Reconbi nant Yeasts for Synthesizing Epoxide Hydrol ases This application
clainms priority of South Arican Provisional Application No. 2005/03031,
filed Aprwb,20040108005, the di sclosure of which is incorporaBmde/herei n by
reference in its entirety. TECHN CALFI ELD This invention relates to
reconmbi nant yeast strains, and nore particularly to reconbi nant yeast

strai ns contai ni ng exogenous epoxi de hydrol ase encodi ng nucl eic acids.
BACKGROUND Bﬂggm&lmonaastﬁ ocSymtlesizimz)Epoxide dydrolasesizynes t hat

convert epoxides to vicinal diols by ring-opening of the epoxide. Epoxide

hydrol ases are present in mammals, vertebrates, invertebrates, plants,

insects, and THiEARUCAN Hilhs plbiityGREbYh 2 oy Py faﬂ&@}ﬁ%n gl nal diols
or

are versatile fine chemcal intefnmediates usefu e production of

phar mac e? R0 €303, fdest dprile M, 280% thef disalesurd aforhiilrislincgrpoteted seiaby and fl avour s
and fra . oxides are highly reactive el ectrophiles because of the
strain ?I%ﬁegéngrgﬁn %gerﬁlﬁ%y't hree-nmenbered ring and the el ectronegativity of the
oxygen. Epoxides react readily with various O, N, S-, and C nucl eophil es,

aci ds, bases, reducing and oxigi zi . allow ng access to
bi-gunctional nol ecul es. Vidré#égﬁgpggﬁ@ﬁgﬂbyed as their highly reactive
cyclic sul fitBfs RRehtfonlrtaesfo redGihbihart Se RPN ahd MBreARIARAT tyv th a broad
range of nucl eophiles. The possibility of double nucleophilic displacement
react i onf§CRUPRIAAH YEat plEinsaentainingiee gandus wpeiddekwirelasedinpydingivraaz ol e
derivati , 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. Major groups of substrate types that can

be enantionerically be resol ved ﬂag igﬁ hydr ol ases i ncl ude

nono- substi tuted epoxi des (type ) ?@* R oxi de-type oxiranes (type I1),
di -wubst it ut éporjiibiyd@taséd 3.81213), B fate 18)dbsitid sHz@fles @BCkon@ért a- substituted
epoxi des These substrat ezﬂl havgﬁenor nous i nportance in

erx)&t.yloe 1 V). [Fi.q- ].. . . :
t he pharPREEES focasinal finle by ERg-epgningef theerpxided Bpoxide bydrelasesprerresit speci fi ¢

PCT) | Bocb ) BRhAS el b Ras il AR SR e R ERR R O
PCT/ EB2006/ 050ytit3lly astiveebbxidas and vl iolf aré vamsatle @it sliepsied] Appl i cati on Nos.

2005/ 0303 2005/.03083, t i scl of all ) )
mt%rr%ggates usefuq %or tﬁe proggctl%lnso%p a?rlrjr{aggutgals? agrochemicals, ferro-electric

15 liquid crystals and flavours and fragrances. Epoxides are highly reactive electrophiles
because of the strain inherent in the three-membered ring and the electronegativity of the
oxygen. Epoxides react readily with various O-, N-, S-, and C-nucleophiles, acids, bases,
reducing and oxidizing agents, allowing access to bi-functional molecules. Vicinal diols,
employed as their highly reactive cyclic sulfites and sulfates, act like epoxide-like

20 synthons with a broad range of nucleophiles. The possibility of double nucleophilic
displacement reactions with amidines and azides allow access to dihydroimidazole
derivatives, aziridines, diamines and diazides. Since enantiopure 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 I), styrene oxide-type
oxiranes (type II), di-substituted epoxides (type III), tri-substituted, and tetra-substituted
epoxides (type IV) [Fig. 1]. These substrates have enormous importance in the
pharmaceutical, agrochemical and food industries. Examples of specific epoxides

30 substrates are listed in International Application Nos. PCT/IB2005/001021,
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of which are incorporated herein by reference in their entirety. Epoxide
hydr ol ases (EH) play crucial roles in the netabolismof organisns and as
such are woporteamoddrug targets in mammal s. | n additi onpCpaBB0s/HE744y

inmportant targets in the control of diseases of mammuals and pl ants caused

by par agide 805001 (220PE 9B 30185 \éﬁébc@%%@t{sgdm@a& 5/l 29fn Sopgect's, both

as carriers of parasites infecting humans an protect crops_ agai nst
i nsect pfsican PromisonaleiplisatéondNes. 20033030 vt 20954308 3¢ therdiscipsuisaef g nunber of

epoxi de tol ases for hi.ocatal ytic purposes..and al so to produce correctly
f ol ded _é’%’i’i‘cg‘@rﬂpﬁ?@f’%%shef%?&(#«gerg‘?ﬁ%_dﬁ PEMHFRE i on studi es required for
eval uation ofgpbkide @ydroRessi(ERY pliF AR k&eﬁﬁ%ﬂdﬁﬁ&a@cﬁishﬁdﬂﬁ%@isﬁﬂr@ﬁ ber apeutic
bi oacti ve nol ecul es; a generic expression systemis highly desirable.

Howéver ,suelt arp irgpestant dirgdargefs i mxpmalss o pdditien, patenizdlybapartant is%$H8d t hat can
express ,functional.l v-acti v Xi r . vari ous
T ar® tht b P DAk AR i FRE K}l S SR Wit RlopafnsY 3 ) DU

The i nvertwellns iibthe @6@tebliof ifdedts, both dskerrdisscfpumsiveshiyfetting ivnwantei e t hat
reconbi nant Yarrow a Hpol ytica cells expressing exogenous EH froma w de
range ofPIQBECTYS aFAPE WSegipealEti vity and, where the EH produced by the

parent speci gg P%i%g Foirbgzgfdiﬂﬁg h@&tshgxgc} eVt ﬁxc?éa§iﬁ1g ﬁﬂﬁﬂ%{i ogﬁg&ﬁ&é hyfolastlius, the

i nvention prov at ed ytica celFfs an stantially pure
cul1bur esfoobiodatalipopurposes anbilbstoqooduat nomertly foldeheposidelytiwlasesfor the encodi ng

EH, e.qg., enanfiosel ective EH. so, featured by the invention are nethods
for thg WHreHtrcipePngiu lﬁée‘ﬁ}lfegr@lr ?}‘é{“ﬁtﬁ%ofgtg?seﬁ%*a?m&eﬁg"ﬁ%‘é}}%‘& and for
produci ng 18pkik 6lthfapatit ¥RaMivel idiboutbisOl SerRRE bQreRhnis§atinys Righlyve epoxi des.

Al so enbodi €éd by the invention are efficient integrafive expression
vect or s.desinabin eHewgust tat present inp vimglej esprefsien shistem hasdgersdeysloped ot ¢re cul ture

f ' |yt i | | i al ] . [
exogenoui it eeto it B s RSl A dh ARG ulloof FRLERIEL 2708 e

i nvent i GRsedt &1 thieBibid] 86urdés dusehtdy #dildsler owi a Hpol ytica cell conprising an
exogenous nucl ei ¢ acid encodi ng an epoxi de hydrol ase (EH) pol ypeptide. It
is understood that all of the enbodi nents described below for the cells of
a substantially pure culture of cst/vpviARY Y al so to an isolated cell. The
exogenous nucleic acid can be a vector, e.g., a vector in which the EH

pol ypept i de- cOwiinpnier irdreed imgpaﬁggﬁ}@g)qliwq%p%&ydhq vanors it seconbinagbnt r ol
(S:gﬁ'ltjgin(r:]e{ nyl\?zézz%tg%%cs ?e{i'la %IQ@‘%?SIII& &og%ﬁg Ehufréﬂ{% W& {£B§<?5f sp-ggi@s y&et or can
high activity and, where the EH produced by the parent species is enantioselective, are
20 also enantioselective. Thus, the invention provides isolated Y. lipolytica cells and
substantially pure cultures of Y. lipolytica cells containing exogenous nucleic acids
encoding EH, e.g., enantioselective EH. Also featured by the invention 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 invention are efficient integrative expression vectors.
In one aspect, the invention features 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 invention also features an isolated
Yarrowia lipolytica cell comprising an exogenous nucleic acid encoding an epoxide
30 hydrolase (EH) polypeptide. It 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, e.g., a vector in which the EH
A polypeptide-coding sequence is operably linked to an expression control sequence. The

2



pronoter or the hp4d pronmoter. The vector can be nmaintained as an epi sone
inthe cells or it can be fully integrated into the genone of the cells.
The vect owocasv/aewBai n an i ntegration-targeting sequencecansmbeo2genone of
host cells to be transfornmed with the vector can contain an integration
target Segu@REeSorfiRh chdHARRNBLRIRIE. Ahe RBh @h¥niR T PEPLS iRkt oe
integration-targeting sequence. The integrati on-?arget Sequence can be, for
exanpl e, pramptes pr hahpddpropBR32 Thepvetaricdn bd meintahaddais an apisdie tofthe pdISV136

vect or CCessi no, : . T EH pol ypeptide_encoded by the vector can be,
for ex aﬁr%l lg‘?an:oegﬁl& lé‘ﬁgﬁ%t?d 13??}}5% 5310?“,3 (}i%bef)%"hﬁ Tl Vegton Gamheamtaim akH
pol ypeptinti@rativataeueiy seqitfcddidirt yhRRe FRo&2BINS b@;n%i#?xﬁded%h%ﬂ@pt I de,

e.g., a yeast yeast polypeptide. The yeast from wh e EH Is derived can
be &f an{eckr citheontan pikitesatipaniaeet: sequencdsahat By eompdetelynpe partialBul | er a,

Bul | ero ' t us, Debaryonyce kkera, Exophi al a,

Geot 11 cruioipgsiR Ao edrad Bt ARRARY SeaumiRey VEF B G Rlon T gt O

Mast i goniyes & exadiple zaliar, paRliof PBR32Rplasiaimip aihk deston calfiBe 4RI OV 836 vk i di obol us,
Spor obol onyces, Trichosporon, Wngea, or Yarrow a. The yeast can be of any
of the fOIFERIAFOSpecies: )Arxul a adeninivorans, Arxula terrestris,

Br et t anomyce r d r r ensii s, Bret.t.anonmyces
anonal us, Br :]';}%éa}lﬂgﬁ%}gg lg%g%(%%gg& %2&3%&%@’% {l%? &d 'Psl%ea(;bla(étgnﬁcfvt 3151 ),
Bul 10er a itsacti _@it,| ca 2 nButhalianrBIE pslypdpltids., Morsvater] theBIDpSIgpptidECammbedtafl abi ani i ,

Candi da gl abrat a ndi da haenul oni i , ndi da i nternedi a, Candi da
magnol i a@pg%gﬁtypggﬁgaer%pgﬁa&y@t Péia)ﬁ’ﬁ?@’r yeast fremivineluthedliss, candi da
t ropi cal desived@micdThayBt the fSHRRAS Bererdi BRIa, Ef%nghzg@g?s%uh%"") related to C

sorbophila, Cryptococcus al bidus, Cryptococcus any éntus,’ Cryptococcus
bhut anen4llerongiogsGsadida € niptocverundebarypyoes Dekiera &sophialasGedDriglptmococcus

hum col C s_hu ricus, Cryptococcus .laurentii, Cryptococcus

| ut eol ugf,{or 0&%’%’%’0@%@3’5”%@@% §?myéfﬁiﬁl%€8’€%gﬂg¥aﬁmmcfse X0PInt ococcus

t ertseus ,PiEHbaRkwMypbeﬁlimﬂ&@d&kwi@@pbﬁﬂ@b@m&}%o%@}i hianodssoRt i tidis,
Geotri CW spp. fY(e. g., Unidentifjed species S Y-"0 111), "Hornonema spp.
(e.g., Uhi"gentor fragwvepddicasagicyrvxafany of thefallowiagpesicsc dividat al i s,

Kl uyver X] i .G -Uni denti fied speci es UCFS
V-2 150y TR Rl A er O Ry st B S  ngeosyima

el i bi ogiagrdenermisy Bagitwmomgces Bhahilas,f Brevandineas spetieh{«e. guhilbmiawandi i, Pichia

hapl ophi | a,. aridi um | usi.tani.ae, _Rhodospori di um pal udi genu
RhgdogpgpF%?ﬁﬁﬁg%‘gfl)o%g g endrophila, B’ulleromycespalbus, Candiga albicags, m

20 Candida fabianii, Candida glabrata, Candida haemulonii, Candida intermedia, Candida
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magnoliae, Candida parapsilosis, Candida rugosa, Candida tenuis, Candida tropicalis,
Candida famata, Candida kruisei, Candida sp. (new) related to C. sorbophila,
Cryptococcus albidus, Cryptococcus amylolentus, Cryptococcus bhutanensis,
Cryptococcus curvatus, Cryptococcus gastricus, Cryptococcus humicola, Cryptococcus
25 hungaricus, Cryptococcus laurentii, Cryptococcus luteolus, Cryptococcus macerans,
Cryptococcus podzolicus, Cryptococcus terreus, Debaryomyces hansenii, Dekkera
anomala, Exophiala dermatitidis, Geotrichum spp. (e.g., Unidentified species UOFS Y-
0111), Hormonema spp. (e.g., Unidentified species NCYC 3171), Issatchenkia
occidentalis, Kluyveromyces marxianus, Lipomyces spp. (e.g., Unidentified species UOFS
30 Y-2159), Lipomyces tetrasporus, Mastigomyces philipporii, Myxozyma melibiosi, Pichia
anomala, Pichia finlandica, Pichia guillermondii, Pichia haplophila, Rhodosporidium
lusitaniae, Rhodosporidium paludigenum, Rhodosporidium sphaerocarpum,
Rhodosporidium toruloides, Rhodosporidium paludigenum, Rhodotorula araucariae,

Rhodotorula glutinis, Rhodotorula minuta, Rhodotorula minuta var. minuta, Rhodotorula
3



Rhodospori di um t orul oi des, Rhodospori di um pal udi genum Rhodot orul a

araucari ae, Rhodotorula glutinis, Rhodotorula m nuta, Rhodotorula m nuta
var. m nuwe,20iaomsor ul amuci | agi nosa, Rhodot orul a phi | ylraT/1Ro6oaes | a
rubra, Rhodotorula spp. (e.g., Unidentified species NCYC 3193, UOFS Y-2042,

UOFS Y- Oké&ilagh. RIrdd3:38ul. apt i aca, Rhodotorula
spp. (e. agﬁfnt f fi egu gbgyiﬁé’s%h%g%)u?{%%?’%g%&g%‘?%pa&é%i

"muci | ag%ﬁ@g‘&tdﬁedﬁﬂ@?i@&jm&@%b]%rﬁ( LI UOSpB+db8)| TO0FS ¥'s0139) BOF$ cus,

Spor obol ¢f s r obol S tsugae, i chosporon bheigelii,

Tri chos pgrrbosﬁg)z 11}?1 g%‘gﬁj’%lavgﬁgmé‘{%ﬁfﬁﬁr #isefﬁgg“ﬁm%}iieﬂ S SRedss N(P%C

Tr i chos pd22dhjRiodseeili sp. -anh@zm&ﬂb@&(}B’pm%cgﬁsssah;[{;}ifdg&? BALBBoiOM SIS
e.g.,un e

Tri chosppr.onpul | ul ans, Tri chosporon spp. g I dent’l speci es NCYC
3210, NC%‘%’%:”& ,SPNMOB’WS 10seURISBorpLORBY ces\IQEBe, Y i dporddhesyelii, 0451, UCFS

Y- 0449, SPOY nLeury oy 1eum, Lric -lo--if Uy ~h i 1
e ioapor g L Ao RO B ot Qe PR, C TSP JEpvecihn be an

nnntevideense, ngea robertsi ae, r
enant i osBlidhosporen Bcoititsy Eavietsporoh o9diles) Eridhdspbron pRIMILRS, ERcRIspérofy unct i onal
h

fragment_of . a ful]-length EH__The invention also features a nmethod of
produci ng? a(r?‘ng%BJﬁflbjg les NGHEr 10, N G 34 2aN6YE- P44 WOBS ¥-0861t ur e of

cel | s i syoB§tyug 1101 LS itk -~ t Le for expression of the
EH pol ypepti de.@l'(%ﬁe net%?ggggn@ﬁquﬂg’ ‘éégsgég?l%ﬁ?é‘%mpf’f%g Pn a

bi ofass-4¢EETame, Brichespiro mpnievigharse,t Winged Pubehisinens YafoRei oyl activity
for cells th nously express e_EH pol ypeptide. The EH pol ypepti de
produced by t hlegﬁgr:g%ﬁboeaanceg tﬁ’églg%tbvre dl\E(PrS et.Hecaade afuliength BHgr pe
subst antfundtioyalnfedgnsaco®d f0-18yth Be. cel |'s during the culture. The EH

pol ypepti de produced by the nmethod can be recovered fromthe culture nedium
or fromthe cdiefaventpg alse fpiaesiaonethod of froducimem Kb pplypertidenshenéindr y

Yar r ow gpd ihR i 504l f ich_a substantial. nunber contain. an
exggegoig DQUEF%‘I;:SZ}?EIHW oﬁ&rﬁﬁéﬁgi Eﬁlt%%(f‘%tfg’_bzzna@on; ;gSﬁ‘_B’BE‘}%kq 8h can be
ma r sdioreeizthe eptidy. EBhednsthdiDoanipronidh &@eesHie or

aggl orrerbati on. T%ﬁgﬁﬁposi ti.on can be a aghel fl-_st ablse, érg}wll)l?%}:%t al yst
conposi tT GR2EEPE g Vil highar shapithe bippwss-sperifia F5F actiaige firceligtbati des. The
dry cel len86H¥ROSY &:xesS t i e.or re,stabilizing agents
prior tondr yi ng.}tT)ﬁ)geseﬁ%téa%gP{)%%g@agg%pg@éﬁﬁg%&am@?‘??%Xﬁ%ﬁlﬁ ,O‘lila

pr ot ei n,cape sasrqterbirom dlaa eelle or it Thebstubbiahtiadiyit a@edid Hame bellskiaking e i S
under st QQ in conmbi nati on.

The i nvenﬁ‘f‘%’g ﬂé gge%’i%\a?g i e'sgré&]\%gggggﬁ%ﬂg S‘élgfg# %Jﬂ;i%g@’%éﬂanfgpg;he@élmhi s met hod

20 medium or from the cells. |

This invention also features compositions of dry Yarrowia lipolytica 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

25 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 KCI. It is understood that the stabilizing agents can be used alone or in
combination.

