PRODUCTI ON OF SQUALENE FROM HYPER- PRODUCI NG YEASTS Thi s application clains
the benefit of United States provisional application 61/190,486, the
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Rather than use cheap low-grade sources of shark-derived squalene, therefore, pharmaceutical
uses of squalene (e.g. as used in the manufacture of MF59) utilise a higher grade material, but
these high quality squalenes are expensive and of limited availability. Such expensive sources

25 are not useful, for instance, for use in the developing world.

It would be useful to find a source of squalene which meets these high pharmaceutical standards
without being so expensive. A viable alternative source of squalene is therefore desirable,
particularly when the squalene is intended for parenteral use in humans and/or for use in an
immunological adjuvant. A cheaper source of pharmaceutical-grade squalene would be of
30 particular use in developing countries which either have no ready access to sharks or cannot

easily afford the expensive pharmaceutical-grade material currently used e.g. by Novartis.
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The invention also provides a process for preparing an oil-in-water emulsion, comprising the
steps of: (a) purifying squalene from a yeast that produces a high yield of squalene during
25 culture; and (b) combining the squalene purified in step (a) with an aqueous component to form

the oil-in-water emulsion.

Thus the invention provides a process for preparing an oil-in-water emulsion, comprising the
steps of: (a) obtaining squalene that has been purified from a yeast that produces a high yield of
squalene during culture; and (b) combining the squalene of step (a) with an aqueous component

30 to form the oil-in-water emulsion.

The invention also provides a process for preparing an immunogenic composition (e.g a
vaccine), comprising preparing an oil-in-water emulsion as described above, and mixing the

emulsion with an immunogen.
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mutant strains that are selected for a high squalene yield, but they will generally be genetically
engineered strains that have been manipulated to produce squalene in high yields. Another
possibility is to culture natural, mutant or engineered yeast strains in the presence of factors that

result in increased squalene yield.

25 The yield of squalene can be expressed as a % of cell dry weight (cdw) in a particular yeast. A
normal yeast wild-type Yarrowia lipolytica strain can typically produce squalene at about 0.5%
cdw, whereas a normal Saccharomyces uvarum brewer’s yeast can produce squalene at about
1.4% cdw [4]. A yeast that produces a “high yield” of squalene is one in which at least 2% cdw
is squalene e.g. >3%, >4%, >5%, >6%, >7%, >8%, >9%, >10%, >11%, >12%, >13%, >14%,

30 >15% or more of cdw.

Squalene yield can also be expressed as a % of total lipid in a particular yeast. A normal
S.uvarum brewer’s yeast produces squalene at 33% of total lipids [4]. A yeast that produces a

“high yield” of squalene may produce squalene at >40% of total lipids e.g. >50%, >60%, etc.

-3-



Natural | y-occurring nutant yeast strains that have a high yield of squal ene
are known in the art, for exanple the Torul asopra del brueckii strain

descri bedwonoreanRessence 5. Miutants can be obtai ned by welpcThBmomosmishods of

i nducing nutations (either randomor directed nutagenesis), for exanple

t hose described in references 6 and 7, followed by screening of the

mut agedne adualesie is afwantaghensty oli terstP3guin #btpnheZERtan &P BPrmReRer ence

8 descggp%sgﬂ%a@tgggg@% Stiogns Wi th tenperature-sensitive nutations of
4- a- car boxyst er ol dehydrogenase (ER&6) that result in squal ene

accunuhabi-Qfy- W%mgrnﬂ%t JLasPRrARRRMH A 8idhSMRE bALHARNe M8 UAbKY in fBQHYN, the

i nvention wl | use genetically en i neered geasts arious nethods can be

used t &ricxamplgdle T%élawafa#@lh@e%”eﬂ ingfeseribetl 4} fefergncs or Miviantsspr b POIABEL hol i sm

can be bmlpuﬁ&&r@%euf@ds OF KRG SHutaliGREeMhed| Bifdotr 9 dByctéd efueashdi),siarial ene
anabol i sm .and/o

d abol | uding .it
D e SRR s Arelbsap AT b ST T Re St ma of e Shiiedilad i n
squal ﬁm@ ﬂab@s\ymls hegitsbly mghwgeawrlamblanataﬁremm askescriphosphatpsal areidsewith nase,
ro val O car a 1 r rase
PR e e R I A R CEONER

