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Met hods of Cbtaining Opticalty Active Epoxi des and
Vicinal Diols from Styrene Oxi des TECHNI CAL FI ELD Thi s
WO pwsnoisen rel ates to biocatal ytic reacti ons, BOTIBROSF001021

particularly to the use of enantionmer selective
hydrol ases to obtain optically active epoxi des and
vicinal diols. BACKGROUND Opti c?l |y active epoxides
and vicinal diols are versatile'fine chem cal

i nternedi ates for use in the production of

ar,nmageu .agroc en1ca S, fenro--lectrlc
If’f &ﬁ]@aht ping Gpiiealy: Acldve ERoxiges Vicmal

hi ghly reactive ﬂﬁﬁbrﬁ‘ﬁftﬂ Sg;?@ﬁ@gexgﬁ he strain

i nherent in the

el ectronegativity of the oxygen. Epoxides react

readily with vari ous TECBWNICAL FHIdDC- nucl eophi | es,

aci ds, bases, reducing and oxi di zi ng agents, al | owi ng

t he j I G

di ongfsquéi‘{‘tfoﬁg%ﬂageg% %g&%}%{awﬁ%%@égc \?%Org;égﬁcgﬁhy to the use of
enattdofriet esle@tmé hydi*dilake 30 obtain dpticalle aﬁl«re(:@olxidee asd/vicihandiols.

with a broad range of nucl eophiles. The possibility of

doubl e nucl eophi lic di splacenment reactions with

am di nes and azi de, al IBACKCREOUND di hydroi m dazol e

derivati .aziridines, diamnes and di azjdes. Since

enalRARGHIY & tiyg GRpYEss anhivigingl figfs r yeisatilgfine chemical

mtéﬁl‘?erd?é? chddig %E groka%cﬁ&ﬁ &f %?Pﬁ%éuﬁ als t%ﬁéfch%ﬁﬂ%?l?se ferro-electric

regard as synt hétic eqw
hqdldrqrmals v flarogra amﬁ]ﬁ'agﬂaacm é&pousieé aﬂe hlghﬂmrmhve electrophiles

oo QSR BB o BeP e o P EHARBAPGR T O dhs O BRREEvity of the

?%Q Eé)&iﬂ&ﬂ%&t rBadiAwAR Y @iowol, &, $>§ﬁ@m9§ﬂédpﬁﬂes°§c1ds bases,
enyl ring can readily be ani mat ed

red@émig@@é @ﬁtﬁmgg agerys.iallowény f@h@n@dv@tlha tmbleﬁmqm@sal nagiecules. Vicinal
dlogga p?cafe eregé‘? r%g' éwglu?)g/’hc su {iwg ra.Ped %if rt%sgltaﬁ:tgﬁks Sp%mde-hke

. syrtheaonith @braat range oﬂ rmctb@philé‘su Tae pogxibiligadfl doubletnu¥Rophilic

3-chl orost yrene  oxi de, and
displacemeni|regctigpevyih apdmes epd Aade illowaascess ity dibydraimideggle

deﬁ"yd?itvgg %515%18%% e[%\/a 2 gljﬁe%tGa%ng g]le.lz?ﬁe o ?@é %%%?le #)%I‘éeaeét&ng%?z’[nﬂ%cmal

dloZS)M)sterEpnpxmﬂeallhyyUe titasesvefted tReBcih B regurleth sl syaltheticc
emmvéXQES that convert epoxides to

Styrene oxide derivatives are among the most useful terminal epoxides from a
synthetic standpoint. For example, Styrene oxide and phenylethanediol derivatives with
substitutents in the mefa- and/or para-position of the phenyl ring can readily be aminated
to corresponding substituted phenylethanolamines, and many of these serve as drugs that
are currently drawing interest, especially in their optically pure (R)-configurations. In
particular, optically active 3-chlorostyrene oxide and 2-(3-chlorophenyl)-1,2-ethanediol
can serve as useful synthons for elaboration into pharmaceuticals (Harada et al., 2003,
Manoj et al., 2001; Monterde et al., 2004).

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.
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vicinal diols by ring-opening of the epoxide with
wat er. Epoxi de hydrol ases are present in mammal s,
wWEk@atensed nsect s and m cr oor gani sns. SUMVARY TheCT/1B2005/001021

invention is based in part on the surprising discovery

by the inventors that certain m croorgani sns express
epoxi de hydrol ases with high gﬂantioselectivity. These

m croorgani sms and the yeast anti osel ective styrene
epoxi de hydrol ase (YESH) pol ypeptides of the invention

sel ectively hydrol yse %ﬁﬁghégil nanti omers of styrene
oxi de (al so known as styrene- Jge epoxi de). The
genpdRSeiont b Bad¥iGh pRM BA MesIBHALEL dachAdry BoRhd Beentors that
havi ng highly enanti osel ective styrene oxide hydrol ase

certafremioyparganigny pumessepprids hydrolasen atithhsh epastiogelggtiviy e These

. for conveni I f . '
mic G5 SHLVIL RS R BRRRESRE S ERery,
polyp&hieeofthe poxhten se&iplydydrolgty speoificdnahtiethediobktyrdneroxide
"phenyl et hanedi ol " (PED)) generally refer to an

(alsodﬁ@M’BsﬁsiS%?I&thB? eprxidstpe g?W%%@szlﬁquﬁ%@@s%grenwde
ol s PR b o L EREAR SRRty sprns
oxidel (styteneetypaepaxidaspareifortonsieriem cageneballyi tetired to herein as
.. "phenyl et I,0l "), respectively. When an epoxide or

SR FIOcE Ly

_ _ _phenylethanediol) is or is not
SURS bk dheB8in, tht tdrths3StyRdn@leBskiaM (SES PR fshiahd Vicinkhdol" (or

t
i nvention provides a process for obtaining an
"pheoplethentdigl” 4REDYezcapeily tefentadin wrsubstityiedios alsnpstifeted (maono-,

. vicinal. diol hch process i.ncl . f: .
o SRl EsRLREE P! 198 WIS SHERE Fymorgned
"styreESpe vidigdldidll (& aheasitsafited st bsebdayutad tptvgylethahbdiol"),

enantioneric mxture a polypeptide, or a functional

respgqtizglhye Whemar enoriderpavicigpl Sipd heT sBavdethanpdial} og penot

sdmﬁﬁﬁéiﬂﬂ gy&&%hase activity, the pol ypeptide being a
po ypep§|de encoded by a gene of a yeast cell or a

geMore epacifdllf s thenimveygasproviglels;a procasb divt abgaihimg an optically
_.reaction m xture:. d recoverij fr t he reaction
activgieRpLiflg ang/pf ity qcamw&nat e, b R cipdes the steps
of: p%\ﬁ&‘ih? QR YR EntioReRhRhe 0L L9te e dkide((BEHNcreating a reaction

enantropure, or a substantially enantiopure, styrene
mixtepoxi aflingtorth¢ enantinmeriantiktopma @olypepades obs fenvtioasl| fiagment

e SRR LB LA L 8l s SR, SRS B
a polypeptide encoded by a gene of a yeast cell or a gene derived from a yeast cell;
incubating the reacﬁon mixture; and recovering from the reaction mixture: (a) an
enantiopure, or a substantially enantiopure, pheraylethanediol (PED); (b) an enantiopure,
or a substantially enantiopure, styrene epoxide; or (c) an enantiopure, or a substantially
enantiopure, phenylethanediol and an enantiopure, or a substantially enantiopure, styrene
epoxide.

Another aspect of the invention is a process for obtaining an optically active
epoxide and/or an optically active vicinal diol, which process includes the steps of:
providing an enantiomeric mixture of a styrene epoxide; creating a reaction mixture by
adding to the enantiomeric mixture a cell comprising a nucleic acid encoding, and

capable of expressing, a polypeptide having enantioselective styrene epoxide hydrolase
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Anot her aspect of the invention is a process for

obtai ning an optically active epoxide and/or an
wopisaaisky active vicinal diol, which process POIBMER001021

the steps of: providing an enantionmeric mxture of a

styrene epoxide; creating a reaction m xture by addi ng

to the enantioneric mxture a_cell conprising a

nucl ei ¢ acid encodi ng, and capabl e of expressing, a

pol ypepti de having ena itiosel ective styrene epoxide

. hydrol aseactjvity, the palypepti bei n pol vpentide ..
sctivE b GaBGP LEge tho POt PGt oy et e R 1bating
the rERA6H AR, BhH k&ovalid &6 eslblRboh hRtutd €a) Segiah@bpure, or a

m xture: (a) an enantiopure, or a substantially

 substantially epotiepurpirhepylethneadéali &) :an eantoprrenerrt SUbpaRtEllyor

substantial |l y.enantiopur tyr j.ghe: .
PRI B bloS PP B BB S SRl
phenRhtitleglohanes @lanfisichréor @ BabKtABHsllEenadtiopure, styrene epoxide.

substanti al ly enantiopure, styrene egoxide. In pboth o
pr Brleefh e prochwmes, teaipathatipn eant eedlindhs selegtive pEduetion ef 2

T M e

hydrbleee hisasiectinsacplitgand/sethaceleutivy earictiment; foltive ke theitotel

enrichnent, .relatiive tothe total a n boi.h .
oo PPBMBRE R L TS50 1 R e, O e SED gl g for which
the e?g?fat: 38880t h3le WHdEDe bR §POXI de does not have

ective activity. The follomﬁn% enbodi nents apply to
bofThe 6fllawing abbvdmsnis@pplyds botlihef thel dbovanragessas. y dhgcell can

cell. T ol.ypept.i de .can b coded .by _an_endogeno
be a gk o] TREMUKNPROr CEHE enre iy e 48RO ETRRATRC Ll or the
cell &8 e a tBSmPRaNPRAL he olpeptite tesiagdachded by anildit scidsédhence
sequence with which the cell is transformed. The

withnwilrle the celliiitransierasd e Thapudeic s01¢ RS NFANS O SEIVE

nucl i%%%%ns%gmn%e hae ee(‘ér8fo§9l9s c l'I'cClu?idcseﬁf#1 es&%ﬁ&ﬁ&o%&fs fhcleic
ool 0goeus rucler ¢ aci d sequence. e pol ypeptide can
acid Requntell Thd olgpdptide st beepfullileerghty east eexiderhyarolase or a
functional fragnent of a full Igng}@gyeast epoxi de
functgpgl STageent s Bbhiersth $east grogide 88d08sH pe carried out

at \orlble: HoMH o&ce%scé?:an b @éi‘rigéilﬁ)lﬁ’ &t £ L& 5aH1Y O?‘:Tr}]lgy can be

tenperature o 60 OC. In the processes, :
carried pokattartampentué of 0f€ tetoPrrénén €po piaessearthd eoraentratzgt of the

equal to th | ubi Ij f the.styrene epoxide.in.

strgeapid e i otk e s TR B eSidlip water
COMR BYADr&esidl ehe i ehmdlepdaidnl & chinpoandlot the g¥hezhlBimula (I)
di ol (phenylethaned|oli produced by the process is_a

and Sherpensidlio(phenyiekamedial) presusaricby the process is a compound of the
general formula (II),
X4 X4 OH
0]
X X OH
X3 X5 X3 X5
X, X,

wherein,
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wherein, X1, X2, X3, X4 and X5 are, independently of
each other, selected from H, hal ogens, hydroxyl
W@ e@apsosener capt o groups, carboxyl ates, nitro PCDIBR805/001021
cyano groups, substituted or unsubstituted am no:
grcnps, am de groups, al koxy groups, al kenyl oxy
groups, aryloxy groups, aryl alkyl oxy groups,
al kyl t hi o groups, aIkoxycarbon@I groups, substituted

or unsubstituted carbanoyl groups, acyl groups,

subs t nd bsti,t ut | kyl ;

suboki-rth Sa S ihctnee Febreay REy ogibuisteted fipm: H.
halogé&ﬁswdré&ﬁ drtipd, MBRERSE Idrbiip£ dadoxylatk ARG ,grcyﬂiﬁr@iaﬁo Bhfips,

unber of SubsStituents 1s one or nore than one and
subwmm@rmmtlw@hmnmgmep% rgidh erovaselleoxy sodmserllsernyloxy

ero el SR R SRRt e deig Bl aBfopd arBOfb Erous,

substiffetstunkibisaeitel Ndrbeﬁﬁ@*l g,fro&pé ecylagotipsy @ﬁﬁsﬁﬁltaf @ldpunsubstituted
consi sting of: phenyl; biphenyl; naphtyl; anthracenyl
alkyl groups; | sufes%alt%@ld ysabstigptedialisenyl xrguperanst subgiityigd agg * x

‘unSL@)yC &4 a%lg%%%lﬁn\ghég}nﬁﬁ %%861' Q%Hsﬂﬂféﬁﬁri?&@é %Sreatha%%ne and

oal g to arbon atons ere
whepc the alibsyitueptscarp thesaselaaodiéidrent;om t he group consi sting

2;&1 é%ﬁz t)é/laé)(;}d‘)g &ﬁpen ﬁ;rﬁg%ﬁggexylﬂ@Tepdt%gependem are

a subHELtORb M suBHRMB |8y YRS UP SLllebidl %Q)l@fhe%ﬁ;ﬁ?&n)élstmg of: %enyl
substituted at any position of the ring; “or

blpfl@nyl}‘@a@t}d F@hracanyXgroapst a4 the 111(4 emd X5 toget her and

S(g 5 g?,o%gf‘ r%ﬂ?g%%éh&? %lélﬁ?%?r A ou%%o&e%luﬁar?d independent are

a cy&@hlﬁ?lt E6uf FAM4H S GFHIARAORRS wfﬁbﬂe&gth@fcyclabﬂ‘kb@g%hp EBYsJeie,cted
cycl opentenyl -; cyclohexenyl-; cycl ohept en

frome{helgawprconyibtingpte Aydobukpits eyﬂomwlofaﬂ@aménﬁd@h%nﬂd and

cyclogctﬂog%t&g dSI}t&%ﬁ g?elr R} foéé@l %g{lg shﬁsgysk? E&gf@ a%&'zé:ﬁ%gt dtu’ced

at an¥Bposition ¥3 ttanthgl4r or X4 and X5 t oget her and i ndependent
are a heterqcyclic group cqQnsisting f a b to, .
7- FeRBL FecPTEr Bty Of K¢ 8@#%&@ rc%ﬁ ﬁW@e‘g‘e‘h?‘%dr igdensndent are

a cy@l%ﬁ’lﬁblg@gr 4 a9 %rbgrn fops] \JvlfléfélnE%B@ E@/‘cl(‘!ﬁ?ﬁ‘érﬁf! Broluif &s

het'er group i s selected fromthe group
selectedh §ostthe groalp coﬁfustyig -qf: diybhpbutehylraayglopentenyl-; cyclohexenyl-;

o RN R S S R SRR v
uns&ﬂsﬂ%@d@r%@%@?a@l%e SubbtHOteE & drdi d?lellore @éﬁﬂbllﬂd 1@' tBéWhg; or

thi enyl -; tetrahydrothienyl-; dithiolanyl-

t hiXazof i, or X, and X5, or X3 and X4 or X4 and X together and independent are
a heterocyclic group consisting of a 5- to 7-membered heterocyclic group containing a
nitrogen atom, an oxygen atom; or a sulfur atom, wherein the heterocyclic group is
selected from the group consisting of: furyl-; dihydrofuranyl-; tetrahydrofuranyl-;
dioxolanyl-; oxazolyl-; dihydrooxazolyl-; oxazolidinyl-; isoxazolyl-; dihydroisoxazolyl-;
isoxazolidinyl-; oxathiolanyl-; thienyl—; tetrahydrothienyl-; dithiolanyl-; thiazolyl-;
dihydrothiazolyl-; thiazolidinyl-; isothiazolyl-; dihydroisothiazolyl-; isothiazolidinyl-;
pyrrolyl-; dihydropyrrolyl-; pyrrolidinyl-; pyrazolyl-; dihydropyrazolyl-; pyrazolidinyl-;
imidazolyl-; dihydroimidazolyl-; imid azolidinyl-; triazolyl-; dihydrotriazolyl-;
triazolidinyl-; tetrazolyl-; dihydrotetrazolyl-; tetrazolidinyl-; pyridyl-; dihydropyridyl-;
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di hydr ot hi azol yl -; thiazolidinyl-; isothiazolyl-

di hydroi sot hi azol yl -; isothiazolidinyl-; pyrrolyl-
waledvgdoospyrrol yl -; pyrrolidiayl-; pyrazolyl-; PCT/IB2005/001021

di hydr opyrazol yl -; pyrazolidinyl-; imdazolyl-

di hydr oi m dazol yl -; im dazolidinyl-; triazolyl-

di hydrotriazolyl-; triazolidinyl-; tetrazolyl-

di hydrotetrazolyl-; tetrazolidnyl-; pyridyl-;
di hydr opyri dyl -; pi peri di nyl -; nDrphoIinyI ; di oxanyl -

p1pelﬁélpyg,alypﬁgppl }trlg,: ?;%19 lp%ﬁg]fpx 5 1 oxamyqy thlomorphohnyl-

pyride@irfyat @ﬁwdfo@waaﬂ@m Bflahiyd h9pyﬁé>@ﬁydxawndazmyl-
rlmdlnyl dlhydro yrlmalny
pynméhméh;dm trafededpydimmdimilrhakahydropyrimadinyl-;

et Pl opvpﬁﬁéﬁﬂﬁ' e ERGTE comfURISRRE: Pt

dlhyﬂﬁ)ﬂ[la;bmdlﬁ}ﬂt hemyﬂ@&uwyransﬂ i&lﬂﬁﬁky)}l—,,puﬁﬂyll-;l’m}mmdlnyl-
yr.imdiny] - rrolizin rrolizidin i ndol yl -

Pyrr%lmmsgld @Wﬁh@ﬂw indady; ﬁla%«vgilromcyqlﬂddﬁ%qiﬂy , indolizinyl-;

L Y. -
N e
dihytenmbolydy; wmhydﬂoghmolyh qulinoimﬁy—l > quiniohzidirgil-gl ph@ﬂanthrohnyl—

chrof g R AT, Ssck G KO FEEoR BB b o Pazp Bl aad garbazolyl-

grou?@ raRazed M&Q MRSy RO dabEbé, itk Lexalhie, 3 abstithRdPraan be,
or exanple, a substituted or an unsubstituted phen%y1
group

unsu@st@uwd phhey] gyasipe dleloy Floglkol ;gr@mp&né)e fayrexaaleph eycleal
W1th§yt§ cal %%&P gﬁ%wﬁioggﬁgngi grc}uéo . raé]% X h‘g tr %g(margplte a cycloalkenyl

grouﬁyzﬁﬂpﬁtdﬂ’i BtborgAteHe, Mddthe hetePockclialcham ah ®@Btor 3ReplBES or 6
eterocyclic group can be, for exanple, 5 or 6 carbon

carbent feE1S. Mor eover, in the processes, the enantioneric

r aig&ol]!’é&’ qH t&?ﬁrgcés%%?ﬂlé (éenl’lg]laﬁ IHEHC R{IX a)fltﬂéraeragémi%%lxture or

‘anou | OMEr'S. e processes can
a miktued oftkmyadiih ofarhourthe the mamtoxrmemxtmeq:rm&ts_eﬁs candnchitde adding

| east., one water-i |bIe sol vent, .includjng, .for..
to thg geacHipr mixtyre wafer ﬂTF o legst pRg HRkT RS B)IéfF’%aH‘éP?Udmg’ for

exangfﬂé hthueﬁ@ iR %Mﬁor@ﬁ‘ﬂﬁﬁro OBy lmé ﬁ}q ety fep ‘?metléyl isobutyl

but'yl - dpht'al'ate, aliphatic al cohols cont ai ni ng
ketofe, dérityro-phtolats, ahphaph altco&ommn@alamg(ﬁrts S atome, ﬁlph@tlc

bycegrQ R GRE @ Rt dks PR Gt of R e or in

additibig thepobéads dinihdHi® A1Bres e rédctiof aSikt@OWater and at least one
wat er - m sci bl e organi ¢ so vent, for exanple, acetone,

waterraripeils|organihepivint, T SxBERRIE, adeimss BSHFaeL; ethanol, propanol,
n ] .§
1sop1%®§%oq éce n]uﬁo > nar?ﬂ&%ﬁ%lﬁﬂuﬁgﬁély ?}Fﬁrhgj{/erﬂ}}gfonallamlde : PL N-

tl@ﬂip‘brrtdlﬂ[m Ol aaldithnert dlteshytiveby@neor e swiidiact, an¢ sy more
cyclc?c?eitr?nrs glp (gnee or more phase-trarasfer catalysts can be added to the reaction
mixtures. Both processes can include stopping the reaction when one enantiomer of the
epoxide and/or vicinal diol is in excess compared to the other enantiomer of the epoxide
and/or vicinal diol. Furthermore, the processes can include recovering continuously
during the reaction the optically active epoxide and/or the optlcally active vicinal diol

produced by the reaction directly from the reaction mixture.
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cycl odextrins, or one or nore phase-transfer catalysts
can be added to the reaction m xtures. Both processes
w@ 205i1005bude st oppi ng the reacti on when one enBCI/IBMEY001021

of the epoxide and/or vicinal diol is in excess

conpared to the other enantioner of the epoxide and/or
vicinal diol. Furthernore, the_ processes can include
recovering continuously during the reaction the

optically active epoxide and/or the optically active

! bl Db GisebREORE SR Yt f P8 ol BB REHAAePDRE ponere
Amg@ \B01t 81y ced) Buflbrd Bﬁllér@)ln]kﬁ:\é& LRI 95 1 cBRNE TRebaryomyces,

Arxul a, Brettanomyces, l'era, Bulleronyces, Candida
Deligyr gﬁf}@pb@é@ §eo@g&a;1y@w@geivz%kk@¢lae11/@ wvgrfogwces Lipomyces,

¢ [ e -
O e G
SporBBeROBLEQ THehdsporoRh Biedeny st Aar 15[52@& i di 0 bOl us,
Spor obol onyces, Trlchgéporon ¥%1 ﬁ
MoPESFRYeD 1 e ecqshesc e deast qq%lecap 2 cfong of fhedy O‘B‘é‘gof
exeng@‘iw%&)c&gée Aok % lﬂgzvg%ﬁgpA%LMa ?é??&’n‘?? BBt ces bruxellensis,

I vorans, - xu a terrestris, Bréttanony
Brettumonwptdsensi @neereTBh SUTYIDE8S nmanalleaeﬂsez‘&nomyces speczes

R ALY S0, P . 5,0 RO SPRCIEE o o
fabuﬁlzp S df %%Bﬁ@taabgh&ia&‘ Baentp i Eah 8 aielmediarchdaia

gl dbrata, “Candi da haenu onii, Candida i nt er medi a,
mao@alm:hCidzadwhgnmdee@a rCcand@’a pm@g&u Cowiida t@zwﬁd(?@sdld@géslaalls

Can@%%lagtakgﬁ#cé%? kiu&gh aggz 2 j2 ((%ew Iel déoqgoph?ﬂa&%)ptococcus

albi&8 0PRhbdodeusUnydierms, @i’ﬁpt@d@b&k&%lm@u@ﬂh@ C Qfpdéeoccus curvatus,
nylolentus G ypt ococcus bhut anensi s, Ci yptococcus

CryRiQers st USaSIETUy pE BRIRcEE@IS GURTEP Gy S TYRIDEISE e Bigaricus,
I & t S
CrogiReEls PrurSr B BEREAS: IHRORS, CHprogbb R AERRENS Cryptococeus
podivéieey, ﬂﬁjﬁpz‘o@cgm BLens l&ymodz)od:usonmqez &Gisg Plebaiyomuses hansenii,
erreus, tococcus cerans, . Debai onyce
Dei»%%ﬂgaﬂmflla BEIBbA'3 TGS » f%&fﬁﬁ. 1 3Pl DOFSSY-011D),
Horbkihd f@s %ep § CN@YC(ﬁ 7@% 185 e¥itsd odeddentdiRY W%myces
speci e | ssat chenki a occi dentalis,
maridaysy ér;mmc@sspnalzs((e@U@FS prlﬂ?d,e@pgwméwésﬂ L(@OQISUG:S U

| Masgé?ll%?%s gk‘ ll@%‘)@ %ny%}%%zraﬁé fo 106 A %ﬁﬁl gﬁ?yx&h% r%z a znlandzca

PicHth elilRrhonti P Bhaptd philh SR BYHb IR F-10nAl ilsitatiag) h’Ufbdos oridium
hapl ophi | a, Rhodosporldlun1|u5|tan|ae Rhodos oridi um

palugigeningRhadesp RIS s Splster enonmap hedewstidgmioruloides,
Rlzoggsgvgp AR ﬁﬂbgz%i M, %hgdgjtgﬁela araucariae, Rhodotorula glutinis,

Rhodotorula minuta, Rhodotorula minuta ~var. minuta, Rhodotorula mucilaginosa,
Rhodotorula philyla, Rhodotorula rubra, Rhodotorula species (e.g. UOFS Y-2042),
Rhodotorula species (e.g. UOFS Y-0448), Rhodotorula species (e.g. NCYC 3193),
Rhodotorula species (e.g. UOFS Y-0139), Rhodotorula secies (e.g. UOFS Y-0560),
Rhodotorula aurantiaca, Rhodotorula species (e.g. NCYC 3224), Rhodotorula sp.
"mucilaginosa”, Sporidiobolus salmonicol or, Sporobolomyces holsaticus,
Sporobolomyces roseus, Sporobolomyces #sugae, Trichosporon beigelii, Trichosporon

cutaneum var. cutaneum, Trichosporon delbrueckii, Trichosporon jirovecii, Trichosporon
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Rhodospori di um pal udi genum Rhodotorul a araucari ae,
Rhodot orul a glutinis, Rhodotorula m nuta, Rhodotorul a
worzevatieosks>ar . m nut a, Rhodot orul a nuci | agi nosaPCT/1B2005/001021

Rhodot orul a philyla, Rhodotorula rubra, Rhodotorula
species (e.g. UOFS Y-2042), Rhodotorul a species (e.g.
UOFS Y-0448), Rhodotorul a spe%ies (e.g. NCYC 3193),

Rhodot orul a species (e.g. UOFS Y-0139), Rhodotorula
secies (e.g. UOFS Y-0560), Rhodotorula aurantiaca,

e SO SR PR ELES b S P ISR Oh iR

UOFSPeI0889), o7¥EaSoRs! 5%@&1!2504%% USI hid1 SYVLeshdsp&euSpecies (e.g.
Spor obol onyces tsugae, Trichosporon beigelii, )

UOF& Y §4bbp drishosparcarsparies/ &re: I\@Yéﬁélm} Tichesnssppirssies (€.8.

oo STE el PR AL NSRS, tgporon species (o

UOFR Y2hos)y ariohppbldi spb&es (Bld. NWBOGLON), Sprbbesro ngnillfdrGe,
_Y-0861), Trichosporon species (e.g. UOFS Y-16 15),

Trichaspelog e degpiss 11augqed oferiins: 9 Yau W ey ipepiiefos por on

spegl i n i .

ot (gt gifon fieliiedAhey of 1 (BN RORG A RBRK RS gafip Hisclosed
hereifit - i chospor on species (e.g. UOFS Y-2113), Trichosporon

species (e.q. YC 3210)., Tr-.i spor.on. noni l.iifaopne,..

T RERGEHOPEH YiiiR BV HRB ke NGB PEEIcES) By Pegte. Which
proc%%riﬁ&%f@e@ thd RP3H FRvidE YRS Mg £A0cIRIcRidEhBHindMd

the other ‘genera, species, or strains disclosed
capahkerofienpreseing hpolynentide thas has ¢nantipsebastivestyreneeneeidedydrolase

f duc; | i i ch i pcl ud .
s B T BB B Db SR MY Reoverng
the R RpEACHEI B althrE RRRIAES f6f ex@iples StbR@riag Pototh €l medium in

“that has enantiosel ective styrene epoxide_hydrol ase
whichdhe gelt yas ealfurest origeavedng BifTom gierell @ever iTRg Celhgan be a yeast

ot PELSRABLARe L8R R8s 4 G BERANEEACAE S ot cn
be a Fevombéianticell, thef odypeptide baidg emodad b b elucldieadé sequease with

. ukturfd orgéeco ering |t fromthe cell, se. The cell :
whichdhe gl 15 tRBSIOTIELb| The Msicafid SPERSEAELRE Hhorosentsdrslric
acid 38 RACOISRRMS o %uglfeict e{?:lfﬂ &ahbn R ot d¥R>1581d goﬁ%ﬁ%@%c @cid

reconbi'nant cefll, the polypeptide bei ng encode y am
sequeh@i Chaqioty peptidresrodewi ull-lowgtl feashepozet ¢ hydrolase or a functional

transf d. .The nucl ej ci.d sequence can be an
Frasto DL B et o e Aiee | L2 BF GhBBLT the yeas
gendth Gh&i&s, BEtEhISCHLIPRNCE heRin @ HYTBERGARSNTEE BidtosE herein.
seggence._The pol ypepti de can be a full-Iength yeast
epORF ivenijen dpafatuses acridmer pusn gRZyme preparation which includes an

isolated polypeptide having enantioselective styrene epoxide hydrolase activity. The
polypeptide can be one encoded by any of the yeast genera, species, or strains disclosed
herein or one encoded by a recombinant cell.

In another aspect, the invention features a substantially pure culture of cells, a
substantial number of which comprise a nucleic acid encoding, and are capable of
expressing, a polypeptide having enantioselective styrene epoxide hydrolase activity.
The cells can be recombinant cells or cells of any of the yeast genera, species, or strains

disclosed herein.
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fragnent of a full-length yeast epoxide hydrol ase. The

cell can be of any of the yeast genera, species, or
wa@reoaitesedi scl osed herein or any reconbi nant ceCT/1B2005/001021

di scl osed herein. The invention also features a crude

or pure enzyme preparation which includes an isol ated

pol ypepti de havi ng enantioselgctive styrene epoxide

hydrol ase activity. The pol ypéptide can be one encoded

by any of the yeast genera, species, or strains

O RSkl F o SlRr et i A S8
nucl SRR X pOYH S Ha Vg RiniTogblbivearz R gpanidahydrolase

nunber of i ch conprise a nucleic acid encoding, and

activify ethe splh beiag etpablqeiaxpraging thenelynsetds. deherrglli ¢ap be any of

epant.i tive styrene epoxide hydrol ase activity.
ﬂxm%ﬁ%agg%ﬁgﬁﬁgh be reconbinant cells or cells of any of

t hEhy Bashitigeilss fatus@eni ifsate® DNA tait fighdies.qh)os edcleic acid
her ej n. Anot her enbodi nent. of the invention is an
sequpngs| thgteacedss | Pofseriida thaidimspidiongjedivis sbireeceRside hydrolase

s SO0 oRRL APRRL L BRAAEORE AR L
sequenqertbatsian e SEEQ PoNpépT, &€, offHy oc &) Itheamiiemeny obthe nucleic
.,those disclosed herein. The invention al eat ures an
acid BT o SRR T GEREan CROUR ARYIBP oG O eTdes 28
amirdeRHERE Sed B ahat @RS BESEQADPRLY PEP B Ao iNatthdscIeic acid sequence
enanti osel ective styrene epoxi de hydrol ase activity

can by fortexampley bne of tbe@fxmiﬁldéEQ‘{iDgNOy: &t BriyeontO.condi ti ons
t t. : . DN
o, A5G BB B IS A RRAR PR ey B i

acid BetfileBb<thaCik dt RRGUEHC@entIdae tonIgdqgBbre algit das BEISET ED &M 6, 7, 8,
encode a pol ypeptide that includes an am no acid
9, ordldy otk dhe ¢oaeplempntiod thspryclaie gyl seguence, the nyclepe agid spggence

enco{aﬁl%lsagﬂ.) %’t@%@ﬁ? %%gn&%’%l e?ﬁv%gtﬁ%ng W%e%y&?% gasQ deﬁVity.
pr ewbthetladpyct dfehe imvaﬂidnd ah gsobated léNlAaheid.n@N@ed;:f(a) a nucleic
(a) .a nUﬁIeic acid segggnce that.js at | east.

