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WD 2005/ 100587 PCT/ | B2005/ 001034 1 METHOD FOR

OBTAI NI NG OPTI CALLY ACTI VE EPOXI DES AND VI CI NAL DI QLS
WO-ROM1A587 DI SUBSTI TUTED EPOXI DES 5 TECHNI CAL FpEL/DB2064/(81034

I NVENTION rel ates to biocatalytic reactions, and nore

particularly to the use of H0 enantioner selective

hydr ol ases to obtain optically active epoxi des and

vicinal diols. BACKGROUND Optically active epoxides

and vicinal diols are versatile fine chem cal

internedi ates for use 15 in the production of

M@Fﬁg_i_ﬂ‘;fﬁhtbgﬁ‘gﬁﬂ' INRS Wﬁ&g'& Eﬁ ReThvie EB@%@E@% fip! \QIG:LML DIOLS

hi ghly reacti vEROM& 2-00pSUBST I THTED EPOXIDES Strain

i nherent in the three-nenbered ring and the

el ectronegativity of the oxygen. Epoxides react
readily with various 0-, N, S-, and C nucl eophil es,
aci ds, bases, reducing_and oxidizin agents, allow ng
the production to bi ngE?HUMLrﬁ!E'e ul es. Vicinal
diols, enployed as their 20 highly reactive cyclic
sulfites and sul fates, act |ike epoxide-like synthons

THIS WNVENTIGIN, aielatesn i biastaldis] eastipns sandrinoreosatipilafly yo the use of

o UL AN GHRSRU byt 0L SRRl EBSLARL S e
derivatives, aziridines, diamnes and di azides. Since

enant i opure epoxi des an i.chgal di ol s can

stereospecifically be i%fé#@%ﬁgggﬂ%d, they can be

regarded as synthetic equivalents. 25 Optically active
2-dj substituted, epox

Opticéllysg%tg/tei & sang H’P@?Lgi?’%\/%;[)\f%%%ﬁg fipa shaeiical intermediates for use
in theﬁ}’;ﬂﬁ?ﬁéﬁcﬁ] Rt RHHrindkeutfdalte %érhéﬁe?gﬁéggpﬁﬁgielé@ﬂégghl& @rystals and

ighly flexible nolecular sSca _ can .
flavolgs mnel fragrapees; aFpayres Gpe highly (easdve wieatiophileg hecause of the strain

rrer AN e PRSI TG Sochleam AR P e Mhopdes rcc
readilfiywittovasess CECNS. 8-, 2ar8) Ceanusldoptiiled, yadids, draspapsedusing and oxidizing
coenB2 NG B H OGRS BBlor % it BE-EBEN Mfhyeo e o
highly reactiearogdlis sufiitesaisd sulfetes tat &miem'/m«i@@ik@awhtanm wih a broad range
UBSTI TULE SHEET. . .( RUL 2005/ 100587 . . -
of “U“S%Gr‘? 1850687 869 'i!&’ Cg @5@%&@@ CORIS ‘ﬁ%@ﬂ?‘?@ﬁm} reapiipggvith amidines

and dzltieP aldw QitcbEetas dihpdiowhiaezéle Sepvativesh vzitiimes NYiRRifsSand diazides.
t hat certaln m Ccroorgani Sns express epox]

d
Sincempagr@semﬁngﬁ%vg;ﬁ@hpio@s@qaréé’qqrs;qs{p}epiﬁq:ﬁlgl be interconverted, they

can be regarded as synthetic equivalents.

Optically active 2,2-disubstituted epoxides (TDE) and 2-substituted-1,2-diols (DVD) have
considerable synthetic potential, since these compounds constitute highly flexible molecular
scaffolds which can be converted to valuable optically active tertiary alcohols, -

methylamino acids and a-hydroxy-a-methyl carboxylic acids (Steinreiber et al. 2000).

- Epoxide hydrolases (EC 3.3.2.3) are hydrolytic enzymes that convert epoxides to vicinal

diols by ring-opening of the epoxide with water. Epoxide hydrolases are present in

mammals, plants, insects and microorganisms.

SUBSTITUTE SHEET (RULE 26)
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5 m croorgani snms of the invention selectively
hydr ol yse 2, 2-di substituted epoxides or selectively
wo eoosn@sgubsti tut ed- 1, 2-di ol s and their genonmeBCEIR2065001034

pol ypepti des havi ng highlyégnantioselective epoxi de

hydrol ase activity. Mre spéetifically, the invention

provi des a process for obtaining an optically active

epoxi de 10 and/ or an oPHMMAR % active vicinal diol,

whi ch process i ncl udes the steps of: providing an

nt i r|c r ' i

The g “epasd P Sulle Sy EEeRley NGE RRERRS that certain

mucrocﬂg@ﬂém@rreéxmem xepoxida ploydrplepes deyittor hight usoantesslectivity. The
fragnent thereof, having .enanti eI ect iV .
microosgagma g dhe & Eho RF BEI G B ¥S%c%?°ﬁf?“bs’“ Higd  epoxides or

selectlpélklyféﬁﬂt bAebbnifd-A2-dislk yélﬁp&héie g%nsﬂﬁederhx;od@ pelypepifdes having
a yeast cell; i ncubat i ng the reaction mxture; and 15

highly epgotiaselasve popxidnBYHRESE a6Vl xt ure: (a) an
enantiopure, or a substantially enantiopure, 2,2-
di substituted vicinal diol (DVD); (b) an enantl opur e
More specificalihdhainveatioly peavidas @@m@sszforzob’fainﬁwo@@ Pptigally active ePOX'de

ons S TR R B ot g 4t proveing

enantlem@nt;lmmwre of ar 2 2-disutsstituted aipoyidendME)p pigaéng 2, rzaactlon mixture by

addlng LR/ St | t @deél?:ﬁﬁgbgg &a %%P’én({[%erﬁir%aﬁlﬁﬁﬁon% fllagﬁ]ent thereof, having

enantlé§élé¥tﬂ/ee Mdié@bﬁﬂdi/e@r epéxidephydralaky acttwty,e theé Cpqﬂmeptlde being a
whi ch process incl udes thqbste

polypeRide cpRRRAFEBY (% MRt O @ BFas Sois Ior SEes; { Gipeton mixture; and

recovel L8R the FBREIbA hiRuFS38) ér‘?@né‘ﬁtﬁpﬂl‘@ dpy uhdiangiallyt endritiepure, 2,2-
ntionmeric mxture a cell conprising a nucleic

dlsubsimiedﬂr@naladigl RYRNI &) 2raBlighisssPhd, s@%t@grﬁqa@gopure 2,2-
g elgctives ubgtig u d@nanti 2,2-
suoA)ffbR0 SB3A0L. She B oS oet 4 ki aRany denantours, 22-
dusubsimhtgﬁeptcmzhe éinot catedd doy enajéneum‘, ar y@asmbsé@mually enantlopure 2,2-
Batl ng the reaction m xture; and recovering from

d'SUbﬁtﬁ%te ERCYPBn mi xture: (a) an enantiopure, or a

substantial ly enanti opure, 2 2-di substituted vicinal

diol; (b) an enanti,opure, a bstanti al.l . .
Anothghasaacd Stife Iyt S ePesh o CBRNaAn Gicfly acfjye epoxide and/or

SR | SRNEE victal adibH DA ippbdass3thcRtRAat iHapusteps of: prov1d|ng an
an 02 2- %I substituted vicinal dp?dc))l and an enanti ogure

enantiomarssmiire 0718 2, 2diawestigar epoxide; grealiped tegcian nixitre by adding
to the %ﬂéh@&(}en@ﬁu{tmé %%&%ﬁgﬁ@ﬁﬁn@eﬁtrﬁjcﬁ?@a\éld @n@&dlh? Ofind capable of

€ processes can be a yeast ce .
expredsingpal pplypeplite daninge coaotieraiediye ad, 2&1@6@@%@% poxide hydrolase

actlwwhg\eg;gqlg%leplﬁlpggogtlr?é? rc?g’ Jgﬁ%ﬂge %ﬁgog’éﬂ cI %élﬂc‘:ébam géagcedelllz incubating

the réSeREUEMARIUMET BnaviiéedveViBy 20drh/ th@%a@‘tlcﬁ’Cﬂ?ilXtB@ﬁQﬂ a0 l@atiopure, or a

cubeiSale s S B VAR D8, 8 B GBOHE P substamaty
enantﬂﬁ)tu?é ol DoQRIbBEtRS Ce;ﬁﬁdldia S%U%@C%n Ognantiopumd, 0goua  substantially
nucl ei c aci d sequence. cge tide can be a

enantjapiure,| ezag,ﬁrswéwytedep\dsdna'e ¢19'drfiﬂ oPN2OBHER, | GRaP  Substantally
enan{idp%ggfej]é ity épd)@dyt h yeast epoxi de hydrol ase. 5

The following embodiments apply to both of the above processes. The cell can be a yeast

- cell. The polypeptide can be encoded by an endogenous gene of the cell or the cell can be

a recombinant cell, the polypeptide being encoded by a nucleic acid sequence with which
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Mor eover both processes can be carried out at a pH
from5 to 10. They can be carried out at a
wao eosproEsure of OC to 70 C. In the processes, PBCEIB2005/001034
concentration of the 2,2- disubstituted epoxide can be
at |l east equal to the solubﬁllty of the
2,2-disubstituted epoxide in water. 10 In both
the celbnsnd:reasﬁasmed helte pudeicupsidi saauence sk br af Sxggenous nucleic acid
enanti
sequerig; tGeTplopouf bR s i 8 lerthe, 5P BRIRoR S ARl g8 RIS equence.
The dgrgaa@qcsé chs be a GiliApogthd/eaist ehexide iy delaseophe rﬁalo(ﬂpnf)d fragment of a

R2 15 wherein: Rl and R2 are,
ful ‘engtﬁd'@&éh%%qﬂ[—‘%/hy&f&@% h other, selected fromthe group

consi sting of a vari abl y subst ituted straight-chain

or branched al kyl rou var t
Moreoarrhaitiy REQCEEEENCHY bg 8?%{ ak@?ﬁonbggﬁgb “\‘r\% agkﬁ%/camed out
at a téMggFét&Hét 6 o%fﬁ‘i th ec§ha'|rn tR6 proaasdead tad kaomgbngationp of the 2,2-

vari a . substituted cycl oal kyl grou
dlsubstt}atfbd)a;bdoadwbarg be @b dsash eqeal taghe S@wﬁw Smh@f;e 3&'.' sttt epoxide
tE%roup, a variably substituted aryl al kyl group, a
inwatel, i 'ably substituted heterocyclic group, a variably
substituted straight-chain or branched al koxy group, a

In boti\éﬁ{{ég%s&;%%%&sg gv’ﬁegg{e@&%%%gf:t %?ée (?Rﬂ@r?\%ﬁ@quture can be a

compodha Uk the géﬁéralbfd:‘muwmtarﬂumadwamxal didl qu)duqedgby)dlpe pgocess is a
variably su stltutei al kyl thio group, a variably
compogigf ithe gareraoanWgtbar bonyl group, a variably

substituted straight chain or branched al kyl am no or
al kenyl am no group, a variably substituted aryl am no
or arylal kyl am no group, a variably substituted
car banoyl group, a varPgbly~ssubstituted acyl group,
and a functional group mhere|ﬂ)R and R2,
together as a whole unit ar& a carbocycle with 5-7
atons or a heterocycle with 5 to 7 carbon atons. 30
WD 2005/ 100587 PCT/ | B2089,00K)34 4 Moreover, in the
processes, the enant HOger LB mi xt ur@)can be a racemc
m xture or a mxture ofany Reatio of ampunts of the
enantioners. The processes can include adding to the
reaction mxture water and at | east one
whereifat er - i rmi sci bl e sol vent, i ncludi ng, for exanple,

R4 an(’fi @iglé‘?é‘ anddpchd@ntly bE&hd @hér foeleatabhbartte gmeiphgdnsisting of a variably
butyl ether, nethy| jso

but
SUbStlmtﬁdjt‘o‘V pi i'ﬁmlalcﬁtté'an%ﬂ“?dpﬁ%y'i @'%é‘%c éhYﬂr?%S’oﬁ"ﬁ?ﬁtlFHtﬁ% sfyajgfpt-chain or
brancied &K2ANI GolpBa Varigbly Mfidktiited straight-chain or branched alkynyl group, a

variably. substituted cycloalkyl group as well as cycloalkenyl groups, a variably substituted -
aryl group, a variably substituted ary! alkyl group, a variably substituted heterocyclic group,
a variably substituted straight-chain or branched alkoxy group, a variably substituted
straight-chain or branched alkenyloxy group, a variably substituted aryloxy group, a variably
substituted aryl alkyloxy group, a variably substituted alkylthio group, a variably substituted
alkoxycarbonyl group, a variably substituted straight chain or branched alkylamino or
alkenyl amino group, a variably substituted arylamino or arylalkylamino group, a variably
substituted carbamoyl group, a variably substituted acyl group, and a functional group; or

wherein Ry and R, together as a whole unit are a carbocycle with 5-7 atoms or a

heterocycle with 5 to 7 carbon atoms.
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hydr ocar bons containing 6 to 16 carbon atons.
Alternatively, or in addition, the processes can
WO pbaassaddi ng to the reaction m xture wat er BOTIE005/001034

.l east one water-mscible organic solvent, for

exanpl e, acetone, nethanol, ‘@t hanol, propanol,

i sopropanol, acetonitrile, dlnethylsquOX|de
MOfeoMei\l-lImthﬁEiDﬂWB$9(ﬂssrﬂ‘lﬁ ef@ntiomenic meiklieye pgm bela racemic mixture or a mixture
of anyggérﬂ acfamog{nt%g)f 2?116% %h%?féér}ég 8?/05@ eprg[ﬁe grcan mclude addlng to the-
reactigphasxdurd natsTand ehtemlsy she MBr-bmmasddimll sblwenhemcﬂmmg [ imn example,

m Xt ures.. . Both_ processes ¢ i ncl ud st oppi n the
totvenf, L RonREIRESERERE: shafvlofor RUBL SR PHG IR oFobu! ketone,
dibutyMb-phehiedi Sliphatici Blcok6eS TonkMIRgr 6d té 0ot b@rb@inh%toms or aliphatic
i omer, of the epoxide and/or vicijnal

dio
hydrowg?mfeP%@@mq fido 1Sr@e%@@%n%\it%reﬁh%y,rcgdwéfiiﬂﬁ@ the processes

can m%%b' é(;t;(ﬂl?rgé ey 1l rdGoh hﬁleﬁé%étéln ah8 @it 94t Gl Mat%?—’iﬂlyéible organic

and/ or the ogél cally active vicinal diol
SOWef]fB,r 6@ru<%arrwetﬁ@etp@gcm€6 il ethanplf peopanke isppepenely acetonitrile,
dlmetl%(}}rl%}lfd%(ﬁtehLﬂ?lg%rﬂeﬂgg&@iazﬁ%;ré y@'ﬁﬁ%tg?ﬁxrro cﬁr[o]e be §f addition, or
alterndivelyt, amenyrcmsre Buifhaaals, Baéloermm;ece;g:,lodmtrmsdar one or more phase-

ceys, Dehar yony, kke ophi al a
transrig, SREVERG R 1957 REEID 1 JRP QI Uresyy ERVEIRNERss can include
stopplhg ﬂh@ﬂy@wwnmﬁéﬁ paspaationvix o thebepdidd bAd/or vicinal diol is in excess

dospori di um odotoruyl a;, Sp r|d| boI us,
Compa;ﬁartsb Po e&&nafw mﬁbeﬁih%ﬁpo Toroyiciagh fighi JFurthermore, the

roceé\éé'seéé(r?ﬁnclljﬂle tr@@oﬁri‘h@eééﬂﬁxuohﬂ? d’@ﬂ@t tH@'réa&n%ﬂ @\% @Btlcally active
one of the foll ow ng exenp g/semes 25 Ar
P

epoxidgy and/ar e @ﬁgcalmwwa \tl@nale@P @dUB?‘éth/aﬂ%ri?é‘@fépn dlrecﬂy from the
reactucg{h%@' leensis, Brettanomyces naardenensis;
et't anonyces anonal us, Brettanonyces species
(e.g. NCYC 3151), Bullera dendrophila, Bulleronyces

in botf] s t8 W §8ad iZARYS SAATK BRG] Benera: Arxua

Brettaﬁ‘amg}celﬁ Buigre)| Bakdramgicelsy Qandigs,i Cg&lt@cocc@anlde[ohyomyces Dekkera,

Exopalie: Boatita AR masy eaaiaraitian. KIABGOPESY o Lipomyces,

Mast/démy%é@bomy)?di'ynﬁ Y PPRRAC C RhARIdRbEHG UM YRESHIREENS  Sporidiobolus,
ol entus, ~Ctyptococcus bhutanensis, Cryptococcus

Sporoegypmag, Tr@fvﬁp@@ac Wlieoesa 8t YREGYIA- Ct ypt ococcus
hum col a, Ctyptococcus hungaricus, Cyptococcus
laurentii, Cryptococcus |uteolus, Cryptococcus

‘Moreoveat én Hhresprocessgsiso tecyrast pelticar! be of pneo/iedolblaydog exemplary species:

{ : t ,
Ao, BT SR AR S AR B OBl rotanomycos
naard&esisis, Grattardbngescnesnd|es, gBretiahemyc@d ddgcieHer gy 3151), Bullera

dendraey EUBEIDFEOAPLS GERHRABEPGs. KPOgVE aHghbsCanida glabrata

Canle@r hb@ﬁMﬂonn'—' CaRYEes iserhbas, (@a@dlhﬁﬂzﬁ‘lé@n%ﬁég@andlda parapsilosis,
myces tetrasggr us, Mastigonyces philip

Candlwxrgggﬁ% qandigaolenuispiGandida, GRS, ppglﬁ,a afamata Candida kruisei,
Cand/fjé '&'pa'?ﬁé\&)arel b i s%rBéakBHllbet?%?Rﬁ&c%fcug | B8ibias, NepbRRBEE S amylolentus,

Rhodospori di um | usit ani ae &Vrl dium
Crypltoegcads g@mﬁenmodb‘m‘oc@@auamugrﬂmar afqeaagus gastricus, Cryptococcus

ruricBRESSORBEL AT, B0 85 SORIRPUIGN, Coproccss oo

Cryptcgioutmmlmaceréibm dGr}@rtmdoacm mmtjao//dalsp doypiovbecusi fauteasy ai]ryptococcus

macerans bebat%?n?/%g %gnsaenu ‘Bekﬁgra anorﬁala Exophiala dermatitidis, Geotrichum

species (e.g. UOFS Y-0111), Hormonema species (e.g. NCYC 3171), Issatchenkia
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Rhodot orul a philyla, Rhodotorula rubra, Rhodotorula
species (e.g. UOFS Y-2042), Rhodotorula species (e.g.
WS 10058448) , Rhodot orul a species (e.g. NCYC BAEB)2005/001034
Rhodot orul a species (e.g. S Y-0139), Rhodotorul a
secies (e.g. UOFS Y-0560), Rhodot orul a auranti aca,
Rhodot orul a species (e.qg. NCYC 3224), Rhodotorul a SlP
occidentalis; | KijlyWeaycesporaaiatst ud inamyassi canesies (e.g.UOFS  Y-2159),

Lipom )?fé% Q *?r%rl rTy S ézM%Q gﬁﬁé}cg# rphllﬁ%%lg ?@ )9% Imé/r%f’o%?' SPichia anomala,

P/ch/aTﬁnlehd:sp,orf?mhzaugwﬂenmmﬂm P/cbfaat a’rmaphlrér |bemimpomhum lusitaniae,

de Ibrueckll Trlchosp on ecli, JIrichosp
RhodoGRiiEs. PaHAGAT Do SirolaspaiEtiin, SeftaBaRaRA. " Rhodosporidium
toruloigiéen, | Rh@d@spoﬁﬂl@h q&mmgéhmeﬁh@aobm/g ardEiaé, 0@Bddotorlifa glutinis,
Tri chosporon speci es .g. UOFS Y-161 Tri chosporo
Rhodo%‘g@ e’%” Eﬁ%""f’ﬁm@’i’}“w & -c HH Y1 forR ‘Pré’ mucilaginosa,
Rhodo@@ru& QAWE 3%8&@0?&/& Cﬂﬁlﬁﬁor%o%@ﬁﬁlaeilsgeﬁfeg iéJQZSUOFS Y-2042),

Trich osporon S

eci es (
RhOC/OTQ”U@h@@Q@’Bén(%QedJ@E (&- <84 Odogqrm@) SPeties ctgpd¥@rC 3193),
g 19) for
oo St ACIRORE Oych ! Sheneeion i (19! S vos,
Rhodoﬁautaovamahﬂtqml yRhodotoda Tla/aecyeas(e gelNC¥ean 322;40), b%ham‘otorula sp.
muciggibatd, SPRAGERaNS SEERRapr: RS PRoBivRSh Tl S, nadepolomyces
roseud, 0 Spbfdbd)llwn Vipsa tRAfaep eﬁﬁ&fﬂﬁpomi Weigalin C Fish ospmd)m dﬁ&aneum var.
cuz‘aneté[lclﬂa;]zf:3 d%ﬁgégﬂf@ngrgg)@@%%% e % oggorgy;}g &/@L‘@%ﬂg osporon mucoides,
TrichoB Mﬁ%kd&% tiehodksore Béﬂﬂiléﬁ@ efbsysron species (e.g. UOFS Y-0861),
2-di substituted epoxide hydrol ase acti vit
Trlchommarwgquwée gellC %n\éﬂﬁé@ov@rqhﬁgp@'ﬁ@ ﬁQﬁGﬁa?eﬁﬁ Bd&OFS Y-0451),
Tionsit 5o did e NPT AR gl BB U v.00a)
Trichoa;e:d‘oamspec:aml(etg NE¥ Cc 8211 1wadrichdsparad specieecev@r WS Y-2113),

michogheroh SpbERsT g R e SALDud by B BgtiiRing rlyenosporon

monz‘eokjeéh@ Whvbealrobém/amlolr Yarovie lipolffica.econbi nant ceI I
t he polypeptide bei ng encoded by a nucleic acid
sequence with which the <cell is transforned. The

The yd¥s€ béll €arpslsd b‘éQﬁléﬁPQﬂf {eadhbe @ﬁbrﬁxmﬁr Bu&iheidscrRekd herein.
sequence, a het ero ogous nuc eic acid sequence, oOr a

honol ogous nucl ei ¢ acid sequence. The pol ypepti de can

Anoth?rea?pé‘c%”olf tI'w?anéF\tMﬁ‘%Sta ﬂ?ﬂﬂdﬁrrﬁfgﬂﬁ’%ﬁﬁ% Bélyﬁep’ude WhICh process

tional ragnent of a eng yeast epoxi
includesy theosigpe. of'rhl@vmhﬂg acel denwisingng rmcletm@cgdeamodg@n@mchcapable of

cie ) I i: . .
oxre 5B B! A4 SR 55 BBl spoce s
actlwtyP(EﬁltlhrB@fB@ ¢Hll1 aRd recovéling ity polypeptidel fsam fliea tultuwrs. aRecovering the

potypsplif Todt e R SN 1 g e PP RingC o e Hedium in which

the ceﬁ M%sfiiuﬁuﬁéﬂt orirebOebrRRaKirekd thy dep E}éﬁ Se.aThk\tell ¥an Da& yeast cell. The
ypepti de can be one encoded any of t he yeast

POIYP%’@H%rC@n Qﬁe?ﬂ%ed Ry @ﬂr%ﬂc}%eap%&%@do Her gpth oprthg el can be a
recomSﬂ%ﬁ?%leﬁ%/el gcr)]l&?é%{gf r Bﬁﬁaeggébdsﬁda% %g] |”|@Fyé%p%§2 Sgﬁ%evwg} which the
cell iscgrnsformed.ubdhantiiceic acid sequence can be an exogenous nucleic acid
sequence, a heterologous nucleic acid sequence, or a homoiogous nucleic acid sequence.
The polypeptide can be a full-length yeast epoxide hydrolase or a functional fragment of a
full-length yeast epoxide hydrolase. The cell can be of any of the yeast genera, species, or

strains disclosed herein or any recombinant cell disclosed herein.
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nunber of which conprise a nucleic acid encodi ng, and
are capabl e of expressing, a polypeptide having
Werasiow@sel ective 2, 2-di substituted epoxi de hyPEDIESE/001034

activity. The cells can be reconbinant cells or cells

of any of the yeast genera, §pe0|es or strains

_disclosed 10 herein. Another enbodinent of the
The inveptien alse featused asoIda edpwel enzymeeprepanation wiviehs ingludgs an isolated

e ( 1Ag .

polypGAlehayf o SrafRSSRS R 2 BRI UBERUIAE BB hyarolges gotiaty.  The
polypewitdevaawbe onheen@edted bgiatg afdpalybestojerexar spesiasy ot ls@rains disclosed

t|de he & can be any of those 15
hae"ﬁ?é%? PIREPE T H%“mﬂvéﬁ ion also features an
|solated DNA that i ncludes: (a) a nucleic acid
guence t encodes a pol ypeptide that ha
in anglichesRech, E@t‘“‘(ﬁ‘é‘“?” %e@%%?o%ﬁﬁ?tﬁ?@t@'@wﬁﬁﬁmﬁd?f&%{@ea substantial

numba€ of iHioh cBRfpricBad rikkiid Glcreantttisy, Shdkky cﬂp%bféﬁ@f”expressmg,
conditions to the conplenent of a Sequence that can

polypggldgg@vpr[g frantigselgctivien2,21disubshituted ep@xldgmyd@laqebgctwﬁg The cells
t
can b%qlg%’érglg\éaétngéellsccgatﬁcée‘lﬁc%g n9 cﬁ%? )yeé%?g?ég{é?? ap},lal < éBF 895&3 disclosed
hereimn ami no acid sequence that can be SEQ ID NO 1, 2,
3, 4, 5, 6, or 7. The nucleic acid sequence can be,
for exanple, one of those with SEQ ID NGs: 8, 9, 10,
Anothet embddinieht airthd dnverfiodlis an fsaatedablipthet bl comipmdinga nucleic acid

encodii A nbBSp o sndinselbetiod Zubie el GoiGeJhutntase activiy,

the célhﬁeu@&ab&bl@ﬁ@ b%r@%m? ,th8, pdifbeplitie. 13heldell @an B&iany of those

) .the conpl enent of the nucleic acid sequence,

d'Sdoﬁ% B-ei c aci d sequence encoding a pol ypeptide that

has enanti osel ective 2, 2-di substituted epoxide

hydrol ase activity. 30 Another aspect of the
The inventien alsa featuses as satated DdMAthatdncludes! (ades nuglelc acid sequence that

i e e

encodégﬁelsyscg@é}%dg thac'tergéaém&ﬁagmég@éct@%;%g Eﬁs %Fﬁtelké’cf«g@ 5{5% té%dsri)lase activity
and tl%%ybnkdmdas oadlert dglaly stringant eomdltmsnsctarthbe:oﬁﬁﬂém&ﬂm sdquence that

can bﬁ&!.%% I@ I}J@r g gegg,eﬁ:e ,t'lﬁb ISBR Bé(g?%rtglgqugﬂ\r}qthggntt ofethe nucleic acid

sequ@ﬁ@ntThBSﬁbﬁé'bl ad Seduerde 6hrs BRGSdd é%ﬂiﬂﬁgﬂaé dRat includes an amino
drol ase act| vi tg?/% WD 2005/ 100587 2005/ 001034

acid S?%@C@ hakeaner SEQ IR BEY:dr & 3t @ 6, Phosdhe MUGIsicAcid gaauence can
be, foF@Qérﬂ&eS&%’Sﬂ?ﬁsé wtﬂ%@%mé rskgdm O{f12, 13, or 14.

transcriptional regulatory el ement) ‘cont ai ning any of

the above DNAs and cells (e.g., “eukaryotic or
Also pgé\gélé%ég'thb{/inglﬁé’tiﬁ igga‘?ﬂ%gt?f%o‘;@g%\ltﬁgt ﬁ@lp %sr g 2 nﬁlcfé?c . oid sequence

that isesideatd G5By icmmjacaiftotdwsaemtewe theDidan .beThEQUD N@eﬁt Qpl‘eo ckin 12, 13, or
14: i Ldea mnoa g'se enceéhat is at | east
of 3@ ti\% gom %mggb 6 alc acid Seqyenge, Ehe Inug:lelct ﬁlgld sequence
encodir®) P gptypeptitavihag HRIRABhARRERGHIY & 2 Rsubstisitds tdgomtided hydrolase
epoxi de hydrol ase activity. The pol ypeptide can al so

activitync| ude: {a) a sequence that can be SEQ ID NO 1, 2,
3, 4, 5, 6, or 7, or a functional fragnent of the

sequence; or
Another aspect of the invention is an isolated DNA that includes: (a) a nucleic acid

sequence that encodes a polypeptide consisting of an amino acid sequence that is at least
55% identical to a sequence that can be SEQ ID NOs: 1, 2, 3, 4, 5, 6, or 7; or (b) the
complement of the nucleic acid sequence, the polypeptide having enantioselective 2,2-
disubstituted epoxide hydrolase activity.
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10 (b) the sequence of (a), but wth no nore than five
conservative substitutions, the polypeptide having
wer@stis8el ecti ve 2, 2-di substituted epoxi de hyPCDIESE5/001034
activity. In another enbodi nent the invention features
an isolated antibody (e.qg., pol ycl onal or a
monocl onal anti body) that binds to any of the, .
Also intioved amsmqt@rédem %e@un which ths cpﬁ@gtwn%%%;%a@v linked to a
transcggpilfr? degﬁlraﬁ F)ef:glﬁtgf?\ﬁfq taﬂgny NAECHHRl %b@\‘?é DRAS ﬁwd cells (e.g.,

ers nucleic acid t

eukar;lbi&ﬁorrmbkammcrcella) Q@ﬁdmaragmmh veetasdt ai ned from that
particular cell as found in nature. Thus, a

non-natural l y-occurring nucleic acid is considered to

Also b@v@é@gﬁ}n%|rtv@nﬁorh%bnclebllatempelypemtrdmdanmﬁadnbyo anlyeof the above
host cell. It is |rrR|ortant 0 &i 2,&)1 least 55% identical
DNAsnoHheaelipertidp. G BFUARFheing & SpSios hab 5 2 lpast 5% dentica

to SEWCRINDAC dosuPseagenc e B tHe' peyBabifde thiﬁngcbﬁarmoselectlve 2,2-
aci sequences that are found in nature provi d?
disubstiiated; apoxisiechysisolasavastivity. dus Pelyperiidestan ﬂs?uéﬂ%'%e (ﬁbﬁ sequence
that ¢ Sea 1B QBC I1e? sagi £ golef Y e fAREGHA HRGnferd @R RHE Sequence; or
Sequence W tthi'h an eéxpreéssion vector is
(b) tmaomeqaemnealdf y(a<)),c but ity nousiaeecthaoi five aanservgsve sSUbStltUthﬂS the

oolypERIE g iar a2 hihE BEpEs o ohadk A8

(genom ¢ DNA plus vector DNA) does not exist in
nat ure. Thus,

i anhat R ipoSBu B EGS ooty 87 RRAS Ao 625" lbotvtonal or &
monoti%hﬁ?éﬁﬂﬂoﬁyﬁﬂ]at Bbls taany ofviel aﬂ)o@@ftfésﬁﬁﬁed?mlﬂbeptﬂes

nature is considered to be non-naturally-occurring

nucleic acid. It follows that genom c DNA fragments

The B8fR dgf\cfé%n%sp u8kd 'Herdih WAt @?er%ﬂgé"?é‘%héléﬁ,eam& It é’f‘baﬁlcular host
as wel1°as ¢

are consi dered
cell refers tmany aluclpioacidrthiahgossicbe pcmacmo(agﬁ rReangb be rkjained from) that

particif%?e%l %% |f%%goa’ l{‘ﬁ‘ﬁ%%ﬁ &l ?‘T‘mﬂcﬁaturgw gCél{} ﬁh%l@ic adid is considered

y nuclhelc aci con Ing a
to ber@xagaﬁws s enhiestcell oand lrptcdoyape@ﬁntd dah&ehcsid]eﬂg ltsedmpeortant to note that

oGP SIS 0y el B5H5TRR M o ragmens

of nudid aciisdq@bhcas trﬁattdﬁétfoum nahumaé loyo\adsdithié ngclemnadie as a whole
exogenous to a particular cel|

F
does ot B! EXAAHiSS oa PXAURlB R MIFSIG SOH SISGIB FaaEiRg pgenomic DNA
sequ%§m9ﬂw%x?ﬂé%lsi%hcvé&%rdls%n“héthra‘]l?%@@@ﬁnnb%lﬁzléi@|dC|chand thus is

once that chronmosone is introduced into a cell
exogemoqﬁetasa hgst calbopoe Bitiehssed imeihe Bostowilosines thatgupieic acid molecule

o o i R SO PP O PSR E: ay vocr

autorfmheissly Asplicstig glasraidn or Vinem(s. glgmiwwrusl,cac@novmm @¢ harpes virus) that
ar der,jived fr

as a ygg%ecgiegg{gt Hb@,"{‘tufzedsl cogﬁ@ere}é{%etgeop%rbba@r&?’lﬁf@cfcumng nucleic acid.

It folﬁ)Wsd ﬂwa@r@arfohﬂﬁ eDNAafragmentse brOde:de(ﬂ ryMPCR e cieatriatibheendonuclease
than that of the host cell {)n contr

reatmenti it 38 CDAAS SR BIEoH &y D NPRTHEAbEO T Papigic acid since

they %%Fés %Ep&%‘@%ol@é‘ﬁe@n@%ﬁh&% abtpe! it aled %lﬁ)v&sothaﬂﬁny nucleic acid
erc acid or gene that does occur in (and can

contaphingi & epronTabed seﬁaenqsananﬂcnpb{pe@f&q-e%@dfr&m@quﬁnce (eg cDNA or
g Ui tEFEﬂ bcBhrring nucleic

oonchB 5y HOPT-bHlo PG aRS f getus bRl i

acid. Nucleic acid that is naturally-occurring can be exogenous to a particular cell. For

example, an entire chromosome isolated from a cell of yeast x is an exogenous nucleic acid

with respect to a cell of yeast y once that chromosome is introduced into a cell of yeast y.
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The al kyl group can be selected fromthe group
consisting of: nethyl-; ethyl-; propyl-; isopropyl-;
whoiopl100587 sobut yl -; s-butyl-; t-butyl-; pent- 1PgT/AB2005/001034
pent - 2-yl -; pent-3-yl-; 2-meghyl but-1- yl-; 3-m et hyl
but- 1 -yl-; 2-rrethy| but - 2- y ; 3- rrethyl but - 2-yl -
~hex-1-yl -; hex-% - met hyl pent-
ft will 1bg/|clear From él@eﬁyq oégr{hat pxogpnousg wlgwa%lpan 1bey|homologous" or
"heter%TdE%hE‘ybﬁa&tc a7€:|d§ As&lé&t Wéﬁ]e”ﬁor%ol%éo%* nucleic acids are those that
pent-2-yl-; 2-methyl pent-
are degrivast fipmpa reell 31fythe sazneélspgqng@tasﬂww hosth@gjtanp. yheterologous" nucleic

| =yl -
acids SRENERRYhatiars Sl foma AR ke ipal I the st .
met hyl hex- 1- yI ; 5-met hyl hex-1-yl-; 2-nmethyl hex- 2- yI

In corgggng B¥ I1:ern"2 er%liéﬂ ri]cthsx r%etgﬁré%lhe\gelﬂlvgﬁgﬂférﬁn& t% ny?l&c acids or genes
and a4paﬁ”bbw el - réfé;‘é 16 aﬁryHMde{‘eﬁi@ 3r gt>e|ntle thlat does occur in (and can be
ne n y

hex-4-y e
obtalnfdg’equ%@%w@grq@r gel@qxs foupd 41 g Wg? ‘hyl pent - 1-yI - ;20

1, 4-di met hyl pent - 1- yI ; 2, 2-di met hyl pent - 1- yI
2, 3-di net hyl pent - 1- ; 2, 4-di met hyl pent - 1-
The atk;d gypn@tcﬁmq%aﬂstrqlg%}/h chalrgoeb@nﬁ’@e;mgllkpw‘pugwﬂh 1 to 12 carbon atoms.

The ajk;ﬂ%lbggt%%l Bgrgdéc’té(clll fr;oniﬂg_ 34 g@é %):nggﬂﬁg ]ofy}'nethyl— ethyl-; propyl-:

ent-1
isoprapyb; thyblihqbtﬁglnt&thutyl - (-batyl2- miniteythydenp@nt~ Eeyi -3-yk; 2-methylbut-1-

v sl ZERedoY 2o b B RV BEb 4 D2y ey 1-
methyZEpéhtdl-yfaiﬁqmbﬁﬁmenMWl- 3~ rﬂeﬁ&ytﬂ:eﬁeutwd Renéthipght-2-yl-; 3 -methylpent-2-
yl-; 4@@’:{1%9%%2%4 peh pﬁly}/pgngt?ryl 3d Bgﬁ%ngqﬂ%\]ﬂt é e¥hylbut— 1-yl-; hept-1-yl;
hept—ﬁ-yll I?epttf:i Wﬂtﬂéﬂt-ﬂU}I- ]1 bﬁ'ethylﬁ'ex21-§r¢2Jn@h{l]ﬁéxh%ﬂ- 31m)é’chylhex— ~yl-; 4-

trineth trinme -yl
meth)Qh@(-g-y{-r 5Ty@@thyl¥\gm1 ﬂq%metml@xﬁ -Mhit 3Qng;thylhe>22-yl- 4 methylhex-Z-yl-

5- methglﬂ@é@yfl @Fne%h%illeﬁ 3411 %%éﬂ’l@?ﬂe;llg 12~y lmertﬂﬁﬁ&x 4 ))f ! 5 -methylhex-3-
yl-; 2-mateyihet-4yept 11dmethylmerlte1t-h|yl héﬂhm@ﬂwylpent- —yl- 1 3 dlmethylpent-’l—yl-

1,4- dnﬁ}e:@fl rlthle t, %],’ZMIr%etﬁgP%ﬁllt ﬂa\gl Eg c}lm%t%llpent%-yl 2,4-dimethylpent-1-yl-;

2,5- dlmaﬁ'@ﬂﬂiaﬂthe)p{ 323 wmethﬁlpafnm-lyyi 3.4~ cﬁmétﬁa}/{gdn{— -yl-; 3,5-dimethylpent-1-yl-;

. 4.4- d|H‘1e tgrﬁt 445-%%)/113%\}5{%/?%}%'& R’%ﬁﬁﬁ‘i‘l"ﬁ@p& é;dggnequlpent— 2-yl-;

2,3- dnﬁretmginﬂér)lm%ﬁfmarrwéthylpantnz-zr-hwts dim@myf;fbnyiz-yl-z 3,4-dimethylpent-2-yi-;
2,2- dlmeﬁ@ﬂp%ﬂ 132;4 ]_?.,g%fpunetgylgea’q-%tfh% Hrfgmeﬁlyijqent-&yl- 2,2-dimethylpent-4-yi-;

2- ethﬁpé‘ntdl' Pt bsétmﬁer& ﬂgl 12 @1@@@@{ ‘11%&(- 1t ¥l frimtHbut-1-yl-; 1,2,3-

yI'h
trlmetBleutdw‘et ﬁi(a Exévtnmeihylbutd W= di %@taayimﬁgylmutﬂ -yi- 4,253,3-but-2-yl-;  2-
isopr: QTB%%H Q)I- %E&EL%EYI f%? ﬂéé@g—pw 8&232-9/153/(]{% 3)% ; c‘?'4”§ﬁt, I@lrl\'lethylhep‘t-
1-yl-; dBmesthylhéebct- g|-y|4—meﬂmhebmeylhyl5h3ew§4mp{-1 \B; 46ehataylhgbt-1-yl-: 2-

22yl 3,5 dimet hylh
methy g 2 ST B Sty B oy eBk 2Ty Pl BeRl- 2 e brggthyinept-2-
yl-; @-En@tﬁylbléptﬁ ﬁ g @y&ﬁﬁ?%ptltsﬁyl 2- 4’h"reth)2héptd3 pet hylimethylhept-3-yl-;  6-
meth&ihapfzﬁ YI’Et hyd- W@%ﬂ@%ﬂ iyl% 5e?dmﬁﬂiwmptﬁe>ﬂ 3- yrrmethylhept-4-yl-;  2,2-

dlmetﬁylﬁéﬂ*lfﬂ’«t fzfé dﬁﬁéth§m)ék 1’-yl3 é*zt d#n@dﬁﬁﬁ&'—h?lx 3- Eﬂjlmthylhex- -yl-; 3,3

m et hy
dlmeth,ylbeﬁ‘lmbf ﬁg,ql dn@athglhyx- ~yl5 %,5 cﬂmﬁﬁrMﬁaxh‘exL 34ﬂ -dimethylhex-1-yl-; 4,5-

dlmetﬁylﬁ?f’ 1t))£ ?@%& mg@'ﬁl(l']y én%% cﬁméthHe?%Dl% ggfgﬁ"nethyﬂh?xé yl-; 2,5-

dlmetkvydhex-2+)ﬁl-yl33 dBn&MHmK-lzqydt hy Upimethyhext2-yl-; 3,5- dlmethylhex- -yl-; 4,4-
3,4,4-trinmethyl pent-1-yl-; 2,4, 4- trlnethylpent 1-yl -

3tr|methyl pent - 2-yl -; 234tr| m et hyl -

t-2-yl- 334tr|rrethylpent-2- yl-;

4tr|msthylpent 2-yl-; 2,4,4-trinmethyl pent-2-yl-;

3t methyl pent - 3y|-; 2- et hyl - 3-

A

2,3,
pen
3, 4,
22
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10 2- net hyl - 3-et hyl pent - 2-yl -;
3-et hyl - 3-net hyl pent - 2-yl -; 3-ethyl-4-m et hyl
WQ@ewsA®syT -; 2-met hyl - 2-et hyl pent - 3-yl -; PCT/IB2005/001034
2-met hyl - 3- et hyl pent-3-yl-; 2,2, 3, 3-tetranet hyl but-l
-yl -; 2-ethyl -3, 3- dinethyl bdt-2-yl-; 2- |sopropyl

et hyl but-2-vy] t hyl pent-3-yl)m et hyl (23

dlme’[wmﬁ)ngyy[ %ﬁ[meghyhgew&{ﬁﬁ 5—d|r(1§th4{lf@p<rﬁgylhy2 P ~dimethylthex-3- -yl-; 2,3-
Rk _l Sy | _.n _ _ _

dlmetrﬁmﬁoné_x4_§ ?’,_ )Z"ﬁgfr?]‘ﬁ{égh lr@;@@ ZJI ﬁezt,ﬁ ﬁlrgg{hy%e%ﬁ i 8-JAméktylhex-3-yl-: 3,4
dimetlﬁtlhrﬂx-h-wl-oc8t,5-nim§y¢thylhaX-ﬁBﬂ‘hy‘LédimethymeXfS-yl-; 4,5-dimethylhex-3-yl-; 5,5-

dimeﬂ?}gﬁ%{-%}-gg{,zj,%{tej(ﬁihy%y_%ﬁgg A %%,_a%frim%iﬁgléént—ﬁyl—; 2,3,3-trimethylpent-1-

yl-; :33,mea‘nmdtmaper2-1yyl- msmemmétmpefﬁ-w-;; :5,4,4¥trimethylpent-1.-yl-; 2,4.4-

tnmetlzylp,%/rlg?ﬁ//lr %§t3 t@lngﬁtm%e - q}(;,]t |%§¥4| %i’mﬁztﬁﬂe é{rﬂy s %1 !ri_nﬁethylpent-z-

yl; 3@*4thi&lﬁyl§eM12-§l @MWM{&WI%&M vl QQWE{rMé’:ﬁﬂbe@l—yM— 2-methyl-3-
m et h oct m et oct -

ethylpagtihyit: oct: chxlt?rmemy}ﬁeqNWndm '% e;,myn-4-@e;hymn-y|- (3-methylhex-3-
t .

yl)meﬁ;?l 2_§4i hé'grwﬁjﬁ;%?ﬁ%b@ﬁ ; (’52’}44??}%1 mﬁ%ﬁ%ﬂ" ftg/-l)ﬁl_\e;athylhex~2—yl)methyl-,