Genes isquabdne adcumuldtive whom gemai ab An afprepisgd temeertiwreer gost er ol i ncl ude squal ene
epoxi dase (ERA ), lanosterol synthase, Cl4-dinethylase, dl 4-reductase,

C4- et hjshaki, deseh, t64 idestimbeitly isasenétERIBR 6 gindrddeyeaste dVimtcas enethods can be

C24- et h transfera C8-1 r e r . d

d24-r edd eydt asrécre e sﬁual%ne%?l?g;? e%%?/ﬁ %%Eaﬁll ?%%p‘f h%ﬁ-% arggiﬁ%p ﬁﬁ{%fi%'
dehydr dgpesras e()qalemx |ycbch§qual @m@cmmmwalemy peabpBsrg| and A et deglepying sfualeage and

er gost g, gbghsﬁ'ﬂ&&@dﬂeg; 1'tsed}QAkdg%n REBYRY IQe@lﬁQlac%ﬁver§H§ B .t&b'l:) atd RO fvBRed

di scl ose erenc . Activity levels tor t refl evant enzynes can

be i ncikasedaleire deopeukesiy i WC%EF}? suptakipe rkipmsr | Pb@iP&PIWV%%Pa&enB{I‘Ia%P
eng'lﬁe%&fdﬂgospﬁ&ﬁ&alcﬁl@@ b&caeseieal hs)zSp&ﬁQl Pegflt%%e&)éha% anghateshsBBt HIHSR

i ncl ud %t ose described in reference 7 nes n be i trodé;led into
yeast s ? YRR y-guRetipaslutagl g0 fedycigeds i SABIenp S YRRASnSEERR Y Vtegg‘Pa fon.
Gene Kregkpdidn be §dﬂ1@1eﬁ¢las e@bﬁet@l gielute | stuasieadpokighed BRG1) yaastaol apasof

[ I

the. coy HURBEVIGH arfiasdftie na; CF ExinPEatDe or oCe o dliet T ai GRE2 @ by
addi ng 3ema®meducrmes eCQﬂlmdﬂ@ﬂtregefe&se, WSdiadihgragen @5-dbsagmasd, d2@cieeawnseg an e
eXpr)S Ssdbg ed L%hly Qgt%llhoqfépgl%%sf%eg ri}lCh?(ie i@[ﬁn@lﬂgyg&ﬁﬂ&a % ﬁéﬂ}% ¥n E@E)esent

provi ronDte tero gous enzyne
i . e. omldolsmtalqns m@ﬂasal rzera@dyerpk%mhyﬂtmnsfe@ser adng: e@mt@e‘h& PHgSbitiepeledzent i ng

expressd% rggen%% S&B'nmnt iotioR ar® URPIESIOL if Rf&@ice by nodifying the sequence

of an eady present in a strain e.g. to enhance stability,

tor em)\ %vﬁ‘@l&z@ls%ﬂ fﬂe r&é\yeﬂp %?thﬁ?tcaﬂaf)é fteatddMN  Rict 24 i Onf BARER RERELT N

usually by genetic engineering. Yeast can be genetically engineered by standard methods,
25 including those described in reference 7 & 10. Genes can be introduced into yeasts in various
ways e.g. in a plasmid, or by chromosomal integration. Gene knockout techniques are also well

established for yeasts.

Ways of increasing enzymatic activity include, but are not limited to: increasing the copy
number of an enzyme that is already present in a strain e.g. by adding one or more further genes,
30 usually on a plasmid; increasing the expression levels (hyper-expression) of an enzyme that is
already present e.g. by providing it with a stronger promoter; adding a heterologous enzyme i.e.
one that is not already present in a strain; decreasing or preventing expression of an inhibitory or
suppressor factor; by modifying the sequence of an enzyme that is already present in a strain e.g.
to enhance stability, to remove amino acid residues that effect inhibition, to change protein

35 trafficking or cellular location; efc. For example, it is known that truncation of an enzyme’s
-4-
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A combination of these approaches may be used e.g. expression of cytosolic truncated HMGR in

25 combination with knockout of squalene epoxidase.