..includes: . .
acid SEIEeR ] TRPIF BPTSRSRULR EUiFIaE oL ar TpiRoed Sasligere ot is

least’55%BideRtic%o Q-Qé%u@ﬁce(tmt B e SPPIre Rt 1.0f 3t Jﬂﬁ)lgS';CArQBFthe

aci d sequence, the nucleic acid sequence encoding a

compistngpeqfitthdsudlbatcidasqemantthopdypaptide bagny remgiwpleriivestyrene

hydr o] ase activity. Another aspect of the invention is
epoxé‘xedl?ygﬁ?gfeeacf%ﬁm that includes: (a) a nucleic acid

S e QURGEIuH OB Are SREOEAE. 28 thede YR @BichdRe €siisd Sejua8c®fs oparably
linkeadr?o g%ra%gérgpt%ia urigglgtotr;] gltemlerslt) %gntaining any of the above DNAs and
cells (e.g., eukaryotic or prokaryotic cells) containing such vectors.

Also provided by the invention is an isolated polypeptide encoded by‘ any of the
above DNAs. The polypeptide can include an amino acid sequence that is at least 55%
identical to SEQ ID NOs: 1, 2, 3, 4, or 5, the polypeptide having enanti oselective styrene
epoxide hydrolase activity. The polypeptide can also include: (a) a sequence that can be
SEQID NO: 1, 2, 3, 4, or 5, or a functional fragment of the sequence; or (b) the sequence

of (a), but with no more than five conservative substitutions, the polypeptide having

enantioselective styrene epoxide hydrolase activity.
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| east 55% i dentical to a sequence that can be SEQ ID
NOs: 1, 2, 3, 4, or 5; or (b) the conplenent of the
woeesadseaci d sequence, the pol ypepti de havi ngpCT/1B2005/001021
enanti osel ecti ve styrene epoxi de hydrol ase activity.
Al so included are vectors (e.g., those in which the
codi ng sequence is operably |inked to a
transcriptional regulatory el énent) containing any of
the above DNAs and cells (e g., eukaryotic or
prokar otlc 8 1 1s) .contal. suc
o op R YETYaHo S er Sl B il pae
poly€lBgsded nboho@rbylapinnwgy)QM\bmaMany dhde BBdYERBRIBEd can
i nclude an am no aci d sequence that is at |east 55%
polypetdides.cal to SEQ ID NOs: 1, 2, 3, 4, or 5, the
po Ie C
PO EREE. A5, B AR5 B AT SRy

partl(:ﬂ)lr Jfoss eg|Lefige td da@tnwm zbﬁid ﬁﬁQidelé) ¥ bechr 1n2(a:n6. caﬂnotdfe
or a functjopal ment of the sequence;
obtatnﬁé frguy) s partisklap a§11 A RIS TS SI0RTA %Wély-occumng

nucl&@ rééﬁl > Eor r}s}/d%re?iutgsb%'ek éng{ﬂsgto eflmg Pegyé/dr%g%&éaﬁcgﬂ\fﬁtBQhe host

enant ective styrene epoxi 'ase activit
cell. alih & ivgrortemtito choteethat rtohmahmwlbnbccmmrﬁgmlalme 3c1mcm$ obxath%uoleic
ody (e. clonal or a no ntlbo
acid Py SERANENO AT TS i PIHEET BB Oy BB
provided th&hiblei %9888 @ %holcAfey %S@ex'i‘ﬁ ﬁ@hﬁuw tHar bR HEY) a9bRic acid
nucleic acid and a particular host cell refers to any

molesulsl eontrining d erramicdds se@tenor within an e(xare@smlaﬁﬁgtor lenon-

t ai ned. fro ticular cel
nans G5 B8 i RE & pPlsBtve FRgr L Pilf igrgdyocd o
the HoSt &HNsihetethetnicleidgei@ KAIRNRUS o Whale (@8bmEED N Q& vector
i ntroduced into the host cell. It is i nportant. to_note

DNA)figes ﬁ@trfixﬁ%ﬂlm paiprey Thus @y iveetoh diioapmogdly aeplicating phasaia, or
v1ru§1§ %%e&o@ s a elﬂg§1f'195u8 es%rdcsi AU $h g dgé{s‘: klgjt gx@tclhqxature

ences are foun i n"nature provi
is congidéred ¢o h@nm-a&umll\mmbmdg asclatackki Etfollowsthtt genorfieDNA
SR DEletl) BRI AR R g aSbGs Bt v elf o8 CBMAs are
consm We%oh%aﬁﬂ&lﬁ%éduﬁ%gn&féhé% Gci@Ginde 1RPAxEDHS sbprate
exogenous to a hdst cell” once introduced into the host
molesgles notfonoe irt hredtren Uicdl g bllaws thatrehenudlec asid gomiaihieg a promoter

us .vector d not exj.st..i .
seadh R Powmsa oGSO Rt oraar erEprE e =
arrarfleffelt fbt fOlindVinmidfiré B-rdn-nabRAllPYEduSng REBHONEEL SNuélEic acid

herpes virus) that as a whol e does not exist in nature
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 3.
It will be clear from the above that "exogenous" nucleic acids can be
"homologous" or "heterologous" nucleic acids. As used herein, "homologous" nucleic
acids are those that are derived from a cell of the same species as the host cell and

"heterologous" nucleic acids are those that are derived from a species other than that of

the host cell.
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Is considered to be non-naturally-occurring nucleic
acid. It follows that genom c DNA fragnents produced
Wh00POR56Y restriction endonucl ease treat ment BST/VE005/001021

as CcDNAs are considered to be non-naturally-occurring
nucl eic acid since they exist a.s separate nol ecul es

not found in nature. It also follows that any nucleic
acid containing a pronoter seﬁhence and

pol ypept i de-encodi ng sequence (e.g., cDNA or genom c

n an.arrangenent n fo in natur.e is . .
o s e bR i as SRl Bereh R K ehoco gusigic acias
or gdedbnd & Pﬁ%ﬁﬂ%ﬂ&élb&%&?ﬂ&dﬂy@ﬂcl%ﬁfhoﬁﬁoﬁg&gmd&est ek in (amd
particular cell. For exanple, an entire chronosone

can heehtained fibmg thahpatcwlangeljasfoendiningtgp exogenous

nugl ek ~aci { t.h respect to C f S nce

 nabE SRR sl iamETBY Blr bnas b Rg i fenhed2pipound
of thetgeMérhl fobgulal(Band theortihbiediagseudetdl thepoganeusbe a

nucl ei ¢ aci ds_can be "honol ogous"” or "heterol ogous”
compeiideaféhegengtnl frmuls@l: herei n, " honol ogous” nucl ei ¢

acids are those that are derived froma cell of the

same species as the host cell and "heterol ogous”

nucl eic #gids are those that e deHived froma

speci es o0t Yan t hat of the host celé.ln contrast,

th A gnous 4 i reference to

nucl ei ticular cell refers to

any nue es occur in (ajtid can

be % ed fXonm) that p&fticylar &ell as found in

. nature. ¥he SEO used and obt ained by the nethods of

the invenfion can be a conmpound of the general fornula

(1) and qhe vi ci nal di ol prodyced by the process can

be a conpound of the general formula (11), wherein:

X1, X2, X3, X and X can, independently of each other,

be selected from H; halogens (F, d, Br, 1);

hydr oxyl groups; mercapto groups; carboxylates; nitro

Or QHRSs,.Cyano groups; substituted or unsubstituted

am no groups (including am no, nethyl ajnino,

di ey, g HerixX0end ol feyh, dndepend ahitlgtof ghdnather, basslectal fr@tlSHE;

protected am nes such as ter~tbutoxycarbonyl- and
halogens) (Eyth Siabl G 81o8ps: TMFR#RIC SFOWP<Caftrlatis mo sroups;
cyall I Pl YISl Ethn Monts (LR bl Hiibylamino,
dimethplamirsy ethyhesing tdieyl ametoh end/yarpue pydtectsd amines such as zerz-

butok?gﬁggrpy\{-l a%)éya’rylg)u% lar%%(c}/d gricnsllg)stf;ugrﬁdg )é}'/dupts %rntcl?lH}I%g u%)s(l}%’stituted, N-

substituted and N,N’-disubstituted amide groups); alkoxy groups (having 1 to 8 carbbon

@acid or gene tha

atoms such as methoxy, ethoxy, propyloxy, isopropyloxy, butyloxy, isobutyloxy, te7t-
butyloxy, pentyloxy, hexyloxy, heptyloxy, or octyloxy); alkenyloxy groups (having 2 to 8
carbon atoms such as a vinyloxy, allyloxy, 3-butenyloxy or 5-hexenyloxy); aryloxy
groups (such as a phenoxy or naphtyloxy group, which can be optionally substituted with
an alkyl or alkenyl or alkoxy group having 1 to 4 carbon atoms (or halogens), e.g.,
phenoxy, 2-methylphenoxy, 3-methylphenoxy, 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); alkylthio groups (having 1 to 8 carbon atoms such as methylthio,
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pentyl oxy, hexyl oxy, heptyl oxy, or octyl oxy);

al kenyl oxy groups (having; 2 to 8 carbon atons such as
wa@2wsngdsexy, allyl oxy, 3-butenyl oxy or 5-hexenpdtDKB2P05/001021

aryl oxy groups (such as a phenoxy or naphtyl oxy group,

whi ch can be optionally substituted with an al kyl or

al kenyl or al koxy group haviﬂg 1 to 4 carbon atons (or

hal ogens), e.g., phenoxy, 2- %hylphenoxy,

3- net hyl phenoxy, 4-nethyl phenoxy, 2-allyl phenoxy, 2 -

o RN D RS S BT oma e
methd¥& chrbby]; etBbHlcadbiyll M/ the iRER Sulkstinded oM QRN AT @asxKérHoy*l

2- "phenyl et h%/l oxy); al kylthio groups (having 1 to
groupdelgarcaraones], suethyleasbareey ditdethylearbamasthi dcthplearbgmoyl aad the

Lo putylthio, i ut.yl t.hi g ent yl t bi 0); carhon

ke bk R iR et b o EPSE R B bz

grodpsk bstisntbs bid wHsEbktBlited a&yb%zbiups; isektieredanDysulestioupd alkerayl
., .carbanoyl, nethyl carbanoyl, dinmethylcarbanoyl,

€.9., . . !
groupsefubsiiteted sadspsubsiiytadiard growrsy :and éhg likgr oups (with 1
to r tyl, propionyl or
beg?%gﬁhgggﬁgﬁ§gﬁgﬁﬁig?fﬁﬁ{§%%gglrﬁnsuéé%ituted al kyl
gr dihesnbssitixesits danbe dheasatheuorsiiffsent ut ed al ker xyl gr oups;
substituted and unsybstjtut ar roups; .,and_t he
i e morhe 6%395 PR Ka i e B GF Xighd X
togetthg An@ ftep¥EntSHOR d1{ B Rh 3n o RA B sHARE aPYl group sclected
different. In-dnother enbodinment, X1 and X2,or X and

ﬁo@(&e group@naistingdf: phenyd; plabnyg ntap@ﬂ; laethraseyl groups; and the lilkke.
et SR SR B R SERBD e RHBE h! Sthp
PhenyhothéH eiiRaithént TAPIHAX,,010K) MEKERY X, ShOTR D XaRdd the

i ke. Preferably, the aryl grouEkis a phenyl group, or
togesirer @pd inskeneridpntiy prst lsafosa atyelopikegybgroup|withh i §esrbon atorns.

j t , - 4
oSO T A 20, 0 60 A8
cyclopeitanilk ensibhegenyln cntlohepteriyd-; Gnd aydlosctatybgoupkltkat can
R o B LS BT, E e
groxg%{?g:?a:éﬁl@%ﬂ?%%mg% ¢ Qfibon 2Bk, Cycl ooctenyl -

at ‘can vari ably be substituted at any
podhizhathé¢rssmtadonernd, Xhand Xngr Xpraafl éf:atd X3 andés or Xy and X

o S AR AEELD RSB B L T
ring@hd 1X3hetSfoatéisan the¥ing ivife BB BetéRoat RBE@S REArephittogen; .ox?;gen or

i ndependently can al so form a het ero%cl ic group wit
sulfar. tRyeferaplypthe hetgrqdyelic ring has 5 or 6 atoms.

selected from the group consisting of: furyl-; dihydrofuranyl-; oxazolyl-;

e heterocyclic ring can be

dihydrooxazolyl-; isoxazolyl-; dihydroisoxazolyl-; oxathiolanyl-; thienyl-; dithiolanyl-3
thiazolyl-; dihydrothiazolyl-; isothiazolyl-; dihydroisothiazolyl-; pyrrolyl-;
dihydropyrrolyl-;; pyrazolyl-; dihydropyrazolyl-; imidazolyl-; dihydroimidazolyl-;
triazolyl-; dihydrotriazolyl-; tetrazolyl-; dihydrotetrazolyl-; pyridyl-; dihydropyridyl-;
pyridazinyl-; dihydropyridazinyl-; tetrahydropyridazinyl-; pyrimidinyl-;
dihydropyrimadinyl-; tetrahydropyrimadinyl-; pyrazinyl-; piperazinyl-; pyranyl-;
dihydropyranyl-; thiopyranyl-; dihydrothiopyranyl-; dithianyl-; purinyl-; pyrimidinyl-;
pyrrolizinyl-; indolyl-; dihydroindolyl-; isoindolyl-; indolizinyl-; indolizidinyl-; quinolyl1-
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polynentes oz paptide @Bgmpmtuvhlohl gith

ring and 1-3 heteroatons in the ring, where the
heteroaton(s) is (are) nitrogen; oxygen or sulfur.

woe@broEd y t he heterocyclic ring has 5 or 6 aPOIEB200E®1021
het erocyclic ring can be selected fromthe group

consi sting of: furyl-; dihydrofuranyl ; oxazol yl -
di hydrooxazol yl -; isoxazol yl -; .di hydroi soxazol yl -
oxat hi ol anyl -; thienyl-; dlthlalanyl ; thiazolyl-
dihydrothiazolyl ; isothlazolyl

; dilgligl? : o(illet i azol pcyl?%r i Olllfnol (ﬂZi}'BX ! quln% 1z1dinyl—

pheﬂurlﬂmdnﬂj{m &lﬂi@éﬁy&l chxbfrlaﬁ?lm ly&)cmorﬂeﬂym isoblitoAY V] benzofuranyl-;
tetraz ; dlhydrotetrazolyl . pyridyl -
and@Wﬁ?ﬁﬂﬁbﬁﬁﬂﬁ?hﬂﬁibvhk@az|nyI ; dihydropyridazinyl-

Ejleth opy@&%@gi& 'F(ﬁ% qp];t]:ﬂy eri erl%vpeg ié%mnlg aye suPs‘ntuents selected from:

haldggh e@remel epOXlrdbspﬁicBéls Dy3- andWélﬁBﬁdstyrerﬁlebyﬁﬂémﬂt}a@Wrene

t hi opyr an ; dlhydrothlopyranyl ; .dithianyl -;

epOFides Figh a8 péT syl stypsiie epexide:nyira styrerg smldes such as 2-, 3-
and dr' @M’Pﬁ‘gf gg 8!&1?3% alkoﬂ%tfl‘g{?e é(llé)xhde'g r@\ggluésﬁimny | and 4- methoxystyrene

urno
epoxmle,qhﬁdaﬂubkﬂtuted|styyelrecc|pemdels mh)als -3 4-dﬂ1ydnjmyznyrqnle epoxide; 3-

o O R i

benzgpfy g}r@ﬂé’ épom&'llé'n@@cl\k%@ éﬂ(ll gllenog E@ERSdioPdivifi€es! dak Glso
SEO and phenyl et hanedi ol derivatives can have

conkirblegterp altemssn sl réngt sigh s Nmf), hl@d Sgethest gr erd- mpisiondfes
exad) f as q 4- c%lorostyrene epoxi de; al kyl
Pﬁl%nezggoxP gygﬁ%ﬂlgs 2-,3- and 4-nethyl styrene
epoxi de; nitro styrene epOX|des such as 2-, 3- and
4 nltrostyrene oxi de; al koxy styrene epOX|des such as

- ,"Pglypgpierie] andinmisuy g Hesddnisprhwngrably and mean any peptide-
l1nk§d §hagn éf’%’ﬁl&l}o a&{d%dr %&r}llegpgf lgﬁélll gg ‘f)%ststl‘ﬁglﬂt:lﬁrilaé %O)Elilﬁcauon. The

invesitign @lze feapmes gleazst exranﬂesld[édﬁ)vé sﬂypﬁﬂ]e ebyxié¢ kydokse(GRES e
The ne e X|de gerlvatlv and. phepol ethane
polgepaR T SHHERS GRosey FRteoHRSTTRENEYRIP lymclude

subsctlﬂﬁtllbréswﬁlm @e f@ll&lwﬁ ' g‘i‘m%;lg gl?fcmé an@hlaffine p\%h& ' 19<Sleud‘119é and

exanple, 2-, dyl oxi ranes. " Pol ypept
leucamey asnartat &didh an(hgletam;e dcidnasprebiargglatainme netinesand tlamymne

el i nked .chai n no. aci r.egar dl ess of
tysifE Rl P e S e e AR R bt Braliffan The
| nvERttken "eblaRdf Ve p&itidRTR3hieAE Ak 86ddiNeeei s ¥ e
epoxi de h;drolase %g%f$§ pgﬁi%eptldes with E *

A% BY Datfallp-osoEInE o temsrt or
has Bgfgl s% Jnja%/ d'or1] lll‘lﬂ 8 p%heﬁg%ﬂhtrﬂlnﬂall gcco&l la.r?}y\lt
SRV Qs ipar

val’i
m1croorgamsm cellular components such as yeast cell cellular components Typ1cally,

the polypeptide or peptide fragment is considered "isolated" when it is at least 70%, by
dry weight, free from the proteins and other naturally-occurring organic molecules with
which it is naturally associated. Preferably, a preparation of a polypeptide (or pepﬁde
fragment thereof) of the invention is at least 80%, more preferably at least 90%, and most
preferably at least 99%, by dry weight, the polypeptide (or the peptide fragment thereof),
respectively, of the invention. Thus, for example, a preparation of polypeptide x is at

least 80%, more preferably at least 90%, and most preferably at least 99%, by dry weight,
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| eucine; aspartic acid and glutam c acid; asparagine,
glutam ne, serine and threonine; |ysine, histidine and
w@e@snoesey and phenyl al ani ne and tyrosi ne. ThePCEIBR005/001021

"isol ated" polypeptide or peptide fragnent, as used
herein, refers to a polypeptide or a peptide fragnent

whi ch either has no natural ly-pccurring counterpart or
has been separated or purifiedTrom conponents which
natural ly acconpany it, e.g., nicroorganisn1ce||u|ar

. 0
R e e T
seperatvsli foen ¢ltb Cangminatts diat whisrallytaccampdnylis dsd syA@Péric bylygeptide is

" free fromthe protelns and ot her _
1So\rﬁettg%‘rally occurring organic nolecules with which it is

t f
ol ypapy HeEBOOBHIE or [RPRIE ALt O BE SRR B W otfanes,
for pxarepie. on ekgaction | feas & n8HY4 Sﬂmce(q:g sfremaiehyt calfs)] @@&tssmn ofa

e eﬁlpo nf}"ﬁgg g?eg firgilod B@m@@ef? 2%%%&*&3? i eé\é\gfm)‘g polypeptide

thatrie ppeibéd/ &l aycellﬁfar b$iferh AYEREAt GO THeUSurcE HonE WA 1@mat§rally
preparation of polypeptide x is at |east 80% nore

Oﬂ%lﬂaé%elﬁ aBsrlptesds" hesause iowdh negassaritydre fmeedf@pmmbyems Whmhsiaturally

acc&ﬁgﬁnﬁg ?;\ 3@&?&*13&841 rﬁgxgﬁgunggc%besﬁgs%{eg lgraa(r& Bropnate
methegar @l cm‘]urhn mhromwogqmyo pelphGylhiade falelicab hbrés@§ QPPN

it, the synthetic polypeptide is "isolate
1y§](§l ated pol ypeptide (or peptide fragnent) of the

I NVER t'iserdte‘a%NRe iootRl {’12(1 DNRhABARLE sec@.yefli:ee;f(gt 1§enttfcglnto

froma natural source from yeast
that@fpn}g ggﬁumilyafccarrmgcseq:tﬂnnamr (Z)uml thé COI&exthfamNAlvngm & hgurally-

t | ypepti de that
occR gt BER oL o TIEM G benoLyb St PR BrR Ot et e of the
genésJ(ﬂiﬁlCﬂaﬂld tﬁag&ﬁy &)Btdlﬁm%‘ ﬁie‘lﬁﬁl&l Of iReFeH 1ﬂ"’%ﬁce%edo e of th‘? organism

‘i sol ated," because | necessarl | ree

in whishiba eﬁmescqmm@ngrﬁlm DNaM ¢§An@wbnqﬁana§ly |0t:cur§h7€h<d@gn dleerefore

inclﬁc?égl a%&ﬁ‘ﬂblgﬁnt 1% 1Xc %@ﬂrla 2 {%ggfvérﬁﬁg, 1n%oaf?%{:qr€> Iégéhecatmg
plasgﬂﬂ oehad, oo pi’n@ t}&Sgeﬁome DNRBL& astakat§bte or Bikary i8] #h&ebrm also

is either a DNA that contains sequence not
md‘i%ﬁt %eE%IPtetfaolﬁﬂa? S‘&ﬂh a8y CHNPUER | SEQ &R IYQ: g7 s Quentd,

whef th(a%))rreé nbfH ﬁ%%Ngf cad 1%e%ﬁgnsa’ﬂq'&herefore caélnl?ave a

nat ur al Iyoccu r|ng sequence
dlff@Bﬁ&)Seqwm gaemiofrageitahsiachnat lehsthe o g dBnkiglzenes; a
ene con I nt er est 1N

fragalgﬂ{] % t]%ﬁA%ﬁ gez&qxalgdﬁg& pr%gch}cgc? b}?NAlymerase chain reaction (IDCR) and

that lacks at least one of the flanking genes; a restriction fragment that lacks at least one
of the flanking genes; a DNA encoding a non-naturally occurring protein such as a fusion
protein, mutein, or fragment of a given protein; and a nucleic acid which is a degenerate
variant of a cDNA or a naturally occurring nucleic acid. In addition, it includes a
recombinant nucleotide sequence that is part of a hybrid gene, i.e., a gene encoding a
non-naturally occurring fusion protein. Also included is a recombinant DNA that
includes a portion of SEQ ID NOs: 6-10. It will be apparent from the foregoing that
isolated DNA does not mean a DNA present among hundreds to millions of other DNA

molecules within, for example, cDNA or genomic DNA libraries or genomic DNA
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in which the gene containing the DNA of interest
naturally occurs. The termtherefore includes a
w0 ewsmiseant DNA i ncorporated into a vector, iPCDIEN05/001021
aut ononmously replicating plasmd or virus, or into the
genom ¢ DNA of a prokaryote or eukaryote. The term
al so includes a separate nol ecij%e such as: a cDNA
(e.g., SEQID NGs: 6, 7, 8, 9,7 br 10) where the
correspondi ng genonmi ¢ DNA can include introns and
t heref.ore can. have different.seguence: a_ genomc
resP RN ARES? RoT Sy T e PO BB R iR gt
cle@fipBoictia el éipgent of CDNA or genomi ¢ DNA produced by
polymerase chain reaction (PCR) and that |acks at
| eads upptehasging hefupetinme] Fegraeniest a ¥ESEAlyreptidais a fragment of
; t ] [
the g;éﬁ%g;ﬁ&ge %Eﬁts giﬁ%g ?}hagl tg!e ﬁgﬁieﬁg‘@ﬁ%ogqeé{f%ecéﬂﬁgé rallg%ast 20% (e.g.,
at 1gasat3004) 49065088 68%; TOLQIB0RT; ODSH; 95 %r;TBB‘gJ; \?v%%p EOG%@@{H&@&) of the
.of iyen protein; and a.nuclejc_aci ichis a .
abﬂa‘aggﬁfg? ﬁﬁleleg ipgmpeaﬁqdeam@@m%?leaﬂwix hydplyge & SEQr ofiipfgrest.
FraPRiehiof iif€iett cahbediifletyUither decdifinHte -C&;g;}' -
m%ﬁ% eé&?%eeséaueﬁce t hat |gh%g??&%%ﬂé§ﬁ@g%?ﬁ e?%§®£°
digestive methgisrad éextaidion thear abdity taetnaéibicgjectivelyrhyilrody felasI B
protein.. Al so jncl d.ig,a reconbi nant. .DNA t haf.
PS8 B8, {qRGO B el PherRABEOTBOGE Pl d4fPptipgonstruct o
thaPdHPpRkioh 'cOMrb R qhice 8FtaE ety @ntibRUxBER8o P €988s Sfuence
mean a DNA present anong hundreds to mllions of other
of imrestrol ecul es within, for exanple, cDNA or genomic DNA

li [ .ge ' estriction . di gests i for

excal e Sg 8 DA NG GG B OBl el i e he
sarr® 1B edniNPAERim6nl§@indsisiode by Ase U 8fdlidiey sitilin he art to which this
. "functiopal fragnment" of a YESH golype tide is a . )
inventigmRsHiaings 1n frseps coplist theareseat docymenp inckpding definitiens, will

I tide. I 9
R e e T
mat@fidds sliBilador equivelea) todhodehiesatbiell heneiroéantHeaustdiid the @rgtite or

ol tide to enantigselectjvely hydrql yse a SEO of

testig SRECPTeS R GHRGHOE. N HL Griobt. R BeoioHaP ppeiens Reother
refdr &5 RERINABRed RY¥ShhEd ﬂnea?efatéartgl R SideGn HeBER kLS. The

met hods and tested for their ability to
materialst inodhels end estyplay disdbseschenci SE®, illnstrative dnlyeandinef intended
; b gpe.rt.abl y linked" nmeans incorporated into a genetic
0 oSt act so that an expressi on control sequence

ef f ©iet Vekites &1t 40906t SXHUTRBSINOBNtRN, 826 efirdtd HELAENGEO) and

of interest. Unless otherw se defined, all technical
phegiigthenrdinlsi PER) sehshantigd s guided ifor angptied enantiomer, will be

apparent from the following description, from the drawings and from the claims.

DESCRIPTION OF DRAWINGS
Fig. 1 is a restriction map of the pYLHmA (pINA1291) expression vector. The
positions of the hpd4 promoter and LIP2 terminator and of unique restriction sites
available for the insertion of coding sequences are indicated.
Fig. 2 is a restriction map of the pYLTsA pKOV93 expression vector. The
positions of the TEF promoter and LIP2 terminator and of unique restriction sites

available for the insertion of coding sequences are indicated.
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same nmeani ng as commonly understood by one of ordinary

skill in the art to which this invention pertains. In
weame/afseconflict, the present docunent, incl uPETTB2005/001021

definitions, will control. Preferred nethods and

materials are described bel ow, although nethods and

materials simlar or equivalenﬁ to those descri bed

herein can be used in the practice or testing of the

pr esent invention Al'l publications, patent

ne nt i d
P 8S50n e 0o 00 LRI LPOS:
unsehstituted §§EO'IHyethH&tcﬁcfata1 ®ild nmief}@dﬁ straiinel celianiel @Sshake flasks to

brodeR SRHEAINt 556 (B PHYUIeOSRel RGBS oehemyehgaediol
(PEB?1 frH@léfiﬂy %Ts'(%fhsh sdith gé@&?clggﬁ%ﬂﬁ%lrefd?ﬁ?g1 %}qn each

enyl et hanedi stantrally e r-one
rdﬁpihpwaﬂle ehanges onemcentirdtionbef tpraoddes 4ttiamimb @oints indicated on

e S5 U SRS O SO s U158 0 O L

poidt§Sh bl %}@ﬁh SRRy e &Hﬁl&ﬁ&%c@ﬁlemg‘ﬁoja%d @é%%% éf o%gersmn (%

vect or. posi tions of the hpd4 pronoter

epoxide aomierish ttaﬁl@l af a %@ﬁt&re toteldbpihcmputivrsérs esartiva patidee

q uence I e 1 Ngi
con 35 T R SO A s
1nd1eat¢xi astshcetyigsiderthe Sthdin PeSies inddash ﬁ@uﬁeh?hér F&c&ftmﬁ‘é&talyst

and LI P2 term nator and of unlque restriction sites
loadmek bixa pereentpge Valsweighin yerstcells ornssgiiahmt wetweight of

t Ej
s DR B s bobSRIROP le SBl Fabh S TR0
expérimints ttecivalivé df thy @ero;eﬁagt wat Wﬁlgﬁﬁoidiigctatalﬁite%aptpﬂct»ﬁitﬁ@?@y five-
f d, t [ unsubstitute
fold ol oL <S5t 1 Ut BB S9N DRFF Bl Do PEzyjoadimgs are
indi¢#eEd inyer @il8r £3Rn ik Qﬂ %hé’ﬁlgﬂarﬁmaoﬁf a&ién @ﬂlésrsh@xglg bfthe
data points) in each graph show the change

figureselorit-r at i ons of the epoxides at the tlne p0|nts
nd, the ri

g R R ST IR

SEQJIW fhbfil)dlbzﬁe@ a4ld tgpepdassham ENevaaamt haltefiks @‘ﬁ%%&&sbptmally
and degree of conversion (% epoxi de converted

activedSobriba SR e &Rt vusbsiBisdiphemdibiuil SPED). The lines

w1th5s'hgﬁ daﬁg:é@%gf%h%ge@}%gg@&% @Loca a ssl%w{nlgg%ig‘ Cﬁﬂ%enér?'gons of

the elpnmdeaatelﬂe timelpodnetk éddichebotithetxhaxis t TRl lindl aiBSopeR c@diehind

er cent age bi ocat al
open trg ‘fe da;@ So1%ts s%ow tﬁg changes f;:ln con%entratlons of the diols.