2—metl2yl¢8re|fihumen§‘2+yépt&ejhylfs-mezmﬂpmt%ylhy&haépﬂ%ﬂn9i|hytpezt92-yl-; 2-methyl-

2-ethyfpefit ST E}&/:rﬂ&@&l% %{y]penﬁfﬂ?l ! YF %%@%ﬁhyb:u}-myl-; 2-ethyl-3,3-

dimett3ylifisted-piet hy| h-maipfdpyyB methylbut#me{ hyl ma-@thylparitﬁ-yl)methyl- (2,3-

dimetrgil[gérgiﬁh%{h&gp t(_2 ﬁ_ry%\{eihyéb%\t% ﬂg%%@(;ylgept nyt élr non-2-yl-; non-3-yl-;
non-4 J—Gndhfﬂlh)d ﬁh@ﬁﬁyldcml-yl 3-%1&h§db6te’t W*t ﬁ-ﬁi@tthﬁoml*r-)z/l- 5-methyloct-1-yl-;
I me

6-metl2ylgctd1 Mbtﬁmetlpﬁé%qt—bylw?_ m%@;@ocaﬁﬂgt ﬁwq{gﬂpctzf-yq 4- nlethyloct—z -yl-; 5-
methy%c‘éa I-; 8- ﬁ{el'm/ylod% 263@1 ?—méthyloé’t .ﬁ#g' maﬁyloae@w 2. Wethglloct -3-yl-; 4-

| fret hyl
methymcg-:iculﬂeﬁ ﬁwtmécpntszylws-meihﬁo@ramlt— hy-lmeﬁbyjpcas-yl— 2—methy|oct—4-yl 3-

oty T 5 gy LT MRS 7 i

2,2-dimethyiitdp1-ie 2t 3-8imathylheptdt-gi- nd tditnktythepi-ft - 2,5- dlmethylhept-1-yl—;

2.6- diée%:yﬂ{qﬁt o ﬁg'gt i 3't§§3'(lﬁépt§1 . %}é;[.“rﬂe hﬁ%p?é%{ﬁ 335 Hhethylhept-1-yl-:

3,6~ d:@neﬁwyﬂidm-?ﬁwl l?lﬁ@tjmiﬁ‘etujllheptdfl —9+ H,6- dim@tH’yHepM%mI 4$-N1h~rethylhept-1-yl-;

5 5oty A B et 12 SbE RSB 1SV i ctiinept 241

2,4 d.&eﬁwﬂé}%«fzt?ﬂ 2@81‘mé’m ept-zﬁXﬁtilﬁldﬁei ihebk 2+yl 33@dlﬁ{éﬂmhhept- 2-yl-;
4- et -, 3-eth

3,4- dmpeg'mﬂ'}ﬁpﬁgpyl— @,@dlmetgyl@emtyz Mlep3 S'Ldlrypthylr@pt-Z-yl 4, 1 dlmethylhept-Z-yl

4,5- dng{egwh@lﬁ%ﬁ‘gaﬁ-_, Zﬁﬂ@ p_mf‘etﬁ;?l@%ﬂﬁt%ﬁt ,p:f?’,_s{ﬁlwsghsfrr%"bg-’%ﬁ, Ble-dimétfylhept-2-yi-

6,6-dimethyﬂ1dpy42h)éx 212-gimethy@h@ptd3-yk i 2Btdipbthythept-B-wH 2;4-dimethylhept-3-yl-;

2 5- di%;gﬁwlyﬁqetp%'a L el ’iwz)p%%g(s X?y$43 nrtgreguy@elp 3%/ tﬁﬁeél%e%hylhept—&yl-

3,6- dxd:neﬂ‘lylhe@@@l‘}ﬂ{ﬁt—dﬁfﬁéthﬁrlhﬁ;ﬁ)@ Sch:yA STdnﬂemyﬁrel‘pt-Bml-emﬁlhlnhﬁwylhept-3—yl-
ex

5,5- dlwgﬁw_yihe}qt- -yl3 ‘% Iimef 3~ Wﬁe B:fi3 rppfhylh@pk35/ﬁ-353 -ethylhept-1-yl-; 3-
ethylhbb!—'ﬂ?t hy. Bﬁ? Pbth-yl &- éth§rhte t-mgﬂ hy4- eﬂ@?ﬁreﬂat—?lyl 5-e’fhylhept 2-yl-; 3-

trime 4tr|rreth

ethylhvm-afybtsﬂ-ﬁ@wmptﬁ@ﬂf @Q%M@/egb&fy@ﬁ 5'1’@’”2893'45)1& r4i eﬂw@ﬁﬁw yl; 2,2,3-
tnmetﬁﬁﬁe%’lyl- 2 %4 gmré @wplh%?gl? i hﬁ?éS)z(ﬁerbe_thﬁe?x-fl 3t Bl 3 Me&hBIhex-1-yi-;
2,34~ tﬂnﬁsthylhex-r"ratlh?lﬂ?@-)knrﬂe’gnlyumxa -$;52,4 Atrisetiyliesoct-gl-y 2 4;5-trimethylhex-

Ty 2 gj}}_é{t@{wé{“y%t Wiyt f%ét%{/rﬁnp]eéﬁylgex-p it B8 Blfimethyinex-1-yi 4,45

trimetdylHe4 iy, WES, B&ﬂlrhemylhexl’h?/l 423 ﬁtr“methym@t-la%‘l l2€3<4-2nmb’fhylhex-2—yl-
2,2,3-trimethyl hex-3-yl-; 2,2,4-trim ethyl
hex-3-yl-; 2,2,5-trimethyl hex 3-yl-; 2,3,4-tri methyl
h ex 5 3-yl-; 2,3,5-trinmethyl hex-3-yl-; 2,4,4-trim
et hyl hex-3-yl-; 2,4,5-trinmethyl hex-3-yl-; 2,5,5- trim
et hyl hex-3-yl-; 4,4,5-tri methyl h ex-3-yl-;
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nmet hyl hex-1-yl -; 4-ethyl-5-nethyl hex-1-yl-; (2-nethyl
hex- 1-yl)nmethyl-; (3-nethylhex-1 10 yl)nethyl -;
W@ 2005800581 hex- 1-yl)nethy!-; (5-methyl hex PCT/IB2005/001034
1-yl ) met hyl -; (6-mnethyl hex yl) met hyl -
3-i sopropyl hex-1-yl -;  4- ethip 5-net hyl hex-1 -yl -
3-et hyl - 3- net hyl hex-2-yl-; 3-ethyl-4- m
2,3,5-temgghiren-2-yiy1 2,4 Aetrimq’qlwlh@c-aﬁ hildeeirimetpylhex-2-yl-; 2,5,5-trimethylhex-

2-yl-; j@,gtf%ﬂmeﬁﬁﬂ}e?%ﬁﬁ hZi 3%3 5'tnmeﬁ1yﬁ{% % yl?’, E{zl% ﬁg&)@hgth%—lz—yl— 3,4,5-

trimetlﬁlhaemyle,ps I5tﬁebrmﬁzetw1hex- -ybt HyA, 5-5Hm5ﬂ’$'ﬂ‘|'@(|-2+9b( 42,5)5-’en:methylhex-2—yl-;

2,2,3 t%h%h%éx%é &Ezﬂélzﬂﬁx@%h%%@g,p?’yl-%yé 1 a h%x- o % y! 4 tfimethylhex-
3yl 42 etﬂltfﬂm&hy{'ﬁéﬁsly@x 284, ¥1tnmet4ryﬂ1‘e|m ve: mzeii$lifiméthylhex—3 yl: 255

trlmet@ﬁwﬁl M“’ex {1945ﬁ %me&hyrpg S hyLy| hé»@ $¥rwethylhex—9/ yl-; (2—methylhex—3-
yl)metf?ylz 33etﬁyltfeh{e@tgﬁﬁém Xpeﬁle‘thﬂ?:yhethy%e% ﬁyr‘-L 3 Iafﬂyr AR &GhAYEx-1-yl-; 3-

tetram et

ethyl- Szﬂgtmlhwthwanétaﬁwlﬁe'ﬁ@ﬂww 1-yé 34v4athul &@ﬁ%wm(fﬂyyl- 4-ethyl-4-

methyl@@%tl 4yl i %/J!é te}hﬁ@ﬁnéﬁh%a%ﬁﬁﬁ?%ﬁh@?ﬂ@w% ’L{-}ﬂ)me’chyl-, (3-methylhex-1-
yl)methdt; (dmesthylhperitylingthyl:; (3 methyheD(e’t-ylz)metHyyl (Eemettddlydx-1-yl)methyl-;

SisopBpyPai s pane iy imdihefity:: (andidipRimenzyl . Fethyia-

methylRe-24yl4 BLahyla&a’(énwnmmayB ¥Jethyl-2rraei4ﬂyﬂwex—2-yl- 4- ethyl -3- methylhex—Z-

i 4R P RS A oy E5 el b Pt SR omdER Pl 4-sthyi-5-

methylﬁéx—'?ﬁ}lhBBLélﬁWZ %étwlﬂ@méyl hyleaqe;ﬁtctdﬂnaﬁ—tymex§y|9t$1é{hypsfﬂﬁethy|hex-3-

yl-; 4- atth %mﬁéftlm@x-@ yé-s hlyfﬁfbélr?t rr@ﬂwlbex-ﬁ Yéi Hyethpl-4reteiipyipresc 3yl 4-sthyl-
5—metr}¥mex~3 Jrethyls: @o%rﬁpwg& Ht st y' 2 fo‘?, RlifathsfyBEMY Y1 2,2,34-
tetrameﬂwhaleynt-i 44-maZ By, mramaﬁylyent 1~3l~et2h§J3 A‘etaﬁnmaﬂyylpéntélxyl-; 2,3,4,4-

tetram%tg;/?f)leilﬁ- 1 -3/!—?t E %!4&%«%}%%%&#5%%/1 —S{Ie-;( yél?; égr%?e%}amétﬁ)ﬁbewﬁ! 1h§//l|-; 2,3,3,4-

tetramdthgiplant-244-1e2,B\, Mralﬁ@thylbeﬁt-mhylz SAretetmantutyldenti2-yl-; 3,3,4,4-

tetram @Ry IPFPER- R 2Lt DRI 3, aded ety Sentayh; 23,44
tetraméﬂ*ﬁfb%n?SWl- 2314rzﬂt%ﬁaMyiperwJ$dﬁc (%é‘thylhe%q#ﬁne’:thw (4-ethylhex-3-

dodec-

VImeti o BTARNTRRIGCY NSy -ido doiraagihy - srotinssi-f s hyr oadsdimetnyl-3
ethylp{rﬁ-elf _GL-abl s du%%t@(n) &yéthﬁ{)ﬁ% ¥13 a 23l ﬁbﬂﬂhe%%w O 3_ethyl-2-

anched al k 0 8 carbon ato
methylabk-d right; 4g$tbmlp2-caaﬁh3tbfee>a1~sft r Ziegfmt- 3emathylhﬁx byla.rﬁ}h’édl-4-methylhex-1—

Vi 3-%&121‘3@4%’[ IR BRY 10 ];4}@[%?@@2&91;] %"T%thgl 2 W@&’ yh: 4-ethyl-

3-methy|lhB]d-1—yl ;al4Latlhyl-4—methyﬁtéxa1 Yyl 4-eﬂﬁ)3—5-’mblmlllﬁeyd-1-yl- and the like from

dec-1- "b E—%J%/l- _ggg’zt-)grog %—yyq, &eq[g c36§/f-buunde¥1-yl— undec-2-yl-;

undec-la ynet hMbed—ﬁf@l-Oplﬂ’fdéc- -y12 rmaeaies vi pﬁﬁcﬁl&ﬁﬂ -i dodec-1-yl; dodec-2-yl;
ent enyl WO 2005/ 100587

dodec Pl Ppaousbodehe 531 q!féiﬂcéhyh groupspefireiasably, the alkyl group is a
straight cﬁ&ﬂ%‘?'&r@ndﬁ'e? aII%/l gﬁﬁutp%t 1Y% 8 ca?odFPétBML 1- but enyl

hexeny - hexen exenyl -
5 hexenyl ;o 1- heptenyl ;o 2- heptenyl ;o 3- heptenyl 4-

The aiERYERNMR of BERE b o BPbRNehei ot ﬁ{;:?ﬁlp faving 2-12 carbon

atoms .67 be tadiwriyt grdupocérelbw s&lede@dmmyhe gr@um@@&ﬂs&ing of: vinyl-; allyl-; a-
3- nonenyl -; 4-noneny onenyl-; 6 5 no ¥
metha*wiﬁ8rf@ﬂ§1ﬁllyl-:§:pr@ﬁ@wt,Jsomomém}fhutermvdamy 3'buteny; 1-buten-

2o, SO TSt EEBO rin Bl 2 oneny

2-undecenyl ; 3-undecenyl; 4- undecenyl; 5-undecenyl;
6- undecenyl ; 7-undecenyl; 8-undecenyl; 9-undecenyl;
10- undecenyl; 1-dodecenyl; 2-dodecenyl; 3-dodecenyl;
4- dodecenyl ; 5-dodecenyl; 6-
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dodecenyl ; 7-dodecenyl; 8-dodecenyl; 9-dodecenyl;
10- dodecenyl ; 11-dodecenyl groups; 10 and rel ated
whe@saise? | soners. Preferably, the group is a BCTE296001034
chain or branched al kenyl ﬁroup with 2 to 8 carbon
atons. The al kynyl group ca Ta strai ght chain or
branched al kynyl group having 2-12 carbon atons. The
pentenylik yhpentgnytpl-ogntanelykl dqrantert-Boi tZa@eQM}dpbutenyl- 1-hexenyl-; 2-

hexenglo,g%'t ﬁé%eﬂ?l-,oﬁ l%é%{éﬁﬁ\”y 5. heé)élega/ﬂ5 1%8;%‘1‘9’1 o2 r?‘?érir%ﬁ-y Whabtenyl-: 4-
hepterﬂ/-l-pémqprh@ﬂyl G&mekoderﬂﬂ-pemgtmw— 3- dctﬁw(yﬂyéetenyl- 5-octenyl-;

6- octeﬂélpt Q)/?Egnyl-z ﬁ hex _2; @%@B&F Y %pohewl-ﬂgxﬁﬁﬁpyl— 5- -nonenyl-; 6-
nonen?k hepbyewl-; 8- rﬁm@ﬁpl— y’ﬂ-}dbcenyl- Qfdey:@Wl— 13- aecéml-ymdecenyl- 5-decenyl-

4- : 6-
BN BT T R A S

undecénﬁonyﬂu)‘lhecer%d nOGSMFi()I'éc:enyl§ W%Wd@(;len I; 78ﬂ}?ia§E¥xl1ylﬂ 9-undecenyl; 10-
-nonyn - " 2-decynyl - Y
undecanﬂecy%deceryl,deg;de;iecen;;d; &gyﬁgq:enyl 7- %d@g@gany 5- -dodecenyl; 6-

dodecg ﬂﬁ Zycmﬂlec:famﬂ %e@r%ég%y% dd(lj%g&?%n){b dqd%cgmeQ¥%hecenyl groups;
and refatech bmrybhydj {sonTersuttefeyably, -the @raupde@ysh;dlght chain or branched alkenyl
9- ecynyl - 0-undecynyl -; 1-dodecynyl -;
group ytﬁ%tggﬁ%}bph a%om%todecynyl ;  4-dodecynyl -
5- dodecynyl ; 6-dodecynyl -; 7-dodecynyl -

The a g %yﬁﬁa‘;n 6r%€?ﬂ)§$‘c‘ﬁ]%‘ b&bi%%%%f%f\&%écgm%m@g 242 carbon

atomstP}feeéFk ht, %IUUI ééﬂﬁW'seQzE@a‘dipfrbﬁw %é@r@u&@on@ﬁﬁh@ d?r ethynyl- 1-
branched al %/rb roup with 8 carbon atons.
0

Propymsire | SR esMNYhi an- ,be’z @Wmdm @ybutmmpé RENHYS; tibpmtynyl— 3-
r bl B.. 4L | 1. b t - -
pentyr&?gm@{ﬂ)ﬁgfygpg - A&k Oﬁhgﬁnyl g;g?ﬁgémyl ﬂh%%/ﬁﬁ .88 hexynyl-: 1

p consrstin
heptyrtyyclbbewtyhyl Syheptyryht - heptym;cweotmyw 6 heptynyl-; 1-octynyl-; 2-

oo SLARFRLY o SELIREL M BRSO % FHRE, BB >

nonynyll-,nfgnorlﬂrr@'f Eﬁablnynylt iﬁen@mbka;a'f-hphyrgn-o @enorynal-ci-deomlykyp-decynyl-;

th 5 t | |

-deo BBy YePOuPIRer g o DS THAEH O 1 &Ry EUrbgrecynyl; 1

undecwmnsz uhdecyp; CS%{n@éb;K@lly'4-Gh@étl§3/tn9fin|51@n§&iyﬂ9f—e$ &rﬁd}é@yny:- 7-
roup - consistin uten

undecm&s/ Go0deyweT/$- Wﬁwbldédmdﬁyf?%}nl 8)15196?@3@4'- ;2-dodecynyl-; 3-
dodecfi; 0@%@88%8»!- CB%'OBBW”% dod%vgﬂlyﬁycf tc,%/%l'y 7~ 8-dodecynyl-; 9-

groups that” can varia tute
dodecymd; t |1@|¢(®)ecmm3dﬁ|nd1t-d®e|cymbg grostber adndy, relaed branched isomers.

4L O AR, el g S S BB B gy 2 o

carbort &engt oup consi sting of phenyl; biphenyl; naphtyl;
ant hracenyl groups; and the Ii ke. Preferabl y, the aryl
group is a phenyl group. The aryl al kyl group can be a

The ¢ lauﬂ(ngwuﬂ ckfA bEScyerd Al groupRawigh 3 lto alokadrbér ‘éttﬁn§ arhe cycloalkyl
sel ected fromthe group consisting of: benz

group faﬁé)@rﬁﬁl%céﬂq Jiom the: 9q§)élﬁ)ﬂ0@§ﬁ9|pg of: gycmr?gyénwgp%xﬁylr,_ cyclopentyl-;
h b ;

cyclohé%;ﬁa%gbflbﬁgét?i an@c@@dz})f)%l 1&%%%% , )ﬂh)@sgpﬁcg/ll)ﬂstﬁ%ﬂbes variabl bly substituted

at anyméltlpn ar@me‘}/téeamgy Prefesakiy,the gy®galkgrasopp issa aycl@alw group with

5,[07%]]53}] SHAUP with 7 to 12 carbon atons.

The cycloalkenyl group can be cycloalkenyl groups with 3 to 10 carbon atoms. The

cycloatkenyl group can be selected from the group . consisting of cyclobutenyl-;
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The heterocyclic group can include 5- to 10-nenbered
het erocyclic groups containing 15 nitrogen, oxygen,
w@eoosabdseT . The heterocyclic ring can be fusedP@i/iBRoes/001034

cyclic or aromatic ring havifg 3 to 7 carbon atons

such as benzene; cyclopropyl,“cycl obutane;

cycl opent ane; and clohexane ring systens.
cyclowée@ﬁa@yvommyhe@ﬁ(@@mny&— ARG gy¢laactsnydr gmupa titrirean variably be

ca | egte

substgﬁétggsat I{i}glpogiﬁBﬁ(sZ‘%)f8¥ﬁd: tt)ﬁé r}ﬁﬁg '@’é‘?% %t?}é nﬁ'nlte gydcléaﬂl@rwjegroup is a
cycloalsemy lgyalipokithr érhtyvcarb,nmadoraryl ; oxazol yl -

di hydr ooxazol yl -; oxazol i di nyl -; isoxazolyl-; 20

di hydr oi soxazol yl -; isoxazoiidinyl-; oxathiol anyl -;
The 4rgt glﬁ(yiup ,canebe abjedtat fromnte grotibt durelisting | of; phenyl; biphenyl; naphtyl;

t hi t hi lidinyl-;
anthrqac‘setgwt?/ﬁgrg Bf yqndI tﬂé?kﬁd%ﬁ%‘éa% 5%994! Sgo%pl is Ian enyl group
i sot hi azol i di nyl - pyrrolyl-; dlhydropyrrolyl
pyrrolidinyl-; pyrazolyl ; dlhydropyrazoI% -,
The WF allyl iggpHp 1 can be @i @’QEBIV\/”Fh 7 101 1y grdions d E@layyl alkyl group can be
i dr qt o - 3
selecie@‘ q’ |ﬂ<§]|gn3’¥&p %défs%ggg bggﬂﬁy d?or{]éettﬂ Ig%%ﬂ)% jle: 2-phenylethyl-; 3
phenylmopalz,041phenylbui;yl pﬁfpr@pybenml-hﬁdplwyihedyr q- naphtylmethyl and 2-(1-
. . . - ’ _ H 0X . t. | - ’
oo GHRS6) SV, e SIAAN b, 030K B 80U st roup
with 7dioh\eavpym atbazs.nyl - ; t et r ahydr opyri dazi nyl -;
hexahydr opyri dazi nyl -; pyrimdinyl -;
di hydropyri madi nyl -; tetrahydropyri madi nyl -
The Eﬁ&é?&bybh@pgﬁdd?ﬁidém%dudé%f a@mrmymemb@rézﬁha@rdsow groups containing
yranyl -; dro yranyl -; tetrahydropyranyl -
nl’frogteﬁ1 %@?Hn?’l sul Ui A Bg heteipesiie Rg|can be fused with a cyclic or aromatic ring
havnnb%tfoaf‘ﬁéilrb%rélt&ﬂWs@BN'as béi‘\FéHé Pélopy o;ﬂ}l"réy%butane c?lcli)pentane and
pyrimdinyl-; pyrroliziny roI|Z|d|nI
cyclolmamerrmrwstﬁjm y Preferaby, ﬁh{@hyterqcyich@lahg j_waﬁyi or 6 carbon atoms. The
d I [
heterc%ééfti?% h g g% bneolsg“écfé‘?fl injgab tﬁéo %guﬁ’ocg)ngg dP{% of furyl d;lhydrofuranyl-,
tetramydtqﬁa’aylyIF ocdioxmaml-; ; oxazoigh; zdlhydiropxaznwmolcmzdldlr}MI—;; isoxazolyl-;
dihyd oggﬁﬁ%l%g;%o%zgigd&ﬂﬁgﬂﬁqr%lloldnyf:béﬁlfagy'l ;%hydrcghi&nyl—' dithiolanyl-;

thlazdl\ﬂr kitaerythiazelybUBfazodmyl-higothidelyl-3 dinlkifoiedtkRxslyB! Rhiazolidinyl-;

ﬁ g straj ht chajn or branched Ikoxy rou&bg
PyT "O'M'aw E‘y roPgrrel;y boRYPIdinYs/ 180887y BCTHNESRPETaFo 34 Pyrazolidiny-;
imidaZaly@dt %Mﬁ"’ﬁa%‘élyﬁet maﬁzoh%Hnytna%lS’lpy|dﬂ%3¥:£rotrla.|zolyl§/ triazolidinyl-;

|so ro but I sobut tert -
tetrazglyir ylcgﬁvwi @@'M&y tefeqrofitionly:  pyriddty| gioydroplyddyl-;  piperidinyl-;
morpﬁ+ E\glnyl Oé%xgﬁﬁUp ct@%tlﬁgn)g SR I-Chakm?ﬂ%ﬁoﬁﬁ@t}ed pyridazinyl-;

| oxy grodp havin rbon a
dlhydmuyedgztlmydy gr detuarminomld{aeln@'bi ed hexnhydlm)ygidazipyl-; pyrimidinyl-;

dlhydlgé)ogslks%tgk{]yﬁb%{gr?’hy rosﬁ?ﬁﬁgllné&wexagygﬁyﬁ g@r- pyrazinyl-; piperazinyl-;

pyran?k,but MmyﬂmpyranylL p estatidrepiyanyl-3- pethioppsdngky - ; dihydrothiopyranyl-;

tetrahgdﬁ)zl;ggwgﬁ dlth|@yﬁ-e%yyll %%m@nr}yg'eﬁ%tz%ﬁl _';pyrrolizidinyl' indolyl-;

dihydfifeipRy | @e¥dol heﬁfo%ﬂif h{xy- ’lnd%'llEi%mylmW&mMolyi 3- dihydroquinolyl-;

heptynyloxy- tyn | oxy-; 5-heptynylo
Emahgdﬁgyﬂyﬁ@1ox§oqwmo btynthiqunQWbctyﬁ§a@%%oqwq@yk quinolizinyl-;

VAL ct | ) )

qumo@z_lgl@%l ynié:h%%@r@?gc’t }%ﬁ%ngx i %rﬁ@%ﬁ% gg%hron}enyl isochromanyl-;
benzaiarapyly] andyegrbazaigngropps payd thedikeonynyl oxy- ;

5- nonynyl oxy-; 6-nonynyl oxy-; 7-nonynyl oxy-;

8- nonynyl oxy-; 1-decynyl oxy-; 2-decynyl oxy-;
The alkoRe gaylyexun;beta deeight lcpxir or brafiesyd ylik@xy group having 2-12 carbon

6- decynyl oxy-; 7-decynyl oxy-; 8-decynyl oxy-;

9-decynyl oxy-; 1-undecynyl oxy-; 2- undecynyl oxy-;

3-undecynyl oxy-; 4-undecynyl oxy-; 5-undecynyl oxy-;

6- undecynyl oxy-; 7
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15 undecynyl oxy-; 8-undecynyl oxy-; 9-undecynyl oxy-;
10- undecynyl oxy-; 1-dodecynyl oxy-; 2- dodecynyl oxy-;
wQ@2@sdesynyl oxy-; 4-dodecynyl oxy-; 5-dodecynyl PXI/IB2005/001034
6- dodecynyl oxy-; 7- dodecynyl oxy-; 8-dodecynyl oxy-;
9- dodecynyl oxy-; 10-dodecynﬂﬁoxy-; and 11-
dodecynyl oxy- groups; and rel ated branched i soners.
atomspgedlerasbingetnexie athriyly Poopylayyoupopropdoxt bulylpixy; dsetiutyloxy; tert-

butylo%{ g%'ﬁ%ﬁ%eﬁiﬁ)gl W?‘leﬁ@é’x? &iﬁﬁ&%g gnt gr sl gi;bg?oup,

such as a phenoxy or naphtyloxy group: (e.qg.: phenoxy;

henoxy: , 3-m_get.h h enoxy; . 4-met hyi pheno ,
The afeBb| QR BEAAN b3 L HFURLHEND 2] D ioLR TSNS o having 2-12
carborft-gHhe! omhengxanyldxw@tMmheB@xsele&e@Ifkc)fh O P XMonSIS’ung of:
naphtyl oxy; and the like). The %roup can optional

ethynydici 1-PLRRYBYIRRY h ZaRORYIOX o 101 BHIRY5 - btésnxéq»ryox?f%utynyloxy— 1-
pentyr@'ic%rp ?Béht?ﬂyléx}% ﬁeﬁ%?@;&yﬁﬁ%tg’ﬁ &g‘hgﬁﬁl@anggig - Ylxynyloxy-;

gf oup can be “benzyl oxy
3- hexynybvxw kyHahﬁXb’ﬂYiO@f‘ourﬁ-bQWTky@W-,st r1ahemﬁyny¢oxalrn @rheptynyloxy- 3-

nepty BBIENERBYLAT B aRaNaYEAdofiy 30 -6aURARA! BBktymyioxy-

am no
3—octyh$lopy-o|éycbcmynwmw bﬁfbyﬂya;nlbny}, 6-0csyrmlmwl- ardontynyloxy-; 1- nonynyloxy- 2-

vy AT B8 REAL G DS B, 10 LMy

8-nonatyicxyght- débﬁiyrbxw Zlﬂézlfwiv&fky«':ﬂﬁ@@&&}r@mxpo égﬂécbmyhﬁyl rB;‘decynyloxy—
car rrs The  al ken ani no)g ?
6- dec%@(iloé%(t’ TCFQG e -gr &WW@M@&&T’I n%’déf’ ny@@ -undecynyloxy- 2-

d ) lémrmé RVHHRPhI8Ry-: -M nd - 7-
un ec%h Y o %r_\yhogr ut yny |gnhn%ﬂ no. ! d&’goos/ 1b058 ecynyloxy-; 7

undecwmomzéwﬂeemmy-aa undey‘yfwlcam nbO-unQeqy@Mwa Tafiodreynyloxy-; 2-

dodec:?lnﬁ Xy%c:id%@cgrgllox 5 hexyny%ﬂ]&foo SL%C’A%GQQ% B! &%cynyloxy— 7-
dodecyniexyny | mbdesyny®xiiex y Rydedeacyoylpxyt; hé@rﬁpdgd:myiaxg ;; and  11-

dodecgﬁ;ﬂcg%;- iéﬁét:lpgm ncg'réla?eigr{ﬁgb%’f%?énm%gso Prefergg yy % %E%'er}ygoXy group is a

straigh -chalnyorybramgheo-alkehyindy yrpliganiviie 2; o 8- mbmﬂaioam no-;
octynyl am no-; 6-octynyl am no-; 7-octynyl am no-;
1- nonynyl am no-; 2-nonynyl am no-; 3- nonynyl - arri no;
The a Wg?dupﬁﬁbrﬁ]@e an5ar‘9@5ty @Yd)lﬂ:ms%@h astr BI%]W'O@W&Bﬁtyloxy group (e.g.:
- nonynyl am no-; 8- n)é am no-; decynyl am n
phenoxy; de%wgihﬂnhwy 33dé@§hu 8RPRG- ;4- me&@wmnoam naa"ylshenoxy, 2-
c 7 1.
chlorogﬁéﬁ’d%{/ 'Ehﬁ?ophémg? YA RG] ﬁlého'xy, Zl%%t %J@?@HB% 2 aloyloxyphenoxy,

nyl am no- decyny
naphtyloxym aed;thsjllla:‘m Abe;graum nal@opmnedimhmbstltuted wnth an alkyl or alkenyl or

alkoxyérg{}gg%g:ﬁél13§4ﬂ§a_rbo:%agog%§‘§,dﬁéj¥£# ;’:l]l(r)n_ no- ;
8 undecynyl am no-; 9- undecynyl am no- ;

The a1 gEERUTGHR 1 be de"ifrnépéﬁalﬂ%thwoxy

4- dodecynyl am no-; 5 dodecynyl am no-
6- dodecynyl am no-; 7- dodecynyl am n

The a&y@amgmw%be agstmjg@tcw Qﬁ-pfﬁjlched alkylamlno group having 2-12
o
carborg%foq%g o dé @‘r%cﬂcﬁm cﬁ’d’ !#éamtr@ ?m IQQ%roggll‘étlﬂﬁo butylamino;

isobutylaining; tarkbylylapne;spentgaména ivexdasiinm; dilEDb’l‘amoh,e@’ octylammo
al kenyl am no group with 2 to 8 carbon atomnms. The
~arylam no group can be an arylam no group such as a
The alkkaylamino group capibeyd atraight chain or branched alkenyfamino group having

2-12 carbon atoms. The alkenyl amino group can be selected from the group consisting of:

ethynylamino-; 1-propynylamino-; 2-propynylamino-; 1-butynylamino-; 2-butynylamino-; 3-
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group, optionally substituted with an al kyl or al kenyl
or al koxy group having | to 4 carbon atons, or
whadosgerss? The aryl ami no group can be sel ect edP€T/IBR00I@®1034
group consisting of: 20 phenyl am no;
2- met hyl phenyl am no; 3-neth 4phenyl am no; 4-
met hyl phenyl am no; 2- allyl phenyl am no;
butynylarginoor bperiiyY amine; 2-peelynpiespeh Ftramtyiylamino-; 4- pentynylammo- 1-

roonfaifler BRI SRE, el BRHEN IR B geopgmio:

heptyraniaymabkﬂ—hapﬂyoylgmm 6dmptbmyllmnmp+ adrhaptyoylamino-; 5- hep’cynylammo-

h | et.h | k be
6- heptgpﬂ = et1 gc?/%ﬂ’g) %ﬁ\\)lon g ?I{glﬁy%n'& oc&?@ﬁ%rgln%?fy octynylammo- 5-
octynwérkmbt h6€oct)g1ymmnoan7-bety$19laﬂﬂh@d 1 -h@ﬁ}/ﬁﬂ@nmlboua -nonynylamino-; 3-

ylth h [t hi
nony AP Ao BHBITYR Fr B TR By BBinarRd fonynylamino=; &-
nonyn?l'ahﬁrﬁbd tbdSyayRrmE-an- é&yﬂy@hﬂﬁé 9 d&NAyRnfikhoP r@@é‘éﬁﬁ%?lammo— 5-

ylthi o group having 1 to carbon’ at ons.
deCyn)él?R@?P}rl frdesygylamincan- Ct?@ygﬁéﬁ@mczad 8fdez§wylﬁ@lrga-ou%rdecynyiammo- 1-

undecgr%nér'n ?t%tmdec‘%vléﬁw:d hi ?%ﬂnaewiﬁrgéﬁ?iﬁbt hi g undecynylammo- 5-

I O- utynyl t hi o- nyl t hi
UNdeCW)ﬂamVIWI t Hi- undecynylpermqfnyl thecynyﬁaquem ynfz‘smrideoynylammo- 9-

unccofa BRI et SO SRR Zo8iccrhyamine- 5

dodechmiaxinoy; t M-dedecyndlatriieo-| | kB-dod&cyiI2MiAb/; 100&Biiecynylam|no-, 7-

ot R B e S R Bl el an 11

dodecph@anirioni rogps; narh talhici BragtRe® isorhésh P@éfefé@ﬂy Otﬂé| diXenyl amino
e substituted with an al kyl or al kenyl or al

group &r%éﬁﬁa'ﬁawwgn er P@n@he%aus@ﬁy!amgwﬁwm 3 ﬁgaz#@@@oms
e.g.: phenylthio; 2- nethyl phenylthio;
3- nEthyIphenyIthlo 4- et hyl phenyl t hi o;
The apylaming gheuwy lcenibe; arQalsllammg@pmﬁyd:h A$ @ phenylamino or naphtylamino

group, opﬁf&l{w%w Bnﬁée}%uf]gp"vmh an a‘ﬁ{ﬂ ?F %oxygw)'l 5}(?)9{ 8'EOUP having 1 to 4 carbon

heny
atomsnap htakolgehs 0; dery(dnmnblgceup 'Elaa e gélatiegl frdrh dhgrgroyp cansisting of:

phenygﬂgﬂo,aﬁ e a%n% 8UP 9.4; v r?)gphl#y angnsmgar _o Ehyﬁenylammo 2-
allylphénjﬂhﬁmd etZQMilbrhipﬁe@lemmo 18-cHiérophéeptaimii; 0 cnihiofipPeRylamino;  4-
nmet hox %arkég é et hoxycar bonyl ; or the I|ike.
methow%e@ul?@%mm alieryPhrbyiBa¥Ie dRERDam DR herbap can
car banoyl ; nethyl carbanoyl ; di nmet hyl car banoyl ;
d| et hlyl car barmyl or the |ike. 15 The acyl group can
The apyaliswamipe ayesRranitebenzylanine aF Baeayiethylanion. as:
fornmyl; acetyl; propionyl; or benzoyl groups; or the

l'ike. The aIkyI, al kenyl , alkynyl, cycl oal kyl, aryl,
The aligyithicabkyip chmberarcykkylitmo gﬂdnkohyvlngl’lkm& lcarbpn atdfs. The alkylthlo

ooun 341 8285, PV bro) SAREMAL eSS BByeor ropyinos

butylthéy; yddbuihathic mykdaeklithly, o, aI koxycar bonyl , substituted
and unsubstituted carbanoyl ) )

The alkenylthio group can be a straight chain or branched alkenylthio group having 1 to 8

carbon atoms. The alkenylthio group can be selected from the group consisting of:

ethynyithio-; 1-propynylthio-; 2-propynylthio-; 1-butynylthio-; 2-butynylthio-; 3-butynylthio-; 1-

pentynylathio-;  2-pentynylthio-;  3-pentynylthio-; 4-pentynyithio-;  1-hexynylthio-; 2-

hexynylthio-; 3-hexynylthio-; 4-hexynyithio-; 5-hexynylthio-; and the like.
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and acyl groups nentioned above can optionally be
substituted. Exanples of substituents include:
whadosgeoss7 (F; C; Br; 1); hydroxyl groups; mnerREpiB2005/001034
groups; carboxylates; nitro Egr oups; cyano groups;
substituted or unsubstituted®mino groups (including
am no, 25 nethylam no, dinethylam no, ethylam no,
The agylstiviy lasaiAaNabRl apaalkethior giospt kayingnil Hesd saibion afems such as a

pron iy BNEE 00 A AL PR, I8, BEBYER) g aot o any

or alkexy lpyeyp hevingxy, tqo|40pgﬂbonyatorrs;omndpglsoxyalobamslI exy., phenylthio; 2-

R BB s, RSBV RE e Y i e 2

chIoroBhemﬁithhnn a:ommommylmn@ v4-Bilopaphendithity] OXIymethox%/phenyIthlo 2-

hexeny| oxy); aryloxy groups 30 {such
aIlonxggE ygtﬁén éhféf[ihﬁa gIed%? group whi ch can be

optionally substituted with an al kyl or al kenyl or
al koxy group having 1 to 4 carbon atons; and al so
The aﬂgglggéhgo geup carph@ﬁa@kenxlthlﬁgrﬁw ba\gn@)ayto 8 carbon atoms such as a
b ﬁhgp ) I oxy, 2-allyl phenoxy,
enzy2 lch Ephenoé“en@eﬂgﬁw b enoxy, 4- chl or ophenoxy,
4- nethoxyphenoxy, 2- aIIonxyphenoxy, naphtyloxy, and

I rou I Xy ,an
The ali8Sybntim diup o e b RNAL o S R 0 e By
carbon atonms such as nethylthio, ethylthio,
pr Jthio, but lthio, ispbuty]thio, WD 2005/100587
The P'é%?# 5/ 6’(510 hti%”b‘é‘?'f?ylﬁi%'}myél KR ®ar B8Ry | be:  carbamoyl;
methy@:@ﬂw@ﬁoﬂ %l@etﬁyﬁdﬁwéﬂf bietMyloari®dheyy&anbory! . and the
like); substituted or unsubstitutied car banDyI gr oup

(e.g. carbanoyl, nethylcarbanmoyl, dinethyl carbanoyl,
The aeypﬁmdﬁééﬁ%@élﬁ a"é?ldgzrolﬂs vI/IIII“F)to @%?éllbognr%% éLW,htP s:robByl; acetyl:
carbon atons such fornyl, acetyl, propiony or

mﬁpmbﬂnﬁb?$mﬁwb@pyps(Hﬁheékmers 5 The above ment i oned
cycl oal kyl, cycl oal kenyl, aryl, aryl alkyl,
heterocycllc al koxy, alkenyloxy aryl oxy, aryl

The aldykyblazyyl, aliyyil hiyoloatiyt] a:kaoarybzaII@d),nyétegmme; glRoxy, aIkenonxy,

o, S Sy B BT SRSt SUEGEs lglokindo, shon

alkeny&h@crarylmro rwylgmwﬂyb kxRS rni/) sljbéﬁtu'éeocaﬁmﬂs@m(&eﬁ 'E:arbamoyl
ition to the substituents speci fi 10 above.

and aqyﬂ g{%gps(gpe@t(%@p,q@gmc\an%og@lyﬁs@stﬁ@e@ ﬁaggmpdﬁg;eof substltuents
include: hﬁalé@'&% RéFU@“ Brefn I'R/@rotxpﬁ gﬂcﬁﬁ‘ﬁe n‘i’ércgﬂé{g‘;?{ E cér?bo%pﬁtes nitro

roups can be ea ndepen
QFOUP%t ﬁIéﬁan IﬁOI@S,uﬁ@@St@ﬁaﬁ o debSﬂlth@df @ngne o@r@bpgrmmudlsg amino,

oty SEIRE LA RCCARHY RTINS S s e mines st

as tertvtarto)@maybcmybsand artyIsquIfsudarhldnygrpupsa)t latkolky goinyst (Hawingd1 to 8 carbon
ar boxyl at es stit te '

atoms Koy MR S8 HroRY XY ans ARy s i G isoBuloxy, tert
butyloxyr, edethtylossar hedylox Shé@tyldxyt@do&@!m&?)”médkenﬁ@@ Mﬂﬁjpgbdhﬁvmg 2 to 8

stituted urethano. Pseudohalo 1s 20 nitro, ano,

CarbO”aEIJHbS SEGLAS B VINYIOB Gy AR, Sthuterydp %%\%@@ylow ardpxy groups
(such &2 atph@abRLEr ﬁé}fhtﬁbﬁ)r’f;% pRUIGEF BEn BE o%tnéﬁ%lyﬁ}b%ﬂtu‘?éd with an alkyl or

unsat ur at'ed tional 'y substituted cycle or
alkenyhef aikexy eramagving 15toth carbopptoms; andmiso kalegenss e.g., phenoxy, 2-

methylPHERBRLY-AR%yIphenoxy, 4-methylphenoxy, 2-allylphenoxy, 2-chlorophenoxy, 3-
chlorophenoxy, 4-chlorophenoxy, 4-methoxyphenoxy, 2-allyloxyphenoxy, naphtyloxy, and
the like); aryl alkyloxy groups (e.g., benzyloxy and 2-phenylethyloxy); alkylthid groups
(having 1 to 8 carbon atoms such as methylthio, ethyithio, propylthio, butylthio, isobutyithio,
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cycl ohexane; cycl ohexene; cycl ohexadi ene;

cycl ohept ane; cycl ooctane; cycl ononane; or 25
weyesoassane. As used herein, a "variably subseCT/iB20e5/001034

group is a group that is unsybstituted or is

substituted wth one or rrore1 i n anot her enbodi nment

one to five, in another enbodi nent one, two or three,

penty%m@)stallt%ﬁ@rbonﬁogmaﬁy(eeqmma@roxmborpﬂ,oe*énowcaib@nyisedd the like);
substxtd?ecﬁrﬁpa g@&@t%t@@d c'é?@aﬂn Iy eqﬁglﬁ géregl | B8R M&hyicarbamoyl,

aci regar dl ess
dimetimdearbamayls Idwttm)dmbamdl am #a bke); abg groven(witm 1abs® carbon atoms

such S B B Blopiil S8 e RO AR BRI e

pol ypeptides with conservative subst Itutions.

nservaLive, subst | t|o cally incl
The hRermentads ERRI GROpRkEBil syl BibsaIky) vorrwoysis.  alkoxy,
alken loxyaldryie aikyfoly e Ugiyhgio, &

OR, AGloxy A e sy FARTS ﬁ%%@%éé@@)ﬁ@wps can also be
substifted with @lkyk 9@”P§§}?é(ﬂ£g1 fe5 cgrhpmaioms, alkenyir@sodpeiwith 2 to 5 carbon
atoms, B RIPARE oW Wiy B2 baReR Bt ifadflof oy lbstiuents spefied
abOV@poI ypepti de or peptide fragnent, as used herein,

refers to a polypeptide 5 or a peptide fragnent which

ei ther has no naturally-occurring counterpart or has
The nbeder of aphstittents aranpbe icheest homthepnpexe Mhe sdbstituents can be the

nat aI I y acconpany it, e.g.,, mcroorganism cellular
same O, ts such as yeast cell cellular conponents.

Typi cal ly, the pol ypepti de or peptide fragnment is

considered "isolated" when it is at |east 70% bfy
The RAE’]”&H%Z grQURE PRE Sakd IB?%Q@dﬁgﬂhﬁaeggthFher be a unctlonal group.

