirgage rbitrosssnand opr opy|

al cohol . Ag@: 2 ratio of n-hexane:lPA was used. In a typical batch, 50 grans
(dry cel IPFO{GRT) of cells were mixed with 5.4 L n-hexane and 3.6 L LPA and
stirred overnight at roomtenperature. To conpletely separate the n-hexane

| ayer, 1mpj%yﬁt3@1dmm@ﬁd§@f§@astmam xture and stirred. The n-hexane | ayer
was recovered and evaporated I1n a rotavapor to recover oil. Exanple 14:

Trans esterification of the oil extracted from yeast For biodjesel -
product i orhe Yergt syrin highly sHeetiverip gpsumpeating dls@p disgyssed in E D¥Idsit No.

5493, as . i:hed I; FW . ' . .
transest e@?yﬁ_lﬁfcegt%? o%l?p%y%fi}ggr Y, 9?841@ O%ﬂ%eoﬁﬁeo?ﬁg%%ﬁ&aggﬁeg%h@& dto(r)n ai-rb g of oil
and thor aifghd Y6Srikednal RNZOpgme Byathe Mitrobih@ype Ltiture CGodlsctami, di fi-ed with

H2SO4 (0.1% an théa acidificat il\g(? rggcti on reaction was carried out at
35C, 150rhandigar i RO ACEeEWN Ne-248f ved i n met hanol was added to the
reaction mxture slowy with constant stirring. The reaction m xture was

hel d at 78 d@fn Whs 8bhRd49NEL BbntSEd dndidPosied FXARO fitst il an@@plen@Re Mi Xt ur e

was then set aside for phase separation; the upper phase contai.ni ng FAVES
( bi odi eselcpessms nuarhey MILGHR§4%hal yzed. Exanpl e 15: Extraction of FAME from
yeast cells by direct transesterification

' Example 4: Growth and maintenance of the microorganism

The yeast strain Pichia kudriavzevii MTCC 5493, used in the experiments discussed
below in Example 5, was grown in 250 ml flasks containing 100 ml of the MGYP
medium containing (g/L): gluéése 10; peptone 50; yeast extract 5; KbHPO4 3; and
KH,PO, 1; pH 5.5. The medium was sterilized for 20 min at 121°C and was
inoculated with 2% seed inoculum (2 ml) and incubated at 30 + 1°C for 24 h at 200

rpm.

Seed inoculum was cultured as above.
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FAVEsS were extracted by direct transesterification per the procedure of Lee
et al. In brief, freeze dried cells (1g) fernented as described in any of
t he abovewexamflsex; were added to a m xture of 10 ml of PEEIN2MGDGGI2

sul phuric acid (0.1% sul phuric acid in nethanol) and m xed vigorously. 10
m of chl orof ormwas added and the m xture was heated at 80C for 2h. A
synthetic antioxidant (propyl gallate) was added to the m xture during
transesterification, and then the m xture was cooled. 20 nl of water was
then added to the m xture and shaken vigorously. After |leaving the m xture
for phase separation (12h), FAVEs were recovered fromthe chloroform
extract. Exanple 16: Honpgeni zatiopn of the fernentation broth and oi

ext ract i ofxample|: rﬁ%“é{e@gé‘"%‘lséﬁrﬁ‘?‘“é'é‘ﬁt rifugation for collecting cell
mass, a direct honogeni zation of the fernented broth was perforned. The
fer ment edpy &JaﬂlgmsoeWia%ﬁﬁ@% &rRicHOBAMARB 0F aiffedght 8libshEtey AAE EulBORidaar s of

pressure in a honogenizer to break the cells. The duration for passage of 1
L of cel Imodes tHatrachie¥ @ bighedensitieeslnutture fak aricrobiablipiddermpatation] s.
Honogeni zed cells were nmixed with hexane (1:2 rati o or honpgeni zed

cel | s: hexane) xtr the oil. e, extr i r ied out In
50 L agit@ator $‘§ﬁ‘§'@o‘ﬁc. yﬂ'cg’tcgg)'gtf a!ga&t°rﬂﬁ?§§ﬁ%‘ﬁ’§’§§‘e§§§§?e§ |o?1f&ﬁ% e aqueous
| ayer was renoved and:i sopropyl alcohol ("IPA") was added to the hexane

| ayer whiEdpeviatenGonerndanaédedutt iy o endvel agshging) dne dxatipleg varfous Arhgbigei s of
FAME by GC The FAME esters extracted as descgi bfeqﬁi n Exanpl e lg re