.Fig. 9 (Sample 30) is a line graph showing the hydrolysis of (+)-unsubstituted SEO
by a wild type yeast strain cultivated in a 10 L volume in a 15 L fermenter (bioreactor) to
produce optically active (S)-unsubstituted SEO and (R)-unsubstituted PED. The left y-
axis (and lines with shaded circle and triangle data points) in each graph show the
changes in concentrations of the epoxides at the time points indicated on the x-axis and
the right y-axis (and lines with shaded square and diamond-shaped data points) in each
graph show the enantiomeric excesses ("ee") and degree of conversion (% epoxide
converted to diol as a % of the starting epoxide concentration) at the time points indicated

on the x-axis.
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| oading refers to a percentage wet wei ght of yeast

cells or an equival ent wet weight of |ysed/broken
wQemstiorsed | s i n the agqueous fraction of the reRCT/IB205/001021

matrix. In all these experinments, the value of the

per cent age wet wei ght of biocatalyst is approximtely

five fold the value of the equ'galent dry wei ght of

bi ocat al yst. The bi ocatal yst | 0adings are indicated in

a simlar fashion in all the biotransformation

reactd ' i1 fii ! I Fi.gs
( STk 20 B4 SdhEs B3 ik Merls G AR 06 bl 80 ey
unsybstitinedi BEOI tb prathcSoptitalytdedve (Bi-aatieditvted SEOVRE (Rpast
train cultivated in shake fl asks tq produce opticalﬁg
‘m@éilm%d Fﬁ?-hyrﬁéﬂ‘@ﬁfs}tq st ffradps temeforped (il YRstarh etnressingd ES
polyBBRICe A SACLEN wifdghe yAREstiaifle T 16 ySRACIEAY bl shaded
circle@nd ériangle data poofts)tineadpgrapll sisovathet dhenges i cqaientr&ions of the

oy Snn SmBRait B She i ow Pk EehaAgs enddines with
shade@RGE@AYE Al id%ﬁorﬁitsﬂa?ﬁde Qiﬁ@ g?iéllts) K Gach?gr%mlwethg’ QardBnferic

l'ine_graph show ng sis of” ()-unsubstitute
excessay) (hge"a and Fenversiensyas s tirge paints indicaied andle x-axia. 10 L

Vol LNy f.erpenter (bi eactor) .t roduc

oo EIE 1pd el shitples B TR ind PefhERthil wh by BB -
unsubRjitutes SBSthyt dithedwhEIR.or Thed| ef-PERXtdtddaekik bﬂﬁéas%&sh strains

shaded circle and triangle data points) in each graph

trangfppied Wath cHBsGRYIt-prRY OB sHEloPRPYIRteEE Ve FestPigespressing

YES;I—? g&lﬁlggﬁ% I g iﬁ[bitnz tﬂéwagtas% a%ieb ogogﬁgz;dg)&é%ag%%% 5 iégﬁtto

es Wwth's
prodiicanpiick yhateed (Satmupsditoted SHMareb@®)-gkaptinsbbPEDh&he data is
enantioneri c excesses ("ee") and degree of cqnyersian
presEBEL s SO teT CoT B Bt St phod ST M ehoR e e HepRbiET A e
poin@OXi de concentration) at the time points indicated on
the x-axis.Figs. 10 -12 (Sanples 31-33) are line
gr &ighsl 7s(Bemipte $)hea hind goiphshewofg thy improserbpdrfdrotect iSEO

vl SR YRR b b L S PR
and (RS ubEtREIWEIN by QAo Sra@X RiRFsiid M&ﬁk‘vé&&)’e&?%ﬁggﬁ YESH
fromselected wild té,pe yeast strains. The left y-axis

polypepiifle frefae splactrdskiddiBwegerst Ssaiarthodpioamglaeagatiage (NCYC 3183)
. . i .
8017 1, G280 R ARTE g 520 nd 0
unsubsiitiuteat RED 0 Bibthensforamtion analstitel tahly fdactor axing idvatghperature, tri-
d di anond- shaped data

bUtYh)IB]?C}%%gyeitaHdlzlgfgd ¥ l}si&gl gé(ﬁga%l cocentraions drher gncreased the efficiency
of the reaction. The left y-axis (and lines with shaded circle and triangle data points)
shows the changes in concentrations of the epoxides at the time points indicated on the x-
axis and the right y-axis (and lines with shaded square and diamond-shaped data points)
shows the enantiomeric excesses ("ee") and conversions at the time points indicated on
the x-axis.

Fig. 18 (Scheme 1) is a schematic representation of the hydrolysis of two
exemplary substituted styrene epoxides (SEO) illustrating the enantioselective SEO
hydrolysis.
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excesses ("ee") and conversions at the tinme points

i ndicated on the x-axis. Figs. 13-16 (Sanples 34-37)
w@e®si100569 gr aphs showi ng the hydrol ysis of () -PCT/IB2005/001021

unsubstituted SEO by either whole or |ysed ("Y-PER

treated") cells of yeast host strains transforned with

either nmulti-copy or with singke-copy integrative

vectors expressi ng YESH pol ypepti des fromthe yeast

strai-n Rhodotorul a araucariae (NCYC 3183) to produce

(DR L TG, B IR PP RSN AR ryoroysis of )3

chlorodROdntthatindeogedivildaype wraahdtiadmsep prafuct bptiefigricdes @0)-3-

o GG B i BB e
chang®&lBh¥egitfati®né of ﬂm‘e%??kﬁ@@ Eﬁéxﬁfo%rssﬁﬁltt&@&fgﬁﬁg 8 panel in each

optically active ( unsubstituted SEO an

figur¢ R)a linesarbph shawing tREAnjiometioskcess phtha (8)-epredderatdifferent
conv‘@ Ioh a vector expressing a YESH pol ypeptide froma
C&Et ed wild type yeast strain Rhodotorula araucari ae

( NGYE 23 188)Saemléd 138 AD)iake Bnel Brabhd €k £k H seadbrqe)-3-
N?lg/cal ly gct.{?ﬂve S)-_ur%subs?i?rj?ed §g%ﬂgand ngrd@i )

chlorREQHS pradree@rpeally 4stioe (Rhdrhloreti@and (R3¢ o)rc;PéiP bwjfirious
yeastzrisg'gﬁs eranéi%hgg% Ikxfg?tﬁ{ Ve RE LA W60 ?ft‘ifrilg;ﬂz})éhseﬂt?@e% qﬂ%’} Selected wild

Ive an epoxi concen urt
type yeust #mind TheeA phicl dn eaxdhyfigire idelincegaph showinf ¢hel chbifige in

-axi s nd lines with shaded circle and trjangl e_data
ConCeiahpRy 6ot & CEHUINgRES M dER Rt Paf e lafe%f}h%gure isa
R e T

di EigeR8-apldaife@anpies 135+ I3 preditovgsapliseshewiny the hpdrblysis of (£)-

2ol B B g s R i ey g M SP R R B by o
yeastSEGBRERhhSoHBBE Qﬁ&meaﬁrﬁ&(ﬁéssldgeYENHg;@hbp‘éjéﬁdééfﬁdrﬂ\ﬁblected wild
exenpl ary substituted styrene epoxi des (SEO

type yqast st i ﬂ? A pendd i prdhdsgire én g e e BiYRdYing {hei chargeys.
cone i QURFor el e HERDR AR NAe] i i

line dryieshp@asd tisd dnahtiemetc pxcediicftheppoxdad htydiffedehv@ni&piods.
chl oroSEQ and (R)-3-chl oroPED. The A panel in_each
filggs-e! i-s36a($améesglr4ép}§0§ RGeS ShRRHRgethe hydrolysis of (+)-4-

oSO LSl i EEOEL S OO AT M T s
t yeastlsgraign fmtsiomeed withneewss efpredsmg(\F)SHE pokipdptides from selected
wild %1pfefy%£s? Qttrains. The A panel in each figure is a line graph showing the change in
concentrations of the epoxide enantiomers with time and the B panel in each figure is a
line graph showing the enantiomeric excess of the (S)-epoxide at different conversions.

Figs. 37 - 44 (Samples 151-158) are line graphs showing the hydrolysis of (+)-2,
3-, or-4-nitroSEO to produce optically active (S) or (R)-2, 3-, or 4-nitroSEO (and
associated nitroPED) by a wild-type yeast strain (Fig. 37) and various t yeast host strains
(Figs. 38-44) transformed with vectors expressing YESH polypeptides from selected wild
type yeast strains. The A panel in each figure is a line graph showing the change in

concentrations of the epoxide enantiomers with time and the B panel in each figure is a
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conversions. Figs. 24-28 (Sanples 138-142) are line

graphs showi ng the hydrolysis of ()-3- chloroSEOto
w@e@duesenpti cal |y active (S)-3-chl oroSEO and PCT/1B2005/001021

(R)-3-chl oroPED by various yeast strains transforned

wi th vectors expressing YESH pol ypepti des from

selected wi I d type yeast strains. The A panel in each

figure is a line graph show nglrét he change in

concentrations of the epoxide enantionmers with tine

._and. the B pan n _each figu is a line .graph. sh
ine EfFoh S P S HEF I HBREEC Xt o oo S B BT g8 cafiones & Eferent
conlrdidy ent conversions. Figs. 29 and 30 (Sanples
143-144) are line aphs showi ng the hydrolysis of -
2Fog}l4ér1@sécplp@prpeﬁgw@@m@améabmcna@ﬁ ID NO:1) of aYE H

h C
po SR NS A BT ByGRsi
(assiggbd/memdiﬁso iNowcsxlseyted wil d type yeast strains.
The A anel in each figure |s a Iln%]g(éa,gh show n

cr’ﬁa&g’é 1p A deRjslienet HieiasHao a¢idiSRgueass A Bfré
po Bl R AR s BRI | @@e@%a :
(ass@hedlidehiefienivn conE BAB71kigs. 3 1 - 3 6 (Sa_n'pl es
(P27 Ch e droeins o6 Tt a0ggeneear (S RedPOis™) o 8 vESH
polypeptide &B&&ﬁ%’%@ﬁﬁdde(rﬁ)ad Froelh REBEED-RY a)‘rﬁfckszH§ sttrauﬂ e&8igned

strains transformed with vectors expressing Y
acceegiby peNCHES3BBhmM sel ected wild type yeast st ral ns.

T | i fi I i
et F A Sk BuatBF st el ap R BRI SR esH
pol})ﬁeﬁtﬁld dn@Bded sy dDNG ARIRBRE froina ABHospo G b&ludickhi® strain
graph showi ng_the enanti onmeric excess of the

(ass{egpd epsesaienaiN@Y 278t conversions. Figs. 37 - 4 4

' §
hyTPes p degptof el ol SRR LTS 0%y of o VESH
polypppti deadnkydegidtyl aveDNS) da@ive Ryor2 a Rrodoiulé-nndilngbbiy {tesial
associated nitr a wld-type yeast strain (Fig.
(assg?lyg amswm%&%&%% host strains (Figs. 38-44)
{ RIS gRdoithiddior RRlRIRoBIPEERSHANSHESHD b ¥paRd Yiies

sel ected wmld type yeast strains. The A panel in
polypaptidef dngortes byscDNlAl dezivgd dpim 8 Rbwiesgotidiine tramigédes ptrain

cone entration poxi de enantioners with time -
(assigng ?Wgssg’rb%%i{&ﬁ@&ﬁ figure is aline graph showi ng

t 'igg eNaphidepRfid oEeafRldtidé FRNEESEEIONGI®) of 2 YESH

enantioner at different conversions. Fig. 4518 a

polyweplidetgnsndias cDNAe dgriverbirem R bedpsperéduIexy/oidenitrain (agsigned
iderfifi¥ERid no. UOFS Y-0471

Fig. 52 is a depiction of the nucleotide sequence (SEQ ID NO:8) of a YESH
polypeptide-encoding cDNA derived from a Rhodotorula araucariae strain (assigned
accession no. NCYC 3183).

Fig. 53 is a depiction of the nucleotide sequence (SEQ ID NO:9 of a YESH
polypeptide-encoding cDNA derived from a Rhodosporidium paludigenum strain
(assigned accession no. NCY C 3179).

Fig. 54 is a depiction of the nucleic acid sequence (SEQ ID NO:10) of a YESH
polypeptide-encoding cDNA. derived from a Rhodotorula mucilaginosa strain (assigned
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pol ypepti de encoded by cDNA derived froma _

Rhodospori di um torul oi des strain (assigned accession
WSS 3181) . Fig. 46 is a depiction o f theCHB20€5/001021

acid sequence (SEQ ID NO 2) of a YESH pol ypeptide

encoded by cDNA derived froma Rhodospori di um

torul oides strain (assigned idgntification no. UOFS

Y-0471). Fig. 47 is a depiction o f the am no acid

sequence (SEQ ID NO 3) of a YESH pol ypepti de encoded

acce@gforplg\m@gcmgg froma Rhodotorula araucariae strain
(assi gned acceSS| on no. NCYC 3183). Fig. 48 is a

d Ef8- &biiom table shomengtiie homabo gl aietmumnge) a(oSEéév]ltle)ﬂﬂ& ¥ESef
ded by cDNA derive roma
pdyﬁﬁ\{gigs W%B %ﬁ? l'pqgfsugl ggnﬁm s%/ral n (assi gned accession
noFIg[\Eé(ﬁ BhBR)showird: théﬁom&@gyda% ﬁhé:ﬁdc?ébtfaﬁ eflledel§e gESﬁQ

acid sequence (SEQ 1 D NGO 5) YESH pol ypept
encoding sHNA Biplecudesnat %EQ\I@ONQsoﬁalQ Rhodot or ul a

3 18 gl) 34 W&é?)é%{ I&l;gf ghe( 61‘1’?%8 %cb se%%%r?cfeﬁ Ig?ﬁ]@@? %r@pf%galective
epoxahadlydrtﬂaseé SE@ddB‘oN@aﬁl}mmﬁ hambksay. Oksy BERYA 98 &)ﬂ%ﬂgﬁgammo
cDNA derived from a Rhodosporidiumtoruloid
scideo N S VGRS et ‘e ha P8, A0S MO BIBIPDOR 9 S IDINOs: 1-5

f e U
s 8 5 N PEREE LD )
(SE(RIQ)N& p8) icdiraspond el hnranﬂe&leétﬁ&l hl’:ydf(ﬁ%éel; @Bt?ﬁlam e%lle cl:l%lilrg%ysm of
UOFS | Y-0471 Fig. |
n"“‘%g %tPh’félh%%?t %gﬁoggf‘éls%%ﬁ?é}ﬁ%% %@E@Cpmpmdsg afucieophidey an acid
and otk REObodiRorBuTadti e Rivheles by & 4 Lahardhasoler Udxp-

araucari ae strain (assigned acceSS|on no
reprefggs thg zegien af thepikpahon hold of fhe enapheot fsibixsetepmreets the

cenchSE BRI nEr Pl uBeptl de-shceding O

100%; @ssidpnety ES0erhor- ). NCYC 3179). Fig. 54 is a
depiction o f the nugcb%ei c acid sequence (SEQ ID NG
10) of a YESH

DETAILED DESCRIPTION

Various aspects of the invention are described below.

Nucleic Acid Molecules
The YESH nucleic acid molecules of the invention can be cDNA, genomic DNA,
synthetic DNA, or RNA, and can be double-stranded or single-stranded (i.e., either a

sense or an antisense strand). Segments of these molecules are also considered within the
scope of the invention, and can be produced by, for example, the polymerase chain
reaction (PCR) or generated by treatment with one or more restriction endonucleases. A
ribonucleic acid (RNA) molecule can be produced by in vitro transcription. Preferably,
the nucleic acid molecules encode polypeptides that, regardless of length, are soluble
under normal physiological conditions.

The nucleic acid molecules of the invention can contain naturally occurring
sequences, or sequences that differ from those that occur naturally, but, due to the

degeneracy of the genetic code, encode the same polypeptide (for example, one of the
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pol ypepti de-encodi ng cDNA derived from a Rhodotorul a

muci | agi nosa strain (assignedaccessi on no. NCYC 3190).
wor@s518669 s a tabl e showi ng the honol ogy at theCHIB20€5/001021

acid | evel of the YESH pol ypeptides with SEQ I D NGs:

1-5. Fig. 56 is a table showi ng the honol ogy at the

nucl eoti de | evel of YESHencongg cDNA nol ecules wth

SEQ I D NOs: 6-10. Fig. 57 is depi ction of the am no

aci d sequences of eight enantiosel ective epoxide -

ol Jiepifsean sEY SR Setert FRoBCERsR Bhefc il BfHtes arenot
limfté6io dbdng $66%hcad) €. o 3BecNIIBSRM ¥ HO oSEHRoT eI coliin®

and the sequences | abeled CarG4 (SEQ ID NO. 27),
sequensastint isEytiepnND dopgytreashfom AP ISECPUEN®D,  29)

cortes h QS ctive. | : '

B e T A

phosplichmidie-Hasédgnileeswpopsisgidedfrom abolag@ickiR, sual adthedtell of a

and a base, the_positions of which are indicated by N,
eukaryotRi(erg - & BBV P a5 humamepe mouse 0% 8 yeast sheh asegyoif the

e - H | n n .

eer s PR a8 o Pt OB R o £ PR g et
such ak dsdrrighiesolij. PThe Inmiet agjys cdd be thdenbdf 4 yeast suth-as b8P U the

Pidentity of 50-75% ..= . .DETAI LEDDESCRI PTI .
ety PG oR SRR OF S JiloRa oo o S HBBEH T G ek Brgtions of
the NUEIb6H des AR MRLEGBEES iR VAR NHGIR hcamipdssBB! ecul es

of the invention Can be cDNA, genom c DNA, synthetic

DNAIn agiditiRmptheasrdated nudieic doidhelecudes afidie dnntion encompass

et' t her an_ant.i sense

ingle- d {i.€e..:
segﬁeﬁ%ﬁ%’c%&e&iﬁ%@mcﬁ& OS]%C]% Htas nﬁt(g]rai (s:tls?re.% ?lgﬁ?sé tl‘é:—i 1ggentlon encompasses
rec&ABBhASTRE Mbdid dldiRes 300 pLar@le,liB6] atdiMe it di© Heid Aiteiddy

be produced by, for exag\Fl e, the polynerase chain
encpding thepelymptidened SR P N @Y 1bY) nearppiniet infg @ Heere(foyr example,

o BRGS0 ROBRIEATAE DR 6 B omecr
horhslageusrdefi} atarposioafodiealtian, the heumlicheintosamiatllowati@gul es
ReBIDBIHE AU ACHIP Er Py SPOGFChr BT BAG Fpelow.

ngzfdgﬁfc@@% gsgg?%ul%ﬁ g%iﬁxsdé@éctﬁ)ﬂ Br tBUBHONQT goils £8Welll Mhown to
skilled artisans. Such techniques can be used, for example, to test for expression of a
YESH gene in a test cell (e.g., a yeast cell) of interest.

A YESH family gene or protein can be identified based on its similarity to the
relevant YESH gene or protein, respectively. For example, the identification can be
based on sequence identity. The invention features isolated nucleic acid molecules which
are, or are at least 50% (e.g., at least: 55%; 60%; 65%%; 75%; 85%; 95%; 98%; or 99%)
identical to: (a) a nucleic acid molecule that encodes the polypeptide of SEQ ID NOs: 1-
5; (b) the nucleotide sequence of SEQ ID NOs: 6- 10; (c) a nucleic acid molecule which
includes a segment of at least 15 (e.g., at least: 20; 25; 30; 35; 40; 50; 60; 80; 100; 125;
150; 175; 200; 250; 300; 350; 400; 500; 600; 700; 800; 900; 1,000; 1,100; 1,150; 1,160;
1,170; 1,175; 1,178; 1,180, 1,181; 1,200; 1,220, 1,225; 1,226; 1,228; 1,230; 1,231; or
1,232) nucleotides of SEQ ID NOs: 6-10; (d) a nucleic acid molecule encoding any of the
polypeptides or fragments thereof disclosed below; and (e) the complement of any of the
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sequences, or sequences that differ fromthose that
occur naturally, but, due to the degeneracy of the
w@emwstivisecode, encode the sanme pol ypepti de (foPCT/IB2005/001021

exanpl e, one of thepol ypeptides with SEQ ID NCS: 1 -

5). In addition, these nucleic acid nolecules are not
limted to codi ng sequences, they can incl ude

some or all of the non-coding %gquences that lie
upstream or downstream from a codi ng sequence The

abogéiljl‘ﬁn{cﬁélcc ac?él d‘gi’%g rlgée; )L:’ia“lr%ep fo%plglgg%t% g}] ' §?{e gjl% eé:ug%s el be full-
len§IyM1hpism6ﬁ1tmr s@@%@hﬂﬁﬁhﬁlﬁﬁéﬁt@ C@ﬂl’t@ﬂnﬁ@ a(:@lgméﬁi &)f aﬁ@&dﬂ 13& g., at
a eukaryo

teash 202 S8 So 0 250y 645%0; ) dbiiShs 140 71 20 2@@»@5@@1@9@50 400; 500;

600SRREREE 90@? §dok 21108: Lhod-8@s40. ‘i'z“zﬁ' pse 1*?3’ hn 310r 2,232)
prokar yote a bdcterium’siic eric

congeolitive, nukesoties Icempleatemdeﬁy tamybel thé abcﬁfeofuchnqlae:ﬁétmcﬂemﬂes.

of th S ' nd strains of yeast
ey Ethedy idhe AT B BavE Srllorarenpmont more sapsiguons
Orngﬁl.@b&%bgg%egﬁlgﬂlsn t hese types of nucleic acids are

al so enconpassed. In addition, the isolated nucleic
ac |Tdhe wolegmina®ngff petasnt ﬂeletrrmb@hvmctwnpawnsagmt@nphshed

d t | t
wsing 8% i Emetisel SRCORELL o lpaRs AR, i 8 &1gid. 40t Tisa o0,
587813BELUbES. (Sueh agxBtpikiem i Hebipbided el B BIFCI TN and BLASTP
mol ecul es encodj nlgqthe ]@ ol }é?gqptl des of SEQ I D NGs:

programy of ftesplydcheke 1390 & IoR13,1483-44QamhiAS T gucleotide
searPhed 3PS Forfdrmfdd \Qﬁﬁllfe B{XETngerbgltﬁagi tg?o gel% oro(ﬁleﬁ'gth ][2, to

et er ol ogous ce & horb gous
obtedrd neclqpoitle tsjeqnemieh Bomblogoud foe I N tehabddis § hocteis m&is BLAST

| ocati on) C ucl eic_acid nol ecul es and uses
protein SPaehis a&ﬁ@@ﬂ@%ﬁf? B4 (e PLASTROED A, T68h S egordlength =3,

to o@tﬁﬁloe&ﬁlﬁé Qg:ld’\ééqt&eﬁj&ts ﬁ&tn'o%oﬁg td the ‘I‘ifﬁt 1 ?&gﬁ%ptﬂl%neﬁo &5’[%61 5ap

known to ‘skil ar tl sans. I ques can
ahgmseds fofr oprxepmmqwe@urp@es d34p BbASé’)qp n‘ehmdoas deécr:ebe‘d&&b&ltschul et

ol. 0 el HETh 525 S5l YRR WibSniithst BySkERmpasT

pro@#ims, the &fBlultPatdnyetér@ of AR feGlcaMad roﬁﬁ @NEXWVI AST and
rotein, respectively. For exanple, the i dentification

NB %&Tb@ebﬁs‘éd on sequence identity. The invention

f | n
oL S LR PSRRI
amd&E&ﬁenQ&%A%ESH%nc&&B& nucleRrtdctbdeqhi@ice( @)a poriitia ltedréof, can be

ci m)l ecul e that encodes the pol ypeptide of SEQ I D
useifesah ridizatiog)probreagegrdiph i tendsehidnidezagion trcbmiqyeyod he

hybﬁchzétgm &) Y@S@Pﬁlo@é to BN AMRNGCHLR AL GBurce (e.g., amammalian
cell) is an indication of the presence of YESH DNA or RNA in the test source.

Hybridization conditions are known to those skilled in the art and can be found in Current
Protocols in Molecular Biology, John Wiley & Sons, N.Y ., 6.3.1-6.3.6, 1991. Moderate
hybridization conditions are defined as equivalent to hybridization in 2X sodium
chloride/sodium citrate (SSC) at 30°C, followed by a wash in 1 X SSC, 0.1% SDS at
50°C. Highly strinngent conditions are defined as equivalent to hybridization in 6X
sodium chloride/sodium citrate (SSC) at 45°C, followed by a wash in 0.2 X SSC, 0.1%
SDS at 65°C.
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i ncludes a segnent of at least 15 (e.g., at least: 20;

25; 30; 35; 40; 50; 60; 80; 100; 125; 150; 175; 200;
wWQa®s51@669 350; 400; 500; 600; 700; 800; 900; RCDOE2P05/001021

1,100; 1,150; 1,160; 1,170; 1,175; 1,178; 1,180;

1,181; 1,200; 1,220; 1,225; 1,226; 1,228; 1, 230;

1,231; or.1,232) nucleotides o&ZSEQ I D NGs: 6-10; (d)

anucl ei ¢ acid nol ecul e encodi N~ any of the

pol ypepti des or fragnents thereof disclosed bel ow, and

et g ve hucleic aci.d
ot B MO AN HlcoPloa B B » R R A BloBS e of e
forepeing Y ESHngtimgesmqpérese(ihduding seding séquensategi®afsy and/or their
cont ai ni a segnment of at least 15 (e.g., at |east;
comg&negg’s (tggt’ isggntisggse'sypquenses)g(p) exprgssiapwectors that ¢omfain any of

o 6053458100355 001000 sy s
linkedXg Dneper mhoR3pgnscgprimalisid/e translatonal deglatonypdl @nemt §TRE;
B B B o S50 o B
sequeN @k ; P)exPrdssidh rv%cl%@sf‘éﬂc@&iﬁg,sin;éﬁdﬁ‘éﬁ 169 QtEd% ?(?l?geptide (ora

segnents. The determ nation of percent i ‘
fragpentidisrecing sseeanen sareldtedtoa¥Edipduck hed repoirtey atrharker, or a signal

' I wthmof Karl.in a Al tschul, .Prog. .
L (T I I T W T
any of e rfiotduvingexphessioporeaiotdandrihreby expBbASI Ricl @b dcBLASERules of

X rogfans of Altschul et al. (1990) J ML Biol. 215,
the ipypBlLOy. BLAST nucl eoti de searches are performed with

th 4 . = 0] = .t

R BATTA OO0 ANyt S DAY, ki S
polypepticliomay YHSE polgpeptidd haviBp ASReterodd gous skal e c@X he full

tengfioY RN BR et pep BBERPH Biiio RchtoSuhasHebbeterologous signsl
sequbiE®| 136 UddfiBnhNRIFAilled) 8¢ JRERBAIASRI 0w O SRR 1R cleic acid
AST Ts

il
al ignnents for conparative purposes, Gap BL .
molegiles jofdbe inyenéer earbangoiima XESEtthat ineluded an €xb@&¥yus polypeptide

leic Acids Res. 25, 3389-3402. When utilizing BLAST
ﬂMtgﬁg&%g%sgfﬁ ‘prograns, the default paranmeters of the

r eTRECTRE ecffred frdBove and furth$BEAS b ekl BliAsRIde Bitire not limited
sed. Hybridjzation can also be used as a neasure of

to infamli oy mrarindesiblepomgtars icahanerg, enegaferscad othar elements that
j led ' enc : rtion .
e W 1500 A9y 8 RN o BB LR cprssion.
Suchaegdradonygel¢merst andiatedu yfermodlizated w&kegtumsgu%ﬁru{h@w
i di [ t o, DNA RNA from a
1mm?%gt{3| gala ?é&‘lél%? @gf@_aﬁy \g(r B ?q%geﬁs 8f SV40 géenovims, the /ac system, the

trp system., the TAC system, the TRC system, the major operator and promoter regions of

phage A, thie control regions of fd coat protein, the promoter for 3-phosphoglycerate
kinase, the promoters of acid phosphatase, and the promoters of the yeast a-mating
factors. Other useful TRE are listed in the examples below. '

Similarly, the nucleic acid can form part of a hybrid gene encoding additional
polypeptide sequences, for example, a sequence that functions as a marker or reporter.
Examples of marker and reporter genes include -lactamase, chloramphenicol
acetyltrans ferase (CAT), adenosine deaminase (ADA), aminoglycoside

phosphotramnsferase (neo’, G418"), dihydrofolate reductase (DHFR), hygromycin-B-



10

15

20

25

30

cell) is an indication of the presence of YESH DNA or
RNA in the test source. Hybridization conditions are
whp@dnowsew t hose skilled in the art and can be POUIBLOII01021

Current Protocols in Ml ecular Biology, John Wley &
Sons, N Y., 6.3.1-6.3.6, 1991. Moderate hybridization
conditions are defined as equi \Céal ent to hybridization

in 2 X sodium chl oride/sodium®@€itrate (SSC) at 3Q0C,
followed by a wash in 1X SSC, 0.1% SDS at 500C. Highly

s BRI oA GRS el ERUMNAL BB

I zat'ion di um ¢
xantbﬁs@lamne pﬁ@hoﬁbﬂsbfbmﬂfdwseis(m)i Andgrdert }%?GW, O Hitle
SDS at 50C The inventign al so enconpasses: (a) . )
fuolFenbpet TRedSHEftoRsy REMecHmiaIdPransrusss asieiatet wigbithegpractice
of tHe ifsRdti6R ddkﬂgadsﬁ@ééﬁ 48 telal Wé]k'é"gf eﬂﬁn%(}i%}] G&aﬁﬁergééeeﬂfsefor example,
segnent's) and/ or t eir conpl enents
additignal sepwness thaqar ms)the funytiex pf 2 smilom ov ee;ioﬂbs Ghatrally, the

hbrf R b RE el e A R D Tees BB aBI e A Reion
bemg @ YOESH gblyﬁﬁﬁbtﬁiet(bﬂﬂﬁﬁ bf Eﬁsméglﬁé}ﬂé Qéschbétf@él%b 20Pfhe second

ul at or ements (TRE, exanples o f which are given
Poﬂv@m oy fﬁ’é@é%ﬁlﬁythﬁ @emrﬁeédpscmbgd @b@vemr apfIgthisevyc datiimepnstant

regi ot d%;bt%?]%oﬁ"sa{xgé %l:@éé%ﬁl%s ‘%n%w ?e%gr{ %rge ﬁ? g&%ﬁ CH3 domains of

[gGaaHenepthain.aOges ﬂ:l?bl:ﬁ.‘c& onilé hﬁ‘lh&fé dnCen¥iESiic tgU6ih d@ﬂy@hs tag to
a marker, or a signal peptide fused to YESH

fa"ﬂﬁﬁap(lﬁ?md%tl cal ly engi neered host cells (see bel ow)
th f frar
B N
are niohlimnted 6m miReoogwbismanguchus lyeasts @cd, dnyrof t#eyeasracaicies or

steet g DL B R AT G T P BRBO G g hgpastormed with
reco@BiidB R teribpRadebN Al ﬁ)whf"d joixsy &QJO&Bﬁpthgxétecé l}ﬂfssfbn vectors

fragment thereof, can be fused to such

containigaahe Busirie Acidsnaecttles oftlie inventibn; mﬂaytr{émaxeheple as

b Si a nmol ul.e

sacc R RE BBk S B Bl IR 4E Bl PO RUEEEE, o

otheregenge) onesi e Cdndndatnis tiestédiddreib R Ehhdfbimb RiSwHIE fdcBiib®int Jdat
TRE referred to above and further described bel ow

CXPIesIORT§etop onaiing dre mugieic agidimolepda of Bledngention; insect cell
syste%%rlnfe@féﬁ%lﬁl fec ; Eﬂ%te{lﬁusk&g)?é%glg tggsg&érﬁéﬁ%fni) dﬁa%%cgl%v(%ms)

her el enents are
contaannng ahﬂjnuoﬁmd: add mcéeanide of ﬂenmamomegluhtadeﬂ sgelms infected with

r essi
recOrAbIMANt ViTus expressmn vectors (for example, cauliflower mosaic virus (CaM V) or

tobacco mosaic virus (TMV)) or transformed with recombinant plasmid expression
vectors (for example, Ti plasmid) containing a YESH nucleotide sequence; or
mamimalian cell systems (for example, COS, CHO, BHK, 293, VERO, HeLa, MDCK,
WI38, and NIH 3T3 cells) harboring recombinant expression constructs containing
promoters derived from the genome of mammalian cells (for example, the
metallothionein promoter) or from mammalian viruses (for example, the adenovirus 1ate
promoter and the vaccinia virus 7.5K promoter). Also useful as host cells are primary or
secondary cells obtained directly from a mammal and transfected with a plasmid vector

or infected with a viral vector.
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Such regul atory elenents include but are not limted

to the cytonegal ovirus hCW i medi ate early gene, the
W@2005400869 | at e pronoters of SV40 adenovi rus, tPET/IB005/001021

system the trp system the TAC system the TRC

system the major operator and pronoter regions of

phage A, the control regions %f4 fd coat protein, the

pronoter for 3-phosphogl ycerat®e ki nase, the pronoters

of acid phosphatase, and the pronoters of the yeast

a- E : u I I; i he .. .

o n} B nCfotgs B S ook Byl Cols Ry ok b iy imited
to, ypast teltsf (ez.,fapp of thogediscleseebhiérsin) @cathainignaly ¢fhy BeplidesH

sequences,, for exanple, a sequence that functions as a
gencR LR gt sy les eTEBeFHEP Senets i Re colla dhat 6giope ased as
host@ elli - ' i

i 1 R O A Sl o a5 g e he
termaiigotased’ yasepplis! tolrosishwigamnsihdeasa Yaastore]l) 54819 a .

