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human pharmaceutical use. The risk of harm to a human recipient may be heightened in
20 situations where the squalene is part of an immunological adjuvant because, by definition, the

adjuvant may induce a strong unwanted immune response against the impurity.

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,
patticularly 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 oil-in-water ermulsion.

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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Y 20 The invention uses squaiene that is purified from yeast. The yeasts may be naturally-cccurring or

mutant strains that are selected for a high squalene yield, but they will generally be genetically
engineercd 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.
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S.cerevisiae siraing that express truncated HMGR are preferred, such as those described in
reference 12. Expression of a soluble non-membrane-bound form of HMG!, 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 HMGIp but lack the N-terminal membrane-spanning region.

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

Yeast (patural, 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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descr i beild of "i‘l@ﬂ?-@ﬂ@W@&?SﬂQ in 1Efepines £§ mh@pre@nsmfdmb@aﬁm Sauatrne apredidsersnd

form Of ﬂ_%renéed@cﬁlhldx %rdﬁ?clﬂ?n %Eﬂl{ﬂ%} toqgrbﬁaaﬁ&rw 4 fa%i‘ YLHILOTPAMR 50

(e.q. DHI rom)ter | eads to a gh | evel _of s

accun%l gtel WC%‘W@WW\H a- fe5tRre ynay Thae tip lﬁ?c%ﬂt’é‘ﬁs rof é’f‘?‘l #dﬁf"’?f?‘h Qshgt
of the spaswbids@Rit@in aiek @Qalbﬂt&c@mﬁﬁﬁttﬂnﬁﬁdlud&ﬁhﬂlaw dot hmﬁiechm, Roritbnazole
LD Pttt ol S5k A0SR S I ARk IR0 ANES BRADALNGC LEM: Aiic oS! R

expr ess I'es
engi nee aﬂiﬂgolme)tﬁél]gﬁmwﬂl ip thettheseneaé @Fﬁ@éﬂf&ﬁan fabemwgsetsrj@alenﬁ ﬁt?%cb[é%]e t he
yi el d of squal ene. For instance, allylamne antimcotics (e.g.

t er bi nafiitele yrasts iobiudejnycyenst ithe pisiduces qarsiean er tplosen da senipalsirl £ AYdnge
er gosg e@@l Al HGh ¥ s%'ﬂ%l@ 286 G0 3hdcRR 1R thé\tgérﬁzﬁﬂeArltMJo@srcuS ArxiogYi,

2010/ 023551PCT/ 1 068 ual 1 I f squ ne epgxi dase

i bi t e Bl i ﬁszaé}'ogﬁsﬂl BPfiate Plrgatocomis Bl aetnbnpoReciom,
r esi st amieosichan, rfﬂuueatcqum,tflﬁewmﬂa Ihbneacw»el Bsaodhergiag Kl devkeea, ddmyviyemyces,
I ncreas gjofﬁpeslnn 09&?87; eS,SqM% &S ch? ! dP9cfhys 0- fﬁdcﬁyt%ésg& en Pzghta

ref erenc sénce o terblnaflne gqual ene ases
differ eﬁéedccssamziuara @éf?t@rsdcuu frerhararyesins §@q6(7¢wy<t066% ergﬁ’ili?éfﬂisﬁqép%‘y”a

fact o5 aftnaheshw %ﬂv@ﬂ d s88vaRickhEesC %5}%3&1&1@}&9 NS@figRatbAfder S Wdlhﬂty&s,t 0

be opti df st of eres ti at
ot Qi Eie ER TV AR FETARES BUE o oot P, G gseia, B
vor i con@zglsecdidi®lnyGes.aliienn -geaama fertby kitvhitvb eny Sdohazeyaes, [20]Tordadora. A
t hi ocar lﬁm&eﬁ s %%%Ivaﬁl 419 irfrenttcl aﬁl@&mmpm%mgawﬂatﬁast brflred is
Gowh in't resence of thiamne can also increase squal ene yield
[22]. Sé‘ﬂfcéﬂfroél}’?’éﬁé”@%’”%cl ude any yeast that produces squal ene or
that can be mani pul ated to produce 10 squal ene. Exanpl es_of suitable
yeast® i‘ﬁ’é’rﬁ&@f@g‘éﬁ‘i &5 PIOARGS TIHRICRFe fAly B AR B8 laray R7al ypving almost
Ar xul a, uBliﬁlltair ﬁnmﬁ&ﬁﬂlsd@a.ien@&bﬁlﬂ}{ﬁﬁé@&eﬁg theDekkersagf B podise ppsired. The