S.cerevisiae strains that express truncated HMGR are preferred, such as those described in
reference 12. Expression of a soluble non-membrane-bound form of HMGI, ideally under the
control of a constitutive promoter (e.g. an ADHI promoter), leads to a high level of squalene
accumulation (40x wild-type). The truncated protein may contain part of the spacer region and
30 the C-terminal catalyitic domain of HMG1p but lack the N-terminal membrane-spanning region.

A strain may express one or more copies of the gene.

Yeast (natural, mutant or engineered) can be grown in the presence of factors that increase the
yield of squalene. For instance, allylamine antimycotics (e.g. terbinafine, naftifine) can inhibit

squalene epoxidase resulting in ergosterol deficiency and an accumulation of intracellular
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pr esenfe%m%t LAR PAT kRS u§aﬁba§161aeofea0&ﬁﬂu@acsaﬁsoel iRcrdisbd. &AL Rfefa Sdaeﬁepem es
differ in sen5|t|V|t toterblnaflneb ac:ﬁ?r of fabogwfo an o the

conce nb’llelﬂ ¢fori 0Bffolg Vfaééf’f‘é‘r infefsrengg &9 EfbthB &r eéiﬁcF tsgfn SBpxigses

I nt er egf diffekc8d CaMiddpesies aifel hagenglﬁmtya alethisduaibgnefaace tiaboat i®and sicl ude,
but are not limted to, vorico

[19]° 6MEnFonseBIaon &t 3, IfgeToRan A grimiggd for, any WPt F Rifesk Other
anti n}’ﬁl&imﬁ‘c@tléﬁh@. cah@hmkafSQﬁﬂ@)emdummhtﬁnmham&) bpfzar]: noGimwedta, nomdfwaqnl@sence
g.];lyt Sle ?ﬁqﬁ?&%&l&%ﬁ%’@gﬁ eas 121281J 2112811 an thelocar %]té alﬁﬁﬁljyfc%?!: (engQ&B @Cl ude

gual eife e rani uce
squal eamd tolexdap) [8%]. Gtovethiin thio lpeesymasif shlmmxnb udwealspecrﬁ@ss Sﬁlradmetyfrﬁéd @éiher a
Arthroascus, Arxiozyma, Arxula, Bullera, Candida, Debaryonyces, Dekkera,
Di podascmmé $eastEri1d1hm¢(Eﬁ$ yedst e piveocas rquaBastaritich ean b¢emsipniated o psgduce

Lo e S oaE ERBRG T syl BRA AN e SLRBTEED e EtVEUITUEES prkibBAY S

chn "Kow a; ospora
Rhodos porila |Bj4wrcRI€Gdrbdc@ rlRﬂbarw@ac@hQﬁld?m 8podgseopkia rlii’tdy@?msEremthecmm

Schi ZO?}legﬁ;cﬂﬁigoflerQmm?gpd 4%@&1mﬁmmfs§us ﬁmymmnk%%em%mmb%&m es,

St eri gmat onyces myces rina, torula, Torulaspora, Tsrulopsis,
Tri chodiRsroees, Yak ﬁowvc@ygoMaﬁéléw%”&“ akdc Zydé@acﬁ?éﬁ%ﬁ?{}@égm Usefi® gener a

for thenbhmk ﬁﬂrtl&l% aRBodA bl ats%ahﬁ%nycamd SheshdlasRoda; Bcmisdisfdspstigpeci es
for use with the invention are Torul a ra del prueckii and m)st eferred

is "S%céﬁﬁ%ﬁﬁ%@’é"”@’é@eﬁC§W§’€0’"WéStSpf"é WSS oY R8BS e XU tan be
carri eq“apmmprrmudaarzg;euza@@he TeHNApR, m;m@s@oml i Wirkomdla, az;zgmmemﬂasqu«al ene

and th redycin t cos the s e oduced. ea an be
o own (RGP BRG] bee i he inEntet B S RE AN S ng TP PR £
f er menpatféron gystefs vbowithiske invettha arﬂﬂ”emlaspnral dﬁéll'rudétubaﬂ chosapufestedtis nuous

fer rrentsa Clhg SYSEEMR A two-stage culture system may be used. The yeast can
be r oW under aerobi ¢ conditions to increase bionass before bei ng changed