. di hydr of ol .at e..r educt as FR), . )
it T B S B e as o fourk AR e ecbipan
microdighBismaéh GENFREINBIaR 3 alsAUrdok 885 Laxtractd BhlloRBurified from

guani ne phosphori bosyl transferase (XGPRT), and green,
an egraropggnt y whirlyi namai{ym@m- Plasy e fisolasedwnichooraanysnot does not

: r .a ciate .th the practice.
inciidd B LARARL fn B ACRMRER i TG Hilortlty PodsiS L PEIngfe in the
air, catietispacantie giseidybceans @kiat Srivée ar@@_ﬂ@ﬁin@ and@ @ [ike Qx%'und at the
sequences _t hat . can s(?r ve the function of a marker or
boﬁ%ggw@% 1edehaivars, gnd strramps #nd e bikey et iegeonsop fof the ground
o i & ' (o) ion:
or InfRCGUAIR 18k sy s PAA L2360 BB RO Mot de e
buildingsyreit sated bostbeep. oghmwprnamd of hecodid hostposfithon
. bein for, e Le, the reporter descr%%ed .above or _an
micrpOr SRy PRIR e TURAYERSPCGT GRTOISHIAF o WP TATOPEEREEY yuas
Ry RxGREA Ao REIGRA f enliEnrit iR thfgm'
prevf I gG)Z(a heavy Cz:rhrgliglnl. qoﬁre?nl%}{t,#i ds cé%ﬁgn@rﬁPu e Z%%Cﬁs and
SUbS%ﬂ’ﬂeP@é miterneditp sveh an povispnEhenttoggny ottfeaenvirdremant in which it can
PUr i i.on.. The.expressi on _systens .t hat, can. he used
survip Wl B Ribe al RSP RIS bR s n Bt el e htture
of the initroexbati@m. mi cr oor gani sms such as yeasts (e.g, any of

the genera, specjies or strains |listed herein) or _
baMIEPET (hopvantighprevides a sehstansinly puresayiiirg ¢fe microorganism

(e. g.,Lalf Iggb?ﬁgtgﬁl%ﬂ W 4 J féﬁ?tgg% anls RaghLektORn stggs’}{éﬂy pure culture”

_ DNA, or cosm expressi on vecto
of a mome@pmiisyg it henlhmebithat maiirdormahieiineshioh 1dskehan about 40% (i.e.,.
ces

e G SO e P Sen 5 M8 St 16
0.01%90.0@9%90@@01%{‘& even less) of the total number of viable microbial (e.g.,
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 specified percentage. Thus, for example, about 20% can be 17% to 23%.
Such a culture of microorganisms includes the microorganisms and a growth, storage, or
transport medium. Media can be liquid, semi-solid (e.g., gelatinous media), or frozen.
The culture includes the cells growing in the liquid or in/on the semi-solid medium or

being stored or transported in a storage or transport medium, including a frozen storage or
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ot her genera, species, and strains |listed herein)
transfornmed with reconbi nant yeast expression vectors
W@ o0vsa0essng t he nucl eic acid nol ecul e of the | PUBEIHB20@101021
insect cell S3'stens infected with reconbi nant virus
expression vectors (for exanple, bacul oviras)
containing the nucleic acid ecul e of the invention;
pl ant cell systens infected with reconbi nant virus
expression vectors (for exanple, cauliflomer nosai c
e L ERBE 0 RGNS SLLLE ol oesft or substrate (e
acukemkbﬂﬁﬂ@ﬂmoremanphapm@evﬁhh@ﬂhﬂa)containing a YESH
eot.i de, e ce;. or manmal ian cel| systens (for
frecro thegﬂ}@ntlgggcan\}mreﬁb@a eXappRiR, as\iyazen cell
susp@ﬁ’sqlorml @gﬂ—r@b@@rlc%ﬁtaﬂﬁ’ﬁgbfpé ?‘)é u@ﬁlgg g?é&ro?ﬁrséu%fbse, as

constructs contalnlng pro erive

lyophdizedrecllst Adtemmediviclyntheg chl:tsb(efsm‘reé,xfarrﬂtmplb hee dried cell

aII th|o ein e r. from ma li,an virus
PfeP'(“f% &?%B? Sy @133 %@?ﬁéﬂrll&g ar W@%{Y&& QF B0 e suitable
dry1ﬂ§ﬁ1@th6lia Sﬁhiléirﬁy the efzyRhQiTel8: fa)hon@"cﬁpbéjﬁgiéﬁl R%ﬁhﬂ‘i@é& or

s are primry or secon ar | s obtained diréctly

1mmPP’é’ﬁ?<éafr¢aSWmﬂ uades appropsitece WIISI’tO zetpinastividy.vect or or
infected wwth a viral vector.The invention includes
wi |l d-type and reconbi nant cells including, but not
PohbhﬂkhedndBohm@ﬁﬁkfeaﬁﬁ@m(e g., any of those disclosed
[ contalnlng an t he above YESH genes,
Eﬁ ymﬁé%wfége inxeatige peelpde dbibst gud Gegraents of

YEs?FJhanéeh re?é”ﬂ*?@r 4sed @5 41%&%) (‘57%%14 S%qlgﬁeggd%s;&;ﬁg SEQID NOs:1-

herein. The ce are brefera
5 and) ﬁwtlhwd diagmepfs of thesapdly sopadad Thepohprbiide dntbraced by the

mcr east ceII refers to a .
R LN ENT X P
frag@OMIdf & fgddtto Lrelated ﬁnfn% GRFR L OARh N ﬁﬁ%g%@g%gé&ﬂg& &3 be

a reconbi nant yeast) or has been extract

addifienal funstiotial damains envigndmwemtides.n which it naturally
i smi' does. not

OB ey A I RS B8 0t e

at leas&t 35081 A0Y0; G584 17S%; BEY0; O3B HISR4; driDIEdéitical @%B@{)olypep’ades
space t he round, oceans, |akes, rivers, r eans

with $5Q INNOs; ko; Theddeditaeanthe oben the mlblengfeefitbe lattgkpalypeptides
or ox{eh%ﬁ‘é &mﬁ%dcoﬁh r ﬁ&ijc&‘iﬁg& d@es’eg&nl%‘év ice on top of

e grou /on oceans Frrvers, and streans
anﬂragnmnﬂsuotféfmfhpemmmds trel eégmaﬁs o£thg ﬁall—ﬂhﬂgﬂﬂYEH) ,

ot Rt 50 i, PECH b f S s
410 (€., ®, BO.CASAD Y, 60170, BE 9B, CIo01 8@ Nis8M 504880, 350, 380, 390, 391,
392, 393, 400, 405, 406, 407, 408, 409, or 410) amino acids of SEQ ID NOs:1-5.
Fragments of YESH can be functional fraggments or antigenic fragments.

The polypeptides can be any of tho se described above but with not more 50 (e.g.,
not more than 50, 45, 40, 35, 30, 25, 20, 17, 14, 12, 10, nine, eight, seven, six, five, four,
three, two, or one) conservative substitution(s). Such substitutions can be made by, for
example, site-directed mutagenesis or rand om mutagenesis of appropriate YESH coding

sequences
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previously extracted and/or purified from an

environnent in which it naturally occurs and
waasaoient |y returned to such an environnment PCT/EBRY05/001021

ot her environment in which it can survive. An exanple

of an isolated mcroorganismis one in a substantially

pure culture of the n1croorgagésn1 Mor eover the

i nvention provides a substantially pure culture of a

m croorgani sm(e.g., a mcrobial cell such as a yeast

c fe I EdnctidBaluseh ARF QI By E‘SH ?b‘lg?ééﬁlﬁ% '(%Ji Yoptidhall d ; g % gvr% above-

a mcroorgantsmis at mcr

descrihed\ i iESHL p@saemﬂawmms)ﬂlamaﬁleast 20% (s 530%240%050%, 60%,

% 59 % 1% 0.5%
e T RN
typefm% [pﬂfbﬁide@cf) eﬂéxﬁf%lsﬁeéﬂv‘éf}p@ ?+ly§eea BO BGt&EE: 2bne of skill in

i ncl udi ng yeast), mycop asrra of protozoan)
the %Wﬂlsb@ l¢ fepredict YESHaftactidnabfragnmantsy ubunglhm:mi Hes oomh@bwledge

nd EIRRADR AR T PR faensdn £l Shetawine

h1ghbe¢cmeﬂtved) tiomhias apefasidueshenair SRt agki é@ @Mlﬁro@ise heliaw t he
1gmfled per centage. Thus, for exa about 20% can

REBIRENES O3 Auferes| o bg meadereifher byfrepg apithatic, or proteolytic
dlgeétﬂfcl HARSIL 48 &t&f B%I%ﬁjz}fbg‘lgg t%@rgﬁnao% ﬁc\%v &Lrﬁy(ggfyga » sBo.

tr ansport rre Ium
( eAgtigemje fraginants f thegioby)peptides fof ﬁiﬁﬁveﬂ_ﬂi’@l grdlffaghRnts that can

i,ncl ud he owng in the liquid or in/on_the
bind o gn @gﬁ?é}’ né\g}Ft{‘}ﬂﬁ?%%r ipEnS gVethst 8 dragi et & gperestedn bindto an
antibd hAdeo¥n thiteOeport medi um including a frozen

storage ortransport nmedium The cultures are in a

culbepelypentides cmbesplmmgérmsaeﬂal mur@ab&t g. atvﬁld(tﬁpdgor, a
al or
ool daske, O abe o 8 St ok il B
thosesslesy i ab@t 164 aﬁ'ﬁﬂcﬁacuﬁﬁnﬁ&%ﬁﬂ Raf flsb RUSRGETLARS Tyn?hegrzled by

buf f.er containing a cryoprotectant such as "gl'ycero
Standérd chrepigalgncags. Inysighian, b p@brpbsudas\latreirmldmayl betpnecjuced

by stedar®ifyinh UL grgbnfla% z\fﬁ%ﬁlqu {z;&?gyosté%nsbg%esm yiing

preparations obtai ne

nucleptids pecplﬁnchswnn@hngtheapyro@hh@@o%bﬁtﬂi&@o@e?hﬁ& REMeds well-
rozen,

nzyme preparations can be
knooyA By il T o B e BB Sicb P BETearieie veciors contening

| td
T L —
See f@@ ngmme; e tecbhiqubeddsontedtin Gambriokwd eal alMolédagnr Y@Shtngﬂﬁ

LaboldBAN S and B IO SpBRE Bratie Ly 21 19891, ard Austibel
et al., Current Protocols in Molecular Biology [Green Publishing Associates and Wiley
Interscience, N.Y., 1989].

Polypeptides and fragments of the invention also in clude those described above,
but modified by the addition, at the amino- and/or carboxy®-terminal ends, of a blocking
agent to facilitate survival of the relevant polypeptide. This can be useful in those
situations in which the peptide termini tend to be degraded by proteases. Such blocking
agents can include, without limitation, additional related or unrelated peptide sequences

that can be attached to the amino and/or carboxyl terminal xesidues of the peptide to be
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5 and functional fragments of these polypeptides. The
pol ypepti des enbraced by the invention also include
WO 5000557 ot ei ns that contain either full-|engeeT/m20a5/001021
functional fragnent of it fused to unrelated am no
aci d sequence. The unrelated sequences can be
addi tional functional domains ,{Jr signal peptides. The
i nvention features isol ated pol ypeptides which are, or
are at least 50% (e.g., at least: 55% 60% 65% 75%
admﬁﬁé’(ere@5%1s%89{‘be ﬁbn&%@er b}gﬁﬂ&ﬂ urin® 150 leé’i? Sp{h'te%glsmde or
with SEQID NGOs: 1-5. The 1dentity can >eove
by rgcgmbinagh tsarchmiegymmemo@s)fa;mhmto detisars oasxaeerag@mnr

nt i se ngs. Fr agnent s

or “eRARL P 055 oS eS8 b AP R of obragiemules
knowfEBHhp attypebé btlhbd al tha aﬁlrﬁmfd!?&rrcmtﬂa%1 ftéﬂnl 3dl ?éb%ﬂ:i or the

YESH. Fragnents of YESH can contain 5- L?
armn@cgrogoat pamuy tegginusyer, cag@xybgeun a‘othelc‘&i@bom ﬁ;nni’tﬁﬁ can be
repla%gc@wﬂ‘ﬁ%thf%%Qt nfg%%’ n%%%%\vgéz’,ﬁﬁé peg%%%té%? bBe ﬁggal?rffg?or rﬁfr)l?
covapma?g wewtlsd 6f phviEShtenetallyeactepiale 0nabier™ RERBRLHR o

eni ¢ fragnments. The pol ypeptides can be any of

amnWW §glaescr|bed above but with not nore 50 (e g., not

MDAROFRterat ard Eeptﬂigmlﬂ)‘lémc% ds ft d631 \%gf))aseéirlupon the

ni ne, elght seven, SiIX our, t ree

aming r@él)d seavepees el thy Emstitist pbpltdeCfrdgﬁ)entsSlEi‘ptﬁl@Hﬁh’iehbl t6®@PSunds
S|te di rected nutagene3|s

o s Ao Loyt E5 O aghren b i
moti &P thaeRORB ST i aknd s IHBALS; &Xﬁéﬁlf@%&%@a%&eaed

and, op tlonalﬁy any of the above escr
|

peptlé@ p&eb‘?ﬂ“éé pgcml@f)s thmwﬁdomﬁreasi co’tﬁ%m‘gﬂb /?lﬂ,;]l‘ (t)lgfg/%ﬂétry to

enanﬁc%f?gcé@%ﬁr Pg&é‘gr 8 $by0<3 gk &eﬁeg > O/I?Lréeﬁ gi{%lhtaﬂvpm @Elétw?lﬁ‘g_qhat
ofthqﬁﬁEﬁHeﬁuhctctmﬂ ﬁagnantﬂo@sahﬁﬁ&hefﬁép\ﬁdbﬂl%@tm%@as fae§€91 of

.nterest. One skill in the art will be able to
PGPHS?IEH’P%?{C SPEBqUp ingapd dﬁ?@@h@hﬁr@twm@ thatgnbamethemm
|
0 g ST R SPGBy

c ofhsareptdordionaticn tyracuily hesd albiskboahiar wbixﬁau}e&oe@nqgetely
o S b B B s
residus ges bb&@llﬂﬁ%ﬂﬂs@}ﬁd@ﬁ@g&gﬁttgé;p%@lg %ﬂﬁ%ﬁc %ése& Y §bPeral types of
chemigh s o2 ofstemh i grstepliptilesteubatitve, otenticamoask
d1meti1§l%gg§xm Eetglggghyfeﬁe bonds, are known in the art to be generally useful
substitutes for peptide bonds in the construction of protease-resistant peptidomimetics.

The invention also provides compositions and prepar-ations containing one or

more (e.g., two, three, four, five, six, seven, 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 Ce.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

stabilizers known in the art. Carriers and stabilizers are known in the art and include, for

example: buffers, such as phosphate, citrate, and other non-oxganic acids; antioxidants
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bind to an antibody. Methods of testing whether a
fragnent of interest can bind to an antibody are known
Wo eoosherser t . The pol ypeptides can be purified PCDMmB2005/001021
natural sources (e.g., wild-type or reconbinant yeast
cells such as any of those described herein). Smaller
peptides (e.g., those less th about 100 ami no acids
in length) can also b e conveniently synthesized by
standard chem cal neans. In additli&@ boé? E g ”
I [ j .
e T agonos L A A B DI PR B P BRGE Broteins

such; gs spaigEHBEnE, alstingr inmnuwlﬁd:éins;_dgump&%gct %ﬂygnehs ngichhe
i . RO i des_or. peptides. 0ds . .
ool B ERRSHES; BRL I oty RSP iERins arpaisiigs casipine, or
lysinepmshosacthaeidps, @fatdBrid@s bl Sth&QMRIHYHAGes i BLEHAR  olucose,
codi ng. sequences_and appropri ate

d : . ., . .
ManpQse A dexipns, faglatingasenta sudras etbqudzarmactgma;iuc sﬁﬁ (EDTA);
+Lieghnl s.described in . Sanbrook et.
e o A S B e S H R Ol R g e
and/qra@wintbr8psuir fagtahisrsoc ad Blesnserid®@lironNs Y. , 1989], and
Ausubel et al., Current Protocols in Mlecular Biology
[ G een Publishing Associates and Wl ey Interscience,

Methd¥ of PAAB&H IoYIRERENES AN bE AOFRENR, RltikRBcinal Diols
invention al'so I ncrude tnose ,
no8id ingentipp nrivddesdethpdmfor abtatnies almt‘iOpura,l’Ui{s@HtSstantially
3 .- i . ..0f | ocki ng_agen o )
enanf P 8 e ARy SO B By B b oo aperseoptively active
SEO oaREDepreseititnsiafe roferisscdatal RS ohd ettt Ghet h 8RS 8epED
term.ni tend to be degraded b y proteases. Suc )
and nopg, eﬁaﬁgﬁ’ﬂ%ﬁﬁ@ﬁ@@lo@ﬁﬁ of welSkdeor REPh 68ebstantiatlp thamni opure”

. it . el ated peptide sequences tohat
opcB R RO O B eI E SR B, eeuB e [t sri .
at least: 68 16%; 80%6 BEYPRYL] 96} 7% P80l 9uost BF 9 9dTRHS o‘%@t@h9e%),

.be, don ither chemcally during tb.e s nthes;s of .
relatiye 5y (g Eotghanpipnt e Sha Hihena¢inmsto gy thoartistiztmantiomer
of thd @D lokr e B arti sans of average ski 1. AI ternatively,

bl ocki ng agents such as pyroglutam c acid or other

nolheanstbed iavolves exposing affRO sanple eomtbindghethittireti€both
resi dues, or the am no

' I . : .
enan BRI GO PR e IAI e o SR sl pte o
one icanbesyial ¢@NWWHB sfl8dtives daeN A6 etk WnlBsRndrhhE %)?%e
moi ety, Likew se, the peptides ca a be covalently or

enantipEfEpVithe FEQ tocepiesnpnd g D .min ¢his weglthe/deairabpHIDIse
producEdtid &lectiRb 8BS Sn@lhd sy S%‘&?fg H)ir %e%ﬁglt—ll is Qélectively depleted,
and the relative proportion (of the total amount of the SEO) of the other SEO enantiomer
is increased. YESH polypeptides usefﬁl for the invention (i.e., those with SEQ
enantioselective activity) will catalyze the conversion of one enantiomer of 2 SEO to its
corresponding PED with less than 80% (e.g., less than: 70%, 60%, 50%, 40%%, 30%; 20%;
10%; 5%; 2.5%; 1%; 0.5%; 0.01%) of the efficiency that its catalyzes the conversion of
the other enantiomer of the SEO to its corresponding PED. The starting enantiomeric
mixtures can be racemic with respect to the two SEO enantiomers or they can contain
various proportions of the two SEO enantiomers ((e.g., 95:5,90:10, 80:20, 70:30, 60:40

or 50:50) In addition, optimal concentrations of the SEO and conditions of incubation
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Al so of interest are peptidom netic conmpounds that are
desi gned based upon the am no acid sequences of the

wo eovstioseml peptide fragnments. Peptidom neti c PONBR0®1021
are synthetic conpounds having a three-dinmensi ona
conformation (i.e., a "peptide notif) that is
substantially the sane as the %hree di nensi ort al
conformati on of a sel ected pe% i de. The peptide notif
provi des the peptidom netic conmpound with the ability

ihterest iA.a

il AR LSS R DU R S SRl 1 Sk B
the tbauhiigs@fithe Wasrkmg&mlmbfe@ oidained hefein, paptlitedinrtké i€ Wil Enow

derived. Peptid |c conpounds can have additiona
howgp s¢lgeiiriisicpadt 1%& OB Hiedmee cHAB Of 2 fidred sagtioger of a desired
PEDMAdVdtdBo.such as increased cell perneability and

prol onged biol ogical half-life. The peptidom netics

ty Eihc meltl}odhan beamproiched byt featexamplpaintulzting (@ituring) the SEO

o SR B TR B i B D S Ll 21,

othef B&dt dp@FestiReH }@f%ﬁfﬁ)rcohﬁlﬂlf?%a Bﬁﬂ%ﬂc‘i‘éld%réqﬁ‘gﬂcg e.dhe gene ora
peptldonlnetlc i s "based everal types of chem

recopbat neclejc acid segienca) igheasinga YESH ydmpqmde,rmmm@g froma

SUChrC%ﬂy,%.ﬁ%VHﬁ] %E]Hﬁ?%éf@ggt‘lﬁ 1?1’1 Oy%g%ggﬁ%ﬁﬁ%?qpyl % FSOPEEG(PQ Egﬁ

polypbfﬂﬁie; tlupeshith exigbip psieddRyII6labdadtivey @ﬁﬂﬁd}ﬁfdpﬁrb%r@fe
g@ease x23|stant eptidom netics. The invention also

P dEain ebHs SR ic §wﬁﬁ6S@ﬁ@ﬁéﬁ@ﬁ?@ﬁéd@ﬁﬁﬂalnlng one
gene?é: &2‘3 SRt Bnomb bR ff}/@}' gg%augS,Ool},é gesf IS Bl X, seven,

ei ght, nine, ten, or nore) of the
Cryrbweens @@bam;bmycqspbylféem IEdeshialap GypeiahileHymidramis ,

ol.ypeptide fragments. The conposition or
fssafﬁff%%@i» Ktskrozsges, LiPoTgEese %f%g‘é”%e& rpeomyat. Pighiag,
RhodRpskide Rhodotbhae Kp&&dzﬁyéﬁly r&%oﬁébg% aeant, a cr ude

enzyme 5Teparat|on highly purified enzyne
ThC@%Baavm ingea mhﬁﬂabwp05|t|ons and preparations can

of, a_var ier
ot IBeft SR DR RS B oRiop B dmefintutls SALbRER Ot o
hydralygedaiixturds 6fSED € apticaBPdetivedl dd@anfifure &aiﬁﬁétﬁntmﬂy
buffers, such as phosphate, citrate, and ot her

enanfigpurgk §aAiaad/sE PED: m%lﬁtiq: ieifeliowing eaemplerageeratsing spedies;
| ow nmol ecul ar wei ght (|l ess than 10 residues)
pol ypeptides; proteins such as serumal bum n, gelatin
or i mundggmuul i ns; hyd§pgldsl i c pol yners such
pol yvin : ] .
gl ut ani né'gepar agi ne, ZGrAPRIEL or | ysine;

nmonosacchankides, di sacchafiHlese and ot ner
car bohydrates including glucose, mannose, or dextrans;

chel ating agents such ag’@ﬁﬁylenedianinetetraacetic
aci d ( EDGNprococcus C. albidus

C. curvatus

i ne,

C. hungaricus
C. laurentii

C. podzolicus

Debaryomyces D. hansenii
Pichia P. finlandica

P. guillermondii
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sugar al cohols such as mannitol, or sorbitol;

salt-form ng counterions such as sodi um and/ or
wWmevsanise surf actants such as Tween and Pl ur onPCEIB2005/001021

Met hods of Producing Optically Active Epoxi des and

Optically Active Vicinal Diols The invention provides

nmet hods for obtaining enanti og)@r e, or substantially

enantiopure, optically active SEO and optically active

PED. Enantiopure optically active SEO or PED

preparations are pr epar%t} Laont ai ni ng one

enanti oner_of the SEO or’ and none of the other

enant i omeRrodbspotidiBEO oR. REDigénBubst anti al |y

enanti opure” optically %c;oi’?\lllgi eSSEO or PED preparations

are preparations containing afj | east 55% (e.qg., at
| east: 60Rkodd0a 80% 8RYguwBRUra95% 97% 98% 99%
99.5% 99.8% or 99.9%,, relative to the total anount
of both SEO or PED enantl 8§84 of the particul ar
enanti omer ofthe SEO or Rt gakiilc The nethod invol ves
exposi ng a SEO sanpl e c?{ntlaj.ni ng a mxture o f both
enanti oners of the SEO fo*4"$ESH pol ypeptide (e.g., an
i sol at ed YESH pol ypept i ®embmzaone in a mcrobial cell),
whi ch sel ectively catal yzes .} he conversion of one of
the enantioners of the éé@u?lgglanosélorrespondi ng PED. In
this way the desired PER. izscipr@duCOHS Ytid3)sel ecti ve

SEO enan{—bircnfgf—subst—r—at—?f—?ﬁHWESH—rrse{—eﬁi vely
depl et ed, PRAFPHE ¢ el at VE"BYES88 i on (of the total
amount of Sgoheobdes of t ISehdiabieds SEO enanti oner i s

i ncreased. YESH pol ypept, des useful for the invention

(i.e., those with SEO eRdiftTdsel ective activity) will
catal yze the conversi onSofugape enantionmer of a SEO to

its COff?/ﬁp%ﬁﬁ—f%—PED—W?—h—F@S—S—i—hﬂﬁ—&@%—é&—g—.—, | ess
than: 70%""BO% 50w 40" “EBH" FHH UG 509 2.5% 1%

- 0.5% 0.01% of the effircieneyddirat its catal yzes the
conversion of the other enantionmer of the SEOto its
correspondi ng PED. The st@°thg enantioneric nixtures
can be racem c w th respgegkcitOelMBRIWD-0SBEY enant i oner s
or they epn- ' ' ' two SEO
enanti onetf& V. g., 95: 8 "A98746, 80: 20, 70:30, 60: 40
or 50:50) In addition, optinmal concentrations of the
SEO and conditions of incubationwill vary from one
YEShe ysrsy plgin caiebe, dorgxeints; oan geledteshitomel aBleo2tas 3 (see below).
anot her. G ven the teachings of the working exanpl es
cont ai ned herein, one skilled in the art will kno /
hoWultivasioh &cbiovatiotsn@erantbicd)iodfrsast sifaihdexppssoily atYESH of

a desired enantioner qf desired
polypep’ue e, or gagment thererg% (v&91th t%e purpose of preparing yeasts stocks or for the

enantioselective preparative methods of the invention) can be carried out under
conditions that provide useful biomass and/or enzyme titer yields. Cultivation can be
by batch, fed-batch or continuous culture methods. Useful cultivation conditions are
dependent on the yeast strain used. General procedures for establishing useful growtha
conditions of yeasts, fungi and bacteria in bioreactors are known to those skilled in th.e
art. The mixture of epoxides can be added directly to the culture. The concentration of
the SEO enantiomeric mixture in the reaction matrix can be at least equal to the soluble
concentration of the SEO enantiomeric mixture in water. The preferred epoxide level in

the reaction matrix is greater than the solubility limit in the aqueous reaction medium
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PED and/ or SEOQ. The nethod can be inplenmented by, for

exanpl e, incubating (culturing) the SEO enantioneric
worRoosaessd with a wil d-type yeast cell or a recPobiBasv001021

cell (yeast or any other host species |isted herein)

containing a nucleic acid sequence (e.g., a gene or a

reconbi nant nucl ei ¢ aci d sequenpce) encodi ng a YESH

pol ypepti de, a crude extract gpon1such cells, a

sem -purified preparation of a YESH polypeptide or an

i.sol at d YES tid whi.ch
thergi e B 7 DT ot BERr bty i PR pRhtiepgride added
to thlrbaitidn AhixbR@isHRASHti&E | froviBYd B8t Be kesdetatidroifiat REst equal to
fol | owi ng gener a: A«xula Brettanomyces, Bullera,

the U BaiybemctmIdy irciby pucs sepstiommisdig. GHrcnoxide can
be n}DE%rgg 8H ?ﬂ%ﬁgggus r‘m%e{c): [ C I&‘%&&‘%ﬂ%ﬁ‘ﬁ re. The gelatlve

yvero ces ces,

propWXSEYTER )- andWSﬁepoREdﬂiﬁﬂm@lhﬁﬁmmf eﬂl@@ﬁte@i @lﬂ the epox1de shown
Sporldlobolus Spor ohol omyces, Trichospagron, W ngea,
by the sepsral doumpla U isstot stifieal Rut ¥t irasivantpecosp 53 cemppercial purpose to

emp%{}g?fﬁ%ﬁﬁﬂzo@ngéé eé%tokﬁ@ sfu{ﬁ% ct I%eﬁ[ex?l Hrm' . Ay ad('i)OI Se%’)omde

ures o"optica enanti o
can be addddsharrbcentib g‘(‘orencams [ acrmxnﬂr)a oS&@nannb/emrm REErremahtinge

L Qi DB SRy SSTer 3 SO RecL e R o

1sol£t9@8§1§p@tiﬁfét1ﬁ9fﬂ%®l‘§) &xanﬁb@lééﬁ% %tn@t‘}”a\dﬁéd-'ﬁ) the ré&@ﬁ"&ﬁdepends
C"Taurentirt C. podolicus Debaig onyces D.

on th@kusle’nq: parRineterssofthé specidiedieeciion and the amount of epoxide that is to be
hydrolysed. In the case of product inhibition, it can be advantageous to remove the
formed vicinal diol from the reaction mixture or to maintain the concentration of the
vicinal diol at levels that allow reasonable reaction rates. Techniques used to enhance
enzyme and biomass yields include the identification of useful (or optimal) carbon
sources, nitrogen sources, cultivation time, dilution rates (in the case of continuous
culture) and feed rates, carbon starvation, addition of trace elements and growth factors to
the culture medium, and addition of inducers for example substrates or substrate analogs
of the epoxide hydrolases during cultivation. In the case of recombinant hosts, the
conditions under which the promoters function workably for transcription of the gene
encoding the polypeptide with epoxide hydrolase activity are taken into account. At the
end of fermentation (culture), biomass and culture medium can be separated by methods
known to one skilled in the art, such as filtration or centrifugation.

The processes are generally performed under mild conditions. For example, the
reactions can be carried out at a pH from 5 to 10, preferably from 6.5 to 9, and most
preferably from 7 to 8.5. The temperature for hydrolysis can be from 0 to 70 °C,
preferably from 0 to 50 °C, most preferably from 4 to 40 °C. It is also known that

lowering of the temperature of the reaction can enhance enantioselectivity of an enzyme.