Endo nyces g& m)t e C u 1 Zafa' g OQX%a du&tt{%r& fe'f%%%ﬁﬁ{&l %?s?é%ﬂ %’uxtéﬁ{fe%&%rﬁ‘fentaﬂon

Ho777104 oec uyve ces
Lodder o nm@reesfor uﬂetusthh mm@wnanchlﬁadwh em@vnhmehﬁﬁrm@W% é&‘S@mSPﬁ dHo-Bage

Rhodosppindt Q%tenﬁ'ﬁ%oﬁeoﬁééh ATRSISENSONY €R%m 1RRAEC RASHZ Bé’rﬁﬁ}ﬂﬁ§ to increase
Schi zobl ast os ion, SCHI zosgcc ar og%‘ Sc wan m{
Soor IOl Beor e A 5 SRR, B RhRTNS Srops, panene

Tor ul as pesdactioho Auiwofsmgs culfhird syﬂmapﬂlowa squdéene ey lafyrgohanspmatdfomanis
Zygosac g::(?ol;tg érl]\Xs%e {r g!‘:asg frbfet atigcpd’bmt gb%dit EHSB glatn' l%nus%fé & increase Sq[uﬁle?ef'l o

Sacchar aspor a. referred species for use w

i nvent | oredFtoTas- aﬂa@rﬁ@ﬁlézowéwmea@walﬁo bave arpslrerstef erred i s

Saccharonyces cerevisiae. 20 Yeast fernentation to produce squal ene

can be dHERIseIeBLCAOPE 0 P 2 SOBI@led gnssdivagy aqulBiEt caf PTusde Be 8158 diers

'(I)'L sqy a'c@d&@seft&%n{oh h'cﬁ:nfse@ﬂﬁldl&eﬁthﬁ lzdkmst ar@lo l%ﬂlexofcoﬂtlﬂﬂmﬁrﬂﬂ a$efasle phodaged.
e yeast can be an nown tu

Systom PSTRRRTE: GUAETerH ap aCRY e es gut et bele™l NERRE Thbu e

i ncl ude rleatoc midmel e, muhamé viipmenprithars. Sysiemple, mﬁvwat siyalgpegrown in

cul tur & \aYSERIR: TP bprie 8o, Ty 9asy ApANY D WWBﬁﬁ{doé(ﬂ edia

condi ti ons to |ncrease 25 bi'omass before’ bei ng changed to an
| east pdieeifem gy @iradosBinPphasdeeovhare peddel df armah@nd pytierded Yd??"mA)
t WO- Saggai&ittld A @eS NS IngRuidlt 6115 Ghid!SBRR] RCsbimsd Ao uices the afeiRfahed
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30 di sease-causi ng agents, environnental toxins and ot her

contami nants. Suitable nedia for growing yeast will depend on the

" yeast spe §01%g %}erment ation system Suitable nedia Feﬁ#ﬁ&grogs%] or
m ni mal Wth and wit hout suppl ements. For exanpl €, € yeast
may be gr own in I\/I\/l EMM YPD, YPDS, YPG YPGS, YT, YAPD, YEPD, YPL,

YEP, Yl\B@lsﬂaik&bﬁDs d}q@@cbrﬂa feh@@hA6MiANYTSHR), Naild Qi | ghirtivuf OftetC thddn( Ehog].ne
whey) are eal %al rrz# é)and particularly bovine) 35 materials are
used dufﬂo%l OéﬂleP?fP ?ﬂahé’ P¥" they should be obtained from sources

t hat ar e 2010/ 51P / .0 t

spongi fgpﬁjf tﬁ%%ﬁ?ﬁ% og\/\q[t £g %nd?ulo agge ﬁe%qgo e@i&%@corélﬁg]?o%g ﬁl'vpdu%n
bovi ne spﬁﬁmgfrémmmtmemmbpahfbﬁfm( BSEE)bothu@dth pheateezsns: doxiesf aﬂéLﬂﬂéeﬁr e