30 The invention also provides a method of hydrolysing an epoxide. This method
involves the following steps: (a) providing an epoxide sample; (b) creating a reaction
mixture by mixing a Y. lipolytica cellular EH biocatalytic agent with the epoxide sample;
and (c) incubating the reaction mixture. The epoxide sample can be an enantiomeric

mixture of an optically active expoxide and the . lipolytica cellular EH biocatalytic agent
4



involves the follow ng steps: (a) providing an epoxide sanple; (b) creating

a reaction mxture by mxing a Y. lipolytica cellular EH biocatal ytic agent

wi th t he wparerdao®anpl e; and (c) incubating the reacti oRCEIB2006/@027dHhe

epoxi de sanple can be an enantioneric mxture of an optically active

expoxi decarisk dnartickelettiveo! Tiie rﬁ@h@&éa{n%ﬁﬁerE{ﬂro@&é%@&v@ﬁﬂ%ﬁSmﬁ%&%&i%ﬂ be

enanti osel.ecti Zag The nmethod can further involve recovering fromthe

react i on™H¥tRES; (a3 an enantigpnre naatsibssantielly emantiopurbsticimdl ididlj ) anant i opur e,

vicinal  giRkoml) i r r a substantially enantiopure, epoxide;
opbelos RSBk B Bonit. o e Bp

or (c) an enantriopure, OPULG; fignal di ol and an

enant i opswbstantallyeensntivplue) vickial #ioEamNn eﬂ@xﬁ[@m@@%&l@@tant@l&iegﬁ{tfo}ﬂu@m Ive
epo§' des can, b .vviihout limtation, r_mnosyb‘sf_itut ed epoxi des, " styrene
oxi des. PoXg, Qg Y 350V e epaislos cerele, vathouidimitaiion: hondselstiapekeporiies,

trisubstg ; i - i 4wt ides,. 0- epoxj des, or
AR e o T AR T o e T e
foll 0}[/\/i n@’oélfl@mﬁr%sub@@t)ltedrepe:idpafs%xtsdsomp?_ﬁaésg@ﬂgl{j@mﬂ%ﬂﬁ% (b) at _c;)nffti tutive
ronoter; and.(C)_ an infegration-targeting sequence. e constitutive
Er orr?t er candﬁlie %ﬁeﬁt‘?ﬁﬁfsﬂ ???%;HP%? geﬁ&iﬁg &oniameng the fediowing @]@nﬂﬁ;g (?ﬁ%}ueg %gzgan
e, for epasspios cotdl i ceon e.
pl asm d. The veg?or g%cfr?&tl)deé?(Pgrcgesiangeg)?&#ﬁg}’ﬁ%gﬁ%gg&é\}%%fogftar(gﬂ% ssion No.

) .19A potedpeise dhae ¢anglitutiveprgniotascad bathediiF) privavieng The egratinhugelease
activityg Xl drol as i s one which has hydrolytic enzyne
acti vi tyseflﬁuﬁ{cgg%nn@%rfﬁé% %nﬁéi]%baﬁi %Pﬁ@ﬁgyin&&@"?@ LYY S BR328ne nor e

vi cinal plasmhig. b¥he vertbropebs, Ter (XbmbhetRIROWE6 FeRfor (RANMERIENCE, cells of the
Yarrow agenus are generally referred to below as "Yarroma cells,"”

"Yar r oni 3%tr-ansf-odmant cells ", etc. As used herein, both "protein" and

“"pol ypeptide"p ¢t eab and nean . ain of. amno acid
resi dues, reg_arﬁg?gésigﬁgf(ﬁlpelﬁﬁﬁ ngg&djp oésr%{)-}%arv Hi8s Ieg?*@%d%%i aefraby irPBﬁ" (e.qg.,

gl yi€osy | atdporido hydrhlasg)ivond whiclhys hydgolyseehzpme abtivityaRatebh Rk YRest i de i's a
full-] eq,g{)rh e&)ma?urte or i nmm tur%) EH protein or a functional fragnment of an
full -1 engths SPHEFC R FOEMPRRERE PR Mt igna) skigls briesg-epeningwef thelepoxidei ve or
het er ol ogous Feir gbdleniRBRY, t&l : i . ional, fragment” of an
EH is a fragment ofe t he EHFSt% ﬁé@%’dﬁtgﬁg tg%lfs a?%%%lefaalg%%fr?&ﬁ’e B} % mat ure EH
and has aeroeireels§oY prrowia transformanttcell80%e. 40% 50% 60% 70% 80% 90%
95% 98% 99% 9% Oor te) of,the apility of the fulllength, mature
pol-ypepti de t%s Lf%g(glr{%rf:?}s]%o npl)é’b%&i BSPYP?R" e &te uspdintpselyngeaplyi and

20 mean any chain of amino acid residues, regardless of length or post-translational

modification (e.g., glycosylation or phosphorylation).

As used herein, an EH polypeptide is a full-length (mature or immature) EH
protein or a functional fragment of an full-length (mature) EH protein. EH polypeptides
can include native or heterologous signal peptides.

25 As used herein, a "functional fragment" of an EH is a fragment of the EH that is
shorter than the full-length, mature EH 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, mature polypeptide to hydrolyse an epoxide of interest. As used herein, a
"functional fragment" of an enantioselective epoxide hydrolase polypeptide is a fragment

30 of the full-length mature polypeptide that is shorter than the full-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



"functional fragnent"” of an enanti osel ective epoxide hydrol ase pol ypepti de
Is a fragnent of the full-length nmature pol ypeptide that is shorter than
t he full -wengetiomsur e pol ypepti de and has at | east 20%P(Ce/1B2006/6G2744a5St :
30% 40% 50% 60% 70% 80% 90% 95% 98% 99% 100% or nore) of the

ability ofnbchaadedithed W@&&nﬂﬁ&ﬁfﬂ@ﬂ&éﬁkﬁ% gr#eﬁ‘éag@itcid?g%géi&%gt}{fdsyang%eg{e% éz e a

racem c pogeiéde_m' xture of interest. nt's of” Irnterestcan

ei t her bg‘)r TPty 4 {enarfipselpasiviely) hydrolysoareegoyideof ititgest | ve net hods and
tested for thej ee], ] »¢enant i.osgl ecti.vel y) hydrol yse an epoxi de of
i nterest . Theﬂtléetre%H" lélj}\a%ﬁ?ﬂhgr’rrégmlrhrg %5 R qngptwgo 1%[‘81‘3‘6 &s g identistlecul es

havi ng i demticalatructiverind abmpdsitiinitiue BHRAACHRRAS S PN R kbl Gocal OP! i cal
| soner s gtal so known_ as optical stereoisoners) of each other. e term
"st et eoi YEHRIOMAE} of s3ch etk sThedersn Gteseoisomsr Miirein uéfess to hat oftwoe t he sare

connect i . I n space is di.fferent in each

i somer . iﬁgleﬁglg%ﬂ%%e?ﬂért] t ﬁ%?%‘%&%ﬁﬁ%ﬁ%“‘é@?? ADSEPEP 4N $3C%8y  subst ance
that r ot different iecaph nmenfAs wsed Heroin, tHeneat *optiplyakiiv@defetdBlany Vi €Wi ng t he
(doxt r or SPaRRe FTRERS ShreTiedncient Gesarly eblorigrdiaho eV ieotag Hofight

(1 evor ot Rda@on) sonldWubstafded Fdtal t1f poll-d gﬁg}égk\gm (@e&ﬁ%{fﬁa&%@ A utgjieons of

chiral nolecules (e.g., certain epoxi dle1 vi crna term
" st ¥r eos@PdRaciacounigrelockwiseaetgidre@evovatstpty)r Ehisrstatien éffpelpized Bgient i al

formati o r: et . hn chem cal reaction (e.g., .an EH nedi ated

cheni cal &Trcg%éltl ?@ﬁ{l&%f&glﬁéalﬁog?cé‘gf?%%e?er{ﬁ‘%‘?poéﬂﬁi %chlmlﬁ)he st er eoi soner s

are enant i omeFis; teinh Est@bRRREBRS or f‘ﬁe&@dele%dvi%ﬁafefef%%@&Efe}’énhm and is

guantitatively expressed by the enantioner ‘excess. Reactions are terned
hecy dipl

st er eos ePBB PO ¢ipleina inashemisel tegasiontie g e amPPHmedidtbd yhenficd] hencti@)ect i vity
is (a) cermpkele N thon.results in onl ne

st er eoi somer/ e%g%s%ﬁ%%?erg?ot? lg%ﬁzl%aslrtl%e?%oﬂ?? g CB?IE’(‘J"BF%S,’ al?r (b)partial,

i . el5, t hthenemendnds called eharsiosaleativity xhdisQuaRtithtWR P PFRYIIIRIBE shah@RLT omer s of
the rel eyant g%atrcﬁtion ErOdHCt in which the relative nolar amount of one

st er eoi sOIEr7 SRAHOTH A fermed Jterpessleptivryon spaptiosglectivg wherasppliceble) if §8% 65%

70% _80%lodhy BRoolltc A8, BOMatth e hb ofp! 27 arount of both

stereoi soner/enantioners. The selectivity nmay a referred to
sem quariireisgniasiepanionier gfithe reltont sbeticqmedittor (b)pytitlpL.e., the reaction

enantio JRIRAAN used herein, the term"w_ld-type" as applied to a
nucl ei csrgécu?tgtl%%r“nﬁ%%pog%\"? FErPLPRFS/ et“ﬁ“%?“ﬂﬁ!i%?&‘% relesiagt isctionpeddpsteipt i de t hat

ocear s iwhiclotheirslativeodolaesnéint of SFNLGENEhH/endnth ?&M%'st Q gagL smyas that
bi ol ogi rganismexists in nature. The term "heterologous™ "as’ applied

her ei n ﬁ%{SE%ﬁdfé OBYe 63%5 d0%n3QY01%%; 9584;197%r; 98%; or 99%) of the total molar
amount of both stereoisomer/enantiomers. The selectivity may also be referred to
semiquantitatively as high or low stereoselectivity (or enantioselectivity).

As used herein, the term “wild-type” as applied to a nucleic acid or polypeptide

25 refers to a nucleic acid or a polypeptide that occurs in, or is produced by, respectively, a
biological organism as that biological 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, a cell of the same 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 from) that particular cell as found in nature. Thus, a non-naturally-occurring
6



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
t he sane wpeoedao@s t he host cell. Accordingly, as usedPOenB2006/002744
"honol ogous” nucl eic acids, or proteins, are those that are occur in, or

are producdelc ayid igcongidbre@to bdoE @R &PLRAE Selfshck F}gmﬁﬁéefd igt%gllrx]edho-gpe term

"exogenous" as used herein with reference to nucleic aci a particular
host cel Fel} &f irimpprians tgnate tabnen-natirdlly-becurtigamcteit acidsaan contaipandeicannot be

obt ai ned,{; peular-cel . as . found in natyre. Thus, a

non- nat u?éPF@SS‘E%%S?’%I%%@?%?Sf%é’:‘% qad %%ngfc_ﬂﬁhébar? UHE 1R R¥WENoUs to a host
cel I oncprovided tibunettid atidastdehdl©8des @0t xisthid ndtdrel FBPéﬁaﬁ{f)ﬁe,Ta%uag& Qcifihat
non-nat ur a occurring nucleic acids can contain nucléi ¢ acid subsequences

| v-
or fYag n@ﬁk@%ﬁ(‘?foﬁtﬁﬂlﬁ “cacaemir AN refeemse within anrespressionuivector iatanr € pr ovi ded
the nucl ﬁétﬁraﬁ‘}%@cﬁﬁné‘nﬂ@i@é fid98s tﬁll%gs %%érioulf)nmg @%sg E%h%‘ggn fﬁﬁ?{?&éﬁt’o a

nucl ei ¢ acid nol ecul® contaifing a geno

expr essi B hogieelysiics thr nnatio neillnyoleatcasra witde (PegdificDRAIpls RBEr t hus i's
exogenouByt‘ﬁda hoit .cte.ll once i ntroduced into the host cell, since that
nucl ei ¢ act o N6 B GFE GlarenHius, 0y JiseiRT. @utorpmpsigrepbieative plasinid, does not
exi st i nviRgt(ie retddVitss, 288M6vHES bR i ! LS3bt DGRl agmd, or
virus (e.g. ,(,rget rovi rusa, aé’endv?r?Jrg?wéﬁﬁger{b%sayvyllﬁoﬁgé‘%e%%g?ﬁ%%n%a Whol e does
not 10exi si§ CpPsidried iodeinon motisiliyerceutring nbeleianidnat fotlaks thabgsidmid DYAnuUc! ei ¢

acid. It m c DNA fragnments produced by PCR qr restriction
endonucl %%a@(l‘aén?r ea %%EM) 9§%IIFS%°BW"§ asediratnené pp el as ¢f@NAs are

non- nat uecalsilyred e nomgnitiRy-8tdinaed #hoRioRsd LRYmEX bl BlcmaRar al e ml ecul es
not found jn nature. It also follows that any nucleic aci'd containing a

pr onot erPEEERIEHRAL foird insptprse Bt slercfodawe Hiahgnyseglesnaid ¢entajning o Phodnater genomi ¢

DNA) i N @fueéHct ieTe) I ure non- nat.u l.y-occurring
nucl ei c a?:lild. A nﬁcﬁe?gaggﬁl&éﬁ#ﬁ% Jlllgg f et%]’rcgﬁ@%%‘?ﬂ?m“f ﬁg}@éﬁmbe exogenous
to @ parariapgément net fonnd-ornagxa igod nafitalBPb R iInEHIRRRSRIE A 3RH&Eaddf rom a

cel |l of %etast tx}éps an exogenous nucleic acid with respect to a cell of
yeast y Once " REYORFBHRS BHRebs Xopsops i aratiularsel. Eer ¢xapiployementirg. |t wi | |
be cl earchiddBohie8sAREY §othadel] " i cids,can be "honol ogous”
or "heterol ogous"snucl eioc ac}é)g&g%ﬁgcon&erxggﬁo‘a% & ?%?%d'wéﬁlcﬁs&gﬁgﬁ%" as used
her ei n vicllof vessty emesethatehrumdseine isintrdduced ilgenesll 6byeapryot €i ns encoded by the

nucl ei c acid enes). and a particular cell refers to any nucleic acid or
gene t hat dogg&g%:@euér]eqrrfm ﬁ’ﬁahg‘f?tb@ G¥rEsnoRsd npsleigpcidpgan Brar ti cul ar cel | as

o Tooablede ko ol WSROI el e
i pol yt iUéede hezpin with refgrence {cce%llmq agids ertgehest(@r protedms encoded by the nucleic
acids or genes) and a particular cell refers to any nucleic acid or gene that does occur in
(and can be obtained from) that particular cell as found in nature.
As an illustration of the above concepts, an expression plasmid encoding a Y.
25 lipolytica EH that is transformed into a Y. lipolytica cell is, with respect to that cell, an
exogenous nucleic acid. However, 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 EH, 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, i.e., a biochemical catalyst.

Herein, the term “biotransformation” is the chemical conversion of substances (e.g.,
7



exogenous nucleic acid. However, the EH codi ng sequence and the EH produced
by it are honol ogous with respect to the cell. Simlarly, an expression

pl asm d emoadimgos3potato EH that is transforned i nto apr¥T/iBooaboeriaca cel l
is, with respect to that cell, an exogenous nucleic acid. In contrast,

however epxides) &5l the adRAYSNEEnAHSaliBRs S22 ?%W@%ggéf égx%z@%&é%?e{s&rdo' ogous

W th respect to the cell. The term "biocata rei 0 any agent
(e.qg., affersfiony of epgymsipienatativns theysof.yti ca cel | expressing an EH, or a

| ysate or cel| ract Qf.,such a cell t initiates or nodifies the rate
of a chenical ¥ ggééltl%ge?\n’%n Y;HH op)(ﬁc%:%@lgﬁﬁﬁ%oggt?fyac BEBEHE AR 88Nt cat al yst .
Herein, téwaihingor trisixting OEEMEAT)irodbmbifant M Be; Sahot GBI on of

subst ances (.e. g., epoxi des) as by the actions of living organisns ( e.g.,
Yar rowi aCURFIREE an gxogeraus nuglsicasiskthatianeodss po R molypeptidayer (b) e pebcaliulans

ther eof - edioisREberRlebudy of ol Bl GSLLULALLER Plocaialytle agent”

is an agent containing or consrstfng of
i pol yt i edlisicnntainingrinaizbgenoed inwldontidiiat a@oas HEHWENptALC! €i ¢ acid that
encodes an EH gﬁl E’r%Ftide; or (b) a subcellular fraction, lyaste, crude
extract, or s S‘% o1 @dpolypeptuieior grotein dhatisi “sesseted? is piopepljtor semé, f act cel | s
cont ai ni wHichis &PBHENRYS tHUGIE! | txﬁh?t Saalel tjde As used
herein, a pol yﬁégptide or prot gfhﬁ%f t%’? [ bﬁgg%gtgﬁgrg%%hgc%{f)@ﬁ%@gﬁ}e, or sone,
of hi chuseofaxipnnkpegtide. ohithough sighal pefiiides displagiveryrtile pemsSGeqicact from t he
cell thr se of si gnal , pept.i de.. Al t hough_signal peptides display
very i tﬁﬁg‘;}géﬂ%ﬁl&ﬁlﬁy §%l}fﬂag]r¥6883€er%g‘?rg§f‘§'g??, antﬁf@“&@héﬁgmnl cpniapEng de 3
donei ns: arfiiap aeids WhichreBhiiBhtclad@t AEkitHRThAgR] (Bfa @é}}g{aphﬁﬁé bitfigeR ogont ribute a
obi ¢ bl oc

net positive charge, (b) a central hydr op’h_ am no aci ds, and
(c) a C-¥BPRAHEs apd (9 C-iasmingl regivnavtich cintaind thavlegengs stie . ThEmcleutidesot i de

sequenc | Sl O i can b r esent art of a sequence
nat ur al Fsiqgﬁfg%ﬂ%gdlﬁ % gl%g%lgg gt{i)&eea (g%?l()ﬁ %ﬁeﬁn?ﬁﬁ?p%@ %ﬂzg"gﬁkep%%ﬁmﬁl@ﬁgi neer ed
to We paencoding thecsedbitd periein)urehsiea@naitall engifst &l 18 be PR bR DNNeEr e a _
si gnal peatide isda si'l%nal peptide that occurs in a protein as that protein
occurs i WINACEPRECIMgINSTegreiad nefisin: d¥here asignaleptida is astenal peptidd thetous si gnal
pepti de.odehrstih W& L.gpna j de..i.S. a Si | peptide that
does not occurglpfr}_;tgﬁ%?glta{eﬂﬁteas tcﬁrastain %%tg{éé{[hﬁ%%@ regtlfi%lsﬁﬁéﬁg‘gf,%afﬁe si gnal
pept i de homalegous sigualipeptade. Orhiat ethet hayely svitekgnsibnad @pitidées a igndl pestidaer ei n a

