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WD 2005/ 100578 PCT/ 1 B2005/ 001022 1 Method for

btaining Optically Active Epoxides and Vicinal D ols
WO e@sms30- Epoxi des TECHNI CAL FI ELD Thi s i nvenpP€DIB2005/001022

relates to biocatal ytic reactions, and nore

particularly to the use of 5 enantioner selective

hydrol ases to obtain optically} active epoxi des and

vicinal diols. BACKGROUND Optically active epoxides

and vicinal diols are versatile fine_chenca

MethodeforQbtaning Ophically fetive: Epostdes and Vicinal
pharnaceutlcaIsI)ﬁﬂsqgh@ﬁbr@kﬁ_ﬁﬁﬁﬁtﬂdeéectric l[iquid
crystals and fl avours and fragrances. Epoxides are
highly reactive el ectrophiles 10 because of the strain
inherent in the thréEE@£h®€AédFTEh@ and the

at | i des f
r ea % %gxgt ré g?éé t§ Elo%ﬂgly‘i{é) &%?ons a'l_:iéf) lé 1% lfc?ftecg%%f% to the use of
enaﬂmmer,sebamhydrcﬂa@u € stgaiapgtickly detivengpoaiiznand Vﬂiﬂabd\iohg
the production to bifunctional nolecules. Vicina
diols, enployed as their highly reactive cyclic
sul fites and sul f at es BAMCKGROENDpoxi de-1i ke synthons

S50 05 P Ly LGRS O RS ©

inteffbdlhie® for aBélinaEs g@du@tidnwﬂpﬁ&ﬁﬁsaﬂc@lsdagmmeahmlﬁ q&@d 8lectric
derivatives, aziridines, diamnes and di azi des

liquisberypatsepd Havousnanst ramansee peporerss a@yhléhlé(m%@caéfé plegionhdles
becﬁgg o rb‘ug{n HH\%%I% & th-*ﬁ ltﬁt%emﬁa'rﬁb%&d%ﬁﬂ%eactﬁl Ft%)l@ efRb ‘Iébt@xﬁg)l of the

mol ecu es In eor et cal r exanplre
oxyggt |Epakidys reacttreadelydiied mnpneﬁarl\éde mmﬂwnméwpépigs; iacids, bases,

e ERIIRERE aBertid ot e The SRR Loy PR P ifptputes. Vicinal

diolkS Woﬁ@d@s@h&?ﬁ@ﬂyh}&ﬂdé C&chﬁ @ﬂﬁiceb wod ehERzZQ iatt lﬂ&\@ﬁmde Ihke
ersat appl | at] ons S. cnira 1.N cnira
synigRs pith Ia%é%adorﬁng r&ush%lﬁvlg%ﬂé@ Poﬁﬁblil‘@dgﬁe %ﬁl% efrgicleophilic

dlsp@d%%m%hﬁnea&fbﬁg Wi@RLiinad dnd PidE SalfohPt 16 ldphRY AREddz0 R
di ol can be enployed as chiral auxiliary in conjugate

deﬂH@F@ieﬁi mﬂdiemdna@mm(aed giazides 3- unsaturated esters),
e 1lc(n¥ l bl one \ék%egw érﬁnﬁ&%%%c%lvg ad(ﬁﬂéﬁ f &IoYeophlles

r enan |ose ec e rearrangenen
givas;acd:@p tmlpxﬁmtanahnofecﬂhd ivl106h éresneuaanloqude rfajrakamplepcﬁptmally

.chi.ral phosphi nes and e oxi. de drol as
sctiaigiol prbrpPad Fopden] gty P G s o e OV EeRy Sl
tra X beRsedifl, r¥hcitidpetiafd-$, 20001l irbkk- SRGMRENLT 21 I8 and

epOX|de with water. Epoxi de hydrolases are present in

hy drpbsrain hays vertesle apRlieasions s Al intespedialrs sohiral auxiliaries or
chuz?M?g%EhJ Uﬂia(ﬁ_i%ﬁ:r fog %l% @mntlomencally pure trans cyclohexane-1,2-

diol can be employed as chiral auxiliary in conjugate addition reactions (e.g. o,B-

unisaturated esters), asymmetric alkylation via chiral acetals, auxiliary for
enantioselective rearrangement and cyclopropanation of allyl ethers, and preparation of
chiral phosphines and crown ethers.

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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WO 2005/ 100578 PCT/ | B2005/ 001022 2 SUWMMARY The
invention is based in part on the surprising discovery
whyoosheosisivent ors that certain mcroorgani STsPERB206%001022
epoxi de hydrol ases with high enantiosel ectivity. These

m croorgani snms and the associ ated enanti osel ecti ve
meso- epoxi de hydrol ase (YEVH) 5 pol ypeptides of the
i nventi on hydrol yse nEso-epox?des in favour of a
particular optically active vicinal diol enantioner
product. In this respe;iw nonmes of the
m croorgani ns encode %@g?ide havi ng highly
enght iReiRCk bYfdeR ¥t 98 thy iR 38edidsdvieMi Byythe Ev@8ntors that
t hough neso-epoxi des have two chiral centers in the
certagipumdrderZanismys express apokide hiyérofasss witp higheengntiospheativity. These
..and the re ctive. f . he I
mic B0 AR 8RR PR S e SURE P EBRRE S
polygéﬁtid@@bf B8 lidweneied hyd@olyve SlestabpakiddsSn rvodiisfetpaiticular optically
_hydrolysis of neso-epoxides can, with respect_to their |
activegi¢inag M@pﬁﬁlm prodyick o this ﬁ@S@p%’[’, ﬂ;gegep{)rp{;s c§ t'_§’e mpgcrporganims

enco apofipShflchen g kiKMol B rolet BV
t havercthongit mbe-spipédds iposed drirat aattersihthe epoxiakt rargs the
thus optically active. the other hand,.the second
molqaals i G Od UG e A i OBy RpomaR o P NP G SRR on
eachRREAUSR! th8¥0ré ke tyhB o f ARRRURRAX SR DhtibANAcBvS! dfitiBaldiols
~symmetry, can be superinposed on each other. For this

produesknyydrelgsis af treso-opaxidesicani witlsrespecstaatheir crRypondimgivo

.are actually th ane, gonpou are referred,t
chirfhof B PR R SRR PR ad b B e Sl G0 e Famd 5.9
are thdh8 SR1LRAre @Syna etrid Pholedil ésaBhtl cinActtbe\aperiiifsbs L eadB other,
not exist as optical enantjoners, reactions and

and e Zreapticallsyactivep O the opihandathespeanddwo vamnabt digler(Rehand

SRS AUE UL 0000 AR LRBL0 Y e ot sy

can befupetiggosed diegaeh othas "Korahit rexseh, ahd latter' viciBeladiode(R,Beand
rel evant reactjons convert syggrfe rical neso;epoxi des

¢ t
SR, whish &5 asteally; the pamge eqrargung; g geterrpdip asreesedfiets nes

r epLy ﬁl‘guéﬁ’, BRLFLMAboREMY dxi &R kOAG opREally active, and thus
"desymetri'sation reactions.” re specifically, the

do nbhexgsitas optigl evdandiesess, prastessandenzyhes(ery. regoside hydrolases) that

opticall. 2 ctive vici.n di.ol , which 0CeSS 1 1.
cftef st TtV RERLREL Tt BHETbtcHge s leBbe fEgTana diol over
the dthEQlre r&feRad tdMBbréin a8 86itanGBsb otk b, €B Eudd thié RlevAbritreddfiOns

meso- epoxi de a pol ypeptide, or a functional fragment
conveheyawietrierd viaigreperafes iptpeisEamajiicahsicinad igls they are sometimes

h | S G I i . 29 | 4y i . i o 2%
AR bl B SRER S B oy

gegord epdcifishlll | theinv@niiedpioviziek b provesdoft bbginide an optically

.reaction mxture; and recovering fromthe reaction.

actiyg Welglelieln WhIshawasses Bsiides thestegs ofipeevifipg 4ppejo-cpoxide
(ME@}?&%&M RactldrGhii@re @'y%ixing with the meso-epoxide a polypeptide, or a
functional fragment thereof, having enantioselective meso-epoxide hydrolase activity, the
polypeptide being a polypeptide encoded by a gene of a yeast cell or a gene derived from
a yeast cell incubating the reaction mixture; and recovering from the reaction mixture an
enantiopure, or a substantially enantiopure, vicinal diol.

Another aspect of the invention is a process for obtaining an optically active
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Anot her aspect of the invention is a process for
obtai ning an optically active WO 2005/100578
wEAns18BeH5/ 001022 3 vicinal diol, which prockGEIB2005/001022

i ncludes the steps of. providing a neso-epoxide;

creating a reaction mxture by mxing with the

nmeso- epoxi de a cell conprising a nucleic acid

encodi ng, and capabl e of expreéessing, a polypeptide

havi ng enanti osel ective i neso-epoxide hydrol ase

..activity,. the paol ti de being a..pol ypepti de .enc
vierf gl e e SRRt e o e B R b S BB o
reactidrinibtEre NHiIxIRCONE HeNbesbLpoxidba cel @6tpast iyl adhusl€éc asid

enantiopure, or a substantially enantiopure, vicinal .
encoding, andréapablslof s¥pregringyboelpeptids heyplgenai electiye rqse-epoxide
ahave .proc ; .
o8 eSS R S8 Rop IS 1814 e PR B8 PP Lre it oot
incubdtigaBé teadtior Mextuephid wasvebiag &ohethertictian tmiere antehentiopure,
paol ypepti de bei ng encoded by a nucleic acid sequence
ora 1‘@?5 HplypraEHOPYE, WePpl 4igl t 1 ansf or ned. The nucleic
ac ! : 1
T s s
be alyom keltyoTise polgpepitide cacbalermodertimcan enogenputsyganetaf dlee exdinor the
be a full-|ength. yeast. epoxide.hydrolase. or a. .
cell G g 4 Bt 7R BB bains GeRa %, o sl e soquence
with Wi ER HRSR1 1M AR edP athb nBEeR S RIER qEide bon BRTah REg&idus
at a pHfrom5 to 10. They can be 15 carried out at a.
nucleiermpish setuense of had@otogoronucleit acid Requsness 658 dwmalpgous nucleic
..concentration of .the t ' east
R T R S R S

funcfieh & fraghitnbet Hulirles®s yest epdreddBsigolagoxi de can be a
conpound of the general formula

| 1), Vi
or Marpeyer hath nrpessyisceR ke carrigd 05%%&1%%&%/% tf 36/1)0 ¥ 8(E5é g%n be

ey TR of BSOS b el g
styréod epaﬁi’dRBaI( Ed’rﬁt)laast bdpial tovthe 36lubiit 60t GBS IBepoxide in water.
PCIALE 005/ 001022

processes, the meso-epoxide can be a compound of the general formula
(@, (D), (V), (VI) or (VII) and the vicinal diol produced by the pxocess is a compound of

the general formula (IIT), (IV), (VIII), (IX), or (X),

(0]
/ °_\

R R (CH2)n

I Il

HO, _OH HO, OH
R R

\CHa),

I v
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4 OHOOH X X X)/,/,- 1Y, 1 YOOOO VVIII 5 X

= -0H -OR -NH2, -NHR, -NR1R2 O HO CH CCH(HZC)n
wo agnes7€ 2 )n/ ( 2)n\ X x 10 VI IX = SPCINHB2008R)01022

On=1, 2,3,4, or 50 HO, Gi(%@n(&@n(%@n

(CH2)n x X X X 15 RXRR R VII X X=S, NH NR On
1,2,3,4,0or5 20 wherein, Ris, selected fromthe group
consi sting of a varlably subsfi t ut ed strai ght-chain or
branched al kyl group, a variably substituted
strai ght-chain or branched al kenyl group, a variably
substituted straight-chain or QL nched(ﬂ{kynyl gr oup,

I

a variably substifuoted cycloa y1 grotip as wel |l as
a vari abl st N uL&d aryl
ubstit ut e aryl q kyl group, a

cycl oal kenyl

group, a 25 va

vari ably subst] eterocyclig group a variably
substituted straight-chain or brancpgg al koxy group, a
vari ably substltuted strai ght chaln branched

al kenyl oxy group,X & -Q&PEoTY! ZSUHEtNFhﬁéd aryl oxy
group, a variably gsubstituted ggyl al kygljoxy group, a

vari ably substitugg@ al kyl thio group,:f vari ably

(H2C)p (CHz),  (HC)n (CHa)n

VI IX
X=8,NH,NR, O
n=1,2,3,4,0or5

o
(HoC)p 7 “(CHJ), (HzC)n ‘ (CHZ)n
ot et
R><R R
VI X

X=§,NH,NR, O
n=1,2,3,4orb

wherein,

R is selected from the group consisting of a variably substituted stxraight-chain or
branched alkyl group, a variably substituted straight-chain or branched allkkenyl group, a
variably substituted straight-chain or branched alkynyl group, a variably substituted
cycloalkyl group as well as cycloalkenyl groups, a variably substituted arsyl group, a
variably substituted aryl alkyl group, a variably substituted heterocyclic gxoup, a variably
substituted straight-chain or branched alkoxy group, a variably substituted straight-chain
or branched alkenyloxy group, a variably substituted aryloxy group, a variably
substituted aryl alkyloxy group, a variably substituted alkylthio group, a v-ariably
substituted alkoxycarbonyl group, a variably substituted straight chain or branched
aikylamino or alkenyl amino group, a variably substituted arylamino or arylalkylamino

group, a variably substituted carbamoyl group, a variably substituted acyl group, and a
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substituted al koxycarbonyl group, a variably
substituted straight chain or branched 30 al kyl am no
w@eooal1besms/l ami no group, a variably substitut eBCT/IB2005/001022
arylam no or arylal kylam no group, a variably
substituted carbanoyl group, a variably substituted
acyl group, and a WO 2005/100578 PCT/|1B2005/001022 5
functional group. The processés can include adding to
the reaction m xture water and at |east one
r-|nun|SC|bIe sol vent, including, for exanple,
ﬁmc?@FE 1,1, 2- trlchlorotrlfluoroethane nmet hyl

ter tT}b:lﬁrb{ées@s Ref inciRletina%6 B i¢hctioa infiRBire water and &t least one
di butyl-o-phtal ate, aliphatic alcohols 5 containing 6

watermgmdqlwivmtun@udmg; oK grareplhyighusearlporéridberotithy orgethane,
methxr lgtalrel%l? i %{flgfisob&gldl&{té)&uﬁ%luﬁ;f %gﬁfmgttee lgahatlc alcohols

ive ocess

contalﬁﬁllgtﬂi@ asdeiongitdras, alibBatictaaiddarbak xbntaiaingad @rl6aarb at atoms,
| east one mater-n1SC|bIe organlc sol vent, far .exa

or tribuil ghesphiiet NeisBIaLvely HerBIRIdIEPRAR BIoCesSELERIRERdt Sl o
the rgﬁ:‘%g EA {1 d x@atefj%rmg&thé(zls Mid Vgﬁte Hﬁsmﬂ}#‘ M’gamc solvre]:nt for example,

or mam de, or pyrro
acetcmd:dmfethaml ethamdlf mopatoi, \mimmannla acgtomtrile di@ethylsulfoxcide, N, N-

sur.factants, e or. nore.cycl odext. or one or _nore
dim S eR e pr S ey Eaif e Thatdtlifn ah g heRiE Shel rafiore
surfABtaftl bESor rﬁ@ﬁeh:y@fo@&ﬁﬁﬁ@ readot ﬁ%&éﬂﬁs@&ﬁmﬂzﬂ’tﬁta‘lﬁ% can be

reacti on when “one enantioner of the vicinal diol is

addedrio é)ecre@mon@mp‘mr@d Bothtpivecassdsean énchideistappingghe regetion when

one %/rlba%bglgllﬁ %gtﬁl% Xﬁfﬁ}%ﬁ Er qgregc?sl ﬁgms%&? %r @g ‘25 hef gnétnﬂgln%l%f the
viciPtiot aFhryhea@biey ﬂxe\ﬁr&eﬁéﬁs céih Qichﬂfe@éddﬁeﬂn@&orﬁﬁaoﬁsﬁeﬁduh&g the
dlrectlg frorri the 15 reaction m Xt ure.

reaciiproihe opbenlyrstiyevisinat diol progdrckbIohe HieteR lir??ély 'fom the

Iﬁa4¥H%n ng exenplary genera: Arxula, Brettanornyces,
era, Buller onyces, Candida, Cryptococcus,

De haByth pycesses tHBeykekﬂrca],l cExb@ bf enemf tizefolloividgieremplary genera:

zflzgrm)nerna I ss % ﬁ KIu vergﬁﬁﬁces Lip ces,
Arx: SQI@@@WVG%% Bu% Yo ¥ ?gmygr’s i‘”é i %@’66%“& azyomyces,
Dek@}gdﬂ gfu‘&k@ Gegﬁ‘?crh'ug'i %9711bﬂe3na 2 aRnerIek Qi'l‘é)j/\)@)‘&ﬁ)%es szomyces

Trichosporén, Wnged, or Yarrow a Nbreover,
Maspigonessddyxotireaydst, Reldospaidibe, Rfodoteesulss SRCH edwbo lus,

W ng specij e Ar xul a adeni ni vor ans,
Sbmﬂggkﬂg@?@??@éFE& é?@%?aﬁ%f?§%@@ br - uxel | ensi s,
Br &idraes, qeespraa@:sg&eﬂ@%hﬁ celBtat basineyE tite anewnag us,

Brettan0|nyces species (e.g.NCYC 3151), Bullera
exerpl A PpYiRY: 7B |ari@wmvﬁwée4'awwgne@yﬁ rgdanapicesnbzexellensis,

Bret noﬂ&?@% 726127 je%a}mz{' éfl eﬁ%gg’ﬁ%&f’% ﬁl@aﬁ:ﬁ' Jécgf%gg)cgsaspeczes

(e.g RO |3l1ﬂ3@ﬁ1@ézﬁale@$i‘oﬁbﬂa |Bidlesam)@aﬂal[|bdﬂ Gangila]biCansli Qandida
fabigegl ﬁaééﬁdga%ﬁg%dtgzé%da glﬁl%ﬁ?fo'ﬂéal i micg "é‘hﬁ%%’” e
mag%bl&gc%g%%i -apsilosis, Candida rugosa, Candida tenuis, Candida t-opicalis,
Candida famata, Candida kruisei, Candida sp. (new) rel to C. sorbophila, Cry ptococcus
albidus, Cryptococcus amylolentus, Cryptococcus bhutanensis, Cryptococcus curvatus,
Cryptococcus gastricus, Cryptococcus humicola, Cryptococcus hungaricus,
Clj';ptococcus laurentii, Cryptococcus luteolus, Cryptococcus macerans, Cryp tococcus

podzolicus, Cryptococcus terreus, Cryptococcus macerans, Debaryomyces ha nsenii,
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al bi dus, Cryptococcus anyl ol entus, Cryptococcus

bhut anensi s, Cryptococcus curvatus, Cryptococcus
w@a®sniwses, Cryptococcus humi col a, Crypt ococcuBCT/IB2005/001022

hungari cus, 30 Cryptococcus |laurentii, Cryptococcus

| ut eol us, G yptococcus rnacerans, Cryptococcus

podzol i cus, Cryptococcus terreus, Cryptococcus

macer ans, Debaryomyces he nseHlii, W 2005/ 100578

PCT/ 1 B2005/ 001022 6 Dekkera anoi nal a, Exophi al a

dermatitidys, ot,ri chum speci e e. g. 8
Delige fasestas Lvebiadoaay oo s Sodiad e B s D),
65 b oo, QYO S0 VGBS hel RS TR s, KIpOrys
Hon@%@ég?ﬁ%@?@ SB%JO:S g?rzlsg) , Liwlor nyces t elfr aggor us“,e&s
mardiigts, Gipoywess spedies (6gov OF S Mk%jyhaoqu Betespord; chi a
noi nal a, .,.Pi chi a.frnl andi,cce. Pi ' Upl | jo
MasRees R Pao MRty fieli b ReS Pk Bl DR,

Pichhegnsnemtid, Rihia haptdphtlh S&lvdoshoridnod dspeninel RiiodosporidZum
sphaer ocar urn, Rhodospori di um torul oj des, )
paluifigsaesRivdasnemidgar SoiasErngrry, RAREEBOEEMH Akt R i ae,

Rho%}sg%g{h%}éz a?ucglféﬁ%m iR?wdoth}?&i Qrtagtrcbllli%ﬁ g@gg?%{‘?ﬁl% glutinis,

a ntnuta var. rninuta,
Rhodbisill@agimas RhodBRoodlatnonuhaap miihytaRhddveeoionutibgingse.a,

Rhodot or ul.a species (e, d. S Y-2042), 10
RhodgjarieahibifIoge e Bk R ot PP ST "
ol EOES L i i o 0 41
Rhodatormutt srsecis (RpddOF8 0 B3 B pRisidetoriles. sgeieNGYE HRBR Y -0560),

Rhodaqt or ul . i | agi ¢ I, di gbol
Rhodalpiidh g Bro e ruBB i Fols BN CXE, s RdbtRula sp
"muSRRRAY, BpbYERD0hO &M PDNicORI| SHRbEITYRifses o lsaneus,

Trichosporon beigelii, Trichosporon 15 cutaneumm var.
Sporohvlarmeaes roTeuschiss palonyers L ae IR iGhosPrr o7 AES§Er biichosporon
jiroveci Trigh r, L.des, |
cutayot 43 “agpe ki JERAPRR BR A HERLE Tl dRKEERRREE o e
Trich&sp@ronkk&ides)BRANaspditon Ohvokipg (Telehapecorepul by, ThikHeSporon

G e i
Specﬁ%i@ggg?%@ ')9—_'04519: Sr¥nSp8on Sgg&bscd%%s RN 33 %ﬂr‘%@h&ﬁ@f@@n

ri chospor-on 20 species (e.d.
species & E3VOFBrY - ©OHéQp Briohospprui speciée(eg. NIKC 33210  richospor-on

Tri cho niliiforrne, Tricho ’ .
specbdy DHBS G2 TN AL PO Per R BN PRI ichosporon
monlil‘iiﬁﬁ'};ié,t TR&hospdlof MiRRSdeehid Memdtadbb&itdge, oF Yanywii lipdietica.

other genera, species, or strains disclosed herein,

Anothreyeasisgst oan akso b ef piy efthe other sengransperirs, plofirains disclosed
herfﬁ)roducing a pol ypeptide, which 25 process includes

He steps of. providing a cell conprising a nucleic

acighoine ashergohd inveapabise méthek for esiucinga mdypeptds, vebich

that has enanti osel ective in.eso-epoxide hydrollq;e
process includes the steps of: providing a cell comprising a nucleic’acid encoding and

capable of expressing a polypeptide that has enantioselective me;o-epoxide hydrolase
activity; culturing the cell; and recovering the polypeptide from the culture. Recovering
the polypeptide from the culture includes, for example, recovering it from the medtium in
which the cell was cultured or recovering it from the cell per se. The cell can be a yeast
cell. The polypeptide can be encoded by an endogenous gene of the cell or the cell can

be a recombinant cell, the polypeptide being encoded by a nucleic acid sequence with
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activity; culturing the cell; and recovering the
pol ypeptide fromthe culture. Recovering the

w@odogpeqsrs de fromthe culture includes, for exeopPiB005/001022
recovering it fromthe nediumin which the cell was
cultured or recovering it fromthe cell per se. The

cell can be a_ yeast 30 cell._The pol ypepti de can be
encoded by an endogenous gene’of the cell or the cel
can be a reconbi nant ceII the pol ypepti de being

od 05/
whichhs P BEPIBET T4 TR L TR hERGe S PP Ser e e
acid $&R1eAYS b BelrA6FhisSREMRNCR] %alerles, @k RIS TUONT Rid

acl d sequence, a heterol ogous nuclelc aci d sequence,

sequencea Thorpolwgplis rudice filldenath yersteaide hyfeelase or a functional
fra gﬁ&l&tyoge é‘ije a%a%? eRox déll'ﬁlydl‘oﬁ&gt IThX cay %ar?@f&‘]‘ aﬁ&l of the %east

I Ona ment o

geneY£apéci&p @Mtfilﬁlsl"diﬁﬂ@ded &ErelnTérEangebdonﬂﬁmarb ecld ﬂ1sa1|oyedﬂeret1he
yeast 5 genera, ecies, or strains disclosed T
or The ylvle@fe@hﬁﬁmﬁﬁar f%Sé’r P SIS SRESRRS RIFFAT v ich includes an

isolatdh e%ﬂ#ﬂagﬂdé‘he?vqn% v& Hégﬁ 12({)([1 yﬁir@lﬁ Fivity.

on whi u es pept|
polybapﬂd&g:aﬁ baonhé mkled: by ey an%ths yeaespgoneobe spgcahsoblasmms dlsclosed

activity eptide,. can be one encoded by any
]“XQﬁORQQSe?@ﬁgg%@éH@FéﬁbE ¢fls, or strains disclosed

herehihid: 95, %91@%1&)%%{6@ GQuBitARM Yy ‘b@i‘é culth€s dfftells, a
anot her aspect, the invention features substantlally

substentiel muhtanoé vt chowinipsise a nuslgmpairﬁncadmgme edpableih

se..a nucleic acid.en odln I
exprgﬁge ad P},y@eptéd: &&V%Wtboé% Yel éso—%) xide iy ﬁ?o[f | \?gtnqlffy. The
celld BRIRreRMUifkmt BYY & RESoBEly of Iﬂﬁé’yeaﬂ@ne@@ bpesies A0 shreing
reconbi nant cells or cells of any of the yeast genera,

dmdgpgth@§m~or strains disclosed herein. 15 Another

%kﬂgte n%nb&fluﬁeﬁ? of t'ﬂg h{?&h fs nglété@ L:éﬁ ?ﬁje fng a
t1de

npri si Ng el C ac encodi ng a po yp
nuclbﬁ\/dcfmerﬁﬁdmg Ia%@;ﬁpﬁdﬁ&ﬁvmg%xanmm}ecdm nychrepoxice hydrolase

.activit t he ceII ei ng capable o Xp i t.h
actiyiy, yﬁéﬁf libgmg cppable of PXPESHING dh eamelympﬁaﬁ 368 ﬂrgﬂa b5y of
thos@%ﬁs%lo@edﬂé}gl al nvention also features an isolated DNA
I nc es: (a) a nucleic acid 20 sequence that

endbeésveatipo ks dpthirdeart isaltatelda&NAﬁhattmdB@dSE@t) pvgcleic acid

de hydr ol h b
ORGSR e A P
actlﬁ?f ﬁﬂ‘ﬂ@cﬂ‘%@nﬁﬁ@i uldn h@ly&%@lﬁéﬁt E@ldltl&ls t& 1he doZapldrdent bé a

, or 18, or Iene t of the

sequenes @laatcaalcbeoﬁ%@@aé?@em TLelZn%l 1 & ,alé é7é€d§eﬁ¥:@) Een

cod e t
cornéog élﬁgfa thfa %lggsaﬁs%gagégg Bhﬁ@l&%%%ﬁﬂrkgaﬁ%{ﬁg gﬁ?%&oge a
polybepide @&t ifcludéreanraitine wdaequénsaeﬂmewé)ecﬁ() e N®:ar, 2, 3,4, 5, 6,

exanpl e, one of those with S?

7,8, 0or 9. The nucleic acid sequence can be, for example, one of those with SEQ ID
NO: 10,11, 12, 13, 14, 15, 16, 17, or 18.

Also provided by the invention is an isolated DNA that includes: (a) a nucleic
acid sequence that is at least 55% identical to a sequence that can be SEQ ID NO: 10, 11,
12, 13, 14, 15, 16, 17, or 18; or (b) the complement of the nucleic acid sequence, the
nucleic acid sequence encoding a polypeptide that has enantioselective meso-epoxide

hydrolase activity.
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NO 10, 11, 12, 13, 14, 15, 16, 17, or 18. Al so
provided by the invention is an isolated DNA that

wo p@baas3s (a) a nucleic acid sequence that iBCHIB2005/001022
| east 55% i dentical to a sequence that can be SEQ ID
NO 10, 11, 12, 13, 14, 15, 16, 17, or 18; or (b) the
conpl enent of the nucleic acid sequence, the 30
nucl ei ¢ aci d sequence encoding a pol ypeptide that has
enantioselective nmeso- epoxi de hydrol ase activity. WO

00578 PCT/1B2005/ 001022, 8
AT ATIEE G SSPHTEd: SRR D g s o § bl
acid @Hcﬁleﬁb&thaﬁ&ic@d&ﬂﬁ?tﬁﬂf@hﬁ@ Bénsie P dEeEn ampwl aﬁkﬁﬁgqu&&e that 1s at
consi sting of an amno acid sequence that is at

leastsH96 idtatical dap Smeacestbéﬂfétncbé SERAED B 1bd, SEQS B 7N§) Orf or (b)
the c(oﬁrg)%?m%r}t é)?éhear%ylc dﬂc ac‘1d Qél:%lgnce {?e(p% (}ipeéth(?et ﬁa&%&ﬂﬁ@éseﬁgtwe

seque
mes&BpMidOBRirelatd akivityl neso- epOX|de hydrolase activity.
Al'so included are vectors (e.d. ose_in which the

codil anbégdg e ePteTs§ - dhpsy In mihighdhe ceding sequence is operably
link%ch Stgids %@&g re%rglgﬁkf‘%@ﬁﬁé?g lcgﬁ@ﬂﬁﬁlﬁ( Eh DA e BHWALind

ove aryotic or
celly(ek auyatyotic oelbﬂokaryo‘mmé]shcmgammgmw}emm Al so

e BB B B BB

aboRAINIARC nd ‘fooﬁr? ?tmerlﬁn @i?dl\ﬁh&ﬁl%ﬁﬁ@ @cﬁi@@%uén@e fHat IsQ8Rhst 55%
55% 1 dentica SEQ | , 6, 7, 8,

identical3o SEﬁbI]}JNIOyrie%,tﬁ éeS,ffaVL Bpr %ﬁ@mdmné@hm@ styrene

L T N

3, (&a s%qugncezhat 8an B¢ SEQ IYNe: i mact 41051d, 7, §,rcagnerd fuattional
t he 'sequence; &5 t he sequence of qU%’ but wi th no
05 A9 Be

ragmsnotithaRequenes; 05(60 SHLSAVERcE PE(SUBR BT ke thhgve
conﬁegvoaiﬁeggéﬂés%glg ﬂgltggpﬁpﬁ%fﬁgﬁlé@g%h 1 Fﬂg‘%&"’q 8’5'69&\1(16

hymhm%e@fﬁﬂ@ifeatures an isol at ed antibody (e.g., a

po yc onal or a nonoc] onal ti body). at binds.to an
of 1R BROAFRIBRQEBER; %%lalvew*ﬁg%tﬁﬁs ésotl 65 g% (8-> 2 d
polyggﬁgg&nepﬂl%no&%ﬂ 3R6EL UGS BlabPbintid 1 A9 ﬂ%‘%v@:—@e%h&' C

I d and particul ai” host cell fefers to any nucleic
pobqepm&ﬁhat does not occur in (and cannot be obtalned

t hat particul ar h
nor 4t pRgey P et i S4Eenet 1 OR Cd M S
partlr'b%hﬁ neseRn lr‘§fe§sQ:o anfiasdleic@bid Rt et AStrREUCGA(and daanstite
host cell. is Inportant to note that

obtaiesd frern)ithat pa,m@d@rmeﬂuaﬁg?om@dn apire cTls, & apn-safitalyrpecurring

nucl&t® acuﬁ 16 considered to be exogenous to a host cell once introduced into the host
cell. It is important to note that non-naturally-occurring nucleic acids can contain nucleic
acid subsequences or fragments of nucleic acid sequences that are found in nature
provided the nucleic acid as a whole does not exist in nature. For example, a nucleic acid
molecule containing a genomic DNA sequence within an expression vector is non-
naturally-occurring nucleic acid, and thus is exogenous to a host cell once introduced into
the host cell, since that nucleic acid molecule as a whole (genomic DNA plus vector
DNA) does not exist in nature. Thus, any vector, autonomously replicating plasmid, or

virus (e.g., retrovirus, adenovirus, or herpes virus) that as a whole does not exist in nature
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25 aci d subsequences or fragnments of nucleic acid

sequences that are found in nature provided the
woewbads7aci d as a whol e does not exi st in nat BC€EIB2BGEY001022

exanple, a nucleic acid nolecule containing a genonic

DNA sequence within an expression vector is non-

natural |l y-occurring nucleic a%id, and thus is

exogenous to a host cell once”introduced into the

host cell, since that nucleic acid nolecule as a whole

. enomi ¢, DNA pl us.vector. 30 d t I.St._in.

s coyaien. 1 ph0R - Ba I GG BrinE R Sttt P 1 e g DA
fragleRR Préliuced by PCRUS réfri®tion dn@biQldake!GeatREBN@dILES CONAs are
her pés virus) that as a whol e does not exist in nature

consifBrab e rensrgBtyFot @RS 2oid stice sheysxist getedarate

ol RG0S UL KR B PR pror

. sequef&d dddoidipsepeaclandsalgasgudnce & sreeiNAsorgzhomasDNBNAS an

are considered to be non-naturally-occ rfin%-gr%$eic,
arrapgsiepné peicleundhisynagye & nogsnaliggHy-9F@iing PRelgic @&idn Yuclede pdd
i . IN ; - X
AT Soclfin? L300 U (Pl o e, an i
chropsisgmeisdlated nmoéelippfyesptaris en emgnousaﬁmk&imqi@wﬁfbrrbspect toa

DNA) in an _arrangenent. not found in ture i s
cell Rbyeashy aRe thet- YEOOPIRgS Hiftadurd 1500 e IR aci d

t hat whbpd @bt Rirh YieQBEWE tHah%x686hdRs" RIS RAES cdnthed
particular cell. For exanple, an entire chronosone

"homslogaus dr ' hegenotogons ' nusteigaids As wssd hareiy Shemelggous” nucleic

.nucleic acid with.respect. tp.a.__cell of
acicf i Bt Bt et TR F LB ol mec Wftopteds)
"hetdR1ddoud hlcldi€asiieat tdsemd Be @biove fibhad speexo gtheothar that of
nuclei ¢ acids can be "honol ogous" or "heterol ogous”
the pseFel-c acids. As used herein, "honol ogous" nucleic
aci ose L. der | . O s ae
o ortd SR PR, RheBhdhs o BRI O crcblo hlofic acids
or gBikslagl @ pacicdtar 26l rdfére seashatcldc ecider geredhéitrdoes accur in (and
speci es .ot her than_tgﬁt f thg,host cell. 15 In
can pp Ablagsd fronpdhatgiagion &@gé%ﬁwg LAY herein with

I eFeLANES dsed BY #leh&héds HShe RNeMRNEIn PR BnipdliAd 6£thdgeneral
cell refers to any nucleic acid or gene that does

fornmde @) or (LY @r(¥) oc &¥il) e (6B) anchibd vidimahylial psaduped by thelpgecess can

| ] f d t g N hod
be sgomanq@ iy R EBe LA BE W BrSud S
formula (I) or (I1) or (V) or (VI) or (VII) and the
vi ci nal di ol pr8duced by the pr@cess can 20 be a

conpound of th eneral fornmul [11), or (IV), or
(MI11) or (I1X (X), O Oi (L)‘)
R R (CH2),
| It
HO, OH HO, OH
R’ jR
(CH2)p
1 v



RR(CH2)n I I 25 HO, OHHO, OH RR (CH2)n Il IV

30 WD 2005/ 100578 PCT/ 1 B2005/ 001022 10 0 HO OH XY,
WXX20051@058 O OV VIIT 5 X = -OH, -OR -NH2, - NeER/IB2005/001022

-NRIR2 OHO, HHC ~(CH2)n (H2On ~(CH2)n x x 10 VI

IX X=S NH, NR On=1, 2,3 40r5 OH OHO

>---<(CH2)n (HROn i~(CH2)n (H2ZCOn x X X x 15 RXR RXR

VIl X XS NH NR 0 n=1,2,3,4,0or5 wherein: R can

be selected fromthe group consisting of a variably

substituted straight- 20 chain or branched al kyl

group, a variably substituted stygi ght - chgi n or

branched al kenyl Noup, a variabl% _supbstituted
strai ght - chai % oy br anched al kyhyl“gro X variably
substituted cycuoalkyl group as [ as| ycl oal kenyl

groups, a variaply subgtituted argl o]
A\ VIII
X = -OH, -OR, -NH,, -NHR, -NRR;

HO OH

o
/ N (HoC)n 7 ‘. :(CHz)n
N/

(Hzc)n (CHZ)n
"%

Vi IX
X=8,NH,NR, O
n=1,2,3,4,0orb

o HO OH
(H-C),, (CHpy), (HX), \
I
kX X X

< " R

R

(CHa),

A

viI X
X=§,NH,NR, O

wherein: n=th 2 4ors

R can be selected from the group consisting of a variably substituted straight-
chain or branched alkyl group, a variably substituted straight-chain or branched alkenyl
group, a variably substituted straight-chain or branched alkynyl group, a variably
substituted cycloalkyl group as well as cycloalkenyl groups, a variably substituted aryl
group, a variably substituted aryl alkyl group, a variably substituted heterocyclic group, a
variably substituted straight-chain or branched alkoxy group, a variably substituted
straight-chain or branched alkenyloxy group, a variably substituted aryloxy group, a
variably substituted aryl alkyloxy group, a variably substituted alkylthio group, a variably
substituted alkoxycarbonyl group, a variably substituted straight chain or branched
alkylamino or alkenyl amino group, a variably substituted arylamino or arylalkylamino
group, a variably substituted carbamoyl group, a variably substituted acyl group, and a
functional group.