condii Qaﬁmc&a%aﬁs%&spwdl if b g%% FRETYLAKE- 68 @geﬂ@ (§u@h ggﬁtsl AV eRhRR
is free from cont amnatlon uct

ath ogens,
pat hogesyeasiaxMadodsfar 5plaiee leual@%erfF% piEas] ar%f%osf ﬂrt f?lgf?eamﬁ}l?dar i
fr eﬁ Ij r ggh%%@%&gﬁgh@@@nid&@@%mgmﬁmm eabnﬁﬁcuﬂ(gm dxfraetiyre §650,s9nd
Met hods for at,in u
el oot e i cReheRok RefRSnl bRAAERS IvoffSPOY,. ok BB, Hhlordibith
ext r act ingthandd atdvant exitebtiin [§28.28k 14691&35 thG rpul[ﬂif@l]squaém l%m’p?é?fdhqﬂtW@aHUIﬁF {byi d

extr agt kav@@ha.() OBBﬂcoﬁ}@fEﬂaM Pgl%%xdﬁfén @E%‘ wophbd 58ato 9n) 9899%, bkeh @& Fure.
chl or of or m net an PI

vent extraction | deal | t
purifi etfcal Al 1F§ @}a@a% &PPipiAS ffSoteR 8[.%& eﬁé@ﬁh%& aﬂt%(émﬁgf@alene
pr ef er ableysurcgrae adxér e@h@]&n@&%Q}? 9%Qs 9Dod the 18€ciBLHF OBix8/ T E@Mﬂﬂﬁl%o

o : I
E&/e di Ogg %éprégenté$gs RY rfg &lﬂ?&gu:ﬁ& B%cgf %} %ﬁéﬂsl’é@%@cﬂ %Pl\?g%ent :

T. EGs abmwswé ath@S‘(tiQiill (thy teyic eguivaleneyfacters THGBEHE 20908 thegomeity of 2, 7 8-
repr esenem &sxia (Fhibghs Ned&ice Thge bOXI T tilcite @RCBaPOBQ of a mixture, the
D e e
equi va

TCDD di tosiance| vifaisqimldnasnay aed ém&md’élﬁlhhﬂtelessfth&@ 5000 @eltea ol g 30PEpe/e,
t ot al by is multiplied by its

| | bF ang&(ﬁg & 1@%%05%2%& E?ng p?%c(segggl ues. For instance, the

squal en %n 18 gfgu\ﬁﬁnghz@% Olgl%eh BYR t§c 1!!5%§§t hhgo 6é9 el p?ﬁfa&tioﬁwzwﬁﬁfeﬁm

3000 pg/ g, 50 100 pg/g, 50 pg/g (1EQ
Once? Bh@loﬂjﬂ‘éi?éﬁ%ﬁ FF&?Slﬁ’é‘éﬁ“"fi’?PﬂFF‘P]éH“fl‘E*BYﬁnésh@Cyeast it can be used for
preparation of downstream 20 products e.g. nedicines, oil-in-water
enul si oWilsidimatenrrrisiost c. Q| -i n-water enul sions G| -in-water

enul si Or&?l—lga\ya?m € Ii]su;n?éﬂg? tb%elp ?oﬁ@%'&“%ﬁ{ (!uYar Lﬁt@’tgtl-: qcn ﬁ e #S& ﬁwﬂntm

ad] uvanti1ng vaccl Sl ons _prepare acco e 1Lnv nt| (0]
i ncl ude veepnes. clpaulsipes @ppqr@chgqcom to the invention mclude squalene and at least one

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

25 Ideally, the oil(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, 7. 8, & or £ tocopherols can be used, but o-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-o-tocopherol and DL-a~tocopherol can both be

30 used. A preferred o-tocopherol is DL-o-tocopherol.
An oil content in the range of 2-20% (by volume) is typical.
The oil droplets in the emulsion are generally less than 5uum 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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‘surfact ant, in addition to an aqueous conponent. The enul si ons may
contain additional oils. 25 ldeally, the oil(s) and surfactant(s) are
* bi odegr ad bol i sabl e) and bi oconpati bl e. of
squal ene S*r?l(l()j g@%%ﬁerol s can be used. Were a corrp05| tlgP I('):g'l/o(ﬂgﬁs

t ocopherol, any of the a, 0, 7, 8, s or tocopherols can be used, but
a-toc Opbﬁﬂvﬁlb Stablk &njul sedn@r Dm@letsThﬁh hGive pése tioin Z28nmt ak erefeies raalthefyo:mﬁ:e

e.qg. di EJbeJc%H‘m@%rstenﬁz[aE‘éxPr isomers. Salts include organic salts,
such as™succrna , hicotinate, etc. D a-tocopherol and