The fd}?&uélﬁa?l' rwupwétebee RSHARE Grdl & .s%g%ft Ralhi %Quddha‘tlos hydroxyl,

naturally associ ated. Preferabl prepaf ati on
variably ﬁbb%ikb‘ésﬂl merc\a@ifo pegriablie Sﬂb%t@lmfédtsulﬁeﬂ,emr)ahby subetituted sulfonyl,

carboﬂé)p%}ggt {/éc’ﬂ]a mf' s%st&tﬁf’ee?ﬂ; rﬁ%@at@é@gf&g}éﬁ}ou@db%nﬁ@?/l \\?ﬁfag)m substituted
ureidat, Nerlwyﬁmepttutw (:arbatrlw( it vatablyr sufradinited heetbahd., Pseudohalo is
resgect | ve i.nventi for exanple, a

) hus,
nitro, &R SHtS Sirahety ot Fand e o Berd s CBosn o ¢

preferably at Ieast 90% and nost preferably at | east

%, by dr ol ypeptide x. 15 Since
Rq aﬂfi%z%&%*ﬂ?fé%ﬂa bpgr ?ﬁ;%aéa safuLjer ﬁ'égnszaé@ra’r%d opfiprigfly substituted
carboRidI IR, asﬁé’téfcfﬂy@fe fhéQitﬁP]t Beto Wﬂfdﬁ %térﬁ@t shiah Ué@' E)quopentane

acconp )ec{ the synthetic &etl e Is "isol
cyclohsane of @wxeaeysﬁ@i@h@@d(ane p:zys ae’tama@welnogtaoe, ph@ononane or
Cyclodeegreéltl on .can be obtained, for exanple, by:

extraction froma natural source (e.g., from yeast

cells); expression of a reconbinant 20 nucleic acid

s uSEHRYENE, 4 V5B PSR Ol SRSk pgdestiod or i
substitlitdd @itk rinef sromotdieinseiotiogr dmissaimht bné tio gk Umahhdther embodiment
ori ?hgat es i "é'?sol ated," because it wll necessarily
one, tya o %e’o?“béfﬁtHﬁB ents which naturally acconpany it.
The degree of isolation or purity can be neasured by

. an %/ ppropriate nethod, col um chromat ogr aphy,
Polynsefigaicand ‘Rretain” ges uee@mter@gﬁm@ﬂysan%melanLatuyamtlgieThgked chain of

amin02§c:|ds, regardless of length or post-translational modification. The invention also
features yeast derived enantioselective 2,2-disubstituted epoxide hydrolase (YEDH)
polypeptides with conservative substitutions. Conservative substitutions typically include

substitutions within the following groups: glycine and alanine; valine, isoleucine, and
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An "isolated DNA" is either (1) a DNA that contains
sequence not identical to that of any naturally
wo@e@annis8y sequence, or (2), in the context ofPEr/DidA05/001034
with a naturally-occurring 1?equence (e.g., a cDNA or
genom c DNA), a DNA free of dt |east one of the genes
_that flank the gene containing the DNA of interest in )
leucingh @sgantigneciéfanch 8lwaginsish iasParAdine. t slatastingefarine and threonine;
1 COAL AL i . j : t occurs. The
ysinePARHAH D oD A AN e MiAEARE RSN
i ncorporated into a vector, into an autononously

The t4FPL T BoBb b Hepsifh stmeRl, 4k REs™ R Riried Roivpeptide
or a g@ﬁtgreagfggmhtewilnizﬁ ?lgmé‘r hasl 2@ \t/t\i)hiﬁall&eadﬁurrin@EQ)ur[ﬁelﬂd?t: or has been
.9, . , , 0 _ re. the correspondin ,
separglefio RUTRA TG CPRIABRSISAHAED HERWRLY 8CEoTPF e FoRe. Mibroorganism
celluldr SR RINtRs NSy Eastedllr @Y teohipheh@C kﬁ)%éllg?ﬂfé polypeptide or

one of the fl ankéﬁr&g genes; a fragnment of_c
: i

peptidgeiframentDssongidetasbisdaisd s whem/if B2edspg(7lia4by g/ weight, free from

the pflft@iﬂé‘cﬁﬁjd Q}Yhé?ohé(tm?éllg%ﬁ:cﬁﬁm noﬁf@ﬁé b PERWIBNIHBAL: is naturally
acks at | east one of the 19I anki ng genes; a

associated.r Prefiecably, rragrepatationanf 4 pelipepiidel (eapepitreragmentthereof) of the

. ankij ; i n- 0,

e QL HSISE, PGS0 e SR Ry st oo

by drfragigbht thef palypéptiele (@r theeipeptide dragnmant| thiecedd); i cbsphdtbiely, of the

. Is a degenerate variant of a c or a naturall 0
inventighye kg 181 (IGMA AcPEParaioRatt PORROPIGE pnd Gldgass 80%, more
preferaBOAIcBSNO0 AU ahe Thbsiepeasiubince 16hetodos, pardry Q\fei?ht, polypeptide x.
. hybrid gene, 1.e., a gene encoding a nop-naturally
Slnceo%&g)}meﬁgdﬁ lRgtos qﬂemlgzplh/_ smtggﬁq@@ isydvgits patye, separated from the
Co R My e R e
i sol ated DNA does not nmean a DNA present anong

s 4B SR IoTId e BB O BRSPS, o enamte

by: exttachdiA frops tar nattirad sodrage. ., flom eastealla]plexprassion of a recombinant
restriction digest reaction nxture or .an.: . .
nuclewgl @%’Fr%’ﬁ?ﬁ’ it e go@ly%qpl '981 oAscrl%@aa h& I‘gF\l Sis. A polypeptide that is
producéd e i selalar %ﬁﬁgﬂﬁcﬁiﬁér&f{ fremYHabquety prept wiighiisnaturally originates is
e

W o fragment of t| polg'/ eBti de that is shor%_e than the o
isolatiegl | D3caivge it Wl INpEERRATI Da fEperGl<comPANER Whigh, nalUiglly agpompany it

' & Yicar ®y d @5 % d, e.g., col
T gty oo Bl B, o0, co

chronfafipgrapy qrotyasaligipisistaed elacsopheiesiso seHEE £ analygsis.
hydrol yse a TDE of interest. Fragnents of interest
can be nmade by either reconbinant, synthetic, or
An "isplaiee MNA' & ethgedl) adDNAdhabdntaing seguerek fior ideht¢al fo that of any

ility.to enantioselectivegly hydrolys TDE. 20 .
naturaf]@ew%w& feauglsEr S @fw _'i“nﬁ‘&%g“o el ?ﬁ%’gf\p‘gﬁ&taeaa@ﬁ%‘ommng
sequehcgeReal.] a GfE;N}Stdr Yehoftic UN%K)l, anDNﬁX@é@_ﬁﬁiaollbfaS@mégf. the genes that

equence effectjve control s .expressi on a codi.ng . .
flank @@q@%??c @or&ﬁ'mn%therééﬁ éfﬁmeé%%i l%?*ﬁ%.gﬁpgr@e_ ih@gaganig! in which the
gene tc%mlhiﬁgl thBNONAC bE Mitbfdst ifhmRy Wedrdhermie iy endrBRre includes a
same 25 meaning as commonly understood by one of

recomiyirRMidPNAIREQPONAtEG O & veater WhPcan aHiosomeyslyt iephcating plasmid or

: ritaj f ' t t ;
i, R, B oy RN 8ol Boperiay HREABRI o olus o
separatst mottsubngliaieae rd elDNAFeqy. dEEEX IbbIPsh &l 8] 0,a1 t,HAdR, or 14) where

met hodainand mat e

the corresponding genomic H\ﬁl Ras introns and therefore a different sequence; a genomic

fragment that lacks at least one of the flanking genes; a fragment of cDNA or genomic DNA
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simlar or equivalent to those described herein can be
used in the practice or testing of the present
w0 poosnodsen. Al | publications, patent appli catiPeB[B2005/001034
pat ents and ot her references 30 nentioned herein are
I ncor porated by reference inS heir enti rety. The
materials, nethods, and exanples disclosed herein are
produgad by hohtnerase shginaisachiet (Pafggﬁaddh@blasbs et frast gge of the ﬂanking

oons CHIBE3 HEGRONaPAAANLPR: Bl U BRI G810 encin

a nonmaanallpnecurrimglnrotb@ ama@atfuémmmm [fralitedwi org’ragment of a given

R TL TR WIS TR KT O ———
nucleidetch. | ; afiditior, Wwincodes = rbeshiviratisnededtite $e§q1,©nt:e(1hlat is part of a

hybnd(gggm@f Fﬁ%’t fp&fetngeelrga}jln&anaégnogg %/]tyé%ccugmgggglgﬁ pgatgm A!so included is

a recoRHIREtaNRA tRAt 'hBI@deé BUSIHIOP Bf WEQ 1D NGRRI LN \fvi'llCH@ bfffarent from
descrlgﬁon and_draw ngs, and fromthe clains.

the fonggeing that ienatsd BNAW qqesmurgeamauty\l%@n@e@tamoaem%\drm to millions
e atal Y,

o otnf DINIERISAEHSCRINGIGH SE LY IRt A IO frarie or genomic
DNA Qﬁrl@texmeldwestsarlnuﬁ@" exanpinda r esiriationgdigasopeadianl ynixture or an
[ es and vicinal diols. 10 Figs. 2A to 10B

elec’[ro}?‘@%ﬁréﬁéﬁg%hs showi ng the hydrol ysis of
()-2-nmethyl -1, 2- epoxyheptane by the indicated yeast

As us?g; r"i‘g%fpeiﬁ oﬂég%p%%;héﬁl a;ﬂéﬁa polypeptide is a fragment of the
polyp e&hmersw{orﬂar&hmmsaﬂméﬁ@th ﬂ_élﬁpébtilér@{d h&s @2¢dhst 20% (e.g., at

least: 35 AN% 560t SUGh: (o 8041 e % B 94 1A% o more) of the
ability Wt ﬂwet fiTRIcAgH ?Bg pELIRANE én‘&nﬂ@é’éi@ctfvb@%?dr‘oﬁls@ E'T‘@E of interest.

graph show hg enanti omeri c excess epoxi
Fragmgnts ofiiolereat cam&;edhaﬁ@bgmthebmgmlm syrihgtic, Qljl_[A“Otﬁmyth digestive
2-m
methoai%ﬁﬁfﬁé%eb Ecﬂ'e[hgﬂ' gﬁﬁ]@p?}g\\%p@%&l&?ngﬂﬁ@%gﬁ ) L eE(a )s t
strain to produce opti cal | y actlve (R) 2- met hyl -
1,2-epoxyhe n apd/or (S
s usgd SofER  GRRRAY Tl taSans Mo fRatEied nioua senetie coastpipt so that an
expredsiin fco@ifrol .88qliéncel @fectrRlyicBAtrold 2éxBekid Bofag ecddifie sequence of
raphs showi ng the hydrolysis of
interegty - 2_ et hyl - 3- phenyl - 1, 2- epoxypr opane by the
i ndi cated yeast strain to produce optically active
(S)-2-methyl -3- phenyl -1, 2- epoxypropane and/or .
Unlesy Rherwiast ﬁgﬂlnegi, @Heﬁep?;mggalzam @p@m@ﬂ(p dermsrrsed henein have the .same

'meanntqg%% 4c§n%8nng%n'd€@t&&[18§* gw C r&f\ﬁﬁll i otf18%rt fd \?ﬁlbh 18 invention

are tine
pertair(s) - Anneadey bf &opﬂlehyﬂhelp&seﬂﬁ deptamyp‘w apdnélngydeﬁretlons will control.

Prefenzerg;j mf%?%cf%é ir%a%hélalﬁprselé%%bgg;j?ﬁ?%\%,a%tf? me%%old\éeand materials
smﬂar(cﬁ)ecﬁm@éditytb tBoﬁW@éBdnbéd %eﬁélmaﬁﬁ&ib @éed iﬁftﬁe/br&ftﬁ:e%r testing of the

icated for - S . Fi 15
prese 21Ir]1§eqs\§|q?£eggli g%{%nﬁg Pagent h? @pygnss Bqtents and Gther references

mentidnedzhdrBinnae- idchberiéd b Z'efé%ﬁ‘déoirnoﬂﬁéfr‘%n*ﬂb’etyt W% materials, methods,
I ndi cat ed yeast culti vat ed in fernenter to

and exgmpies diselospe Aergn atg lﬂlu@ra(tg)e.oniy fhfid ngi] inf@nded to be limiting.

Other features and advantages of the invention, e.g., TDE and DVD substantially enriched
for one optical enantiomer, will be apparent from the following description, from the
drawings and from the claims.
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30 phenyl -1, 2- epoxypr opane and/ or
(R) - 2- net hyl - 3- phenyl -1, 2- propanedi ol . The graph shows
W0 b@sam#Esye i n concentrations of the epoxi de apdI/tB2005/001034
enantioners with tinme. Figs, 16, 17, and 18 are line
graphs show ng t he hydronS|§ of
() -2-nmet hyl - 3-phenyl -1, 2- epoxypropane by yeast host
The detgitsadhene pamere embadimarts vé&teongeréwprafgﬁeh tprivebHhe eeapmpanying

drawmggl 51% & %;’Helsgnéecﬁﬁ q‘éﬁg\?t Kol el?' f'%ﬁ’réﬁg% pB@ggt%Srag\EQ%&%rﬁXges of the

mventland\hlbbe eﬁh)a%ntrﬁ'bhytheﬁephm*tph -ahddirpwipganend &bm {fhleelaims.
graphs show t he change WD 2005/ 100587
PCT/ 1 B2005/ 001034 20 in concentrations of the epoxide
and di ol enanti onNBESCRIPTION O0F. DRAVANGDA and 19B are
i ne graphs show ng the hydrolysis of
() -2-net hyl - 3- phenyl -1, 2- epoxypropane usi ng whol e
Fig. 1 %eédh%n{a‘ﬁbgjepﬂe%oﬁ)of %ﬁ@re’éc%h&dé‘atﬁgé&ﬂ‘%yWlﬁﬂqr@idgw&céﬂcgmxxtures of

obtai ned fromthe host rowwa 11 tica

two GW%’S’SQ Aglisubstigiirsk paexidsai (i general doinnda (f)P @nd gesulting in optically
active ng)ggégémg ngﬂfa‘?HB |ae NCYC 3183 (YL 25 TsA). This

enmonstrates that whole cells or enzyne
Figs. %bp‘eﬂ%lalreolm graphdshowiad the hgdrioblsiszaf (the- meiang repoxyheptane by

te indigeot st o dinkrin ool ulEl Srebl®) BmERR R pikiidpne andor

(R)-2- mémyll_ﬂ,EZﬂépﬁamd‘lat oimhand pcafneunm caa@hg fiqirei it & dinesgiaph showing the
Il a t i nsertio codal se ences r .

change HHPE‘%&%”ZF atigps Fgﬁ %aowie CF Q@K PP%@?%ﬁefﬁaYgﬁmeFr?é‘ the B panel in

each X#éfsé\a( MNGRRIB EhWRGEHE | SHanvBRcAE - exEBSs RATh IPBKidel and diol at

e TEF pronoter and LIP2 terminator and of unique
d'ﬁereﬂ'@%quﬁq’@n sites available for the insertion of
di i Gt
Figs. 13!?\ %'#81 ‘g%%ﬁﬂgférﬁ@s g qshgﬂllc %%@&@B&ﬁé@f}% rﬂe Eﬁ éftfkyheptane
by thepiidigaied iveast stisindted pducBNptidally \aetive r(Br)aQanethyl -1,2-epoxyheptane

andior ARG ERRgedd e X ol B RN BRORS BGERE % Fios. 22 10

10B. amino acid sequence (SEQ ID NG 2) of a YEDH

Figs. %%@gpﬁgﬁrﬁm%ggﬁ%gg dsggwg}g(g] ‘1{ d fsésngb?* -2-methyl-3-phenyl-1,2-

epoxy;br@@ﬁﬁé fbyC@ﬁé Qrﬁbhcé’t@d Y&ksb sYraQﬂ?cJ—)procﬂ_U@ oéﬂcél% active (S) 2-methyl-3-
iction of the anino acid sequ

phenyla‘l mﬂxwoyaeﬁtawor £8)- 8%@5%&'@9%&%‘@@9%&@&)%3 A and B
panels@%dé%tlﬁélléét%d%gﬁﬁéf2,@%‘0 $gpai n (assigned accession no.

is a depiction of the am no acid
Figs. $3fuent4B (BEQineDgnphs) slidwing YEBHYstiblypispel (o)-2-aretiudSdphenyl-1,2-

ur i
epox yé%gsn gned ﬁ\;ec}é‘g]g%%t%ogryﬁ St%%%ﬁ%qgcéé?u %§$ﬁ£é|® %ét ' (@-Z-methyl-s-
phenylele,manowpropénehmdim rQS) -aanethgledtphangd- 1(,2356@paaeu|©1 5) Thé A and B
l YEDH %ﬁ&ﬁf z d by cDNA derived froma
paneng{gda&gB E‘QPU (assi gned accessi on no.
Fig. 15\@\@1&1@ h s'ﬁb%ngztﬁel rﬁldﬁ)lﬂﬁ?bﬁ%H @fhyl B@%ﬁylﬂozwoﬂypropane by
uence
the mdlc (%ed yeast cu!trvated in a 18) | fermenter to produce opptfcally active (S)- 2-methyl-3-
phenyl-1,2-epoxypropane and/or (R)-2-methyl-3-phenyi-1,2-propanediol. The graph shows
the change in concentrations of the epoxide and diol enantiomers with time.
Figs. 16, 17, and 18 are line graphs showing the hydrolysis of (%)-2-methyl-3-phenyl-1,2-
epoxypropane by yeast host strains transformed with vectors expressing YEDH from
selected wild type yeast strains to produce optically active (8)- 2-methyl-3-phenyl-1,2-
epoxypropane and/or (R)-2-methyl-3-phenyl-1,2-propanediol. The graphs show the change
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encoded by cDNA derived from a Debaronyces hansenii
(assi gned accession no. NCYC 30 3167). Fig. 28 is a
waelewsaoisen of the partial am no acid sequence PCGE@B203/001034
NO 7) of a YEDH polypeptide (encoded by cDNA derived
froma Rhodotorula m nuta va? m nuta (assigned
accession no. UCES Y-0835). Fig. 29 is a depiction of
in congeatratienseeftthe erexgaapddigl eE@ﬂllquevs;h twea YEDH

Figs. P@aY BRR Ut are3 ing rb‘? ﬂﬁé“@h&\gwﬁatﬁﬁrl‘z Kirly 0(55‘ g& -2-methyl-3-phenyl-1,2-

Rhodospor1 di um t orul oi des cessl
epoxyppopaie 2§06 Mmiebs sll(Eigl m@oSaoelesmud%nzW@renmmon (Fig. 19B)

oty SEL Poblid o RLBhShe oRBTRESPEEBvos fom
Rhodbfo@diﬂa @fr&ilmad/ae [NIEY@I BBt H50T P S This re‘-xberlméﬁﬁﬁ @nedstrates that whole
dentifi cat :

31
cells YESTYTIeATCBRAIABS AR PGP Caghizndat (B8PS No 10) of
Fig. 28 135%391@{@@% Srethe §YC PO A oI NIRMAO flesi praskibh QBE®r. The positions of

odotorul a araucari ae strain (assigned accession no
the hmed(@rgmesar ang &IP3 serminaloy @pr cofi Whaee replachier [sies javailable for the

insertiRdt 8@1 (%Fﬂgehééé@el ?IC%da YEDH pol ypept i de-

enco erived froma Cryptococcus curvatus
Fig. 2dtis & WS(rBi:élQh greiotitheeR ¥l o (INA3IB)NSYCBi@BYectHi. gThgBositions of

the 'I*,% ?%%@%Fga'ngédgzp{%?ﬁ%& gr% oq ?Q&%%Egt%:? eaaallable for the

ypep enco ihg C der
insertfancshcadRigoosipncedianenngiabtedi genum (assi gned accessi on

Fio. 112060610 B e ose <bofenEal i 1B §Re S & YEDH polypeptive

encodsd HPEDNAARrivEE f@m@d?/’f&ﬁio SHINYIE tbNRSIddd StPRIR (ass \?ned accession no.
romyces hansenii (assigned accession no.

NCY%E%) Fig. 35 is a depiction of the parti al
Fig. @E'@@ébl@%ﬁ%ﬂﬂ@ﬁﬁld§%'s@qb@ée“@sm 1B NBE of a YEDH polypeptide
M

B de-encodi ng cDNA derived froma Rh

encquﬁdn%M aDWNAy derpived fram (aaggp@qw@rldlgm@g@jp@ies@amxasglgned identification
F%813 O Fig. 36 is a table show ng the honol ogy at

no- Ué am no)2a0| d level of the YEDH pol ypeptides wth

Fig. ZQEG)a DepiCion of e &nino amdiseqaemcw)(&E@HDV\N@g.%)tdfea YEDH polypeptide

encocﬂ%{& %g\a%énertilﬂee% %ql %O otclgu)%gara#];:ar\/g%s relg é‘%‘a.@ﬁe& accession no.
NCYCigpg®)t i on of the amno acid sequences of ei ght
nantlose e epoxide, K 25 h | ases aligned
Fig. Zs RO PbUP. SR L AGH SRRUTS (N A Erftr YEDH polypeplide
encod-’é%)‘ Q)‘i cDNIE defifs ¢Rpe S b c%@cﬁﬁcu%ﬁ!s igain (Q@él@ﬁéd accession no.
#692 correspond to QID NGs: 1-5 and the

NCY%@&@@nces | abel ed #23, Jen46-2 and # 777 correspond to
Fig. 28 LOSiEtiGE bt ¥R BMHPLAT % 8quence (SEQ ID NO:5) of a YEDH polypeptide

encoded by cDNA derived from a Rhodosporidium paludigenum (assigned accession no.
NCYC 3179).

Fig. 27 is a depiction of the amino acid sequence (SEQ ID NO:6) of a YEDH polypeptide
encoded by cDNA derived from a Debaromyces hansenii (assigned accession no. NCYC
3167).

Fig. 28 is a depiction of the partial amino acid sequence (SEQ ID NO:7) of a YEDH
polypeptide encoded by cDNA derived from a Rhodotorula minuta var. minuta (assigned
accession no. UOFS Y-0835).

Fig. 29 is a depiction of the nucleotide sequence (SEQ ID NO:8) of a YEDH polypeptide-

encoding cDNA derived from a Rhodosporidium toruloides strain (assigned accession no.
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catal yzing the hydrolysis of non-TDE epoxides . The
consensus catalytic triad is conposed of a
woe@saopki | e, an acid and a base, the positi onBCDiB2005/001034
vvhi ch are indicated by N, rﬁnd B, 30 respectively.
" HGXP" represents the regi oif of the oxy-anion hol e of
the enzynme. "sxNxss" represents the genetl c notif
NCYGJ#d- i n a/ p- hydrol ase fol d enzynes. honol ogy; P =

Fig. 33gg%éz%%@%l%%gé%F@&Oﬁd%%gg%%élgssgé @oNéEéiSoA?fﬁgE@ﬂ%o'ypept'de'

encodiigSTRIATIedNEd ram @ Rbodssrexiddn forulviasraimi {assigaed identification no.
UOFScf_g)ﬁzilged bel ow. 5 Nucleic Acid Ml ecul es The YEDH
it acid nol ecules of the invention can be cDNA,

Fig. SQGEHQFGGDI@M of sahbelboiide Eddvence (BEA IBAND: ¢aﬁofﬁ§ YEDH polypeptlde—
ther a

t d I t ded
enc L AR A eeaaset L e St g
NCYO®igzgul es are al so considered within the scope of 10
the invention, and can be produced by, for e

a
Fig. 3¢ o SSPAIER £ 41 NP RO 6IUAMOB ORI NG REpaa ST polypeptide-
encod?rfgeﬁg(fj{%\ﬂgife)é}?%@ grg:{hg é’@éﬂ%@%éﬁ‘?& /2/5%%23 é‘iﬂo{élégfgﬁége%cfessnon no.
NCYG 3i188)tro transcription. Preferably, the nucleic acid

Fig. 3?‘? ?#Jp?c?Pg %ggﬁeﬁgﬁggﬁﬁogéé%éﬂf ?‘%%r@%&{}f ﬁﬁlf gge(i sfl?fEDH polypeptide-

encodmgndDNAodenvethrEheaanbcms;ooadﬁuﬂ? peluekgdres ofasslymed accession no.
NCYd 1\%[1“ on can contain naturally occurring sequences,
%equences that differ fromthose that occur

Fig. 341@4 didiplc¥ion ifithe AuEcbidd é@qu&]@@gswsm ROt Beof A¥MEIH Bolypeptide-
code, encode the sane pol ypepti for exanple, one

encodtqgecgblﬁy B@’iﬁ\fefddé?mmat Qe@@@myfges M@anu (a;sxgrpef:! @@g@qqnm no. NCYC
3167)t hese nucleic acid nolecules are not limted to coding

sequences, 20 e.g., they can include sone or all of
Fig. 3bhie miepmi@nn@f theg neriiek sucleatide isequenes 80D NO:14) of a YEDH

f a equ a
oy QPSHESIRY 9N B BoRP LIRS MHALE, 2 hfts (essimec
accesmqalmpl YORYY-08865phor am di t e- based synthesis) or
. [ om a b|0|0|cal ell,.such
Fio. 388 R8P HoRMEg foraihihink i aeirec Fh o R ftedypeptdes
with SEQI@M@@SH -6such as any of the genera, species, and
trains of east di scl osed herein) or a prokaro
Fig. 30 s g tablg

g ithgpho Y@l e qq{nﬁpde@h qf)YEaH@ncodlng cDNA

molecﬁlégknﬁﬂhos@@'IQW@@rB hg those of a yeast such as any of
the genera, gem es, and strains of ¥east di scl osed
A ©

Fig. 3ﬁe'|8eﬁndemﬁm5'| the raeioe aaidiSequantasnoF #ightt erantioselective epoxide

hydrolQ%’ég Qégﬁﬁcgefﬁr ma&ghlﬂgt ieiet pﬁ%oogh Cér%' &qn@%h%ﬁn% 0. acids. The

asse dition, e I'SO
sequea@eajladveleelc@ ﬂ&f#%h@ar%&rmdmﬁﬁ%ommmdste@ﬁ@t 3] NOs 1-5 and

the secﬂﬂ%icesal geleﬁ\# ? %ﬂ“%ﬁ@&ﬁ%gﬁs&(’%%éaﬁﬁ Epi%?asr%t%sgrecﬁve hydrolases
catalyzing the hydrolysis of non-TDE epoxides . The consensus catalytic triad is composed
of a nucleophile, an acid and a base, the positions of which are indicated by N, A and B,
respectively. “HGXP” represents the region of the oxy-anion hole of the enzyme. “sxNxss”
represents the genetic motif found in o/B-hydrolase fold enzymes. ( = homology; P =
identity of 75-100%; P = identity of 50-75%; . = gap).
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nucl eic acid nolecules (for exanple, isolated nucleic
acid nol ecul es encoding the polypeptides of SEQ ID
wWORs5/140587) i ncorporated into a vector (for exBOPiB00F001034
plasm d or 35 viral vector) gr into the genone of a
het er ol ogous cell (or the ge?f?orre of a honol ogous cel I,
WO 2005/ 100587 PCT/ | B2005/ 001034 23 at a position
other than the nat UPETABER RESGRIPTIONat i on) .
Reconbi nant nucleic acid nol ecul es and uses thereof
are discussed further bel ow Techni ques associ ated
Variousi ddpedistaf cie innention agudestribed bélogenes are wel | known
to skilled 5 artisans. Such techni ques can be used,
for exanple, to test for expression of a YEDH gene in
Nucleie AgeMdledules(e. g. a yeast cell) of interest. A YEDH
famly gene or protein can be identified based on its
simlarity to the relevant YEDH gene or protein,

The YEEHPRGEINSANd nictécBeSRBPHR m‘i/@ﬁldnd@éﬁ bE IcBNA, Yerisftlc *I?ﬁ\lA synthetic

based on 10 sequence identity. The rnvention feature
DNA, jog dkNf eanch gan éecd@mblerstrané@dnowm-stﬁam@ (igx, eithera sense or an

antnseb%%‘%&rSg@% égggs%sa&f ﬂh‘a lé(?f(%s ?pe)/ %18 Bnst a%/gd Mn the scope of

den nuc I d
the invesitiooubed chatbegroddess bhefopet\grppm; rttmbapot&msE@el (EhENQSeaC’[IOH (PCR)

or gergegfeg( u%?% engl heqoﬂtﬂi cgre msogg\llj@eﬁrﬁacﬁl n@cﬁggglease§eé\n%tmnuclelc acid
(RNA)Ohcdécdlee@Sh bléSpfcﬁdL@ed @ lrb eia@t tra:?élmpﬁ& %efé%ébl#@qe nucleic acid
0; 25; ? 15 250; 300; 350;
molec;ﬂ% eg@m}g &9 pe%%p : gg@rd efsog iqut@o@re 1sc§mje under normal
phys,obggg cohdiBéRs. 1,228; 1,230; 1,231; 1,232; 1,233,
,234; 1,235; or 1,236) nucleotides of SEQ I D NGs:-
8 14; (d) a nucleic acid mol ecul e encodi ng any of the

The ngﬂgib?%g?ﬂit Scués f)f ﬁ%”ﬁ% &nﬂgérg?&?t%lrﬁﬁ%tﬁfaﬂg oc?;ﬁ*rﬁgf sequences, or

e conplenent o ove’ nuc
sequencéesl thall difen sem thbee tbahptemeatgrally, bute dabdudhe degeneracy of the

: u ment s..or nt 20 -
genetffBLESLL e ¥l Bl 084 Do BEBHSISEAS 4Bl p S TR0b 9 s o
NOS: ’at 7b efsbddifith, 1Bé&se BlcleidHcidtfioldfliestfre ndiGimitkdGo cbaﬁm,g sequences,

1 1 2 4 70
9., {6y, g0Tueoppmer o o iogen cpinsosequeTsss hsbls, upstream or
downstredaffrorh, 228ddind s@qfdencd, 233; 1, 234; 1,235; or 1, 236)
consecutive nucleotides conplenentary to any of the
above nucleic acid nolecules. Identity can be over

The Audeit Uhdia ! BBRICDIRT oPBR:! RvdEon 8ca1-\4£%r sgﬁfﬁ%si%ﬁ ﬁfﬁr example, by

nore conti guous or non-contl guous nment s
phOSpb@taémlditerbansmthpﬁs)c@mobhad@dtfmry aobmk@mlmtb such as the cell of a

e BSYRIESE B A S5 A0 o B DEDEL SRy o any o e
gener&cspedidSA 294, stt’ﬂ?sfioﬁ&é’dst didd8skd Baein)adr alm@l{arbtwqe.@., a bacterium

such ?Iﬁ %gelﬁqﬁ % c%{lb ntﬁﬁggﬁleal?%% ganrgpg:'t ggg a aﬁ@corf ag’ oany of the
generﬂé&'&d@,v@hﬁtﬁtﬂa‘i}% éﬁﬁéééﬂ%soﬁééd%réw ”E@mtimdtl'ané er‘ modifications of
rogram score = 100, wordlength = 12,

the nusﬁpaﬂ?ﬁ Wl!ifa'n diopsefuree gliiriels acksimse @Qf@@@mpassed
YEDH- encodi ng nucl ei ¢ aci ds. BLAST protein searches
are perforned with the BLASTP Program score = 50,
In addjiigng it igolated gucleis atid araleciienor te idveripmesneaspass segments that

are no@?&%oogggﬁcti f tthI%ena el ats%% YREAL! f&- an&t%Rte?fcgn%%eggs recombinant

nucleic aCId molecules (for example isolated nucleic acid molecules encoding the

polypeptides of SEQ ID NOs: 1- 7) incorporated into a vector (for example, a plasmid or

viral vector) or into the genome of a heterologous cell (or the genome of a homologous cell,
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35 purposes, Gapped BLAST is utilized as described in
Al tschul at al. (1997) Nucleic Acids WO 2005/100587
weEAshBB80D5/ 001034 24 Res. 25, 3389-3402. WhePCT/1B2005/001034
utilizing BLAST and Gapped E%AST prograns, the default
paraneters of the respectivé“vprograns (e.g., XBLAST
and NBLAST) are used. Hybridization can al so be used
at a pesitipnnethsutkan the sairalgphiesiassstal tiogationd| eRecapebinantsnucleic acid
molec§EYURRTRS, 1ferdbili SRGOLLATHIHE! BLEWAC O Sequence, or
portion ereo can be used as a hybridization probe
according to standard hybrldlzatlon technlques The

bridizatio r obe
TeonnPe5' Sttt oy Fotg fuiloobi Baiebh 1 yioantien ey to sidlied
artlsarﬁ;f Sljdhﬁteﬁlﬁrﬁa@ém@aroiﬁe WEEH f&\@xa?hplBJ% test fonexpression of a YEDH gene
on conditions are known .to those

'“ate§tl<‘°rqul(§c9 @rVelaﬁEC?i'?f’#QF?d'e%“an be found in Current

Protocol s in Ml ecul ar Biology, John 10 Wley & Sons,
N.Y., 6.3.1-6.3.6, 1991. Moderate hybridi zation
A YELRW Family grneaple peieinnean hs idenfifiedabesrd oo itsyBimilarivata ge relevant

YEDH! g?r?@( or gﬁgf:érﬂ C;'%\%\,géﬁ@% Xs 2@5)%5‘ gé%'nﬂ:gé‘ S@%’r{ %'8@0&'1 be based on

sequehie) fdentityt rTheglementmﬁaamremmmted ded&lemaﬂ:ichmolmtesmlhiemare or are

ot} S PSRRI B S5 EILSY ] GBI GBS ol o

a nuclERS aatd Ghdlectlld At dnoveed ithe pdlgseptidecoDSERSD NOs: 1-7; (b) the

nucle%agb}_?%@ila see gggpemgig %ggnkfslr]% nglg q%mtgggalgg{gg%rlﬂgﬁ includes a

segme?%fraﬂrééét BE.Qr af 188t 2@0253|3©Ffeat450 50t Bet 80;S100; 125 150 175; 200;
i sense” _sequence expr essi on_vectors

250; 3(9(9nt3§i0n 48Ry 569; 60fy ?Qd efiﬂ(ﬂ R90; \?F_QW c‘b&l@%g1 3@%&#@@51 225; 1,228;

1,230; (1 58{.udb e 13?313 NGo SE GUSHE & SE S BPLEd ket 8-14; () a
on

to one’or 20 nore transcripti or transl at 1 ona
nuclei¢ @gid malesuleeageding 4ryRES tmmmpegtldﬁs whifiegmeands ti@ereeh disclosed

be!owbglngv\?]e nﬁ]cee?:g?‘r entlé)ntdbf ea%ty Sf(pc SSEtSoCUé %&clteg: a%fgd'npcgecules The

expressi on vec ors enco
complem’iénta @i the abhf@l—hwptdcwaasptcade b(eofullalehgtagmfenmlements or segment

compléREhR; taifing & piieny, of Bt Sodh 38 (53¢ lekst ol ioacl g 40; 50; 60;

80; 10@ﬂd251 d%0 gﬂﬁetzomalzlsm sol 5@ 40D; 5ot 606! ¥60;(s0R doet avoo; 1,100;
hat contaln any of e fore ol n expreSS|on

1,200 B0 SO R RPHeRdP: et b et el 2 R At ab, eblleaae) sqnsecutive

nuclecdtied R@nipRMBBERAN o V%‘F’%é‘%@bv@%eﬁén& 2Bl ﬁol@%h%‘%m I%%ntlty can be

can contain a sequence enco YEDH pol ypepti d
over the falbengiblof S& l@&%@r?ﬂgoaﬁverar@rm rogeLePNiigy o or non- contlguous
segnm?ﬁ uence. The full length YEDH polypeptide, or a
ragnment thereof, can be fused to such heterol ogous
si gnal sequences or 30 to additional polypeptides, as

descri hed hel ow. ,Siim t he nucl eic acid nol ecul e ,
The o§ERFRNON Al gyl REME RebiREn e ReParEEor HOGPTRINI Hsing the
mathefatidall SlgoRithRabf Kagih RS ARSCHRK 0BRBONG. ABLY. PSHI 'U@ﬂ 9@85873 5877,
1993, ;gm bl tates secretion. The THE referred to above

efN RIGUTBeg HepBRratRd | inife s BLAST Mgnd| BM\%B pregrams of

AltschdPerl 194008 & 13HdBRP Y 15NdBSIR0e HIEPhEE SR QNG Sare performed
operators and ot her el énents that are WD 2005/ 100587

with thedBLABI Yo rommnBrore = 100, wordlength = 12, to obtain nucleotide sequences

homologous to YEDH-encoding nucleic acids. BLAST protein searches are performed with

the BLASTP program, score = 50, wordlength = 3, to obtain amino acid sequences

homologous to the YEDH polypeptide. To obtain gapped alignments for comparative

purposes, Gapped BLAST is utilized as described in Altschul ef al. (1997) Nucleic Acids
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25 known to those skilled in the art and that drive or
ot herwi se regul ate gene expression. Such regulatory
webk@seniss7 i ncl ude but are not limted to the PCT/IB2005/001034

cyt onegal ovi rus hCwW i medi 2 early gene, the early

or late prormters of SVv40 ad&novirus, the |lac system

the trp system the TAC system the TRC system the
Res. 3faj 35189 2at Wh%ih@tlk?r"aﬁr&é\sﬁ agd drePrAd PhAGd progranas,sthe default
param%fé'?%[)\o e é&?ﬁe;bfrogﬁfgm%‘@ PO RS T ank MBI .358’.r

phosp og cera I nase,”’t'he” pronoters o ACi
phosphat ase, and the prormters of the yeast a-mating

IR LAy TERIG LN L
sequehgd | A YtE&]\‘Q—eanodidg Imgclacdxhctld @B@uemﬁl ppaploriteh théfeof, can be used as

ece for en that functions as a .
a hybriALGR PETBS arEs 1 ERaRBIC S=alar ke igher dgsryBrIzaton of a
YEDHGRH6S td DMAUGERNA: frév 2886 Soure8i( & GarRafirlan cell) is an indication of
acetyl transferase (CAT), adenosine deam nase (ADA

the pregenge @f Y& M%pbéﬁw@mrtgﬁgq@ﬁ@g@q nidppridizafiog: gondltlons are known
to thos‘# Ml@ooﬁ%éta‘?t ite %rg Be ?OJ@FFQUW?% rotocohs in, l\éolecular Biology, John

Wiley &l @m_a n‘é%&) SB 3 ‘aﬁsz e%?ggl N@Lﬁgiaialrwbndgaﬂmepndlanm are defined as
equ:vﬁ\@ﬁg 'lwg&lcﬂi'%wnnlﬁ %? s@@ﬁrﬁggvb%r}fc%zg clsliréactlnt?gtg é?éﬁr)] %%@‘Fg)fbllowed by
a washi inh1nEngSE{ 1% SD&ndars0°Pr otkighly &Snmmcccmﬁﬂ@nw arb defined as

. th acti.ce. of. t i nvention, skille artlsan o
cquivalglt (LTS o rad Dot Siuni e b SE B 4B Tollowed by
a wastaphdd R XO88IC, senydmrest ¢4%at  can serve the function of a

mar ker or reporter. Generally, the hybrid pol ypeptide
will include a first portion and a second portion;
[ ei
The ln%lﬁlofn Déi—il% reggc?rlgh?%ege é??‘,’%ﬁg{g%%tﬂmﬁﬁﬁéﬂ&”ﬁﬂﬁ gﬁl@bf‘ﬂﬁe foregoing
YEDH p‘@dtﬂgoﬁ?E%@hﬁgS (ingludisg noping, seqv@nc@ segments) dwsiéori theid complements

b
(ot €02k RefBRY 3, RoERRI AR B3 B b, rorecono
YEDHCddﬁlr@os;muwcesﬁ (ihglGRing heating sdsmjamce@égmerﬂg/)kn;iedably dinked to one or

i ncl ud n H s to .
more el foned BpAR T R hA eg iy e GR: empies of which are
given bbm)cﬁécéseabgsw difyct mxpm&m @f thBecddvg elq@Bnces; (c) expression
e not limt i cr 0or gani SMs suc

vectors, SAGRRIGH s QLo & DR P RrsN e (o T A it Bereaing sequence
unrela{e'd%e@EDPle%@bH‘)asCH rePBREET ﬁ‘xa('lfé?r oﬁ‘é%a@ peEtld& fldedaBdEDH; and
B. subti I|s) transformed wth reconbi han
(d) gensdiceldy i enginapse®Nrest peelisniepeDioglovey thals @patama_ny of the foregoing
expres%oﬁ?\;\géﬁ erg %8¥QH%£E? ﬁ\%@%%?grﬁlg H@clé Q%Cﬁl‘é‘l?le&y%ﬁ%‘?gﬁe invention.
Saccharonyces, 30 Kluyver orryces Hansenul a, Pi E:hl a,
meconf G Bl 0N bRua Ao R b B BB Ao AP polypeptice
or a wmmlypeptndeyaasmgemphe@mlegow@emas seqUEreN| 1tn§e ﬁ};llh%ngth YEDH
ect ce

eic acid npl ecul e of the invent
polypeBlde.diria f1a@BET o rCATLe SR oUD RO BaBHS $Enahsequences or

to addif@ﬁél%tﬁypﬂefﬁ%e@X@é"@é&nb@é%‘éﬁcﬂ\y | B%ﬂarﬁpm@hlﬁﬁlﬁg atch)emolecules of the
nucl ei ¢ acid nolecule of the invention; E ant cel

inventigy eangnGoseelbedBate forre ebabY RRAt ok Arfggn d @trlé§‘$lid@$1 an exogenous
l e, cauliflower nbsaic virus
polype}ﬁ@j&a‘f géréllﬁétgggee?éﬁgﬂ

cco nosaic virus (TW)) or transforned
WO 2005/ 100587 PCT/ | B2005/ 001034 26
The TRE referred to above and further described below include but are not limited to

inducible and non-inducible promoters, enhancers, operators and other elements that are
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wi th reconbi nant plasm d expression vectors (for
exanple, Ti plasmd) containing a YEDH nucleotide
wgeewaamse? or mamal i an cell systens (for exanpCEIB20(33)01034
CHO, BHK, 293, VERO Hela, g/DCK W38, and NIH 3T3
cell's) harboring reconblnan? expression constructs
containing pronoters derived fromthe genone of
knownria timslei ddtleddn the art gnd dhetrdsive or sthenwisegeaulpta gerenetpiession. Such
r e
regula@éyg %getrﬁ%rﬁ% ‘?rﬁcl%lcﬁé) %F@P@Wo’t ﬂﬂu’%ﬁ tﬁ:tﬂ\é/ aé C%Iegéﬁwusshq\@ﬁummedlate
early genenibieezarly okligie mrearfothdersaﬁ Nt adarlovsus ribe fad spatgmopthe frp system,

the TSR Ped Ty kSBD S Relprobetr 1 Plos Rl BRtorR Lt apage A, the
controV irégibny esit @ .cod prbtein, nlfr&{ltpr@rlhotdﬂCdeB@hWBbiﬁbleat@ndmase the
reconbi nant cells incl not limte east

u

promolsgs 168 28, BIoSERRYASH AHdge MIPEelss & tHenErR Gupming ferys. Other
useful @NEQH‘e ke lﬁk?lﬁ’é’éxé(rﬁa'é nucl eic acid nol ecul es,

d genetic constructs. Gt her cells that can be used

as host cells are listed herein. The cells are
I r

SlmllarW ecfvlg gigl/c é§i8 c.%tneﬁnﬂ‘é%rg og %Jgﬁg%%gn&&d @hgdélﬁéﬁgl polypeptide
sequenc;@aﬁctr exahple, r@fseqlsenaﬁ thahfunctony asiasmearier ch repmrtmfr Examples of

marke 8% Fehalthr SohEs MudE R niaen O Rlon frdyprafisterase (cAT)
adenoMﬁaStdeamlnéaés bRIBA) emmmt;&g/doadd/ qshq@phoﬁar@ﬂesﬁsem(aeo G418",

ronnen h it natur Thus,
dinydroipiagh Sfareer SUHERY SorolBkdn s oSl RS Tarser (PR thymidine

kinasel N @K, en\l’édZ)nm%@ﬁcdd"hg/\h' ‘B%e\léctﬁéi&é'éé}'|Ya‘h@lcurﬁantﬁiﬂé guanine
exanp Ie in the air, outer space, ground, oceans,

phospm@Myltran%f@r%se @?@P&Ta,eamﬁs gD, ttﬂ@e | @méeﬂogv fueesgent; protein.  As
with m?ﬂ%%{?{ﬂ}(é’éta@ﬁ%@”ﬁrpgé@%%é asggm%lﬂe\ﬁ%l?h Fﬁﬁrgﬁ%&é@?ﬁﬁgﬁﬂ%nﬁon, skilled
artisansovdlipe dveekef addltmeabuSduidesgeIdan@r ardmples additional sequences that

can sef{ AR Bh Ot S Hafer oF bl GeflbRR na i phE pRFbGpRlq i notuae

a first pbmbocn‘r@aansenmnm pbrtias; tieefint podiondseima e YBDHapolypeptide (or any of