R can be present as a carbocycle or a heterocycle having 4 to 7 carbon atoms.
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group, a variably substituted aryl al kyl group, a
vari ably substituted heterocyclic group, a variably
W@ aipsi1oaset ed strai ght-chain or branched al koxyPQr/mBep0s/@1022
variably substituted 25 straight-chain or branched
al kenyl oxy group, a variably substituted aryl oxy
group, a variably substituteg aryl al kyl oxy group, a
vari ably substituted al kylthio* group, a variably
substituted alkoxycarbonyl group, a variably
stlt ai n_or
o) Ry SRR Gisthet D P rtbror SRR oF s oS (v,
(VI r(my ¥h@(XYlea?)] NX cafllbeiRa 52 (aEmBEELY hetehstlidideap containing
car banoyl group, a variably substituted acyl group,
nitregied, exygen,fo selfiradeibs.gr oup. R can be present as a

ot e Yo Bloue0 B hRRkI Prd B ePR bt TP i dptain

samﬁitécﬁéﬂﬂ?is?m&t@ilf@ﬁ@ld\?;ﬁore ?%/ﬁn??ﬁpﬁe%t(dmtqdﬂ%&?);(&ﬂbaﬁy%l gro)t(lp that
enera or mul_ae , , L an ten'),
can g% pyp@eirigaldy S‘lbfbmgeéirﬁ?eﬂ“éﬂéerﬁﬁ@f’é%?%’lq K& dr oup

RitRleAS vl IeQHAENxi % @nt %Hﬁérh‘lrfoﬁhﬁlgﬁv’l c-gﬁﬁmmg one

cyc IC nes epOX|d§§)pre ent the general formnul
or mdre heteroamntsaaunh as 6, Nat&mﬁb@cwﬂoaﬂm aingy astveell 4$smb§;iteteots on

nore t one u ur d bond) cycl oal kyl group that
the’&%%taﬁee @Fiﬁ E]lg tituted as further

ex e dlf{jfl olip cEﬁ Be a straﬁgte dﬁﬁﬁﬁfr%@éﬁ‘chb&alﬁ?lsg%o@@@&hd% 12

present ed éwgenera formula VI containing one or
carbop rtorhee The abybgwoup gembaselested\rom tis gigup ﬁense%llg@él rethyl-;

ety oS By P S SN e 5 R T - Bt 20t

pen@@-yﬁ- siniéth@bit- ChR] ﬁnwthﬁbﬁmcyﬁdz-ﬁie&}ﬁlbtgmjdg Mnbﬂnyllbult-a yl-;
carbon atons. The al kyl _gr oup can be sel ected from

hethhiél diesrpyledissi sy nbﬂ@ﬁhylpﬁélt il ~-me@1ﬁkt>ﬁm"1 Bropypehylpent-1-
I

yl-; %2&%5?1@%}{1% ;—ygfé%-}‘:ieg}y y#e%?—a%gé rﬁllt—t_ngﬁi &ié%l‘é&-yl-, ) n?éﬂﬁ%bem 3-yl-; 3-

metEylp&itlfoy]bLﬂ ethyiblut-1-y3-; ﬂlepthlybfhp}lepl—Z»ﬂ— ‘hept-3-yl-; hept-4-y1- 1-

metﬁﬂgE );_-rl] -b %Erﬁétkglgex-)}ryln% X@ﬁﬁ?ﬁpﬁ 4 mpttl]iygqex— -yl- S-fnethylhex-

2- ]l i -1 -2-yl-; 2-
1-yl¢ = %M}%Z% yl2 @n%@thylt_lér%e Zt 2’13 Jﬂ-gé]a?l_%m?x - -yl-15- dthylhex-2-y

methylivet-Bysilp 8rnethyMex-3-ya-; ﬂgnh@ty K3-= )ﬂ-methslhex— -yl-; 2-methylhex-

4-yﬁ%¥¥dgﬁg;ﬁytpe% ip-%rl- g%-[edtlmgth is;{snt-l— }- 1 3ch191ethylﬁént- 1-yl-; 1,4-
dlmﬁﬁltyﬁiéhh ex1-1 2,‘2Ld1meamé&hhylyne>z mtﬁidhylﬁenfﬁetymg biedindetiyfpent-1-

- met hyl hex- 1- nmet hyl hex- 1-yl
vl Z,Snémhlyﬂesmé xlt,ﬁ 3 é%hﬂptlﬁéxylz-%—dlmethylpent- 1-yl-; 3,5-
t X l.
dtméﬁts;ﬁ) F% Sr? 34% &éhetohyﬁpeegﬁtl 5 éQ%)édlgrr&’ﬂylpeng'l -yl-; 5h5€()1(1rr§et})171pent—1-
yl-; 5 m&ﬁﬁ%ﬁﬁeﬁ&-wl 2, 3-arnlmhﬁpé1h®(y1202 Myhethylpent- -yl-; 3,3-

dtmgf 11&1&%@L’;g-:qq%neihyﬁehta%ﬂ—iéd%%% enh%yjli&lﬁ (;iimethylpent-?)-
yl-; 2; @d%ﬁ%@%lﬁéﬁit@eﬁt 2 i dlrb{éthylp&ltﬁr GLMRERYIBROL-y1-] 3- etﬂyipent— 1-yl-;
1,1,2 trlmethylbut—l-yl- 1,2 2-tr1methy1but 1-yl-; 1,2,3-trimethylbut-1-yl-; 2,2,3~
trimethylbut-1-yl-; 2,3,3-trimethylbut-1-yl-; 2,3,3-but-2-yl-; 2-isopropylbut-1-yl-; 2-

isopropylbut-2-yl-; oct-1-yl-; oct-2-yl-; oct-3-yl-; oct-4-yl-; 2-methylhept-1-yl-; 3-
methylhept-1-yl-; 4-methylhept-1-yl-; 5-methylhept-1-yl-; 6-methylhept-1-yl-; 2-
methylhept-2-yl-; 3-methylhept-2-yl-; 4-methylhept-2-yl-; 5-methylhept-2-yl-; 6-
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yl -; 2,5-di nethyl pent-1-yl-; 3,3-dinethylpent-I|-yl-;
3,4-di nethyl pent-1-yl-; 3,5- dinethyl pent-1-yl-;

wdaebsdoeses hyl pent-1 -yl -; 4, 5-di met hyl pent - 1- yl PCT/IB2005/001022
5, 5-di net hyl pent-1- yl-; 2,2-dinethy|pent-2-y|-;

2, 3-di et hyl pent-2-yl -; 2, 4-di rret hyl pent-2-yl-; 3,3 25
di net hyl pent-2-yl -; 3, 4- | ﬁ] pent - 2-yl -;
2, 2-di et hyl pent-3-yl -; 2, 3-ditet hyl pent - 3- yI-;

2, 4-di net hyl pent-3-yl -; 2, 2- dlnethylpent 4-yl -

eﬂiynitpg&fﬁe% bt P8 S aRGhelesi s amomythep- 3. 3ol 5-

Ly1L-reibi Ayl 25 é’ch h 4-1Lr83hi& A=y 4
et o S kRl Hiept-d 9% 2 gt 4 41 Rt it -3

metlgdh@@ﬁrﬂma %thq:thylhex-)l/zd- Qéiogﬁr@gwllgﬁﬁl gl-yi 4-dimethylhex-1-yl-;
methéll XI }] é/?oé '32d1 efh'ygﬂe%t -yl %1 &hyl% X -yl 3,5-dimethylhex-1-

yl- 44Ed1ﬁieﬂivyﬂﬁlﬁplt—yﬂ= 4'B-d.1m5th§rmekhyjrlhépfi dﬂne;thylhex— “yl-; 2,3-

dlmg;hﬁ@;%'rﬁg &4@1@@1&1}1@; %gh':? 2%' hﬁ‘g‘i 2 2’ yie: 3,3-dimethylhex-2-yl-;

3,4- éﬁf%@%&?%@/{ ? géy&fneth@lﬁ%? 200 44@%@@?@@@2%@2 Qpﬁﬁf?l@é’é@ﬂﬂex-}

1 Rept
yl-; 85 5th1&§hyﬂi&1xt2—$l—y2 2= dmeuhgth@yﬁhﬁptz Qdymethylﬁex— -yl-; 2,4~

dun%ﬁy]g)é%g 6&5 119.ffth§%h %ﬁ{hggﬁ%&eﬂ% lgﬁx -3-yly; 3.4 dimethylhex-3-yl-;
3,5- Hf‘?ﬁéﬁwlﬂépﬁ “y‘ff— )4'4 dun%t}%flﬁgxnﬁglflﬂ B@Kmeﬂhyﬂ%k 3,y12, 535 dimethylhex-3-

-di net hyl h -yl |rrethlh I -yl -
yl-; 2,253 mmﬁhyﬂybmtekyl R4 me@mwﬁlmh,ﬁe%é-ltm}apﬂlﬂpem 1-yl-; 2,3,4-

oA it S TEMRS b2

mmét@}péhﬁﬂyﬁWQU@@tﬂthylpe&rByl o Brﬂtthyﬂeﬂ@bkpe&{ )Zl-yl 3,3,4-
-di met hy dlmethlhex2¥
tmnsthslmnh%ﬂﬁyMe‘ktrznf}thylpen@-xl h-ériofaeptgrils; 2,2,3-
| 1yl 4.
trlm%f’hgrzp%#xpng I}H'-y Fﬁéthgl'é/ ?hylp%g“l ﬁ&@étﬂ%l-?—%ﬁ%ﬁ%/n{t_ ;yl 3-ethyl-4

metRylgentt Ivgl- m I—rhethy&eyﬁ—yl)rﬁﬁtﬁyld,l (Brandilrylhesc33d)phethyl?, (8-methylhex-

-ylgngt?%{]n@%qhg Xé& vgmethg nf eﬁg&-ﬁﬁtﬁgﬁerg 2y}71- 3- eti%l -3-
meﬂ%ylge& le@@l‘—zl-%néfhylperﬁ 24y1d' Z%M-h@éhﬁpéﬂt-}yl— 2-methyl-3-

I met hyl hex-
eth}&p@l,t 3-3tlf,|2;%3,ﬁytb@@n@thylbyt- *y1-22zethq/113r3 dﬁ@tqtiwl @rﬁ—yl, ’ympmpyl-

-mgﬂglb&lt- -Xlgg “r%h’@%ﬁ*% 3ryli§?ethy1 (2 32 gl{ne{hﬁgﬁﬁa@%@l y?(h 2

dxmgbh lp%ni—BJy!l‘}ﬁ{dMW%Bh-ll-yly|non—22y13 r?@nt3-ynﬁﬁdi'¥4-|§${1h612 Syl 2-
4-tri met hyI pent -

methylpptn]e-yhﬂ xggt,hy @t—%yl— 4gng_th21]pptr ﬁlet Mﬁ*ﬁ]@ﬂ@ctzl J-; 6-methyloct-1-
yl- ,% nAiet f,(])c Ll % é‘H&Pﬁogté)’-h/% 3 X%Fﬁ?%%et ﬁy methg/loct-Z -yl-; 5-

tri rTE
metBylet:ﬂQB/-ly} 36nmt]1]ylb¢t€l+§f}~j 7 yﬂethylébtét-j}'iy, Z—Kﬂaethyloct- -yl; 3-methyloct-3-

y1es gty R Rk Sttaery b bhendodha Hesd st gctaely:
metﬁjglogtﬁjf ?Y'?ﬁéﬁh@dd& 4R, m&heth?fl%ctnﬁtyh}’5—'11%1@}15&L43?m 6-Breyityloct-4-

- I nét hyl pent
yl-; g-mbthylocﬂedr{yét By?l q};gmthﬂhqplt»l —yl- 2,3-dimethylhept-1-yl-; 2,4-dimethylhept-

2= et h e
LvE RS E RS2 il el e Ay et e Ayt 34
dlmgﬁ&lﬁéﬁ{ 1343 305 aﬁm&h@hw 12y1yI3,,6 &nnempn@muylz;m 4- dlmethylhept-l—
but - 2 (3-et pent - 3- %/4]3 %
yl-; @5- Qu@ﬁthaéhm lpfélnst4 yn;thﬁ%ﬁ@ﬁrl-yl (B methy ept-1-yl-; 5,6-
dimethylhept-1-yl-; 6,6-dimethylhept-1-yl-; 2,3-dimethylhept-2-yl-; 2,4-dimethylhept-2-
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di met hyl pent - 3-yl ) net hyl -; non-I-yl-; non-2-yl-;

non- 3-yl -; non-4- yI ; non-5-yl-; 2- nethyloct-1-yl;
w@20eetbnsroct - 1-yl -; 4- et hyl oct - 1-yl -; PCT/IB2005/001022

5-met hyl oct-1-yl-; 6-nethyloct-I- yl-;

7-met hyl oct-1-yl-; 2-nethyloct-2-yl;

3-net hyl oct-2-yl-; 4-nmethyloct-2-yl-; 5-

nmet hyl oct - 2-yl -; 6- nmet hyl oct - é3yl ; 7- nmet hyl oct - 2-yl -;

2- et hyl oct - 3- yI; 3-nmet hyl oct-3 25 yl -;

K é‘%@gﬁp t%'%/}f’ 2,6 31 %ﬂ%ﬁ%@ﬁ%y@% _dilnféthylhept -2-yl-; 3,4~
dlm%zgﬁtéhp%lg(i:-?%&dm%tmdﬁﬂb%l g%t-_&llmethﬁhmw_ 0G4l athylhept-2-
y : &

§1- A nGTssetst-A-r 4.6 Fimety bentryy hih Smgiylhept 251 5.6

dlmﬁfhgfhglp{@ b@—y k 1%n %&ﬁ{lep’t 2%714'2?' Hng%lﬁ%g ; _3{1},y2|¥é_ ;dlmethylhept-S—

y1- 3, égdlﬁie?ﬁh%ﬂllﬂ%ﬁt@pﬁ ZLS-)dJimethSélhgptGB mﬁﬂl]?dlttﬁathylhlept—ybr}— 33
| e e I_net
dlm&thzrll@ph%%/yllwﬁ%e%%nethxylﬁepﬁé 1A R R A Aot Cirogihyihept-3-

5%&&@{1&%& fiseflt : 4?;636111116%?15\5%33- & ;ﬂildﬁkﬁ%ﬂheﬁﬂ-}ylﬁs 8-

i1 net

d1m2th31hd:pt¥‘é{yﬂ1y Btﬁeqhttmeﬁa);lhegt-32yl4 3e|¢tme1hq;t+lhydp13 -pthyibept-1-yl-; 4-

et HEr HPREEPE 51 ot TSP e FAApFRLB-ys 3rethyThept 3-y1
4—et§y}’ﬁeﬂﬂ i- hy]eﬂ%@ﬁep?—‘ﬂ}l- 3 é’thﬁhedﬁlﬁﬂ]ﬂt WE@?E&%’[ ?Il 2,2,3-

dlrrethlhet K met hyl h y
tnrrmthylmxnbwhymebmmet ylhex-liylﬁ 23 istriasthWbee-1 2y 12,3,3-

d [, , 6-
v 5Pl o APLOgBL Ao i 2 ©
tnn%t leexnf-gzhyt h@tmﬁethylhex-&y& QJSrSl&irthjﬂlhBi& 3y15 3;3 4-

- di et hyl hept - di et hyl %
tnrrg:tl’gdl@ﬁxnb—yhyﬁﬁ fnrget ylhex— —yjl 44 51‘8%1}%?}11}455’6 14 YI4 5,5-

tnm}t@ﬂ%ﬁ— Ey#%?o%nrgetﬁ%}lex 3.6 9] d3r@ Hl%étp g%))t; 3: '2 ,3,5-

mrrfbﬂ@lld&mm{yhylzheq:}tmﬁgtwlhex-s_ﬁ— a;m;@tﬂmethg]mex-z_w 2 55. 6-

tﬂrrseﬂat b frt 5Py et P g T Eyhets b 2k 3.4.4-
lll&ePtyI 3)4' -tnrﬁetﬁ&lﬂ%i Q%H’-t 3% Y himetﬂyl@kf—ﬂ'-ﬁﬂ PL4 2=yl -

t hyl hept-22yl - et hyl
tnrrrbﬂaﬂmpd hopt 435 Sfb‘imetﬁyléthﬂmire Qt%%ﬁg{nethylhex -3-yl-; 2,2,4-

Ry Rear yroo b P B i 205

tnn?e 1Rext-8HyMe by Bﬁxetﬁymbx-s 3& 3,465-t1ﬁ1’ﬁbtl’(§%1hbx43hﬁ>§ 2,5 54
4- trlrrethyl hex- i rethyl hex-1 -
m@twlhex-sﬂﬂnéﬁhirm&ﬂw 9x-3-y12 445 %immﬁfhﬁlthﬁWwéx ¢ Jwtﬁylhex%-

yl)x%etgylg .% efh%g? %1%2?& %('1 ))}1_ - %mteﬁyﬁnﬂét%}qﬂ;ngi é‘fh&d‘-x Iethylhex-
1-y#,; 5—,eﬂlyl-5—1héﬂhgﬁ1‘eh-yll j?le;m-bthy]l- -meﬂ;y’ﬁhéii—t-lyl né{eﬂwﬂ-ﬁenetﬁyljnbx- -yl-;
By e by e ke YA Hets el vH (RRFY e A et (-
met%yg‘re? 1 §r], gh?khﬁféfh%mék I- %ﬁng’thffr-t (rSLﬂ@ﬂhE}Heﬁ-qul%n&‘thylr (6-

t t
memymeﬁ—lt-yh)meﬁmyyt &esopiogyﬂhex- 1Byl ‘Beﬂlb’{ ﬁgnemylh@kl Z’lyB -ethyl-3-
meéygn’eé-:t }(llr,lrf ! heétg 219%”— -yﬁ %5621? Al mn%t ﬁ}é' !E})/(l gt!hyl—

methylhex-2-yl-; 4-ethyl-3-methylhex-2-yl-; 4-ethyl-4-methylhex-2-yl-; 4-ethyl-5-

methylhex-2-yl-; 3-isopropylhex-2-yl-; 4-ethyl-5-methylhex-2-yl-; 3-ethyl-2-methylhex-
3-yl-; 3-ethyl-4-methylhex-3-yl-; 3-ethyl-5-methylhex-3-yl-; 4-ethyl-2-methylhex-3-yl-;
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20 trinethyl hex-3-yl-; 2,2,5-trinethyl hex-3-yl-;
2,3,4-trinmethyl hex-3-yl-; 2,3,5- trinethyl hex-3-yl-;
wQ2ebs40asr8 met hyl hex- 3-yl -; 2,4, 5-trimet hyl hex-BeyiB2p05/001022

2,5,5- trinmethyl hex-3-yl -; 4,4,5-trinethylhex-B-yI-;
4,5,5-trimethyl hex-3-yl-; (2-nethyl hex-3- yl)nethyl -

3-et hyl - 2- net hyl hex-1-yl -; 3- ethyl 3- net hyl hex- 1-yl -

3- et hyl - 4-net hyl hex- 1-yl-; 3- éthyl 5- met hyl hex- 1- yI

4- et hyl - 2- nethylhex 1-yl-; 4-ethyl-3 -nethyl hex-1-yl -

4-ett

eI R Grey P ey vy R Sy Pfl‘ +

1sop§'%5y11'i@5— myhh ex:3l3 yéﬁmﬂliwbem-lcﬁ ,YE;Z,BIMLtB@a&néﬂl F)hﬁten ) 2,2.4.4-
mathlexlyl met hy - nmet hyl hex-1-y[) et hyl -

tetr@mtbyipﬁmp},rvhe&ﬁﬁ %rtetram@ﬂmlmr-l wlnét%%ﬁ@txanletwlpent- Iyl

23, ,_élet{aﬂXﬁn tglyerE%ﬁ{][‘X)rl] é)g()gzégﬁ{étranfﬁgﬁfé]&?fll -8 Bylbexs dnyihant-2-yi-

. 2.3, m@ttﬁm‘%uhéthy@eﬁﬂ 2-y1—42 etﬁlWEetr&mwiyﬁpélnheXylz 3yd,4,4-tetramethylpent-2-
t t 30
yl- %e?t M’rtﬁfé%nqhylp@nt-%yl S%,é,A tqargg@t%llggnt 3-yl-; 2,3,4,4-tetramethylpent-

L ’hy‘1 teffafif Hﬁ@}}@ﬁ‘gé’éig Sihygiek éﬁ@fﬂéﬂlﬁ’ét Eﬂ%tﬁgéex—?? Whtbyl-

(5 -rAethylhylbt—’J'Z-yI)Bteﬂ;yll-h e x-Bimyelthy]- 3V@1§Zﬁélﬁ¥ 119653 $—d1methy1 -3- ethylpent— 1-

MG/t TR TR G e

s 4- é’mg@%@ﬁu&b@yﬂ zyéthyl 32m8ﬁ 1h%xl1e§1t amahi)yhmymwi-yl- 3-
4-tetrameth

cthyl €t matteiliex peht 34t 153'1? Grmahalhes 4o -stlet3r%t¥bétﬁwweﬁ%'ihexf Loyl 4-ethyl-
221?}”2113?‘2{ t g% @Iﬁ_ 2 Et%n{hex-l?-/yl- —e;[hg’l 5-methylhex-1-yl-; and the like

froxﬁ d3ec-4 A= IRt NayTetdeyl pant det- 4Yj{fl— dec -5-yl-; dec-6-yl-; undec-1-yl-; undec-
2,3, 3,4-tetranet hyl pent - 2-
2- ylg,, @dq:ciﬁ-yletqnélﬁ@-ﬁWT pl@ﬁf:c @-yi/q, undec— -yl-; undec-7-yl-; dodec-1-yl;

dodé’%’-}i,’ i_c% 3{ glnﬁ{{@él Apggtdoéecyg Iyl dodec-6-yl groups. Preferably, the alkyl

grodp B,axtékigletchainet bydnphdﬂi alByl)g‘reup with 1 to 8 carbon atoms.
2 %Tﬁe g]kteg%fli §$¥)R‘9}1 gg g{stralgﬁ‘wham or branched alkenyl group having 2-12

‘t?o Sitémé: T}?etaﬂ@&ﬁf'ibﬁ@ %ﬁﬁbg’ Mbeted from the group consisting of: vinyl-;
cartfopratoms, Hic AIRHEY X 2iih besdlioted from the erpup consleting of: viny

all}(l& (xm’(dnbfdllyda-pﬁ-rﬁetyhllﬁetlhprbpf;nyl— isopropenyl-; 1-butenyl-; 2-butenyl-; 3-
dj met h th :

but@yjl,_ ld}J T%/Y 31 Wﬁ%}/ﬁﬁg' tl- qne%;y -propenyl- 2-methyl-1-propenyl-; 1-

penéen?II—dQ gﬁhﬁ:ﬁ&f 33- ﬁ&ﬁ’c&llﬁe 'ltpe]i‘téﬁlyl— 1%B%H-QLY12 B eX; 2]

net hy
memybifmsatenzl nia{hhyd:rryéx 2—hexexw1- 3 Izaxemsﬂw IExgaylhyi-kexenylt; 1-

e 2 SR DR b ety ot >
octé’lry‘f—t Bydct&ryﬂeﬂfb)é{dﬂQK b-oplenyl- 46—6&’[51){}‘1- Todi@tyihy |1h©1<1cny|l- 2-

| -; eth 4- et hyI hex- -
non,q:n)gr r%rpoxgmyi—g fryponenad-; |5—ncy1|eny1- %@r{eﬁgl -1 T-R@nenyl-gPnnonenyl-; 1-
decgrgs‘f‘l é X«%cenyl %Ca@ce}@zr- 4- qg&ngf y§ dacegﬁﬁ é—d&léfggl-d’ﬁﬁféﬁ -7 8-

deceﬂil}d%@udecﬁhy],- und(mceﬁylyﬂ-undau&dﬁcsﬁmﬂécenyll,l |4dmdec7eny] 5:undecenyl;

e TRl B LU B i

dod%[:&iérﬁl 3 ao@ecéﬁ}';lah-glhhe&ﬁ 5. d%ﬁe ?P GhRfteadny7- cﬂfd@b’éﬁ}wg—h

car bori at ons. é al group can be

dodgbere/ﬂ,gﬂ?ﬂoahdn?anﬁ b0-dbdenanyipdil - dbdk@nwl gymmﬁpandamlaltﬂgi tganched
1s01pﬁr§ 3?6%&%2&2 &q-rgrs}lﬁ Ibgkag%}/al g}'ﬁ ﬁ@@g o% %rangheeds rﬁf(eny gr%u]fg G210 8
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al kyl -; a-nmethallyl-; (3-nethallyl-; 1-propenyl-;
i sopropenyl -; 1-butenyl-; 2-butenyl-; 3 20 butenyl;

wa2daners72-yl -; 1-buten-3-yl-; 1-nethyl- | - prp@EEmBA65/001022
2-methyl - | -propenyl-; 1- pentenyl-; 2-pentenyl-;
3-pentenyl -; 4-pentenyl-; 1-penten-2-yl-;
1-penten-3-yl-; 2- nethyl- | -%utenyl-; 1- hexenyl -
2- hexenyl -; 3-hexenyl -; 4- hexéd yl -; 5-hexenyl -; 1-

hept enyl -; 2-heptenyl-; 3-heptenyl-; 4-heptenyl -

hept enyl -; 6-heptenyl-; 1-octenyl-; 2 octenyl-
Cmb§n@§§8 fiyl -; 4-octenyl-; 5-octenyl-; 6-octenyl -

7- OFREMK nyl %‘oﬁﬁ RENY |stra1gﬁt c;fl&nr&'b@méhed alﬁyﬁbﬂl'g@&)ﬂ having 2-12

4-nonenyl - nonenyl - onen ; 7-nonenyl -;
cart@nragerasyihe:alkynyligioanwhn be ﬂ@é@e%% the goaé é@wﬂtmﬂ of: ethynyl-;

Lol oy de s AR ARRE gt TRt Foentymyt

-péhtmd%ﬂewbmyﬂ wnﬂﬁﬁ@w |2rh&ymmeleicmwhyl— ﬁhm@bsmbxynyl- 1-
undecenyl ; 8-undecenyl; 9-undecen (% undecenyl ;
hepmbd%@éntypyl i-hepila Ayheptynyito ereeB %{wlr eﬁy@ctynyl- 2-

oor e dREERY L 4 PpHRUECE Bltymyil £RGSEAN ool 10RASEED.
nonyeylatedomymyhchadnyiydg ﬁe:]cglérnﬂr eﬁ—mrlzymb'%‘, 7-&1hﬂﬂ ﬂﬂioglsn)d-; 1-
RS S Rk b 8—%’1§$>615L-' sy

915‘5?1 - @)L KON 1O QMR cFR-: 2 - §ﬁcfe@§rr@|1u 3GhAEE asdyaw- 5-

al’kynyl group haV|ng 3-12 carbon atons ?he al K
undgexnyp; 6amdpeyngkt &emn @Pym’bh$ uh@ecgnyiu&-@mﬁ%jf@th,dg lmﬂecynyl— 1-

dodﬁct:)gz&? yhyqodsc%lgtog )yglﬁy?cyhyﬁ L g8$%Xy¥1' 5- ocﬁ:g%%/ﬁ% 6I dode%ynyl 7-

dod@cﬁ@m grvdecyndt-perdbdedsnyl-; 10-Aeietmyyl=;;1 12}daeagmyyl groups; and
- hexynyl -; 4-hexynyl -; 5-hexynyl-; 1- hep tén yl -

rela@d@m“}hw lisomeps. hpefﬁfﬁﬁg}y,.the aflky@ﬂtg};qafm is a styaigh ?anbrmched
alke%ygg'{yyﬁ)%th o8 %‘Bgﬂli\,(éoms - octynyl-; 3-oct ynyl;

6-octynyl -; 7-octynyl -
1 rDhy aydledlkA-groap way be cySedtion wnydps ;with htenyhgerbon atoms. The

CYC]cPé % ﬁ? oulp-cgn g@ Sde nX b gl tgt@ g&}%rc%lnmﬁurge%oﬁﬁypropyl- cyclobutyl-;
cycﬁ)pgﬁtgfy ngf}{cloheﬁyﬁe%%ﬁ}ﬂeptyl 1 2GS ctyil- ?roﬂqgs dﬁﬁ:ﬁ@ ¥loups can be

1Zuhdecynyl’-? 2- indecyny 3-undecynyl -
VamblyrEdLbsiytn‘gpﬂ -at arfyz pasiteheds)raydund the tingl ebyfqmbly, the cycloalkyl group is

aq%%x@ﬁ§§§yﬁywﬂhgig§§§@§§§h§? > ;ngggggzkyl

3- dPHE YdNIkenyl peole 631 cyclo'iﬂ&ﬁjﬂl?yﬁw with 3 to 10 carbon atoms.
6- dodecynyl -; 7- dodecynyl ecynyl -;

Theogeygbueprlgroup ¢ b from the)grqup) é@}ﬁiﬁfﬂlng ofreyglobutesg:

oo A LRSSty ORGPl SIS i v

cangzraﬁulﬁiy\hetshbéhtﬁted 8t agrasitioals) arund e iy | Bedfdrgblygtheup
can be cycl oal kyl rou s wwth 3 tq 10 carbon atons.
cycinagkenyl SBR[/ FYC YD SouB IS 190k BEb Y BHPE he gr oup

CONghShiAGrOip EXCHORIQRM from THELBBY EM sisting of phenyl; biphenyl;
naphtyl; anthracenyl groups; and the like. Preferably; the aryl group is a phenyl group.
The aryl alkyl group can be a group with 7 to 18 carbons. The aryl alléyl group
can be selected from the group consisting of: benzyl-; 1-methylbenzyl-; 2-phenylethyl-;
3-phenylpropyl-; 4-phenylbutyl-; 5-phenylpentyl-; 6-phenylhexyl-; 1-naphtylmethyl; and
2-(1-naphtyl)-ethyl groups; and the like. Preferably, the aryl alkyl group is an aryl alkyl
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-nngﬁ@vm ot LePPOIHOTIS SUE ¥ BeRASAS IFIOREP

' cyclgi)pgﬁe L ra.g(? %c%ﬂ)hexgﬁ pﬂgg 5?%%%%1 z }’refergﬁgﬁ e y{lﬁxﬂ)fﬁ?fcqmél Has 5 or 6

cycl opentyl -; cycl ohexyl -; cycl oheptyl-; and
cycl ooctyl - groups. These groups can be variably

W@ wsiioeses ed at any position(s) around the ri npCT/IB2005/001022
Preferably, the cycloal kyl group is 20 a cycl oal kyl
group with 5 to 8 carbon atons. The cycl oal kenyl group
can be cycl oal kenyl groups with 3 to 10 carbon atons.
The cycl oal kenyl group can be1 el ected fromthe group
consisting of cycl obut enyl - cycl opent enyl -

Ioheptenyl ; and cycl ooct enyl -
gD%% ﬁb? @bﬁp %ﬁn “can variably be substituted at any
POSyite li’e@él%)c?'éﬁ&kﬂ?ﬁptrgﬁeﬁnw by R &f ehithlry of b&Rra 5‘ormula L, or in
cycl oal keny grogg is a cycl oal kenyl group with

alternati poembediments T iarthe conpermds af senerd straettred ik é}-ﬂla r{éX) and

0SERHRIGRS! 450858010 B PIBY cpsBRRS ey

mtrcgg’eﬁ Uk yhon SorfdEray, | Tied eterocy clideingrash balfkeetl wdthodigydiaior A@matic
grou with 7 to 18 carbons. The ary Iaflkyl group can

cyglahzsn

carbb;]lmﬁlphi yTlliEl;hld‘n?lbcyckﬂJ:lmdmg&r?(lbe Isalpbltigi Ebneﬂhh )gtomamuﬁlsi;ln@w\fF furyl-;
. the | . r r t.he a I
AR R0y OB R ORE b BB S T Broogpatg

oxaZolidPnyt2 &%55@91 a&lﬁ?&blsggfzoml %d%ﬁi’&id'n?yl-g bR4&Riolanyl-; thlenyl—

repr ésént ed in structuré of general formula I,
tetralwdrc&]maylﬂahthw@a@dh dlfianaipt sdibydrxthiazotyhe th;@mladuwdjs ISQﬂllaZOlyl-

LTI DT

pyr@z@ﬁtla'dﬂbﬂlg@ yagzodL; §fyealoB Binil-; ﬁ/maaionﬁgemyd@@mg&m;@x
sulfu The heteroc clic rlngﬂcan be fused wt

1m1@@z911d1@yb; triagelivhi ﬂ]él}’dt()ﬁljl%i@l}ﬂra q;g@hgmyb tptr@@lﬂorfiﬂa;q;ﬁtgtrazolyl-

B L R i R
oxatHighyhe titrxaayic) ﬂhtbmmpﬁolh@&- bydazinylc dﬂiydropahdamnyﬂ'he
het erocycl.ic ring can be, sel ected fro

tetrghydsInyridagny: ffeef@w lropyrifleRipaltoP YRR 3T aibafpyinadingl

| - -
tetr%kﬁhfcg{}%%(aggr%{ 3 ‘?1}65;&1{853 xagﬁéﬁl | ny?,ﬁ%ﬁl go};:(igirgzm?rl pyranyl-
dlhwﬁrbyﬁm&’lsdmmkiydpymnyboﬁamrmlﬂyiihydrcﬁlxlapmwlany|
tetr%lgzldg%tg*opyranygt cﬁ.}%}&%{lg Itpgigquy,l p_yhn?lhtnh ){r&%an 1#;}}y1-' pyrrolizidinyl;

inddI§RL &h?él%hﬂdoiyl— 1§Blﬁﬂ’cﬂ§10| 1§@6HH11%30 |1ﬁ[d0'hzld1nyl- quinolyl-;
i 5ot hi azoli dinyl -; pyrronI- dlhydropyrrol I-

dihydrequibolei-n gdtrahydrpgwaglmly isoquigpyl-g ﬂ]élpjghioampw

- tetr g gécg%llﬂoqgllnh%ﬂmohzt 1y aé](%} :hzl’dng}l ég&&b“ oL yl}ﬁ_]r;o'menyl-;

chrémhaQq |1§|‘,digﬂﬁﬂlcl'n,y1 +4 Ebbl&bﬁiaﬁill‘ dbeﬁzgﬁafmﬂ'?w?mmjf grblips; and
tetrazoliarn , adl ropyri,

tetrghysae fugngy .5 Ydlwes}lmrqﬁﬁwdmﬂew e hﬂ%@x‘é\l@ﬁ?léﬂw-

1m1g£2'ﬁ)ﬁ§ﬂ)%mlone &ﬂi&&%@ﬁ@&i& Bi¥kane, Biﬂefa‘%ﬁé‘ ¥ dithione (see Fig. 2).

ropyridazi ny
In compounds of general formula (I) and (III), the heterocyclic ring can befused with a

cyclic or aromatic ring having 3 to 7 carbon atoms such as:benzene; cyclopropyl;

cyclobutane; cyclopentane; and cyclohexane ring systems .