DL-a-to I h I

DL o t oS IAERE caf Rt Bl HER Ay BoRi BAELIRL 5 AR ?Be?e%% pubSants

t ypi cal Ofﬂihéw@lﬂorlhawmfﬂ%%ofa’ilﬁcﬂﬁfeme}mﬂe@b]dﬁt lapsélaeaﬁén‘@rq Bye: PI@§1§ aﬂﬁﬁhl@um
in f': SMELS nvediod R Ye t%iye@nﬁlhamfaataﬁty chmddﬁfgpﬁutqioamt@é ]£o Wl fo1§RGEEY t lene
s si zes conveniently bei ng achi eve Cro

5030/ 02 SBRBeT BB RS Y SR e st dvert criell BlSrs sz%vﬁ“\fll\o
a Size belssriarelt; 2201ymeasof emyhﬁemnME@& p&dp@;enemdéa@’csmﬂbcbmﬂen@mde

filter ﬁétﬁféHoidz%' Qhe W tFod éa!re@o@b }»ﬁ%}rwpo]q;ﬂm@

(hydr ophi |pop Ieb rre sur ctants 0
i nvent | GROREQE. ‘ahlguamcwryaﬂ theeazgtbell@ repspieRethony (oxgt ! 3-ethanediy groypy Yidr e

pr ef @b akyxyabl-9 @ﬁ&bn 6100 oﬁ%aﬂy@%@ﬁkymeg@ﬁyéaﬁn@ﬁ ebemwdfipaﬁiéﬁralaﬁi@m S

|1l 0 DBl D LU LS 0" B8R VRUHGI SEERED SR
pol ysor Ipa¢sphazidylelmding dlegsionh atoeyl8iknolc ethod yWatesr suabf a@ttmty‘ll"e?aeolﬁk iNFe SE(rEE))
pr opy! e%ﬁg@é’gﬁﬁleﬁf By e ﬂ'g/erﬁveﬁ Yoy IQ%%, E)eéirl,b ea@;EQ)id ol flafoh G od D 8s Brij

sSucC as |1 near copol yners;
oct oxy n&PEciagls), s4¢h@a Hicttspeslycol menqlrprtsthep By é@eé‘i‘q W@bi@% ARSLy (commonly

(oxy13§, %n@bm@srt@@lsmﬁs)ggu@m BSsorbibah Mricl@te0GhaX3) @dd Shrthiteh inhadola¥attONon-hic

t-octyl ph pol yet hox hanol ) in i cul Al |Unte est :

(octyl pf‘ci'é]r f@ﬁép%i: ﬁé‘ffjﬁ%‘%éﬁﬁ?aﬁl8it ?IF&#XED%&E%Q%FNBC S 1;Ijlhos SHBTSIB &s
such as pphesipiatl @ylyetisthylves (didth nvoecatndnyptpienol et hoxyl at es, such
as the Tergitol Tm NP series; polyoxyethylene fatty ethers deri ved
froml aMyluresaétsytfactM&aesmybe ased @f elprecn | OGIpen S5 (R¥bS- ds cBplifation of a
sur fact %egrgiyeth%uﬁ@séﬁngnr sk fami @ﬁ' %ab;yﬁei is rmoduﬁwwlmﬁiﬂae ﬁse@@rcbinb?agaon

and sorbitan eSters nown as as

SPANs S
sor bitt afORPiGH BReR 9(@15%%%@%6@6%}*%%%%% at P%f%’é‘/ no n i oni c

fact ant f d Th f t
Phel ud TS S TS (P SieBR U SO CRGIRE SERYTEREETS 6PN an
nonool edtwern Jydar t807fo, octyMOK hqu;&er@)ﬁ{y polybrgethant s(sedins Beitarsed0& .og other
Tween 8%1‘1%9@5@1‘1&%%6 g)éﬁt’s}j’ F&o1 E@Oq o, 0 {lﬂieﬂ{}le(ﬁé etﬂe@@u&?ﬂ%gﬁ{ b?@?to 20 %.