The reaction mixture can contain mixtures of water with at least one water-
miscible solvents (e.g., water-miscible organic solvents). Preferably, water-miscible

solvents are added to the reaction mixture such that epoxide hydrolase activity remains
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P. gull ernondii P. hapl ophil a Rhodospori di um

R pal udi genum R torul oi des Rhodotorula R aurantiaca
waRooanensear i ae R aurantiaca R glutinis R m PCE/B2m05/001021

muci | agi nosa R species (e.g., UOFS Y-2043)

Spori di obol us S. sal noni col or Spor obol onyces S.

hol saticus S. roseus S tsugangrl chosporon T. cutaneum

var. cutaneum T. nontevi deense“T. ovoi des T. species

(e.g. UOFS Y-0533) Yarrowia Y. lipolytica The yeast
mea%ﬁlragie \?’%ﬁ Qflsm 12% ?ﬁﬁmatpref%&% f%g&%%%gl[v&gtg glllér ga%l t?es for

(see ron 1 oreacto

exafhbby, AEsI6ey m)et}mhoy eaﬁhol$p1bpam 180(R6EB9I, ragetamhfﬂs,H
ment thereof, (with the ose of

. polypeptide, or fra
i gey KACm g bRE B0 e hylevEhding Ssbhe Gike o
preparative nethods of the invention) can be car ried
outThetgestionaniature ersalshar ab@t@w\@év GeriEin mixteganekwater with at

teas K R BRI it sB R SRl BB SRR By e
can blub¢diativde, fopathntiplensluate 1depaihtstbtr@otdithaneattthyl terr-
strain used. Ceneral procedures for establishing

buty] ey mefphiepbutnlesfaneofisuiyt-oypbialate, aliphatis 2 mlwaémna 6 to
9 caBbrPAtOhE Yot @k sinfie Bk BBV Lo NIHRatihydrE&rbdhs cgnt%mng 6to 16

carbon atoms (for example cyclohexane, n-hexane, n -octane, n -decane, n -dodecane, 1 -

tetradecane and » -hexadecane or mixtures of the aforementioned hydrocarbons), and the
like. Thus, the reaction mixture can include water with at least one water-immiscible
organic solvent selected from the group consisting of toluene, 1,1,2-
trichlorotrifluoroethane, methyl ferz-butyl ether, methyl isobutyl ketone, dibutyl-o-
phtalate, aliphatic alcohols containing 6 to 9 carbon atoms, and aliphatic hydrocarbons
containing 6 to 16 carbon.

The reaction mixture can also contain surfactants (for example, Tween 80),
cyclodextrins or any agent that can increase the solubility, selectively or otherwise, of the
epoxide enantiomers in the aqueous reaction phase.

The reaction mixture can also contain a buffer. Buffers are known in the art and
include, for example, phosphate buffers, Tris buffer, and HEPES buffers.

The production of the YESH polypeptides, including functional fragments, can
be, for example, as recited above in the section on Polypeptides and Polypeptide
Fragments. Thus they can made by production in a natural host cell, production in a
recombinant host cell, or synthetic production. Recombinant production can be carried
out in host cells of microbial origin. Preferred yeast host cells are selected from, but are
not limited to, the genera Saccharomyces, Kluyveromyces, Hansenula, Pichia, Yarrowia
and Candida. Preferred bacterial 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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art. The m xture of epoxides can be added directly to
the culture. The concentration o f the SEO

We@p@atoseeri ¢ m xture in the reaction matrix CRCI/B20eX001021
| east equal to the soluble concentration of the SEO
enantioneric mxture in water. The preferred epoxide
levelL in the reaction matrix :ﬁ;’ greater than the
solubility limt in the aqueo reacti on nedi unt her eby
resulting in a two phase reaction system The starting

a f ' | O ] XE-UL e ot

or i thesp e BRHE SHREES bnt B ShARE R kE o) dudlpl
funetipnal frigméite) @albebmhidbilizell ohhsofi® eaprortcoreieexh d6lutish.t he

aqueous reaction nmedium The epoxi de can be netered
Progfisires gk irprebidizgricsyotithe veastor nrerEatian thergoy iaglude.dwt are not

. u . r - . :

imfRg ot S5 6 RLERRC O] el s o nked
enzgpoxiystls leotvaprbgnt il by dye gels;and featraprhent (1t réverseahicelles.

o HiRTEES PHbarrelrb i GmOHETED B GETEh SiareRyes v to
one GRIMRA & tHeQTWHACH intludd ¥6r @}&%lg%ag aRoRBiRAGRY r%h" Righ-pressure

. racemc formor as a m xt l.,lr.e (¢} . enan'tl oners |
liquig} ¢hremetperardyionsoluphes contriming chiral lstatipeary phasek] $he vicirdediol

I t tiall ified or isplated.
o 5oL 55 B Rl B S et 3o
t o TihacieRatdanbedepended Whed it dlaf@bhér dFah@8RIxedcsandfor vicinal
) t,h? specific reaction and the_anount of epoxide that
dioljig fqugdtie bajripEeys eapared torfbe edispensnti he epoxide and/or
Vici#xeﬁl?fli(lﬂi. tljlr%rabgf, t%&?%ﬁ&?)nqg YRR 29SO e &ere%g?t‘i'&néij?a{l gpoxide of

ornmed vicin romthe reaclt§| on m Xture or

general foranta (Dhaddondenilrdisli afigendral foemuliagiIngl fodhdto Wtin an

| evel s t hat | ow r onabl e reagtign rates. . )
enasY R S L P el B e b SiEss of gfinygation
the FeRE MR téBndtH@ Whkh brebdB0oRkr Y54 %Hoxfdérof g@ﬁérg'feﬂohula 1)
carbon sources, nitrogen sources, cultivation ting,
and/gr viginad of genesd formule Kid) isfewndab beom ti pumntismerik escasy ofatdeast
o d rates, carhon .starvation, addition of trace .
95%,1 iRt e oSN RS e e hd bt Puamiois e Svections
mendiitdhd fidrtioh ahf ducigtey of Bl yRYANGH LpreptRatidoth880L rom the reaction
. substrate anal ogs of the epoxi de hydrol ases duri ng
mixgye 05 Yuitastivation (frexemsle bothepiicenipertaieddigon of saltyand/or
il [ r t i-oh, Wwor,kabl y.
org RN R b M R e DB b BBl R Bt Bt ition
can he ttop emobxy, der ¢nadipdd, dlseseparativh by tharcatalydicagentdin the reactants
account,. At the end of fernent aéj on %cul ture), hionass

and PERFUETITR e Ridieuth aablasionss yaliibitien of fherfatahatesackibiby
techhRueRnS td &k dkilIddNg (& 4, Such as filtration or

centrifugation. The processes are generally perforned
undée apticalycantiveteporides aadrorekeingdldigls ptoduced by the reaction can be

recovered from the reaction mixture, directly or after removal of the yeast, or preparation

thereof. Preferably, the process can include continuously recovering the optically active
epoxide and/or vicinal diol produced by the reaction directly from the reaction mixture.
Methods of removal of the optically active epoxide and/or vicinal diol produced by the
reaction include, for example, extraction with an organic solvent (such as hexane,
toluene, diethyl ether, petroleum ether, dichloromethane, chloroform, ethyl acetate and

the like), vacuum concentration, crystallisation, distillation, membrane separation,



10

156

20

25

30

reactions can be carried out at a pHfrom5 to 10,
preferably from6.5 to 9, and nost preferably from?7
W@ 2008/180569The tenperature for hydrol ysis can beP¢T/mBR0E5/001021
to 70 OC, preferably fromO to 50 0C, nost preferably
from4 to 40 OC. It is also known that |owering of the
tenperature of the reaction cafy enhance
enanti osel ectivity of an enzyne. The reaction m xture
can contain mxtures of water with at |east one
ShiohSed I 5. (e.g., water-m sci ble organic
COmg%ltlvent sﬁﬁwgfﬁlgggfw%;ﬁe'mt er-m sci bl e solvents are
addBuhst thetpnesentsiagtnton provities = officient pratese pathiedenomical

v R AR ol BTGy e el Dehbs Ghirasandustion, o
hig efangi¥aEL ?uri@ﬁ, 8F OpoallJRERRNYoxidRt Bm%'fgen&glgfeﬁﬂmh (1) and

_ i sopropano acetonitrile, dinethylsulfoxi
viciga} diefs @f thetgengtat Grmaitd @B, i0 thereesenbpyf oy dadi stmin lvihg he
E e tdon mxture can _also,.or alternatively,
enagid et ol R I A e et SR BB sicB el St vy
wat er -i mm sci bl e organi ¢ sol vent. Exanpl es of
wat er -i mn sci bl e solvents that can be used i ncl ude,
a igMdydrolasgAndibadies 1. 2-trichlorotrifl uoroet hane,
met ; . . yl. kel one.
di but ylfl{,%{t% tlf%\ ateg, a c?df)%g[%xinc 1%14 %gﬁe%%tsep 8%1:31? gycrﬁlblr?ée 6 to
polypephddsan fagorents((Bgr, antigemt or fuexidstal fragaé@saf)such polypeptides.

al i phat.ic hydracarbons containing 6 .to 16 carbon atons
The(H"b&’GB AR é%??%‘?‘b‘w%% &poxige pelyRentides, with epaptiwselpctive
activillg Gl &n piticeFBeaNRith Rtyre tgtgg@ggsﬁ@cﬂ? ,?t?cz)sﬁleea’cive activity

]
. -hexadecane or m xtures "of af of enen
(i.e. (R IB) ardadhese, wigh SEQH® NDiel, 2TRus, ortSh& he eatibddies preferably bind
- xbur.e can include ter with. at .| east one .
speqllicalsp P EPpiee g¥%f§fﬁ6%?@é§?%ﬂ?$=é@r= et e fFrrrgribyfrglase
poly@eptides@@REéds diller@har Plaviedpeied: Mofe preferably, they can bind
trichlorotrifluoroethane, nmethyl tei t-b tyl “ether,
speciigahly| to ysesth apgrridg pelynentidgs withyhawpsiselattiseactivity, phdin particular

I i . at and al i phatic
o VRSB PEREL L ARt PO ROL PR 2 BRI Seover
bindnipetificelly fnorel @ anare ot ablypseptideasiRBEQ (1D Woexamm, &, or 5.
Tween. 88% cycl odextrins or any agent that can )
i n¢yiibodics fan g%P Flopghor menoglonal atipodies; sratkodsiforprodpcing

bothi hBeLRMRHPSIERRKhLRTEA the 4t [RR AHVEQYUS ce[ngc?ecc%fj a3y cﬂl@sa&:.eg.,
The reactionn m xture can also contain a bufter-

IgMBlgG.dg48., By okghipn Theyt dre paeferablyd giGraitibddies. f dMorexsarpodyclonal
-pbhesphate buffers,.Tris buffer, and HEPES buffers. The

antﬂgodge Jie ?{10640 L%ﬂtxhggﬁs r%rll E}%%?}FFB& in, P, 2qnGHAL om B cells

r
frond, UnihAlO B} nihB&BEVERebi8RMe.g., mammalian) species, e.g., humans, non-

human primates (e.g., monkeys, baboons, or chimpanzees), horses, goats, camels, sheep,

pigs, bovine animals (e.g., cows, bulls, or oxen), dogs, cats, rabbits, gerbils, hamsters,
guinea pigs, rats, mice, birds (such as chickens or turkeys), or fish.

Recombinant antibodies specific for YESH polypeptides, such as chimeric
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
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be, for exanple, as recited above in the section on

Pol ypepti des and Pol ypepti de Fragnents. Thus they can
wore@ée/1mpepr oduction in a natural host cell, predutB20e001021

in a reconbinant host cell, or synthetic production.

Reconbi nant production can be carried out in host

cells of mcrobial origin. ferred yeast host cells

are selected from but are nogsllnited to, the genera

Sacchar onyces, Kluyveronyces Hansenul a, Pichi a,

cxamt s EERLT RO QLB PR Abt BiT A et Fblcon

PCTRISIG/ 0205695 P&Sia RS ald @h@é 20 MY AP lisARG 189,18PY "Eérﬁgdcﬁd
fil ament ous f ungal cells are selected fromthe

Eurogem Rrteaindprlidation 67 L.AHe Menison chalp&fugoncay Satent Application
173,453, KO8T ARer ANGCTURRM, T RIAMSLEMMPL ANELS, patont No.
pol’ype e ular

canp Fra- or ekxira-

4,81 @ lseut(cduﬂm efld Bmﬁpekaﬁ Pb’gent Apglicat®adRSReyBétter et ilh@ 988)
re nedium!In these fernmentation reaéélons o{

ScicRnidht | QH-¢He SRy SEID ddsTEmml L AgS ISPl (1957

t
PN T N IR S e e ATk REPARRY oFH, (1089

Natuyeabt, 466-45; Shawat alo (L 3%8e 4. dﬁéﬁﬂ iCenkerdest. BUtl 5a3-€@9nblorrison,

oo} i 10, SEB0ER O GBS SLLBEMTENL e . e

No. §p¥$53; SJone@&traﬁthraglé) WaukyH10983-95: Vadepitd: aDTEIES) seiteﬁce

reverse m cel progress of the reaction can
239ﬁﬁﬁ%ﬁmﬂéﬂm5¥19tdnﬁﬁﬁﬂ)bﬂ@m@ﬁ@lé§1kﬁﬁﬁﬂﬂto one skllled

SR e P s B TR S e BBy
at leéﬁﬁ t&%ﬁ@”ﬂi@la@ PoittRdIn g :ﬁﬂig&ﬂlblﬁilﬂg denaihefah aﬁtﬁﬁody'ﬂim bmds to a
vi ci nal di ol forned can be renoved fromthe reaction

YESH palypeptisle. Sdibedy fsements sl sonfpin the binding dagppirpithe molecule
can 666%3%%5% ﬁg%&gn Tte%ﬁ{ﬁ' nat Ieﬂr W}ﬁ%ng ; n ﬁ@lﬁﬁ% bREG rBf 114 to:

Fvicinal - d I n excess
F(abt)oﬁ‘p)gnﬁdts ttioat che be el cahian pepiredigodtion d astitendydeolandésy Fab

SR L 658 AR AETSRER Do s et e e o (R Prpegpents:

and ﬁm ﬁ'?}?&?ﬁ% it ChBL gl ePdte @by %Qﬂ@&tﬁ@ﬁ%o@ecﬁie’s )wﬂhspa a/m and

found"to be in an €nantioneric excess of at |east
a reduging ageme Jneeé.gr, NationnlJostitimes of bliealtthd CrrveritArodecols We

R g RTS8 DS ARDALETE  ocy gmons

also @@MRTedh, fragiuhta, i(d, |a)nt1b§d3frgx‘d>ﬂdctb & RBichRh@d aRI TRt dr@BRObhSant
excess of at | east’ 95% reacti on can be term nated

regiqgyanging aﬂﬁb@mwaa nA single deimPy Eagmept (s¢lbg at # gipgle polypeptide
chanqg{gp {n% des IbI i}{]ﬁte 'hg?v}ﬁ{h% g ielélh %m?gl(e) %&?oﬁé%??ﬁe antibody from

preparati on ereo reac
which the scFv is derived. Such fragments can be produced, for example, as described in

U.S. Patent No. 4,642,334, which is incorporated herein by reference in its entirety. The
antibody can be a “humanized” version of a monoclonal antibody originally generated in
a different species.

The above-described antibodies can be used for a variety of purposes including,
but not limited to, YESH polypeptide purification, detection, and quantitative

measurement.
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m xture or by inactivation (for exanple by heat
treatnment or addition of salts and/or organic
waologaese) of the yeast or pol ypeptide, or preper/E20e001021
t hereof. Thus, the reaction can be stop for by, for
exanpl e, the separation of the catalytic agent from
the reactants and products in %ge m xture, or by
abl ation or inhibition of the talytic activity, by
techni ques known to one skilled in the art. The
optically active epoxides and/or vicinal diols
produced by the reaction can be recovered fromthe
I eaiei following exbfipl diseAettb Yil@tratt] heylinie iy alvedfiod he
yeast, or preparatlon t her eof . Preferably, t he process
can include continuously recovering the optically
active epoxide and/or vicinal diol produced by the
reaction directly fromthe reaction m xture. Methods
of renoval of the opti cE8XAVERILESe epoxi de and/ or
vicinal diol produced by the reaction include, for
exanpl e, extraction with an organic solvent (such as
hexane, tol ueneg,dLehby! VeldbRhs Ratvighfia et her,
di chl oronet hane, chlforoform ethyl acetate and the
like vacuuntconcentratlon crystallisation,
Preparation| of fraws forssemeending on, col umm
chr omat ogr aphy and the i ke. Thus, the present
i nve S opf.f i
cconosrar et a0 € ibadk St BIBR ATl toheigine 20q m yeast
extridt@hOgetakt (‘HéMl)mBhtirﬁ (3 Uheedst exitiet,i2on, mdtlﬂe)hta@h 1 % peptone w/v)

enantionmeric purity, of optically active epoxid of

SuPl’t‘lﬁ@e‘aétz Bty 1 foglﬁa@% W?t;) a‘gt&av.s&qt%aﬁryahaﬁes(‘tgf- 7t2rte he cells were
s
g Rl Dot B, L PP S A AR S o0
mMaplal5ypefieteddyhauirifgggionh amt frozdnt in. pthﬂ&te Hyitex lcdmtammo
rol.ase Antibodies The invention features antibo

sty CRh: -2l G e coPontns el Hrhrside TH IR pRR B Sovera!
morthARTER Sid®fiShnt 1RBLF SQRIE. OF functlonal fragments) of

such pol ypeptides. The polypeptides are preferably

yeast epoxide pol ypeptides w th enantioselective

act|V|t and in particul ar those mnth styrene- type

28 ERE PARL SCHCAREt | ve activity (i.e., YESH), e.qg.

those MAth SEQ ID NOs: 1, 2, 3, 4, or 5 The
ant | BRGLRS (Y F &f APLac BUIISRAGH T OFh \WhsBXPRS! fncl
epoxi rol ase po ypept| i.e., not to epoxide

condféﬂdﬁﬁd)r&@ﬂ@ﬁﬂ\y e poo dBSelDéusp@Qi‘drﬁ(QO% Wan it bhm;phﬁabttffer (50
speci es. Mre preferably, they can bind specifical

mMg EHy7e%)s tTh@rré%ﬂ@@ rpmnypewpredegubmﬁtdﬁt SRafkt fop s dpwist ¢xtrected with
EtOgc (l.% e{d M centr?ﬁlggcs t J\hcmael diol formation was evaluated by thin layer

chromatography (TLC) (silica gel Merck 60 Fas4). Compounds were visualized by
spraying with vanillin/conc. H,SO4 (5g/1). Reaction mixtures that showed substantial
vicinal diol formation were evaluated for asymmetric hydrolysis of the epoxide by chiral
GLC analysis. Some reactions were repeated over longer or shorter times in order to

analyse the reactions at suitable conversions.

General procedure for the hydrolysis of (substituted) styrene epoxides
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to YESH pol ypepti des,
2, 3, 4, or 5. They can noreover
wWo@p®s5000560r e of pol ypeptides with SEQ I D NGs: RCT/EB208/001021

e.g., those with SEQ ID NGs: 1,

bi nd specifically to

4, or 5. Antibodies can be polyclonal or nonocl ona
anti bodi es; nethods for producing both types of
anti body are known in the art

of any cl ass

(e.g.,

are preferably 1gG anti bodi es.

antEgodles nd nono

PLG BT ALY VPP

ona

i

a‘ge

(e.g.,

nmonkeys,

3 The anti bodi es can be
IgM 1gG 3TgA, 1gD, or IgE). They
Mor eover, polyclona

R

7.5) &d eQisheRIeatif blifferd Gl MRERBASI 1Y) (16 REC2® S0 0165(13%, wRY RRASplaced
nonhuman pri mat es

in 20chl @pa@@é@)wlﬂhwwgap@ﬁﬁ@céthbgma S Thg ﬁ@@ﬁra’cqﬁl g or 250 ul of a

baboons

2 G5 eio% SibPTLh b v Alin ol oiondiifbhy o SPRpd o

50 miNL.C ®he Bliftdfes (s oiRBe & bh 6 KBASH ©Wated bKM)SO"CD r The &durse of the

Reconbi nant anti bodi es specific for YESH poaége tides,
d

biocenyetsias of hpmdq:scwemfpdi@md é)ly V&lﬂtdrmmlgégm@tﬂm
i ved from

BB ERC

time g RoNarD

i nventi o Such chineric and “humani Zed nonocl onal
by clardl ddi es can be produced by reconbi nant DNA

techni ques known in the art,
descri bed i n Robinson et al.

f or exanpl e,
I nternati onal Patent

Publ i cati on PCT/ US86/02269; Akira et al., European

DetePatigation he abtélar cbidick@dtion antgudhil styruniopsaidaidphenyl

Yot approprlate

%‘i) r3§5¢5%2§?\ﬁe§tfﬁag S ALiSS G000 x

g, 2 B8 iy %?%n&q%ér% dr?édeov%k SR RIGA DRSO hinl)hd BI%ducts analyzed

usi ng met hods

" Apgllcation 171, 496; Morrison et al., European Patent
etna

cation 173, 494; Neuberger et a

4, 8l§é%é§33

Liu et al.

bi | |

| mmunol

t S. Pat
N
epox%rﬁ%ﬁ@l e%@.ﬁﬁc?rﬁer@ Bn %lycloﬁé}gtﬁﬁ)coﬁﬁhﬁs’%iﬁ wfified b943-iABction of the

(1987) . 139, 3521-26; Sun et

commlercigllyosAllateuR)- Mhlozclstymat,e oxidsKAMric) et al . (1987)
Cane. Res. 47, 999-1005; Wod et al. (1985) Nature

314, 446-49; Shaw et al.
80, 1553-59; Mbrrison,

(1988) J.
(1985) Sci ence 229, 1202-07; O

Natl. Cancer |nst.

Dete@ininbtiod d0arelirodechm d oemmtdomedidexdliseker, U. S.

Pat ent No. 5, 225,539; Jones et a
552-25: Veroeyan et a

Bei d¥idhe ¥qriops W%&l@a @Xﬂ}lpiqls

erivatives t

epoxides and phenylethanediol was done on fused capillary cyclodextrin columns (30 m
length, 25 mm ID and 25 pm film thickness) from Supelco (head pressure of 10-14 psi) at

isotherms given below:

at contaln at

SC|ence 239, 1534,
|quagtptive AeEERatidns O
compSadland Qéteﬁﬁﬁaﬁéhvcﬁfgdaﬁﬁoﬁ%ﬁc aRtdsdyert bAGRB BLELPOE. Gas

| east the functional
chropratdgramy ¢GLCH) evaapeifgemed pnditiey IdsPackerd 68 30 gagehirpweiperaph

equi%)geadt w1kt11|1 Q?‘fD tdgte%tor and using Hj as carrier gas. Chiral analysis of styrene

(1986) Nature 321,

PCT Application

@ﬁ{\l%ﬂﬁ SFdeEsf tBf

o,

Compound Chiral Column Retention time (min)
column temperature

Styrene oxide: B-Dex 225 90°C (8)-: 8.00; (R)-:8.23

2-Chlorostyrene oxide | a-Dex 110 90°C (8)-2.69; (R):23.12

3-Chlorostyrene oxide | B-Dex 225 100°C (S)-: 7.20;  (R)-: 7.40
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YESH pol ypepti de. Antibody fragnments that contain the

bi ndi ng domain of the nol ecul e can be generated by
whp@dnotserhni ques. Such fragnents include, butPEr/B20e%001021

limted to: F(ab')2 fragnents that can be produced by

pepsi n di gestion of antibody nol ecul es; Fab fragnents

that can be generated by redu%'gng the disulfide

bridges of F(ab')2 fragnments; “and Fab fragnents that

can be generat ed by treati ng anti body nol ecul es. Wi th

pgapy al L Olllu [} ICUUL;I Ty OlgCIll. OCC €.y I\IdlrUII

4~ Clﬂ?f@%t}’fﬁ@ﬁ‘qx%deo B'I%Izizfl Cur¥8nt prot m(%) &}1’1 r?nﬁonn

2-Nitro$pakiegaieet | plDex 208l 2. 8, 30t0 (W eys)k nzezsc(m)nde 36

_ng.rggyx%ne o’li}ihte' bagx)nt ngwent_s aj ;'i]gcl ncl udeS)F\hﬁ)B ag@nt@ 5

At T ouou é | S T CUTI lIICI dl © T TW Ul 'O

4-Nigpsaeraatideag] BdeadPhol aci d FEdues ASM%A@@ )i 18.99,,

Pherylcftgietidl (SCFB)Ddxaza si ngl ejqetypept i ds)- chaﬂém (hat12.25

Includes both the heavy and Tight chain variable

regi ons of the antibody fromwhich the scFv is

derived. Such fragnents can be produced, for exanple,

as descrlbed in, U S. Patent No. 4,642,334, which is
psisrof shlore-gubstitatod siyrepaeposides in its entirety. The

.nt'bod be a "hunanlzed" ver si on of a nonocl ona

(2) Synthests. Hepe EROMESted in a different species.
TH@ saeﬁaﬁoﬂ@émbfc}gg%mm *89_@' £98088 8o $8 Bhib&fodn (200 cm®,

variety of purposés including, but not 'limted to,
0.4 VB SHs tiehieg epthi e driedirhagnasivonsulpletteatd copledtod) °C. meta-

OB RV FE aSenat P4 B .0 Sy B g oA, v
effe@é@égﬂkg Hi A& g §elﬁ)%d¥$5ﬁ§?&§leﬁrt§ RAF &ri 1@t @f°d rﬂ?e%ﬁlxture

yeast for screening Yeasts were grown at
wasldleca’htd:d intveld- dnh’asmburated boueesis coditai icayoae soﬂiuuy]eamd extracted

i extract/ malt extr ct. (YM dium (3 % t. ex ract
withyg RO Eral0 ot i Y BE SOOI PR AHATE AN ofihich

e
affodda phle ,yel‘]b\fz) 6)1 2-vhloh@thyreve dquomcﬁstm% b’af%)e 6 ((300 MWz, CDCl3)
eted by centrif ugat ion, and frozen

7,355 SR, Bbt 279 g feomd oo S1Eh. 8 AsEH 740
and?_s4l)29% gl% Vd)d @?ﬂ H%tgsﬁﬁﬂ%h‘afl?@m | Can{ﬂﬁoss@?ﬁqﬂb’eﬁs 8 and

several hont out si
24)activity.

(b) Synthesis of 3-chlorostyrene epoxide

A solution of 3-chlorostyrene (52.72 g, 0.380 mol) in dichloromethane (250 om’,
1.5 M) was treated with 50g dried magnesium sulphate and cooled to 0 °C. meta-
Chloroperoxybenzoic acid (140.66 g, 0.571 mol, 1.5 eq.) was then added, with
effervescence, and the resultant yellow suspension left to stir for 3h at 0 °C. The mixture
was decanted into 250 cm® saturated aqueous sodium carbonate solution and extracted
with dichloromethane (3 x 100 cm’). Drying and concentration afforded a yellow oil,
which was purified by column chromatography [1:10 (v/v) ethyl acetate:hexane as eluent]
to afford a pale yellow oil, 3-chlorostyrene epoxide (38.24 g, 65 %). 6y (200 MHz,
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Yeast isolate (strain) screening Epoxide (10 ml of a

I M stock solution in EtOH) was added to a fina
w@eorvsaossat i on of 20 nMto 500 M cell suspensPONIR28E601021

w v) in phosphate buffer (50 mM pH 7.5). The reaction

m xtures were incubated at 30 OC for 5 hours,

extracted with Et OAc (300 m) ,.and centrifuged.

Vi cinal diol formation was evé?uated by thin | ayer

chromat ography (TLC) (silica gel Merck 60 F254)

e vi ' I ayi-n it

COGER PR e ™ HaLdR ¢ SE15 S RBTE Y om el g s R ad. -
CHSMoYEE sdhistiantizaly MEC dAAICHLIER] J § arandtd.on wer e

eval uat ed for asynmmetric hydrolysis of the epoxide by

chiral G.C analysis. Sone reactions were repeated over

o iq order to anal yse the

© Tyelgg‘?egrls 8{4 ?L;ﬁ’% ?&Jﬁegggﬁlnger sions. Gener Z\I procedur e

f ok sblagohyeltehlisbsyehie (198TStd, 78UFG)msibYriarhloroform (200 cm’,

oxi desFrozen yeast cells were thawed, washed wth
0.4 kﬁmﬁw@ dpvifle é@/g el magnesiynysuphaia god sagles 8?1% - 1era-
o
criidbiBhyodihle SUERSILY 0403 Dulilqr, 3 chad et tiidt) wich
effef-\'ree&@de viintl ihS eistilgant JHltovs sinpenisidre] ff 90tio for2fatrd °C0fT1aa mixture

v/v) stock solutiagn in ethanol) was added to fina
was&@ﬁ?em fig ?—%%gmisa%tq#mqa?% GO zm%%wpg@owé extracted

Ky r
witf b RESh Ok B0 BAY). 18k M &1 Bl cheAliod Wera ey ARY 6 which
wasVukitfidt dwi cbgmﬁad‘:i’ﬁbﬂﬁto(gﬁi@ﬁy i 10 &¢/vapthyd Bcﬁatab mekeiMS eluent] to
i nterval s. npl es were extracted with 300

afford ¢ pplegshevi orﬂu datisastpzoeerscide (-6/28) 63%ohe 5@ Pg%’rh@z CDCly)
Y t t
73T e S e S/ O QU e en R, I8 PUEWE b
J4.zend Q@WEHI& Ot afd, CEXI AR J SHyné de eqadd. e (1ah didp BeIGHL [y, J 5.4
et hanedi ol Absol ut e configurations were deduced from
andﬂéﬁorted elution orders of the epoxide and di ol
enantioners on cycl odextrin colums and verified by
co-injection of the comercially avail abl e
(R) - 3- chlorostyrene oxi de (Al drich). Determination of
- « entd gpeEides excesses In the

vaf{ous morklngAexaﬁpfes befOM/ guantitative
det eRriiHAgYIsHS cpPxifp @%ﬂrﬁﬁwﬁ@@eaw% W maigsRd dom 2-

brofag3? 'iﬁt?&%gﬂo‘ﬁh%%g A0E 8 -0M6hE-4€ Aitd a%gto‘ﬂﬂ&n&ﬁé a%rex%\%ly reported

(Pedragosa-Moreau et al., 1996). 3-nitrostyrene epoxide was synthesized from 3-

nitroacetophenone as described below.