The alkoxy group can be a straight chain or branched alkoxy group having 2-12
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tetrahydropyri dazi nyl -; hexahydropyri dazi nyl -
pyri m di nyl -; di hydropyri madi nyl -;

wa edosabsas opyr i madi nyl -; hexahydropyri madi nyl - PCT/IB2005/001022
pyrazi nyl -; piperazinyl-; pyranyl-; dihydropyranyl -
tetrahydropyranyl -; thiopyranyl-; dihydrothiopyranyl -
20 tetrahydrothi opyranyl -; d| |anyI ; purinyl-;
pyrimdinyl-; pyrrolizinyl- yrroI|Z|d|nyI
i ndol yl -; di hydroi ndol yI -; |50|ndolyl ; |ndolizinyl-

o RSP 5 . I on S S B hgvons

ten-ﬁﬁyroapyﬁér@gawqiex&toxycuwpmbx;z,ldaysbryloxqu| nol i zi di nyl -
phenant ; chromanyl -

i nyl-; chronen
i s ddieradkenjoxy: groypchn @ﬁ@ﬁ{‘?lght ﬁi@ﬁ’z%ﬁrﬁ%ﬁwﬁlkenyloxy group

o SE50E7 SRRV, (AR, 5L AL SN, e
consﬁbt@é@ifﬁﬂﬁynﬂ@xy-g mpmb/gﬁgn @It-qﬂsrlopjfrgdor@f-; Igibd‘qmplloxyi-e fe;

i perazine; and dithione e Fi
butmﬂmsu éd@ﬁﬁgyl%mmen%wmm (Re}%&fwr Ed EGHWIQOXY- 4
pe QRIS ORISR Mty
hexyayldanzeheptyaylokpp th@ptynyloc;yc I3elaptyanyénxyeyeheptemiexye;, S-

heptand]gc I6g}r1exan jLﬁg Syﬁﬁgﬁ%h%&%gpigﬁ alkg%%nﬁrOﬂﬁ can
octyﬁﬁ%)?{yy\@ W&x@o5g-%c@@fok§2 QO&;&%%QI&@Z 1-Adn@Rdxgn 2at ons

met’hoxy; et hoxy; propyl oxy; isopropyl oxy;

nonyytl gzt o x3-nongoeryt; dxyonynylery- BeRoplyBYXXYH EritopyBHXy-; 7-

I
non e maR R LM, 2rmliBy £ arEsY ouP
decs3¥dx39; 2ddRmeRIxDQS-adyiBlox - g-dlcienytv X§-dgesayoxga9- be
sel ected fromthe group 5 consisting of ethxn yl oxy-

decy P roy TyPISEyY 105y B R OBRGIBIGRS: 31V WP’@S(y geoytiyloxy-; 5-

e oo T ey oRS S g andeemytony-
10-ubdbepaytoplyaxtydode@y gy Qﬂioylecyr@ldxaxxa%@ffbdmyﬁyloxy- 4-

dodeg:ygg yiﬁ?&ﬁynsﬂo%:)gg %9?0&¥ony 4gﬁgmﬁl¥§)ﬁvﬁ%&y &- d%iecynyloxy—

9- d&&@W&inXYO-dO@ecpﬁﬁBXﬁk’l 1qxd/(5ciec§|ﬂ§@&>¥§¥ RYduPp§Yand related branched
2-oct'ynyl oxy-; 3-octynyl oxy-; 0 “oct ynyl oxy-;

1sorr$rs)cP1§prﬁgrlabixythe aﬁéegylogm)glrws a stxalgbt ghaytl Qfxlyanched alkenyloxy
1-na - _nonynyl oxy-; 3-nonynyl - oxy-;

gbq?sﬁgﬂggé?gﬁ%bbnékwghynyloxy- 6- nonynyl oxy-; 7-
NOMYHYA1§¥dky; olgug @Ay By ke W@xylgtd&ﬁ,)éﬁyﬁ 8y phenoxy or naphtyloxy
2- decynyloxy- decyn | oxy-; 4- decynﬁloxg

grousp (e PRy 216 &&W%@ >%yme yirherayary frangiiylphenoxy; 2-

! - h
ally%hgg %/ny Xg)/he%ozég 12%%0 9114 %ﬁﬂ)@%‘[&% yﬁon)zet_hoxyép enoxy;
2- alll;ﬁoxypﬂem hephitylox ;- amlcthe hhgbl d%y-groub qand@cymllydxysubstltuted
w1th an al lcoyrna 11:6%)3(/%/01‘ all%oyyyn(gjr%cg lﬂg\l{l Xi t0 4 carbon atoms or halogens.

The aryl alkyloxy group can be benzyloxy or 2-phenylethyloxy.

The alkylamino group can be a straight chain or branched alkylamino group
having 2-12 carbon atoms such as: methylamino; ethylamino; propylamino;,
isopropylamino; butylamino; isobutylamino; tert-butylamino; pentylamino; hexylamino;

heptylamino; or octylamino.

The alkenyl amino group can be a straight chain or branched alkenylamino
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10- undecynyl oxy-; 1-dodecynyl oxy-; 2-dodecynyl oxy-;
3-dodecynyl oxy-; 4- dodecynyl oxy-; 5-dodecynyl oxy-;
we2esdesynyl oxy-; 7-dodecynyl oxy-; 8-dodecynyl PXY/IB2005/001022

9- dodecynyl oxy-; 10-dodecynyl oxy-; 11-dodecynyl oxy-
groups; and rel ated branched isonmers. Preferably, the

al kenyl oxy group is a straight _chain or branched

al kenyl oxy 20 groups with 2t 88 carbon atoms. The

aryl oxy group can be an aryl oxy group, such as a

enox n ht X ou hengx
aroof B BSet Bf eBET e FBHEH 65P oRLEA ers fome
grouﬁ'cbﬁéﬁs@ﬁ@'&x)éthy%yﬁﬁﬁbﬁﬂtﬁﬁﬁmlaﬁm@mppl@ axio-; 1-

4- chl or ophenox 4- met hoxyphenoxy;  2- Iy oxyphenox
butymdpmtnﬂ b @utmr mige-; |3rh4éyny1arn@0g,rlola@tieaf O1; 3 Yi;@ém no-

b t t
3B Dp B et o Py Ha S e ’%“XM‘?‘?”
hexy%&%l@f%&lﬁkﬁﬂﬁ@ﬂ&ﬁ&hﬁ%ﬁimw dxb/epqrnylam1go- 2-
enyl e oX e a ami ng gr an be a
hept@ﬁﬁ%’i“@?‘/?r %ﬁgﬁ’ ﬁn%lamm%n‘éﬁe%ryaﬂmlg}% gg@@?’@ﬂﬁmmr‘i’a’\ﬁ ng

hep %r bp B hPidkhi HCH %ny%%{lﬁ%l ch%maﬁhﬁaﬂ algcRRiylamino-;

ropy anﬁno sopropyl a at yl ani no
5- oct}slgalann;abam-cmbynylanmols);u"lt—Wtamlwmmop,ehnym)aryiammpo- 2 nonynylammo-

Lalnlno oct | am n 7
300 ﬁmlaw‘nao Pty e Sy iR D Re oS 7-

A Aainb00bd&ynyl - 3-d 1 -
o o

4- de&’mlmin@nyﬂ dmnmangn@ug @amﬁmm&ﬂw%&mww &

stln th n r 0-;
e e e
undegyDHinAMYd- amuﬂ@eoyni&aﬁﬁﬁ&) Y Bydnﬂﬁ’d:)ﬁ@'-lamﬁo-p SRindeyngidntioe-; ;7-

3- pent ynyl ar ni_no-; pent ynyl am no-; hex nylan1no-

undezypdsrpind- a&wéecynxlagnﬂ%x%wdﬁw@mma ngﬁ yRHiapgRe-; 1-
dod y%ﬂ Xyl amd!agecyn§7 f!ﬂﬁ RLY @yc{ﬂ%&rﬁﬂﬁrlarm%o- hrecR)tdléE%/f{ BEhiR0-: 5-

n fam no-; hept yrylam no-;
dod@ynﬁaﬁhlymy Bahsdamy-nylaﬁamc-t; yrdddauynydmmnﬁ— GedoﬁnWIB'ianmue— 9.

dod. %: OC% gﬂ) Elgziecyyy%e} %ylplgﬂ ﬂgode M?@gﬁ%”o d’'related

bran%hé@lqm%fsa "Prgf%rably %@&ﬁ&ﬁﬁ lan i Qﬂ)urﬁs £) S PO BB R branched
5-nonynyl ani no-: 6- nonynyl am no- 10 nonynyl am no-;

a&eﬁﬂmmnyngkmpwnd}Zﬂngd@bymyﬁmmﬂno- 2- decynylan1no-

Mb am no_rou[? Ca%gy%?@%lﬂlgo gr%up gg )%1% § ﬁéﬂy‘?&nmo or

naplr&yl‘dﬁ?ﬁ@ Al Blﬂmnaﬂly steayO Wit rniyl or alkenyl or alkoxy group
2-undecyny am no-: 3- undec nyl am no- ;
having { el & SRSt S © or I@lngg% C’yl%%/qlrg}ﬁnﬁ@o group can be selected from the

Lg) c%nsggt(ﬁx é* meﬁg[a;nné_,uﬁ eg@ n]ﬁég?fnﬁr%&, 3-methylphenylamino; 4-

metiydphengeaiying] 27ailpphenylamino; 2-chlorophenylamino; 3-chlorophenylamini; 4-
chlorophenylamino; 4-methoxyphenylamino; 2-allyloxyphenylamino; naphtylamino; and
the like.

The arylalkylamino group can be benzylamino or 2-phenylethylamino.

The alkylthio group can be an alkylthio group having 1 to 8 carbon atoms. The
alkylthio group can be selected from the group consisting of: methylthio; ethylthio;
propylthio; butylthio; isobutylthio; and pentylthio.

The alkenylthio group can be a straight chain or branched alkenylthio group
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15 dodecynyl ai ni no-; 2-dodecynyl am no-;
3-dodecynyl am no-; 4-dodecynyl am no-; 5-
walo@sayesys am no-; 6-dodecynyl am no-; 7-dodecynpCHIB20G5/(01022
8- dodecynyl am no-; 9- dodecynyl am no-;
10- dodecynyl am no-; and 11-dodecynyl am no- groups; and
related branched isoners. Preferably, the al kenyl
am no group is a straight chai’f or branched
alkenylan1no group with 2 to 8 carbon atonms. 20 The

i LK Pt s B e R EsRB S ot el 8 afbup

cons%slﬁlﬁg bift éth?&krlﬂ«hé h 14{1}0@@%100 rz-gfdp@ﬁylkm@r 1 de@INthey- OUp

having 1 to 4 car bon at ons, hal ogens. The ary | ami no

butygyldupr,&ahumylﬁép-edtmtwmph@-p@gﬁmmth&n%-mmmtw 4-
reo B TS Pl SRR e, byt -

haq%yambyjﬂhﬁmEMkenlno 2- chlorophenylanlno
3 chl orophenyl am ni; 4 25 chl or.ophenyl am no;
prﬂﬂgr;smgmam% be gn allqewl&sag SFRRA2XIDg; Inig: 8 carbon atoms

suchgagn %Hgngfﬁu%ﬁr n%ﬁ%tglt%?e%{)%;ﬁ SyhidH! ﬁf oﬁhl@ﬁ@?éﬁ@tu%d%& an

enzyl a eny et am no
alkyhbkalk ¢l or ghkoup goaup leyirgnl & 4<yérbhm @togrsoaxpl dlsovhalggens teog.:

oG ol B s RSP ARl o

allyl3ReR t@ﬁ’cy |Z—Eﬁl9ro H%}Mﬂﬁ@'ﬁ@hlbf@%ﬁéﬁﬂ&hﬂﬁ - clﬁ&%phenylthlo 4-

penty hi o. The al hi o can be a stralght

meﬂmarplmemrlthm @a@lbé@lxsa:hk@ﬂ;m@ ,macohtyﬂ i apbttedds/ 100578
| B20 22 19
a| é‘ﬁ %ﬁ%)glgﬁ'g’ﬁ oup ﬁa%gg glk%?%lgng ‘ggomrp?%()mgrlgtg% cattl atoms

sucm%eﬁizyﬂﬂlooErou@tdﬁ)aWbEdmly&thylﬁn@gﬁmpny| t hi o-;
2-propynylthio-; 1-butynylthio-; 2- bu%g thlo-
3- Bleydiprynasbonyl gyenp W}/b%trmtboxycztbﬁé %WY%#&MI or the

like 3" pentynyl thi o-; 4- pentynylthio-; 1-hexynylthio-;
2-hexynyl thio-; 3-hexynylthio-; 4-hexynylthio-; 5- 5
he tiheydubistitxted andnsiestitited. caFbamaylygroupican be:oaarbauwyl;b e

N e e L A
OptyiLRNAI ¥r & Sl dd é&tﬁ groth Wit N to @bk¥bn %n@lsh&nyd fétnyl;

al koxy group having 1 carbon atons; and al so
acety]apmg)ewsyl @lg:nzoylrgremﬂ Dhth@ like- net hyl phenyl t h| 0;

al @F%@ﬁyﬁﬁpﬁy 1%”@&1 %Ingoaﬂé'%elh&gﬁ h kyl heterocychc alkoxy,

alkeRyleRy %@M&@naﬂyﬁmcmoxy%lﬁﬁh@mp Iaﬂa&n%rmﬁmm aflamino,
nethoxyphenylthlo 2- aIIonxypheny t hi o; naphtylt

arylalisglarrao, allodthicsabkenyithios Riyithio. arvdalvighie koo onyq Stibstituted
G080 104 P, AR D308 2
substituted. Examples of substituents include: halogens (F; Cl; Br; I); hydroxyl groups;
mercapto groups; carboxylates; nitro groups; cyano groups; substituted or unsubstituted
amino groups (including amino, methylamino, dimethylamino, ethylamino, diethylamino,
and various protected amines such as tert-butoxycarbonyl- and arylsulfonamido groups);
alkoxy groups (having 1 to 8 carbon atoms such as methoxy, ethoxy, propyloxy,
isopropyloxy, butyloxy, isobutyloxy, tert-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
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The al koxycar bonyl group can be: nethoxycarbonyl;

et hoxycarbonyl; or the 15 like. The substituted or
wareshetsig ut ed car banoyl group can be: car banop¢T/1B2005/001022

nmet hyl car banoyl ; di met hyl car banoyl ; di et hyl car banoyl ;

or the Iike. The acyl group can be an acyl group with

1 to 8 carbon atons such as: E@rnyl; acetyl;

propi onyl ; or benzoyl groups; <Or the like. 20 The

al kyl , alkenyl, al kynyl , cycl oal kyl , aryl aryl aIkyI

SRS REN T SR v B SR B sl b i 1

4 cal%yll Aoy RH1aN0 hatd deMd, telth. phepbie rzyﬂnbﬂhyrphem)yl B-lihhdﬂhylphenoxy,
aryl al kyl t hi o, al Koxycar bonyl,” subst i tut ed

4-mefhyipbsndxyu t?@élykr&lﬁb@mQrchémapmhpPc}'g}dﬂ@r@ph@twwoﬁé@bmphenoxy,

—me%ﬁgilfpl}e Et Algf'f'%{}}gﬁexpc%gr éﬁ'@lb%}étaﬁ%ﬂw Wsaﬂgrloxy groups

(e.g- Ny eIy @ﬂ%ﬂ&ny?eﬂaﬂﬁiﬁﬁﬂk?lﬂgb QuPss (kavidokid fit@Bon atoms
nitro_groups; cyano groups; .substitute

suchypssmeYitria Shyiiss W@p}glﬂaaﬂ@tﬁ(lﬂﬁa 1&&%&%pﬁatyﬁhlo)
a1k09§%£§g@m s OL BBLBYL R QB %&ﬂbﬁ&%&&l AHaghdk S rituted

us profecte anlne

or uriserbktitoedocayteardyd |gydup (andcabyheyill fnetigilaithooyt, dirpsthylcarbamoyl,

oS 00, (NEK1 e 10,8 GR150N Shos SUl RSy

acet ISBRHJKYI{}@X& beh%&ﬁl g?éﬂp‘é %& otHé?snt yl oxy, hexyl oxy,
ept yl oxXy or oct yl oxy al kenyl groups (havin
2 tIhe@bowe-bentionasneyc l,aycbalhenyll, @5{& ary |alkyl. dyeferocyclic,

alkogy,pzﬁ%en | OX é}gﬁta{}i 3 gx%)ééﬁpcyv%r %Wl&%ﬁ%&@gnﬁsﬁggs%an also

be si¥fstithtB2 Q@@Jﬂ%ﬂ%&ps%vwgi Icfa 10adartum @drhs, tk@hdlyeroups with 2 to 10
substituted with an alg%d or alkenyl or _al koxy group

carbpya targs, o1 heloalkybgionphwithdrig; 1 0asriben afomn i adfitien foghe |
mﬂmﬁﬂﬁg@%%Fcﬁgggggxgphenoxy, 3- net hyl phenoxy,

noxy, 2-allyl phenoxy, 2-chl orophenoxy,
3- Citlearumyifee nDxubstitentsican bp bag oxyore thamend CRyHubstingnts can be

2 allgh yphenoxy, naphtyl oxy, and the |ike); aryl
&ﬁﬁp bups 5 (e.g., benzyl oxy and

2- ml‘}f%rry ﬁsselaﬁ B fudelonht %bﬁ}? gﬂ%fﬁﬁcﬁdﬂﬁl"%ﬁﬁp & RcBd from the
carbon ato such as net hi o, ethylt
groqprczqmryistlhg of: hblsDy psdvidohalp éubimwl,t wraﬂ@blyrﬁgh&tywteﬂ\ mc)rcapto variably

3 1 T MO T Iea——

amint]Skabigblylsubatiuted AT Wari 19 Yiibsi@uted ufiiod da@Hly substituted
net h | car banoyl , dlnethylcarbane%llé dlethylcarbannyl
hg

carbampyt. tead |vmz@,laly sasjituted BraganowiPsen i8nigray SR Azl Cyanato,
0 acetyl, propionyl, or benzoyl
1“”gaﬁﬂ q§1&9&' éﬂs The above nentloned cycl oal kyl ,
Cy Cltea. lgsouyl c,anatsyylb,e paeseht & kydtyrafed oe noyahtied pptlcaialklyxy :

sub Séltlktgg ?@rgp()ég}lﬁ, pf @ﬁ%%}igg?&é :’lilaxglpgg t8 )% cal%lorli a’ltotn!fsI (s)uchaar;d

cyclopentane; cyclohexane; cyclohexene; cyclohexadiene; cycloheptane; cyclooctane;
cyclononane; or cyclodecane.

As used herein, a "variably substituted" group is a group that is unsubstituted or is
substituted with one or more, in another embodiment one to five, in another embodiment
one, two or three, substituents.

“n” in general formulae (II) and (IV) can be 2-8, 1.e.,2, 3,4 5,6, 7 or 8.
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be substituted with al kyl groups having 1 to 10 carbon

atons, al kenyl groups with 2 to 10 carbon atons, or
whadosabisys groups with 1 to 10 carbon atons i NnPEHIBA0T0091022

to the 15 substituents specified above. The nunber of

substituents can be one or nore than one. The

substituents can be the sanme _or different. The R

group can be a functional grogg The functional group

is sel ected fromthe group conS|sting of . hal o,

ohal o, , h vari ubst ner_capt
D g st S TRt AL e RS e ! 9 BBl
hnke%ilblaﬁﬁﬂ dfékngidlo abildb aBYArd] 886 PR hdr @B st-tveakiafibhal modification. The
substituted am no, variably substituted am do,

invention adsl Seatires Y EMH odlypertidrs Wilheanasivyti e mbstitiiionsd
Con%g\éﬂaggxx#ﬂtlt@po%s\{%mﬁw Pflcﬁlldg %ﬁﬂ)slngﬁtfo%s Wl@ﬁx?ﬁ)%%llowmg groups:

glycin® @6y analkk; valind, mldmbﬁﬁyanﬁlteﬁcmé' f‘@pﬂtlg aodpand @iutah&mchﬂe
present as.a saturated or saturated optionall
aspaEAges SABIC KIS ap¢ fgegting JHope #%%@&eemﬁé%lﬂe%aﬁdo 12
J lch as cycl opent ane; cycl ohexane;
pheny Eh(?Iﬂsexengﬁocyclohexadlene cycl ohept ane;
c y the tmﬁa’hmlated'ypcblyp&mda @ poptidsy/frdgpimet,as @sedilsereigengfers to a

ri.abl S t h t
polypepiidh & APl BasBEnt Wnch gt ies pRaSuly osfutie Ryp@bart or
has Bé%n@ ph-del of gﬁﬁﬁéd"ﬁﬁfn Qaghdnents wifch heﬁfu@ﬂ?tab&ﬁnpany it, e. g -

i ment one, two or three, substituents. "
mlcrgemgemam adlutaricamppnents surll asIywpstcak cpfiular @mrjonents. iyplcally,

005/ 8 '
e e s o G2 ROShAORRE" T SR 0RAg i
dry weightyBs ey tl@%ﬂbteﬁﬁ; andiofie thatih@iyroairray orgadic ndﬂecules with
regardl ess of length or post-transl|ational
whiqhgistrae s ASSOTEEd. {Pioierbi FREAHABARLFRAyPRRiile (or peptide

frag%oﬂ tﬁgr% d9Shdd Qrtxt?&f'ﬁ & ¥l QOGA),SIH?%;HI%F&? least 90%, and most

servalve su Itutions typica
pref&‘dlglytat tealst 9975, by ddyi weighie tHeqidlypﬁpnge G dhepseptife dlagmientehereof),
and al api_ne; valln i spl euci and | euci ne; asparti.c
respaRi VAl At VOB AP, o7 SR Sg HEDaraieR S Reepiss 1 iget

leas A;,trﬂ&%%}bfé?ablif ¥SleR8 00bY, Shil gddﬂ?%n%féi‘a‘tﬁy ai l’éhsﬂ ‘99%5‘ B§ dry weight,
P eny al ani ne anhd terS|ne erin i sol at ed

POI}’POﬂ’W@Pt Sd@e@rqumptld@t}fat gsgqhemcalla@ymbgsjzehiels,éjynts nature,

e t tide, fra n .

oo s s BT B Bl R LSRR i
nigofagtg "been separ at ed or puri fi ed from conmponent s whi ch
natural | y acconpany m croor gani sm cel | ul ar

corposelates paliarepide Wé@?tlé%ﬁﬁg@éw of the TgsHen ean e obtained,

for exm H/y extraction from a natural source (e.g., from yeast cells); expression of a

recombinant nucleic acid encoding the polypeptide; or chemical synthesis. A polypeptide
that is produced in a cellular system different from the source from which it naturally
originates is "isolated," because it will necessarily be free of components which naturally
accompany it. The degree of isolation or purity can be measured by any appropriate
method, e.g., column chromatography, polyacrylamide gel electrophoresis, or HPLC
analysis.

An "isolated DNA" is either (1) a DNA that contains sequence not identical to
that of any naturally occurring sequence, or (2), in the context of a DNA with a naturally-
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t he pol ypeptide or peptide fragnent is considered
"isolated" when it is at least 70% by dry weight,

wo e@8/1605a8n t he proteins and ot her natural | y- ocECF/IB20¢5/001022
organic nolecules with which it is naturally
associ ated. Preferably, a preparation of a pol ypeptide
(or peptide 15 fragnent thereg%) of the invention is
at | east 80% nore preferably~<at |east 90% and nost
preferably at |east 99% by dry weight, the

ol ypeptid or pepti de. f t.her eof ),
oceuiGrgiBatiE e s BF oA RN B A egpone of the
geneP AP ALAL theBeé cORBIREPIhE MNZ of $ntafest ih €las FenBaf oMy @ ganism
preferably at |east 90% and nost preferably at |east

in wigighghergenel pentaigiingthe DNAIof é}étsxqs@@atgr_allgpﬁ@gs.a he term therefore

. I ti i j ' ' LS
B
plasrARt dtrvaduk yor &GOAHP @Byorhic, DN A feyprvkayote opeliymeqti The tesm also

."isolated.” An isolated polypepti r._pepti
includeng HpdEae BPLITHE FuFh Rt AN bl &ﬁilﬁgﬁ ',%, ? b2, 13,1415,
16, 18X B Swh ¥ 'thfF&;résf)thﬂﬁ %Eﬁ’&hﬁ RE Waft haSOH6Rs it Berefore can
ftomyeast cells); ?

expression of a reconbi nant _
haversudifferent seqieh cena @ehomgict fegnpailt jipe frickel et least oohefibe dlanking

seneios ARl PR HF FRSER DIV A ary et DB DU 5 A ggpton

(PCR) arfdah a1 adih ¥t 16351 GBS flhsking 8 ed! £fbstricBs ®agMeht that lacks at
wi Il necessarily be free of conponents which naturally

leastape ofiffrflanking gtves;celgNeecnsbdingd ran-rivisHy paeurtips prpfeipsuch

asured. b ny appropri . et . ‘b
o o TR R HoR0 FEBOARSY PLR a0 oo pu Bl T iy o
degeiiBlafe vaaiadd ofsl SON3CorAmatinally abedribbliftcleR 2ld. Haradfitipnait
~ _DNA that contains sequence not identjcal to that of
inclugley a repombinanty nBeleplidq seguancq s depathpt ¢ gybnq $FIEhies-, @ gene

I

that dichglesne potioDsE)SE@ IDNO4: r16el SofIt aitill be apparenidrond thetferegoing that
. enes that flank t ene containj ng, t of

isolafa N sdom Aot FEAB &TA GFOE RGBT Ih B oG of piger DNA
mol ENE vARM, %Jéﬁangl@,ecrﬁmld%f chthRIORNI m&&&%%&m&mm&

The term'therefore includes a reconbinant
restriation digestatin dor mxampley@astiction digestusactipnonitia S ¢

eplicating.5 plasmd or virus, or into the genomc
elec%?\&‘%%;“cagegg{ﬁ?aryote or eukaryote. The term also

i NQls4FEShateif e paARaicEondllfReHeat "safahY BMH polypbjfideds @ fragment of
SEQ ID NOs: 10, 11, 12, 13, 14, 15, 16, 17, or 18?%0
the pofeneptidnthatis shexpoihan fis fylriensth PolReptds andiias PhiepHre% (e-g-
drdcher Rf. g, Cam, . gt dbdd, 6Nt oSRABSNC EH0o
o160 S0 80, U2 DL AL AL RIGR ormorsof i
ability ekt figl-leggttepoly peptidagoremintiofel ediNalyoiry dyelyeed BIHINGS interest.

e S ) UL 3SE, St Keactl on 10, (PO and .
digebed fabBbiOMdl feSQARHY thbib abilkPfhattioselectively hydrolyse a MEO.

As used herein, "operably linked" means incorporated into a genetic construct so
that an expression control sequence effectively controls expression of a coding sequence
of interest.

Unless otherwise defined, all technical and scientific terms used herein have the

same meaning as commonly understood by one of ordinary skill in the art to which this
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| east one of the flanking genes; a DNA encoding a
non-naturally occurring protein such as a fusion
w@e@sa0es78 mut ei n, or fragment of a given prot ePCT/IE2C5/@1022
nucleic acid which is a degenerate variant of a cDNA
or a naturally occurring nucleic acid. In addition, it
i ncl udes a reconbi nant nucleogéde sequence that is
part of a hybrid gene, i.e., gene 15 encoding a
non- naturally occurring fusion protein. A so included

reco i nant ncI de

inveltiyrpsk B0 1 GR8br e, B iy ATy MRE Rk B B v
contioll aPreférﬁdd' aétBEdsDINA nitees alg ate d@aribeal BINw palgmeph nettidg and

hundreds to mllions of other DNA nol ecules wthin,
matetighs sERUFRSI €UIYBIAL 16 thepednsriabadiersin 5am be ssediin theprastice or

0

testnE%@{thE gf F%I%Q%\?eglggl? %Q%Lﬁalhgﬁm%{sk %ur%)g gp 1?1%10%(8)’ patents and other
referehcfb@ &xﬁdhnbmcb}tdrangfd 1nsd:i1mmted\]3y uﬁ'enénhsemethmr eatirety. The

"functiona fragnent a .y NH tide i
mategialy gFPéﬁ{Og%fan EREPIST § ﬁs{ﬂsfs%er@ S nEREREI Gy end potiptended
tobeflllﬁl*tl HeeNgth pol ypeptide and has at |east 20% (e.g.,
st: 30% 40% 50% 60% 70% 80% 90% 95% 98%
99@thet G@8trepandmiveltagdss ofibe imbsntipn,ye.of vichel di@Is substaigftahly

tide to enantios ctively hydrol
envidhg S B esep i nEiTe o0 Of PR Sl A O RE e Gyeripton
ﬁonﬁﬂhéhﬁiw1ﬁ§50&ﬂm&amaclaﬁm hetic, or proteolytic
di gestive nmethods and tested for their ability to
enantl osel ectively hydrolyse a MEO. As used herein,

"operably IlnkemgmprmmpmwN@o a genetic
construct so that an expression control %ence

ef Fig tlily @ Agpictoon ofdhs clestpicaksiiustires ofaﬁ)@ﬁmlam Bguepresented by

3 Unl t herwi.se defined, all
genelr%éjﬂ ‘g%ﬁ)atg?a %%P%eﬁastsﬁr ghfilélgﬁ%uoused herei n have the
SaFE. TBAR 188 cidsh CRANEEHicdNERICRireos dx¢npiay MEOrehrognyed by
skill in the art to which this WO 2005/ 100578
genepgfrmmia (5/Ibaral) the havedstrenope i tesyeliq ring ardargpseful for
theﬁ%}{t hct the present docunment, including definitions,
control . Preferred nethods and materials are
deFig. Bled stiehoic rgiréden tgionndtdegdsmetridatiorao fivedsemplary MEO
sim | ar or equi val ent to tho e descrl b@dﬁherel n can. be

(cis-g e GPoryPEifRCHYSIoPFTeae Gride, S¥¢ PPF‘dl Gre PR FHaPepysucemic acid
and B12Y% ky@& J/akéﬁ;%pby 650188 By ddRiseMo RPRbIrEPohORS R, R-diols.

pat ts an ther’ 5 references mentioned héerein are
i n€ég. gds atr@thd@yonHMpeqfethc @ YiLHmAPINARLS I expressipe vector. The

o B B LB RO e PR SRR PR A e

avaifablfor fiRAhdeiRsh dddnd vt ages afintilisteinvention, e.g.
vicinal diols substantiall enriched for one optic I

enditg- iSdfre restrgtion thap Gppap&hHI sty GIARA1 Parpesspiqy vector. The
posﬂgf?s (;f’ e TE? 'promoter and LIP2 terminator and of unique restriction sites

available for the insertion of coding sequences are indicated.

Figs. 6-8 (Samples 146-148) are line graphs showing the desymmetrisation of cis-
2,3- epoxybutane by the indicated wild-type yeast strains. The left y-axis (and lines with
shaded circle and triangle data points) in each graph show the changes in concentrations
of the optically active vicinal diol products at the time points indicated on the x-axis and

the right y-axis (and lines with shaded diamond-shaped data points) in each graph show
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10 fromthe draw ngs and fromthe clainms. DESCRI PTI ON

OF DRAWNGS Fig. 1 is a depiction of the chem cal
wa@eosaoasres of exenplary MEO represented by gRCBTE005/001022

formula (11) that are useful for the invention. Fig. 2

Is a depiction of the chem cal structures of exenplary

MEO represented by 15 general forrmula (VI) and (Vi)

that have heteroatons in the gffcllc ring and are

useful for the invention. Fig. 3 is a schematic

rresentation of desyinni et satlon f five [

the 1or{1%1?csex§e%ses QS%&QE& g[ﬁgne(i 98’['1% éz)ggﬁge X%r{% it nptlh% t¥he
poingyBRPRALE MR A¥ki8! drheomecawgwaauaﬁgm@ ifditated af tbrackets beside

3, 4- epoxyt etrahydrof uran) by epoxide hydrol ases to the
the stepir easprsrial pal fgure. dibsipsTCeptrgribiocatply s leadingsiefors fq pRercentage

f t h H T.
wet (RBP4l RPN e PR BT Bl b nont CBBg i e
aquédlus tﬂﬂabtﬁbiﬁoﬂ tRStdatidr @Brixl Tasll thywei 1hﬁbrhc€e:s flor vdlineof the percentage
insertion of caqding sequences are_ indjcated. Fl\g%%r}tg

wet &’er@éPf‘Ple?&}t%lﬁStﬁﬁﬁPIB‘f’leﬁ‘éﬁlﬁ‘ﬁY?szld(fBP §P§fhee‘3&b1|‘
wei %’l‘gr%tf Bfog%tlgr r;lgfegdfut)dapﬂygst gadtlﬁgsarje ERqiP4ieah %rsuﬂﬂé} thdtfién in all the

unique restriction sites
biotemafolmaiticn feartiomhprofitesgraph soshowin moﬁherfgusaqi@e«:m beetaew.

ndi. I 1 I hs
ShOUFnY 1OHSEEES A S At PoRars srev g te denyBudtieag of

cis- @3 &ﬂbﬁyﬁﬁ%&@l félsﬁ’ﬁdsﬁjstia‘{rp@ A8 BImad ﬁvﬁh%cto-ﬁ"@;ﬂr@fsing YEMH
y-axis (and I'imes with shaded circle and triangle

polypap’aiep off mlgc)ted wilddye marﬂﬁramWThe]@f@Taﬁg dand 1|1~pes W1th shaded

oo LB B R R 4080 G il lins
of i Wlesd0/iting dibIghE o}ﬁtlaailysacél&e ehdmeﬂ Qﬁol\lprb&u&hﬁdﬁdtune pomts

di anond- shaped data points) in_each ph show
indipgiedpn thes7aciray thapig! gsvwd@zd ipes il Skiiig %@2&0 -thaped data
poing%ﬁglﬁ %%@S%rééhcﬁe#e RE hiiohfd, cOREL ek l)36f "ﬂ&t fo¥Red bﬁﬁﬁa"f‘l&

pornts 1 ndicated on’the x-axis
actitd oicabbdiybit th@mﬁblpgmtm&damﬂ aahed-dxis. br acket s besi de

t he_strain nanmes ure er centage

o it 4By Oroaar o Shere 196 sgingd  Raliedie dadfyerigion of
cyc e&@%hd@ 8l 1iBe Ricard G- Y}fﬂe%ﬁst"éﬁﬁm\é’e ’I%etlefpif -axis (and lines

ysed/ broken yeast cells i'n the aqueous fraction of

with ﬁmdcctemeo pirctetanidtrianghe datia ptoirés)enuea@t gnapk shawthachiapges in

t he percent at al
congenReSR R 6t 1 Rttt W s cau SR iR diind Ziedproducs o
the 8% poled ﬁl’:iicaféﬁ oRithe Ak weH thd: ﬂghtby @ﬁl@(ﬁid}d&ies haetihaged
are indicated in_a simlar fashion in_all the

diarpprst-shaned datarneingm in eagheranh ot heenghtigmaricrisarres f'ephet the
formecggth%gl e}(ﬂ S&Q,re Iﬁ}g&g 1%%1 %Whtehﬁrgé gm%’fs]l%d{cMnQﬁe 143:5152)

ovmn symret rirsation of
Figs. 16- 20 (Samples 156- 160) are line graphs showing the desymmetrisation of

cyclohexene oxide by yeast host strains transformed with vectors expressing YEMH
polypeptides of selected wild-type yeast strains. The left y-axis (and lines with shaded
square, circle, and triangle data points) in each graph show the changes in concentrations
of the cyclohexene oxide and the optically active vicinal diol products at the time points
indicated on the x-axis and the right y-axis (and lines with shaded diamond-shaped data
points) in each graph show the enantiomeric excesses ("ee") of the formed optically

active vicinal diol at the time points indicated on the x-axis.
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10 ci s-2, 3- epoxybutane by yeast host strains

transfornmed with vectors expressing YEMH pol ypeptides
wo@Roosabmset ed wi | d-type yeast strains. The | ef t PgFEB065/001022

(and I'ines with shaded circle, square, and triangle

data points) in each graph show the changes in

concentrations of the neso-véginal diol and optically

active vicinal diol products the tine points

i ndicated on the x-axis and the right y-axis (and

l'ipes w hade [ nd-,shaped, dat a .15.,00i nt ' .
bR g ph SO 190 EPRAS Bitcrreer e e e e e bation of

cycldteRede0bNBshPvhbledFigs 21aal DYpand Bisedbrakiea! (Fags. RDand RBPEyeast
poi nts indicated on the x-axis. lfflti%ér'e 13-15 (Sanpl es

host ¢ejB-timsformed withiecrapwsessiiewhrng Be¥MHR Pplysptidss of
oy SAURIENER, S Il Pk e M hdhlyppacae
and tgigbgle @atagioitb)ein eastdgraph singy theddtaag@oinrdoageritntionacdf the

raph sh the changes i.n 20, concentrations of the.
cyclfg'yégw h#P g8t a@%&@ }S‘ﬁ’tf_iag Qﬁﬁyr | f52 5 s gpints
indicdtedl orPhQ g%&%imﬂtthe ﬁ?ﬁ )}f-é}ﬁ? gaﬁ? M3 WinfiatediagdniR8aped data

X-axl's an erig axi and |1 nes wth shaded

pointd) anexct -gedphprhdwdbe engotipmies) ex ceseesc(ied) aptheshoned ppgically
.enantioperi¢ excesses .(h.ee") of the .fornmed optically
activg ¢l ‘{;Tﬁc?itﬁmmﬂ‘?B 1n§t1£‘i.hﬁ%te% PRELSEEKSs i ndi cat ed on
t heigs- 5B § (SEhyslSs 1655120 af S LRPhd SrwhiB O theAdRyhint¥risation of

gr aphs showi ng the desymmetrisation of 25 cycl ohexene
cyclepenttmeloyidedasieasidost stamgitrassiormed Moinerstar exprpesitoY EMH

expresskn ol t S i 6=
pos BB SRSl B BRI 58 o RELSY  Hi ME spcs
squabd) URtIR, arfd thighgle dafachointé)dnghch gabh spewnhsghangeemaioncentrations
graph show the changes . in concentrati oqs f the | )
of the prelonentenreoxads @ thp apticedy gpve Xiqinal dial ppedugtsat f time points
. 1. di ol . t i L i ndi . b
indi et onPH GRSt B s Bl e b i aped data
pointh) anext-gsdpdpdhdwdhe en@fiopeiinesesses @ael of tieplormsbboptidally
.enantiojneric excesses ("ee%) of the.formed optically
activgspgipal ‘{}‘P £ th trge BPmEﬁm{hﬁ%teil Pﬁéﬁf)&al’ﬂss i ndi cated on
t he; o6 8| isaARnfo G-
2 T R s e
epoxyessomie beid slioidom eflt by peashlexssstramdiransiapedivotiea (veptgs