sorbitan ester and —an ‘oct oxynol so "sul tabl e. Another useful
conbi nat i 40 88 W80 aROGDE AN
ester anSl ?%?n%%ﬁﬁ%g%fgﬁg“Ja&gr&gglglﬁ%eogkgﬁrlg%ﬁg ?Sof surfacat antas%%%1

wei ghit) Sarefic piblnyexsretniydiensljsentyittedrandstmads visg cipatese Pumied 88®)d1@g o1
to 2% Qfd¥leniQl inPRRY b Y04 oxyet hanol s (such as Triton X-100,
or other Triton series detergent 3%6 0.001 to 0.1 To; pol yoxyet hyl ene
et hers (sech sasmicaureetilsid)of 6qublehe palYsdibateSty ahdsvebito nicddare gy composition
oi | -1 n-vat ege Gl 31 RSHCOdEAL BA'Ge RRLY 4" BaliEn3 Qs 0f538 bANorLe0 and

preferred.

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 ‘MEF39’ [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.
» 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%

8-



25 Specific oil-in-water emul sion adjuvants that can be nade using
squal ene purified according to the invention include, but are not
“limted tQy cron emul sion of squal ene, polysor

sorbitan tr| lﬁ I]?The conposition of the emul sion bypé} uzﬁ&émggsﬂab
about 5% squal ene, about 0.5% pol ysorbate 80 and about 0.5% Span 85.
I n wei ght tRIyI&Ebaté BEIAI tat wedght mmmea%oemmioem@ref&aﬁgmqe g. 0.90) as
pol ysorbate, .80 and .Q.48% S 85, . Uy
287301 adviguirpty” iRl GRrsy SRk i Bl Sall8 A2 prdlit e o
chapt er 12 \@iumeerhmo BQabOmhéZ IVFBQa mh@xam OédWﬁtl &§eOusssugh icpglsipgecgn be

citrate iong# g dlsk&m%ﬁ;@léey%% PRaLE Rl 8. so1uﬁo§Lt9éﬂ ﬁb&{g S| Fitee

of squal ene, a focophefol, and | ysorbate 80, The | si.ons .
have ¥rom ?03&380&@%‘% 8196 gqu&h rotoeep fﬁ%“‘ido%’ﬂ}ﬁﬂ ‘ES‘F Hmfl‘f‘rﬁﬁﬂlg‘%égt 0

3% WO 2010h02356EPTH ma@ﬁgleeale&%hqaoauymmm cB@letsal.@ wohia aneingivize
ratio of s ame‘:f‘erf'eoft O&%@Ib elP(? lfmd %5 feerfggulg Belu (1$Or9n Ingfy %lsgan

provi de a e stab € emul si on: sor ate
present at iachyds|afvée- @%Yleteémoah@giph@whleﬂ Aa(ﬁd'g/fﬂél Yyppther é%eiﬁé eéllu S%cﬂﬁt

11:5. One sychymd 62 ReifmR d6seby sdbsHO4qkhIBgE, DWeL 18R BRoprardEBRAt O
give a 2% sol %onyﬁoﬁ%ﬁ mﬂil ng 90rrff of tﬁ?és)qS sol ution %VI t(rjlIb a]L

mxtme of f(%@“%ﬁfpobﬁmgat?gggaherol and 5ml squal ene), then

rnicrofly dAl?Exﬂle H%f whledt & toﬁb‘ﬁe:%?%ﬁ& talﬂﬁore@aeérgén@g Qaﬁlt&ytznﬂobp%ell
droplets e. verage dianmeter of between, 1

nm

preferably %Bﬁﬁn lﬁ%ﬁ?ﬁ inglH¢e %%M%’H?Fer]i’ﬁvwétl% WWPE?}O&d%aYacomam 2 PhosPhatc

3-de-0- acylwired nonophosphoryl |ipid A (3d-MPL). Mot her useful

emul sion of this type may conprise, per human dose, 0.5-10

squal ene,” 0ABcmilsiy OsPEERe Satalengnin 10Hous. Pyt ﬁoP@}%WEtéﬂe“%r%kIﬂB‘%Tef

?n ems| ; I (i)nh}@fo ﬁmuaﬁcenﬁm SurfReaP laeg Oboly@:@éthﬂeﬂlér (12 Ncettetzayp @ftier)( endg a
riton e_emul