YEDHERRHIRI Besipet Dol FREHTS e oT L, P Bfiniar EXpPle. the reporter

descnt%@j éﬁb\letorfh’ﬂ Igfh’r’éé\by &@Wé@s@élﬂ ré?lbﬁ%ﬁ%@ﬂtdf)énflgthéfav?@hém constant
an envi ronnent 25 or an her envi ronnent

reglonmge ﬁhq’e Creaand GHA demaipg of heayy ¢hpin.s Qithgrdybrids could include
iall ure culture

an ant@};ﬁﬁ: eé %ﬁgﬁ?r ggﬁagﬁnéféwdg}titg\?g?ﬁ%aﬁce@nl nveﬁt :Oon provi des

a substantially pure culture of a m croorganl'sm (e.qg.
The e éeéegloﬁ]{ Q}Qté%s ‘fﬁ tc e{?@éd ﬁﬁ@)ﬁ%@% ‘r%(lfa he @Kslgrlr't?og‘ginclude, but are not
hmltedrtnplrmog‘gansms emcm axuydaaﬂtse (ab, amyabf mecgejmr@,aerpeemam strains listed
less han ab ut 40%. (
heremég%cbaﬁ%a 4 §/, ©X50 e,lﬁ/oco&@%d %/&”@as) f%nsfprg@?] WthSr(%combmant

bacterdphsge Q)MAO/%Ias%IQODMA QorOG8sk DNAEERPrdsems) védtotsh€ontaining the
total nunber of viable mcrobial cells (bacterial

nucleig yagdl meiseviga; Rf ytéﬁst'WVGWBOpV%%ﬁ’fal(fororewl%zogﬁc"hammyces
Kluyve‘P&Mléés IHbAsBRUBU IS BIrRwtk %@b@/amceén@ﬁiaalandccﬁhérsgenera species,

her than the m croorganl sm The term "about” inmthis
and stl@mt listed h@r@m:) tramgformed VB8 respebinant w@asi@xpmféma\fecms containing

the nubRlC B30 35Rer Hg, s BepRi st P Eh B 57 RRIE uf Rtombinant

virus qxpre:semhamtoré"mm exémpleemmomru&)tnmtalma%tbamuble:cléc%l thwlecule of
the mven{ ion; lcant ceﬁ ys%éms infected with recombinant virus expression vectors (for

example, cauliflower mosaic virus (CaMV) or tobacco mosaic virus (TMV)) or transformed
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of m croorgani snms includes the m croorgani sns and a
grow h, storage, or transport nedium Media can be

woO p@aitenssseni -solid (e.g., gelatinous nedia), BPCT/IB2005/001034
frozen. The culture includ % the cells growing in the
liquid or in/fon the sem -sol9"d nmedi um or bei ng stored

or 5 transported in a storage or transport nedi um
with receenkiean plasmi @5@Fﬁs§t%1r‘é@fé0r§r(fqrr%ﬁ§‘r§ﬂﬁ tTl phesinidhreontaiming a YEDH

nucled"n‘det% eé% Cor FhaiRdhidr 8 \é?lgl%ﬂL ﬂ’h’ g;? (%‘@ESG&H@r BHK, 293,

substr g., a culture & or a
VEROst debage M{D@K oN138ibeind Wi 3WBc celtsi) ahaldnehhg ofcontignant expression

f
constrggtép%%a? rr]é ?Fbrﬁf@egsf cgerﬁll%’rq qucjn% grge;‘ 8 nrg %oﬁ Wlﬁél?ar}] c§ls (for example,
the m@tawpmtemcnrambteru ohfras mbayeediiah Wiusas! beﬁéﬁamgl% the adejnowrus late
promelaf B0 ki o s 7 SRS, ol Bk S0 34" rimary or
secon€ar§- cell®Yobtdihed dirsstly s éjfrﬁéhﬂﬁaloénosﬁéﬁézfe&w'm& a Plastiid vector or
ot her suitable drying nethod. Simlarly the enzyne

‘nfeCtetSir\@%?é(trP'oVr%;Qfan be frozen, |yophilised, or
i mobi | i zed and stored under appropriate conditions
to retain activity. 15 Pol ypepti des and Pol ypepti de
The inweaiiere Mckideh evildEDpEe Foldy fespmbirest oells mludrn@rhut awt limited to, yeast

ol B 05 (S BRIV 57 A0 AR oo, i

acid mﬁmqtﬂse and hengtid guresiructie Otviet bellsZBat&Ea H)&J%@!saéhastadﬁeﬂs are listed

herein u%t' O isceé'fgrpg%ﬁ%@idsoc&#e{a q|s pege%ji ggr%aﬁ-rtgg tegn “isolated” as

appnea WS izomidesrehism (@t acpsatal)akidisho fauhlcré&gghianpwr@h either has
functional, fragnent of |t fused to unrel at am no

no  nafurally-OsEHERE e COYMETRAT e e séetﬁ?é’%réﬁ"t gHeropeganism such as a
recom_?_‘?'r@hﬁ L eRA) of HAS bR alxtdelEal A%y f%@‘%orﬁ??\[ enmﬁmﬂ?erht in which it

he i hvention feat ures isolate ypeptl
naturafly @cces. afleusatan @ %@at@omqreorganlsaf doessiat ingBde aBeAUesiding in an

env:roﬁﬁ’m&}) ég%lgggt/ %bla EJ%%%Q&&Q%M# L ec,g'(lﬁ’e‘?] e{ Qs%caen the ground,

oceanpelabesr rivdre, and Isireemgt dndthe hies,| grotied aj)(thgpmﬂbndeﬁ ooeans, lakes,

e, 4 082 a5 TR HES ) 2o A BE A0 g oceans aes

rivers, SR@NStRdsnDand fiee fikd, | mhengdda éfﬁ[@lthr@@'(&@ﬂﬁdﬂdﬁ@ﬁ hgitin natural hosts
shorter than, uII-Ienth YEDH pol ypepti des

(0. RS, RRATE Sb bl Bestsheliie dugopmn R N4 1B igroorganism (or a

proger{lﬁxgoﬁ tﬁ@ m%%orgé)msﬁ‘@ w§9 pr@QmuZlg eQQactg@él%réc@‘oor %aﬁf ed from an

enwrogr@ieﬁbma@hlg@ lt(natlggﬂy pg:umng.spbseqm mekirngd ‘mamqh(ﬁnenvnronment

o a6yl REEDRRL i TBIES B AR O ST ydlraro

is one rea substeftiallygsee delbweid duk miwoerghoismai t h not nore 50
(e.g., not nore than 50, 45, 40, 35, 30, 25, 20, 17,
14, 12, 10, nine, eight, seven, six, five, four,
Moreotdr g, invastion provm)a@mbst%hﬂaﬂyl M@'esuhﬁjre toftd ﬁﬂél@brganlsm (e.g., a

Sych substitutions c made by, for exanple, si i}
micro l'lrceeélt %nﬂf AUy e %]o %\Sa rhg%ngg?garg@lly pure culture of a
microo?@RRISATis 2 uEDIdr @RSt ARrSGHABGER - which less than about 40% (i.e., less
than about : 35%; 30%; 25%; 20%; 15%; 10%; 5%; 2%; 1%; 0.5%; 0.25%; 0.1%; 0.01%;
0.001%; 0.0001%; or even less) of the total number of viable microbial cells (bacterial,

fungal (including yeast), mycoplasmal, or protozoan cells) in the culture are viable microbial
cells other than the microorganism. The term “about" in this context means that the
relevant percentage can be 15% percent of the specified percentage above or below the
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5 "Functional fragnents" of a YEDH pol ypeptide (and,
optionally, any of the above-descri bed YEDH
w@ologpess de vari ants) have at | east 20% (e. g. PCBOB4005/001034

40% 50% 60% 70% 80% sz 95% 98% 99% 100% or

nore) of the ability of the<ull-Iength, vvlldtype

YEDH pol ypeptide to enantiosel ectively hydrol a
spemﬁﬁé@ezfcentﬁg@r 5’@98 fon examplexiabpui 20%Hsnahe 1A 1o AnlcSuch a culture

Y fr n

o migRbRgh R S S B GRS SAETE LA, SRS O ranspon
medium..gMedlzhearamerimuai:|a$mlaaloi|@nia:@ntg;elahndasgne&8) shrdvézeg. The culture

includ?é ggﬂ ¥8@son?o%¥g§ﬂn { o .' SogS%/gﬁﬁib'e#ﬁ%a%?ékﬁ%@ﬁmv?r 9eing stored or

transpErtagnianéSstofaglenbreﬁr@&tp@ﬁMb@uﬁﬁdﬁclﬁdhbeé fyzen storage or transport

t het t eol yt di t

medlums\t ﬁgﬂ gﬂg staé%{]rb@%pquet glrcg'kﬁegra)éﬁlwcegslelgoerssulbstrate (e.g., a culture
dish, f%@anéﬁtgsébeatswa@avmsmiwe a TDE. Antigenic

fragnents of the pol ypeptides of the invention are

fragnments that can bind to an antibody. Methods of -

: t nter
The nﬁ&éﬁlggg@lﬁgﬁ éth@ knr}%\s\]nﬁ&?%gtﬁ %te s%re'd gg é?s%an? lrésbf‘rcy%n dééllasrbspensmns
e.g. lnciawff&m:qntﬂmrhgajctfyopthamﬁralchsamgb/eeroq er guq:rowel ds typpailized cells.

| h
rten P SGEPLATRS o585 St R 488 SR8 e 9.
ﬂuidisdz@@&dadmymfg oﬂ@ﬁa&rﬁmmgam dsyi @thbersgﬁdit)le aiyinglraethbe. Similarly the

eni e nt hesi zed ndard chem cal ns,
enzyniy BGRREROR G o aTr 0ot VORUTRG B riRtidesn 36 Sored under
approrﬂiélé'é@ﬁ@ﬁtlbb{s &l @RdaBgtvity. vi tro 25 reconmbi nant DNA
techni ques and in vivo transgenesi s, using nucl eotide
sequences encoding the appropriate pol ypeptides or
PolypdiiRit 488 PARIdAGS FHlhelaown o those skilled in the
can be Used to construct expression vectors
contalnlng rel evant codi ng sequences and appropriate

e YEGATRGSBLRRRAL 0k 0 AL AN 08 i B85 g rments
of YE@H. polMﬁpéideé aiscldsedi regeinA Ilaé;ocm beyfd\/haxample( Zhd ;ﬁ@/p)eptldes with

SEa GRS WL SRR el Mgk, T potpeptes

embraBe® Ibyoel xa/@fmnpalbb In‘q?dludﬂag fd&i@rﬂ?kcﬁél% tAsdcINthiR Yeither full-length or a
rscience pepti des and fragments

funcﬂ%!@‘ ?rﬁ@“?ﬂt/%fﬁi ﬁuaﬁd i %rqléﬁ%qi AEUNG S EeaHeRG. bl aﬁr@@ﬁéed sequences
can bé’é‘édltl&ﬂ&l’*fudc%GnQ)ﬁdrﬁﬁné‘QFjélgqh&rbep%eé he am no- and/or

carboxyl -term nal ends a bl'ocking agent to 35

facilitate survival of the relevant polypeptide. This

_ _ L . ' ons. in : }
The SRR ARG IR AR LS RIEaIT Al Mt i (0, o st
55%; 8@n65%; F6%d e d¥ie p98%r ot éa%e)saderﬁuahokihecdoiyp@pmw&h SEQ ID
n includ wi t hout n,
Nos: £ HREIEPy sabl0e Bubr bl pe i alen B bt ayer one o
more ddmtigaciisnor asrdtottigtaudesymeher M nal residues of the

peptide to be adm nistered. This can be done either

chem cally during the synthesis of the peptide or by

Fragmef&oshYRBR p%pt@e‘é efb @gﬁ%‘ﬁt@bf R Andendte "F’E[ﬁ)ﬁ;pdiybeptldes that

arti sans of avera ski | Al ter natlvelér | ocki

are shagientthar dulireasgthp Lno&ma@tlé% d forgmen OfTb’IEéH'dJIP@é'pep’ﬂdeS can
contaiff BMY [dlg L A8, 861 30, 40, 50, 60, 70, 80, 90, 100, 120, 150, 250, 300, 350, 400,
405, 406, 407, 408, or 409) amino acids of SEQ ID NOs:1-7. Fragments of YEDH can be

functional fragments or antigenic fragments.
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can be attached to the am no and/or carboxyl term nal

resi dues, or the amno group at the amno term nus or
W@ 2005080587 gr oup at the carboxyl term nus can bRCT/IB2005/001034

replaced with a different 1Q _noiety. Likew se, the

pepti des can be covalently noncovalently coupled to

pharmaceutical ly acceptable "carrier" proteins prior
The pelypentidenicen g awnof thpssydescribet @beve byt with et mpserbA¥eige, not more
OpRO a ghed
than sgéﬂﬁ eég]tf‘dghgs P ?g,e uﬁgﬁﬁbﬂ% 16’%@@' dér'@ﬁr séJle% %BE A9e, B, Yhree, two,
or onel)’epnseema’nlwesuhstimmp(a)n @slchrse:bsﬂiﬁtlmmcdxrebe a:nadmtmq dordsxample, site-

rect I o R OB OB 00 £ P coqypposs

t hree- di mensi onal conformati on of a sel ected peptide.

" The ro | des the peptidom netic
FunctSiah SRS 191 oe- BB HANFPAUEE th CIRU9ER e AV fhe above-described
YEDth&y;sépf@@ @ar@lﬁ%)q{a\/enéteka&t 20% & .GR™0eS, I 5bgt '60‘% Y70%, 80%,

tical to that of DH functional fragment
90%, Pﬁ%mw,cﬂ%héo@dpt @rdmr@be@f tha/vablhtyeaf th;ajfuli -length, wild-type YEDH

polypég)ﬁﬂé 'tggﬂh%ée?e&lg Fﬁy %% B1a¥1 (t)h? RALkill in the art will be
racteristics ennhance era
able tmpwadlqty(EEﬁﬂlélhnd@nawmg;ms ustrigl his p:eheeatvnlkmwlmigé and information

prowd?& meggﬁ gﬁa% %‘ ﬁ%kaggdﬁf Qg‘rpgx?er?tgr}gar glﬁ %‘no&mg hlgﬁﬁly conserved

domam@a‘pl\/\@ﬂlein}d recidupe péquited folfuhctidrt F épdi&ieg’ﬂ)@rl@asé hetivitgr e
identical to the side groups of the am no acid
residues that 25 occur in the peptide on which the

Fragm@ﬁﬁ;t bfdnEre8Richl HeSmBas @Lﬂherstf%/\/@béhbmé‘i’ﬁ gﬂfhe"&lﬁe&* 58t eolytlc digestive
er, thioester, thioani retroam de,

methoge AU s teads NG SbUie ERaRIAREISTHNE Ry STady oS
bonds, are known in the art to be generally useful
substitutes for pepti de bonds in the construction of
Antigepicoragrsents e itee antypppiiddsdafithedinvardion 30e Tragmem= titat can bind to an

antxbo%é%&}’cﬁﬁ# g:? ?es‘%gggﬁﬁ%t&%og%ﬁ%grgerﬁ gﬁr?t ts't\o?gxﬁ @ﬁ@?{g ' anrgtibody are
knowndptemartei ght, nine, ten, 12, 15, 20, 25, or nore) of

t he above- descri bed polypeptides, pol ypepti de

variants, and pol ypeptide fragnments. The conposition

The pcﬂj‘/pémﬁﬁgrcéhltﬁb&médbﬁ)m hﬁfur;ﬁlwpééé @. g”WW@tﬁ)%' ér ré@orﬁbmant yeast
ast cel | ) ract, or cu super nat ant’,

cells sgm9ﬁ@nM yéqs&qiqﬁﬁzrlbgd ﬁpgﬂl,rp)y %’gaﬁlqr, p@ptlgﬁgm those Igss than about
100 arﬁhfr%oéﬁnﬁg'nﬁrlength? c3A éiQmB%S x‘n\%’?ﬁ’er@lgds}}}?ﬁ bP%?arEn%Pd chemical

al so contain One or nore of a varl carriers or

means\Opaddifiarn dBal7 petypepBisoand pepiides G be avddiucedrsy &iaodard in vitro

recomblﬂgﬁpebﬁl e cﬁﬁfqb ggz?né"gga%/ bir!ah%t%n%ggr elglﬁﬂﬁ rg,tgieotlae sequences

encodiphdb@ aapmpriaid pal'g/peptmied antdmetldeémnl\/mtmmm welbknalen fo those skilled in
dants ascorbic,acid; . l.aw nol ec

the ar(in 5 UEREES coRMELNt G PRSP RO HS I PpiAlt A e v aHicragings seauences

and a@pﬁipri@ﬁe St%rhﬁ@n?’u@ﬁﬁlﬁtr@nsl@ﬁd)r@éll Botfoll BjgMaRY! 0BEb] M8 example, the
ymers such pol V|nylpyrroI|don

rophilic. po
techm%%srféﬁsgep%l%ﬁawbwkgq%p N@/ecglvémqﬁmlﬁ@ A kaparaie)y Manual (2nd Ed.)

[Cold Qbﬂh@' HISrboP L abbtbiye N Yo NPsE C BAK &@&beﬂléa&c helir&88SProtocols in
and ot her carbohydrates’inc Udlqr]]ng\? ucose, nannose,
i

Molecigar Bigfagydfrseerc ReblighinggA g?g)@mt@s 8 iy lnterscxence N.Y., 1989]

et hyl enedi am netetraacetic acid (EDTA); sugar

al cohol s such as mannitol, or sorbitol; salt-formng
Polypapﬁdest earidoﬁ'agmmts af thedhventionaadboinchwaei those described above, but

modified’ By fLghcet g(ﬁ]& fory ‘%rheaémﬂé’? %ﬂd/or rc]:grbolxylr-t%prlnﬁ%l ends, of a blocking agent to

facilitate survival of the relevant polypeptide. This can be useful in those situations in which
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10 Met hods of Producing Optically Active Epoxi des and

Optically Active Vicinal Diols The invention provides
woreaokoasst or obt ai ni ng enanti opure, or substanPCEIB2905/001034

enantiopure, optically acti ‘yae TDE and DVD.

Enanti opure optically acti véJTDE or DVD preparations

are 15 preparations containing one enantioner of the

the pepibfe tarmb\ident & herdegsadachby ptaieasasnafiu¢ho hiacking adeatsToE include,
. ; " [ ' Y i call ctivye

T Y T

the amaho brdist cabixyldegninabitesideas bf tHEOPéptidedp BOAdmiBEYered. This can be

90% 95% .97% ,98% ,99% 99. 5% . 8% .or 99.9%, ,
done Bghcr, BOEMEAIY G 15 ABRRE S0P’ BB HPOPHBE G y/Becombinant DNA
technofi iy @BBIoSs fahiliah e AEshnLol Mergeasiil. oner of the TDE
or thye DvD. 20 The net hod involrves elxposi ng a TDE
enantioneric mxture to a YEDH pol ypeptide, e.g., by
Alt ing" ' ' i
el e P ol TG R i PRecheAcRty e on
can bg aachedgpde @mning @ngisirypadisydierminel sesidismss or éraamiriragroup at the

. | . f .
amino 3 ey GRTER I JEREONAR LAY bALARESH i o aifren
moietyc he riilcatiseattie e peptiddse CHDE,beanchvatenmtla loes aencesatantly, coupled to

the reaction nditi.ons. First, the YEDH pol ypeptide
pharmagehiticg ya??f‘seé’t?cbﬁ% e PLRIERS & 'OBfﬂ JABREIFIPhe two TDE

enantiomers in the mxture to its correspondi ng DVD
nantioner. Alternatjvely, it can catalyse the )
Also 058%9@3 Ptn PSP“‘&%@'”&“%%XR%@@E@%%%Q% & bpgeq Hgon the amino

acid s%?ééhﬁe‘é bP thd gﬁ&icﬁ\%( MRPAGE Fraind P ©PRBLIGHREctR! cé‘m{ngunds are

h nore rapid rate than the other TDE enanti oner

synthetig conppradp bavina R hves-direensianal iIsosipematien dea.i @ épeptide motif”) that
. b\l i . " i tive" .

s ubBGht) e B i R SPRGHERER (R Bt peptce. The
peptideinetiimeodfieT Die peptidanmioratic contrsindawitEDR pbllipepenatdioselectively

herol%% ?ﬁ?#fﬁi@ﬁﬁf?@ﬁﬁ%nfgeh@w@gﬁxif nm\égngigzi?lgg itl?afg of ﬂseRz’EDH functional
fragmentrraes patiich rtge (FptiBMMIMENY iwag gerbeda Beptiédaimetie, cérifounds can
v SEREERL S Sl b SSheri R T et ot L
permeﬁ’@ﬁy'a?n@%éi’oﬂgé@%lo@éaltﬂéﬂ'-li%lSe' ected TDE remains

constant or decreases at a nuch slower rate (i.e., the
concentration of the unsel ected TDE i ncreases relative

The pérﬁ?idbhﬁnéf?&cﬁ@k‘%%ih%e A bddkBoiE ltﬁéﬁi@‘[fgﬁgci f ldr%oéﬂﬁﬁiﬁl% non-pepide,

mxture); the _corresponding to ect
but wir side geeljpsatiiat Ehe idviticalcior the ssidm droupst of thiearinsedaid residues that

N e S N N pp—
bonds,TBlg., &tanpihesestdr, Shigﬁrgk?gcrei_lr_ﬂagﬁige?ggcgmkiﬁegnghmayﬁ Rtiwsthylene and

etometfyibud Hpodbta BROWRAT thn At 0TGN HBREE SLRgutes for peptide

bonds i RUBhEBilction! ofpreiedbe-sabisttlt gipiabmaBicsand/ or the
production of a desired DVD enantioner. 10 In

addi tion, a YEDH poiypeptide can catal yse, under
The BRI <8058 AL 9 KLE0S 1oLl SopgRMELAR S more (o,
two, thyegHouy divel pée seaen, eight, nine, ten, 12, 15, 20, 25, or more) of the above-
described polypeptides, polypeptide variants, and polypeptide fragments. The composition
or preparation can be, for example a crude cell (e.g., yeast cell) extract or culture
supernatant, a crude enzyme preparation, a highly purified enzyme preparation. The

compositions and preparations can also contain one or more of a variety of carriers or
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TDE enanti omer with opposite regioselectivity (i.e.,
the attack of water occurs at different carbons of
WO b@sapssT de ri ng for each of t he TDE enanti one€EH)B2a0r#001034
are termed "regiospecific” bor each TDE enanti oner.
Such YEDH are sai d to cat al yse the 15
"enant i oconver gen dronS|s

stabilizaga fapwrdp $he # e 2R at%w‘%&%érenk%%ﬁﬂn iyt and inolude, for
examﬁé‘*' dryi EQ(CHC @k E%R%pﬁﬁ@“dlt@é’fsr afd dthe A&Forddiee @cldie antioxidants
as’ such nantioneric selectivity, the DVD
such amasuqrtmmcnqoﬂw mdecuiarsweight desfetheni 1arasidues) pelvgeriites; proteins
r h E ypep tiy
T B

polyvnﬁﬁpyrfrdﬂﬂoaeaanﬂmcjdst seciD\A3 glyaimgi cg‘reharrpm@damaglnemargmlne or
DE 20.

ysinesg aSRAEoF AR B O Stic A" o BT oRQOPITEIS (g glucose,

mann§de) Wi déSktrEhQSche‘Patm@daéénts [Buth g éth?leeedleammehnaacdtlbemﬁ (EDTA);
is a decrease in the conceg rati

sugar g6 REFS T e CoTERITT SELGTUR Wangeé'eP%a%ﬁCHgas sodium;
and/ofl ASiGHic 034cthhe bhes Teert BAd ¥REbhies! ypepti de has TDE

enanti omeric selectivity) and the production of one
DVD enantioner. Such reactions are particularly

Methdd& & Brodif¥ind BBH&(IIQ%% @Bo?}ﬁeé aﬂ& D dedinPXEiEVicinal Diols

erarnt 1 Oer and, I's stgnitircantly TDE
enantloselectlve they can also be wuseful for the

The I%’[Iéﬁ rarqe{?)%lg%g?me@ﬂég félh gpgar rﬂ%’ Ce%rﬁﬂﬂ?&%r%aér ohib %&ﬁlltlgiﬁl enantiopure,
opticaflpache TDEameEOVDY, Ehantigpuaabpticallyt agtive D@ aréa(ﬁ) ipoeparations are

t t wh th t f th | e
epeficts S Ard S RASEL IS By 6 00051 o otrr

enantiéﬂ*?e@'cﬁ'%éd'lj@gr ENADY | ‘enaétahﬁaltyt eﬂléntlbphﬁi iopgicxiyhietive BOE or DVD
I'n . yet other reaction types

YEDH pol
prepataiions e prengrationsrisneaining pt h@ét S5%reat oigROSH %@%’e 790 80%; 85%;
90%; 95?”@7_%%5@ ok §9‘? 06 %S/QW%%? op\&@ 9@/5‘)6‘%!!39\?89{0 fackotd %kr)n)ount of both

enanti oner to D enantioners; or
TDE arti2Vid enestighens, of thisguamticute wah@meﬁefrtéletTcDE pbihe
enantioners. Naturally, such reactions, if the YEDH
pol ypepti des enpl oyed have 35 no enanti oselectivity,
The mﬂhbdilnvotveb@xmﬁhglla TDE enbetigmeruchitore tofa ¥EDELpolgoeptide, e.g., by

oo SRR BT B0 SoRSLACEE), B0 ORY ocypecr

recontdifantERhhiP ekprieessd Ciﬁe hﬁ@yp@dtlgﬁl f ithintexpeb@et cahtlyaieom variety of

one TDE enanti omer, reaction can be used f
outcopiesdthet i gapensf On(\éerlqbﬂfe SR Asponiiany | O ?oﬁgﬁH itself, the
chemg:%finétme Mc}ﬁ | 6t ffn HEcrBaBk fEeacldt §ond¥tﬁ5hsbe

one, escri bed above by, e.g., stopping a

reaction at a tine, or at tinmes, at 5 which the
. at j t T 0 r tde\,
First, BB PEO[2bbiIPadlue' B5h (SR seetdlt%ér?)c’%ogn 43O bnfy" 6h&1dr Ve two TDE
enanttmn@enrhr thiei nm‘xtorfe tch éts desrasedndn® lé‘vianemamme(rr eAiteinagvely, it can

he t ot al conc ngrati on re _hi t. h :
catalf5R {1 ORIBSIed 19BE Gkl 1ted Dangrap MTers hase; fifure to fs
corre dﬁl’gaDVDoﬁﬁfntloh@@Q@ tnvi€h Ynork magidtrast tmmsthwlmm 'EDE enantiomer
EDH pol ypepti de cat al %ses %he nver si on of og, q q

to itenspiresRaRdind B¥Ph DUEFERatito n%i“g' SRREINE agEWhn alr@ esignate

“enarfibs e@tﬁ/e’ﬁ&ﬁ? Qlaydee thackiakbhr %H@tf@'reébl&thﬁl of a mixture of TDE

pro uctl 0 one” DVD enanti onmer (e.g., on
enantiomers. Such a YEDH polypeptide can catalyse, for example the conversion of a (R)-

TDE (in the TDE enantiomeric mixture) to its corresponding (R)-DVD. During such a

reaction, the concentration of the selected TDE enantiomer decreases, the concentration of
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with the chirality corresponding to that of a sel ected
TIDE) is favored over the enantioner. A YEDH
w@oiognesst de useful for the invention is one tPer/1B2005/001034

hydr ol yses one enantiomer of _a TDE, and/or effects

t he producti on of one enant Pdner of a DVD, with |ess

t han 80%5 , . 15 less than: 70% 60% 50% 40% _
the urggigctetol ﬁo%nag% cgngta)@t Py depreagesoab sognugho slgwvegrrate (i.e., the

’ 5o

conceliEh o SHEDeDRATDE I SRS S BpRABHOF U scicrs
TDE irethenmixture); tlae16>N<D c@fé@@ndimhe the sdlec’teidoTDBﬁs piosluoedeand the DVD

cormes IR &6 1e ideiectbd BRSNS Atoudthat 61 S tirodyond ta mychrower rate

than thtlthe Wllycfﬁnréufpdhﬂmg\tﬁﬁhé SQQCWHDEdﬁﬁampﬂéwbﬁﬁch&@éctlons include
one G ven the teachi ngs of th

fro t 9, anot he
those v?bPWPn'a F'@ﬁaﬁplses&c 19cq TRER2 MFACHHE FR; P BRUTSR yspdul for the

ennchﬁa"eht inldl héreevihe %d&tléﬁ' 8CH Bk W@?&%tbh@?%ndﬁ&r’che production
t he productl on of a desired enantiomer of a desired

of a dggiyed 4Wd? ehantisEnen5 The met hod can be i npl enent ed by,
for exanple, incubating (culturing) the TDE
enantioneric mxtures with a wild-type yeast cell or a
In addition patyigih polypeptideyeastatelysemyndst sertaintiedined pemdtios conditions, the

conelH 5Py Mgl 2 PR, M i P SR BEEE s o
TDE emanticthag with \dipidsite, r@glustﬂeﬁbvity qré., o attacic bf wetérsocoars at different
S R T YEDE'DE—%e%Fa‘?@t@%%E@ G5dgare termed

reglodb%bﬁi'cﬂ for | B&sHatDAY eABftiorhet. t UGURE" YIETH Ugle QY@ th catalyse the
s and_ maintaining themin a resting state.

enantacpavefgsnt hidrolsissof & Bixtugesel HeE supatieragrst 1A E&D%@@ also have
agnmd%z?ltt ée’lé@hbiﬁfjfér%né %ﬁaﬁﬁﬂr@@r"‘?ggwae ?E‘qmlv%é(regﬂa\@e?%gﬁ | has such TDE

r xul a, bBr ettanorryces | er onyces,
enantmznnypc setestivity, thesHVide baantmmerayodBesck bas theEsarphichirality ,as the TDE

or wEEHA S LAIIBAOEDs, 158880505 2 008 Y bappepce i
selectiivlasfor MSQ}S’ PEViexantioraer, PihehD¥D Rinadtisper iptoduged from both TDE
erartHREEYTL Bt T TPEAAL SRS P BB LS eians i trose

showniif fﬁ@@'&’aﬁcﬁﬂ)@m%rm@ tﬁééléj#é‘dcﬂgnsa tﬁ@‘eM@%ﬂ!édﬂ@aé@thHe concentratlons
converts or hy ses m xtures of TDE enanti oner

of both EDEp%n%"énomfer%éww g gyncmﬁata%pfapn% Rpcreasingriasigd ghamipe other i
the Ydahlpawébtﬁé%e'%& éh%ﬁ%mgﬁE%%%cﬂVi@%ﬁ?ﬁgfrhgs%ro%% of one DVD

Speci €s Arxula A adeninivorans _ _
enantig@atr gpiahl eactipysp et pedigslady uefildios e preduciivnof aCdesired DVD

enantidf&f %ﬁa,swhg’e ﬂ%ngébil-f: féssigﬁ:ificé)lﬂ@f?lbEcéﬁ‘antioselective; they can also be

useful for the enrichment and hence the production of a particular TDE enantiomer. The
degree of the latter enrichment can be enhanced by, for example, stopping a reaction at a
time when the concentration of the selected TDE has significantly decreased and that of the
unselected TDE enantiomer is still relatively high. |

In yet other reaction types, the YEDH polypeptide can catalyse, for example: (a)the
conversion of one TDE enantiomer its corresponding DVD enantiomer and the other TDE
enantiomer to both DVD enantiomers; or (b) the conversion of both TDE enantiomers to
both DVD enantiomers. Naturally, such reactions, if the YEDH polypeptides employed have
no enantioselectivity, would not be useful for the production of a desired TDE enantiomer or
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Rhodospori di um R pal udi genum R. sphaerocarpum R
torul oi des Rhodotorula R araucariae R aurantiaca
woRo0ghus8hi s R species (e.g. NCYC 3192, UOFS mMER0BRA)5/001034
Spori di obol us S. sal noni col gr Spor obol onyces S. roseus
S. sp. "holsaticus" S tsuéae Trichosporon T.
cutaneum var. cutaneum T. jirovecii T. noniliiforne
a desited dp¥Di esarftiomer. NOYT the 16theNdDd324hgre. ther Y&lPkL polypeptide has

sonnclg BBy SRR D BRBLEE L L0 o HOG I e rocucton

of: (a) Hite sbn&pmdd)’rg BivVbedndntiomen; and 1(tbl)” ﬁeamisle&;dtedJHTDE &eantiomer. This
eci es of had at the ti it

t ) f owit b _
can b B3 45 SasREOTH0RPL B8 B -FTPPIBG GhEs S0 Hh & SmevoLdy times, at

which Shéatdrcenfraade! of aapaldshedf TDEO@hahfidmar qeénymotw dfhe total TDE
that converts or hydrol yses m xtures of epoxid

concenfitioph pNG/Op e wceﬂsra%bsaﬁ Hedagivap KV spay Qmﬁraorelawﬁ fp the total
DVD doﬂ@éh’tpéhdn?earefmgré?%gﬂ RS SR 3hY Lﬁ’\%’é@ﬁ'é”? Q"EﬂE %ﬂgﬁﬁcﬁ'ﬁer and/or the

Genus Speci es xula A terrestris
undesitrsh d? i hienantiapaerdi r¢apes:tivatyg nolni aéuahorpawdme I @SYEDHC polypeptide

catalysré*ré)%ﬂé %oﬁi/exjs%?l@f%g%‘ll'l%@e %Hﬁ: : Pf?}aﬁoetﬁtD\% e%gﬁﬁk? Q'josthvantage can

pt ococcus cur vatus
also b&takan ebthesfact that generally ‘ghe production of one DVD enantiomer (e.g., one

with the chirality corresponding to that of a selected TDE) is favored over the enantiomer.

A YEDH polypeptide useful for the invention is one that hydrolyses one enantiomer of a
TDE, and/or effects the production of one enantiomer of a DVD, with less than 80% (e.g.,
less than: 70%; 60%; 50%; 40%; 30%; 20%; 10%; 5%; 2.5%; 1%; 0.5%; 0.25%; 0,01%, or
less), or even none, of the efficiency (as measured by reaction rate) with which it hydrolyses
the other TDE enantiomer and/or effects the production of the other DVD enantiomer,
respectively.

Useful concentrations of the TDE and conditions of incubation will vary from one YEDH
polypeptide to another and from one TDE to another. Given the teachings of the working
examples contained herein, one skilled in the art will know how to select working conditions

for the production of a desired enantiomer of a desired DVD and/or TDE.

The method can be implemented by, for example, incubating (culturing) the TDE
enantiomeric mixtures with a wild-type yeast cell or a recombinant celf (yeast or any other
host species listed herein) containing a nucleic acid sequence (e.g. a gene, or a
recombinant nucleic acid sequence) encoding a YEDH, a crude extract from such cells, a
semi-purified preparation of aYEDH polypeptide, or, for example an isolated YEDH
polypeptide. As used herein, “incubating and “culturing” include growing cells and

maintaining them in a resting state.

The strain of the yeast cell can be selected from but are not limited to, the following
exemplary genera: Arxula, Brettanomyces, Bullera, Bulleromyces, Candida, Cryptococcus,
Debaryomyces,  Dekkera,  Exophiala,  Geofrichum, Hormonema, Issatchenkia,



C. macerans Debaryomyces D. hansenii Lipomyces L.

species Pichi P. finlandica P. guillernondii P.
whapbopisst a Rhodotorula R minuta R rnuci | agi POBEB2005/001034
Spor obol omyces S. roseus S. ugae Trichosporon T.

cut aneum var cutaneum T. O des Wngea W robertsiae
5 The yeast strain can be, for exanple, one sel ected
Kluyverogiicesabl déomied: 3 Madigopwres) . Mysarymeat iRiehian Rhodosporidium,
R jusMsdrd rof DSwi
hoa R GBIl S R, FORLORD] WRGRE S 4.
TDE enanti osel ecti ve epoxi de hydrol ase activity 10

(wit.h the r of eparin asts stocks or for

Yeast; Al (Y rREPIS, B RIEBEINS: FAAPREPIEB s TgR s verts or hydrolyses

5  mixtulReTof BIOHR01034rs 36 optithindactie t(BP TDE enbid®N)R)IDWVDbRclude the

carried out under conditions that provide useful

followind preaylary ygRSt 9579 /B9 SPEERSyyi el ds. Cul tivation can
be by batch, fed-batch or continuous culture nethods.
Useful_cultivation conditions are dependent on the
yeast GERHSNn used. (BPRGIG$ procedures for

est ablmﬁ@gmwwmm—ytm
fungi and bacteria i I oreactors are known to those

ski | | eBlufiemat he art. Bhdermroghitae of epoxides can be

added —&Wwe—ﬁw—%m&wn—m
t he TORVEIRAACCEH eri cCrfRi0UFe can be at least equal to

the solubility of the dlEmgeanti oneric mxture in the
aqueous phase of the reaction mxture. The starting
anount of epoxi de adde@a¢¥aflfe reaction nmixture i s not
critical. The epoxig@dey riBgs Met ered out continuously
or in batch node to the reaction mixture. The 10
rel ative proportionsCaofodzRlicusand (S)-epoxide in the

gener al hodaskarigi s PR cal but it is

advant ageous for conResgtaelocapburpose to enpl oy a
racem c formof the gpoxide shown by the general
formula (1). The ep’gxtioﬁgo’gﬁﬁ be added in a racemc
f or m 0gLEGor8rJB Xt UT €R0% 46830 g ONEr S 1 n difrerent
rati.os. The anount of the yeast cells, crude yeast
‘cell extract, or parffiairegtigsarified or isolated 15
pol ypepti de having T, Iﬁﬁ}%‘ti osel ective activity added
to the reaction depends on the Kkinetic paranmeters of
the specific reacti oR spedigsi{e.caENT 3d92 POFISAE-20h2)
isto s‘ﬂ;e — .

poridiobolus S. salmonicolor

Sporobolomyces  S. roseus
S. sp. "holsaticus”
S. sugae

Trichosporon T. cutaneum var. cutaneum
T. jirovecii
T. moniliiforme
T. species (e.g. NCYC 3210, NCYC 3211)

Yarrowia Y. lipolytica

Yeast species referred to in the chart above (and the one below) as “species” correspond to
10  strains obtained from a culture collection, the species of which had not at the time of writing
been identified.
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hydrol ysed. In the case of product inhibition, it can
be advant ageous to renove the fornmed vicinal diol

WO p@s1104567 r eacti on m xture or to maintain the PCT/IB2005/001034
concentration of the vicinal %iol at levels that
al | ow reasonabl e reacti on ra? s. Techni ques used to
enhance enzrne and 20 bi gmass yi el ds include the

Yeast; glgains finaaielYorarable <t preduging optRareplie rthah cepyfrteor hydrolyses

mixtu%s%&f%ﬁ&idé@% %ﬁcal@?éétiv&?{%}ﬁ%}%&lﬁdg)%’ arﬁ’d/b?&SPﬂciﬁ@F 8Rls include the

e case of continuou and ed rates,
followgwr pemparrgeneraand spegieésion of trace el ements and
grow h factors to the culture nedium and addition of
i nducers for exanple substrates or substrate anal ogs
of the epo@Gedashydrol as8pecidgri ng cultivation. In the

case of re%na—n—t——he&(—s—ﬂ%n@% whi ch
the 25 pro s functi Onla&ESHS anscr i ption of the
gene encodBfeENe POl YPEPREAE OB epoxi de ydr ol ase
activity are taken into account. At the _end of

ferment at i Gandichal t ur e) , Conagassaaand cul ture nmedi um
can be separated by nethods kngwn to one skilled in
the art, such as filtratP8@P5I°%ntrifugation. 30 The
processes are general |l ycpeggozaned under mld
conditions. For exanple, the reaction can be carried
out at a pHfrom5 to 16 §iFerably from6.5 to 9,
and nost preferably frop &p. (ﬁw@mﬁ-n%aré&h@.%&fﬂaﬁhﬁé ure
for hydrolysis can be fromQ ta 70 C preferably from
0 to 50 C, Cryptecoqstef er &oleynyfalemia to 40 C. It is also
known t hat' | owering of e erature of the

reacti on can enhance eriantiosel ectivity of an enzyne.
35 The reaction m xtureCcéaureniit ai n m xtures of water
with at | east one water-mscible solvents WO

2005/ 100587 PCT/ | B2005/ 6&’3@, US36 (e.g., organic

wat er - mi sci bl e sol vent s, ni¥ceigiabl y wat er-m sci bl e
solvents are added to the reaction mxture such that
epoxi de hy&ebraesysesi vi: ylapgemdi ns measur abl e.