21.a d |.ysed/broken, (FHgs. 22 and.? .
exprfsile SERT POVRRRIES Retar o VAP Saeproutr ey o
(anddirel i@NhadddMdupe! Miepiahgle datef pois) Brdael ewiphdhbyile changes in

yeast strains. The left y-axis (and lines with shade

. aded
concsgraians of ifrconsically agityetviqins grel Rragectpat e Sime rpiefa nficated on
, . r . .
e P BRE IR RS SLAUREL SEBERI AR bk g i
eachdiraph shoedtheteamiontidiie dxcemeqOeat)f tharfbirmad edticailytdetve vicinal
Xx-axis and the_ ri axis (and lines with shaded

. rignt y-
diol gf @ﬁé%e%‘ﬂléﬁﬁé%dlﬁeé? on é&ixﬁ%’%ﬁ' in each graph show the
engidd 9ERSdnTpleX PRY $E81ike S8ph sRbwi3ahE QERE OBkt d03,4-

epoxytetrahydrofuran by a yeast host strain transformed with a vector expressing YEMH
polypeptides of a selected wild-type yeast strains. The left y-axis (and lines with shaded
square, circle, and triangle data points) in each. graph show the changes in concentrations
of the cyclopentene oxide and the optically active vicinal diol products at the time points

indicated on the x-axis and the right y-axis (and lines with shaded diamond-shaped data
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active vicinal diol at the tinme points indicated on

the x-axis. 10 Figs. 25-31 (Sanples 165-171) are line
w@e@pheosshow ng the desymmetri sation of cycl OpenBE065/001022

oxi de by yeast host strains transformed with vectors

expressing YEMH pol ypepti des of selected wild-type

yeast strains. The left y-axi %and lines with shaded

square, circle, and triangle a points) in each

graph show the changes in concentrations of the

.cycl opent en ide and.the.optical Ly active Vi ci .
voif¥ G Bitbaer stay Ui @R reRSORpER SRt il Mligeny
acti¥e dpeirnl 81¥l at e tikdOptinty irtkdased @@e ki-Es. Wi t h shaded

di anond- shaped data points) in each gba h show t he

enbigt Bbires (evidioned deaaniing acil seguane (B epbicta YFMH
polfiptidé gﬁéc%o?{e@@&@{l\f)ﬁggaiv g%&é ROk Rl i £:88 Bin

I's a I'tne graph
(assidiRdiasdgeskioa ndeNyIv@Btg13at i on of cis- epoxysuccinic

TR b i e R et
pol%;gehgﬁ% gotel g?tﬁ A ag@:‘ﬁ%ﬁ =3 8RN do SR idish lttmytécﬁﬁéssstrain

I'nes w ed square, and'triangle data
(asspmiedtiddntifivatacho.gi@pS Ysbbid)t he changes in

[ rations. of ticall ti i Cl '
o Bifodo & 5 SHiten o518 HePRec st Bl (G T MBS pvm
polftiiBendddel by YDA Bel@ddidrh BEF10Mb idhuBNAEREL ige strain (assigned

I anond- shaped data points) in each graph show the
acceRsamt i MFY € 3¢fesses ("ee") of the fornmed optically

; Ceinal 28 di ) : . OM
RSS2 CHaRHE R GO plf Ul i NP PG el
polSHpiide enédied Be YN Hedi wedtft@n a@ryBiooccus curvatus strain (assigned

epoxyt etrahédrofuran by a yeast host strain
accessERsHL AYRRICWILAR)-a vect or expressing YEVH

N e e
polgpaptide enevidd by icNA derdivetddrqoiae)osporédinn pglefiersmosirain

t.he changes in ntrations. 30 of the cycl opentene
(asHgNJACFRIIATO- Bﬂégﬂﬁ) active vicinal diol products

at FI%?@%& MBeRQicH SF thé AtinealcRtkegRed R SEQRD NPt M EMH
right y-axis (and lines wth shaded di anond-shaped
polspdrdi den QB8 by GOTNSA BerivedBRon 3 ot ulpBugbiditesy strgin

eac raph sho nti oneric excesses ("ee") of
(asilﬁ%e%f%ﬁFngono%’rﬁ:d&F%?@Ctive vicinal diol at the tine
POFMY, 20ii§g desitesh GMthé BRine-axd Sequéd . (SB I3 ND:Uppi € VEMEL

of the amino acid _sequence (SEQ ID NO 1) of a YEMH,
polppenfide snrarted drcbed deyvedorem adar xauiar inshtiga strain (assigned
0 hGH t hdes strain 5 (assigned
acc%c%séﬁﬁégg%%%%%gﬁ?ﬁf Fig. 35 is a depiction of
t h&ig il ioa depicticeofithe aminoSkeld deQued@eASECY IANYER)bf a YEMH

pol%g%%g %%%gc%pmccgﬁ}?g|dg¥ﬁeé%|§fl%Sé%{)\ézre"gm;ge%r};a%senii_strain (assigned
accession no. NCYC 3167).

Fig. 42 is a depiction of the amino acid sequence (SEQ ID NO:9) of a YEMH
polypeptide encoded by cDNA derived from a Filobasidium neoformans var neoformans
strain (assigned GenBank accession no. XM_568708 (#777)).

Fig. 43 is a depiction of the nucleotide sequence (SEQ ID NO:10) of a YEMH
polypeptide-encoding cDNA derived from a Rhodosporidium toruloides strain (assigned
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(assigned identification no. UOFS Y-0471). Fig. 36 is
a depiction of the amno acid sequence (SEQ | D NO 3)
wo@Rooa/1xBErH 10 pol ypepti de encoded by cDNA der i R€OIB20¢1001022

a Rhodotorul a araucariae strain (assigned accession

no. NCYC 3183). Fig. 37 is a depiction of the am no

acid sequence (SEQ ID NG 4) of_a YEWMH pol ypeptide
encoded by cDNA derived from Z’a ypt ococcus curvat us
strain (assigned accession no. NCYC 3158). 15 Fig. 38

i S f the am no acid sequence (SEQ ID
acceﬁﬁ”@}mgﬁbgd\r%mg pol ypepti de encoded by cDNA deri ved
f reep £ RAQRpRBOH beiHeMupRbEH GQ0Lice (SEQAIIMNC: 2BDSdfMEEMH

accessi on no. NCYC 31 79% 39 is_a depiction of
pol;phpn@ﬂ:rrp@dmg. PNA geB Qrgg@%qo@omi ‘wjurgftomloiggaptrain (assigned

by a cDNA derived froma
ldenﬁﬁg%@ ol uI a’i nucf?ﬂ&l nosa strain 20 (assigned

aﬁagw B d’eplcélblﬁ}hfﬂtﬁélﬁlel)eotnﬂ% Squéitei(SEQ HzpiGi2)of 0¥ EMH
the am no aci d_sequence (SEQ ID NO 7) of a YEWVH
pol3jpePYirepriodmesi SeriKsa Eoma RivdoipsWara sHe i aeittadhfagsigned

acCé(gégfghggg\]) ([s:gfgeg)n (aSSI gned accession no. NCYC 3229-2

41 is a depiction of the amino acid
setjgetes a(@ﬁi@tlbﬁ) oRiGiedjuctebtide ¥ghehceZSEQDILY b@ﬂ 3)ef a YEMH

poly]??ggigcgei1 plilcogﬂggil}lﬁ I%gégeﬁﬁggﬁo e g%r%%%ﬁéy cm%s §’T%ui'1) (assigned

accé:b16nn62NC31’@3 iction of the am no acid sequence (SEQ
NO. of a YEMH pol pepti de encoded

DNA
d eﬁlgv@msfarctnmcalomof disasictotide maﬁmerfﬁﬁéz U&%\@i’éﬂ;} ofrd WEMH

poly(pggﬁ?éfj szrgc %&g%qggA%ﬂgg@ o%gcﬁls Sa’o? o;z uit 1%%%‘%12%1% strai
(assFBEH aBERsiOPER WO 17D9) of a YEM—|
pol y %gtl de- encodi ng cDNA derived from
RHG&0

Brd ¢RpiAtion g fshﬂ r&mkr@@d%ﬁqq&me((égg Hﬂ P of a YEMH
pol}%%gﬁééggégﬁiﬁlﬁk%%ggéd ﬂgﬂloazghoa%%rﬁﬁzclﬁﬁzgﬁé@ﬁosggtraﬁr(ggélgned

a depiction e nucl éot |
acce3eiQuencBICYIEQLIM. NGO 11) of a YEMH

b0t drpipnos i prresde peagenee GEL Baip:16) of a YEMIH
poljéﬂgﬁ&é Eh&%ﬁﬂooébﬁg de%@frgfnoﬂy dryowk Iip )tzélz%tﬂaﬁl '\%SSI

Iction of the nucleotide sequence
accepsivEMd. NEOI§ B2R-2 ¢Relbrfobdi ng cDNA der i ved from a

Rh191%°§6’ {sue{ ep?crtlacl)lfllco cdlleaneuc eoraae seq%%r?c% (%%61 ID NO:17) of a YEMH

polypeptide-encoding cDNA derived from a Debaromyces hansenii strain (assigned
accession no. NCYC 3167).

Fig. 51 is a depiction of the nucleotide sequence (SEQ ID NO:18) of a YEMH
polypeptide-encoding cDNA derived from a Filobasidium neoformans var neoformans
strain (assigned GenBank accession no. XM_568708 (#777)).

Fig. 52 is a table showing the homology at the amino acid level of the YESH
polypeptides with SEQ ID NOs: 1-9.
Fig. 53 is a table showing the homology at the nucleotide level of YEMH-
encoding cDNA molecules with SEQ ID NOs: 10-18.
Fig. 54 is a depiction of the amino acid sequences of eight enantioselective epoxide

hydrolases aligned for maximum homology. Also shown are consensus amino acids.
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accession no. NCYC 3183). Fig. 46 is a depiction of

the nucl eoti de sequence (SEQ ID NO 13) of a YEMH
wp@oiogpesrs de- encodi ng by cDNA derived from a. PCT/IB2005/001022

Ci yptococcus curvatus strain (assigned 10 accession

no. NCYC 3158). Fig. 47 is a depiction of the

nucl eoti de sequence (SEQ ID 14) of a YEMH

pol ypept i de-encodi ng cDNA deri“Ved from a

Rhodospori di urn pal udi genurn strain (assigned

The fRESRE P RsiR DG, B Shisa 759 Rl S B P
corrdRBbnARE FEQEDEN 08I 17y 3CANA6IRrdnded ThHeawhsnRsadnilgticbiad is

rnuci | agi nosa strain (assigned accessiqgn_no. NCYC
comppedpf 2 Pugleonbily, an aeideaapr arhase the PeREONs 9é Wé‘&% g ndicated by N,

: Qcc - 1
s SRUSIEC LSOO il YR o peonvanion ot
enzyhiepol' N <R s¢pradents(ths gsérgie dnotfdomskinanp-hpdroNS¥Colg22ay2es.
Pol h-2)). 20 Fig..5h0 | depi ctiopn_of _the nucl eotide
(P =§g@9@5§%)13(3 pggqusl%o%/e;& 51 o’[n 50-175%; L= gag).
pol ypept i de-encodi ng cDNA derived from a Debaronyces
hansenii strain (assigned accession no. NCYC 3167).

::i g. 511i s a depi @F lntl?FéSﬁBéFEB?ng sequence (SEQ
d(%ué %%pegtfs o"i"t_lﬁ-:xmntﬁg &@@&Eﬁ?@d sdiGwdi ng cDNA :

om a obasi di um neof or mans var neof or mans

25 strain (assigned GenBank accession no. XM 568708

N #777)) . i:i 52 is a table show ng the honol ogy at
e ; %d | evel of the YESH polypeptides with

SE@h¢ PENBE ndcl8c abiddnoledilésoBhé aRleftiGN@WHREDNIA, genomic DNA,

honol ogy at the nucleotide |evel of YEMH encoding
synthdbDNDL o RNeA, anidtdan SEdorplerasnderor sgiglasranigd (54, ¢ithes a

depiction of the aplino acjg,se f . gl . e
sensE REM PCRTRT TR peRrae OhyBTOHREES: b sRdBhsered within the
scop@ R tHEURR-BAGH, @8Y carf'b&prodbesdbygf&@ ampRNtitpobmheaase chain

aci ds. WO 2005/ 100578 PCT/ |1 B2005/ 001022 28 The
reactieny(PER0eer gensedtediby reatpept withgne epmorrestrgdon cndopuclegses. A
. .46- =omnN N TPy
58 S SRR T 8 g s
the raigostd mbleaulavieiceodphollypeptiles dui,degandless dfdsezth dre soluble
positions of which are indicated by N, A and B,
undgr agppalsigloge gl erpditiodr esent s the region of the

OX ¥haRheki i nffledull oF 1RV ERFon caf %B?ft%ﬁfhaﬁﬁ@l&l?%@éﬁrﬁng

the genetic notif found in a/(3-hydrol ase fol
sequenesgyesequences 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
polypeptides with SEQ ID NOS:1 - 9). In addition, these nucleic acid molecules are not
limited to codirag sequences, e.g., they can include some or all of the non-coding
sequences that lie upstream or downstream from a coding sequence.

The nucleic acid molecules of the invention can be synthesized (for example, by
phosphoramidite-based synthesis) or obtained from a biological cell, such as the cell of a
eukaryote (e.g., a mammal such as human or a mouse or a yeast such as any of the
genera, species , and strains of yeast disclosed herein) or a prokarote (e.g., a bacterium

such as Escherzchia coli). The nucleic acids can be those of a yeast such as any of the
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. e. g.
relevag %[I%MHaSﬁ}le@F PECEIN, [5ERREFACLY s FeEFesn

(P = honology; P =identity of 75-100% P = identity
of 50-75% . = gap). DETAILED DESCRI PTI ON Vari ous
wagpeanos7of the invention are described bel ow. PC1B2005/001022
Nucl ei ¢ Acid Ml ecul es The YEMH nucl eic acid nol ecul es
of the invention can be cDNA, genom c DNA, synthetic
DNA, or RNA, and can be doubl 3—stranded or
single-stranded (i.e., either 4 sense or an anti
sense strand). Segnents of these nDIecuIes are al so
consi dered 0 of .th |on
EeNCTYy sﬁ?%&ﬁ@ggm%?ns P gyea&%lﬁ%?é)e% Bepein- p Pyrrlérl raase m%g%f%?&ls of
the naRB&Hide witheRhes typ&tEmatiett d&ydsta!i'@ﬂtsclif&[tioni{ﬂa§§bd0ne or
nore restriction endonucleases ribonucl eic acid

( Riapdditipache isotaded meclqie agid @é&e%@esm thy ipyention encompass
segmid A0 bx%tdo‘t?@o B %%8@@&' e natht}fs SRlS 'ﬁhg tﬁegiﬁgt EH&? CitloBibasses

encode polypept regar ess 0 are
recormMitdit @ucleiedeid m@fe@’ﬁﬂes [lhy sianipde)iisdbted oneléit moitbmolkaeles

nucl ei ¢ aci d .nol ecul f the nventlon can cont ai
encoplgg sl iseUdeYaingE 02D Neke o) HCOTRGFAEd iR A YESTOF g exampe,

a plagtﬁlﬁ ok vfrﬁp&ec{d?zjéxgl]p{d"ﬁk oBESHE of2hiERldg¥us pél'lt (orQH@ gérR)me ofa

degener ac e genetic code, encode the Sane
homphbdgope peli,de a pbsitiorwthepthen thematakl ¢tremo milé}l pegationss

wth S D 1 - [.n ad iti.on ese cl.e
RecdisbeRpMALSTF AS0 oIS snri iR BErers AT i Bl

€. OFechhilB¥ £86ci4tBE kWithQlctR B 6f reghilatif of fdef@Ffe WOl kAGwn to

sequences that |ie upstreamor downstreamfrom a

skilledd drtirgns edjudriechnies Phebpuwsefos exanplefoltest fiteexraessioneot 2
YE oger}%gr?gtgs B?lgf%g g&%ﬂ dr rft%g ©exanpl e, by

eS|s or obtained froma

bi Q’QiMEﬂ fambilylgens Uﬂﬁk’oﬁn tdiebecidbtifidd basedoatkias ymtitarity to the
a mamal such as hunman_or a n?use or a

ke Gerafisgicgroan be
base% ecﬁf’éeqﬂér%‘c%lﬂéﬁﬁy.g?ﬁ %nt%n aﬁf&%?&l?&@n &eif ac (ﬁ:nolecules which

acterium ‘suc erzchia co e nuc el c
are, @ hoksatdeast HEYot(bgs at kmﬁstasg%am%s@ﬂ% HS0;8¥50; S %o h@8 MOor 99%)

2005/ 100578 PCT/ I. B2005/ 022 [
OSSPl e et SPeRteh 11
9; (bmﬁé Bh&@@ti&rb%qﬁ’énce bl SEQL{@ ROki [Lss; V@b)t Dinib1dib88R th¥RESle which

nucl eic acids are al so enconpasse I n addition,

1nclud® a sghaneef 2 ledsel T(eaxi d lenst: é@u2%§00$5,t4§)e5®n%r&0i> 6R0; 125;
50 LR35 SHOTERY B0l 46 200 PR el 1881 oo,

1,042 e @aABE NABYL; NOSY; QI(ISSQQIOGO,I’II;O@IQQLIQ)S (ﬂ@(D 1(3}61];rnl E70; 1,175; 1,178;
i sol ated nuclei ¢ ac es enc

1 1899I1yl§épia|18@=51 50 45 bIRBSLAAE TPt Rasfleiie deasii @26 1227
122§ecit2%b f2§[ cﬁxa‘i‘gﬁr)%uclﬁgtlﬁs% QE I@Nwsr f’é 18’ ?t&:)]‘arn)ucf%fc acid

I Atd the” genong etero ogous cell e genone
molaaiula encoding any of the polypeptides or fragments thereof d1sclosed below; and

(e) the complement of any of the above nucleic acid molecules. The complements of the
above molecules can be full-length complements or segment complements containing 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; 1,200; 1,220; 1,225;
1,228 1,230; 1,231; or 1,232) consecutive nucleotides complementary to any of the
above nucleic acid molecules. Identity can be over the full-length of SEQ ID NOs: 10-

18, or over one or more contiguous or non-contiguous segments.
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honol ogous cell, at a position other than the natura

chronpbsomal | ocation). Reconbinant nucleic acid
worpdosaulses and uses therefor are di scussed f urpdiEIB2005/001022

bel ow. 10 Techni ques associ ated with detection or

regul ati on of genes are well known to skilled

artisans. Such techni ques can_he used, for exanple, to

test for expression of a YE gene in a test cell

(e.g., a yeast cell) of interest. A YEMH famly gene

or_protein can i dentifi. ased. on its simlarity

O oTRE S gl o et s B SRR E terhscab it B aGhipisbea
using e ONBEAAtRal AFR-itlEe 8F Khi GRdddoRIt&nanl, Peod Ndnsiesd. 88i. US4 90,

sequence identity. The invention features isol ated

5873n2%A7e 1 293 diush ap Régariths infncorporated inte theBEASIN 2R LAGHP
pro g‘&glggdf’j}lgtg%éﬂi%ggl} ( % g;@f’(la?})oﬁ Bz%? é’l 5 TRA4 Ry ?r%%gg %nugl?%ﬁaﬁlg r

a nucléit aci ecule

seardhies adgeribhtedwitly RO BLAS T plfp@uh Zcbkss= 1006, wordlebytht=h#2, to
nucl eoti de sequence of SEQ [ D NGs: %%—18;@59) a
obtaig prckpdgggagenvet domadogavs & Y EMdrengeding nudlgirastds o PLaA ST

R

to otiflf amfiDacid OQmeBOS; hdddlpgdysGothe YENBD polypadtie. To®blain

gapp;]éa %gé%m%ﬂtgégicor%b%g%ive%u%;es, a%%gd Bi’A%gi.s uJﬁilcz)%%%f described in
Altsdnul 8al. q99?QVuc;‘ei Lidslr 925, 3B8DAAN2 1 W2y utiliz& BT AST and
1, 220; , 224, 1,225; 1,226; 1,227; 1,228; 1,230,
GappedBiASEpragrass Yha defaadtramasetefs oSE® tetperiise prograns; (e- 8.,
( ,@ a l,eic _aci d nmol ecul e encodi ng any of the
:XBH§§ ﬁ%¥$#§@§%gﬁm?F§’hents t her eof di scl osed bel ow, and
25 HyBidizheorcanplepdtisedfasanyetrd dfhoallys buwba woatadeic
nol ecul es. The conpl enents_of .the above nol ecul es can

acid sequeness- e GHT-comeplisgenelsicncid syNante, eohBIERE fegeol, can be

g R s e P gt

hybr2difhtiod @z YHENH 350e td DNA BOBNHOm #@6t soBH@; (e 20@;mammalian

cell) g RkicoHon ObhapreRee L EPMEL TR S5 RS M b RERt ar

Hyb}8iza00h Qnditifs 3@ RRAVE 1dHELEUGIRCIndh&RK 86U ERSbe found in Current
Identity can be over the full-length of SEQ I D NOs:

Protd@ls b8ylolsrulenBiologe John Wiley &dions.guidusd-d41-6.3.6, 1991. Moderate

non- cont i guous se nts. WD 2005/ 100578 .. . .
hybr OB S G5 FErR #h et GLaen i ARPTddian ipaXagdiomm
chloHa&Bditi REANSEITS WB(SEHHHIBGRE by WaBafPIX sBedo. 1 UsSIDg at
he mat hemati cal al gorithmof Karlin and Altschul ,

50°C§>r Bighineringenpeqnslitiges areidsAnebas equgvabens dorhybridyzpsion gy OF
o IREL U S bERSPITLE i BT o s 0.1

SDSBit@k°C.215, 403-410. BLAST nucl eotide 5 searches are
performed with the BLASTN(%{ogran1 S

ore.= 100, .
worléF ShgRRoR-AlOeIIEoMPEsEEsA] ﬁ%@ré&qeijsfog@c&h%ﬁea@m any of the
fore SRR KRR S oliR g ¥ENERRS AHERBinB Yol RlcGefEdnds sedBhdd®) and/or their
complements (that is, "antisense" sequences); (b) expression vectors that contain any of
the foregoing YEMH coding sequences (including coding sequence segments) operably
linked to one or more transcriptional and/or translational regulatory elements (T'RE;

examples of which are givera below) necessary to direct expression of the coding

sequences; (c) expression vectors encoding, in addition to a YEMH polypeptide (or a
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protein searches are performed with the BLASTP
program score = 50, wordlength = 3, to obtain am no
wa@eiod/1esegiences honol ogous to the YEMH pol ypepe¢TiEB200E001022

obtain gapped alignments for conparative purposes,
Gapped BLAST is utilized as described in 10 Al tschul

et al. (1997) Nucleic Acids 25, 3389-3402. Wen
utilizing BLAST and Gapped BL ST prograns, the

def aul t paraneters of t he respectlve progranms (e-g.,

fraométAF?% gfg, a seg §Q elﬁstﬁ(%’%f) guel azs"’btrJ \Ag&‘te%a?m%hfég) o?ea

si gnalqjegu@@ﬂw@mexsEmYﬁwd@ Refdicaly Budh&ired mt delBgeectriiey) that
or a portlon t hereof, can be 15 used as

contpipsny @f thetfi p@goypg,@@r%mr‘{ﬁcms wsl thereRy g;qaress the nucleic acid
molQéﬁpe% O@ lgeqﬁﬁ%ﬁ tnechnl gues. The hybridi zati on of a YEW

RNA froma test source (e.g., a
nam&wm‘anantmable)m a&danolemﬂmm contaif a tézmemeemend:iag ofYEMH

YE DNA or_ Rl int est source. di zatio
POlSPBICR S EME e RGO 6 RO e IRt S Fedugpee. oy ful
leng%??}ip/ﬁ{ hal %)ti(ﬂa G 5 rﬁ%%{nenP fh@fé%? Qs bb @u&é@ ke %hq{eteé%lo gous

ogy; Sons, N
s1gnM:qum®1t:eS 61‘00 Iagidnmcmakpcblwpwtxﬂ@mhs tdles:qn@eébelowef&melarlaghe nucleic

t.o h di zat
acid Gt eran o iPymPaPe P @ pasey SR PBEs Bkipclyiosen
exog@&'ib pdlypeptidSBeat fBeifitsrBladedtion 50C. Hi ghly stri ngent

conditions are defined as equivalent to hybrldlzatlon

i n ToxX TREp ekfermed 1ip 8P0 henedtitthen deserihed defossmrlugde butge not
1im1ﬁeﬁ t& ?n\ﬁ%gbrely aélﬁ fg?rg Ehcfu&b@%%}oém%ég (\gﬁr}c%?s §g§a1%2' Q%Q)th&s

nven enconpasses
elen@tsandt drdBriova0nd diose dkijiedin theart dndriegdiivg o Eikﬂchmsdregglate

sequences (|nclud|ng codi ng.s ence se nent nd/ or
geng APFssiop o APFetRER S0Pt Hepenis inc %ﬁﬁb%é éﬂglfs

cyto#rgkal%m ﬁé\g{(ﬁlpﬁ@ edr en%oﬂ% Al @Pbéteoﬁromtot@s of SV40

egO|ng ng se nces (1 ncluding coding
adersvirus oelas sgstent, she op eyﬂbxhythe ITi4ckssterg tnER G systemethe major

transcri ptional .and/.0 nsl ati onal I eg t or
opel ranpERH e it el B Sohfieebot Gl tupisiy the
prot&eLo? @[ﬁhoﬁﬂh %lgfé‘&ﬁte REPLE RS PRORIterk RE 260 %hﬁﬂ)hatase and the
sequences; expressi on vectors encodi ng

promokdistaf ¢lxe xe@stax Wngf@ctwe pothaeused T&E/\@ezl@t@éﬂ& tesremples
b 1PC.’I'/|82005/001022 31 fragment thereof), a sequence
Uhrelated to YEMH, such as a reporter, a marker, or a

si ghallafe plid secTelosRit s fhﬂﬁMﬂartaﬁd Hy#hid gefetricodink ndditional
engi neer ed host cells (see below) that contain any of
polmq@tléeoﬁeaweﬁg O% BrERRIPohs A eR s RatHRCoRS o hnaskes op Eporter.

m'i; g afif 'rg%ox{g}lﬁﬁ 1‘?15 uﬁg tlQ&aﬁlgéée Qﬁlbl%ﬂlphémcol

I'nant “nuclei ¢ &cl 'es can’ contaln

ace@ﬁmnﬁame €neoyi a@nasu‘.{ﬂ%immase (ADA), aminoglycoside
phosphotransferase (neo”, G418, dihydrofolate reductase (DHFR), hygromycin-B-
phosphotransferase (HPH), thymidine kinase (TK), lacZ (encoding B-galactosidase),
xanthine guanine phosph oribosyltransferase (XGPRT), and green, blue, or yellow
fluorescent protein, As wvith many of the standard procedures associated with the practice
of the invention, skilled artisans will be aware of additional useful reagents, for example,

additional sequences that can serve the function of a marker or reporter. Generally, the

hybrid polypeptide will iniclude a first portion and a second portion; the first portion
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pol ypepti de or YEMH pol ypepti de having an het erol ogous
signal sequence. The full length YEMH pol ypeptide, or
wa@2dosagpset t hereof, can be fused to such het ePCI/RPOUH001022

signal sequences or to additional polypeptides, as
described below. Simlarly, the nucleic acid

nol ecul es of the invention cap,encode a YEWH

pol ypepti de that includes an g% exogenous pol ypepti de

t hat facilitates secretion. The THE referred to above

veing F o w0 e R CE D aR Y TR PR B e iy end e

secofNPGI6E b&nﬁ OfRE EHnR1S, tRedeirtee Hescibedabd e drivatigaksvy chain
known to those skilled in the art and that_ drive or

Constﬁtltlh@gwngé e @i paigheaypnehain prnsint Bgionsgdh theghiZng /GH3
conflFER BB Sl L SR g s

}ﬁs@@tdﬁ&ﬂnﬂépﬂ@ﬁ@ﬁﬁnOf Sv40 adenOV|rus the | ac

systern, the tip system .the TAC s

oy SheHPERIN RS h3hERRLEUSEhET B st %@&V&ﬂ%orbtwlude but
are anﬂtglﬁeA\to %rﬁ@rogf%ﬂsﬁts sﬁ%ﬁ 10982 (efd afrP B tHRIRh&h NpetiB€or

onoter’ hosphogl yc rate K nase, the pronoters
stram)sf hmd lmbr@hb&pﬁwtméfor arxantphe E. polband & sululis) trensfeast with

f
reco i TGOS BTG Iy e RE PO CHreeeAciors
cont&tﬁl D RSbclQE a&d YNEI T DENGB e SRFERH LAY ASIdr kB@ble,

ol ypepti de sequences, for exanple a sequence that
Sacciz@rvmcen Jaagwia, d’a¢h<erartﬂr otheipganeess specissamsl werinsflistasrhessin)

trans?eﬁ’rbeld gﬁ%ﬁeﬁéxg %Qgtiy &C%x%ggsg ogtr\éeggotr%@#%nmg C}he nuclelc acid
moléd@RIvf! Tﬁl@éﬁvélﬂﬁﬁ) insédticBlo Py viensiitfecidd V\Eiﬂmpdsmbmam&ﬁﬁrs @spression
(neon, (418'), di hydrofol ate reductase

FR),, ) )
vectry §1os Pﬁ%ﬁ’lﬁr@@ubﬁb’%%) want%tﬂeeéh%@éclmmﬂ ﬂﬁﬁw af thg invention;
ST G A 84808 g,
caulﬁ]@d/eg meetic virisi€CaMV) yekdtameco flosac egoe (. W))JOteﬁrmszMed with

of the standard proced W t
rocop R IEAEY BT BRSO ST AT ot SRRt PEyT i T YEMH
nucl@cﬁuﬁ"é@é@en@é ARddinthanal célﬁ@;fsté!msr @&98akdle, WS, HAOPREK, 293,

tional sequences tHat can serve the function of
VERD rI‘En{laeMDEKr Bi53,tand NXB2AEB avlellgb hath@emghyctﬂnilbinant expression

cons%gi: t?a{n?r}egep%%r{ogqrs %ﬁ;?e Hg)or ! lﬁgz?gt%m%hgn éafsct?oq'
exan%l:—er / th@%@%lb@@@ﬁ&ﬁpmﬁ?ot@@l drdron MﬁMIhfﬂiHnY\ﬁﬁﬁés der e(x@fnpmﬁ yhe

YEMH fragment s descri bed bel ow) and the _seco
adefwm lote emater and thegegrplia Virgh & SKapemots). galse r“?‘{fé]das host cells
[
e IS o) DRI oo NSkl 6 2 Rl o
plasﬁt&veo@kﬁnﬁmfsctecﬂ M@@\areﬁe\m'gorchal n. G her hybrids could

i nclude an anptj geni
The 9nventton {r]tci es wcld -type and recomb¥nant cells including, but not limited

to, yeast cells (e.g., any of those disclosed herein) containing any of the above YEMH
genes, nucleic acid molecules, and genetic constructs. The cells are preferably isolated
cells. As used herein, the term “isolated” as applied to a microorganism (e.g., a yeast
cell) refers to a microorganism which either has no naturally-occurring counterpart (e.g.,
a recombinant microorganism such as a recombinant yeast) or has been extracted and/or

purified from an environment in whi ch it naturally occurs. Thus, an “isolated
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5 Hs tag to facilitate purification. The expression
systens that can be used for purposes of the invention
w0 p@baas78 but are not limted to, m croorgani BOBIBERNEY001022
as yeasts (e.g, any of the genera, species or strains

listed herein) or bacteria (for exanple, E. coli and
B. subtilis) transforned wt r econbi nant
bact eri ophage DNA, plasm d , or cosm d DNA
expression vectors 10 containing the nucleic acid
. ol ecul es of the.invention: yeast (for exa .
micrgieaiigms Pyt o P e i SRR e jpagoraty
occu &5 REmpRNth thE ARt A\Berl shade the@6@1dN Jocelnsaktg rivReh, whd ftreams
reconbi nant yeast expression vectors caontaining the
and the dikei ground & theventiasuplocsans; kkes, pyers.idod strpameeid g like, snow,

: [ t ] L t Vi i

co L3 7oL A bR RRRELASN 4 b BESFHRE man e

strudhured @&, Bdidthganloe duhatural hdstsg(eigh\péarhd, emimal br plianbiatkddts) of

systens_ infected with reconbj nant virus ression .

the njigrqopgagis. gyless Hiepnigroorgagism (F G489 SFRIEOROE IPHFEOQEANFAY Was
i and

B PSR IRP8L il DA el g

subs@queptlasetinahpd costchianiengirenméd@l/br amyuetheo endeonsespt enwbichagl can

survgfgs, l %}%%@?ee%n;,gcﬁ%}%g}%i&%&r%g{?%%ﬁg %@@%&b%a&& gﬁte culture

Ofﬂ@@ﬁggbhﬁgﬁhgconbinant expressi on 20 constructs
contai ning pronoters derived fromthe genonme of i
manvietepuer theinventidnoprovidssmpibstantidby peretuligiheion@igoorganism

pr onot £r f han Vi (far »
(e BBRBORH o b 25k SRETEID 2R Soiie it i su SRS ol teore
of a PrE@BBigehim 1Ak s0ltueef tHat Ascrb@ghniedlirswhigh ¢esp thaneabpun40% (i.e.,

secondary cells obgaiqu queq}l g roma mannel an .
less thap 3bpwc BaH0: W0V H 2870 pP%4s k'@ Vet %@502(@ e o & Ovoths Cal %3

i, 10/2 i ' ' il d-t: .
0.0l%é @lo1¥e Bl Ai, o TG IFQY%’E 9(%61{1{11%%?% W15 di %881 s,

réconbi dant cel’l's 1 ncludi ng Imted to,

bactstidsfimgsl(Ineludingyeastimyycoblasinak er plicstorzas delbeindghayulture are
. ,containing. any of the above, YEVH genes, nhucleic acjid ..

viabfegieaan eI e e PEOHEl P E e B rly Godt! h i
contB¥teh&m@BlaY tHeSlcthRPercehbScan/te 1596 hdahebfthelspecitied m

"I'solated" as applied toa m croor%;'inl sm(e. % , a
percymags above ot pelpwfthe specidied paiceniogs. ghus.fonkasiplaiabhet20% can
S _NnQ, ural | y-occur.ri ng count.er-nar e, -
be 1288 h Aot YR bR AR s ooty By e

grovith, 168 g4 @8 Arafsglor B @ emanéded canier lidrhiddsdntiowlidre.g., gelatinous
environment in which it naturally _ occurs. Thus, an .
media) <51 feazerr W 90057 Tobsirsthipeils govinedo fsliguiger in/on the semi-

L S s
froz@xstofake or iranspbe neediym.oTheculspescaze ith heulfnmuedsel oc gtarege vessel

or SHBS1 t BoHFLIS UsinDESk aRcake OF f 96rRee WALOEHPBams anc

t hgpbiKenobSM8¥is of the invention can be stored, for example, as frozen cell
suspensions, e.g. in buffer containing a cryoprotectant such as glycerol or sucrose, as
lyophilized cells. Alternatively, they can be stored, for- example, as dried cell
preparations obtained, e.g., by fluidised bed drying or spray drying, or any other suitable

drying method. Similarly the enzyme preparations carx. be frozen, lyophilised, or

immobilized and stored under appropriate conditions to retain activity.
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ice on top of the ground or in/on oceans | akes,
rivers, and streans and the |like, man-made 5
wa@reosaowsres (e.g., buildings), or in natural hpSI/EB2005/001022
(e.g., plant, animal or mcrobial hosts) of the
m croorgani sm unless the mcroorganism(or a
progeni tor of the m croorganisn was previously
extracted and/or purified fr an environnt,nt in
which it naturally occurs and subsequently returned
to such an environnment or any other environment in
which it can survive. An exanple of an isolated

Polvgb&{dé@aﬂ@pbls@mﬁemﬁ@tsa substantially pure culture
T0 of the mcroorgani sm Moreover the invention

pr d0e y&SVH POUPSPtadesioa pheynﬁmﬂ@n airiude allghe YEMH and fragments of
or _ ]
o ARILI, §5 Gl RSN S theo el