| east artlal I’ObIC re ction.
o, 3 % O 3 PTG AT G A T 9, P s gt
f romt lueluglrt@d/vamommsésqua@h@ and thok rytbﬁslg the deit Caﬁwéﬁ@bﬁwa@@ﬁqupmﬁls Téan be

used t eémsp ?{ne@es o@ﬂg %5&%1 AU RN &&?ﬁegéth@n ARERC LR RAWESRn MY al SO

have a uen use yeast can grown on a controlled medium a
cul tur éy%%ms fps geria dipeyinpratipp é@hfdﬁ &aich |a§‘é%f§’émE%A§ deimgniatieh estensnditverHhent al

toxins C@MC%%’Q:@[EI SN AN ERNTIR. yoadi EaDbe srovei ﬁnde@raeﬂibw%cﬂﬁhtl(ﬁ@&b 1M\drédse depend
on the yeast eci es and f(?r ment atj on sa%/ Eem Smb le nmedia inclu
25 biomass be ore being changed to an (at least paftially) anaerobic phase to increase squa ene
production. A two-stage culture system allows squalene accumulation to be separated from the
growth phase. Culture of yeast under anaerobic conditions can be used to increase squalene

production [23-25], and carbon sources may also have an influence.

Because yeast can be grown on a controlled medium a culture can assuredly be free from
30 disease-causing agents, environmental toxins and other contaminants. Suitable media for
growing yeast will depend on the yeast species and fermentation system. Suitable media include
rich or minimal media, with and without supplements. For example, the yeast may be grown in
MM, EMM, YPD, YPDS, YPG, YPGS, YT, YAPD, YEPD, YPL, YEP, YNBD and SD. Media
free from any animal-origin products (e.g. whey) are ideal. If animal (and particularly bovine)

35 materials are used during culture of cells, they should be obtained from sources that are free from
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rich or mnimal nedia, with and w thout supplenents. For exanple, the yeast
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culture of cells, they should be obtained fromsources that are free
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sol vent extracti.o subcrj i al
ext r actl Bi#sER Ctﬁloo@ﬁéorslﬁﬁétﬂr@r J9Ppleng g@@d@&ﬁt@s&@@@ﬁ 18 Ehe( "Hbf”?‘{)ﬁlé# frl fhg’g%ded by
I[ ¥082| gg@a&g &RImBoaphis lhrqgld@@md sl Qf(t@z[dﬂiﬁﬂtémaﬁﬁlimeﬂ(éaﬁebatracﬁi);h (26}t iand

u reater than

wei ght FUP§ g§5$%¥g;t%q1 H %‘?ﬁgrpr%ﬁ‘zeﬁle@'gyfﬁ’é]g@gorgﬁ &85189 Olﬁgﬁ%gg‘% even
100% pmﬁanblcbehzlehwtrHMEmQﬂ QB L7k ddeatiy) aheepreificd squalans id gsesextthame@qggby)f
PCBI di oxi n..per t t$o TEQs
10 epbTiost PRy B SRR Qo DY, BINUTLEA R Bl
si ngl e Idmaithethe pmhhedt mualcnct yorgfing dash tHRCH 163ne 9icACBIdiazat eef whphdrpgrylenes
expresseds s & tB£1@%hﬁ19£lel(tE Q%EDQ?WE\QS%?\VV& fd3 tyfcﬁ%trﬁfxtmg BEPCHERZ0Q3d Of

the toxicity of as a refterence value of 1). To
cal cul é??efemlh@ﬂteétféla mEQeotfundaem Ky paicity ff’?ﬁ% PG Ardhlpated diphenyl) gf i ed by

its lTE%X@ege& Egem&dg@n &E@/tdg%s éc{ﬂﬁ/a&lﬂl?? tl%f:tolf f'met 3 wa@o vee5) JFee tbﬂ%ﬁﬁ@ici% 7@2800
squal ene_nmay. have di oxin evel s n
o/ 63 3580 BiG, CTOB0 6 Treu YBF g Thob BRLLe 36 G SERTE TREHEAE he
3 qual ergshas e@g@cmwmﬁm@ﬂec& 0 i (T @ﬁﬁaﬁén ik mlshﬁe Gﬁlﬁd)ffth)&‘se prkeparkati on of
ownst r.eam uct nmedi.ci n ts, etc.
a1 e e ettt ordnss Bk o Ehaod Tenotu e 1E0ude
parti cabed by esind apkesdoqre/gid60 pgygad) npvatMi@g vacci nes. Emul si ons prepared
according to the invention include squal ene and at | east one surfactant, in

addi ti @nct ﬁleaqmiqmeﬁu Beemmmﬁa@ fibm thé geeeinru Eai ensedrfyy poapatagiom ohdigviisireanal