The enul si o’??> dFP@O ¢o H?né‘?nﬁc é“f{?ﬁ%g (ﬁé‘t %S%E‘%‘ne?sgr ° mannl\l/% <3 ns%g%% ?‘9@11:5111
squal ene, amomifazousSgwl 30en{The empeby mqgref@nylyéh@mateka;rblbletah@/m 11@ a’t 1east
hydrophi i coqappt @R bﬁ dﬁiﬂfetsa(%gl @&Bmé)ew;% 2 Dol MOXUSL S0l e B4f. Tk emuls;on may

cetostearyl ether) hyd %tf bi ¢ noni oni c_surfactant (e.
sorbitan est& 1‘6P‘dﬁé’ﬁ‘ﬁ|‘6em@§t alddftgh 17 S5/ORIGIEY YCaRBoRD NOF e tBS rsucgp@n
80' ) 20 The emadksihasliokide pihe}foersah’oge) t helVoroie wiiykoleBeaitd/ Ghe hasiladn Inegst
90% of the oil .dr ts v nme s than 200 nm

e bbb Dby S TE L Rposi g es

[ 34]. Sion may“a alditol; a

cryoprotectiy REE f( s%u&enea IpEH?zg%e[r 1%)?' Gha 6}@0&12@31'6 qgﬂe?ﬂe Rt &ﬁ&élﬁauon

and/ or sucrosey . andl an yCcosi enmul si on

i ncl ude a T[VRZBhQQ’éﬁ}Céft Cmpentssa@ﬁ]u ef@%%%ﬁﬁys‘f’béquﬂ?eepﬁ.w%mﬂ Wi

enul si on of pRGHAE epelyolpohaxapmr AHISC A d3AbImBis PRGPHBEY/16 THEGRPGEIE/16
onents i n adj uvanted vacci nes are

S o e B R o S L e o1 | car'o 56
(Bi s- PEGP 5%\111@6[%9 Bg%f E%liq/sé&nrﬂéﬂfugﬁ{ gﬂn@a‘ﬂﬂ@g corfdBhohk bdniPonbSusly, at

triglyceri ['si ons can a separate

ant i genik%vwepﬁﬂq#gezdowpeﬁeatvaweﬂ%f%%%egﬁ thgte wReompHREnigrare liquids
del i ver YhenQke @tu.ﬁm@gmuaﬁmerteorrﬁlnm aditrbiking Ahens (b heigevdews: Icaidpios)esut s
are I|qU|ds fzﬁ% hqe volume ratio of the two liquids for m xing can
vary (eS8t WetA 5. 1 and 1 5) but is generally about 1:1. 30 Thus a
process the inveption incl r t e
AT S PN I Mg R R
pac kagl ngmh@eerﬁlnbﬂmﬁsemayumwemﬂ@meo aiep Phpaghagentherenaulsing ocihe P@m@lﬁm'
produced,aek %g'nﬁﬂ Atpeﬁnhﬁ Pz\é@ﬁ\:teﬂ QbbolHkYe QQh@ﬁng:ﬁﬁﬁ%dyrbe%aéﬂa &lin a first

contal ner w I NCl udes a cont al ner
i ncl udi ﬁ@ntemei.thegenwh%@eé&ﬁe%?ﬁ%aé?wﬁ%eo‘it%\ﬁf&fﬁ{%gr?&@%wse

m xed am;dmtarheaf 186l W ddoataieRtndydeanigetirdahen(@ngnisttradranny subjectdb.gnAynaapor

separ gt be ?epaalqlmlyntlzosadenumsteled
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WO 2010/ 0235511' CT/ 1B2009/ 006825 General The term "conpri si ng"
enconpasses "including" as well as "consisting"” e.g. a conposition