NOsOIf—9 andrifigictiofi() &ajgmients ©1 theserpdlypepdest ﬂaie paillyp’epﬁd@&m‘tﬁmed by
n which | ess than about

the 135%103@@@ 1@@% Bigion pg_cg%ls é@z/songi%n e1§%r %113;} qs%a i%nctlonal
fras Qe Ratdl e A et e R Pt e &S dan be
additiewr] énnicsibnalfdemgals of isrgohkmpn@;esy east), mycoplasnal, or

pr gt ozoan). u re are . viable m '

Ce e eRtion faess mAEp i pratidS b AT S 1R 12F -
at leaftPS9%: 6099, 43%;7 5"/9 XY TBRNS A, Y identiddll ﬁ)’tﬁ@ bolypeptides

percentage can be 15% él]per cent of the speci fi

withperine n@@@@%ﬁbb@so& -9b ellhsvidqnitiey @p@bpfovéldﬂlpé’!ﬂéé@ﬂgﬁg@fthe latter

f 0 %
P Olygué:{hd%g °t ghrﬁ?la o]fno’rLﬁ %Oglglg'é%ug%@ %s?l TR c%ﬁgesge(gﬁe R 2%

M GFQ0H e ISYEMaINde Segridn\éiithe Shlilageh YHIMHH&EIS@@EHortel than
medi um Medi a can be | II\EI-EI d, sem-solid

full-fpoetn VEMIS. Fieaey of SEMH abAor- e S0 10 3dedd. 50, 60,
C I h t |

70, §658051d, S261130, 2, 30,538, AL Ple, 31500, 350811 352, 353,

380,53901 2% 362, I ab}H6H5, 3N a3 Uiv0Q, né@i;dﬁOﬁg4®7 4B pzel9) amino acids

of S%b"ﬁ%@sﬁ%%t BREBRes 06 VEN Pen B o] ERgBbRapladtigenic

gnd: . @ culture dish, flask, or tube or a storage
vial or tube). The mcrobl al cells of the invention

caThbgolypeptitts cimbe anyarfithese dascrfibekerovediut with not more 50 (e.g.,
not IEJPVD tﬁ %@C%&ﬁf 3%0%(#7332&1% 132 gf: gﬁ af n:'g_ln 1§ht seyen, six, five, four,

threé, ¥@BNéd dné? orsevhtve s‘éﬂbbtﬁﬁﬂ@i(b)v ed-ych Mb@ﬁtu@aﬁs b isd Badthy, for
for exanpl e, as dried cell 1gar ations obtaj ned
exargplg, sitetfiraciedineitagRacHR er @AY GrbteSeRss O lPPraRgiaicoY EEY coding
Lhher suitable 30 drying nethod. Simlarly the enzyne
seq .
reparatlons can be frozen, lyophilised, or
| m‘fﬁbmdtionEICﬁ“eEgﬁﬂ:n&t' ofed EMqulwin]pr(hm, @ptondiyt bgnef the

t .. V\D 2005/.100578 P /IB 5/ 00 2
abow@ %b@‘a%c‘é"éﬁ%%@ym@ﬁ éﬁ%@rﬂgiﬁ}@gﬂﬂwﬁ%ﬁée QGENEY > 407, !50%,
600/40%%099%, 6@% 40,1 588/, 1 FENIOHON of- a8 Blelablifis oY MR gth,

fr agnent s of
wild-type YEMH polypeptide to enantioselectivel v hydrolyse a MEO of interest. One of

skill in the art will be able to predict YEMH functional fragments using his or her own
knowledge and information provided herein, e.g., the amino acid alignments in Fig. 54

showing highly conserved domains and residues required for epoxide hydrolase activity.
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YEMH di scl osed herein. They can be, for exanple, the
pol ypeptides with SEQ ID 5 NGs:1-9 and functiona
wo e@gersts of these pol ypepti des. The pol ypept PCEEB2005/001022
enbraced by the invention also include fusion
proteins that contain either full-length or a
functional fragnment of it f d to unrelated am no
aci d sequence. The unrel at ed Sequences can be
addi tional functional domains or signal peptides. The
I nyentio tures isol at ti.des i |G
. eincRl gt pktlean b Rt Y lReiBERmAES, Mnfie bE oty
digeRUmMARIs 288 YestAqU thelr 28844 td @fféﬂhb&&lctﬁr@l}l elrolyse a MEO.
pol ypeptides with amno acid SEQ ID NGs: 1-9. The
i dantigenjc Gagmends ef/be pplypeptides of éwgnwn@m gie fiagmeats that can

b1nd|%) L.Q(Qr?tﬁ}odgeﬁ/[e%oég ?Qesﬁﬂg v&%%thgpg Fg‘ﬂ% %E%‘?es? Ean bind to an

non-cont | guous segien aghen
antithdg eyt welintthearf.ul | -1 ength YEMH that are shorter than

full-1ength YEVH Fra s of YEMH can contain 5-410
( eThe polypeptislgs casgbe iyt Heq Gromepature] BourgsS Gk S DIET

reco%:é%an%%e%st g Su%l%g 'angépthogg%esc%ééd he?ség) §ﬁ17alle§g%tld§§% g.,
thos8Rgs thaf@bowt 080 aid®, acidy7in 1e4@8)) can aksg gﬁ c%némv?membr sithestzed by

stanFEHEHES TB10an T SEE. P PGP O G B Bue fagoduced

by Sﬁﬁ@ar@ & AP redoriRER DIes & chﬁﬂgeﬁﬁﬁl\/zﬁ vAsttrihdoBndbed, usBE e
0 (e.q. 20 not nore than 50, 45, 40, 35, 30, 25,

nucl@fmdeﬁmuemes engoding thempp@,pm@tegwﬂype@@d@rpr papiides. j Methods well-

knoxglb Sttho%e ﬁ(ﬂg fq(%l;the %tu CE}LIl 3%%(% &f %}%ﬁ%ﬁ% %%sslon Vegtorsocontammg

releva@f codexediliences hil Cappr st Hartuti pienbsiss]ationad ﬁdﬁml signals.
nmu-t agenesi s of approprjate YEVH codi ng . seque

See, ton gratplsn Hie tP?bégCtV@ﬁf%SCﬂB?d & S@Mm%?%e Beel a@tl{"a&r’gmmcf
Lab(% d );g%!nh 1 (29&&1 ga - 985 Fa% {g/f?« *fE“{'ds% and Ausubel

var I
et a14®l% renbPyotold/in Munl&OBﬁol@%ﬁr%%ubﬁﬂ%mg@Q%cm&@%ld &yiley

th bility of the full-length, wld-type
Inter\?mu?ep’&rz ég@qﬁde to enantiosel ectively hydrolyse a MEO
of phRLENERE andR8erBénts §f‘ﬂhle lindeRtib8lsa idclutid thobed&kliBed Sbove,

pred|ct YEWH functional fragnents using his or her own
but tendifieé ty ereeadditionf mtrthaamm@ padfoi @P@bloméﬁeettrmnaleer@s oftgfdocking

d al 3
esrf b 00 Gt SwShaP RERE e VBupfertten dnpoah Brhesh T those
situdtods B wsieh ﬂﬁipe}ﬁtlﬂé/ terﬂﬂﬁ1 2691@56 50Qb3dHAGB jbﬂﬁ@&&é 09ddXocking
35 Fragnents interest can be nmade by

agenteeanrinfindm twithophlimietien, additippad relafied of Enr?d?ts%ﬂ?tv’é sequences
0 f
that E%Ia%t %%g@%&étc ttiﬁ(?/ éﬁglohagx tr Q%EXQQ%{%LM risﬁdues of the peptide to be
adminiggre@nThisehn bbdomodithee dtandeﬂl}ocﬂurtdgehe synmhba;m nf thegeptide or
fra myn%ﬁhat %n - ) .
by recombinant DNA technology by methods familiar to artisans of average skill.
Alternatively, blocking agents such as pyroglutamic acid or other molecules
known in the art can be attached to the amino and/or carboxyl terminal residues, or the
amino group at the amino terminus or carboxyl group at the carboxyl terminus can be
replaced with a different moiety. Likewise, the peptides can b e covalently or

noncovalently coupled to pharmaceutically acceptable "carrier" proteins prior to

administration.
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bind to an anti body. Methods of testing whether a

fragnment of interest can bind to an 5 antibody are
whp@noisms t he art. The pol ypepti des can be purP€T/882005/001022

fromnatural sources (e.g., wld-type or reconbinant

yeast cells such as any of those described herein)-

Smal | er peptides (e.g., those |ess than about 100

am no acids in length) can al®¥o be conveniently

synt hesi zed by standard chem cal neans. In addition,

bo pql.ypepti des .and .peptides can;b roduc
ot AL AT Pep B DA (Rl ph s bon the
amindl AR B REEBLSE Functidhdl eptittech-a@idntte PepeRddRUSRtc compounds
encodi ng the appropriate pol ypeptides or peptides. |
are sypthpideleomptunds kidnha toee-Aasiorall elPraticRdl ar ¢ "2eidBe
moti%‘é %jat tiso u%gﬁlgtlliﬂécthe EXRL SSRL Alle AR AV AL AN of a selected
r él"evaht e 6di g 'sequences an&zapproprlate
peptfcdéa THe ﬁ)é}ﬂlidectﬁ@diﬂ grovided tht peptlondmetic cdmsigmdivith thSalsility to
e R e A A e R Tt
of thEﬁ(;%%ﬁe—I]qahgttm%g}' R HRHR whtR Wb ombindtic whBlivednd

, rrent Protocol's in Ml ecular
Peptiionlingtic f@npemdPui heteiadditisss ebamatesstinsd b ¢rhance their

| nt I N, Y., 1989]. Pol tid d ] .
AT A A
bu tThE'BQﬁBtido%ﬁm@Mcsf t@ﬁicg‘lgﬁhé\}e%rbacﬂion'é Higat Y BAM1IGRAE cOmpletely

car boxyl -term nal "ends, of a bl ocking 20 agent to

non-peptidej buttveitlsside groaps tipt ahédantipa ve the sils! Siaups o the appipg acid

R 08 e S LB S, 9 S
cherﬂilgﬁlQ{ﬂnﬂg el. gﬁ,g@lfﬁr,tsth%@ﬁeﬂ, Iﬂﬁbaﬂldﬁe, fgﬁbhﬁiﬂb,dﬂeﬁmibé(ﬁtdrbmyl,
additional related or unrel at t
o el deorar nielated et e Sequencel
e
sy Mhbésicatiof alkh provéjes icompaesitiorRsnt prepecdicyisrantaibhi@one or

technol ogy by nmethods fam li.ar to arti
morg 1 VAT th DUPy SRGBKF L BOEP Budn- 26 25 of A of
the #B¥LOALABEY 501%&15%@@%, rl]ﬁiﬁy%ﬁﬁcr@&a%iﬁﬂds,eﬁld pOI9PEptide Sdpenchtd. The

can be attachéd to e "am no and/or carboxyl term na
compesificluespreparatidnecanzei fow exaoplp aatudernslliezne Yeasheahi) sxigact or

b I h ' .
cor§50E el PHRSE 1 EIREA, 50) BU 0oBe oprn.

The RERHbEESNCAHA RerRrdnaLanilby chitaid Ond on@omabentvhiety of carriers
coupl ed to phannaceutically acceptable "carrier”

= : ) ( r .
or stgbibizens kgoywninthetay. Gamers aptsibilRrs APpVY/1 fesysand include,
0, S int ; P
o ST ESIRR ARS8 LR g 5y s i
sucH &xeascabicmeid dowl nedepubin eesghd {letshbarf Lhoksidora) pplgpeptdies; proteins

fragnments. Peptjdoininetic conmpound s
such as sgerum al umin,%eia%n or immunoglobu ns;uhydsrophlhc polymers such

polyvinylpyrrolidone; amino acids such as glycine, glutamine, asparagine, arginine, or
lysine; monosaccharides, disaccharides, and other carbohydrates including glucose,
mannose, or dextrans; chelating agents such as ethylenediaminetetraacetic acid (EDTA);
sugar alcohols such as mannitol, or sorbitol; salt-forming counterions such as sodiﬁm;

and/or nonionic surfactants such as Tween and Pluronics.
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are synthetic conpounds having a three-di nensi onal

conformation (i.e., a "peptide notif') that is
waiwstensrs al |y t he sane as the three-di mensi one¢CT/1B2005/001022

conformati on of a selected 5 peptide. The peptide

notif provides the peptidom nmetic conmpound with the

ability to enantioselecti vel¥ hydr ol yse a MEO of

interest in a manner qualitat el y identical to that

of the YEWH funct| onal fragment from which the

) To ti dom netic conpounds

cs that enhance their

t h?ﬁ@ﬁf%ﬁﬁ&l ;%vlldbé methaamr @‘étahﬁﬁg ea9606p @) dr substantially
permeabi lity and prol onged biological half-life. 10

enan’ﬂihpurp,ecm’flcaﬂéinwfe’@ |V¢$snat1§i s alFngntinpyes eptisaldx paive vigel diol

'prepgrlag?lrbssar? ﬁ% ara 181@ ci%lnatlm}/l% PH? Qn%?xﬁg}neg dfe thg lﬁ)cﬁl){% tdo P%nﬂﬁlone of

the o\?\lhliﬂr @ﬁatﬂﬁinﬂ:r of &&:jvﬁ’cbiﬁﬁ dﬁdlat‘S@lﬁ%atmaggn eﬁdiﬂopﬁxﬁt’ bﬂacﬁ)]lhy actlve
_ i ch the peptidomnmetic is based.. Sey types
v1clr@héwi BEFPAIGHPRISATC Aregaratignt antalping gelopst 5% Jm la%st 60%;

i 849 ; £ '&”@) Y, relative to th
e
totalgm{wnabf otlusiinal dibbersmtistietsydfthe articplep Bmaileobl@rdﬁ thewicinal
the construction of protease-resistant

dlOlpeptl dom nmetics. The invention also provides

COfRe ﬁie’fﬂo‘ﬁ"iﬁv@wg &b@ﬁﬁ’é @ME@ $o & Q"El\@H'iio%eﬁﬁkﬁe (QE g f8elged or

(e.g., two, three, four, five, six, seven, %
in a mierebial eehl), ilRich iélf;ctlzzely cgﬁalyzgs ﬂmnogyer@pn of ﬂ@ MEO to one

ons 5SS RS BPLYREBL LR SR YRI5 Ly

actiR8RALIati 1G5 pfodiicdde YEME ot h&esals@fdll @ theldvehéion (i.4, those
yeast cell) extract_or 20 culture supernat ant, a cru dﬁ
y

w1th€qmmebp@mmt@mﬂlézaﬁﬁlw| tp.e BRAVEFSI P &Wﬁ)eto one optica
actife] GBREibWant S RSk 805, (@130 186 %;flf 69608898 30095, 40%,

contaln one or nore O carrler§

30%s e Il()%els% R 50411 %;10.53%e0. al%) dCaven nasr&: axfdhesﬁ:fﬁmetncgehzs it
are known in the art_and_i ncl ude f or .exa

catalyzes P soncreen akthp MRQ futhe otheroptisally agiye SiRlpier of the
vicidd? '&gﬁ’ r GG c%é&ﬁatlcﬁﬂto'f% MR $hd SHEfioaS oPReEs Bii¢n will vary

aci | ow nol ecul ar wei ght (less than 10 residues)
fronpohe/PEMH ;ielspemldetceamhezané Giom ez MEQUm aabthgni fliven the

el at i.m nunogqgl obul i.ns; dro I
teac%ggy%g % |“WIFP5 Ex gs co&tﬁ %d 1%‘ 5%’1 etficﬂ § ﬂreyy agg r\{VZiHSk%%QJ how
to sl LIRS coRBRGHsTel 1he pradfuglioh BPa déired bg ¢dll§;active enantiomer of
nmonosacchari des, di sacchari des, and ot

a desizgdoatipal ditles | ncl udi ng gl ucose, mannose, or

dext ran hel t t . . .

o B R bR AR, MR fpgaing e cltring) o
ME@N@lﬁh@bﬁld&jﬂ}ﬁéﬁy@St deHof b redombinans oelb(steadt jor any dthiwhosingpecies

counterions such as sodi um 30 and/or nonionic

listed hyereipcqntaning & UGS C PRESRIUERAC (9 GiPdfne LT ARpyombinant nucleic
0 M@ﬁﬁ%ﬁ 2 a BldN&EAadForR S aaegﬂgc of36mi-

amdé%%&/ ot Ie,_}IZ g I Ci na%go I's The i nvent |1onupr ovid

purified pmpsraflom oﬁbYEMlH pajyeeptide, wparislated Y&@Htpabmeaitﬂdy

The strain of the yeast cell may be selected from the following

genera: Arxula, Brettanomyces, Bullera, Bulleromyces, Candida,

Cryptococcus, Debaryomyces, Dekkera, Exophiala, Geotrichum, Hormonema,

Issatchenkia, Kluyveromyces, Lipomyces, Mastigomyces, Myxozyma, Pichia,
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enantiopure, optically active vicinal diols.
Enanti opure optically active vicinal diol
w@r@pao@rs ons are preparations containing one PCT/IB2005/001022

enanti oner of the vicinal diol and none of 5 the other

enanti omer of the vicinal diol. "Substantially

enantiopure" optically active,_ vicinal diol

preparations are preparationéu%ontaining at | east 55%

(e.g., at least: 60% 70% 80% 85% 90% 95% 97%

8% .99% ,99, 5% ,99. 8%, or, 99, 99 relative to the
Rho%%?ﬂw%5W06%Fb‘P%ﬁhghow %gﬁgf%@Pé%mgwgﬁ?%oners, of the
]}w@ﬂ%bhﬁyW&%wﬁn@ﬂpﬁﬁﬂﬁ&.Of the vicinal diol. 10 The

met hod i nvol ves exposing a MEO to a YEMH pol ypept|de

( eFeyt the MR giseki3-wpoxybytageyeasiclyiatns caebs ye,leqmy lgwn, for

> n g
e SR T B BER DR T BT B
Delena, tGécrivy, Issaechdeigh, Bompdes, ) togymacRickie, Rioedosyalridiim)
i s produced, YEMH pol ypeptides useful for the
Rho%ﬁ@@ﬁ%ﬁ%ﬁ}%@@@??”%hose with enantiosel ective

ac iy %]] YRl biohaAl ¥ERle! il%s%?%}?ﬁrcﬁh 88 s@bcte MER, £R RARple,

optically 15 active vicin enantiomer wth | ess
the foliawmingQimére: Bullerd, S 3ptonarcus, RIMdo GRYedilBR Whodossy1la30%
28%% 10% 5%. .2.5% 1 % 0.5% 0.01 %, or even none,
Sporgpolopucest ¢4 LT8RP Phat it catal yzes the conversion of
t hep)EQ: ME® BR-PbRAN ORI CAb k¥as@EhdiN are P& dc@iiER o] for
the wvicinal diol.” Useful concentrations of the MEO

exargple, the falominggensfa: iCGrprfpcarciin Riskiie. | RhpdesporidiugmPiadorgrng ot
Tﬁc%ﬁjép%ptide to anot her and fromone MEO to anot her.
7€t he 20 teachings of the working exanpl es

CONt afhBewofde e PolypaiRidekor filnRtohdl ftdgenedt thewbf hakmpw how

to select working conditions for the production of %
enarwéngcéwe@pﬁléeahﬁrf%ol@&q eIty sam be dersyeddrom guyusast wigm able to

LCl [0l e [ t g 1

prod B e R e W i g
formuild @), (Upe& VY, &8 orq@III) to bpiicallgodeibalnieis. cel | (yeast or

any ot her, host eci 25 Jisted herej.n) containing,a

nuSieai St SrashGnEsle of PR custiga e ispUaL PEEB R RAMIDE
hydid¥&lsedravreid {gs; BRUSIIEAY 516 BEQL Db YEMEh PR dpﬂ;@ﬂgl feved3 -

crude extract fromsuch cells, a sém- purifie
butapediplican boselastedai@vitheollppyist yedes, spegiesan i sol at ed YEWH

pol ypeptide. The strain of the yeast cell may be

selected fromthe follow ng genera: Arxula,

Brett ang.nyGasis Bul | erspecitll | eroi nyces, Candi da, 30

Cy ptngxxng%——DebaLye+4%HH}“, . i

Ceot ri chunZ? 1B PHoneithd"Ssat chenl da,

Kl uyverdi nyces, Li poniBéessgletlast i gonyces, Myxozynna,

Pi chi a,; WO 2005/ 100578; PCTL|B2GRE/093022 38

Rhodosporidium Rhodotorula .épnri di ohol us,

Spor obd! omyga@éida C. fabianii

5 C. kruisii

6 Cryptococcus C. gastricus

7 C. hungaricus
8 C. podzolicus
9 Debaryomces D. hansenii
10 . D. napalensis
11 Deliera D. anomala

12 Geotricum G. species (e.g., UOFS Y-0111)




Tri chosporon, Wngea, or Yarrow a. For the MEO
ci s-2, 3-epoxybut ane, yeast strains can be sel ected

wo e@sii0dses exanpl e, the foll ow ng genera: PCT/IB2005/001022
Brettanomyces, Candi da, Ci yptococcus, Debaiyontes, 5
Dekkera, Geotricum |ssatchenkia, Liponmyces, Myxozyma,
Pi chi a, Rhodosporidium Rhodgtorula, or Trichosporon.
For the MEO cycl ohexene- oxi de,” yeast strains can be
sel ected from for exanple, the follow ng genera:
Bul | er I8s tczencza . a,
Sporobof’om/ces Trm%osnoron 10 For the MFO
ci s- epd*ysd@@hﬁm{e ti#efpméetg SIQFQIY218ANn be sel ected

from T’lg)r M_&e tqgmre@lgspvm ng genera

G ypt C

Tri choéBor drichia n ot helP %‘f”d‘éa the poI ypeptl de or
functi omal fragrrent tlferl@ta»f;hzhaw ng enantiosel ective
epoxi dezhy tv nm—be derived fromrany
yeast g?rarﬁr{&g) O?Zdl?% Rl kl%l?%éc:iluce a pol ypeptide which
convertl® or hydrol ysed #figr&ggsirde shown by the
genera-g formula (1), K lokdaidekV), (VI) or (VII1) to
opti CWW—V—
capabl é'of BPEHH¥ng & B81/5%pti de which catal yses the
hydrol y8i s of MEO (e. ar. aurgiiecanydr ol ysi s of

ci s-2, 3zepoxybut ane tq gptidical ly active 2,3 -

but anedi ol ) can be selected fromthe fol |l owi ng yeast
speci es* 20 No. Genus ‘SPEUREY: Mgy ettanonyces B.
anomal us 2 B. bruxel | ehgeges3e.B.NSHe¥POs(e. g., NCYC

3151) o4 Candida C. TablARbhugPmbeialiiat S11 6

C yptacoccus C__gastricus hungaricus 8

podzol iZ%us Trghqseqses yonzéé%b"ﬁc’“hansem i 10 D.
napal engis 11 Dekker ar onidpemal a 12 Geotricum G

speci eszg(e. g., UOFS Y-@}&%)am
30 T. species(e.g., NCYC 3210)

31 Wingea W. robertsiae

Yeast strains innately capable of producing a polypeptide which catalyses the
hydrolysis of MEO (e.g., the hydrolysis of cyclohexene oxide or cyclopentene oxide to
5 optically active cyclohexane diol or cyclopentane diol) can be selected from the

following yeast species:
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15

WD 2005/ 100578 PCT/ 1 B2005/ 001022 39 13 Issatchenkia
I. orientalis 14 Liponyces L. species (e.g., UCFS
wo2e358)578 15 Myxozyma M inelibiosi 16 Pichia RCT/IB2005/001022
finlandica 17 P. haplophila 18 Rhodosporidium R
| usi taniae 19 R sphaerocai pum 20 R toruloides 21
Rhodotorula R araucariae 22 R aurantiaca 23 R
glutinis 24 R mnuta var. nithuta 25 R speci es
(e.g., NCYC 3224) 26 R sp. niinuta / niucilaginosa
27 Tri . i . e 29
T. pul lul anE™8d T. speciB¥¥®g., NCYC 3210) 31 Wngea
W roberf sgageryeast strag Wendriprahel y capabl e of
producing a yRept1 de ghighigat al yses the
hydrol ysis of MEO (e.d.,cthgonydrol ysis of cycl ohexene
oxi de orgcyclopentene oxtdg+4@ 5 optically active
cycl ohexang, gdi0k . RF.F YCl RRERkRRR A OT) can be sel ected
fromthe; follow ng yeasi ;5pggl.es: WO 2005/ 100578
PCT/ | B2ODSToA071, 40 CERUsauzhes €5 1 BulTera B.
dendrophd la 2 QG yptococgus, L laurentii 3 C
podzolicys 4 C terreusp Tnucilaginosa

10 Sporobolomyces S. roseus
11 Trichosporon T. species (e.g., NCYC 3211)

Yeast strains innately capable of producing a polypeptide which catalyses the
hydrolysis of MEO (e.g., the hydrolysis cis-epoxysuccinate to optically active tartaric

acid) can be selected from the following yeast species:

Genus Species
1 Cryptococcus C. curvatus
2 C. laurentii
3 C. podzolicus
4 Pichia P. haplophila
5 Rhodosporidium R. paludigenum
6 R. toruloides
7 Rhodotorula R. araucariae
8 R. glutinis
9 R. sp. minuta / mucilaginosa
10 R. species (e.g., NCYC 3192)
11 Trichosporon T. montevideense
12 T. species (e.g., NCYC 3212)

The yeast stfain can be, for example, one selected from Tables 2-4 (see below).

Cultivation in bioreactors of wild-type or recombinant yeast strains expressing
YEMH polypeptides (with the 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 growth
conditions of yeasts, fungi and bacteria in bioreactors are known to those skilled in the .

art. The MEO can be added directly to the culture. The concentration of the MEO in the
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5 Rhodosporidiurn R paludigenuin 6 R toruloides 7
Rhodotorula R araucariae 8 R glutinis 9 R

WO psilh@Egs nosa 10 Spor obol ornyces S roseus 1BCT/IB2005/001022
Trichosporon T. species (e.g., NCYC 3211) Yeast
strains innately capable of producing a polypeptide
whi ch catal yses the hydrolysis of MEO (e.g., the
hydrol ysi s cis-epoxysu00|nate fo optically active
tartaric acid) can be selected fromthe follow ng

t. ]
sty S8 e R AR el SRR854 pym e
aqué%us haneoRfihd Ra&idReRtasBOThéitbiinR anfoahtiel M(Emliicmed 6 the

R. torul oides 7 Rhodotorula R araucari ae

reacjpu niiriuge 1§ DRt crifjral. e MBO/carhe mciiPdh @@taponm@uqnslwﬁé% pagh

11 Trichosporon T. nontevi deense
mOéee[ relg\lcg%)lé)&rgs%%e g., NCYC 3212) The yeast strain can

beiTH\:,)Qlﬂtncﬁnéﬁj?ﬂhe yed3h &lﬁﬁbrgdé e¢hst sedinextrabl, eSpaB’ﬂdﬂ}( pedied or

bel o tivation in bioreactors, of

isolfied Db sAIE BBV LD RIS ORNGOT R S4ARHip The fo5cton depends
o BELHRIPL A LS8 B0k Dctaapit s o

hydratydedddn thie cabecofi prodamt inhibiticrg it dae beadvardageous tameteve the
ditions, that provide useful b|o ss _.and/ or
formpgd, |ping} @Phéom ERSHAN BROERAT 19 emsv ai, thed %‘?m"fnéf& i3 oTihe
viciRAl dEk !é@%@%ﬁat%ﬂb%%é&oﬂ@&l@%&mﬂﬁ%‘sU ITebhtlibhidé b enhance
conditions are dependent on the yeast strain used.

enz@en endbioprast wdlds declidsrthe Sieabﬁ%éll@rln@f usehl (or og)tlmi)warbon
I T S T T —
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 also contain mixtures of water with at least one water-
miscible solvent (e.g., organic water-miscible solvents). Preferably water-miscible
solvents are added to the reaction mixture such that epoxide hydrolase activity remains
measurable. Water-miscible solvents are preferably organic solvents and can be, for
example, acetone, methanol, ethanol, propanol, isopropanol, acetonitrile,

dimethylsulfoxide, N, N-dimethylformamide, N-methylpyrolidine, and the like.

The reaction mixture can also contain mixtures of water with at least one water-
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15 art. The MEO can be added directly to the culture.

The concentration of the MEO in the WO 2005/100578
wEAshBBeO5/ 001022 41 reacti on m xtureshoul d PCT/IB2005/001022

preferentially be at |least equal to the solubility of

the MEO in the aqueous phase of the reaction m xture.

The starting anount of MEO added to the reaction

m xture is not critical. The O can be netered out

continuously or in batch node to the reaction
. ' r 3 f Ve cel ast
s o R
inclpdd, Yoregxainge, trawdnegl , MEQriehlanittiflusrebidatd, weetlad térublityl ether,

dded tq _the reactjon_depends. on_the kinetic

metgﬂrlﬁﬁ%wﬁé@toaﬁ heykoebiafate, aliphaticalephglsronistningd imp cebon
torRP 5&&%&&;}1@ lafoll oB&inof)YAHRLYSERroddt i Qofiidss
zo prgfduct I'n |%x: t?odr%,o ﬁtml?’an p&e a vacr)1t ag(%edcg)ug to%}ggérgovlg carbon
atorhheor mmpdeicyddicrale, dihekarfe; orodtie, n edeching n -dodedcames nor

to maintaipn the concentrati of. the 10 vi.ci.nal .di al
rtxdgRofii B0 3 -DRiACae G LGS A B R e gasbons), and the
like] RO tHYREciIAHidhGe SR BRRRe VRRAG YR AN6hsPbRRSEr-HhBlstble
include the identification of useful (or optinmal)

orgazae ssdvent seegtedFomrthe guoyp rorwstinged foloene; lala-i on ti ne,

- i | ut in, th f i |
ricflr AR RoL B mell ko GPE S RO SR iy it
phtathte, aiphaticdlcolpl Covntrifiag 526 9 cahoh A kb dIIRHHAEE hidPoc@BEhs

addi tion_of jnducers for exanple substrates or
conlgiipag ¢ 43 kO gBBPbgs 15 of the epoxi de hydrol ases during

Culty oo . S 3 '
cortietPickBRmificd OF AR R SERAIAIAR cliBlCTuidibg), |
cyclodexttinnosgiab@truferabtaljses aperthe lilknthatcangndrbase, selectively or
ol ypepti de.w th. epoxi de hydrol ase activity are taken
0th4of}¥t%: ooty o g So-sa%%? Y BF FRAFHCR FBH e ul t ur e),
bi OMRS8acRBH nfiituld/éR ARS8 BultE:. SRERI&LEAnBYn TR IHICHSand

~ known to one skilled in the art, such as filtration or
includs; fori exanpate, phospR@e Thfersr dtretedufemy Erigbulers| dryHEPES buffers.

erf.orme nde ' ndi ti ons. . For..ex Le,,Lhe
et S M e M P B hgnents, can
be, foir ek@hglb) 36 rbdiMabote inGhdscclibl oiPSlypepidk %ﬁ@?bwpéﬁtﬁfé\ 7
to 8.5. The tenperature for hydrolysis can be trom?O0

Fragraenty Thus theyesaarmaasiepyinrediotiopen soataral hesicelhmapdycsbnyn a
reco{n&‘tﬁﬁgn% h%)& céﬂ, % syﬁ&leﬁ%%r%klﬁ&io%n %oﬁiﬁﬁ%nt edrgwcrtiloﬁ Qar? {)e Eag'ged
er Cc anc

enperature o on can en
out ariart celkelf adtrobiat yrigih. Brefemed/ yeast st ddlle areebdctedtrom, but are
i Xtyre can alsp contain m xtures of water with at
not [igiieq 1 6 S Srcpgeres Aatfe A’?uy(v@rfog?yf:es@ Hgasang!la, Pichia,
YarMbi8 bnd cakil PreRhNe BhSdrial Rosf &l1aRlcdsat el ihatidi e
solvents are added to the reaction m xture such t hat
Agrelyardrie spedies| B dhacpecies andrSreaiony censpasies. dvéferred filamentous

g b8 POk GeiBerf R e et B e ol s S ety
Trichblanml andFRRANAI.  THeSROIRESA Bf thedoBipeptidd dah®e, e.g., intra- or

extra- cellular production and can be by, e.g., secretion into the culture medium.