0|I | de )._an sur act re bi odegradabl e
?‘gb @3“8%)““‘%8‘“%% (83611 Pati bl e. Slo& Juv ﬂ%le%atl ons of squal ene and

tocopher ol s can be used. V\here a conposition includes a tocopherol, any of
t he a, Qil-ingratergmufsioys x t ocopherols can be used, but a-tocopherols are

pref er iy, Jhe E@ﬁ@gngrh% ¢ath kae ég&ggﬁljtm&l@ﬂ%uﬁa@e ol (it RjuSahihg

and/ or 1 soners. ts include or gani , such as SUCCInate acet at e,
ni cot i magwneseBaulsing rrepssshatearding & Bl AYensioBpRENEs sauplensAnd Heleast one

surfactant, in addition to an aqueous component. The emulsions may contain additional oils.

25 Ideally, the o0il(s) and surfactant(s) are biodegradable (metabolisable) and biocompatible.

Oil combinations of squalene and tocopherols can be used. Where a composition includes a
tocopherol, any of the a, B, ¥, 8, & or & tocopherols can be used, but a-tocopherols are preferred.
The tocopherol can take several forms e.g. different salts and/or isomers. Salts include organic
salts, such as succinate, acetate, nicotinate, etc. D-a-tocopherol and DL-a-tocopherol can both be

30 used. A preferred o-tocopherol is DL-a-tocopherol.
An oil content in the range of 2-20% (by volume) is typical.
The oil droplets in the emulsion are generally less than Sum in diameter, and may even have a

sub-micron diameter, with these small sizes conveniently being achieved with a microfluidiser to
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used. A preferred a-tocopherol is DL-a-tocopherol. An oil content in the
range of 2-20% (by volune) is typical. The oil droplets in the emul sion are
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di anmeter, with these small sizes conveniently being achieved with a

m crof | ui di ser toprovi de_stabl e enul sions. ets with a size |l ess than
220nm RFidsr w3l paplsivss.t Rpletapitha %'{?b]eé%fhé%l 295@@? grefetedras| e Famphe

Surfacgﬁgjgc‘@e(pta@ﬂtgest&hggﬁérf| ed by their 'HLB' (hydrophile/lipophile
bal ance). Preferred surfactants of the invention have a HLB of at |east 10,

pr ef er ablefordls dfasclabatie@PHtHER ALRT @iy@fo@ﬂi'lé/h hil@EﬁEmc@ﬁ Preféifed saMBRAAtON can
be used wth surfactants including, but imted to: *111 B’Ol ox et hyl ene
13 g0 mofaRIetTiRBae ¥©

sor bi t &hthedeptdonshave g dildhpiat é‘zaétn%meiﬁrarb@f %trl?aéﬂ

espegi gihb YnReHiors @arnb&t Bsed Qvian shirRetais Qﬁ@@ch@g &t nstomlwdrw Shwﬁolga@;dwﬂhgmﬁe oxi de
(EO, I ene ox PO, r]d/ o; tyI e oxi de &6; garg 2{)( (53
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sorbitan trioleate sor bi t an. nonol aur at e
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sui t ablsesfactimest her pﬁﬂ‘ﬁﬁﬁf@dl The ninbstapricferred oiqfhdtse sfor aucleting Sinpthaseraulsion is

pol yoxye en n bi tap ester nd/ or 0Xx | . Preferred anmounts of
sur fact ghtsss/rkjft%%ggp Ov%oxaﬁ eléer %Olblﬁlglmogg?/lg%ﬁgf&éeﬁg%g rbitan esters (such as
Tween 0.01.to octyl - 0 he xyet hgn h
Tri ton SR, Tor e T RSP F ol s BT S ) TOTBE o cung gyt o S
pol yoxpetmyj/aaﬂmer&tshdﬁ&n(%u@c Iandaan loatior wtoh 159)18<®5111tatb¢e 2(10ther Bepiiall @m@igdint ai ni ng
21 | obN AAbALes SR b BN (GRNRLAN G RBNERERA! R B p i AGANt are preferred.