Wat er - m sci ;
omye . Ci
sol vents and cdn be, for é€xanpl e, acetone, nethanol,

et hanol , pP@panol , | sopPofiaabicaacetonitrile, dim

et hyl sul foxide, N Ndinethylformamde, N 5

met hyl pyrol i dine, and t egH?flﬁféf.'O le reaction mixture
can al so contain m xtureshapioppi£r W th at |east one
water-immscible organic gnlvpnt Exanpl es of

wat er - i nmi §6pgpiergal venfs mip@e can be used include,
for exanple, toluene, AL orotrifl uoroethane,
met hyl tert-butyl et her,k' n%eﬁ%yn?g%butvl 10 ket one,

di but yl - o- Shoadbatamycalsi Phabsetisal cohol s containing 6 to
9 carbon atons (for exanple hexanol, octanol),

al i phati c hydrocarbons g?ﬁuﬁaﬁi ng 6 to 16 carbon at ons
(for exanpitEchsyper@hexane culanBemang cufarre@gt ane, n
-decane, n -dodecane, n _-tetradecane and n -
hexadecane or mixtures df OYHEESf or enent i oned

hydrocarbomﬁd—rh’e—lwigg*,’{ggg—ﬂw e be , '
m Xxture can |%c ude water wih at | east one

wat er -i mm sci bl e organi ¢ solvent 15 selected fromthe

[ f I
The yEa3t e P Bo: BF ket HF Ralvstec i Tebles 3 23 ffee below)
et her, nethyl isobutyl ketone, dibutyl-o-phtalate,
al.i phatic¢ al cohols containing 6 to 9 carbon

. . at oms, .
Cultivafien aini PIRIEREIORy df oWHF IR YoReeaMPIRENs YEBSt Slreispgipressing the

polypeptide or fragment thereof having TDE enantioselective epoxide hydrolase activity

(with the purpose of preparing yeasts stocks or for the enantioselective preparative
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The reaction m xture can al so contain surfactants (for
exanpl e Tween 80), cyclodextrins or 20 phase-transfer
we 210819585 and the |i ke that can increase, selBCl/iB2603001034

or otherw se, the solubility-of the epoxide
enantioners in the reaction mxture. The reaction

methqrgﬁ fﬁggdﬁ\?enngﬁbf Bg&%irr?chpbu@&ﬁog {tigﬁézﬁé}rgw e useful biomass
and/ob@zﬁﬁﬁhé tlltér* §/|%ﬁfse bufitsich cdRbe By‘fbfaﬁihs fedﬁEB%ﬁ SuEdrftintious culture

ke. 25 The production of the

| methqsﬂér y\elé@fw givationcpansitianst aleciarangent eragin%magst eain peed. General

procefi&’i’es ﬁ%aéggélﬁrshﬁ@ g F%gltlﬁﬁg thcﬂtl&ﬁe ?efef?hgn f&’ﬁ% and bacteria in

Pol ypepti des a ypept | ragnent s
bioreagiate arg kmowduiot ihose |shlllad iathe att. hbise mixiute obep@udes oan be added
: ' [ I etic nr Lon.
crocthlo 3 RARTR! oP0L 0SB of 49 PR MRS B ¥ be ateas
equal ¢@ tHessallibilityi ofrtlmstBE @rangomeriBmaikiers eothgergicobe phasebf e reaction

mixtu%reﬁ'gﬁelsgagﬁrgg]d g];r{g?&)n% gg gé%ﬁg\?@a%@r{;é&é ee?%:&jg’@ﬁﬁi?igjrg CI)S not critical. The
epoxid® eBh e Matdrewicut cOhtimicusyabdin baeHi rede B el FdREon mixture. The
bacteri al host cells include Escherichia coli

relativepTOBRIOBI A riRipatd 48 )-epesids 11 dee g8l gRantiomers of the epoxide
showr'?]E)b"sytefﬂceo & ?&%I?S(C)t B R @EFI@%]detQF%‘ta‘alJén{agQ&?é for, commercial

I's are ed fromt group consi stin
purpos do genie aA@p@mgn farmsof thei erteitier shovem by Fos general fol‘ﬂfnéa (). The
: [ . as. .
epoxugéx ?%g 6 a(ap'eul a% rpgc}egr? hc o{)]rl éaié; a?@%t#pg gfsg%ag"itl&rﬂ’er?% _fngc;ilff&rent ratios.
The awourdt ofothei masttdws,c unhjder yeast diell nexthéot, 200 badiab $arified or isolated

polyDeRTEe, BV T D A g A A o g Treie) deignds on the

kinetid arariarps | ofz 8 @ﬂe@f@&baﬁlo&uﬁﬁérﬁheoén'foﬁﬂﬁ dfnepOXIde that is to be
sol ution. Procedures for immbilization of the

hydrolyge &pKleatassPiiriedussinhibiipndecam e agdvantageoys i rteertpve the formed

vicinal Giol HERPIHY FRBiio AYAURNbr & htERthe c&%@ﬁﬁaﬁdnn&eﬁ‘le vicinal diol at

enzyme aggregates; cross-linked enzyne crystals;

'eVGISeWﬁ¥@HﬁWnﬁeaiSﬂn¢h}@lrl'@g@tlosﬂ ratgs.anteaniques nesed fmephance enzyme and
V, I t

biomds§ nﬁ%lﬁ@ ﬂkléaé tﬁé I% gcgﬁgﬁgegﬁ}%ggﬁ ébp\?\)ﬁflﬁ\%ﬁo&ﬁ]&gﬂgrﬁaﬁup%s nitrogen

sourcem ¢uhitvadion tlnmudllbtlonncdﬂeddm ther cameaniptantingags culture) and feed rates,

o oL, hi ressure |li [ chromat ogr aphy ..
carbof SR e SBRe 2T ARG ST i 200 ar Rl RSh L e LR Mecium, and
additioti of imaliceliscior Exampld subStra@s dreubsimmreethaldg@naftthe epoxide hydrolases

reacti i re at one or re stages of the

durlnq é:g& I@(?p m ﬁltet 53¢ regpm g]agfg}gﬁ theesPlifions under which the

promcﬂ@r%nfdn%[l@rﬁ f8f traRScriptiey | skethRngemd e‘h'c@thﬂ@l thdi Sdlypeptide with epoxide
f ound be in excess conpared to the Other enantione

hydroeﬁeta%wé'pam takernindy aecaungi Adthegend of fepn@n@ﬁlarbl(wtur@eblomass and
t r
cultur erﬁ&l‘%@‘?%%’ﬁrb% ér;%%g&fm)n%zaﬁ DRABMATE o sRfled BOME!Srt, such as
f“ltratlcg”enec@‘ltrnﬁJgamrha (I'l') is found to be in an enantioneric
excess of at least 90% In a nore preferred
enbodi nent of the invention, the reaction is stopped
The préuzses zee g@aertalllprmﬁonﬁedammeenomnde:cmﬁnt@a@erFair é‘x@h’mllé &he reaction

can b G Gt ik Sk oM T RS mIRRLY BRI s 6 g and myast Ritgerably from 7
to 8. 5r eﬂfé téhﬁbéfamr@ﬁ:rsiy@&n@ﬁs *éﬁn Uéefrorﬁ@ﬁim p@npr@‘é}ébly from 0 to 50 °C,
|l e centrifugation, nenbrane filtratio
most alfeé@ﬁblytfa@mdht%ff 6t v dris @lsakepw thaﬁéowerm obthet tegperature of the
the reaction
reactidif )E:ért Fgﬂ%q&é{)@rpﬁﬁg%c%lgé‘tg}titp%ﬁ %f(q fegrz%@
The reactlon mixture can contain mixtures of water with at least one water-miscible solvents



10

15

20

25

30

35

exanpl e by heat treatnment or addition of salts and/or

organi c solvents) of the yeast or pol ypeptide, or
w@e@pao@sT on t hereof. Thus, the reaction can bECHIBXE@H1034

by, for exanple, the separgéi on of the catalytic

agent fromthe reactants and-products in the m xture,

or by ablation or inhibition of the cataly

(e g., cganie wa;er-mtscb&wqu@)s Risdeabl vaIREMISGIple é&lveﬁtst g added to the
t i i n i

cocf A AL S8 00 (i i

solventshare @aﬁerahty wrganic splventseantycan bef tfer ex@rﬁ@@alafé’-forteheﬂe’chanol

anancl 8 2baaS, FEPFOR Bl B HoryFlEIE0E0, yvifertomanide, -
methylgpﬁdhembl ét(nditﬂe iike. epoxi de and/or vi ci nal d| ol produced
y the reaction directly fromthe reaction m xture.
Met hods of 30 renoval of the optically active epoxide
The re?Eﬁ’érPh)‘thé 831 adb Yonii® tiLEFLDNT Warr Wﬁmcétlleastld?@ wdl@r—tmmtsmble
or exanple, extraction with an organic sol ven dc
organia sscianin Examplase Ak WalerdpHyiscibie splvenise fhal %ftnb& H%Et inciude, for
exampie, ¢ IQSRITE] Rangichohhafigdr8sians! '?ﬂéthﬂc?é@b@tyﬁré@hérh%ethyl isobuty!
H% ke

vacuufn “concentration, crystallisation,
ketona;itcﬁtbutyll-caphtalate naltrﬂmaactalcwétp!@r gcprittamnngcgngrmcarbon atoms (for example

hexan@?—;—rpl%ﬂ%@g %\?@ﬁ&sﬁyﬁgg}% c%ﬁ}]atrﬁﬁg gg%?%%%gﬁ:?sioms (for example

cyclohekéve,dasexanef hi actarte, o odesemat;n nh—dedecmm chl -tetradecane and n -

o W T e e 0 BB s,
reacttd?turn‘t&fitre Qanopiciuea! t/vﬁte@C\X/ith'Eétellé@K‘d aas Wétet‘-hﬂm@s‘dtﬂe airgantc solvent
formula (1) and vicinal diols of thep%)t={=r fornu

selected frpm thetgreupFerisiog dfoldeqralsi 2fiEH rtﬁﬂ“@f@%mf@y' tert-butyl
ether, FX&W' |§t§tﬁtt Glekidd, ﬂl&ﬁyl-ﬁ; %ﬁa%@é YAeREtic aicbhals do‘htéﬂrﬂhg% 9 carbon

yea t strain an as such activity.
atomspand hbighatis Hydeocarhanstdoptainiag Bupeld eaibebodi es that bi nd
to yeast epoxi de hydrol ase pol ypeptides or 10
fragnments (e.g., antigenic or functional fragnents) of
The resttibn paikiyipe pan ds®. cofiten patfggtaptsi (flersexampde Fwelardil] gyclodextrins or

yeast epoxi de poly de th enanti osel
phaselEa et FAEiRP PROPHE ) Bt PolBEn THEQVBlogr phenvise, the
solubifthes ﬁ@ééN@tt@ﬁféryiﬁ'N‘te(rba@ttonYr{ﬁ&H)re. e.g., those

wth SEQID NGs: 1, 2, 3, 4, 5 6 or 7.. The

anti bodi es preferably bind specifically to yeast

The r%%géh Axthy 9{&@5@6%09@16/ Q%Wfbﬁjeguﬁérs%re kﬁ@@vnﬁ@t@éﬁ( laﬂ@ include, for
rol ase epti des of ﬁ_em es other_than 15 vy

examtslpephtwhatﬂ)btgqu eﬁf@atg@uﬁerq, &JS baffersi h@Pﬁ%@yﬁf@rgaqtrpq/the like.

The pa{gfi%@%?tt of gl‘tr)]%' gsi p c%fftgélﬁttbggsln% ?ﬂ}?d?fohgﬁﬁjagﬁfehtée can be, for

ar to eptid
examﬁlegas itdmiee abiovd iSEOEe ddbtibidson Pol;zpepﬂdest ang Pelypepttzie Fragments.

Thus Hlﬂy can Lb?/\?é/rghug@%qps ﬁ&lf’él%%l %Xel&%rﬁ&?c%%fw éﬁr%r reecsﬁtbtnant host
cell, o?%yﬁﬂétt@qd’oéﬁctmn R@cmﬁbMéhDpﬁiduoﬁoﬁmandjeoc@hed out in host cells of

ant'i bodi es; nethods, for duci ng both typ
microBiat PESy PAPETRA YRSt HophEelly £re SRIECRHL T PRt Stey ot lmited to, the

generd' %h?b’i‘@% ok €. Igl vard) céQG\Hd/ﬁénufag Dpich@i, VYakbwialh@yxula, and
are pre ant odi es. Moreover, poI ycl onal

Candigfat | Brafewed ahagtenal host cells include Escherichia coli, Agrobacterium species,
Bacillus species and Streptomyces species. Preferred filamentous fungal host cells are
selected from the group consisting of the genera Aspergillus, Trichoderma and Fusarium.
The production of the polypeptide can be, e.g., intra- or extra- cellular production and can

be by, e.g., secretion into the culture medium.
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nonocl onal anti bodi es can be generated in, or
generated fromB cells from animls any nunber of
wQessamsst e (e.g., mammalian) species, e.g., hPOHEB005/001034
non- human prinmates (e.g., 25_nonkeys, baboons, or
chi npanzees), horses goats§7canels, sheep, pigs,
bovi ne ani mal s cows, bulls, or oxen), dogs,
In thecfarmentadibbi :tegct@@( uignespolmmiﬁes qjnoljding: dupdtigsal fragments) can be

el L0 S5 8 SRR AR, lon of e

yeast suprfepasatmhltrrerraoé inchidec bwmrle nod Ormteﬂ itd wdmptml;rpm«ehtcﬁttachment

cross—ﬁrﬁﬁgr Cg;g%éﬁee %Igéfnggg%rﬁoggd%glﬁp%es rggpr%s eci esfﬂiﬁagpqlgﬁ%en% in hydrogels;

and erftRipristititoRevdrs@nsicel@ee al so enconpassed by the
i nvention. Such chineric and humani zed nonocl onal

anti bodi es can be produced by reconbi nant DNA

The prtr?gFéB%' SFYRS rdct@¥A chaR b%hﬁoﬁlfotred b9 rsteﬁ?&%fﬁ’bﬁ)cekiﬁl‘egggnown fo one skilled

descri bed I n ' Robi nson et al I nt ernat | onal
in thepmnwhlpbbmc&ma ofier P@BAT!H%GIQQSZGQOWO@F@PBY @ high-pressure liquid

chromEng?%?@ﬁ é%oﬁﬂ'{;ﬁé‘%gﬁﬁ@\;riqc a?%&%tg}fég?%?sggﬁﬂ%mlwl diol formed

can b& ReVEAIdEBi t!ﬁ@l@dcﬂﬁ@ﬁﬁﬁﬂ&lﬂ%e @9Mmate stages optbamedttivant
Application 173,494; Neuberger et at., PCT Application
WD 86/01533; Cabilly et al., U S Patent No. _
The rébo%d;ﬁ &/ be Gadppddy whien aﬂne, e@ﬂt@ﬁ@%fﬁ&b%ﬁo%bh@/@t ivigihal diol is
., Better et al 88) Sci.ence 40 1041-43
found EcP geé@ exgesy qcygwregi to |tlpﬁ:r9 r enfg‘gomggg ez@ox araglor vicinal diol.
Preferably, W&&tlgm%gpe@Meﬁ%n\?&rgéﬁgﬂe? o?tanaégpox(d%9§f7§reeneral formula
u
M andgqmwcmabd@g of gﬁ@wabfor@pfa (hdgs®ung tonNeg |n awggwomﬁm excess of at

o 750 AT SRR TR 320 o on

one emrattionter X anSemeSGfggenlawie‘erremlaa(t).ar(dl@&ﬁqmalamge@eﬁﬂIQrmuIa (1) is

found %}55% zr}e?n gft%ﬁﬁgr%%ch% s§ OQ‘ ﬁfﬁ?%?é? ilj'fﬂ%:e f%%go%l n3 %8 s?onp%ed by the
separaﬁdcmo fors exarhpleoceritifagativre merabrameefilaatiorh qshgcibitatiprelby solvents, and
the llk%})?q t?xg:yle\ég ﬁ%‘?’%{%ﬂt}g’&gﬁt ?’%jp qx@cg H{ﬁ;ﬁ%séfqh%? %%L%ﬂcg} tlggglﬂ]%ctlvatlon (for
exam;ﬂé]éﬂy Readgeditnant CeldiditRR ¥P8Ald @ﬂd/o@\rﬁrbgﬂgysd(l\fe?%}eéﬁ fhe yeast or

hat contain the binding domai n of the nol ecul e can be

polyp@élﬁ@f%& rRigPBAtiRAdbgrepe cﬂWSq thesreastiem cap Rgridernred bt Ifefoexample, the
separdtidh &f gw(fﬁ%tal B’é‘.@séﬁétffbm Ftﬁé‘h’eé?tanfsr Qgtg‘jijgﬁ%cftggﬁltggﬁnﬁﬁure, or by

produc estion of anti
ablatldnemr lﬂlnlagwemf ¢hey gatalytic activitybley tpehaicaiee dnbynitedoeiskiied hrethe art.
di sul fide bridges of F(ab')2 fragnents; and Fab
fragnents that can be generated by treating anti body
The optidadiy atibse epdxidezagmad/or \ﬂd&idalaimletﬂm@dmd tagthetreacﬁ"@e can be recovered
from tEpg'teagt%arL Imlﬁtur%?éﬁtl%%egf@%rqeﬁa} of t}éqz yeagtd orzprgparatlon thereof.

Preferdbly0 tHaNbtdask NdRY ﬁﬁ:lu@i%cébntlﬂaa&lély rBBbIpdYther GetMRIN Sictive epoxide
also include Fv fragnents, i.e., antibody products in

and/oryicipfl dinkPrdyped Pévth%rea?@oe&rmﬁwoab@eor@aﬁ mBiduied Methods of

removaPof @8l dBf%éH Actie S dxideh o:F Vi cﬁéf&ﬂ?ﬁﬁodﬁ%ﬁg ‘16%/ thé E@actlon include,
si ngl e pol ypept| chaln t I ncl udes

for examgld, |€g4mact1m|thmam icugprdc rse)g/leohsésw ahéw@mne,bm;ede: @hﬁthyl ether,

petolCBrke SRR YEflootBHE sHFORERG 9B, B g vacuu

concentrﬁm I3vstallivhiiart) dxsnllanmr pendirace sepearationy cokhet ehmenatography

and therflkl ts entirety. The anti body can be a
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"“humani zed" version of a nonocl onal anti body
originally generated in a different species. 25 The
w@bwsaedescri bed anti bodi es can be used for a RPEr/iB0§5/001034
of purposes including, but gg limted to, YEDH
pol ypeptide purification, d&Uection, and quantitative
nmeasurenent. The fol |l ow ng exanpl es serve_ to
Thus, jthe Lm’e&?eittemV%tonl pravidest g ¢fficignt PEagess IWthER&RpPRSal advantages
compa%@@!)@ef[ché\@fcﬁf AR BioRiikVRdustss Betet ﬂﬂo@@&ﬂi&ﬂ ihigh enantiomeric
concentrations and enanti omeric excesses
purity, 20 @ptidayERTvEEPLXiBee 05 tixngasral pomaadht @Q%‘V'P\!’ﬂé‘ dlols of the general
I pat d f
formuig i Ry PRABER.Yed VP YR (R0 EREAL Wi 98s0 activiy or 2
polypdpfige Exat nptierdcoieftamw aweast steaiin isad hastsubly aghisty.
chromat ography. Gas chronmat ography (G.C) was
performed on a Hew ett-Packard 6890 gas chronat ograph
YEDHEeMipeARd Wi th FI D detector and using H2 as carrier
gas. Determ nation of the enantioneric 5 excesses for
2-nmet hyl -1, 2- epoxyhept ane and 2-net hyl -1, 2- hept anedi ol
The n’(%%f e EAuRRd ahﬁbciq%sctl’vb"c' B18d dof wead e?iokid%ah)%r%& Zypeptides or
dextrin captllary colum (‘Supelco) (30 mlength,
fragm@ﬁs ifengl, tazrmgamzs)rpfnmthnﬁi fragr@ﬁn@m? SUQ‘hEOWHWUd&S e polypeptides

are preﬁeﬁ?@ ?e%rsg F%x@gt%o\(ﬁ%pg@ég‘mhngr%nftl%eleg’ti 15Ctﬂ/‘r{ze§md in particular

mnute to
those mtmmsm%boaddd bnantldselqmbvatag;tmt)f Gire. EDH), n@gesthosmgvnh SEQ ID

NOs: 1 re%@rét ) rrez) 3]618)('7\ 86%8 e%;é&?%m&g%@icz%&o@' )Sje%st epoxide

hydrolBse (p%)ydé ﬁéies— i85, dot @eé;ﬁfﬂiﬂdlﬁwrorasefpdlhﬁeptldeamf|srpre|es other than

excesses of 2-neth heny]
e s g ST 5 PSTI ZSRRIEYRRTE 80 rnperics
with eHé{wtr&e?ecané egtivity 'aﬁé i %a%ﬁlall@ YEH 9a%ptapmdesc apy.] thasy with SEQ

Supel co) m |l ength, 25 mmID and_25 mf|I
ID N@mltk&e{és‘) S, The®rihi t fEhey @W@QW@'N specificaly to one or more of

po,yp%wdg @V,{ﬂeggéfgb r@és“%?‘tseﬁ ,5idlcreased at a rate of 4C

m nute and raintained at this
tenperature for 1 mnute. The retention tinmes (mn)

Antibc\(l% e%géela Bgllygl%gar <1r m&% Sc)(l esﬁ %ﬁg&?gdlesét%g%od%or @ﬁ?dlém%q both types of

antibotl§- de khowa @fmtﬁe’iéﬂtoﬂ'ﬁe@ntlb@@és des bartﬂ amlyajlassv(er@, igM, lgG IgA, gD,

deri ved fromc rves o tai ned
or 16kt r Koy S BIeTeRBNoRSS] tibiEscr AHOTRYRr AP PPN, apiedies and
mono@l%ﬁﬁlnéﬁlbbﬁle%cééﬁ/ Be (Rinkfated th, DGdR$aRdO oM & cells from, animals any
di substi tuted epoxi des and Vi ci nal di ol athundard

numb(eapf Byriabinalsi (€.bf mammalian) speciepokghdiimals, fap-human primates (e.g.,
monk%y 3 o hné Xod &ﬁ%@ﬂfé’ésg ﬂ brdks 2%6%)§t@a}fﬁélslsheep, pigs, bovine animals

eptan e was s esl se Irect epOXI atl on
(e.g., @bwshbultsorurwpohdiqgg caﬂsmab@ltw Wrb[bs Jraresterse ObEEARIgs, rats, mice,
Y 50% 1H NMWR (CDCI3): S
b“’dsEﬁ.“ﬁ%s-‘?*‘%&j%rﬁr%‘é@%& =Sg'l—|z, co-CH3), 1.25 - 1.30
(s, 3H -CH3), 1.30 - 1.70 (m 8H, 4 x CH2), 2.57

Recor%:bg?aﬁé%Hé@?gﬁs%&cﬁﬁmgéﬁgBEK/B@t%éIZS,OsLCh Zésw%hméri'c monoclonal

antibodies composed of portions derived from different species and humanized monoclonal

antibodies comprising both human and non-human portions, are also encompassed by the
invention. Such chimeric and humanized monoclonal antibodies can be produced by
recombinant DNA techniques known in the art, for example, using methods described in
Robinson et al., International Patent Publication PCT/US86/02269; Akira et al., European
Patent Application 184,187; Taniguchi, European Patent Application 171,496; Morrison et
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acid-catal yzed hydrolysis of ()2-methyl- 1,

2-epoxyheptan e in THF-H20 (Pedragosa-Mreau et al.,
wa2®6)10058he crude product was purified by siliPeFE005001034

chromat ogr aphy (CHCl 3/ ETCAc , 1:1). 30 (b) Synthesis of

2- et hyl - 3- phenyl - 9, 2- epoxpr3§pane and

2- met hﬁ%—e 'Rhen yl - propanediol (i) Synthesis of
., Eurepean Reteat/Aprdisateny 173,484 eNexberopasical., rmhéqppwad@nz/a@essmsse,

conf FERER®, i, 11885 S, Bl S otcor

125 02)31 cﬂB@h@hyUalo(J@Sﬁbﬁace 2A0at a3 eLI(J 24abB13R7)0Q. Ikﬂm[mbl) 139, 3521-

26;SifsCaCBEek) BRSSPSR L ORIORLAOORET 17 o 1005

wOodkmraJ (qea@)emsmre andl, PIRESUSRae i Al.1 (3D88) JreRi Cehder ! 80, 1553-

59; MGtz B0 SRR 285 1SN iRl SbhBtoTarhalayos 4, 214; Winter,
u.s. P%&érﬂm (5\/225 m%nbé\%@b}/ %wtr@éturééwm 2@%@8&%& al. (1988)

boilin the m xture vv|t hi'n thirty 'mnutes

ScienGa S, |1%ﬁ c@”ﬁﬁ‘r@ﬁlélﬁﬁ@t alTh 988 de tmbnlad4 1,6¥053t@D. st i r
gradually 5 reaching roomtenperature over the course
of an hour. GC analysis indicated that there was only

Also usaiYd ton thaingenlivraaretdritivody frggmeRts aritbderaativenttat icbeta(rBék least the

0 g o) o BRBLTL U L AR B s o = o

polypeptidé hekntibpdy tfnagmenfs tnaﬂroogwm mr biridihgy dSHh&mbor ﬂﬁi@smoleagle can be
0.93 was a d bef or eg} §anvers on
t

Generdigs oy, P, FROMISES  § Sl PITEYIS HElide; Bgearerpgt imied to: Fab),

fragmefitX thét &anase plodGest b 4 & t
ragméf et e cnﬁﬂgf s b ?p@p §&oR df%tlﬁé’cﬂy‘ﬁ{oleéﬂﬂésmF%Q fragments

acetate and t ani c
that cap r?ﬁoa@mﬁrateéiobmr@aucmqriae Shsidans bﬁﬁ@%% oﬁgﬁammgmﬂntsn and Fab
fragméht§ Wt '&gﬁ nefiefB ttt‘e%ﬂngfanﬁl?]&}ry mBfeth@d %v: h e;gfpam and a reducing

nbi ne ani ¢ pha concen
agent. y§eeowghé{%nogblnetntu@$@fslmm dnCurrehterofOL‘e@ Innm@nhatod/, Coligan
of ;e I e W t saturate
et al.2od oo 12 BSOS, IMERRRACE B8 1 Anido FadBitsr BEH, ipclude Fv
fragmepi’nsa,s& dant@ddwmdiduwggmewhla:mtba#epémtfemmmthOnstant reglon amino acid
congent r at ed lLow oil. Purifjcati

reSIdu%'% s Iqlrrgg& Ptag{ntF?( f{%%nu@a%é?%/ d%a sltr}g&e EOWE?WQ chaln tha¥ includes both
the hedvypaaaYighilclZaie ReNAIFE 4RgRAs (&zhe%%nﬁbodz/lfr% \ﬁﬁl‘cﬁ’l t@@%@FV is derived.

ellowoil (bp 73-78 C/ 6 mmtHg, 95% urltg
Such enf§ capbeagaduges, ferrian)ple, asdespribed in &), Ea@gt Ne. 4,642,334,

which *'% ﬁ%co%)o?at@él h@rg?\gg@(liéﬂ'ﬁréﬁg H’:] i% %yﬁ\‘ég/d()?@b% %tﬁ%d@/lcan be a

“huma(nged” ygrsiop @f @umqnczgj,qnah esiikodyforiginatisiidepeiated bna diffarent species.
oven-dri ed apparatus consisting of a three-necked
round bottoned fl ask equi pped wi-th a magnetic stirrer
The altrare-desadbed mﬁb@dl@pgni}e .asa[)%(brca“rﬁi’:metydof pu(;posb?s mclu&ilnogl;, but not
- [ e- equal.i, sin r.oppi unnel, an oubl e- si de
imited 3 PEBHEChARtYS PR BB uddeton. Aoy eREB VS reU .
nitrogen atnosphere. The flask was charged wth
nesi um turnings (15.49 64 nol ) and anhydrous
The foF@?PSW@WBﬁ?&&ﬁVQ%GHWte ’P%HWO%I%HVQVE'OO 'Cin 25 and
i ce-water bath. Bronpbenzene, (8.50 cn8, 80.72 mmol)
was then carefully l|ayered over the nagnesium
EXAMPLESi ngs, and the nagnesi um scratched with a gl ass rod
toinitiate the reaction. An orange patina formed on
t he scratched surface, along with the gradual
Example 1. Materials and Methods

Determination of concentrations and enantiomeric excesses
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evol ution of gas bubbles. Stirring was carefully
initiated and the cooling bath renpoved, although
wea0enmEB7 cool i ng was often re-applied and r enPUBIB2G/001034

noderate the course of this 30 exotherm c reaction.

After ten mnutes, additi ond?P bromobenzene (58.57 cn8,

80.72 mmol) in anhydrous tetrahydrofuran (225 cm was
Quantitativediatieropnitivastad theheomagurds and detetrmrr@tuoo@é enantidiognic excesses

c

in the ekl SRl F I B Plls 10T el Lt St B9t Momatography
Gas chmemadddrpoh(@lrC)deas pOf@theadn aO—i@ilemﬂa)ckand @890yghsotisomatograph

eauippegi BT SoErBLan st VR ab oyl o LasiiBsid ohlE spantiomeric

excessRROMbF A-MeiHyy1/P- x?ﬁe[ﬁéhéfar@dginﬁétﬁﬂ -pegrptanclr V%U%&formed by
result in refl ux the mxture if left WD 2005/ 100587

GLC upiny/ 3 BredsiisadBEX 425 grelndexdn capilpey erldmpditpelcPB0 m length,

' 0 1 L e
25 mot1p dpfics? LAPARC AR o Bt MR e o gpaimained for
5.6 mhwshahdreasetf L0rlirate & emSserhiifle BUSPRESI Y maintained at this
Addi tion of 200 cnB of distilled water and mi Xi ng for

temperagurei fan B minwges.ovidig nefentiondisees &piay) avererms ﬁoﬁ@wat RidiR)-epoxide =
0 an ass, ¢ dr yi OVi8I H¥B eS|

53, R &S)t %ﬁoﬁ%enlts;%éﬂgo |dr|16*vacﬁggga6e(|:§8‘?&ght Qﬂflﬁaﬂon of the

enantidtheripr exesgses ol L-meffokBemhenyht 2repmxptgpaine ands@enaﬁhyl 3-phenyl—

prover S A Rbroh, by EO TS SRS BERELTD cypiopn capitry

columr ](%5;3@@0}3 308W) I, i 39! mhedDasngd 24 eah ﬁl'rﬂ thu@l@n&%) 62The initial
, 95% purity by GC.area %9. H (20

tempe@[bmea)f 80°Cwds maintadined figr, 23 rT[%@Jt(aQ,anrlaassd ata. ra’@df 4T per minute

to 1 60£¢’| e?rjd ggmtﬂlgg §€'H’?|so te(mper’atunl for ’? mlnu The reg tlon@mes Pmln ) were

as foll6\ae:- R ﬁfwidﬁ)bkrd% @er'Rthg—'d@bﬁﬂ@rE%ZOg RAS?@WEI an79f R, (R)-diol =
y]

net ha | benzene
48.0. Qopgeniations i @ppﬁ@em apdi ca@lsmesrdﬁryed cfrozra) catfrptiem cyrvgs obtained

from ef(médb)ons %?Ei SR dﬁr[gi gl f‘r'érg‘?ﬁ E\Zth%@oséﬁcé"of dactlve cells.

ree-nec ottone was treate
osmumtetroxide (14.1 ng, 55.4 nol), stoppered and

Synth&dis dr49c 3lo IR HATRA Hokided Qhd SRURL did1 S8 &tardd®

chromat ography. After this tine, all the acetone was

CR i Pk S R

rac-2- rﬁ@ﬂﬂi’yl—'ﬂ ecpoxgiReitand has eyniER cdrbyedirowt bboﬂaﬁtﬂﬁ%ﬂfcﬁé correspondlng
phate and concentrated to a brown oil, Thi

ameneﬂ’é‘ﬁkénﬂ%@@%@ﬁ“@'@?@@ ipfdrg GHizCde- W el 80%y HMR&Q@%) 6=.0.8 -
1.0 (t, P IEPRS G BRSS! g(?;od(;”%flaegfﬁgj Ofia-l 1 7dHn® 8BS x GHy), 2.57 -

recryst Sed”from
2.65 (degxahed =069 &ldl5 25 Het oG phémathyld], Zhebta@@drw des synthesized by

acid-cq(t/\%%gcgc; hgdrfg/g% igz_)qr%le%%hesgmpxy&epta@eg@ T(-&f -0 &Pe@ragosa -Moreau

et al., 4@9@  THe §r%d(a]pr58ucq aﬁ%? 2 %Hl%‘% g%ﬂcﬂ?‘oprﬁtog}a&ﬂy RL)HCLo,/ETOAC

1:1). Preparat| on of frozen yeast cells for screening 25
Yeast cells were grown at 30Cin | L, shake-flask
cultures containing 200 m yeast extract/malt extract

(b) Sytidsisrahad-mmethy(-3%heepist, 2epoxprdpana Yed-tmetwt-Bastenyprdpanediol

(i) Syl%%ggig%? rg\c’é%)methyl—&phenyl-t2—epoxpropane: Methallylbenzene (115.86 g, 0.88
mol) was dissolved in methyl alcohol (460 cm®) containing acetonitrile (82 cm®, 1.58 mol)
and anhydrous potassium carbonate (24.53 g, 0.18 mol) in a one litre round bottomed flask
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suppl enented with 1% gl ucose (wWv). At |late stationary
phase (48 - 72 h), the cells were harvested by
we@essnodsegati on (10 000 g, 10 min, 4C), washedr@i/1B2005/001034
phosphate buffer (50 mM 30 Lﬁl-l?. 5), pelleted by
centrifugation, and frozen in phosphate buffer
containing gly cerol (20%9 at -20C as 20% (w v) cell
equiPRRSL i &i raﬁgnetrﬂfélrr@ébﬁé cRBfeNsAr GNEPresTUrewARSINgrEaPRINg funnel at

room f@rﬁﬂé?é’tfuge %ﬁ?bééﬁ&&%xrﬁ%%%% gf"‘r‘g\'égé’ i fop Xﬁ'xasv)éi ﬁ%l)a\bgs then added

screeni n
ina S@ﬂmtstr@ﬁm quztauq)i?wtnmgdtesocwaimmapomian@cmt b@thmgmf the mixture

thhmgtfgllrﬁp n‘ﬁMJ\QQ &Ogééég 5(? mé?‘&l{;{thor‘%%’ ?Oa]cgéﬂ f\%/%'??’ I%@Otgo ir, gradually

suspensi on Yo W'V hosp
reachipgl réof) tenTgiimramamenome oowserafsankogr. IGC wealysid mtic24d that there

was QI S HPHPrO RS S5 ) R CBrRPTF i ddD Gt e mol) and
anhydeb® pdtasdianhni cafboe £24246!3! ©dshiolTvere £8ddd NS %lxﬂMPé Ghd another
Conpounds_were vi sual i zed, b%ﬁspragl ng w

porﬂowﬁ.hmr%é%ﬁem@% kysgrass. ORe@Bti BASINLY WS adﬁa@ as before.
Conve?Q@Hﬁ%oGpr?B@éE Itc§3‘|70-@0@/5; tfﬁ?éﬂ?tﬁapmté’\@{ ee"fﬂls%‘w?(ﬁﬁe f(was placed in a

asymretric hydrolysis o xi de
separafingl fsne!, dissae witbAO0i ansofiaihyd acetgie and dh@omnlmcgmowt isolated.

The a??%%\f \;))htalkgqﬁor erW{e& r\Nl’Eﬁ” efLmhteﬁtZ%OCSan ;?otl"ﬁ&? %?f'eqm acetate. The

0 anal € reacti‘ons at
combined toagaréc phases weomﬁmenl@ar@en’ea’@ld ipragelthw defedogdrieaus suspension,

a4 48] B of o GREL, PR SO 050 BOCHET B0 sqvens

potasgiin wbanﬁé aml thé %@lﬁ@@bﬁ@ﬂud phasd tifed videl lhagnesium sulphate and
ensi ons 20% or 50% vv/va were placed in

conceqiatag g oclat Yoy Gl FIvFERRIaN % HETANORUE Ve oeigid rac-2-methyl-
3- pheﬂ—)hﬁl %Békmbsar(el@i &g 92 25@/0} aé?é p%le’- |{oW ¥l (bb7378€K/ 6 mmHg, 95%

tronin i nal concentratlons

purity bf’ %al’ﬁﬂ @0 *5(02%\/{\/‘ @DCH”BH §3é§H\/\brr@ a@dSt(dted. 6A.03, 2.70 (1H, dd,
%{ba(lj 1l
J48q ocgﬂversm‘ﬁfs(p’&y?1 %p %&ls_l agéquﬁ)%g\%g{iz%l?%o (SH, m).

wi t hdrawi ng sanples (500 |) at appropriate tine
. o Lpterv , Iesweeext cted with 300 i C.
) Sy Behera TR A8 6ok B Znd e sl ah dhres necked
round Itmytemedaﬁmskréc@@b@demtta@hﬁdgmt& Mybantivd blf%stﬁﬁ,@ﬂip@t'si a 200 cm®
Qn o

I d by chir rm nat i
pross ABRglETEnG SHPPY08 U 1 AR 90 ARKR GBaSPTSst ebs cooled fo

room %%ﬁiiélﬂﬁﬁe @Y&férrlﬂﬁrb latrdb&Preré a¥he flask was charged with magnesium
2-net h epoxyhept ane and 2-methyl - 1,

turnings h@p‘{%ae@ﬁ& mol3 apg eohydreus é@tfafg'@r%fm%r@%@a & Atigraed to 0 °C in
and ick fv%’féﬂf 2l tﬁgm%béﬁ%&%e@rﬁf&ﬁ‘? 0. ffﬁn?c?ﬁ& e"ﬁn&r?f ﬂ)/ layered over

enantioners on c trin colums 1z e
the mag%glum(wrmagmamwtheznnamlm smaéplmcbmmaaeglwsdrod to initiate the

eaco, AR edad B, BURRATEC o IR SuFECL) AR e racia
evolutiepoai das dotbidsol S’ur&ﬁgamamblammrySmﬁmt@y@hddaﬁtddonng bath removed,
althougﬁltegmgﬁlagﬂ%hxg {\f\léafslr%%n% pggg%nglgrgpg{yﬁgg Lﬁeﬁ@tetth% course of this
exothdtrdd YsHEbY S IAFte ier? mimRitby | additRhenilordobEne BRX PSR BARES, 80.72 mmol)
in anhydrous tetrahydrofuran (225 cm®) was added dropwise to the magnesium mixture
over an hour with intermittent cooling. After a further hour, by which time the reaction was
at room temperature, methallylchloride (59.90 ¢cm®, 0.61 mol) in anhydrous tetrahydrofuran
(100 cm®) was added dropwise to the solution over an hour. A delayed exotherm occurred
about twenty minutes after addition began, that could result in reflux of the mixture if left
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by yeast strain Cryptococcus hungaricus UCFS Y-1346.
(S)-2-nethyl - 3-phenyl -1, 2- epoxpropane: [a]220 + 5.0
W@ 2008186587 MeOH) (Orru eta/., 1998). Optical ropPEl/IB205/001034
was neasured on a PerKkin- El ner 341 polarineter at 589
nm(Na line) in a 1 dm cuvet®e. 35 WD 2005/ 100587
PCT/ 1 B2005/ 001034 44 Cul tivation of Cryptococcus
unchehmwa?rhleugaq carihed MBtteyodling do Edout €8 badwingoadslibact Bne reaction

r {
was %H) setd Fﬁfgoﬁo{egﬁ%t‘uﬁe nOS"%6OCfW l'{lo%é‘ rffa ’&Eng a dense white
suspeomenpmesmmeofozocseﬁﬁmaﬂstmmvmm aredintixing |f|@' 3@&@&@:&3 followed by
ssol ved .0 5 conti usI nDnltored and
Phase, seral ot dSRET0 A L (ARG Hpon G MR TEAOTERRM suiphate and

conceﬁiraﬁdrﬁlh vashe geve Allight BrwWrAsiE T%%r@@ﬂu?@bda@%;@éatéd 2oncurrently in a
"1 by use of a mass flow neter.

secong e Agd AP recambiBed o8NS residss wStﬁlﬁeé At ta dwief forerun,

t 0
e 2P oS L 1) Bas RPRIGE ap ciolr G (BB 282 (E519 mmHo, 05%
purity by G@Faéea%er 2Rk BHZ, LRCIBH AcTA-UTB((BB1, 98), \B.39 (U1, €. s), 4.78-4.83
u r ransferred into a 15 |
(15, ngfgo]l%% JB?@Q at cl\{ggzéigthg cbn§ aining 6 1 mxture with
the following conposition (per litre): citric aC| d,

(iif) éyfg?%is XF astoext h@é bg%ﬁ'd é@ﬁ*‘%\%gyp&( ?l?sglbm%% oé methaliylbenzene

(20. 01N@C|015) rdoly; ach'Rﬂ%etMnérphbhﬁ@W—tﬁM@@'(QBB@ng I)ZO nidl) in 7:3 (viv)
ace el errent sol u X oam (Pl uri

acetorpe waieh solugos (gp2 cgh}j lrge Jl&r@@gnecggd éou%bqjtqfe@g ga§lg Wasytreated with
osmiuf @ro¥as (1£4 rh@ %‘hrﬂﬁ&b %t@pﬁe?éd! QH@'stn%é}“éPﬁfom temperature for seven
concentratl on of ter the hase. Sugar
days. ff bedeavéﬂgn§tn§p@r@§sm§nﬂ@w@r§®@argaa@mahoaf@mee\ﬁerat@@dhme all the
acetor@wra%\c‘.ﬁ‘fp' 8p oft'AS/aLA0LA efc@reoatg gﬁgé’é %a@?e%(%%tteg%th ethyl acetate
ua ucose concentra
(2 x 2R@scrhyr \ﬂastcemmkmed enganic l,ql;‘aseewveaecdrfedowéh radgne3iunt suiphate and

ate bhuffe H 7.5 cont in cer
concefiiFRR B Cordly GLANC od srmeckelShyprrdi Pl 64 Wl ety acetate as
the mobidbesraisdo affording AB'yetiow” 681 Thier wad\ rfecry@talhe%@lh’l’roMEQ% (v/v) ethyl
from speci ali sed ec cal _ni c

acetatpgrale e WP RTINS AEaMeI | CharoPRURHIDE U555 25 Hobl 8 colouriess

needléshﬂ(zeel Rek] @by3)f 017 $818.Cd)f 2@4({@9{%)‘9% ] (ﬁ@%'ﬁﬁzy P89 (1H, d, J
Croor ganl SI’TB can be det erm ned 7%1enw ronrrent al
1 F:

13.2), fBa&ﬁ @5 dsddA (Hs3t5§r(gbblnérvl1&ﬁ) en@ fBAt8HoM)hi ghl y
contam nated soil. "AB' and "Al?' strains were
i sol at ed from Cape l\/bunt ain fynbos an ecol ogi cal
agation offrore gastce "Car" st rai ns
were isol at ed from SOI| under p| ne trees and " Poh"
strains from soil tam nat eo&f%g h concentr.ations
ha a

Yeastoqelléy\gﬁredgrowr@ %te% ip it dy § Hllttgeg iniggs200 mi yeast

t ﬁ?ﬂaﬁté £ n l 1 %
o) o*geg*zﬁ@?ﬁza@eﬁ"e@a%f%% i i, 1 e

SUPP'%SW”’@%@Q@ Hevglheeseatvyy). dAt iteséationsty phase &idd- 72 h), the cells were -

o8 5838 0. IR S E AR AR el LG pter o0 v
pH7. SWdlaﬁed tQOctérﬁr(bﬂJgafbrt ket frigren ih phbsisteede bofféheontaining glycerol (20%)

reenin | ayed activity and selectivity for
at 20° as 20% %w/vg cell suspensions. Theycells were stored for )eeveral months without

significant loss of activity.

Yeast isolate (strain) screening

Epoxide (10 ul of a 1M stock solution in EtOH) was added to a final concentration of 20 mM
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2,2-disubstituted epoxides. Strains belonging to the
speci es Cryptococcus curvatus, 35 Cryptococcus
w@odzahiseus, and Cryptococcus |laurentii were aPCT/1B2005/001034

obtained fromthe environnment (as descri bed above)

and correspondi ng strains w8Pe not either not

avai | abl e WO 2005/ 100587 PCT/ | B2005/ 001034 45 from
to 500t ;hiecéneaﬂﬂpeﬁ?aibn (26 %Cal/V Jeiot praysphatedbufferofS0dindpl rty 7th)e The reaction

desired s ernore, _the ai ns
mixtur g g | PRSI Aol RAtOURIE' F JUES ¢ BG4 O f%xtures were

I 0

oxracBBFEP LR0NaRELNALOBRD 1ceR At s igfhiod by i
(silica tgek M;carme 605 pew). e Cerspolraise wiess Ivistalizéd byn spyRYing rwith taeillin/conc.

25043y eBtrefi iR ke sDaved SbHRENS, G RrfEfch,sre ovaluated for

asymntbtric ydrolgsiolofsine epodd@-isli shibalt G edalysisoxiStese weaetions were

entified b bi oche characterjsation. 0
repeath LIS A RISHEDMEREN Wi d108 RS Cal SUSRaRyRs Ep%euiy) i
order tb‘énﬁ%lsé%lé Rlactige ki Suitedld ﬁhv@kléﬁquence anal ysi s of

1/ D2 region of the |arge subunit rDNA. These new
i sol ates were deposited at the Yeast Culture
GenerfPhl 00 6 1R diBIve 8F b BbubBiufaRgBxfdaee State
C S) and assi gned UOFS numbers. 10 Sone of
i sol ates were al so deposited at the National’
FrozerCykhsic telsnwefe Yemasdd, Cubshade svith( N@&D)w,até\l@uﬁec I(150 WnMt g 7.5) and

eI EE N otk 1800 AP B S9U Rl et n 20

glass B&HHEE AHHGHSN cBps fittdAdeth $§iRa cPnd sabstafte 1 6d eF an m of a 2M (V/v)
pronoters 15 1. Vectors, Strains and Primers (Table

stock § Folutionin eiianglr was (dsedaioe figadinernsentatians eheOEmM or 50 mi. The
le’[UF&é) ngre aglﬁggg ohtd Qﬁal?Hﬂl; %ag%oc%tﬁ] At BRSE Y b%?rse %?@ﬁé)f)ﬁconversions

term na eta regi.ons ananyc

of epdxﬁﬁsanamtfcﬁloﬁuw tby \Aﬂtthdfavaad; ezt piss (mpk)mipapp&u;bmm time intervals.
cloning vectors (pINA 1 pl NA 1313, plNA 3313) wi t h
Samplgs fwereyextragiRe iHaP0% ¢f &é@f\sn AREF »@@Ptr@&?éloeam th@: 2 min), the

organik Ve}))ey wald e Qﬁ/@} aHﬁﬂf’gliss mgls‘?%fanfdrﬂ%@p?&ﬁjc%?’al%zed by chiral GLC.

ection mar ene I -copy auto clo
vectors (pl NA 1291 pI I\IA 1293 pl NA 3293) wi t h a
ds : :

dlst bsti uted epoxides

and rdslimléllla@slssel ecti on marker gene 30 35 V\D 2005/ 100587
PC_T/IBZOOS/ 001034 46 Table 1. Vectors, strains and

rimers
(a) 2-nr1)ethyl-1,2-epoxyheptane and 2-methyi-1,2-heptanediol
Absolute configurations were deduced from reported elution orders of the epoxide and diol

enantiomers on cyclodextrin columns'(Mischitz ef al., 1995).