b
pol ypepty at 1s "substantially not secreted" by a cell is a protein
pr oducedth%?/i O%Q%Oté)gﬂr,mgpf%‘ﬂp aﬁ@’ﬁégr(ﬁel%’ﬁc&% 1n atyess thorsignalpeptideiscel | or a

m 1201 i t yrefeire@ to dseBietdrbRBodMeraPpdtide.! €SS than: 8% 7% 5% 4% 3% 2% 1%
)) of the nolecul es of
s used herein a polypeptide that is “substantially not secreted” byacellisa
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 sequence 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, a “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
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whi ch are secreted by the cell. Such a protein can be one that does not

i ncl ude an appropriate signal sequence or peptide. Alternatively, a protein
"subst antwel2by7/meto3secr et ed” by a cell can be a protei npamiiBocoorai NS a
retention- or targeting signal that serves to retain or target the protein

to a subgaiome aidobaak bz@osMbustdH@E hg)ﬂatﬂatefa(ﬁ%{egrﬂt]qﬂtegﬁqr (€ 9., the

cell nucleus, cell-npenbrane, or mtochondria in t As used herein,
the ter nFXOSERUsFRGlerciagkidere., aegxmmglolnezdctm), \ahlcbdlchgleseqmrmspmdnfg i nterest,

nmeans in ct so fhat expr essi on control
s equenceqﬁﬁ%ﬁgﬁ @ﬂ%ét&%ge(@ggg E‘E"fth%g?sz %eélpgpectéme]rq; "eﬁ feg@ietsn of the
codi ng s@(g@eanaenoé& andsthel "iliiﬁfg&lhﬂn—tﬂgetﬁ%%&%ﬂehb@"'h‘é@e N 'homb}%gf

unr gulate or continual transcription

assom at %r&gtF‘PtEQﬁ%n?rog/r da”% %2’@%5 00, IthO8YERI Y gm@teerlp()%/lwnmkgd) her ei n,

i ntegration- « ence within.a ost el | genone,
endoggnous orAﬁg%gtgﬁ%ggﬁﬁg ép oﬂ]t DN#%I%%] @iogﬁqogtsggnelnﬁg elmr‘?{“e(élgata?on of an

exogenou@amd)mlacceﬂ((eg Goeapt celk)nilaflsps eotsiheprawddhio ile gebmeldf fieetides a
correspog}lcalcﬁgr :hntte rtatl on- argﬁtl ng .sequence into the host cell genone.
Gener al | 'y t e "B RGP APYBRtS ‘é)’e'%ﬂ]%%ﬁhﬁﬁ‘?ﬂ t Fsogenpuseggnetid on- t ar get i ng

sequencedleéntcmi Y “fihtegnte” Bpﬂ@fn%béd(lht ! Wage” 80%
85% 9ocycil 95% 98% 99% or even 100% N “%?r"?ﬁ‘sec seg‘%daglrleeafen‘;l( he term
(¥}

" epi®some! g@¥°@“res° fithe egll- exogenous genet i c eI errent (e.g., a plasmd) in a
cell (e.qg., 1 hat,, inte ed. into the genone of the
cell and can rep |ca¥i ge}lg“ttl%%rﬁnﬂéfcﬁﬁ}'Pl‘%tvﬁép@ﬁ}g‘?)&é(g’i‘ﬁa@)ﬂm! Jpgenagations Ex ogenous
genet| c at plrepara’sonsaﬂmﬂicslahe inol=e gfmoh® of e ﬂ&ﬁldu%%ﬁérﬁi@nie%f)th&?;fb xgfenone of the
cel | d(gr‘egg f,@tﬁ with the enorre of the cell Substantially enantiopure”

|

opti cal Boitilepst %50@ g-catrenst: 0%k YOYr 8084y 8R%:0HS6;58; O7%par at i ons i n
whi ch t gofiosy: 981B4IRY $9f. ggﬁ/ ?go'ﬂh%%t?frln ggé‘ﬁlb b%&égg %)OX' de (or

vicinal diol) i's af Teast 185% 90%
959 97%1019?9%01)9@%1'(1@%15% 99. 8% or 99.9% of the total nolar anount of .

bot h epoxi de(}ﬁg ci nal dliﬂe tl oners, Unl ess otherw se defined, all
t echni cal hlem’ ise dg fjﬁsal %am seigniifie tarme ug@d‘@rmhweﬁ@e as
comonl mamed%ﬁfhg@@c&ﬁm%@ wRlerSlold BRbYe glkd ﬂpm}y’hk}lp‘ﬁ tﬁ‘é wl\émhgg this

i nventiaqn pertains. Although nethods an S sl m uivalent to
t hose dé%‘fﬁnfl%ﬂertﬁéﬁselﬁﬂmagh blethoée:mdmatpnaisbmhr bha]uml‘l@ntd thgse sui table

ot B e P i, e bt o =™
mater i aldsscrited beldw, Iﬁlﬂﬁe@f aoHEliGSthd peeskit|sP&dificitiby SnQBiMe ARG, will
control. In addition, the materials, 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 herein by
reference in their entirety.
Other features and advantages of the invention, e. g., amethod of making EH

using recombinant ¥. lipolytica cells, will be apparent from the detailed description and

30 from the claims.



intended to be limting. Al publications, patent applications, patents,
and ot her references nentioned herein are incorporated by reference in

t heir entwoebyr/01Bm8 exanpl e, I nternational Application ROT/IB2006/002744
PCT/ B2005/ 001021, PCT/1B2005/001022, PCT/|1B2005/001034 and

PCT/ EB2006/ 050143 as wel | PESSRIPTION OPHRAVENGS onal Application Nos.
2005/ 03030, 2005/03083, and 2005/03031 are I ncorporated herein by reference

intheir entirety. her features and advantages of the invention, e.g., a

met hod of maki i r i t. Y. .lipalytica.cells, will be apparent
fromthe det a?@&%gﬁlg&qoﬁﬂg&@q% %&a}eﬁge@?ﬁ robialepgisa i seHRAW NGS
FIG 1 i swaosibpiitnted epoxiic (e Byrseyrtnessxiiel 756 GpokiRqEypk O1); 112 CHQBitRhte@POXI de
hydré)l ases: . rzosu tituted epoxide (type |); styrene oxide-type epoxide
(type ||5’1,’°"2‘?°g, tyge E[Witﬂw@de‘éaﬁa&ﬁt@é@ﬁ/ ¢noyisies (type Vand'rit aind tetiard

t et r asubgiystikikRIbpBRAXI HE \% : | naRd .t err bstituted epoxides are
shown tngt her irl1) (type ?h M@gerth%el{l(t%‘lbg\pi’ Fogtt% ubesggg‘?cgeé)é)x’?ﬁi/mg eof. the R
groups i8 flhe&moﬁmls Hetnd derstetoa sulistituead eppoidesitme BOTHR ROfrolfieis B. groups is H
FIG 2 is a diagram show ng the phylogenetic analysis (perforned using
DNAMAN, (Lynnon Corporation, Vandreuil-Dorion, Quebec, Canada), using

observed di VEFW®NGYa @iaSrad O Wﬁ%q i f .anm no acid
sequences_of al\gi Iée/latl)l EgrnEH. g_The gﬁglﬁ}?/g%%&?%ﬁbgﬁe(g&%j&g?lﬁ%H groups of
funBal  (OBVMALL Heimngy ,Com@satfn, VemlrctélélDeﬂiwm Qughec, @ailAlad?b msing obseeetied

hadi ng) 4; I hecker i .origin. S ences, except

fS or !thg)s%ﬁgl%gr |érl1l§ 1\?\,16({) ﬁgﬁéﬁapc%qﬁggts&eﬁlgéegigﬁmg? df??é‘e‘F\TéBP? g‘é‘é@%i on numger S.
The sequeltlesTistaanlysis gndidatdd zﬁﬁajoeﬁ@_}pgbaﬁsrtﬁ%ﬁgap(gbg@%dﬁ;g?ﬁh ect{ 2004) . FIG
3is a d{dagr(gg)gghow ng the am no acid honpol ogy anal ysis of t%e' EH used in

t he st udi“@E® fneh yariehents (meshed shaging) endbactatial (checkerdd shading)amigitoet ween t he
vari ous Lol : h ints of divergence (%.
The. ool o Erea el . B HARATED. Bodnie Rl RRE Rt hlFeReER, . (Fl o
i s B depiwrbesh T seduences stacting(iK{BD3Gre ubiaithed BORT ZH0 o oF. (20045 TSA

transformants (YL = Yarrow a |lipolytic exression host, -s =true Single
copy, T = TEF pronoter, s = single copy integration selection (ura3dl

mar ker) A = sFIgN3lis PEREIHLHORIIThS 2R [ Hygaﬁl ruct ed.
FIG 5 is a depiction %1:‘ the upstream ragfgdl %%é‘%éfﬁl\éﬁ%%ﬁ pr oﬁ%tﬁzé
accor di e siydigh dessribgdshesein SHubdi fferntolegasiaBlioreslogy beteaQ09) various EH

are indicated as percentages at the points of divergence (%). The homology tree was

20 constructed using DNAMAN (Lynnon Corporation).

FIG. 4 is a depiction of the vector (pKOV136) used generate for YL-sTsA
transformants (YL = Yarrowia lipolytic exression host, -s = true Single copy, T = TEF
promoter, s = single copy integration selection (ura3d1 marker) A = signal peptide

25 Absent) and of how the vector was constructed.

FIG. 5 is a depiction of the upstream region of the XPR2” 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).
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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
vari ous twpesomfio®iadi ng i ndi cate the different regi onsPafi/iBlee/pr2e44pr o
peptides (indicated in the |legend).FIGS. 7A and 7B are |ine graphs show ng

the conpari SOPIGS. 7Ah@d 78 @ iiNegaphd s}ﬁvain%%he(f &ggﬁa%ﬁﬂgreﬁﬁb@ﬁ&@%kges (FIG

7B) of Yh*:l TsA transfonmant s exgresm ng Cros ytosolli from

di f f er entt16r 7 W’s&i selestiviies £F1¢s @8) b YEelleh trandfemants atprassingintibrokdisalr equi r ed

ki netic py . - Hnifar.m conditions, of expressjon.. FIG 8 is a bar
graph show ﬁggsiohgﬁﬁm |g1f%rreo}&t8§g18? HﬁgY’J?Sb‘f éfossegapt &58@ Yt Withothe o yoxyoct ane
as wel | mguirdEkiode-progestidsIndenanfol WBNGHAH of betdsfnl T ansf or mant's expr essi ng
m crosomal and cytosolic EH of different origins under uniformconditions

of &pressi on that allow the unbiased selection of the catalyst with the

required Ki negice skE 2R d) - raph show n conpari son of
the selectivities of Biﬁ eéﬁl;%hfggn%éh?wtiaﬁ{ﬁ%’g@%Pﬁgﬁ Oif%?ﬁ@aﬁ’g-e (#25, NCYC
3183) (\V¥poxB)ctanecks wetitas dfe (R)eandeSpatintianitrs 89 MNET X RIRENRgnEN Y. |ipol ytica
(YL-25-TsA). f.or di ffer?nt%gﬁoxi des: 2- epoxyoct ane (EO), styrene oxide

: 1. : /L
(SO), t hEPHEUEe BpgRramal apd ryntalis ki ebdifferentongisadg- wifoon sendiiamsef oxi de
(3CSO) . dxpkassion @t allddPiRMRiblab ' L SPR, &) the
hydr ol ysi s of different epofié(g%seg% tyréﬁé;&\g%(l?%ﬁﬁg%%ﬁ&‘?&lﬂeggne oxide Fig
1080 2- niEPPEFies3- phenyl - 1, 2- epoxypropane Fig. 10C and cycl ohexene oxi de
Fig. 10D) by the reconbi nant enzyne from Rhodotorul a araucari ae (#25)
expressed in S. cerevisiae (SC-25) and Y. lipolytica (YL-25 TsA). In all

cases the SCHE.isnBiosasnitowihspbdiymt §ASRivl b Yabh d
sel ecti \g’r%%ﬁ%ggrptar ed to YL-25 sTsA trang‘?%)%%ts. Eiltgsgﬁ%k}%ﬁ‘)aé phot ogr aph

of a TL Rt arsmeinn G AFRYS 34831 (PET-25)ind dhdbiobtheaesinbinaat | on usi ng

1, 2- : ; i t .EH R t | oi d
(a5 | o e O o 2T B0 SR SPWeTES: PO isstaes 1 om T.
redSei  dEgityeamasds (SWpthc nEssepORCS/cdhaxRs okidNA0T inERLhibRRLHHRR2

pr epr o- rog(ﬁo(? &b?nes 3 and 4) as signal peptides to direct the protein to
the ext r&¢el G “environnent. Lanes 1 and 2 and lanes 3 and 4 indicate the

cellular and extracellular fractions respectively. FIGS. 12A-D are
phot ographs of a qualitative TLC analysis of a biotransformation using
1, 2- epoxyoct aHESakdA-lpBaraline draphstshewingacotmpadsvn JFthiydeslgeedy Pol h strains

transt OriRohiUpBhabd BeyTehd HRASFE R, HihE DR e 165 Zmsyl-sephengt. "
20 1,2-epoxypropane Fig. 10C and cyclohexene oxide Fig. 10D) by the recombinant
enzyme from Rhodotorula araucariae (#25) expressed in S, cerevisiae (SC-25)and Y.
lipolytica (YL-25 TsA). In all cases the SC-25 transformants displayed a decrease in

activity and selectivity compared to YL-25 sTsA transformants.

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 T.
reesel 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



EH codi ng sequences from R araucariae (YL-25 Hm) (A), R toruloides
(YL-46 Hm) (B)5R pal udigenum (YL-692 HL) (C and the negative control
(D). The WwoabeTansfoser nati ons were carri ed out using bot hraTaB20We/(on7w)

cel l ul ar suspension and supernatant from each 24 hour sanple taken after

st at i onaby PoTIOMMahsRAASEh& usthgl 1B ﬁiult{pher%p%y zeﬁ@§lg?5%%ﬂéfn£3§&hg| G 13 is

a line grg{ph showi ng a conparison of 'the ro Xyoct ane by
t he nati V& ®fingseguercestfpnuRorrdueir{opl YRS Hmin(A)hAt toaflofdbe(YIe4OHmMD)ant

the Y. | et 3o i C) wd fhiieenBidionSl @) citers 5 b I1ne graph
showi ng biotremybartiations wire thieied pai@lingHot £50 % Rrv FROUMPSEPARRIRYnd Ne native EH

fromR torul oi d§$ (W-46) with that of the reconbi nant” enzyne expressed
wi t Hout SPPSTIgRA! reva sachisd hayr vample frkey efterstativiarg groveAphase f@ a to6l timea | i ne

graph shgpy lafQRa i son of the hydrolysis of 1,2- epoxyoctane by the EH
fromR araﬂ%zi?i ae (?25) expressed in the wld type (W-25), and the

reconbi nant enzynme expressed in Y. lipolytica with a signal peptide (YL-25
Hl) ret ai nedvi@tl%acel.l ul arls\i}P( YL-25 Hml, cel|s) and secreted into the

super nat ant (Y= 135 3Jie SRph shopangdenmpagism offhebydiplssisefh2i ons were carri ed
out wthe bdtie L AAS, il areacti.on vol,ume, while the
bi ot ransf%?gr:at [ o\f&vﬂﬁf%dtﬁh?s%% %&?@éwgﬁ%%thtgﬁt%éheéﬁ?%‘?bé“% fraction
froth a 2enzime skpirssed watbithed T.onesahsigiml péptide €V LIORPR2)ad wethtigsly,and

concentr by atrafiltr.ati m reaction volunme. FIG 16 is a set
of line @r@%ﬁ? Ls’#évsv}%ﬂlafpa@@@?r{}@ﬁém the hydrolysis of 1,2- epoxyoctane
by the reconbinant EH fromdifferent wildtype yeasts expressed in Y.

| i polytica w th SYI,_- Horl transformants) and w thout (YL-HMA and YL-TsA
t r ansf or mant s§10a 14 s line sspphsihgwing agomparistay of¢hmbydodlysis of h2- hpad pr onot er

but | Q) ' "y d ...Si nal .TSA
't ogr ot Tosar oy ahe T EYERRN AL o (WSl G b R 0% par f son
of he hsndymk gxpressed withyutersienakpeheidoih Y. h@owg@?%—_qg%AFH fromdifferent

source yeasts expressed in Y. lipolytica wth ransformants) and
w t hout (YL-HmMA and YL-TsA transformants) a secretionsignal all under

control of thaGhPHE AFRMRLA sHBW js i Lizcopy (Hr and HM)
or single copy (TsA) 1 n{% r asthl Veﬂ%%&@ﬁ@rﬁggogg? of line graphs
showi ng RO¥YAeiFaCbY dire T ftoe R hydnainmei($25) fexressed Dthe stiMrtgRe WEREE by t he
reconbi na%ﬁtthe@_' f [om (%i fferent sou({.cey y,ealst,s expressed in_ Y.
ccombinant enzyme expressed mn Y. Zipolytica with a signal peptide (YL-25
20 HmL) retained intracellularly (YL-25 HmL cells) and secreted into the supernatant (YL-
25 HmL SN). The whole cell biotransformations were carried out with 20% (w/v) cellular
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 multi-copy (HmL and HmA) or single copy (TsA) integrative vectors.