SpecCrfic uvants at can e using squal ene

purifi C C d

subm cﬁ%%fgge(rrﬁ?rgé%n S&srﬂg%t gn@n%%%y%l 25 %g Izdlé‘g&hhg%ges g%ftli\daggt%rrggso gélts e. The

conposiTivesn 86 0.0 hto %%m)%]'lanl nylpsenare pokexyrshanbls|suchos Jejiel ¥rl0, st 0. 5%

pO' ySorfal e 80 (géﬁégg/é}#ﬁ‘é)t.oo‘? S Y0130 BRyechfleWaIHgH (sh&f MBaurt @5 6.1180b 95 becone
. 0

4. 3% squal ene,

Squalene-containing oil-in-water emulsions containing polysorbate 80 surfactant are preferred.

25 Specific oil-in-water emulsion adjuvants that can be made using squalene purified according to

the invention include, but are not limited to:

e A submicron emulsion of squalene, polysorbate 80, and sorbitan trioleate. The composition

of the emulsion by volume can be about 5% squalene, about 0.5% polysorbate 80 and

about 0.5% Span 85. In weight terms, these ratios become 4.3% squalene, 0.5%

30 polysorbate 80 and 0.48% Span 85. This adjuvant is known as ‘MF59’ [28-30], as
described in more detail in Chapter 10 of ref. 31 and chapter 12 of ref. 32. The MF59

emulsion advantageously includes citrate ions e.g. 10mM sodium citrate buffer.

e A submicron emulsion of squalene, a tocopherol, and polysorbate 80. These emulsions

may have from 2 to 10% squalene, from 2 to 10% tocopherol and from 0.3 to 3%
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pol ysorbate 80 and 0.48% Span 85. This adjuvant is known as ' MF59' [ 28-30],
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buffer. An enul sion conprisin ual ene, ..an _agueous , sol.vent
ool vexyet nonEmsin b SOrRhe. % iR i) £0% TARe SR (2 1RPS pfp). e
pol yoxyet hyhelsien (i3 )alsoahcsdecasdMREt (ser hel@nd The bydisopmodyi confaoma plimisphate

sur f act ant &%rg. a sorbitan ester or manni de ester, such as sorbitan
nonol eat e Br Span 80'). The enulsion is preferably thernoreversible and/or

has at |&agh GMM6i6E cbRGrifht sHENes aqiiouy QblveR) avbdlio:gethiie RSB etean 200
CryB3r bf eI iorin OBy S Gt s CORAORLTBROb) e BeP T B °
sucrose); apibghiobizmoaldad pefay@hty@Qeskderbitihestenod sionidaveyeri nch ue @obitdi R4
agoni st [35]. Such | si.ans, may be l.yophil.i,.zed. An | Si,on | ene,
pol oxaner 3018%8 oﬁp&ﬁe%ﬁ#ulmg ! %P%gelrabé ghtzegﬁ rr:ig; ?ﬁ Bi\;ealr 85{ ?tslg#?t hese
conponent s90% cidjelnibdibpiisag golnes) witl a5%s depa dhoardd) I'ldamutsidcOBay
(pluronic pelyplloend, 90 A0L! SCURES, (B i FEGRPEAOIIR PEGLEPGAPALC

7 1°cl : e enulsio

di met hi cone; caprylic/capric triglyceride S s cai be mxed with
a s@éPar at ededecilgehosidntrad/ni mycrespender aexalsripelyaliewsifs) yheagmylpient Pae of

delivery, of;dutiM%4365L0NGs MBRY AGHUER mANRNFoghese tWwo conponents are
liquids then the volumme rati'o of the two I'iquids for m xing can vary (e.g.

bet ween &: hnafghidiom)or RYtaléR, poloxamer 105 and Abil-Care [36]. The final concentration
(weight) of these components in adjuvanted vaccines are 5% squalene, 4% poloxamer 105
(pluronic polyol) and 2% Abil-Care 85 (Bis-PEG/PPG-16/16 PEG/PPG-16/16

25 dimethicone; caprylic/capric triglyceride).

