Reconbi nant Yeasts for Synthesizing Epoxide Hydrol ases Thi s
application clains priority of South Mean Provisional Application No. _
2005/ 03031, filed April, 14, 2005, the disclosure of which is i ncor por at ed
herein by reference inits entirety 5TECHNI CAL HELD hi s invention
rel ates t oVP2eYMPint yeast strains, and nore partlcuPSFﬂ§mgﬂmF@60nblnant
yeast strains containing exogenous epOX|de hydrolase encodi ng nucl eic
aci ds. BACKGROUND 10EpOXIde hydrolases (EC 3.3.2. 3 EII) are hydrolytic
enzynes thatq : . fﬁ : q. of the
epoxi de. EpoOx < PTET S, Ve e
i nvertebrates, plants Sects and m croorgani sns. Cptically active
epoxi des and i iols. are versati fine chem i nt nedlates
useful for th\éhbsr Bilietroriise Pﬂﬂﬁ?ﬁigeﬁtﬁea rm&apeé%athce%q
ferro- el eztosjosos fiea Wps, Qﬂyﬁﬁ)ﬁ'tﬁerﬁ%sﬁe&%%{cﬁ@ﬁé&é&ﬁﬂimﬁ Eproddes are
hi ghly reactive electroplalles because of the strain |nherent in the
t hr ee- neﬂﬁ@?@ﬁeFﬂﬁﬁmHWB’the el ectronegativity of the oxygen. Epoxides
react readily with various 0-, N, S, and C nucl eophiles, acids, bases,
reduci ng and oxi di zi ng agents, allomﬁn access to bi-functional nolecules.
Vicimal diols, enployed as t hePECHNIGAL-HEED: i ve cyclic sulfites and
sul fates, act I ﬂﬁmﬁkt of
nucleophlles f#%ﬁﬁgggg?ﬁgﬁ?ﬁgkf?gﬂgﬁﬁ %gnuc eé%ﬂﬁtlc dlsg ggﬁnent

r eact i onsregimtinaatyesstiiaing pentining exogendus spaxitedyerolaee atbeditroiclsicdazol e
derivativg ?’ aziridines, diam nes and di azides. Since enantiopure epoxides
and vicinal diols can be stereospecifically inter-converted, they can be
regarded as synthetic equival ents. 25Maj or groups of substrate types that
can be enantionerically be resolpugdkeraingyi de hydrol ases include
nnno-substituted epcoddes (type f%, styrene oxi de-type oxiranes (type I1),

i - sfibst i t ut edpepdshyiiselases (ffe3B2,3; EHDasﬁb@@bmubmﬂnwaﬁuhmeWxa substi t ut ed
epnddes ( I These S trat s pave us i rtance in
t he phar r%%:ﬁe}g?l%l)g I{%%Plgﬂ{ P Car ane XL% d‘B xf*de eﬁﬁ{ﬁpgggof specific
epoxides130&m@mﬂ§ameﬁnamemhMEbﬁ&m“ﬂmmn&emﬁahmﬂmﬁhxﬁgmhmsat|on Nos.

PCT/ D32005/ 00 PCT/ 1B2005/ Q010 CT/ 1E2Q05/ 001034 . and

PCT/ EB2006/ 053%%5”3’&3 OygPPxiges b‘li*ff’ﬂ"EfaF‘tYFaﬁt‘ltﬁ Faemgeall  Appl i cat i on

Nos. 2003AteahkikhtcededOBPME PRRABetion¥E pRrSGE RGNS ﬁgr@éheﬁﬁdals%rr%le@tﬁc are
|ncorporated herein by reference in their entirety. Epoxide hydrol ases
( EH)"Spl ayrddideysials wd fiagoyrp and aemsce diposiipore @e@amasw elgsronpdlesssuch are
| mpor t antyegf 8o AL szﬁ]?mh P NBRTR e digmBOdd I'n;:t t.g@él%ﬁrohgaﬁ%tf r t ant

targets in the control di seases of nmanma caus
par asi t e Px¥gad. rﬁpexld@ﬂrrg@ﬁmd%y wills vagesiup OasN+, B-, arhcbcmncrit:crpbﬂesoﬁcmsn@e@t s bot h

s carri ol ARLANENLAL SHULAY DT ARG L REGLES! READT0RO NS!

insect pests. “I'n or rversé and ever increasiny nunber
of epoxi dephoyed ad theie bighly reactive cyclic sulfites and sulfates, act like epomdc—ltke

20 synthons with a broad range of nucleophiles. The possibility of double nuclmphihc

displacement reactions with amidines and azides allow access to dihydroimidazole
derivatives, aziridines, diamines and diazides. Since enanfiopure epoxides and vicinal
diols can be stereospecifically inter-converted, they can be regarded as synthetic
equivalents,

25 Major groups of substrate types that can be enantiomerically be resolved by
epoxide hydrolases include mono-substituted epoxides (type L), styrene oxide-type
oxiranes (type I}, di-substituted epoxides (type III), tri-substituted, and tetra-substituted
epoxides (type IV) [Fig. 1]. These substrates have enormous impertance in the
pharmaceutical, agrochemical and food indusiries. Examples of specific epoxides

30 substrates are listed in International Application Nos. PCT/IB2005/001021,

1



tof or biocatal ytic purposes and al so to produce correctly fol ded epoxide
hydr ol ases for the structure-function studies required for eval uation of
t hese inportant metabolic enzynes as targets for therapeutic bioactive
nol ecul es, a generic expression systemis highly desirable. However, at
present no ved ngieoaspr essi on system has been devel oped PEREB20REW2EApr ess
functi onal | y-active epoxide hydrolases "tomthe all the various aninal,

plant, 15pbpggs3003/a0103h gﬁ@@t@bommpe%n@pm@mwomas etk as IBIOVMARY
The. dlsclosure IS basel

art on the discove e.inv rs that
r econbi nam&wﬁaﬁmwoaallﬁgpbt%mnﬂas @@QW@O%@(W@QWQ%S%@?%‘? Sé&t aﬁr oma wi de
range of s i.es have hj the EH produced by the
par ent sp8£‘f$%§h‘qi‘r§m§?f3?@ gge }l%/fgerxmf’a%?]gm%%s% enanti osel ective. Thus, the
di scl osure pr asgoslige hidelhsk aiﬂ)ﬂayicnmﬂl ycﬂesoaﬂmmetabolmiofmtsaiﬁ@%ﬁ y pure
cultures of Y. lipolytica cells conanl exo ds
encodi ng iqh s iggporiag fopsels ‘%ﬁ% ogeggﬁgrsh&%ﬁ La‘ég %Iq%d osure
are et hoéég&ﬁfol Sﬂ‘lﬁsegie%'ﬂﬁﬁzhﬁfls &idl ;lﬂﬁiﬁs @::beﬂrwpwﬂamﬁidmwfoows?%ys' g
epoxi des an or produci.ng optically active vicin i,ol s r optically
active epm@%mmwﬁehﬁgm%b@@ $ﬁ€ﬂ2‘§d’ifgﬁﬁﬁt§ih“%°%gém&af‘ a&“ge‘%\)t
integrati I n one aspect, there is provided a

%ﬁ% e%% %%Edélgﬁ? ?ﬁ@c‘f {a%{ss Ya

subst ant i ure rrowia lipolytica cells, a sog;ﬁstanti al
hunber of whi dhoabnqorexmtmmmgm@r morchSIE b EReRts B poxi de

hydr ol ase tide, lagggfblstgé at ed
Yany# a |f°%gig)9%*§&ﬂ OSfé?c?HﬂraS%ﬁ’ %ﬁeg%ge}ﬁ%%gr%&%%&?m d ‘encodi ng an
epoxi de 3QhwarohagRn Rttt Poliydaept evdﬁatldﬂof ﬂﬁsmﬁmmbpmﬂzﬂnﬁ of the
enbodi nents descri bed below for the cells of a subst ﬁllu%ﬁ%pure culture

of cells aypiegs 54%@@6“%@@%1’%?@??“@@1 "}_g"’?ﬁ%c eé?’ffasé‘?’i’osﬁ’ aci d can be
a vector, ?a%lr%le HowRal & rés@ut%'sﬁx@lcteﬁ e@ﬁmiﬁﬁﬁﬁ'ﬂeéﬁd@@@@hﬁmence i's

oper abl y dto an’e preSS|on control sequence.

2007/ 0104&@&@%@@2@&6@@@6@&%@&@9@@6@?%@%%% VaFiQus ﬁ%"ﬂ\ﬁ)ﬁﬁl@e pr onot er .
The vector cg rr?é’i“%t %E%nﬁyo NafiidiLit i ve pronoter or the hpdd pronoter.
ned as

The \f’ectoﬁn(‘? an eplsorremthe cells or it can be fully
integrated into the genonme of the cells. The vector can contain an
integration-targeting sequence angmimgafignone of host cells to be
transforned with the

The disclosure is based in part on the discovery by the inventors that recombinant

Yarrowia lipolytica cells expressing exogenous EH from a wide range of species have
high activity and, where the EH produced by the parent species is enantioselective, are
20 also enantioselective. Thus, the disclosure provides isolated Y. lipolytica cells and
substantially pure cultures of ¥. lipobtica cells containing exogenous nucieic acids
encoding EH, e.g., enantioselective EH. Also featured by the disclosure are methods for
the production of the EH and methods for hydrolysing epoxides and for producing
optically active vicinal diols and/or optically active epoxides. Also embodied by the
25 disclosure are efficient integrative expression vectors.
In one aspect, there is provided a substantially pure culture of Yarrowia
lipolytica cells, a substantial number of which comprise an exogenous nucleic acid
encoding an epoxide hydrolase (EH) polypeptide. The disclosure also features an isolated
Yarrowia lipolytica cell comprising an exogenous nucleic acid encoding an epoxide
30 = hydrolase (EH) polypeptide. I is understood that all of the embodiments described below
for the cells of a substantially pure culture of cells apply also to an isolated cell.
The exogenous nucleic acid can be a vector, €.£., a vector in which the EH

“polypeptide-coding sequence is operably linked to an expression control sequence. The
2



S5vector can contain an integration target sequences that is conpletely or
partially honologous to the integration-targeting sequence. The

i ntegration-target sequence can be, for exanple, all or part of pBR322
pl asm d. The vector can be the pKOV136 vector (Accession no.:). The EH

pol ypept i deweneegdedoPy the vector can be, for exanple, wTagshgooads, an
10i nsect, a plant, or a nmammal i an EH pol ypepti de. Moreover, the EH :

pol ypept i dg..gR - f gﬁm i e, . ) east.. pol ypepti de.
The yeast frcom i Ié%ntahég |@?E%§§r |'v§§ Vggtﬁ 563 é@%ﬁﬁ# G?Iﬁ;emﬁgﬁ | owi ng
gener a: Arpouater @ikt hpedd propeess., TRiNekier ean bBulainairetiye ascpiscan ¢l iHacells

Crypt ococc b onyces.. ker a hi.al.a, Geotrichum Horm)n-ema,
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Rhodospor i ihieprmionRianeiigetgicice 0 did dhahodhsst cSRS PPRIeRVESSYiththé Chospor on;
W ngea, or Yarrow a., The yeast can be of any of the foll ow ng species:

ey Y !
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species (e.qg. ,ngni den?l?fl ed(mslii‘rﬂg%tii%gg u%%{(% %%%%étfﬁregreg&g{éﬁdr ophi | a,
Bul | er ony d¥sfonessmple. Thordat 2f pBR3 2 airsmid (Mba wetitet garf ethapk OV 1 avediod a

gl abrata, (Gandi aenul onii, Candida intennedia, Candi da magnol i ae,

Candi da pa(r apsf(ﬁg%oi'hs,‘ea'nd'?'da rugosa, Candida tennis, Candida tropicalis,
Candi da f amat aThdJaH golypepkide emeded byaivediar sin be,(fneshmple] #tiaeriiloanC.

sor bophi | a t gcoccus al.bi Crypt ococcus ol entus, Cryptococcus

bhut zfﬁensingsf'c %@ﬁ%‘%&é‘éﬂnﬂw&ﬁfﬂ?&?e p%!i%&?fﬁgg%ié@&wm&%@@ﬁpt ococcus
huni col a, fideptmbtgestids, ZQhurgsvestBolyfepiid TEO GeUSTdndWhRR HelFH & YPt ococcus

| ut eol us, l% tgg&occ s macerans, . Crypt ococcus_podzol i cus, Cryptococcus

t ar eus, apypithe followinggkesta Andrelraienpmpshibaierader matiti di s,
Geot ri ChUBLBHBmydes, CGmdid DL ckisS BerP i YaL1; m spp.
(e.g., Uni dent1¥i ed gpzec’i e'gﬁ%%\?c 331971) , geg’at C eﬁkiﬁ%}%éﬁgi ‘g%{ln?%%’s,

Kl uyver ompegaonsandssivhenkia.iKhongoescesdiiponyeesgMastigomprenibibmaias peci es  UOFS

30Y- 2159) p; ki . I , | ces, phil i ppar.ii Xozyrna
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hapl ophi | #ngRhoutdepowiad Thmykasséandaofey oRitedakpdig spbdien platuldi genwn,
Rhodospori di um sphaer rpu dosporidi zt m t ogb/ des, Rhodospori di um
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M nuta, Raaoienss, Brdgihdiidicas Midinahi) BrbbnonBd@dpsass b 8, Cniddiigied agi zzosa,
Rhodot orul a pi IQX; a, _Rhodot orul a rubra, Rhodotonda spp. g_e. g., .

Uni dent i fFPé&e%lg CeXd SNchdlerq dendrophyie; Bullengmyces pbps Crndidagbiclers Y- 01309,
UOFSaoY- 05880 didd Janiges, ankitta BUbAZS, I Gdida AR BN R nieffaS, Catdtizdent i fi ed

speci es NCYC 3224), Rizodotorula sp. "nucilag, Mosa”, Sporidiobol us

sal noni col@moliay &1 prraglesis Hetndwle ireaese, (Bpddotsakisfmmdida rogionls,

Spor obol opyses i oy RE (] Il SPOron cut anewn var.
cut aneunz, Tri %%g’g?‘gﬁy e’%?%’g% » 13ﬁr(l ehgélﬁ%gé%ﬁ]hﬁ%{% ?a" $i, Trichosporon
nzucoi desCrpioceiresgbirion Consbabes:s afvlolhtys, (Oymocopets|biktanssis, Tr.i chospor on spp.

(e.g.,Unidentified species NCYC 3210. NCYC 3212, NCYC 3211, UOFS Y-0861,
UOFS Y- 16%%?}0% ‘?"8’%‘5’18’3’66‘5%“‘%“ %‘h’%@i"” CpCaHs fagicok CYRGEYS6Ton
nondisi | onagarldus AYpspeicams Imrehsly CARRBSRYs MicPRIE TriMbRths ndBera®y, Yan- ow a

The Eli can be an eg{aopjtios | ective EH. Nbreover, it can be a full-length
Ell or a YHRREIGHHAS" presoceys feiraus | Rehepyaremes hansenii, Defkgrag second

aspect , themelal BxdphaV) AeHloRi e B cRim .Big)logzi-%c,'mﬂdeﬁﬂﬁ Pa MRS yde, the

met hod conprising culturing the substant y pure culture of cells as
defined dBdVeHgrmenzeme arnd (¢ g-oHaideniified spesies BEYCHHITR), fsossickexpnessi on of the EH

R pol ypot sl Ko kPomted B 1Yo e 3P (& £ BRIt Groln PSS "0 1

cul t3r ed Yr3teD, lgpmugices temespohat Mastizobpoes phibipmeor i yxexplizasdibr, Bichithe EH

pol ypepti de. .Thg net.hod. can,.pr.ovide expr [} esylting in g

bi omacs- §j %g%”izlfz 1 %cﬁikﬁ%ﬁh\%’%;gﬁ? E'ng?m}oﬁéh%?%g‘ %?Z?ﬁgg% éﬁ’qrid??‘"EH activity
for cel | Susih@he, Riodngeidiag puhaligenen Rib8SpSlipe kyHaemtwden, The EH

pol ypept i&*g‘e %‘%od Iced r%tc} his nmethod can be secreted fromthe cells or it
can be s{USEAREIAIT forivgides dihodeearisimprlvagenyms Rhedatergladneucarive ur e. The EH
pol ypept RASISABUDEE D Yrb IS0 RS M aC PR BB I8 NG 58 hﬁ%} RidGobMid ur e

medi um or fromthe cells. In"a third aspect, there 1's provided a
substantially pure conposition of dry Yarrow a hpol ytica cells, a

subst anti al nunber of which conprise an exogenous nucl eic acid encodi ng an
EH




pol ypeptide. This disclosure also features conpositions of dry Yarrow a

|l ipolytica cells, of which a substantial nunber contain an exogenous

nucl eic acid encoding an EH pol ypeptide. The conposition can be nade dry
by freeze-drying, spray drying, fluidind bed drying, or aggloneration. The
conposi tion can be a shelf-stable, dry biocatalyst conposition suitable

for bi ocalakil s, $80kMs AR P11, FELEIbRIEREM%] RidotorthesAl (t.eGel | conposi tion
can be fornulated with one or nore stabjlizl ngo entsﬁﬁorlor to_drying.
T

These st abiidentified seegésstNC¥GA1 He UPFSaT2042aU8kYy % PRt ¥10839% 5P i ner t
carrier. 68)(,_}%%&@0%19%%%‘ ﬁ RSl AC ng %ae;ﬁﬁa Eéc%?ﬁhdﬁ('@at the

stabi |l i zi ng-agents can be lised al'6ne or oI Rati on: n fourth
aspect, t by Rhsdporaid .@eﬁzz&zl&@ﬂd&oﬁ szﬁ: zdnqlxdhmlvaj;swm@lan&wp@boiodecest he met hod
conpri si ngo qpr ovi di ng .,an epoxi de‘-gE . Cr eat)lc,[u& a reac m xture by
m xi ng a XOSAEEorRATPLOMBEE o 8’6%%#%“!9 Gaswerag Fﬁefhe epoxi de
sanpl e; amechoferdabid@uh Per. ERSELIOTyidRolokdrielbrueckit, TrikRbsgorbi firobectis pect
there is provided the method as defined above, wherein_the epoxi de sanple

i s a enan{iihamore? nwselassd righosaeros graida ﬁ?ﬂfl%’?@fwﬂ@%ﬁﬁxﬁa@oﬁ’ﬁ’@"t he 1'
/1 po/yti sgyp%g' ol Uhidky egse%@fq@%dm?a@@% 3D, ROFLI9 VGRS Yies1, The

di scl osur provi a netho hydr ol y$i n an epoxi de. This nethod

i nvol ves WOES Yeldlé;/WGES B’t-(BI[ﬁ U(OE$ Y@%QIWF%Y'QN haworoanpl e; (b)
creatlngar I El i

b1 ocat ayeP R eR e s ekt e eb e P B .
reaction m xt qheEHTdaQbemoanad@osslaawe@EaMomvamma:ratmfdtrmngthﬁmortaure of an
optically,_ acti ve eXpOXI d dt Y. lipolytica cellular EIl biocatalyric
agent WO'BEET! %*%16 2744 can be enantiosel ective. The nethod

can. furt her 'ﬂmex&df O Bfekdig Forvmaaﬁ%ﬂfo%wommg AALRH Bolyf mdeafhe method
enanti opure, or a subs ant 1 al enanti opure, vicinal diol;

b)
enant i opaemeprisore @ltmbgmhs@nqlg}lymumqltg@mf @ellseargélgf Ja?él abgye l(rgj:l‘ %ﬂqdltmns that
enant | ODYE Sy, Pl SUAREAN A HGRRLARLI e, vicinal diol and an

enantiopure, or a substantially enantiopure, Sepoxide. Optically active
epoxi des can Bl disalashrsusolfearessa method pRavsHIGHE A7 HtPQB’P%lﬁB%Wéemstyrene

oxi des, Q&%@&Hé&ch%é&%ﬁﬁm‘é%%él@%ul&e&uﬂd@ Buiamiohd thhteida fpsriilefs,

tri substltute epoxi des, tetra-substituted epoxides, Q- epoxi des, or
gl yci dyl ergrssion of the EHprdyneplads; J%WWWP@E‘%‘?’@E&SQW@E B#2*88nt ai ning t he

ot 19l EEL T, Flrle Al GHRE G K G i SLERGRY fof B Baf 0Nt | LUt ve

pronot er; an |1 n n-targeti ng osequence The COI’]StI tutive

pr onot er eﬁ@geﬁﬁsﬁyh&pﬁﬁl%hqaﬂﬁ polypeptidghEhd Eﬁeglmhdﬁwp@wgﬁbby\ﬁ@ nce can.

be, for ex r of, th BR322

pl asmi d. a}g) Sﬁegrﬁ'oﬁnatﬁe fgﬁc’?%lpa%l?( Su%?tan%{lﬁ%tﬁ%%ﬁﬁ%ﬁ%ect or %Ac‘f:)esa on
No.). A Bﬂhﬁ@eﬂidmpéwpdphd&:ﬁﬂ@ﬁd&dbytﬁermlmnm)bémwgadﬁ@pﬂhc ddtuteydr ol ase
activity" (e.g.,_ 15an @ﬁsm de hydrol ase) is one which has hydrolytic

enzyne a o fropptheglifvert s one ot , nore epoxides to correspondi ng one

nore vicinal g Olthslmb%(gp&ﬁ %950 némxjagld&f aldABstEReNy H&re composition BPKiry Yarrowia

convenl ence, Cefl a genus are generally refened to be] ow as
"Yar r ow aﬁdlyrrcarcdm asubstantizd ownlaniof which gomprise gn exogenous naggic pddencpdipgpthEHp ot h
"protein” anedtI eDol ypepti de" are used interchangeably and. 20nmean any chain

of am no a@i’g resi dues, regardless of length or post-trans| atjional

modi fi cati on ‘(ls glsqlosyrqmsfyatmeﬁ ermpssitiphsof SRoYartoie Bpplyrica cells, of

which a substantial number contain an exogenous nucleic acid encoding an EH
polypeptide. The composition can be made dry by freeze-drying, spray drying, fluidized
bed drying, or agglomeration. The composition can be a shelf-stable, dry biocatalyst
composition suitable for biocatalytic resolution of racemic epoxides. The dry cell
composition can be formulated with one or more stabilizing agents prior to drying. These
stabilizing agents can be a salt, a sugar, a protein, or an inert carrier. The stabilizing

agent can be KCL It is understood that the stabilizing agents can be used alone or in

combination.



As used herein, an EH polypeptide is a full-length (mature or i nmature)

Ell protein or a functional fragnment of an frill-length (nmature) EH
protein. ElIl polypeptides can include native or heterol ogous signal
pepti des. 25As used herein, a "fiinctional fragnent” of an Eli is a
fragment of the EH that is shorter than the frill-length, mature EH and
has at |east 20% (e.g., at |least 30% 40% 50% 60% 70% 80% 90% 95%
98% 99% 100% or nore) of the ability of the frill-length, mature

pol ypept i de #ofouytgr%gbé@etha@ lgﬁgn idla Qfméﬂmdeéfeﬁ)tdmlfﬁnyaﬁc&paaﬂ@ltﬂe; na:thod

"functional Tragnen of an e t1osel ective epoxl de h drolas é}pﬂlde
isafr a@ﬁmmmgwmﬁndMgemfmekldb éﬁgmlh FEALOE & TETHH SPEHERDY FAtDG § ‘f" ¥ t han

the full - &é’é‘s‘é RSalindue@ tﬂ&%c(t@ngﬁxtm&t I east :
30% 40%‘1“%6%6‘%%13%8%&%W 95% B9%3% '99% 100% or mor he_
ability of t ea frifil asp@nghtrepmppqyeq@sluthwxeéiogr?érﬁe%%deﬂ@aﬁ‘0’ from Pl?_ﬂ

racem c_epoxi.de. m &h §5ficall L ASRRRbXidef antd LY. @b yridixel lular EH
2007/01 fbeffT§%§%§§§8§?“%Q§an émngde eit eF 6? recongbnant synt heti c,
or pr ot bikatilitic degestiaviospietthiods and tested for their ability to

( enant i osel e‘l"é] c}‘lgc;llcys)lrerl%g EJPAVYC’@?a ﬂi@th%@@f(h)%ol?sflng dﬁte@&ﬁﬁé This methodThe term
"enanti oner to one of é; %?gmhgﬁntlca

chem calmleqaéhﬂf-PEO‘@ﬁaStéBﬁ?ﬁ@é’FQ‘?W Womeéﬂn i soners (al so
Known as, Gkl Gkl £F 9pbARANPLNIP bHIAGA100 At ha epcritamacbel sarer”
herein refers to o two nol ecul es that have the sane.connectivity of
at ons bmhd@mbﬂmg&hmm@onmﬂﬂ@pé@éep@ﬂ@ﬁ fepiglegAR b i1 BAFPRLUSer . As” used
her ei n, m L a SiRBERtE trotates
t he plaﬁ@x§¥e$¢?f@§ yF%ﬁ P%u%o afﬁggaﬁﬁP&‘%&m$ﬂ§%an t he Iﬁgﬁt head- on,
sonme substances rotate the polarized |light clockw se (dextrorotatory) and
sone 10produce a countercl ockwi se rotation (levorotatory). This rotation
of polarized light occurs in solutions of chiral nolecules (e.g., certain
epcnddes and vicinal diols). The term "stereosel ective" or
"stereoselectivity" refers to the preferential formation, or depletion, in
~a chemcal reaction (e.g., an El|l-mediated chenical reaction) of one
stereoi soner over another. \Wen the stereoi soners are enantiomers, the
15phenonenon is called enantioselectivity and is quantitatively expressed
by the enantioner. excess. Reactions are terned stereosel ective (or
enanti osel ective where applicable) if the selectivity is (a) conplete
(100%i.e., the reaction results in only one stereoisonmer/enantionmer of
the rel evant reaction product; or (b)pattial, i.e., the reaction results
in a mxture of two stereoisoners/enantioners of the relevant reaction
product in 20which the relative nolar anount of one

stereoi sonmer/enantionmer is at |least 50.1% (e.g., at least: 55% 60% 65%
70% 80% 90% 95% 97% 98% or 99% of the total -nolar anount of both
stereoi sonmer/enanti oners. The selectivity may also be referred to

sem quantitatively as high or | ow stereoselectivity (or

enanti osel ectivity). As used herein, the term"w |l d-type" as
applied to a nucleic acid or polypeptide 25refers to a nucleic acid or a
pol ypeptide that occurs in, or is produced by, respectively, a biological
organi sm as that biological organismexists in nature. The term

| i et erol ogous” as applied herein to a nucleic acid in a host cell or a
pol ypepti de produced by a host cell refers to any nucleic acid or

pol ypeptide (e.g., an EH pol ypeptide) that is not derived froma cell of
the sane species as the host cell. 30Accordingly, as used herein,

"honol ogous"” nucleic acids, or proteins, are those that are

4a



occur in, or are produced by, a cell of the sane species as the host cell.
The term "exogenous"” as used herein with reference to nucleic acid and a
particular host cell refers to any nucleic acid that does not occur in
(and cannot be obtained fron) that particular cell as found in nature.
Thus, a nonRggagehpldsy-occurring 6 WO 2007/ 010403PCT/ 1182088060274 4
nucleic acid is considered to be exogenous to a host cell once introduced
into the hestheGRidioseldstived MilAthn FRnGh vk RabvelRR TaAtN Aldsys OCCur ring
nucl ei c acids can contain nuclelc aclid subsequences”or fragments of

nucl ei ¢ acingkigedeemcesmtiviat, oar exbsauirilyienentiogue; ecipalalilg@ilart he nucl ei ¢ aci d

as a whol e es not exi st ..i nat.ure. For..exanpl e, .nucleic acid 5nol ecul e
cont ai ni ngenggtéoé’r%h?rca %&@i}’mpﬁet ??Pﬁd%tr?_r @?flreé@gqoBWe\@@t or is non-

nat ur al | y- absaitiailyehattiphe] Giciagl dibl 28dsh dnbttSopins, 02X 08RNARMKISyRadichiegt cel |

once introduced into _the host cell, since that nucleic acid nolecule as a
whol e ¥ gen@RFide-CRptalyastiveenosidesidp pe. s utizriiaien monespbsistehepoxidssys, any

vector, a%ﬁs&%&,m&@htﬁakt 1 oRaS i 'slgfﬂ%sti' {efi B s, FrisubltfltbLVi T US,

adenovirus,” or herpes viru that as a w oes not ‘exi st in nature 10is
consi der ecrrp¥idiselehopbatifutad epdxides coesorpojdesurighiidylatlios. 1t fol | ows t hat

genom c DNA fr, ts produced by PCR or. restrjcti.on endonycl ease
treatnent as vﬁ’g Iggggsué%lﬁ’s’%%f?@sﬁé?%‘?r&@‘?télam%heﬁjgﬁ%ﬂg ﬁlalflfﬂ't%il%éf?occur ring
nucl ei ¢ ackpresionwenttdeyjuenceSb) aconstitpiveatemsta] 26 () es iMeiatfopuigeting nat ure.

It al §o fall ows E{Bat any.nucl ei.c aci d _contai ni %%O%hgromtgr sequence and
pol yp8pt i dETERELRE W@n?tsrf@!l}w%ﬂ@ FFonpio ibe Miagrgtioparging 1 5

ar r ange e Rbqufde chidbt) doriefniiAd, Wil Soripirt W MR 4RL kaqn Qo fifd girppcl eic acid. A
nucleic acid that is naturally-ocCcurring can be 'exogenous to a particul ar

cel | . For PER&ifp| dhe westospan hreefor expmnke hs K G BIG0 sectar (Aeagsaian cel | of yeast x
i's an exoggnous nugleic acid with respect to a cell of yeast y once that
chronmosone 151 duced into a cell of yeast y. It will be clear fromthe

above that "exAgelypemide (foitlength cadiaglaent Himving “eppridd hyhwihegotidty” G g.,
"heterol o s".nuclkejc,acids.. C rast, the term ".endogenous" as used
her e?gn Wi fgﬂ(ﬁ %@roéngﬁg%ggseggoﬁﬁ&h@h@m&ﬁ%@%&éﬂmﬁﬁv&mﬁ%@ g°%ficoded by
the nucl eloredpotdesds cgHRStingdee thopavitihd dodbyeRElopeRhEsfshd oy, -nucl ei ¢

acid or gene tllpat does occyr in (and can be obtained tfrom that particular
cel | as found 59 oRyETiFRes. oalis ahihe Farmayie gemus gresenarlly relisekiobelawapt s, an

expr essi ofyR}A%bdlls € RIS t8nstormard deRO! ¥kl Ca EH that is transformed into
ayY. lipolytica cell is, with respect to that cell, an exogenous nucleic

acid, However ,Asyed Igpindein (profeinl anc polpebtidtiaraied mtrdchangeably abd. ar e
honobPgoUS W C1 dhescel | Sim , ex jon plasm d
enco%:ﬁ)ng %B%o%ngf %@Eﬁ?&%‘% Qﬁl‘gg?ird g%é#eﬁar@ee% 4f‘;i']t{n%t$gr$5£t ﬁﬁ%g%)%/@ca cell is,
with respmgdiﬁtaﬁonfﬂa&-, gwlokylatiom oz pbgpharylation)cl ei ¢ acid. In contrast, however
Fespect fo tReuaan hren, 38 ER g Ep iR SU s oy Bty o BRGNS n To any
agent ( e.oteina? affitctional 250 BEBE full-lengitN@laitid) GH 6kin. BXoBPEptivGs an EH, or
alys ate or cell extract of such a cell) that initiates or nodifies the
rate of aCORMEHIE BPUVESRRYFTBlPSPYs ignel RAPHEESbody, i.e., a bi ocheni cal

cat akyst . Her @%siﬁsséﬂb?eiﬁﬁr"mﬁé@&&i FrABneY dTah BANS 2 ek ACo ARG GRE scOnvUl si on
of substances (e.g.,

shorter than the full-length, mature EH and has at Jeast 20% (e.g., at least: 30%; 40%;

50%; 60%; 70%:; 80%; 90%:; 95%; 98%; 99%; 100%, or more) of the ability of the full-

length, mature polypeptide to hydrolyse an epoxide of interest. As used herein, 2

"functional fragment" of an enantioselective epoxide hydrolase polypeptide is a fragment
30 of the full-length mature polypeptide that is shorter than the fill-length mature
polypeptide and has at least 20% (e.g., at least: 30%; 40%; 50%; 60%; 70%; 80%; 90%;
95%; 98%; 99%; 100%, or more) of the ability of the full-length polypeptide to
enantioselectively hydrolyse a racemic epoxide mixture of interest. Fragments of interest



WO 2007/ 010403PCT/ 1122006/ 002744 epoxi des) as by the actions of |iving
organisns ( e.g., Yarrowia cells), enzynes expressed therefrom or enzyne
preparations thereof. As used herein, a "Y lipolytica cellular EH

bi ocatal ytic agent”.is an agent containing or consisting of either: (a)

reconbi nantw¥.aed7iopRbyti ca i ntact viable cells contai ni ngcgiB2@¥GeMROUS
nucl ei ¢ acid that encodes an EH pol ypeptide; or (b) a subcellul ar

fraction, byastBade6s 3 I hfied extract .of .reconbi nant
v ol y e B D Rl R kR e Cend % e
encodes anfEthegabiligeiot(trdntioselectivelfhydseybe e emixide ofinpedsypept i de or protein

that is "secretgd" IS ne all,.or.sqnme which_ is exported fromthe
cell. The prot eﬁ%t?%ny eﬁaélggglg‘? @F‘?@H‘r?‘égﬁﬂ?@%‘@m@ﬂﬂﬁ%ﬁngﬁéﬂ@@use of a
signal pepthendcal shictued gl csingotitionePiielese ooy Mo khdv € optichiM™®r y
sequence cgnser vat | %rta, hh@ eneral | y include 3 domains: éa) an N-term nal
regi on contarHFIRF A FrsR g H%W@h“&’@ﬂ‘@?’ﬂ%’uk@e@ﬁﬁ@ﬁtm@io twoe charge, (b)
3 Centray ke aRNRhbetbineebu A9 o bAS bu Ml i Anlnd LA T €01 OF

whi ch contgi ns the cl eavage site. The nucl eoti de sedquences ‘encodi ng signal
pepti des cHACIS i pash dsomen sApesed haeingdhiim Sopticrbiyaetived taferatd any 15encodi ng t he
secreted phedSich tha I, C.ad ngi.neer .0 be part of the DNA
sequence encodi ng t Oéattésgg%:le eiﬁlgg’?glr%%igg?lﬁg ejrggzegql@ﬁtgr}éfw’ﬂgﬂﬁ% is a signal
pept i de t Hged-oesome sibstzacep rasdtethe pakaritdddiphiplekeise (deressEtoky) aitbdorize, t he

si gnal, peni Ls. feferred to as hoppl Qgous signal, peptide. On the other
hand, O\Ahe&gé&geé?%na (ﬁ%cep 5 tati‘@(%"%rf’gf?éﬁ" gﬁ‘ﬁf‘??ﬂ%’nﬂ%@%@%ﬁot occur in a
protei n asotinsin sphutibes of chiead wiofeciils (22, Lain éJogidsd A ciREBbisfe 1S 20referred

to as a heter olrﬁ%pus“si na%aé)eptlge. As used herein a polypeptide that is
"subst anti al | y RO ofEsslFetivsy o siepopelschivily” selgtsdo e prefutentield by t he cel |,

ei t her nomemftioNot EdpldtHn SR GRSl Phchidie 56t FAmAiaNBL gy | €SS than
10% (e.g., |ess thgér?: 8% 7% 5% 4%%‘%,2%3113%%@3%@%%@%?@“' es of
whi ch ar e 5@ siarenisomier o¥es apather. Whencthe siengpisomsrsare enmntienamdhd hat  does not

i ncl yge a j Eéi’é:t' ale eptide. ternatj.vely, a
protein " gﬁ%gtﬁ%ﬁ%@_gfzﬁhﬁ%étﬁhgecr eﬁg&%%yq%gﬂé%bﬁfle Yc‘“‘&?ref?sfﬁy E‘PS‘E%{“?P%| ch
contai ns &xqees: divaétions amtermad gerdondective a bndnticklcsibrewdferd Pphdbil) inter t ar get
t he protei Q.. a. subcel | ul Jocalizatjon other than a secretion pathway
(e.qg., thga%égﬁt?lr?i%lcéﬁlg!eyecﬁp?éﬁﬁﬁhﬁpm,onorF M¥ria in the cell). As
used her estreostipertennmtionepef thbidevhhteRHon producB BPIL)REkidLQ <2 tHeQMiidh Sequence

of 30interest.. nmeans incorporated into a genetic construct so that an
expr essi oﬁ@%ﬂ??&lxtg@cﬂgé‘ﬁ%geﬁeﬂ“?%y@@ﬁ@m%g eldhesreletant respfianqrodpetiiy contr ol s

expr essi owhich teltelaRdhdler SEAMEHRe stereoisoméﬁm:d%i\‘cj)\gle g ?@1% ge?)é]fét itutive

pr onot e?’ unr eqgul ated pronoter that al or continu

is an
transcri plEpSmogt 60%es 02 E1%%: R 9DYouPie:rA7he 88%payi99%6) Othg fotal tnfvkar TEF

pr onot er) ameédnt Y8Rh B5ESEIner gr.at40n- equence” i.s a DNA sequence
within a host cell WO 2_007/%’%%%8@2&@?%& g ® endogenous or
exogenousseriuaniatatiedy as highoor 16w sletebschictwityt foperantigleatvitg) of an exogenous
nucleic acid ( - essi an.vegtor) .. i ch .inclydes _a coyresponding
"integrati on-t‘gsrlggqllle%éhgﬂé%uegﬁ?gﬁ%mﬁtﬁsﬁpﬁhe g &puglgie poi Qﬁﬁﬂﬁﬂ’@ner ally the
" i nt2sgr atiiefrs-tb amgelticsieid we n pelypeptide tharoctind i 6F B bidAtcdddy GRljAteR e uence”

have si gni.f,i cant honol o i.e.,
9 rbmlogwarl organism as%Yat g{olog:lcal organism exists in nature.

-

‘The term “heterologous” as applied herein to a nucleic acid in a host cell or a
polypeptide produced by a host cell refers to any nucleic acid or polypeptide (e.g., an EH
polypeptide) that is not derived from a cell of the same species as the host cell.

30 Accordingly, as used herein, "homologous” nucleic acids, or proteins, are those that are
occur in, or are produced by, 2 cell of the same species as the host cell.

The term “exogenous” as used herein with reference fo nucleic acid and a
particnlar host cell refers to any nucleic acid that does not occur in (and cannot be

obtained from) that particular cell as found in nature. Thus, a non-naturally-occurring
6



5greater than: 70% 75% 80% 85% 90% 95% 98% 99% or even 100%
honol ogy) . As used herein, the term "episone" refers to an exogenous
genetic elenment (e.g., a plasmd) in a cell (e.g., a yeast cell) that is
is not integrated into the genone of the cell and can replicate
autonormuslw()izmﬁgm(;g:yt oplasm of the cell. Exogenous gep@tisdogle pnts can
al so "integrate" or be inserted into the genone of the cell and replicate

W th 10t he ngQ&e BB choﬁslﬂﬁreﬁ% te x)ogenous to P08 LA V& n'tr}égu%%‘@%uaq gﬁs | nOpt ically

active epoxide (or vicinal dio arations are whi ch
t he nol ar &%Jh’ts ingportanido p@tﬁthatmdnmahmimccmmnwfmctabﬂs eqm)ondﬁn rueleicvi ci nal

diol) is a 60% 80% 85% 90% 95% 97%
98% 99% i q@a‘g‘%%}g‘ “g%‘l"aflﬂéeci“a"ﬁfr S BAREDf  bot
epoxi de (OPIOIiﬁvdithwdlmdacﬁﬂ:)saeﬂﬁﬂ&do@ﬂﬂit%mstmnamﬂejni?&saimﬁﬁlbafﬁ%@ﬂ 28af i ned,
all techni caiﬂ;@ ci.entific t@ﬂj&m used here| n have the sanme neani ng as
comonl y uhd B%%MH%WF@‘O’BF SEEFaee Siithym an jexpression yeqtonignethi ch t hi s

i nvention mmﬁl@ﬁtﬁmﬁéhﬂﬂﬁigﬁhﬁﬁﬁm%m@f@emgdﬂsﬁe lofitd ififro aﬁﬂtﬂ' val ent

to those d S(ﬁ%bed herei n can be used practice the invention, suitable
met hods an el ﬁp‘éetbﬁté“@@@@%@mob@deb%ﬂﬁh@leﬂgmmsm\b‘fplumn’ctorct t he

PrESEnt SPBRAS 68 bW AN U5 LAl ARl ROl 01 T on

the materials, netho exanpl are’l
i nt ended t‘dmbéegmimmg aéd:ﬂovmmsbbntmqissm) thpedsentho&mahsmbmﬁﬁnatﬂat ents,

d oph t d h ted b f
?Rel (r)keﬁ: I1§ g%ngird‘é Or?osbée)jggﬁ%@gﬁy H{"éeﬂrﬁ‘eﬂlﬁn#“fi ﬁp& f&iﬁa‘? e €9 F%)gﬂle erence in

PCT/ 11320a’fﬂtgﬁﬁﬂt@ Bbdudedby moﬁﬁsﬁﬁﬁ&z&dm@&a@%é@%ﬁ&@%@%%ma%
PCT/ 132006/ 05014 gs wel | Sout h Afri.can_ Provisional Application Nos.
2005/ 030307 ”52%6“%{%6 6%%“351{ YRRser g oacleia pd sipredhayrist sdepratie n by

ref erence mdlemEEhétf&ﬂidllﬁﬁétﬁ{re Jt also foﬂw@tﬂ&%nyfxﬁéi%ﬂ a6 B %‘é%ﬁ{n?%egs of the

invention, e.g., a method of meking Ell usi'ng FeCONDI Nant lytica
cells, . |Sm*ﬁ%cﬂéﬁ%aqlwmq~w«i%sqqme (cegi, cBDEcori gondraic DANA) inkm om t he

| ai FI G
(1: ?Isr‘g depi ct gléﬁtg%p%l ﬂer en %2199%{_]? ?‘Sl?aes P%?-Eelﬁ?%?:‘%?‘gém&%egl de
hydr ol aseéhatWﬁ@mliﬂ@@mmmnbpemmuétwmrﬁwarsﬂwfemm@)ﬁaanémfﬁe epoxi de

(type 11) tuteglb oxi des (t eIII - and

tetrasubsf?lt%ﬁltae epOX| eg Bf %ﬁF éxmﬁqe gUs e %acgldﬁg’tlieipﬁ‘fté%laepom des

are shomctb@efeﬂyonomtﬁdtyﬁﬁmbé&nezf;ﬁi%zoﬂlﬁdedﬁiﬂ@%dﬂtdﬁsgt poxi des any one of

- the R groups Iﬁﬁ?‘g %Pglﬁgtra suybstituted epoxides none of the R groups
is H FIG 2 i s*¥IhPsyss boye thak cpeernee W@ﬂqiftaoadﬁ&wms (per f.or med

usi ngo 10DMNddM 2ol YoR MRReréIoE e BHicleR hoidda ROkt Canada),

usi ng obsg%%{%d di ver gency %nd 1000 Boot st roap t;tl%}ﬁh?%g%ﬁ@ﬁced am no acid

sequences SLoiR Wik terentg-fo mypleic apids grgeses (priirotaine dncodertyahe micldi¢ gr oups  of
~ftngal  (sadidsthr 3HRE) dﬁg)apafm}gg%iéeﬂ@@}stt@%)ﬁg?ﬁfc% or: genl&lﬂ?al% ggt % uge g’: hed

shadi ng) and bacteri al ered sha orl except
for those @@mﬁw@tﬂﬂeﬂm@ﬂ)thatmﬁmmlhmumuhnnmhe NCBI accessi on

As an illustration of the above concepts, an expression plasmid encoding a ¥.