anal yzed ®ymigal PATRBAEIOGF aRRDICAGIOr cthe SroMtlset digltia Wwaste GEHSH SBH A  h
flanme ionj i,on..d r { S S wax 250
fused capifraviii FHIREE AspeoR 1B EIS) = S i R R e
profil e iwerelekafifddnad bhysical parapetersyi whileo dXGE)t capCar(dl Oitiogyn . seirces a t ot al

run time of 30 mn. The jdentification and antifj cation pf the FAME was
done usi n@rWAwgénwi&ﬁ@cﬁw@taéﬁ'&gﬁbo gpﬂﬁ‘ﬁft.er%?pﬁe cfd SOBEENar at i ve

anal ysi s of LimihdsnifBBed aiddy sa%d dw&enigier Ofnveitipatott rtaCheflel hpmdmaghi a

kudriavzevii (MICC 5493) as described in Exanple 17 was conpared wth that

of C. curamterratiohs £nd ithatavesd Haodiction @f] yeast celds (‘Wamess).Cr Imeadoet ke
es

curvatus was .carried qut, .by. usi n- hexane; | PA at, a rati o of ,3; -

Centri fug‘@i?eﬂg’ten{%‘qu 9t(e§0‘8 ar‘?ﬁi‘%é Sfed dBOSHIYR 29 the eFRIHIE ?]aé:b?i]gﬁ (%f 2) and
stirred oMk WSO ErdvaCAY deSERE S Bkampl¥atigilest bietwitestagdded to ‘the mi xture to
separate the n-héxane | ayer conpletely which occurs imediately on,
agitation. Ol was recovered fromthe n-hexane |ayer by evaporation of the
sol vent iB. t heDetsrmingtiom of peastahanass| was obt ai ned .by extracting crushed
jatropha curcas seeds with petroleumether in a Soxhl et apparatus. The oil
in the se i -'&iﬁ 1 2 Wle Gy iwi gt 8P yEAPRAT Biofifdsd N @

r ot avaporﬁﬁﬁhgg%%%ﬁﬁ{[ﬁga%ﬁlb gjg)f%&t%segélz’d prq%‘},i I le'c:'I of P)’ot h P. kudriavzevii
and C. cuwuatesrmiifhabhe fdljowser @ne afipdcalilve was ¢duirifugéd atatd,0Q@hepnoifr 10
suggesting.the suitabili of th east oil f he product.ion of

bi odi esel MitFhilge Ploase pF’h%/ts‘f’aStW eq tyicerish Q{S%QF%“H&"E_&B g’ﬁ‘eéﬁgﬁﬁ ¢ 8 be
accunul at i ha.qi Jnagﬁdum@rm?.- ThbiSRAKI Wis dedihifenytaviRicatafiyar e consi der ed
as the workhorse for nolecul ar genetic techniques in yeast and has been
extensively studied. Therefore, future manipulation of Pichia strain for

i rproved €il pEfidcoefiinoculom densdy a nuch easier task due to the know edge
and ease of manipulation of this strain of yeast. The oil conposition of’

Pi chia copsisted of .all_t atty, I §S,.Ar ese in,J o] il which
is well k \ﬁilugbﬁlf%sé%f Barnggl%ogrt%%mg{%i%ooﬁ gg@?.“@h@?%?%#epnoﬁagtf ?fg%ai%éf chiais
al so conspignatbrswhd all@atddr Figinedi smls thatiduailivendensity did not significantly

affect the growth of the yeast strain ahd hence in all subsequeﬁt experiments 1% (v/v)

inoculum was used.
- D. . Effec.t of pH on yeast biomass

The effect of initial pH on yeast biomass production was studied, wherein the initial pH

was varied from 5.0 to 7.0. A maximum optical densit§ of 16.86 (dry weight of yeast
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Tabl e 1: Conparative analysis of oil sanples of fatty acid Jatropha oil
Crypto coccus oil Pichia kudriavzevii oil rCype 14:0 (Myristic acid) -
02. 43% - W0e011/05Pam ti c aci d) PCT/IN2010/000712

cell biomass of 7.2 g/L) was obtained when the fermentation was carried out at pH 5.5

(Fig. 2).
E. Effect of inoculum age

Inoculum grown for varying time periods ranging from 6 h to 24 h was used to
determine the effect of inoculum age on yeast biomass. A 24 h old inoculum seemed to

give maximum OD of 19.6 with dry weight of yeast cell biomass of 8.1 g/L (Fig. 3)
F. Effect of different carbon sources

Carbon source plays arole in both biomass and lipid produétion. The effect of various
carbon sources including glucose, galactose, starch, arabinose, glycerol, mannitol,
sucrose and fructose on biomass production was evaluated. Of all the carbon sources
tested, glycerol was the bés_t carbon source (Fig. 4) resulting an O.D. of 25.35 and dry
weight of yeast cell biomass of 8.3 g/L. Further optimization related to the
concentration of glycerol in the medium showed that the highest optical density of