The emulsions can be mixed with a separate antigen-containing component extemporaneously, at
the time of delivery, or during vaccine manufacture. Where these two components are liquids
then the volume ratio of the two liquids for mixing can vary (e.g. between 5:1 and 1:5) but is

generally about 1:1.

30 Thus a process of the invention may include a further step of combining the emulsion with an
immunogen. The process may include a further step of packaging the emulsion or the emulsion/
immunogen mix. An emulsion produced according to the invention may be packaged in a first
container within a kit, where the kit includes a second container including an immunogen. The
contents of the two containers may be mixed and then administered to a subject (e.g. human) or

35 may be separately co-administered.
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m cr of ld&Bx@de%ﬁga&i%nmé%Qﬁﬁgs@t&l&@‘i’s‘lﬁgkﬁﬁpﬁ%‘(ﬁmsﬁn average dropl et size of

| ess than 500nm This enul Si on, known as can be used as a vacci ne
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1. A process for preparing a squal ene-containing product, conprising the
steps of: (a) obtaining squal ene that has been purified froma yeast that
produces wohogln2yisel d of squal ene during culture; and (lprTaprby/miesgs t he
squal ene of step (a) with a non squal ene conponent to formthe

squal ene-cont ai ni ng product. 2. A process for preparing an oil-in-water
enul si 6RAIMSnpri sing the steps of: (a) purifying squal ene froma yeast that
produces Rplok&b £ Rbshrial  SQUsRINEREnHMngPoduet, kbmrisiaghe 6Rps 60 (M ioBiatigng he
squal ene purified in_step (a) with an ?h eou conggﬁe??ﬁ tf) fl\%mthe

oi | - i n- wertleengrifiptdiag heengpurificl fpmy a gepsh q%'rp PeSriytugh Vi OF FURSER FUSRI i on,
conpri si ngltbearst @ sodbining ale Qfablahdbhgers Gl atiginendrhaalb@scdageneguo ffrred from
a yeast tgat roduces a hiogh yi el d of squal ene during culture; and (b)
conbi ni ng"% HEEHGEIEHROB AN ed of step (a) with an aqueous conponent to
formthe oil-in-water emul siaon. 4. The process of a recedi clai m

wher ei i th@TFEHs Or&rmésans(aﬁﬁlf‘@?fg spUision, S%IPPHSH}%/H&Bﬁ t&qéé}%fﬁé%ﬁﬁ ocess
of any prsgefehiendroel ai Feaswhkitepodides ydagh idd aofSaquieare odyrigs culsueh aad
S.cerevisjae. .6.. T rocess of an recedi cl ai i t

expr ess e:dj%lcofl?’bﬁrﬁe%?ged Qﬁﬁ%&e & Hrzléer%eﬁ H¥ ﬁtglf E@agmggaél y%qgﬁggq% o %ﬁ{?i tg #%H}; Eﬁg%h e
process dfil-ianyatpreegddomg cl aim wherein the yeast is a nodified strain

that, relative to an unnodified parent strain, hyper-expresses HVGR 8. The
process. o pagsspfoeqeehanige chaiilip-wher ehwsibhecopgaising e atepe diff (2@ dbiiniag n

that, relati b r ral u - r :

2ymost er GRCUAE BRSO B AR 3R Bk R qbood LHEH YRPOPSRRRn during

, 24( 28) - tauitergp kad2(d) detpiingibn agraleng purffied pf ger &g Vafh BNIAVBPUSCOBIPABETE (A m)
wherei n the yeastinSrRESSRESyA Mut ant oxi dosqual ene cyclase. 10. The process
of any preceding claim wherein the yeast has a disrupted squal ene

epoxi dgsey egﬁ'oce-gp 6f Qxé}p gxlc%ée?ﬁ% B WHeRGE HeNEa&! BbdlceMIRARAE 2 %%Hﬁﬁy i's

grown in the presenc factor that I ncreases squal ene yield during

cul ture. WgghtThe process of claim 11, wherein the factor is an allylam ne,
voriconazol e, 6-am no-2-npentylthiobenzothiazole, thiamne, or a

t hi ocabbahet eroesss qfhanyppercediag staimnyvherede db Y§ast |1 amSasai@ioslAest T8y 8ast i s
grown in pastj;ake or conpl ete anaerobic conditions prior to squal ene
purification. 14. The process of any preceding claim wherein the yeast is

grown i6'.1 'ﬁlecﬁgéegéjéﬂl ﬁ‘} p@&gﬁiﬂgbﬂcafn?,%herein the yeast expresses a truncated HMGR enzyme

that has a cytosolic location.