25 lipolytica EH that is transformed into a ¥, lipolytica cell is, with respect to that cell, an
exogenous nucleic acid. Fowever, the EH coding sequence and the EH produced by it
are homologous with respect to the cell. Similarly, an expression plasmid encoding a
potato EH that is transformed into a Y. lipolytica cell is, with respect to that cell, an
exogenous nucleic acid. In contrast, however the EH coding sequence and the EH
30 produced by it are heterologous with respect to the cell.
The term “biocatalyst” refers herein to any agent (e.g., an BH, a recombinant Y.
lipolytica cell expressing an EH, or a lysate or cell extract of such a cell) that initiates or
modifies the rate of a chemical reaction in a living body, L.e., a biochemical catalyst.

Herein, the term “biotransformation™ is the chemical conversion of substances (eg,
7



15nunbers. The sequences starting with BD were obtained from zZhao a al.
(2004) . FIG 3 is a diagram show ng the am no acid honol ogy anal ysi s
of the EH used in the studies described herein. The different degrees of
honol ogy between the various Ell are indicated as percentages at the

poi nts of diyyek9snGs (% . The honol ogy tree was 20constgcd@b&feitsrsdd DNAMAN
(L3mon Corporation). FIG 4 is a depiction of the vector (pKOV136) used

generate f ¥z mants (Vi =z Yarrow.a |jpolytk exression host,
9o B e Yoxthen ] buk AN SN Gedfos Te L2 H0BINE palsb Bpiints SUt58R 1 on

sel ecti on therehBu lomeazynerprepirations theredf, pepti de 25Absent) and of how t he
vector was consfructed. . FIG | S depiction of the upstream region
of the XPR2P pr‘%)srfﬁ?‘tfer%é‘oydl%’ t%c‘%ﬁia&ﬁgpvgﬁ@ﬁéfbﬁmcﬁé‘aamﬂt Madzak et al .
(1999) . 30fdnfiniy dreomistBPbLLiheR (9 fectiinkk €, ; "R B9 ) Tegions

(1 ncl udi ng the_lg grngl lpg%t [ ée_s)(zgfec't he 210@?&?“3?8“?%2“%{@2 (B) coding
sequerfces. SORFIIREAT expgsnous sueleishcid thetiensedes aelEld gobyptotide;dir () eseheelnlazgi ons of

the pre- Pr #ach tlagﬁscr&d 13 . .'Du' Vo [ o 1
2007/010403PC%?1§52_0’06/ 30%'117&4&4“"?93“]“ 1p &é"g%%gﬂl)ﬁmfﬁ"%%xﬂpﬁ’é’"‘élr‘%%ﬁs showi ng
t he conpardedeepniginingan exedeavisumckivtaciditiat esodds bEEH pA)ypaptidesel ectivites (FIG
7B) of YL-STSA,Lr f nt s, expr.essi I cr@sonal . and cytosolic EH from
different ori gﬁ%%ﬁ%goﬂ?@%gpﬁ%ﬁrﬁaﬁsh?@ afSAne {iioR seeh equi r ed
ki neti c prvdperis b:ﬁmrtamﬁlm hthuﬂeﬂ,om Ilﬁeﬂaﬁiﬂayq,e?ecﬁgt%@ﬁmﬁl gﬁ%glp?mu@h the FIZG 8
is a har gra showi ng, t initial rates o ydrol ysis of racemc 1, 2-
epoxy@ct a%ée%}s}”\'/@#ﬁeagdet I@th()\%hﬂ%&’?@;eﬁéﬁﬁlﬁlw%ﬁ PHnaty| SCETPacK o
t r ansf or neBiissrvatidy ﬂfés“-géiﬁrd]l?lirfclﬁég%inaﬁma)%wé%ihﬁr%&&&gﬂinﬁﬂger ent origins
u

under uni form condi tions of expression that allow't nbirased sel ection .

of the cafFpacidyminchconptribueanetogsitivabege, (W0rmenipd hydreghobieblck 0f i s a | i ne

graph showhag 52 ?p{g?% actiyities.of th tiv from
Rhodot or ul a araglgg,ggﬁg%h #25, ﬁé%oﬁ%@féd{%ﬂnfsf%CI%H%lgetsﬁ%[%f"uelﬁoga‘e

r ecombi nafgquences enceding signad peptidesad be predént dsipan of4 Db fedtendbnafigdly  f or

di ffegent X : - epoxyoct ane 15 styrene oxid SO, the
rreso-%époxie%e C%@%@ﬁ%‘l}éﬂﬁ%ﬂﬁ%ﬁg&‘f% ge&ﬁ%ﬁ@%&ﬁ& éﬁ%ogsbfg@é’ﬁ('scsoy

FI GS. 10As<joénce emeolling ¢hegeapied pobsdyi WHerda Sighad EptIO s £ foedng! ysi s of
di fferent epoxi des %‘ES)F&QI ene oxide Fig. 10A Indene oxide Fig 10B,

2- met hyl-%‘icg‘ﬁé’ﬁ?xi’f-"t LB DR BFOFHIR 82tpsegthe sigral aendide jsaplsmeddensa oxi de Fi g.

10D) by t hendlegsbicha féptide. On the other hand, where a signal peptide is a signal peiatide
that does not occur in a protein as that protein occurs in nature, the signal peptide is
20 referred to as a heterologous signal peptide,

)|

As used herein a polypeptide that is “substantially not secreted” by a cell is a
protein produced by the cell, either none of which is secreted by the cell or a minority (i.e,
less than 10% (e.g., less than: 8%; 7%; 5%: 4%; 3%; 2% 1%;)) of the molecules of
which are secreted by the cell. Such a protein can be one that does not include an
25 appropriate signal sequetice or peptide. Alternatively, a protein "substantially not
secreted” by a cell can be a protein which contains a retention- or targeting signal that
serves to retain or target the protein to a subcellular localization other than a secretion
pathway (e.g., the cell nucleus, cell-membrane, or mitochondria in the cell).
As used herein, the term "operably linked", as applied to a coding sequence of
30 interest, means incorporated into a genetic construct so that an expression control sequence in
the genetic construct effectively controls expression of the coding sequence.
As used herein, 2 “constitutive promoter” is an unregulated promoter that allows
for continual transcription of its associated transcribed region (e.g., the TEF promoter).
As used herein, “integration-target sequence” is a DNA sequence within a host cell
8



enzynme from Rhodotorul a araucari ae (#25) expressed in S. cerevisiae
(SC-25) and Y. lipolytica (YL-25 TsA). In all cases the SC 25
transformants di spl ayed a decrease in activity and selectivity conpared to
YL-25 sTsA transformants. 25FIG 11 is a photograph of a TLC (thin |ayer
chr onot ogaphyheialyssi S of a biotransformati on using 1,srapooyoetane as a
substrate for the reconbinant EH from R torul oi des (#46) under control of

the XPR2P g4idméQnlicdchd & i L : .endogl ucanase
| coding s%dci]iuence %Ear?ggr 1}&%?1 %%ﬂ%@%&%ﬁ%&%&gﬁm-reg%%ﬁ (lanes 3 and

4) as si gnHCBPER Mgkl acid (elgs apexptesdorpreoton) whitivintlodesexcorrespelding aa-

envi r onment; n an ane and 4 indicate,the cellular and

extracel | uﬁlgﬁgﬁgggt#g%%sﬁgpcgdt@?/ge@9 & ol gmogp&ne%ﬁghﬁ %Bgmﬁ?fﬁt ogr aphs of

a gual [ tatﬁ;ﬂfget sﬂﬁ@m’iaﬁmwmgmaomﬂmﬁwd ?hﬁhh%@ﬁﬁdaﬂ hbmdlgp@xyoct ane as

substrate for the recanpi pant El roduced 11 ,

2007/ 1040%?‘%%3%%@%435%5%&?%}g{t%a’qa A%y orgwes H0Memelaeyly t he

mul tiple copy ek Refel] NokaR3bisit 3kl Mad &8edabhSQALRLIGRANERCES from R

araucariae (YL-25 HrrL() (A), R toruloides (YL-§,6 Hhi) (B), R gél udi genum

(YL- 692 H Byn 64 (¢-Be2 HergrelliBatdnisnplonteguiel intorthe ehicotercdiisicdt mat i ons

were carr iad coutpiéad c < ul nskon and

5super nat ant cf rom eﬂggﬁtom ﬁgﬁﬁ@g%ﬁ é‘ggfngégﬁg%%uf e]%{c’g?nétﬁé) ger?gt%cy growt h phase

for a tot &lemenigganglsor infegrate’ drdm disertediiio thel gnoriBof the ectlland espieatphitts howi ng a

co i SO | ysis of 1,2- epoxyoctane by the native EIl fromR
npap %%@;ﬁ%ﬂ%{f%% y poxy y

torul oi des ( that of the reconbi nant enzyne expressed with the

T. reesei si gn®ubgtentallylenablibpudd opGEARY hctivedpiidd (ot 16l didl) R&Jaatibma LI P2
si gnal peptide FIG 14 is a line graph show ng a

YL- 46 :
conpari sof e@fgpﬁ%gom?vg}%@eénﬂ?raﬂ%t oo theapeictlanenaptorpes af tha epoxideE| | from R
t or ul oi degor (il @ibi) W &t eabtsa, @k, bi18ast: SOUIDY 4; 8300 xBF@ssed wi t hout
a signal 8 ‘Ptq | I’)loY | i pol yt(lefga (YL-46 TsA?%’gggigwig%SZ’P?ﬁ’e gr aph
showi ng a ganéﬁa(%ﬁ%épﬁ);é’?-s o o $RAe)ntjh tetabpolar amonghefbpticapaxide oy t he EH from
R argucaiicas] fiflf amBehigssed in the wild type (W-25), and the .
reconbi nant enzyne expressed in Y. lipolytica with a signal peptide (YL-25

20HTL) r et ai nednlpssotharydsd delfiaed, gl (vhni @b andwcientifid tsymsamsel Beeein hivechel nt o t he
super nat aficlofbing B AN und o895 Rklinkl Uil A1 EE TR i lier © carri ed

out with
invention pertains. Although methods and materials similar or equivalent to those

~ described herein can be used to practice the invention, suitable methods and materials are
20 described below. In case of conflict, the present specification, including definitions, will
control. In addition, the mateﬁa]s, methods, and examples are illustrative only and not '
intended to be limiting. All publications, patent applications, patents, -and other references
mentioned herein are Incorporated by reference in their entirety. For example,
International Application Nos. PCT/IB2005/001021 , PCT/IB2005/001022,

25 PCT/IB2005/001034 and PCT/IB2006/050143 as well as South African Provisional
Application Nos. 2005/03030, 2005/03083, and 2005/03031 are incorporated hereinby
reference in their entirety.

Other features and advantages of the invention, e.g., a method of making EH

using recombinant )4 lipolytica cells, will be apparent from the detailed description and
30 from the claims.



suspensions in 10 m reaction volune, while the biotransformation with the
SN was carried out using the entire SN fraction froma 25 nl shake flask
fromwhich the cells were harvested and concentrated by ultrafiltration to
10 M reaction volune. 25 FIG 16 is a set of line graphs show ng a
conpar i sonWef2047Hd048Y dr ol ysi s of 1, 2- epoxyoctane by thgcT@'&?%‘?“ﬁ%ﬁt EH
fromdifferent wildtype yeasts expressed in Y. lipolytica wth (YL-H
transformants) and w t hout DESCRIPAKIGNOFDRIIVINGSnsf oxmant s) a secretion
signal all under control of the hp4d pronoter but enpl oying 30either

mul ti-copy (HrL and HmM) or single copy (TsA) integrative vectors.

FIG 17 is a sEIG bfsd depetign efatifferadicubstgte &ypeOfspalidrsidal epdxidd1gdfa)ekssol ysi s of
styrene oxiodgsugx;thqei re%oa%iinﬁ.nt EH fgfgm di fferent source yeasts, expressed
in Y i poPEreRHiEd enovide (fee brstrenespiferivre craride (UnedBid-2-diebsiifedand Y- TsA

t r ansé or mepdxides fySeERT) @kd 190 ket NGbRAAH BIRARIRFe V). BROGR Q2744 signal al |
under controol. of the hp4d pronoter but enploying either nulti-copy (Hm

and Hma) StosEiuegieroxadss presireyy togetherdn Gypedd )\iotirigwubstintpdpotides ay aneset - of
l'i ne grapbsths ROBMRE i GRIBAMetS i - :oehl orostyrene
oxi de by the recolllrir)%i1 nant Eﬁ{eﬁgﬁrhsgﬁ%%ﬁ%ﬁn%eqé%%@ﬁy% St Slgﬁlbr essed in Y.
lipolytiea wwth (' YL-HrL transformants) and w thout (YL-HMA and YL-TsA

transformants) retd sign | . _under control. of .the hp4d pronoter
but enpl oyi ng Fell%i %%% (ﬁ%ﬁr&@ggyg@gﬂl?ﬁiﬂ%{ﬁ&iﬁﬁﬁéyﬁ {pg"ﬁf?{&egu%y (TsA)
i nt effr at i PEAMSNofsnndnoCdrfbratidh, VsndewsldDorivh, Qudbec, Paaihay 1580vbsBEed

conpari sonr. of the is of .th sQ- epoxi de cycl ohexene_oxide by the
r econbi naly SR %ﬁﬁoﬁé@m %&?E@H%EWO&WWS Phavalabls ho| vt i ca

Wi th (YL-Hilfl. tThensdigismatadd ‘aﬂﬂjoy\hﬂpgﬁuﬂs\ék:ﬁﬁgﬁ (& s \idse@nsfonnants) a
secretion dsplgg | .all under control of the hp4d pronoter but enploying

ei t her mufdPye %ﬁﬂ‘/m@}-ﬁﬁ"e-%& (myephied shadyiey andebagtsrigl (¢hpalmyed shading) atigime vect or s.
15 FABseiEndes, cic iREnIhaR ' ' .of he

hydr ol ysi s of indene %Efoégiosb%/ét%}ﬁ% rec%%b?%?r%ﬂ%%g%@f)%@&ﬁgl udi genum
NCYC'5317 9yuneheps Eheweguengesistarting wigh BDivecze olitsihed it BB dend. (20040sf or mant) and
w t hout (YL-692 HM transformant) a secretion signal under all control of
t he hp4d pronoter enploying nulti-copy (Hhh and 20HM) integrative
vectors. The Hil6t3 maskapravastiosiisy the maino anid homelbop nad@fs, of fHd FH Ge@iii Ng 10%

N e
2- net hy| Jrphdivytbd is Zerepengydit m%mmcﬁm%(ans@@@jbimaﬁ&m&bgﬁ&%#% (R
' n lip olytica wth (YL-692 HnL

pal udi genum NCYC 25 3179) expressed in,

tra#@f or ﬁ&ﬁ%@cﬁﬁ&swﬂwwa@zquﬁwhsfor mant) a secretion signal all
under control of the hp4d pronoter enploying nmulti-copy (Hhh and HM)
integrative vectors. P10.22 is a set of |ine graphs showi ng the resolution
of 1, 2- epoxyodt@rfbisgylepiption theTespton KON L3amset garesdiofordAt«lshar bor i ng t he
EH from #B3%rdrRanRayy dL : ; : H{LT eof ormans. CBS 132).
For YL-TsA transtormnt g@%%@?éﬁ?%oﬁﬂcs& st?‘lég.ﬁlﬁectogy’f&?%y wei ght)
was used,promotee s raingletdopy hitepnaiios seeviivaittruadl maké Wo-vsifnalpépiie = 1 % dry
wei ght ) feor HrA transformants. For #692, the YL-HMA

trangf orwﬁgﬁ?ﬂgiﬁgﬁfg’?ggﬁed‘@ Fg’a??f’élsg'éct%i ty observed for the YL-TsA
trattsformant and the 13

FIG. 5 is a depiction of the upstream region of the XPRZ® promoter according to
an analysis conducted by Madzak et al. (1999).

30 FIG. 6 is a depiction of the pre and pro ("pre-pro") regions (including the signal

peptides) of the XPR2 (A) and the LIP2 (B) coding sequences. The various types of
shading indicate the different regions of the pre-pro peptides (indicated in the legend).

10



WO 2007/ 010403PCT11B20061002744 sel ectivity remai ned unchanged. For # 777,
an increase in both activty and selectivity of the YL-HMA transformant
conpared to that of the YL-TsA transformant was observed. FIG 23 is a set
of line graphs showing the resolution of styrene oxide by YL-TsA 5 and
YL- HA..1.r. aWer2087ae#0% harboring the EH from #46 (1t tor BCHIBREG/WUERS Y- 0471)
and #692 (R pal udi genum NCYC 3179). For YL-TsA transfotmants, 20 % wet
wei ght cel |l s (E§ifalAtod 7B stediny graphgghdyinpde cogpdisonbi thereutivé adtibigicbi onass

concent r atdpn 0 t. wei =2 % dry wei ght) was used for YL HmMA

t ransf or nIt:e}é?Ali—%'F‘/O S%%‘ftwﬁ%l@méﬂgg #g%gj3¥ﬁ5“§E’F%W§SF§PrS$W%“W%A and

YL- TSA t r ambéyersol I ioeraiireiesd ofgme tat wdsliéedth 680 8R ata g @ significant
increase in selectivity (2 x for #46 and > 5 x for #692) was observed for

bot h EH eX{iFELSerplc gropirdies pndepyuiforn serdgionapfespiseifsar ed to the YL- TSA
transformants. FIG 24 is a set of |ine graphs showi ng the resol ution of
phenyl glycidyl ether by 15YL-TsA and YL-HmMA transformants harboring the
EH from #46 (1¥IG: $isulbsr ereph Shor@gh@ititin) raten df Hi@8Rys{sRf raramicdi,2;enum NCYC

3179). Fopy,h 3 (I transfor Swoaf. % wet wei ght cells
(equal to p2 %%ngm%%@g@sa@;@b&aﬁ%?m%%m&gyéﬁ . ,tst he selectivity
of the YLedgresgingmibrosomiahdicytmsdicdithefiiferét olginethdesgbith abddtionnshanged,
while a signif.icant .incyease i cLivit 2. x for #46 and > 5 x for #692)
was 200bsée \Eéégdm?@'?t%%?v&ﬁeéﬁ’éaf sﬁg’%@qfﬁﬁgﬂ(‘l’@yﬁmeﬁq%%‘ﬂﬂ?%nts conpar ed
to time YlLprdpeltidst ansf or mants. FIG 25 is a set of |line graphs show ng

the resol ution of indene oxide by YL-TsA and YL-HM transfonnants
har boring the EH from #692 (R pal udi genum NCYC 3179) 25#23 (R

nuei | agi nosa WEES is’a_(?ﬁiﬁ )aphﬁwﬁgéﬁ&ﬁ@ﬂifdgqﬁg@%m?ﬂgﬁes 18a e 0L peei ght cel l's

(equal to,2 %dry weig was used, whi I omass concentration
(5% wet WS Rbodeiorulpaggusaries GR3.)NGIEE 31833 (WITEX5) aid thithaf theaemfubinaeint s.  For

#692, theeng#n-é-% dk A -;wagg‘i gi,ﬁa K j the act,ivity observed for
the YL-TsA Transfor pg%?%n th se#%&f@??@e{%%oﬁ@?ﬁ ggéeé’ﬂp?égtf{?%/

unch®nge dEOksHyréRIxide (SO) theanse-epoxidratyblohathedide(00) 230G BLB6lobtvichy of the
YL- HMA tr&g@f(%% conpared to that of the YL-TsA transformant was
observed. . 26A and 26B are |line graphs showi ng the resol ution of
styrene oxide by YL-HMA transformants harboring the coding sequences from
t he pl ant sougf(ﬁ i%fa%g)m 4 W) 2007/ 010403PCT/ 1 B2006/ 002744 t uber osum
(FIG 26A) andi$¥ 3re 4ug stpphsshowing g eomparisorsefthe lnidratysindg) . The S.

t uber ost tdifffent HpRkidds ANGTens BRAS Figl F0N, IRl LG 15 X C4lbhenyl-

enanti osel ectivity on the substfréat e as regorte%%’%ﬁg&ﬁgﬁe\%l gene

(exfPess e TRy BHeRANE Fig: §AC artbicyElobatany oxidnFighlUD) Wythowcombinantt hat of yeast

epoxi de e RSE Rrodedrl dr¥uddbial : a onstdMGLy | Yarrow a
was essentially i dent i ca{ézl to that ogfeéfpnee ﬁ?%'?%%f%éxgﬁwﬁyng«g) dull 1
lipolytica (YL-25 TsA). In all cases the SC-25 transformants displayed a decrease in

activity and selectivity compared to YL-25 sTsA iransformants.

.25 FIG. 11 is a photograph of a TLC (thin layer chromotography) analysis of a
biotransformation using 1,2-epoxyoctane as a substrate for the recombinant EH from R.
toruloides (#46) under control of the XPR2® and containing the signal peptides from 7.
reesei endoglucanase I coding sequence (lanes 1 and 2) and the XPR2 prepro-region
(lanes 3 and 4) as signal peptides to direct the protein to the extracellular environment.

30 Lanes 1 and 2 and lanes 3 and 4 indicate the cellular and extracellular fractions

respectively.

FIGS. 12A-D are photographs of a qualitative TLC analysis of a

biotransformation using 1,2-epoxyoctane as substrate for the recombinant EH produced
11



FIG 27 is a line graph showi ng the resolution of styrene oxide by the

YL- HMA transformant harboring the codi ng sequence fromthe bacterium
Agrobact erium radi obacter. The A radi obacter Yarrow a HmA transfornant

di spl ayed the sane 10sel ectivity as reported for the native codin
sequence oweroEHpréssed in A  radiobacter. FIG 28 is ECEW@%O%?‘%W aph
showi ng Yarrowi a |ipolytica (YL-25 HM) cells. FIG 29 is a line graph
showi ng t hePellfsteins ténsfumad uiteeitie nattipleanpt Systemr(pIMAT208) c¥ntaihgitipol yt i ca
(YL25 HUL .. 07-04 08; 04 and - r r to specifi ucose feed
rates of ?hé:%&fgs ?U%ETSE%’IB%QF’W@W %gﬁg’ﬁ‘)l(g’%etoi’wwld? %@%bor ot h

vol une pe@hRyalidgpns (YN6DY Hnd) (C) and thefk&itive Bortu®] @) THRe gr aph showing the

ef fect of sggar feed rate on the specific enr@/me activity of E lipolytica
(YL25 HmPoUEsiosmations weys cagried ubisinghethod0ds (mid esllujapsuspassioniaed gl ucose f eed

ratess of  Qupmathfl RPN 24 ﬁ?lﬂf satibe t’%i@?%r &%O%W%gge ?‘g&ﬁ&%ﬁ]ﬁr o

vol unme per hour respectively. ng the
ef fect of o514pye lfmesd-D-ate on the vol unetric enzyne activity of V.

|l i polytica (YL25 HmM). Ep 07-04, Ep 08-04 and Ep 09-04 refer to specific
gl ucose feed rates of 3.8, 14.5 and 5.0 gram gl ucose per litre initial
bat ch brot h vdiIGnts isedintiguaph slesyiers conglagison of the hydrbgsis 321,2s a | i ne graph

how th f f ifi Wt N, th ific int |1 ul
pox! o hSrieEE by RsaBEe i i o DT AR B T st ¢ en ( ve25
HMA) 10 Ep éhéyfié expriséiBriftine T0rckfei 88nd feptité ©NL-1OXPRELdnfinGthGhdg0se feed rates

of 3.8, 14.5 an 0 gram gl ucose per litre initial batch broth vol une per
hour resplél{a?-’f"\‘fﬁl P2 gignal pyy Wﬁéﬁ@épmllszooeloomM Fig. 33 is a

depi ction of the nucl eoti de sequence (SEQ ED NO 24) of the PKOV136
expressi on vector. The sequence of the pBR322 plasm d-derived integration
target sequencddGjlisgtae gaph showingrecoymatsee obthe Yadiolysis af hpol ytica strain
Polg is i . Ll it hi.n the.underlined
sequence%%dgiaﬂ‘?ﬂy?%ggq‘%{%g?gﬁ}gﬁ%‘%rﬁ%% se eﬁ%%eﬁlatlto %wﬁ&%gof t he
Pol Gfst r snayDETAdsEED WHESOR! #ddalpkptide in Y. Thalyfmg¥ents TsAYention relates to
the use of yeast cells (i.e., Yan-ow a yeast cells such as Y lipolytica
cells) as a reconbi nant expression systemfor use either as a whol e

10cel I, or celFIGemstis atihe Gaph el a dindaddonloy fle hgaBiyeis bf N9 epoxi de
hydr ol ase éE}E?C ac]t)it\:(li ﬁiﬁ or for the p%ducti on of a pol ypeptide exhibiting
epoxi de HPEFBrEEERbY £1 i o Roerageariagl DFXPé‘?‘FF*‘rﬁidPFhei‘W&éwe $Pant origin
that can asgesk re&nﬁm’;ahp&@kﬁ!a)éﬁrgsséﬁlbﬁ EEPIRRS Wal a%@%]ﬁ{éﬁjli(%e £an be used

[

for purpases of the invention include,” but are no ed to,
m cri@or gakhistaingd ipteaselipaskin (Y125 FmL calis) ansk seetiied griotheaypespiant &4~ or
1ostr ]9:) n %g'gi[@mi ?ﬁ)h%%&heie 1 bRAGHEbInRib Wre cdmied R Witk 36 R dlitutd:' )
suspensions in 10 ml reaction volume, while the biotransformation with the SN was
carried out using the entire SN fraction from a 25 ml shake flask from which the cells
were harvested and concentrated by ultrafiltration to 10 ml reaction volume.

25
FIG. 16 is a set of line graphs showing a comparison of the hydrolysis of 1,2~
epoxyoctane by the recombinant EH from different wildtype yeasts expressed in Y.
lipolytica with (YL-HmL transformants) and without (YL-HmA and YL-TsA
transformants) a secretion signal all under control of the hp4d promoter but employing
30 either muli-copy (HmL and HmA) or single copy (TsA) integrative Vectdrs.

FIG. 17 is a set of line graphs shéwing a comparison of the hydrolysis of styrene
oxide by the recombinant EH from different source yeasts expressed in Y. lipolytica with

(YL—HmL transformants) and without (YL-HmA and YL-TsA transformants) a secretion
12



reconbi nant bact eri ophage DNA, plasm d DNA, or cosm d DNA expression
vectors containing the nucleic acid nolecules of the invention; yeast (for
exanpl e, Saccharomyces, Kluyveronyces, Hansenda, Pichia, Yarrow a, Arxula
and Candi da, and ot her genera, species, and strains listed herein) cells

t r ansf or meWORPEWI¢48E onbi nant yeast 20expressi on vect or SCEFBIAHHRHYE t he
nucl eic acid nol ecul e of the invention; insect cell systenms infected with
r ecombi narigngliaH yades wontebef thehndprander biibymmdogampditer tetiwbpwEnis ndcont ai ni ng
t he nucl ei i pl f.the invention; plant cell systens infected

w th reconbi ;drrlgm I Fu@@%flggegagﬁeﬁg% ors (for exanple, cauliflower nosaic
virus (CaW) or tobacco nosaic virus (TWV)) or transformed with

reconbi nant pl 1 0. expressi on 25yectors (for exanple, Ti plasm d)
containing a Y@Hgﬁﬂsg‘d’ﬁ’&%g@ ARIES 2 GompAgiserbefithghuelysisafSt ens (f or
exanpbe, CkiSwostéddhd odilfitby BORcomMERPERRIR i rMHSonlt $8mts Aidedbd1n3T3 cel l's)

har bori ng, reconbi nant expression constructs contal hing pronoters derived
from the GesHyfre vap irapsfermants) au grithest A¥HiFEmA tand YeTsA | ot hi onei n

pronot er) j i he adenovirus |ate
pr onot er g%ﬁf%%{@g%%dé‘%%& %ﬁ%ﬂ%cé{g?%ro g&rrlggg#d)eprﬁgtgf ]?}%8?18 PY88 host cells
- are pri nafihepmukieopn Bl acdéHie\) obsingla esbydT'sSdtiegrativeorestarsnammal - and
transfected with a plasm d vector or infected with a viral vector. WO
2007/ 010403PCTI LB2006/ 002744 The invention includes a reconbinant 1'.
li poliyt ka cel IFIGolft mianétngliangepaghnos a batheien dahdhyifigks ofBA) encodi ng
an Eli. The cell. arfg)hgrefe%igb% isolated cells. As used herein, the term
"i sol at ed™ REPEHAT PEPIPEFDS oRide Py Hie gesambinantLthirom dit{esont povgceyedstsy ef ers to a
Mi Cr 00r gagipsdsedtin Khigﬁrﬁi&?ﬁdtﬂw@&idfo%hﬁs)%&wtﬁdﬂw-@h&ﬂ& %@?E,t (e.g., a
east) or has bee

r econbi na,Pt 5mi roor%anl sm such as a reconbi nant n
%

ext r act ed $higsorpEas) piseetionsianakrlamderconta of the hpddpromotet butat ur al | y
. occurs. T yifdeithl t Eﬁrﬁ f Fﬂ,@_i e i: residing in

an envi roér?irrtgﬁr)lt |r§ \;\hbls@{élﬁ OI%?)! at u?g{ y 3?%1?%98%33?%@5%%%&%%@%%@ air,
out e¥® space, the ground, oceans, |akes, rivers, and streans and the |ike,
ground at the t | akes, river.s streans .and the |ike,
snow, ice on tﬂ;%' %ﬁg}fi ﬁéet ngrjlgeﬁ%%’hfﬁgormfl%? 8%m@€§%ﬁ1we§?’g§°iysﬁ (\fé‘?%&‘e and
streans andetiydhd iekambinmn EHerben #8602UR! pulRBgduem WCY MBI 790 E:n@sted iR, | N nat ur al
hosts (e.g., .0l a Lh|l —or mcrohial hosts) of the m croorgani sm
unl ess tH Ofmﬁ%ggﬁ%gé%ﬁ@%%&ﬂnp@pa@t D% thnd BapsiRma) 2 was
pr evi ous| sgcremdr sigiabhdarndll @htltid pdd ﬁfoﬁi&@@mﬁﬁ%&ﬁﬁﬂ‘@@&rp@(ﬁnﬂ‘iﬂﬁh it

an environ

natural |y, occurs and subsequently returned to suc § ment or any
ot he® e VEPN PSS Vogire F b Dioahs oo wess conduatsdeai B0, pH 7ausingol at ed

m cr oor gal@b@%ti\%iéh@,@eﬂsﬂoﬁnﬂ{%ﬁ?ﬂéﬂt@i%d%&&#h}h]h{-ﬁ%f of the m croorgani sm
Ia

Mor eover the invention provides a substa y pure culture of IC
lipolytica cells, a substantial nunber (i.e., at |least 40% (e.g., at

| east: 50% 6 0 0 % 95% 97% .98% .99% 99. 59

18805/() of V\?ﬂi c ?@cozé'? Sé% %&gﬁ/ﬁ%e%gﬁehﬁg@%éesnaucgﬁ?gﬁlgsoﬂoﬁgéeég’%rﬁ @%Pﬁ%ﬂgﬁykggx?\égn
hydr ol as é:ghesylﬂskwmgpmpm‘baftﬁesﬁmmmm_ ¢ BHIfonpigoe (@.wa&ﬂﬁt@'ﬁm{aN@C ) ]

m Cr,Qor C ture. .o oorgan) smi.n (e ess t han about
nooiD T ST BrtesBa Y bt il N B B S gug witbost CEDoBo0g 105
0.5% 013hA EradForntn() 3 Ycricd GlHal £ BRIMntr6llof B @Pad ﬁ%ﬁ]bte?glﬁfﬂbﬁng ot al

nunber of \{i._abl bacterial, fungal (including yeast),

e Jnicrohial (e.g.,
mycopl as A C‘?Pryap'i‘%t ) BRSFIVENeqie cul ture are viabl e 25ni crobi al

cells other than the m croorganism The term"about” in this context neans
t hat
FIG. 22 1s a set of line graphs showing the resolution of 1,2-epoxyoctane by YL-

30 TsA and YL-HmA transformants harboring the EH from #692 (R, paludigenum NCYC
3179y and #777 (C. neoformans CBS 132). For YL-TsA transformants, 10 % wet weight
cells (equal to 2 % dry weight) was used, while half the biomass concentration (5% wet
weight =1 % dry weight) was used for YL HmA transformants. For #692, the YL-HmA

transformant displayed double the activity observed for the YL-TsA transformant and the
13



the rel evant percentage can be 15% percent of the specified percentage
above or below the specified percentage. Thus, for exanple, about 20% can
be 17%to 23% Such a culture of mcroorganisns includes the

m croorgani sns and a growh, storage, or transport nedium Media can be
liquid, seWp28ulsiese. g., gelatinous media), or frozenPCHEENGWEHure

i ncl udes the cells growwng in the liquid or in/on the sem -solid nedi um or
bei ng st orﬁe@fmfyrqnans@mdhengedrﬁa #U 6 raa gecraase ihbampiixty amdeeietifvityioficl udi ng a

frozen st ort nme r.es eina uI re vessel
or stor agg{vess i”‘{cr)%n%g &t Popgar cg{g‘ angthgg'hﬁMaaf, Fpang tube or a
storage vial or tube). WO 2007/ 010403PCT/ LB2006/ 002744 The

i i ention can be stored, for exanple, as frozen

m cr obi al cell the |
cel | suspensi oﬁIé:’pE%“gj‘Setqr}xmf)ﬁ'faf’]ésrs}le‘ﬁﬁgﬂ}wﬁﬁ’bman@f%m%’tk b5 ¥L-Edeh as

gl yces ol @mggqm& I can be
stored, for exar@ ;’nsg?ng?(t?g%ucﬂgﬁe{ge Elgp%%#@og {Og@{)fgl nedFS Yhﬂyl)
P

f1 ui di sed2MEt9a digemspNeEY G y/Ph gor W—Tahjmtmfmants,tﬂot%bflemﬁmtyl ng
et moni 1| ekl @lpho WO GSREHER) PLSRAL SO B8R o chiRiRon (RBNWE 500 | O

|nunob|I|zeda stor rdprlaecon ct|V|ty
Y. lipol ngbf’a=2§6<pamtelght)lvas h;edlfseYIJIE-Immumﬁbmirﬁs dor bpth e midi#6n3, due to

its abili produce hi gh am) nts_ of organic
aci ds. Th]t'ehgy?letgrs@ S %ﬁ%@gﬂgﬁ‘&ﬁﬁﬁsﬁ o2 Lecheete d
"gener al | whﬂtea:mgﬂﬁmdm&&aﬁaﬁ slec(iGRAS)x B Plolknd BOrx ﬂa@#@ﬂﬁv@d obkéieaast ri al

processes t|c n_innate ability to synthesize and secrete
si gni fi caﬁ’lrbﬁthﬁf?’% ﬁeﬁ‘éﬂ“‘ BRGs Goppared o the Y B-Teddi um
speci f.i calrdngfopmi@iteases, Ilpases phosphat ases, esterases and RNase. Thus,

Y. lipolytica can be used to express and secrete a wide variety of
het er ol ogous proteins. See, Park et at, 2000; Nicaud et at, 2002;

Ml Ter et al . ’FIégﬁﬁsagésEPﬁé%?%hssﬁM uBYERERy SFpihyr ARG AN caud et

ronotrer can 1ve eXpr essi on

of althet e¥ bils§ows H@Hitmdgtr&sﬁlmm@eharholmgym fﬁmﬁftﬁe@ soenelbidesSIOES.,

l'ipolytic W th i ca inducible
pr onot er s?r @g%?&ﬁgﬁfdg %d"?e”%’%\&g?}%f%’t@%@ﬁf égﬁgé%‘b pept ones),
JCL/" (i stowsformdnts, n&metweigwe¢ml(e;ulaytofz% va@glﬂ}semsda@%ﬁmymoenzyrre A
200xi dases 5@ Ci b t cids), and POT]" (thiolase, inducible by
acet at e) a(ngétg e °°Wé£6§l é%/[’ F%‘B X Sﬁ@%@%rww@dfwﬂft‘aﬂ@ark et
al ., 199%inchinged, %ﬂ@d fricatt incn act1v1ty 2 x F5EHA6 X 3%%99; wagsef ul

pronpters i ncl ude out limtation, constitutive pronoters such as the
ri bc?'SorraIObﬁ%?deﬁoﬁb@hE eéﬁﬁﬁséii 1y thp & EfimAfernsfanantsogpriep td the Y+ Bdgat | on
factor-| arpsemRingl (TEFP). 25Synthetic hybrid pronoters also can be used.
For exanple, a pronoter such as hp4dP (Madzak et at, 1999) can contain
four direct tandem copies of the upstream acti vati ng sequence 1 (GAS 1B)

fromthe nati of a m EU2 n O her

hybri d promtg;?%)ggﬁg?:%ﬁ rfﬁ Sﬂ%W“‘% Pi‘gm 5‘(?79%5}1 WP

conbi nat |audYNHth&mﬁ)mtslmﬁﬂmMgnmmatﬁoneﬁ692f(R pbRAERnlm NTY®3 T9) l\/deak
stre m regl ons of the iiffi RRP reveal ed

te ;[Ao%ggt i \é??}g) : %@@or?{.)&,@qgﬁ gﬂﬂélr &4 dantformants oh0 Bvshpeight cgly i vity

(Madzak deqil toma}y Sip5) wadekel/AGR e B hdorhatt LR Ent YA ?ﬁ/ﬁwbma glASLA,
UAS1B and DAS2A, UAS2B, UAS2C respectively. The UAS | A fragment 'Is a 29 bp

sequence TediBh g s Bipd Y B srnsforaiaptr. Rop#699, theafli- Hm&l te. This
region, RplaAdsiEhantdibfIARE 7%mdR B R4 odsEVa ror 111 PO Pormant and the

selectivity remained essentially unchanged. For #23, an increase in both activty and
30 selectivity of the YL-HmA transformant compared to that of the YL-TsA transformant

was observed.