(a) Synthesis of 3-Nitroacetophenone

A mixture of acetophenone (30.018 g, 0.250 mol) in concentrated sulphuric acid
(75 em®, 6.9 M) was cooled to 0 °C in an ice-salt bath. An ice cold mixture of 65 % nitric
acid (20 cm®, 0.206 mol, 0.83 eq.) in concentrated sulfuric acid (30 cm’, 6.9 M) was then
added dropwise with vigorous stirring over 45 minutes while maintaining the internal
temperature below 0 °C, affording a dense orange-yellow gum. This was poured onto
300 cm® of crushed ice in 750 cm? water, stirred for 30 minutes and the resultant yellow

powder, 3-nitroacetophenone (19.293 g, 57%) was isolated by filtration. &y (200 MHz,
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chromat ogr aphy (G.C) was perfornmed on a
Hew et t - Packard 6890 gas chromat ograph equi pped with a
wo-b@dsdetsect or and using H as carrier gas. ChiretT/IB2005/001021
anal ysis of styrene epoxi des and phenyl et hanedi ol was
done on fused capillary cyclodextrin colums (30 m
length, 25 mmID and 25 nm fi Jgn thickness) from
Supel co (head pressure of 10-14 psi) at isotherns
gi ven bel ow. Synt hesi s of chl oro-substituted styrene
CDCELB Bi7desH( &) H-3y phpss.s5 ofH,Ztdc Hak Qfmtaﬁa@;rkg 8E9>(1Hech\H 4,
ution of 2-chlorostyrene (10,820 g, 066 )
7.8 mﬂ%ﬁbﬁo@%l@@d En8 J &2 and\j-8hand 2.62 63 ds,ﬁltlsrc@og dri ed
magnesi um sul phate and cooled to 0 0C. neta-
Chl or oper oxybenzoic acid (23.094 g, 93.680 mmol, 1.2
(b) Sxenthevis of Bhetrosditiesk epiixide ef f ervescence, and the
resultant el | ow suspension left to stir for Ih at O

0C. 3-NHEoaseiophenonia@- ech AP €67 mined) sranterigowsdetiphmdaefuran

SO SRR AT eSO TG 435k S
addedf fod]hel solution,sbllowedby drmlmndmmmfmsmcb @0 aaf, 390 mmol,

13 ??*W&EP%E%EFL‘W ‘%Hg;@é’ Sl 63?§t1 terﬂq&rgéﬂﬁﬁgwoluﬁon-

The 8RPR%kE e %Va%%%d gver7ﬁ1 to@rooﬁ %&%Wher%c@ﬁtra&e@&f 4 viddous
(ITH m H3), 7. 30 (3H, ‘M F and H 6), 4.23

orénge}qll dthis mas;c::ystajhs@d d)‘roam ethyl ac)‘:tate;h@mnf( |t¢-|affdtd, a I@&Whi,, the

broni> ectoriiont, Shid e SR Bt S 1P EHR B BiA0pdt Sartng
mateFPA1U NIHb bR mRteE 5 o@wzeopcﬁ 2. 4792(1H dOH380 119 k. 1'0‘((2)5—1 dd,

di chl or onet hane 50 cnB was treated w't
H-4 dndé&Gn:é@’ﬁemd@ﬁ)s GIG}SKéHed eﬁhd é ééll) eud #at20(3€, snefZac0). The

S SORESMITERUE HE0 1500 i e Bl o

boroh_@yﬁlbiklb anboy el 1N9e SmsReNS3 o) vak theh @d8dd, rwiklomudh effbrv@scence,
The mi xture was decanted into 250 cnB8 sat urat ed

and 1&&%@5@@ gtes hepPORALE &l ysis tevealottcmpleteductign rad
occufit&! Rr hRAR %x chle&'ig %odlun%ﬂr%%@erkﬁS cm’, 0.13 mol, 7 eq.)
ye , I ch™was

concent l' I on a ow Ol

was fiuen ddded, and the btamge nhntmt’@lbﬁgdi afxhior A afl 0 °Cy /Bitraetidrywith
acetate : hexane as eluent] to afford a pal e yel |l ow

dichlgmomethags (3 ¥ ¥ 5 éf@y@ﬁoaado@newamn gifopdedpgr orangg 9ihoColumn
7

chrof o645 Ysife 10Ty el oo ff gl ety Biifdably oo o,

3-nitedsityberRleparide 21.387 k) 44% ddler twoledde). & @06 MR, 2DAl,) 8.15-8.21

(2H, m, H-2 and H-6), 7.53-7.68 (2H, m, H-4 and H-5), 3.99 (1H, dd, ArCH-, J 4.0 and

2.4),3.23 (1H, dd, CHCH,Hy, J 5.4 and 4.0) and 2.82 (1H, dd, CHCH,Hy, J 5.4 and 2.6).

Yeast strains

Yeast strains with the “Jen” designation and numerical screen numbers were
obtained from the Yeast Culture Collection of the University of the Free State. Yeast
strains with “AB” or “Car” or “Alf” or “Poh” designations were isolated from soil from
specialised ecological niches. “AB” and “Alf” strains were isolated from Cape Mountain

fynbos, an ecological environment unique to South Africa, ““Car” strains were isolated
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(c) Synthesis of 4-chlorostyrene epoxide A solution of

4-chl orostyrene (10.876 g, 78.470 mmol) in chloroform
w@2@5/100589 0.4 M) was treated with 10g dri ed negRER00001021

sul phate and cooled to 0 C neta- Chl oroperoxybenzoic

acid (22.229 g, 94.225 mmol, 1.2 eq.) was then added,

with effervescence, and the rﬁ?ultant yel | ow

suspension left to stir for IAR*at 0 OC. The m xture

was decanted into 250 cnB saturated aqueous sodi um

LSRR S S S WSt
condtBirh@MhsUfloyaniib C i #@sed Ukellited niiyrooeiani¥ins existing in these

chromat ogr aphy %1:10 (v/v) ethyl acetate: hexane as
contemireted sails veduld havezltigaativy egspisaioni nechandsimsor ost yr ene

epoxi 7,86 63% . . .21- .
4 i A N S Tyl
hyd@lfss &ff $EO Gekre Aleflified by ¥nddviebidcinfiyal cRaddtdrisitibn ohedthods, and

CHCHaHb, J 5.4 and 4,2) and 2.77 (lH. dd, CE|CHaHb, I
mosofithgrgplates; yeregi fbiseedde mﬂlwgaf- é(ipaélﬁPfﬁ% Y §tdpcRfernalyses
of tHeP e i%'n%f&ﬁe?%&t irsZ fe}lgnimAg fi"h%&dne@ﬁ %!oﬁéft@ss&fwe%ﬂﬁsequenﬂy

epoxi de %BS syn rono-
depaited aathetYpkefoinee Sotledidnrafitios Uhivaisity okt Opinsndines Stete

[ l d (Ped -Ma t al,. 996
N et G L O
Natidhhll 6516&48R Be TeRe RS IRUVIESdinae! AwBulapestmédgsi s of

3- N troacet ophenone A m xture of acetophenone (30.018

g, 0.250 rnol) in concentrated sul phuric acid (75 cn8,

Culv Oi(%oosri 274 0/9051 r'["» "’ Q?é)l dn 2] RUINE 1y
fed-htoEBiok-iioradded dropwi se with vigorous stirring over
45 mnutes while maintaining the internal tenperature

bel o@ultiREonafdspetdbnyedat@Sri€eindisdnBexmdBiostat Gbivreddtos

was poured onto 300 cnB of ¢rushed ice in. 750 cnB
(wopging Molugng 14 bY 46 PVaprefthe pES00mRReR Wes anlipiia e FaftPow
. -ni.tr c o . 7. 3 .
D R et s
adjistrdentidf Zhe dtiredppecd. Ferfldvirataeras ebmdrollgd 8t 5.5dathin’, hy use of a

mas\% fé)%sgsnlg]:% ggfgwgﬁaoéatgcgﬁx %}%@mg%%%?y é@eﬁetiq%lgéc?ﬂsof 25 %
(w/Of NE OHL 'L RBa@FhARn was avoided by the addition of antifoam
(Pluriol P 2000).

A Fernbach shake flask inoculum (10 %, v/v) of Rrodosporidium toruloides
(NCYC 3181) was transferred into a 15 L Braun Biostat C bioreactor containing 6 L

medium with the following composition (per litre): citric acid, 2.5 g; yeast extract, 7 g;
(NH4)2804, 58 g; KHoPO4, 11.3 g; MgS04.7H;0, 8.2 g; CaCl,.2H,0, 0.88 g; NaCl, 0.1 g;
H;PO4, 13.4; vitamin solution, 1.7 ml; trace element solution, 1 ml; antifoam (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. Glucose feed was stopped when the
glucose uptake rate decreased. Cultivation 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.
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WO 2008/1@56Al um ni um chl ori de (0.155 g,

3-Ni troacet ophenone (5.048 g, 30.567 mml) in

anhydrous tetrahydrofuran (230 cnB, 0.1 M was cool ed

3 g. nol BQT/IER805/001021
then added to the solution, followed by dropw se
addition of bromne (2.0 cnB8, 39.4 mmol, 1.3 eq.) in
anhydrous tetrahydrofuran (38 , 1M over Ih. to
afford a yell ow solution. The xture was war med over

Ih to roomtenperature, then concentrated to a viscous
orange oil. This was crystallised from ethyl

acet ate: hexane to afford a beige solid, the

BxORBRCHL SRhE . IHiRd AR S vare b PessToRt ST WilB Bype veast epoxide

%mnobr om de t
h 3 l i o of

L was Verors.adeans 24 Primers KT E'Pﬁeé?{/es cence,

intematéeuectogiisad hydr oxi de (65 cnB, 0.13 nol,

Tablevi. Meotres)tstraink guéptimeSout h Afri ca,

% starting material. Mnobrom de:
lviicaszp grioducidonhpst umderrthe centrol ¢fifferent

dd H-4andH-676a 0%S769(|Hd H5, J
8. 2) and 4.42 (3H, s, Ci—l%l—lﬁ'r e material was
di ssol ved in net hanol (46 cnB, 0.4 M and cooled to O

0C. _Sodi um bar ohydri de (0.905 23.924 mmol, 1.3 eq.)
and left for

e@dl? gy, Wm%taeauto ~cloning

utl on o
7 eq.) was

t hen added and the orange mxture left to stir for 2h
at O OGI2ESPHBEET on with di chl or omet hane (3 x 50 cnB),
dryin ncentration afforded an orange oil.

Itm%éﬁg%jrf‘gt@ography using 1:10 (v/v) ethyl
aceb atiRarexeireresistagtdfonts. abk seleteibna yel | ow oi I,
3-nitrostyrene epoxide (1.377 44% over two st g
d zocmwcommt@y ogmgsmstom(ppgﬁ 1341, pINA 1343, nlﬂ\@; 3313) with a
7. 53
40 s o ssfce Pt Boe e ity fteuiigsd) alele
and 2.8&n ¢hd{/Rdd seletichahbrkedgdmed and 2. 6). Yeast
strains Yeast strains with the "Jen" desi gnati on and

nuntr iTeRlt-cpyauie demBe Vectars N iz hatiNA bA73 MENeHSP) with 2
Cul tur

St at o CPEp SOLR Bl b o eRlrh e Bing IRy the

" Poh" dbdsitiynatdodsllekerfeor siod ER48 stleotivrs miatket ome.

speci al i sed ecol ogi cal niches. "AB" and "Alf strains

were isolated from Cape Muuntain fynbos, an ecol ogi cal

"Car" strains were
Aand "DAah!"

20 | <
red g%? :f{))lﬁ&?’wla EAHRS dre 4 E&&ﬁ"%ﬂ f%{ SIS el

occurre l'ed so

mador Nt na ronc

H c—nl ni- r\nl'F rnm (‘t‘\l | t ci‘ rai na
T TTc—t T CTTJo; T TTS

from soi || cont am natBescpiptiongh cong éHomimgisites of
avrsaai oo ] e L leal vy 4 ot e O :
Oy AATTI UCT S CCTITTCU I'T NCTI Lllal I]l-blUUl Ualll DIID U/\I DLI IIU
4 hese %%%@%{ja&?@wtm $apgeting: hApsteeaneddoani veReference/
respiratory nimg nise: sequence | stream Origin
pINA1291 Pmlil (blunt) / Nicaud et al
(pYLHmA) hpdd ura3d4 none BamHIL, Kpnl, vl | (2002)
pYL3313 L
(1313) TEF ura3dl none gﬁgngm% /A g | This study
(PYLTsA) » SPT, AV
Host Strain Description. Reference/
Origin
Yarrowia MATA, ura3-302, uxpr2-322, axpl-2 (deleted for both CLIBS8S2
lipolytica Polh | extracellular proteases and growth on SucCrose)
Primers _ Sequence Specifications
VL fwd 5’-GGA GTT CTT CGC CCA C-3’ amplification of expression
(SEQ ID NO:11) casette between Notl sites
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Al new isol ates

that produced optically active

epoxi des or vicinal diols during hydrolysis of SEO

wowrs/10igent | fi ed by known bi ochemi cal

nmet hods, and nost of the isolates were al so subjected
to nol ecular identification by sequence anal yses of

the D1/ D2 region

of the |arge bunit rDNA. These new

i sol ates were subsequently deptSited at the Yeast
Cul ture Collection of t he Uni versity of the Orange

ropo St o L1100 A oA

YLrv

T CT—Ort™ J arta asS S CU uu—o T Tl S, SUIIC Uf
the i sol afe% m%@@@qg%aﬂ}ﬁhe Nat i onal Col | ecti on

Yeast (SJEQIUHI@G 1I6NCYC) under the Budapest Treaty.

CU' tivat] oncofr AAQAREPOEA diaumatier th @i des (NCYC 3181)
i d
pINAAL a 10 L(SXEQTJWQAE}a 15 L fed- batch b| @Véé@tfbfw primer

Cul fi\lﬁf
otV

or wn¢4+ ’)E

i pst at @ﬁ%éﬁét%gTéﬁo@%@A/Qﬁ@m
over pr ess(8BS) MfN6QA@) nbar was applied to

orHe 25— Ci+1n—15—tBrath

Di ssol vefs:x@esT tae @enETaUASys moni §or ed and

char act ePC HFHE20€31001021

Y:%-)l‘ HmA rev primer
reactor.

pINAE] nt ai nu&ﬁlﬂié éit uration by adjust meNLTeh fvdhprimer
ot il rr o o.ant allaod ot | el
St+++er ST TUL S—EORtTFor—et—at g J

L.min by use of a mass flow neter. pH was

automati cal |l y mai

ntained at 5.5 0 .05 by the addition

2. of Pradfdrmants ShidiEFcofyxambdirgle-¢qain f or nat i on was
avoi ded by the addition of antifoam (Pluriol P 2000).

A Fer nbach shake

flask i noculum (10 % v/v) o

toa 15 L Bra
r‘llllm\l\nfh the. f

Rhﬁ%‘&ﬂ;‘i‘fdaﬁ'télm t Or uloi des (NCYC 1Rl driyps transferred

Bi ost at - €:bi oreact or “cont ai ni ng 6 L

Ll.ow nn r‘nmnnclflnn (nnr Litre):

CITER prémioter 2. 5

LI =y |

gvemaquxmaclmsy—gpmm)zsm 58

QY%P% 113

TNCANA

ﬂéb%S'ESIAerrent soI

CE@

: oyoru IQ’Z’ZLC agmgsa gC glﬁﬁzo 0.88
uRhedotorulagravgatiot YN CB183i ol P-

2OP0)6TA 5 M an dRQJ)cw&ﬁ&‘?dzu?;ptogulogeHU@FS 66upo m m

mar mta

NLLAtion

5tYDPEA when t he

s e
waI%G%gf’ﬁAnf ter the

gRH@aﬂﬁﬁoMﬁle&;rﬂbﬁzﬁzs N{CY@éﬁédi

Aay LLe.ac-o

LC %El- "I%?x Vas CD&E}Q)‘? rgocczzsoéw%gtup %?C%fl rt he

COoT uuul ygructuoT

wdrp4ea pvempter b | Yeetor! pNAI 2SI (@VLHmALN at - 20 0C

CcOoTICTTIc T at T UlrT v

nyphasphat e buf f

ERIDYD 1B &PRICBI-AL N O 3%89' ycerol

Exanpte SEqUENCTI n
ma é@"imzqel on_of HZP@SPQ/ A ‘

Y YeoarmiAa | i pol

y Rhedospsr, zﬁmdp@ludiganhemCﬁ@&éﬁm he

control of diffter

ent

3. Vector preparation

pINA1291 (Fig. 1) was obtained from Dr Madzak of Labo de Génétique, INRA,
CNRS. This vector was renamed pYLHmA (¥arrowia Lipolytica expression vector, with

Hp4d promoter, multi-copy

integration selection, Absent secretion signal; e.g. for

construction of recombinant strain YL-25HmA).
pINA3313 (pKOV93) (Fig. 2) was prepared by the inventors. This vector was

renamed pYLTsA (Yarrowia Lipolytica expression vector, with TEF promoter, single-

copy integration selection, Absent secretion signal ; e.g. for construction of recombinant

strain YL-25TsA).



10

15

pronmoters 1. Vectors, Strains and Priners (Table 1)
The following features are common to all the E

w@ 05400569 | pol yti ca auto-cloning integrative VRCL/B2805/001021
used: LIP2 termnator Zeta regions Kananycin
resistance for E. coli selection nono-copy auto
cl oning vectors (pINA 131 1, pl 1313, pl NA 3313)
with a fully functional sel ect *8n mar ker gene carry
the fully functional ura3dl allele fromthe URA3
sel ection marker gene nmulti-copy auto cloning vectors
(pI NA 1291, pl NA 1293, pINA 3293) with a defective

sel getpr&iréhk ketoBeBLl 400y with AR epoai® hi:driotaé b@cﬁhg sequence (or
carry the defective ura3d4 allele fromthe URA3

othepinsert tobe erprtseed igehdpobiishey DINAvwas Bgestedswith Pag i pad Avril.

prinmers2. Transformants (nulti-copy and singl e-copy)
3. Vector preparation plNA1291 (Fig. 1) was obtai ned
4. f r ofmdort phepaektionfl Labo de Genetique, | NRA, CNRS Thi s
vector was renaned pYLHMA, {Yarrow a Lipolytic
exprl @%B&%Wé&tse}ateﬁm éﬁ dyfearhstrai ceﬁﬁ g n@éffsryger RNA

(m%&h?@% Ald P o8 FloBF] ?‘He gﬁﬁ@%%assﬁ%ﬁ% b QhySila %’1@' thedise

con tructlon of Inant strain
coppleaR8thsy DOWEBYAY ﬁsngg r@)erseadsanpergpagee ﬂl‘hbyDNbPewas then used as a

e PoeF b o5 G SRl Bt O pmes. PCR primers
weRS QIRE&RI by fépwé&&&gemmema%haism@}n&%%@t%me%p%&rgach yeast

secretlon signal ; e.g. for construction

strmectbﬁmmmessnf i o were b@?@e@n N@vmb’ade@cmbml apeside lhs'drolase

SG(’%\%{}CCS Ia IC\)I%%% prGCbe% P g[));’lg cf]eégcrig lseaqilgmfecs) g)lg r}%t ﬁs ggir and reverse
pribl¥As wwas tcd g@%ﬁdt@EiDM dodBag sedueadrd vl LIRNA. frdn S@¥én different
preparation Total RNA was isolated from sel ected yeast

yeast pteains wih Pﬁprﬁﬂﬂatﬁﬁ@%w CIRNRC CPERGA LI QResdtep af their dgmini are
shdwPBibY: ﬁ&%%%n%e fg‘c%%nﬁﬁnase&%mgsaérg uhBertNBd RESIS Selevant

restriction enzymes are shown in parentheses.

Strain S’ primer 3’ primer
R. toruloides GTGGATCCATGGCGACACACA | GACCTAGGCTACTTCTCC
NCYC 3181 (#1) (BamHI) CACA (Binl)
R. toruloides (SEQ ID NO:16) (SEQ ID NO:17)
UOFS Y-0471 (#46)
C. curvatus

NCYC 3158 (Car 054)

R. araucariae GATTAATGATCAATGAGCGAG | GACCTAGGTCACGACGAC
NCYC 3183 (#25) CA (Bcll) (SEQ ID NO:18) AG (BInI) (SEQ ID NO:19)

R. paludigenum NCYC | GTGGATCCATGGCTGCCCA GAGCTAGCTCAGGCCTGG
3179 (#692) (BamHI) (SEQ ID NO:20) (NEel) (SEQ ID NO:21)

R. mucilaginosa NCYC | GTATATCTATGCCCGCCCGCT | GACCTAGGCTACGATT
3190 (#23) (Bgll) (SEQ ID NO: 22) TTTGCT (BIn)

(SEQ ID NO:23)
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conpl ementary DNA (cDNA) using reverse transcri ptase.

The cDNA was then used as a tenplate for Pol ynerase
w@b@snoRenct i on (PCR) using appropriate pri merBCT/H2B5/001021

prinmers were sel ected by repeated experinentation

using multiple test prinmers for each yeast strain, the

sequences of which were based‘%£1previously descri bed

epoxi de hydrol ase sequences fr a variety of species.

The nucleotide sequences of the formard and reverse

oaaoanar-at

Y/ lll:'l s—used—t rerate—ebNA—coding aucnuca fom
TBHGRET T om seva (GAGA BEBAT T ATCASTIGD nECACOEAGGCTACAACTTC
NCYD pr29[Fenalioe2) r EF(E@H?‘(MQQ I@ﬁ@’dﬁ?) recogni tGQ@GS('B%{Tﬁ at
their termni jare shown bel ow.” Restriction enzyne
recognition sequences are underlined ah@EBQ® Nel28yant

ch PR

Mgﬁls

1 hno 1 hao | P
I CDLI I bLI UII CI LyIIBD (J.I C DIIUVm I II |J(J.I CII IIUDUD |_a\,|| LIS\ BN

reacti on contai ned 200 nM dNTPs, 250 nM of each

pr iBxek PCR weMtivh dvbfaindd E(Id\lﬁ\/lamﬂ“ Ps, 850UnM off@th primer, 2 mM of
merase in a 50 m_reaction vol ume. The PCR proflle
APV aFna g a6 P Toese 1 6P DoeRickgn Solveye 16 BSR
b
Q —
profi¥fised srafioic R pimrilonfAYy so et SPET, Epth pe -1
mmp’iﬂ"Cf—r 2chimyiblerda fed teetbnsi dnhoft128C fest( midutenn €he PERproducts
eco nition sites are engi neered at the end, of

werg ABRd HEAReHOVENR PN PR oY B dodopiion S1Se are

engi‘ﬁ@&%@ bt @BAn® 8RR NGRS OThE ePNA FabheR widbAY BRIENEES? and
be inserted in either pYLHMA or pYLTSA were

SeCllmne@hfoeGOMﬁmﬁBamﬂl and Avrll at their termini. The

o R B T B o Lo TR AR P Gl R T e Blandine

w1tH BazbE:I haits @HATP4L thdif tebhig. dheWbbeSPCRARIAEE ar@designed with these
onpatible restriction enzynmes were sel ect ed. PCR

restmetha@ll sies UDiGAs thesites vk alsharesenddi thecgenn deibe mserted. If this
f t
OCC%%dg ?I?ngf’%%g 8&91 atlb% recs%@y gx%t : %r%fje Jeﬁe%@d %&{ te]mpé%tS DNA

ONS consi ste
wasreitheiNbh&irsert Zﬁﬁedl Mt@ adhffbﬂ'enﬂ%ciod o dIaly Apyinytieeizad &om the original

i e W B i
Taqff)%[yng?er%erﬂﬁtfﬁ?anag %%se?arlﬁ)%ol?élgre{sg 16@) PictioOfhd OF

m nut e d 72Cfor 2 by a single
ampdildﬁlcammprogtanm@@eﬂ@\rasiwﬁ‘iﬁrfmt %mlnIFt@R 3@r®dlq:s p§9%0€r for 1 minute,

rified, and with l.evant trlct
so°€iy b dr8e8t S Uttt S P st of P gor 10
mingfedl was ready for ligation into the
PCR products were purified and 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 commercial T4 DNA Ligase. Ligations were electroporated into any laboratory
strain of Escherichia coli, using the Bio-Rad GenePulser, or equivalent electroporator.

Transformants were selected on LM media (10 g/L yeast extract, 10 g/L tryptone, 5 g/L
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prepared vector. 5. Preparation of pYLHM o r pYLTSA
constructs Vector and insert were |igated at pnol end
wo 2005080564 3:1 - 10:1 (insert:vector), using CPOTEB2005101021

T4 DNA Ligase. Ligations were electroporated into any

| aboratory strain of Escherichia coli, using the

Bi o- Rad GenePul ser, or equival Aent el ect ropor at or.
Transformants were sel ected on*®M medi a (10 g/ L yeast
extract 10 g/L tryptone 5 g/LNaCl ), suppl enent ed

§BBP gﬁg%g fxg}th(clgo %&% S]é[tcr)gnrrgnt > ge \{ff?rgge ectgcii gased on
restﬁlc@o%{ré& igedts o @'u&i‘ﬁ%D%AAshﬁ@ IDrfAca transformation

reparatlon of method 1 Digestion of the
pI NA-serles of pI asm ds wth Notl resulted in the

reln)tease of ; 2’0 i(l)r free expressi on cassette,
6. %{{?{r‘ﬁél’f’# Gr 5@3 ) or the ura3dl (pYLTsA)
6.1.0Rr Re§ ageﬁ@n snBNAe memeatier - gene- term nat or.

Scal e lj)guant ities of each plasmd were isol ated.

Noi Elgﬁﬁ@n dep pBNABsTieS ‘éﬁpliifﬁleldﬁa WA ofl rogaltedsindhq Felease of a
d a
e B P RS s AR B IRl 951 e
(pYUTeAptasiter deres amd the paloabte22te-tepmiraingt. t he expr essi on
cassette as a .band_ of_ 2 60@ + size of gser
( pYRoPFR)IRSRasEaes girach plasig erqiselatedy pVp# S8R5 usefg restrict the

plas?ﬁ‘lﬁ TRSR] QA thaasRk{8 DNAGRNLS o%ﬁ%g%@é g&d ]\fortméﬁeresulted in

and purified fromthe agarose. e purif
genénaaglm"eﬁﬁle\ba@:eus]eﬁiagmq:nttorf slmsm@smdtas @rbanﬂ aly22 IIQ kgpo byd thea

xR L REUT (TS0 0P ) e PL B AP T b | 1 PR * size of

mse@ﬁﬁ@'ﬁﬂ%l& NTRE&SErebFon E’éEEétfee@%rh&%w‘éfH@dc%%@&oﬁf thé @6l 41
P' 250 rm?‘eeach }E@ifﬁ | X Tag pol yner ase b(l%ffer
ggn

puridied f@nsthmg@r@sq'aa he ppsj petrwasopeforrteasiorp ationefel
|Pf01ﬁat| on programe used was 95C for 5 m nutes, 30
es of 950C for 1m nute, 500C for 1 mnute, and
720C for 3 1A mnutes, followed by a single duration
at 720C for 10 m nutes, The PCR product was purified
6.1.2¢ JPreprEntionrof RN + B1ethed 2and used for transfornation

Of Plimbids RA! ¥iaCAdReL Rev (Table 1) were used to amplify the expression
cassette. PCR reactions consisted of 200 uM dNTP’s, 250 pmol each primer, 1X Taq

lzpoz);}Psz

polymerase buffer and 2.5 units Taq polymerase per 100 ul reaction. The amplification
programme used was 95°C for 5 minutes, 30 cycles of 95°C for 1 minute, 50°C for 1
minute, and 72°C for 3 Y2 minutes, followed by a single duration at 72°C for 10 minutes.
The PCR product was purified from the PCR reaction mix and used for transformation of

Y. lipolytica Polh.

6.1.3. Preparation of carrier DNA

DNA from salmon testes was made up as a 10 mg/ml stock in TE (10 mM Tris-
HCI, pH 8.0, I 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.



10

15

20

25

30

6.1.3. Preparation of carrier DNA DNA from sal non
testes was nade up as a 10 ng/m stock in TE (10 mM
w(aeiosA0did , pH 8.0, 1nM EDTA) and soni cat ed t oPCEBB2005/001021

in fragnents that ranged from approximately 15 kb to

100 bp, wth nost fragnents in a range of 6 to 10 kb.

The DNA was denat ured by boil |£17g Al i quots were stored

at -200C. 6.1.4. Transformation®of Yarrowi a |ipolytica
with pYLHM or pYLTSA An adaptation of the nethod of

X t 198 ed for t. or n, of
614 FraBifoRmarins Yoo Wpignl il pFE BRARE T PEA 2

M APARAap &R Jf tNEASEhoRd D Eh e 40(1988) WEPLLRA For tﬂé)trgﬁslfonnanon
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hpqﬂyﬂ@eM 1ty eHast Yeastswas ingewlated nto 59 ml YBB (£@ g/Ileqaﬁt extract, 20

g/L ﬁ%{tﬁ%{) 3? %g)ucog 3 8 eﬂlé &\gtu%u lwtfégnecu gd hggrQ/(@S%ﬁg dfp etll.FEll

denslrtl&s Jf\8 ki10QAc- :m g Ob S&Hs/hﬂ Wegs teaplesid Tﬁéebnlﬂ@é bitfurenes idigested,
culture was i ncubated at 28C in a ProBlot Jr (Labnet)

the pgilst regispgniehinoleml Toandgebarvesiad. (ol dEm 9-4M LiOAc was used to

f M
resu SRR Siflcs 8 e QAo I BRBLALNR JE0 (MR R L ik
hybn'éisatticmrovBNAseMat # i omdimilar incebdter) forel heur. Haatsforimation mixes
set.up_in.a 1.5 nm_mcr e tube, and u

wert St ab 5 Float 7 g ShtaERorpneds e b8t Bgs DS B0 1l of
treaRBEGei€agent (40% PEG 4,000, 0.1 M LiQCAc, 10 mM Tri s,

1mM EDTA, pH 7.5, filter-steri lised) were added to

eadtach mix erkscat e Ul 4 ¥.Sanlomiefubetubd, zitd ingwatedrina 28°C heating

blodifit Pt volbies P RG RERARRRED £ ch) RLER 10

Tnspekﬂmtmﬂmy gems rilfedgadkilioad)vasre ddddddteacttimited SRERIPahd
The cel | 6jpf Iets were careful ly resuspended in 100 m

incuppipdat 38 arfertberiakousn I hadyhes reae Eanydprred toa 375¢ ;hﬁatm

g5 P 305 0 B PSRy MRS UG B

13 (J@Dupms ﬁ‘heﬁbeﬁ/ﬁellbﬂsl%ére carefllly reaspended inc 00 p) dﬁﬁm T L

trangﬁyrg%qg)%g é’i?%gﬁ’ e gq? tgte ggo%mqaqulegt?%g | e)sﬁﬁ\’hg)é (ﬁ)gfcg%gaes%glftgogen
n

s ABRSESELED 00 oo (SSBAFNEARODE LB Byt 1201

casa@uhondids BtGﬁ)ang@rleumoﬂ) Etddenméweﬁ a2B¥aked seI ective

p! Ego‘zfomes W 1chna%%g£1r%{i b the se?ec%ve plates after 3 — 7 days were transferred

onto fresh plates and regrown.