In the fermentation reactions, the polypeptides (including functional fragments)
can be immobilized on a solid support or free in solution. Procedures for immobilization
of the yeast or preparation thereof include, but are not limited to, adsorption; covalent

attachment; cross-linked enzyme aggregates; cross-linked enzyme crystals; entrapment in
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30 di net hyl sul f oxi de, N, N-di net hyl f or mam.de,
N- et hyl pyrol i dine, and the like. The reaction m xture
W@ 2a005ab@se8 contain m xtures of water with at | eRCI/IE2€5/001022

wat er WO 2005/ 100578 PCT/ 1 B2005/ 001022 42 inm sci bl e
organi c solvent. Exanples of water-inmm scible sol vents
that can be used include, for, B exanple, toluene,
1,1, 2- trlchlorotrlfluoroethan‘g3 nmet hyl tent-butyl
et her, nethy] |sobutyl ket one, dibutyl-o-phtal ate,

hat,i ¢ alco ol s _cont ai ni 6 to 9 carbon atons

hydrBetS RS R E B BRI r) | att phar ¢

hydmhe ?)ﬁfgl@@ﬁ f ERTeatiohEn Be tn@nik@rea a/seimdardairecsufes @hown to
e cycl ohexane, n-hexane, n -octane, iz -decane,

one %ﬁgu@b@\ A, which inclidea fs exgieplangrsishromestagraptaner lgh-pressure
hquxl@ {@}&n%ﬁ %L%I)h}% Erg ccﬁ{u%gx g@rﬂ&l %%ﬂu@ﬂ’&ét?o%ﬁ{ﬁﬂlgés ﬂfg%&ﬁﬁ diol

reac ron mxture can e water
formwidtdan &k réraésdd fevie theakegotioh mikaed & e ob hgae SMgesaif\tm’nteactmn
selected fromthe graup conS|st|n of .tol ue

tr |Té1ﬁ FEACHPR P41 Ry RISt AMsD ORg ERgATIOMSE of E’Gt"%“qajtdﬁérls found to
be 1r[rFJ|[ at In@&? %lth%;(%&n&lang&ﬁ&tM{th@vﬂzglapﬁ%ﬁl Bleforably, the

s containing 6 to 9 carbon atons, and
reactibn psrmmxed Iwhein ooeetrmtismecofy wiciniahdiobof geneil St (IIDEHEY),

vl R &Gl 08 5 525 o BB ROFHE <1 e ST oy by more
pref@x%@éd%cﬁm@ﬂtdoﬂtﬂ@mlvb&ﬁmt ’th@trea?cﬁﬁn G5 HRE SvheB N8 hant®iner of a

or otherw se, the sol upi t he nmeso-epoxide in
vicinddicledgehesn Taimeria aD, A%). THETT a6k PO es bam & so

enat}cc}%grltlegfgn x@ef‘sg :cj)ff f%tx %% Pgl ‘%f © ﬁglg ?%a% 151@ géﬁ@? 515 : rtfl% Qéi])g.ratlon (for

pllefcefisifughtion, ehbRns ﬁltflihoiﬂﬁi?cﬂ:.ﬁldliHeD ef the yeé’sﬁl €or a preparation
production of the YEMH p olyge ptides, inc

di

themq%@mdhm%ﬁ*%%ﬂ@ or &3 ac @atwrn&fore%%i% Ilaﬁ‘ét TeAeRlPT
I
s B3SOy SRS O NOSBL 25 Bl i
thereraﬁ lfﬂbab th@ﬁﬁacmﬁi tan h&rsmilpedl farby forax@fplegibo whpanativin dfdke
B L s R T e
of t c%ﬁa@ﬁ@&t&ﬁ?%y Bahq ks 'kh@wﬁ‘ ECoredketddad the #m but are
not ltmted mgggenera Saccharoznyces, Arxul a,

K llilwerp@nglbfe@tweia dioks, provusierl By theveepeting eandedecovered from

ed _bacteri al S
the (R s, BRSO AR ERL T o TRy S5 ek et
PrefSROG), € Iﬁﬁges§b£rﬁﬁ1bmﬂg )é@lﬁﬁluﬁﬁﬁ% r@Sverdigthe bpeehlly active vicinal
filamentous 25 fungal host cells are selected fromthe

diolgrednsed by shesepdtignshiresthn frgafbe gapg%m@?ftpqeu Methods of removal of
the Ap-[gc c%gg g?t:i\gez\ﬁcmﬁ 1@%8@&0'6&' B% theTlggctﬁﬁlngﬁ&é P fa.]ntrprée extraction

e can extra-
withparoohgatic @leam:c(sms lhEXame, tohlege,, distbgl ethérppetioitum tther,

dic (gﬂlog;%ggpgjs I‘%%Oﬁl!él:] pe 1;6 ittgélg?e f§%§Mg§entraggn,
crystallisation, distillation, membrane separation, column chromatography and the like.
Thus, the present invention provides an efficient process with economical
advantages compared to other chemical and biological methods for the production, in
high enantiomeric purity, of optically active vicinal diols of the general formula (III),
(IV), (VIID), (IX) or (X) from meso-epoxides in the presence of a yeast strain having

enantioselective epoxide hydrolase activity or a polypeptide having such activity.
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can be imobilized on a solid support or free in
solution. Procedures for immbilization 30 of the
WQ e@stosr8 pr epar ati on t hereof include, but arePeDIB2005/001022

limted to, adsorption; coval ent attachnent;
cross-1linked enzyne aggregates; cross-|inked enzyne
crystals; entrapnent in WO 2q&€/100578
PCT/ 1 B2005/ 001022 43 hydrogel's; and entrapnent into
reverse mcelles. The progress of the reaction can be
nonitored by standard procedures known to one skilled
in the art, which include, for exanple, gas

Yeast Bp&i184 REdBRBY atibolliegh- pressure |iquid chromat ography
on col umms containing chiral stationary phases. The

vi Ehadiveniiol fegturesrantidodianthpibipd fovesdt st rErdassct i on
pis 8B Pl Ry B AR Sl e 8GL bl Bifenides
The podlgb&sldes o prefradbbuyest epoxide polypepttdes svithoempatiestlective he

actiin 81 Brpa e S5 BRI S AHETS B B S VALl EMED,
e.g., ?]%%ls vﬂ{hf 9]?@231363{10% QLI Re &ddbbliies g@f‘érably(b\i/ﬁd dpeciflchity) to Wast
i's found to at

e 1n an enantioneric-excess of .
epoidmisydrolasé pdlypeptides; ee.1 0otpp epexidebydnlsssipotppeptids eftspecies

i pvention, the reaction js.sto d .when.o enant i one
othep fhag eqs Spsrifs MF PSR e HEY SREPRGFES LRy, 10 Ry cposide
polypMfitide wifhl thmticielette dctivitpnd ifh BadiGulatodVEMH polypeptides, e.g.,

enantioneri c excess of at |east 95% The reaction can

thospwitht BHp & NfYs: tHd  Jhpwaean mergoy¢rdrind gpesifisply to one or more of
centrifu j r fLlgragi and the |ike) of
polypRa s S T N 2 s S T3 ™ rom the
r eaGhibodicstad by golpdlomy of hdabdilvadl iaatibddiay mextandplfe pryducing
heat treatnent or 15 addition of S%@%F and/ qr or

bothdgpeseritagiibesty %rﬁkiv@ragﬂhseﬂpgﬁlﬁﬁé@?q cagbe ?é%?lg%%%w
o 1998, 471 L RS LORRR0 108 SHRRREY Loy phBcion

alytic agent from
antitiddéesramd ch@micknalnuhtipodidsicdrsbd genttagedninxengesgratad fioym B cells

e BT, PP i
hum@R bHifRkdsYe 8C mofReyd, 6hths di'r‘%hﬁnﬁh!ggé%dﬁ @drdey, dodf, camels, sheep,

reaction can be recovered from e reaction
pigspbosting animdisr(eet, lopwerbudifs aroxeelrdogd, cas, reblitsy gerdils, hgmsters,

. preparation thereof. _Pref.erabl e ess can
suirfh B2, Bed: REATEhop s L UGRRL v B P RRESTS Gollve
Vi RedambirdhOintPbidsisRdiflRyfot NEMIE dolyipeptidts) @ch by climerit
the reaction m xture. Methods of renoval of the

mongglonglaantipogies peraPasre PREITtgRDIeTpied dissrditisyent fReY8 AL | on
hum'g.ﬁ%@ij ﬂﬁhfélghﬂ%ég i&s co?ﬁﬂr{so B! huﬁg%aﬁe %}hcsﬂ[[brg{u%g?i fortions, are

ve suc exane, uene,
alsopatsmpayed ey therinvedfionli Sidhochivredtihamkhuncdrlizadofionarionet hy|
acetate _and the Like) concentr

} , .vacu tion,.

antiBadjest b @RRISRA D FEPIOIRET BVA IRER ST PO @B AP 4t B or
exarfAPleUidin £ HeAFat QAR indshitddf et hiK GnternbfiBBal Habit PHRIEARSN

I hvention provides an efficient process with. )
PCTHUBROMR26D; Akira et al., European Patent Application 184,187; Taniguchi,
European Patent Application 171,496; Morrison et al., European Patent Application
173,494; Neuberger et al., PCT Application WO 86/01533; Cabilly et al., U.S. Patent No.
4.816,567; Cabilly et al., European Patent Application 125,023; Better et al. (1988)

Science 240, 1041-43; Liu et al. (1987) J. Immunol. 139, 3521-26; Sun et al. (1987)
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advant ages conpared to other chem cal and bi ol ogi ca

nmet hods for the production, in high enantioneric
w@eoostigos7of optically active vicinal diols of P¢EIB2005001022

general formula (I111), 30 (1V), (VII1), (IX) or (X

fromineso-epoxides in the presence of a yeast strain

havi ng enanti osel ecti ve epOXI% hydr ol ase activity or

a pol ypeptide having such acti‘vity. WD 2005/ 100578

PCT/ 1 B2005/ 001022 44 Yeast epoxi de hydrol ase

PR S o7 5 TS S SRR Vol ke, (%89

Natr8 394, 445049, $Dawct aI. ({9833 1 0aRICaheagnsnd )l 583- SSthmson
Iypeptldes 5 The Bgstldes are preferab

(1985 Sxlesee B gawvd@setvalté ot erbichieh gk dadinr 0. Patent

No. %%5'%99 nels %19%@%8?% §(él §§f%§¢§8§9aﬂ%t al. (1988) Science

enanti i verac

239434, Fﬁﬁmllalllldi\l@s@ﬂ (1:983) Jl'hmnamgl b@d}l,:jzt%ﬁﬁﬁ()ef el‘[':lb| y bi gd
speC| i ca east epoxi rol ase eptjdes, .
i . élso pegfu lt% @ﬁd&m@owm%xﬁae g*agig} ﬁ@%@@%? %ptbiﬁ coatain
oG L S St ey s
a YEMiFhpeypeyitides e‘\lrmbbdy fagioenty ihtay cordaid thenbipding |domam Oft‘tbe

molqerly clube HEREIERY Bt gt e St Begngpit Msfidbomd o not

l1mlﬂé21| %PF%E‘)QE@M%M@E@& Be ﬂ\l@uce& by%eps?m di‘gestﬁ)ln &, anﬁbocgf

di es can be pol ycl onal or nonocl onal

molacmlch Fdb Spgments rd sai be gm%bhgedubl@g fhe digd§depridges of

F( bgﬂtﬁéa%%% ar ed %%Oﬁ\!n gmél]rgg Jﬁl%kfarnl beée%?ra%r&tqﬁ%%hﬁg %d?e
moldfgys Rtk p@pe@iﬁ eni@bkedutg agaiti 1Seeli g, Nturabketitutes of Health, /
pol ycl onal anti bodi es and nonocl onal ané Hodles can

Curtyeunt é’éﬂ@p@lﬁé@ﬁnwumdp@g &rodigan els porh-B ZcH] (Wilex inggrscience,
1 99?); e%?{éﬁod@q}'a ¥ rlrsaog%l’ci\ﬁﬁ% %‘@ qt{\l %ﬁ%ﬂ&ser iﬁ &ugg%o'd.ﬁ& in which
thergankfysor ﬂmtmetlaﬁt regionciminpacid emc)u,es hArss;r@e clyaat's ;Eragment

T C O T TR T EX —

regllaﬁf@lt Bl %ntﬂ?&y%rﬁ it @8 scIf\aits YeriPeE SuchiFdmehBWah baproduced,
chi ckens or turkeys), or fish. Reconbi nant anti bodi es

for S)p’emlé ias dbmnbYEwUp%IRamprdééeré% hwhieh istimgesparated herein by
| o 5
N A

antiBHdy S9EinEISy SEFRIESinnodibletdat épmrsl and non- human
portions, are _also_enconpassed y the i nventi on.
0D

chi Fhe ahovardesaibes ARtiagionsan oF gpl 1008 VarEt 196 aﬁl@gse@aﬂé{%ﬂga
o BT DY D PO GRS e 0
me®uredtent. Internatlonal Pat ent Publ i cation

PCT/ US86/ 02269; Akira et al., European Patent

Application 184,187; Tani guchi

The following examples serve to illustrate, not limit, the invention.

Elnson

EXAMPLES

Example I. Materials and Methods
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Eur opean Patent Application 171,496; Mrrison et al.

Eur opean Patent Application 173,494; Neuberger et
W@b005/10ET8 Appl i cati on WO 86/ 01533; Cabilly et BECT/IB2003B101022

Patent No. 30 4,816,567; Cabilly et al., European

Pat ent Application 125,023; Better et al. (1988)

Sci ence 240, 1041-43; Liu et al.. (1987) J. I nmmunol.

139, 3521-26; Sun et al. (1987) WO 2005/ 100578

PCT/ 1 B2005/ 001022 45 PNAS 84, 214-18; Ni shinmura et

; et al. (1985)

e o 40- 49, t SIsfs . Natl. Cancer
| nsﬁl thes&zarrib‘l_?&3 L@mtd‘bﬁlé fdleféﬁﬁmatl()ﬂsﬁﬁ‘ihe &ﬁh}ﬁﬁmds 212(9determ1nat10n
1202-07; G et al. (1986) BloTechnlques
of epyntiogIericloXeRsSEa e CartNg. 0uk by 283 ehomatggiaghy gf FHELC. Ges
1
o TR 00 500 Ao,
equilppeditith. FIDAlktech%3d Ging A5 castt ghs. fIIPLC vess manfenmhedoon a

t dy f t t t hat
IR A AR S R R R R
detegfbgaﬂété?ﬁl dﬁ‘a@xoﬁ ek ﬁ&ﬁ&n@éﬂ:@%eé 8¢ 2,8-b¥kMEliol, cyclohexane diol

ody fragnments that contain the
and hntm}iydg) E,érfaxandmﬂ wiak @erforaeldayl @LE alﬁmae”u@émércatcer@llommnn

t ech h f t ut
capigR Sopa Qe ] 6 e eane D S f BEbiCed
Det¥niRGRR JF tHé gx?ﬁl%ﬁﬁnefex@é%ésbﬁ%anﬁﬁbﬁ%hﬁeﬂ fr&ﬁb:ls

ragnents that can be generated by redu0|nghé
epoxlyssintihicteidhwasipeorofed b(ERIG 2sihg aigAwstee L Grideabapn (150 x 4.6

nts .that .can be generated
e BERFEPERRR £ BABATI Y SeFdr T ageh s Sl A
perfoithé QPR HP TSddih dgloa esirdfceORAR! dblurdn (@@rxreetmrﬁ’y oRe@egbs | n
Inznzunolog gan et al., ed. 2.8, 2.10 (Wley
mmdﬁ@9$g@i@ﬁﬁﬁoni@%ﬁggl§asﬁﬁb“@ody fragments al so
include Fv fragnents, i.e., antibody products in which
there are few or no constant region am no acid
2,3-hasdbaest: pAOBEXNgbet ot Bofherh [tRgdprebsuré $4 bM) splis flaw 80
si ngl e pol ypeptide chain that includes both the heav
ml/mind Retghiorchrmpn(mwia) i Rub.8)-drd gi b FofR.Rirdidd it 4-body (m?%dlol
_ ich the scFv is derived. Such fragments can be
Produced, for exanple, as described in U S. Patent
No. 4,642,334, which is incorporated herein by 20
reference in its entirety. The antibody can

cyclohexans diel"H- D@P%Z%atokl 03C Aismsemobrad pr%ﬁ%wet}&dw split flow 80
tf 6Ih
ml/o“ove %%é%%l ?q%é gﬂgaé?%qﬂ&sgﬁgggfsa vaflety

of purposes |nclud|ng, but not limted to, YEW

tide purification, detection, and quantitative
cye g@(ﬂ@rﬁhﬁk P-DEXIRS atdPPSEnisAipeEndicad Bresesr \l,é p§105p611t flow 80

ml/inujl. lkc’ettérﬁfo%’tm%ét(nllﬁwt (S,éﬁ@ioi %6/ k't &R)-diol = 9.6.

tetrahydro-3,4-furandiol: o-DEX 120 at 120°C isotherm, head pressure 14 psi, split

flow 80 ml/min. Retention times (min):: R¢ (R,R)-diol = 13.7, R;(S,S)-diol = 14.5.

tartaric acid: Astec CLC-D column. Mobile phase: 5 mM CuSOy, pH 3.1. Flow rate: 1
ml/min. Detection: UV, 254 nm. Rt (D)-tartaric acid = 5.66, Rt (L)-tartaric acid = 6.66.
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EXAVMPLES 30 Exanple |I. Materials and Methods WO
2005/ 100578 PCT/ 1 B2005/ 001022 46 Determ nation of
W@ owsanmsrat i ons and enantioneri c excesses | n tPET/1B2005/001022
exanpl es, quantitative determ nations of the conmpounds
and determ nation of enantioneric excesses were
carried out by gas chromat ogr%?hy or HPLC. Gas
chromat ography (G.C) was perfdrmed on a
Hewl ett -, Packard 6890 gas chromatograph 5 equi pped

Lo~ B PR D8 G BB oo,

ﬂow%f%s(ﬁﬂfrﬁ/nhlhq Rictentioh eRRdsFaNBPRt (319) PREC, Wi (AR =13¢.2.
detector. Determ nati on of the enant|0|ner|c excesses

of 2, 3-butanedi ol, cycl ohexane dl0| and
;ekfoghés?{aﬂm?fs élfélgfdgﬁ Uliiotts RELS 95 8hR
use extrin capl Iary co unns upel c
obtal{n2Q fionh Eit%chons?&f e fdlid] Bromm Hu & ipmhd aHsendehif akimess]ls. 10
Determ nation of the enantioneric excesses of tartaric
acid fornmed fromcis epoxysuccinic acid was perforned

Pre%a’dghgf %Z@Qy%%t%%ﬁ%r%‘e&ngol um (150 x 4.6 nm.
€ enanti omeri ¢ excess of

1, ¥editphenygrotntSOP@edLothakadaskpeifupssroedtaying #UMn] yeast

e S i S ol
o 1
o PRl o ey e v

harvbstB@By (:aﬁtﬁi’ugaﬁbn (E) 8)0 gli ld min, 4°(5pwaﬁhed(vﬁ,t}RphC($pb¢te buffer (50

= 5.26, 20.cycl ohexane. diol:. .
mMy¢ BHFJQ)( pgﬂsteQPYﬁ@@fsl&%wem IrorgR 40 Bhose %FFS gfar (pafaning
of | Qw
ey ) BB PO ISR TR I e ot v
monhokithdud s 2Rbloss ofl&liCitysot herm head pressure 14
psi, split flom180 m/mn. Retention tinmes (mn): K
(S, S)-diol 8.7, R (R R-diol =9.6. 25

VeabSl ootV b sfrdedf@ndi ol © a- DEX 120 at 120C i sot herm
—__$E%H¥Tﬂ4¥%§%i—fp¢jﬁﬁ , split flow 80 m/mn. Retention

ti Mpexidei(h) ul oft 1 VRt shlmjiondnBOH orFEDM@S)) S)as ailddd to a final
14. 5. tartarlc acid; Aste ol um, hf
congsrigion &f HWTSON tcpﬁp%ullcellmumﬁnﬂ@péw qr %%‘VW/V Thphosphate

buftDe 5?)@1\4? gﬁ[% ’F}ged'rer ¢ {]ODGT%&Q%/\B%%db@;HfSCS%EH C 121888 hours.

The @%1b§%9%&%&3%xtracted with EtOAc (300 pl) and centrifuged. Vicinal diol
formation was evaluated by TLC (silica gel Merck 60 Fjs4). 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
GL.C or HPLC 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 meso-epoxides

Frozen cells were thawed, washed with phosphate buffer (50 mM, pH 7.5) and
resuspended in buffer. Cell suspensions (10 ml, 20% or 50% w/v) were placed in 20 ml
glass bottles with screw caps fitted with septa. The substrate (100 or 250 pl of a 2M (v/v)
stock solution in EtOH or DMSO) was added to final concentrations of 20 mM or 50
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47 1, 2-di phenyl -1, 2-ethanediol : Chiralcel QJ-R nobile
phase: Hexane / 2-propanol 90:10, flowrate 0.5
workdosnoes7s Retention tinmes (mn): R (S, S) = 27PGI/IBW05/001022

(RR = 30.2. Concentrations of the diol enantiorers
were derived fromcalibration curves 5 obtained from
extractions of the diol from ngfer in the absence of
active cells. Preparation of "Prozen yeast cells for
screeni ng Yeasts were grown at 30C in 1 L shake-flask

o S o S o
T

time HREMRN, Gbr RitiraleBL Ciahbiyais) smmglés()w&@ @x’@actéd)wﬂ:h 800 ALFtOAc and
washed wi th phosphate buffer pel | et ed

centrify2eé (1000PUG o, Téﬁ@rgqn&léﬁeru ‘ﬁasrfh“t?élp’rYSE @‘gﬂé’fofué MgSO, prior
o SALR, Ol el 0L of A0 ARl oot
by rewidxl'ad) of thei cgtailfst barenttifigmtion (Hc®IOx £yl 0 thé) ¥ed dite superhaitat

ana1y§%€1lrgil?qleg -S : %ﬂﬁ%ﬁ%&ég %W;ér%glat&glged?@](gﬂy%%)ﬁej%mn) the samples

. e NSJeP R
Were‘(ﬁe%@ﬁgfréh g%?ﬂ/?&aﬁg all%g ccglr]crég%ﬁgtwedog G%?Q erI%}lI? Sghmfgag% B as

dneﬂMrmhﬂmumMg%MP@@ tnenelybin byishirdld HBEC30C for 1 to 8
hours. 20 The reaction m xtures were extracted with
Et OAc (300 |) and centrifuged. Vicinal diol formation

Detei“ﬁﬁnﬁéi&h et HRYInkb Cot il ration @€ Hidker ck 60 F254)
Conmpounds were visualized by sprayin

v adibispiuty eopdiguratipepal wéqpp}ltanﬁeéa%i qysw%ﬁa(wulﬁ@sil B foytanediol
o G B Rt O ROy g
(IR, ﬂh)-r a’iﬂd (1 @S)—&Eaﬂsﬂah@s arlaky)s i&soﬁﬁl@nﬁg&mﬁmnmsf t\m:at}gldrofurandiol

eat ed_qver |l onger_ or shorter ti
and la%adlp%@yﬂﬂe? PRI IR BY OO TR YRS g%i\?@ @Pl&lﬁ ¢ efifion Srders on
TGty @hab ¥EA1S 2064, TH L =8 PR0g4gles
the s %gd(}e%]a%: %EV\E{G?JI%Q g vva((s%r?ed wi th phosphgtg buf f er
(50 MM pH 7.5) and resuspended in buffer. Cell
ensions (10 M, 20% or 50% w v) were placed in 20
Mgl ass bottles with screw caps fitted with

Seftaast shghsebishitad eJdntQ8d 8timefballscebn BuBblbr Weyd ottdiaedkfrom |
solution in Et or DMSO) was added to final

the Yeasst Enttrzgt Cdlestion oﬁ@e.ﬁni{g@rsigoof/@e PorsItaigo Y east strains with screen
CT/ 1 B2005/ QQ1022 .. N l; S: '
numbers cogﬁaér%p% % Of Cég t %Ml%l%r ol Wefetisdfalel %oglt £6n

g Wate C he course o
specialised ecological niches selected based on the inventors’ belief that selectivity for

specific classes of epoxides in microorganisms would be determined by environmental
factors such as terpene-rich environments or highly contaminated soil. “AB” and “Alf”
strains were isolated from Cape Mountain fynbos, an ecological environment unique to
South Africa, “Car” strains were isolated from soil under pine trees, and “Poh” strains
from soil contaminated by high concentrations of cyanide. It seemed likely that
microorganisms existing in these contaminated soil would have alternative respiratory
mechanisms.

All new isolates that produced optically active vicinal diols during hydrolysis of

MEO were identified by known biochemical characterisation methods, and most of the
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bi oconversi ons of epoxides was foll owed by w thdraw ng
sanples (500 I) at appropriate tinme intervals. For
wa@e kiosabos@ C anal ysi s, sanples were extracted wehIER0G/(101022

Et OAc and centrifuged (3000 x g, 2 mn). The organic

| ayer was dried over anhydrous MgSO4 prior 5 to

analysis by chiral G.C. For HPLC analysis of tartaric
acid, the reactions were stopped by renoval of the

cat al yst by centrifugation (10 000 x g, 10 mn) and

| t].y., For HPLC
isolg S R, AR T PRI} SToHEhEap e ot e
Dl/me Esglsﬁfof et 18tbe\WubihiNEXANE THREE SN isbiatddGRide EtRBQLcKt]Y,

n). The organic |ayer was dried over anhydrous
depqs’gsd)alt therY enst Caltum&lojlebtiormgf Wniversity pibthe Orauge Free State (UOFS)
er
end RELGIER OBES MRl S5y 803 At GO Wl ML AL oo Wil
Colleatbd08EX axe Oﬁiltﬁfes (NC&'—G}UN@ﬁﬁ?ﬁhOUmt@il’ldmgddSﬁlarl c acid
were determ ned by co-injection on GC of the
comercially available (IR 2R)- and (1 S, 2S)- trans
diols (Fluka). Absolute configurations of
tetrahydrofurandi ol 15 and 1, 2-di phenyl -1, 2- et hanedi ol
Eihntplo BEnSajuencinst eodk mierr riebmborebivild ty
h 't hgl S§h| A al a.lipo, G oteéifferent

stral ns desi gnat ed "Jen" ﬁﬁ Owgerl cal screen nunbers
were obtained from 20 the Yeast Culture Collection of

1. t heVegtoxsePtriains asfd PrimeFs €Baldedl e. Yeast strains with
scrgeng urbers contai nin
o (PR KRR of Bii@om S Clhe £l &l treliioa &lo-cloning

inte ﬁb@ge&afsugb@hes sel ect ed based on the inventors'

elief that selectivity for specific classes of

epdxi 8882 fepmirataroor gani sms woul d be det ernined by

nV| rgw%g_tal factors such as terpene-ri ch

enV| r 6RTERES™dr hi ghly contaninated soil. "AB" and

" Al K%§a1§§51ﬁ'r€s§st¥f<fe%bf B0t At &ikctippm Cape Mount ai n

fynbos, an”ecol ogi cal environment unique to South

Af e capondempy agtor domisg westersi(pBYAtlddl,ipdSdk EdB) pINAd8313) with a

pi ne e oh: str SO ont.am.na
by SHEEGRERH sriraine TbRRe dame b 11 rel PRy ! allee
that AEhthReURBANEGERiof MhakédnkN these contam nat ed
soil woul d have alternative respiratory nechani sns.

30 ®A| Imui@wop:g altgtckmingregctqrs @Mbeazﬁppmallﬂ% AANAR293) with a
vicin olsd rin drolysis

! dent PPIEERIRS AT R B ) BinpebereRefony ey the

met hodsfecinhMMay aéle Hiven WO ZRDDsLEHDA Snarker gene

PCT/ 1 B2005/ 001022 49 isolates were al so subjected to

nol ecul ar identification by sequence anal yses of the

Table 1. Vectors, strains and primers

Description .| Cloning sites

Selection | Targeting Upstream/down Reference/
Vectors Promoter .

marker sequence stream Origin
PINA1291 Pmll (blunt) / BamHI, | Nicaud et al

hp4d ura3d4 none

(PYLHmMA) Kpnl, Avrll (2002)
pYL3313 = TEF ura3dl none Xmnl (in pro) / This study
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vectl or INA 1291, pTNA 1295
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Pr onot er

4§ﬁkﬁfﬁ&ﬁﬂgnarker gene Table 1
Y cHeni

r\non.-. nf I an 1)
B@W@AQ@G%% Ref ¢

SEOKBINGLaquence stream Oigin

a3d4 allele from
amM@deaﬁdSrSof expression

g*ésﬁ%ee?et‘”% degries
pl NA1291 hp4d

pm%{r a3d4 n

DYLH nA)

OﬁecRﬁT%ALdA (L\'@Jc%é)& daBRTe . 3
KBNb Ndwi} | (2002)  pYL3313

G-

none AXnZz

{ VI -Tc A)

PINAET/ | B2()

J

L B D

7))

05/ 100578

Kp¥T-TspYHmA rev primer

\PILIOI_\

pINA-3

MN\CT CT TITCC7

5'-CTC TCT CTC CTT GTC AAC T-3'

(SEQ ID NO:23)

pYLTsA fwd primer
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Host Strain Description Origin Yarrow a MATA,
ura3- 302, uxp2-322, axpl-2 (deleted for both CLLB882
wo pehgtsrea Pol h extracel | ul ar proteases and gPOUMBROG001022
sucrose) Priners Sequence Specifications 5" -GGA GIT
CIT CGC CCA C3' YL-fwd anplification of expression
(SEQ ID NG 19 YL-rev 5' -GAT CCC CAC CGG AAT TG 3'
casette between Notl sites (§EQ ID NO 20) pINA-1 5' -
CAT ACA ACC ACA CAC ATC CA-3'" PYLHM fwd prinmer (SEQ

ID.NO 21) NI NA: 2 5' - TAA ATA TAG ATA CCA CAG 3'
2. pYLﬁg&sézf[rFﬂ&s ?‘B\%ﬁ'ﬁ??%ﬁ“% i‘%%gf’b‘ﬁ\o 22) plNA-3 5' -CTC
p

TCT CTC CTT GIC AAC T-3' pYLTsA fwd primer (SEQ ID
NO 23) WD 2005/ 100578 PCT/ | B2005/ 001022 51 2.

: gt s (multi-copy and sidqgl.g; y)
%lg‘%é gr rmﬁ%s Cene origin TEF promgt%lefl&ﬂsector: PpYL3313
(1313) = (pYI TsA)| Y1 23TsA Rhodotorula micilaginosa

NENFE pibAbterYL 25 Ts|AVERIO£Q VL3318 (A8 13)cafpaeTHM)YC 3183

Y. 423th Rhodos or] t grul o} des =04 /71
Y@Su .QAA Rhotdospo ?@@%ﬂgﬁ* ¥ ciloginds :

REbYIsAor i di um t ol Readriguda meverriag (CYOCAI83r 54 TsA
Crypd@@0ccus  cur vVaRksodoXGumkb@loidth UORS AGOLTS A

QLB TTPOT VU1 Cay N, 5228, Yl [ T5ACEL gbesT 0T um

reof ot rans—var—n ortrans (GCenbank__accesst o o XM
CERVE (#777) fpdpsparigivitoryloidep NCYC 3181

YINBAZ9 TsApYLHMA) | Cryprococcus curvatus NCYC 3158

YLJen 46-2TsA Yarrowia lipolytica NCYC 3229

Filobasidium neoformans var. neoformans (GenBank

YL777TsA accession no. XM 568708) (#777).

Hp4d promoter Vector: pINA1291=( pYLHmA)

YL25HmA Rhodotorula araucariae NCYC 3183

YL46HmA Rhodosporidium toruloides UOFS Y-0471

YL692HmA Rhodosporidium paludigenum NCYC 3179
3. Vector preparation

pINA1291 (Fig. 4) was obtained from Dr Madzak of Labo de Génétique, INRA,
CNRS. This vector was renamed pYLHmA (Yarrowia Lipolytica expression vector,
with Hp4d promoter, multi-copy integration selection, Absent secretion signal).

pINA3313 (pKOV9I3) (Fig. 5) was prepared by the inventors. This vector was
renamed pYLTsA (Yarrowia Lipolytica expression vector, with TEF promoter, single-
copy integration selection, Absent secretion signal).

Examples and figures that make reference to recombinant strains utilize
recombinant strain identification codes in such a way as to iterate host (e.g. YL), gene
origin reference (e.g. #25), promoter (e.g. Hp4d), copy insertion (e.g. multi), and
absence of secretion signal (e.g. Absent); e.g. YL-25HmA. (Note the variation of code
text does not change the strain identification ; i.e. YL-25HmA = YL25HmA = YL
25HmA) .

To prepare the vectors for ligation with an epoxide hydrolase coding sequence (or

other insert to be expressed in Y. lipolytica), DNA was digested with BamHI and AvrlL
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YL25HMA Rhodot orul a araucari ae NCYC 3183 YL46HM

Rhodos oridi umtorul oi des UCFS Y-0471 YL692HM
wRh@doeqses | di um al udi genum NCYC 3179 3. Vect oPCT/IB2005/001022

preparation 5 pl NA1291 (Fig. 4) was obtained fromDr

Madzak of Labo de Cenetique, INRA, CNRS. This vector

was renaned pYLHM (Yarrow a Lipolytica expression

vector, wth Hp4d pronoter, Iti-copy integration

sel ection, Absent secretion signal). plNA3313 (pKOV93)

(Fig. 5 was prepared by the inventors. This vector

was renaned pYLTsSA (Yarrow a Lipolytica expression

4. VeGh&rt i‘éﬂa'i‘atTEE pronoter, single- 10 copy integration
sel ect i on Absent secretion signal). Exanples and

fi @"@taé KN A acas paated &pey @lﬁ,céedts@aaaté@r@meﬂa paRd BiepsgngRy RNA
A& T REIRR W TR S gt b G B G Rt .

complehenene @NE (@DN#@ @%mg@é@ﬂsﬂmséﬁp’t@se Hhad dPNACw@ythen used as a
i nsertion ,. and absence of _secretion
tempdatgriar quam@rasmﬁx 1}6&080@ (PER) pssppRpPropitePipes PCR primers

e LA 08 08 L 0, RGP 1
strai SitieRAquentes fivelpiall eetdeasudon previdusty desgattadaponide hy@mlase

epoxi de hydrolase cadi sequencge (or nsert
R e A e

sequgéceé
reve@%'ﬂﬂm@r@ dsMbl denerde AR/ 013@ 1B qibatéd %Q%Rﬁﬁlﬁ?rﬂ 565811
. NA"was isolated from

I nsert preparation Total
dlffemtemgd;trymasnltlsappmpnaé@tqs@ncanm enpsRRITgesni fRMpsites ARkl

term{rg ag I I ?%8 ?téoﬁg%tzgﬁé'@ WAR 14 Blﬁ% Bocd atrg Hi%e?ltu?ed and

usSi ng revers
the rélr@ﬁﬁﬁ%btﬁbﬂ&ﬁeniﬁhﬁbs%%omntﬂaﬁﬁth&@ﬂ as a tenplate

for Polynmerase Chain Reaction (PCR) using appropriate
prinmers. PCR prinmers were selected by r epeat ed
expel I mert dll orl Ubl nmg pl'l n
Strayeast strain, the sequleﬁr?%ggk%ﬁﬁ ! ‘JSQEH‘%%
R 1oRIBYRONEYE 985CH] bed dep &?T&?AW%@%%@@ @m@m@c%&@mc
e AUt L0t d W@@@?@A Brihe
R to?‘&?%ﬁﬁbgﬁgﬁ%@e% erse r&g&ﬁs QJ ‘é % Al A QQE
C. CWﬁWﬁ§C¥Q‘ﬁ15&PG&r Ffom 1 ife) ven I pn 2 Veast
R. aralieaidaNOW € Bl 83pf250pr i at GAERAATGATOAAEN z(ﬁmélCTAGGTCACGAC
recognition sites at thGAGCGAGEAN{BcAY e| SHOAG FHIDW.
Restriction enzyme recoggidnoNEesguences (@HED NO:27)
o 5 T el SREBATECATEEE O] AN’ A6
R. pa TUTH g‘g A G GCC
zlﬁ%‘% Eﬁ ¢§E¥%%@es GCCCA (BamHI) TGG (Nhel)
(SEQ ID NO:28) (SEQ ID NO:29)
R. mucilaginosa NCYC 3190 # 23 GTATATCTATGCCC | GACCTAGGCTACGAT
GCCCGCT (Bg/lD) TTTTGCT (Binl)
(SEQ ID NO:30) (SEQID NO:31)
Y. lipolytica NCYC 3229 Jen 46-2 GCAGATCTATGTCA | GACCTAGGCTACAAC
TCACTCG (Bg/II) TTCGACG (BInl)
(SEQ ID NO:32) (SEQ ID NO:33)
Debaromyces hansenii NCYC 3167 GTGGATCCATGATG | GACCTAGGCTAAGGA
(#113) CAAGG(BamHI) TATT (BInl)
(SEQ ID NO:34) (SEQ ID NO:35)
Filobasidium neoformans (# 777) GAGGATCCATGTCG | GAGCTAGCTCAGTAA
TATTCAGA (BamHI) | TTACCTTTG (Nhe)l
(SEQ ID NO:36) (SEQ ID NO:37)
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Strain Forward priner Reverse prinmer R torul oides
NCYC 3181 #1 GIGGATCCATGECG GACCTAGGCTACTTC R
W eroshiaisdes UOFS Y- 0471 #46 ACACACA (BanzH ) TEOZAE2605/001022
(BInl) C curvatus NCYC 3158 Car 054 (SEQ I D NO 24)
(SEQ I D NGO 25) R araucariae NCYC 3183 #25
GATTAATGATCAAT GACCTAGGTCACGAC  GAGCGAGCA (Bcil) GACAG
(BInl) SEQ ID NO 26) (SEQ ID K& 27) R pal udi genum
NCYC 3179 #692 GIGGATCCATGGCT GAGCTAGCTCAGGCC GCCCA

ﬁ%ﬂ%ﬁﬁ%ﬁ%eéf&ﬁ%%%@Aﬁ#ﬁ@e‘é@%fﬁ% Bt of

é@@%f’f%@ 49801l d 50 [{TTrEd&8oh woBirmd.) THIHCR
|b NO 30) gSEQ I D NV L] pol gtr. ca Négfc 32)29K3e
U @h}ﬁ

proﬁlﬁelszd BAkrCleTe\GTES (g 19°C 1

e
were%ﬁ%&gzﬁlw w1¢k#&%&3}st@tmrﬁ§me%o§eﬁrﬁ&bgrﬁﬁm Site§ SEQ
engirpepred O AICEHEPO A AT GARen! AT 4 {rn?%%ﬁ ryand
SEQ I D NO: 36) (SEQ ID NO: 37) 15 WO
Seq“%’bfgﬂ%%@ﬁfh%%'l B.(ZOOg/ 001022 ?SS(Eath PCR reaz:ti on
coBbdingexq@nes ghbeiiFRtsd iaSihery Vit Hedcor YL ek e pripassd
i SR P A R B PR AR 525 e Bl i s

res’crfé'h!?ﬂiJ El%és uBRa'si ﬂl\é%ﬁe@%el%oalwp‘ﬂe%t of the $ofe to bl ifldefted. 5Q€3tlns
-2 mn, then a final extension of 72C fo

occum@d,mpmowte ¢¢mp@t@ze pbition SnBY IR we1g @@heﬁtp@de@Rdemplate DNA
was ?%}%;6 8\}] e%s%mrﬁ tcﬂ)n{e@ nto %Sc'itiiffér&tlf &e%to? n(%yc?ﬁ@% \ggxﬂﬁgs&zed frotnh the

are eere
origiB&l HEBt Srgahizeh. C PER Ifeaagme @bns&ﬁsd of 200e@Mi dNDP’a, 368G\ each

and sequenced for confirmation.
primer, 1X Tagq polymerase buffer, and 2.5 units Taq polymerase per 100 pl 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 2 minutes, followed by 72°C for 10 minutes.
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 pYLHmA 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
NaCl), supplemented with kanamycin (50 pg/ml). Transformants were selected based on

restriction enzyme digests of purified plasmid DNA.