FIGS. 26A and 26B are line graphs showing the resolution of styrene oxide by

YL-HmA transformants hatboring the coding sequences from the plant source Solanum.
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WD 20071010403PCT/ 1132006/ 002744 an enhancenent of activity. The UAS1B
regi on, enconpassi ng the whole of the UASL1A region with the addition of
two i mperfect repeats, can enhance activity even nore than the UAS1A
region, indicating the participation of the added region to the UAS
effect. AVEDROOFBIN eptide to be expressed in a yeast SHEPRY/YPPH

| ipolytica may or may not 5 include a signal peptide that can guide the
pol ypept i 8&eroumligcZit)end Gomithe veas K. paipiganinm@o) €FIG. 268). Thi S abl e si gnall

peptide c ch? i | ides Jnclude the. pol ptide's
own (aut o?)gg%%fsnyg?gna ﬁ)%%#%ﬂéé%g%ﬁ%@grg%}l%%xgﬂzmgfrﬁﬂd%selﬁ%gﬁy8%,81% si gnal
pept i de ofubsireit iereppot Yrdlpt nates geat (axplebyed xPacaboRsk 4y ADE), hbkhicel |, or a
synthetic (non-naturally occurri n% si, gnal ptide. Where non-w | d-type

27 gnat - penioaid Hetb e abittagiibes, sEBRD LT b eberaor cFUR R L of | he
native (WyhgbwiyRes eSbdRBY ideaitah tapebiidarior Wiepg psoge or all of the native
signal peptide as well as non-w |l d-type signal are used, the initiator Mt
residue of the native signal peptide can, optionally, be deleted. For
exanpl e, the $iane};saeRt LAsn, addi SRS B0 B Ligghi ne
extracel | ul ar prot elgse (%E%-(N#gg%ﬁgﬁu%ﬁl?ofig %a 1@%?#1@2@% uded. This
si gnal cotansforman bathering the ecdinggequencelffon Grethasteriuny Agrob@taiirno aci d si gnal
seqguence ,}QQ ! f n-Adi pept.i d mtif X-Ala.gr X-Pro, where X is
any am no acf’%ﬁté’fa?gée%pf’%gbs‘}“ eglﬁﬁg\%e %ﬁzﬁ‘ 'é?"é.‘:aflvgsqlaé'?% °57B% r egi on

consiet i nggleofivily2@4er@rtedifor theindSveanding geqiide olerrezpegiei i AradivbatdrLys- Ar g)

for a KEX2-1ike endoprotease encoded by the XPR6 gene (Enderlin &

Qgrydzi ak, 1994). The signal also contains a glycosylation site, and can
act as a chap&IGnzs i aphAeicEREdRish&Ang FiGow linh: 208t maky cel@91; and
Fabre et alL, 1992). See al so Matoba e% aL, 19 7?}?%% Par k e? aL, 1997. The
secretion signal of the extracellular |ipase encoded by the 17P2 gene can

al so_be. | nl ydeho TRk LEA 8665RHNOMS! SAly 15 hEBh SR ABLLr Lo (he

those of the XPR2 signal. ‘a short” sequence (13 amno ac T owed by
f our ¥5di peffrobiies (Y525, X- B &7-045p108-0% and EpH9-0d méferdo apricific glwwogrdesl bl e site
for proc L ly@&m ] Q. egion 25(10 am no aci ds)
and a Lyﬁ%ﬁ%@é&ﬁg@hgﬁ%&?g@ﬁ%@“ vtée%lrﬁ%ig%é%ib%ﬁlgl FEePE the KEX2-1i ke
endopept idgesgivehroded by the XPR6 gene) (Fig. 3B) (Pignede et aL, 2000). A
hybrid between the XPR2 and LI P2 prepro regions can al so be used (N caud
etal., 2002). Furt her exanples of useful signal peptides include,
without Iimtation, the 22 amino acid signal peptide of the endogl ucanase
| codi ng sequence from 7' . reesei (Park et 30aL, 2000) the rice a-anyl ase
Si gr?é?l pepti de (Chen et alL, 2004). Any expression vector that can
acconpl i sh i niragrtis Qhnd @aﬁl%B%n%)%cf$fsxgm'fé£9£t¥5h%lsgéﬁﬁca' S0 be used.
a

For exanpl e, expression vectors rely oh the zeta elenents fromthe

r ﬁt r o- t r SHEBRRBHVEY ef Kﬂ’i@“ﬁ@@@ﬂﬁ S Ada Fbdir Mo Ep Ad06 kodBr89-Dhteftat i on into
20071 010 ABS e s BRI BS 213 5 LD 1 4 6 Bl ORISR S Al AN b, "

i nt egr at ivolnfpey bouradspectivelyber s of expressi on cassettes into the genone. A
consﬁ%i tutive site specific single copy integrative vector that allows for
honol ogous, site-specific reconbination in the genone of a recipient

strai n devoi dFif. 31liea ¥hd drapledhoRidcaRsERs06r sagd faldae bR teoRRitasd ed.
5Expressi on vect.or S%ftcllpzit av ni n(%iignt egration-targeti ng sequences for
horol ogo BB NE - GRO¥ET (-0 ek §R H7-Ofdip Qi@ dchp @u%fe_ff’ét"c ors,
appr opr i ap&iffhicoaSlced 8RB Y, NBY En SO QARSI fdr MR SniBRRLRR bioRL €

correspondj ng 1 ntegration-target sequences for ‘honol ogous I ntegration

wi thin t felugsmsehoussespestivedy- for i ntegration (e.g. in LEU, URA3, XPR2
tergpnator, rDNA and zeta sequences in Yltl-canying strains). The

i ntegration- 10target sequences can be exogenous nucl eoti de sequences
stably i ncor pBHat38ds # megrtpteshgwingrtbseffdct ofwpedifisgrowt fass b8 telpasfidc he pBR322

dock, 0, AR on TIN5 YL S BRSPS

| nt egr at EeA ). Bp Gei041Ep SDOURIIED 0R0ATIGAPARGIT: FioBIRESE O/E.5AAI0T Can
contain a eotide sequence. deriyed fromthe genone of a host cell o
i nt er est aJ(ugyégrané CGEP ﬁ@%ﬂs‘s‘%at%&r@fgva&mebW%P@hﬁslx Y. lipolytica

cells containing such integration-targets

O




sequences and vectors containing correspondi ng integration-targeting
sequences are described below in Exanple 1 and Exanple 2. Integration

t arget - sequences can be of variable nucleotide | ength generally ranging
from 500 base pairs (0.5 kil obases (kb)) to 10 kb (e.g., 1-9kb, 2-8 kb, or
3-7 kb). 28@er7ap@hi cati on of cloned EH pol ypepti de co8CHipWe IEHEes of

m crobial, plant, insect and aninmal origin expressed intracellularly

usi ng a reconbi nant yeast (e.g., Y. lipolytka) strain pertains to their

use as convenifnt SVE em%.af og i ndyst,rial application of the useful
st er eosel ect | Vé&and %é‘?ﬂ(‘? B of thg apclegfide squerics (SEQILNGRH ddhederonst rat ed by
some m cr BRO¥36 edpabion féctsi! TAOSqRaba®H ihedBREMG b derefRRELDES tapR! | Cation

of cloned soluhl e or mcrosomal EH coding sequences of mcrobial, plant,
i nsect antfPIRATATRIFSTAR 81t e geromsrad Jaawiadipehited saindol yiswadaliped. Tbeonbi nant

yeasts (e. fis | | =Bt 1] I 1Al I e nyeni ent
systens form?gg#gﬁg%%??ﬁ%@? ﬂgéo@p%gq ssl E%P%gsdﬁ%]g ‘[tial.e H’?t\(ﬁﬁ%}l{ P%%%‘%{) protein
for drug ¥auinghin thegeneneofthelol sphinl evel expression of functional EH can
facilitate the 3-13 structure 30determ nation for "in silico" design of
effectors (activators or inhibitors) of epoxide hydrol ases. Furthernore,
functional |y expressed EH c@ETNMLEIRDESCRERFIOM ef fectors for binding

affinity and i Lhi bt r tivation effects. . Anot her

appl i cation othh% P%)eﬁéeﬂéms‘%]llngﬁlrgmgrg&rﬂl e gg}'%?t cE]I‘fsl é'ﬁ‘o}é‘frﬁoé” Z%X%fﬁteﬁqﬁfés of

m cr obi al suclphsaifh Cipolytigietls)an d revemhinhiit avpressiogisfstex fr assSfttleriaobhvoR! | Ul arl y
usi ng, a 7/010403PCT/ | B2006/.002744 _ r econbi t yeast (e.g., Y.

| i poﬁ’yt [ géa%}]’ (}s@??]g%%aﬁte‘?x %ﬁa%s%@taﬁﬁg?&%% ?QXIEW%E@M T¥%%r the

di r ect Gdh@ﬁbﬁlﬁﬁﬂnOfalbd]ﬁ)epﬁdﬁé)&fbﬁiﬂg%&ﬁ&elﬁzﬁroﬁéeﬁétﬁ[{%@fﬁfi&&ﬁﬁl} origins and
environnental .libraries, .qor the evaluation of new characteristics inparted

to an EH W%ﬁeﬁ?{]ﬁ’ .?Ill%%mah‘gjmt“é@rﬁ%ia&%?%ch as directed evolution or
mut agenesi s. TROL}REBh IRSertAUMAGh ms@&f&rgﬁ)gw& B 8 edtf3 S8 buphi Ch

genom ¢ or cDNA sequences encoding these peptides or parts thereof can
be obt ai rf&ot igtited t0a migreorsmismasstitineg yeetreisc eny afdhe geacrolrpeacicsant f r om

ni cr@bi algerqink BOa hdr _ani i ¢ smaterial or nRNA) and
subsequently cl oned%lﬁ_)%gjﬁg%?ae@ibiggkoéﬁ%ﬁ%%@g@rué%ms@?eg%@acel lularly in
Yar r owi a reregbingatl Hasteiipphage DiNda plagmidiDNA aneoasp ONA fprdstibsvécyent i on.

10Appr opr. . or.qani sos._ fro ich.the EH pol ti de codi ng sequence can
be obt ai r?glggllﬁ]ﬁglﬂge e W %ch{{)lﬂgfe?v{kff?ﬁ(’?gﬁ]% FU%EVT‘%{)@%@%H’*@aS mamal s,

i ncl udi n@pcokiztdnyoas, Kiuyvdraig @8, Hansdols PichRY RS il RECandRRYidke ani mal s,
pi gs, horses, sheep,. oaés, .cats, .dogs, rabbits, gerbils, hansters, mce,
or rats)’ eﬁéeélé’?sﬂ{é‘él?g an ﬁ%‘é‘gﬁﬁ’fiﬂlﬁlf“,ﬂ) Bl Sasipraned withresembgnioteassot at o
plambs) , epresticareab8abhtamtg(iRe thcleidRfd Bbib&ile SMRGhventibtikdbiign yeast s,
nycopl asmas, ar 15protozoans). Ot her genera, species, ‘and strains of

i nt er est SEfESIafried yith arcombinprieving exmression secters (fenexemplichdcylewirds) om t he
geneti C g&itAhing he TR¥IR 2R xﬂﬁecg%@ ?‘é&%g?éﬁ%%{l;tp?an%élﬁ%%cglg%ﬁfmt %g%‘ﬂ oS of

random nut agenési s. not nore nor e . , 35, 30,
25, 20, Xepombpantyirus expressionaectas (ot gxagplescaulifiower nidsyie virio@MWhe ee, t wo,

or one r i Ltution(s VUt agenesi s.techni ques and ot her

genetizz g%g%ﬁg‘é‘g?lﬁéﬁﬂ%@m%%é%&%ﬂ%ﬂ“ﬁ e oimaR Pl %‘Pﬂ’ﬁ%?%/- hi sti di ne

(e. 8%, hescidrs Hoi chianpe, Thgasnhid) @nablits PYBEH ndclpstide bi@oideost hashAlRe

t echni ques knovvnhtto tehoﬁ% )Ihg)g '@the art(.: Al so c%f interest are coding

sequenceS GRS QIﬁqmé’?)q’@gpp ?ﬁ%ﬁ?%i‘?ﬁ%ﬂ%@a%%%%@%., not nore

than 50, Nii5 3T3 GellsPharbetthg réGomtAfhnt dxhresdifn c&%ﬂc@oonﬁiﬂ?&%pr@h?@%s’ seven, six,
ion(s).

five, foar, three, two, or one) conservative substi on( Conservative
subst i t ufi¥HRS pfThe smogeiof sremmalianerlls (fos exanpld, tgnasllothiioncinworhetet) owi ng

O 0PSB Khafoniihn A (167 U e ABU NI FronB] h PHE VA ASPET T ©
acid and glutam c acid; asparagl he; gFut am ne, Serine an AT E0hi ne;

| ystthe, Wt prometay). olgd néchid as howtlcqll erpyrmiaanomseccandaytoylisoshitaiesd Mor eover ,

[he Codt Bechf RUANRNG Al Srab SEQ0A el O1aH8RYeSS! o 1l witla it Y1 €2

host cel
vector.
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Specifically pertaining to the use of EH pol ypeptides in the biocatal ytic
chiral 30resolution of racem c epoxides, the invention has application to
t he use of biocatal ysts conprising any of a whole cell, part of a cell, a
cell extract, or a cell lysate exhibiting a desired EH activity.

Bi 0-r esol uVDEMTads0be carried out for exanple in the préIdRYB/YRT4jhol e
cells of the reconbinant Yarrow a expression host or cultures thereof or
prepar at i ons tEQEWanphﬂumcmlﬂnpﬁllw@ﬁ&d@ﬁcoﬁfﬂﬁﬁ@aﬂéﬁ@@d@&i ons can

be, for 2 7 | B2006/ 002 44 ex crude ceII extracts,
or crude (jzr)l}w Iggﬁéggné%ﬁg?%ﬁ [rg? %‘é‘PlYIS@lﬁefléélﬂss In cases

wher e t he upalhepip tedem tasal g E&‘h@ﬁédﬁb‘édmio%réaﬁ%ﬁ%@ﬁda Pohsl daf) EREQEDI nant
Yarrow a host |ntothgwﬁuture medi u ei t her by, g., partial secretion

or cel | | ¢Si&roorganizre wach sither iasne ngpuey] r%pmenscqmsprmﬁiegberm@nlanmd from
the cul t Uinfie raagamaﬂsu'éi{%a%bﬁﬁhéﬁ?g@ésp@?ﬁas% [ELOR Blaor bR frogP| 2 2N
animal origin for application as Stereosel |ve | ‘ocat s are

~ gener al | y 3 gviPHRent §il Which it maerals bpcues. Thing anésoimbdmmorg’zaﬂsnﬁ’\/ﬂoas dat pol ytica

strain fofchide f Reduetion, of biocat al n high
quantity. 1N gg%gﬁﬁgg‘aa?lregw (gﬁlegglaw %”f E@r‘f‘fé’ﬁ'}m fé%%ﬁﬁ’%ﬁa’ﬁt"hestrai ns can
be cul ]tu [ &ig, outer a?cadim@mmgmneme]lakesmf&t ?ﬁm&maﬁl lg ﬁjdﬂ% m@uglg@ﬁ a@ihg o
assimla [0 and ca 0 pi.cal |y under submerged aerobic
~ condi ti ons%ﬁiﬁkl R 9?@?‘? &S @ﬁﬁﬁﬁ@&éﬂdéﬁ%l%f%“’we'ﬁ%"‘)tOP?ﬁ@estﬂHE‘bus nedi um
can he nabnibahoednslke, MtrQbndstambak! 4 HRY mh Mk AnRPRQRENt s in the
medi um b fiierg i ncor por ted into the medi um or by external addition of
aci d or G‘F’B@é os& (€ablont, sumebergnippbighdsshofthe t he nutri ent _
medi um camldrdwédﬂféﬁl uhleds tResRIER] anﬁﬁf é}y g&;ﬁt&%f élﬁjcﬂﬁr )} 9_%“' ¢ acids
such as gl ucose, sucrose, fructose starc vegetable oils,
' pet r ochenPEdPusEptpeiad wid/as ,Pugﬁ%bﬁl’mmem'ﬁmnmattm whigh ttimaufa]ll_;teccu&nnﬂ abl e
sour ces OfybSghdrP9Sthrnaiio yde east e t...Corn Steep
Li quor, meat Loxt rgact peops?gﬂne \,'/ﬂerg é'bf)raﬂr&é’%eg %ﬁ“’@gf’ﬁbl es, dried
yeasts anfirtivee And:é@makmﬂenisohsadmmbg@amemrisdﬂe@g@@bﬁi@hﬁﬂl@@uﬁwﬁmﬂas ammoni um
sul phate, , gé osphate nitrate salts, urea, amno acids and the
i ke. 20Car bon ANt fnrogen sour ces, advant ageously used in conbinati on,

need not be uwdrmmrmmﬁﬁbmﬁeﬁam@bhﬁﬁﬁu?ﬂﬁ& cliRi8bf Bliponi &lis,cont ai n
traces of %ﬁ’%%wth fa to(}§ and consi derahl e quantities of m neral nutrients,
e

are also % at logrt A0 @é%gr%m %ér@ﬂ%aggf%téo‘éu&fr%,é@%sodl um or

pot assi urasph 93EhagRs; HRH LU QF \F&atl@é I'ts, copper
salts and fhe |]ke i:an be add e‘;J to t P{ljﬁ{nﬁ%ﬁ ant gcgent such as

| i qui®d pMWFW%@E@%W@OIMGl sAﬁr@?d b@'eladd‘adbstanhaﬂma’e qu’amﬂf iofees as

requi r ed Ridtoot t AcTRer1l 0 lls (e.g.,
Y. lipolyti cg gggﬁlﬁéﬁﬁgxpresﬂgaﬁgﬁ%ﬁwéag fnypep}t'%ése can tﬂ)f&?b%ﬁ%d under
condi t i ortkantghet : éﬁ%ﬁrﬁ@%, w,uz@% 15Ye0 H96S5%6 294, a%,erﬁzyymsm t0e1%;ieabgs. Such

conditio 0 fed-b cho nti nuous cul ture.
For 30pr o¢ l?cft%l(’:glr?gglfﬁ n)ﬁ%nﬁﬁf% @?HB}“@%? via egePatstlcul t ur e
met hods (fmgalialolmhtgyeah} h@cépiﬁrﬂ&;rorgtwﬂohﬁ)lceﬁsﬁ@{bdaﬁm@%éﬁgﬁéﬂ i n shake
fla%s '1:1:01 BPﬂ onlnlargretanks a

EroBialells otheY thin the i oorganism. The term "about” in this context means that

the relevant percentage can be 15% percent of the specified percentage above or below

the specified percentage. Thus, for example, about 20% can be 17% to 23%. Such a

)L

culture of microorganisms includes the microorganisms and a growth, storage, or
transport medium. Media can be liquid, semi-solid (e.g., gelatinous media), or frozen.

30 The culture includes the cells growing in the liquid or in/on the semi-solid mediom or
being stored or transported in a storage or transport medium, including a frozen storage or
transport medium. The cultures are in a culture vessel or storage vessel or substrate (e.g.,

a culture dish, flask, or tube or a storage vial or tube).
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nunber of smaller inoculumtanks can be used to build the inoculumto a

| evel high enough to minimse the lag tinme in the production vessel. The
medi um for production of the biocatalyst is generally be sterilised (e.qg.,
by autoclaving) prior to inoculation with the WD

2007/ 010409RCM1B2DO6/ 002744 cells. Aeration and agit alCdABYPcARE4cul t ure
can be achieved by nechani cal neans sinultaneous addition of sterile air
or by addi ti onTb¢ miobidcdbef the iavehiidnlvhe be saet, For cxample, as Boz@QleMpept | des
typically : inhed.wi.thin the cell of the reconbipant cell (e.g.,

Yan- owi a ce pf%ﬁlsrl%%’% Fde P\\ﬁlgerﬁf’%tﬁfﬂ@giaﬁﬂmﬁ‘iog)eﬁqu%?hﬁi%ﬁ?ﬁ'@h‘l’rﬂ?resept‘?ﬁ poses. Such
i ntracel | Uyaphilipecoatiis.t Aldin@ivag) théy din be Sttct Sfol &afiplehsikiofadel yst exhi biting
the nost suita Ie\ﬂEi netic characteristics for subsequent resol ution of

raceni c efNBERESRRIAMEL i Ryrtlidined bedhdrying ot sovey dreime, anamouibesisuitablest i t ut i ve
hp4d pr onmaiyeig BMBSE MmARIAL edzGRE blcBarRidnk QM%ZFQ%B%%&aw order to

i nduce enzyne production,” induci bfe pronoter sys so be used and
form an efBEabifiggdiand storednaddr apsepriabreondifiorsrto tatimadtivind sui t abl e

bi ocatal yst to LY Y : hed si andar.d t hads) ..j s _obtai ned,
cells can be hg'? gé’%léeysgéﬁglg%ﬁ er?f%l g%‘é?@é%’f‘#é’ﬁ@“&‘%ﬁ%ﬁg’, lg"r%wt%g?arrpl e,
filtrati ofrostonoeparaffinugeitnrotucakigh ambintyudtnitoide dTHeVedst BlogECt ant - ri ch
matri x (typi. | v.. but, not limted to, _glycerol) under chilled or frozen
condi t i oné%ﬁ%‘fg\é’?%aﬁ?aggewaﬁegt g@ﬁ@ﬂ%?’%‘é@‘@ﬁ.‘“ JafE” SHBASH S BNt , t he
recondi nasdverbintisstriat peeesseba Iy ByWlaics Bhd dimSXdUbRt ioignthtdiRGhd ¥dcte¥e CaN be
harvested..frﬁg%%he 15f erment ati on pr.ocess by conventional nethods such as

filtrati ofiSyficabaaniificsofseveral prmisins stocilmremcdivm specifnally protdasss, or dry
powder f olipasbsaphoRphatditd SstdrRd IR Hhghy Y| e tereo
sel ectivi tll;’/a.é Pfr)ocg?s?s es f ct)r e?%%ulgﬁ#gnrb%‘%’ ?’%?W%‘%%gggsﬁﬂg ée}gﬂ%:eﬁl

bi ocat al y&d sxEeEVidgprispefheeolngdusaretsios.altel &2t Bark el 2000 Nieaud et

spray- drypnaood: MafkLz 3 Y9, i di . dryin ac drum.drying, or -
aggl omerat i on and tﬁeet%lrlijkgeg.g’ %‘%%‘g’ g%?rbﬁ%ﬁgn %’L‘i’é‘%zogé #ﬁ?&gﬁ%i’“ng,

flui # sed!¥€8d drying or a method enpl oyi ng extrusi on/ spheroni sation
pelleting foll . fluidi sed bed drying can be particularly useful.
Tenper at ur es foﬁ stgﬁ%%f%prﬁl%{ge&%@ § “ﬁ%}o gé‘-’ ErESIRR o1 athgisriagouy cadmee ¢ o

mai nt ai N $wijgince s ydua kpedies buchtay YoRpbh%e! BiREe MLRES, Wihbt Limiagor ke powder

formul atign. shaul d.have a water cantent of 0 - 10%w w, typically 2-5%
w w. St abﬁlr}fpgg'ﬁﬁl lﬁgfﬂﬁﬁ? RremoterAP i (adkaling extmicelludar progeye, i@iﬂéﬁké’y p?/ot ei ns

and the |pdspnedyiche’ wﬁiw?%sé,%dﬂi%ﬁa@ééﬁ h’dﬁ?f@@%% ciATprove the

dryi ng characteristics of e bi ocat alézt uring ryrng process.
A haffvest Bdrages mdvcble by faby geiddtand PATY Eatlasepindpablaby amtata) ysebe.gyani pul at ed

Lo 1 el eassichiaes BH 108, FUTIST 101196£ 95110, %7 SHPSEQUEN: ARRhdCation in

bi ocat al ysi s processes, i ocdt'al yst™ may “be” app | ysate or
purified EH biHeuaesanpies dfmsefhlepr@0btemn tnchnisf wittont Latmtionyconmtjmthe used as

whol e cel t For anmp! a bioc st. can be _used as a crude
| ysat e or14 rgﬁaﬁg%[é&cdgﬁﬁe %g%gw;%?g@%esﬁpﬁ%m%%@égi‘ﬁ P’é‘%‘tgf’ YasgRoPanst or mat i on
of epoxi cdmgstivoviactérol dbgromdter PIHIGYy or degadatory to the epoxi de hydrol ase
act i2vi ty. A bi gc tal %st .can be used in any suitable aqueous buffer,
typi®ally in a E?}]aeélﬁ Ybrid momptsrs alsosep bowsei 0 Foss3puls) 4 1B00SY BOR 714

| mobi |1 spddPqializfe: whab . I r purified
enzyme preparations nay g%ﬁﬁgg@tﬁgfﬁgﬁfﬁﬁﬁ@%gﬁuﬁ%%@m of whol e
cel | s or EWAIRssgpEIsad AVASHB) frors thedativeh SRR lim fromt of A rfikimabEZ{/2alesl may

i ncl ude, i coval ent .at.t.achment, ss: | i nked enzyne
aggr egat g?%?%@?ﬁ?ﬁ%@%%ﬁfgrﬁgm&o&s Wﬁf@sg’ﬁ&?f%?@n hydr ogel s
and i nt o ¥PRZeingembingtidr wih the four tanfity® r&fepts o€ Gt TN 18f(sd¥] £5.0RRMRAK .ANd sol ubl e
EH hj ocat al 0,t he drol yi si s, (and/ or ere optically active,

resg? ut i g%)yoépfe%%%%?gf%@f?%‘%% T %%—r‘b aristled ByR aclivatidgut |initation,
be acconpéqusives (WAS;Hg C) disbiliab 0F BRHSAS abGahy AR/ PR 11060)Y €Al Hgner a

RhodosporUi& um an odot orul a_and Candi da, t he bacterial” genera
2, can be er divided info UASTA, UAS1B and UAS2A, UAS2B, UAS2C

respectively. The UASIA fragment is a 29 bp sequence beginning 805 bp upstream of

the XPR2” initiation site, This region, placed in front of 2 minimal ZEUZ?, can promote
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10Agr obact eri um or Mycobacterium the fungal genus Asp ergillus, the plant
genus Sol anutn, the insect genera Trichopl asia and Arabi dopsis, and the
manmal i an genus Honob sapi ens, which can be overexpressed intracellularly
in reconbinant Yarrowa (e.g., Y.. lipolytica) and contacted with

epoxi des. WOIeY7/pe@3t genera of interest includeAncu/ aPCBABINEHEMCes,
But/era, ‘Bul |l eronyces, Cryptococcus, Debal yonyces, Dekkera, 15Exophi al a,
Geot ri chusf erhgnerpreaid actigya Tob BARIL B regidn, yneempagging the WhoRaHeESAS1A

Masti go Piechi a, Spor.i di gbol us,. Spor obol omyces

Tri chgs%r%n, ‘%@%ﬁé@ﬁl&f%@mﬁﬁg(ftm?&ﬁ@tcm%f}g’@?‘g@%‘f‘tyieﬁ%yé?@ﬁh@ncI ude, for
exanpl e, AwrddsS Fdegion) iuditARg theAtidipatibLs RS iddbSregiBh & theDARLEES.

bruxel | ensi s, gr t anonyces_ naardenensi s, Brettanonyces anonal us,

Br et t anomyces 55{?03@6(%%59?6 EHTEeAHR £ vt %ﬁe%il@g%%mym%ymtml | era
dendrophi kndindB kisRl POMEE Shaflddiide G AR RINb & BRRion GREASHawhap! ani 1

Candi da gl abrata, Candi da haerul oni 17, a I nternmedr a ndi da

magnol i aeltctedsrh passuyabla pisnal peptide cadhediseth Snifglls signaCaepdideianttodedbe  Candi da

tropicaligg i> i uisei...Candi da sp.. (new), related to
C. sor bopﬁilﬁg?ﬂ%é gg"t‘%g‘g@% g“sﬁgﬁgg%dﬁ b TEeEtis Slg?ﬂﬁy Flglldg’r’f't :

Cr ypt ocockiriidbeilnatrermilypeptits@ainptlycrmesssd byithy dbdsisell, G P us gastricus,
Oypt ococc ] a,, Cryptocqc hungari.cus, . Cryptococcus, | aurentii,
Crypt oc ocll(]:hﬁt%r u c%g'll“ﬁlg), 3‘#@%@@@%2‘@@?‘3 H&‘ggﬂlgﬁlﬁ’,e SR 8 a58dds8iod i cus,

Cr y ptoococpalgpepide; aeit:, alDebpdryeoRvO SRR HE).sighRicke b SindNQMR herd X 0PI al a
dennatitidis, o}, i chum spp. (e,g., Unidentified species UOFS Y0111),

Hor nonenasog}?ﬁ.rgﬁ& é}‘.eina isteankneptidecs &isl @p Ben-wiksAyps signal arejusedathehenki a

300cci deniitiatos MeKkedhMEHTRY itive BB pBRHE cark: oBRIARE e & (&
Uni dentified sp&gi es UCFS Y- 2?5 ) ,'le poﬁya%g tet r’agpg%%, q?I\(}gsti gonyces

phi | i ppor TAPieythe signa pertide Bndge preppre i cioreaf dhredlkelinPexdtacellufar ploteasti ca, Pi chi a
gui | | er moyagiph iRV 81, ' d idi . Lusitani ae

Rhodospori di p(.nlthal t?é?gg%gérfa?gﬁ]% 8951% g;ﬁ%% P %g%]&%g?%’ CBE98os por i di um

t or zZW®oi deontamieciobhanind acidsigadl wetjugasean a Bhadosfuendipepitaymatif XeAla WO

2007/ 010 2 1002744 odot ar.ul | uti ni s, .Rhodot orul.a m nuta,
Rhodot or 3{%2?%!;%%%@\%? ?lgynazi?%’ﬁ %H) %&egggﬁﬁﬁ%&eﬂ%ﬁ%%%gqﬁggwrﬁﬁ% otorul a
phi 1yl a,comigihgtod i 24cantindicids dnhing i@raibaesifitn siteqL gs-Ard)MeiiiiRd species
NCYC 3193, ,UCES Y- 2032 )'é%ggY- 0448 =S Y-0139, Y- 0560),
Rhodot or (PSOPERIF& £Rceded b 126 eeired Eadsslin & Derydzialy, {994 Theisigmalalseci es NCYC
53224), Rbodes ekglydasyibion 58! hd @81aBORA chapsRRE if@,@@ée%ﬁéé@% B FBkO"

0

Spor obol onyces _hol sati cus, Sporobol omyces roseus, Spor onyces tsugae,
Tri Aospdf 6’rc1 1581:gadl Fabre qrqle H%&boﬁ?rﬂl@d‘{lﬁtﬂ@ﬁwl, 1RP7; aod Padietiwh, 1997 chospor on

del br ueckink seckéHonRRAMITRR dxl ﬁﬁ%j- | ﬁgaﬁﬁ, ﬂ(pﬁ% | deSy., 4L i chosporon
ovoi des, _Tri%chospo%%n puI_Idl}J{F.g%}si, rlqag%%dsc%oro Cﬂéé;p g&g&?%ﬁ? enti-fied
speci es Mhded JHig LIR@yecregion signdliByCle8Riks similBE® the D8Gof eI sindl6d 5, UOFS

Y- 0451, - ) 1 Iri.ch i i f .

Tri chos plgﬁrﬁs%%%%é&?, eenog%qu\%/\%c’#%érgd P%IBOEIF&}%@Q@%?F%\%%%%F Bol yti ca

(see Int Gnma?inoraaﬂd) gppkdiwgsﬁm;ﬁbfesgﬁgf)y if&&ﬁﬂﬁp@ﬁﬂﬁ_ %d Ja shopRepssn for the
r t . _epoxl.ae nd vicinal ~diols 1romepoxl des e oyl n

Peoahbi nitVas OHD 457 s FiAse ol e sl Puabiabieoagns siaor o EBKPRe cel |

ext r act s eddvpeptidasiieiceded By thd X2l SASYMT, 8B} (Fialsd et}a!?.?i(}o@}?g[]ﬂjbﬂd a

pol ypeptide of mcraobial.  insect, plant and mammalian and r'nvertebrate
origin hh%ﬁ@"@%&ziawmz RARRTE Fegiens cpiealpg eaused (Nigendts #h.2602). may typical |y

be perforned BReRf ex@iples S Lisbaa bl deplides iRk SF WY il on, the 22
* amino acid signal peptide of the endoglucanase I coding sequence from 7. reesei (Park et

30 al., 2000) the rice o-amylase signal peptide (Chen et al., 2004).

Any expression vector that can accomplish integration into the genome of Y.
lipolytica can also be used. For example, expression vectors that rely on the zeta
elements from the retro-transposon Y71 to accomplish random non-homologous

integration into the genome of Ylti-devoid ¥, lipolytica strains can be used in
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epoxi des and vicinal diols are optically active and the EH are

stereosel ective (e.g., enantioselective). 20During biotransformation, the
substrate (e.g., epoxide) may be nmetered out continuously or in batch node
to the reaction m xture. Wiere the epoxi de substrates are optically
active, th&Oppiee®s3 can use an initial total racemc eBSW%@%’GO”‘“‘
concentrations (including two phase systens) from0.01 Mto 5 Mor with
cont i nuousonbigiongvidimarkwxthaldedds tor thainbegation gf vaviahle mimizpooficggesiondi ol

concentrat,] e i an 259 m | ar | a biocatal yst exhibiting

cter eoser eupriebintdhf obdBird. & 3088 te e Toseiiatieetony it Bt ith

bat chwi se abbewscionitdnmiagess, yitelspetifgrdchiabib &Ratin e gbdniBfataiglend SEASSar y

activity i,n o (ﬁ% %lo reach conpletjon. In one enbodi nent, for exanple,

whol e cel Id‘é""bi" SO RrRRPOsIT B OF%‘?O&?@CF@- li pol ytica) exhibiting

St or evsel et | VEaRa: dai iy SnthanemAghlvl e ARl RSl | 11l
e

batch m xture, soA process for_stereosel ective .g., enantioselective)
hydr ol ysi &cgipbigatiogcamilso byesed. dor yss wigh suah sesés. dpprarinaiogieslipshonldt al yst

expr essedpjyg g@ﬁonﬂgsg%:ﬁgfég Q%qr@%ﬂage&%gg%pgﬁtﬂﬁg é%%]ag(x\ff%r g?‘%?‘?‘l‘%“"l i pol ytica)

strain may be carried out ween etween 6.5 and
9, or bet ogoug irdeegativh withingh Q@B id048SFGTihtEARG0E/0DLFA URL3, The

tenperatu en.0C and 60C. .,._het ween C.and 40C, or

bet ween Okgﬁ%?e %t.o Es%meraiuﬁgzetgf Seﬂ%egc?éé?lltgﬁm’%r%%ﬁl‘gp@I%Sﬁaté%ﬁance t he
enantf os etaeget seqivdngesafan doiekdgendaohydkepts squentietbitHtipatedinfans al yst in
accordance with IItE Fegent i nvent.i or}%gfc)l ed to the 5Sreaction containing
subst r at TR © %ﬂ)‘% % )‘(”’i“ﬂl?m}? F188 RIFHEPTHY- o dhexip &8 P the form of
whol e cel &amphehil oeXiarat i expresdln Mtowdef)ﬁ@éﬂse&.&ﬁyml&hﬁﬁ%l?}ahons that can
be free or i mmobilised, depends on the kinetic paraneters ot the specific

react i on SHEFP A AASRYEH BoaBeIce HHan AMBrogTiEe e¥RIEssion Nertorican equtdia hy dr ol ysed. | n
o URETROT . . ;
e case ﬂi_fclelaﬁ&éjéélﬁﬁenbé‘@s‘ri%& e ﬂﬁ?g@ﬁ&ﬂaé/ &t aZPeﬂ c{e@%ﬁ%@:@ﬁ @?,%9 %ﬁ'ﬁ S ofa

bi ocatal ytic resolution of racemT epoxi advant ageous
 to r#novehasheells despsbbddersinlc ¥. Hriohwicy callls obntaifing such fitegrationttirget M xture or to

mai ntai n i .0 e prqduct at..levels that all ow reasonabl e
Tenet on e fab QR IbAGS bthe WHERI AR e St ooy B | =20 Lo
el ecti ve dpaitiedbelbydn Bkagde binalBaalplest. Ineyradamardes &qudnés i depl e, water,

m xt ures of. ter wi.th one or re.water _mscible organic splvents.

Sol vent s Wﬂgguﬂﬁ)&lgﬁ Peflgtgﬁﬁ%qﬁd?r%%‘{ﬁ?‘? éﬁ% %ﬁe PHEO0-6 FobpsesdkDH Bt i de
derived f100t (¢ggasiokbavs RE orgl7ke)ty (e.g., epoxide hydrolase activity) in

the fornul atiﬂg}n used retajn hq){drol tic activity that is neasurable.
ExanPl es of watterPRicstisnsriclonsd GEpolypentide coding sauemsescliniermbigle plagh t hout

i mtati GRsecBHRLARE [« | ;

acetonitrij Ieg,_ di net h;ﬁ%ﬁ?@gﬁsﬁeﬁ&%@ﬂlﬁéﬂ mlet%y; Jfoé?ﬂn%%lpg%pgﬁ'g" v

N- et hy| gipebrirdiskein padainste theituse at-omesnignt systenisfordadistrialispplibation bhies e

sol vents W alWap ded i.n the bi tal vtic
reaction t§1§?<5%ml@feg%§§ %ﬁ‘(l)ef‘ér}]gn ?@éeﬁ’%ﬂ? |£H(-)a¥n‘3 &é%%??‘gﬁe%ﬁeﬂjrogs %%%Sg ecorrpri se,
f or exanptistobiahplaph disectayd tramsl deainpt i ng wat er and one or nore water

used® nol ude. APREHPHTAR e S BhRlgsmittopmal b ooding Suéuees of. ™ °°
t ri chl or aticiobial) pldg tisan@nd Maiatiart @ikidekpydsseti@dcelld@yWingasobut yI ket one,

di butyl - o- i .
y recombinant yeast (e.g., ¥. lipolytica) strain pertains to their use as convenient systems

. for the production of correctly folded (i.e. finctional) protein for drug design. For
example, high level expression of functional EH can facilitate the 3-D structure
30 determination for "in silico" design of effectors (activators or inhibitors) of epoxide
hydrolases. Furthermore, functionally expressed EH can be used to screen effectors for
binding affinity and its inhibition or activation effects.
Another application of cloned soluble or microsomal EH coding sequences of

microbial, plant, insect and mammalian origin expressed intracellularly using a
20



25pht hal at e, al i phatic al cohols containing 6 to 10 carbon atons (e.g.,
hexanol , octanol, decanol), aliphatic hydrocarbons containing 6 to 16
carbon atons (for exanple cycl ohexane, n-hexane, n -octane, tz -decane, n
-dodecane, n -tetradecane and n - hexadecane or m xtures of the

af or ement iR 2¥7MMbocar bons) and the |ike. However, usBCHPBEUWMZEY| vents
typically is mnimzed, and may be excluded fromthe bio catal ytic

30r eact i orecombinat veagefetsary. lipolyrica) dimingebdiing wriheicush uf doaveniaysybtemadded to a

bi ot r at sf t 4. r ion-mixture to mai in.pH stability. For exanple,
0.05 M phg)gg%adtug&gﬁ ?%%SO%PF@.’ émﬁ%c%nﬁ%csggfbﬁta%’% GELOTEES AWh1 i cations in
the case efviromnemal libmoixs, dethe egdlatibh 6faecw Mat-2RAHOTIARENCTEA EA2R06/ 002744

~The progres’gc. of biotransfornation £ﬂé (ge moni t ored usi,.ng standard
pr ocedur e EHLHELE® REVIHCH 45 dREedsolutigh PERUARRREYte, for exanpl e, gas

chr oreat ogr ap hw&@eﬁﬁabh@ﬁi%m BRAAS idclal athsS Ry QRN QEHoRRAY: PRiACO! UM

containing non-chiral or chiral stationary phases.” 5In the case of
st er eosel ¥0¥§GE speoding thess palypepiidesae pryetheteaissn he plrinesk Fonerempls: epoxi des,

the react 5QRGASsdARerRbORRBE oM ﬂ&ﬁnﬁ&%{i‘iﬁé anfin‘s"Jctén'&%m%?ééngﬁc ana/ or

vicinal diol is found to be at the targe 'onertc excess conpared to
t he ot hermataad (PVAer idiNAhedepsrquetineldidal chaiierizad add overexpresde

enbodi e on .i t ed en _one enantioper .of the epoxide
and/ or a;ﬁ%g%c.{eg@ggf %Ll(;%llﬂ?lo i %qso?eﬂg&o%ﬁ?f HCE Wl‘tgl?ﬂ?iaSPECtB SiERiCioenant i oneri ¢
or ditast eApmomriatccorganisassroni which HREH polpiéptifidcod g sbiREnFROSH dbRited t he
reaction . s1 étg@ge‘ﬁ .\/\/r]ejcql ei t.her the diol %o_duct. i‘}ﬁ,t he unreact ed epoxi de
subst r at e0F 805, PARgH i %%@F@kéﬂ{c ghepmmalsaeleding, grithagidpnitgtions ypst ant i al |y
100% enarbuinfE hbs-heNEHSmAt, Beihsalihils, FRASMIES shlep; scdB%8Cdogs A €aCt i ON
for exanple, separation of the biocatalyst (i.e.,

may be stopped by .
15pr epar af?li’p%ﬁsgeﬁ?ﬂsrmfﬁs FHERs ovals) ivRds el rosaphila plamgy(e. adlegqe@pt | de of

m Cr obi alpou gL, or sRBEgaARHs RO ML) A Al HELLAREAL Sk o7 i Gi
havi ng bipgca?gll yt)i C acti vglty ggfg ) aste\%\lﬁ’?%@’cﬂé%%s, ce ’\ﬁg((:{)lrﬁac s%)(gr crude
or p@ri finsefoenny)metiex genees, specishiaod steams didntéres erearecifedbrelbw| Thed) from t he

reacti on it ' ' known to thos f skill. in the art
(e.qg., ceﬂrilrl'ltﬂ;é{’ lfgsgdlﬂlﬁgn, d%rlg%;ﬁé}rﬂlag% ? PP 3Pl|a§ﬁalf‘afﬂﬂ”§§?cei’eln? aé?chyrshllﬁy t enporary
or per manEmtte® Muageicsis at tandom mutdgencsislwk uike J0f(@)., axanmb thaby0,asf40eme

t enper at uy.e, u r.-addition of salts gnd/or organic solvents).