25.25 with a dry cell weight of 7.8 g/L was obtained at a glycerol concentration of 1%
(Fig. 5). ' '

G. Effect of different nitrogen sources

The nitrogen source in the medium was replaced with various organic and inorganic
nitrogen sources including peptone, tryptone, yeast extract, beef extract, corn steep
liquor, ammonium chloride, sodium nitrate and ammonium sulphaté. Corn steep liquor
(“CSL”) was found to be the best nitrogen source (Fig. 6). An evaluatioﬁ of CSL

| concentration shows that the OD is boosted to 31.92 \;vith a dry cell weight of 9.85 g/L
(Fig. 7) at 2% CSL. | | ’

Example 6: Scale-up studies in a 7L fermentor

The scale-ﬁp of the production of yeast cells (Pichia kudriavzevii, MTCC Accession

No. 5493) was carried out in a bioreactor (Sartorius B;plus, Germany) with a working
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14. 66% 34. 48% 10.89% Cl6: 1(Palmtoleic acid) 0.94% 01.47% 8.22% - C18:0
(Stearic acid) 6.86%
WO 2011/051977 PCT/IN2010/000712

volume of 5.0 liters (“L”). Scale-ups were performed as described in sections A-C,

below.
A. . Determination of oil yield

For the experiments described in Examples 7-12, oil yield from the fermented yeast
cells was determined by dividing the quantity of oil by dry cell weight of cells taken

for oil extraction.
B. Batch and fed batch fermentation using MGYP medium

To promote high density growth, Pichia krudriavzevii cells (MTCC 5493) were grown
in MGYP medium containing peptone, yeast extract, malt extract and glucose. Cells
were grown in a fermentor in either batch or fed batch mode. The fermentation was
carried out at pH 5.5. pH was maintained during the run by adding liquid ammonia as
necessary. The agitation was kept at 350 rpm with 3 vvm of aeration. For batch
fermentation, the run was.carried out for 48h at 28°C resulting in an O.D. of 24.2.in
48h with dry weight of yeast cell blomass of 8.4 g/L (Fig. 8). Thereafter, there was a
decline ‘in the blomass production. To improve the yeast cell density, fed batch
fermentation was attempted. The fermentor was run for 120h under the conditions
used for batch mode, except 1% glucose was added to the fermentor as feed when
glucose levels dropped to below 5 g/L. Results shown in Figure 9 indicate thét a
maximum dry weight of biomass of 34.5g/L. was obtained in 110h. The O.D. was

101.35. Oil extraction was not done.

C. Fed batch fermentation using low cost substrate, such as crude glycerol

and CSL

To bring down the cost of the fermentation medium, peptone and yeast extract were
replaced with corn steep liquor (“CSL”), a cheap raw maferial, and glucose was
replaced with crude glycerol. Glycerol and CSL were identified in the Example 5. The
fermentor medium was made up of crude glycerof 2%; CSL 1% and malt extract 0.2%.

The fermentation was run for 120 h at 28°C and a pH of 5.5. The agitation was at 350
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6.84% 1.80% C18:1 (A eic acid) 39.08% 38.98% 41. 36% C18: 2. (Linoleic acid)
32.48% 07. 62% 15. 88% C18: 3 (Linol enic acid)
WO 2011/051977 PCT/IN2010/000712

rpm with 3 vvm of aeration. Crude glycerol (2%) was added as feed in the fermentor
after 17h and 65h of incubation, when the glycerol concentration was reduced below
8g/L. Glyéerol levels were brought up to 30 g/L. The results show that a biomass of 42
g/L was obtained in 112h of incubatibn (Fig. 10); the O.D. at 112h was 106.

Example 7: High cell density fermentation using crude glycerol derived from

biodiesel industry.

Fed batch fermentation was carried out in a bioreactor (Sartorius C-plus, Germany)
with a working volume of 5.0 L. To promote high density growth, Pichia kudriavzevii
cells (MTCC 5493) were grown in medium cdntaining crude glycerol 1% w/v; corn
steep liquor 2% w/v, baker’s yeast 0.5% w/v and malt extract 0.2% w/v. The medium
was inoculated with 20% v/v inoculum prepared as described in Example 4, above.
The fermentor was run in fed batch mode at pH 5.5. pH was controlled during the run
by adding 3 N sodium hydroxide' énd/br 3 N sulphuric acid as necessary. The
. fermentation parameters wére agitation at 760 rpm with 1 vvmn of aeration. In total, 6%
v/v glycerol was added to the fermentor as feed added from a concentrated stock
solution of glycerol so that final concentration is 1 % during every feed during the
.. course of fermentation when glycerol levels dropped to below 8g/L. Results shown in
Figure 11 indicate that a maximum O.D. of 123 and dry weight of biomass of 30.4 g/l
was obtained in 138h of fermentation with an oil yield of 13.76 % , the oil extraction

process was optimized subsequently) on a dry weight basis.
Example 8: Fed batch fermentation without malt extract