6.1.5. Confirmation of integration of pYLHmMA 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,, genomxic DNA and 2.5 U/50pl of Taq polymerase. The PCR profile was as
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enantifgeSESG, positieecval@oindisaies 8ie tskevarceastdonirresidarived ereride
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oY ENSPEABAE RRRASIBELGr£10 %0286 el 85k dohe
indiGedsabiceelevdnt dedsy f& yeastsderistd apaxsde RaRolhie) s @antodelcatise for
20 mM (BJS), styrene oxide, 20%cells (wet wv),
the egangjomer |9t ®- strains referred to in this and the
foll owi ng exanpl es are kept and nmi ntained at the
University of the Orange Free State (UOFS), Departnent
Tabbef 2. MConedysiah or Biconhemsbbtitated sBoett Biidd avhemehtigyeric excess of
the regiduhl (8 )-afyrdiat axide inathel rebgtiom aftériaxpbsuSe toevebeted vR1dypByxast

straid3 R edBtioe 6b:iitieisn 20 3, (KBS ktred ixitr, £0°8Icet?(fved wiv)493°C.
2396, Fax + 27 5 1 444 3219) and are readily

Sample ilgtg“tai I ed_ Dy_ The yeast specl es and] culffure cpllTection
No. n r §§9°ibsndl cat ed. Culture Time | ¢ (S)- S (R)- Conv | ee
no. collection no. (min) (t)};xi'gze gf{xi'gx;e (%) (%)

1 #751 Candida magnoliae UOFS Y-1040 | 120 8.26 6.05 28.46 | 15.40
2 #678 Candida magnoliae UOFS Y-1297 | 180 9.86 8.04 10.50 | 10.15
3 Car-54 Cryptococcus curvatus NCYC 3158 120 7.04 1.65 56.54 | 62.07
4 AB-29 Cryptococcus podzolicus UOFS Y-1897 | 120 9.32 6.12 22.81 | 20.75
5 AB-37 Cryptococcus podzolicus UOFS Y-1896 | 180 8.26 3.68 40.32 | 3841
6 AB-39 Cryptococcus podzolicus UOFS Y-1912 | 120 9.16 5.35 27.47 | 26.26
7 AB-50 Cryptococcus podzolicus UOFS Y-1883 | 180 8.67 4.01 36.60 | 36.73
8 AB-52 Cryptococeus podzolicus UOFS Y-1895 | 120 9.47 5.72 24,05 | 24.64
9 AB-56 Cryptococcus podzolicus UOFS Y-1913 | 120 9.38 5.02 27.98 | 30.26
10 #692 Rhodosporidium paludigenum NCYC 3179 120 9.11 4.85 30.22 | 30.53
11 POH-20 | Rhodosporidium toruloides NCYC 3216 120 9.00 3.72 63.61 | 41.46
12 POH-33 | Rhodosporidium toruloides NCYC 3218 120 8.85 1.85 53.49 | 65.42
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Represent ati ve exanpl es of strains belonging to the
di fferent species have been deposited under the
w@eaapesto Treaty at National Collection of YeaBtT/1B2005/001021
Cultures (NCYC), Institute of Food Research Norw ch
Research Park Col ney, Norwi ch NR4 7UA, U K ( Tel:
+44- (0)1 603- 255274 Fax: +44d”(-90) 1603- 458414 Emai |l :

ncyc@bsrc, ac. uk) and are rea
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sel ected from Table 2 were used (as Sanples 24- 30) t
o produce optically actjve unsubstituted SEO an

opt i Adl the yegst sigang Frfemet torn tug aphbgfrkaras é?éh"ﬂélPleff f18ept and

mau%t?%%ﬁ"aﬂhgwp t§ y¥ t&';’i%) IFI%E {]U

I's supplied t

ange

@F@)‘@eﬁamﬁeﬂt oF®icrobial,

Biodhendesitand Food Bmiécltdm@gpﬁxmﬂg cﬁMﬂﬁakﬂndekgrmltoma Bsiendel, P.O.

o B A L 200 A AL ToD PR GE55, P8 8l 19

and Mb Ry faenteal Betef ge&& @ﬁ@diés' EQIG cﬁﬁ&%oll@&loﬂ%uﬁibeﬁ&&%{cated
of epoXide converte a percentage (% of

Reprasentetive marrgalcmfaﬂtramlbalongmgan ttheodlfﬁgmmhsmpm haee been deposited

wd GRS, PN BRI R Bt v Blosst NSPHG, B of

Food® azretséa@@ﬂ HbreidR ResFEH P&k [TThdyy NoawiAeNBL2UAf UKD (T se4-
%Q phs where the { ield g)/? = 100% - conversi on é%. i

(0)1 6Q3mpp 274 Rax: prad 00856 L B mial arayp@hosiovs. usyudsarg readdly

iden Fﬁféfi 'b9 92&#{5@ ISQ gﬁ?ﬁl&lﬁh‘g @@g%')tg?% e&ﬁe‘sﬁ Q%gféerﬁg?&ﬁcated The

samf)fee dBp@htedMﬁl the NCYQ pee tﬁ\leersfromtthasame (E&pgsa m]mﬂ)amedl‘@y the

t he, hydr i C uns ut ed SEO b
Soutt R i el SISt Al TG R S TE e i o the
filin SRR FShB Lp3RdatBNP TER HePShits WAABE maintained without restriction in the
NCY C depository for a period of 30 years, or 5 years after the most recent request, or for

the effective life of the patent, whichever is longer, and will be replaced if the deposit
becomes non-viable during that period. Samples of the yeast strains not deposited at
NCYC will be made available upon request on the same basis and conditions of the
Budapest Treaty.

Various wild-type yeast strains selected from Table 2 were used (as Samples 24-
30) to produce optically active unsubstituted SEO and optically active unsubstituted

phenylethanediol from racemic unsubstituted SEO. For each example, a line graph is

* supplied that shows the change in concentrations of the epoxide and diol enantiomers
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control of different pronoters, exogenous epoxide

hydr ol ases from sel ected wild-type yeast strains to
w@e@dnesey S) - unsubstituted SEO and (R)-unsubstPeTIB2005/001021

PED. Exanple V. Production of optically active

(S)-unsubstituted-styrene epoxi de and

(R)-unsubstituted phenyl et hanedj ol using whol e or

| ysed yeast host cells transforned with the epoxide

hydrolase genes from a Rhodotorul a araucari ae strain

w1th t11 e @ ig % sdl%{ ?ri%%@%{elﬁe g%g’e%? Eee{) ﬁp t%g 8%‘@% an cor}x%e%smn to
diol ay@iﬁeﬂeaﬁ @m% ﬁﬁlefré o dRaRAUf b asiaf M&@%&Mﬁo&&%if)
strains under, control of two different pronoters were

epoxide;easyertsd tasdiop pea Pgeerdzge o} Oﬁ th@ rsﬁartmgl tpiat grofas aprogaiidoth

sand
epoygﬁés %'ﬁﬁjfllo%lﬁ?éég{gégés ?%_s‘r)gg ] a5n_9 dﬂfotﬂ} gtlcally active epoxide
that satsieotstined ave pertjeukzp anadlomericrpaat}nmtbdsfeeﬁ frematéderaphs
Wi th Y- (r)...2 yeast tein extraction reagent
Whelrer%ﬂqwslg (B hef cforasion Gal's, Mo U S A) used
according to the instructions of the supplier. No
S|gn|f|cant dlfferences in act|V|ty or

inail5 L ferme& ﬁroni Qelékft@&kkﬁﬁl &BEWS:?SIthMaﬁﬁ“Ve

(RVunsubsti tuted phenyl ethanedi ol and
( SFiginkQbdRishowdbe bydrolbnis in:t)j@mrglc ubhgubstiousd $H@ by

oo PR STRR AR UL S SR RSB EES Rl e

contt? 9F @idifdrBntpeanbleds, \éxwgfﬁloﬁb' kbd:NA BAHrdRSes IR lsﬁe@tecﬁwilﬂ-type
this exanple) in a 10 L reaction volunme in a 15

yeast gifayisrfoeprogiep (Fastbstifyert SEQgad ((R)-uuwgtniytadtﬂﬂl%d SEO
in a stirred tank reactor at high substrate
concentration ( I MSEO in total reaction matrix) at

Exladplé ¥0PEredudtionviflopticalty Wetive(SPlungdbstitwtedrstyrert ¥poxide and
phphate TBP addl t |hve to [ rrpr ove b| ocat aI yst
t 2441 U IR SR ! ' q %, ) | K 3 ¢

traxﬁ@%eﬁiﬁ%&'e@ﬂi?@@@a }b%@é g s rﬁ%xﬂ Q%Z?Adoﬁdmﬁzt d:bg&ﬁ fhe strain
abiWhole celld amdi fybest et suypmsi‘ons Df Eﬁcnmbmahhexpressmn hosts

enGOA0L S3RUSELINE SR de. Dydvolases Lo hydrol yse, oy

3189)QBhiAS emdetcditid] bhevOERREG pfhdtlsqvdrd )esi%ﬁ%as Samples 34- 37) for
schematically depicted in Fig 18. Exanple Use

theingbildy toy peodpea optisallyaictise (S)eSIHP add (R)-BBDi foeh I(iy) wubsmlted
SEOS(_Figs. 13-16). Lysed cell suspensions were prepared by treatment of the cells with
Y-PER®, a yeast protein extraction reagent from Sigma-Aldrich (St. Louis, MO, U.S.A)

used according to the instructions of the supplier. No significant differences in activity or

enantioselectivity between and whole and lysed yeast cells were observed.

Example VI. Hydrolysis of ()-unsubstituted styrene oxide by a veast cultivated in

a 15 L fermenter to produce optically active (R)-unsubstituted phenvlethanediol and

(S)-unsubstituted styrene oxide
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chl orostyrene epoxi de and 3-chl orophenyl ethanedi ol
from()-3-chlorostyrene epoxi de Enanti oneri c excesses

w@ emws/1ombecul ated a s described in Exanpl e |11)PCf/IB20€5/001021
remai ni ng epoxi de enanti oner obtained after incubation
of the different yeast strains (tested in this
Exanple a s Sanpl es 39-132) VM§|1 3-chl orostyrene
epoxi de are shown in Table 3 SlReaction conditions: 2
O MM 3-chloroSEQ, 2 0 %cells (wet wv), 2 5 0C
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Example VII. Pheryl-substituted styrene epoxide reactions

Reactions using phenyl-substituted SEO that were used as substrates to
illustrate the ability of different yeast strains with enantioselective epoxide hydrolases to
hydrolyse (£)-2-, 3- or 4-susbtituted styrene epoxides represented by the general formula
(I) are schematically depicted in Fig 18.

Example VIIL. Use of wild-type yeast strains to produce optically active 3-

chlorostyrene epoxide and 3-chlorophenyl ethanediol from (+)-3-chlorostyrene

epoxide
Enantiomeric excesses (ee; calculated as described in Example III) of the
remaining epoxide enantiomer obtained after incubation of the different yeast strains
(tested in this Example as Samples 39-132) with 3-chlorostyrene epoxide are shown in
Table 3.
Reaction conditions: 20 mM 3-chloroSEO, 20 % cells (wet w/v), 25 °C.
Reaction time = 300 minutes. Positive ee values indicate that the [S]-epoxide was in
excess (i.e., that the relevant yeast strain was enantioselective for the (R) enantiomer),

while negative ee values indicate opposite enantioselectivity.

Table 3. Enantiomeric excesses (ee) of the remaining (S)-epoxide enantiomer obtained
after incubation of the different yeast strains with 3-chlorostyrene epoxide (negative ee
values denote opposite enantioselectivity)

Internal o
Sample strain Strain Culture ee (%)

no. collection no. (S)
no.




S) no.Jen-25 Bull era dendrophila NCYC 3152 21.0 Jen-26

Bul | era dendrophila NCYC 3208 6.1 708 Candida iiigosa
WOE1@565 7.0 Jen- 17 Cryptococcus al bi dus UORI/8208281021

5.9 Jen-2 gptococcus al bi dus NCYC 3156 -3.6 Jen- 15

Crypt ococcus hungaricus NCYC 3159 11.2 AB-24

G gptococcus laurentii NCYC 3kpl 14.3 AB-26

Ci yptococcus laurentii UOFS Y-1885 13.5 AB-32

Cryptococcus laurentii UCFS Y- 1887 12.6 AB-25

G ypt ococcus laurentii UCFS Y-1884 10.7 AB-33

Cizypt ococenm3s : B dbnd S I( (1)8352518 é Jg@%ém 21.0

t ococcu a nt| i -

C|4égt 0cocEld | ami dF"dﬁg‘ V. 1886 5.5 ARNGECI8 61

C|4ypt ococ7@&s poeczwzmu@osws Y- 1883 20.1 KB¥28155 7.0

A ’ 4, . 5.9

ptococcus podzo I C 11 AB:
épt 0coC8l% po&@F‘?%%S‘E@S Y-1912 8.9 A§C§©3156 -3.6
C|4ypt ocodenss podzpkdcottas Adkapic- 1897 6. 4 ABc®83159 112

G pt ococglls, po Y 3164 6.1 AB-
o‘%pt ococts pogg’% chy“’“s}\lc ’Y-1890 4.1 1 éYC““ 143

Débar y omye&3d har@é’fﬁcr’ccmenﬂ 0058 4.5 5200PREHiss  13.5
fisnl andi - B\EYC@,};Z&occéshabBezﬁzM Pi chi a guiddreroRedi i 126

S Y-10 4 675 Pichi ui I I ennondi i 033
706 F?&pﬁsusa gCSVrp? BB UoES Y- 0057% 1%%“1 10.7
P|48h| a guii- 153enn§m@rqc0¢9@7@"w@053 2.1 UOFS Y-1888  10.2

50 Jen-12 Cryptococcus laurentii UOFS Y-0135 9.3
51 AB-27 Cryptococcus laurentii UOFS Y-1886 5.6
52 AB-50 Cryptococcus podzolicus UOFS Y-1883  20.1
53 AB-28 Cryptococcus podzolicus UOFS Y-1889 11.7
54 AB-30 Cryptococcus podzolicus UOFS Y-1904 11.4
55 AB-39 Cryptococcus podzolicus UOFS Y-1912 8.9
56 AB-29 Cryptococcus podzolicus UOFS Y-1897 6.4
57 AB-58 Cryptococcus podzolicus NCYC 3164 6.1
58 AB-34 Cryptococcus podzolicus UOFS Y-1890 4.1
59 113 Debaryomyces hansenii UOFS Y-0058 4.5
60 520 Pichia finlandica NCYC 3173 -41.3
61 674 Pichia guillermondii UOFS Y-1030 5.4
62 675 Pichia guillermondii UOFS Y-1033 3.7
63 706 Pichia guillermondii UOFS Y-0057 2.6
64 112 Pichia guillermondii UOFS Y-0053 2.1
65 707 Pichia guillermondii NCYC 3174 1.8
66 28 Pichia haplophila UOFS Y-2136 -3.8
67 673 Pichia haplophila NCYC 3177 -19.8
68 692 Rhodosporidium paludigenum NCYC 3179 10.1
69 Car-052  Rhodosporidium toruloides UOFS Y-2230  83.1
70 Car-020  Rhodosporidium toruloides UQFS Y-2226  74.9
71 Car-059  Rhodosporidium toruloides UOFS Y-2231 72.6
72 AB1 Rhodosporidium toruloides NCYC 3181 72.0
73 Car-126  Rhodosporidium toruloides UOFS Y-2251 70.9

74 Car-118  Rhodosporidium toruloides NCYC 3182 65.2



707 Pichia guillernondii NCYC 3 174 1.8 28 Pichia
hapl ophil a UOFS Y-2136 -3.8 673 Pichia hapl ophila NCYC
W@ 1003/100662 8 692 Rhodospori di um pal udi gei i um NOYQr/8826€5/001021

10.1 Car-052 Rhodosporidiumtorul oi des UOFS Y-2230
83.1 Car-020 Rhodosporidiumtorul oi des UOFS Y-2226

74.9 Car-059 Rhodosporidi umtorul oi des UOFS Y-2231
72.6 AB 1 Rhodosporidiumtor ug i des NCYC 3181 72.0
Car- 126 Rhodosporidi umtorul oi des UCFS Y-2251 70.9
Cof- 12, ptoP gL U L eSO SUAAs 030010
Cdf- 108 RhaoH8s pdﬁmwmhwo fukloiedes UOFS YV2PRY-2847 g AF
QuC20t hspiwpinstutsies U ot 85 08
F-134 g‘%b% A es Lors vIsay 2l 4 %0
Cap- 077 Rhothds p&@aﬂfmwdztm rarkioges UOFS YURESY-BEH 9 841
CI- 006 Riothapar | ARMABIEOHACS DoFs Y208 48,5 Ao
cadt- 076 Fﬁ%%sgd%?ddfl%’h‘fﬁf”gf‘{lj’f Bfitfes UCFS Y@%%Z 28 0 %LF
Cap- 092 Rhotws p®heddipmitoratlloidees UOFS YUREZIY-AB 6 85
Cay- 067 %Pgﬂsp%bagwmdm%ﬂdges UOFS Y12230.485 1 86
Car - 093 odosporidirum torul ol d UOFS Y-2242 44.7 87
Cdft- 003 KiF6eBs pd?ﬁ?dde%m"d%{@s UCFS Y- 3955 Y234 g6
Cas- 142 Rhsokrs pmbcﬁkﬁmuﬁmrmthlmdd;es UOFS YURZESY-2166 9 €9
G 121 Roudopa B ImABINAIACS oors V1SRREER ¢ 8
AB72 Rhod@spOr | d\’uhmﬂrfztoeslﬂummfeﬂlé@ews Y- 0519F83: 2@2992 424
Cag- 070 Rhedospanbsispmaduaisipiddes UOFS YiR287-835 8 40.9
89 Car-210  Rhodosporidium toruloides UOFS Y-2261 38.3
90 Car-121  Rhodosporidium toruloides UOFS Y-2250  36.6
91 AB2 Rhodosporidium toruloides UOFS Y-0518  33.9
92 Car-070  Rhodosporidium toruloides UOFS Y-2237  33.8
93 Car-094  Rhodosporidium toruloides UOFS Y-2243 32.2
94 Car-103  Rhodosporidium toruloides - UOFS Y-2246  30.8
95 Car-205 A Rhodosporidium toruloides UOQOFS Y-2258  21.8
96 Car-131  Rhodosporidium toruloides UOFS Y-2252 214
97 Car-100  Rhodosporidium toruloides UOFS Y-2245 20.8
98 Car-209  Rhodosporidium toruloides UOEFS Y-2260 15.6
99 46 Rhodosporidium toruloides UOFS Y-0471 52
100 EP-230 Rhodotorula aurantiaca NCYC 3185 62.9
101 50~ Rhodotorula glutinis NCYC3186  89.6
102 Car-62 Rhodotorula glutinis UOFS Y-2234  64.5
103 Car-75 Rhodotorula glutinis UOFS Y-2265  49.7
104 713 Rhodotorula glutinis UOFS Y-0489  43.6
105 Car-61 Rhodotorula glutinis UOFS Y-2233 433
106 Car-60 Rhodotorula glutinis UOFS Y-2232  42.6
107 Car-66 Rhodotorula glutinis UOFS Y-2235 41.7
108 Car-22 Rhodotorula glutinis UOFS Y-2227  24.8
109 680 Rhodotorula glutinis UOFS Y-0459 19.6
110 AB6 Rhodotorula glutinis UOFS Y-0513 12.0
111 714 Rhodotorula minuta NCYC 3187 32.8
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93 Car-094 Rhodosporidiumtorul oides UOFS Y-2243 32.2
94 Car- 103 Rhodosporidiumtorul oi des UCFS Y-2246 30.8
W@®200840052905 A Rhodospori di um torul oi des UCFS YPQRER005/001021

21.8 96 Car-131 Rhodospori di umtorul oi des UOFS Y-2252
21.4 97 Car- 100 Rhodosporidi um torul oi des UOFS Y-2245
20. 8 98 Car-209 Rhodosporidiu tor ul oi des UOFS Y-2260
15.6 99 46 Rhodosporidiumtorul’oi des UOFS Y-0471 5.2

100 EP- 230 Rhodotorul a aurantiaca NCYC 3185 62.9 101 5

1I?léwodoto yl a g'ﬁto& ni.s N?ﬁ% 3186 89. 10%;(% % 8.2

otorula glutini &7 2234 64.
Rhiddot or ul6a gl utilipdosrr @RS Y- 2265 49.7 1040FgF-2043 3.0
105nCars6ds 102

%ﬁ@ot or Ujeﬁ-39: U:S ma@ow?%m&%w jg oo
odot or u u - . -
Rhlc}gotoruie%”gl LPRie §’l”%"’%2 5 42, 107}@{:_329% 68
Rhiddot or ulea3@l utdpmroso li¥es Nis@R35 41. 7 108NCEHE3PEB 15.4
Shh%ggi g:ﬂilegmg' ﬂigf’%@d%g Xse%z ig 109N@$@3197 15.6
Rhid&ot or ule&2g| utPAPees 6@@@%’6@513 12. 111N€5¥£€3199 -6.5
Rhandot or uta m nm:;a/zakmez ldBbund . @lidi2ud 12 Riowdorar ul a3.5
ta qus Y-0 165 Rh Tul deSFS.
%8 43 114 ezrc]ho§gim§n §a11 zm aa |cgfg’%§’gl FTDL%I)E%O % h %&3
31@6 10. 219115 Je%wfsfzp@pfo?woafﬁ%bol us sal monNeEFRONCYB44
3195 6.8 HLI6 JenmksSper gbol onyces hol satiergsy-NEYC 2.3
LAY AT
112420 Trieehds pofaonvigalpaliéoam var . cut aneWRENCYD982014.7

;(3102?)6%201%1 A Tri ﬁh@@ﬁg{p%m@ut aneum var. qimRews UOES

OOOO\I@W@\IW@

J eh-33 Yarrowia lipolytica UOFS Y-0164 -6.8
127 Jen-41 Yarrowia lipolytica UOFS Y-1571 -6.9
128 Jen 46 Yarrowia lipolytica NCYC 3229 -8.2 .
129 Jen-43 Yarrowia lipolytica UOFS Y-1699  -8.7
130 Jen-37 Yarrowia lipohtica UOFS Y-0097 -9.8
131 Jen-46 Yarrowia lipolytica UOFS Y-1701  -10.6
132 Jen-438 Yarrowia lipolyvtica UOFS Y-1700 -254

All the yeast strains referred to in this and the following examples 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 maintained without restriction in the
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121 19 Trichosporon ovoi des NCYC 3207 -34.4 122 231

Tri chosporon sp. UOFS Y-0533 2.3 123 Car-205B
waeioshaspor on nont evi deense NCYC 3225 -11. 6 12BECTOEB206%01021

Yarrow a |ipolytica UCFS Y-1698 -4.7 125 Jen- 38

Yarrow a |ipolytica UCFS Y-0809 -4.9 126 Jen-33

Yarrow a |ipolytica UOFS Y-0 %94 -6.8 127 Jen-41

Yapvwi a |ipolytica UCFS Y-157 6.9 128 Jen 46

Yarrow a |ipolytica NCYC 3229 -8.2 129 Jen-43 Yarrow a

NOYG B S To S ioH G087 YeSs & EIL I VP AR Rt reauest o for

the dffeP@V/fife@A t nY WhthevekQs ﬁm 312 ad @il Be YepldcRMMifBthe deposit
l'i pol ytica S Y-1700 -25.4 the yeast strajns

becomss @pne@abﬂ@durrngﬂw%pm t&’r@pﬂ@ﬂ ¢fdhp biepsestsaipt e dgpesited at
NC\léé lr3&111 Zﬁa@ %@é{éﬁg praer Feest ega%} El%’ag%ifag%l antﬂtm the

Bud@e@ﬁnemycal and Food Bi ot echnol ogy, Faculty of Natural
and. Agri cultural Sci ences, P.O Box_ 339, Bloenfontein

930riouLwHfrtysteryeast ytrpdns splepted from d pblespwerepsgd (as Samples 133-
137 i }162'%:] fificd Eﬁgﬂo}iﬁ(cé ﬂﬁf&%ﬂ% nﬁtg&?etéaf)o {485 YRR Elélal diols

Speci es ture ection I ndi cat
fronRBphleseiat Fareeaelx Sapipls twb gedphaiarsproelded §Figg 119 28 heThe first

iffe t. s i es have been de d under th .
erap L4 oy AT SRR PRSP DO O&/gisg omers with
tlme%ﬂé‘ HRSetNE Eriph dﬂ?}i%l B ﬂﬁm%fthg @%tl%ﬁ&%reﬁbesmt" ’eMe“eBomde at

Resear ch Par kK Col i rwich NR4 7UA, UK (T

differept cof Gy IGO3 - 12352 qfathe opmlly@pu%@m@esmtmaeﬂmwbtamed ata
ncyc@bsrc. ac. uk |dent|f|ed by the

Pm’ﬁ@é&@%‘g‘%’]@%?‘% NRN Ob algeC?& these @5 si on” nunber

as indicated. The san‘pl es deposi ted with the NCYC are

t aken fromthe sare, dep03|t mai nt a| ned b the South .

restri ct |lﬁ,m1rbhsé b&h@\tﬁomqemmtmwﬂdftWe weajsestrmis o] f 30

years, or 5 years after the nost recent request, or
for the effectlv l.ife of t pat cheve
| ongies. Zings Shor Dy eie P HHESE0eY FopeLbess
' FurtdBEcORBRBbF diff
stralggpgsl}f%(f;ﬁ r;cglts%ge Ie%s?%na@gg 13‘%’d142§%ripte§§m§, under-c 1fierent
promoters, exogenous epox1de hydrolases from selected wild-type yeast strains to

produce (S)-3-chloroSEO and (R)—3‘—chloroPED. The first graph (panel A) shows the

change in concentrations of the epoxide enantiomers with time, while the second graph
(panel B) shows the enantiomeric excess of the residual epoxide at different conversions.
The yield of the optically active epoxide that can be obtained at a particular enantiomeric

purity can be obtained from these graphs.

Example X, Production of optically active (S)-2-chlorostyrene epoxide and

(R)-2-chlorophenvlethanediol using veast host cells transformed with the epoxide

hvdrolase genes from selected wild type veast strains

Figs. 29-30 show the hydrolysis of () 2-chloroSEO by recombinant yeast

strains (tested in this example as Samples 143 and 144) expressing, under control of
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NCYC wi | | be nade avail abl e upon request on the sane
basis and conditions of the Budapest Treaty. Various
wowdodAaoospe yeast strains sel ected from Tabl e 3P@EIBR2005/001021

used (as Sanples 133- 137 in this exanple) to produce

to produce optically active epoxides and vicinal diols
from 3-chl oroSEQ. For each Sarr? e, two graphs are
provided (Figs. 19- 23). The frrst graph (panel A)

shows the change in concentrations of the epoxide

antionmers wth tim I | e the second gr,aph (panel .
Ho§§ POHSNE: PR R fPORBAY BOLRE BOTOR e ORI et sreins 0
profidel (8- h1EOONOT5H PRE 2-chiveo W EB). drHRf firkh@apR {pa08l A%’ shows the

active epoxi de that can be obtained at a particul ar
chapgaint dopnetiagiopuet thy eperidarnagibivaicrewith tigm, thdlsdhgrasprd graph
(Paf‘Eé?i}‘%bngF éeoeglgiﬁ;t?c%ﬁ%ﬁcg%g%s é)gpcgl% 136%5(111%1 gﬁo&ic‘i’e?at different conversions.
Thd Hriiorehd estahe ayieidporidditelt dis ibe@byast athqsittialdriepantiomeric

transfornmed with the epoxi de hydrol ase genes from
puréf ca beebtajoed fioppdesiadiaphsst r ai ns Fi gs. 24- 28 show t he

hydrol ysis of (+) 3-chloroSEO by reconbi nant yeast

strains (tested in this exanple a s Sanples 138-142)

ex prismplg XIu e ductbont ofaiptiokhllgidefiee €8)-4-ghbnoiterane epoxide and

EGJX 0! g eé P ou S!g gﬁgé&h dgﬁ%;&é!dprg ﬁogzgl 0a¥s%e Sst %roogﬁmggifﬁ IS%H ct gr%v,\éci %ith%ﬁg epoxide
(R) - 3- chl graPfRke Jdes frlohbielBéad ilPapRlyet $HHS t he

change i n concentrations of the epoxide enantioners

with time, while the second graph (panel B) shows the

enantHigaBi+36 shrwehs hpdrolyive afds)-¢edilore BB ijeregembinant yeast

di fferent conversions. The.yield, of the opticall .
strie (<SiIa SR QUATERGE SRR 51 SO GEPIET e AP T, i} of differen
pro®itadt | &Hg(&ﬂoﬁs BHS Ay hyRalat8 Phthabredd wiRmyhaesest gfr@nh o

Exanpl e X. Production of optically active

pro@gye (3)-drihderoSEPrasddReposhilatePERY The first graph (panel A) shows the
R').- 2-chl.or.oph et hanedi Ql.. usi . t I
o RS R B P ot iy Hro i ERaL, R g Ldofid raph
(paféll BCsheds hd chahipeiCaskssSiiT ik fssidia spoxde SQiffeewnt édm@ersions.
hydr o(l?%ﬁi s of () 2-chloroSEO by reconbi hant yeaﬁ
The yield ¢idhe eptisally artive sogidethagnaa bg obtaspedptagpauen
4 ' trol of Hp4d pronoter,
pu@%%ﬁggéﬁg%gm euﬁ%‘%rg?%ges fromselected wld-type
yeast strains to produce (S)-2-chloroSEO and
(R -2-chl oroPED. The first graph (panel A) shows the
ample Xoh cRredugtiom afopticalhyeactivex @ Rinkhnt3-ootd-Ritrostyrene

\é\ﬂpéxridé éurl@ (R\a@ ISl)-%-.tiﬂ? ors -%ﬂp&)gern%ﬁ&hanediol using selected wild-type

veast strains or veast host cells transformed with the epoxide hydrolase genes from

t
grﬁalantiomeric

selected wild type veast strains

Figs. 37-44 show the hydrolysis of (3)-4-nitroSEO by wild-type yeast strains or
recombinant yeast strains (tested in this example as Samples 151-158) expressing, under
control of different promoters, exogenous epoxide hydrolases from selected wild-type
yeast strains to produce (S or R)-2-, 3-, or -4-nitroSEO and (R or S)-2-, 3-, or -4-
nitroPED. The first graph (panel A) shows the change in concentrations of the epoxide
enantiomers with time, \fvhile the second graph (panel B) shows the enantiomeric excess

of the residual epoxide at different conversions. The yield of the optically active epoxide



(panel B) shows the enantioneric excess of the

resi dual epoxide at different conversions. The yield
wo@toosheosepti cal |y active epoxi de that can be OPCHIBREGS/001021

at a particular enantioneric purity can be obtained

fromthese graphs. Exanple XI. Production of optically

active (S)-4-chlorostyrene epgﬁide and

(R) - 4- chl or ophenyl et hanedi ol i ng yeast host cells

transforned with the epoxi de hydrol ase genes from

sel ected. wi,l d type yeast .strains.Figs., 31-36 ow .t he
that b pGieined af « pYSubE RRtro el B Slnhs oined B4 H0%
grmﬁﬁyains (tested in this exanple as Sanpl es 145-150)
expressing, under control of different pronoters,
exogenous epoxi de hydrol ases from sel ected w |l d-type
yeast strains to produce (S)-4-chloroSEO and
(R)-4-chl oroPED. The first graph (panel A) shows the
change in concentrations of the epoxide enantioners
with tinme, while the second graph (panel B) shows the
enantioneric excess of the residual epoxide at
di fferent conversions. The yield of the optically
active epoxide that can be obtained at a particul ar
enantiomeric purity can be obtained fromthese graphs.
Exanple XIl. Production of optically active (S or
R -2,-, 3-, or 4-nitrostyrene epoxide and R or SV2-,
3-, or 4-nitrophenyl et hanedi ol using sel ected
wi | d-type yeast strains or yeast host cells
transfornmed with the epoxi de hydrol ase genes from
selected wild type yeast strains Figs. 37-44 show the
hydrolysis o f ()-4-nitroSEO by w | d-type yeast
strains or reconbi nant yeast strains (tested in this
exanpl e as Sanpl es 151-158) expressing, under contro
of different pronoters, exogenous epoxi de hydrol ases
fromselected wild-type yeast strains to produce (S or
R)-2-, 3-, or -4-nitroSEO and (R or S§)-2-, 3-, or -4-
nitroPED. The first graph (panel A) shows the change
in concentrations of the epoxide enantioners with
time, while the second graph (panel B) shows the
enantioneric excess of the residual epoxide at
different conversions. The yield of the optically
active epoxi dethat can be obtained at a particul ar
enantiomeric purity can be obtained fromthese
gr aphs. Ref erences Harada, H., Hirokawa, Y., Suzuki
K., Hyama, Y., Que, M. et al.,(2003). Novel and
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pot ent human and rat b3-adrenergic receptor agonists
contai ni ng substituted 3- indolylalkylam nes.
w@rwongas ¢ and Medi ci nal Chemi stry Letters 13PCT/IB2005/001021
1301-1305. Manoj, K M, Archelas, A, Baratti, J.
Furstoss, R (2001). M crobiological transformations.
Part 45: A green chem stry pr g{éar ative scale synthesis
of enantiopure building bl ocks®f Eliprodil.
Tetrahedron 57: 695- 701. Monterde, MI1., Lonbard, M,
R tArchel as, A, Conin, A, Arand, M, Furstoss, R
DEIEHACES  Enzymatic transformations. Part 58:
Hark2 M. HEORMPE, 38 NSuAkD RY HBh¥S] 8., TfueSt VI BE, (2003)&Novel and
derivatives catal ysed by the Sol anum t uberosum epoxi de
potdéng dnwhasad 1T Pe-afiredergiv: regepjonragonigts con tadging sgigdisuted 3-

ina gy o i Aoy em aty MR, oo oRy b bt et - 08

expression and secretion in the yeast Yarrow a

|'i pol ytica. FEM5 Yeast Research 2, 371-279.
Mami dK o Lerchtdase A, Bagatti, Ar Birelfoas R. 004 hdMigrebiodegical R

996). M ¢r ohi-ol ogi Transfor i.ons; 3 .

i iiie™ S o oA e b LAV SR S8 Bn 0 s bpapgiopure
buildi BlbepwiElppaKi. desalddkovsTieoal 7@i.ol s - Application

to substituted styrene oxide derivatives. Tetrahedron

52: 4593-4606. Xuan J-W Fournier P, Gaillardin C

8 ' t . encof c [
vl 00l 5D, BRI O 0 SECHRLSRIC 2000
Endyaratje ttranstbagatatos dtert 31 HnentiodGevat et i dldydrdlysia bf sthkrene oxide

nunber of enbodi ts of .the invention _have hee
deriyadyssigs .S#@V@%@W@%{ubﬁffoswquome Eﬁ&@%%eogaﬁﬁﬁé on:

Asphbey$s b figest i ons can be made without departing
fromthe spirit and scope of the invention.
Accordi ngly, other enbodinments are within the scope of

.th [ ] oW ai T, 1 | S; 1. [ QCESS. - .
Nicpf R MR SRR RS Qeltrds TBsi Vg byffe8 P Saillardin
C. QoRy Hrbigit&lprasSiod lafid BétretibinGh theMdast V- 0@RSEpd 1Edal dEMS

the steps of . providing an enantioneric mxture of a
Yeast Gewaecheh i dd?- creating a reaction mixture by adding
to the enantionmeric mxture a pol ypepti de,

Pedragosa-Moreau, S., Archelas, A. and Furstoss, R. (1996) Microbiological
Transformations 32. Use of epoxide hydrolase mediated biohydrolysis as a way to
enantiopure epoxides and vicinal diols - Application to substituted styrene oxide

derivatives. Tetrahedron 52:4593-4606.