Resi dual L%U%@?S’?ﬂﬁeiﬁéﬁdupggm gighteseyen, S’&pﬁ?’%&?‘lﬁﬁ‘ﬁ%ﬁvﬂ’f@r &¥xi des and/ or

vi ci nal dbﬁdeﬁ)aﬁﬁéﬂﬁblﬁ_@&bn@).Mﬁ@g&feﬁéfe@lﬂﬁ%&%@ﬁétﬁ&g@ﬁeﬁ%%ﬁ iRy be recovered
fromthe reaction nmedjum_ directly or after renpval of tThe biocatalyst,

usi rfg rrett?fga’ﬁu%ﬁft‘@ asdhg o poky-bostidined(ps- hexahistidige) fagatarsnalle i on with an

organi c %%t&ﬁ?gﬁﬁ&ﬁsﬂi@mdg%ﬁﬂ&ues M&?{a%os@isﬁga%ﬁﬁ etﬁﬁ?ﬁ%lsoo&*iﬁtgﬂeﬁum et her,

di chl ommet har chloroform ethyl acetate an , vacuum
concent r &9 WHINgEegspeES Ehoodinigdi palympiiddssontainingmetibor e (sgpamt aioion, col umm

chromat o I t.h erials. are described bel ow in
exanpl es %vﬁ Flg#sg ?g’ %2%%,{25{‘%}-, égﬁl‘fll ﬁiéj t§ ?’gﬁ%’ %tf qulmi’ﬁs?,’ rﬁYeh gou]r, 8.
Skill ed a@roigamssemvative subsivginingy. Cedshodsveuntistietions typlcally include

25 substitutions within the following groups: glycine and alanine; valine, isoleucine, and

leucine; aspartic acid and glutamic acid; asparagine, glutamine, serine and threonine;
lysine, histidine and arginine; and phenylalanine and tyrosine. Moreover, the coding
sequences can be recoded for host cell (e.g., Y. lipolytica host cell) codon bias.
Specifically pertaining to the wse of EH polypeptides in the biocatalytic chiral

30 resolution of racemic epoxides, the invention has application to the use of biocatalysts
comprising any of a whole cell, part of a cell, a cell exiract, or a cell lysate exhibiting a
desired EH activity. Bio-resolution may be carried out for example in the presence of
whole cells of the recombinant Yarrowia expression host or culiures thereof or

preparations thereof comprising said polypeptide. These preparations can be, for
21



that are simlar or equivalent to those described herein, and that can be
used in the practice or testing of the present invention. WO . :
2007/ 010403PCTI 1132006/ 002744 EXAMPLES Exanple 1: Coning of Ell coding
sequences fromdiverse origins into expression vectors and production of
Y. |ipol ytwoaot/étefrbi nant strains 5 Sel ection of repreSERBPY/YU2EAoXi de
hydr ol ases fromthe full spectrum of avail abl e epoxi de hydrol ase cl asses
and fami | iexsnplBaridh cel alract{, 2806rdde qropfeanrane mymittiond fren addtyisatand t he

NCBI (ot FEr ey b Gpep e Bk R G o B oBu SR VD) | GenBank
dat abase. Yafrewizdasidiito delculiat 8ddiah, Hitler by)elgl daRtfal £6reRSH &dei §ysEH.  Subsequent

mul tiple alignments and phyl ogenetic analysis separated these EH in
nicr osom@@%ﬁ-@m@ﬁ‘ap@méf may glaogs obtaipad) framsthe pHBemmeditgni |y coul d be

subdi yi ded i ntmefhmﬁéi?peﬁﬂdiea!g%mﬁﬁnée@ﬂ*&iah%d% %o?g%i]icmﬁﬁ ,
bacterial 15and fungal” origin (Fig. 2). Representative exarnples of EH
encodi ng #eyreosglertivebiicatelysislart generallyectaingd within theselbdf the sicombingt nEH t o

span the ' , [ L] H were .sel ected frompl.gnt and

bgct erial ?%trr%}gl?rl\é)tg@&g’i S\t/rgig af&gs*g% ISedéfgol %Sn&‘t%ﬁ%to \Rﬁ’&?‘%%é%%%%%%ﬁﬁﬂ% ve of both
the inEH qwdtityER gamm,irelgma\éﬁzmgio?m?&&mwmaagaﬁ mui}gmne 1. List
of mcrosgmal and cytosolic use 0 nmonst r .

appl i cabi e G ot RE Soureesiet SRR LCDI T resre fuh e ¢ he

f unctd onatypiexipy @fist abmedgedRpovickonbYidh N REGE: dilt@e) sdbm;ﬁ@&ﬁc&tafeirw&@_; Codi ng
sequence ﬂ;l i nNal |  accessi on. No. GenBank/ EMBL accessi on no. crosomal EH
Tri chopl a PORABFEPgLCa f ERBpaesichs P AABPs Aeugngrsotsn sPanespy 95

Asper gi | | ths n2tii8Y, GRHER9BLcipASRE Il tht HRdiubl S8 2R% @ ition of acid or base

as required. Suitable sources of carbon in the nutrient medium can include, for example,
carbohydrates, lipids and organic acids such as glucose, sucrose, fructose, glycerol,

15 starch, vegetable oils, petrochemical derived oils, succinate, formate and the like.
Suitable sources of nitrogen can include, for example, yeast extract, Comn Steep Liquor,
meat extract, peptone, vegetable meals, distillers solubles, dried yeast, and the like as well
as inorganic nitrogen sources such as ammoniui:n sulphate, ammonium phosphate, nitrate
salts, urea, amino acids and the like. _

20 Carbon and nitrogen sources, advantageously used in combination, need not be
used in pure form because less pure materials, which contain traces of growth. factors and
considerable quantities of mineral nutrients, are also suitable for use. When desired,
mineral salts such as sodium or potassium phosphate, sodium or potassium chloride,
magnesium salts, copper salts and the like can be added to the medium. An antifoam

25 agent such as liquid paraffin or vegetable oils may be added in trace quantities as required
but is not typically required. ‘

Cultivation of cells (e.g., Y. lipolytica cells) expressing an EH polypeptide can be
performed under conditions that promote optimal biomass and/or enzyme titer yields.
Such conditions include, for example, batch, fed-batch or continuous culture. For

30 production of high amounts of biomass, submerged aerobic culture methods can be used,
while smaller quantities can be culiured in shake flasks. For production in large tanks, a
number of smaller inoculum tanks can be used to build the inoculum to a level high
enongh to minimise the lag time in the production vessel. The medium for prodnction of

the biocatalyst is generally be sterilised {e.g., by autoclaving) prior to inoculation with the
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Crypt ooccus neof or mansDAA02300 Rhodot onda ntuci | agi nosa (#23) AAV64029
Rhodospori di um t ondoi des (#46) AAF64646 Rhodot onda araucari ae (#25) AAN32663
Rhodospori di um pal udi genumAA072994 (#692) AJ238460 AY966486 Cytosolic

(sol ubl e) EH Agrobacteriutn radi obacter ADILARECHA Y12804 Sol cnmum

t uber osunB¥OCRYBTMEANdI da al bi cansXP 719692EAL00941  PCTIBARYEPt ual
translation of all the above-listed EH coding sequences, followed by am no
aci d hom)beilgyAara@by&i@agitaﬁvdiofﬂieedms‘ecpm(aehimwyﬁgMaahiameh@ng angi ng from

14% - 73%.a he am.no i.d..l eve Fi

2007/ 010403 ”E%s“f%%sz%@"ﬁ@ Sscrile W 8%’?9{3%%1&10% P%%ﬁ glene inyp Buhiblegeacigig

ol i gonucl eot i dﬁipolypeptldéﬁt&plﬁﬂllﬁ]ﬁfﬁ%ﬁinﬁwﬁh% ceP bBBETdSmbiafl cell
ollgonuclgftl es use his study are listed in Tables 2, 3 and 4,

respect i vESp. L BIERRH %‘g% OYFfﬂCb‘?Bﬂ?ﬁ%ﬂ%f’fﬁﬁlmb&@é@ﬁw%ﬁ%l%@ Source /

Ref ergnc eintrb@tankp@ludibn b4RAMY r3hkAh 3 ocadRfe: SRR th mdh suigP0 CBS 132

#23 #25 #46 #1
etic characteristics for subsequent resolution of racemic epoxides. While use of the

constitutive TEF and quasi-constitutive hp4d promoter systemns do not require exirancous
induction in order to induce enzyme production, inducible promoter systems may also be
used and form an embodiment of this invention. After growth and suitable biocatalyst

10 activity (as determined by standard methods) is obtained, cells can be harvested by
conventional methods such as, for exanple, filtration or centrifugation and cell paste
stored in a cryoprotectant-rich matrix (typically, but not limited to, glycerol) under chilled
or frozen conditions mtil required for biotransformation. In one embodiment, the
recombinant cells (e. g., Yarrowia cells) exhibiting EH activity can be harvested from the -

15 fermentation process by conventional methods such as filtration or centrifugation and.
formulated into a dry pellet or dry powder formulation while maintaining high activity -
and useful stereoselectivity. Processes for production of a dry powder whole cell
biocatalyst exhibiting epoxide hydrolase activity can include spray-drying, freeze-drying,

 fluidised bed drying, vacuum drum drying, or agglomeration and the like. Drying

20 methods such as freeze-drying, fluidised bed drying or a method employing
extrusion/spheronisation pelleting followed by fluidised bed drying can be particularly
useful. Temperatures for these processes may be <100°C but typically <70°C to maintain
high residual activity and stereoselectivity. The dry powder formulation should have a
water content of 0 - 10% w/w, typically 2-5% w/w. Stabilising additives such as salts

25 (e.g. KCl), sugars, proteins and the like may be included to improve thermal tolerance or
improve the drying characteristics of the biocatalyst during the drying process.

A harvested culture or formulated dry cell preparation may be manipulated to
release the EH for further processing. For subsequent application in biocatalysis
processes, a biocatalyst may be applied as a cell lysate or purified EH biocatalyst in the

30 biotransformation, or may be used as whole cell preparation. For example, a biocatalyst
can be used as a crude lysate or a whole cell catalyst for the stereoselective
biotransformation of epoxides shown to be inhibitory or degradatory to the epoxide
hydrolase activity. A biocatalyst can be used in any suitable aqueous buffer, typically in

a phosphate buffer.
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#692 Pol g transfornmed with pKOV136 carrying the inEH 1 (U73680) fromT. ni
Pol g transformed with pKOV136 carrying the gut nEH 2 (AF035482) from T. ni
Po I g transformed with pKOV136 carrying the rnEH from H sapiens Polg
transfornmed with pKOvV136 carrying the nEH AJ from A. niger Polg

t ransf or ne@OWMIGIKEOV136 carrying the nmlFH AY from A RCHEB20P@I0g744
transfornmed with pKOV1i36 carrying the nFH from C. neof onnans (CBS 132)

#777. Pol g trahmmmmdoy\fréefwnbm&%r@aﬁrekm&goﬁdﬂ&le%ﬁ Hudf@BBmemuci | agi nosa

(UCFS Y-01198%T 3. %épg% rrred W th pKOV136 carrying tthe nFH from R
ar aucari a8 ég@éfi %}3 5 %P@H&?@%Hﬂ&mﬁwﬁow KBEnByECr yi ng t he nEH

fromR t@fsphl@néiﬁ%loﬁdé@lﬁ%safh@%%ﬁ t1648; and Wy 2. % &a&%@ﬁ Sa SA
PCT/ | B2006/ 002744 Po I g transfornmed w th KO\/13 car y| ng e’nEH from R

pal udi gen@eRaleREstackment cropstinked potsgne agawsﬁmmmwhmd pHEIBystads; ryi ng t he
PEN 75O ot 0BG i B AR JROQ D PROVIS carty g Lhe 5B
al bi eans ( UCFSTM@QE&)wn of Fhikwsaal dyd sotiiblsHE Bioitalyits o EEAryRkol¥ikis S TSA- Ca
This st UdYan;Dai‘, %Vh%lt ¥1c Iy act1ve res&iuhon) of epoxide substrates can, for example but
without limitation, be accomplished using coding sequences isolated from the yeast
genera Rhodosporidium and Rhodotorula and Candida, the bacterial genera
10 Agrobacterium or Mycobacterium, the fungal genus Aspergillus, the plant genus
Solanum, the insect genera Trichoplasia and Arabidopsis, and the mammalian genus
Homo sqpiens, which can be overexpressed intracellularly in recombmant Yarrowia (e.g.,
Y. Izpolytzca) and contacted w1th epoxides. Other yeast genera of interest includedrxula,
Brettanomyces, Bullera, Bulleromyces,Cryptococcus, Debaryomyces, Dekkera,
15 Exophiala, Geotrichum, Hormonema, Issaichenkia, Kluyveromyces, Lipomyces,
Mastigomyces, Myxozyma, Pichia,Sporidiobolus, Sporobolomyce.s',- Trichosporon,
Wingea, and Yarrowia. Yeast species of interest include, for example, Arula
adeninivorans, Arxula tervestris, Brettanomyces bruxellensis, Brettanomyces
naardenensis, Brettanomyces anomalus, Brettanomyces species (e.g., Unidentified
20 species NCYC 3151), Bullera dendrophila, Bulleromyces albus, Candida albicans,
Candida fabianii, Candida glabrata, Candida haemulonii, Candida intermedia, Candida
magnoliae, Candida parapsilosis, Candida rugosa, Candida tenuis, Candida tropicalis,
Candida famata, Candida kruisei, C’andz'da sp. (new) related to C. sorbophila,
Cryptococcus albidus, Cryptococcus amylolentus, Cryptococcus bhutanensis,
2 Cryptococcus curvatus, Cryptococcus gastricus, Cryptococcus humicola, Cryptococcus
- hungaricus, Cryptococcus laurentii, Cryptococcus huteolus, Cryprococcés macerans,
Cryptococcus ;vodzolicus, Cryptococcus terreus, Debaryomyces hansenii, Delkera
- anomala, Exophiala dermatitidis, Geotrichum spp. (e.g., Unidentified species UOFS Y-
0111), Hormonema spp. (e.g., Unidentified species NCYC 3171), Issatchenkia
30 occidentalis, Kluyveromyces marxianus, Lipomyces spp. {(e.g., Unidentified species UOES
Y-2159), Lipomyces tetrasporus, Mastigomyces philipporii, Myxozyma melibiosi, Pichia
anomala, Pichia finlandica, Pichia guillermondii, Pichia haplophila, Rhodosporidium
- lusitaniae, Rhodosporidium paludigenum, Rhodosporidium sphaerocarpum, i

Rhodosporidium toruloides, Rhodosporidium paludigenum, Rhodotorula araucariae,
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MA TA, ura3-302, uxpr2-322, axpl-2) Polh transfornmed with pYLHM carrying
the nF,H1 (1573680) fromT. ni Polh transformed wth pYLHM carrying the
gut nmEH 2 (AF035482) fromT. ni Polh transfornmed with pYLHMA carrying the
mEH from H. sapiens Polh transforned with pYLHM carrying the nEH Al from
A. ni ger PyoROeVEMISor med with pYLHMA carrying the nmEHPAYIBI08M§OAI44ni ger
Pol h transformed wth pYLHM canying the nEH from R nuedagi nosa (UCFS
Y-0198) . RébdortrubwpdbiidnsyRbodskdria PR R 6 5 Y Wil Sur! MRkl RRVIboruif eOf or mans
(CBS 132). Polh trapnsformed wih pYLHM carrying the nEH from R

ar aueari a&' %@E‘%‘?@‘ﬁf‘?‘mﬁ W%@aﬂg’ffﬁff’ %%” frpAsRRafESi ng the inEH
from /7. UnidedofiddepodddOROYY 047 LIs ¥ hodx, BOSSY-0RY, BOHE vytsbivbear 1 yi ng

t he nEH ero(g &: torul oi des (NCYC 3181) Polh transformed w th pYLHMA
carryi ng theREARederR aupatigen Sbordetortinerec(caa ABidentifiedspesieaNEVE ned wi t h
PYLHMA cansy eholibisr3EL * adi | b. transformed wth pYLHM
carrying thzqu_SElﬁ fron%ﬁg ?{;18%?3 goss{ﬁzrﬁ%gg}?‘?[ﬁéo% }r:géwglg"f’ng }r)rlé'(’ig%"r? ?10 %"W_Cle‘—frm carrying
the SEH f fefpaticus, Sparpbelomeces WERS, SpolbRBnyces sk, Eridiosprambeighti, used in

Exanpl e 1, mﬁ%ﬁ;d%;? czg%elz%z rvzu_'. -Em%;?esuyn, Q'E%Epsorgnr c%e?[}meckii, Trichosporon jirovecii,
Trichosporon mucoides, Trichosporon ovoides, Trichosporon pullulans, Trichosporon
spp. (e.g., Unidentified species NCYC 3210, NCYC 3212, NCYC 3211, UOFS Y-0861,

10 UOFS Y-1615, UOFS Y-0451, UOFS Y-0449, UOFS Y-2113), Trichosporon
moniliiforme, Trichosporon montevideense, Wingea robertsiae, and Yarrowia lipolytica
(see International Application No. PCT/IB2005/001034)

A process for the production of epoxides and vicinal diols from epoxides
employing recombinant Yarrowia lipolytica preparations (e.g., whole cells, cell extracts

15 or crude or purified enzyme extracts) that contain a polypeptide of microbial, insect, plant
and mammalian and invertebrate origin having EH activity, which can be free or
immobilized, may typically be performed under very mild conditions. Preferably the
epoxides and vicinal diols are optically active and the EF are stereoselective (eg.,
enantioselective).

20 During biotransformation, the substrate (e.g., epoxide) may be metered out
continuously ot in batch mode to the reaction mixture, Where the epoxide substrates are
optically active, the process can use an initial total racemic epoxide concentrations

~ (including two phase systems) from 0.01 M to 5 M or with continuous feeding of epoxide
to reach an equivalent epoxide or diol concentration within this range.

25 - Similarly, a biocatalyst exhibiting stereoselective (e.g., enantioselective) EH
activity can be added batchwise or continuously during the reaction to maintain necessary
activity in order to reach completion. In one embodiment, for example, whole cells of
recombinant Yarrowia (e.g., Y. lipolytica) exhibiting stereoselective epoxide hydrolase
activity can be added into the initial batch mixture.

30 A process for stereoselective (e.g., enantioselective) hydrolysis of a racemic
epoxide using an epoxide hydrolase biocatalyst expressed in or produced by a
recombinant Yarrowia (e.g., Y. lipolytica) strain may be carried out at a pH between 5 and
10 (e.g., between 6.5 and 9, or between 7 and 8.5).
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Description General vector containing T overhangs for cloning of

adenyl at ed PCR products. General cloning vector Source / Reference
Promega, USA Stratagene, USA WD 2007/010403 pBR322 based integrative
vector for site directed pl NA781 integration at the pBR322 docking site

(i ntegrat i WA20W0§EI3 sequence) in the genone of Pol g. SPRETEEHHGT
I ntegrative shuttle vector containing Kanit and ura3dl sel ective markers.

Random i nt egr athedempanttare can bepbdidda D3CRad 60 Yre@detwaen0 o addud °ZRorA
transposa I e pl.asm d contajns the syntheti¢ pronoter, hp4d,
and the Ygé F%’o E{%@@ F‘ﬁ"fg@%ﬁéﬁerﬁ%ﬁ Lpopres Ieﬁli‘ﬁé‘ﬁff&ﬁased i ntegrative
vect or caemayumlebﬁl&tymmﬂﬂfpa%eptﬁeura3d1 sel ection marker. Simlar to

pl NA1313, wit hp4d repI aced wi.ith TEF pronoter and Y. I|pola/tica L1P2
si gnal sequencE*3EIBYH brogatalyalin prenpdaupe wilhithe prersnijnyration pdsled i9dkee gene

repl aced hyctiohe ﬂg@ﬁgg e PR M (r)-T

Easy harbori ng@ 3 %Sﬁ%%n’%ﬂ&ﬂ?a% &eggérﬁﬂ?%% %%‘?glorl ng the nEH

A T ORE f?%?r‘h ceflp.gell exwewswmmmm‘@@dmmmmwwmmmm A. niger.

pCEMr) - T, inkrAchY1 A" F.Ir nofor nan

PGEMr) - T Fasy Sjr%gr r"fiﬁg“ %%Pa%&et?m gfn%hﬁspeﬁ]‘a% (?nf‘la&@éé (Wé‘% 0198) .

PGEM r) - TepPaigly sitmirige thiahiy td beehydfdiyseREInf thocasdof ﬁr@:‘ruui iahibRion aiifabvety 0471) .
affecting the pro gress of a biocatalytic resolution of racemic epoxide, it may also be

10 advantageous to remove the formed product (i.e., diol) from the reaction mixture or to
maintain the concentration of the product at levels that allow reasonable reaction rates.

A reaction mixture containing the recombinant stereoselective ‘epoxide hydrolase
biocatalyst may comprise, for example, water, mixtures of water with one or more water
miscible organic solvents. Solvents may be added to such a concentration that the '

15 polypeptide derived from yeast having activity (e.g., epoxide hydrolase activity) in the
formulation used retain hydrolytic activity that is measurable. Examples of water-
miscible solvents that may be used inélu&e, without limitation, acetone, methanol,
ethanol, pi'opanol, isopropanol, acetonitrile, dimethylsulfoxide, N, N-dimethylformamide
and N-methylpyrolidine and the like. However, it is desirous that these solvents be

20 minimised and preferably excluded in the biocatalsatic reaction mix.

A biotransformation reaction mixture may also comprise, for example, two-phase
systems comprising water and one or more water immiscible sotvents. Examples of water
immiscible solvents that may be used include, without limitation, toluene, 1,1,2-
trichlorotriflucroethane, methyl ters-butyl ether, methyl isobutyl ketone, dibutyl-o- |

25 phthalate, aliphatic alcohols containing 6 {o 10 carbon atoms (e.g., hexanol, octanol,
decanol), aliphatic hydrocarbons containing 6 to 16 carbon atoms (for example
cyclohexane, n-hexane, n -octane, r -decane, n -dodecane, » -tetradecane and 7 -
hexadecane or mixtures of the aforementioned hydrocarbons) and the like. However, use
of such solvents typically is minimized, and may be excluded from the biocatalytic

30 reaction mix altogether.

In addition, a buffer may be added fo a biotransformation reaction mixture to
maintain pH stability. For example, 0.05 M phosphate buffer pH 7.5 may be suiﬁble for

most applications in the case of chiral epoxide resolution.
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PGEMr)-T Easy harboring the InEH ORE from R araucariae (NCYC 3183).
PpGEM r)-T Easy harboring the nEH ORE from R pal udi genum (NCYC 3179).
PpGEMr)-T Easy harboring the EIl ORE from A radi obacter. pPCR-Scri pt
harboring the soluble EH ORE from S. tuberosum pCEMr)-T Easy harboring
t he sEH OREOR0GM@03 al bi cat zs (UOFS Y-0198). pKOV136 REFERPAY2HHhe

m crosomal EH 1 (1173680) ORF from T ni. pKOV136 harboring the gut

i crosomal EH Zhd pibf8&E4BRptraRbrhatmmniaybe mopifédd 8adambad pigeddig N cr osonal
ri_.ng the sol ubl e EH AJ ORE from A

EH ORE fromH. .sapiens. pKOV136 harb

ni ger. pKOVESE Hox fﬁf!??“?lﬁ@%?ﬁ@ %FWF@S%@&WW:BWWﬁW@M or goN136

har bor i ng pédi@mit idfch@fafeerHEPHOEIRRAS cb ki AN RARHP3PC

T/ 1 B2006/ 002744 ep O\/1036 ﬁar bogjiang t he EHIQ%R@E%?%%M%QWU sgagi nosa (UOFS

Y-0198) . Bb@?ﬂ% har boring the EH ORF from R torul oi des (UOFS Y-0471).
pKOV1g6 har bory, ; i L NCYC . pKOV136

har boring the Eﬁﬂe&%@ ?fr%?rrﬁgige%g\g@ "g%%{ﬁlﬁq%?%ﬁkfg??%]?g?q 0%%5%%%6 har bori ng

t he sol ubPROXEes,URAEfgtiontah bestppabeErhene exakiidis 61 tha epaddengdbheciag! ubl e EH
ORE from & [ m.AKOV136 harboring the EH ORE from C.: al bi gans WOES
Vo108 ek BRSO A e o0Rie Ales Plmipaed b me o sE A and
ura3d4 sethecponide amiokeivinal dReN Boshel snibodinaht, B rdatiion idkt6sped wiikn éde Pol h genone

‘through the ZETA transposabl e el enen ._(,200_2)l The plasnid contains the
synt het i Cefgl}l WoFE St the le and/or associated vicinal diol product is found to be in an

10 enantiomeric or diastereomeric excess of at least 75%. In another embodiment, the
reaction is stopped when either the diol product or the unreacted epoxide substrate is
present at >95% enantiomeric excess, or even at substantially 100% enantiomeric excess
(practically measured at >98% ee). ,

A reaction may be stopped by, for example, separation of the biocatalyst (i.e.,

15 preparations of recombinant Yarrowia cells containing a polypeptide of microbial, insect,
plant and animal (mammalian and invertebrate) origin having biocatalytic activity such as
whole cells, cell extracts or crude or purified enzyme extracts, which can be free or B
immobilized) from the reaction mixture using techniques known to those of skill in the art
(e.g., centrifugation, membrane filtration and the like) or by temporary or permanent

20 - inactivation of the catalyst (for example by extreme temperature exposure or addition of
salts and/or organic solvents).

Residual substrates and products (e.g., optically active epoxides and/or vicinal
diols) produced by the biotransformation reaction may be recovered from the reaction
medium, directly or after removal of the biocatalyst, using methods such as those known

25 in the art, e.g., extraction with an organic solvent {such as hexane, toluene, diethyl ether,
petroleum ether, dichlofomethane, chloroform, ethyl acetate and the like), vacuum
concentration, crystallization, distillation, membrane separation, column chromatography
and the like. ‘

Methods and materials are described below in examples which are meant to

30 illustrate, not limit, the invention. Skilled artisans will recognize methods and materials
that are similar or equivalent to those described herein, and that can be used in the

practice or testing of the present invention.
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pYL- Tnl HMA pYL- Tn2- HMA pYL- HSHM pYL- Anl HMA pYL- An2- HmMA pYL-777- HMA
p' YL-23- HmMA pYL-25- HmMA pYL-46 HM pYL- 1- HmA pYL-692- HmA pYL- Ar HMA
pYL- St HMA pYL- CaHMA  pYLHMA harboring the mcrosomal EH 1 (U73680) ORE
fromT. pYLHMA harboring the gut mcrosomal EH 2 (AF035482) ORE fron®' .
ni . pYLHMvOasmori4ey t he mi crosomal EH ORE from H. sapPERSB20A0RHHA

har bori ng the soluble EH A7 ORE from A. niger. pYLH nA harboring the
soluble EH AY ORE from A. niger. pYLHM harboring the EH ORF from C.
neof ormans (CBS 132). pYLHMA har bor i Eg thE FH ORE from R nucil agi nosa
(GCES Y-0198). pYLHMA harboring the fromR araucariae (NCYC
3183). pYLHMA harboring the EH ORE from R torul oi des (UOCES Y-0471).
PYLHM har Bxainde 1:iCokkt 6REH fob @ik Requichées Hdnb@is exsDoy %ns%ih&ié% r@3biimA
harboring the EH ORE from R  pal udi %,enum (NCYC 317c arboring the
sol ubl e EH ORF fr oHfSRIS PO b OL Lo NPQLASa ReCOBIINANG SRS so| ubl e EH ORE
fromg. tuberosum pYLHMA har boring the EH ORE from C. al bicans (UCFS
Y-0198) . WO 2007/ 010403PCT/ D32006/ 002744 Tabl e 4. 4 i gonucl eoti de
priners uSeettion oExepientative epoxide hydrolases from the full spectrum of available :
Rest ri ct i epoxidel iydrolMecihseg ued Gamiliss. 5’ to 3' orientationsites Introduced

Barth ef al. (2004) performed systematic analyses on the sequences and structures

10 of all known and putative EH obtained from the NCBI (National Center for
Biotechnology Information, Bethesda, MD) GenBank database. The search delivered 95
EH, mcluding 56 putative EH. Subsequent multiple alignments and phylogenetic analysis
§eparated these EH in microsomal (mEH) and cytosolic (sEH) families. The mEH family
could be subdivided into 4 main homologous EH families of mammalian, insect, bacterial

15 and fungal origin (Fig. 2). Representative examples of EH encoding genes were selected
from the different subdivisions of mEH to span the entire range. In addition, sEH were
selected from plant and bacterial origin to give a selection that would be representative.of
both the mEH and sEH families.
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GGATCCATGRGTCRCCTCTTATTCCTAGTGC (SEQ | D NO: 1)
GCCTAGGTCACAAATCAGTCTTCTCGTTATTCTTCT GTAGC (SEQ I D NO 2)
GAGATCTATGGCCCGTCTCCTCTTCATACTACCAG ( SEQ | D NO 3)
GCCTAGGTTACAAATCAGTCTTGACATTCTTCTTCT GCAG (SEQ | D NO: 4) *
GGATCCATGT@OCTR@AMAT CCTCCTCACTTCAGTG C (SEQ | D NO' 5)  PCT/IB2006/002744
GCCTAGGTCATTGCCGCTCCAGCACC (SEQ | D NO 6) GGATCCATGTCCGCTCCGTTCGCCAAG ( SEQ
I D NO 7) GaiaGGLITHEPSEEACACTTROTCEAGAAAT Gorh SRt BieNehdBi):

GGAT CCAT CegACTEBT TT XGAGTAMDATITECE a efrédsioRsiNnPlor the functional expression

CCTAGGT CATT ¢phgifla GEACEEEADAIVESE Bohed GAACGC (SEQ I D NO 10) TGG ATC CAT GTC
GTA TTC AGA CCT TCC CC (SEQ ID NO 11) TGC TAG CTC AGT AAT TAC CTT TGT ACT
TCT CCC AC—SEQ.+D NG-12) AGA TCT..ATG CCC GCC CGC TCG CTC (SEQ 1D NO 13)
TCC TAG GCT Acedlingscquence@riginccT GANCREACGstN BBQ | D NanBst)/EMBL
GTGGATCCATGGCGACACACA ( SEQ BD NO 15) GACCTAGGCTACTTCTCOCACA (SEQ I D

NO. 16) GATTAATGATCAATGAGOGAGCA (SEQ | D NO 17) GACCTAGRIERMBABGACAG (SEQ I D
NO 18) GTCGATOMGSGIQEILA ( SEQ BD NO 19) GAGCTAGCTCAGGCCTGG (SEQ I D

oCT AGGCT KRR oG CT T ATT GG (4858819200 22) CACCAT AT COAGARCATAG ( SEQ

| D NO 25) ThdoplatiaGl TAAAACTTTTGATAGARIER3| D NO. 26) GGG ATC CAT GAC AAA ATT

TGA TAT %ﬁ?g §SEQ 1D NO 27) GOC TAG GIT ATT TAG AAT ATT TTT CGA ARA AAT C
n

(SEQ ID tegration- 1F|ﬁ@%?g3ration-1R pl NA- 1
Aspergillus niger , CAB59813 AJ238460
Aspergillus. Niger AAX78198 AY966486
Cryptooccus neoformans DAA02300

Rhodotorula mucilaginosa (#23) AAV64029
Rhodosporidium toruloides (#46) AAF64646

Rhodotorula araucariae (#25) AAN32663
Rhodosporidium paludigenum ~ AAQ72994
(#692)

Cytosolic (soluble) EH

Agrobacterium radiobacter AD1 ARECHA Y12804

Solanum tuberosum STU02497

Candida albicans XP_719692 EAL00941

Conceptual translation of ail the above-listed EH coding sequences, followed by
amino acid homology analysis, indicated sequence homology levels ranging from 14% -
73% at the amino acid Jevel (Fig. 3).
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pl NA- 2 CCTAGGGTGTCTGTGGTATCTAAGC (SEQ I D NO 29) CCGICTCCGGGAGCTGC (SEQ I D
NO 30) CATACAACCACACACATCCA (SEQ I D NO 31) TAAATAGCTTAGATACCACAG (SEQ ID
NGO 32) Integration screening for Polg Integration screening for Polg
Integration screening for Polh Integration screening for Po |h Underlining
i ndi cat es WRaHE@Mhces of i ntroduced restriction siteSCTRABHREWEL I on of
pKOV136, a constitutive, site- specific, single copy integrative vector
(sTSA traﬂ@iﬁms%?iBSSTdsmi@@dhﬁ@ommades( Fig. 4) was designed to overcome

t he probl ens tent,c n r at on in the
genome of stra‘liunkslﬂ%evm %alﬂ?paﬁlg%’lat"ﬁnﬁ g‘f’?@ﬁ% gH‘ntL{s a}ﬁ%ta isted al .

2000) . Thén PRy 23Bandel; tedpectiselipased on t he pl NA781 vector, which in turn is
based on the pBR322 backbone (Madzak et alL, 1999)- The pBR322- based vect or
allows for site directed, single crossover, honol ogous 10 reconbination
and ist egn‘gﬂég),nmmgm@ﬁg%ggim&ﬁpm site (integration-target sequence; a
region i n_'rrnrhl(‘pd Lnto the Po 1g genone that contains part of the K colt
cloning vg pBR322, .10 aff | ogous reconbi nat i Syirdepon

transforrra |on of pKO\/lgtglet?,Ple %scﬂgﬁ%’rre of Y. lipolyti refReh@, thereby

al | owi ng ?Xl% E’F'S %\]g@gcasme@uz Qmarﬁxmsm@ FNg25ame Nigial ol

transcri pti‘%f SSi _ggxyaﬂ(zsaﬁ;@ g. 33). e honol o ¢l I econbi nat i on
15al | ows for 80% of equr&sgh&% 39 g éigsmn; %}rat ed a? the correct

site (Barghepnd -f@&hlar enditiagigere, properties
of the TEF gr onot er (cogla%l(f jj%k’ Oy m datks possible

i nducti ony nces and ast anQAn#l Tlent creerglpg of
t ransf or %%r rom pKOV96 wi t h the site specific int egr% 8 a’rgetl ng of
20 the pBR322 docking system from pl NA781, it is possibl 0 obtain the

i deal exp€ezsjopnagyst enyfor conparative studies. The systggifpot only
allows site specific integration, but due to the honol ogous single

Cr ossoverR mefihsat | ongishat occurs at the pBR322 docki NSOFS Y-0137

R. araucariae #25 _ NCYC 3183
R. toruloides #46 UOES Y-0471
R. toruloides #1 ' NCYC 3181
R paludigenum #692 NCYC 3179
C. albicans h UOFS Y-0198
YL-sTsA-Tnl i‘ﬁg ‘ifa(‘ﬁg‘;%“;g;lﬂwﬁ I;,KEVBG carmyingthe e cindy
Weate Rl pOVLS s,
YL-sTsA-Hs Tole gﬁ?ﬁiiﬁ? pROVIS6 carrying the  ryce ondy
YL-sTsA-Anl i‘)’g}}gl ijangﬁ’nﬁdn‘gi PROVIS6 canyingthe  ppec oy
YL-sTsA-An2 . ﬁl‘g}g{ g,‘sé‘;ﬁ;d ::?;ZPKOVI% caryingthe  pysc ctndy
T LA e e (0B 1oy T study
Maena  PsmbmeBEOUGambate sy
TS Lo s (MY Ot e . Thissiudy
Y146 STSA Polg transformed with pKOV136 carrying the This study

mEH from R. toruloides (UOFS Y-0471) #46.
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WO 2007/ 010403PCT/ | B2006/ 002744 site in the Polg genone, it also increases
transformati on efficiency conpared to non-honol ogous systens (Pignede et
at, 2000). The pKOV96 and pl NA781 vectors were first digested with
EcoRl and Sall, respectively, followed by filling of the 3' recessed ends
usi ng Kl enWf 2DNQ1$63 yr ner ase 5to create bl unt-ended noFEERBREBHEN set s
of vectors were subsequently treated with Clal allowing the |iberation of
the TEF prampdfspsa MUl ti Podg timsirmel wiklt gK @QVitB6ldafeding éfeni nat or fr om pKOVO6
and the region contai ni mEH fremR3pgadigat:aNCIES 1090600 s%‘ﬂféﬁ‘t‘% from

pI NA781. The JEF, pronot @b1g fatsiokiédwit] SROPB6 fig LT PZ Term nat or
f ragment gl"‘#s)erted sEHtﬁ%ﬁ@qaﬁggm@pl bl e pIﬁ?gl bac kibérrudyr esul ting in

plasmd pKO\/136 | 9. 4po1digisiuad EQ I D NO 24) of
pkov136 i &ls §n Fi Jg gg; ° ﬁﬁ?ﬂ;g%%%&%ﬁ@ﬁgé}g wasThitesholyi t ed under

t he Budapest Treaty ona ollection o Cell Culture (ECACC) |,
Heal t h Pré’leﬂ’tSlAeﬁaAgenci)Oi&mﬁﬁrg 0 0?:3. E‘L'/ Itsmﬁﬁ.tutﬁm QJG and
is identi : : : - The sanple deposited with
t he ECACCW\@@@H@J&B&IHFOM/HDI%@@IB@Z%Q%ZZ #4805 ai ned by Madsalost@l.ane (Pty,
Ltd.) since prior to thg {hldlr%g deateﬂgwfhls appl i cat i of200Bhe deposit will
be mai nt atym,ephlmﬁjjziout r€s R Wi HECACSrdapbsi t or.y . f a period of
30 years, or 5 years af md it &3a8HtromsEent request, or f%ﬁ% S?lhg effective
life of the RaLeRL, whi Bhﬂlllmnsﬁosndd@ngﬂfYLmﬂﬂcwjnhgthe re%h]és g if the

deposit becones non-vi apiitenkh 2 i(ABOISHEX) fdQPE i 0d. M -T Easy,
pGEMZf an rt vecPensidashhesd with FarEN cetERgingg codi ng sequences
fromthe \%L"ﬁf ﬁ@sourcemﬁmﬁ sp%erpKOV136 plasm ds, wetés Hdgested with
the approgriate restri chhONrANEMERASHlG, YTFRAAR Lible cohesive ends

sui tabl e % eI'g"é{’ﬁ on OokLENET féin Hn;,@e?tcbhe BarH! - ril cl’ddssheglysi t es of the

pKOV136 pI asm ds 25Thep a{e%aT q;ﬁ? Reguances fromthe various
sour ces [ nt t?a i §n] vect or %FPG %@1 &d t OrHig samisyf or m t he

Pol g reC|p|ent straln ? I i nt.egrative vector without a
secr et i onYE42gikA ( Hut h ?]?E éﬂ RS vectysuidyi 9. 5) wWas
obtai ned from Dr. Cathe (S z’gﬁc’ H;P @%que | NRA,” CNRS,
France. TVMLg7y8&ipr was YDHRA soirdng theol Yt sash%,pressmn
-vector, with Hpd4 pr om)’E“@H Q%Ct'i’@fﬁﬁﬁ?"ﬂ@@dﬁ%ll on selection, "A = no

secreti onygheigh) WO 2BdNDrgosHensidisAoasyidgibuc e) d Isolation,
Anplification, O oning abY BeyBengiggaeNEGOBIL. | f ydrola esnif{gdl ng

sequenceWByI{ aThe EH Baidi tragsfermpdevitagy THOMchoyinghe t u?ﬁéosz m wer e

synt hesi neArt @RHHronRRgenSMtesqUOBSYYML. The T Yasia ni EH

codi ng seguenge, was obt%ﬁﬁnéfiﬁixﬁgﬁggéxﬁgngme This study
ors bbb e,
ViActma  Fbimsbmeisi YLmA e gy, g
Visma  fobmbmel VLA Gy, g,
YLCHHmA o . aibicans (DOFS Y018y - Thisstady

Table 3. Plasmids used in Example 1

Plasmid Description Source /
Reference

pGEM®-T General vector containing T overhangs for cloning of Promega,

Easy adenylated PCR products, USA

Stratagene,

pPCR-Script  General cloning vector
USA
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5from North Carolina State University, North Carolina. U S. A The S.
tuberostun (St) codi ng sequence was recoded for Y. lipolytica codon bias.
The synthetic codi ng sequences were received as fragnents cloned into
pPCR- Script (Stratagene, La Jolla, CA U S. A). The S. tuberosunt and T.
ni | codi ngWoeaIdMee3 wer e obt ai ned with flanki ng BanHl BREBRPPE0P2744
recognition sites. The T ni 2:sequence was flanked by Bglll and Avr1l.
10Yeast s%wA%Qdeme@h@%mmﬂ&@%dﬁ@&éd Rhodat 0 2
nzucdagi nosa ( S Mic@laBd) at tRhpRRE2A dbéking Wite (ategfafibde s (% =0471),
Rhodot or ul a ar aucar tasget {ehle¥nSe)Yn 0 g3jonad PoBgdi dct  al bi cdns S Y-0198))
wer e obtai ned from Single 6gSnfeliativeashailt Yeddr chtginfl-dnge Free State,

Bl oenf ont ei n, RepubiriderefdrSeietttve MafllefoR aRBAShieSilidiih® C0l | ection and were

T

cul tivat egINAII® ni Pol¥RBhdTRSthRubRBe TR ANBRALREE] _ 19%cwdeses 10 of |
yeast extract) at mg%i&&mgg@etgggﬂc@c &EE%F%&%%E&S (ke¥2 hatvested by
centrifugation and gphe ﬁmc&ilﬂ@s%ﬂ sdas et Br frozen at -70C for RNA
i solation or suspenggd.it9ed vhieARte % i ﬁf:sngx?-% (Wv) in 50 nM
phosphate buffer (pHeliivd % t?haeie@{ﬁ&h%g 06 ycerol and frozen at -70C
for DNA i BBP¥PHon. ARBSEH idSnad 196! . 49) %/nvgs CTHid sttt ed as
descri bed by Arand gti ar - ;gﬁgg%\?& oI 4t IFERO8h™ i | ed addition of 500
pl lysis solution ( BT s SCYRENCS THMOVE 1 EDTA, pH 8. 0: 1% SDS)
and 200 pj bgata, 78 B2 fih tHe@gadatvstdbs@hefeplatd ik g wet cel |'s,

f ol | owed %%@t;gg eximgns@f-m%mma%gaﬂﬁ@@%%r?g addi tHo#t 275 gl
anmoni u H 7.0} After.incubation.at. 656C for 5 mn foll owed
by 5 min poEMCEs 56@@ -EHasy barbrnng besmBHARF from i exed aﬂ%ﬁﬁg” fuged (20
000 x g, 2 mn 4C)S?P125’Then\§uper nat ant ‘was transferred and t DNA

preci pi t aRERIMAGT-5 perSMARTF bbarbaringiesr mBHrAT QRF from 4. v ol unﬁgsi %%ppr opanol and
centri fugé@1 (20 00GHgerg, 5 min, 4C). The pellet was wash h 70% (v/v)
et hanol , RSMARIRd peeSMARTOf haboring tHOQOEHI ATBRE M Tri s- HCL;  1nM EDTA,
p118.0). Ak al RNAigel ation entailed grinding 10 g wet B §4%nder Iiquid

ni trogen t f i nesENhiaTasy RarBoris 1S Bl ORFFRIGET was added to a
pr e- cool le?Flﬁ’S?%%il ;@@bm@q@%gqgﬁ:ﬁbe and thawed by the Hdustedyon of
| i ]

TRI zol (r) sol ution RS R .A.). The isolation of
total RNAGHEMRG TRI%%&@%@@@% 3 C%:%%%n o the riEmustadyt urer’ s

i nstructions. The I I at has nded in 50 pl formam de and

frozen atPGEMH6 20Q// 1) E?g ’ Wﬁ% for furiifemdyuse. Total

RNA was simlarly i Sy } %rgillus niger. (CBS 120.49). Reverse
hagbormRithe it LRE,

transcri piGEM-26f t _ m QRIGEOBE as f ol

d i gonucl oti de pri EFERES PYied according to the se%tg%\%%(g dat a

avai | abl e 93 ed PSR aTdRey bargsing thendfEL,QRICAODR.  Fi rStﬁW cDNA

synt hesi s was perfé’ﬂﬁ*é’t%eWMﬁC3Pm usi ng Expand ‘Reverse TIranscri ptase
(Roche Appiringch,Sci @R T Fdbwlreloing she BINORB.fBnAAd) i n co%n%téci on with
primer Em cDNA- 2R aedidiugteror 1 hour followed by heat ina Yion for 2

m nut es #PCB5C. ThePARvVScyipshambdiiagitzadlubINAL ORE fepl i fied _using prinmers Pm
CDNA- 2F adedptRin c DNA: ARerpdiabl € 4) (initial denaturation O 394§ nut es at
1094C; f%HE%X\E% by pBEMAYT HSy kb ME tHeQEHBORS @6m €7C for 30 sec; 72C for 2

mn and albicans (UOFS Y-0198). This study
pKOV136-  pKOV136 harboring the microsomal EH 1 (U73680 .
Tnl ORF from 7. ni. ) This study
pKOVI136-  pKOV136 harboring the gut microsomal EH 2 .
Tn2 (AR035482) ORF from T. i This study
pKOV136-  pKOV136 harboring the microsomal EH ORF from . .
Hs sapiens. This study
pKOV136-  pKOV136 harboring the soluble EH AJ ORF from A. .
Anl niger. This study
pKOV136-  pKOV136 harboring the soluble EH AY ORF from 4. :
An2 niger. This study
pKOV136-  pKOV136 harboring the EH ORF from C. neoformans .
777 (CBS 132). 4 This study
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Sinai elongation of 72C for 7 mn). Forward and reverse priners
(Table 4) were designed to introduce the required restriction sites during
PCR to allow for subcloning of the EH encodi ng codi ng sequences into the
si ngl e-copy vector pKOV136 or the nulti-copy vector pYL-HM. Al non-
15synt het i CORM78ME6TI ng codi ng sequences, except for tRETAB209(/Yei4codi ng
sequences, were' PCR anplified using Expand H gh Fidelity Plus PCR System
(Roche AppkO¥d36ci en¥d@¥)36 lipthoringihe EHORMGomt amkididon tial denaturation of
2 min at 8AC fol | oEOISW-BWN)ycl es of 94C for 30 sec, 'F.%lss Yfor 30 sec
(T., was paOVid@t e pHOVIB% Halterin®iie EHaORMBeanes korgigghbor cal cul ati on

obt ai ned #6 om | nt eqUa@PSdy-BA) Technol ogi es, Coral ville, [Thissiydg, A;

20www. i dt VEIE) V126 Haori N ] final elongation step
was i ncl u% to al ?@Kgy@g@hﬂ gggs%t ﬁe@fzg'g?&%?r% |L?'|)agd Dthis sROR pr oduct s

were el ec eti 1L n i nt GEMe- T Easy. The
EH encodi %@ggﬁ_ ng p‘i((ﬁ?ﬂ%%‘dfboz%{rl%%e g%}%%?ﬁ\%e?%[u%”?npmhjgsaﬂyusi ng

Phusi onT ly géf'nnz s, ,Es i nl and) during thermal
cycling t @%% e 8%@%&%@?@&%0%2 30 seqpalsuAPC fol | oned
by 30 cyc If(i}ﬁf) 084" seq and 72C for 45 sec. The 2-step

anplific as P51 0w8dabgring the selwbleEld QR konSof 10 rgin.al, 72C. The
PCR prod s were C¥ASFREHMI nt o per SMART1' m vect or using the SVART114

cl oni ng KRROV136-  PROESAhAdeiinailic EHORRyroe fuetaess f r om Sol anum t uber osum
was recei%d as a_f(VR§ERNO1%8).oned i nto pPCR-Script (Str ﬁgﬁg).