* "conpri si REo 2§OH%¥ilconsi st exclusively of X or may i ”%8&’&:%6%%411 ng

addi ti onal €. Y. The term"about” in relation to a numerica
value x is optional and neans, for exanple, x+10% 5 MODES FOR
CARRYI NGe2fI THE | NVENTI ON Vari ous mutant yeast strains are prepared
by genetjc engineering techniques. The nutant strains .either

over - ex PP &Emo COTPRRNE SPFPIRRASSSE NI HEWE] A% STV ICAPssiG &fe? composition
met abol Fesmprieng’ X uak cyals txchgivelgel AbCka) inchitle sonmetidhsaldoiesd cignX + Y.
reference 11, which can produce squal ene at up to 16% cdw under

appr opr iTat erng Fabetih iehdod iocenmmefih! Mltcer is optidnak aad mehss, fon btampéd »£E07A. s
are collected and di srupted using a glass bead mlIl. Squal ene is

puri f b e MOPESFORECARKENSG OUTHRIE INVENFION chl or of or m nmet hanol sol vent
extractipn or, to_ inprove vield t he met.hod discl.osed.in reference
S s o BB L Sr PO e rettrod B b ET R n B AT ettt SR
ext r act ieitier oResHPredsvg usdprakese ehzymies ghblyepin squfls@5odtaboliize Prersu¢li edst
squal eng s AG@ 1%%%111\]’(}4140{2)8& et hcR 197 wHike et 1§le@@ gqu%@ﬁé"ﬂt&é to 16% cdw

sinfactants and wt 5acitrate buffer to prepare a m xture havi ng
5% squalids 2PRPISHEBIRVER CHlitaRs 0. 5% Span 85 (by vol ume). This mxture
is mcrofluidised to prepare an_enul si.on havi ng an _aver age_drop] et .
5 26 151 Aes e Tia oSO C e OGS B NRHGA is = MRS 5w Tl SBleat g
as a vagaiifisd faddp thedpdate dithemby {2: 1) ehlondensinatand] Ralvert Retrdctivieod, toimhas
been descri hed b . . i.f.i i i

whi 15t REkhPR g i osfd PURSEaRD S RERoMRELLE Ald BB SRR
2010/ 023B3KPETAROD §LO0E829uakmF ERECEsre (PP %Bor uci nska & Frasca
(2002)J Fish Diseases 25:287-98. [2] Bertone et at (1996)J Fish
Di seasedlhe guiified s@wpleng B|compingd@ith amixpre of Tooe) &0 apdtSrantp Wriagayadsgyith
[4] BkagQtthate iffelo prdpdRA1hix RO Rhvir2 SN QfualBhed DSFMOéen 88%0d T.5%Fban 85 (by

volume). This mixture is microfluidised to prepare an emulsion having an average droplet size of

less than 500nm. This emulsion, known as ‘“MF39°, can be used as a vaccine adjuvant.

It will be understood that the invention has been described by way of example only and

modifications may be made whilst remaining within the scope and spirit of the invention.
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Clains 1. Ag -1 n-water enul sion, a uvan
conprising ¢ %O”étt'%h%?quq'f%p“ﬁfd‘ﬁdl'? i/‘?ph(ﬁ) g'ﬁlfé?loé‘H%ouF F%rﬁ?oé‘egféa?fm gHn-’
produces a hi ghteyerelisbneldiugeital ene during cul ture, wherein the yeast
is grown in a controlled nediumfree fromanimal-origin products; and

(b) CO”b'znlc\%gacEQ Ror §4agé}#ns BE o cvbfe& Sfhidd cBuGRM, (caf)nps%g heddpagtueous
conmponent t(Ct) ob’rclnlng squo%ne Thcf\{\wlas been punlle frorr]n g‘ \)ec:s\{ ?hot’r produces a high yield of
squalene during culfure, wherein the yeast is grown in a controlled medium free from
animal-origin products: and (©) combining the squalene of step (@) with an agqueous

component to form the oil-in-water emulsion adjuvant,

3. The process of any preceding claim, wherein the yeast produces squalene at >5% cell dry
weight.

4. The process of any preceding claim, wherein the yeast is a Saccharomyces, such as S.
cerevisiae.

5. The process of any preceding claim, wherein the yeast expresses a truncated HMGR enzyme
that has a cyfosolic location.

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

unmodified parent sirain, hyper-expresses HMGR.
7. The process of any preceding claim, wherein the yeast is a modified strain thai, relaiive to an
unmodified parent sirain, under-expresses zymosierol-24-methyltransterase and/for ergosta-

5,7.24(28)-trienol-22-dehydrogenase.