Xuan J-W, Fournier P, Gaillardin C. (1988) Cloning of the LYS5 gene encoding
saccharopine dehydrogenase from the yeast Yarrowia lipo lytica by target integration.

Current Genetics 14, 15-21.

A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications can be made without departing from the
spirit and scope of the invention. Accordingly, other embodiments are within the scope

of the following claims.
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or a functional fragnent thereof, having
enanti osel ective styrene epoxi de hydrol ase activity,
wo b@spaisypept i de bei ng a pol ypepti de encoded bRCHIRPEOT01021
of a yeast cell; incubating the reaction m xture; and
recovering fromthe reaction mxture: (a) an
enantiopure, or a substantially enantiopure, phenyl
et hanediol; (b) an enantiopuré, or a substantially
enanti opure, styrene epoxide; or (c) an enantiopure,

or Egbﬁk nanti opure, phenyl et hanedi ol and
an“@ﬂéﬁ?ﬁ%ﬁ r'e, %ﬁ “substantially enantiopure,
st yr ene sepsbdsor gbtaiﬁ_ir%r AR allPhcthRlepbXIAREr 8 optically active

_ _onlcaIIy active epoxide or an optically active

vicing] diphathigh processhinehdpy e etops pficl udes the steps of :
provi di.ng _an_enantionmeric m-xtyure of a. .styrene
ep r)?iv%ﬁf ?gg‘?gg%l}qhoénegcr%%c rfgﬁaﬁsn&ﬁ? r Oglf/lg’addi ng to the

© enalitine keLRtith xiikiuee By edlihg &OMP eh&itidehedichtidelreiapobiePtide,

encodi ng, and capabl e of expressing, a polypeptide

or a fagiiongl %f@@m%&@re@& haygsanppidosel s ok steenR g eilg dgdrolase

aCtivVitye i . ' . ; _ '
i R B ope PR L 29 EpHARELEAN ) K Gor s

enmotbajng the reactian mikstgnahdal | y enanti opure,

phenyl et hanedi ol ; (h) an enantiopure, or a .

D UGSV (R AR U B e () OB GisiRr @ SPbyeytially
enanBBARE] AR Path Bled RSP ES éﬁﬁn‘ti@#ﬁﬁé, SRR BREAIR: enantiopure, styrene

phenylet hanedi ol and” an enantiopure, or a
epoxsdeh ot o tancdnlaytiemaeitar epubsiantidly reapediappo iphenyl Stharmgsgol and an
rocess of .clai.ng 1 or. 2 erein the cell is a yeast
enarfPEE Sy Bl gy subioumy MRt atide 1% o 57 whdrein
the pol ypeptide is encoded by an endogenous gene of
the cell. 5. The process of claim2 or 3, wherein the
cell i s/npiosessibr phiatningan optically AehiE spgEide ob anjoptically active

. i [ ence with which the cel
e LRI R L Geablaggerce b (1 Wi eh 1he e
nuptogiding@h @nagipnesrvanixsura ofietspralecgporiienucl ei ¢ aci d

sequence. 7.,The_process(§f claimb5, wherein the
nuElieeiRE 2&PaFtioR qusERDY adding e SpRtIomRICEFEug & fll

comPEGHER GRiclelt acldBndddRe e8] SpaBVorkpleh@hdM® phiprehtide having
erein the polypeptide is a fulllength
enantioselective styrene epoxide hydrolase activity;
incubating the reaction mixture; and
recovering from the reaction mixture: (a) an enantiopure, or a substantially
enantiopure, phenylethanediol; (b) an enantiopure, or a substantially enantiopure, styrene

epoxide; or (¢) an enantiopure, or a substantially enantiopure, phenylethanediol and an

enantiopure, or a substantially enantiopure, styrene epoxide.
3. The process of claims 1 or 2, wherein the cell is a yeast cell.

4. The process of any of claims 1 to 3, wherein the polypeptide is encoded by

an endogenous gene of the cell.

5. The process of claim 2 or 3, wherein the cell is a recombinant cell and the
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yeast epoxide hydrol ase. 9. The process of any of
clains 1lto 7, wherein the pol ypeptide is a functiona
wo peoagesse  of yeast epoxi de hydrol ase. 10. TheP@F/iB206%001021

of any of clains 1to 9, wherein the process is carried
out at a pHfrom5 1t o 10. 11. The process of any of
clains 1lto 10, wherein the process is carried out at a
tenperature of QOC to 700C. 1 0 The process of any of
clainms 1 to 11, wherein the concentration of the

oo BE R SRR 4 B 3RS RS e By | RBlsormen.
epoxide in water. 13. The process of any of clainms 1

to 12, wherein the styrene epoxi de of the enantioneric
m &t ur e Breipropess obelaim Sdwhpteinthe pyclictacidescaireicdeai s a

hdbgmggggﬂglggcgggy %5@' formula (1) and the vicina

produce He process is a conmpound of the
general fornmula (I11),wherein, X1, X2, X3, X4 and X5

are |ndependentl¥ of each other selected from, H,
hal’ ogens haRraress oF clgis dpherchr hs preleigrsigrsquence is a

homﬁﬁ %%@Eﬁ%muﬂé LG, ddr oups, cyano groups, substi t ut ed
Or SUNSUDSL It Ut e m no groups, am de groups, al koxy

groups, al kenyl oxy groups aryl oxy groups, aryl

aI yl oxy_.gro i 0 gr al. kgxycar bonyl
o VuiRebasclate! dnSElorh st B ingp ol bl
kmgﬁg%%ggé §e hyt#bltd .t ut ed and unsubstituted al kyl
groups; substltuted and unsubstituted al kenyl groups;

and substituted and unsubstituted aryI groups, wherein

the nu r of substituents i a ne and

whdr or n Lio0eBLOr ekl o S B Sal PR HER S £
funcidna FilagiBent O y&ash Bebx¥de h@trolde.and X4 or X4 and X

t oget her and |ndependent are a substituted or

unsubstituted aryl group selected fromthe group

ot _ :
;?2%:0: I RQL dﬁj ﬁesB F?Eﬁé}% of 8 i&libeln%c? ngfg A1l M{% pég%%g ﬁs%%?ﬂgci out at a
pHﬂXBnéﬁﬁ>Mn or X4 and X5 together and i ndependent are a

cycl oal kyl group with 4 to 8 carbon atonms, wherein the
cycl oal kyl group is selected

11. The process of any of claims 1 to 10, wherein the process is carried out at

a temperatirre of 0°C to 70°C.

12. The process of any of claims 1 to 11, wherein the concentration of the
styrene epoxide in the reaction matrix is at least equal to the soluble concentration of the

styrene epoxide in water.

13. The process of any of claims 1 to 12, wherein the styrene epoxide of the
enantiomeric mixture and the obtained optically active epoxide is a compound of the
general forrmula (I) and the vicinal diol produced by the process is a compound of the

general forrmula (II),
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fromthe group consisting of: cyclobutyl -

cycl opentyl -; cycl ohexyl-; cycl oheptyl -; and
weywboossy| - groups, wherein the cycloal kyl grpCpIB2805/001021

unsubstituted or variably substituted at any position

of the ring; or X1 and X2, or X 2 and X3, or X3 and X4

or X4 and X5 together and independent are a

cycl oal kenyl group with 4 to carbon atons, wherein

the cycl oal kenyl group is selected fromthe group

consi sting of: cygl obutenyl-; cycl opentenyl -

cycl ohexenyl - Q@Ioheptsnyl ; and cyctboct}

gr oups, mhe(ein the cyef pal kenyl OH
unsubsti t ut ed g1 arrably be sub one or
nore positions e ring; or X1 and or X 2 and
X3, or X3 gpd Q Asand X5 toggt ke AU~ pdependent
area heteroéycllc grouﬁ conS|st|§% of & 5- to

7-menbered hetero&yclic group containiXg a nitrogen
atom an oxygen atom or a sulfur atom wherein the
het erocyclic groub is selected fromthH group

consi sting of: furyl-; dihydrofuranyl -

t etrahydrof uranyl -; di oxol anyl -; oxazol yl -

di hydr ooxazol yl -; oxazolidinyl-; isoxazolyl -

di hydr oi soxazol yl -; isoxazolidinyl-; oxathiolanyl -

t hiwéeselin,;. t et rahydr ot hi enyl -; dithiolanyl-

t hl hs%y%} %dl Q%ﬁ;%? 1320 yplétbbp{;qac other Isgl%lct_e;d from: H,

t [ Eﬂ X
haloge)?/rfr%r g*cﬁ'é)lgirl] ngéyﬁﬁ@ )rll}earl%"tcgl gxloﬁbsdlcﬁg?opyérég%ﬁ?%r%p& Ccyano groups,

subspyxtqtm unﬂuhx;ﬂtu‘qe& amida gnjuspls qmldﬁ gyadips, alkadkazarbypsy alkenyloxy

sroup 5y R vt e RSSieftins. Sl SrbpRaditypaponyt srouws
subshﬁité(ﬁ@ﬁlﬂsﬁbsﬁ&thted cﬁWa.'rrib)jf'l Froug heolr @pipd, SWtistituted and unsubstituted
peridi nyl -; phol |n%{ﬁ |oxanyl ; oxat hi anyl -;

alkyf EHoERY rsylpshtu‘qeﬁ, a@ﬁ@pgﬁ@p gd alkerpi} Qs g substitute and
uns%g{(%ﬁe{&lgz?%l %«?l?é% %631;?1{1 tt}?etp@?lltf%q é)l? %}{s}uﬁ%&% kme or more than one and

whetbimihdrsopstinictetd iartythe sarhe bt aififederapytr i madi nyl - ;
hexahygropyrlnadl [

0 pyr.azi nyl perazinyl -,
py ﬁ%} Xo, ca,ﬁ%, 8?%%*%1}% and X4p% gﬁ?‘&f §p[gg T g/nd independent are

HQBY b TR from th isting of: phenyl;
o sob 95 o AL S AR o g oo of. e

qummﬂ;nqﬂmﬂymﬂkumwnwkwmummymdﬂw@&nrmi|Z|d|nyl |ndonI

S% g#{;dd > ahtakﬁs 031}41 }81 ﬂ@%ﬁ‘ SI&L%f By(gfe‘gher and independent are

a cy&@mk?hgtdﬁpwm kg carbbﬁ @%sﬂ Alhiétein thdl HYIGERGHERED yd sélected
t et rahydroqui nol yl - qui nol i zi nyl -: quinolizidin

frorrpﬂj)@ rmﬁpmogm]sﬁyg Of. qy]q}qbﬁgf,hy |cyclopwﬂmmyylohexyl- cyclo%eptyl— and
cyclogc %pﬁn%here g Qg&{g%lgﬁ grl?gﬁ’ ?%%Bﬁgtﬂ&% ot vﬁ‘&%ly substituted

car groups
at any position of the ring; or

X; and X, or X, and X3, or X3 and X4 or X4 and X5 together and independent are
a cycloalkenyl group with 4 to 8 carbon atoms, wherein the cycloalkenyl group is
selected from the group consisting of: cyclobutenyl-; cyclopentenyl-; cyclohexenyl-;
cycloheptenyl-; and cy clooctenyl- groups, wherein the cycloalkenyl group is
unsubstituted or is variably be substituted at one or more positions in the ring; or

X; and X, or X, and X3, or X3 and X4 or X4 and X5 together and independent are
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14. The process of any of clains 1 to 13, wherein the

aryl group is a substituted or an unsubstituted phenyl
wW@e@apooséhs. The process of any of clains 1 to BEI/1B2005/001021

wherein the cycl oal kyl group is a cycl oal kyl group

with 5 to 7 carbon atons 16. The process of any of

clains 1 to 15, wherein the cg&loalkenyl group is a

cycl oal kenyl group with 5 to carbon atons. 17. The

process of any of clains 1 to 16, wherein the

o hegZaREE EgrBiear a5l 1eeniGePileRETR ddur Lfining a

nitro@ Bk AR bk Feeliaddnt @ al Sulfar 2BEE rWli‘erBihXhéJh&e@'cycmd”g‘réSﬁpl fse
of any ratio concentrations of the enantioners.

19.
selectyreirpin deegroup Fonsinfing ol fuay hsdibygofimanyitiitetrbyddegayl-;
e L T
lsoxmudmfyl pb;aitt}ﬁb‘laﬂylt ahibByl \z\tatﬁhycﬂrbﬂﬁﬁg& kirthiouui@s tdetiohd-;
trlo%lreactlon m xture ]\Yi_er a | east .on

dlhwaéaz s dngralidigpa foghisgplykn diby PlsOﬁ‘Héz Viodead glaa?hdaw
P g A oty
imiduzcdylmallhyﬂrmmldazolylﬁ ﬁnmiasz@hdmybatradolyb- tifhy doitherolyl-;
. _enant.i oner OXId and/ or .vicinal .di.ol. 2
wiaz G Rsdenzo Ry S SRR o S i L APl opy e
plpeh&%&ydx%rphsm@ae ﬁhcrs@nﬁon bk AYHRHSL Viridwsiiyg tEJBﬁlofﬁ@ﬁhylon
he optlcal y active epoxi de and/or the opti cal

pyn@@tnyiredmyénonmdmrml- prtvduseepypidazingl- ;rlm@hycbﬁpmd*a@wly

o QR S5} LR SRl
pyragi@fu 5p1§@4aﬁﬁifle%yﬁ”ér@m dheydopuanylQnstatyidrep yedny &ﬂd)p@,ranyl-
_ Brettanonyces, Bullera, Bulleraonyces, Candi da
dlhmoylpmew@ggu detrabugrethioRymARgs; dlﬁéWé‘ra aunExlomﬁr@lnémyl-

pyrr@?z‘?@&'y%gﬂ%ﬁwﬂ?f 'i‘i‘i’dmsd&@xoz Kij m@lgﬂvﬁﬁ&ﬁ%{ﬁﬁs
1ndoRh1ddry$—pqmndllylmﬁlhﬁﬂmqmmﬂ}alk,aﬁtrﬁmqummﬂp] ;,usoqumolyl—

. orob l.omyc Trlch spor, n
dibyFaU O be LBy raayng R dyigiolige Al i
chro¥RayL; &?&rhar@zﬁ ?so}ﬂ%@ﬁiengﬂle SHoBRroaBhoL! 8 breMyiNendERYRzo0ly-

consisting of Arxula adeni nivorans, Arxula terrestris,
groups; and the like.

14. The process of any of claims 1 to 13, wherein the aryl group is a
substituted or an unsubstituted phenyl group.

15.  The process of any of claims 1 tol4, wherein the cycloalkyl group is a

cycloalkyl group with 5 to 7 carbon atoms

16.  The process of any of claims 1 to 15, wherein the cycloalkenyl group is a

cycloalkenyl group with 5 to 7 carbora atoms.

17. The process of any of claims 1 to 16, wherein the heterocyclic group has 5

or 6 carbon atoms.
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Brettanomyces bruxellensis, Brettanomyces
naar denensi s, Brettanonyces anonal us, Brettanonyces
WG p@sitesed e. g. NCYC 3151), Bull era dendrophi |l a, PCT/IB2005/001021
Bul | eronyces al bus, Candi da al bi cans, Candi daf abi ani i
Candi da gl abrata, Candi da haenul onii, Candida
i ntermedi a, Candi da magnol i aeCandi dapar apsi | osi s,
Candi da rugosa, Candi da tenui s,”Candi da tropicalis,
Candi daf amat a, Candida b -uisei, Candida sp. (new) re
to C. sorbophila, Cryptococcus al bidus, G yptococcus
anyl ol entus, Ci yptococcus bhutanensis, Qgptococcus
cungat Ushe SHeBdsQFQERUS Qasds i oUT, whenti 6 @Esitomeric mixture is
hum col a, G yptococcus hungaricus,  Ci yptococcus
a radegni¢ Bitthie or @ ytwecd @y ritia ewicarirationy pf becaenfipmers.
macer ans, Ci yptococcus podzolicus, G yptococcus
terreus, Ciyptococcus nmacerans, Debai yonyces hansenii
Delter aTas proebs, of Rxs il cddignsdetoridt ivhidiigocesebichidehadding to the
speci es (e.g.%éKFS Y- 0111), Hornmpnema species (e.d.
reacfign/mixiyreyater) ad 2t dashrne waterigarscalle solvRItyy ver omyces
mar xi anus, Li pomyces species (e.g. UOFS Y-2159), .
Li ponyces tetrasporus, Mastigomyces philipporii, Mxo
yma0nel The psicessRifcdriyeofarhainel lato 10 whichfirodeas thichrles adding to the

RPichia quillernmondii, Pichja ha phil a,

reac R TP AT UL P A B 0 GO BOP R GBI i genum
Rhodospori di um sj phaer ocar pum Rhodospori di um
torul oi des, Rhodospori di um pal udi genum Rhodot orul a

ar alicar iThe prarbgsddt Byl ielaimstli 10i29), wiichi pyeesseirclidgs stopping the
i nuta, Rhodotorul a-pi nut a. var .., m nut a... Rhodot I
reae ol OGBS gpared o
the dth@dat@ionhed of BRCdpRskidEarl/otdakinalYdidgD42) , Rhodot orul a
species (e.g. UOFS Y-0448), Rhodotorul a species (e.qg.
NCYC 3193), Rhodotorul a species (e.g. UOFS Y-0139),

Rhgdot oryl ﬁr%ﬁ%ﬁf%ﬂpﬁ?%lai%ﬁo\ﬁlom 3{@%%9 gé:gfgég fecovering

aufanti aca, a species (e.d.
contRiwodgly dutihattepeactimncthb agiicadlyadctivEpprsiidl atlddntke optically active

. .sal_moni col oy, Sporobol onyces hol saticus, .
Vlc“@zélgg BEdy @é’fﬁ%%%o,n ‘g%&ﬁ%r&% dECHOR Ry Rire.
Tri chosporon beigelii, Trichosporon cutaneum var.

cut aneum Trichosporon del bruecldi, Trichosporon
j i 23vecilhe pTacesshd spor ofclainsdi ek, Wheteohbspeadeell is of a yeast

ovoj des,. Trj.chosporon.pul | ns i chospor o eci es
senig Sl ol AR o0 e P He it 0B B PR
Bull¥rohBt&), Carliida OB PRI AR @ébﬁgzoﬁ@cgs, DIkpa YERARNa, Geotrichun,

Trichosporon species (e.g. NCYC 3212), Trlchoggﬁron
Horggeena dsspichgnkiedisyyeoansgs, Linanises gérsgaospessi Maxqepng,

Picl%\j&oggs}?%)ﬂfdium, '191%%9854%,] Sﬁgﬁggog&u&eé’p%mbolomyces, Trichosporon,

Wingea, and Yarrowia

24.  The process of any of claims 1 to 22, wherein the yeast cell of a yeast
species selected from the group consisting of Arxula adeninivorans, Arxula terrestris,
Brettanomyces bruxellensis, Brettanomyces naardenensis, Brettanomyces anomalus,
Brettanomyces species (e.g. NCYC 3151), Bullera dendrophila, Bulleromyces albus,
Candida albicans, Candida fa bianii, Candida glabrata, Candida haemulonii, Candida

intermedia, Candida magnoliceCandida parapsilosis, Candida rugosa, Candida tenuis,
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UCFS Y-2113), Trichosporon species (e.g. NCYC 3210),
Tri chosporon noniliiforme, Trichosporon nontevi deense,
woovgaenssobert si ae, and Yarrow a |ipolytica. 2BCT/FB2005/001021

nmet hod for produci ng a pol ypeptide, which process

i ncludes the steps of: providing a cell conprising a
nucl ei ¢ acid encodi ng and capabl e of expressing a

pol ypepti de that has enanti oselective styrene epoxi de
hydrolase activity culturing the cell; and recovering

i de, f th . d
Con RRE AR ST E U Ve PR
sor b@ﬁkzi&p Erobtobd RLTYBRLAY, CF to&%@{iﬁhzﬂylbfb%nﬁobi? celg Bhatakerisis,

| engt h yeast epoxide hydrol ase. 28 e met hod of
ny}zz‘p@ncanImwmfmmeO@m galseioys) Gipeacpemsihgmicola, Cryptococcus
uncti

run R CBlocEAITENL L BB L ERBIE Y0R8 020,

ngmolcacpﬁppo&ehm ea@aﬁlaﬁtcbyteafwg NCagrIRobss irerdilk, Déryomyces
cell. 30. The nethod of any of clainms 25 to 28
hansgris Relkeraeomale. fxerkiqle deror fiidis Céeéiﬂiwf&tﬁasaeﬁiés (e.g. UOES Y-

011 &hlﬁ}éﬁﬁ%&% é) ?z e§ E:C%) ?lgﬁszQ%% Weg uﬁ‘%@‘k ﬁ%g}gﬁg ?I@ICWeS 5‘11zyces
mar@onus\bérosiynes dpeczaﬂ(é eildOBRR IYd2 ]s’:'éijuézpomydzes tarasporus,
het er ol ogqus nucl ei c acid uence. 32. The. pethad of
asegqrwﬁe@,egl RERb MR i Bioh g e gaalzi@%gw?? fgi%anf? iea,
Pici® %41@%1%1“?&]/&1 ﬁaﬁl@bkizlas %93&(?%7’101%371 hﬁ‘zlﬁﬁzHg %’Uiydow Rlivrm
enzyme preparation which'includes an isol ated

palugigeypepRhai@spaidivg sgﬁacheim@i é@pd«v&?osmdymewe‘u@pkxi de

ase acti Vi bstantia L.t ure
R B e R R
Rlzoﬂcbif@iﬂzﬂdz ik OR IRIIB RGH, YD imidE vaF. @il ARL &R rulXil & BEivga,
ptide havi ng enantj osel ective styrene epoxi de

RhOiai@/fawdiz aétéylaacfiliwwu rubpe, Rlgslotaraty weries (ahdIQEp V-2042),
Rl BTPIL AT BLEDRSE 514 PRGOS S 1)
Rlzoé&i’bmla byaczdsl'(egC@DFSin-@ﬂ@9§t,a’1’i&kib&>mlfa secies (e.g. UOFS Y-0560),
Rhodotorula aurantiaca, Rhodozorula species (e.g. NCYC 3224), Rhodotorula sp.
"mucilaginosa”, Sporidiobolus s almonicolor, Sporobolomyces holsaticus,
Sporoboiomyces roseus, Sporobolomyces tsugae, Trichosporon beigelii, Trichosporon
cutaneum var. cutaneum, Trichosporon delbrueckii, Trichosporon jirovecii, Trichosporon
mucoides, Trichosporon ovoides, Trichosporon pullulans, Trichosporon species (e.g.
UOFS Y-0861), Trichosporon species (e.g. UOFS Y-1615), Trichosporon species (e. g.
UOFS Y-0451), Trichosporon species (e.g. NCYC 3212), Trichosporon species (e.g.
UOFS Y-0449), Trichosporon species (e.g. NCYC 3211), Trichosporon species (e.g.
UOFS Y-2113), Trichosporon species (e.g. NCYC 3210), Trichosporon moniliiforme,

Trichosporon montevideense, Wingea robertsiae, and Yarrowia lipolytica.

25. A method for producing a polypeptide, which process includes the steps

~oft

providing a cell comprising a nucleic acid encoding and capable of expressing a

polypeptide that has enantioselective styrene epoxide hydrolase activity;
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expressing the pol ypeptide. 36. An isolated DNA

conprising: (a) a nucleic acid sequence that encodes a
w@oiogpersse de t hat has enanti osel ective styrenePEpIBOE2001021

hydrol ase activity and that hybridi zes under highly

stringent conditions to the conplenent of a sequence

sel ected fromthe group consisting o f SEQ ID NOGs: 6,

7, 8, 9, and 10; or (b) the comnpl enent of the nucleic

aci d sequence. 37. The DNA of claim 36, wherein the

nuc c_aci d sequence encodes a pol ypeptide conpri sing

%ﬁFHB &@' ﬁ gence sel ected fromthe group

Corﬂ@do%ﬂlﬁglth@bo g%Qph@e]ﬁ%H&e chlturd, 3, 4, and 5. 38. The

DNA of claim 36 or 37, wherein the nucleic acid

sequence is selected fromthe group consisting of SEQ

I D, I

Corrp%lflss([%e IrZeEho)% of cl% ﬁ?_% hgrgi(? Sec%lZ%C 2}563% s at

| east 55@6|dent|cal to a sequence selected fron1the

group conS|st|ng of

2
COPIF he Toamationont claim 25 o RQcw breindhe aolyapibhdea fill-Yongth
y@gMﬁﬁgﬁgh(ﬁgagyclelc aci d sequence encodes a

ypept’i de that has enantiosel ective styrene epoxi de
hydrolase activity. 40 . An |solated DNA conpri si ng:

nucl ei cid seq t en a pol. tide
ConST st 1ihg Tasthci 0BG S5 e doouhemogs preen bty PRl
g&y&, nce selected fromtrie group
ﬁag?%ﬁ{gs? stlng%gbmaélﬁild‘%ﬁﬁ#%s 1, 2, 3, 4 and 5; or (D)

t he conplenent of the nuclelc aC|d sequence, wherein

th poI ¥e! s _en ene X

nyarol adBe Qe BfmiOPaRe G0,V BeRl e Rt nERd R gcoded
bydmam$gaﬁm¥g&ﬁoﬁﬁuee&1cIa|nB 32to 36. 42 An isol ated

pol ypepti de conprising an am no aci d sequence that is

at least 55%identical to SEQ IE> NGs: 1, 2, 3, 4, or
5, the pol ypeptide having enanti osel ective styrene

epayi de My dipl A 6r Qx’?} b d1his 25 to 28, wherein the cell is a recombinant

cell and the polypeptide is encoded by a nucleic acid sequence with which the cell is

transformed.

31.  The method of claim 30, wherein the nucleic acid sequence is a

heterologous nucleic acid sequence.

32. The method of claim 30, wherein the nucleic acid sequence is a

homologous nucleic acid sequence.

33. A crude or pure enzyme preparation which includes an isolated

polypeptide having enantio selective styrene epoxide hydrolase activity.

34, A substantially pure culture of cells, a substantial number of which
comprise a nucleic acid encoding, and are capable of expressing, a polypeptide having

enantioselective styrene epoxide hydrolase activity.
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43. The pol ypeptide of claim4 1 or 42, conpri sing:

(a) an am no acid sequence selected fromthe group
weonsitetseng of SEQ ID NOs; 1, 2, 3, 4, and 5, PCT/EB2005/001021

functional fragnent of the sequence; or (b) the

sequence o f (a), but with no nore than five

conservative substitutions, wherein the pol ypeptide

has enanti osel ective styrene é%%xide hydr ol ase

activity. 44. An isolated antibody that binds to the

ol.ypepti f 4.1 to 43. 4
P Do A st At dhe CaCtoBhritie Syl 3610 epdogng a polypeptide
havi\[t;l\g eXShesRIecBRE 5B epdfide ThEBRE bARGY, B coll %'e[ﬁg“ébpable of

erein the antibody is a nonoclonal “anti body.
expressing the polypeptide.

36. An isolated DNA comprising:

(a) anucleic acid sequence that encodes a polypeptide that has enantioselective
styrene epoxide hydrolase activity and that hybridizes under highly stringent conditions
to the complement of a sequence selected from the group consisting of SEQ ID NOs: 6,
7, 8,9, and 10; or

(b) the complement of the nucleic acid sequence.

37. The DNA of claim 36, wherein the nucleic acid sequence encodes a
polypeptide comprising an amino acid sequence selected from the group consisting of

SEQIDNOs: 1, 2, 3,4, and 5.

38. The DNA of claim 36 or 37, wherein the nucleic acid sequence is selected
from the group consisting of SEQ ID NOs: 6, 7, 8,9 and 10. '

39. An isolated DNA comprising:

(2) anucleic acid sequence that is at least 55% identical to a sequence selected
from the group consisting of SEQ ID NOs: 6, 7, 8,9 and 10; or

(b) the complement of the nucleic acid sequence,

wheerein the nucleic acid sequence encodes a polypeptide that has enantioselective

styrene epoxide hydrolase activity.

40. An isolated DNA comprising:

(a) anucleic acid sequence that encodes a polypeptide consisting of an amino acid
sequence that is at least 55% identical to a sequence selected from thee group consisting of
SEQIDNOs: 1,2,3,4 and 5; or

(b) the complement of the nucleic acid sequence,

whierein the polypeptide has enantioselective styrene epoxide hydrolase activity.
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41.  Anisolated polypeptide encoded by the DNA of any of claims 32 to 36.

42.  Anisolated polypeptide comprising an amino acid sequence that is at least
5  55% identical to SEQID>» NOs: 1, 2, 3, 4, or 5, the polypeptide having enantioselective

styrene epoxide hydrolase activity.

43.  The polypeptide of claim 41 or 42, comprising:

(a) an amino acid sequence selected from the group consisting of SEQ ID NOs;
10 1,2,3,4,and 5, or a functional fragment of the sequence; or

(b) the sequence of (a), but with no more than five conservative substiturtions,

wherein the polypeptide has enantioselective styrene epoxide hydrolase activity.
44.  Anisolated antibody that binds to the polypeptide of any of claizms 41 to 43.
15

45.  The antibody of claim 44, wherein the antibody is a polyclonal antibody.

46.  The antibody of claim 44, wherein the antibody is a monoclonal antibody.