Vect ors cont ai ni ng MideplEebmpriaegiting saade ngtaeonenRmeXaat 1 Nt er est were

t ransf or n8LHmA G Xland @ra@d! stlective mmkérs. fRunddh andsraioanmb i f Nl enyand

sequenci MgNATEH EHPelicgstomg tieoshihiie BEDAI SsabBleRnHD] eqi®dyto restriction
and sequence anal ygqhs plaghidrcntaind s s@ithe¥t ph t&pﬁgmg sequences fromthe

cloni ng vAOl-Ds T O ptEmeXRAESHIER: MERSOLIAE y‘gJ -
2007/ 010483RCT/ 1B20367 692 144, B Mo P IT368 0 s oy, ng the EH

encodi ng THo seq hdE ot ALk rv‘éo&%l%ﬁﬁ restrinng'g]g{lf nzyme pairs

i ndi cat eqgh,R Tabl e i8S on % encodi g codi fces.

The | i bergted. frag ] \/\él’- L eq int | and Avz-11 |inearized
pKOV136 %fblgifLHnAp J;i]& ?ﬁ%ﬁ%%@%ﬂgﬁ@?rﬁmﬁn, a5y screeni ng
and sel ec of Yi% Y. /ipo/ytica Polg cells

transformants . - C
wer e tra% sd WPt HRQ(;WPW@%B‘bB@/M@RF@Q%ﬂ‘ contTaisstudy t he EH
encodi ng in? seli§€hces (according to the nmethod described by 10Xuan et

al., 198 -pl aP¥Hau barhoisrdinoolnbledie 4 Y ORBfininthout Thisshdyaci ds and
anmoni um fate (#g%r-g/l), amoniumsulfate (5 g/1), glucose (10 g/l) and
agar (15 pyALa)77- pYLHYialvrisoring dlresi 0 ORFridn Cesefmmbjsect $$ to gual itative
activityIbekeeni ng(@BS 13%)n | ayer chromat ography (TLC). nnant s

exhi bi ti p¥LES-act i ¥V LHneLbG1hp IRk ORF - @E RS, 4 sol ation, followed
by PCR s&heeni ng t (UOESigIo) ntegration at the pBR322 dddissmgylssite

(i nt egr apiypipst ar gepyBRRUERRSOring HFmBARENEAY RO8raE0 1 t FARShegnant s for
correct HmA (NCYC 3183).

pYL-46 pYLHmA harboring the EH ORF from R. toruloides ~ This study
HmA (UOFS Y-0471).

pYL-1- PYLHmA harboring the EH ORF from R. foruloides This study
HmA (NCYC 3181).

pYL-692- pYLHmA harboring the FtI ORF from R. paludigenum  This study
HmA (NCYC 3179).

pYL-Ar- pYLHmA harboring the soluble EH ORF from This study
HmA A. radiobacter.

pYL-St- pPYLHmA harboring the soluble EH ORF from This study
HmA S. tuberosum

pYL-Ca- pYLHmA harboring the EH ORF from C. albicans This study

HmA (UOFS Y-0198).
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integration at the pBR322 docking site (integration-target sequence)
entailed anplification of a -1.6 kb fragnent using priners Integration-1F
and Integration-1R in .a standard PCR (annealing at 56C). Copy nunber was
continued using the isolated genornic DNA from positive transformants

(exhi bi ti MyoORNEeET ect PCR product). DNA 20was di gest EHTABP/ 08U and
subjected to hybridization with the leu2 Dl G| abel ed probe. Pol g

t r ansf or ndiabls 4t Bligoruelsbiedt poiosird isedinfBxampletti vi ty, copy nunber and

integrati i — toehit 0200 Y i
shaking at 28C_for 48 hours. Cells were harvested by centrif uBestfigfior(6 000
x g for 5P5mey NagiesheBegnence imdl tp dserignéativad i n 50 nM phosphat sitebuf f er (pH
73) containing 20%glycerol (v/v) to a final 25concentrati on lefiraggoed w v)
and storeg gt 20C f orGEATUCA TEAHIIGEIICITATTOCTAGTGE (SBQ End se%lecti on of
mul ti pl e copy transfol¥@i}s (YL-HM transformants) Y. |ipol y? €& Pol h

cel I s wer e, t.ransf or redi@ETAGNITAICARG G AGTC PGECEET ABREErC180cont ai ni ng t he
EH encodi ‘gm(!g]gisng SeqUENGESSK@ES MiyNg t o the nethod descri b&@lby xuan et

at, 1988)  and pl ated @AY i A A0 aci ds and
ammoni um $uPfafe (1 7 (ﬁgﬁb%sggﬁdgrﬁﬁgcﬁd@gmf %@%%ﬁcosﬁgmzo g/ 1),

(49

casam no acids (29/4 e ﬂg/E . /1 2006/ 002744
Tr ansf or nérEg-Ner e sul@%ﬁ:&é .Q?Q%Gmé‘gg%ﬁl on; ol odel by PCR
screening to confirm 2] einte e - [ i on cassette.
Thi s ent afll eg ndBHHIFS | %‘%{% - é‘%@éw‘gﬁggﬁg‘!@&%ﬁw@nm NA-1 and
PINA-2 in a standard R §)n.g at 50C). 5Po | h transformants that
tested poHl idpeEH IR acidOTAGGYEASTIRGETRCRGEAtE BE0 IBINOEP ang | ncubat ed
whi | e shaking at 28C for 48 hours g%tl_atl onary phase).” Cells were harvested
by centri fugatign 6 GHATCGATEGICE Eﬂﬁﬂ@ﬂ%ﬁ\%}t(ﬁﬂ@ﬁa resu§9,91?ped in 50
mM phosphat € buffer (p®:7.5) containing 20% gl ycerol (v/v) to a final
concent rgﬁilﬁ%r f1.120% @@MG@@'HA@WC’@GC&ACAZ@E(KDKIGAEAIAAT@Xpeﬁii ﬁents. 10
Exanmpl e 27 Funétional (38@IRdHBN of fungal epoxide hvdrol ases?Vf Yarrowi a
|'i pol vdea, 1. c?ﬁf%ucmmmmm@mmm&mmw ti cogy ‘glgM c64)

pl asni ds ‘“dHeeEA- t fgEG Nwe:p) e XPR2P pronoter and (a) the Adfive Y. lip

ol ytica ) CPR2P prepro _ TERR, ' Tri choder ma
reesii 'si‘ériﬁge’ﬁé%ﬂgde%%%%@ﬁﬁb ﬁéﬁ%@‘ﬁg,tbpéﬁg?mﬁgsd,iIadnﬂgf%l i gellucl eot i de

L S R R

)

priners uring t ] . . ! .
respecti Vel omaiaal! € i TAG'OR! RbrSt AR AR PPt AT RER o Nf tIr arns

IR AC (SEQ ID NO:12) ¢

R. mucilaginosa  AGA TCT ATG CCC GCC CGC TCG CTC (SEQ ID

AF NO:13) Betlt

R. mucilaginosa  TCC TAG GCT ACG ATT TTT GCT CCT GAG AGA T

1R GAG (SEQ ID NO:14) v

R. toruloides-1F  GTGGATCCATGGCGACACACA (SEQ ID NO:15) Baml

R. toruloides-IR  GACCTAGGCTACTTCTCCCACA (SEQIDNO:16)  AvAl/Bl

R.araucariae-1F GATTAATGATCAATGAGCGAGCA (SEQ ID NO:17) Bcell

R.araucarice-1R  GACCTAGGTCACGACGACAG (SEQ ID NO:18) Blnl

R. paludigenum- |

IFP“ udigenum- 1 GG ATCCATGGCTGCCCA (SEQ ID NO:19) BamHl
R. patudigenum-

g AAHEETIT GAGCTAGCTCAGGCCTGG (SEQ ID NO:20) Nhel
4. radiobacter-  GGGATCCATGGCAATTCGACGTCCAGAAGAC (SEQ 5 .o
2F ID NO:21) an

A radiobacter-  GCCTAGGCTAGCGGAAAGCGGTCTTTATTCG (SEQ

2R - ID NO:22) Avrll
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Genotype / Description Source / Reference Y. lipolytica Polk Yarrow a
| ipolytica Pold K colt XL-10 Gold Trichoderma reesei E. colt Top 10 R
muci | agi nosa R araucariae R torulo ides MA TA ura3-302, uxpr2-3§\)2;L83
axpl-2) MA TA, ura3-302, |eu2-270, xpr2-322, XPR2P:.-SUC2 Tee r
D(Prcrcé- hIUBRAZ/MOE93173 endA 1 supE44 [hi-1 recAl gyrAg%C?’Eﬁzﬁﬂﬁ"“%é@Hte

[ F proAB lanDML5 Tnl O (Tee)- Any Cami]. CaCl2 conpetent cells #23 #25 #46
Madzak at salpedf0F) ICAGBATCEATEGAGLOMBAT SG1(BEQWBND:23ySA WI' £ VB4 14)

I nvi t ngen USA -

10

15

20

S. tuberosum-1R. GACCTAGGTTAAAACTTTTGATAG (SEQID NO:26)  Awrll
GGG ATC CAT GAC AAA ATT TGATAT CAA G (SEQ

C. albicans-1F 1D NO:27) BamHIL
. GCC TAG GTIT ATT TAG AAT ATT TTT CGA AAA
C. qlbzcm:s»lR AATC (SEQ ID NO228) Awvll
Tnteeration-1F CCTAGGGTGTCTGTGGTATCTAAGC  Integration screening for
£ra (SEQ ID NO:29) Polg

Integration-1R 1(\3&3)5“;%;’)’1‘(3CGC‘rGAGCTGC (SEQ ID llilsizgratmn screening for

INA-1 CATACAACCACACACATCCA (SEQID Integration screening for
P NO:31) - Polh

INA-2 TAAATAGCTTAGATACCACAG (SEQ  Integration screening for
P ID NO:32) Polh -

Underlining indicates the sequencés of introduced restriction sites.

Construction of pKOV136, a constitutive, site-specific, single copy integrative vector
(sTSA transfomants). |

The pKOV136 vector (Fig. 4) was designed to overcome the problems of
inconsistent copy number and random integration in the genome of strains devoid of the
YitI retrotransposon (Pignéde ef al., 2000). The pKOV136 vector is based on the _
pPINA781 vector, which in turn is based on the pBR322 backbone (Madzak et al., 1999)..
The pBR322-based vector allows for site directed, single crossover, homologous
recombination and integration at the pBR322 docking site (integration-target seﬁuence; a.
region introduced into the Polg genome that contains part of the E. coli cloning vector,
PBR322, to afford homologous recombination upon transformation of pKOV136) in the
genome of ¥. lipolytica Polg, thereby allowing expression cassettes to be exposed to the
same level of transcriptional accessibility (see Fig. 33). The homologous recombination
allows for 80% of expression cassettes to bé integrated at the correct site (Barth and
Gaillardin, 1996). '

By combining the beneficial properties of the TEF promoter {constitutive
expression that eliminates possible induction differences and allows for fast and efficient
screening of transformants) from pKOV96 with the site specific integration targeting of
f:he PBR322 docking system from pINA781, it is possible to obtain the ideal expression
system for comparative studies. The system not only allows site specific integration, but

due to the homologous single crossover recombination that occurs at the pBR322 docking
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NCYC 3190 NCYC 3183 UCFS Y-0471 #1 #692 Po |h transformed with pYLTSA
carrying the nEH from R nucil agi nosa (NCYC 3190). Polh transformed with
pPYLTSA carrying the nEH from R araucariae (NCYC 3183). Pol h transforned
with pYLTsSA carrying the nEH from R torul oi des (UOFS Y-0471) Pol h

t r ansf or reWORMIE TSA carrying the nEH from Rt or ul BCEER20PGR0743181)

Pol h transformed with pYLTsA carrying the nEH from R pal udi genum ( NCYC
3179) . Polshe mribhBfigrgmeeneit talso ke tremsforyriation dffideneizbbifia tRnad-aucar i ae
(NCYC 318 nsforomed wt YLHnL carrying the nEH from R

t orul oi de??ﬁ@éﬂé%%&%g%?\ﬁm@?@r med with pYLHrL carrying the nEH from
R pal udi genunThe\RICV S A)pIN RIS vectory Vodre fREE sottel Wit Mc602mA 88 OP carryi ng
the nmEH from R tofrﬂﬁl oi des. (UCFS Y-0471) Pol ﬁ transfornmed with pM c62- XPR2
pre-pro c&FPSNEYLRLOwRERYAilkng ot the 3 researdienss priarSenea PVA polasieses

Plasm ds useehts Bl foldouiengiAls of RREACY B LSRR/ RABHGAn T °© /

Cloning vector with protruding T overhangs used to s romega, clone the

PCR pr odué&tevingiheliberation of itheyT Eispromhiat/gnlimls slenngsite and SIPAgéraiatpy

integrati ¥g tor- cont ai.ni Kart and URA3d| markers. Target
regi ons ar emﬁhe \t?et aﬁl?lgearg%o% Ona%lmﬁ@grgrﬁagactgfl SR &P TR son. The
pl asm d cpMA#8is(2002) the inducible POX2P and no signal peptide Milti

copy int egrati,i(e ttle vector cont ai,niaaig Kan' . _and URA3d4 narkers.
Tar get regi ons-Xrig-1emoies utinleeloque e and L4 dergyinaipr Sagment 88 ot r ansposon.

The i asningérted @it @ietombhifbld SIHATEPLELBAR2: AR icNEPt i de
Single co in}e rati?/% shuttl e vector co%%ﬁ%a%a%ﬂtﬂlg@%%ﬁ%g? mar ker s.

Tar get r eghoH§Ieqie earenseSEQIDNERER olaK Q Vististhown inFigi¥son.  The pl asni d
contai nsThi s SFHABKOV136 vector was deposited under the Budapest Treaty on at

the European Collection of Cell Culture (ECACC) , Health Protection Agency, Porton

Down, Salisbury, Wiltshire, SP4 OJG and is identified by thé ECACC accession number .
15 . The sample deposited with the ECACC was taken from the same deposit -

maintained by the Oxyrane (Pty, Ltd.) since prior to the filing date of this application.

The deposit will be maintained without restriction in the ECACC depository for a period

of 30 years, \or 5 years after the most recent request, or for the effective life of the patent,
whichever is longer, and will be replaced if the deposit becomes non-viable during that
- 20 period. .
The pGEM®-T Easy, pGEM7f and perSmart vectors harboring the EH encoding
coding sequences from the varions sources as well as pKOV136 plasmids, were digested
with the appropriate restriction enzymes to create compatible cohesive ends suitable for
ligation of the FH into the BamHI — Ayl cloﬁing sites of the pKOV136 plasmids.
25 The EH encoding coding sequences from the various sources were cloned into the
pKOV136 vector and used to transform the Pol g recipient strain.

PYLHmA, a multi-copy integrative vector without a secretion signal (HmA
transformants)
30 The pINA1291 vector (Fig. 5) was obtained from Dr. Catherine Madzak of labo

de Génétique, INRA, CNRS, France. This vector was renamed pYLHmA (Yarrowia
Lipolytica expression vector, with Hpd4 promoter, Multi-copy integration selection, A =

no secretion signal)
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t he i nduci bl e XPR2P and the Trichoderma reesei endogl ucanase | signal
peptide. Sanme characteristics as the pMc62 with the defective URA3d4 as
sel ective marker yielding higher copyThis study nunbers (10- 13 copies /
genone). 41 W2007/010403PCT/ 1 B2006/ 002744 Single copy integrative
shuttl e ve¥P3P07808H0%RI ni ng Kant' and URA3dl narkers. ag‘ﬂ’f‘mﬂ@%@"éﬁ‘é are the
zeta elenents of the retrotransposon. The plasm d containsThis study the

i nduci bl e Nepliriz Acidilsglatine, Anmplification.Gloning aud SemdughyefFsitel si gnal

pepti de. ARl sl Skbsih.&S as the pMc62 with the T. reesei
endogl ucaglgse I ggn ¢ ‘ge})ltc%de repl aced by the XPR2Thi s study

pr epr o- r egi on. ThBH todommpquentes foat Somuwsibd-bsamwess SntheariddytiepgAdad and
URA3d4 ma Sy _Tar.get feqgions,are the zeta el ements of Nicaud eta?. the
retrotr ang3 %‘%?oﬁf’ge’i‘ﬁbg“% I(Ig‘f‘s' - ?Bﬁ?’éﬁ’%‘?gﬁ‘fﬁé‘“ @rﬁ’%@& PYRTEO TS phFATt er, hpad
and the | fipaNorth@ardlink8tasd QilAdrsieNbHE CarofdIeL. S AATAE S YlibepdsumIsHS t he

pI NTAI 293 with the defective URA3dl as sel ective marker yielding single
copy nunb®E8 S&IHtEvasSERPdrdior & Aralvisa spinnthias. Thetwtheboendiieni ng KanR and

ura3dl seieqgeincakBrdrBfdssiv &t asHal ! d rough the
ZETA transegosnabl e el em&*nta.S ngag%ggénﬁgﬂ?fﬁpﬁt%Sﬁgﬁﬁﬁg%%ﬁg’ﬁgﬁlg@a’?%mt er,
hp4d, andUth®- Vhe|S; birguimeand| T pd codiga sdquersp iethebtaBietivtitarflabking | NA1313, with

removed BORA T ERnRQRLE i 2 send R s ey nle el g Gy
PYLTHA car ryi rpastiseainEidrimomcinecformundCB8d SN0 R3 Inucilaginosa
(UGFS Y-0137), Rhodosporidium toruloides (UOFS Y-0471), Rhodotorula araucariae
(UOFS Y-0473) and Candida albicans (UOFS Y-0198)) were obtained from the UOFS
(University of the Orange Free State, Bloemfontein, Republic of South Africa) yeast
culture collection and were cultivated in 50 ml YﬁD media (20 g/l peptone; 20 g/l
15 glucose; 10 g/l yeast extract) at 30°C for 48 hours while shaking. Cells were barvested by

C

centrifugation and the resulting pellet was either frozen at -70°C for RNA isolation or
suspended to a final concentration of 20% (w/v) in 50 mM phosphate buffer (PH 7.5)
containing 20% (v/v) glycerol and frozen at -70°C for DNA isolation. Aspergillus niger
(CBS 120.49) was cultivated as described by Arand ez al., 1999.

20 DNA isolation entailed addition of 500 pl lysis solution (100 mM Tris-HCI, rH
8.0; 50 mM EDTA,'pH 8.0; 1% SDS) and 200 pl glass beads (425 — 600 pm diameter) to
0.4 g wet cells, followed by vortexing for 4 min, cooling on ice and addition of 275 ud
ammonium acetate (7 M, pI1 7.0). After incubation at 65°C for 5 min followed by 5 min
on ice, 500 ul chloroform was added, vortexed and centrifuged (20 000 x g, 2 min, 4°C).

25 The supernatant was transferred and the DNA precipitated for 5 min at room temperature
using 1 volume iso-propanol and centrifuged (20 000x g, 5 min, 4°C). The pellet was
washed with 70% (v/v) ethanol, dried and re-dissolved in 100 pl TE (10 mM Tris-HCL;
1mM EDTA, pH 8.0).

Total RNA isolation entailed grinding 10 g wet cells under liquid nitrogen to a

30 fine powder, 0.5 ml of the powder was added to a pre-cooled 1.5 ml polypropylene tube
and thawed by the addition of TRIzo!® solution (InVitrogen, Carlsbad, CA, U.S.A.). The
isolation of total RNA using TR1zol® was performed according to the manufacturer’s
instructions. The total RNA isolated was suspended in 50 pl formamide and frozen at -
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PYLTSA carrying the nEH from R torul oides (UOFS Y- 0471) PpYLTSA carrying
the nEH from R torul oi des (NCYC 3181) PpYLTsSA carrying the nEH fromR

pal udi genum (NCYC 3179). pYLHrL carrying the nEl-1 from R araucari ae
(NCYC 3183). pYLHm: carrying the MPH from R torul oi des (UOFS Y-0471
PYLENL carWi2ey/ee@3 nEH from | L pal udi genum (NCYC 3179FCTIRPE®2I4tRsi gP
can-ying the nEH from R torul oi des (HOPS Y-0471) pM c62- XPR2 pre-pro
carryi ng A€ fefurtherusenTirtal RNAUasistheibuly GORSANE R Ashprgillus nid@ (CBS

2007/ 0104@3P4el/ D32006/ 002744 Tabl e 7. O igonucl eotide priners used in
Example 2 Priner NaneSequence in 5 to 3' orientation Restriction sites

I ntroduced 12.Reverst thenstestiohbCGHEERNAGATGBIAGAGAGATESEQBHYNO 15) Bani nl R

t or ul 0i desy.l AGGCTACTTCTCOCACA (SEQ 1D NO. 16) Avr 111 Bl n

Rt ot DYE A o PR AT At SP e sl able and used

R ar amcarhﬁlwb@ﬁﬁm‘fm%@%%gldci@;ﬁ@& bialiets 343 R Rm & ofBlat/di gent un- 12
m

GTGGAT _GCCCA(SEQIDNQZLQQ
using Expand Reverse Transcriptase (Roche Applied Science, Indianapolis, IN,

U.8.A.) in combination with primer Rm ¢cDNA-2R at 42°C for 1 hour followed by heat
_ inactivation for 2 minutes at 95°C. The newly synthesized cDNA was amplified using
primers Rm ¢cDNA-2F and Rm ¢cDNA-IR (Table 4) (initial denaturation for 2 minutes at

10 94°C; followed by 30 cycles of 94°C for 30 sec; 67°C for 30 sec; 72;”C for 2 min and a
final elongation of 72°C for 7 min).

Forward and reverse primefs (Table 4) were designed to introduce the required
restriction sites during PCR to allow for subcloning of the EH encoding coding sequences
-into the single-copy vector pKOV136 or the mulﬁ-copy vector pYL-HmA. All non-

15 synthetiq EH encoding coding séquences, except for the 4. niger coding sequences, were "
PCR amplified using Expand High Fidelity Pius PCR System (Roche Applied Sciences):
Thermal cycling entailed initial denaturation of 2 min at 94°C followed by 30 cycles of
94°C for 30 sec, Ty~ 5°C for 30 sec (T, Was calculated using the modified nearest
neighbor calculation obtained from Integrated DNA Technolo gies, Coralville, 1A, U.S.A;

20 www.dtdna com) and 72°C for 2 min. A 72°C (10 min) final elongation step was
included to allow complete synthesis of amplified DNA. PCR products were
elecirophoretic gel purified and cloned into pGEM®-T Easy. |

The EH encoding coding sequences from 4. niger were PCR amplified using
Phusion™ DNA polymerase (Finnzymes, Espoo, Finland) during thénnal cycling that

25 entailed initial denaturation of 30 sec at 98°C, followed by 30 cycles of 98°C for 10 sec
and 72°C for 45 sec. The 2-step amplification was followed by a final elongation of 10
min at 72°C. The PCR products were cloned into perSMART™ vector using the PCR-
SMART™ cloning kit

The synthesized coding sequences from Solanum tuberosum was received as a

30 fragment cloned into pPCR-Script (Stratagene).

Vectors containing the EH encoding coding sequences of interest were
transformed into XI-10 Gold® E. coli for plasmid amplification and sequencing. The EH
encoding coding sequences were subjected to restriction and sequence analysis before

transfer of the coding sequences from the cloning vectors to the expression vectors.
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R pal udi genum 1R GAGCTAGCTCAGGCCTGG ( SEQ | D 140: 20) Mei ATC GAT AGA GAC
COG GIT GGC GO (SEQ I D N0 39) Clal AAG CTT TTC GGG TOT GAG TTG ACA AGO
(SEQ ID Hin din NO 40) TCG GAT CCG GTA CCT AGO GTG TCT GTG (SEQ I D Bwnl | |
NO 41) GAG GAT CCT TCG GOT GTIG AGT TGA CAA GGA G Bamllt@glz%ggo NO42) 1,
' CCA CTG WORMIZATMMAG CTT TTG TC (SEQ | D NO 43) AGA TT&C

CGA GO (SEQ I D NO. 44) AGA TCT' ATG CCC GCC CGC TCG CTC (SEQ | D NO 45) ch
TAG GCT ACG AFfhelcloanigyRcioBToGABIAGE K8 EQeodngNeyub)esindetrtadadi ng

i ndi cat es r 2007/ 010403PC
T/I82006/8@§?x%@%%%gﬁgm§%wgh d@gggﬁg ﬁﬁ%gzhn ?%Fﬁgg%§m§ﬂ§%%95mﬁkctors
cont ai ni ngequbeest rongl y i nduci bl e XPR2P or the qusi -constitutive hp4dP and
different sig S _Genom ¢, DNA i poI tica and T reesel was
prepared fro n%l%eﬁ%;g%-a t?WPr@jlg@tF‘?JWtPg é@e% de! Oﬁﬁé cells were
har vest edofyYIo@AA ek prdgamivetofs10 M n, 4 C 5000 X g) washed twice with ice
cold sterile water and suspended in ice cold sterile water to a final

concentration of 20 % (wv). Cell suspensions (3 nil) were aliquoted into
10 M Pyr exddstoridB6s 224 1 o1 S101el0 1) . The
super nat ant Was di scar ded pE 0es T m DNA lysis
buf fer [100 mV- 'hpq;lgtzqq@_plgpﬂs were transformed w1th Notl lmeanzed pKOV136 vector
containing the EH encoding coding sequences {according to the method described by
10 Xuan et al., 1988) and plated onto YNBusgpo plates [YNB without amino acids and
ammonium sulfate (1.7 g/), ammonium sulfate (5 g/l), ghicose (10 g/1) and agar (15 g/l)].

Viable transformants were subjected to qualitative activity screening by thin layer

chromatography (TLC). Transformants exhibiting BH activity were subjected to genomic
DNA isolation, followed by PCR screening to confirm integration at the pBR322 docking
15 site (integration-target sequence). PCR screening of Polg transformants for correct
integration at the pBR322 docking site (integration-target sequence) entailed
amplification of a ~1.6 kb fragment using primers Integration-1F and Integration-1R in.a
standard PCR (annealing at 5 6°C). Copy number was confirmed using the isolated
genomic DNA from positive transformants (exhibiting the correct PCR product). DNA
20 was digested with 4pal and subjected to hybridization with the leu2 DIG-Iabeled probe.
Polg transformants that tested positive for activity, copy number and integration
site were inoculated ﬁnto 200 ml YPD and incubated while shaking at 28°C for 48 hours.
 Cells were harvested by centrifagation (6 000 x g for 5 min), washed with and
resuspended in 50 mM phosphate buffer (pH 7.5) containing 20% glycerol (v/v) to a final
25 concentration of 50% (w/v) and stored at -20°C for future experiments.

Transformation agg_selectidn of ymultiple copy transformants (YL-HmA

iransformants)

Y. lipolytica Polh cells were transformed with NofI linearized pYIL-HmA vector
30 containing the. EH encoding coding sequences (according to the method described by
Xuan et al., 1988) and plated onto YNB.s. plates [YNB without amino acids and
ammonium sulfate (1.7 g/I), ammonium chloride (4 g/1), ghucose (20 g/l), casamino acids

(2g/)-and agar (15 g/].
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108), 50 nM EDTA, 1 % SDS] and kept on ice. One volunme of glass beads (200
gm) was added to the suspension and vortexed for 1 mnute with i nmedi ate
cooling on ice. The supernatant was renoved and mixed with 275 ul 7 M
ammoni um acetate (pH 4) and incubated at 65 C for 5 mn. Chloroform (500
pl) was ad¥ORHMM4Phe mi xture.was vortexed for 15 sec PFI/EF0pe02744
centrifugation (10 mn, 4 C, 21 000 x g). The supernatant 15was renoved
and the genomi &ranpiamwats wercbjottedtocmnamiic PNIA moibiuumfodibwad;bzp?@banol for 5:

mn at ro ere r.i.fugation (10 mn,
4 C 210 éc?eéﬂg%tg r%?%&?@‘\m“f% Spicis-t §‘°’S g L et (v/ V)

et hanol . 'ﬁmghﬁtanprhﬁa/bdsﬂ Idefidgiichtigag ptimers pINA4 eﬁdpmm@ama@arﬂfmr whi ch
t he et han vvqs éﬁlogat ed and the pellet dried under vacuumin a SpeedVac
(Savant , FRIFR l et containing the isolated 20DNA was di ssol ved in

50 gls1. E bUf deilh[tﬁhﬂsf&ﬂMafﬂﬁﬂaﬁeﬁtB&'b&ﬂ&)a f@frhgtxﬁty@éréﬁggﬂat&ﬁﬂio@whﬂg 5 mg/
-20 C for future use. A ification of the XPR2P

RNase and ored af
regi on frma@ﬁlm‘}%ﬂt@ﬂt‘i’%ﬁ@% % g8 oot ﬂaﬁ@lagnﬁllﬂm?%pwewe regl on

ol yi 1 caetediabiifa iR obe  HEoitp), 6B Sl (SRPBIIC YD | O
used as t E%Pbﬁséh@hﬂffﬁg(pﬁ PHRontainag 0N glyaetné (ﬁ/@ncaﬂnadabnq&amonbf t he XPR2P

fromlr. ncl udi t he prepro-region as signal
peptide (Fi g%é'? anﬁ H:e pa&%&aﬁg@%cl %‘gsnase | codi ng sequence
(conf@&aining the 66 bp signal peptide) fromT reesei (Fig. 6). PCR
anplification of the Y. |ipolytica XPR2P, the partial T reesei

endogl uca | ,¢co .
pr epr o- relez T Rsi gP- 1F

gnal expiression @ inneal ep l i il

~and TRsi gp- @&gﬁﬂnﬁ%ﬂéf £ ? Ef-r‘? ia«gmﬁ respectl vely.

-(Ij_he regcéédﬁ@alﬂhéttb'é'ﬁdﬁﬂﬁle E‘ pal; fca POUS' y

escri be -
2007.{50104%%CT/%€BH§IQ%§%3 ‘%lsﬁ%natlﬁgptél ®gnal pepti des
into the shuttle vector To obt a| n het erol ogous expression of the EH coding
sequencele(n‘OMalstrq]nﬁ,plasmHIs,ﬁﬂdeoltgbmﬁdﬁ:Msﬁ4 was chosen as a basic
shuttl e vector e us as .a backhone, to c ns ruct an expressjon vector
cont ai ni ng théﬂ’lﬁﬁ’fdﬁ gﬁﬁ??’“ﬂ%ﬁﬁ? F BeH gt P

pr onot er suudﬁalﬂ(ehs‘nﬁitm‘lﬁblﬁdﬁ%laﬂﬂdré&ﬁ&mﬁw aced with the XPRZP since the
XPR2P was shown to be anpbng the strongest native pronmpters present in Y
/ipcilytica (Madzak et al., 2000). This was acconplished through the
rempeal ofaptdw m@@&ﬁ%ﬁggﬁgﬂé@stri ction enzynes C/al and Banal"'
and replaced with the PCR anplified XPR_10reaqion containing Clal and

BanzHI fls'}piﬂlpg restri c&eor}yglltﬁesmTo veri fy t he presencgupée /t he

tion Reference
Y. lipolytica Polh  MATA, ura3-302, wepr2-322, axpl-2) ?ggg;;k et al.
Yarrowia lipolytica ~MATA, ura3-302, leu2-270, xpr2-322, Le Dall et al.
Pold XPRZ::8UC2 (1994)

Tet' DmerA)183 D(mer CB-hsdSMR-mrr)173 Strat
E. coli XI-10 Gold  endAl supFE44 thi-1 recAl gyrd96 reld] lac Hie Usiage“e’
[F’ proAB lacl?ZDM15 Tnl0 (Tet) Amy Cam'}.

Trichoderma reesei WT
(QM9414)
E coli Top 10 Invitrogen
. coli Top CaClz competent cells
USA
R. mucilaginosa #23 NCYC 3190
R araucariae #25 NCYC 3183
R. toruloides #46 UOFS Y-0471
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XPR2P in the new vector (designated pMc62), the vector was digested with
EcoRl and EcoRV and the presence of the new pronoter was confirned by
restriction analysis of the PCR products. 15C oning of the endogl ucanase |

signal peptide into the pMc62 shuttle vector The pM c62 pl asnaid
cont ai ned WREUNTNMOY | nduci bl e, XPR2P pronoter to drive PRTABEPHIUAr essi on,
but was still hanpered since no secretion signal was present to direct the

t t | Ll t. Th dogl I
protein tg the extracel Lyl ar environmen e endog uca&gegcél_n?ljegna

pepti de from T Feesei was cloned into the pMc62 vecto ct protein
e,.of the c 20C oni ng of the partial endogl ucanase |

to the out
codi ng segsupe (UL th c62 vector was achi eved by INGEE38HF of the

di gested part.i al endogl P6 ANASR b EPH T carryi ng BanH and Bl nl
restricti g’ﬁ‘ at thm g,ﬂo gmcﬁ%g £ jf ﬂ?ey) i nttos stily Bar || |
Bl nl di gest ed EM c62 pI val o0 he rest of the unwanted

regi ons (425 t he 66 edm S ® endoffiseaiyase | coding

sequence entail ed using P fo 1 nstr-lR (Table 7) in a PCR

reacti on. YL-46 TsAThe Pmﬂi%ﬁgg RS\l qés W5 ume Bifis @QyP|

containing 0.5 gl plas W@(U@Sp‘ﬁ@fw%f each pri rrer 0.2 nmM of

each dNTPY(dATR dTTP, YiFsArapyingthcer 2 @ﬁ of nucl ease

free water and 5 units W@%ﬁdwfﬁfﬁ eSHpIBiE Hi gh Fi Tlty DNA

pol yrer asgy (@dded af t er PPHi tranafortdetwaithip Wk Tsdncadying tig ther% (fﬁrC' ing).

Thermal cycling consi st edtbfrord @&npaludiptriner(NCYIC B78).n at 9 Sft'b | oned by 30

cycl es ofrﬂ ation poih t@nkrmdbwsiesYLHANRRAihNGeOf P FhB (58 C for
ongat %St‘ﬁ

g T( r) Easy and

30 sec) on (68 fﬁE‘[—Dfroxﬁm;razumﬁda(N@Y@mdeg el ongat Pme of 20 sec
per cycl e‘h"@*{‘#@ st ePo X trabBfofthéll Wih fhermed to conplete

el ongati o anpl i mﬂﬁ@ﬁg{dm[m d@@g@ 1/ 010403P tad¥2006/ 002744
The PCR product was |igag P GRE LS

desi gnat e8LEH? Fatdi ¢ pl aﬂgﬁjﬁmﬂ' |% v rrentTlﬁs:smtyal ni ng Dral
and Bl nl restriction si i’éﬁ%@aﬁm ectively) was |igated
into pGenYhr¢p XsEBsigPf or @2% &l}%ﬁ” Titgs dnidgat i on was
performed to propagate % M?r |on vector in E. colt
cells, sivicdoDral and g5 ‘:’a’%‘)@@ H¥Ptes to circularize the
PCR f r agri&sXPRSsigPsel f - p “8?’8 feﬁffq’zdesrﬁgwgéié? dMeesedyon of the
chinmeric plasm d using and Bl nl liberated the -5.4 kb

pM c62/ 64- TRsi gP shuttle vector (harboring restriction sites Dral at the
5' end and Blnl at the 3 end). This was verified by restriction

10di gest i'tablec Pidsni@seb@/iBAmpRs gP with Dral | Binl. The PCR

anpl i f i ed—reg-oR—containing fhe XPRPP inclyding fhe prepro-reqion

(cont ai ni d al riction sites at the HBoumed 3" sites
respecti \/ﬂei%nglﬁgvas Illéglgg"&%%H akteﬁtﬁn (r) Easy and propagatradereiiceE. coil .

| nsertion of the pr e@lonmg@mtmwmipxbﬁ@dmgif’overhangs used to sub-

pGem-T® Easy clone the PCR producis amplified using Tag DNA Promega,
polymerase. UsA
Single copy integrative shuttle vector containing Kan’

TME2 and URA3dI markers. Targst regions are the zefa Nicauvd et al.

elements of the retrotransposon. The plasmid contains (2002)
the inducible POX2® and no signal peptide
Multi copy integrative shuttle vector containing Kan® and
M6 URA3d4 markers. Target regions are the zeta elements of Nicaud et al.
the retrotransposon. The plasmid contains the inducible  (2002)
POX2® and no signal peptide
Single copy integrative shuttle vector containing Kan®
and URA3d1 markers. Target regions are the zeta

pMic62 clements of the retrotransposon. The plasmid contains This study
the inducible XPR2® and the Trichoderma reesei
endoglucanase I signal peptide.
Same characteristics as the pMic62 with the defective -

pMico4 URA3d4 as selective marker yielding higher copy This study

numbers (10 — 13 copies / genome).
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XPR2 codi ng sequence into the pM c62-TRsi gP +46 EH plasm d entailed the
partial 15repl acenent of the XPR2P with the Ndel and Dral digested

pGem T(r) Easy vector carrying the 1375 bp XPR2P and the prepro-region.
The pM c62/ 64- TRsi gP expression vectors contained the Dral restriction
site di rec¥Pgoo7ame with the endogl ucanase | signal PEPPPUHE»2%t th t he
Binl restriction site at the region downstreamof the Dral site for
insertion of the codPmglesepirkgrtivs shifif sedstcomtiving&an'cont rol of the

pronot er: A Dbl usid ERvBd( lrekeb). Thrgstirtgdnswresthquargosel y i ntroduced to

~al | ow noreMicbZEREH i tlyménts dfeliamirofangmema Thdplesnsid t@Sainsi NCThik kady
construction of the thegidotivie MARZEshdtReTHBAbIdRk fecdiONi Ng site (MCS) to only
Dral and Bl nl. The bbndaglu@ﬁﬁbegeigﬁﬂq,b@ﬂieby the Dral digestion would allow
the ligation of any Bimdtha@eehidiRs bdthe m&a@@%ﬂgﬁb&s@munt of restriction
enzymes tsMREDerepivededde luéaklﬂ,%tl's%ﬁal%tept BReephrce®BindivPREt | Y i ki@e with the

signal peptide. The ﬁgﬁ @J ite of |nsert|on makes the 1 nsertion of
the coding sequence giuidd h@%aﬁggﬁt@&cﬂ&g ord entation problens,
since the,;ugsdsangs gRAGILGALL

ar nd woul d
not all o .l igat QFEtrSEra $4 ezmge &‘eﬂtggﬁpgfgﬁg plagsm d. 30
Cl oni ng e EH co ﬁgt SE&(F ro “#46 0 pM c62

The anplifi catl on ofEY h% E‘E@ performed using
pri mers EPH1-1F and %ﬂ‘% }rsﬁft; c?filsr S’B et g‘ﬁ"&“’ Bl nl sites

respectively resulte ey eﬂ?i"e product was |igated
into pGe ggl‘&gr@é Easy" “Etbr‘ﬂén§JL 8e %Wafaﬁ E‘é‘e’f?%omspcw RRQABLN2744
pr opagat pl astfi Sonming Al | FRhY Hyesparkerp fapdom o per with

pM c62 were di gestedﬂWHaHOW@P%H@eﬁmﬂm@H@mﬁéﬁTéd into the ‘expression
vector carrying the ‘ppesbleclepenclherplasaidnoatonss die sypibelite protei ns. The
resul ting vector corfaieipnjpdsandrhe Edinslytienb@gIsignalmsptidel si gnal pepti de
(PM 62/ Bfcofdg si gP)Siméler taeBN 4B evitphpddaclead WiB TP + 546E11.