8. The process of any preceding claim, wherein the yeast expresses a mutant oxidosgualene

cyclase,

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

10. The process of any preceding claim, wherein the yeast is grown in the presence of factor that
increcses squalene yield during culture, for example wherein the factor is an allylamine,

voriconazole, -amino-2-n-pentylthiobenzothiazole, thiamine, or a thiocarbamate.

11. The process of any preceding claim, wherein the yeast is grown in parial or complete

anaercbic conditions prior fo squalene purification.
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2. A process for preparing an oil-in-water enulsion adjuvant,
conprising the steps of: (a) obtaining squal ene that has been
purified froma yeast that produces a high yield of squal ene during
culture, wherein the yeast is grown in a controlled nmediumfree from
ani mal -origin products: and (b) conbining the squal ene of step (a)

wi th an aqueous conponent to formthe oil-in-water enulsion adjuvant.
3. The process of any preceding claim wherein the yeast produces
squal ene at_>5%cel | dry weight. 4. The process of any Precedlng
claim wiarepwradse §f €Ay trrgcgdiag SHEE haeEn/ee SIudaie s e8aig. Mer P&k iPYrARY
5. The procesgitof any preceding claim wherein the yeast expresses a
truncated HMER enzyne that has a cytosolic location. 6. The process

of “any pr? %d:p])%%ess Ola LM one o Icums h.? v%gr%%tThe cﬁ -in- wé@rde!mu\ssghéshﬁ/%g&e% Wh

relative To an unno res

process of %ﬁ?”ﬁ%‘é‘éﬂﬁ@r &’ﬁ%{i*'ﬁfhe\/ﬂ”ié'l"é‘i‘*ﬁr %”H%Wé*a%‘f‘“cfo'g“'%‘iseﬁl[ﬂﬂ?“fs'%dmd/ or
st rai n t hat wihedirathe vieintvoteaemusimedimbiisediapdgnesind seivsgicaie dnder - expr esses
zynost er ol - 24- net hyl transf erase and/ or

ergostas,,f, Aﬁé&&@gfo ép%ﬁ%lg ﬁj%cﬂg%}’ 8'&89&8@:?@ n h@"nanpl%n‘eﬁspxﬁ %%%p%f‘ pr@ﬂiﬂng

precedi ng claim erelmt ast ex 0 yal e
Pycl ase. o, RN KGR aEORIY P b SRS SLrRichr CURaTb] I Pracy s Phas
a disruptedaﬁﬁﬁaMéwéféwﬁk@ﬁ@§EWXEO The process of any preceding
claim wherein the yeast is grown in the presence of factor that

i ncreases;s W%é@ﬁ@r kit Ak b Berdetth c!hr i@muheni8 X 8RdsRoVBshSHkiRg brBSaring

factor is an
6- am no- 2- ncn 91 \x?’r{e hel.-rrb %EH é&{hﬁlproc:%:is O Gné( |9|ne of. clcnems 1 ’ro 13, p?ﬂ(cgn%’rhg emulflon in

11. The pro€ §§°@‘F'“%‘n?‘drﬁ°€@@ﬂ9ﬁ“§fﬁ %H”Fﬁ'”e{/\)ﬁé‘Ff@i”hw"f%seﬂj‘é’é’s‘%o”’i@é‘ebWB‘ﬁﬁ”| n
parti al or tesgloed ecréavse colait cogmdurbgens prior to squal ene
purification. 12. The process of any preceding claim wherein the
squal ene is greater than 97% pure (by weight). 13. The process of any

one of clains 1 to 12, wherein the oil-in-water enul sion has oi
droplets with a subm cron dianmeter, wherein the oil-in-water emulsion
is a mcrofluidised enmul sion, and/or wherein the oil-in-water

enul si on conprises squal ene and pol ysorbate 80. 14. A process for
preparing a vaccine for parenteral use in humans, conprising a step
of preparing an oil-in-water enul sion adjuvant by the process of any
one of clains 1 to 13, and m xing the enul sion adjuvant with an

i mmunogen. 15. A process for preparing a kit for preparing an

i mrunogeni ¢ conposition, conprising preparing an oil-in-water

enmul sion by the process of any one of clainms 1 to 13, packagi ng the
emul sion in a first container, and conbining the first container in
kit formwith a second container, wherein the second contai ner
contai ns an i nmrunogen.
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