FIG. 17 is a set of line graphs showing 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



l'i polytica with (YL-HnL transformants) and w t hout (YL-HMA and YL-TsA
transformants) a secretion signal all under control of the hp4d pronoter
but enpl oyonrgomitbdeer nul ti-copy (Hhh and HMA) or si ngl e PCOAB200d/802Y44
integrative vectors. FIG 19 is a set of line graphs showi ng a conparison

f the hyignallajisinderabnirélef ' Lde. nbi t
0 e hyignalallsinderebniréle fHRSH48 pRonhdle: W%ﬁl@%@@ﬁ?gﬁeﬁcggy %ﬂ%%}?@o I 'nan

EH fromdi fferent source yeasts expressed in’Y. L- HrL
t ransf or )s‘)rSH‘ﬁEPWYﬁBﬁ%I)WWFMVQﬁW-YLTSA transformants) a secretion
signal all under control of the hp4d pronoter but enpl oying either

mul ti-copy (HrL and HmM) or single copy (TsA) integrative vectors. FIG 20
is a set of |Fme,lgrisqasmﬁmm/\gm@sahwmgardoﬁ@aﬁ@hotflt}iéﬁwﬂﬂcglisvo‘%iss of indene
oxXi $e by ,the reconbi n%nt EH fraom #692 (R pal udi genum NCYC 3179) expressed
in Y |iBEPYSERS gxidR by Ve tgepmipant EFfam diffasent pouseriyaskts kemressedin 592 HmA

transf or HeadviBEGTEHM M w (. Nty ol of Ah p4d pronoter
enpl oyi nlgzpdrlrﬁl tai -lcopy (HmL aﬁéﬂ?ﬂ%& I gt‘%@?&%%%tagggb%@

bi ot r ansH¥ISHImaRiaka seeretion sigdalcilendert coRENIG T tipthpAd prothotatbut fp e ingnei ght
cells/vol qui v t to.2%dry weight/volume). FIG 2 1 is a set of
line gr a%ﬁ%F?%ghgwgadfgﬂbmﬂﬁ% Sf X‘Péf Cg@ﬁ&T@R}g}t%grﬁwegLepﬁg{shw -

3-phenyl -1, 2- epoxypr opane by the reconbi nant EH from #692 (R pal udi genum

NCYC 3179) expressed in Y. lipolytica with (YL-692 HrL transformant) and
wi t Hout (YL- 69 s a sehpEling grephts shewing e cempansosiodj tielhyatdlysisndetie cont r ol of

t he hp4 Q i . J, - H d H i nt ti t .
G oo TENRERRe PR AR b b SRR oot (e tace Y520y oct ane
by YLTs Aexpressedlin BiBipdlyredashict (RInHenhasresnabts) 4Rl vahdy

. Egm-ﬁ%%@ dofRYL-
pal udi ngC C 3179) and #777 (C. neoformans CBS 132). For YL-TsA
t ransf or s %a%sbéfecﬁ@é‘ioﬁﬁtgn%]eﬂnl undereonipl efshohpiddrgmotei gt ) was used,

whi | e hadniplbyiBe BB 3H- ' %% i ght 3 1% dr i ght) was

used for YL }hHrr%\ transt 6?%@£%¢H§@%{sﬁ% c\@%&m&)t‘?ﬁﬁg&%ﬁ%ﬁﬁvﬁf@di spl ayed

doull e the activity observed for the YL-TsSA transformant and theselectivity

remai ned unc .. Fo . /77, _an increase in both activty and selectivity

of the YL- Hrrll251 @?g(gggfaostﬁ neLiRhs Shoyipg acampationof thevydmiysis efandenor mant  was

obser vedxidd 85 the ecbmbmagetH ' r : ' i.on, of styrene
T Tk R Port K2 (R AR SpINCI C o) B,

oxi de by YL-TsA and YL-HMA transforments rom #46 (R
t or ul oi d@¢htiorwith (FE7092 Hink tresfprmidt) gl withoye (MIr6NCHE B trZ@forntant) aYL- TSA

t ransf or s S 0 t ght .cell equal to 4 %dry. weight) was used,
whi | e hal ; %ﬁ’eﬂ | (l)%%gs% ag%%tg torfg}elhé’ d&’i‘%@@?ﬁ“ﬂﬂ‘%m&k?p}ﬁ(@@m ght) was
used f orHih) hidgritivenetorsT®hé Biotrm@forftibnd e 3BANERA%t 20°C, pH 7.5 using

10% wet weight cells/volume (equivalent to 2% dry weight/volume).

FIG. 21 is a set of line graphs shows a comparison of the hydrolysis of 2-methyl-
3-phenyl-1,2-epoxypropane by the recombinant EH from #692 (R. paludigenum NCYC
25 3179) expressed in Y. lipolytica with (YL-692 HmL transformant) and without (YL-692
HmA transformant) a secretion signal all under control of the hp4d promoter employing
multi-copy (HmL and HmA) integrative vectors.

FIG. 22 is 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
3179) 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 activity of the YL-HMA and YL-TsA transformants remai ned essentially
unchanged, while a significant increase in selectivity (2 x for #46 and > 5
x for #692p weranicdwser ved for both EH expressed in the YecHmBmeo023440r mant s
conpared to the YL-TsA transformants. FIG 24 is a set of |ine graphs

showi ng électivity edndind@uRharidB@Bor #917Y Cludidre Rtk Wy E‘§}Q;Hrm
transformants_harbori ng taﬁiegeEH from#46 (reR. P@éﬁ?é?ﬁ%%@g@ 471) and
#692 (R. 5aY kring Hransfoumact gameired tdhat bbthls YI-TIA fransformidnt Waolsermadf or mant s,

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 renmai ned

26 and > B x for 5602 vas. oboor vt Far Lol IEAATSIR AR T ! L

t ransf or ﬁ%fﬁ‘l[ﬁ'}bﬂﬁ’ﬁ%ﬂéén{l@tﬁ haboyingithnEH fpmfido iRoailoiesdIOPS Yi-@474) set of

l'i ne graphe ' ; | { e_ox}.de l,; TSA and YL- HM

t r ansf or man?@ﬁﬁ%‘f’%‘”%”ﬁzegg4132%%%@?’(%% tr ﬁ?&?‘ﬁér& o N@?&e’@% 9) #23 (R
muci | agi pdlsdequains 4Y%Glrg 98jght)Fors u¥ed, Whfle hald ERlt6HRE tonceA@atiin\(B6% Wk ght cel | s

equal tgQ _2.% dgry .weight) was ysed, while half the biomass concentration
(Socvet  SSEBhT 72 aifitobid g el TR Bl rostormaniiitor bolheri6 Ameiog, | For

#692, t hehe Mkt il VB irah KBl vii-$0A ﬂﬁﬁs‘}or&ams%ﬁaﬁl&?%ﬁgﬁdaﬁkE.ll}{ce{ﬁq%e%r ved for

the YL-TsA transformant and the selectivity renmdined esse tinchanged.
For %23, While ¢ pignifigan inateaseithselectivint (2 xafod #4@hrelt 6 «i foy#690) WwasobéervielimA

t ransf or 0 .th f the YL-TsSA transformnt was observed.
Fl GS. 26@9&%‘%&%‘% F‘ntée é%%%% gnte ﬁ%‘nli’aéé‘lﬂod?‘? Sh-B¥A st yrene oxi de
by YL- Hhartsfamafter mant s har boring the codi ng sequences fromthe plant

source Sol anum tuberosum (FIG 26A) and fromthe yeast R pal udi genum (#692)
(FIG 26B). The S. tuberosum YL-HMA transformant displayed the sane

excel |l ent en i [ t strat.e.as ornted.for_the native
gene (ex gi eﬁggg ' ?ﬁ%BaZ%EF%f\}I?e\r/%g&asﬁg&g%ggﬁ r)e?()l%‘?nc‘?fp n—‘fdﬁg}’&‘fyf et P¥ hat  of
yeat epBkilsd hydiY biHmAstrandforisitt Yarbbrindt@e BH HOREFBRMSADH S UOES) N

Yar r ow aX_ ? es%igﬁgml i denti §$I tontgr}tgf obtai ned for YL-692 HM. FIG 27
isalin V@ D g}la{ uENGY £ 347 Fanbptle X&- s @ad Bl-Hmd YL- HM

t r ansf or w@iRforiaits ool 9 G : i 1 i obacterium
radi obacter. The A ?aqeirtg%hg?cl? g‘?ﬂ%%@?g%%ym%%hg’f%ﬁl%&ﬁ? oﬂﬁog%ﬁgé/ed t he
sane sel @_sit%@?,ttbe sedectiziiy of e YloHntAenh¥LiTed tradiongaste eins] avatialxpr essed
In A1 alﬂlcﬂg'?g%&,e\{/hﬂe a significant increase in activity (2 x for #46 and > 5 x for #692) was

20 observed for both EH expressed in the YL-HmA transformants compared to the YL-TsA
transformants. |

FIG. 25 is a set of line graphs showing the resolution of indene oxide by YL-TsA
and YL-HmA transformants harboring the EH from #692 b(R. paludigenum NCYC 3179)
25 #23 (R. mucilaginosa UOFS Y-0198). 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 7 times the activity observed for the YL-TsA transformant 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 harboring the coding sequences from the plant source Solanum.
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FIG 28 is a photom crograph show ng Yarrowi a |ipolytica (YL-25 HM) cells.
FIG 29 is a line graph showing the effect of sugar feed rate on the growth
of Y. |ipabyvereraofo¥yL25 HmM). Ep 07-04, Ep 08-04 and Ep @eT0B200€hH@744 O
specific glucose feed rates of 3.8, 14.5 and 5.0 gram glucose per litre
initial haieedsuRrBIG 260 diE FRM thd b I ' line graph
show ng the effe(ct of zugar felédgrégttgggﬁﬁc?%ééﬂl?p(ﬁg?é;i(g%%%mhg&i vity of 7.
i pol yt i éerosims’i4pmA trepsformapdisitpyed Shoshneermt cdifenDantoselebitvitytom thoeci i ¢

gl ucose .5 and 5.0 a | ucose Litre _initial

bat ch br ork e Spofltd fy e ity e usrotl B ST PGl H oot PR showi ng
the ef f eoppasite suatroffyest cpatde I9rdldies, WKVAPLE the £ RAIEPRuACHhEYnOT Y.
|Ip04 yti &a éYLZS HM) .. Ep 07-04, Ep 08-04 and Ep 09-04 refer to specific

gl uchse FaBgVIYasesyntiallyidenticabiodhat obtaned fomY 1602 BswAper litre initi al
batch broth vol une per hour respectively. FIG 32 is a line graph show ng
the effect of specific growh rates on the specific intracellul ar epoxide
hydrol ase pr ol 27dna ue graph shoevifiethepabRtioR bf ffreXe okilOBY HeYAAHMA-25 HMA) .
Ep 07-04 an%ﬁo 08-@]4 and 09:04 refer to specific glucose feed rates of
3.8, 14. BURgmEn Bharme Jhe,ewing ssavence from the pactes ©hadseréwm vol ume per
hour r espREdba¢R)YIHe L va j I Cirl j lde_sequence (SEQ ID
NO. 24) of the PKOV136 e‘gﬁl?decie r¥ed %%%%]%mr%%&@g%ﬂgﬁ%%%@)#h%tsﬁrélepBR322

pl athi d- SRtivibras iepertpdalor the nativeymilingsgquenceoianerpreake th i nudicblgergenone of
Yarrow a |ipolytica strain Polg is underlined. The non-underlined sequence
within the underlined sequence is not in the integration-target sequence in
t hegenonme of Flte 28 {pisttéraicrogiphAhbin o DERSRiLHb N b chifvent i on
relates to the use o;fpyeast éggliﬁ s (i § Ya#?gém@}lc}ggyf@%gcgl&h as Y.

l'i polytica cells) as a reconbi nant expression systemfor use either as a

whol e cel |, : rok iocat a t exhibitin xi de
hydr ol ase ( E%I%gtb }lsv%e,ré}géh #?18}’\)“}? tﬁ %.gff%"?SgE}% h%& Gte gn B’SI%‘%&O&E]Z
exhi®bi t i iepbeipaX¥ 825 Hywk)o| Bsey-od; Hp08L 04 andl B0 00RiaH o s5edi it ucokOfRET OF
pl ant orl.ain %Ba gan géed as. a biocatal yst. The expression systens that
can be u€&3°% 3 ’t)‘h B geam ghigosepee Hire BHtial batch deoth belumgper bt | mited to,
M croor gegdesfielpuch as yeasts (e.g., any of the genera, species or strains
| i sted herein) or bacteria (e.g., E. coli and B. subtilis) transformed with
reconbi nant bact eri ophage DNA, plasm d DNA, or cosm d DNA expression

vectors

20

FIG. 30 is a line graph showing the effect of sugar feed rate on the specific
enzyme activity of Y. lipolytica (YL25 HmA). Ep 07-04, Ep 08-04 and Ep 09-04 refer to
specific glucose feed rates of 3.8, 14.5 and 5.0 gram glucose per litre initial batch broth

volume per hour respectively.

25

FIG. 31 is a line graph showing the effect of sugar feed rate on the volumetric
enzyme activity of Y. lipolytica (YL25 HmA). Ep 07-04, Ep 08-04 and Ep 09-04 refer to
specific glucose feed rates of 3.8, 14.5 and 5.0 gram glucose per litre initial batch broth

volume per hour respectively.
30

FIG. 32 is a line graph showing the effect of specific growth rates on the specific
intracellular epoxide hydrolase production during the fermentation of Y. lipolytica (Y125
HmA). Ep 07-04, Ep 08-04 and Ep 09-04 refer to specific glucose feed rates of 3.8, 14.5

and 5.0 gram glucose per litre initial batch broth volume per hour respectively.
15



containing the nucleic acid nolecules of the invention; yeast (for exanple,
Sacchar onyces, Kluyveronyces, Hansenula, Pichia, Yarrow a, Arxula and

Candi da, wodoather3genera, species, and strains |isted rerTaBrps/c@lis
transfornmed with reconbi nant yeast expression vectors containing the

nucl eic acid nol ecul e of the invention; insect cell systenms infected with
reconbi nant vjirus expression vectors (for exanple, bacul ovirus) containing
the nucl ei ¢ abBPB3vsaglepictionef thpsudlentida séquence(SEQIDAO245yfthens i nf ect ed

ith ‘oA | ' t mpl e, .caulifl [
Vi s (Cooep a0 CoElR FUBE T Gyt b AkEai B et st st omb nant

pl asmi d_eqpmesistegratadantonhs gédoate c¥amdWia lipdly R a8 Hh Pb1£ RndtMhY FheYESH
nucl eoti de seguence; or manmelian cell systens (for exanple, COS, CHO BHK,

293,° VERIM-HKierne NGy vgign ngirgquesick &9 nat irr tho iritegyatiometargot nant

expr essi QRu&RBH theSdndne ViR By onoters derived fromthe genone of
manmmal i aﬁﬂcel ls (for exam@e@lgﬁsgaﬁlet all ot hi onein pronoter) or from

manmal i an viruses (for exanple, the adenovirus |ate pronoter and the
vaccinia virus 7.5K pronote ost cells are primry or
secondary cells obtained di !rt)eEc]E‘@‘;;‘ rﬁﬁ??ﬁ!ﬁm& and transfected with a

pl asmi d vect cFhequresent ievdreidn wélhies B thé el ofyesst edlis (NE, YaWwSnk vedyt kdg! udes a
reconbi nan i cell containing an exogenous nucCleic acid (e.g.,

Y. Lipolyti ! .
DNA) e nc%‘ﬁf] ﬁfgy'a{ ° .c}’/ ‘I"ﬂgﬁ‘%‘? Fesompinapfexpreswion systenplonusscritbert 4ss, wiide used

her®i n, deNeod RN ¥kirh "bi I . m GI.aohgan £.0. yeast
cell) ref erg to atrn?i'}E gt %?g’abﬁ?%m%%lﬁﬁgbg ﬁ@xﬂ;}gﬂﬁo&%ﬁﬁﬁr %‘ftllvi}g’od(fé?fr ring
count er p# productipn ofa pobpeptierxhibitingmporidg Aydrs ssattivitaof aicrebanbi nant yeast)

or has bhgen. e d .andlo urified froman environnent in which it
natural I'y o%ltfé%éscﬁgﬁ@ﬁl%t,ow{hﬁgﬁpé'tg S HPGAEAN snt does not i ncl ude one

residing in aheeRpiosEiontstatenehe hded TR oEH Surich UM © I 1

the air, outer space, the ground, oceans, es, rivers, Feans and
the |i ke Botdumitedde, miseoonenanisars sueh excyeasts (e.4. adynf thid goners, specids ot r eans and

t hegsgl ik LGE: f th rou or. i.nlon qceans | akes, rivers, and
strgam;E‘S;Etrrﬁlglg'(ti_)i edfll&%él?%%%?enr%o(g'gg rg%lfﬁ‘{bg@ S@@’%S%%%?WBHG% or in natural
host s ( ecepmbigrnabacteriuphagd DNR, plasiidRA, Hogksid DNA 89rdbieh 98dgaNi sm unl ess

the m croorgani sm(qr. a progenitor of the. m cr oorgani sn) was previously
ext ract 4™ ﬁ’é‘?&) eBﬁ‘SF‘f’ia@é m&s%l%wfélwnvmmeam(fmxmplm natural |y occurs
and subssekRRslees, RiVBES vl I nent or gn her. . envi r onment
in which it can%gury%é\//%. A%%)%ﬁnz%d Zc\e{zﬁa’?}gﬁrlogfaeér ?%grb‘g&@{éf{ﬁ[‘%ﬁ?és one in
a subst Hter geneya, specéescand siraisdistet] therei) eIl FRIrHBA with recombinant yeast

20 expression vectors containing the nucleic acid molecule of the invention; insect cell

systems infected with recombinant virus expression vectors (for example, baculovirus)
containing the nucleic acid molecule of the invention; plant cell systems infected with
recombinant virus expression vectors (for example, cauliflower mosaic virus (CaMV) or
tobacco mosaic virus (TMV)) or transformed with recombinant plasmid expression

25 vectors (for example, Ti plasmid) containing a YESH nucleotide sequence; or mammalian
cell systems (for example, COS, CHO, BHK, 293, VERO, HeLa, MDCK, WI38, and
NIH 3T3 cells) harboring recombinant expression constructs containing promoters
derived from the genome of mammalian cells (for example, the metallothionein promoter)
or from mammalian viruses (for example, the adenovirus late promoter and the vaccinia

30 virus 7.5K promoter). Also useful as host cells are primary or secondary cells obtained

directly from a mammal and transfected with a plasmid vector or infected with a viral

vector.
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Mor eover the invention provides a substantially pure culture of Y.