I nserti onggf tihe pr epemoterayiddh lipthidid. IXPRgnat sediienge sequenc @hissindy t he

pM c62- TRsigP + 46 ®Hoyddasnid, to replace the T reesei endogl ucanase |

si gnal ent aY1dBAtcheyipg el mEH fiepl A eroBRin®es the X th t he
Ndel and(ij%ﬁ“?jalc‘fS I gest@CYUkIwy. Easy vector carrying the 135?6?)‘ %PR2P and

t he prepr 1255 ARGk Weldh9m £0fn B Pk AWV P! asm d (pYL-HML =
pl NA 129%) %‘cgﬁ‘% ni ggg_)he qua5|g constituti \?e ﬁp4‘f:1 and t Fhisg@dy ve

Y | Iyt i d
from br - PUALHS 'Caﬁmﬁ%?%%‘%?%‘?%%ﬂwﬁ’&dﬁﬂﬂ’%ﬁe s,

France. "This—vector THSGAS Wion
ey ect T sully = LLP2

vector, \mYiLhl Hp%l4 pr.ﬁter
Secretl of—Si yncu ;

pYLTsA carrying the mEH from R. palud:germm .
pYL-692 TsA (NCYC 3179). This study
pYL-25 HmL g}’glégmL carrying the mEH from R. araucarice (NCYC This study
PYL-46 HmI pYim’gf;IlnL carrying the mEI-I from R. toruloides (UOFS This study

pYLHmL carrying the mEH from R. paludigenum .
pYL-692 HmL (NCYC 3179). This study
pYL-46 pMic62-TRsigP carrying the mEH from R toruloides This stud
XsTRsigP (UOFS Y-0471) s smdy

YL-46 ic62- . i
P pMic62-XPR2 pre-pro carrying the mEH from R. This siudy

XsXPRSsigP  toruloides (UOFS Y-0471)
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Cl oni ng of the epoxide hydrol ase codi ng sequences from R torul oi des
(#46), R 20pal udi gentun(#692) and R araucariae (#25) into plNTA 1293 The
El Il coding sequences fromR toruloides and R pal udi genum were anplified
using priners EPHL-1F (Barnll0 and EPHL- 1R (Blnl), 692cDNA- 1F (Bani- 11)
and 692cDNEORR7(OMEOI (Tabl e 7),. respectively. The Nnhel PEEERIOPR2YH site
was i ntroduced into 25the sequence of the R pal udi genum EH by neans of
priner 692- cDORible 2ROliZervkleotite privierosedin@yhmple2e coul d not be introduced
at the 3—e rE—CCeh e Z T WS = V=R VAT-Y V=Y - V- V-Wrat SWr- . =] =
restricti pAm&iNagei N hasdMay il Htdd bitfaldd Cc0di Ng sequencRestiiger sitgsest ri cti on
yi el ded a—3'—end conpatibhle to the 5 end of the plasni dutgiret dj gestion

with Rini R.tryggiges-l}i"gatiﬁ?ﬁTC&K‘FGWEABA%E%%ﬁQJ%he BM_, /. Mel sites were

destroyed with no 300t her new usetul site ocCurring. BMHIIhe anplified

products re |igated Wr Easy vector. The pGemr Easy vectors
cont ai ni rf(iﬁffrﬁ‘éxdeé enzy ¢k . F%Wf?‘*t‘}i)‘g‘cfé@?m}ii ni ng"”’lnf‘ng Bar nH and
131121 restriction sites) and R araucariae (contaiiing the Bamll and BM

restricti Off"rieEdy wer BATTAGESATERATSARGCACHASIN RAIG1Bh of BErnl E and Bl nl to
rel ease the BT insert fromthe 3 ' . :

pal udi genfiftrrcriatiBd | nfACGIAEGTOACERLSPCAGASRQEIDNMONG WO Bl

2007/ 010403PCTEB2006/002744—the—BarnH—and-—Nael+restri-eti-on—sttes) was

| i ber at edR frlggetdnelFp| asTaEAThaSKEEITECOYA (BEges D) of the gh@smid with a
conbi nat of—Ba an el e | ibe ed en ing ent s were

| igated | Dpaudidenmanri zeghUTNAEPOHAICE6H1 (S5 ONORBRT | zed usjgg BanzHI and
Bid) as previously described Correct clones 5bcarrying the ElIl fromR

t orul ai degppugre desi gnﬂﬁggg ? | k5 Ad6HM) - It pal udi genunz
were designated pl NAI 293+ é&%ﬁ Eé%@ﬁ“??z‘ﬁ%%i aﬁg_ Rh%?aucari ae were
desi gnat RB-'i%i'ﬁ" 293 +24GdERcCreicaZbdtocaTTG: (sHdast ri ction anal ysi s

on e

per forme vari cis33pl asm ds (carrying the di fferedf®™®H codi ng
sequences,@éig%i ng different conbinati ons of enzynes reveal ed the
€

correctn ¥ ot he cdHEATGEAESGGECOEREAC GEQEP N@#Dat i on FeHlpr esence of

signal peptides. Verification of the |Iinkage between the signal peptides
and the r &t i ve EHASTAEEHEIATEPAGCTERUEERBNG3F) t he @dic pl asmi ds and

YL- HML pl asm ds i f the all the constructs carrying
the EH c@%regwmncg%%%i%@gg{}ﬁngggﬁg GGAGREFRP ofprithe si gnal
peptide in frane with the EH codi ng sequence | ocated downstream of the

rel evant doestiFi cti on siAascCEadbLCTO)cacci@RNE MoRHP403PCT/ D32006/ 002744
Table 8. Verification of the |linkage between the signal peptides and the

respect i venstirencodi ng;g@gh MhERAIRBERECE 2ERW HoShanal p

s aa= - a NN e e =

TEF-1F ATC GAT AGA GAC CGG GTT GGC GG (SEQID NO:39) Clal
TEE.IR AAG CTTTTC GGG TGT GAG TTG ACA AGG (SEQID . ©
NQ:40)
<igh1F TCG GAT CCG GTA CCT AGG GTGTCT GTG (SEQD o
NO:41)
o GAG GAT CCT TCG GGT GTG AGT TGA CAA GGA G
sigh-1R (SEQ ID NO-42) _ BamHl
Raprobo.iF CTT CCA CIG GGC CAC AAG CTTTIGTC (SEQID  Hybridization
NO:43) probe primer
Rm-probe-1R AGA TTG CGA GGA TCG TGC CGA GG (SEQ ID NO44) | ybridization
probe primer
R cDNAE AGA TCT ATG CCC GCC 0GC TCG CTC (SEQID Belll
NO:45) o
TCC TAG GCT ACG ATT TTT GCT CCT GAG AGA GAG
Rm ¢DNA- CCTAGG
cDNA-IR (SEQ ID NO:46) Avrll

Underlining indicates the sequence of introduced restriction sites.
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peptide Restric- tion site EH origin Deduced protein sequence pM c62/64-
TRsi gP + 46 EH Endo- glucanase | Dral R toruloides .. RATAK, VAAFKMATHT

FAS (SEQ I D NO 47) pM c62/64-prepro + 46 Ell 2LDR2 Drat R torul oi des
El PASSNAKRFKVATHT FAS (SEQ | D NO 48) pYL-25HnL L1P2 BanHl R. araucari ae
. SEAAVL KEREBHERMS NEA (SEQ | D NO 49) pYL-4611nl L1PBCBIRNG00RT44

t or ul oi des
Construction of smgle~ and mwuiti-copy shutile vectors containing the strongly

inducible XPR2" or the qusi-constitutive hp4d” and different signal peptides

Genomic DNA from ¥. lipolyiica and T. reesei was prepared from 50 ml YPD
5 cultures grown for 5 days at 28 °C. The cells were harvested by centrifugation (10 min, 4
°C, 5000 x g), washed twice with ice cold sterile water and suspended in ice cold sterile
water to a final concentration of 20 % (w/v). Cell suspensions (3 mi) were aliquoted into
10 ml Pyrex® tubes and centrifuged (10 min, 4 °C, 5000 x g). The supernatant was
discarded and the pellef was suspended in 1 ml DNA lysis buffer [100 mM Tris-HCI (pH
10 8), 50 mM EDTA, 1 % SDS] and kept on ice. One volume of glass beads (200 psn) was
added to the suspension and vortexed for 1 minute with immediate cooling on ice. The
supernatant was removed and mixed with 275 pul 7 M ammonium acetate (pH 4) and
incubated at 65 °C for 5 min, Chloroform (500 ul) was added and the mixture was
vortexed for 15 sec prior to centrifugation (10 min, 4 °C, 21 000 x g). The supernatant
15 was removed and the genomic DNA was precipitated with 1 volume of isoprbpanol for5:
min at Toom temperature. The DNA was recovered by centrifugation (10 min, 4 °C, 21
000 x g) and the resulting pellet was washed with 70 % (v/v) ethanol. The sample was -
centrifuged (5 min, 4 °C, 21 000 x g) after which the ethanol was aspirated and the pellet
- dried under vacuum in a SpeedVac (Savant, USA). The pellet containing the isolated
20 DNA was dissolved in 50 pl TE buffer [10 mM Tiis (pH 7.8) and 1 mM EDTA]
containing 5 mg/ml RNase and stored at -20 °C for future use.

Amplification of the XPR2" region from Y. lipolytica, the endoglucanase I signal
25 peptide region from 7. reesei and the XPR2" inclading the pre-pro region from Y.
lipolytica

Isolated genomic DNA from Y. lipolytica and T. reesei was used as template
duﬁng aPCR to amplify the functional part of the XPR2® from Y. lipolytica, the XPR2®
30 including the prepro-region as signal peptide (Fig. 5) and the partial endoglucanase I
coding sequence (containing the 66 bp signal peptide) from 7. reesei (Fig. 6). PCR
amplification of the ¥. lipolytica XPRZ, the partial T. reesei endoglucanase I coding
sequence and the XPR2® containing the prepro-region entailed the use of primers XPR2-
1F and XPR2-IR, TRsigP-1F and TRsigP-1R and XPR2-1F and XPR2(pre-pro)-1R
35 (Table 7), respectively. The reaction mixture was subjected to thermal cycling as

previously described with annealing of all primers at 57 °C for 30 sec.
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... SEAAV2QKREGS1VI ATH TFAS (SEQ I D NO 50) pYL-69211nL 111P2 &Ml R

pal udi genunz SEAAVLQKREGSVAAH SETA (SEQ I D NG 51) The

nucl eoti de sequences were translated into protein sequences using DNAssi st
5Ver. 2.0. The deduced ammp aci d sequences of the signal peptides, -
restricti oWOSPA7@04DNt r oduced and EH are italicized, un8EFBAPIRiY
illustrated in bold, respectively. 3. Construction of a single-copy
pl asm d (pYL-TsA) containing the constitutive 10TEFP and no signal peptide

The quasi St | ' N romyter..{ Madzgk et _at, 2000) was repl aced

Wi th th gg%g‘rfé ‘ifﬁ*ﬁléi%ﬁzrég‘%%?‘g%@#’%%ﬁ F‘g? ﬁ‘e“tsg'é‘%ﬂ?"’i%%) i)n the

nono- i nt egr at i Teohtdin heterdlogbiNAkBrkSidnNf R EH @Mindlkequifi2in ¥. Thayasanef the TEF
pr onot er ali deﬂ%# he activity 15 screening experinments, since the hp4d
pronot er &Y 655 a8 ehogerasridaie st veetgictp ibg asedep Abeckbeng tt at i onar y

phasey, whk@asat Hrekéibn %ﬁﬁ%ﬁ&mﬂg ?é%?ghﬁﬂﬁﬁciﬁlé&j’ﬁf tpf‘t?ﬁﬂﬁ&.sﬂé) ntolimt

I nducti on deferenges bet ween yeas rown during activity screening and

on flask YA POFErmpaier 5y tbapatiae plasmid Wuepibeedwich the SPRFeeinasitheh t he TEF
t b PG o ' i cLi i £ l.owed by the PCR
promot er gk A Cidwrada0 Qﬁnl;%%%% ILthJél%gs? Mﬂg@ %r:,olglrn%e?és‘gr_gs:efltg 153?11#%% y the

removal of the LIP2 signa usin R - si gP- 1R
The puri f(MafzeGRah 3000) Ehisass tecemphighedittdugBieBinantothadididal LONEr e Hi ndTTI

di gest ed gl ate DNA but t e .PCR pro t 0 pr.ev
recircul5%| §%|onk% _ §SF@#6F£@@”%&EP“HWEB@B@Hﬁ%ﬁ%&%@ﬁﬂﬁhggﬁ%gnitant
t enpitat e regiot ewritining G¥ulahd BoAHB{GkiTRtEOILHOM %ﬁte@.pﬂﬂveﬁgyglﬁ& pRBenceldtend’CR
roduct L.l owed to 007/ 010403PCT/ | B2006/ 002744
P V%Rﬁ i (e Hew vectorv(\ges?gnated pM?c62), the vector was digested with EcoRI and
EcoRV and the presence of the new promoter was confirmed by restriction analysis of the

PCR products.

15 Cloning of the endoglucanase I signal peptide into the pMic62 shuttle vector
The pMic62 plasmid contained the highly inducible XPR2P promoter to drive
protein expression, but was still hampered since no secretion signal was present to direct
 the protein to the extracellular environment. The endoglucanase I signal peptide from 7.
reesei was cloned into the pMic62 vector to direct protein to the outside of the cell.

20 Cloning of the partial endoglucanase I coding sequence into the pMic62 vector
was achieved by ligation of the digested partial endoglucanase I coding sequence
(carrying BamHI and Bl restriction sites at the 5° and 3’ ends respectively) into the
BamHl / Binl digested pMic62 plasmid. :

Removal of the rest of the unwanted regions (all but the 66 bp signal peptide) of

25 the endoglucanase I coding sequence entailed using primers Constr-1F and Constr-1R.
(Table 7) in a PCR reaction.

The PCR was performed in a total volume of 50 i containing 0.5 pl plasmid
DNA (250 ng), 2 pmol of eac]i primer, 0.2 mM of each ANTP (dATP, dTTP, dCTP,
dGTP) 5 pl of PCR buffer 2, 41 pl of nuclease free water and 5 units of Expand Long

30 Template High Fidelity DNA polymerase (added after initial denaturation during thermal
cycling). Thermal cycling consisted of denaturation for 5 min at 94 °C followed by 30
cycles of denaturation (94 °C for 15 sec), annealing of primers (58 °C for 30 sec)
elongation (68 °C for 5 min with extended elongation time of 20 sec per cycle). A final

step of 10 min at 68 °C was performed to complete elongation of the amplified product.
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circularize using T4 DNA ligase to join the conpati ble BanH ends
resulting in plasmd pKOV96 =pYLTsSA. The EH codi ng sequences of #23,
#25, #46 and #692 were anplified as described in Exanple 1. 5The anplified
EH codi ng seguences and the pKOV96 = pYLTsSA plasm d were dizgested with the
appr opr i atEORPYININMEZ i on enzynes to create conpati bl e cOREFRVL QAR
suitable for_ligation of the EH codi ng sequences into the BanH -Ain-11

cl oni ng st EeRCR prodps wak ligateddntorpdasmid venigr pGenpiTa FasyandiiviigRB8ASA, pYL- 25TsSA,
PYL- 46Ts AchhriP¥lasm@92TSA. I D Transformation of integrative vectors into
Y. | Qolytk Nod |inearized pMc62-TrsigP, pM c62pre-pro, pKOV96

pYL- TsA) and pMiekrsulting t-6igr Btgment emtiining Dealont Bl ragicticesits itk £#nt  EH

bol 0 and Bo RSHERHERET s e R Bl oY Sertingepaibshmetc ne” o o
essertd i al plysnilé.stheiligatbnbyhs Yedfnel idrofak®8 Be pMic62/64-TREgPUpfesaa Pol d

transforman% sw\éfr%‘}grovm on_sel ective YNB casam no acrd nmedia [ YNB w t hout
ani no aci USWhtf &rtbHisuimesdirebind finl dp ngy haye copppbpleiiesgp syculagedisse (20

9/1), CaSP(gR ﬁﬁdgrﬁfgﬁﬁﬁsé@p%ﬁaﬁoﬁﬂgi @&ﬁﬁo%@er%i%gslion SahORlfS i iskid SOl at ed

after 2 - f inc ion at 28C as posrtive transftformants

5 days o
cont ai ni n@il{glﬂ@f‘ai/ #deRirldiborntagiths <54 klopMiR02/64I8sigR shuttle vectoF (hartioting
t f 'S t t ) Y- TEEP -~ T1SA) ., ..cell
S s AR A B

cultivated in flasks contai a Wt h
shaklong. ditrstienedfitise pdics2/hbTReigP edthiBrak/abitl i f ugation (5 min, 4 C, 5000 x Q)
and the cell ular acti.an. was separ at ed t he. sypernatant. The cellul ar
fracti on was vi\g%ﬁé’ aﬁ?ﬁ%@ﬁ’é’ﬂ@?ﬁ@ﬂmgﬁmﬁ#&%’&?@“ﬁﬁq‘@@“ﬁww pH 7.5,
cont ai ni rigor2&uid he/CIY] DY Pa kdstricBorbsifes Mdhe $'OME SNifed dspurtiAfly) s %0 (W V) .

d ycerol wa adde&géolft he supernatant to a _final concentration of 20 %
(viv) and'éfe iephe- o'?ﬂﬁ%ﬂl&@)r?wgw@%m@I&avmqep.fthvmmg@naft_hand |
super nat aYPRAdodiak sQuEndYehS tﬁermﬁ@-@ks{i%ﬁﬁ 46 RO ladnlil BESI1d e r}aaﬁf;l li polytica

Pol d or Pol h transfonnmants carr%l ng e intedrants %ontal I ng the

304 35pR2 peRlpnemew of the BRR 25 mith ha D prdeDral digestedt pGenulT? Basit edtoi n 1/ 8t h vol ume
liquid YRR-R i i i ' g s for 30 hours (late exponenti al
to early stat?f)ﬂﬁg?gﬂﬂﬁ‘gg%?%?ﬁ%g’%@g lif"%@lﬁcel | s were harvested by

centri fugat i oAb¢ BEUBO2/64¢] RsigP expression vesioteonaimbé the\ii-thregttiaiphie e buf f er ed
saline (R X rook et at.. 1989) and suspen _i.p GPP.nedium t hat was
used for ‘ﬁg%%’( %ﬁg"l‘lé]ﬁep‘?@a%‘%“ﬁ?)lﬁ%ﬂ@ﬁ?“‘%h@q@gﬁeﬁg”%%“ﬁ"ﬁE‘E%t?ét ed while
WO 2007/ QiG> EividB2a0 61 (0 DrdHsits fakhsagioalof #8 cbdih@seqdénch 0FinferesAf t er

i ndygtion, .the cel were harvested by centrifugation and the cellul ar
fraction %?%@f?i?ﬁ‘@&r%‘ﬁ?ﬁthe supernatant. The cells were suspended to a

concent r at i onAGurd Gnd/theONI siis)ivig pﬁ?o RRORREPLENBNARE AL i) .
cont ai ni ng 20 %(V/Qﬁl %I ycerol and the ‘pH of the supernatant was adjusted
S1

to 7.5 udyTg ofcapnatibiy sites, since the congirstion pfihe vectortiited éhoamptiple dioing used f or
L0 e 4 . gl e o t
i nduct i oRiOMESR. SEFIa1 %gid%liz% §4e bitht enli %%gém%besg tﬁmr&(;fgﬁiu%ag%qﬂ(vg?u?q yeas

extract, 0.1 %glucose a Yo pr ot eose “pe 1991) was
al so use@llewthedigatien aflsey KRR By iacressidgshevenennt of estiateadnzymdshe YPDmM

medixg T Oke G MMl oAREs MG e BA%e Wi the signal peptide. The Dral / Bnl

site of insertion makes the insertion of the coding sequence of interest possible without

any orientation problems, since the overhangs generated upon digestion are not
compatible and would not allow self-ligation of the. 5* and 3 ends of the digested
plasnid.
30
Cloning of the EH coding sequences from R. toruloides #46 into pMic62
The amplification of the EH from R toruloides (#46) was performed using primers
EPH1-1F and EPH1-1R to iniroduce the Dral and Binl sites respectively resulted in a

product of ~1200 bp. The product was ligated into pGem-T® Basy, transformed and
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Exanmpl e 3: C oning and overexpression of an epoxi de hvdrol ase that is
hi ghly active and selective in the native host and in Yarovia lipolvtica
i nto Saccharonyces cerevisiae 15Table 9. Vectors, Strains, and

A igonucleotide Prinmers VectorsDescription Reference/ Origin See Fig.
13. Shutt I[WOJMIOYMOX or E.coli |.S. cerevisiae. pYESZPrEﬁH}éﬂ'}GfOP%?ﬁ ToplOF'
E. coil containing the extra-chronosonmal |nVitrogen DNA Pl asm d
pl NAI 293 propagacyl. Thsmasmish aogtaining thpesecidnsestdogities with Y22 werd Above cDNA

f r om RhodgtQeddl 33,3 r%' R, ; ral.ns. . E. coli . P
Gol d@st r at _ggene E. cglgr?i opaf@%ﬁ%@ ‘r?lﬂc%egee?}ﬁr ACCHAT o ﬁ%@é%th%@v itosi ae
1NVScl | n\AirivedlresxpreReat ofitlet proteinPr ThewesslSag vene eoiihiag tHerll reess desi gned for
anplifying . the c insert.fr EH8 EcoRl 5' - TCT CAC GAC
aae Ac 3 SRR eiend PR B KA v drcishued sOER ARSI o A 3
(SEQd D N@)Ham | | Underlining indicates the sequence of introduced
restriction sites, .
Insertion of the prepro-region of the XPR2 coding sequence into the pMic62-

TRsigP + 46 EH plasmid, to replace the T. reesei endoglucanase I signal peptide, entailed

the partial replacement of the XPR2P with the Ndel and Dral digested pGem-T® Easy

vector carrying the 1375 bp XPR2P and the prepro-region.

10

2. Construction of a multi-copy plasmid (pYL-HmL = pINA 1293) containing the
quasi-constitutive hp4d® and the native ¥Yarrowia lipolytica LIP2 signal peptide

pYL-HmL - pXNA 1293 was obtained from Dr. Catherine Madzak of laboratory
15 de Génétique, INRA, CNRS, France. This vector was renamed pYLHmL (¥Yarrowia |
Lipolytica expression vector, with Hpd4 promoter, Multi-copy integration selection, L =
LIP2 secretion signal)

Cloning of the epoxide hydrolase coding sequences from R. toruloides (#46), R.
20 paludigenum(#692) and R. araucariae (#25) into pINA 1293

The EH coding sequences from R. toruloides and R. paludigenum were amplified
using primers EPH1-1F (BamHI) and EPH1-1R (BinI), 692cDNA-1F (BamHI) and
692cDNA-1R (Nhel) (Table 7), respectively. The Nhel restriction site was infroduced into

25 the sequence of the R. paludigenum EH by means of primer 692- cDNA ~2R (Table 7),
since a Blnl site could not be introduced at the 3 end of the coding sequence due to the
presence of a Binl resiriction site in halfway into the EH coding sequence. Nkel
restriction yielded a 3 end compatible to the 5” end of the plasmid after digestion with
Binl. Upon ligation of the compatible ends, the BInl/ Nhel sites were destroyed with no

30 other new useful site occurring.

The amplified products were ligated into pGem-T® Easy vector. The pGem-T°
Easy vectors containing the EH enzymes from R. foruloides (containing the BamHI and
Bin] restriction sites) and R. araucariae (containing the BamHI and BlxI restriction sites)
were digested using a combination of BamHI and Bln] to release the EH insert from the

35 plasmid backbone. The EH from R. paludigenum ligated into pGem—T® Easy (containing
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Exci sing the Rhodotorul a araucari ae epoydde hydrol ase (RAEH) cDNA

The RAEH (R araucari ae NCYC 3183 epoxi de hydrol ase) codi ng sequence was
20initially cloned into a dual expression vector pYL25HnL (= pl NAl 293)
containing a WD 2007/ 010403PCT/ 1132006/ 002744 secretion peptide signal

for secretWORGMI¢HE protein when expressed in Yarrow FEIPrEYUHE syst em
The primers E118 EcoRl_and E115 BarnH (Table 9) were used for PCR

anpl i fi catiofrrail and dhelpreiieiiontsiies) Ragliyefated fropyihe Bldstid backboSe s anpl i con was

Sexci sed fHQMARTARFY ﬁ&% ryfi i the GFX PCR DNA and gel
band Puri figgati on-_k?’t_ EAr‘?llgllrl% a ﬂ.?ﬁ?hf’fsﬁ%ﬁlﬁ ?g[&egAEH DNA was di gested
over ni ght wi t hTE8RrataliIT Baootling fingmentteadre ligaaphemzeirey pDugrbangs f or

l'igation i . .pl.asm d. Ligati of BAER ¢DNA into pYES2 plasmd
10The pYEgglgjglng g‘ﬁ}%z[%\d/ 3%1{‘%3 “’bﬁﬂﬁa@g‘g ?Selﬁﬁ‘F“é‘H’gT qgé‘fﬁbﬁd-%‘ﬁf"tl_ch’nﬁi/er ni ght

i nocub um ofrryimpthOEH flom RObi-ul6iaatirdddgnAthEpTRN1195-CAY 10 Rs pPBlciNey; P! asni d. .
The puri figsggg}.asm' d Wa%Fdi gested overni ght with EcoRl "and BanH = RAEH
cDNA and GRHE WY @B%@PWW‘L@?%H P YL-692Hnh), ndRer t : vect or)

usi ng T4 Bhfchridante @% E&Pﬁ\lﬁﬂtmiﬁzg:ﬂl—f'it—lz:ﬁ%ﬁ]%m PYES RAEH pl asm d
ligation m xture was 15el ectroporated in el ectro-conpetent E. coli XL10

Gol d cel | s usiRepirstion melysis nefpmred|os dre vavousmdismisist(cartying the diffeantHyi ven

pr ot ocol -0 diBe ARG LD select i on tes suppl enented with
anpi cil i ?1&% Se‘}e:ﬁge/sjr)u . %Fasmogl '%frl‘l) i g%zmﬁsrgﬁ%hﬁ%ﬁ??ofrgﬁﬁﬁo nal ysi s
was per f ofhweensgncts mapwfsor vamtstionond pteganoé efignbleptidesgri ty of the
construct. There resulting plasm d was desi gnated pYES RAEH 20

~ Transformati on of Saccharomyces cerevisiae | NVScl PYES RAEH pl asm d
DNA was isolated fromE. coliXL10 Gold transformants and the constructs
conf i r med VExifieation of theilivkage betwitscthe sigoialirieptiddsland chevespeativa BH ¢l oned

" casette feuspiimEsodingESynences or thefpMjc pRmids. andaTeBinsdl plasdmidsr Scl was

tran$¥ orned with 25plasnid DNA by the |ithium actetate/DMSO net hod. The
transfornmed cdesemeslysisalf t atinhocoaghesichifingBGIRH dodilgisBghentdeaci | (SC

M ni mal I\@géa%d(iﬁnt ai iIn .0. 67% w/ v eagﬁt:_ nj trogen_base w thout am no acids
and anmmoni-um sul prare "t %%%g??t‘ ; e WVilthe RHiredsg smence, 0. 01
%n v of elacedofonasiedin¢f thewrelvaitR@tricEy® §igd (T8yle RpUC Ne, |ysine, threoni ne,
trypt ophan and 0.005% m v of each of aspartic ‘acid, histidine, isoleucine,
aonet hi oni ne, phenyl al ani ne, praline, serine, tyrosine and valine) and

i ncubated for for 48 hours at 30C. 2% gal act ose was added to i nduce
transcription of the RAEH under control of the GAL1 pronoter), no uracil
was included (for naintenance of the pYES2 plasm d) and the pH was not
adjusted to neutral (and was approximately pH 5.0). Transformants of
Saccharonyces cerevisiae were grown in SC M ninmal Media. The WO

2007/ 010403PCT/ D32006/ 002744
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Saccharonyces reconbi nants were grown in 50 ml nedia in 250 m Erl enneyer
flasks shaking for 48 hours at 30C. Cells were harvested by
centrifugation, suspended in phosphate buffer (pH 7.5, 50 MM to a
concentration of 50% (wet mass/v) for imredi ate eval uati on of enzyne
activity wWWORSHHY1940%t her storage. 5 Exanple 4: General PREABIOEIOPHH

bi ocat al yst production and epoxi de hydrol ase nedi ated bi ot ransfor mati ons
Yarrowi a transformants Were grown in 50 M YPD liquid nedia (1% m v yeast

E;(It (raﬁ(r:rtayer%%fllggs @E@d%go’jt %eb%%%n%%gﬁgpﬁae&d%w%mpe Vgﬁ{el s were

harvestedemgodmgmomgaegwnmsn at 5000 rpm for 10 m nutes under chilling and
t he peI | et voldre-resuspen Agd t+6-200% v in-chilled 50.mM nnf assium

urre |CQUQP\4IIUL¢
hosphate buf | a5 for PHE i Restis di uag
oo uf] o e 11 kol 85T gt

wi t hout further storage o 'ﬁdﬂetreﬁo&dmt ycero the

buffer for st%ﬂg&, t—20C-fpr—tater—use: 15P\ecnwh' nmﬂhnr{mlms
cerevisiae constructs vvergF‘]grovm ita3C M i ;,mdegve i X#@MA@*@?%
rn/v yeast ni tWﬁ%@‘ﬁe helbduoast I ami no a(lds and (Bmlmta?t)e (Difco

233520), 0.5% ot sutphatre;,—2%-galact ose it duepteansertpt i on
of the RAEH unlg;’mr!6 Arﬂ, g’l ®pr1 he GBdr pr ORDLAIOkdes O E@#WM&W %
adeni ne, argi nt#EH cyst ei he, |eucilne, |ysine, thre di‘ﬁS”IGS,EQtIDm‘iﬁphan and
0. 005% m v of | each 20of aspartic gcrd, tistidirme—+so ] o ne,
phenyl al ani ne,pYir2iHinlie, sefiwe, tyBasine | &danakdene. 'NO Uraclt 1= was
i ncl uded (for| mai nt enance|of the pYES2 pllasm d) and E%(@QW#%
adj usted to neutral (and Was appr oxi mately pH 5-0) - THELS7

reconbi nant s Medetotfmdbwn i NLEFQ gl | M R2pkioides E |l eﬁrre ‘; H gfﬂx shaki ng
for 48 hours |Jat 30 C. Cel|s were harvesteéd by ,centrl?%%/ SEQIDARW B uspended
in phosphate buffer 25(pH 7.5, 50]mMV) to[a concentriaty RPN AR T
mass/v) for i(mA¥edO8ieleva| WARi on ¢Basilly 8. mbidigmintny ?ﬂqoma fur% her
storage or wilth the addit|on of 20%tidy|glycerol toSI“tTI‘?eSS"@f NOFyr |
storage at - 2(Eehocledtiit edquaiies waetRANIEDniorotbindbdush@s THAE BN DT 1110
epoxisde hyer mnmaaamamom@eg vefikel BEthe signal péiﬂﬂbé rRicRbn REEM C_epoxi de
(2 id) tanfrodicedindHIeard RalléitedTNderfiddd AT MRBASPRMOR, RidbdRY I)( 30pH 7.5))

cel | suspension. For eval uation of epoxi de hydrol ase activity in the
culture supernatants, the supernatants fromcentrifugation were diluted
9:1 with 50 rrMphosphate buffer pH 7.5 and used directly in the

bi ot r ansf3hrOetsiraotidy ofarkidid Iaduhia (p VR RAP iR AR 3R BRONG! 002744
substor atmmoﬁggaub ﬂgﬂpﬁ%n I&%n chi ?al él'iﬁc vvag‘glgrforgred as

described belowin this exarrpl e. For eval uation of epoxi de hydrol ase
characteristics of whole cell biocatalysts, | lipolytica transformartts
and Sacchar onZy€ §4asi-ponsibyaipdd sramate eta., 0600 miab eplaBetbwitlethien t hi s

exanpl €. dghHekiARYEP PG MNES & oF OTBHFLGAL hbho2 ROt hidsRa POT @SST UM

pINA1313 (Nicaud ef al., 2002). The use of the TEF promoter aided in the activity

15 screening experiments, since the hp4d promoter is growth phase dependent (only active
from early stationary phase), whereas the TEF promoter drives constitutive expression fo
limit induction differences between yeasts grown during activity screening and on flask
scale.

The hp4d promoter in pINA1313 was replaced with the 7EF promoter using Clal

20 and HindIIT restnctlon sites, followed by the PCR removal of the LIP2 signal peptide
nsing primers -s1gP—1F and -sigP-1R. The purified PCR mixture was treated with BamHI
and HipdIll (where HindII digested the template DNA but not the PCR product) to
prevent recircularization of the template DNA, thereby preventing concomitant temi}late

contamination of transformation mix upon ligation. The PCR product was aliowed to
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phosphate buffer together with the racem c epoxi de under study and
i ncubat ed under vortex mxing in sealed glass vials at tenperatures and
bi omass | oadi ngs described in the specific exanple figures. The bi onmass
| oadi ngs described in the figures refer to the /v of wet wei %ht bi omass
cel | suspeW9i26H/0p48%ent in the biotransformation matri RCEXRKMNOAY 10 t he
vol ume of the epoxide substrate. The racem c epoxide was usual |y added
directly eucwarizpasingEt BN ligsso/to duie thexpuipdtibbr Bard andstresnking éd pibdndd i n Et OH
(i.e., in gggg%ggg x- methyl-3-phenyl- 1, 2- epoxypropane, cyclohexene
oxide). After suita 1’6 incubat i ons, sanples were renoved and extracted
with ethyl acelmtEH onditguequenssiof 8285495 HeG SldIBPEFeldyimphedad didciig of et hyl
acetate t%ﬁp% %f the reaction 15vol unme, vortexed for 1 mnute, and

SPF3- 000 rpomfor 5 mn. The solvent |ayer was dried over

centrifuge
anhyds ous nagrHsiatplifed BHabAn2Rdudod a @t pROVIEE farTArEafRfGeel activity

1; r
and HPLC (hi pressure |iquid chromatography) or GC (das chronat ography)
for chiraflBesee Wit the Wtﬁws&ucm@msm@mma@émge@m cially
avai | abl esusibblk ¢ 1@SlonRIF e85y SRR Li ?-FZ s the
stationary phase 1gndoflch_l o% orm ef@fﬁ%&tﬁgﬂa%ﬁlﬁ}@ Ifm%glé%ﬂg nmodi bl e
phase. Cefp plagpidpisailing ioplaswids pIYpHATeA el Tl fsdglp VLU Tbardh pPISO4)  or
vanillin ghat [2% (W v) vanillin, 4% (v/v) H2SO4 dissolved in absolute

et hanol] was used as a spray reagent to visualize the residual epoxide and
“forntd diol. Chiral GC was performed on a Hew ett Packard 5890-series |1
gas chrongtogr.aph..25equj d wth a MD detector and an Aligent 6890-series
aut osanplng?ap%flgﬁ?‘glr&qﬁéegﬁigwﬁyﬁﬁt?fﬁéwo%h&“@ﬁ’ﬂri er gas at a constant colum
head pressur e Mol lid&izsPpMidaaantibt, AMVE K&V0b (£ PeL S8RNHdQRLS of

1, 2- epoxyQctane and 1, 2-oct anedllglél%ﬂ\:[/vas ac igged usi(nlgﬁé Ch?%dal dex A-TA

chiral f ngpgrative vestersdersiaining the diferanh B ependingrsoding prabenses) pyersupel co) at
oven { eMBtelofastodl 14hofaRtralrkPot af PRGN, FHATbI AL Y& Chi T2l

. : 1
anal ysi s of 30cycl ohexane di ol was achieved using using a p-DEX 225 T™
fuse® si |ncEfamesyos sepentially dessabed Hya¥yeneobhih98)Supel co) (30 mlength, 25 nin

id, 25umfil PGP, , itative chiral | ysi s of. styrene
oxi de and 3- gmlg%)gst yr?r?éd gﬁsgf)engdmlgtgwgrcefﬁr%%gl ﬁl?ﬁ&@gﬁéwoe?c%- DEX 225
TM f used médid [(AR yithad exinoi aids apd dthmonimb ehkan(1(SyDAEMI (4 30, Mdeagt h, 25

mmid, 2 il mthickne oven t er.atures of 90 .C and WO

2007/ o1oig%?af%’?ﬁd%‘ﬁb@%‘&f“ﬁG@%?Pf@géﬁqwmm léﬁlﬁﬁf a2 J& I8 r al
anal ysi s ofincibatieh ay1s’ G-ap pesitve tthndoRRRROMRRGE B ¥tcgrated expression -

2- met hyl - 3- phenyl - propanedi ol was perforned by G.C using a fused silica

p- 116*1 odextrin capillary colum (Supelco) (30 mlength, 25 nmID

10 25 11| e gl R B

for 22 mnutes, increase i oate and
mai nt ai nSFrsgulEviied i dpgks conteiniac iy volumeVRI2 medinm at 38 8@ withshakinges (ni n)

were as # QWS - ' . ~epoxide = 32.1 Rt (S)-diol
= 47.7., T‘%tuf( R) vertharb gt Qs J\A(g)sso‘gg’%%c’o 149 SBE Lo ot
Packar d HRretiaovasgapappetifromtiie suptmatant. Tiet cettblinofiactiuaint wishéd an@ chiral 11 PLC
analysi s i nde i apt. r s achie 10usj ng a Chiracel OW,
S0 o oo S R o "o Lo L PG b el exane. (95
% HPLC grambejtratiof Of 26 &4 (#Watv)oGlyc&91 RaPadaR) todhd @Pbmatant to a final Exanpl e 5:

i de_hydrol ases fromall sources in Yarrow a

F ti | £SSi ]
ol | ot FPCRAAioR A0 1o S Rt WaRBY soARsi e £6 aelombb R botellth act | vi fy

and supernatant fractions were frozen at -20 °C for future use.