(b) 2-methyl-3-phenyl-1,2-epoxpropane and 2-methyl-3-phenyl-propanediol

Absolute configurations were deduced from reported elution orders of the epoxide and diol
enantiomers on cyclodextrin columns and verified by comparison of the optical rotation of
the residual epoxide formed during the biohydrolysis of 2-methyl-3-phenyl-1,2-epoxpropane
by yeast strain Cryptococcus hungaricus UOFS Y-1346. (S)-2-methyl-3-phenyl-1,2-
epoxpropane: [a]%p + 5.0 (c 0.25, MeOH) (Orru et al., 1998). Optical rotation was measured
on a Perkin-Elmer 341 polarimeter at 589 nm (Na line) in a 1 dm cuvette.
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DescriptionC oning sites Selection Targeting

Upstream down: Vectors Pronoter Reference/ Oigin
worenokaeos8equence stream pl NA1291 Prnll (bl unt)P¢T/1B2005/001034
Bar nHI , hp4d ura3d4 none Niggud et al (2002) (pYLHM)
Kpnl, Avrll pYL3313 (1313) Xinnl (in pro) | BaniH,
_TEF ura3d| none Th| s study

ura3 302'7uxpr2 322 ‘axpl 2 (deleted for bofh

can b6 Ao AP y LT P AU BER g volame 1
L). AnY levfevpsieé'?suréﬁﬁ 600 ofdr GEs epplidd B tb§E@astr NDiskbjved oxygen was

ST Sl TR S s LR gy e i
speed? Alrﬂ%T AR Coroe S F ¢ %Bb Qﬂsb'pofla (nﬁ@@ fidlv meter. pH was

V NO 17) PYLHMA fwd 5
automemglw mgintgined (asé@g Hﬁnﬁr@ bng)e ewmgwqﬁﬁ%m W@Q/ m Excessive

foam %W%ciﬁ g/%aggﬁrergg tgggq,r ansgf §ntlfgér‘ﬂ5(Pﬁ.|r PEQ0oB) NO. . 19)

. or mant's ti -copy and
single-copy) 5 YL Transformants Gene origin TEF

e A o Vet 100 -1 v

transfé&hed agoer 1 8l lBraurt Siastat 0dsorebCIs cyn@ihildg 6 IYhix@92 Withthe following

ompgmhggggq%ﬁ'lﬂg iﬂﬂ%o’?ggggénﬁg% fiﬂgg )(NWBE(%QA%Q g7 KkioPOs, 11.3

g Mg%%@%@@@é‘@%%@ ON8YE: RAGBD. hgAdRDHNMB. &1 vitamin solution, 1.7

Vect or

~ ml; trace element solution, 1 ml antlfoam (Pluriol P-2000), 0.5 ml; and glucose, 20 g.

Glucose (60 % m/m) was fed to maintain a residual glucose concentration of 5 g/l after the
batch phase. Sugar feed was stopped when the sugar uptake rate decreased. Culiivation
was continued for 12 hours after the residual glucose concentration was zero. The biomass
was harvested by centrifugation and frozen at -20 °C in phosphate buffer pH 7.5 containing

20 % glycerol until use.

Yeast strains

Yeast strains with screen numbers donated “AB” or “Car” or “Alf” or “Poh” were isolated
from soil from specialised ecological niches that were selected based on the inventors'
belief that selectivity for specific classes of epoxides in microorganisms can be determined
by environmental factors such as terpene-rich environments or highly contaminated soil.
“AB” and “Alf’ strains were isolated from Cape Mountain fynbos, an ecological- environment
unique to South Africa, “Car” strains were isolated from soil under pine trees, and “Poh”
strains from soil contaminated by high concentrations of cyanide. It seemed likely that
microorganisms existing in these contaminated soils would have developed alternative
respiratory mechanisms. Nearly all these new isolates displayed activity and selectivity for
2,2-disubstituted epoxides, while only a few of the more than 200 strains from the Yeast
Culture Collection that were included in the screening, displayed activity and selectivity for
2 2-disubstituted epoxides.  Strains belonging to the species Cryptococcus curvatus,
Cryptococcus podzolicus, and Cryptococcus laurentii were all obtained from the

environment (as described above) and corresponding strains were not either not available
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YL 25 HM Rhodotorul a araucari ae (NCYC 3183) YL 46 HmA
Rhodospori di uni torul oides (UOFS Y-0471) YL 692 Hi nA
wRh@doeqssT i di urn pal udi genuni (NCYC 3179) WO PCT/IB2005/001034
2005/ 100587 PCT/ 1 B2005/ 001034 47 3. Vector
preparation pl NA1291 (Fig. f@) was obtai ned from Dr
Madzak of Labo de Genetique, (NRA, CNRS. This vector
from thea¥eastGutieie pyliegiianoralid ool display teydesiredeeiaaiity. ofurthermore, the
Y, 0 f L.-C j ratior .
strains{ f50 e, ik g fECton HEPIRLS foullq bepe%%%éé'ﬁ(é%c?e biffoaly active
epoxidmsargﬂ#cmm@le drdny 2t hdisulpstiuitd repoxiies Delargiedrin wasst rceeasm&dthe same

svecol e s HBEIS i ) 8 BT SRS, okt

produd&ais epmcemgcmme Qip@d@ﬁad)r) vickfal Bvol@ fcﬁ@iﬁ@eh)td?@lymgcéfOQQ disubstituted
an epoxi de hydrol ase codi n%h sequence

gat |
epONdcaarW%?H%nﬂf ﬁﬁ%r knqvg B@Ceﬁw@é%@rapwrwatm Wi yQCfSC and most of the
:solate@%rws&b@ﬂé&téé t&‘”nﬁé]e&ﬂ@?‘ﬂdeﬁ%aﬁ&ﬁ |b|g eﬁuehwglﬁét sis of the D1/D2
arati on NA was 1 sol at dsfromse g C?
reglonyféat ¢ layge @th@lé rDNAaﬁaesmags\yng@ateamer(sm;slte@@t the Yeast Culture
Colleci%ﬂ b ’ﬂg%ﬁérgvégo n%{)f chI@raW§E&f\%m?%§%gn&% b@%& (LeJt(ﬂ:S numbers.
Some td@eorsolpt%swereﬂaésocd)b{ébaﬂad athtére NationalsCalldotiop| aft ¥east Cultures

Y, ain Reaction (PCR) using appropriate
(NCYCEF)I‘ W'QL %E?Oz&in%?@ were sel ected 20 by repeated

experimentation using nultiple test priners for each

e- t train, the seouences of whi ch mere based on
: filg |ty : vdrglases in

Yarroﬁ:aVlﬁSdlﬁi:&(a Q§ ﬁ@@&dﬁ&i hEB?uHHét‘ ﬂ‘ﬁet écﬂﬂr&%ﬁﬁéfeﬁtgrohﬂﬁers
forward and reverse prinmers used o generaie CDNA

codi ng sequences from nmRNA from six different yeast
triction enzyne
1. \féggg*géqn?ttﬁ%#]gpaéﬁsmg?fs{ﬁ%ﬂéﬁrm ni are shown bel ow. 25
The folewing teaiwes ene ywommaert dg rilt the nE.sefiiéntmsytmacauto-cloning integrative
vectoré‘gg c§| ined and the relevant restriction enzynmes are
OWni in parentheses. 30 35 WO 2005/100587
. LT tdrBatd5y 001034 48 Yeast Strain Forward priner
Reverse primer Rhodosporidiumtorul oi des NCYC
*  ZSIRIYITISATGECGACACACA GACCTAGGCTACTTCTCCCA 3181 #1

. tora ﬁ%ﬁ%@%ﬁéﬁﬁ%é%ﬂ%ﬂ) Rhodospori di um

. mono-copy auto cloning vectors (pINA 1311, pINA 1313, pINA 3313) with a fully

functional selection marker gene carry the fully functional ura3d? allele from the URA3
selection marker gene

° multi-copy auto cloning vectors (pINA 1291, pINA 1293, pINA 3293) with a defective
selection marker gene (copy number ampilification) carry the defective ura3d4 alléle from
the URAS selection marker gene



Y-0471#46 Ci yptococcus curvatus NCYC 3158 Car054
Rhodot orul a araucari ae NCYC GATTAATGATCAATGAGCGAGCA
W@AOSTAGET CACGACGACA 3183 #25 (SEQ I D NG 22) PEUIB20oIB01034

(SEQ ID NO. 23) (BInl
GTGGATCCATGGCTGOCCA ( SEQ GAGET

Rhodospori di um pal udi genum
AGCTCAGGCCTGG  NCYC 3179

#692 | D NO ;:24) (SEQ ID NO 25) (BanmHl) (Mel)
Table %M&ﬁ@fﬁj(ﬁ@’gl%@f@@flnﬂerﬂCYC GTGGATCCATGATGCAAGG ( SEQ

GACCTAGGCTAAGGATATT . 3167 (#113)

I D

NO 26) (SEQ I D

NG 27) (BanHl) (Bl nll Each PCR reacti on contai ned 200

~ pM dNTH

O

’Q)es&ﬁ»ﬂmnM of each .primer,
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f ol | nwpds %@A?xiéqi%TApﬁ)((}iﬁgﬁ?%Eéat 72CHtOL 2 mnutes
,followe r ' §:3' 20 CI%,I pdyct s

PINAZ uri fi éc{smd)ldog@st ed with the relev res Fi c%%eﬁpnmer
CIILyIICO 1

Pina-3 and was Srgg%T ? tha?l éﬁcl nto the pr £L8vd ¥iget or .

ket p

5. Prep

a(smmow PYLHM or pYLTSA constructs

25

VetrtTor
3:1 -
2.

10: 1

and T NSert

(insert:
TiramsfaBaGots (multBdopy and single-copy)

wer e Tlga[ ed—at

vector), using WO

pTTOf

end-—Tatios
2005/ 100587

of

YL Transformants -

_Gene origin

TEF promoter . Vector: pYL3313 (1313) (pYLTsA)

YL 25 TéA Rhodotorula araucariae (NCYC 3183)

YL 46 TsA Rhodosporidium toruloides (UOFS Y-0471)
YL 692 TsA Rhodosporidium paludigenum (NCYC 3179)
YL 1 TsA Rhodosporidium toruloides (INCYC 3181)
YL Car 54 TsA Cryptococcus curvatus (NCYC 3158)

hp4d promoter

Vector: pINA1291=( pYLHmA)-

YL 25 HmA Rhodotorula araucariae (NCYC 3183)
YL 46 HmA - Rhodosporidium toruloides (UOFS Y-0471)
YL 692 HmA Rhodosporidium paludigenum (NCYC 3179)
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 (Yarrquja g LinalidicR o $XPESSSIORe VBRI e Wit

conmerci al T4 DNA Ligase. Ligations were

el ectroporated into any | aboratory strain of
wEs@hkanisehi a coli, using the Bi o-Rad GenePul sePCT/tB2005/001034

equi val ent el ectroporator. Jransformants were

sel ect ed on LM medi a (10 g/I‘ﬁyeast extract, 10 g/l

tryPt one, /1 NaCl), supplenented with kanarrym n

I’el{!ﬁﬁﬁﬁatloﬁ ansformants were sel ected based on 5

restrl ction enzyne digests of purified plasm d DNA. 6.

Yarrowm a /ipolytica transformation 6.1.1. Preparation
pINATﬂ@Uﬂﬁg 20% asdohtain@dDrae 42 Madedk phéapd & SénétquepfiNRA, CNRS.

is RGBT, Prphpo¥ by AL B0l B B3, win o

promadtbe muld-3d8y (m¥dtivn selectidre Absadtisedrplidnlsighal).nar ker
gene and the pronoter-gene-term nator. Scal ed-up
quantities of each plasm d were isolated. Notl was
pKOV@Ze(Fig.021 Psiasi Blephfs BY amBI iﬁverikérsDNﬁrh@%cfd?eré gsﬁérﬁgd PYLTSA
DNA was run on an agar ose gel. tjé di gests resulted
T gREMROteF, sigle-copy integration
lecttir8 Absd ?éec‘?eﬁtﬁﬂg @4).2210 bp, and the expression
>¢ Ccassetstg a %d I%)f 2760 bp + size of insert
pYLHrrA) or 2596 bp + size of insert (pYLTSA). The

To BRRLCRS ARATRE ATl AR S RS SRR A ence o o

msertfttn bgmptessad lmé’ehbdlya‘rcay,mﬁ/\msmi@eswd afith BarhiHpad/Avigia
Pot h. 20 6.1.2. Preparation of DNA - nmethod 2 Priners
YL- Fwd and YL-Rev (Table 1) were used to anplify the

4, meeHesPpanatiessette. PCR reactions consisted of 200
pM dNTP' s, 250 pnol each priner, 1X Taq pol ynerase
buffer and 2.5 units Taq pol ynerase per 100 pl

Total R‘P\%ng nsolgtﬁa fﬁim |sbfécfe"ﬂt Vet Eg&ﬂr%ﬁ%nﬂﬁﬁgsé’%gggl\?\sﬁwRNM was

m nut es, cyc of 9 m nut e
PUI’lﬁeﬂ fﬁ)mult e Tf@nmmwéﬁr used g9 a tﬁnmla‘@sto $\ithesissl Cbmpwmentary DNA

cDNé\);rﬂélngﬁ)fé\?&&aoﬂa%cnz)ﬁae epgw > cD) tigg%v%% >pT21n &S gg g uf:emplate for

Polyntarages ChaimeiReactioaf(PCR)/uspra) approgridtetprimers. PGR pnmers were selected
ration of carrier 3 from sal non tes
by  repaEteA Gub SimButalon olsihe UG, 65t PRES gfornpah SoRe strain, the
sequemble§ d, whigh "érEdaedansl eVIbey Qiésbﬂbé@%lpbkldémydroiase sequences
grrent s that ranged from approximtely 1 bt 100
from %p(a ¥ sReStess r Agprdveisotide seaugnsesHf téetfanrzmd kqmd rewgrse primers
used g\%eﬁ’@éte AlHo@ﬂwgbé’eiﬂ%h&éé‘ﬁom ARNIURDS 4R rdfffecrér?ti)%%sf"gtrams with
1.4. Tran rmation of Yarrowa ! po I ca
appropjiat MHﬁmnorermesAemnﬂ@oslsﬂeasav thelT/ teBmirh 5AG0 Kh8wn  below.
tat 0g..0 t L
Restr o B R R B sy 10 " pdy e afl g0 JERbant restriction
enzyni®s 4re shioevnyie getrentasseasnocul ated into 50 m YPD (10 g/l ’
yeast extract, 20 g/l peptone, 20 g/l glucose). The
cul ture was incubated at 30C, 220 rpmuntil cell
densities of 8 x 107 - 2 x 108 cells/m were reached.
The entire culture was harvested, the pellet
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5 resuspended in 10 mM TE and reharvested. 1 m TE +

0.1 MLiOAc was used to resuspend the pellet and the
w@iosnemssas | ncubated at 28C in a ProBl ot Jr ¥CEHIBE0)001034

hybri di sati on oven, set at rpm(or simlar

i ncubator) for 1 hour. Transtormation m xes were set
up With 0.5 - 2 ng of transformng-DNA-+ 5 pg of

Yeast Steaiy | or  DNA_wit bl AGNAIDIEET ¢ « 0ot od c ol | o ROVELS erp:

ng;zosngmgzéqmz@lﬁesﬁwé: H GEGGAT Qgrch,c é&?&%ﬁé a Acc] GT%’TICTCCCA
ihodjs a ﬂ&l Sq}(djgg @Eg NogP 30" mi nut es. éfb?ms of
e piglade EG4,000, 0.1 M Li QAc, m\/ITrls 1
C,,ypto u%é;}m;ﬁmei?w 5| filter-sterili sed) werg added to

3158 C& m xed carefully and incubated at 2BC for a

hodot&uz%fb%a; b NOVE . |BATTARESA AT GAGEG8GEAr EdACOTAGBIBCGACGACA
3183 #43eat i ng bl ock f of (SE6 miNoep@cmand then | GESEEIN NO:2®r €
pel |l eted by centrifugation for 1 mnute at3MMB3, 000 rpm

Rhodospdr@ivahaludipatih et s (B‘SMW@EQ}AK%@QJS HhEAGEBAGETCUSECCTGG
NCYCpI79¢#20. The tranpEtu@rdl i ons were pI at ed B QYD NO:25)

Li nol th ca_selec (RﬁwHHI ates (17 o/l —\(Nﬁéllcf
Deraramier byt Babe wi | HOURARGH WS SOAL TN | @@ TAGGCTAAGGATATT
3167t Nba) 2504, 20 g/ | A1) f) se, 4 g/l NH4Q, D&%k no

acH do, 300 ng/ ] i ||c; aud i Ilbu'JLTat l:u d.l 28C—20

Col oni es whi ch appeared on the selective plates after
Each 3’CR ?eé’cﬁb‘ﬁ\ wftambdamm‘ gNr éNTPs 50 e sif gaichtminem@ mM of MgCly,

Confi rpatign. of t at of
cDNAoandp’a’(éw&éAf 8 @ﬁly@@e%%tn @'Pﬁw' g??qﬂﬁa%ﬁﬁwéfoib SR BromS used was:
95°C ?&'@thd‘cgs PloRbREd \e?r batggdCi-nY amip,; BocOT- ¥Yihin, 25°C 2 min,
medi um and gr own 30 200 rpmfor 24-48 hours.

then & vl extspos GG Ter BRRInGeP at o CREroder T maRTigand digested
with t\”@sreeﬁ'fcfu?ﬁ '@%yH@gn\gpkﬁé Ze&?ﬁﬁf@ncs@\ép‘a?é ch§MebAle at hd nd of the

el ther rimers (transformants

primevs. tﬁh@wmagmntma@d@ﬂ%ldtqoa MBciRr apcBFaugnogtidpn eonfiymation.
Each 30 PCR reaction contained 200 pM dNTPs, 250 nM
of each prinmer, 2 nMof MyA 2, genom c DNA and 2.5

Codidg/ Sdipinces td e insdriweinasither P HPOR qoifliTisé, wase preepared with BamHl

and @fﬁgtgﬁg.g $BE8T% ndhei e C RS Ve geriescd i Bpge restricton
sites, urﬂlesssﬂ*ee‘étté@'%vé?é e Frssehli the g&@ttﬁ%eom"seﬂ&il Vif this occurred,
active 2-nethyl-1,2- 35 epoxyheptane and Iy
appropgiaieegArapRiil® |reertﬂ@imn(erzym@swwﬁlseie%%xﬁé%tt%me a&:@DNA was either
the n‘?%gf %%%58%tcﬁg/dlf?&99§4/9§6936r c@NAY ﬁih%s%ﬂefrom the original host

at ed arvest ed frozen as escrlbed above.
orgarisnd- di RCBseatiansdcesistedof 2B0nVhgNTP’s, 256,8)y aagh arwer, 1X Taq

i i R
programnid-Gsdd wes:dbsIC bobmainutes, fudowed bylFlenyictas of@LGiforl minute, 50°C
o 1 SR, SRRl LB AR 7oy LA, Wiy 720 o 0

minutdy. E-val ues vvere calculated fromthe follow g
formulas: In [(1-)(1 - ees)] E = where 4 = degree of
conversion (1) In [(1 - 4)(1 + ees)] ees = substrate

PCR §t8AGLE REIC pErfRF Bind digested with the relevant restriction enzymes. The
digested DNA was subsequently repurified and was ready for ligation into the prepared
vector.

5. Preparation of pYLHmMA or pYLTsA constructs

Vector and insert were ligated at pmol end ratios of 3:1 — 10:1 (insert:vector), using
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Inf1 - ~(1 + eep)] 10 E = where degree of conversion
(2) InJ[1 - 4(1 - eep)] eep=product enantioneric
wezx@sae058n eep(l - ees) (eep +ees) E = wher e PEFIB2005/001034

substrate enantioneric exceséf%( eep(1l +ees) eep =

product enantioneric excess (eep + ees) 15

Enantioneric excess (ee) {([R-[S]) / ([R+[S])} x
commexgish THHENA Lfigaseanbigatipns @@r@s%mtronor@eddnteeﬁw atiooafery strain of

he 5 a erpant i bs r

Esché?fchiap %:UC{U% ing degﬁ dIB‘Pdn 'R%ﬁ %ﬁ‘#lg‘?ﬁe%&le éc#ufi\%ﬁeﬂ LiBEtroporator.
Transmm@ntsaa/@"emelecﬁed pmhcﬂ:ﬂm’tedlas(‘l@(g/bmasabxhuac;tt €0 g/l 29ptone, 5 g/l NaCl),

oo, D1, FORUFLEA R MR ABHrohAE WBLSIA e bosea

restrictieh enryme digestd ummfati@tdsmne@m om ees and conver si on
(Equation 1), eep and conversion, (Equation 2), and
ees and eep (Equation 3) respectively for strains

6. YaAdwia lipblytiapaiiarédmatien Most promi sing

enanti oselectivities (Table 2). If the degree of
conversion 25 can be accurately determ ned, E-val ues

6.1.1.C2l Cpcpatidh SFDNA — tnﬁ@tﬁ% gefluations shoul d be the

same, provided that the reaction is irreversible and
DIQGSH@@O&émﬁs@dPﬂArﬁeﬂ%dﬁ yesseids Woithre Alotletesalted il Y8 yelease of a bacterial

DNA-L $x6A8 o\r}gérgsﬁe I%cﬁg%ﬂngethgq% adls! (pg@a{;@b f.the ura3dt (pYLTsA)

markemgamelasdd)hne pmnhctebgeni@teenmat@d with high accuracy. If
the reaction is not regioselective, E-values are not
appl i cabl e, since E-values calculated fromees and 30

ScaleG-OPURBILiHSs 8Ndath PAsERPwans! iSoMEEr NeINwhk lusedith fr@étnct the plasmid
substantially and highly erroneous results wll

DNA, gp¢ e digested RINANvasi rUn ke an@oaiAse geklc¥olb figents r@ﬁ@f@ddl@ generation
of the'b%c%i"bﬁﬁgﬁﬁeﬁpbﬁ l@i\é/' 6‘&n"ﬁd ‘sta( Basd Lt 2%19(9 be ?rt eg{ébé&sﬁreV;sswn cassette

he ee of hi gh,
asa b@éfé 0ARA6Q @nv*eslge@nﬁ lnsml (p%md\bhrezs%bm +tdfiessof ioperh(mEdisA). The

expre%él?cgﬁ;}cﬁgscetfénﬁﬁgﬂgxﬁr\%r%neﬁ'nsdedf erﬁWef?n%S (Qnéjnoe gﬁnf er? 1%‘@ the agarose.

yi ng e of ‘regiose cti ¥
The purifed! ffagmentevasyuidiefer sandfodnation of \hll@blyﬁ&a Eodhti omeric
purity, which is difficult to obtain in high yields
from enanti osel ecti ve but WO 2005/ 100587
6.1.2. PCT/H’:ﬁ%QG&ﬁ&Ob@MAEJZnétﬁ@HCRSDGCi fic reactions. On the

.ot er hand, .| is enantiosel ective but not
Primetssy w\a a9 YL dey Hea Eee )owewademrﬂp Ry therexprassion cpssette. PCR
reactlch% Soridistadnior QODW INTH's 1280 Hhidh chek %ﬁﬁwer"‘ﬂk'T&hepé@Herase buffer

and E-val ues based on ees and conversion Wil
and 2§ lgﬁférT%mymﬁw@ mﬁjtwonddeacﬂmm H@a@ﬁuﬁ@am @rr@gremme used was

0 PEgY Yy
95°C %??)eﬁqlqrgg% ect §8§g?10%% E 'q%%ég for t Wnﬁutte %ﬁg?@oo for 3 %
minutes, femeedj@yl a fhmaglazx’eamanm zﬂm&ﬁ(}: fqnurlﬂ)trymutes The PCR product was

purified from the PCR reaction mix and used for transformation of Y. fipolytica Po1h.

6.1.3. Preparation of carrier DNA

DNA from saimon testes was made up as a 10 mg/ml stock in TE (10 mM Tris-HCI, pH 8.0,
1 mM EDTA) and sonicated to result in fragments that ranged from approximately 15 kb to
100 bp, with most fragments in a range of 6 to 10 kb. The DNA was denatured by boiling.
Aliquots were stored at -20°C.

6.1.4. Transformation of Yarrowia lipolytica with pYLHmMA or pYLTsA
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Conparison of E-values calculated fromthe different

equations can thus be used as a qualitative tool to
war@bigemsst he enanti osel ectivity and regi osel ecPCWiB29050701034

the reaction and to nake a%%ropri ate choi ces of

bi ocatal ysts for the synthesi”s of the desired epoxide

or diol enantioners in high yields and' opti cal _
An adgpigitioy of e Tagthed of Xusnse! 8t (188} wasaysasy tar shg deansformation of Y.
S, | l Y, o
ioob TR, The ERRNAERAISIE I S92 R g Fey Bt 20 o
peptorey 20l Gotess)i vaeycultwe was inlblagedt atEmj’Q @20 Dpralurttil cell densities of

o 10, TSI 90 G O R gt T ek e e

resuspbnﬂedl(ih 10101 BE aadeehawastéans RLTE +20.69 LAD AL WasNES¥E to resuspend
01701ﬁ3R58 errestris

the pelie i g, iltierees dtsugated 34294 5 PrabRRt Yo (bt Tybdiation oven,
set at fﬂ@‘mr(@p@ltﬁll@r mgat’brﬁfﬁm %ﬁﬁ“ ‘ﬂﬁan@@(ﬁ%aﬁgﬁ nili%esgwéﬂe dethy SWIth 0.5-2

. magnol i ae 31
Hg of tl%f%”ﬂm @Nﬁzﬁﬁ lagroflcasﬁ%“ IONA. wsth21Q§J uh qfat@aéﬁd @Qilsv- 0799
6 751 Candida UCFS 60 18.6 14.4 R41.3 S 5.0 2.6 2.8
rna noliae Y-1040 7 678 Candida UOFS 180 47.4 28.2 R
Each Bix wasset 8p in 5 125 Bl migfigs fube, ¥nd AETIL8LERIE a 28°C heating block for

0 AP 7585 IFSER a8 28 SB08 B o8 . 1 i

EDTAR0E.725 TFIfIar'éténhséd) \aértm aﬂtﬁdﬂoOé?a%'B\ hxee ﬁar@ﬂlﬁﬁt aebmeubated at 28°C
03.a

9
for a piing ot 5t tk‘,‘i’%WSEeo"é%n fedts @ém hga% ok By 1§ rginutes, and
then tHéEcé)lls?@eE’e g6lidled @We‘ﬁtrﬁd]@étﬁm&%] rﬂl%u@é‘ét @B@BDQ@Q\C CYe cell pellets
NCYC 10 46.9 54. S 7 054 curvatus
were egrsgilly resuspended |n 100 pl ngO The transformatlons were plated on Y.
lipolytica selective plates (17 g/l Difco yeast nitrogen base without amino acids and without
(NH,)2804, 20 g/l glucose, 4 g/l NH4Cl, 2 g/l casamino acids, 300 mg/l leucine) and

incubated at 28°C.

Colonies which appeared on the selective plates after 3 — 7 days were transferred onto

fresh plates and regrown.

6.1.5. Confirmation of integration of pYLHmA or pYLTsA

Colonies that grew on the newly-streaked selective plates were inoculated into 5 ml of YPD
medium and grown at 30°C, 200 rpm for 24-48 hours. A small-scale genomic DNA isolation
was performed.

PCR was performed using this genomic DNA as template, with either pINA-1 and pINA-2 as
primers (transformants with pYLHmA), or pINA-3 and pINA-2 (pYLTsA) (Table 1). Each
PCR reaction contained 200 pM dNTPs, 250 nM of each primer, 2 mM of MgCl,, genomic
DNA and 2.5 U/50ul of Taq polymerase. The PCR profile was as described above in this
example. These primer sets gave products the size of the inserted genes.

Example [il. Selection of yeasts able to produce optically active 2-methyl-1,2-

epoxyheptane and 2-methyl-2-heptanediol from (%)-2-methyl-1,2-epoxvheptane
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13 379 Ciyptococcus NCYC 90 33.7 32.1 S55.7 R6.0 4.6
4.8 hungaricus 3159 14 Jen C ptococcus NCYC 90 2.6
wWO2@5R06G873 S 1.9 4.9 4.8 WO 2005/ 100587 PCT/IB2005/001034
PCT/ 1 B2005/ 001034 53 SanpScree Yeast species Culture
Reacti on Remai ni ng For ned sellect i vi ty no. no Collec-
Epoxide Diol tion Nr Time Conv E.e. Abs E.e. Abs Eb Ec
Yeastgwerd oilfijatedyharvgsted and frayerCendes@ilediabnvel 2,23disgbstituted epoxide

2l FERBES ML A D e rrighoe oot

above3&t@ir2 withRhe7 highSsD a0tiati&s 2s 7Jud@@d | By Teat ifromY-ditd OBrrhdtion were
ccus, UOFS 38.3 33.7.S 2,6
subjeciecy i GhRHCGEL A SS. s DS BeAeR RS pp THE0REAIRS WS ERisiies > 2 are
deplcté(i ad Shple3043TS0I8. 2? %—%I@e&ws@cél@ﬂé@ﬂtﬂdm iﬁel%ﬂéw@%rmulas
B Cfyptococcus UOFS 180 69.0 51.9 R 27.2 S 2.
2 8 26u[aukgnide))] Y-1885 20 AB nypt ococcus UG:S 180
42. TE26—4—R37—6- S hep 269degregofdompersionr ent i i Y- 1806
21 AB Clyjfr§¥btews UOFS 180~ Byt giangonsriapcs g 5 § 2 g
2.8 32 laurentii Y-1887 22 AB Cfyptococcus UOFS 180
53.6 36.9 R33.9 S 2.7 2.9 2.8 33 laurentii Y-1888 23
AB nyptncﬁbo&ﬁbtsep)ﬂﬂ:s 180 4,8, 46.4 S 3.5 3.9
3.8 B35 :&P%Fntel Y-"hgy 43;&%%0@63}? gcaggys UOFE)90
1.2 0.5 6e1§243131 09 laurentii var. Y-
1349 laurentii _25 AB Cfyptococcus NCYC 180 38.7 45.4
S 94.4 R G(4-&4.12 54.7 58 podzolicus 3164 26 AB
nygé)oco@qurN@ClSOlOl 4.4 R.4.3 12.9 12.6

€e;= suzstrate enantiomeric éxcess
where (3)
= product enantiomeric excess

(eep + ees)

Enantiomeric excess (ee) (%) = {([RIS]) / ([RIHS])} x 100%, where [R] and [S] represent
the concentrations of the R and S enantiomers of the TDE substrate or the DVD product,
depending on whether the ee of the substrate or the product is to be calculated.

Notes:

The conversion at appropriate time intervals and ee’s of the substrate and product was
used to determine E-values calculated from ees and conversion (Equation 1), ee, and
conversion, (Equation 2), and ee; and ee, (Equation 3) respectively for strains (114) that
displayed the most promising enantioselectivities (Table 2). If the degree of conversion
can be accurately determined, E-values calculated from all three equations should be the
same, provided that the reaction is irreversible and regiospecific (Pedragosa- Moreau et al.
1996). In this case, both the epoxide and diol could be extracted very efficiently, and the
degree of conversion could be determined with high accuracy. If the reaction is not
regioselective, E-values are not applicable, since E-values calculated from ee; and
conversion and from ee, and conversion will differ substantially and highly erroneous results
will be obtained. If each of the two antipodes of the epoxide is attacked following a different
regioselectivity, the ee of the diol will be high, and E-values based on ee, and conversion
will be higher than those obtained form ees and conversion and from ee. and eép. Strains
displaying this type of regioselectivity can then be used for the synthesis of diol in high
enantiomeric purity, which is difficult to obtain in high yields from enantioselective but
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27 AB Ci yptococcus UOFS 180 27.7 33.4 S 93.9 R 20.3
45.3 44.1 40 podzolicus Y-1881 28 AB Ci 3ptococcus
WS 10687 43. 0 52.2 S 94.3 R 9.1 72.2 57.0 49PCT/IB2005/001034
podzol i cus Y-1882 29 AB Ci yptococcus UOFS 180 50.0
85.5 S 92.7 R 34.8 88.5 72. P2 50 podzolicus Y-1883 30
AB Cfyptococcus UOFS 180 34.7 49.7 S 93.7 R 49.2 50.6
regiospexific reactipngz dPn cthe wtheggisarsil iABa Gratplysic it cananticrgedi®e but not

resiosBefisn b8 gt b eblofeliche rSMEY Lo el formed

will bellbw] a6d .EBvalbed ba8&d padsRldndusonYeiB@BwiBbABigher than those obtained

Gi 3pt ococcus UOFS 18Q 39.3 41.4, S 94.4 R 6.8 64.7 52.0
from 8, Htts GONLERIOR. 256k T ABPG At oo HEARFISREYNgo TS type of
regiosé@c/i & theR b BsgPfck tﬁg-sgntk%gis ikl Fﬁgﬂa%nﬂémeric purity.
AB G yptococcus UOFS 180 38.9 57.3 S 94.0 R 34.6 59.9
Compayison 0bG-\ahpsoralewiated oy thes differentgrustisss saNUOHS begysed as a
qualitzgye Jod o hrdlyd; R erbbude Attt o robsRERAY & reafion and to
make app@pegte]clgiices v%o@@ewmssﬁhecsvnﬂm@oeﬂ the1 desireds@poxide or diol

: q@@f : . j | ture Reaction Remaining
enantlégg%elﬁ %%ﬁé \?aﬁn{df/&b?ﬁ:b?@lug |l ec- Epoxide Diol Lion Nr
Time Conv E.e. Abs E.e. Abs Eb EEd (mn) (N9 (9
0 i -
rable echt b 30 A BOSH S £l g S el (e >
2)% podzolicus Y-1906 39 AB Crptococcus UCFS 180 27.8 22.5

S90.4 R4.7 27.8 24.6 46 podzolicus Y-1907 40 AB
Cryptococcus UOFS 180 23.2 19.5 S 89.9 R 5.6 24.4 22.6

s SRR S TESTDT 4o, YPRARREETT REER 177 ki
no. . . Co lec2 9 . Epoxide Diol
tion Nr
Time { Conv | Ee. |Abs | E.e. |Abs EP E° E?
(min) (%) (%) |conf | (%) [Conf
1 269 | Arxula NCYC 90 3.2 0.7 S 82.5| R 1.6 10.7 | 10.5
adeninivorans 3147
2 693 | Arxula NCYC | 180 17.0 133 | R 580 S 5.4 4.2 4.3
terrestris 3148
3 43 | Bullera NCYC | 180 375 | 46.7 | S 826 R 12.7 17.1 } 16.6
dendrophila 3152
4 669 | Candida NCYC | 180 17.9 11.7 | R 436 | S 3.7 2.8 2.9
magnoliae 3154
5 677 | Candida UOFS 180 28.8 174 | R 3711 S 3.0 2.5 2.6
magnoliae Y-0799
6 751 | Candida UOFS 60 18.6 144 | R 4131 S 5.0 2.6 2.8
magnoliae Y-1040
7 678 | Candida UOFS 180 474 | 282 | R 3161 S 2.5 2.5 2.5
magnoliae Y-1297
8 230 | Cryptococcus NCYC | 180 14.7 | 9.3 S 68.71 R 3.7 6.0 5.9
albidus 3156
9 Jen | Cryptococcus UOFS 90 5.2 3.9 S 7451 R 6.2 7.1 7.1
17 | albidus Y-0223
10 Jen | Cryptococcus UOFS 90 4.7 2.9 S 3051 R 4.0 1.9 1.9
03 | albidus Y-0821
11 375 } Cryptococcus NCYC 90 319 | 435 | R 918 S 42.0 | 358 | 36.0
amylolentus 3157
12 Car | Cryptococcus NCYC 10 46.9 | 54.8 S 482 S 7.3 4.3 4.8
054 | curvatus 3158
13 379 | Cryptococcus NCYC 90 33,7 | 321 S 5571 R 6.0 4.6 4.8
hungaricus 3159
14 Jen | Cryptococcus NCYC 90 2.6 0.8 R 6531 S 1.9 4.9 4.8




48. podzolicus Y-1910 42 AB Cryptococcus UOFS 180 50.4

70.7 S 92.4 R 11.6 90.1 53.7 39 podzolicus Y-1912 43
weBosny8ococcus UCFS 180 42.7 36.5 S 92.4 R 4pQT1/B82065/001034
AB CryPtococcus UOFS 180

36.3 56 podzolicus Y-1913 4

4

46.6 57.6 S 92.8 R 8.6 66. 7947.8 57 podzol i cus Y-1914
45 520 Pichia NCYC 180 70.6 79.6 R 30 S 4.4 3.8 4.1
SampSchdef)| Mgkt Hacied 1 J’@uﬁiﬁe 676R&EwRI a| N€XGEink@0| I®mled22] 7 R Selectivity
no- | 98.10 S 64.0 127ToRecdP6. hapl ophiBpaxi&l7p 6iold7 673
Pighi a NCYC t@lNQJ4QL R5317 S 7.945 4.9
hapl ophi l a 3177 48 28idd cbémx UQES BAbs2P.Fk. Bdbsl| RES6| 3E° E*
S §.7 4.5 4.8| hapl pphin) B (Vo) 21366 4200P (EEdespori di um
MLN(;WQ;,QZ/ZQ},%@.UbSEb"R [7.2 8.4 6.3
mnum 3 9) (o3 diu 93,0
s dﬁ%‘% 2507 R%Y? (Sf}g&l*@g‘é’ QQ.FO,& of ts| Sian B4 bt | 26
Spor i diur YCI 2028 527 6563 P37 5 4 5.8
16 s#v@w FoPoq oT5o | 89 o) 'R &m&a-gppﬁ a i Dorg 180 | 26 | 27
r(aw'xe’?lﬂoﬁ A D .9 PR ST PN P PN \I[\‘I:LEL
JL. V0. £ O Ol &/ £ I £ B U ar UCTS U142 J
17 | ¥y %?%%’ﬁorl FOH UAES 1766-% '§881| & S| 87 SR B 95 6] 030 | 29
B g lagpnih or o1 o XdBAY v 0518 54 Lar Rhodespor| di-um-UOFS—
18 | 2B WFB’C_{?}%%’SO SUSHS5 | 180 6] 325, | 4536| ROOB3D! Ml of d&S | 30 | 3.0
35 g Jpmentic Cay ﬁhWﬂ‘thpnri ium UOES 0 26.1 B2 7S 61l 2
19 4B 35 pidsectusS. T UOHOG6 | t18¢ u (§P-de$ 5Y92P 2R3 567.D5rS 2.5 3.0 2.8
PRhadesgrtir | di umYtIGES| 20 41.6 44.6 S| 57 R A 4 5.6
20 | 8RQ drgrasboisdes UOFR226867 | @ar Rizedos por | 8.aMsUGFS.20] 2.9 | 238
2B.|92814 S 63.Y6ISB6 B4.1 5.4 5/9 088 torul pi des Y-2P28
21 | BB |@afpiddhedos pardrdi Umsd)OFS920| 4509 35. 936 B3 5| R.@. ¢ 29 | 23
% 1 lbokui 052 t arisgpi des Y-2230 59 Car Rhod pspofi di um
22 | MM gfbedtbus! 3Y0FsS| 8o 1| B36. 83803 R O|330( s | 27 | 29 | 28
33 | laurentii Y-1888
23 AB | Crypfococcus UOFS 180 44.8 35.2 R 4641 S 3.5 3.9 3.8
35 | laurentii Y-1892 '
24 | Jen | Cryptococcus UOFS 90 1.2 0.5 R 5061 S 24 3.1 3.1
09 | laurentii  var. | Y-1349
laurentii
25 AB | Cryptococcus NCYC 180 38.7 454 S 9441 R 94 64.2 | 54.7
58 | podzolicus 3164
26 AB | Cryptococcus NCYC | 180 10.1 6.7 S 8441 R 43 12.9 12.6
53 | podzolicus 3165
27 AB | Cryptococcus UOFS 180 277 334 S 9391 R 20.3 453 | 44.1
40 | podzolicus Y-1881 .
28 AB | Cryptococcus UQFS 180 43.0 52.2 S 943+t R 9.1 72.2 | 57.0
49 | podzolicus Y-1882
29 AB | Cryptococcus UOFS 180 50.0 85.5 S 927+ R 34.8 88.5 72.1
50 | podzolicus Y-1883
30 AB | Cryptococcus UOQOFS 180 34.7 49.7 S 93.7{ R 49.2 50.6 | 505
28 | podzolicus Y-1889
31 | AB | Cryptococcus | UOFS | 180 | 426 | 667 |S |91 | R | 37.6 | 384 | 384
34 | podzolicus Y-1890
32 AB | Crptococcus UOFS 180 42.2 58.4 S 93.7{ R 16.1 62.6 | 55.1
36 | podzolicus Y-1893
33 AB | Cryptococcus UOFS 180 39.3 41.4 S 944 | R 6.8 64.7 | 52.0
52 | podzolicus Y-1895
34 AB | Cryptococcus UOFS 180 520 | 702 | S 897 R 9.6 79.1 | 38.6
37 | podzolicus Y-1896
35 AB | Cryptococcus UOFS 180 389 | 573 S 940 R 34.6 59.9 | 58.2
29 | podzolicus Y-1897
36 AB | Cryptococcus UOFS 180 253 {273 S 9351 R 12.1 40.7 | 390
41 | podzolicus Y-1899
37 AB | Cryptococcus UOFS 180 432 70.9 S 93.91 R 61.9 68.1 67.7




059 torul oi des Y-2231 60 Car

Rhodospori di um UCFS 20

23.3 29.4 S64.1 R83.0 5.5 6.1 067 torul oides Y-2236
wa\e03Q0B82100587 PCT/ | B2005/ 001034 55 Sanp ScrPET/H2ast001034
species Culture Reaction Remaining Fornmed Selectivity

no. no Col | ec- Epoxide Di ol 5ion Nr Tine Conv E.e. Abs
E.e. Abs Eb Ec BEd (mn) (% (% conf (% Conf 61 Car
Samp Scﬂdﬁid%&@fpbcdésum dd_ﬁﬁ'g 60RrERticR 1@0R€.QI13.§'H;§7 5F0Rn%5 L 4. Gelectivity
no. | hd.|3 070 torylmiees Y-2237 6ﬁ GabxiRhogdosmer i d| um UOFS
60181.8 100.0|Sioa8r3 R 10.8 3i1 9.4 06 torul bides
Y-4238 63 Car |Rhodos$pmbhd doshyn YOES bAbs8B. 16 LOQ. D 8 16. & B
R 9.9 2.9 8.7 077 tqopih 0i @8s| YoB2B9nb4 (@ﬁl'Conf
g‘gﬁ@g@g%gdiunmpzuz.lzhbbs 2|56 p. 8
or Ul Of des 5 T RIOGOSROT S, 60"
38 %é 8071 426, | A - 6 | 409
A R RN ?Jane: ¥ 2pd
60 | Ritodosot IT,II g VOFS,_ ©0T0 19710010 "5 Lo R .Lu.2178 716
R I I L A t;}\@rs il f88 iémz %67 car RAGUpSpori 47 um?’ :
|§’rrPOdFRllg£Su c AX-P0L | ~q A [ - M~ W
J LT T I UJ. U |\ \)U W J. U=
4 | B i Q?fé“é’”“Y- 330055 68 184 @ﬁade}s}aéri & uPYOFS 6D B6. 7 244 | 226
1bgrediony 1 pBHEM 14 5 17 100 {oruloides ¥4 2245! 69
41 | &Br W%@b Aok (OBS $3866] 3420050 £887| R R 257 7| 220 | 197
ﬂS:pq)qkol'pcuslng 50k gi des | Y- 2246 70! Car | Rhoglosporidi im
42 | ABRSGc82us6 10D $ 187. T 5R410.74.73] 3 9] 324 108 11.6 | 90.1 | 537
Bhrwbdioltes Y- 22410171 Car | Rhodosporil di um UOFES 60 82.
43 | ABQ.®yocdcbud RUFS4A | 384 9.42.7 120.5t orsul pbzles RY- 249 7225 | 36.3
Gar| pRioltes por i|di-1lh | UOFS| 60 80.9 100.0]|S 19.6 R 11.8
44 | BB Oyfbocodkasl tlQuorsoildes Y2350 573 Car Rbpgdosvofidu| nss7 | 478
SORQ0201ic29. 3 38-0015|58. 6|R 33/9 4.8 5.5 126
45 | SN \Wokdes Y-23&kc | 180 | 706 | 796 | R [308] S | 44 | 38 | 41
finlandica 3173
46 676 | Pichia NCYC 180 19.1 22.7 R 98.0( S 64.0 | 1272 | 126.
haplophila 3176 6
47 673 | Pichia NCYC 60 37.2 40.7 R 5371 S 7.9 4.5 4.9
haplophila 3177
48 28 | Pichia UOFS 60 29.9 31.1 R 563 | S 8.7 45 4.8
haplophila Y-2136
49 692 | Rhodosporidium {| NCYC 180 72.9 1000} S 365 | R 17.2 8.4 16.8
paludigenum 3179 :
50 Alf | Rhodosporidium | NCYC 10 98.0 10001 S 237 | R 4.1 6.5 11.3
01 | toruloides 3181
51 Car | Rhodosporidium | NCYC 20 23.5 27.6 S 633 | R 23.7 5.4 58
118 | toruloides 3182
52 671 | Rhodosporidium | UOFS 180 52.9 33.2 S 314 | R 2.5 2.6 2.6
toruloides Y-0472
53 Alf | Rhodosporidium | UOFS 20 469 | 51.0 | S 574 | R 6.0 6.0 6.0
02 | toruloides Y-0518
54 Car | Rhodosporidium | UOFS 20 31.2 38.0 S 595| R 16.3 5.1 56
003 | toruloides Y-2222
55 Car | Rhodosporidium | UOFS 20 26.1 32.7 S 612 | R 35.7 5.1 5.7
006 | toruloides Y-2223 :
56 Car | Rhodosporidium | UOFS 20 41,6 | 446 | S 5711 R 6.7 54 5.6
020 | toruloides | Y-2226
57 Car | Rhodosporidium | UOFS 20 235 284 S 636 | R 34.1 54 5.9
038 | toruloides Y-2228
58 Car | Rhodosporidium | UOFS 20 45.9 55.9 S 5351 R 8.4 5.1 5.6
052 | toruloides Y-2230
59 Car | Rhodosporidium | UOFS 20 37.7 | 393 S 581 | R 6.8 53 5.5
059 | toruloides Y-2231
60 Car | Rhodosporidium | UOFS 20 233 | 294 | S 64.1 | R 83.0 5.5 6.1
067 | toruloides Y-2236




woRs163881. 9 100.0 S 18.1 R 10.7 3.1 9.4 134PCT/1B2005/001034
ospori di um UOFS 60 71.7
2 torul ol des Y-2255 77