6. Yarrowia lipolytica transformation

6.1.1. Preparation of DNA — method 1
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Codi ng segences to be inserted in either pYLHMA or
PYLTSA were prepared wth BatnH and Avrll at their

W e00si1mis78 The above PCR priners were desi gned BT/B2005/001022
these 10 restriction sites, unless the sites were
al so present in the gene to be inserted. If this
occurred, appropriate conpatibhle restriction enzynes
were selected. PCR tenpl ate was either the insert
cloned into a different vector, or cDNA synthesized

framthe I gipal  host .organi s
o B BRSO3 P R i i o
b actél:ﬁ‘ﬂ DB Rl expreskivh tadsett@ REntining! hetusa3td(p WO HYAEY @SBe ura3dl
per 100 | reaction. 15 The anpllflcatlon pr ogr ame

(pYLisdd mgaker e apg rfhwrmnmr@ne@mp@%s of 95C for 1

T S0 Bl by AR BB RO B MBS o e e

plaspld DNAgena it dpepst BN Avvidirinhen dredgavasatgel. @¥drt digestoresulted in

encER L BHRGG GREPEEHRh NP FHe0 TR pat G FBE £l
expr%;gloﬁ -calde Etg% ﬁtb'aﬁ@ oPh740 W’g’;‘x E’n@eﬁ n@Y‘L@ﬁﬁA§ HEI 506 b% + size of

ctor and insert were d at p end ratios
inserB (Y. LTslAO) 1Tl(a en@earsslon@aw@tt? fragmentygveroerrrivedifem the golmnd

e S e Y LS A4 o 7

lwo@%&”ﬁﬁgJGEnePulser, or eqU|vaIent el ectroporator.
ransformants were selected on LM nedia (10 g/L yeast
extract, 10 g/L tryptone, 5 g/L NaCl), suppl enented

5_1,%""63?:2%&}(2,2%%@ lég)l\ggolg ol - Transformants were

es ri‘cti on enzyne di gests of
PUPtieRdY P Bsdhad PNAR B (Ta‘ﬁ&t‘ Dowei usédl aniplifa the expression
transformation 30 6.1. 1. Preparation of

i d
cassqﬁtw@%wme%%lswﬁ/q@@@@%\ﬂ 2% 258 gy awn%ﬁngg& Taq
buff&rﬁ%d@l 52&61?591“ A erolfOOE.ll??a@Bﬁ& ?’h& B Ekatfoﬁ%ﬂ&ér%ﬂe%s&@%as

rel eas acte Xpressiron cassette,
95°C:fon b ainixtey, 3heydlesaf®s°C FxLHnA)e,d0°C fier lumaﬁldisb and 72°C for 3 %

i, ] QA ELS BBHoR Ab 7Bl L0 B Tl O B et wes

purifi@r¥ashE ?@@{ fefotid@Sthid &id (sbe foﬁrdﬂsﬂﬁ'ﬂhﬂom 133G rkh®olh.

di gested DNA was run on an agarose gel. Nod digests
resulted in generation of the bacterial fragnment of

h asmd as_a.b at 2210 bp, and the expression
6'1':;’ca?§§ﬁrémg§ cﬁ‘érr’i%ralg& 4760 bp + size of insert
( PBNARor®BaldodBedidd WasShade @ as 4 DG &fg/ml ROEKTRA)E (10haM Tris-
expression cassette fragnments were excised fromithe
HClgﬁ 8&nd mM EDTA) and sonicated to result in fragments that ranged from
approximately 15 kb to 100 bp, with most fragments in a range of 6 to 10 kb. The DNA

was denatured by boiling. Aliquots were stored at -20°C.

6.1.4. Transformation of Yarrowia lipolytica with pYLHmA or pYLTsA

An adaptation of the method of Xuan et al (1988) was used for the transformation
of Y. lipolytica Polh. The yeast was inoculated into 50 ml YPD (10 g/L yeast extract, 20
g/L peptone, 20 g/L glucose). The culture was incubated at 30°C, 220 rpm until cell
densities of 8 x 107 -2 x 10% cells/ml were reached. The entire culture was harvested,

the pellet resuspended in 10 ml TE and reharvested. 1 ml TE + 0.1 M LiOAc was used to
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purified fromthe agarose. The purified fragnent was
used for transformation of Y. 10 |ipolytica Polh.

W@ 2520057 epar ati on of DNA - nethod 2 Prinmers PMUFEB205/001022
and YL-Rev (Table 1) were used to anplify the
expression cassette. PCR reactions consisted of 200
gM dNTP' s, 250 pnol each pri 5 1X Tag 15 buffer and
2.5 units Taq per 100 gl react1on. The anplification
programe used was 95C for 5 m nutes, 30 cycles of 95C

resab R B fc 0SB0 RE BOUED, A P
hybridisaticasaved,iset RCRpmA (lﬁwhhﬂm&&cu‘tm%rb ffcbreldh(flﬁo I’I‘ratd@ﬁ)rﬁ%n mixes
reacti o&}c(g% x _and tused for, transformation

werg §eb 5Pyt Pt e of Bgnséorming DA 5ot kg P%?ﬁrafﬁr IQHAr Vidh 16ual of

treatEhPeliy OmM sal non testes was made up as a 10 ng/nm stock
in TE (10 MM Tris- HCl, pH 8.0, 1 nM EDTA) and
SO0 ﬂiiadanmdwasnsﬁemmta i.5 rrﬂmgmefmgesmbb,amd riacubetddfin e@8°C heating

blocg Qgra@(glgl es6 t%oﬁE%g% th) Péﬁo op; t W ngséfi@(gfi gglrﬁ}gi)z&c? 10 mM

Tris PPNV BT A Y G, ﬁlt@ﬁﬁt@nﬁ&é@lﬁ %r@&dd“ea Q@eac%@r@xéh- Airefully and

Transfornmation of Yarrow a | i pol ytica wt
incupated (288G ferdm @urﬁtqrddm@f Thetubes wewk tmrISfamd teta 35(PC heatlng

used..f or &Ly anst
block KR R e s of AR RE R Plifion fosg ot =
13 owanﬁl Thetdll pelast werd éaa@fhu y 28usinde® 8P1 NG, dFZO. dftle
| ucose). The culture was I ncubat ed at 30C, 220 rpm
tran. ﬂlinil%twa% Mereaﬂatfér@i Y.ilipghsicagelgetivy plates (17 g/bBifee east pitrogen

T, t-he
b LRI NN 0O LSS 2 o
casaifﬁilol—acﬁdﬂ 300 mg]é\deum) uaé thdubaté®aPP6! 100578
P B2005/.001022 5 resuspend the pellet and the
CSHOlﬂné %@5% APRAEFARR the 58 @W%Plate@ﬁ Bl bT /1ayg Paksieanpierred
onto?ﬂééﬁ%v@dt%ﬂ?@g&w set_at 4 rpm (or simlar
i ncubator) fofr 1 hour. Transformation m xes were set

up with 0.5 - 2 gg of transforrn'ng DNA + 5 gg of

6.1.5\0,.\2?032{%%51 ﬁ)fénffiggimn ?ﬁf%’f%ﬁi’é% lPég“Jr%dsl Egﬁga{n ég

i NCaloxds theatbwen thé ask gfﬁfeaﬁ&i geléwfsv@ latek W&tk WiRE1a84d into 5
! PEG reagent (40% PEG 4,000, O c, 10 MM Tris,
ml of IED%A

m @Fl grown # B r208 ewi ﬁor %ﬂﬁ hysyse Aneftialitseade genomic

DN}f Mg 1y and incubated at 28C for a
urt our ie tubes were transferred to a 37C

heRCRnwas fakfocketl asingGhigigendrak:, DNAChsttbmplatdj evithedithsr pIe 1 and
pINX-%l allseptri%(ljersb e/tra%% grgnlag’ysgv%tﬂll SQLfI-I%A)]; og'npﬂ\leA% and pINA-2 (pYLTsA)
(Table 1). Each PCR reaction contained 200 pM dNTPs, 250 nM of each primer, 2 mM
of MgCly, genomic DNA and 2.5 U/50pl of Taq polymerase. The PCR profile was as
described above in this example. These primer sets gave products the size of the inserted

genes.
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10 13,000 rpm The cell pellets were carefully

resuspended in 100 | dH2O The transformations were
w@b@bsawsen Y. |ipolytica selective plates (17 BCT/IB20650091022

yeast nitrogen base w thout ami no acids and w t hout

(NH4) 2SS4, 20 g/L glucose, 4 g/L NHACl, 2 g/L

casam no acids, 300 ng/L Ieucié%e) and i ncubat ed at

28C. Col oni es whi ch appeared the sel ective plates

after 3 - 7 days were transferred 15 onto fresh

of inte rathon.
broduce optically active

S re anle

new y- streaked sel e¢idiy:A ROBFEINWEEO | hocul ated into 5
m of YPD nedium and grown at 30C, 200 rpm for 24-48
hoUfessts wesmeliivaseda harvesied mind frozen B0 %95 58% 6/ sl

er.f or ne ' i '
s G T %, DAL G o A0 1 IR Y 20
and Eﬁd safb%ﬁi@.gmtp‘gff%hﬁé)& RS cﬂéslﬁﬂl))ed svovp) Bhaihsarith fhe NAshRst activities
(pYLTsSA Tabl e 1). Each PCR reaction contai hed 200, M
as m‘%@by T)ée?o’érwdéql fesaa pi Pt WerersubIECiemto Bralgeds o Hydfommelyss as
desd?ed 808 e2 'Tgie %Q&% ric &GeRRk LS 88ned B8] AR iREBbAidEfor 2-20
as. as 5 ‘described above in this exanple. These

houmrdfnieee MHG (dalS-qpooghutase;tdyelohezaneaixidehend pisepbrybuccinic

..genes 2005/ 100578 PCT/ |1 B2005%/ 001022 6
acic] i e SRR RSt St et BV P8 SPEPI A 147 8 TG o The
cen®ERSHHSBLOBHHRUY et Viethal ¥iotd B HHetd Sirdd IMOMEQIYRARIISN Fig.
were cultivated, harvested and frozen as 20% or 50 %

3. Enantiymerid ¢xcesss (rehwicon detarmised &onbibd femsaie:. B.gie [[RE-

[ concent ration of 5 a -
s SEETRERTAE 10x Yoy Pt S0l wf Bul b it doit of
the @,$Nib@ahti @h&Sind AR R Vistthe€Sorentrattiged thyapbeépridtotindipoint of
ormati on were subjected to chiral GC or HPLC anal ysis
the GsR)-diwd epaniemeabove. The enantioneric excesses of the
fornmed diol after incubation for 2-20 hours of three
MEO (ci s-2, 3-epoxybut ane; cycl ohexene oxi de; and
ci s-epoxysuccinic acid) with the different yeast
strains are shown as Sanples 1-145 in Tables 2-4. The
10 generation of the optically active vicinal diols
fromthese three MEOis illustrated in Fig. 3.
Enanti oneri c excesses (ee) were determned fromthe
formula: Ee. _[[RR- [S SI}{[RR+S S} x 100.
[S,S] is the concentration at the appropriate tine
point of the (S,S) diol enantioner and [R Rl is the
concentration at the appropriate tine point of the
(R, R -diol enantioner




WO 2005/ 100578 PCT/ 1 B2005/ 001022 57 Table 2. (Sanples
1-47) Enantioneric excesses (ee) of forned diol
wo@bdoaitensas af t er i ncubation of different yeastPGI/IE00R001022

with cis-2, 3-epoxybutane (50 MM 50% w v cells, 16
hours). Sanple Internal Strain/species Culture Abs oee
No. strain No. collection No. nf. (/o) 1 KO1
Brettanomyces anonmal us NCYC 3149 R R 71.0 2 52
Brettanomyces br uxellensis NCYC 3150 R R 19 3 3 N13

Tbrft HRCEanS ], A f tained
: ﬂ%ﬁ? ity :Ealﬁs’/“}éf 33%1%@2%% AR cens, 16

0 stricus UOFES Y-0477 R R 31 .9 7 AB 54

Sanﬁiqpﬁnﬁembuspgprgg/' cus UOFS Y- 1900 RRlAYe 4 8 1Abs ee
No. Debastsabmdes  hansenin. OOFS Y- 0614 R, ReblfecBon o108 Conf. (%)

G

1Debakygnces hBﬁﬁ&ﬁH)ﬁyce.ngﬁaMs 0612 R, Ra8& 314910 93 RR 710

,Debagyonyces B@gér%gﬁ)éeswge7§%6g R R 3@ 5101 105 gr 193
;Debaryonyces E i1 UOFS Y-0608 R, 12 11 4.0

aen%’é(’r’%”cesf{iOFs Y-0615 R - 113 T R119

Debar onyces

4Debag4orryces WA Neye 3220 R R §§}6963_L4 gghR 841
SDekk&rl8 anonmaf@ kN C@iH170 R R 17. 4 NSYEBI53eot riRBm 777
6sp. UBRS Y- 01CApReReBZastricud 6 TVN 228 UOF8 at@lrzenki BRR 319
70ri eaBaki s NC¥Gpd2atusBodolads 1 17 TVNOERRY-lossat cheRKi a7.4
gori emfoal i s NCY¥EbaBimkesRakdefi3. 0 18 TVNoZ8Y-de3sat chrrl dasg s

gOr i e%sa' 1S NCYG 3 g mmkesRuide ,9,-2 5 19 453kl F}zodswces BR 860
S,Y-2159 R, ozyma

41 Myx
172°R R 18. 9 Dghlingees ot WX OTY R NIRANEY . M s
“R R 14806 22 8%%(’%???%?”%@ ophi | a Né‘@éisﬁ"f? R R 5. 7 932
123 164 RhodosBerrumiten amesiit ani ae NCYOFSY¥7BIR R 38R7 958
124 AQ0VRASU0s pBeladroumees sphlaesisocar puna NIGYG23180 R RR  >98%
127. 488 25 Al f DdikBhedespori di urn tor uNoivdes7INCYC 3481 174

IRR e 0 Geotricum sp. UOFS Y-0111 RR 334
16 TVN 228 Issatchenkia orientalis NCYC 3221 RR 60.1
17 TVN 229 Issatchenkia orientalis NCYC 3222 RR 63.0
18 TVN 231 Issatchenkia orientalis NCYC 3223 R.R 62.5
19 45a Liponzyces sp. UOFS Y-2159 RR 77.5
20 41 Myxozyma melibiosi NCYC 3172 RR 18.9
21 520 * Pichia finlandica NCYC 3173 RR  >98%
22 673 Pichia haplophila NCYC 3177 R,R 65.7
23 169 Rhodosporidium lusitaniae NCYC 3178 RR 31.7
24 40 Rhodosporidium sphaerocarpum NCYC 3180 RR 27.4
25 Alf 01 Rhodosporidium toruloides NCYC 3181 R.R 60.0
26 46 Rhodosporidium toruloides UOFS Y-0471 R.R 45.0
27 2 Rhodosporidium toruloides UOFS Y-0518 RR 88.7
28 Car 067 Rhodosporidium toruloides UOFS Y-2236 RR 49.6
29 Car 076 Rhodosporidium toruloides UOFS Y-2238 RR 85.3
30 Car 131 Rhodosporidium toruloides UOEFS Y-2252 RR 83.9
31 Car 142 Rhodosporidium toruloides UOFS Y-2255 RR 43.3
32 Car 209 Rhodosporidium toruloides UOFS Y-2260 R.R 84.0
33 25 Rhodotorula araucariae NCYC 3183 R.R 81.1
34 EP 230 Rhodotorula aurantiaca - NCYC 3185 R.R 41.8
35 50 Rhodotorula glutinis NCYC 3186 RR 86.1
36 680 Rhodotorula glutinis NCYC 3203 R.R 77.9
37 713 Rhodotorula glutinis UOFS Y-0489 RR 452
38 Alf6 Rhodotorula glutinis UOFS Y-0513 RR 95.5

39 185 Rhodotorula glutinis UOFS Y-0559 RR 49.5




26 46 Rhodosporidi una torul oides UOFS Y-0471 R R 45.0

27 2 Rhodosporidiurn torul oi des UCFS Y-0518 R R 88.7
WQ008a005867 Rhodospori di um torul oi des UOFS Y- 2PGB1H065/001022

49.6 29 Car 076 Rhodosporidiurn torul oi des UOFS

Y-2238 R R 85.3 30 Car 131 Rhodosporidiurn torul oi des

UOFS Y-2252 R R 83.9 31 Car 2 Rhodosporidiurn

torul oi des UOFS Y-2255 R R 43. 32 Car 209

Rhodosporidi urn torul oi des UOFS Y-2260 R R 84.0 33 25

40Rhod6%6or ul a aRodeiekedni4OvC 8185 R RNEYCE18835 50 RR 672

4IRhodBb oF ul a gRAwdbimiuis SNCYC 3186 R R 85CYC328 680 RR  89.0
Rhodot or ul a gRakdbbviug sN&Y2it3203 R, R 7 713

“Rhod®t’ %or Ul a ghutlighioss UOFS Y- 0489 R R QESE’%@% A fRE 46T

4Rnodedzor ul @ ghalzbiblB shMiua’r 0513 R R 95.5 39 185
Rhodot or ul d ,ngdpygl&z,[bkcss UOFS Y- 0559 R ROEQYH%fp  RR 502

42005610p578 PPTc’h!;sB%Q 2%% 58 40 dOtorﬂéka 33.6
rni ng{a var . Ut a @2%9 R R 67;§ 914
*Rhod8torula s ”CIW@ "R R 89.0 9Rhodot%f}'{ul

4&p. PHi nuta / TigkERore2 958 R R 46. 7 NEXFI H nosa %
4698 Bhodot or z #rgeaypbertigd nut a_[  UOES YCHGRE2R R EORB 22.1

muci | agi nosa 44 BVO4 Trichosporon noniliifor-7ne NCYC

R 33 Tri.chosporo ul a NCYC 320
%’@1&%%18 GXCESSE Pee T§4 E&t glf%él%ter
1ncu§$9t1q;gofv@qffarggt YRt g}s% 9 ge Q}Qﬁe ‘Vé WéV cells, 6

OUI?S anpl es 48-97) Enantioneric excesses (ee) of for med

Sample| BHewpahed SEceidfspedisicubation of dOW@Fent yealdls  ee
Nost r aj #t&2igiNoh cycl ohexene oxide (20 nffollogsipm o, - cepnfs (Vo)

48 6 hotids). SanPHleadadepidt Strai n/ speEYES2H| t urkRAbs. 71

49 ee  Nen 15t r ai nchirocotdal k@ekiion No. Comicyo(3%0 48 ®R 67
o Bul l'erg . dendrophi | a NCYC 3208 R R 71

fptococcus J22) 1cus NCYC 3164 RR 71

51 AB-50 Cryptococcus podzolicus UOFS Y-1883 RR 65
52 AB-30 Cryptococcus podzolicus UOFS Y-1904 RR 77
53 385 Cryptococcus terreus NCYC 3166 RR 54
54 692 ' Rhodosporidium paludigenum NCYC 3179 R.R 64
55 Alf 01 Rhodosporidium toruloides NCYC 3181 RR 66
56 46 Rhodosporidium toruloides UOFS Y-0471 R.R 83
57 Alf2 Rhodosporidium toruloides UOFS Y-0518 R,R 83
58 Car-003 Rhodosporidium toruloides UOFS Y-2222 RR 53
59 Car-006 Rhodosporidium toruloides \ UOFS Y-2223 R.R 67
60 Car-020 Rhodosporidium toruloides UOFS Y-2226 RR 66
61 Car-038 Rhodosporidium toruloides UOFS Y-2228 RR 88
62 Car-052 Rhodosporidium toruloides UOFS Y-2230 RR 87
63 Car-059 Rhodosporidium toruloides UOFS Y-2231 RR 78
64 Car-067 Rhodosporidium toruloides UOFS Y-2236 RR 75
65 Car-070 Rhodosporidium toruloides UOFS Y-2237 RR 91
66 Car-076 Rhodosporidium toruloides tJOFS Y-2238 R.R 66
67 Car-077 Rhodosporidium toruloides UOFS Y-2239 R.R 70
68 Car-078 Rhodosporidium toruloides UOFS Y-2240 RR 93
69 Car-092 Rhodosporidium toruloides UOFS Y-2241 R.R 72
70 Car-093 Rhodosporidium toruloides UOFS Y-2242 RR 74

71 Car-094 Rhodosporidium toruloides UOFS Y-2243 RR 78




49 Jen 12 Ciyptococcus laurentii NCYC 3160 R R 67 50

AB 58 Cryptococcuspodzolicus NCYC 3164 R R 71 51
WEB0SA00Er8/ pt ococcuspodzol i cus UOFS Y-1883 R, R BGI/IERA05/001022

AB- 30 Crypt ococcuspodzolicus UOFS Y-1904 R R 77 53

385 Cryptococcus terreus NCYC 3166 R R 54 54 692

Rhodospori di unz .pal udi genurn YC 3179 R R 64 55 Af

01 Rhodospori di um torul oi des YC 3181 R R 66 56 46

R zodosporl di um t or ul oi des UO:S Y- 0471 R R 83 57 AI f

odosporl 5| um f or ufd0| des 5
73 59 Cafa0i0B Rho @bslpwpriidtimiprzloidet ul o deéJOB@iYSZM 22213RR R 86

74 67 602k - OZORFmg;s»mrmkow}tor ul oivdes YYD Y-RRB26 62

6 0S di unz t
7 y. 222%”&@? Rg‘fpﬁ‘i’ CP‘@Stﬁ'Q%FfJSdospon SIOE%S[J %r ul (L)KE 70
76 UOFS ¥ai2280 R Ri@lpsporeBunCamiodBs® Rhod o3 iYeR24hz RR 86

77 tor ul @i des ngﬁh()é‘o%%;ﬁo&oms 64 Carydd§%.0250 RR 86
Rhodospori di unz_torul gi des UOFS Y-2236

6
78 Car - 0%6- Riodos FBIPRPTIHH" ‘BI4AGT des UO£J§)F§Y2%I? %R91 80
79 66 CarceB6 Rhodespobiidimmmdodieul oi des IMBSS’-Z%SZZZSSR,R R 52

g0 66 6gjarC%r§ 0771%%@&%&?19;[ LAingz torul gjes. %SU&’%ZBQ 52

RR7 Rhodospor 1 di unz torul oi des
81 y. 22462R4R 93 Ré@"’@é’r‘dl%’zmﬁﬂ‘f’@ﬂosporl HARZ 407 ul ofRfes 74
82 UOFS Yariddl R, Rhdldsporl®ufarid®s Rhodosmmsivdizam  RR 92

tor- uI 4 71
8 Rhodospoér%sfgl unzlaﬁfdosﬁwnfu"aé)s S Y- Zgj'{é)lz%%éz 5
84 2005/ faol78 PCRMBovsyoomyres 59 72 USHP Yﬂ?éo R=R 78
85 EihaodosﬁlozlgﬁdljI ummzwoybmzﬂ,eﬁmwlés g— 2245Jd%s$f :&32 673RR " 70
r-1 odos r I n torul ol des -
8 74 ca §108 Rho%g%"}b’g”r’“l’l“ "B ul oi deg‘{%%lgzzﬁ“% R
8762 750Car - 118hﬂqt9d«b$!?0msd| um t or ul HYESIBOFS YRE48 55
gg R R 7G13 76 Car gphafdroRnagaspori di ui n t aafsei-ges UCkR 82

Y- 2249 R 86 21 Rhodosporl ul opdes
8 UoFs W50 R, 157%”’ ]Z - 126 Rhodg}owg @5% k% 78

90 t or ul oBdes UC]:$hbﬂoz’zl&thRﬂR 80 UOFS Y~0653 93
91 Car-022 Rhodotorula glutinis UOFS Y-2227 RR 80
92 Car-060 Rhodotorula glutinis UOFS Y-2232 RR 70
93 Car-061 Rhodotorula glutinis UOFS Y-2233 RR 73
94 Car-062 Rhodotorula glutinis . UOFS Y-2234 RR 76
95 Car-075 Rhodotorula glutinis UOFS Y-2265 RR 73
96 285 Sporobolomyces roseus NCYC 3197 R,R 72

97 225 Trichosporon sp. NCYC 3211 RR 77




79 Car-131 Rhodosporidiuin torul oides UOFS Y-2252 R R

52 80 Car-134 Rhodosporidiumtorul oi des UCFS Y-2253
WOR2R5AM5781 Car - 142 Rhodospori di um torul oi des REFB2005/001022

Y-2255 R R 74 82 Car-204 Rhodospori di um torul oi des

UOFS Y-2257 R R 92 83 Car-205A Rhodospori di um

torul oi des UOFS Y-2258 R R 89 __84 Car-209

Rhodospori di um t or ul oi des uor80y- 2260 R R78 85 Car-2

10 Rhodosporidi um torul oi des UOFS Y-2261 R R 70 86 25

Rhodot orul a araucari ae NCYC 3183 R R 83 87 50

Rhodot or ul.a ni.s NCYC 3186 R 5
Ta Qo ges S H9nE Snbopsri SpipsseioR) g0 Hg%@g iaMO%tamed after
incylastien Pb fifiereng yeast sirains ntisciy-epeys urRoRicrapid 50% wiv cells,

R, R 93 91 Car-022

6 heigddot orula glutinis UOFS Y- 0653
SaRplddinemodla gl utinis UOFS Y-2227

R, RGAlfurg2 Car AP0

€e

NoRhodotiminuNe: §tnato/spediesUOFS Y- 2232 R, RCpllection Noar Gogf (%)
98 RhodotCer Wk a @hmtoraaius cly@@ Y- 2233 R, RNEIC 33 Car Rgb2 983

* Fodotar | & QLT Bl LOLS V- 2265 R R.{30 08, 205 o

odotorula glutinis -

10050 o1 oBYA By c EEPPEEEE LN C 3197 R R 72 09;3912 RR 98
101Tr i choswr on Cyplocdd@¥ @uBadil R R 77 VDW@B’F@@@S?&R 98
10PCT/ | BROQ5/ 004022, £9.Aake 4. (Exanpice® 98 145k o8

Enanti oneric excessesaﬂ( ee) of formed._di ol obtained
103§ t er ABHcub&tPBFPoHF PeFIFEr ent yeast SEPaTHS? wi 28
1041 S- emdX30S UC Cinptotocar pakiz§i2d MV 50% WUDFS &1-1883 &R 98

ours) anpl . ture Abs s st gl
10 StArBaslgn/sCzjglog(;car ﬁg% on No. COU%%SYI\lqg

. g§ 98 Car 054
106t ypt d&otcus C@@rf"%ﬂ”ﬁgo‘f@ﬁ’@ 3158 R R #9F5dol%dn PR 28
10Cf ypt ageccus AcdsneMdphia NCYC 3160 R RNA&C 3100 ABRX 44

of 01 S0CCLS BT R gICL R DRI 20, o
109 y pt SEpbi8us Rivkiwotidientsditiec 3164 R ROTE 31893 AB- l349 o8
1167 ypt aeBCeRUS MRLdgRbiliske XS Y- 1882 RAROB15 RR 98
111 46 Rhodosporidium toruloides UOFS Y-0471 R,R 22
112 Car 003 Rhodosporidium toruloides UOFS Y-2222 R.R 98
113 Car 020  Rhodosporidium toruloides UOFS Y-2226 RR 98
114 Car 038  Rhodosporidium toruloides UOFS Y-2228 RR 98
115 Car 052 Rhodosporidium toruloides UOFS Y-2230 RR 98
116 Car 059  Rhodosporidium toruloides UOFS Y-2231 RR 98
117 Car 076  Rhodosporidium toruloides UOFS Y-2238 R,R 98
118 Car 078  Rhodosporidium toruloides UOFS Y-2240 R,R 98
119 Car 092  Rhodosporidium toruloides UOFS Y-2241 RR 98
120 Car 093  Rhodosporidium toruloides UOFS Y-2242 R.R 98
121 Car 094  Rhodosporidium toruloides UOFS Y-2243 R.R 98
122 Car 100 Rhodosporidium toruloides UOQFS Y-2245 R.R 98
123 Car 103 Rhodosporidium toruloides UOFS Y-2246 R.R 98
124 Car 108  Rhodosporidium toruloides UOFS Y-2247 RR 98
125 Car 120  Rhodosporidium toruloides UOFS Y-2249 R.R 98
126 Car 131  Rhodosporidium toruloides UOFS Y-2252 R,R 98
127 Car 134  Rhodosporidium toruloides UOEFES Y-2253 RR 98
128 Car 142 Rhodosporidium toruloides UOFS Y-2255 RR 98
129 Car 200  Rhodosporidium toruloides UOFS Y-2256 R,R 98
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15

104 AB 50 Cfyptococcus podzolicus UOFS Y-1883 R R 98
105 AB 52 Cfyptococcus podzolicus UCFS Y-1895 R R 98
WA ®sAB54% Cf ypt ococcus podzol i cus UOFS Y- 1908P@/B29&/001022

107 676 Pichia hapl ophila NCYC 3176 R R 44 108 692
Rhodospori di um pal udi genum NCYC 3179 R R 98 109 Car

118 Rhodospori di um torul oi des NCYC 3182 R R 98 110

POH 28 Rhodospori di um torul oi &ds Ncvc 3215 R R98 ill

46 Rhodosporl di umtorul oi des U(J:S Y- 0471 R R 22 112

13198 1Ca 20ah @Mowmfp@fql@umtorul%@%é’ 2@@:5 ?«Rzzzég
132 R R 982845 &0 H é?duﬁhz@ﬂmpru di um toors vixdes UREES 98

Y-223 9 r Rhodospor ul gides
133 yors 8“2"251 g’ﬁi‘lsé%” Ly ”?”‘%é 5076 Rhod%@é%g%lgtm Ut
134t or ul 8% des URBoiyuR2B8icRiGR 98 118 CHFY§7883 RR 98
135 Rhodosggpor i di wmt,054 o%g s UOFS Y-2240cRRcRi&8  1k&k Carg

092 Rhodospori dj um t or ul oi des UCFS Y- 12
136 Car 098 RhodB&Y8PT4AZUH " or ul oi des Ud‘lé'zé%’zgﬁg R%Fg %
137121 Catf08094 Rheidospagrisgisum t or ul oi deBORDSY3 228R R B8

98 Car ridiumtorul S 24
138 2% gégl %95?1038@&%@59{9 ObES T-ddeX U‘l&}@ 98

123 Car odospori diumtQrul oi des
139 y. 2246412R 9@hodgtmlaghitiniog Rhodosporpﬂfﬁﬁﬁ 6t ul Sitles *°
140 UOFS Yar2347 RndAoB8ia gidlisCar 120 RhodoepsiviaBsim RR -~ 98
4 torul el £ R 98 126
Rhodog goﬁ?dr)uglr:n%togm% jl%ofes UCFS Y- 22%6 é%lzzas 12R7RCa98
142134 Rﬁ%ospOIRﬁW{QW‘tSBf ul oi des UOFS YNQ‘ZS“@l?? R 9&R 1288

143 (13% 1434 Rhodszzsmfowdsymgm&umn@%sauoﬁ&\ﬁ -2965 RRR 98 98
oridiunz tofzfloi Y- 6

R R B Ca T aORY b 00e 001855 CGE 130 Ry 23

145204 RA&dospodiidiotpazentsmor ul oi des UOFS NCY¥ES52IR R FR 138

—Car 205 A Rhodospori dium toruf oi des UOFS Y-2258 R'R 98

132 Car 209 Rhodosporidi umtorul oi des UOFS Y-2260 R R
98 AllBtheGanst2fr@inRinefdmed tr indhis rmd dreubbowess SEED1as @2&ept and

R R 54 .. . .
maintaﬁled 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, UK. ( Tel: +44-
(0)1603-255274 Fax: +44-(0)1603-458414 Email: ncyc@bbsre.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
NCYC 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

becomies non-viable during that period. Samples of the yeast strains not deposited at
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20

25

134 25 Rhodotorul a araucari ae NCYC 3183 R R 98 135 50

Rhodot orula glutinis NCYC 3186 R R - 76 136 713
wob@doowrsll a gl utinis UOFS Y-0489 R R 98 137 PCT/IEX605/001022

Rhodotorula glutinis UOFS Y-0513 R R 98 138 681

nununnounuon

Rhodotorul a glutinis UOFS Y-0653 R R 98 139 Car 022
Rhodotorul a glutinis UOFS Y-2227 R R 98 140 Car 066
Rhodotorul a glutinis UOFS Y-22 R, R 98 141 Car 075
Rhodotorula glutinis UOFS Y-2265 R R 98 142 172

43 1

[ ul . YC 2 R .98 58 odoet or ul

N FEORR R ey B0 MSnoR SR 8 B8 st Entipd S e

Bucpelt Theat9hospor on ni ont evi deense NCYC 3225 R R 23 145
155 Trichosporon sp. NCYC 3212 R R 98 Al the yeast
strains referred to in this and the foll ow ng exanpl es

are kept and nmaintained at the University of the

01@%%15 Wer D?s%h%&%o_gﬁépaﬂéﬁg&b%n% @c@@ %Iene oxa’de,
Bi oc m Ca an 00 I ot ecnn Y, cu u
argclopentent pxidal ciSepexxcasrcinit arid asbX42p8xytetrahydrofuran.