Y. lipolytica Pold or Polh transformants carrying the integrants containing the
30 XPRZ® (pMic62TrsigP and pMic62pre-pro) were cultivated in 1/8% volume liquid YPD
medium in 500 ml shake flasks for 30 hours (late exponential to early stationary phase) at
28 °C. The cells were harvested by cenirifugation (5000 x g for 5 min, twice washed with
phosphate buffered saline (PBS) (Sambrook ef al., 1989) and suspended in GPP medium

that was used for recombinant EH production medium. The cells were incubated while
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15and selectivity of the different enzynmes for the resolution of epoxides
Qualitative epoxi de hydrol ase activity anal ysis Chiral quantitative
analysis for Ell activity was perforned on transformants cultivated in
liquid YPD for 48 hours. Harvested cells were washed with and suspended
20i n 50 nWERBYIAMOE buffer (pH.7.5) to a final concentFERB/YE4409% or
20% (W v). Reactions were started by addition of the substrate to a final
concent r athasmg et 281 for 240 iXRaridduction, Miodels were \hmvesteldl’wubanﬁlgatwn a

ot ract ed i e LyBF otk R TRl ol b Bl G e SSRGS

after whie hoxtcnérabogaﬁﬁ&% (asrpusnyirsMphoRphas bﬁﬂ‘&rwﬂi HGPﬁ(ﬁﬂeﬁmﬂ-é-m%l on was

dried 25MyS d d b .. Co f
he- act | VIV ERTOLEH AT PLpY Sy pan s arL oo R WQORL o o °

2- metdyl 3- phenydmktt&n@me&ywemed%&%&w&nﬁd@ﬁa%ﬂmme%&%f ormed with
20%(vv/v) t wei g{rft cells and 10 mMracemc

2- net hyl - r}FFB‘ﬁ‘?E Dy wediupdP-8 yayrastextraet. L Hesitrosd and S Selpwsirosd de- Type 111,
see Fi 9 LiopioHBRNGQHA 36191091§@al RALLORINNRE o KIPURL, YIS 20Li N0
sanples at suitable time i'n s over m nutes as escrlbed above and
anal ysed W}U‘@Wﬁﬂaﬂlf:@mnbdwﬁor§$§¢urs atA38€ ovhite stiakingi spl ayed functional El |
activity. The activities of the 35transformants harboring the EH codi ng
sequences fromthe different sources were 55 WD
200710010403PCT/ EBZOOG/ 002744 eval uated by plotting a graph of t he

. T

conver si op. agai t rre Fi g. ti VI t| es of the transf or mant s
B 81 L gi al;ex ide rola by act

har bori ng Sy : ;

eval uat ed by2 jn thenalye remyges i f f er ent

conversions (Fig. 7B). Fr omthese thﬂfﬁﬁ& the cat aI yst W|th t he desired
activity and selectivity can be 5selected. For exanple, fromFig.7A it can
be sgen tTh%le9Y|-Ve'Etord”'lStrﬁﬁs 2@ Ol &ﬁ@l@&ﬁe&?ﬂt esx\)(nversi on after 40 m nutes,

whi ch is approximtély double he time L- 777 sTsA to reach 50%
conver si on. e,-lowever frog)t Fig 7B it is clear that the enanti ONRfteaceEXCESS
at 50% conv, n of the "le catal ysed by YL-T. ni #2 STS Abri;

substantial l'y higher thag, YL - S i.nce t codi ng
sequences ar eﬂ_ﬁfpr essed as sgia1t3 utﬂe‘be%?re"”zsfff’ - FRE%Eame Iocatl omof the
0

genone of tHe host cell sP’é‘WEFdlﬁ%él‘PPl@%rﬁ e cogfinipgibe emdrpomDt dpVitqe s
expression sytem can be 58d to select the nost suitable enzynme for any
gi ven epoxi q%L d on t hRskd jI8A1263 EHEPBHL) cOaidi@ GidicpRie hydrolase ,,S€l ecti on
of the nost cat PN fronf Ripoddrdngin @mecnride SS¥L o1 ve hydr ol y5PS of 1, 2-
15epoxyoct ang s Bi ot ransformat i ons were per or rred W t wet
wei ght cel Is=ama—100 S S

transfornantEscolltéqutﬁq'ld@g the more hi ghly actl ve ni crosonal EH fsmegegeeasts

#23, #25, #46eontthdgr-and #777 di splayed substanti al IVitrogen
' Saccharomyces cerevisiae INVScl . InViirogen
Primers Sequence l?_lestriction
site
Primers designed for amplifying the cDNA insert from pY1.25Hml,
EH8 _EcoR1 5-GAG AAT TCT CAC GAC GAC AG-3’ (SEQ ID NO:52) EcoRI
EH5_ BamHI 5*-GTG GAT CCA TGA GCG AGC A-3" (SEQ ID NO;23) BamHI

Underlining indicates the sequence of introduced restriction sites.

Excising the Rhodotorula araucariae epoxide hydrolase (RAEH) cDNA

The RAEH (R. araucariae NCYC 3183 epoxide hydrolase) coding sequence was
20 mitially cloned into a dual expression vector pYL25HmL (= pINA1293) containing a
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20hydrol ysis of the epoxide at this concentration. Biotransfromations for
the YL-sTsA transformants haroring EH codi ng sequences from ot her sources
were repeated with 10 nM 1, 2- epoxyoctane to determne initial rates over
the same time period as that of the YL-STsSA transformants harboring mcros
omal yeastWBROTPAEOLour se of the reactions were fol | owBHTABZ0EGRHEL | ng
sanples at suitable time intervals as described above and anal ysed 25by
chi ral GCsecretion peptide sigadl forseastionfof hegraitin siten afprdsid il fA$asignt YL- STSA
transfor n&gﬁ Ssjg rSy racem-c epoxide and the R~ and S- enantioners were
plotted ( ﬁ romthis graph, the catalysts with the hi ghest

ac]ti vi ti gats_ (hi Diieersim etrs;)lEH%__%’cﬁRBanﬂfEHgym{B&ﬂHﬁm@g) arlgre\ﬁ&{dlfo@g ge hi ghest
selectivitje i i rence _between initial rates of R an

S- enant i oﬁ%’?@c(“g‘é'ﬂg’%é%@qg‘élog@ﬁ S Eom & d25Hmhc & 1 HD wwnligon Wess of

expr essi Oﬁxﬁe@ﬁﬁﬂﬂafn%g&bsé:%&l #axﬁfgﬁz H#ﬁi%m%éﬁ%gw e grmg&ng%@ant s harboring

the m crosonal .yeast EH o ayed hi gher rates

and sel ectPicai@skit GymershpmgBhiy prified R AN PN wasWligestFd gvermight sithr nant s
i Nge o 7/ 01 0403PCT/ 13320061002744
e T et A

Q!
Exanpl e 6: Conparison of Xpres ep N the
different yeast host strains Yarrow a |ipolvtica and Sacdt aronwces

cerevisia . do | a araucari ae (#25, NCYC 3183) was

sel ect ed F%agﬁﬁ%ﬁﬁﬁcﬂmﬁﬁeﬁgﬁaﬁﬁﬁr ession with comparabl e activites

and $el ecti vi tThepYES2 phehtabicctoRDNA Wk fryeedsihy SR0RIAH shehfarRbt ai ned in

different. ge?st fﬁ(?rlﬁﬁa#on systens. This EH di spl %ed excell ent activity

and sel ectPtHYS OF 6P 'G@l’F%@@nﬁfheseéH%ﬁ‘f%’@%Oﬂi% Berlggaid. Thoe. The

enzyme wepuriied pRESRICyMARE € Ottt wifh BroRORRE Bdnitil NRERBARAN £y (TEFP) as a
tica (pYL-TsA integrative plasmn d)

single c-g&(ﬁ onstruct in Yarrow a Iisg)oléa’/l _ _
as wel | gesiaed @ mpewd endapde o3 h Ensaicscton asing §# DA kigaee GAUP ( pYES2
pl ast ni d) yR8:;i AR SCTd td I ssi on.under the suitable
growth condi t%ﬂ%ns q‘ég’?d[lh%%%éﬁ%ﬁygi%‘g%ﬁ %aglélg‘{nﬁ? BIEEFEF si ae and nor nal
gr owtth codletitoparated imeledRD-compétant I eolt KE1Y Gold derd wieBlo Ra@#s shapiet and t he
wild type Y& St s- eval yated and .co red faor_ the two expression hosts as
vel | as egione o SW?%&JW?J@%WEWB&TB@F“&PM@ wnpcilinsgleeioa platssThe wi | d
type enzysueplefdnebyitiaandpititier (106 RF7RTY) ANisnfd BRakioflmd PestkMdn WRlygiscompar ed
in biotransforyations wth 1, 2-epoxyoctane (EO a nonosubstituted epoxide
(Type | ivesgegformed oappsforanaglsite deteraiye the inteprisnfshanonstrehdhosei de ( 3CSO)
((:iSFsyr2egedi substi t ut e‘c?ase%%iﬁac}éed%%ﬁ?“n. y%)e WFLOEiegeni Oﬁ'gfe(g-(% = H
and ®1 and R4 together is a cycl ohexene ring). The 20conditions for the
bi ot r ans AL aBL AN S-S Lyen i F\?Ie 10. Wile differences in
activities vverelﬂo (;sne(?v%tglﬁa%&%gsn@{%’é”%&e@ me and the reconbi nant enzyne
as expected, g¥88_RAFHaplaseddhDNAt wesdsolitbbfrsml 2 edli Xi,10/Gelfl thki@oriiahe t ype EH
and the express in. Y. Jipolytj )bt ai ned_for all epoxides
(1, 2-epo>%§%§{g‘;§ﬁ%‘q’, g’&"f}?‘g&@egk}’%{"gﬁ%ﬂ%ﬁﬁ@ﬁﬁ%@éﬂ%ﬁitﬁ@mseﬁ}eg_longﬂ_ 25 Tabl e
10. Reactchwmtte Gomcthé p RS2 veed (Figr2) V- @badisk Mvs2bwdsAnRbetdiangf or mat i ons
W - .

22!? plasmid DNA by the lithium actetate/DMSO method. The transformed cells were plated

onto selective media lacking uracil (SC Minimal Media containing 0.67% wiv yeast

nitrogen base without amino acids and ammonium sulphate (Difco 233520), 0.5% w/v
ammonium sulphate, 0.01 %m/v of each of adenine, arginine, cysteine, leucine, lysine,
threonine, tryptophan and 0.005% m/v of cach of aspartic acid, histidine, isoleucine,

30 methionine, phenylalanine, praline, serine, tyrosine and valine) and incubated for for 48
hours at 30°C. 2% galactose was added to induce transcription of the RAEH under
control of the GAL! promoter), no uracil was included (for mamtenénce of the pYES2
plasmid) and the pH was not adjusted to neutral (and was approximately pH 5.0).

Transformants of Saccharomyces cerevisiae were grown in SC Minimal Media. The
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YL-25 TsA Epoxi de [biomass] [substrate] [biomass] [substrate] % (w v)
(M) % (wh) (mMV) 1, 2-epoxyoctane 10 100 10 100 Styrene oxyde 50 50 20 100

Cyel ohexene oxi de 50 50

WO 2007/010403 PCT/AB2006/002744

Saccharomyces recombinants were grown in 50 ml media in 250 ml Erlenmeyer flasks
shaking for 48 hours at 30°C. Cells were harvested by centrifugation, suspended in
phosphate buffer (pH 7.5, 50 mM) to a concentration of 50% (wet mass/v) for immediate
evaluation of enzyme activity without further storage. '

Example 4: General methods for biocatalyst production and epoxide

hydrolase mediated bioiransformations

Yarrowia transformants were grown in 50 ml YPD liquid media (1% m/v yeast
extract, 2% ro/v peptone, 2% m/v dextrose, pH 5.5-6.0) in a 250 m} Erlenmeyer flask for

10 3 days at 28°C shaking at 200 rpm. The cells were harvested by centrifugation at 5000
rpm for 10 minutes under chilling and the pellet volume resuspended to 20% m/y in
chilled 50 mM potassium phosphate buffer pH 7.5 for immediate evaluation of enzyme
activity without further storage or with the addition of 20% m/v glycerol to the buffer for
storage at -20°C for later use.

'55 Recombinant Saccharomyces cerevisiae constructs were grown in SC Minimal-
Media containing 0.67% m/v yeast nitrogen base without amino acids and ammonium
sulphate (Difco 233520), 0.5% m/v ammonium sulphate, 2% galactose (to induce
franscription of the RAEH under ¢ontrol of the GAL] promoter), 0.01 %m/v of each of
adenine, arginine, cysteine, leucine, lysine, threonine, tryptophan and 0.005% m/v of each

20 of aspartic acid, histidine, isoleucine, methionine, phenylalanine, praline, serine, tyrosine
and valine. No uracil was included (for maintenance of the pYES2 plasmid) and the pH-
was not adjusted to neutral (and was approximately pH 5.0). The Saccharomyces
recombinants wete grown in 50 ml media in 250 mi Erlenmeyer flasks shaking for 48
hours at 30 °C. Cells were harvested by centrifagation aﬁd suspended in phosphate buffer

25 (pH 7.5, 50 mM) to a concentration of 50% (wet mass/v) for immediate evaluation of
enzyme activity without further storage or with the addition of 20% m/v glycerol to the
buffer for storage at -20°C for later use.

Screening for transformants exhibiting epoxide hydrolase activity entailed the
addition of racemic epoxide (2 pl) to 1 m1 of the 20 % ((m/v) in 50mM phosphate buffer;

30 PH 7.5)) cell suspension. For evaluation of epoxide hydrolase activity in the culiure
supernatants, the supernatants from centrifugation were diluted 9:1 with 50 mM
phosphate buffer pH 7.5 and used directly in the biotransformation by addition of the

33



50 SO 3-ehl orostyrene oxide 50 50 50 50 57 WO

2007/ 010403PCT/ 162006/ 002744 The reconbi nant enzyne expressed in S
cerevisiae (SC-25) and Y. hpolytica (YL-25 TsA) were conpared in

bi otransformations with styrene oxide (SO (Fig. 10A), indene oxide (10)
(Fig. 10B)WO2007#{M03 - 3- phenyl - 1, 2- epoxypr opane (M PEP) PEEIREO0MZ and
cycl ohexene oxide (CO (Fig. 10D). The conditions for the

bi ot r ansf &vhstete Bithent darther difigionr BowyirhinhTLE wahperforgert @slescribed belddhinl e t he
ki netic p'iiﬁ:f’é{a}nh s of the WI' enzyne remai ned substantially unchanged or
were slightly anced when expressed in Y. lipolytica, activity as well
as sel ecti vi t yFarfevilimgion ef grohide ApdroRsezghaRctesditesTSa@1d dall Biocagyay iysi ae

decreased,c ared to the copbi nant- enzyne expressed in Y. lipolytica
for all eﬁ@%@?@%‘%@@ﬂgeﬁ‘%g@‘{c ‘?f@’ﬁ&’ce‘iﬁﬁl,é%mﬁﬁﬂ@%ﬁ@mbed It is known

that Sacchive /et SBH1e VRl iHREm HorCRaxl Al 8554 ,91&43"51@ '7‘.5?6&&3%5‘5 whi ch
may sterically hinder the epoxide hydrol ase. The results shown here

i |1 ust r at BYGSHE® Tier igethsroridy thprepenie epasideandy stidy andeniubeied epsisxi de
hydr ol asevbfxthiginf GEQHRA vig@StenlBRa @l Saleh !55;3/ l%)%rﬁggf:ggsc% Sl table

for production of "stereo”sel ective 'bio catalys ppl'ication to
resol ut i ofpeeific exasan¢ Bguegso dihd bpnmss loatings desdribal it ke fipidtee refentpthe$bifon host s.

A or TR R OGBS P BRSNS EhRGP, o1,
di r et i onthbyol2fiof the epoxidessbitate, AMe Sdcgmileppadd waasudi9addedAiefRXVOCt ane and
TR REPh T ) o S Bl e S 37570
methyl-3-phenyl-1,2-epoxypropane, cyclohexene oxide).
After suitable incubations, samples were removed and exfracted with cf:hy-l acetate
or the reactions were stopped by the addition of ethyl acetate to 60% of the reaction
15 volume, vprtexed for 1 minute, and centrifuged at 13 000 rpm for 5 min. The solvent :
layer was dried over anhydrous magnesium sulphate and analysed by TLC for presence of
activity and HPLC (high pressure liquid chromatography) or GC (gas chromatography).
for chiral analysis.
Non-chiral TLC was performed using commercially available silica gel plates
20 {Merk 5554 DC Alufolien 60 Fys4) as the statiohary phase and chloroform:ethylacetate
[1:1 (v/¥)] as the modible phase. Ceric sulphate (ceric sulphate saturated with 15 %
H2S0,) or vanillin stain [2% (w/v) vanillin, 4% (v/v) H>SO; dissolved in absolute
ethanol] was used as a spray reagent to visualize the residual epoxide and formed diol.
Chiral GC was performed on a Hewlett Packard 5890-series II gas chromatograph
25 equipped with a FII) detector and an Aligent 6890-series autosampler-injector, using
hydrogen as a carrier gas at a constant column head pressure of 140 kPa. Quantitative
analysis of the enantiomers of 1,2-'epoxyoctane and 1,2-octanediol was achieved using a
Chiraldex A-TA chiral fused silica cyclodexirin capillary column (supplied by Supelco)
at oven temperatures of 40 °C and 115 °C, respectively. Quantitative chiral analysis of
30 cyclohexane diol was achieved using GC using a B-DEX 225 ™ fused silica cyclodextrin
capillary column (Supelco) (30 m length, 25 mm id, 25um film thickness).
Quantitative chiral analysis of styrene oxide and 3-chlorostyrene oxide was
achieved using GC using a B-DEX 225 ™ fused silica cyclodextrin capillary cotumn

{Supelco) (30 m length, 25 mm id, 25um film thickness) oven temperatures of 90 °C and
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28C for 48 hours. Cells (1 m) were centrifuged (5 mn at 13 000 x @),
foll owed by aspiration of the supernatant. The pellet was resuspended in
750 1d of a 50 mM phosphate 25buffer (pH 7.5). Epoxide (2 pl) was added to
1 m of the cell suspension, followed by incubation while shaking at 25C
for 60 m nNVOPAY/MYARI ni ng epoxi de and new y forned di OPCW@"%@?@%ﬁct ed
fromthe reactlon m xtures with 300 pi ethylacetate. After centrifugation
(5 min, 1099 6erespeglivelyd Qonntitaivershirabanalisis of danetial-8dbhbnyl-4 B apokmmene

hi onat | yat i t nbi nant
o ot OSBRIk eS0T B K1 Bt B oo™ e
li pol yti caltedbidesintdpiarodohinie(Sipdst) il @ 10822 PheDl A0 29&91 f@gntai ni ng the

si gnal pept |des from Tri choder ma reesei endogflucanase 1 and the XPR2
pre-pro r 8Hik8es)- Thepeial teyppipturay Somvmm@md@@@mmom@@zam

VWhol e; cel of .Yl TRSI ca strain
Pol h irans %rmgigﬂa{ﬁf?%"% ﬁuﬁa{“};‘g%gﬂvﬁﬁnﬂ%@t&%ﬁ’i d under
control ofetdntien maa'z(m)@m ﬁfom ROSY- ?bdﬁdégr 31@1&9&%15&1&&613@ from #46
and the 7 YL- 46M c62pre-pro trangformants (V.

| tide) an
lipoliti c&g}é 7P§QT %{)ta‘%‘%l cﬂ'rred with the 5pM c62 single copy
integrative pl@ﬁfﬂﬂpﬂ@%@&%&@wﬁe&i&mﬁ%ﬂﬁﬁ% é)%@qfétﬁw ai ning the

codi ng se((i]uence from #46 and pre-pro signa e) were

eval uat edd§testion Quasiitatiye @%bﬂ?k@w@%@p&m%ant@memla@ewedr whi ch
the WI #agsi Sokinks BIPAISAGhIo & Y.l SR GHOUE Dk bl bun Jsoc C0d

activity was observed in e ce Factions “an supe(l;nant ants
wi th the WingWdsatHexpep(aF YpHPLC gmduht 1@%wetirayoll (990 McaR) whuait. act i vity was
observed with the Li P2 pre-pro region signal peptide. Thus, quantitative
anal ysis was only perforned for the transformant with the T reesei signal

pept i de. ( bExﬁnBleISatFuﬁatmfal gitﬂ'es(%ﬁﬁll)dfbﬁwwhﬁdhﬂa{eﬁmiﬂ%m@&}cegﬁ fromR

araucari ae ; R
expr essed Fh T FH HHREe: B

contai ni ng theaﬂdd%?ecﬁhl%% tﬂ@@ﬂ%ﬂéﬁénﬂg%rmemiﬁmkﬁame\é\hol e cells and
supernat ants of YL-25 lipolitica
stral n Pol h transfornmed with the mul t| -copy integrati ve plasm d pl NA 1293
= pYL- Hm_leﬂﬁﬁ'ﬁve ghﬁgh (ﬂ{,}fg‘pgwq ggoter and containing the coding
an res

sequences from # ectively, as well as the LIP2
secretion si gﬁ&lﬂrﬂlf@@mhtaﬁvelamimlyfwEﬁ)acmnewmpaifmm@ddnfumgf&manmct ivity with

‘the 1, 2- gpax transf ormati on rfor on the
t ransf or rrants cu ?Cfiu d;?gétﬁ# a@%” ¢ i/%’ergfwta%qﬂﬁeé"f@ﬁggﬁ%??}l owth
25pHase vin§0 rddiphedhats hsufféP@.mv syﬁaﬁlﬁ\@nd@ymﬁﬁﬂofhow&)m%f(ﬁm stationary
phase wa ached C mul ti copy integrants under control
of the hé*f&%‘“xﬂ%?”&fea?fﬁ“sé ﬁ%a@eﬁg&}gh gstraFﬁtPaé@M conesatrgliog o 4 piokPlof ¢ he
codi ng sanMend erepiiRitistigrd OB 4 cdrousiPirnsenes” dEhlg led @b pbxderacel | ul ar
expr essi g%éof t he reconbpinant El |l enzynmes was onl }t)al ned for the EH

fromR BeLepuar iseyals exﬁ“&?‘ﬁ‘ﬂwghﬁ%ﬂ](@)é@etﬂwwnmf@geﬂiwmSOﬂ%QQﬂact ively).
Ther ef or &g)adHet WRickteGoshnit l%r@%%géﬁtﬁQdMMa{éaﬂ:ajGE&YWQSfdrﬁﬁ Qé}ﬁé pepti des,

25 MgS0,) and analyzed as described in Example 4.

Comparison of the activity and selectivity of YL-sTSA transformants for 2-methyl-
3-phenyl-1,2-epoxypropane
30 Biotransformations were performed with 20% (w/vj wet weight cells and 10 mM
racemic 2-methyl-3-phenyl-1,2-epoxypropane (a 2,2-disubstituted epoxide- Type III, see
Fig 1). The course of the reactions were followed by extracting samples at suitable time
intervals over 180 mimtes as described above and analysed by chiRal GC.
Al YL-sTsA transformants displayed functional EH activity. The activities of the

35 transformants harboring the EH coding sequences from the different sources were
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but the cellular localization remained mainly intracellular. (c)

Eval uation of the effect of signal peptides on the activity and
selectivity of the reconbinant EH fromIL araucariae (#25), R torul oides
(#6), R pal udi genum (#692) 35expressed in 1'. lipolytica during the

hydr ol ysi sWBR00f/02M8hor yoct ane WD 2007/ 010403PCT/ | B200BF BEEIWN0I744 i 1 al
quantitative analysis for EH activity was perforned on transformants

cul ti vat e8valtad; hyiplatting=rerapirof 8 chmprsion againvtdimte(BigceA). Thewstestivibesioéd wi t h

and suspegpd ' h%ﬂc tes-but f 7.9). 40 a final concentration
of 10% or Zglggs(fb V\I/?[{/a?g eac o‘ggﬁ\ﬁg(rhgg g S%%cé%y%n&thggﬁc?‘eﬁngﬁwﬁﬁesYvﬁrg substrate
to a fi natvalusteddyplaitiigmerafh of thenartbfheribextvbsand difhemidontetiiog (Wl €

i ncubat ed—j carousel irrer at 25C .Samples (300 it!) were taken at
regul ar i?\f?ng%% gl?es%%?lﬁ;ﬁe_ecd‘{ STWﬂBéS%Fﬁ“iaggq.t’rYW seleptItycambs i f uged (10
mn, 40, 0ffeciedg For @kingle, fbth Bly A4 o bBECthhtoWIET Sni WersF's A BNa%0% _
(ethylacetate f I’aﬁtl gn was drjed using and anal yzed as descri bed

SO4)
i n Exanpl @EycsRa ?&i%%#l‘éespwslﬁb#%qpé@xv%w@?@b}e%@ng@r TWist'sA) toof t he
reconbi nag ) ok i | 1 i.gnal peptide
(VLo e N e P ¥ Sioh BAR LS T R o e ol baBsORE, | PORL! S
wi t hout s?GmaevpEivniode epoaidesptalysad by EL L. nil#43 sTedrie substahtisdly dighéror t he

hydr ol ysi e, t P .esence of both si.gnal ,peptides caused
a decr eas%aﬂrllmgtﬁgﬂéel ect‘ﬁv@@% ﬂé?ﬁﬁﬁg&g%%eﬁﬁ%mﬁﬂr%‘?mﬁﬁefi%%g‘ﬁ’fesi n the
absetce oift the ssingredatipe pf ihd genomeif dediostrectif ank medor eemsbbManiannzyme i n Y.
l'ipolytic ven .15in single copy, caused dramatic incregse in activity
and sel e |]\1/1|83§7t %ﬁ%&%@ﬂn%@mﬂﬁ@%qsﬁﬁo Sgl?ﬁghe(rﬁ?sbmtﬂl??% B nbi nant Y.
li pol yti cgivesitepaxide baspd &5 Hk RipetidyropdrtidsiregmiBy. torul oi des (#46), (YL-46 Hnl)
did not secrete any detectable EH into the supernatant. The kinetic
properties of the secreted EH was determ ned using YL-25 Hnl that secreted

the nost Suiiieiion bf thelnhiRt SlHABI ' p |ysis of
1, 2-BPOXYepo nwase conpar ed Q?f)a?ﬁ% %Jg%gméfd;dn? %%E% éTea@#??I%p%% t he

reconbi nant EH with the signal peptide retained intracellularly (YL-25 HrL
cells) and the reconbi nant EH secreted into the supernatant (YL-25 Hnl SN)
(Fig. 15). Th®igkmblernatiohs were perfrsied mithtl0i(s/ vieveeweighirdeBslad 100 wiM h  20%

(W v) cellgl -ﬁHEQ i I 0) eact.i on, vol i t he
bi ot r ansf or rhrglg }gir% Wt ﬁtg%‘nei 2@\‘# fﬁi%??%@é&‘%ﬁﬁ”%ﬁ%ﬁ%@%&@% fraction
from a 25ninfoserhaliEH frbm Skastsr#26) 405] £46, #610 B WIBT dglBedaibvesipd and
conczgntrggﬁr%ég}/ ~¥Itrafi.htr gon to 10 nj. reacgtion val une. The :
recoibi nal S PRECSIMEFONGEPERaR Ploaarsometinng{ordee YheFutel Iul arly
di spl ayedrasfigfedfeoring FFEdis¥duedced HdnAsthdr Yndres GRIPRp GEbdbRmifpe WI- 25
strain. 38Fulrn%her more, the secreted enzyne in the supernatant fraction
di spl ayed™™i 'nSROXEoRFe A} detergunegpitigbpise pysyithasapetime petigd as that of the
YL-sTsA transformants harboring microsomal yeast EH. The course of the reactions were
followed by extracting samples at suitable time intervals as described above and analysed
% by chiral GC. '
Initial rates of hydrolysis of the different YL-sTsA transformants for the racemic
epoxide and the R- and S- enantiomers were plotted (Fig. 8). From this graph, the
catalysts with the highest activities (highest total rate of hydrolsysis) as well as the
highest selectivities (highest difference between initial rates of R~ and S-enaﬁtiomers) can
30 be selected unbiased, since the conditions of expression are uniform. For example, the

YL-sTsA transformants harboring the microsomal yeast EH of #25, #46 and #692
displayed much higher rates and selectivities for 1,2-epoxyoctane than the YL-sTsA

transformants expressing EH from other sources.
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The effect on the activity and selectivity of nulti-copy transformants
with the LI P2 signal peptide present (YL-HnL transformants) and w t hout
the LI P2 signal petide (YL-HmMA transfornmants) was conpared for other EH
for 1,2-epoxyoctane to determne if WO 2007/010403PC TA820061002744 t he
presence OYOX0ZPHWMB peptide |ead to a decrease in act PGPIBHOYAG™
selectivity for the dlfferent EH I n aII cases the presence of t he signal
peptide caused aExample§ ‘ heEeXI ¢S popirde hiyrthend

recombi nant (ﬁh!m(eﬁ' O i e . : , Si _ fran.sfor mants

wi t hout the . —COtY '
properties of epOX|de hydrolases of yeast orlgln as expressed in

r econbi nant | i ica with ptldefor

di ff erent epojfhaggg%ég%‘% H’?fl&%ﬁ*‘éﬂﬁa@ﬂ%m%ﬁ Beii conpare the
activty @&dmﬁelaﬁmwon&nex@iesswnfﬁﬁceﬂmﬁﬁee&nﬁteeszﬁﬁ@ezbém‘ﬁes {ddaloytica with
and Wthﬁtﬁmﬁ@ nal peptides across w de range of different epoxides to

ascert ai R ELaecealdde phtaingd mﬁfgrer&ﬁaﬂsseqpe'é@wwymeﬁﬁm d for
1, 2- epoxyagﬁ@e@emﬂéneﬁamw@ﬁdeﬁﬁht Y@Tvﬂﬂeo ﬁépﬂug%}:esmgwg yas a

general phenonmenon. The reconbi nan tica strains expressing EH
cont ai ni n@emwp@@gdmreomowmmw:mmm@&m gowsingit ) and the

(V0725 Ttk MBS Qe Tl g P R R E U S P oyt e of

styr®ne oSachieofiiicycerdvijige BndhbotobofitheG4LE (pYEEprI(aﬁug) asl-Bécnmbl cycl ohexene

oxi de (Fi reconbi n ns YL-69 YJ_ 6 HM wer e
al so conp ‘éed% %%;Po?aﬁﬁ’éﬁ{gss’(%iua@er %q—ésaﬂa% ﬁﬂ‘é’fgh mg .
201, 2- epcexymsﬁxpﬁﬁe‘ é&&mae%ﬂ;)lnoﬁiw o%ﬁédnﬂiﬁoﬁ@iﬁdm})ﬁ&ﬁaﬂﬁﬂié IdU“ ng the

bi otransfor&atl ons_were as des; ed in Exanp and the substrate

concent r dPPBHE Gglonnayad th %%Y%é@saveumﬁcwmecb@meweph on the

figures. e%'eés@dnlﬁ@@'aé’%ﬁa@ftha%ﬁhéjﬁrﬁ& Q&d%?er@ﬁ@f&ﬁ%?ﬂs wer e
strains and all

perfornmed as described in le 4. n al'l cases
e

epoxi®de subst Ta¢ wdd typgengme (Wel-pf)end ﬂ@eemnb@ﬂMgm(YIpé@ﬁMeﬁe@eused a

decr ease t EH.

Surpri si ndé’{‘}‘%/”% }qleﬁlg%\?g%ﬂe%ieo%%wﬁl ‘ne? L%%UP%% ?ﬁper |(;sn[%§g)§§t§ such as

acti vi ty (At [SeFich) siyrene wded SOYwer Sellyrosifleact:ad: GCHO) (soiercgpeenzynes are
redom nantl.y_retai t h var| us.secretion

gl gnal sgeaée%%es tf[[]gld%%&)Wg}?&’?ﬁ%”@%&@ﬁ%ﬁ@%@%’%ﬂ%e saébur eted into

t he supeﬂ?ypé Hmn Tadl, kbR sk S€tiawni RY aﬁ@ﬂmsgrethwfwcycl&d@xenen g) The

2007/01040 #BZ 0,6/ 002744 Exanple 9: nparisaon of th fect of
di f f&8r ent®® @‘%ﬂﬁﬁj’m&ﬁe glf’ﬁeméfﬁblreégsmeld el ki neti ¢

properti esuﬁﬁes%ré meavéa béigt@Nhe FAUEHRe afOMP AbROMai bndylfe Ki Netic

properties of reconbinant EH expressed in Yarrow a
| expected, good comparison between the selectivity of the wild type EH and the enzyme

expressed in Y. lipolytica was obtained for all epoxides (I,2~epoxyoctane, styrene oxide

and cyclohexene oxide) (Fig. 9).
25

Table 10. Reaction conditions used for WT-25 and YL-25 TsA biotransformations

WT-25 YL-25TsA
Epoxide [biomass] [substrate] [biomass] [substrate]
_ % (Wiv) (mM) % (wh) (mM)
1,2-epoxyoctane 10 . 100 10 100
Styrene oxide 50 50 20 100
Cyclohexene oxide 50 56 50 50
3-chlorostyrene oxide 50 50 50 50
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l'i polytica Po | h host under control of the hp4d pronoter and transforned

with an 5integrative vector with the ura3d4 sel ective marker contai ning

the various Ell coding sequences (YL-HmMA transfonnants) and the sane

reconmbi nant EH expressed in Yan-ow a |lipolytica Polh host under control of

the TEF profsg@Lt4pansformed with an integrative vect oPCHEYNE 4 a3d1

sel ective marker containing the various EH codi ng sequences (YL-TsA

t r ansf or mant s) Ligd8coEyaBt shExmew Pressed imfi gereniiad (G-27)end Yojokiides t o

10determ R j .&W ' - not er t ffect of

copy nunbgfL %ﬂ?gﬁ‘%r?'tc y an%iqltslg{og%ks?d\}-l& %@Jnggﬁ qlﬁt&%@ﬁ%}ﬁégﬁ%@%ﬁs

Bi ot r ansf tengtaxuledIWe(Fig. HR)f Zmuibgll-3-phenph2egoxyirepdy MOEY SR, 06C)di f f er ent

epoxi des - and. Yl- t.r ormaat s. _Resaql ution of, 1, 2- epoxyoct ane

by YL-Ts Ag}gn"gk@- rr?A‘”i‘?ea({r?QE @gﬁéﬁﬁgsﬁhﬁﬁﬁ%ﬁfﬁﬁem&ﬁ% #692 (R

pal udi gemenotiNbdfic 3vé0in hoflg#fds(7 (C. neof ormany CBS 132) is shown in Fig.

22. For YL-Ts ﬁa%axq%%mnts, .10 % wet weight cells (equal to 2 %dry

wei ght) was used:® Nqprprerties of e Yo gwyms rewtned sehsmtidbomelenssdei ght = 1

% dry wei @ftkere iV s@end f o elg . HMA
Wikl el whih expiRsddan s @Omg%%h\}ﬁg gs ﬁgﬁg% ﬁie%ﬂlﬁog A

transfornmant di spl ayed double the activity observ
t r ansf or riB&FCoEh@antisazyme cxpressed inS. 2@rdsias drottased chmpayedito tior  #777, an

. . ey 5 BOviad It cirape f
compar od it 8 Ly R STER AL oA oS e 9, 1ORY8B. RS it on

of stdyrendComdy YL- TsA and ' YL- HM transfonnants harboring the EH from

#46 (R torul gj. Y-0471) and #692,( R pal udi gert um NCYC 3179) is
shown in Fig. qg‘g%ﬁ?éﬁ%’gmfcg‘ﬂr RS Reidil ,er’gg’c%ygﬂé%%r%ﬁﬁﬁfc’t@éﬁ s (equal
to 4 % drwhiGtbmey sibridalipamdersisepoxide hpirbladel Thd1@sults HRESEONESRIREI on (10%
wet wei ght :ﬁ % dry wei t%#was used for YL HMA transformants. For both
#46 and #Eg5° WW@I%%FPQH %}}e deriyed spoxidedydiglasenn thegacanbinst bastrant s r emai ned

essent i al Yayrowde RsulgRd is ML) Shi@bis s prdd i ' ectdvity (2 x
for #46 and.> 5 x for #692) was o‘%?reédyg%dﬁogfﬁ%gﬁégﬁé@g%?%ggggyi n the

YL- Hin t PRRieEPHieTesolutiongieaemic paides 33 compared taiths bthenenptessioB@@es ol ut i on of
phenyl glycidyl ether by YL-TsA and YL-HmMA transformants harboring the EH
from#46 (R torul oi des UOFS Y-0471) and #692 (R pal udi genum NCYC 3179) is

wei ght cells (gayaly. b _na d. For th
the sel ectivity-o e = atTe SA—HO S OB Syl d

unchange cigiVi SOOI RAQRIHDIH I icivith @nd with@it div&B0h by NCr ease
in agetivify (2 X f%r #46 and > 5 x_for

expressed rA-CheAgHoRseRa Deptidesdan L2epoxyiostane and thereff 2
transformants. Resol ution of p@eRecombiftityy YL- TSA and YL- HMA
transformants_harboring 5the EF from #69Z (R _ pal udi genum NCYC 3179) #23
(R nuci | agi nBeS{Sdrasiomeentsgyere inogwlgahintas mi YPD28A grovin While Feaking at

- i e BAhAHa Ll H ©,

transfona@mﬁar4§ﬁo&{%.\'&m$gﬁ%gwm&%ﬁ%gg%,ﬁtagﬁgﬁ%%ﬁm@ﬁr%%) was used,

whil e half the bionmass c ntration wei ght) was
used f or aspiraliprofthesiproataninThe pdlor wasgeRspentiel ivZ5Hpoftarsansi¥ighosphite di spl ayed

7 ties phe, VN ved f he Y-g A transfar and the
sel ecti vit yer%_%r g,j iﬂggﬁgg% %ﬁg‘fag ‘?dfhaoﬁwgf% %8 ce pe???‘ggﬂﬁqvﬁgg@ase in both
activty &wdbatiohedile shakngat 25°C for 60 min. The remaining epoxide and newly formed

diol were extracted from the reaction mixtures with 300 pl ethylacetate. After

centrifugation (5 min, 10 000 x g), diol formation was cvaluated by thin layer

chromatography (TLC).

30
(a) Evaluation of the activity of the recombinant EH from Rhodospordinm toruloides
{#46, UOFS Y-0471) expressed in Y. Lipolytica under control of the inducible XPR2
promoter and containing the signal peptides from Trichoderma reesei endoglucanase
1 and the XPR2 pre-pro region, respectively.
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the YL-HmA transformant conpared to that of the YL-TsA transfonnant was
observed. In all cases, YL-HMA transfnmants displayed i nproved
kinetic properties (activity and/or selectivity) conpared to YL-TsA
transformants. 15 Exanple 10. High level functional expression of

cytosol i c WRGKI7&AY dr ol ases from different sources in GEIBIM/ Q214 pol yti ca
(YL- HMA transfornmants) The epoxi de hydrol ase from Sol anum

t uber or um ( pot Whely Cﬁhgn@sipema@ds abYhr6 D0etARsigl (ﬁfh_palzt@o}rt sl Jodh EH from

pl ant ori 8% “ nth S uber osum
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and t he YproSpterHmd cton‘anmfgabmaﬂin ehkeftbni $46 tﬂmehétyd@@bmgaﬁt mptide} yr ene
oxi de (Fi e acti vi and ctivity of the recorrbl nant potato
EH enzyrregtﬁl/aﬁégmg RBEPE at“FﬁS%“ (VSI?FG’SQC‘FF‘?W‘( lp; gansBepgd wistihe or o ysi s of
styrene opiide? biyigl¥ bopytierbia1R4ah dBHeScoRBb A e@&’fiﬂ}ﬁox‘ﬁ@ﬁfﬂﬂ sequences from
S. tuberosum(A) and, R palu genum(#69§&}&g| The S. tuberosum YL- HMA
Bt
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hydrol ases. Activity was €ssentia ent t obtai ngeid for YL-692
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di verse ¢ retentign of klntlc properties
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f r omoAgr olsHulterciivity waxtibedread with ihe £/Rre pioadgiossigl pepa:ﬁal'rem@f a cytosolic
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second phase), due to interfacial deactivation. The kinetic
characteristics of this enzyne were only reported for very | ow

concentr % E@uz‘tﬁmmh@%t&? bpﬁlrege&hbﬂantﬁﬂ fr 25 tﬁe
E:agf:?ﬁtnfgg'r "y fﬁ%%nﬁﬂz eg§ d rar n ?#0?%
r adi obact é d D‘riells)isalego%l elg HI%L gﬁalp?% a as descrr bed in Exanple

1. The YL-Ar- ansforrrant was used for the hydrol ysis of styrene oxide
(Fig. 27). The seI ectivity conpared well to published data, and no
i nact i vat i on Nﬂmlﬁaeﬁdandmpemnpmtess‘enzs Bini1q G L 44 m  avid TYL-662 HiP Ok Yt i ca as

host cte ransformant di spl « yed essentially the
samg’ 105 élfci d%(gl ﬁ’@ﬁ‘{] the prithgonyategratnee RIGERd B B936d in A

radi obac tpEﬂLHmL under control of the hp4d promoter and containing the coding sequences from
#25, #46 and #692, respectively, as well as the LIP2 secretion signal from Y. ipolytica)
were evaluated for EH activity with the 1,2-epoxyoctane substrate. Biotransformations
were perfomled on the transformants cultivated for 8 days (7 days after stationary growih
25 phase was reached) in YPD at 28°C. One day (24 hours) after stationary phase was
- reached, cells carrying the multi copy integrants under conirol of the hp4d® were able to
achieve the intracellular expression of the coding sequence products from day 1 to dajr
seven (Fig. 12). Extracellular expression of the recombinant EH enzymes was only
obtained for the EH from R. araucariae and R. paludigenum (Figs. 12A and 12C,
30 respectively). Therefore, active EH could be expressed with a variety of signal peptides,

but the cellular localization remained mainly intracellular.