In order to reduce medium cost, fed batch fermentation was carried out excluding malt
extract in the medium. All other fermentation parameters were kept constant (the same
~ as described in Example 7). The fermentor was run for 136 hr and 6 % v/vuglycerol
was added to the fermentor as feed when :glycerol levels dropped to below 8g/L Feed
was added from a concentrated stock solution of glycerol so that final éoncentration is
1 % during every feed. Results shown in Figure 12 indicate that a maximum O.D. of

104 was obtained in 136h with a dry weight of yeast cell biomass of 30.1 g/L. The oil
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0. 30% 00. 84% 6. 65% C20: 0 (Arachidic acid) 0.24% 0.85% - UNKNOWN 5.44% 6. 1%
15. 20%

WO 2011/051977 PCT/IN2010/000712

yield was 21% on dry weight basis. Thus, malt extract could be eliminated from the

medium without compromising biomass yield.
Example 9: Scale up of fed batch fermentation without malt extract at 27 L level

Fed batch fermentation described in Example 8 was scaled up to 27 L in a Bioﬂow—
5000 fermentor (New Brunswick). ~ All other fermentation parameters were kept ‘
constant exéept the agitation was carried out at 350rpm per tip speed of the impeller.
The fermentor was run for 112h and 6% v/v glycerol was added in the fermentor as
feed when glycerol levels dropped to below 8g/L. as described in EXample 8. Results
shown in Figure 13 indicate that a maximum O.D. of 96.36 was obtained in 112h with
dry weight of yeast cell biomass of 31.8 g/L. Oil yield was determined to be 22% on
dry weight basis. -

Example 10: Fed batch fermentation using de-oiled Cryptococcus yeast as a

‘nitrogen source

- To make the process more ecoﬁomically viable, baker’s yeast autolysate iﬁ the medium
was replaced by de-oiled Cryptococcus curvatus yeast cells collected from other
fgrmeﬂtations. All other media components and fermentation conditions were the same.

. as described in Example 8 The fefmentor medium constituted crude glycerol 1% wi/v;
CSL 2% w/v and Cryptococcus yeast autolysate 0.5% w/v. The fermentation was
carried out at 28°_C and a pH of 5.5. The fermentor was run for 136h and 7.5% v/v
glycerol was added in the fermentor as feed when the glycerol levels dropped to below
8g/L as described in Example 8. Results shown in Figure 14 indicate that a maximum
0.D. 144 was obtained in 136h with the dry weight of yeast cell biomass of 40.6 g/L.
The oil yield was determined to be 14.8% on dry weight basis. '

Example 11: Fed batch fermentation using seed and production media w_ifh same

composition

In all the \previous batches, the seed inoculum was always grown"in MGYP medium, as

described in Example 4. However, biodiesel is a commodity product that should have
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Thus, the present disclosure describes a sinple fed-batch process for lipid
production by ol eagi nous yeast Pichia kudriavzevii, such as that deposited
under AccwO20OMISMI7TMICC 5493. The process features a | oRCTIN2016/0aN712M

contai ning crude glycerol and CSL. The use of these industrial byproducts

I ncreased biomass and |ipid productivity while reducing costs of

production. Thus, while we have descri bed fundanental novel features of the
invention, it will be understood that various om ssions and substitutions
and changes in the formand details nay be possible w thout departing from
the spirit of the invention. For exanple, it is expressly intended that al

conbi nati ons 0of. those el enents and/ or t hod .st.eps i

subst ant icgmpﬁg{lﬁ%p%%{ﬁ%’ aicﬁ??g{nig@n CY?{yg)&bogt% Sofoyre tlﬁgggggrrtgd'agfﬁér %gédchi eve
the same thesdelitiSoculn Wak Bidwil Mehs s@Relod-cdshmetiimveay tharused G pbitioh. An

i sol ated yeast cell of Pichia kudriavzevii, deposited or identified as MICC
Accessi orwhigh canstigitederude glyegrell Yewst (581 3% vy apd Pryeeockudr@sty zevi i

strain, depgsite r jdentified as:-Accession No. MICC 5493. 3. The isol ated
yeast celd" Og S?&q bejils‘r?ﬁ?f},v'v\her ein the yeast cell is in a culture. medium The

| sol ated yeast cell of claim3, wherein the culture nmedi um conprises: crude
gl ycer ol ;Theahédisiefopfddibgtobriernaemnchtipa aets iradubitetswitie 20% v/v seed inoculum

and the fermentation was carried out at 28°C and a pH of 5.5. All other parameters
were the same as described in Example 10, except that the fermentor was run for 114 h
and 4.5% v/v glycerol was added in the fermentor as feed when glycerol levels dropped

below 8g/L.