| ipolytica cells, a substantial nunber (i.e., at |least 40% (e.g., at |east:
50% 60%woQuy7/B0M 85% 90% 95% 97% 98% 99% 99. 5%pconBEWem2100% of
whi ch contain an exogenous nucl ei c acid encodi ng an epoxi de hydrol ase. As

used herein, ahmivbmichthéladdsy rddifbitaat YU Rk c%bép-nﬁ'ilﬂgé &?&g’?gﬁd-[“ﬁaa cul ture

of that m cr,oor,gani smin which | ess than about n about :
350 3098ueisisaciddeg., DRiA) encudingan EHoMThe o6llsGraptefotabRbibolaed £6fs. Bs01% 0. 001%
0. 0001% Q44 W « g total nunber of viable mcrobjal (e.g.,
bacterial . ki uneg’gltﬁe?‘;‘éﬂ‘)élﬁ .a*r?g g“lge%?ﬁ?‘} %n%/‘@t?ﬁ‘?"é{%%"} S YRS ORI s i n
the cul t amecapeanisablldcintiticobisalo rafirls-Sdcifingtddaedpd (&% C4 RRLMARLEM The
terr’g"about " in.this context neans that the rel evant percentage can be 15%

percent SPCPHEAUHESheh a5 rpeamebapans yeashion bies keen pxtrastedtand/os perifiedi freoh

per cent agg envidddment iR (1901 % can.be 17%to 23% ,Such cul ture
of m croprg%gi srrgn_ilncl udes 1 guaggérﬁ%%rzfghaﬁoﬁ’iasnrrésoziﬁ?ihglcﬁcfomm Gt We, or

t r anspor tncgdioneresidbng in an anvitvanentiini whicts i Khtutdlyiodour§ £& exafpleafnithous medi a),
or frozep. The culttﬁre includes the cells growmng in the liquid or in/on

the seni =&d1% 4 ShEG: TR BBPnbacHysslpliseaves and stramsrand the likeagronwt atdee or
t r anspor boteonelbfBears kbt h@&s,aanﬁlrsﬁéﬁﬁ‘s Adhéfite, Hovk rl&noﬁﬂgéég{ﬁg %ifog{ﬁ" The

cultures are in a culture vessel or storagée vesseél 0 e.g., a
cul thre ©F 801 ocpaps kakepriversbendetreams but the dike,imdn-endd sutnejureEeghi cr obi al cel | s

of the i At J stored, for exanple, as frozen cell suspensions,
e.g., | n%%‘%ﬁ%on zgllpr%]i Ihoa%ée.g], 9%‘5%8’9‘5??3’?1‘?@‘3%‘ hﬁgg)gqf)ﬂi‘?erol or sucrose, as

| yophi | | wiowgiian, ubldse tioaicioelghnisiiBY a pfkeRfr ol B tlorobfanffTRL S, a5 dri ed

cell prgﬁ)ar.ati ons obt ai ned, by fluidised be rying or spray drying,
or any

e.d.
rapusly exteasted agdipr H’gnﬁ%tﬁ‘m@ an givifdngrent/intwiacheih ngtmellgoepas @td ons can

be frozegy FehSgd, i i ] and or ed. under . appropri ate
condi ti onss.étqgl&?teytljgi et ?‘?ﬁhtwr&lﬁﬁ%g Py 1% S[B?rsenﬁlé?rrr?eﬁ’ﬁ fnaYE}‘?’y‘?h ﬁé’é‘? ul in
© i ndWst r i sirvisip phh exarplaef auisolied intisroakiahistis b MMM PLR &R and

pr oduce &itﬂh acrrmunts of organic acids. The yeast is considered
non- pat hoge?ﬁné NG HEE: been awar ded "generally recogni zed as safe" (GRAS)

status for sexaalvel Rl pRIREES SR ROLYLLER PA5oRR.) BR S

ability to synthesize and secrete si I cant® quan ies
pr ot ei ns? fulsigniéal number (Fedatueast 4086 ¢e.5i, atlkdsy: SOPQ6O%S F6%; BORASHES; 90%;

h hat 0 ; S .RNase. Y, |ipo]yti be used t
Cpr 50 S L8 87 275 098% B v ety DY Rbwdichieofemamsmas@oRsmiciRe. e, g.
ParXk et aid encadifgan Bpeadichyatoldde, RO h%%r‘é%“@&bsﬁhﬁali‘ygﬁﬁé cllftfde &ty @, 1997

Swennen ef al, 2002; and Ni caud et al,
microorganism 1s a culture of that microorganism in which less than about 40% (i.e., less

than about : 35%; 30%; 25%; 20%: 15%; 10%; 5%; 2%; 1%; 0.5%; 0.25%; 0.1%; 0.01%;

0.001%; 0.0001%; or even less) of the total number of viable microbial (e.g., bacterial,

—t

fungal (including yeast), mycoplasmal, or protozoan) cells in the culture are viable

25 microbial cells other than the microorganism. The term "about” in this context means that
the relevant percentage can be 15% percent of the specified percentage above or below
the specified percentage. Thus, for example, about 20% can be 17% to 23%. Such a
culture of microorganisms includes the microorganisms and a growth, storage, or
transport medium. Media can be liquid, semi-solid (e.g., gelatinous media), or frozen.

30 The culture includes the cells growing in the liquid or in/on the semi-solid medium or
being stored or transported in a storage or transport medium, including a frozen storage or
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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Any suitable pronoter can be used to drive expression of a heterol ogous
codi ng sequence in a yeast species such as Y. lipolytica. These incl ude,

wi t hout Iwoi2netdios3 the Y. |ipolytica inducible pronotePsTXPRAGI(Qadkal i ne
extracel |l ul ar protease, inducible by peptones), ICL1P (isocitrate |yase,

i nduci bl e by Thé mjeretsialdslls offBXRvBntAHh bE IBRAY FE Ldg lefiduci bl e by
fatty acids) and POT1P (thiolase, inducible bg aggatng[%ié) ?‘S’z%n,deg. g,. N caud
et al, 1S#9PSIQN8 Gy in buffepgontaignga cygplotestanhsych b9 glFcerahnat sBirgsecde et al |
2000) . Oyhshilisxbignk e ; propoters Lnclude, w.thout Iimtation,
constit ut)im’\‘l?el oF ormt'elrigglfgac e?%gﬁetyﬁggg%)ﬁt%eg e’b‘?ngﬁéeiaﬁdgefi)iﬁ&lorrot er (RPS7P)

and the prepmetorspbiaimedet.gnbpfluidived bet @fmglor gﬁ,@y AL br &I}Eﬁfgf suiﬁél’é“ Eet4 :j c
e, a pronoter such as hp4dp

hybri d pr.ooot er | so.can be used. For exanp .
( I\/a_cfj’z ak. diying n,letggfggimdléﬂy thsrogyme PigDaTationsean be anckaniyopliess, of t he upstream
activati gemsSHAKINGR s@bré&{ﬁﬁ%eIppﬁcgyglﬂe&ggéigﬁﬁb%t\é%&(ﬁmé? in front of a m ninal

LEUf "al so can be used. CI' er &4 ¥6ht ain minimal forms of

the POX2P andY-iprBpcerisquntivutalyivsefulintihdustrial bpiicaticie demoiandaligiof the UASI B
(see, e a Anal ysi s of .the upstreamregions of the

. dzak..et 000Q).. .t he | 1 egl.
XPR2P r efen &t 'ﬁ%ﬂ@é??%&"ﬁﬁ“ge%%‘h% ofiquganic ggids. Thy yeast ispongideredy

pr onot er n@cpathddedtic ahB dateet bwalded 223ail i 4 t her
B vided | oopnogd A, UASI B and UASZA 6A§g%§%2%g?%§sﬁce}%?ﬁ@3§§?.g%he UASI A

f r alfrent severabindustipy psecgerencE /pohitinm hampnbioBatb philitysd sashesidk ahd eccldBiR2 P

initiati =T L Lon, placed in front. of a m npmal LEU2P, can

pr onot eaﬁ%ﬁh@gg%%ﬁ s %‘?S%g%?‘ﬁ{??ﬂ??l 8%1&%%@8@%?%6@ ¥ B2 ng t he whol e
of the UlSisés, phgsphatases,tebtetaies ad RNAseNTRs, YWepdRE hEE ud-@RE&lppess CaN enhance
activity even nore than the UASI A region, indicating the participation of

the addef9SEYr§R Wide variety pheierplogeus proteinsp Seg e tRadeeriad, B0 Npandeed i n a

yeast sugt 2862; Wiilldr BRAY 11068 PYRY /Y . nclu Si |_peptide that
can gui de the polllypeptmgg%o a ’%é'a |ohgglfgmjferrllteé?lgép&’\mgﬁﬁfar’f@le&’i}ed, any
sui ¥abl el%9gnal peptide can be used. Suitable signal peptides include the

pol ypeptide's, own.(aut ol ogous signal) peptide, a heterol ogous signal
peptide, a si‘%Waﬁulté Prye Brfcaﬁisgﬁ@rtoﬂﬁll\?ﬁﬁﬁﬁﬁswQfathﬁﬁeéﬂq’gﬂuéﬂ?ﬁl@&'sed by the
host celdequédke i Sydabipbiiss ORI R Lr hing) o 8 LI ide. Were
non-w | d-?ype Si g%al.th’%er;ti des a?eM%%JctiJe%' ?ggsg I%dé%pvev%hg’gyfn fégﬁ%,tﬁ%l |, or

part of Y-Hohdes indugibleipiomgtors) YRR falkalvarxbacellnlot pdedse, Wdatielesgne or al | of

e T USRS ! I e b
del2et ed. oxiidmseseinalngible, byt faey &didd)ahd PERYT dRioRRE it AR Ky Refitd)fHe00 Of the
Al kel e id 85T, 19898, LD SFats 1994; Park et al., 1997; and Pignade et al., 2000).
Other examples of useful promoters include, without limitation, constitutive
promoters such as the ribosomal protein S7 promoter (RPS77) and the transcription
elongation factor-1o. promoter (TEFP).
25 Synthetic hybrid promoters also can be used. For example, a promoter such as
hp4d® (Madzak et al., 1999) can contain four direct tandem copies of the upstream
activating sequence 1 (UAS1B) from the native XPR2” in front of a minimal LEUZ also
can be used. Other hybrid promoters can contain minimal forms of the POX2” and
XPR2"in combination with the four tandem repeats of the UAS1B (see, e.g., Madzak et
30 al., 2000). Analysis of the upstream regions of the XPR2” revealed two activating
sequences (UAS; Fig. 2) essential for promoter activity (Madzak e al., 1999). UAS1 and
UAS?2, can be further divided into UAS1A, UAS1B and UAS2A, UAS2B, UAS2C
respectively. The UAS1A fragment is a 29 bp sequence beginning 805 bp upstream of

the XPR2” initiation site. This region, placed in front of a minimal ZEUZ , can promote
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(AEP) (Nicaud et al, 1989a) can be included. This signal contains a short

pre-region containing a 13-am no acid signal sequence and a stretch often

di pept i dewo(nwtdib40X- Ala or X-Pro, where X is any am no &cirdB2ode/pepid des

followed by a relative | arge pro-regi on consisting of 1224 am no aci ds

endi ng wan nlanceeemgof dctioiy. SThEUABYS 14, e s'ﬁ%’i% ase

encoded by.the XPR6 gene ZEnd_erI I n &%‘@rygﬁnﬁ? 9?1) : O%ﬁgﬂgﬁ%a ﬁal SO

cont ai ns” %‘I‘V‘@b@ﬁlag&l%o fwodmpgifert sepsatactan gshance icdivey ovem 1thae tBP secr et i on
0

(Fig. 6; s iAo re et.al 92). S | S0 toba et al,
1997; ané&g%%/g%egﬁn,’ 1997.° gmgfgg’lmg?rf %%tﬁg ’r“b‘ﬂ?ﬁFe%?n tf)ﬁ}ge @@Fﬁg& | ul ar

| i pase encoded Biypolypeptid® gesxpresasd iahS0ashuchns Iw%%yﬁcm@ayl&r Bry$8Er etion
Si grgal has, f.eat ur spggei(ggséiar to the those of the X nal: a short

1 ) . Sl g :
sequence™FH4e 2 5igh akc3n suige thagplynspiidetiopdpeatide of injerest.aWiePr o, where X

IS any ajfichidedGl ; eg@gﬁg | Sk ng, by..a di am epti dase),
a sho?/t pr or Zd%ﬂk%lffgl am ngﬁéggggg@%aﬁgé%p@gaﬁfe& 1%’% 1(—:%%33%3 lg(iﬁ’tq%qug But ative
pr ocessi PRIYEsPEde’s ownt(indolEo®-signkh peptmepshétéxdageumggup%tiay, 4418akPR6 gene)

(Fig. 3 eg‘iﬁé?f‘a?n% e?tag@}'aép(tﬁggg .1@ Qéqlggsjegbbet V\I/leen tlhe PR2 and LI P2 prepro
regi ons tan also {Xpfiessed i she host geflerra syntheiie @enof usef ul

si gnal pefiralescduntd 1\ UtwhéEinbatd: R ' ' i gnal
pegtide of tﬁg cendog S%g%\ggfe)ﬁ%c‘gg?rggagg%@gx%éeagl}%ﬁ?@a‘e?%ggg#eq(@grk et al,

2000) t HRelyreplide ngngseHew partef e natipe (witd-(yBh)sigred caul be iRQGERL. Wiy expr essi on

vector t | sh.Jnt ation into the genone of Y. |ipolytica can
al so be %g%dﬁaﬂg?ﬁ%%‘% %’1gn aéysgetgfgsa]s S]ﬁﬂ\?éBP%'Wé th‘TSI gregised e zet a
el enent sinftiamMdieesidierod ther Rbs@sigR p¥ptide daf, MEBMIRY, bSfelstadgrg non- honol ogous
integration '#nho t he. genaone of Vi t[p -devoid'Y. Iipolytica strains can be

a

used i ncBABPIFathestenft Reptifde mddhe prenare regionief the alkhline extracpllatar protease var i abl e
nunbers @fg 1c8SELQN FHES ] t he. ome. A constitutive site
speci f i c( siP?l)gg]jlqeC co%?/ni nt eg ggtn?o\%elh@g%etdbh%f%z@mgﬁ% sS4 gPPRIEous,
si 8- spesontaining e ¢ dutimetcidsignab séquen@endastokh of ol GifRbaids (RbhiAlAdevoi d of
the YIt1 retrotransposon can al.so .be constructed. Expression vectors

or }gi)mt’ @’&F%?’?? Sy SRS ) dipspidedeloved bya ralatygdaree pregegiBn nat i on can

containing in
al so be coasistingi 285 Gmtot 3ids WAl [ R sCAR9 Sshoul d have
genonmes cqQntaining a prgpr%ate gg?ﬁ%@p@%@ﬁg’%&ﬁ%g%isa‘%}lézgqrtag%%fh%equences
for honsegRinisaserineepiedibydhe XPRAgenet (Redetih &Onxziaky 1004). fTHe sighbBgécat i on

(e.g. i termnator, r and zeta sequences in Yltl

-carryi %Shgﬁsg%%?ylﬁde%zﬁlﬁt %@rc&f’ i%ﬁﬁ%‘r%@%“&%@éggg@@éﬁ@b@%ﬁbﬁ@%us

nueb eot iadal. segLRnddabald bl y1 9905 8RB0 AL IDBEAOPER L1, 1Bg7.N0St cel I's
e e, for

such as_the pBR322 docking pl atfor hey can be,
( *The Secr tion signal of the e)%tra%ellular lipngse encodgd by the LIP2 gene can also be .

included. The LIP2 secretion signal has features similar to the those of the XPR?2 signal: 5
short sequence (13 amino acids) followed by four dipeptides (X-Ala/X-Pro, where X is
any amino acid) (a possible site for processing by a diaminopeptidase), a short proregion
25 (10 amino acids) and a LysArg cleavage site (a putative processing site for the KEX2-like
endopeptidase encoded by the XPR6 gene) (Fig. 3B) (Pignéde et al., 2000). A hybrid
between the XPR2 and LIP2 prepro regions can also be used (Nicaud et al., 2002).
Further examples of useful signal peptides include, without limitation, the 22
amino acid signal peptide of the endoglucanase I coding sequence from T. reesei (Park et
30 al., 2000) the rice a-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 Y7¢1 to accomplish random non-homologous

integration into the genome of Y1t1-devoid Y. lipolytica strains can be used in
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exanple, all or a part of the expression vector nucleotide sequence.
Alternatively, an integration-targeting sequence in an appropriate

expr essi omovectmn406an contain a nucl eoti de sequence der ipcedBioo@no2the genone
of a host cell of interest (e.g., any of the host cells described herein).

Y. |ipol ybmbiaatiel with sRfKess thatNghds Welhe M S M ¢ iHAL &ﬁﬁbé@&f&ﬁ&@ﬁo@”d
vectors contal ni nﬁ] corr espondl ng I nt egr atlron-tar get I Ng sequences are

descri be BB IR Hemsenome.A sonshtiv sitasipecific singleegpiaintagrativavesor-thequences

(015" ki | a2 for o Puials” Qi i FEREbIL A B chd gfndd i resieiifancne
appl i cat dowidéf thé Ghe cetichiappbyapeph blde be eshishactiegquences of microbial, plant,

[ nse{t and anjmal origin expressed intracellularly using a reconbi nant
yeast (e.g., YPP{SH ‘%P'P&%Bon@iflﬂ%g wiggationitargeting sequencesforhasolognwseni ent
systens fRbmbidtis EandlsodHRisd | ul _stereosel ective. and
epoxi de subrélt rate specsiof i c%l Sépdr:?boé??el ‘gfsth %ﬁo‘}régtt%isa?pé’aow egboﬁtcﬁilisé?o%(fal ,

pl ant, iPave@enemes coniafmehg atproprate doktespdndinggiite gadr-Gadet Mqueicesfopned sol ubl e
or mcr OE(%rgII 0I%Hictodi ﬁ@és%@tﬁgﬂce? Qf microhial, plant, insect and manmmal i an
origin expressed THEPALEIM 9 §PICGUPHBIAEKSF K% dRtpgTAiON (Cpelh LU d/RAS, .

|i pol yt i ERR2 sdniatorP@NARLAS zbQ sEeH@én'&eHﬁWlﬁs-ca%%W g rag'?)te‘ .ﬁ%%ht%ggﬁéﬁr the

production of correctly folded (i".e. functio i'n for-drug design.
For 1% x ani3rast saqngfives eapdie exppenovs nupheotitle sequendes stably Etogmnatédiitd ihkat e t he 3-D

structur } ' riin silico" desi f effectors (activators or
i nhi bi togegg &%?6};@8%@%%39%{/@?%1% esPél?s%c?%ﬂ?éEWﬁ%gtﬁ%m}qc?h%%@m%, é?(pr essed EH
can be usetiploalior epart of the exesidnaVecto HsklaGidakEulhdey Aﬁ%ﬁlaitiwayj 4phi bi tion or
activation effects. . Another application of cloned soluble or”"mcrosomal EH

codi ng s@ Bargeting seawsirain anfApprepriatepy prsssiemcectoaommtdntain or i gi n expr essed
I nt r acel hulcdtily ' SLORH, . .. lipolytic) strain
pertains to tlhe?ér(ﬁtrg}gdgégconveﬂl%gﬁi&ggégghéﬁggl}ogﬁ'@rﬁf&e%’tan&?ﬁ%fri son of

t helScharkest ealls desoribedheréib).f Y.dipodiitd eslBrontatnigi sush afckamvl taapnent al

librarie or the evaluatjon of new characteristics Inparted to an EH by
protein %ﬂ‘éﬁnﬁ%se W§°?§CWH+%%%C%r{?éPPI’é‘éngdPWS@@l@H't%%mﬁtSﬁWﬂ@qs afut agenesi s.