(¢) Evaluation of the effect of signal peptides on the activity and selectivity of the
recombinant EH from R. araucariae (#25), R. toruloides (#6), R. paludigenum (#692)
35 expressed in Y. lipolytica during the hydrolysis of 1,2-epoxyoctane
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Exanpl e 11: Production of Yarrow a |iporptica YL-25 HMA and formul ati on as
a dry powder epoxi de hydrol ase bi ocatal yst 151 ntroduction The

ef ficient production of whole cell epoxide hydrol ase bi ocatal yst was
denonstrated using Yarrow a |ipolytica reconbinant strain YL-25 HM in

f ed- bat ch Wereg#eEol ons under a range of glucose feed PET/ERINEYHES
achieving a dry cell concentration of >100 g/1 in |less than three days
fernentati on dUhied Qwmiitaiiveeanalysia ifor Ribetvigesasperfoitied oh @ensfainant r acel | ul ar

producti o e.e Ide. 2 drol.ase under control qf the
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subsequenid 50 il piiphtie Sudadpl 75 € AiShaneonenREidREST 109, Hobéauant

met hodol ogiﬁea Ferment ati ve_production Organismldentification: 25The

yeast nor PRSFOGYVSSsiedibyRAdtos eHhasomere e dnalymagsatatioalof $0 @ buds to
o1 pnost ecmis @iife RIS wab Wb itn § BWR finkl 2520 suflibL OB TRER! Cnance:

Y l'i pol ytka reconbi nant strains were cryo-preserve erol and
st ored 30kkengecsylbagingrvals, oxtactedwith 500 nlieylicaateytentrifuged (b mpgi G0 n t wo

L el ARl I O N RTS8 L ST
Medi um CoigBOndmdomaiyzet sk déstribedds Exdanile 4ct 5G Mal t Extract 20G Pept onel0G
SZ g%?ts eEII._ﬁS Th eﬂt%'l_éin%lic lgrrc];gerggsd(laé{lnvllt\f(v%gd s?éijé tlilvslgyfgf t%lg regérﬂbi\rllmat}t %Heclfg#QGe lrn NHCH or
10° the wild type (WT-46), and with signal peptides (YL-46 Mic62TRsigP (= YL-46 XPR2)
and YL-46 HmL) (Fig. 13) as well as without signal peptides (Y1.-46 TsA) (Fig. 14)
were evaluated for the hydrolysis of 1,2-epoxyoctane. The presence of both sigpal
peptides caused a decrease in the selectivity of the enzyme (Fig. 13). However, in the
absence of a signal peptide, expression of the recombinant enzyme in ¥, lipolytica, even
15 in single copy, caused a dramatic increase in activity and selectivity compared to the wild"
type (Fig. 14).
' The recombinant Y. Zipolytica strain expressing the BH from R. toruloides (#46),
(YL-46 Hmi ) did not secrete any detectable EH into the supernatant. The kinetic
properties of the secreted EH was determined using YL-25 Hml. that secreted the most
20 EH into the supernatant (see Fig- 12). The hydrolysis of 1,2-epoxyoctane was compared
for the wild type strain (WT-25), the recombinant EH with the signal peptide retained
infracellularly (YL-25 HmL cells) and the recombinant EH secreted into the supernatant
(YL-25 HmL SN) (Fig. 15).
The whole cell biotransformations were carried out with 20% (w/v) cellular
25 suspensions in 10 ml reaction volume, while the biotransformation with the SN was
carried out using the entire SN fraction from a 25 ml shake flask from which the cells
were harvested and concentrated by ultrafiliration to 10 ml reaction volume.
The recombinant EH with the signal peptide present retained intracellularly
displayed a decrease in selectivity and activity comﬁared to the WT-25 strain.
30 Furthermore, the secreted enzyme in the supemnatant fraction displayed almost a total loss
of selectivity (Fig. 15). ,
The effect on the activity and selectivity of multi-copy transformants with the
LIPZ signal peptide present (YL-HmL transformants) and withouf the LIP2 signal petide

(YL-HmA transformants) was compared for other EH for 1,2-epoxyoctane to determine if
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5 flasks were inoculated with a single cryovial per flask and incubated at
28 deg C on an orbital shaker at 150 rpm The inoculumwas transferred to
the fernmenters after 15-18 hours of incubation. (OD 2-8 at 660nn).
Production nmedium Table 12. Production Medium (10 L fernenter) Conpound
Amount / L UNPR0B0&DT i sed in IC  Yeast Extract 15 G G EEIEBHE{WIHI5 G

CaCL2 21120 0.88 G MySO4. 7H20 8.2 G ,
the presence of a signal peptide lead to a decrease in activity and selectivity for the

different EH. In all cases, the presence of the signal peptide caused a decrease in both the
activity and selectivity of the recombinant EH (Fig, 16), even cormpared to single-copy
transformants without the signal peptide (YI1.-25 TsA).

5
Example 8: Comparison of kinetic properties of epoxide hydrolases of yeast
origin as expressed in recombinant Yarrewia lipolytica with and without a signal
peptide for different epoxides
10 Biotransformations were performed to compare the activity and selectivity of

different EH expressed in Y. /ipolytica with and without signal peptides across a wide
- range of different epoxides to ascertain that the decrease in activity and selectivity
observed for 1,2-epoxyoctane by recombinant EH containing a signal peptide, was a
general phenomenon. The recombinant ¥. lipolytica strains expressing EH containing a
15 signal peptide (YL-25 HmL, YL-46 HmL, YL.-692 HmL) and the recombinant Y.,
lipolytica strains expressing EH without a signal peptide (YL-25 HmA, YL-46 HmA, YL-
692 HimA) were compared for the hydrolysis of styrene oxide (Fig. 17), S—ChIoIosfyrene
oxide (Fig. 18) and cyclohexene oxide (Fig. 19). The recombinant strains YL-692 Hml..
and YL-692 HmA were also compared for indene oxide (Fig. 20) and 2-methyl-3-phenyl-
20 1,2-epoxypropane (Fig. 21). The reaction conditions used during the biotransformations
were as described in Example 4, and the substrate concentrations and biomass loadings
used are given with each graph on the figures. Chiral analysis of the different epoxide
- enantiomers were performed as described in Example 4.
| In all cases, for all strains and all epoxide substrates tested, the presence of a
25 signal peptide cansed a decrease in both the activity and selectivity of the recombinant
EH.
Surprisingly, the advantageous kinetic characteristics of EH such as activity and
selectivity were adversely affected and that the enzymes are predominantly retained
within the cell, even with various sccretion signal sequences attached, and that any EH

30 enzyme that was secreted into the supernatant had lower selectivity and activity.
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NaCL 0.1 G K112PO4. 113 G (N114)2SO4 58 G H3PO4 (85% 16.3 M Trace
el ement stock solution 1.7 ML Antifoam 1.00 M Sterilise separately

d ucose 20 G

WO 2007/010403 PCT/IB2006/002744

Example 9: Comparison of the effect of different promoters (TEF® and hp4d®) on

the expression level and kinetic properties of EH from different sources

Comparison of the kinetic properties of recombinant EH expressed in Yarrowia

lipolytica Poth host under control of the hp4d promoter and transformed with an

5 mtegrative vector with the ura3d4 selective marker containing the various EH coding
sequences (YL-HmA transformants) and the same recombinant EH expressed in
Yarrowia lipolytica Polh host under control of the TEF promoter transformed with an
integrative vector with the ura3di selective marker containing the various EH coding
sequences (YL-TsA transformants) was performed with a range of different epoxides to

10 determine the efficiency of the different promoters and the effect of copy number on
activity and selectivity of the enzymes.

Biotransformations were pérformed to compare the hydrolysis of different
epoxides by YL-.TSA and YI-HmA transformants,
Resolution of 1,2-epoxyoctane by YL-TsA and YL-HmA transformants

15 harboring the EH from #692 (R. paludigenum NCYC 3179) and #777 (C. neoformans:
CBS 132) is shown in Fig. 22. For YL-TsA transformants, 10 % wet weight cells (equal
to 2 % dry weight) was used, while half the biomass concentration (5% wet weight=1 %
dry weight) was used for YL HimA tarnsformants. For #692, the YL-HmA transformant

‘ displayed double the activity observed for the YL-TsA transformant and the selectivity

20 remained unchanged. For # 777, an increase in both activity and selectivity of the YL~

HmA transformant compared to that of the YL-TsA transformant was observed. .. .
Resolution of styrene oxide by YL-TsA and YL-HmA transformants harboring the

EH from #46 (R. toruloides UOFS Y-0471) and #692 (R. patudigenum NCYC 3179)is

shown in Fig. 23. For YL-TsA transformants, 20 % wet weight cells (equal to 4 % dry

25 weight) was used, while half the biomass concentration {10% wet weight = 2 % dry
weight) was used for YL HmA transformants. For both #46 and #692, the activity of the
YL-HmA and YL—TSA transformants remained essentially unchanged, while a significant
increase in selectivity (2 x for #46 and > 5 x for #692) was observed for both EH
expressed in the YL-HmA transformants compared to the YL-TsA transformants.

30 Resolution of phenyt glycidyl ether by YL-TsA and YL-HmA transformants
harboring the EH from #46 (R. foruloides UOFS Y-0471) and #692 (R. paludigenum
NCYC 3179) is shown in Fig. 24. For both YL-TsA and YL-HmA transformants, 10 %
wet weight cells (equal to 2 % dry weight) was used. For both #46 and #692, the

selectivity of the YL-HmA and YL-TsA transformants remained essentially unchanged,
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while a significant increase in activity (2 x for #46 and > 5 x for #692) was observed for
both EH expressed in the YL-FimA. transformants compared to the YL-TsA
transformants. '

Reéolution of indene oxide by YL-TsA and YL-HmA transformants harboring
the EH from #692 (R. paludigenum NCYC 3179) #23 (R. mucilaginosa UOFS Y-0198)
is shown in Fig. 25. For YL-TsA transformants, 10 % wet weight cells (equalto 2 % dry
weight) was used, while half the biomass concentration (5% wet.weight =1% dry
weight) was used for YL HmA transformants. For #692, the YL-EimA transformant
displayed 7 times the activity observed for the YL-TsA transformant and the scleétivity

- remained essentially unchanged. For # 23, an increase in both activty and selectivity of

the Y1-HmA transformant compared to that of the YL-TsA transformant was observed.
In all cases, YL-HmA transformants displayed improved kinetic properties
(activity and/or selectivity) compared to YL-TsA transformants.

Example 10: High level functional expression of cytosolic epoxide hydrolases from

different soureces in Yarrowia lipolytica (VYL-HmA transformants)

The epoxide hydrolase from Solanum tuberosum (potato) was selected as an
exémple of a cytosolic EH from plant origin (Monterde ¢t al., 2004).

The synthesized S. tuberosurm coding sequence was cloned into Y, lipolytica as-
described in Example 1 and the YL-St-HmA transformant was used for the hydrolysis of
styrene oxide (Fig. 26A). The activity and selectivity of the recombinant potaio EH
enzyme was compared to that of YL-692 HmA (Fig. 26B). '

Hydrolysis of styrene oxide by YL-HmA ﬁmsfoﬁnants harboring the coding
sequences from S. tuberosum (A) and R. paludigenum (#692) (B). The S. tuberosum Y1L-
HmA transformant displayed the same excellent enantioselectivity as reported for the
native gene, which is opposite to that of yeast epoxide hydrolases. Activity was
essentially identical to that obtained for Y1.-692 HmA. Thus, it is clear fhat highly active
and selective EH from very diverse origins can be expressed with retention of the kinetic
properties in Y. lipolytica, but at much higher levels of expression.

The EH from Agrobacterium radiobacter was selected as an example of a
cytosolic EH from bacterial origin (Lutje Spelberg et al., 1998). However, this enzyme

reportedly became unstable if epoxide concentrations exceeded the solubility limit (i.e.,
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formed a second phase), due to interfacial deactivation. The kinetic characteristics of this
enzyme were only reported for very low concentrations (5 mM) by Spelberg et al. On the
other hand, the biotransformations performed herein were at at 100 mM substrate
concentration.

We cloned the gene from a laboratory strain of 4. radiobacter and expressed the
genein Y. lipolytica as described in Example 1, The YL-Ar-HmA transformant was used
for the hydrolysis of styrené oxide (Fig. 27). The selectivity compared well fo published
data, and no inactivation occurred when expressed intracellularly in ¥. lipolytica as bost.

The YL-A. radiobacter HinA transformant displayed essentially the same

selectivity as reported for the native gene over-expressed in A. radiobacter.

Example 11: Production of Yarrowia lipolytica Y1.-25 HmA and formulation as 2 dry
)

powder epoxide hydrolase biocatalyst

Introduction

The etficient production of whole cell epoxide hydrolase biocatalyst was demonsirated using
Yarrowia lipolytica recombinant strain YL-25 HmA in fed-batch fermentations under a range of
glucose feed rates regimes achieving a dry cell concentration of >100 g/l in less than three days
fermentation duration. The strain used was constructed for intracellular production of the epoxide
hydrolase under control of the quasi—constitutive. hp4d promoter. The biocatalyst produced was
subsequently formulated and dried using a number of different methodologies.

Fermentative production

Organism Identification:
The yeast morphology is variable with normal oval shaped cells and buds to
elongated pseudo-hyphal growth as shown in Fig, 28.

Culture maintenance:
Y. lipolytica recombinant strains were cryo-preserved in 20% glycerol and stored
at -80 deg C.

Inoculnm:
The inoculum was prepared in two litre Fernbach flasks containing 10%v/v

medium comprising the components listed in Table 11.
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0.2 G Ascorbic acid 0.2 G Trace el enent stock sol uti onAnount/L HCL50M
H20950M FeSM. 71L035G MhSOM4. 7H207. 5G Zn804. 7 H2011G CuSM™. 5 H201G CoCL2. 6
H202G Na2Mb04. 2 H201. 3G Na2B407. 10 H201. 3G K10. 35G Al 2( S0030. 5G WO
20071010403PCT/ 1 B2006/ 002744 Table 13. Operating paraneters Stirrer speed
(rpm) ContWeI20&(01¢490&r to mai ntai n 30% p02. Airflow (sl BRJ/1E006/002744

Table 11. Inoculum Medium

Compound Amount /L Unit
Yeast Extract 5 : G
* Malt Extract 20 G
Peptone 10 G
G

Glucqse 15

The pH of the medinm was adjusted to 5.4 with either NHOH or H,S04. The
5  flasks were inoculated with a single cryovial per flask and incubated at 28 deg C on an
orbital shaker at 150 rpm. The inoculum was transferred to the fermenters after 15-18
hours of incubation. (OD 2-8 at 6600m).

Production medium:

10 Table 12. Production Medium (10 L fermenter)

Compound ' Amoﬂnt{L "~ Unit
Sterilised in IC*

- Yeast Extract , 15 G
Citric acid , 2.5 G
CaCL,.2H,0 0.88 G
MgS0,4.7H,0 . 182 G
NaCL - 0.1 G
KH,PO,. 11.3 G
(NH4)2S80, 58 G
HsPO, (85%) 16.3 Mi
Trace element stock solution 1.7 Ml
Antifoam 1.00 Mi
Sterilise separately
Glucose 20 G
Filter sterilised
Vitamin stocl solution 1.7 : Ml
Vitamin stock solution Amount/L
NalLP0,..2H,0 0.4 G
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Tenperature (C) 28 PH 5. 5(NH40H and H2SO4) Pressure (nbar) 500 P02 (% 30
%at !'noonlumvolune . - . 3.3 %is an acronym forcharge" and inthe nedium
conponents that were added initially and sterilized by heat before ’
addi tion of the other medi um conponents. 5Enzyne assay: Enzyne assays
wer e perf ovea®74t4tfescri bed in Exanple 4 for shake fl aSkTERAPUOEEH of

bi ocatal ysts on 1,2 epoxyoctane. Fernentation results : 10Fernentation

results o Col?lp?mdf er[renft ations are riepoaumd. i n Tabl e 14.| Tabl gmit4. YL- 25
boscr | pt | PRCEPHAIE Tod at 8.8 ) (i1 al Teacter volumd /hr & usose |f &d
at 14.5 g Mﬁdoti_h@hol 100 G
Nicotinie acid 5 G
Biotin 0.2 G
Thiamine HCI 5 G
Ca Panthothenpate 20 G
Ascorbic 4 G
Pyridoxine HCl 5 G
Para amino benzoic acid 1 G
' Folic acid 0.2 -G
Riboflavin 0.2 G
Ascorbic acid 0.2 G
Trace eleinent stock solution Amount/L
HCL 50 Ml
H,0O 950 Ml
| Fes0,. 71,0 35 G
MnS0,.7H,0 7.5 G
ZnS04.7 Hy0 11 G
CuS04.5 Hy0 1 G
CoCL,.6 Hy0 2 G
Na;Mo04.2 H,0 1.3 G
NayB407.10 H,0 13 G
Ki 0.35 G
AbL(8O04)s 0.5 G
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reactor volume /lir Gucose fed at 5.0 g/initial reactor volune /hr Age at
maxi mum bi omass Hours 68 40 45 Maxi num bi omass concentration gramdew /L
44 140 138 Max volunetric enzyne activity (on 1,2 epoxyoctane) nmvbl/mn/ L

7.7 (at 68 his) 11-12 (>40hrs) 8-9 (>45 hrs)

WO 2007/010403 PCT/IB2006/002744

Table 13. Operating parameters

Stirrer speed (tpm) Control stirrer to maintain 30% pO2.
Airflow (slpm) 6

Temperature (°C) 28

pH 5.5 (NH4OH and H,S0,)

Pressure (mbar) 500

PO2 (%) 30 Y%sat

Inoculum volume 3.3 %

N IC_ is an acronym for "nitial charge” and indicates the medium components that were added
initially and sterilized by heat before addition of the other medium components.

5 Enzyme assay:

Enzyme assays were performed as described in Example 4 for shake flask cultures

of biocatalysts on 1,2 epoxyoctane,

Fermentation results :

10 Fermentation results of three ferméntations are reported in Table 14.

Table 14. YL-25 HmA fed-batch fefmentation summary at range of glucose feed rates

Glucose Glucose Glucose
fed at 3.8 fed at 14.5 | fed at 5.0
| Study Description gfinitial gfinitial | gfinitial
reactor reactor reactor
volume /br | volume /hr | volume /hr
Age at maximum biomass Hours 68 40 45
Maximuam biomass dew
concentrsttion gml;lL “ 140 138
Max volumetric enzyme activity] mMol/min/ 7.7 11-12 8-9
(on 1,2 epoxyoctane) L (at 68 hrs) (>40hrs) (>45 hrs)
Max specific enzyme activity uMol/min/ 4 133.7 114 | %4
(on 1,2 epoxyoctane) dew (at 75hrs) (at 70hrs) | (at 60 hrs)
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Max specific enzyme activity (on 1,2 epoxyoctane) g€l /nnn/g dew 133.7 (at
75hrs) 114 (at 70hrs) 94 (at 60 his) WD 2007/ 010403PCT/ 1132006/ 002744
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f er ment at g%sg%g?%téwg%ﬁ%a?lﬁ V?P@F@S?W&f@gé?mmﬁf‘@%&%(w 3ry product
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growth rate nlust be maintained below 0.07 h™ for optimum biomass specific EII enzyme

activity, preferably below 0.04 hr! while still providing sufficient glucose supply for a

15 high (>100 gram decw per litre fermentation bro‘;h} volumetric yield of whole cell
biocatalyst

Dry product formulation by flnidized bed drying. _
Fluidised bed drying was conducted on Yarrowia Lipolytica YL 25 HmA

20 fermentation broth produced using the optimum glucose feed protocol as described above.

The fermentation broth was harvested and subjected to centrifugation and washing with
50 mM phosphate buffer pH 7.5 before being centrifuged to a thick paste.
For demonsiration of drying using agglomeration unit operations, the cell paste

was reconstituted in 50 mM phosphate buffer pH 7.5 with and without KC1 (10% m/v) to
25 approximately 48% dry solids content. Manville Sorbocell celite (to approximately 25%

of total microbial cell dry weight) was placed in the bed dryer before pumping in the

sturry. The celite was used as a casrier for the yeast cells during the drying process. The

slurries were pumped into the fluidised bed dryer under the following parameters:

Inl_et temperature 55°C
30 Exhaust temperature 35-40°C
Product temperature 40°C

Each of the drying runs were conducted for approximately 1 hour. After the

fluidised bed drying process, the residual water content of the 2 formulated fractions were
68



For denmonstration of drying using agglonmeration unit operations, the cell
paste was reconstituted in 50 mM phosphate buffer pH 7.5 wth and w t hout
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"stereoselectivity in different fornmulations of Yarrowi a |ipolytica YL-HM
whol e ceI]L 120bi ocatal yst Dryi ng Unit operations Undried Control.
.ab e 15: ’ Eﬂ‘,ffects of fluidized-bed drying on epoxide hydrolase activity and
stereoselectivity in different formulations of Yarrowia lipolytica YL-FImA whole cell
20 biocatalyst ' :

Drying Unit operations Drying Retained Retained Water content
' Temperature  activity  Enantioselectivity  after drying
°C (% of (% of Control) (%m/m)
. Control) |

Undried Control. 4 100 100 | -
Fluidised bed drying after:
+ Agglomeration

- KCl stabiliser 55 92 87 5%

+ KCl stabiliser 55 105 100 5%
. _Spheronisation 30-60 70 100 3%
(plus MCC) : 70 66 100 2%

MCC = micro-crystalline cellulose carrier

The presence of the KCI stabiliser in the agglomerated product increases both the

retained activity and the retained stereoselectivity. The drying procedures demonstrated
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Fl ui di sed bed drying after: Aggloneration - KCl1 stabiliser Drying
Tenperature C 4 55 Retained activity (% of Control) 100 92 Retai ned
Enantiosel ectivity (% of Control) 100 87 Water content after drying (% m

5% + KC1 stabiliser
WO 2007/010403 PCT/IB2006/002744

here result in a dry active powder which was found to be shelf stable for at least two
weeks at ambient temperature when kept in an airtight container.
The invention includes a recombinant Yarrowia lipelytica cell able to express a
polypeptide, or finctional fragment thereof, having epoxide hydrolyse activity which can
5  beused as a commercial biocatalyst having high activity and stereoselectivity while
: maintaining excellent stability properties both as a shelf stable biocatalyst formulation
and during two phase epoxide resolution reactions. A novel highly active and stable
whole cell epoxide hydrolyse biocatalyst system is provided which can be cultured to
high biomass levels with an inherent high biomass-specific enzyme activity for the facile
10 resolution of molar levels of commercially useful epoxides. An enzyme-confaining
biocatalyst is provided which remains active and stable for long periods and is available
m a dry power catalyst form for convenient “off-the-shelf” usage for epoxide resolutions.
The biocatalyst in accordance with the invention is suitable for commercial production.
Thus, the present invention includes an efficient epoxide hydrolase recombinant
15 expression system whereby, surprisingly, the foreign coding sequence for epoxide
" hydrolase being derived from a yeast wild-type strain is most favourably expressed, in
terms of its activity and retained high stereoselectivity, as an active intracellular
polypeptide in the recombinant yeast strain Yarrowia lipolytica and in such a form the
bioca_ttalyst thereby being highly optimized for the subsequent commercial application to
20 production of optically active epoxides (and associated vicinal diol products) in high
enantiomeric purity. The invention also provides a convenient formulation of the
recombinant Yarrowia lipolytica whole cell biocatalyst in a practical dry stable form

while maintaining its useful kinetic characteristics.
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Rhodot orul a and Rhodosporidium Biotechnol. Lett. 24, 1687- 1694. 5Watson,
I D., Hopkins, N H, Roberts, J.W, Steitz, J.A and V\éi ner, AM (1987).
Mol ecul ar Bi ol ogy of the Gene, 4th ed. Benjam n Cumm ngs, Menlo Park, CA
Xnan, J.-W, Fournier, P. and Gaillardin, C (1988). Coning of the LYS5
gene encodi ng sac charopi ne dehydrogenase fromthe yeast Yarrow a

| i polytica by target integration. Curr. Cenet. 14, 15 -21. 10Zhao, L.,
Han, B., Huang, Z., Mller, M, Huang, H , Ml ashock, D.S., Zhu,
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Z., Mlan, A, Robertson, D.E., Winer, D.P. and Burk, MJ. (2004).
Epoxi de hydrol ase-cat al yzed enanti osel ectiye synthesis of chiral 1,2-diols
vi a desyswuaiotoaés on of nmeso-epoxides../. Am Chem Secrik2@sodzhib6 -
11157. WD 2007/ 010403PCT/ 1132006/ 002744 WHAT IS CLAIMED IS: 1. A
substantially pure culture of Yarrowma lipolytica cells, a substanti al
nunber of which conprise an exogenous nucl eic acid encodi ng an epoxi de

hydrol ase (Ell) pol ypeptide. 5 2. The substantially pure culture of
cel | s oWRHARISICI,AXMEED #6:n t he exogenous nucleic acid is a vector '
conprising an Ell pol ypeptide-codi ng sequence. 3. The

substantial |y pur ulture of cells . of clains 1 or_2, wherein the Eli 10 °
pol ypept i de-%odi r{gs"g’é‘&%ﬂé’é’“ﬁs‘;“&b’ér"é growie Hpedetica geln a swbstastialingmberont r o
sequencef which compise &b Exobiltub aRdléiahdid i of any of
clainms 1-3, whe#ﬁ?n thé%nucleic acidmgg&g%&g%%ggggﬁﬁﬁﬁgigﬁgeIIs. 155. The
substan?qiﬁ?epﬁidepure culture of cells of any of clains 1-3, wherein the
nuclgic acid is integrated into the genone of the cells. 6.The
substantially pure culture of cells of any of clainms 1-5, wherein the El
is a bacteriZal Eflbesi@8tantially pute culite of sdiBloftlhingl, hheftidt eeibdetisi® Of cells of
any of %i ns. -5 wherein the Eﬁ if an, i nsect ElI. : 8. The
subst ant ral15 %8 F S PEHPEsiBE a1 EH rolpeptidagodrg wHnes 1-5, wherein the EH
is 25 a plant EH. 9. The substantially pure culture of cells of any
of clainms 1-5, wherein the ElIl is a manmmalian Ell. 3010. The substantially
pure cul turé of &B¢ substantialipursicullingiofeells obclaiwisdroe2pwhéreinEhd Ells a f ungal

EH. 10 polypeptide-coding sequence is operably linked to an expression control sequence.

4, The substantially pure culture of cells of any of claims 1-3, wherein the

nucleic acid is an episome in the cells.

15 5. The substantially pure culture of cells of any of claims 1-3, wherein the

nucleic acid is integrated into the genome of the cells.

6. The substantially pure culture of cells of any of claims 1-5, wherein the EH is
a bacterial EH.

‘ 7. The substanitially pure culture of cells of any of claims 1-5, wherein the EH is
an insect EH.

8. ‘The substantially pure culture of cells of any of claims 1-5, wherein the EH is
~ 25 aplant EH.

9. The substantially pure culture of cells of any of claims 1-5, wherein the EH is
a mammalian EH. ' |

30 10.  The substantially pure culture of cells of any of claims 1-5, wherein the EH is
a fungal EH.
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11. The substantially pure culture of cells of any of clainms 1-5, wherein
~the EH is a yeast EH 12. The substantially pure culture of cells
of claim1l, wherein the yeast EH is an EH of a yeast genus sel ected from
t he group consisting of: Arxula, Brettanomyces, Bullera, Bulleronyces,
Candi da, Cryptococcus, Debaryonyces, Dekkera, Exophiala, Geotrichum
Hor nonema, Isﬁatchéhb&abﬁﬁhmwy@ﬂ&ﬂ;ﬁ&&nﬁkbmnmymgsfchhs&ﬂgbmWeeﬁn Myxozynma,
Pi chi a, Rhodot orul a, Spori di obol us, Sporobol onmyces,
Trlchosp§P %ﬁﬁ$$ﬁe%§%ﬁgnd Yarr ow a. 13. The substantially pure
culture of cells of claim11l, wherein the yeast EH is an EH of a yeast
speci es selecq

df t I d
Ar xul a terrest?i S, H%?é’f’?%ﬁ%fﬁa}éﬁg%g#] k%#fé’%gﬁ@cda@gﬁta 5 en I\r/‘?%i denen5| S,
Br et t ano@ftie andiibobd usast @emﬁmmﬂmmccﬁmsgng oEJmmlﬁmtl fied speC| es

NCYC 315 BuHe d bu ndi-d | b
Candi da PR S B Doy, CEARE S mBartns e N e
i nt er medDakkezanEhopaian Geotricham, eanﬁlmrwma)assaa:bsmmmlusyvef‘e’mmﬂeda rugosa,

Candi da tenui s &a gl da tro cal'’ CE a, %Esﬁc! da krui sei,

Candi da SO ¥ReWVSS P%PP%Q?S @Zy%‘r B5; © OéP% ‘B'E'o YHBs dus,

Crypt ocOSpomamMs)Isentdu:sion@cyﬂﬂmb@smsorbhmh@aeaﬁcu ¥arr@wigpt ococcus curvat us,
Crypt ococcus gastricus, Cryptococcus hum cola, Cryptococcus hungari cus,
Cryptococcus laurentii, Cryptococcus |uteolus, Cryptococcus nacerans,

- Cryptococcus p@dzofrh@uﬁbst@itsam pmmm@etoetétswcsaaebar m@rse@esnelyaagenl i,
Dekker a omal

ophi al a der tldls Geotrichu

Uni dentl é%l %%&(ﬁx&y eﬁ?’e@f%%c edm&%“%ws'sgn%g EPA”@H dentified
Epem es NER4RiaskZAY, Arktﬂ%ﬁn@@.d &i&kBﬁaﬁ@ﬁ@hﬂ%@tmelﬂae:%dﬁYl%ﬁr@ L@§ mar Xi anus,

| ponyces_s nidentifi e es - ] PO ces
Ler ey Rt BiankE; Bty Hn 20BN Bre ey IRnePhees b b LIRS anomal a.
|P' chia fépdcRRNCAC Sﬁ’ﬁﬁgIB@HQ'@IddngfdﬁiﬁmIBuiI%hBhﬁbé@a!B@éé|Oéﬂhld|a%1bnﬂh§d05por' di um

usi t ani (0] | um L. genum 0dospori al um sphaerocar pum
Rhodospo rbq%fag E ‘é"i' %}fé&»&%&?ﬁda.haﬁ%@ﬂu&ag@fﬂw tepAgdt or ul a
araucar i @@d;ﬂwmdgmraul QargHih | péh @sulmmherdulragdﬁengbﬂdldﬂwd@t orula mnuta

var. mn Rhodot or ul a . nmu 0sa,. Rhodotorul a phil Ia Rhodotorul a
oy o A S e R B, St s ol fo o

Y-2042, édﬂr‘o‘bh?(aWﬁtocb@ﬁ&a\h&@@rydt@%@cﬁé&ﬁﬁ&bntumggig)%waﬁ gU{ anmti aca,
odot om a sp.

Rhodot or p Uni denti fi ed species NCYC

"ruci | agf?th‘l'g@? E'S éﬁ@%"ﬂ?%&uﬁ‘é& 145, (CRERPOG PG Jastifys % BPTE hol sati cus,
Spor obol mmﬂccﬂé Grﬁ]p’@@ﬁcou§@1@h9£]¢ﬂu@”@Fy@@cb@d&@a@reﬁr lmptsa@dcg@m@mgael i,
TrichospQron cutaneum var N ;EJ‘t aneum Trichosporon del brueckii,

Tri chospo?BREPTIHE FeRGeransT FEHSRPIRAYP ey PIOFPGUR & FRBon ovoi des,

| 55'18“"‘&““*‘* PR banen TDERISOS 8050l RGBS Cadtichnegpe! o5 NCYC
V0449 BRI Sooras HBE S0 ah ! NP RERARP. (9 cHOSETIBH
nont evi dpenise NCWMGER! ) bR EhaHkRFocoriBetaX& IO rorhycBO mArkiSaus, - 14. The

subst ant i, al I}?/ Eure culture of cells of of clains 1-13, wherein the EH
o0l y peptiRAYCES 3AP R @ntIidlEed FRRS e BBP oIS ddpomyces tetiagporishe

subst antmﬁt.bympwsepmwpbw Myseézy)ﬁaer eNhidsi| PiBgh ¥hbBalaceich fiﬂfanaiBX of clains
2- 14, wherein the vector conprises a constitutive pronote 16.

The subdt@ra p4ligrnapgi.& m{}api@p@\a Qﬁ?ﬁ’%ﬂpadwm6‘€ﬁ't§‘f”ia§aRE‘é1q58°r5?U"BI ai m 15,
wher ei n gahigigennst Rhu&d,gb@n@mﬁmaﬂérdcﬁrpruhﬁ RRBFodpoRdmEbruloides, 17. The

substantlall pure culture of _Yarrow a |lipolytica cells of any of clains 2

wWePep O(”Fﬂé’W@@F@Ee@%r?%’?'ﬁ@rw&a%r%?ﬂg?@rmfa ghutins, 18. The

substannhahbﬁér@axﬁmﬁylRwo%t&mamhm@%a rhihixal fhodotoraRlhcighinggy of claims
- 17, wherein the vector jntegrates in enone of the cells by a

phy5| calRNPAgterz philyia. &‘Pﬁ@@ﬁ“éwqrﬁt%@d&f‘?“ﬂﬁﬂ)&g@& itiidesditiRtence in the
vector and an integration target sequence in the genones of the cells.
19. The substantially pure culture of Yarrow a Hpolytica cells of claim _
18, wherein the integration-targeting sequence is an integration-targeting
sequence in the pBR322 plasm d. 20. The substantially pure
culture of Yarrowa lipolytica cells of any of clainms 2-14, 17 or 18,
wherein the vector conprises the nucl eotide sequence consisting of SEQ ID
| 40: 24. 21. The substantially pure culture of Yarrowi a |ipolytica
cells of any of clains 1 - 20, wherein the EH pol ypeptide is a full-length
EH pol ypepti de. : 22. The substantially pure culture of Yarrow a
lipolytica cells of any of clainms 1420, wherein the EH polypeptlde is a
functional fragnent of a full-length EH pol ypepti de. 23. A net hod
of produci ng an EH pol ypepfide, the nethod conprising culturing the



29. The nethod of claim 27, wherein the EH pol ypeptide is recovered from
the mediumin which the cells are cultured. WO

2007/ 010403PCT/ | B2006/ 002744 30. A substantially pure conposition of
dry Yarrowi a lipolytica cells, a substantial nunber of which conprise an
exogenous nucl ei ¢ aci d encodi ng an EH pol ypeptide. 5 ~ 31. The

comﬁog it is?@ci@é g@?@' mgaﬁuo%eﬁ-g@@,WS:mma&}w?m YL 3gad@F@r\y~06®)ngda _

net hod sel ecte romthe group consisting of freeze-dryin spray drying,
f1 ui di ze%@@ﬂto&f'??W&Pt'a&ﬁd‘gﬁwt?j’%%& Eﬁ-‘n@ ‘i@é@?“ﬁﬁ%%@ﬁ&%@???&ﬁ&% clai ms 30
or 31, wmeogbniidIep. CRNBIRGINoEPN Ioridiobbias kalsloalbler, IHoyodRERla! yst
conposition suitable for biocatalytic resolution of racem c epoxides.

33. The cORIFBEGUSI BROTBPOIGRYCESORGUS: REOTEBOISDYCSRTaYEEen THEFspaIondeigsiie

co- f or nuraiestpetdntuiRuRvaPRIuGrsLUAR Thtdsperod Gemkecki, ITPhéhofyi ng. 15
34. The conposition of claim33, wherein the one or nore of the
st abi | i ziFRycelgdAthesparog nyigpides, T”ChOwro’Tﬁ‘é"%nﬁ%@%P@fﬁn@P”lé%ﬁsm; 33 or 34,

wher ei n trigh2R8roAsppey. Ohide A 8iBs INCH (N SR@EREY d %22, NeS) 3211, 36.
The cenposition of wherein the_one or nore of the

cor anly of clains 33-35 _ _
st abi | i 2R S2%98P % YQFS YHiedB eV RFSI5840 RO RPG491UORS 32 HR) of cl ai ms

33- 36, WBEHRIsPoloR endHiffoRfe, TRERoPordiYRomb®BbdrsE] ithgRE @M etsia®, 8Rd | nert
carrier. 38. The conposition of any of clains 33-37, wherein one of

the stabYPirewRdrayés is KG, 30 "~ 39. A nmethod of hydrolysing an
epoxi de, the nmethod conprising:

14, The substantially pure culture of celis of any of claims 1-13, wherein

the EH polypeptide is an enantioselective EH polypeptide.

15. The substantially pure cuiture of Yarrowia lipolytica cells of any of

claims 2; 14, wherein the vector comprises a constitutive promoter.

16.  The substantially pure culture of Yarrowia lipolytica cells of claim 15,

wherein the constitutive promoter is the TEF promoter.

17.  The substantially pure culture of Yarrowia lipofytica celis of any of

claims 2 - 14, wherein the vector comprises the hp4d promoter.

18.  The substantially pure culture of Yarrowia lipolytica cells of any of
claims 5- 17, wherein the vector integrates into the genome of the cells by a physical
interaction between an integration-targeting sequence in the vector and an

integration target sequence in the genomes of the cells.
19.  The substantially pure culture of Yarrowia lipolytica cells of claim 18,

wherein the integration-targeting seqguence is an integration-targeting sequence in
the pBR322 plasmid.
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provi di ng an epoxi de sanpl e; creating a reaction mxture by
mxing a Y. lipolytica cellular EH biocatal ytic agent with the epoxide
sanpl e; and incubating the reaction m xture. 40. The nethod of claim
39, wherein the epoxide sanple is a enantioneric mxture of an optically
active expwdde and the E |ipolytica cellular EH biocatal ytic agent is
enanti osel ecti20e. The sabstamiiadly purenedtuest of fagiowagipoviige R T @B%PE i si ng
recovering.fr ctj.Qn: I : i HNRIMdoHRs E8guedte a

substanti "Ff’/%glrlu%(ﬁ?i%ggr%bgﬂ\%@égﬁ&gl{ %@n(sggtan enant i o%ctijr e, or a

subst ant icahsigtirgnaBEWGPUNG,; 24 poxi de; or (c) an enantiopure, or a
substantially enantiopure, vicinal diol and an enantiopure, or a
substantially enantiopure, epoxide. 42. The_ net hod of cl ai 40 or 41,
wherei n the optli calTihe sabstavtalypuse erdturesofareoniadinpdytica cals Sy Pgrrsn t he group

consi sting . of 1Q%g§,ﬁ§rt%ﬁth%§_gggg%%g§§,aﬁ,wgr@ﬂe_gppgo%gpﬁd%, 2-di sbubstituted

epoxi des, M3-'disbll trisubstituted epoxides,
tetra-substituted epoxi des, neso-epoxides, and glycidyl ethers. 43.The

method of any pf Clalddntdl SREEHURe bhParbulid RRNIca GBI Eldnylonr Bl

bi ocatal ytic ent s a su I'y pure population of Yarrow
li pol yti asaimelMF 20, wheseib$heaBHi polypeniseis adundiiRnelirageiRgt Pfs%f”élﬁer@%\é\%anous
nucl eic acid eﬁ'cﬁOdi ng an EH pol yp eptide. 44. The nmethod of any of clains

4042, whePPYPEPYFs v Tipol ytica cellular Eli biocatalytic agent is a |ysate

or extract of a substantially pure population of Yarrow a |ipolytica

cells, a substanti : i L SRidannheRededPetmptisgtgei ¢ acid
encodi ng an El -po%ﬁé%@g‘;ef.p%i@“ﬂ%ﬁ Eggpg@%%ﬁl\c}g’rrom a li polmti (?a cel |
conpri si ngitamngthegehstastiatiy eles eultars of cehe ol P! 5\@'%%}??&@"%%?“8{ '34% (EH)

pol ypept Itﬂg’f are favorable for expression of the EH polypeptide.

24. The method of claim 23, wherein the expression results in a biomass-
specific EH activity higher than the biomass-specific EH activity for cells that
endogenously express the EH polypeptide.

25. The method of claims 23 or 24, wherein the EH polypeptide is

substantially not secreted by the celis during the culture.

26.  The method of claims 23 or 24, wherein the EH polypeptide is

secreted from the cells during the culture.

27. The method of any of claims 23-26, further comprising recovering the

EH polypeptide from the culture.

28. The method of claim 27, wherein the EH polypeptide is recovered

from the cultured cells.

29. The method of claim 27, wherein the EH polypeptide is recovered

from the medium in which the cells are cultured.
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30. A substantia]ly pure composition of dry Yarrowia lipolytica cells, a
substantial number of which comprise an exogenous nucleic acid encoding an EH

polypeptide.

31.  The composition of claim 30, wherein the composition is made dry ilsing a

method selected from the group consisting of freeze-drying, spray drying, fluidized bed

drying, and agglomeration.

32.  The composition of claims 30 or 31, wherein the composition is 2 shel£stable,

dry biocatalyst composition suitable for biocatalytic resolution of racemic epoxides.

33.  The composition of any of claims 30-32, wherein .the cells were co-formnlated
with one or more stabilizing agents prior to drying.

34.  The composition of claim 33, wherein the one or more of the Stabilizing

agents is a salt.

35.  The composition of claims 33 or 34, wherein the one or more of the

stabiliiing agents is a sugar.

36.  The composition of any of claims 33-35, wherein the one or more of the

stabilizing agents is a protein.

37. The composition of any of claims 33-36, wherein the one or more of the

stabilizing agents is an inert carrier.

38.  The composition of any of claims 33-37, wherein one of the stabilizing agents
isKCL '

39. A inethod of hydrolysing an epoxide , the method comprising:
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providing an epoxide sample;

creating a reaction mixture by mixing a ¥, lipolytica cellular EH biocatalytic
agent with the epoxide sample; and

incubating the reaction mixture.

40.  The method of claim 39, wherein the epoxide sample is a enantiomeric
mixture of an optically active expoxide and the ¥, lipolytica cellular EH biocatalytic

agent is enantioselective.

41.  The method of claim 40, further comprising recovering from the reaction
mixture: (a) an enantiopure, or a Snbstantiaﬂy enantiopure, vicinal diol; (b) an
enantiopure, or a substantially enantiopure, epoxide; or (c) an enantiopure, ora
substantially enantiopure, vicinal diol and an enantiopure, or a substantially enantiopure,

epoxide.

42.  The method of claims 40 or 41, wherein the optically active epoxide is an
epoxide selected from the group consisting of monosubstituted epoxides, styrene oxides,
2,2-disbubstituted epoxides, 2,3-disbubstituted epoxideé, trisubstituted epoxides, tefra-
substituted epoxides, meso-epoxides, and glycidyl ethers.

43.  Themethod of any of claims 39-42, wherein the Y, Jipolytica cellular EH
biocatalytic agent is a substantially pure population of Yarrowia lipolytica cells, a

substantial number of which comprise an €X0genous nucleic acid encoding' an EH

polypeptide.

44.  The _meﬂlod of any of claims 40-42, wherein the ¥, ipolytica cellular EH
biocatalytic agent is a lysate or extract of a substantially pure population of Yarrowia
lipolytica cells, a substantial number of which comprise an exogenous nucleic acid

encoding an EH polypeptide.
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45, An isolated Yarrowia Iipo!ytica cell comprising an exogenous nucleic
acid encoding an epoxide hydrolase (EH) polypeptide.
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