74

Car

4.4 17.2 131 torul oides Y-2252 75 Car

torul oi des Y-2253 76 Car

90.0 S 29.3 R5.8 3.7 4.9

4

Rhodospori di um UCFS 60 66.0 100.0 S 37.3 R 26.7

Rhodospori di um

Car _Rhodospori di um S 10 34.8 37.0 S53.2 R7.9 4.3
SamplScecf] 2ADspe@dsUl| Alultes | Y- Z2hfon/ 8 | CREmARIGAOSRRK UM UCkBctivity
no. | 60 |83.9 100.0 [Scllke-§ R 9.7 2.9 &pbxid204 topul ol des
Y- 2257 79 Car |Rwodosporidi um UOFS 60 68.8 100.0 S 40.0
RJL. 5 4.6 187 209 Tige looivd¢sEY- 2268|80c.Cas | = | & | &
Rhgdospor i di ur UOFS qglh&z}. @015. 80)S|&Bf 1 @)&u2|5.9 6.1
09 1oL ur ol des 260 8T [ SOT | [ S .0
61 715 gy &, |3 (“196’.9 §i T 251°| 46 | 173
B0 S ISR e | 559 0 (5hild) o]
= 1T-682 T donT-t 11 110 42 R
62 g%' gg?doﬁp“fg’%m %&?ﬁgc 8@3 Y1847 118%§ 25 Rﬁ%ﬁotRoru ineye! | 04
taruloides. - - o 2 arhiinod: 10100l gq
L0 VI 4 JIT j T\ QALBQj O 0 N al ugal T AT J;.UQ U“I‘9 87
63 Féﬂ’ g"b‘%’l”é WWC 160 5439 46990551/ d0R| R 4|598 4.3 :
o2 $00584PEE/ 1L1B2005/ 00103456 SanpStreel Yeas
64 1 § éeﬁ’@@?@(}ﬂ%"ejréj@éadt%n Rérhai| #i¥1g FSorif%j?«ﬁﬁéie:tliO\Zl ys-6 | 538
rrEloie) | ec- =d%iide Dilal tilon- ' Conv_E. e Abs
65 | Bare| RipispoRidiuiE | URFS (Inbh) | (9% (AP0.eorst (.8 Canf | 280 | 29 | 86
Xrigpirdoresn 3185 -23150 Rhodot ortul a INCYCI20 62.2187.5/S
66 | 6. |\RiRiBpoRiamm] UOFB |gbuit il i1 3186036 680s.Rhadof ol 3.1 | 9.4
WBHS020ides7. 3 _A5(-245151.5/R 7.7 6.21]6.8| alutinis
67 | ¥a04B948AridAa |Rvmdotopel & XIGFS 60 62 5|00 QR S| 3617 Rs3 | 57
®B. [Joloflesl 7. 5 | vabaasilni s Y-0489 88 Al f IRhodot or il a UDFS
68 | 8 |2BospmidfmS k0 [Re®3.|%62- D 800 s |371| R | 254 | 45 | 171
, 100 | toruloides Y-2245
69 Car | Rhodosporidium | UOES -60 66.5 100.0 § S 372 | R 25.7 4.5 17.2
103 | toruloides Y-2246
70 Car | Rhodosporidium | UOFS 60 82.6 100.0 | S 1771 R 10.4 3.2 9.3
108 | toruloides Y-2247
71 Car | Rhodosporidium | UOFS 60 82.5 100.0 { S 175+ R 104 3.1 9.2
120 | toruloides Y-2249
72 Car | Rhodosporidium | UOFS 60 80.9 1000} S 196 | R 113 3.2 9.9
121 | toruloides Y-2250
73 Car | Rhodosporidium | UOFS 20 29.3 38.0 S 586 | R 33.9 4.8 5.5
126 | toruloides Y-2251
74 Car | Rhodosporidium | UOFS 60 66.0 | 10001} S 373 | R 26.7 44 17.2
131 | toruloides Y-2252
75 Car | Rhodosporidium | UOFS 60 81.9 1000} S 18.1 | R 10.7 3.1 9.4
134 | toruloides Y-2253
76 Car | Rhodosporidium | UOFS 60 717 1 900 | S 293 | R 5.8 3.7 4.9
142 | toruloides Y-2255
77 Car | Rhodosporidium | UOFS 10 348 [ 370 | S 532 | R 7.9 4.3 4.6
200 | toruloides Y-2256
78 Car | Rhodosporidium | UOFS 60 83.9 100.0 | S 158 | R 9.7 2.9 8.6
204 | toruloides Y-2257
79 Car | Rhodosporidium | UOFS 60 63.8 1000} S 4001 R 31.5 4.6 18.7
205 | toruloides Y-2258
80 Car | Rhodosporidium | UOFS 20 14.3 15.5 S 68.1 | R 31.2 59 | 6.1
209 | toruloides Y-2260
81 Car | Rhodosporidium | UOFS 60 80.7 100.0 | S 91| R 114 3.1 9.7
210 | toruloides Y-2261
82 46 | Rhodosporidium | UOFS 20 1.6 | 11.0 S 7421 R 12.3 74 7.5
toruloides Y-0471
83 25 | Rhodotorula NCYC 180 65.2 57.5 S 335({ R 3.2 3.6 34
araucariae 3183
84 EP | Rhodotorula NCYC | 180 54.7 | 46.0 S 519 R 3.4 5.8 4.9




06 glutinis Y-0513 89 Car

Rhodot orul a UOFS 60 75.9

100.0 S 26.3 R 14.5 3.9 12.3 022 glutinis Y-2227 90

W@ar0sRIsEDt or ul a UOFS 20 33.9 38.6 S 59.3 R 10PQI/BB2R05/001034
5.6 060 glutinis Y-2232 91
74.8 100.0 S 27.8 R 15.5 4.8%12.9 061 ghztinis '

r

Rhodot orul a UOFS 60

Y-2233 92 Car odotorula UOFS 20 27.3 31.3 S 61.7 R
Samp|Sctekn|8 YeasspBoicd | ABBurgl| Ut RBdcSonY- £2RdmBdneCar rdR@dot or ul Stlectivity
no. | WOHS 60.77.3 100I&-$ 24.1 R 13. Spdxife 11. 5DioD66
glutinis Y-2235098r Car Rhodotorula UOFS 20 42,8 45 3 S
57.10 R 6.3 5.5 5.6 |[Oiffe glcodsi Ni B.¢.Y- X%EP Ve | Ad4| E° E° E?,
Rhagdot or ul a LYC 20 3(%1r§ 2860 | RY37 | @nS| 39O |@nf7 | 2. 8
T8 M Anmsa 8/ 9818512 [Rhodotorulia UOFS 60 469 52. 7 R
14,9, 0. 4.3 n nut \& o) [ ) '(fi{)d(Dt EU a
R BT L S L3, V{9835 |37 PR, RpoppTur s,
8 Y lﬁgf;:é Y1 25, R|50 5[$%2. 1 ?7 .9 gg%wut a gar 391 72
3188 m nuta 98 158 TRhuvdut orulra_spNCYC 180401215
86 €§J031]? dogorga 4 "3‘,@: QREQ nziAdt a/2nu¢i ag°319 inoZ'Zn" %2 | 63
Fay SRSy . 9439 1 e aan a0la ad £ b oqlo o b 4
JJ [OIJU NNTOUUT T ur A n]J- Urro 10U JFI401 0 49, J - L2014 O &L
87 | 9133 g."@“”?{@aréﬁ%ﬁ(ﬂl% " ridnug 8900160 1727 Rifod Pt%rg’u a*0 | 173
sp | e 199 224883 o g170 9lR 1314 16 0 1491 319D
88 Mf]W ReHrmtedot GUBa s NCYE 188416.9 1348 §6§D.@-9R 55 1 60
86 5| guiinisg 4 370851302 24 |Rnoddtorula sh UOES 180 18 3
89 Cat, |ARMgABBuI2 R |UFS13. 640 12.73.9 Y-12042 S1032293 R 14.5 3.9 12.3
SBordldin NG22790 9.4 8 11S 61!3 Ri8 84 414 5
90 | sahnomicokior 31aFs104262 | Spor i dissbolus | BCYC 00| 18.22) 52 | 56
168, (eh&nB0. 2 R|TA2B24.4 4.16 sabnoni[col or 3196
91 Car | Rhodotorula UOFS 60 74.8 100.0 | S 278 | R 15.5 40 ] 129
061 | glutinis Y-2233
92 Car Rkodotorula UOFS 20 273 31.3 S 617 R 14.8 53 5.7
062 | glutinis Y-2234
93 Car | Rhodotorula UOFS 60 77.3 100.0 | S 2411 R 13.5 3.6 11.5
066 | glutinis Y-2235
94 Car | Rhodotorula UOFS 20 42.8 45.3 S 570 R 6.3 5.5 5.6
075 | glutinis Y-2265
95 714 | Rhodotorula NCYC 20 333 24.0 R 3791 S 3.6 2.7 2.8
minuta 3187 '
96 712 | Rhodotorula UOFS 60 46.9 52.7 R 484 | S 6.6 4.3 4.7
minuta Y-0835 .
97 686 | Rhodotorula NCYC 60 30.1 25.8 R 5051 S 5.1 3.7 3.9
minuta var. 3188 ‘
minuta
98 158 | Rhodotorula sp. | NCYC 180 40.1 21.5 R 315 S 2.4 23 2.3
"minuta/mucilag | 3194
inosa” -
99 690 | Rhodotorula sp. | UOFS 180 493 |1 295 | R 2821 S 2.4 2.3 2.3
nearest Y-0125
"minuta"”
100 | 172 | Rhodotorula sp. | NCYC | 180 549 | 83.0 | S 709 | R 13.4 16.0 | 14.9
3192
101 | 165 | Rhodotorula sp. | NCYC 180 16.9 13.3 S 69.6 | R 5.5 6.4 6.4
3193
102 | 24 | Rhodotorula sp. | UOFS 180 18.3 174 S 832} R 93 13.1 12.9
Y-2042
103 | 293 | Sporidiobolus NCYC 90 9.4 8.1 S 613 | R 8.8 4.4 4.5
salmonicolor 3195 '
104 | 42 | Sporidiobolus NCYC 90 13.2 13.0 S 602§ R 14.3 4.4 4.6
salmonicolor 3196
105 | 285 | Sporobolomyces | NCYC 90 44.0 62.0 | S 524 R 15.9 4.7 5.9
roseus 3197
106 | 696 | Sporobolomyces | NCYC | 180 463 ]139.1 | S 452 | R 3.8 3.8 3.8




10

15

20

105 285 Sporobol oznyces NCYC 90 44.0 62.0 S 52.4 R
15.9 4.7 5.9 roseus 3197 106 696 S orobol onz yces

wWOS 106387 46. 3 39.1 S 45.2 R 3.8 3.8 3.8 WO 20PSI/1IK2063001034
PCT/ 1 B2005/ 001034 57 Sanp 9ree Yeast species Culture
Reacti on Renmai ni ng Forned Selectivity no. no Collec-
Epoxide Diol tion Nr Tine Co E.e. Abs E e Abs Eb Ec

Samp(Sdughn] (Yeast)peidd) |((Hture ONf REMonCOMT Redminifgh 0| Boahddcus" 3 1@Bctivity
no. | 17 283 Spor obdlotiery¢es NCYC QOP &Epsxife 5|SBL 7 § 6.4
1.5 1.6 tsugqeio8N99 108 20 Tinichosporon NCYC 180 24.1

15.9 R 61.7 S|3.5 5. Iride 9Cout] apeUIMMAL B2DAbsCc Ut @helmg® Ef
109 14 Trichogporon |NG¥E|186 17 8wodf R (%)&oﬁf p.6 1|1

. SPWQMZQEG 13339.35 110 19 Tri ¢hosporon YC 180 40. %
4 ' [ VOl S 07, b
107 48“ dﬁgoﬂo}oméce? . 9(§6 68%1 16%; 37 4 IEQSL% éZZ 6.5 1.5 1.6

i
o 3y fg%er;%%? T T T S b |

<

ta?;'g’z R 7. li of tiga 3229 114 Jen
a UCFST S 88T T R T I 109 1074
109 g? %"z%fv}éf’sfﬂ?f%odi%ch%f% dondi ﬂijgoans: Kol MM &pox ZG poll | 11

% (..CI | S —netwet gyu — PUfl Bt r_n.“r
110 | if ?zlc(w?pog 3 b T d IBAE e fOF; B3] 31 | 31

aati an 9 d
=

O T T OTT

el ‘(Pqusod FJ'n
rH—C-gugcT—oHt-

11 é?éaaﬁ”idémn@o’%l Il NE ye'd8t |Stfailrid-Icors espbhditg|tdc | 27 | 27
e 1-114 W(',ﬁé_b‘.l_g__g)_arn kept and maiintalnedlat he

112 BJﬁ ViBrgaat y of |0 aldge | Priee | Staat ebKUd]ZFS) Depattmentd | 2.8
of |Nbear@ied al _|BP¥cheéni call and! 10 Food|Bi of echhol og

113 | Raculatrywiof Nat/vGalc ando Agra.cul| tag all sScilensess P. @8 Boxo | 7.1

339, lipolvtica 3229
114 | Jen | Yarrowia UOFS 90 6.5 5.1 S 98.1{ R 7.1 109 107
48 | lipolytica Y-1700

# Reaction conditions: 20 mM epoxide, 20 % cells [(w/v), wet weight] in phosphate buffer
(50 mM, pH 7.5) ‘

= palculated from equation 1

° E calculated from equation 2

¢ E calculated from equation 3

All the yeast strains corresponding to sample 1-114 (Table 2) are kept and maintained at
the University of the Orange Free State (UOFS), Department of Microbial, Biochemical and
Food Biotechnology, Faculty of Natural and Agricultural Sciences, P.O. Box 339,
Bloemfontein 9300, South Africa (Tel +27 51 401 2396, Fax + 27 51 444 3219) and ‘are
readily identified by the yeast species and culture collection number as indicated.
Representative examples of strains belonging to the different species have been deposited
under the Budapest Treaty at National Collection of Yeast Cultures (NCYC), Institute of
Food Research Norwich Research Park Colney, Norwich NR4 7UA, U.K. ( Tel +44-
(0)1603-255274 Fax: +44-(0)1603-458414 Email: ncyc@bbsrc.ac.uk) and are readily
identified by the yeast species and culture collection accession number as indicated. The
samples deposited with the NCYC are taken from the same deposit maintained by the
South African Council for Scientific and Industrial Research (CSIR) since prior to the filing

date of this application. The deposits will be maintaihed without restriction in the NCYC .
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Bl oenfontein 9300, South Africa (Tel +27 51 401 2396,
Fax + 27 51 444 3219) and are readily identified by
W b@sgerst speci es and culture coll ecti on nunbRCT/EBR005/001034
i ndi cated. Representative exanples of strains
bel onging to the different §§e0|es have been deposited
under the Budapest Treaty at National Collection of
depositerasior @upeniaceof BRIGEE)s, amStyiears efterf thies mest dedRet saqusst, or for the

effectn'tr\g |1W' ocfzgg %%%&@8@%@%‘@%r %\w gel%Neg%cgg T% Agpoglt becomes

non—v@dmdurmgcthat@@mﬁc @amples dirtbe @!easirs&aafﬂmé ot deesited iae®MCYC will be
east s eci es and cul ture collectio Si o
made fYalzbfe 551 Trah BSkaruho RS Sesth pod ShegBns SnaHLSORY Treaty
NCYC are taken fromthe sanme deposit mnaintained by the

Sout h Afrl can CounC| I for SCI ent i fi c and | ndustrl al
ple ) of veasts ths o X 2 Qb s aptiye 2-methyl-3-

Dhenvtlh' ?—e@@ﬂﬁ%ﬂh@%nd@ﬁné’tﬁ@@@ Q%E& JELZ'gF"Q%%'%%a' £6&h (+)-2-methyl-3-
‘'Thout restriction in the
LMEEB@MQM&M 58 depository for a period of 30
years, or 5 years after the nost recent request, or
for the effective |life of the patent, whichever is

Yeastd wwege cultaatkdwinbhvelsted apd droeedn ids dém:rlde@miovebemﬁ disubstituted

. hon-vi.ahle duri that period. Sa the
epoxidg A e Ep ik A% e af e tvas aasEand lnssEedfing byag performed
as desld:ﬁb@d BBaUe SSirains Wi thaMyHeasasivitid ax00dgdd Byl$Lgffrdrh €liol formation
acp (?t Treaté&5 Exanpl e 1V. Selection, of
were ?LFPé? 184 do ghirgl aw@we&soa?w&eﬂya%«er \T@ezs’fr?é%watyvere able to

produdg‘%ﬁﬁé@lﬂy %ctg}éoééfﬁétﬁﬂ@gpgﬁge% Ie8|c>x3]/¢prropan(e) agd 2- mhe§l|1yl 33 phenyl-1,2~

propangsielyiom fie. BeeryPRaiarRStsbas sameles i uarEnle 5.
harvested and frozen as descri bed above. The
2,2-disubstituted epoxide

Tab|e2 Bet hyIY@as;bhest;aini, Zhepoxtyoradpsee vasttadSerheayt1 Lhepoxypropane

e Bg was perfornmed as described above. Strains

enan '9\77’?%0 Y hi ghest activities as judged by TLC from di ol

formati on were subjected to chiral GC anal ysis as

‘———dese-u—b%d—abwa.—lhe—sl—pai-ns—t-hal_w;e_ahl t.o

Sampl i . i Culture Epoxide | Diol a

Ng mtiﬁgﬁ; ?%%éjg%%é\ily- ic tLl-\é;el( Ophectignenoe ndpee e | ” Abs.cont.

2t met hyl|- 3- phenyl -1, 2- 15 propanedi ol f%)om|t{ | acepiEgox. | Diol
115 eppxi de \af A0k isheghi@s Samu@g hid-210 iy Tablsey Byg | = | s
116 ‘-Zra}%??‘lsl Bﬁ%gﬁgel?ﬁl Eﬁ}azset [%C@ﬁgﬁlery‘ ellgdll 11 i szeolrze Llrgv i X 3
U7 gafihl eyﬂcqz’égléa’&ﬂs‘f ure Egc W&%S%I a Nazfno Yibds{ 18 R S
118 SPRSies |COTFéEPri Bino. eq \gedMPS. GO s (10766 sBPoxR | 5
Oiol 115C4@rbeeiitder a dendrophila ‘YC 315 32.2 15/7

119 1| Bo-R S Gilocd@ns-afduBul | @ necydeands ophi | 26.NCYQ332080.21. & R
120 205eR 171 § Rypocodkdslaik® Candichs v-epa9sa NG¥C 1;15%55 Bk | s R
121 2Bped3l g ’é(’% cJSs]n%fQ"' 29 L‘?ﬁ\%@‘-&@l sp- {gew] NeYEs$€l7s | r
122 6 en-23 : I'yptOCORCCuS am(: olentas'or 41?7 422 658 | 1.3 R S
123 Car-14 Cryptococeus curvatus UOFS Y-2225 8.5 349 1 2.2 R S
124 Jen-15 Cryptococcus hungaricus NCYC 3159 99.9 172 1 7.1 S R
125 Jen-12 Cryptococcus laurentii NCYC 3160 5.5 237 + 1.7 R S
126 AB-24 Cryptococcus laurentii NCYC 3161 7.4 155 ] 1.5 R S
127 Alf 03 Cryptococcus laurentii UOFS Y-0514 7.6 20.1 | 1.6 R S
128 AB-25 Cryptococcus laurentii UOFS Y-1884 7.3 147 | 1.4 R S
129 AB-26 | Cryptococcus laurentii UOFS Y-1885 10 152 | 1.5 R S
130 AB-27 Cryptococcus laurentii UOFS Y-1886 8.2 175 | 1.5 R S
131 AB-32 Cryptococcus laurentii UOFS Y-1887 5 159 | 14 R S
132 AB-33 Cryptococcus laurentii UOFS Y-1888 6.9 16 1.5 R S




WQ2005166886 4.7 S R 121 Jen-3 C yptococcus al bPO/EB20AB1034

119 Jen-2 Ciyptococcus al bi dus NCYC 3156 26.5 93.8
40.2 S R 120 Jen-17 G yptococcus al bi dus UOFS Y-0223

Y-0821 100 63.0 38.8 S R 122 Jen-23 Ci yptococcus
anzyl ol entus NCYC 3157 42.2°85.8 7.3 R S 123 Car- 14

vpt ococcus _curvatus UCOES Y-2225 8.5 34.9 2.2 R S

Samplel 2% red@N-| 1 CI tococcus hungas i cus i&lbDi99{ 9 ,1¥. 2
No 7lib S R Y% - 12 O ypt aedetasol alr ertii | NeyC|316p Abscont
55 23. 1 1.7 R S. 126 AB-24 Cryptogocgys lagphentiil| goox | piol
- NCYC SJ'UJCI z l 1. zb ’HT 127 AT 103 U 3SIPUOCOCCUS
133 |C alan-ent | |la3(5g§$ ‘b‘%zﬂf 7 »DF WS - 1B4% [R St. 3128 AB- ya.ss R | s
{ Cd aurenti |
154 CHEET dcratoce TR, | AT Uk Y 1abso| 19 b R | S
135 9| BV-R s Q[%"@?C%B”SZ'WCW”SptC ABEEREY aul enffi Udﬁg Y- 6128 6R | S
136 gl 2B-1% H Chirspepec® podzgicup\B- 3EYG 3t ococchd | auident it¢.7| S R
137 UOES54- 188ipidoockls. fodzblicks R | FOFE32190B- 33 €Bypl oe8cEus S R
138 IaAJ_B-emti | S pbBRBu6. 9 Usk-BoR $ W520056400587| s | r
130 PAGTA 4B20Q5/,0010 odz'éﬁcussarfﬁJc%s§CI9@¢n Yegst Custiuigss| s | r
140 Epg}%(ggle b Xol o(%?c cusspE%&ﬁ\p% ed tign no.,.ge L??z S R
141 ﬂ éﬁrélﬁr{_f Clyp{qpoccz ézo US) ~ O%SX i ) eng SDO( )906E Sf[,rlg J:r S R
142 1343 Jen Wb@fweéﬂmsmh | NER3167 NOVC 4662 [ 278 p2sa] R S
143 1L BOR S H&EszMchaCr ypt od mlassmaaceraﬂs CYG.632D03 9. R S
144 70702 6. 2 ARAS guli3GioA 58 Opat y@m&cus podzol i cigs \IQ\éc R | s
145 1’@4 4. 1 fgcauazmz}-lgmbzcﬁ R ] C: yp§gco 024’57 R S
e gl il o g(;;g B Ligl e | x| s
147140 np” d il fmands vod i Wb ol iobr ool R | s
148 3661408 F&Rhgdt)&vomu@@fwﬁ%c &iﬁé%odml iCus | UoPs| 21013 R
149 11Cat-10R .| RhddpsporiGum tordldides ABCYT 3D82 ocQccls pod2al | dws{ S R
150 UQRSI1-Y% 1RhddodriBiuf) orQoidd | NARC 3242 113 Pebat yxmzw a$ S R
151 hiewsesd i| A6 03131@;2 zﬂul@de%'-hﬁrybﬁlé? S| 143 520;3Ri ¢ h'4a s | r
152 f'ﬁ}}?&?' $ RIS 14]%544 1% gag | g
153 e ST T %o o tom&%;(( - 7%' Y R34 702: s | r
Fithia ¢ Fé‘fhl Hli 27. 7%, 18R §1146
154 5P o i Bhodserriiian asHeifs |GOES SY28h53 63517]578 628 5 S | R
155 14306 P‘ihecmvza’rigium kdrdeides  HAFS Y22 Y0087 2[1253017. 9 R R
156 9 Car-6 Rhodosporidium toruloides | UOFS Y-2223 1.7 265 | 1.8 S R
157 Car-20 Rhodosporidium toruloides | UOFS Y-2226 3.7 244 | 1.7 S R
158 Car-38 Rhodosporidium toruloides | UOFS Y-2228 2.4 367 | 2.2 S R
159 Car-52 Rhodosporidium toruloides | UOFS Y-2230 5.3 278 | 1.9 S R
160 Car-59 Rhodosporidium toruloides | UOFS Y-2231 0.4 25 1.7 S R
161 Car-67 Rhodosporidium toruloides | UOFS Y-2236 2.7 313 | 20 S R
162 Car-70 Rhodosporidium toruloides | UOFS Y-2237 4.8 212 { 1.6 S R
163 Car-76 Rhodosporidium toruloides | UOFS Y-2238 5.9 221 | 1.7 S R
164 Car-77 Rhodosporidium toruloides | UOFS Y-2239 4.5 228 | 1.7 S R
165 Car-78 Rhodosporidium toruloides | UOFS Y-2240 3.8 299 | 1.9 S R
166 Car-93 Rhodosporidium toruloides | UOFS Y-2242 3.0 227 | 1.6 S R
167 Car-94 Rhodosporidium toruloides | UOFS Y-2243 4.7 318 | 2.0 S R
168 Car-100 | Rhodosporidium toruloides | UOFS Y-2245 4.8 243 | 1.7 S R
169 Car-103 | Rhodosporidium toruloides | UOFS Y-2246 2.1 235 | 1.6 S -R
170 Car-108 | Rhodosporidium toruloides | UOFS Y-2247 3.8 249 | 1.7 S | R
171 Car-120 | Rhodosporidium toruloides { UOFS Y-2249 3.4 270 | 1.8 S R
172 Car-121 | Rhodosporidium toruloides | UOFS Y-2250 5.0 296 | 1.9 S R
173 Car-126 | Rhodosporidium toruloides | UOFS Y-2251 54 189 | 1.5 S R
174 Car-131 | Rhodosporidium toruloides | UOFS Y-2252 33 262 t 1.8 S R
175 Car-134 | Rhodosporidium toruloides | UOFS Y-2253 3.6 237 | 17 S R
176 Car-142 | Rhodosporidium toruloides } UOFS Y-2255 55 224 | 1.7 S R




148 AIf 01 Rhodosporidiumtorul oi des NCYC 3181 0 36.9
2.2 S R 149 Car-118 Rhodospori dium torul oi des NCYC
wW31®2/180587 29.3 1.9 S R 150 POH 28 Rhodospor i dpCmiB2005/001034
torul oi des NCYC 3215 9.1 15.2 1.5 S R 151 PCH 20
Rhodospori di um t orul oi des N89C 3216 5.2 13.5 1.4 S R

152 POH 38 Rhodosporidiumtorul oi des NCYC 3219 14.6
Samplel{lscfbed - 4 S R 153 46 Rhodespes i di um tipeubol dest POES
No @471 1. 6217651, 4 S R | otecirfno02 Rhtados okt di um | APsconf
tprul ol des UOFS Y-0518 1.5 37.9 2.3 1%5¢4al - 3 | Epox. | Diol
Tod o)/ um Tor 272 {5 . R
177 kel ééh d’é’%’)r(’u’"“(”gf‘n oF m%é uoé% 4 1883[ 2, s | x
178 pleCas244 g RéO”@SP"Té?’” eafoisy | RBETPSF i dli udftof i gds | S | R
179 UCFS Y- 3 %ﬁdo%o%%m%z&del YR v1P8 Car-38 | 255 | 17| s | R
Rh%?ééspc di um torul oi d UCFS Y-2228 2.4 36.7 2.2 B R
180 1/5Qar-@eft - Sﬂomd@gfpmwldd@r UQFS W 86les UCKS Y-2230 15. 8 S R
181 2[7c8210 9 BBodspoliGm GawleiBs |RioFdasIr6! i ¢li bt of W7Gi fléss [ S | R
182 U%{ 5(3 A%M@ooﬂzdﬁém’,{m&de’ﬁ RicYt@biLar 6711ahowlowgori%dﬂ imsg R
tIog X i 2 .05 R )2 -0
83 fkﬁ 4 12 153 R
184 R %dospc étcﬁu%oql@dek 22 7 L.lg 5 F§ R
16 Car- 6‘5‘6% B di Y orul® 38 .9
185 2p68y 1.7@0@“’”%&[“’@&% 77 |RIEB§ I é?l |u?n6tor oi ety S | R
186 UCHS Y- 4280dotpria gptings 1. 7 §Q§SY1®§9 r-%8 6.5 l 23t 8 | R
187 Rh@lﬂ@spcrﬁhddomml&gimmmoi ded UWIBES-0812240 308 2R 123 § R R
188 1B6&1Car -|WoRadogpis di quU(msuzl ‘wisles UDES Y-22423 0 s | R
189 2Rcdod- 6 BBk dufa - 94 |Risdasperi di upytolulgides, | s | r
190 H%%ngé%g oflo'lJla%l;mi%s.z g ) S%‘Q ?i”'}go 555213 L Fg R
J = . . D
P19 B f%@d?ﬁ%@ gg“ dlg A3 des s|v¥3kha%]1 R
192 oECa} d Rodgiorygiucs - 108 URS0Zbr | di (h ¢ orilio] des| S | X
193 UCRS6Y- JRbgdoprga garings 1. 7 | SIORS Y12235 Car - 490 | 277 | 1.8 S R
194 RG-S pqriiedommit @trisoi deq WIBSS-2262249 3.64 27290 1.28 S R R
195 1[724Car -{Idddhadaspar i di Emdwrfalkuoi des ddFS| Y2256 15 OR S
20.6 1.9 BoRiordd Rinkdba r12 Rhodosporildi um t ¢r ul oi|des :
196 U8 Y- A250uib. 4 18.9 1.5 |SFCH8Y car-1091 | 51 |258] R | S
Rhodospcrﬁ,ggzoltgpdg% Wl %,ﬁleQ UOCFS Y-22%2 3.3 26.2 1.8 § R
197 1[/82car -|13 odos’fpgrl di UrHES1%8? des LROFS|Y33253-236R | S
2B.7 1.7 SoBRiorid Sfﬁz[lm;“ Rhodospor u di um t ¢r ul oi des
198 JoFS8 Y-G e SR AAP2005/ 1@0‘585 2.4 % 12| R | 8
PCT/ | B2 Sanpl e Screen|Cul ture Epoxide
199 D& a Nk;q,‘%"‘? "%%é’t neg%éci GOICERHYEE | gn W, golio|@s )| R S
A confj. E pox. Car -, 200
200 RhoéospdrmZ :\Igr'fgla or ul oi de% 22564%. 11820 1.2 § R R
201 1 Car ’f Q %Uﬂﬁpspnrl r~|| 1 rIJp X'ZOAZAJ r!esllL%‘nt:J K?lzr_&-"g?l 3 _/rS R
202 2pedad. 7 BorRlobolus NCYC 3195 s4 | 761780 s | R
salmonicolor
203 Jen-29 Sporobolomyces roseus NCYC 3197 33 17 1.5 R S
204 Jen-28 . | Sporobolomyces tsugae NCYC 3199 8.8 23.9 1 1.8 R S
205 | 232 fc’;c’i‘l’;fl;:’e Z’;f““’”e”’” NCYC 3202 320 | 803 |125) S R
206 |20 f;j"’ﬁzz; Z’];c”’“”e”’” NCYC 3201 23.8 100 | 200 R S
207 22 Trichosporon jirovecii NCYC 3204 11.0 83.2 | 12.2 S R
208 BV-4 Trichosporon moniliiforme | NCYC 3214 5.8 76.5 | 8.0 S R
209 19 Trichosporon ovoides NCYC 3207 20.8 388 | 2.8 R S
210 231 Trichosporon sp. NCYC 3210 7.1 73.7 | 7.1 S R

? E calculated from equation 3




10

15

20

25

30

35

179 20r A Rhodospori di unz torul oi des UOFS Y-2258 1.9
25.5 1.7 S R 180 Car-209 Rhodosporidiunz torul oi des
wOORS 10058260 6.4 22.0 1.7 S R 181 Car-210 PCT/IB2005/001034
Rhodospori di unz torul oi des S Y-2261 4.6 27.6 1.8 S
R 182 PCH 33 Rhodos ori di uf't orul oi des NCYC 3218 11.2
10.1 1.4 S R 183 EP-230 Rhodotorul a auranti aca NCYC
All theayegst giraing Zopresp@ndingio sampks Rfedth Orabie 3y ke keptsand maintained

at the gﬁl\%r’%ﬂg&\é@ @}9}59 e% % %(%é%&?slggf%ﬂg%g cgf;’{f%robial, Biochemical

and Fabddﬁrotm:hgalogy ulFamulg/ oORGtFaD 488 :&gﬂcilﬂﬁliﬁoscignseﬁ P138.7Box 339,

SR AT L R ICTNS R

readlly2 lc'Berﬁf Bd ﬁ)ﬁgthgalyeaé Bbesies oand acultuts 1 dvllsctidd Punb&?24s indicated.
9 1.4 SR 190 Car-60 Rhodotorula glutinis UOFS

Repre%erﬁét@ze gramiss of straing brlonping edheslifetppioRnasias have been deposited
under %é‘th?d'aﬁeé%q: r%aﬁl 22 RBitiBnS! égﬂe?c’u%n DSy st ]@ﬂtu?@é gﬁéYCfgpstrtute of

Rhodotorula glutinis 4 4,2 27.
Food Resea6eh Rabvieh fesearchl Rarkrﬁcénam@rwmﬁzw ZUG\ 217K7 Te):8-48- (0)1603-

25278 4P S SR A IR 03l consos

the ye@8t 8pddiey ahdlcuidiute d&ﬂedﬁimacﬂ:as‘ranznmmbarsvas indie&te88Ghe samples
sepos i PSR, B 3L RS ERER R4 5 30 8 Aican
Counciffod Sciphtifi@ asf - Indigtnalt Resedr88' (CEHR) Na¥E piibP4o the 4i hﬁ%‘Hate of this
apphc%y@aSRﬂpeoanml .2 h@é)%%@l?g%%g%{h%ﬁ[ﬁ%&oygg?& thl)\ng depository for a
penod %7(31!)0 éHré" & 5@/eaw&ﬂtﬁganéstlreééntlreéuéstSOIRfothﬂé #F@ctlve life of the

orula s'p
patent, WHICQQV@’plé rerEshand vilkbyceplaged ¥, the Tepesiv bgcgngs non-wable durmg

nt SRS 20, ER AP ROLTBISIISE N R Y vl

upon riQxst dhdbe 8aBedaslh dAndBedhdiion3(H i3 Budapesth dsqemiy or z

cut aneum NCYC 3202 32.0 80.3 12.5 S R var. cutaneum
Three discrepancies were noted in the enantiopreferences for the aliphatic and aromatic
epoxides:
1. Bullera dendrophi[a (NCYC 3152) was screened for both substrates and diplayed
variance in enantiopreference depending on the substitutent: Se/Rd for 2-methyl-1,2-
epoxyheptane and Re/Sd for 2-methyl-3-phenyl-1,2-epoxypropane.
2. Cryptococcus curvatus: Car 54 yielded Se/Rd for 2-methyl-1,2-epoxyheptane while
Car 14 gave Re/Sd for 2-methyl-3-phenyl-1,2-epoxypropane.
3. Trichopsoron cutaneum var cutaneum (NCYC 3201) yielded Re/Sd for both epoxides,
while NCYC 3202 yielded Re/Sd for 2-methyl-1,2-epoxyheptane but Se/Rd for 2-methyl-3-
phenyl-1,2-epoxypropane.

These discrepancies can be due fo the presence of more than one epoxide hydrolase
having different activities towards aliphatic and aromatic substrates in these specific strains
or to the incorrect classification of the strains. One skilled in the art will know how to test for

such discrepancies and and to proceed accordingly.

Example V. Testing of samples selected from Examples lil and IV
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206 20 Trichosporon cutaneum NCYC 3201 23.8 100 200 R
S wvar. cutaneum 207 22 Trichospororz jirovecii NCYC
wW@2@4/140580 83.2 12.2 S R 208 BV-4 Tri chospor oPCT/IB2005/001034

rrzoniliifonne NCYC 3214 5.% 76.5 8.0 S R 209 19

Tri chosporon ovoi des NCYC 3 67 20.8 38.8 2.8 RS 210

231 Trichosporon sp. NCYC 3210 7.1 73.7 7.1 SR a E
Exemplailycysast sirain samplggaidlienicd oo J@oky 200887able 3 were tested (in this

| 0 ' . .

Sxamils s, CaORery | 22 Laion et A A haied Bulfealy gt cpoxides and
opticalpnakctivei vitinalndidls fedm Qt%dbubwtﬁu&dtgpo&fdesh e’-'c@ream@esdﬁnpﬂe two graphs

are prcbsv:'@et(’ﬁ J&gﬁ%r@éﬁfﬁf g‘é\nltn r_a%fgn ?s'h%{ytslﬁ%gﬁ%w in concentratlons of

the epéﬂﬂé eubtdislanabtoraeeesith fme), wﬁmétr@&con&gﬁ%ﬁﬁ Qjﬂé;ﬁh B m each figure)
00, Squth Africa (Tel +27 51 401 2396 ax

shows 4 ShETGSHH SHF T HER FPOYICR Rk Pl Scifgreph gopieagions. The yiel

of the Sd?ﬁlﬁéﬂﬁ adifb epblide %r“d?(l)l' tﬁ‘éE LOR HBBRinSal Féi‘fu?r@d enantiomeric
Representative exanples of strains belonging to th

purity gt ’P@rs@ﬁﬂ e these grapks.béba metwwe usadde lltusé'ate the use of the

dlffere%j??&?%kra%g@greﬁ% e’\?ﬁt c%!lglacﬁ?é g&tgh% gggrvc ﬁ’%bdlols Jfrom gem-2,2-

disubsBrieh epbxithes kepBedarded bidhevpehemsRbrinuRg (1)skshovein: scheme | in (Fig.
1) +44-(0) 1603- 255274 Fax: +44-(0)1603-458414 Enmil :

" ncyc@bsrc.ac.uk) and are readily identified by 10 the
yeast species and culture collection accession nunbers

@) ShmaiRs: SRt oONE B Pt (ERB AR A DyPeREaRa® by selected
yeast\té 'pﬁ'éauc@%sﬁlﬁailyfﬁtlv@(?(@fﬁ—h"fe'tﬁyla‘ﬂﬁ éﬂb‘i’jﬁbbtaﬂe (1a) andlor (R)-2-

Resear ch smcesﬂlor o the fi l'ing date of

methyld A~ h@ﬂiﬁ“@ﬁ“dﬂ@ FigoaA s B be maintained wit hout

t Y 0S| f
hcro S5161 Gl Do MEYEIBRO P2 i SBEHLAON b 2 s
perforihed asiesefilhetini Eb@mn')hfeé t@praduee 15)-panethyl-1 ﬁkﬂp@hyﬂwm’tamg and/or (R)-

be replaced if the deposit becones
2 met%ﬁ%ﬁ%%tsﬂg%fw"l ng that period. Sanples of the yeast

strains not deposited at NCYC will be nade avail abl e
est .o the d conditions of t
&) S, el Tyeisinrd) aretui mr S heriang DU e RCBaveasts to
produeeara;tpti@anyf %&ﬁ@feﬁﬁf-ﬁfméth9l -Rl2- Sty He phark aBRIRY 1 ¢S)-28nethyl-1,2-

Bul | era dendrophl l'a (NCYC 3152) was
hePta%%‘?"@é@ESf'bTABBF‘tB)substrat es and diplayed variance in

Hydrm?é*@fﬁf' @fh?f‘?? ééiﬁﬁgﬂ etB?% ol &&%t%ﬂ%g{ds' %éi&&%& frorh! Fble 2 was
perforrned@tsiqascsbepm@r@xampl@ écppsqg#upe Re-methylct Zetpoxploenisne and/or (S)-
2—met@l‘—2}’2§b%§’tén% | 54 yielded Se/Rd for 2-nethyl -

éprane while 25 Car 14 gave Re/ Sd for
2- et hyl - 3- phenyl - 1, 2- epoxypr opane. 3. Trichopsoron

) SR ST R SR S 5 Sl Sty solectod
yeasts?ttbybroduc&rﬁb@i@éw S4than (8)-Rithethel-BhpHeyl A;7BE XY prdpane andlor
(R)-z-mgthyl-s' %hgnﬁp1 3 Propanediol (Figs. 12A and 128).

Hydrolysis of (£)-2-methyl-3-phenyl-1,2-epoxypropane by a yeast strain selected from Table
3 was performed as described in Example | to produce (S)-2-methyl-3-phenyl-1,2-

epoxypropane and/or (R)-2-methyl-3-phenyl-1,2-propanediol.

(d) Samples 222 and 223. Hydrolysis of (t)-2-methyl-3-phenyl-1,2-epoxypropane by
selected yeasts to produce optically active (R)-2-methyl-3-phenyl-1,2-epoxypropane
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30 These di screpanci es can be due to the presence of
nore than one epoxi de hydrol ase having different
wW@easaots8es towards al i phatic and aromati ¢ SubBCT/EH2065/001034
in these specific strains or to the incorrect
classification of the straifi3. One skilled in the art
wi Il know howto test for such discrepancies and and -
and/on (8)p2-auetbyll-3ehenyi+ -pro@helicl ibigs. V3ATestdB)g of

a I [ les L1l . .and |V
ryrolB30RS 3T B P B OB’ S gt S eptad from Table 3 was
perforrséd aisgjé?s@ﬂbda@m E&bmptealbltd pmajuﬁat(:?@-zagit{ﬂlzgghbfﬁyl& %peh Xypropane
t ed (int anpl e as_ sanpl es or their
and/or&%}s-{z—lr? ¥io3- BFS‘@U 3‘8}%13@88\‘%/ active epoxi des and
opt i caIIy active vicinal diols from 2, 2-di substituted

epOX|des For each sanmpl e, tmo oraphs are prOV|ded
Examptge Vi - S ] 2P DOKBIK e by a yeast

culhveﬁ@é‘riﬂ% '16 m@ﬁﬁ%ﬁ{eﬁ%ﬂ%ﬁage %#Iﬁ%ugp&‘d}&' ‘33% : g't@gn.ﬁ-ggenyn-1 2

epOXI de and d| ol at d| fferent conversi ons. The yi el d
of the optically active epoxide or diol that can be

Figs. 1@t & riéB stiow Ih@drcﬁmé bé@i)@mﬁhwmh@yl piR-gpoxypespabe by a yeast

f t.h d t
(Sampféy 24 PRI D00k Temanter fr Bradiice BRI BFeLS) 2-methyl-3-
phenynof mbﬁyp}sbaﬁ@bhwoagtu-aqe&fﬁs% @K’éwy@ﬂdz MiopkRadiodi ol s

romgem2,2 10 di substituted epoxi des represented by
the general formula (1) is shown in schene | in (Fig.