Pol y peptded@ el driontinEraapld Nﬁﬂ&'ﬁﬁaﬂﬁwﬂemft%gar%@gft%a%@f c&eﬁgg"egégor CDNA

sequences encodi ng_ these pol ypepti des or ere can tai ned. For
exanpl e, VaEpple suslagfidedenatiheesrallymatging fiomi 500 bafer pirs (0.5 kilbbasbs (kb))ant , i nsect

char act o SREE TAL BB, PLITR: nt racel Lui arly i n varrow a host cell's in
accor dance wiQde applicaaidRoE tloféd EHipdlypeM&RdoBihg sequences of microbial, plant,
insect and animal origin expressed intracellularly using a recombinant yeast (e.g., Y.
lipolytica) strain pertains to their use as convenient systems for industrial application of
the useful stereoselective and epoxide substrate specific properties demonstrated by some
microbial, plant, insect and animal derived EH.

25 Another application of cloned soluble or microsomal EH coding sequences of
microbial, plant, insect and mammalian origin expressed intracellularly using a
recombinant yeast (e.g., Y. lipolytica) strain pertains to their use as convenient systems
for the production of correctly folded (i.e. functional) 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
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Appropriate organi sns fromwhich the EH pol ypepti de codi ng sequence can be
obt ai ned include, without limtation, animals (such as mammal s, i ncl udi ng,
wi t hout Iwoi2b@tdio3 humans, non- human prinates, bovi ne aormBiwe/OQETHS,
horses, sheep, goats, cats, dogs, rabbits, gerbils, hansters, mce, or

rats), inwembiatieyedst. (. %ﬁmﬁ}cg) straiﬂ ﬁ’éi"laﬁls(t@ alsé ANRG6iSH AL o plants),

or m croqr anlsms (e.g., bacteria, fungi, including yeasts, mycoplasmas, or
pr ot ozoaH¥)" @%&?Of’@}@ﬁémadtb@@}wwnsamfﬁﬁ Eomdliffiérentrotigineahd are recited

below. T 0 ed f om t h enetl may al so
be nut at glgw g}ﬁis?ﬁ@eh%l rec g %ﬁ@%@‘&ﬂ& PV § ar?%?m é@@ﬁﬂ’%ot nore 50
(e.g., nptoteimergitdeang dhnidhes sdéh asifrecBB evalltio’d mitdgendds. 12, 10, nine,
eight, seven,_six, five, four, three, two, or one) conservatlve

subst i t ut i on(ByYPeptidesaving BH aetivityimaplieds those forwizich gewsti¢ or A neer i ng
techni q“%ﬁu&i&beﬁ%dﬁg%éggblw%@ldggor%%}! Tl 0%#%}%% bf&?j‘é% Ifr?hexahl sti di ne)

tags to enable protein pu tron-i nc ’t hose
ski | | ed EH colimgaequengdssan bé obtained &sin rfmbmbmqﬂm ifRAUBIAGRENARERMCNg EH

I 0 h 0, 0, 3
T T R e
L0 oo TaaadclREGH VA WE: MDA b ddcOfede wiPARSENAL bYBicSiRRlibh 1| | 01

typi cal Ix i ncl ude substitutions wthin gl'yci ne and
al alfi ne; AppopHde OI@mS@aéiiOnewhlahdlelﬁﬁlpolrypeptmls pedmg @eqaendé calmﬂe obtaihedri ¢ aci d;

aspar agi I |ne hreoni n sj.ne, .histjdine and

ar gi ni neﬂl@lgﬁ% pL}%ﬁ}yﬁ% t%tr%ﬂ %mglﬁg?ﬂ?h(% PREma; g, Wifhguidpeitatigns equences

can be riemmbsgndnauntiagirings| béendanim e on bi as.

Specifica faini ?lgl to S% he usemrgf sﬁﬁgwﬁﬁiglﬁa Zésoa%nédtt%ds%docat alytic
R e

chiral Hs, SpmptErsemice, eyate). desscts (g, Dmﬂepkzla),rpmas(@g),nbbacm oon to the
use of t y. ol e cell, a cell
ext ract bpaé?ag c)e%? o?‘Ingsat eg'm% lsﬁgﬁéig il?l%ten% %Mglglr E’é’?‘%fﬁl%g%%ivap@?%asr ¥sol ution
nay'5be C}gptozmsb@thﬁngenevaamabms iand sh€inpsBiaRRGLard reciB@bBloweths of the
reconbin a re on _host or cultures thereof or preparations

t her eof f@gﬁ?ﬂpﬁ‘%ﬁqgergcg WSE%%@F @@etww@@aﬂ)n@mbatbpmat@chw $t, forexanple,
Crude colifecRunhaichesioir diPnfifadtiiil. SATIIESDIEPAANAORLHISHI ol

extracts. In cases where the polypepti Pel’eased by
t he reco?f%?’?paﬁ*ﬁs‘?@(dﬂrb%lé Hy winej eiglt, $dven,cin ﬁ'meefoﬁiediremw@drbﬁ@ by, e.g.,

parti al SIS purified preparations nay al so be

obt ai nedp% ﬁ ?%rﬁ%t gul%:sal @ r%'étf‘%‘?ﬂesmr?%ﬁ'ﬂﬂpﬁcﬂn 0 9815t Bensc gRSiRgENShi al , i nsect

pl eat artelclmrqumhuohrasmeradﬁﬂfonwpbF/qaétid% G %@ﬁa@ﬁ ?f‘a% Ver@bigcat al ysts are
I na

generally retained within the ce of theTreco arrom a |ipolytica
strain fRpteiRkGatinadaeluds teghniguas knpwo thidoseskilted ibitecat aAAlysof interdst gh

are coding sequences encoding EH polypeptides containing not more 50 (e.g., not more
than 50, 45, 40, 35, 30, 25, 20, 17, 14, 12, 10, nine, eight, seven, six, five, four, three, two,

or one) conservative substitution(s). Conservative substitutions typically 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 use 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 extract, 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 cultures thereof or

preparations thereof comprising said polypeptide. These preparations can be, for
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f | t h t t f wt h
Pt or o DlBAEA R Sahets r B i TRkt Vupairich eamtebimei Schig £, bosuBUsi 86, Sui ¢ abl ¢
for use. aMipBotasii@tmefiuRfiRiprafl ts§u1§ékc(rfalﬁ§im§19ﬂbfé%tpc{g§8%§c?§a§f) m phosphat e,

SOdI um or pot assi um chl ori de, rragne5| um sa the i ke
can'®e alynisal X@th@hmg@memhw @nﬂntlbuafshdgegwulmm; hulaﬁerlgd:ct]ctulﬁirepatbaf fin or

veget abl o as requjred but is not

typi cal Ighér)de(%‘ ng%mﬁ%}%g" ?‘8@“5‘3 E%gﬁgoqlseé 8% Uying pf @P?PWE%P%‘@IW s)

expr essi thg nediulat] bpffbig pﬁp&pdﬂﬁe&ﬁﬁb 1He nAnin® bﬁ&deﬁaqﬁradgﬁgg bEhomsr l}a@é‘t pr o m)t e
opti mal bi omas gnd/bgr enzyne titer yields. 'Such conditions inc

exanpl e, aslfﬁ‘!“d’ﬁ e squrces of easban intbrisuty entmedém mepindcj datdxemplef hi g h

amount s @kbdph @RS Slip e nmeth s can, be used, while
smal | er quanfiti eshéan E t%r?({eS Mass#{lioléé’fsflggﬁe Figre, g 88‘8@“ on in large
t an®s, estarcintyegetafle eﬂambmmchemumUdmveﬂ ailk Sucvidntd) orteohndahdhikd d t he inocul um
to a ley, h _eno to mnj he lag time in the production vessel.
The nedi %lr%apfg% Ssu‘iﬁl‘tir%ﬁ‘?nﬁfm ’cnmﬂ}d& E RIS tyeiss xfeash G StepeLignes i | i sed
(e.g., txneawh%‘dt 8, REdtaH]e hital e gn and

agi tatl on  of the?gg |t ur egcane eagtr}ﬁl&gve g.ﬁ)lé@' aﬁeérﬁ;}%& Mr(rlég%fs)ﬁeg?%r‘rg'u aneous
addi t i orPSdRorganis nifregert sournes ychad dnmmmmrm‘sulphate abminshid pRospukt) ieitrateact or . EH
pol ypeptd.f y are.retained wwthin the cell of the reconbi nant cell
(o o ABE Tl Bafifact T i i i i

row a e production of EH for biocatal ytic

purposes. Sudtarboit andGeirddeh 36urbésO SGhia géblﬂl%ﬂﬁé@id dbnitiHtioh Sneell nét veH
bi ocat all}/s exhi hiting the nost suita
sed 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 cultured 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
enough to minimise the lag time in the production vessel. The medium for production of

the biocatalyst is generally be sterilised (e.g., by autoclaving) prior to inoculation with the
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ki netic characteristics for subsequent resolution of racem c epoxides.
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epoxi de ol ase acti.vity can include spray-drying, freeze-drying,
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S o 0} o R o el oty
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of 0 - 108tedny cryyprotatahyrich Yriw/(WpicRlp bt hetil i i salts
(e.g. KOI) sugar S, proteins and (?Iﬁle I?ke myﬂ%&eﬁﬁﬁ,gﬁ%ﬁ@@é@{hﬁ@%&e

t her mal FdiogPR Fenditinns upiil squired er bipiyans fprontiora dnené embodimefit, thee bi ocat al yst

during temisii : . ure.or formul ated. dry cell
prepar at | orﬁﬁg ﬁg?ﬂg%mrrg%ﬁgﬁ’r’é’? é%@e[l%f%ﬁogté@él%lﬁ%u %Beguﬁrrv?ﬁ%‘fﬂ?)‘f‘ essi ng.
For15subsfemmentrtionppidesstyl @mvemiohaloneahalsyaétsasiilogeis@ Tent@fiiageoid yst may be
appl i ed cell |ysat r purified EH biocatalyst in the

bi ot ransf?%?%ﬁeggﬁ? agyy Bﬁvg‘i’fe‘gﬁ%ﬂd‘ggo%ﬂ@nd’@me hipteying highactivdy  exanpl e, a
bi ocat alandtuseranstdtoddkeHviis I%O(%Ségg%ljﬁfé@fcﬁm%f@d%&nl\ﬁtexg\%%l e%%Lal yst for the

stereosel ective biotransfornmation of epoxides s i bitory or

degr adatt¥esptalyst exhibisipg sperideriydraase setivipt dauiingludeAphiyaliging) fieze-dage used in

any suit : ffer.. typically in a phosphate buffer.|nmobilised or
free who e(!hgeeql‘a[fza g%@{ﬁ%&% Fmg%hfuﬁ ,ngo?ly%ﬁgg’&%pr&onﬁﬁfli@q]é@- diyiage preparations
mayobe usethbdsRuccadiuees dfyig, MNTENIbES Bty orof muhed Emﬁﬁkéng or enzyne
preparati ons he art, and may 1 hclFude, for exanple,

I ncl ude those known in t
adsor pt ieé‘mlsmn/spheromsatwn 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 de gradatory to the epoxide

hydrolase activity. A biocatalyst can be used in any suitable aqueous buffer, typically in
a phosphate buffer.
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varo m rspedies WOVABISN N IBdilera dendrophila, Bulleromyces albus, Candida albicans,
Candida fabianii, Candida glabrata, Candida haemulonii, Candida intermedia, Candida

magnoliae, Candida parapsilosis, Candz’da rugosa, Candida tenuis, Candida tropicalis,
Candida famata, Candida kruisei, Candida sp. (new) related to C. sorbophila,
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25 Cryptococcus curvatus, Cryptococcus gastricus, Cryptococcus humicola, Cryptococcus
hungaricus, Cryptococcus laurentii, Cryptococcus luteolus, Cryptococcus macerans,
Cryptococcus podzolicus, Cryptococcus terreus, Debaryomyces hansenii, Dekkera
anomala, Exophiala dermatitidis, Geotrichum spp. (e. g., Unidentified species UOFS Y-
0111), Hormonema spp. (e.g., Unidentified species NCYC 317 1), Issatchenkia

30 occidentalis, Kluyveromyces marxianus, Lipomyces spp. (e.g., Unidentified species UOFS
Y-2159), Lipomyces tetrasporus, Mastigomyces Philipporii, Myxozyma melibiosi, Pichia
anomala, Pichia finlandica, Pichia guillermondii, Pichia haplophila, Rhodosporidium
lusitaniae, Rhodosporidium paludigenum, Rhodosporidium sphaerocarpum, ,;

Rhodosporidium toruloides, Rhodosporidium paludigenum, Rhodotorula araucariae,
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20 During biotransformation, the substrate (e.g., epoxide) may be metered out
continuously or 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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reaction rat és.eél%’ ‘E%laeﬁljla%?i C%&dftogﬁgmé%ﬁ%@ F%epfuﬁgoqseth%rfﬁ? ﬁ&h?e or

st er eos elnguetiligdegependiontyekinkidsgarin ee o theShedHiy rea 6N dnd $he duiuntx@np! e,
water, m xtu esbsg% \ggt er \é\{il?t h oqe or_npre water m scible organic solvents.
Sol vent s pnévfebc‘g trdtetag toedydeplyssdc Bnibe sase of produet inhibition negagipely de der i ved
from yeagffecay tha Eds\GIFL i . q I [ Vi in the
formul ati oer? ﬁgsledq)rr e aisn %%Jrcgtla%ttlfzéég%bglg{{/%%%teslggdﬁgggﬁ }‘é%(%be? Exanpl es of
wat ¥r ni stdvantagepys {esiemove tetformeyd reducs @.8., idivd) fistr theveadtiodtmikiure érab i on,

t , 1k | I |, i |, tonitrile,
i ot ny 20 PR son RhbRRR o PR e S RO staopitiy FOPIEA PiESand ¢ he

li ke. HoweverA réactiorsmi@sre contgininpathe t8SBinaMN sY&EBs@leH?vergRB%mﬁ of

pref er aﬁllfﬁq e>icl uded in the biocatalytic reaction m Xx. I ot tanstormation
r eact i on”RTAALYT 1 3repmpriss farspmplsewatin mistespf water withmine se meyesyaers

conpri Sifc er o sci bl e sol vents. Exanpl es of
wat er i nmm S%cﬁéar@%&&\gé%& 3 cqoill%?l{s%%eeadg Sgg)‘ ﬁugll?ﬁ%?n%t’toﬂ(} tth8 it ation,
t ol'§ene, polypeptide darived Fromofensthaviag aefiBie.g., BBS:HE hydiolid attivief)iethe Met hyl
| sobutyl . ket.one ;d(ilbut.ﬁl %P)} hal at e, aliphatic al cohols containing 6 to 10
car bon aPBHLaticl ysed rqiain hydiolytis agtivity thatde meassrable. AExantmesi of Waetr ocar bons

cont ai ninlciblelsBlvés @ik BAY 1R LOLPinkILEL, WABIPASIG! ANRXARppsdtexane.

-octane, n -decane, n - ecane, n -t cane a {¥ecane or
nmi xt ur esetgnol, peopanedr leopnpanoh edethyitileakimbihyb)ifenide, M &/-diidethylibloneyias , use of

such sol 3 ically is mnimzed, and may be excluded fromthe
bi ocat a|a¥’§ ?\’(E:l%re @P oglrﬁh%i a)?aé]i‘et @@f’et}i@'\‘ef'q’ At léggﬁ“io%w,at thesg polvspisbgy be added to
a koot r anisfmisediridqiefeRBB! dxeMdBl X HUE BidkcRalytic reaction mix.