Bl oenfontein 9300, South Africa (Tel +27 51 401 2396,
Fax Higp¥ giyes gxampley of desgmenehisetipradriigusingeforingil @gingyarious

| pirsstein '
L RN e —

€ exa

vicibel dibbproduéts. t he di fferent species have been deposited
under the Budapest Treaty at National Collection of
Yeast Cultures (NCYC), Institute of Food Research
Norwi ch Research Park Col ney Norw ch NR4 7UA, U K
(Tel: +44 10 (0)1603-255274 Fax: +44-(0)1603-458414
Bfisamplei¥y Debpanetrcation) ofais2.3repoxgadiby to bdedide (ReR)-2.3-
by the yeast species and culture collection accession
nunber as i ndicat ed. Thebﬂggﬁéﬁgs deposited with the

(a) Na¥louBRAILB%E Yeddt OMAIhH I SATRTARARB]|ck 2P BEABRE (Mhish&ample
Sout h Afri ¢an” Counci | I

ci| for Scientific and Industrial_
as SRegey b9  1B38) Byr theinebilify itoproduce épgically kétivg 23tbatapediol from

. I s application. The deposits wll bhe i nt ai ned
cis= g SRR aaE BT P P e 1o rPipt ol Qi SR e change
in cpatdndtiohs SOhy ORfisal A ehantidaless with Gfmel (et yRis) bAC Bt
request, or for the effective |life of thehfatent

enayfoRpRe erceps(qebatibe forated dipliat diferens simee fdehf y-ewe) (Figs. 6 - 8).
e joe, o . 5
A SR o BECTS,080 Y201 18, 0 (B st

thro2@B6utBO 5ea8tiRCT/ | B2005/ 001022 62 NCYC wil |l be mmade

) FHRRior o Aeo 8 e FES mEassiBeR OFFiaayeporsbutane by various

recombinant yeast strains (tested in this Example as Samples 149-152) expressing, under

control of the constitutive TEF promoter (Madzak et al., 2004), exogenous epoxide
hydrolases from selected wild-type yeast strains. For each example, a line graph is
supplied that shows the change in concentrations of the vicinal diol enantiomers with
time (left y-axis) and the enantiomeric excess (ee) of the formed diol at different times
(right y-axis). As expected for desymmetrisation reactions, the ee remained essentially

concstant throughout the reaction.
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Exanpl e 1V. Desymmetri sation of cis-2,3-epoxybutane,
cycl ohexene oxide, 5 cycl opentene oxide, cis-epoxy

W@ esitonses aci d, and 3, 4- epoxyt et rahydr of uran. PEI/B2065/001022
gi ves exanpl es of desymetrisation reactions perforned
usi ng various MEO as substrates for
hydrol ase-catal ysed reactions giving rise to various
correspondi ng vicinal diol pgducts 10 Exanple V.
Desynmetri sati on of cis-2, 3- epoxybut ane to produce

R 2 3 but atned oI | of a Var| OUS.WI I d L

Exa

-I:

exarrple as Sanples 146 - 114&) for the|r ablllty to
produce opt| cally active 2,3-butanediol from 15

(2) earous v3ldetneyisastaains melected dlomeXalipy &4 veere tosteddim fins pample
su d

s SRR % LSLE NN S HRONE o BSAL L 0o o

cyclcﬁffhﬁieﬁd‘tﬁndéna? diﬂeh@:ﬂé;tample)ad&&%réﬁei)s solﬁplteﬁehzit@hmd tlek diange in
at dlfferent tines y-axj s

(Fj
Célsktﬁél@p‘ég e vigma, di pqqnglgme%wﬂég@pl i;:%rsy a)pﬁ)Qanéléhe enantlomenc

e 18 000 S50l g oo g RN QUL 19, 1,
expeofed cfmsde’a’yﬁnnquqtmmamloby, thaed mmmadezssﬁnbaﬂﬁ nonsfaEdhroughout

strains (tested in this Exanple as Sanpl es 149-152)
the 1gagiPRssi ng, under control of the constitutive TEF
(b) Pic®Nl-e6 sﬁ?f@d@x@he@&mﬁétnsatﬁﬁ%)c?cl%ﬁ&&ﬁe QuRleMPVaHRS

hydrol ases from sel ected wil east strains. For
recomaghneyeastp stealnsa(tcstﬁbmqharﬂxanmle @aﬁﬁpmpléﬁlidw 520) supiessingeunder

contreoa1 8E?\% gh@§§t%\?\1n%§ ﬁ%rbr%%erﬁ/{ ?{ e\flggil @4&%38%%n0us epoxide

hydr@ﬁi@ébtﬁ&ﬁ@éld’étﬁﬁﬁﬂ@-‘ﬁyp(e@%hst@fraﬁmb eFf)ﬂéami‘ @xsahhple, @line graph is
different times (right y-axis). As expected for

supplied {harehory's the dangeRaonetnitatiopgofshe ViSHiR il cnantl omers with

im ST KRR S BAB REERE P ¥ e

(righDgekigye ki cqetted faf dasymirehtsatoe raxiics, tha eoredaioed essentially
Sé%Fé,}R)-c%g’l ohexane, diol (a) Various wld-type yeast

consggnf firopghodit the A Tom Tabl es 2-4 were tested (in this
exanpl e as Sanples 153 - 155) for their ability to

produce optically active cycl ohexane diol from5
cyclohexene oxi de. For each exanple, a line graph is

Esu Bﬂl‘(;] .Lfai. iP.ows §t hE %Eange in ! tEoncen f‘ttrbl%ncvc(fc))hexene
T T 1

0xidé dlsiﬂﬁevvﬁﬁﬂarﬁﬂ B&I Vénst RYEREBs {rafsfobined MatH tieldpdxiicOhydrolase
at different times (right y-axis) (Figs. 13 - ‘15). As
oenes from selected wild type yeasts

Whole cells (Fig. 21 and 24) and lysed cell suspensions (Figs. 22 and 23) of yeast

host cells transformed with the epoxide hydrolase gene from Rhodosporidium
paludigenum NCYC 3179) (Figs 21 and 22) or Rhodotorula araucariae (NCYC 3183)
(Fig. 23) or Rhodosporidium toruloides (UOFS Y-0471) (Fig. 24) strains under control of
the quasi-constitutive hp4d promoter (Madzak ef al., 2004) were tested (as Samples 161-
164) for their ability to produce optically active cyclohexane diol from cyclohexene
oxide. 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.) according
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expected for desyrnnetrisation reactions, the ee
remai ned essentially constant throughout the

wo e@stiosms 10 (b) Figs. 16 -20 show the PCT/IB2005/001022
desymetri sati on of cycl ohexene oxi de by vari ous
reconmbi nant yeast strains (tested in this Exanple as
Sanpl es 156- 160) expressing, gnder control of the
constitutive TEF pronoter (M Jak et al. , 2004),
exogenous epoxide hydrol ases from sel ected wi |l d-type

t straj ach raph
to td 3okt PHR mfilasRRE RATBUR et cliGd Mty g
enantib@] ¢tiGityBtwelbDhnERAdd ATElSeddakt cbs We[ﬁ%ol{sbﬁ/feﬂ
y-axi s) and the enantioneric excess (ee) of the forned
diol at different tinmes (right y-axis). As expected
19 an‘%'&% X}fﬁatﬁ&) 4§ e(z) 3 1§a%ﬁ)ﬁtdf%'3§lbpgﬁ]§ng %xfd%% lp'i’@&’uc,e (R.R)-
essentrdal constamt tnroughfnout the reactl
Exanpl e VII Productleﬂdoﬁmﬂahednﬂly actlve
cyclohexane d| from cycl ghex

or Figygad ly@é?g% F| ety BB PRAL PW?%@%%?P%%@E% Vghﬁgﬁf de
recoﬁxﬁ{aﬂ’g fé%ﬁ strgigl? %t%stg& H‘ﬂﬁ@ ﬁﬁltng Sla%ﬂlé’spﬁi SYEAY bRp iRl € under

suspensi ons
cont{oFbofjthe sﬁlgleacmj)y%mstm‘utlye a3F prhmster oe thesluaslacpmfs’@mtm@multl copy

hp4<i£fgtolggteﬁhgl1\/lé ox! de&%@;_%%ege%cg?sgeg%%%n é&g og 2P grplmcs% edhd wild-
&‘@Qttraﬁﬁé"l Bor2h&iiSath % 4 M &ra U%:S Y- (IEdl that &ﬁ))wscthe change in

odospori di ui n toru 0|des 471 (Fig. 24)
concsntrations ofifhd eiciesd diadognagtiometsevightimie -(l?étrﬁsﬂmﬁ)lmd\ﬁhe PRyt ormeric

exceg%(%n)oﬂ%ﬁ? fofnalFé ?k 1§t d?ﬂgerferllt%%%) (ngﬁ% &%:{g? E) ﬁ? e%&% ap! es

desyfhdtMeution @éa@ﬁ@ﬂs@ﬂﬁ &l fﬂmaﬁlﬁdﬂms@ﬁmﬂaﬁfh eyt Obﬁbdgloutﬂ&edactlon
cell suspensions were prepared by treatnent of the
cells with Y-PER RO, a 30 yeast protein extraction
ExalpfEpnt DEJVW%;?{; URon. sucdifite 3o pModudd- (R Aartaric acid
accor dirng 2005 005/ 001022 ©4 to the
i NTubly 6tsho\ms t}mfdetjhmmrm sa‘tmutorﬁ K}EBFGpOKMSLE:D@lmethG@ﬂDuS

recoglﬁgaﬁf%g%e%ﬁélns@%@%ﬁ@ Erepl i detarlon G (i xR amder
contd1 b¥ thegﬁ%l’é]g@:ﬂyr dof @} 1R e AFEFCHOh R b R Ni-Shistifitive multi-copy

pr oduc - 5 cycl opent ane di ol Flgs 25- 31 show
hp4d prenués YMadtaki & af.i DA0HE exgashopeenosie hydralesep frovmsalestps wild-
C nglnant yeast strains (tested in this Exanple as
@Te§SW% Y% 65-171) expressing, under control of the
Si R@h@ERPHIIEORS Bibitasy @5TErw/RY 6MPhebws lipdh®ica transformants
quasi -constitutjve nultl-cop P4d pr onot er (Madza}l
expregsing the eppride hydsdlaeneldifferakyenst HiaiRoVaswepgndghin phosphate

buff%r%pﬁﬁé? gjr W Iaéﬁ) gﬁ p the eg@ﬁtﬁ} c1§te§§56£\k§xcc1ﬁfér acﬁgﬁgoecﬁ@%@ t for 4

hours at 25°C. The catalysts was removed by centrifugation and the supernatant was

"'r—'-

analysed by chiral HPLC to determine the ee of the L-tartaric acid formed.

Figs. 32 show the desymametrisation of cis epoxysuccinate by a recombinant
yeast strain (tested in this Example as Sample 183) expressing, under control of the
single-copy constitutive TEF promoter (Madzak et al., 2004), exogenous epoxide
hydrolases from thewild-type yesast strain Cryptococcus curvatus NCYC 3158. For this
example, a line graph is supplied that shows the change in concentrations of the vicinal

diol enantiomers with time (left y-axis) and the enantiomeric excess (ee) of the formed
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15

concentrations of the vicinal diol enantionmers wth
time (left y-axis) and the enantiorneric excess (ee)
wo@Roosheosfor med diol at different tines (right BEEKB28)5/001022

As expected for desymetrisation reactions, the ee

remai ned essentially constant throughout the reaction.

15 Exanple | X. Desymetrisation of cis-epoxysuccinate

to produce (R R -tartaric aci Tabl e 5 shows the
desyn=etrisati on of cis-epoxysuccinate by various

o BB Y0 A R AR TR, e
remaihéipdseertially comstahi thtddgheutbE rqacasmt er or the

quasi -constitutive multi-copy hp4d pronoter (Madzak
et al., 2004), exogenous epoxide hydrol ases from

T ek ey B P O TaRE keitionea
Sahpl@nsf ormants expressi ng the epoxi de hydrol ases of

| f f deestStrygmast strai ns was suspendedri n ph@¥phat e
Nopuffer (pH 7.5, 50 mM) and incubated with

S-epo0 C I C a Lspdi umsalt for hours at
I%C. %%aé%%gﬁ;%{cgaﬁzgosagggeﬁ %ved 7%5 centri a'gjati on and
1the Siglenndd dnicarveSNEC zsal ysed 78y chiral 1HPLC to
deterg%ﬁge Zahe ee of the L-tartaric acid forned. Figs.
1% SROWPPRE HEePHmiit Y 3481 on of”E s epoxyslicci nate by

185 I e RRAIDILBADIN o 88t TOFSa-fy7( t eszed i n thijgsExanpl e as
Sanpl e 183) expressing, under control of the

14 ngReedespprinoregediganw YVEYEBE %pr BBt er (Mad24k et al .,
04 DOX] rol s from,thew | d-type

e R B v 3258 For s

130 eXdotptidym seoformnensguaphornsms uppEFed t hat 43Bows t he

han in concentrations of the vicinal diol
lignan%ﬁifjﬁ%’f’ré "Rk tf”ﬁ‘l?’?‘f?é\lc(xflce?? Ly-aXt®) and t k&>
18NaNCHRBILE cB¥eRSSCYEe)ssof the rhprmed WDg2005/ 100578
PCT/ 1 B2005/ 001022 65 diol at different tines (right
181 ax FgyowigNgortiqsdd¢€d3328r desyn ABFri sati oA%feacti ons,
$0e 9GroiPiRhRgYesEeb al |y copgkant thrgyghout the
a e

reaction Enanti oneric excesses (ee) of

L-tartaric acid after 4 hours of reaction. Sanple
Yeast strain Pronoter ee (%9 No. 172 Rhodotorul a
nauci | agi nosa NCYC 3190 TEF 52.7 173 Rhodotorul a
Fabhaiple Xl TesWNadiec?isadion of 32efoxylotfalifiRadfiran b produce (R.R)-

araucar-iae NCYC 3183 hp4d 13.0 175 Rhodosporidi um
torul oi des UOFS Y- Otefrrlydro-3gi-furandiol

Figs. 33 show the desymmetrisation of 3,4-epoxytetrahydrofuan by a recombinant
yeast strain (tested in this Example as Sample 184) expressing, under control of the
single-copy constitutive TEE promoter (Madzak e al., 2004), exogenous epoxide
hydrolases from thewild-type yeast strain Rhodotorula mucilaginosa NCYC 3190. For
this example, a line graph is supplied that shows the change in concentrations of the
vicinal diol enantiomers with time (left y-axis) and the enantiomeric excess (ee) of the
formed diol at different times (right y-axis). As expected for desymmetrisation reactions,

the ee remained essentially constant throughout the reaction.
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176 Rhodospori di um pal udi genum NCYC 3179 TEF 63.4 177

Rhodospori di um pal udi genum NCYC 3179 hp4d 21.3 178
wo-2008bhems7gli um neof or ri zans var neof or mans TEFPETIER005/001022
. 179 Rhodosporidiumtorzcloides NCYC 3181 TEF 23.3 180
C73pt ococcus curvatus NCYC 3158 TEF 82.9 181 Yarrow a
l'ipolvtica NCYC 3229 TEF 20.7 _182 Yarrowi a |lipolytica
NCYC 3229 TEF 79.9 5 Exanpl €% Desynmetrisation of
3, 4- epoxyt etrahydrofuran to produce (R RZ
R.ftetrahydro-3,4-furandioI Figs. 33 show t he

= Shnetrisation of 3,4-epoxytetrahydrofuan by a
Mady8€ QDG RaRdinl €. yBakbrid, 1L N2008S tHederobgblis rotaRRbRsHén and

Sanpl e 184) expressing, under control of the

secretiongh dhecrgycanyastidnaliydastel aTrpwig digradviéaa: ¢ RegEiJaetndd|of |

. ,2004) , geneus epoxi de hydrolases fromthew | d-type
B“ﬁ?gﬁg%ggﬁpggﬁygﬁodotoruIa i nuci | agi nosa NCYC 3190. For
NicdulliJsMeNRARAIEC, Wan dGEBBERPNGSersUp Dubed Pt Néddefeeyes Pt eillardin

change in concentrations_of the vicinal diol_ .
C. (@Rt Piotrsn sxpipssten andeeqrpiagn infheyieast Yarpwip gpobtica. FEMS
' r4-G_ ess (ee) of the 15 fornmed diol at

Yéa%?%%%?@%?’%ﬁh%éf(right y-axis). As expected for
Zhadlds yHamtB.j Hadrigo A., Midlet, MunEpang, fe., dalashoel,128., Zhu, Z., Milan,

essential Ly canst thr qu e reaction, WD
A Borehan g5 emr Bbds ot 969 LasYS R%?‘E?@%ﬁ%@"%‘?ﬁa&@?md
enarfttosel Vel s9hBlbdls ofchiraPESKBS1k G1d dedyMmétAOR b of meso-epoxides. J.
Het er ol ogdus protein expression and secretion in the
Am. €hemc Sosu2126: dhEI6-1HAdt Yarrowi a |ipol vtica: a review
Journal of Biotechnology 109: 63-81. 5 N caud J-M
Madzak C, Van den Broek P, Gysler C, Duboc P
Ni ederberger P, Gaillardin C. (2002) Protein
expression and secretion in the yeast Yarrow a

| i fonyubeef cmbuiimeyiad therpyenioanhipye byen desegibedznigvertheless, it
ot 2 g 0 sk oy IR0 o (50966 e

spiriDaft scdpBuf the ilehtiof.2A0BhydinEiypathebe etmpddimb enseare atithity hedicope
10 enanti?selective synthesis of chiral 1,2-diols via

of thefellaver5la®ei on of neso-epoxides. J. Am Chun. Soc.,
126: 11156-11157. A nunber of enbodi ments of the
i nvention have been descri bed. Nevertheless, it



10

15

20

25

30

15 will be understood that various nodifications my
be nmade w thout departing fromthe spirit and scope
wo@Roosheosrsivent i on. Accordi ngly, other enbodi nePCHIE0&/001022
within the scope of the follow ng clainms. WO
2005/ 100578 PCT/ 1 B2005/ 001022 67 WHAT IS CLAIMED | S:
1. A process for obtaining an ?ptically active vicina
di ol , which process includes®the steps of: 5
prOV|d|ng a meso- epoxi de; creating a reaction mxture
the neso-epoxide a pol ypeptide, or a
VVHgﬁﬂgkﬁgﬁgﬂﬁ? jment t her eof , havi ng enanti o sel ective
epoxi de hydrol ase activity, the polypeptide being a
pol ypepti de encoded by a gene of a yeast cel
I ncubating the reaction m xture; and 10 recover| ng
f r bm t h& nreeess fosebigining peomtcahasAtiveifieal dipl, which process
ly enantiopure, vicinal diol. 2. A process
Hwh@E? %F%%%%ng an optically active vicinal diol, which
pr poetting & neladssiddie steps of ! 15 prOV|d|ng a

meso- epoxi de; creati a reactjo n1xture m.xin

Wi ERARHER RS TERGRP Y Tk iog MG dhsPPe- ﬁ@oxa\ d oy eitide, or a
funcﬁ&i; gﬁ%ﬂﬂ H&eo ARLIEL PRI 1@selfec§%3éﬁr°x§derlgﬂdr@1ase act1v1t

ypepti de having enanti osel ective epoxide hydro ase

polypqitxd\z ibeing 4 motygeatideepcote iye agenonf ai yaastrasll; and 20

recov r|n fromthe. reactlon m xture an enanti opure,

or IEURH S B%F?%HW%FHQﬁ{ dopure, vicinal diol. 3. The

Pr Re86& i fréth @dYedotionheikRird dnh@af@bdure,ora sybasitiatel | .

25 4. The process of clains 2 or 3, wherein the
enangopygeycingedips encoded by an endogenous gene of the

cell. 5. The process of clainms 2 or 3, wherein the

cell is a reconbinant cell and the polypeptide is

engoded Abptoeess Bt lobtagniag il o preighidn actival vidinahdiclhwhivh predess

is transformed. 30 6. The process of claim5, wherein
inclydga theuiqnsiod aci d sequence is a WO 2005/ 100578

PCHVRAAD 220 Q5 ide;

creating a reaction mixture by mixin g with the meso-epoxide a cell comprising a

nucleic acid encoding, and capable of expressing, a polypeptide having enantioselective
epoxide hydrolase activity;

incubating the reaction mixture; and

recovering from the reaction mixture an enantiopure, or a substantially

enantiopure, vicinal diol.

3. The process of claim 2, wherein the cell is a yeast cell.

4. The process of claims 2 or 3., wherein the polypeptide is encoded by an

endogenous gene of the cell.

5. The process of claims 2 or 3., wherein the cell is a recombinant cell and the

polypeptide is encoded by a nucleic acid sequence with which the cell is transformed.

6. The process of claim 5, wherein the nucleic acid sequence is a



68 heterol ogous nucleic acid sequence. 7. The process
of claimb5, wherein the nucleic acid sequence is a
wherssliaeris nucl ei ¢ aci d sequence. 5 8. The prPCEER0GT001022

any of clainms 1 to 7, wherein the pol ypeptide is a

full- length yeast epoxide hydrolase. 9. The process

of any of clains 1 to 7, mhegg{n the pol ypeptide is a

10 functional fragnent of ye epoxi de hydrol ase. 10.

The process of any one of clainms 1 to 9, wherein the
ocess i.s carried out at a pHfrom5 to 10. 15 11.

ha@% OB BRdes ag sSSPt he of clains 1 to 10, wherein the

process is carried out at a tenperature of 0OCto 70

C. 12. The process of any one of clainms 1 to 11,

whér ei nThéprogesscé sleim i whewsin thhaucleisasad epRpeRasian t he

reaction,matrikx is at |least equal to the solubility of
hom?ﬁ)gmils éls(%e?%lﬁ)cg%ecﬂélencfo in water. .13. The process of

any one of clainms 1-12, wherein the nieso-epoxide is a

d of th | f la (1), (J1), Y
or (I | FhapRpcetet orEp Ll bio 1 grtstiie She spegidshvg ddk

' he general formula (I11), (IV),
1eng{(b§ie?‘?f)%?8??§<§l?dlg£asg"25 (X), WD 2005/ 100578

PCT/ 1 B2005/ 001022 69 0 0 RR (CH2)n I Il 5 HO CH

HOQ. o TEg Erocgs?_o%)agy !)% (I:Iailrr}é 1 &)%,%Vhlépeirg{he éolépe%h%ecl)s '9

functional fragment of yeast epoxide hydrolase.

10.  The process of any one of claims 1 to 9, wherein the process is carried out

at a pH from 5 to 10.

11.  The process of any one of claims 1 to 10, wherein the process is carried

out at a temperature of 0°C to 70 °C.

12.  The process of any one of claims 1 to 11, wherein the concentration of the
meso-epoxide in the reaction matrix is at least equal to the solubility of the meso-epoxide

in water.

13.  The process of any one of claims 1-12, wherein the meso-epoxide is a
compound of the general formula (I), (II), (V), (VI) or (VII) and the vicinal diol
produced by the process is a compound of the general formula (III), (IV), (VIII), (IX), or
X,
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n
WOR05000520 n=1,

VVIII X=

OH, -OR -NH2, -NHR -NR1R2 15 O HO CH
(H2O n (CH2) g

H2COn " (CH2)n x X VI Ix X =S, NH
,3,4,0or5 0 HO OH (H2C) n ( CH2) PCT/H2G)31001022
(CH2)n x X X X R<RRXR 25 VIl X X=S,NH NR 0O n= 1,
2,3,4,0r5 wherein: 30 Ris selected fromthe group
consisting of a variably substituted strai ght-chain or
WO 2005/ 100578 PCT/ | B2005/ 001922 70 branched al kyl
group, a variably substituted strai ght-chain or
branched al kenyl group, a variably substituted

strai ght-chain or branched al kyyl group, a variably
substituted c¥xl oal kyl group wel | as cycl oal kenyl
groups, a varifably substitut yl group, a variably
substituteq% ryl kyl group,\ a variably substituted
het erocycl i'’¢ group, a vari abl ct),substi t uted

strai ght-chain _or branched alkqﬁy group, a variably
substituted stﬂaight-chain or 'branched al kenyl oxy
group, a iably substit d aryl oxy group, a

vari ably ¥§abstit kY aryﬁhghkylo Pyroup, a variably
substituted,aTRVK?hio group, /a variably substituted
al koxycar bdhyl grd®p, a varidbly/substituted straight
chain or branched al kyl am no(Gt2)al kenyl ami no group,
a variably substituted arylamino or aryl al kyl am no 10
group, a varialbly substituted &hrbanoyl group, a

vari ably substituted acyl group, and a functiona
group. 14. The process of any of clainms 1 to 13, which
process incl les adding taahe reaction mxture water
and at | east e m%}er-i I SCj sokvent.

| | L
o O 0 0]
v VIII

X = -OH, -OR, -NH,, -NHR, -NR4R,
o HO OH

(R2C)n (CHp),  (HLC)n (CHp)n

VI X
X=8,NH,NR, O
n=1,23,4,0r5

0 HO OH
(H,C),, 7 (CHy), (HC), \’ (CHy)p
X X X >< X
é>x<§ R R

A1 X

X=S§,NH,NR, O
n=1,2,3,40rb5

wherein:

R is selected from the group consisting of a variably substituted straight-chain or
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15 15. The process of any of clains 1 to 13, which
process includes adding to the reaction m xture water
wa@p@saoosieast one wat er-mi sci bl e organi ¢ sol veP€T/1B2605/001022

The process of any one of clains 1 to 15, which
process includes adding 20 to the reaction m xture at
| east one reagent sel ected fraﬂ1the group consi sting
of one or nore surfactants e nor e

cycl odextrins, and one or nore phase-transfer

t al 17, The | 1

oranGGE Y oy & venely RURARE! Sridendn s Reerfse Esfiv ot 2

varifyMe sifRankddOIRIgHRlhdin8r Viaa bl alih gloBp) v 84 SRS Substituted
conpared to the other 25 enantioner of the vicina

cyclellsyl grawp asTwiell py orskostieny] gipypson sagbly: subistguted eyl BrOUD, a

B T .
subspitueelleedistychaitilve biakdd alkoy@l greap, layafielsignstibetitubaiCdtiadeht-chain

mi xture 30 VD 2005/ 100578 PCT/ | B2005/ 001022 71 19. A
or bygpefecdlkeglogigrap. 8 VarFhly mubsEiuel aryjegy 8T R Hevajiehst

subs§ifld 151 BB G, o PEQPT, FRLEELALIVIEN FARLIL Ufably
subsBuitécbalkwmoaﬁ@nyl@nup da/ariﬁhﬂy;sulmmniedmtra@&bﬂrajam oyomsched
kker a, hi.ala, Geotr. Hor i none
alky[azune Shélﬁﬁl?yg %HWQJWE?’& W@g’ Sﬁh?t ga.rruno or arylalkylamino
grougaé? Lhi SN YR8t dWost il 2Rdup Da Earpim ub%@é@@@@n Ig%aﬂrhnd a
odotorul a, Spori di obol Us, Sporobdl oi nyces, TricT-
funciepdrgeup, Wn, -, ea, and Yarrow a 20. The process of
any of clainms 1 to 18, wherein the yeast cell is (c¢c)f
a yeast species selected fromthe group consisting of

Arxyl a guepidtedsfang of faxid Btd L3, MasdH précessliicludes adding to the
Br et t anonyces bruxel | ensis, Brettanonyces

reachom PYPEHEIEItST angrab {qaatnmyreier-anRispihle selvemk et t anonyces
species (e.g.NCYC 3151), Bullera dendrophil a,
Bul | eronyces al bus, Candi da al bi cans,
Candi daflabipeovess ofGapdt daingd kb B3, avhidlaprdeatss ihalewdss adding to the

Candi.da interinedia, Candi da nol i ge di da

feaCB%‘? BREITEoRtEr and A aa%PnFl)’b%%f 15@ rgapie ptfet-  candi da
tropicalis, Candida famata, Candi da | a- ui sei, Candi da
sp. (new) rel to C. 15 sorbophila, Cryptococcus
al Bbdus Thepyuescdeoy snaaftlaiment tosl, Mms&@cludes adding

bhut nenSI S tococcu Vv t ococc
to thg et BPR DRk 3 FA RO S TR s b B bt of one or
mor® BigRkdn€d) Sne 6F MBieQSORAEThAWhe Bhé by mbFeH=Reaeidfer catalysts.
| ut GO| us, Crypt OCOCCUS rncacer ans, Crypt ococcus

podzollcus Cryptococcus terreus, Cryptococcus
FNggerange p%ec%?sr é/foaw B8 of claims 1 to 16, which process includes stopping

the reaction when one enantiomer of the vicinal diol is in excess compared to the other

enantiomer of the vicinal diol.

18.  The process of any one of claims 1 to 17, which process includes
recovering continuously during the reaction the optically active vicinal diol produced by

the reaction directly from the reaction mixture.
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hanseni i, Dekkera anomal a, Exophiala dermatitidis,

Ceotrichunz species (e.g - UOFS Y 20 0111), Hornonerna
waepmsites7§ e. g. NCYC 3171), |ssatchenki a occi dePeHIB2895/001022

Kh4yver oi nyces rnarxi anus, Lipomyces species

(e.g. UOFS Y-2159), Liponyces tetrasporus,

Masti gornyces philipporii, Nyxozyna nmel i bi osi, Pichia

anomal a, Pichia frnlctndica, '!Pichia gU|IIerrnond|

Pi chi a hapl ophil a, Rhodosporidium | usitani ae,

Cphiior OATFATH OERBCSHATT AL Y BPER Qs oy is of o veas

genuROLASP Bohthy r@%dﬁglceﬂmgﬁw,q;%mdgﬁe@mﬁy@g WGRF4, A€,

Rhodotorul a glutinis dotorula m nuta, Rhodotorula
Bullﬂvmnrt@, (Zandzdcm Grupiacorbnddboriany ces Mk@g; Em@la Geofi ichum,

Hor. lg%%eg e ssEz cﬁelﬁacbgz@av’g a?ih@%%?tl,%%ha &% oérsg”’lggm ceS %AOZ()/ITZCZ

chh%o?fo@éﬁﬁtﬁm Rnegsrbans|posarRbbES, Spor @bol&l@é@s 31&3303}701 on,
Rhodot orul a species (e.g. UCFS Y-0139), Rhodotorula

Winggae pekYqrgowia UOFS Y-0560) 30 Rhodotorul a auranti aca,
Rhodot orul a species (e.g. NCYC 3224), Rhodotorula sp.
"muci | agi nosa ", Sporidi obol us sal noni col or,
Sp2d.obolhapmessshdlaspbdt dasps WO ) ek theéd east cell is of a yeast

PCT/ 1 B20Q5/ 001022 72 .Spor obol oy nyces . roseus, )
speclss PIBEY SPTy 06 SR GRS F O HL G Bel g8l fpula rerresns,
Br et@nbﬁzﬁ@é%&ﬂenﬁy EB‘?E??&H&%@&S ndefUBEYS, Br: eﬁ&ri&{}@&‘%@ﬂalus

del brrecki i, Tri ¢hosporon jirovecii, TrichoSporon

Br etrawuwca;te‘pgactai“r(legﬁﬁ)@b’&?dﬁ 1 \leldeﬁsdenﬂmmwgs@dl@wnyces albus,

conB s GRS S WA e

intermedRE CuRdide B noh«!g@rzzﬁagﬁlépszl&zb Cﬂlﬁ%l@tﬂoﬁp emug ®da tenuis,
NCYC 3212 Trichosporon species

Can&tc/@mm)calzmr%w 6raHe. %@éﬁé@'l{l@elg@m@:ﬂé@m mery Iel 2‘0 C.
sozb z(l:ah %%%oé’o‘%cusf@@@ g%%@‘ogc}c %731}7}&3byp-;cgéog%s@}?utgﬂenszs

poron

Clypz‘bl&li’drlcﬂtd difrodting) @ljﬁb&dl’h@ﬁ@l’h@d‘us; ﬁ’@ptmtﬂséﬂ%ol&l\fmg@@ococcus
robertsiae, and Yarrowia | zpoly ? 6% 21. A net hod
hungagieus, (FHNOFPR§ % %&nyw@éocw Z&‘FP > SRRIGCqAG FiFserans,

Crptd% géﬁsggidéoz%s,a%gyacg&&@ 1 &s' t %Eéz&'zﬁ%eﬁan@ @égbﬁzomyces

aci i ng capabl e of eSS|ng a polypeptid
hansehit Délder cementala sabplotiaver mn&&nﬁs powiidenhymrios Ge®- UOFS Y-

on fchpgiinacres sna ol BE b 1890k GEB Bk Sprmrees

maiJ%Jtﬁzuﬂ'ﬂﬁoﬁi))aestsﬁgczg.sede| g UOF8 W- Q@§9) Ez%lo}nyce%?tetl ddperiet hod
clainms 21 or wherei n the &o ypeptide is a

Masfzg(pmyqee p@z{lzhpo@r@]\@@@@)magpd;éz@@ Figlein onaiwala, Pichia fi nlendica,
Pichia guillermondii, Pichia haplophila, Rhodosporidium lusitaniae, Rhodosporidium

paludigenum, Rhodosporidium sphaerocarpum, Rhodosporidium toruloides,
Rhodosporidium paludigenum, Rhodotorula araucariae, Rhodotorula glutini.s,
Rhodotorula minuta, Rhodotorula minuta var. minuta, Rhodotorula mucilagi nosa,
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 salmonicolor, Sporobolomyces holsaticus,



10

15

20

25

30

24. The nethod of any of clainms 21 or 22, wherein the

pol ypeptide 3s a functional fragnent of a yeast
wepwsitas7hydr ol ase. 25 25. The nethod of any oPCT/IBE200%001022

21 to 23, wherein the polypeptide is encoded by an

endogenous gene of the cell. 26. The nmethod of any of

claims 21 to 24, wherein the [l 1s a reconbi nant

cell and the polypeptide is ezgoded by a nucleic acid

sequence with which the cell is transforned. 30 27.

The, met hod of gl ai m,26 erein.the nuclei.c aci.d )
Spobalane s s SBE AT eV asbe) BreB5 ey sporon
cutdneli ver, egrRnsumMUGEGoSpireh debRRRCRichdshordprdvetit)od of

~claim 26, wherein the nuclejc acid sequence is a
Trichewer aysuidasclidrhosaeion ovagas detshospopan pylludensd Eriefo.sporon
arat i i inel i . .
spe & O Sy DR T o Bl i BRI R 118 o sporon
spedigpde gl HOFSACAUI1 ), TricBEporvnsipbatatd NAYWC BRLE), Cubidsgron

of cells, a substantijal nunber o ich 1 onprjse a
speciei(P&i Hogéi%roég oa’rlﬁ}gespa'fpdz Sgﬁa%%@ %f32éfbp 4 @Q&Sﬁg{mn

Bloy BB ¥lo1 ey g0 BHAM LHBSEL ROL NG (TBS By CRAXE P or
Speéﬁ(ifzr g?/ase acti v?)t’ gpl :%Ols.g An ipso?afegéd ce (Frg ???é ceﬁf I Boron
mongldifopmiesTnichogparag neintevideens ee Winghanmgbertsird, yipd Barirdeia [Epolytica.

havi ng enanti osel ecti ve neso- epoxi de hydrol ase

activity, the cell being capable of 15 expressing the

polypepty fethodZer ﬁﬁdﬁé&%@?@l@p%e?@lﬂ@ﬁ pfdcREE inlddesdhe steps

nucl ei ¢ acid sequence that encodes a pol ypeptide that
of: has enanti osel ective neso-epoxide hydrolase activity

an - [ n [ . ngi tjons.:

to by 262 BTt R etk S R chiBine o
polsgeptide thatrak shidntigscéctiSERdsB ePoBide hfdiroladdacti@ityl3, 14,

15, 16, 17, and 18; or (b) the conplenent of the

nuc@%?@négﬁdﬁgéaﬁbnce._33. The DNA of clai m 32,

wheL &k Didd Ge gu%@];)&de%ﬂ FEQigRce encodes a 25

pol ypeptide corprising an am no acid sequence sel ected

fromthe group consisting of SEQ ID NGs: 1, 2, 3, 4,

> 293 ! Thg ’me%lg]odd c?f claim 21, wherein the cell is a yeast cell.

23.  The method of claims 21 or 22, wherein the polypeptide is a full-length

yeast epoxide hydrolase.

24.  The method of any of claims 21 or 22, wherein the polypeptide is a
functional fragment of a yeast epoxide hydrolase.

25.  The method of any of claims 21 to 23, wherein the polypeptide is encoded

by an endogenous gene of the cell.

26.  The method of any of claims 21 to 24, wherein the cell is a recormabinant
cell and the polypeptide is encoded by a nucleic acid sequence with which the cell is

transformed.

27.  The method of claim 26, wherein the nucleic acid sequence is a
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34. The DNA of claim 32, wherein the nucleic acid
sequence is selected from the group consisting of SEQ
wo Dosi@ses78.0, 11,12, 13, 14, 15, 16, 17, and 18rCB0B28&v/001022

An isol ated DNA conprising: WO 2005/ 100578
PCT/ 1 B2005/ 001022 74 (a) a nucleic acid sequence that
is at least 55%identical to sequence selected from
the group consisting of SEQ ID NGs: 10, 11,12, 13, 14,
15, 16, 17, and 18; or (b) the conplenent of the

het ngcleic qcid @gguence, wherein the nucleic acid

LSRN B BH G SS IS8 ypept i de that has
enanti osel ective 5 ineso-epoxide hydrol ase activity.
36. An isolated DNA conprising: (a) a nucleic acid

sed8encdhe methodrmistrem 28, pbrippelbe nHecicaaksl seanenge ¥a an

i No. achd that is at | east 55% identical to
8&U§ﬁ%%0%§$g%ﬁ%§§?ron1the group consisting of 10
SEQ DNGs: 1, 2, 3, 4, 5, 6, 7, 8 and 9; or (b) the

conpl ement of the nucleic acid seguence, mherein(fhe
po E@-p ept FEANAPUER SHTRFSRIFRA #H QP ik 1 pgésolate

| idsb¥ctivedesofokiiBhhBthspabrpgOL i de
R a i L P
pol ypepti de conprising an am no acid sequence that is
o , _
gt 3b.eagtA g‘rél)ltllaﬂ 2611'5% ?él,l&tggf)#s %egs,lna%}}’%%htigl’nugﬂbers of éfhlcﬁ
comgﬂ%"%xt nR$&at 86 IeMEodMhE 304 BRV4pARe Y SHpésame, @ﬁél&%&ﬁtﬁde hé¥ing
9. The pol ypeptide of claim38, conprising: (a) an
enargiopelective mesgegoride bydrelase aadiyithr om t he group consi sting
of SEQIDNGs; 1, 2, 3, 4, 5, 6, 7, 8 and 9, or a
functional fragnent of the sequence; or (b) the
sequencandkolaRil celpthe ¥éll Eonfieisiiy Lnddield aid\eBcoding a polypeptide
conservative substitutions, wherein_the gqupeptide
havipg §nanigpeleBuEIs oiepexifa BrGoBpvAGTYEY nihe coll 4eBE Senrapls qfy
. . ' ted anti body that binds to the
“P%%ﬁ“@ﬁ%ﬁ??@g‘%@i&any of clains 37-39. 41. The anti body
of claim40, wherein the antibody is a polyclona
ant i body. . 42, anti body of claim40, wherein the
anttbody 180 éteﬁﬂ‘gélcaﬂlgpsﬁ ti body.

(a) a nucleic acid sequence that encodes a polypeptide that has enantioselective

a.
homgﬂ;lg

meso-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: 10,
11,12, 13, 14,15, 16, 17, and 18; or

(b) the complement of the nucleic acid sequence.
33. | The DNA of claim 32, wherein the nucleic acid sequence encodes a
polypeptide comprising an amino acid sequence selected from the group consisting of

SEQIDNOs: 1,2,3,4,5,6,7,8, and 9.

34.  The DNA of claim 32, wherein the nucleic acid sequence is selected frorm

the group consisting of SEQ ID NOs: 10, 11,12, 13, 14, 15, 16, 17, and 18.

35.  Anisolated DNA comprising:
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(a) a nucleic acid sequence that is at least 55% identical to a sequence selected
from the group consisting of SEQ ID NOs: 10, 11,12, 13, 14, 15, 16, 17, and 18; or

(b) the complement of the nucleic acid sequence,

wherein the nucleic acid sequence encodes a polypeptide that has enantioselective

meso-epoxide hydrolase activity.

36.  Anisolated DNA comprising:

(a) a nucleic acid sequence that encodes a polypeptide consisting of an amino acid
sequence that is at least 55% identical to a sequence selected from the group consisting of
SEQIDNOs: 1,2,3,4,5,6,7,8,and 9; or

(b) the complement of the nucleic acid sequence,

wherein the polypeptide has enantioselective meso-epoxide hydrolase activity.

37.  Anisolated polypeptide encoded by the DNA of claims 32-36.

38.  Anisolated polypeptide comprising an amino acid sequence that is at least
55% identical to SEQ ID NOs: 1,2, 3,4, 5, 6, 7, 8, or 9, the polypeptide having

enantioselective meso-epoxide hydrolase activity.
39.  The polypeptide of claim 38, comprising:
(a) an amino acid sequence selected from the group consisting of SEQ ID NOs;
1,2,3,4,5,6,7, 8, and 9, or a functional fragment of the sequence; or
(b) the sequence of (a), but with no more than five conservative substitutions,
wherein the polypeptide has enantioselective meso-epoxide hydrolase activity.
40.  Anisolated antibody that binds to the polypeptide of any of claims 37-39.

41.  The antibody of claim 40, wherein the antibody is a polyclonal antibody.

42.  The antibody of claim 40, wherein the antibody is a monoclonal antibody.