7. The process of any preceding claim, wherein the yeast is a modified strain that, relative to an

unmodified parent strain, hyper-expresses HMGR.

8. The process of any preceding claim, wherein the yeast is a modified strain that, relative to an
unmodified parent strain, under-expresses zymosterol-24-methyltransferase and/or ergosta-
5,7,24(28)-trienol-22-dehydrogenase.

9. The process of any preceding claim, wherein the yeast expresses a mutant oxidosqualene

cyclase.
10. The process of any preceding claim, wherein the yeast has a disrupted squalene epoxidase.

1 1. The process of any preceding claim, wherein the yeast is grown in the presence of factor that

increases squalene yield during culture.

12. The process of claim 11, wherein the factor is an allylamine, voriconazole, 6-amino-2-n-

pentylthiobenzothiazole, thiamine, or a thiocarbamate.
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fromanimal -origin products. 15. The process of any preceding claim
wherein the squalene is greater than 97% pure (by weight). 16. The process

of any onwoebiom2adsts 2 to 15, wherein the oil-in-water egwhB20m0ds8% Oi |
droplets with a sub-mcron dianeter. 17. The process of any one of clains 2
to 16, wherein the oil-in-water emulsion is a mcrofluidised enmul sion. 18.

The pr s podcesnyf ome prkedihgichim2whereln7 thevieattals rereie inipRtiich opge®Ppletaul si on
conpri seg, 3a4al gdh‘aitﬁﬂg?ﬁé}'té/?%faﬁﬁéﬁm%aﬁ&%- A process for preparing an
co

i mrunogeni ¢ conposi tion, rising step of preparing an oil-in-water

enul si o7 3 . LI - ¥ X

enul si %pn T?MXP L&gsﬁc' Olf%mﬁfﬁ%a%ﬁnga(%mp&% 6%%@%%%%}83%%‘8%%? ? ﬁ%ﬁgﬂlﬁ? %ﬁe?%int 1%?eepari ng
an i mundyemnsmelorrisprofents: conpri sing preparing an oil-in-water enul sion
by the process of any one of clains 3 to 19, packaging the enulsion in a
first tofAhaipesess afhdnyprebédiigglainhewhireigtthe sauatanade eragiekithant 3 miie kPya
second captgiyner, wherein the second container contains an immunogen. 21. A
process for raising an i nmmune response in a nmanmal, conpri sing

adm ni [ an o n j )Sh el e
P oces g afbee, drafly SRERIRR 2 BT ARARLe GTRRS & RyBoR DAL SRS,
pr epar i ngvipua uptreigroiipmeaisie, conprising the steps of: (a) growing a yeast
cul ture under conditions such that the yeast produces a high yield of
squal etie:Thebjropess i 6y pimy osejudl daiensf Roip e whatetnu iled oifélrgtater seTRMSIPRAE & he

squal ene s AR ULGIRY. Wei ght .

18. The process of any one of claims 2 to 17, wherein the oil-in-water emulsion comprises

squalene and polysorbate 80.

19. A process for preparing an immunogenic composition, comprising step of preparing an
oil-in-water emulsion by the process of any one of claims 3 to 19, and mixing the emulsion

with an immunogen.

20. A process for preparing a kit for preparing an immunogenic composition, comprising
preparing an oil-in-water emulsion by the process of any one of claims 3 to 19, packaging the
emulsion in a first container, and combining the first container in kit form with a second

container, wherein the second container contains an immunogen.

21. A process for raising an immune response in a mammal, comprising administering to the
mammal an immunogenic composition prepared by the process of claim 19, or by using the
kit of claim 20.

22. A process for preparing purified squalene, comprising the steps of: (a) growing a yeast
culture under conditions such that the yeast produces a high yield of squalene; (b) purifying

squalene from the cultured yeast, such that the squalene is >97% pure by weight.
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