A biotransformation reaction mixture may also comprise, for example, two-phase

systems comprising water and one or more water immiscible solvents. Examples of water
immiscible solvents that may be used include, without limitation, toluene, 1,1,2-
trichlorotrifluoroethane, methyl tert-butyl ether, methyl isobutyl ketone, dibutyl-o-

25 phthalate, aliphatic alcohols containing 6 to 10 carbon atoms (e.g., hexanol, octanol,
decanol), aliphatic hydrocarbons containing 6 to 16 carbon atoms (for example
cyclohexane, n-hexane, 1 -octane, n -decane, n -dodecane, n -tetradecane and # -
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 to a biotransformation reaction mixture to
maintain pH stability. For example, 0.05 M phosphate buffer pH 7.5 may be sui;table for

most applications in the case of chiral epoxide resolution.
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mai ntain pH stability. For exanple, 0.05 M phosphate buffer pH 7.5 may be
suitable for nost applications in the case of chiral epoxide resolution. The
progr ess wb 2pd7atioaast or mati on may be nonitored usi ng st aodaBzhopo@cedur es
such as those known in the art, which include, for exanple, gas

chr omat ogr aph Yh@ﬁﬁoﬁf@mﬁ&ﬁin@ﬁﬁﬁ@ddrﬂ A3y sk ﬁ&i%ﬁ@%ﬁ%ﬁ@%&%&éﬁg S

contai ning non-chiral or chiral statiodnary p ,

st er eos e FERaShose kngyn inghart.i vyl iscluie ddr axempleypisahrafatogaphyios highoxi des,
the reactig . ed when one enantioner of the epoxide, and/ or

vi ci nal B? oi |sa:flg(ﬁ“rlfg&?§1%%t8grﬁpﬁ¥ ?i%“fi%%*e‘imalam Pojtrelirad opstireLstationayar ed t o
t he ot hephapsanti oner of the epoxide and/or vicinal diol. In one enbodi nment,

the reaction hs st opped when one enantioner of the epoxide and/or
assoti at ed vi & Harasgobsterspesinstive (esg.fevaniipselecthie) fesolatioreofratdndeer i ¢ or

di ast er egymid % _|n anot her  enbodinent, the reaction
is st oppgf.;c?%ymeg’r{[ ﬁiﬁiﬁ%}xﬁ{ g% 3‘#@?%‘?%%&&3 egq,n%pﬂlgr B’f{PSSPﬁXé | Vi ypst r at e
i s presefliol atforgvthe nttht tappet chantien@HS Sxcedy compRfedab tiEliiBdr@nirtdhleY ofl 00%

enanti o reiec eac%s?zq%pr.a(itl ally measured at >98%ee). A reaction may be
st opped By PFYPe iGana @a%?qecﬁmb@fhlﬁ%thﬁ@éfétoallslstopr(eid.\?@l.ep op¢ epar at i ons
of recongiaRfeherFthOMoRidesh AL N . eptide of m.crobial,
insect, plant and ar]?ﬁr%a} (rran%‘rgaﬁg %ﬁégklg&flﬁq}gﬂré@%cgfse@u%ﬁo&eﬁn fhvi ng
bi otat al §AapEomenq e digstesennherimsexedss bfatdedst 5% C 8l dnothck EaBb&iment, Geude Or

e free or imobilized) fromthe

ifi ts, . whigch..
Ponct i onersHoTE sBHldadieh et G ST Rl of BepRmaseoppads FoMsin. art (e. o,
cent ri f ugratenosnt, >95e4Eiaaicméid dxcadsi artvanst slslbﬁaﬂtiah%f)g%beg%ﬁfomg s OF

per manent inactivation of the catalyst (for exa extrene tenperature
exposur elPEctigallyi measpred it 2338% se)and/ or or gani ¢ sol vents). Residual substrates

and products ... opticall ctve epqxides and/or vicinal diols

prodEced by tAhgea%P%lf ?15%&? %ngetdl (¥n%°rr§§ ﬁ&rﬁeﬂaé?/tl%@frth‘?:’b‘%ﬁ*@mﬁ%m t%le

realSt i orprapatations oflidce@binyintONarAfi@ EellsQERMAHingd pél?{ﬁ)ﬁh@&%ﬁ:ﬁfﬁﬂ; inbk3t, N9
e

met hods ﬁuch as those known in the art, e.g., action wth an érganic
sol vent Rl&¥@Rd gaimabinammalias andiaverighrateh ptiginthaeing bjnettabitie untivitytsech as

di chl or , ..acetate and the |ike), vacuum
concent ﬁgﬁlgg@%&?@g@%ﬁg %@xg%%ngf‘eﬁ Ie%eo%ﬁaﬁtéﬁﬁl?l%&a%@p%‘?eﬂ i on, colum
chr onat dgmagtiljzedfomtiise tebdtion iiktiie dsin@REhTEER kheha te¥hSs SIS iRe: £l ow in

exanpl es, whi c not limt, the invention. Skilled

. eﬁ’c&.g{gg.neant toillgstrate ]
art i sans o (CPURSIEaten. membranedilirationpnddhelika) os 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, dichloromethane, 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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that are simlar or equivalent to those described herein, and that can be
used in the practice or testing of the present invention. EXAMPLES Exanpl e
1. d oni goabo#Hb4amedi ng sequences from di verse oriei ns iPOTABEN@ED@SSEE ON
vectors and production of Y. lipolvtica reconbinant strains Selection of
representative epoxi de hydrolases fromthe full spectrum of avail able
epoxi de hydrol ase classes and famlies. Barth et al. (2004) perforned
systemati c anal yses on the sequenceELXANMPESict ures of all known and
putati ve EH obtai ned fromthe NCBI (National Center for Biotechnol ogy

| nf or mat i gy, € e d I The sear.ch, Qel ivered 95 EH,

i ncl udi ng i Ve BH St R BRELVAIS oINS ILo EXPUESHON, genet i ¢
anal ysi s separ at egetthessmditold nctiorCsfs 0Pl ié FdmBiAnE Yirsae! i ¢ (SEH)
famlies. The nEH fam |y could be subdivided into mar n_honol ogous EH
famlies of mammalian, insect, bacterial and fungal origin (Fig. 2).

Repr esentat.) | es_of EH epcodi enes were selected fromthe

di fferen @fgl&t@gx @%rngeﬁ%ntg v Xf%ﬁ?’gﬁagf%ér%ﬁer@“ﬁ&ﬁ@é‘!mm ayajlablg on, sEH
vere sel SRR #’F‘k ase clatses,and fuplies-i al origin to give a selection that

woul d be reprgsentative of both the nEH and sEH fami lies. Table 1. List ot
mi crosomal  anBYEyeid JLO4) perforsesd sysentatimanstyses @ thh seqpences nd sppturasabi | ity

f Bl ar : e L L an .
of Mot Sl RatDe B R GEEh 8 LB gt dGige. or 1 gin NGB
accessi oBiotghn@egBhribuhtzhiBh, Batlesas MD) GenBMk oSN ERakhidehapless a ni

AAB88192 _TIri c | gsia ni AAB18243 Hono sapi ens A2993 Aspergillus niger
CAB598 13E§:J %Q@E”@%SWUP Fly Subseppt mativtealemnmutseed pBylogsstio amdysts

neof or magspalaaq 2 i i VAV64029 dospori di um
t or ul oi des #46@%%@23%%1;0%%51& or I%ﬁg&@g@%@éﬁﬁ%& M%mff
Rhodos po?qudd basubdividtdgato drm@n6329R4ous EH families of mammalian, insect, bacterial

15 and fungal origin (Fig. 2). Representative examples of EH encoding genes were selected

i) - a3

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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(#692) Cytosolic (soluble) EH Agrobacteriumradi obacter ADI ARECHA Y12804
Sol ari um t uber osum STU02497 Candi da al bi cans XP_719692 EAL00941 Concept ual

t ransl at iwo 2047/ab403t he above-1isted EH codi ng sequencespcCiraBioowec7bly am no
aci d honol ogy anal ysis, indicated sequence honology |evels ranging from 14%

- 73% at I;Ihhle 1;@9102; }?@dré&ohﬁ‘l’@ﬁd dyfros@lic BN dyé&fo%hﬁahstﬁité h%ﬁ erid! aslm ds g”d 4
ol i gonuchgglicabid Gl DB/ ’ onugl eoti des use
inthis g?ﬂw@%m‘g&eﬁoﬂﬁv gglgasjé a??g&% SSI ansgag%n rretgge PV VP reIsa‘of1 2.

M crobial strainsS used 1n Exanple Strain Source / Genotype /| Description
Reference v, . , . 1 NMATA |leu2-270, ura3-302::URA3, xpr2-322, Madzak et

al . Y. hpol yCodiagBequgnpe originUC . ( 208N actBsion NG A LoCeih SASMR-n 1) |
73 Stratagene, E. coli XL-10 Gold endAl supE44 thi-1 recA gyr rel Al |ac
Hte USA [F proAB | acPZDML5 Tnl O (Tet 1) Arry CanT] A. ncgssiondits Gor don et

al . 120.49 ZU%' }?ﬁ&%?g mans #7771 €BS—132R—muetHa agthRoesSa #23—EFS Y- 0137
R araucariae ‘:‘; 3 R _toruloides #46 UOFS Y-0471 R toruloides # 1

NCYC 318I'r15hapkistmbilgenum #692 NCYCAABY162 al bi cans UOFS Y-U'98 POl g

transf or ged )KOV136 carrying the YL-sTsA-Tnl This study nEH 1 (U73680)
fromT. piichop asza i AAB18243

Homo sapiens A2993

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 all the above-listed EH coding sequences, followed by

amino acid homology analysis, indicated sequence homology levels ranging from 14% -
73% at the amino acid level (Fig. 3).
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YL-sTsA-Tn2 Polg transforned with pKOV136 carrying the This study gut nEH 2
(AF035482) from T. ni Polg transformed with pKOV136 carrying the YL-sSTsA-Hs
Thi's st udyorf/fioem H  sapi ens YL-sTsA-Anl Pol g transf orcedBios/h2pKOV136
carrying the This study nEH AJ from A niger Polg transforned wth pKOV136
carryi ng Mibsob¥al strafind; fagmitiiand Dligshudideiadyy from A niger Polg transforned
with pKOV136 carrying the YL-777 sTsA This study nEH from C n_eoformans .
(CBS 132) #775.11 myicrobml simaing, Pbﬂgldﬁar@dsﬂlmmktoudetsfusq:ﬂ(ﬂtgjsGtu_tli_yineglstlmg the This
study nE [ [ (UOFS Y-A 98) #23. YL-25 sTs ol g _
trangforgegébjeﬁzﬁs%%lgg%%ﬁﬁ? /ing the This study nEH from R araucariae
(NCYC 3183) #25. YL-46 sTsA Polg transfornmed with pKOV136 carrying the This
stucgy frg 2. toruloides (UOFS Y-0471) #46.YL-692 sTsA Polg transforned
wi t h p&%@% MP@LW&)“{% upd 1 Bxagple ¥ nEH from R pal udi genum (NCYC 3179)
#692. YE=STSA-AT_ POT g T anstormed—wrtr—pkovi3e—eat+y+rg—the—Fhi-s—s+U Y t=udy sEH
from A Stadimobact er YL-Gdimdysd/ Pakgiptiognsf or med wi th pKOXarrying the

This st udy Reference
Y’ liobtica Pol MATA, leu2-270, ura3-302::URA3, xpr2-322, Madzak et al.
i 4 & axp-2 XPR2"::SUC2. (2000)
Tet' D(mcrA)183 D(mcrCB-hsdSMR-mrr)173 Stratagene
E. coli XL-10 Gold  endAl supE44 thi-1 recAl gyrA96 reldl lac Hte USA Eene,
[¥’ proAB lacI’ZDM15 Tn10 (Tet") Amy Cam'].
A. niger CBS - Gordon et al.,
120.49 2000
C. neoformans #777 CBS 132
R. mucilaginosa #23 UOFS Y-0137
R. araucariae #25 NCYC 3183
R. toruloides #46 UOFS Y-0471
R. toruloides #1 NCYC 3181
R. paludigenum #692 NCYC 3179
C. albicans UOFS Y-0198
) ¥ Polg transformed with pKOV136 carrying the .
YL-sTsA-Tnl mEH 1 (U73680) from T. ni This study
) ) Polg transformed with pPKOV136 carrying the .
YL-sTsA-Tn2 gut mEH 2 (AF035482) from T, ni This study
Y1L-sTsA-Hs Polg transformed yv1th pKOV136 carrying the This study
mEH from H. sapiens
) ) Polg transformed with pPKOV136 carrying the .
YL-sTsA-Anl mEH AJ from A. niger This study
) ) Polg transformed with pKOV136 carrying the .
YL-sTsA-An2 mEH AY from A. niger This study
) Polg transformed with pKOV136 carrying the .
YL-T77 sTsA mEH from C. neoformans (CBS 132) #777. This study
3 Polg transformed with pKOV136 carrying the .
YL-23 sTsA mEH from R. mucilaginosa (UOFS Y-0198) #23, L us study
) Polg transformed with pKOV136 carrying the .
YL-25 sTsA mEH from R. araucariae (NCYC 3183) #25, ~ Lpusstudy
Y1-46 STSA Polg transformed with pKOV136 carrying the This study

mEH from R. toruloides (UOFS Y-0471) #46.
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: ) _ : he
SEH from S. tuberosum Polg transformed with YL-sTSA-Ca pKOV136 carrying t
This study sEH from C. al bicans (UOFS Y-O 98). Madzak et al. Y. lipolytica
Pol h MATAVOun@31803, uxpr2-322, axpl-2) (2003) YL-Tnl-HmaTABLdsH02ams T or med
with pYLHM carrying the Thii's study nEH 1 (U73680) from T. ni YL-Tn2-HmA

Pol h trapsf Wi th phatdetnsREhed With bROVIS Sarsfilidihedut MEH 2 (AF035482)

fromT. di "%%AHWA P%@Hﬁﬁﬁ%ip&zmge;&;}@ﬁw@a ‘ §5_y| rithig $vedyThi s szﬁgy
- = FOT {1 | e

'rIfhE:_lsf gtT&’&#é%AS?ré?n pg'llgﬁt:fi%f%% 24@5%9@36%@1% rying the

YLy
YL- An2- HM Thi s st udy o

Lot 45fe erMPOI6h tr_an;’fgprrred wi th pYLcH]mS\S)
carryi ngYihersysg3 Hm Hetisdransioayediwith pOWi196 cardig thgi nosg . ( UES Y- .
YL- 7¥7 amA Pol h transf ofFEHom S HbgsnA carrying the Thi :ﬂgé y mEH from C.
neof or magsg ¢ 5?}32). YRo I23ranisirrial vith plOYT 86 baeying the pYLHMA carrying the
This study r}ﬁ% I _om ar<HI foma® a{BNC(BOBS )Y-01ds)46HMA PPI@%WSAEQV%le\ﬂH;R
YLHMA carryin he This study mEH from J—torufordes ( T (Y LY -1

ICI;‘ol h tra%séé/ﬂlw%ﬂ%\%i”l?h ML red30%iwir 2 322, Tmls2)st udy nEH 110 gf t or ul oi des

] th
(NCYC 3181) VL 692" HT 24k ARSI RUTF S k) AL, car TYPHE)t he

mEH 1 (U73680) from T, 17 This study
nggan b T it
YL-Hs-HmA ;‘;ﬁ gi‘;if;f’;‘z;iﬁh PYLHmA carryingthe 1. gy
s R U 1y
s b LA S
o b e 1,
s b A i
s b T e
e el VLA b
dvris Pl LA GGy,
ot It st 1

Table 3. Plasmids used in Example 1

. . Source /
Plasmid Description Reference
pGEM®-T General vector containing T overhangs for cloning of Promega,
Easy adenylated PCR products. USA
pPCR-Script ~ General cloning vector Stratagene,

USA
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This study nEH from R pal udi genum ( NCYC 3179) .
with pYLHMM carrying the This study sEH from A

r adi obact er

YL- Ar - HMA Pol h transf or ned
YL- St - HM Pol h

t ransf or me0 200td109¥LHM carrying the This study sEH fromrC$1Bi0otenosum
YL- Ca- HM Pol h transforned with pYLHMA carrying the This study sEH from C

al bi cans
Descri ptip

St rat agene,

vector for

mar ker s.
the ZETA transposa
pr onot er,

Simlar
and

over hangs for cl onlta{fget(gg LPﬁ f’heg
( r site di r ee
hbg1d5nt e %gl

docki ng g 13 § m
Single ¢ Imtegr
ok pIR’Zmdom |gn P&FIF’ OF‘F?PB‘ the %ﬂ@h@promoterphmlm
 épelvéien LIR2ximya)peptide.pl asmi d contains the synthetic
an &e&aw&;ement bipodl yttégrative vBoscayrydilg the pon-de.
based in? %\/ve defectore wwaldlysclegtidthaaren 88fiketé ve ur addl
o pK

hp4d,

I ce itedreil

(ﬁ{zﬁ'ﬂ%epm@ly'd'ogkl

o @%%%9 B

EC OI‘

H’é
Brsarsable

fe
tﬂE“i @@E

@?Onl iptot hey
R a

r Exanple 1 Plasmd
g@uY 05B&B22 badell enteoratledsBofl for YREirdcitd rrEonMa‘ﬂZﬂklﬁg T

prodydp29 USA

A&BRSZZ based integrative
Bn at the pBR322

spsrg of Pol g.

sel ecti ve

3dl
ggpﬂg)genorre t hr ough

Zet a el ement

sel ecti on marker.

96 PENA1HByath hpNAEBTh3d with MEARAshstaPiaced F #RITEF pronot er

Y. lipolytica LIP2 signal sequence removed.
PINA781 with the B-galactosidase gene replaced by the

PROVI36 promoter-MCS-terminator region from pKOV96. This study
® s
pGEM-Hs pGEM"-T Easy harboring the mEH ORF from H. This study
sapiens.
pcrSMART-  perSMART™ harboring the mEH AJ ORF from A. This stud
Anl niger. Y
™ .
g(;riMART- EZZMART harboring the mEH AY ORF from A. This study
: pGEM®-T Easy harboring the EH ORF from C, .
PGEM-777 neoformans (CBS 132). This study
: pGEM®-T Easy harboring the mEH ORF from R. .
PGEM-23 muczlagznosa (UOFS Y-0198). This study
: pGEMC®-T Easy harboring the mEH ORF from R. .
PGEM-4S  oruloides (UOFS Y-0471) This study
: pGEM®-T Easy harboring the mEH ORF from R. .
PGEM-25 araucariae (NCYC 3183). This study
: pGEM®-T Easy harboring the mEH ORF from R. .
PGEM-652 paludzgenum (NCYC 3179). This study
pGEM-Ar pGEM®-T Easy harboring the EH ORF from A. This study
radiobacter.
pPCR- pPCR-Script harboring the soluble EH ORF from This stud
Script-St S. tuberosum Y
. pGEMP®-T Easy harboring the sEH ORF from C, :
PGEM-Ca Ibicans (UOFS Y-0198), This study
pKOV136-  pKOV136 harboring the microsomal EH 1 (U73680) .
Tnl ORF from T, 7. This study
pKOV136-  pKOV136 harboring the gut microsomal EH 2 This stud
Tn2 (AF035482) ORF from T, ni. 4
pKOV136-  pKOV136 harboring the microsomal EH ORF from . This stud
Hs sapiens. Y
pAIE(I)V136- };2(6)}}7136 harboring the soluble EH AJ ORF from 4. This study
iI;SVI%- gg(e)rVBG harboring the soluble EH AY ORF from A. This study
pKOV136-  pKOV136 harboring the EH ORF from C. neoformans .
777 (CBS 132). This study
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Y. Hpolytica LIP2 signal sequence renpved. pKOV136 pl NA781 with the

b- gal act osi dase gene repl aced by the This study pronoter-MS-term nator
regi on frwonpkaness pGEMr) - T Easy harboring the nmEH ORPCTABINO&0020GEM Hs
This study sapiens. pcr SMART- pcr SMART(tm harboring the mEH AJ ORF from A

' B64 i i gOV 106 haMls the IESORRHGRLIR MatibehibRg the mEH AY ORF from
P i o ?ErGEN(r)-T Ea’gg&% ol Aghis shedyEH ORF f r om

A. This 83udy An2 (’(ij(gpsy_@@g; |

[ . ] 23 r),- T Easy harboring the
%EHTQQIS: Eé(gbﬁ;)i%@e% W%g?% cll:lg?)lz% P%@M%%Tg@ pGEM dtidyT Easy
har bor i ng. the, rEH ¢ ‘g{%’l %M 46 This study torul oi des (UGFS Y-0471).
pGEM 25 %N( ??’ET lr%lgg] PTpgthe K& QRE fiomrR s grgmeamiae Thi sl Mgy, araucari ae
(NCYC 3183). pGEM HYCXCBASY)- harboring the mEH ORF from R pGEM692 This
st udy paplﬂéivégﬁum p V(1:3@hm@ynng)@H%@RE(%h{R.)paTmEg@ymha_r_ﬁ%| ng the EH ORF
fromA s study(NGUCSB7Rx er. pPCR- pPCR-Script harboring & sol ubl e EH