Feed was added from a concentrated stock solution of glycerol so that final
concentration is 1 % during every feed. Results shown in Figure 15 indicate that a
maximum O.D. of 116.5 was obtained in 114h with dry weight of yeast cell biomass of
31.8 g/L. The oil yield was 20.16 % on dry weight basis. The amount of glycerol feed
is reduced to ensure complete utilization of glycerol and elimination of any residugl

glycerol at the end of fermentation.

Example 12: Scale-up of fed batch fermentation using'seed and production media

with same composition

Scale-up of fed batch fermentation described in Example 11 waé performed at the 27 L
scale. Both the fermentor medium and seed medium constituted crude glycerol 1%
w/v; CSL 2% w/v and Cryptocbccus yeast autolysate 0.5 % w/v. Seed inoculum was |
added to the fed batch fermentation medium at 20% v/v, and the fermentation was
carried out at 28°C and at pH of 5.5. Other parameters were the same as described in
EXgmple 11, except the scale of the fermentation (5L vs. 27 L) and the fermentor, a
Bioflow-5000 fermentor from New Brunswick was used in this Example. The
fermentor was run for 134h and 4.5% v/v glycerol was added in the fermentor as feed
when glyéerol levels dropped below 8g/L. Feed was added from a concentrated stock
solution of glycerol so that final concentration is 1 % during every feed. Results

‘shown in Figure 16 indicate that a maximum O.D. of 111.6 was obtained in 134h with

-25 -



5. A conposition conprising oil produced by the isolated yeast cell of
claim1l. 6. The conposition of claim5, wherein the oil conprises: at |east
about 10%Wpabnasiv7aci d, at | east about 8% pal mitol ei c RECTAN20/00088st about
1% stearic acid, at |east about 41%oleic acid, at |east about 15%linoleic
acid, and at |east about 6% Ilinolenic acid. 7. The conposition of claimS§5,
Wherein the extracted oil has been subject to transesterification. 8. A
conposition conprising: a) the isolated yeast cell of claiml; and b) a
culture nediun1conprising:

a dry weight of yeast cell b1omass of 32.8 g/L. The oil yield was calculated to be
21. 5% on a dry weight basis. '

Example 13: 0il extraction from yeast cells (Folch’S oil extraction method)

The yeast biomass produced by a fermentation method as described in any of the above
xamples is homogemzed with 20 volumes of chloroform:methanol (2:1) mlxture (g
in 20 ml of solvent mlxture) After dispersion, the whole mixture is agltated overnight
in an orbital shaker at room temperature. The homogenate is centrifuged to recover the
liquid phase. The solvent is washed with 0.2 volumes (4 ml for 20 m]) of water or 5 %
sodium sulphate/NaCl solution. -After voﬁexing for feW seconds, the mixture is
centrifuged at low speed (2000 rpm) to separate the two phases. After removal of the
upper phase by siphoning, the lower chloroform phase containing lipids is evaporated .
under vacuum in a rotary evai)orator or under a nitrogen stream if the volume is under

2-3 ml.

Alternatively, the extraction of oil from yeast biomass can be done using n-hexane-
isopropyl alcohol. A 3:2 ratio of n-hexane:IPA was used. In a typical batch, 50 grams
(dry cell weight) of cells were mixed with 5.4 L n-hexane and 3.6 L IPA and stirred
overnight at room temperature. To completely sepérate the n-hexane layer, 1L of water
was added to the mixture and stirred. The n-hexane layer was recovered and evaporatéd

in a rotavapor to recover oil.
Example 14: Transesterification of the-oil extracted from yeast

For biodiesel production, the oil extracted from Pichia kudriavzevii, MTCC Deposit
No. 5493, as described above in Example 13, was subjected to transesterification.
Typically, 0.8 ml of methanol was added to 10 g of oil and thoroughly mixed at
150rpm for 1h. The mixture was acidified ‘with H,SO4 (0.1%) and the acidification
reaction reaction was carried out at 35°C, 150rpm for 1h. NaOH (0.4%) dissolved in
methanol was added to the reaction mixture slowly with constant stirring. The reaction

mixture was held at 70°C for 1h with constant stirring at 150rpm. The reaction mixture
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crude glycerol at about 1% w v, corn steep liquor at about 2% w v, Yeast
autol ysate at about 0.5% w v, wherein the conposition has a pH of about