Exam;%jle Vi, a)H@ o? -1 Bleth gr il-ii 235 o ropane by recombinant
o dhe e 8 y- Iy = yep w,“ ..._,.-

romia different

wild ¢ @ R) 2- 15 net hyI 1, 2hept anedi ol (1b)
rgs. ). Hydrolysis of
() 2- et hyl 1, 2- epoxyhept ane by yeast strains selected

o RS 28 BRI, R T By o
recom@naﬁtt Yd sts %a@s@ﬁﬁﬂ@@ﬁ%@b?) %Qpl(é@kl@a%&@de?ﬂ drolases from selected

Hydrol ysis of ()-2-methyl-1, 2-epoxyheptane by sel ect ed
wild ty%é@ggt sttr@lnsp;oolargggcq,ﬁpﬁlc@gy|&3¢tr\é%{$x7@ methyi-3-phenyi-1,2-epoxypropane

] pe and/or (S)-2-nethyl-1,2-
and/or ﬁ?szane Ph?j phén% ﬁ?—%ﬁ‘d ang@é) Hydrol ysis of ()-2-m

(a) Samplgl 225, l—txdégdwg é pt)2-methyby-pheayt-1 Stepdxypropehe dydst Yarrowia
o4 T RBA S0 R RT3 5e LR By BHAIRAE, Rnooroni

araucaZr‘éeZN@{mgah 83)1(Fig.m)t dinechasit stréin) is Fotbl, ¢he2 24ctor used was the pINA
dr.ol of henyl -1, 2- epo r gpane hy,

1207 reged SyBadlng SBFSHC YeBEt e 1 YAEE TRy EREeY can be

purifi ec( §hd Zntﬁgﬁdw& nSn%dedhs@-rﬁMﬁFU@@&@oﬁP@i I The expression of the

- 2- et hyl - 3- phenyl - 1 pr.opanedi ol s. 12A and
epOXIdQ rolgge gﬁa@ d$ yigygn &y the hp4d promoter. PR2 secretion signal was

replacdd 1 B Y2 SsdheidA s%gn%r %P%é!p\%b@&ne(s@é R/Ial‘i%él@tet al., Journal of

strain selected from perf or ned

Biotechialegy B9, 2004x Repriéon quqﬁlf'[ﬂr@d@@ o (W/v) cell suspensmn 50 mM (£)-2-
ety SRR BRI 1 2 eporyropane andor

(b) Sample 226. Hydrolysis of (x)-2-methyl-3-phenyl-1,2-epoxypropane by host Yarrowia
lipolytica cells transformed with the epoxide hydrolase coding sequence from
Rhodosporidium paludigenum (NCYC 3179) (Fig. 17). The host strain is Poth. The
expression of the epoxide hydrolase gene is driven by the constitutive TEF promoter. (See
Madzak et al., Journal of Biotechnology 109, 2004). Reaction conditions: 50% (w/v) cell
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(d) Sanmples 222 and 223. Hydrol ysis of
()-2-nethyl - 3-phenyl - 1, 2- epoxypropane by 35 sel ected
W@ e@stis058D produce optically active PCT/IB2005/001034

(R) - 2- et hyl - 3- phenyl -1, 2- epoxypr opane WO 2005/ 100587

PCT/ | B2005/ 001034 63 and/ 094 S) -

2- nmet hyl - 3- phenyl - 1, 2- propanedi ol (Figs. 13A to 14B)
suspepgignol §& MVl G)-2- W@hﬁﬁtnﬂﬂwm BreRvXyPopPanepoxy pr opane by

I e I I

(c) S%ﬁ'@f& ZZIS C¥ Eg) %%?erﬁfl @r? Oﬁrg)q%’(gl%? epl‘%%/-‘?z@&x%ropane by the host

Ccr |
YarroWR) lii/ytiet isans Brmiednyith: the2Zyemeoikgm rpeduspoddidfopaludigenum UOFS Y-

04820 o 2Pottas BT ol s SBhangTe . ST, SXGRsangf g epoxice
hydrolasgegéehe isuldtivarat ipgd t'hé Bp 4@ ;brofrﬁtftélﬁ‘n(%e tMa@ian&eal Journal of

Blotqumgelgsgglﬂl agé&%ﬁgye%ﬁc ion con Itlons 10 7 /v) ceII suspensnon 100 mM (z)-2-
methy(lg)th%RVH byééyro%?lgﬂa,e,gﬁé 1, 2-propanedi ol 10 Figs. 15A to

ow hy ysi s of

()-2-nethyl -3-phenyl -1, 2- epoxypropane by a yeast
ExambRARAIE. 3htrofydi gy 9 J ) ERQUB a_crude

reconbi nant 15 yeast expreSSI on hosts transforned

Figs. BoalRaldt Sl Rude v%'ea%ﬁé%f”esq%%"é“e anvhiarapaiisoane by the

epoxidd I‘%fd?@ééb’ | detivieBeftshn 1. RIRBRFYET SPARSBY NC@@@I‘S@aWL 25 TsA)
yeasts (as sanples 225-227) expressing epoxid

expre?ﬁﬁsir B ¥a@awia bnalitee ctigd! 9/ ghqive dmdycﬂé3|§é>dswheler%allﬁ§nd Fig. 19B
showd &g&ﬁ&g%@ é’ﬁr‘u‘d%@n%yrgéyébﬁh&%btamed fr%”I the cells

pOXypr opane
(R) - 2- et hyI 3- phenyl 1, 2- propaned| ol . (a) Sanpl e 225.
I he I 1 .2 [

polvpeptide cfer iyl rhﬂcheﬂlsdm df I(tfb-SLECI lﬂlhxseltiﬁb“edrreﬁbddét @6 L&mduce optically

tivedd aucgrl ae I\ICYC13183) (Fig. 16). The host strain is
—ﬁ%—ﬁﬁé—@é@(—%ﬁsﬂc Iv ed was the pl NA 25 1297 zeta-based
aut o- cl oni ng mJItl copy vector from which a "yeast

cassette" ca and i nt egrate
The S TRGHIBLIHRI D mﬁsoﬁweggea%@@ 8re pAMBles phamino acid sequences

of enﬁeéeééﬂ@eﬁéx.&@ﬁydr%%%c#& Iﬂw §ssm§n ?-%susmemu@ﬁ epoxides

hp4d pronot er XPR2 se on si
to praceiok acrlitally acﬁweL(]S}zemweetanﬂ%om(ﬁhamqlm t e \oB¥NA®R encoding the

oo AR B it PEERD) =Bl G B 048oas s,

The seqwermesi\mm SEHD MVNQs:B-andi07 (Figs. 27 and 28) are examples of amino acid

sequepﬁ;ae é\t rglfc])gg%ae IV%%&)@&?@%Q o%%@ﬁﬂr tﬁé @y@%pﬁ&é@g B&eubstltuted

epoxidussio M@HU@éWo@tlcéIIyWWé i(RPepSitiSs bhéﬁb‘if(sy nEgis M tHe EDRAs encoding

epoxi de hydrol ase codi ng sequence from Rhodosporidium
the POI;I’&IGGH%%W% ?Nevedsaffteﬁcmcbm ExgmplefEregdhe gldICéﬁtﬁPfj yagst strains.
Pot h. The expression of the epoxide hydrol ase gene

is driven by the constltutlve TEF prormter (See 35
Exampis KNuelegtide sagu oS (off e’ asieledtt #[0),2] Qidlase genes for

the h\ﬁﬁ%@élg rbfc(QI‘Q'zt &i%ﬂﬁstlt'me/& (9W/0¥< decse%cl produce optically active JJOXIdeS

and/or diols.

The sequences with SEQ [ID NOs: 8-12 (Figs. 29-33) are examples of cDNA sequences
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WD 2005/ 100587 PCT/ | B2005/ 001034 64 suspensi on, 100
nmM () - 2- met hyl - 3- phenyl - 1, 2- epoxypropane. (c) Sanple
WQ@2005/16058T ol ysi s of PCT/IB2005/001034
() -2-net hyl - 3-phenyl -1, 2-ep propane by the host
Yarrow a |lipolytica transfo d wth the gene from
Rhodospori di um pal udi genum UCFS Y- 0482/ NCYC 3179
encoding genangpselgeilyeh spoxisier A1yArqlasepogenes The Hepriweselysis opf (+)-2 2-

dlsubsttllﬂﬁegpegﬁ Hn%g h%gfgggﬁs@tlgglﬁﬁ?bﬁvou %%?&gg?é’est QﬁdBP‘tﬂ)—ldlols. The

cDNAB| artoedimgothegpolypeptide8Oovpre Rbtatnéd mscaestiribednia: Eddmpte Il from the

eII suspenS| on, 100 mM () - 2-
'ndlca%’gﬁ%’ﬁg nyI 1, 2- epoxypropane. Exanple VIII
Fydroly3|s of ()- 2. nmet hyl - 3- phenyl 1, 2- epoxypr opane by
a crude 10 y ratl aj hed frqomthe host
The sSguptsanith porgr oAby 68t 1 (e o0 48 FpdPGTages of cONA
sequeﬁ@éé éﬁébdclrﬁgj)ghﬂ”t%éfe@f i %o@f d’élﬁgdrb%%el\é@ﬁ@s 3388 hYbroRmsis of (+)-2,2-

1gs. 19A and show drol ysi s of

dlsubS(h}thd 2\@1‘19@333% REagyire Ppilﬂélbbﬁyb\ﬁ) Kﬁh@p@yd% andi@sdR)dgiols. The
cDNAgyg{f%b@@e%#b&?%%@%ﬁl@g{e na“\i?%@%lj aiﬁ le_ll from the

indicateidgyep8stsdioss hydr ol ysi s by vvhol e cells and F| g. 198
shows hydrol ysis by a crude enzyne prepartion obtained
fromthe cells Exanple I X. Am no acid sequences of

ExampleaXl.i Hoetaloly \at theaxiide deyd ioladuf enanitinetitivdeegoxide hydolases
th h d[ol_ of &)-2 dI.S b tltut d GOXI dgs to ica

epo)qaagaﬁgwggs vvlth SEQ | D NOs 1 5 (Fl gs 22-26) are
exanpl es of am no acid sequences of enantiosel ective

epoxi de hydrol ases for the hydrolysis of ()-2,2
Fig. 3?%!‘%9@3{?{& Hér%gnteﬁ%b%g? at Jﬁe pJn‘PiHHCe?CId’ﬁE\)e? aF 'e)ﬁa@t?&ek%tuve epoxide

epoxi des and/ or enco
hydrolasegasi ggsspbed i thedrxanoiie aKn é’dlgamea&wetao@@wa wSIIEyY &NAMAN Version

d, yeast, st
529 \&L}/r];rfo%)Eg ?%%6@%{{% d u%nﬁ?lzl{hges nﬁ@%’lg 8;-5\%” %ﬂéﬁ ént mode (Fast
alignneht/Quickoalgmintent seffjugsices of enanti osel ecti ve epOXI de
hydrol ases for the hydrolysis of ()-2,2-disubstituted
epoxi des to produce optically active (R)-epoxides

ExampRASOL  (Homotbdl) ¢ disle6T\Iee8ic 08 ditantiddfective epoxide hydolase

pol ypept i des wer e qQbt al nec as described in Exanple |
cDNA¢H; ﬁMﬁégM{ce optically active

epox,algglaﬁgydrc{gogequences of enantiosel ective epOX| de
hydrol'ase genes for the hydrolysis of ()-2,2-d

I'substituted epoxides to produce optlcally active
. pQX a ' 3 e
rio. FESHOHESyorAEF o, e AENUREER Y i R Bngodng e
enantidéei20iDE 200688 HydriaBR00&800i0&0 3n E)@:Tsnpiac)(ldllld@nments were done in

o T9ER S5 (L 5n3E GEalHERTL G SyPETER tllpgBavence stonment
modegﬂ-’&ldlaﬁgnrlﬂéh!/@)aick)ahgmhemeseﬁtﬁ)gs?pOXI des and/or (R)-
1 0lS e

- B
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cDNAs encodi ng the pol ypepti des were obtai ned as
described in Exanple Il fromthe indicated yeast
wa@eeoaitmss7 5 The sequences with SEQ | D NGs: 13 apdI/iBR005/001034
(Fig. 34 and 35) are exanples of cDNA seguences
encodi ng enanti osel ective e®8xi de hydrol ase genes for
the hydrolysis of ()-2,2- disubstituted epoxides to
1272.produce optically active (R)-epoxides and/or (S)-

. _diqls. .The ' c encodi h I i des wegpe .
Nicauly da Medzekils Tarh et eraeknfy SYEF K PiRet By Niederberger .
Galllak'dlliﬂl cat @@OBZFaBtoté‘hr @tpressidx anp| secitionHanthkeogsasatYdrvia lipolytica.

acid )%g of enanti oel ective epoxi de hydol ases
[

FEMSf%‘FaSctF?@Sﬁ?@P@I €% ()-2,2-di substituted epoxides to

Orru,pﬁ)d%e IVIBS(éFa|§}’ RESUNE V\?p%djeFaI@é‘id/ K. ¢, dﬁ:emoenzyma’uc
hows t he percent honol 0@2/ at the amno acid

deracwwetlormpf @ndm-Hissbstdutedvaxirapesi 4 fa’?ﬁ}ﬁﬂ@fé’)ﬁés%@%§74
PoardfESRIRIEL, Sie AERUHE WL of| SRELE YT A0S pgoviocgia

Transfosmationshe82nilUsé pdfe epexjde nbyalrakesg nmnedtated) dnomy%hisly&s as a way fo

cnant B e S B PR BRI BRI e aorvaves.
Tetralm@@dn@ hgo®lgee. CcDNA for the hydrol ysis of

2d|s bst.i t ut ed pOX|dsto rodu opti call
Ste'"r&é}??"ve -epgRPHBR: akd/ ¥AYE: ol F=2§ ﬁgl? sarﬂs{is!: IK%F K. (2000)

Enantf@)%éfé@me W&I?Q% af ﬂxh@tldh‘éﬁiééptz Q%lsh%\éﬁﬂut&f S@MASs with bacterial
encodi ng t enanti osel ecti ve EEOXIde hydr ol ases

epox'%@)ﬁd@'@é@ﬁl EUEx/aﬁ%ﬂger@mAlzﬁgﬁmé’n &lhere done in
Xuan Wyﬁg fé @geggéha?gﬁt?q‘ggqg%f’s@I%ﬁm%ocg'g?@ € V¢3! §&ne encoding
sacchatdpinerelehy Qoigekass iftpmarethe weasti ¥grsgwia3Godledicar dyctasget integration.

' a ., @Gillardin, C, Beckerich, J-M
C”"ﬁ%%%%ﬁ@t g?'&%gous protein expression and secretion
in the non- conventi onal yeast Yarrow a |i pol yti ca a

Anuniﬁee\gl Yg(nzb {%g&ppﬁh\? |on{]%¥&gz¥eerlﬂesq5§8§ NeR/ertheIess it will be

underdiebd &H@Wéﬂbu@ﬁ%ﬁﬂiﬁbéﬁbn&%ﬁy te, mé@éhni?@u?@l@ﬁé&lﬂgf‘l&}n the spirit and
PCT/ 1 B2005/ 001034 66 1272. N caud J Madza

scopeqeh thg d'é\kerlﬁonGyé’iCéWd@glbu‘EfB@r Iﬂmtfqdé’ﬂ%'i‘tﬁe?"@e?"”tb'n the scope of the
foll ididigdi n C. (2002) Protein expression and secretion
© owﬁg ie yeast Yarrowia |ipolytica. FEMS Yeast Research

2, 371-279. 5 Oru, RV.A, Mayer, S., Kroutil, W and

Faber, K. (1998) Chermenzymati c :
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deracem zation of ()-2,2-disubstituted oxiranes.
Tetrahedron 54: 859-874 Pedragosa- Moreau, S.,
woe@kiab@s? A. and Furstoss, R (1996) M crobi oPODIB2805/001034
Transformati ons 32. Use of epoxide hydrol ase nedi at ed
bi ohydrolysis as a way to anti opure epoxi des and
vicinal diols - Application to substituted styrene
WHATDIE GLAHMEDJUSt i ves. 10 Tetrahedron 52: 4593- 4606.
Steinreiber, A, Gsprian, |., Mayer, S .F., Oru, RW
and Faber, K.  (2000) Enantioselective hydrolysis of
1. Aymotdssriat be@ihidy 2ndostichly attiteedpadide anes optichlly active vicinal diol,
bact eri.al . epoxi gle ha/dr ol ases. Eur. J. Og. Chem 22:
SRilh St or

which propess ycjud FRAC Fournier P, Gaillardin C. (1988)

providfilgodn egarpibnidiie rhiXie 8e82, 2ARAHLHOtedpoxRREhar opi ne
dehydrogenase fromthe yeast Yarrow a |lipolytica b

creatinch g BT PR dGRBIP o, 2 Enthecenapiiageria miskre B pplypeptide, or a
functidhéMiRignint GRBRSE "BALS ‘Hna%ﬂ@sél{k}fﬁ/%t 2,9_[&%?6‘5%&}?@@% oxide hydrolase
t W e~’“unders ROAT

. described. Neverthel ess; | tood t
activity,dhe galypepiifler hejag apedypeplide enosdhs by & gene oflayaast cal;

incubﬁ@ggb%%&ﬁgﬁ Hg%tﬁ?@%ndzo scope of the invention.

: er ‘enbodi ments are within the scope of
recovering frdro theorsiaction hriktose: (XY2r2O0ENtibR0OES 6r a substantially enantiopure, 2,2-

. PCT/ | B2005({ 001034 . 67 I IS CAMDIS; 1. A -
d'Sub%'ﬁﬁ%%sg'cwaf %B‘?aﬁﬁi 70 &NappeRwsl 19 é’ctﬁ%faé%&br dgnattiopure,  2,2-
disubstitutegt esaitide; aet (o) ani cnaatioslire! , or Wi SilbsRINBRP Senantiopure, 2,2-

. I.ncl ydes, tpe Ssteps of: 5 providing an enantioneric
d'SUbsrﬁ‘?‘%@?éjr\é'c'Sﬁ Aol #ngi Apanantipriree peia esubstasdialiy gerantiopure,  2,2-
disubsti@AEd bSdxiga xt ure by adding to the enantioneric mxture

a polypeptide, or a functional fragnment thereof,
havi ng enanti osel ective 2, 2-di substituted epoxide

2. %%%%g%ﬁ%gﬁt‘é%%éﬁ'wiggllggété%g&dﬁfeegg?ﬂ%@%F?Hy active vicinal diol,
which prangbatrichugiestbe stepstdfon mi xture; and 10 recovering

from reactian mxgure; J(a n_enantjopure, or a
provndgmgbagﬂ %%%“8[‘1%%‘%‘5%’(?8 EFZ-’,"’%P%?"Q%‘?E@BQNd?ut ed vi ci nal
creatirdj al reaCtion anixema@rsy apuing, toothed efstiinddtid aliktMre a cell comprising a

.enantiopure, 2,2- disubstituted epoxide; or (c) an i i
nuclei A2 POBE: 1 SRS ChRPH o6 Rahe VoRRIIcE, N3G enantioselective
2,2-diglibstHaedd bphede WaioAe SkiRity ik Ak A & i

'subst anti %k?l ezant [ gpur e, y2, Zﬁéldwgéub@gt itut eg %%%&?"é'g? encoded
by a ggme Qfal&e?ﬁrt@@ ss for obtaining an optically active
incuba%ﬂg)fﬁéjﬁea%fioﬁﬂgﬂmé; %ﬂhl y active vicinal diol, which

process 1 ncludes the steps of: providing an .

recovesingriton ther ieachidnmixtereo{a)arergandioputes br & stibstaatiailyi areintiopure, 2,2-

: [ reactiQn_m xture by adding t h .
d'SUbSQE@% i\g%{a\ l| c(ﬁ@i xébgr 8Ma e@@[‘ﬁ()pé%ﬁ*pr?rs it S%a?gaWuc?r@rﬁ'Opure’ 2,2-
disubséitutetl esypdiengor a(e) eapabbatisfurexpressisi@stantially enantiopure, 2,2-
. ?Plé/é)ept.i de J1 Vi ng enanti osel ective . i
disubstituted” vicinal™ diol and an enanfiopure, or a substantially enantiopure, 2,2-

disubstituted epoxide.
3. The process of claims 1 or 2, wherein the cell is a yeast cell.

4. The process of claims 1 to 3, wherein the polypeptide is encoded by an endogenous
gene of the cell.

5. The process of claims 2 or 3, wherein the cell is a recomb‘inant cell and the
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2, 2-di substituted epoxide hydrol ase activity, the
pol ypepti de being a pol ypepti de encoded by a gene of
wa2gsastsstel | ; incubating the reaction m xtur ePCEIRE005/001034
recovering fromthe reaction m xture: (a) an
enanti opure, or a substant|QQ'y enanti opure, 2,2- 25
di substituted vicinal diol; (b) an enantiopure, or a
polypaniibstinancadedybyeh ancleicpeicseiehce avithugach the eall iepexsidemed.
or (c) an enantiopure, or a substantially enantiopure,
2,2- disubstituted vicinal diol and an enanti opure, or
6. TBhesphseaniof alainy Semdrreindbe eaucicacidisegbsidd istatieterologous nucleic
oxi de. 30 3. The process of clains 1 or 2, wherein
acid Sfe(ﬁée

MC& 1 is a yeast cell. 4. The process of clains 1
to 3, wherein the pol ypeptide is encoded by an
endogenous ene of the cell. 35 5. The process of

7. Theaprasess ¢f clim i eyhgraing the nusleic psidssqtedRdiharioredlpgous nucleic
addsé@%ﬁkg? WD 2005/ 100587 PCT/ | B2005/ 001034 68

pol ypeptide is encoded by a nucleic acid sequence wth

which the cell is transfornmed. 6. The process of claim

t [ er.o

8. 'ﬁrbe We@% ;b&%h S@gﬁlémse@t% ‘g \?/ﬁ% ?rgecg@é(f)l%&%t IS gqglﬂé%gth yeast
epoxidehleydzolaséhe nucl ei ¢ acid sequence is a honDIogous

nucl eic acid sequence. 8. The process of any of

claims 1 to 7, wherein the polypeptide is a
9. Th& brdc@ﬁgfoh abie a8 tlaind 1ep oK ivileerEiidne lpaB®epfide i@ functional fragment

ocess o any of clains 1 to 7, wherein the

OfyeaEB?BQﬂﬂﬁ w&okesea functi onal fragnent of yeast epoxide

hydrol ase. 15 10. The process of any one of clains 1

to 9, wherein the process is carried out at a pH from
10. 'Bha propgss i anyieaemicdaints bfto &nyherin dife predess ig casiedoout at a pH

in the process is carried out at a tenperature

ﬁom£¥®6g§ to 70 C. 20 12. The process of any one of clains

1 to 11, wherein the concentration of the 2, 2-

i substituted epoxi n C tr X i

11. eagfocgaa aﬂf ny e og 8’%? 'lh g%ﬂ@ H%’Ffﬁm &Iroce(Sﬁeps carrled out at a
tempedatdralbfofcsibi 20AGd epoxide in water. 25 13. The process

of any one of clains | to 12, wherein the

2,2-di substituted epoxide of the enantioneric m xture
12. Tife %r&ﬁ%@%fn%yofonbrﬁ aen®y al 1f 94 Mindrdid)thebnkBStration of the 2,2-

vi ci nal di ol oduced by the process is a conpound of
disubstifided epexide in agtion matrbgiis aRleast equal to the soluble concentration of

the 2,2-disubstituted epoxide in water.

13. The process of any one of claims 1 to 12, wherein the 2,2-disubstituted epoxide of the
enantiomeric mixture is a compound of the general formula (I) and the vicinal diol produced
by the process is a compound of the general formula (l1),

o) R

g, O
HO, g

Ho < N

wherein:
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~\ R () HOR HO\< 1 R2 (Il) 30 wherein: WO
2005/ 100587 PCT/1B2005/ 001034 69 RT and R2 are,
w0 padspersdent | y of each ot her, sel ected from t heCIB20@5/001034
consi sting of a variably sggstituted strai ght-chain
or branched al kyl group, riably substituted
strai ght-chain or branched al kenyl group, a variably
R1 andsRpats, independentlyi ajtaach iedhar, aelebtedrftqm@awaagnoypwongxstm@pf a vanably

ooty SR SRR 15 8L 8RBl e or

branchgdoalRenyd vap abbgriatifp subdtiitted saraydht-ahkipl orgh)muphedialkynyl group, a

t|t ted het er CC|I ou a var .
variably Sueefta otk aitun as oIS byl aradhs vatply substituted
aryl ng@;B i élbéryatﬂjd babé,tttmtbﬁdaryl?éll(ﬁ'g%ﬁp, Ghedrably silsHneSE Aeterocyclic group,

a variably substituted aryl oxy

a Va”@b'&iu?}lb%}m;%‘g [ %’Eﬂ'@)"t chals oF tRreeeheg ﬁ'koa‘lka'foé'i?y Qng@UEb'yaSUbSt'tUted
I [
straigh{- %@éﬁ%rﬁrét&@?ég: élg%%(@%)?bdg mg?%‘ﬁwgu?fgﬂ?ta I3Rb% group, a variably
substitytesisaryt aknloxwrwpgmvafﬁalynstmsnbﬂ@m elkekﬁnalgzwmrﬁ wyiaply substituted
an u [ s
alkoxyé%@aﬁhﬁ ﬁ)éclu&, lrlgf)l& ?%bn%%rt]dégﬂ &PA %{htagl{;/)%b 5#%}%ched alkylamino or
alkenys ahdie gudugd a:aarhmmoysljbgrto’lep a@lanano aimlarylalklyminut@mp, a variably

substid oY o & vty St 2 5B) aoun, GBI e taneB 8roup or

where'hORY aMHORB, @Gether Rt & VA€ LRitWdrE & chbobySlarieh 5atc0Tsatoms or a
14. Theo_})rocess of any of clains 1 to 13, wherein

heteropy@e@ﬁgrﬁﬁo PN APre is a racenic mnixture or a
m xture of any ratio of anpbunts of the enantioners.
15. The process of any of clains 1 to 14, which
14. " Theopresess At ROyl ek clainas Adot ', twhereindbe iepantiomede mixtyrexis a racemic
t 6. The process
mxxtur%§ ?%lng%{r%ﬁ?gfﬁﬁ%ra{t%f%&k@n% ?@rqgfér?r‘l%nng%ﬁ € solvent is
selected fromthe group consi sting of tol uene

15. 1@}%0%%%9 %ﬁr O g%ﬂma t%ELAF d/ﬂ@c‘:h 8{%q%§|mvgu<§) {icﬁp% fo the reaction

water &hd Bhiabbicordd wekelimmigiiaisoivegt.6 to 9 carbon atons, and
al irphati c hydrocarbons containing 6 to 16 carbon

atons. 25 17. The process of any of clainms | to 14,

16. 'I"’M%' 6%085@%?%%1an ugiesrepdfien@aicp-irhRfsdiia Golvit lé/‘@élééted from the
at | east one water-m scible organic sol vent.

18.
group mésmn@@ «f soyengl 4i he-richlamiifeproathanandnethyhiertbulyk ether, methyl
lsobutgglee;fgﬁr;% (leBT% E—gﬁgfaqgte anoeftf&ealcél%lg BH%nﬁR{g% E&aggt%r%n atoms,and

Fopanol, 'S0
aliphaticcleydrocanbbhg contdinings &iyd $6 Icérbqncmoms
NN- di et hyl f or mam de, and N-net hyl pyrrolidine. 19. The
process of any one of clains 1 to 18, which process

17. Thecprodess afldhnof tirhée to 14, which process includes adding to the reaction

water and at least one water-miscible organic solvent.

18. The process of claim 17, wherein the water-miscible solvent is selected from the

group consisting of acetone, methano!, ethanol, propanol, isopropanol, acetonitrile,

dimethylsulfoxide, N, N-dimethylformamide, and N-methylpyrrolidine.

19. The process of any one of claims 1 to 18, which process includes adding to the
reaction mixture at least one reagent selected from the group consisting of one or more

surfactants, one or more cyclodextrins, and one or more phase-transfer catalysts.
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‘Candiga depigalis. Can

reaction m xture at | east one reagent selected from
the group consisting of one or nore 35 surfactants,
wWo@r@s500058Dr e cycl odextrins, and one or nore  PCT/IB2005/001034
phase-transfer catalysts. W) 2005/100587
PCT/ | B2005/ 001034 70 20. TH& process of any one of
claims 1 to 19, which process includes stopping the
20. Theagrocasswifeanyraneenbictairoset 1o o9, twkick purcess @wtlides stopping the

reacuf, il Bl S BB il 0 B1 S compared 1o
the otfidreerantcmes obtheaspoxideeanaiorolicinatelid. , to 20, which

process includes recovering contlnuously during the

reaction the optically active epoxide and/or the

P igreddss aftdnyeondi & BialmgliOlto PP@AWRRA Bbbcb@@ includes -recovering
reaction dlrectlyfromthereactlon m xture. 22. A

contmldqa@fayg rigp ’@mayrQﬁctl@m dheroptically agtiveyeppuidp anfor thesoptically active
wcmalcc%l rb§udd %F i xufw%r - lfr%H £ reé'lgtécfrf ARiRe group

con I sting anomyces, l'era,
Bul | eronyces, Candida, Cryptococcus, Debaryomnyces,

L R R —

from fidex gmupsacorﬁélsﬂﬁgapf Riregles @oettationmceRn (Bwiém LBlalleromyces Candida,

Spor i di ohol u orobo hospor
Cryptcg,r% “((Sdrrg% 8cesér %?"%{ﬁ’s 0 etl"ﬁ ﬁ‘fg 1 flgrmonema,

Issatcﬂénkléi\herﬂﬁupvérbﬁ?y)ééélSt @p&ﬁme% of Maén?aﬁﬁycé@ecuwyxozyma Pichia,
selected fromthe group_consistin Ar xul a

Rhodosperiaiimy o‘ﬁia%ofowaq uPRPrIdiBok S, rSR?"ObCE?@W% offipbiegporon, Wingea, or
Yarrolplguxel | ensi's, Brettanonyces naardenensis,
Brettanomyces anonal us, Brettanonyces speci es
(e.g. NCYC 3151), Bullera dendrophila, Bulleronyces

'ﬁ]mégl gf%:teg,g o%}h&% %}l%@%ﬁﬁﬁ@ﬁ% %%aélgz"cggé&@agpgélhe ;ga&dé 9333’[ species
select€a ndiotha rm@n@rcblqzeCaumstmgpamfapAmml adefiaivdrals, r vgaoda, terrestris,
a tropica

Bretta%ﬁ&i:%% érﬁt%%é%?sis %@g{qﬂ,&)nyﬁe (Hg%d%pgpyts,o grett];nomycés anomalus,

Brettaﬁ@ 24l éﬁame&ﬂ (. NCYCe s 54 %blBiméra Q?é’rﬁr@ﬁlﬁﬂéfl UBulleromyces albus,
ol entus é)t ococcus bhut anensi s, @@%pt ococcus

Camdlg@Ir 3/Ricqas: &W dJeeigaig&enfiogy glaq?t?ptg d@ shaemulonii, Candida
mterrriékvf& COAAdIdE bfﬁbﬁé%@éﬁd%@ PHfb?ﬁflés%‘S Caftiet AfRfsaU<Candida tenuis,

l"aurf ent i I, (gj/pt ococcus ypt ococcus

ta fﬁf@ﬁf@u@a/wda ww,scm:q@sgc@@w gel to C. sorbophila,
Cryptgddcbd'S: a %ﬁocwﬁéﬁi@%r Qg%gyopz’fné%?%o&cgs’ bhutanensis,

ansenii, era |aIa de
Cryptmt:us odunmtep,e ﬂrye;sto(:cmogs gﬂm‘cué- Od/ptgcoctios rfomein@la, Cryptococcus
sat chenki,a ,0cci

h“"ga%'rgtﬁ/ve 'X&E’&ggcusnd?%r CRH C”@?n%‘??ﬁﬂ%s gt ed ’%’8¥°§°Eﬂ§s macerans,

Cryptdbo?:&:éi@ podkbaRy Cegotb€3dcas Reress, d&/@ptoo@@m@ @smcdfans, Debaryomyces

hilli or|| Myxoz | i bi os]j hi nonal a,
hanseﬁrhc Rekk enRAXHR s, BNopbRie, derr@@ﬁf{qfseréﬁﬂfafpﬁum #R9ig (e.9. UOFS Y-
0111) h%hﬁ@ﬁéllné sp%%%owrl\l@*{@”’&ﬁ‘ﬁ' Vs%ﬁkﬁ%nklgh@&%?ﬁélisd KPveromyces

pa udi genum  Rhodospor i di um sphaer ocar pu
marxiggiuse bésnycgis specmsUed dOES VRZI§8% dd'?@'ﬂ}’@ﬁ‘ﬁ tetrasporus, Mastigomyces

phlllpﬁ?? ngSﬂH% lﬁ@l?tgc?%{) grﬂrﬁ?ah %{n@H%hﬁgzh N u% E%chh/a a . guillermondii, "

Plch/am Nuamopfmho dotRiroabsparisiirh agilusizajaeRho d?ttodoa;bcmc{ujm | ylpmjudigenum,
Rhodosporidium  sphaerocarpum,  Rhodosporidium  toruloides, Rhodosboridium
paludigenum, Rhodotorula araucariae, Rhodoforula glutinis, Rhodoforula minuta,
Rhodotorula minuta var. minuta, Rhodotorula mucilaginosa, Rhodotorula philyla,
Rhodotorula rubra, Rhodoforula species (e.g. UOFS Y-2042), Rhodotorula species (&.g.
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35 Rhodotorul a rubra, Rhodotorula species (e.g. UOFS
Y-2042), Rhodotorula species (e.g. W 2005/ 100587
w8805/ 001034 71 UOFS Y-0448), Rhodot or uPEI/1B2005/001034

species (e.g. NCYC 3193), ﬁot orul a species (e.g.

UCFS Y-0139), Rhodotorula secies (e.g. UOFS Y-0560),

Rhodot orul a auranti aca, Rhodotorula species ;e. g.
UOFONEN@482.2Bhod pint tad 5peeipS (@,9 N(M%i3|1 84 oforula species (e.g. UOFS

0 c

Y—O13§El gg?&@fégl}lé‘ e%felggy% Bces . oseu @p?@é‘gﬁ aurantiaca, Rhodotorula
speci¢s (@ge NOYT r3224<),s ﬁ@odm‘ohéa el i'm cﬂ‘agmh&a;‘ p (Sp@ndmbbblaesahmonlcolor

Tri ch@spor.o delbrueckll ri chosporon
SporgbPlapies, | POIRBUS po P EH SHAREIFES, 11 s pOPBROSRYCRS  tsuga,
Tnchcs@p@rcﬂﬁ@elgw clweeporon Subhsdmngar. 'th@m@moﬂ'ﬂéhc%pemrﬁ&'elbruecku
(e.g. UOFS Y-0861 Tri chosporon spe |es Ig UOFS Y-
Tr/chqp@@g)n ﬁfpy%cﬁl@,sggp PORIL | WY CRIge. ROIAS ﬁvmdes Trichosporon
pultuidhd, °7|‘H?:§8§k5c98n %%@k@%e ge {mFs\IQY&ss?aijli‘hchosEbr&thoeé g. UOFS Y-

Specl es , Tri chosgor on specl es 'g
1615)N®7@‘1®2>mqn smp/asr (Q:@}dé@ﬁﬁo\froé%&: i1 68N@PaoN BITFEeS (e g. NCYC 3212),

c p
rocncpBhE sl NOSPRIORS SPOBIE, (BborlhX FEMAL o, NoYO 210
Tnchd&pngﬂa srpeblest &.9.e UQIS Yér2169), aTrld:hqwbmn specizg. (ehg. NCYC 3210),

hod for...or odu ti. I OCES
Trichqher B Ete Lol DY, (EeBRIRES fas o Yarrowia
lipolytieghucl ei ¢ acid encodi ng and capabl e of expressing a-
pol ypeptide that has enantiosel ective
2,2-disubstituted epoxide hydrol ase activity;
24. A%éi%u RSk $rB8usiRG = zpo%gfépﬁ% Qe aodeae wp,qude@etﬁé sf®s of:
fromthe cul ture. he mnet od of cl aim 24,
providipg pseh comeris|a nucleic peidanceding angacapable phMERESHTY a polypeptide

o B AN 2 RS e IR oL

culturimgtthedelbfaremhy of clainms 24 or 25, wherein the

'recovgg'ﬁy‘iﬁle?p ﬂ%&?’s?@cﬁ%é@ﬂe me”}ggrrgp t ag; gfyslajutrrs

24-27, wherein the pol ypeptide is encoded by an
do ene he. c The net hod of
25. i‘ﬂgn?éﬂ@%%&%an%%r\gﬁﬁretrh@e@gﬂ|ls@gegstrceegonbi nant cel |

and the polypept|de is encoded by a nucleic acid
sequence with which the cell is transfornmed. 30.

26. R Rering# OF FIMS 24,ordReberein e ﬁawp@w,dea@.adwé@m@h ygast epoxide

hydro&a% a heterol ogous nucleic 35 acid sequence. WO
G5/ 100587 PCT/ | B2005/ 001034 72 31. The method of
cl ai m 30, wherein the nucleic acid sequence is a

27. ?Rgohg%%lﬂsop%%be&c cla?n% d245%9Lf‘f’*:?c\f\?herein the polypeptide is a functional

fragment of a yeast epoxide hydrolase.

28. The method of any of claims 24-27, wherein the polypeptide is encoded by an

endogenous gene of the cell.

29. The method of claims 22-27, wherein the cell is a recombinant cell and the
polypeptide is encoded by a nucleic acid sequence with which the cell is fransformed.

30. The method of claim 29, wherein the nucleic acid sequence is a heterologous nucleic

acid sequence.
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32. A crude or pure enzynme preparation which includes
an isol ated pol ypeptide having 5 enantiosel ective
wQ2@sdoessbst i t ut ed epoxi de hydrol ase acti vity.PGBIB2805/001034

substantially pure culture cells, a substantia

nunber of which conprise a nd%lelc acid encodi ng, and

2he c%g gle of eﬁgr SS|ng a pol ypepti de having

8 M¢Bed ok clain et Wherein dud SHriels aeld sgaverre lﬁﬁjh@m@@ous nucleic

acms@@héﬁ@éy' 10 34. An isolated cell, the cell conprising

a nucleic acid encoding a polypeptlde havi ng

enanti osel ective 2, 2-di substituted epoxi de hydrol ase

t i . . i . .
2. ASHM pBESte ARLIRSAMLE s B TETHA fdibopte navng
enantioselestive a&-disslesiiidad epoxide hgdobabesadivippl ypept i de t hat

has enanti osel ective 2,2 disubstituted epoxide
hydrol ase activity and that hybridi zes under highly

33. Atsubemﬁéllwplm@ duItQﬂ§of dedis| b%u@@tﬁﬁh@ﬂ‘ﬁﬁﬁb&fof@/rﬁ@ﬂc@ﬁﬁﬁse a nucleic
SCt ed fromt he consi st ng of SEQ
acid @co ang argzcapﬁg n%xpigrssnag 20 Wg?pqq?ehgw%@@ﬁgmselectwe 2,2~

dlsubﬁftut*eti%p@%ﬂeﬂy@réﬂéééja&ﬁ/ﬂyenCe 36. The DNA of claim 35,
wherein the nucleic acid sequence encodes a

pol ypeptide conprising an am no acid sequence
o4, ARESE LR NAOCHRLSRDS 3,08, Ry SRolifg Chnbenice navin
enantigiselegtive tha-dinubktfuteda epaxide quinclese sactielty cthed célt dmingheapable of

N of SEQ ID NGs: 8, 9, 10, 11, 12, 13,
expregélgélhe 8@g5é@rﬁf I gol at edQDNA conprising: 30 (a) a

nucl ei c acid sequence that is at |east 55% i denti cal
0.a,Se nce selected fromthe group consisting of

35. é%dﬂ %@'&8"”‘@”3@@ 11, 12, 13, and 14; or (b) the

(a) aGuEEienRd sehuébhe: ﬂﬁéﬁ'@id@dé@@' pfo%ﬁjéfbﬂéé théﬁﬁé@'éha‘nh@selectlve 2,2
nucl eic acid %Vguence encodes a pol ypepti de that has

dlsubﬁﬁﬁtﬁtﬂue@%ud@d}y age activify @06%&1&%@@12@9@ﬁﬂa@hlaplarsavrmt conditions
to thea&)trﬁdér‘i’llént 3Pa Wy aH e/ SHQRET fr?ﬁrfﬂeﬁggﬁ/cgﬂélgﬁﬁg of SEQ3D NOs: 8, 9,

i'sol ated DNA'conpri si ng: el ¢ aci
10, 11sééuéﬁ,c@ndc hhtorencodes a pol ypepti de consisting of an

(b) thé;@%,ﬂgleﬂ%rﬁ of ﬁ%%gﬁg'g%teﬁhgn@é | east 55% i dentical to

efjuence se romthé group consisting of SEQ
ID NGs: 1, 2, 3, 4, 5 6 and 7; or5(b)the

t ac sequ wher ei n
6. FRT U et e e Bsbentvelet 508 Ketuphis ianeees @ polypeptide
compie$lay afleanivitraic§&quRsice \selatted from the group consisting of SEQ ID NOs: 1,
2,3,4,5,6,and 7.

37. The DNA of claim 35, wherein the nucleic acid sequence is selected from the group
consisting of SEQ ID NOs: 8, 9, 10, 11, 12, 13, and 14.

38. An isolated DNA comprising:

(a) a nucleic acid sequence that is at least 55% identical to a sequence selected from the
group consisting of SEQ ID NOs: 8, 9, 10, 11, 12, 13, and 14; or

(b) the complement of the nucleic acid sequence,

wherein the nucleic acid sequence encodes a polypeptide that has enantioselective 2,2-

disubstituted epoxide hydrolase activity.
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40. An isol ated pol ypepti de encoded by the DNA of
clains 33-37. 10 41. An isol ated pol ypepti de

w@opnos8ng an am no acid sequence that is at PEHER206HH1034
identical to SEQID NGs: 1, -2, 3, 4, 5 6, or 7, the
polypeptide havi ng enanti osel’ective 2, 2- disubstituted

oXi de rolase activity. 42. The poI ypepti de of
39. %’f kaAoﬁ?ff‘P%ﬁ‘% 15 (a) a sequence sel ected from

(a) a Hﬂl@l% Qe %Qaé‘rér?c,té %t%nc%@&'@dﬂ%ep%ﬂe ZOOI'I%ISJEIH'% oF: alﬁS amino acid

7, or function fragnent of the sequen
Seque(l%; thaids §bl§a§h@’:é/o adentigy!, tomjsewweﬁ@lemtbfromﬂathefgrw consisting of

I IV utions,. wherein the pol ypeptide
SEQ 'ﬁa g g |3b§é M/Z @J 2-di subst ituted epoxide

(b) theht;oﬂﬂbmt ai:fhemuczgejc adf) séquentie, i sol at ed anti body t hat

whereLI:uht eé)ﬁ) ypggﬁg % %Bgﬁﬁs%%cg\%ﬁgzﬁdlﬁuq{%&ga‘%p%lgy%\ygro?ase activity.

poI yclonal antibody. 45. The antibody of claim 43,

n the anti bod a nonocl onal . anti bod
40. An lso%ted polypeptide enc)c/)ded by the DNA of claims 33-37. y:

41. An isolated polypeptide comprising an amino acid sequence that is at least 55%
identical to SEQ ID NOs: 1, 2, 3, 4, 5, 6, or 7, the polypeptide having enantioselective 2,2-
disubstituted epoxide hydrolase activity. ‘

42. The polypeptide of claim 41, comprising:

(a) a sequence selected from the group consisting of SEQ ID NOs; 1, 2, 3,4, 5,6 and 7, or
a functional fragment of the sequence; or

(b) the sequence of (a), but with no more than five conservative substitutions,

wherein the polypeptide has enantioselective 2,2-disubstituted epoxide hydrolase activity.
43. An isolated antibody that binds to the polypeptide of any of claims 40-42.

44. The antibody of claim 43, wherein the antibody is polyclonal antibody.

45. The antibody of claim 43, wherein the antibody is a monoclonal antibody.