5.5. 9. AWethodsio7 culturing the isolated yeast cells @CTAN21HMBD7ID | nduce
oi |l production by the cells, the method conprising: a) providing a culture
medi um conpri sing: crude glycerol at about 1% w v, corn steep |liquor at
about 2% w' v, yeast autol ysate at about 0.5% w v, wherein the culture
medi um has a pH of about 5.5; b) fernmenting the yeast cells of claim2 in
the culture mediumusing fed batch fernmentation at about 28C for at | east
about 100 hours. 10. The nethod of claim?9, mhereln the fermentation runs

f t | t, ab 11..The hod, of fed
AR ke e R A SR TG
1? The raﬁgqgmgbap&ﬁmﬁhg@edmhereln t he added glycerol conprlses crude

gl ycerol . -

Example 15: Extraction of FAME from yeast cells by direct transesterification

FAMEs were extracted by direct transesterification per the procedure of Lee et al. In
brief, freéze dried cells (1g) fermented as described in any of the above examples, were
added to a mixture of 10 ml of methanolic sulphuric acid (0.1% sulphuric acid in
methanol) and mixed vigorously. 10 ml of chloroform was added and the mixture was
heated at 80°C for 2h. A. synthétic antioxidant (propyl gallate) was added to the
mixture during transesterification, and then the mixture was cooled. 20 ml of water
was then added to the mixture and shaken Vigorously. After leaving the mixture for

phase separation (12h), FAMES were recovered from the chloroform extract.
Example 16: Homogenization of the fermentation broth and oil extraction

To eliminate the step of centrifugation for collecting cell mass, a direct homogenization
~of the fermented broth was performed. The fermented broth was subjected to
homogenization.ét 4°C under 800 bars of pressure in‘a homogenizer. to break the cells.
The duration for passage of 1 L of cells is 4 min. Five passagesA were taken to break
the cells. Homogenized cells were mixed with hexane (1:2 ratio or homogenized
cells:hexané) to extract the oil. The extractibn process was carried out in 50 L agitator
tank for 1h at 950 rpm. After phase separation, the aqueous layer was removed and
isopropyl alcohol (“IPA”) was added to the hexaﬁe layer which was concentrated to

recover the oil.
Example 17: Analysis of FAME by GC

The FAME esters extracted as described in Example 16 were analyzed by gas
chromatography (Agilent series) that was equipped with flame ionization detector. The '
" analysis was done on a Supelco omega wax 250 fused capillary silica column (30m x

0.25m). The oven time-temperature profile is: 140°C (ini"cial), 4°C per min to 240°C,
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13. The nethod of claim 11, wherein glycerol is added to the culture nmedi um
when the glycerol concentration of the fernentation is bel ow about 8 g/L.
14. The newbadiigisiorai m 9, wherein fernmentati on conti nue®ClifiNd10/H0WE120, D. of
the yeast cells is between about 110 and 150. 15.The nethod of claim9,
wherein the fernentation results in an oil yield of at |east about 14% on a
dry wei ght basis. WD 2011/051977PCT/ 1N2010/ 000712 16. The net hod of claim
9, wherein the fernentation results in an oil yield of at |east about 20%
on a dry weight basis. 17. The nethod of claim9, mhereln fernented cel

bi omass after fermentation is at |east

240°C (10min), with a total run time of 30 min. The identification and quantification

of the FAME was done using each FAME’s respective standard (Sigma).

N

Example 18: Comparative analysis of lipids

The fatty acid content of oil extracted from Pichia kudriavzevii (MTCC 5493) as

" described in Example 17 was cdmpared with that of C. curvatus oil and Jatropha oil.

- Oil extraction of Cryptocdccus cdrvatus was carried out by using n-hexane:IPA at a
ratio of 3:2. Centrifuged wet cells (500 g) were mixed with 9 L of n-hexane:IPA (3:2)
and stirred overnight room temperature. Water (1 L) was added to the mixture to
separate the n-hexane layer completely which occurs immediately on agitation. Oil
was recovered from the n-hexane layer by evaporation of the solvent in the rotavapor.
Jatropha oil was obtained by extracting crushed jatropha curcas seeds with petroleum
ether in a Soxhlet apparatus. The oil in the seeds get extracted in the solvent which is

then evaporated in a rotavapor to obtain the oil.

The fatty acid profile of both P. kudriavzevii and C. curvatus (Table 1) were
comparable to that of Jatropha oil suggesting the suitability of the yeast oil for the
production’ of biodiesel. This is the first time a Pichia strain has been shown to be
accumulating oil (oleogenic). In general, the genus Pichia are considered as the
workhorse for molecular genetic techniques in yeast and has been extensively studied.
Therefore, future manipulation of Pichia strain for improved oil production would be a
much easier task due to the knowledge and easé of manipulation of this strain of yeast.
The oil composition of Pichia consiste’d of all the known fatty acids present in Jatropha
oil which is well known source for producing biodiesel. Therefore, oil from Pichia is

also considered suitable for biodiesel production.

Table 1: Comparative analysis of oil samples

Type of fatty acid Jatropha oil |Cryptococcus oil |Pichia kudriavzevii oil
|C14:0 (Myristic acid) 02.43% -
[C16-:0_ (Palmitic acid) '|14.66% 34.48% 110.89%
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about 30 g/L on a dry weight basis. 18. A nethod for producing oil
conprising fatty acid nmethyl esters, the nethod conprising: a) culturing

t he i sol aveadoydusy77cel | of claim 1 under oil producti onPCHANRAIN/0093]2 b)
extracting the oil fromthe cultured yeast cells. 19.The nethod of claim
18, further conprising transesterifying the extracted oil. 20.The net hod of
claim 18, wherein culturing under oil production conditions conprises: a)
providing a culture nedium conprising: crude glycerol at about 1% w v, corn
steep liquor at about 2% w v, yeast autolysate at about 0.5% w v, wherein
the-culture rredl um has a pH of about 5. 5; b) fermenti ng t he yeast cell of

ot cast (B850 ST S ot T o cauct 37 ol esel comp[sing
fatty acifghiget hyl esters, the metho

|C18:O (Stearic acid)  |6.86% 6.84% 1.80%

FC18:1 (Oleic acid) 39.08% 38.98% = K1.36%

- |IC18:2 (Linoleic acid) [32.48% 07.62% 15.88%

C18:3 (Linolenic acid) [0.30% 00.84% 6.65%

[C20:0 (Arachidic acid)[0.24% 0.85% N

[UNKNOWN 5.44% 6.1% 15.20%

Thus, thé present disclosure describes a simpie fed-batch process for lipid production
-by oleaginous yeast Pichia kudriavzevii, such as that deposited under Accession No.
MTCC 5493. The process features a low cost medium, containing crude glycerol and
CSL. The use of these industrial byproducts increased biomass and lipid productivity

while reducing costs of production.

Thus, while we have described fundamental novel features of the invention, it will be
understood that various omissions and substitutions and changes in the form and details
may be possible without departing from the spirit of the invention. For example, it is
expressly intended that all combinatibns of those elements and/or method steps, which
- perform substantially the same function in substantially the same way to achieve the

same results, be within the scope of the invention.
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conprising: a) culturing the isolated yeast cells of claim2 under oi
production conditions; b) extracting oil fromthe cultured yeast cells; c)

transest ewpfR29img197ne extracted oil .

23. A met hod for pro@agiiNy1bb@diesel

conprising fatty acid nmethyl esters, the nmethod conprising:fl a)culturing
yeast cells conprising Pichia kudriavzevii, MICC Accession No. 5493,

oi |

producti on-condi ti ons;

fatty acid nmethyl esters by direct transesterification.

CLAIMS:

An isolated yeast cell of Pichia kudriavzevii, deposited or identified as MTCC
Accession No. 5493.

Isolated yeast cells of a Pichia kudriavzevii strain, deposited or identified as Accession

No. MTCC 5493.
The isolated yeast cell of claim 1, wherein the yeast cell is in a culture medium.

The isolated yeast cell of claim 3, wherein the culture medium comprises:
* crude glycerol;
corn steep liquor; and

yeast autolysate.
A composition comprising oil produced by the isolated yeast cell of claim 1.
The composition of claim 5, wherein the oil comprises:

at least about 10% palmitic acid,

at least about 8% palmitoleic acid,
p

" at least about 1% stearic acid,

at least about 41% oleic acid,
at least about 15% linoleic acid, and

at least about 6% linolenic acid.

The composition of claim 5, wherein the extracted oil has been subject to

transesterification.

- A composition comprising:

a) the isolated yeast cell of claim 1; and

b) a culture medium comprising:
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24. A net hod for producing biodiesel conprising fatty acid nethyl esters,
the nmethod conprising: a) culturing yeast cells conprising Pichia

kudri avzew0i2011IME@C7Accessi on No. 5493, under oil productconNzandiorions; b)
extracting fatty acid nmethyl esters fromthe cultured yeast cells. .25 A
met hod for producing biodiesel conprising fatty acid nethyl esters, the
met hod conprising: , a)culturing.the isolated yeast cell of claim1l under
oi | production conditions; b)extracting fatty acid nmethyl esters fromthe
cultured yeast cells. 26. The isolated yeast cell of claim1, wherein the
cell is able to accumul ate about 50% of its weight as oil under oi
production conditions. 27. A hiolggically pure culture of Pichia

kudri avzevii, @ﬁ@gfmf@Pmﬁgpv@%Obial conposi tion conprising an isol ated

yeast cell of &irkbiedp kiyshriRuBRKDY, wNTCC 5493.
yeast autolysate at about 0.5% w/v,

wherein the composition has a pH of about 5.5.

9. A method for culturing the isolated yeast cells of claim 2 to induce oil production by
the cells, the method comprising:
a) providing a culture medium comprising:
crude glycerol at about 1% w/v, corn steep liquor at about 2% w/v, yeast |
"autolysate at about 0.5% w/v, wherein the culture medium has a pH of about
5.5;
b) fermenting the yeast cells of claim 2 in the culture medium using fed batch

fermentation at about 28°C for at least‘ about 100 hours.
10. The method of claim 9, wherein the fermentation runs for at least about 110 hours.

11. The method of claim 9, wherein the fed batch fermentation corﬁprises adding glycerol

during the férmentation.‘
12. The method of claim 11, wherein the added glycerol comprises crude glycerol.

13.  The method of claim 11, wherein glycerol is added to the culture medium when the -

glycerol concentration of the fermentation is below about 8 g/L.

14. The method of claim 9, wherein fermentation continues until the O.D. of the yeast cells

_is between about 110 and 150.

15. The method of claim 9, wheréin the fermentation results in an oil yield of at least aboﬁt

14% on a dry weight basis.
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29. A isolated yeast cell of Pichia kudriavzevii, deposited or identified
as MICC Accession No. 5493, its conposition and nethods of its application
i n bi odi e§01208405¢97di ned above exenplified herein' subst akCTAN2O0/NED7t2he
exanpl es and fi gures.

16. The method of claim 9, wherein the fermentation results in an oil yi’eld of at least about
20% on a dry weight basis. |

17. The method of claim 9, wherein fermented cell bi(_)mass after fermentation is at least

about 30 g/L on a dry weight basis.

18. A method for producing oil comprising fatty acid methyl esters, the method
comprising: ' |
a) culturing the isolated yeast cell of claim 1 under oil production conditions;

. b) extracting the oil from the cultured yeast cells.
19.  The method of claim 18, further comprising transesterifying the extracted oil.

20. . The method of élaim 18, Wherein culturing under oil production conditions comprises:
a) providing a culture medium comprising:
crude glycerol at about 1% w/v, corn steep liquor at about 2% w/v, yeast
autolysate at about 0.5% w/v, wherein the culture medium has a pH of about
5.5; |
b) fermenting the yeast cell of claim 1 in the culture medium using fed batch

fermentation at about 28°C for at least about 100 hours.

22. A method for producing biodiesel comprising fatty acid methyl esters, the method
comprising: ' -
a) culturiﬁg the isolated yeaét cells of claim 2 under oil production conditions;
b) extracting oil from the cultured yeast cells; '

c) transesterifying the extracted oil.

23, A method for producing biodiesel comprising fatty acid methyl eéters, the method
comprising: - _ ' |
a) culturing yeast cells comprising Pichia kudriavzevii, MTCC Accession No.

5493, under oil productiornrcenditions; -
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24.

25.

26. -

27.

28.

29.

WO 2011/051977 PCT/IN2010/000712

b) - extracting fatty acid methyl esters by direct transesterification.

A method for prdduéing biodiesel coinprising fatty acid methyl esters, the method

comprising: A ' -

a) culturing yeast cells comprising Pichia kudriavzevii, MTCC Accession No.
5493, under oil prbduction conditions;

b) extracting fatty acid methyl esters from the cultured yeast cells.

A method for producing biodiesel comprising fatty acid methyl esters, the method

comprising:

. a) culturing the isolated yeast cell of claim 1 under oil production conditions;

b) .  extracting fatty acid methyl esters from the cultured yeast cells.

The isolated yeast cell of claim 1, wherein the cell is able to accumulate about 50% of

its weight as oil under oil production conditions.

Abiologically pure culture of Pichia kudriavzevii, MTCC 5493.

A microbial composition comprising an isolated yeast cell of Pichia kudriavzevii,

MTCC 5493.

A isolated yeast cell of Pichia kudriavzevii, deposited or identified as MTCC

" Accession No. 5493, its composition and methods of its application in biodiesel as

claimed above exemplified herein*substantially in the examples and figures.
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