' i - har bori ng
ORF f r onpHOVE36+t udyKS¥NBEharBbrik the 6SIEFEITORBEMCA PGEMr) - T Easy
the SEH ARF from Gudldbasrest udy al bi cans (UOFS Y-0198). pKDidst8l- pKOVI 36

har bor | i i |
oo B RORSe b TGSk L

Tnl
m Cr 0Sonwa

tud ORF fromT. ni.
S This stmiskrudy

pKOV136-  pKOV136 harboring the EH ORF from C. albicans This study
Ca (UOFS Y-0198).
Multiple copy integrative shuttle vector containing Kan®
PYLHmA =  and ura3d4 selective markers. Random integration into ~ Nicaud et al
pINA1291 Polh genome through the ZETA transposable element. (2002)
The plasmid contains the synthetic promoter, hp4d.
pYL-Tnl- pYLHmA harboring the microsomal EH 1 (U73680) This study
HmA ORF from T. ni.
pYL-Tn2- pYLHmA harboring the gut microsomal EH 2 This study
HmA (AF035482) ORF from T, ni.
pYL-Hs- pYLHmA harboring the microsomal EH ORF from H. This study
HmA sapiens.
pYL-Anl- pYLHmA harboring the soluble EH AJ ORF from 4. This study
HmA niger.
pYL-An2- pYLHmA harboring the soluble EH AY ORF from A. This study
HmA niger.
pYL-777- pYLHmA harboring the EH ORF from C. neoformans This study
HmA (CBS 132). A
pYL-23- pYLHmA harboring the EH ORF from R. mucilaginosa This study
HmA (UOFS Y-0198).
pYL-25-. pYLHmA harboring the mEH ORF from R. araucariae  This study
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. toruloides This study
HmA (NCYC 3181).
pYL-692- PYLHmA harboring the EH 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- pYLHmA 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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Tn2 (AF035482) ORF from T. ni. pKOV136- pKOV136 harboring the mcrosomal EH
ORF fromH This study Hs sapi ens. pKOV136- pKOV136 harboring the sol uble
EH AJ ORPRWORoemoA0403hi s study Anl niger. pKOV136- pKOV13®@cChaBmos/inorgs4 he
soluble EH AY ORF from A. This study An2 niger. pKOVI 36- pKOVI 36

har bor i ngabled. B gohiclédtiaBpEmeRaRELH B ARp] U‘fl s study 111 (CBS 132).pKOV 36-
pKOVI 36-harharing the FH ORF from R mIJ)

agiiiosa , . 23 (U rOFS
vY-Q 10980). Inis stu ay pKOV136- pKO\/136 harboring the EH ORF Rek@ittioa

t or ul oi d®sinfériNamé udy SéquentlinS’ Yo 34ddidntafaésPV136- pKOV136 har borsit&g the EH
ORF from R araucariae This study 25 (NCYC 3183) pKO\/136 pKO\I’l}é “ce;L

170\

B&rot\)/lor gg%h’t&?l%l\)/lﬁlzr'g géRE hwf%’%lsze Eﬁw éiﬁ‘%g%?jﬁ?gf Tﬁ?[? 2?33?; E g?
(0]
P ber osul AR 36- SE%#@%&M%&@C@N@WM@ & bi oy Thi s

study Ca (UOFS Y-0198 I ntegrative shuttle vect or cont ai ni ng
AGATCT TGGCCCGTCTCCTCTTCATACTACCAG

Kan R
T. ni 2-1F (SEQ ID NO33) Bglll
T 1i2-1F GCCTAGGTTACAAATCAGTCTTGACATTCTTCTTCT Avl
' GCAG (SEQIDNO:4)
H. sap mEH-1F GGATCCATGTGGCTAGAAATCCTCCTCACTTCAGTG BamHI

C (SEQ ID NO:5)
H. sapmEH-IR  GCCTAGGTCATTGCCGCTCCAGCACC (SEQ ID NO:6) Awll
A niger AV-1p  GGATCCATGTCCGCTCCGTTCGCCAAG (SEQ ID

NO:7) BamH]1
. CCTAGGCTACTTCTGCCACACCTGCTCGACAAATG
A. niger AJ-1R (SEQ ID NO:3) Avrll
. GGATCCATGGCACTCGCTTACAGCAACATTCCC
A. niger AY-1F (SEQ ID NO™9) BamHI

. CCTAGGTCATTTTCTACCAGCCCATACTTGTTCACA
4 niger AY-IR G XACGC (SEQ D NO:10)

C. negformans-  TGG ATC CAT GTC GTA TTC AGA CCT TCC CC (SEQ

Avrll

1F ID NO:11) BamHl

C. neoformans-  TGC TAG CTC AGT AAT TAC CTT TGT ACT ICT CCC -

IR AC (SEQ ID NO:12)

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

-1F NO:13) Belll

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

IR GAG (SEQ ID NO:14)

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

R. toruloides-1IR  GACCTAGGCTACTTCTCCCACA (SEQ ID NO:16) AvAAUBInl

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

R.araucariae-1IR  GACCTAGGTCACGACGACAG (SEQ ID NO:18) Blnl
ﬁ'f’ aludigenum- 1 GG ATCCATGGCTGCCCA (SEQ ID NO:19) BamHI
ﬁ'{’ aludigenum- G\ GCTAGCTCAGGCCTGG (SEQ ID NO:20) Nhel
A. radiobacter-  GGGATCCATGGCAATTCGACGTCCAGAAGAC (SEQ BamHI
2F ID NO:21) am

A. radiobacter-  GCCTAGGCTAGCGGAAAGCGGTCTTTATTCG (SEQ Ao
2R ID NO:22) "
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PYLHM = and ura3d4 sel ective markers. Randomintegration into N caud et al
ri NA1291 Pol h genone through the ZETA transposabl e el enent. (2002) The

pl asm d cwotadmao4ohe synt hetic pronoter, hpdd. pYL- Tnl - ppYiBimde/h@rbiori ng
the mcrosomal EH 1 (U73680) This study pYL-Tn2- pYLHMA harboring the gut

nar bor 1 ng. g Beond CHATERATHERAROATAS bR TDNRRSS of e septtl. A -

pYLHM har boring the soluble EH AJ ORF from A This study HMA ni ger.
r YL- An2- SpitbenesuirdRbo GAGCTAGGTTAMN ACTFTPFYADRE (SROTANGD6S Sty HM

niger. rYL-777- pYLHné r Lng the EH ORF from C. neof ormans This study
HM ( CBSCLaBjcans-YE- 23° AL Gy Ade) MRS TGA DT @AArﬁFéSEQJciBJ&%gInosa
This study HM (UOFS R OM¥8%). pYL-25- pYLHMA harboring the nEH fromR

araucar i @?ai};fyaﬁs_ﬁwdyw ATTAGPAT AGTPIVITHIS Ahaabor i ng thi EH ORF
fromR _toruloides ThAATECUSEQHDANOIRYS Y-0471). pYL- 1- pYLHm&"H rboring
t he EH from t OCETAIGESTEGNMCTGI G, YC T DY = 6P2-- P YCHM
har bor i ngtegid! F {SEoRNGeed)udi genurﬁxT 'S ?Fudy?j‘g%"‘??\@@ﬁ’%?f
(YL-AT- pYLHTA har bor GO RIGE- itk QR fpom Thigg Study HM A

r adi obacimegratipyt 1RSt - ar bori ng Qb1 e EdptegEele WheRmedos ¢ udy
HM S. tuberosum pYL- ;.l“A M s har bor i ngct he EH ORE°{gom C. al bi cans This

study  pINA-1 NO31T) ACACACATCCA (SEQID {)nt‘leﬁration screening for
: 0
pINA-2 TAAATAGCTTAGATACCACAG (SEQ Integration screening for
ID NO:32) Polh

Underlining indicates the sequences of introduced restriction sites.

Construction of pPKOV136, a constitutive, site-specific, single copy integrative vector
(STSA transfomants).
5 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
Yit! retrotransposon (Pignéde et al., 2000). The pKOV136 vector is based on the
PINA781 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

10 recombination and integration at the pBR322 docking site (integration-target sequence; 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 Y. lipolytica Polg, thereby allowing expression cassettes to be exposed to the
same level of transcriptional accessibility (see Fig. 33). The homologous recombination

15 allows for 80% of expression cassettes to be 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

20 the 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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HM (UOFS Y-A 98).Table 4. digonucleotide prinmers used in Exanple 1

Restriction Primer Name Sequence in 5° to 3' orientation sites |ntroduced
T. ni 1-1WOGBATELA3TGSGTCGCCTCTTATTCCTAGTCC ( SEQ | D Bamic@BApe/do274i  1-1 R
GCCTAGG TCACAAATCAGTICTTCTCGITATTCTTCT GTAGC (SEQ ID NO 2) Avr i T. [/ 2-1F

TTACKATEACTCITGAGA T TCr e A (S PR A caros

TGTGGCTA eercotensPigndre d., (zsm DNO 5) BarTHI H sap nEH | R GCCTAGGT

CATTGCCGCT Avr £, GGATCCA
TGTCCooCT M@Eg@ﬁﬁg& eﬂprwg ?irsq ﬁlgested with %(cace\RI and Sall,

CCTAGGCT P@Wmﬂégﬂ _?ggdé@ﬁre%ess@ﬂ Gﬁdx \}r’édm 'Igglrﬁmi b%\IA( E%@Qnéx@se'\'o 8)
GGCACTCGCTTACAGCAA ni ger -
%X%A%W%W@W ojiveqﬁqﬁrg enfermbmumm trea@AAGBACILBEQ

: BNEIIO' o) alﬁmﬁg BeQPRSR of HETEF p%{otg%ucr:{-rﬁe clonmg She AL fermmdior 2 BamH 1 F

from pKOV96 and the region containing the p-galactosidase coding sequence from
pINA781.

The TEF promoter, multiple cloning site and LIP2 terminator fragment was

10 inserted into the compatible pINA781 backbone, resulting in plasmid pKOV136 (Fig. 4).
The nucleotide sequence (SEQ ID NO:24) of pPKOV136 is shown in Fig. 33.

The PKOV136 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 the 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, pPGEM7f and pcrSmart vectors harboring the EH encoding
coding sequences from the various sources as well as pKOV136 plasmids, were digested
with the appropriate restriction enzymes to create compatible cohesive ends suitable for
ligation of the EH into the BamHI — AvrIl cloning sites of the pKOV 136 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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C. neoformans- TGC TAG CTC AGI AAT TAC CTT TGT ACT TCT CCC IR A C (SEQ ID
NO 12) Nnhel R rmucil agi nosa AGA TCT ATG CCC GCC CGC TCG CTC (SEQ ID -1 F NG
13) Bgl | IwB.200mmddoagi nosa TCC TAG GCT ACG ATT TTT GCT CETT@BBA&A02744R Avr | |
GAG (SEQ ID NO 14) R torul oi desL GTGGATCCATGGCGACACACA (SEQ I D NO 15)

mH R Nuoleid Aéid dsola6idd AaTAEHRE IGHQ?% wireitgof Avr VBI nl
g:r aucariae-|V CEATTAATGATCAATGAC% SEg/SIgg NOI%B) N@é’%fﬁeR araucari ae- 1R
GACCTA Flasecding feguenE®™ NO 18) Bl nl R pal U(Cjalb\%gl]'um GTGGATCCAT(GGCSEQI GCCCAI .
SEQ I D NO: 19}, Bairtdhg; i geaum Nhel | R
(NQ 2QO) A rad?%bac%gglbgﬁ@%%%ﬁ d;ﬁ%?&%; y D NO 22)
:[A\\ljbq‘{ osu & CTTTTGATAG (SEQZ) ID NO26) Av | r " . 1t? GGG ATC

CAT GAC %W%%%@@% biogh Garading. W8 AT S. tylgE@uBiSHM GCC2 gAG
CIT 1 BT 550 044, B HOIGHBEEAE AT ufC0 1 2 1020
NO 29) P#yencay wereaedepved 2R iaQGRET COMREGACGHIER-SGHD (St gthe ArAlll®TACT eeni ng
for NG 38)SK9| Phe S. tuberosum and T, nil coding sequence were obtained with flanking
BamHI and 4vr1l recognition sites. The T. ni 2 sequence was flanked by Bglll and AvrIL
10 Yeast strains (Cryptooccus neoformans (CBS 192), Rhodotorula mucilaginosa
(UOFS 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 YPD 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 harvested by
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 et al., 1999.
20 DNA isolation entailed addition of 500 pl lysis solution (100 mM Tris-HCl, pH
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 pl
ammonium acetate (7 M, pH 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 (20 000 x g, 5 min, 4°C). The pellet was
washed with 70% (v/v) ethanol, dried and re-dissolved in 100 ul TE (10 mM Tris-HCI;
ImM 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 1.5ml polypropylene tube
and thawed by the addition of TRIzol® solution (InVitrogen, Carlsbad, CA, U.S.A.). The
isolation of total RNA using TRIzol® was performed according to the manufacturer’s

instructions. The total RNA isolated was suspended in 50 ul formamide and frozen at -
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pl NA-1 CATACAACCACACACATCCA (SEQ ID Integration screening for NO 31) Polh
pl NA- 2 TAAATAGCTTAGATACCACAG (SEQ Integration screening for 1D NO 32) Polh
Under | i niwQ 20erditceaBes t he sequences of introduced restriPCTIIBIO6NE238L
Construction of pKOV136, a constitutive, site-specific, single copy

i nt egr at TW€ foefirther ss THRAIRIAA 20 SRSy -isolted BEML3E o) ig. 4) was
desi gned}@(n)ﬁgvercorre t he probl ens ofaﬂ?'yn%oonsi stentﬁcgpggh%rﬁ%@%nd random

i nt egr at n the genonme of strains devoid of the YItl retrotransposon

(Pignede et ag : vect LS. based on t | NA781 vector,

which in turnis £ thepriplicy ﬁé%égf‘zﬁ@a%ér%asé’ﬁ@&%&asegﬁ% 5.1999). The

pBR322- b@bgunwhkititeprimtisovase daignsd hexottifi@ tBeseqhbdte 8t GV ARDRVAH usdoMl 0gous
t

rec i nati.on gq?)gze,tgé ration_at the pBR322 docking site
(i ntegr ol WO - g%ﬁ%‘@%-; Figst seandePNAsyathesiewias performerborRiotay genone t hat
cont ai NSRNAdsifdfExpafd Reverd Trm%ﬁﬁ%%%mg@}e%%ﬁﬁ% I%ééﬁ%%élor honol ogous

of ' p i

reconbi nation upon transformatio n Bot7.

i pol yt i €eéd-4ed inyconmbringtiobyvithl promérRyn eRPASIR aD42 °Cab EhégTollewddebyeenosed to the
sanme | ev f . .transcr.i pti L, cessibility (see Fig. 33). The honol ogous

r econbi n@%1 ‘ft@%t_lé{ﬁ% V\émflgth %%%) %MW&WWS@%@NW&@P&@G@ HYBgr ated at
the cor refthers RieclyRALIHardTthn GONA- TR A18ble 1 ¥ikial BhafiOtR M Pndifeshenel | oi al

properties of the TEFpronoter (constitutive expression t m nat es
pos¥i bl 24 halpdlowedh by BY FrtlesrnfO4°G et 381see s °€ dor F0asst; 72°0 feafX miti amdta Scr eeni ng

of transfni BBRLRbn 6 Wwith the site specific integration targeting
of the pBRSgig %%l)é’ﬂi"ﬁgﬁﬂs@é?g%m%‘rﬂom pINA78 1, it is possible to obtain the

i deal expr es diooward)ent esvefse pricRN@RBIEI4Y ¥efd didighsd toﬂi‘@ocﬁﬁf&lﬁ%@%dom y allows
site specific integration but due to the honol ogous single ctrossover

r econbi HEITIEHP S TRERER i allowetop BrstoningoitheBH ienending aodingRequgngenorne, i t
al so i NGhRARSSnb1ERBST 4L ?I&"f} reddf .G . r.ed 0 nol ogous systens
(Pi gnede et ah, : 2000) . c‘ﬁ p Cﬁ&df%%ﬁg?{ﬁ\fc&%%%?}g&%ﬁgﬂﬂgr&ﬁflfn}'st di gest ed
Wi gﬁ Ec SVn@ﬁfﬁp Ediengm@glﬂmg seghgnees exdeptiod t}ig?m fnidel 'b%tﬁndg)éeqlhéme%'wef@ (‘é es ?] ed
ends usigg ] 0 . to create blunt-ended nol ecules. Both sets
of vectors %ﬁ@gﬁlﬁgﬁﬁ@ﬁg‘?ﬁﬁﬁgﬂgﬂ ﬁfﬂst Rebwtera (Resfe dgpliedSaiensedat i on of
the TEF TheatialcgélingBildiioflitifl ddiiish b #lalddFe RMUIAY oy [0 PKOVOE and
the regi on containing the b-gal actosidase codi ng sequence f YoM
94°C for 30 sec, Tyy- 5°C for 30 sec (Tm was calculated using the modified nearest
neighbor calculation obtained from Integrated DNA Technologies, Coralville, IA, U.S.A;
20 www.idtdna.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

electrophoretic 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 thermal 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 pcrSMART™ 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 XL-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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pl NA781. The TEF pronoter, nultiple cloning site and LI P2 term nator
fragnment was inserted into the conpatible pl NA781 backbone, resulting in

pl asm d pKONAB®104683g. 4). The nucl eoti de sequence (SEQ PDTNE2084)02044 pKOV136
is showmn in Fig. 33. The PKOV 136 vector was deposited under the Budapest

Treaty on at Theclbhihgpeasrs G@ﬂlthiﬂl—htéi t%Eern%i% ﬁdg#?@&gﬁ?&% Eeaté_&e alth

Protection, Agency, .Porton Down, Salisbury, and is

i denti fi SAhile EpECcuRZYHE paissindisatad i Eable 4 Knldbesainite EFlapoding ecing t h t he
ECACC wagetakep fromthe sane deposit nmintained by the Oxyrane (Pty, Ltd.)
since prior to the filing date of this application. The deposit wll be

mei nt ai ned wi Thelitterated frgméritowerenighiee iSRRI aROIIAPINeafinda K Pe1deod of 30
yeari, or ar,s after the nost recent request, or for the effective life
of the pdtR f,im\ﬁh‘?xé’ﬁeé%’i”?“éorﬁonger, and will be replaced if the deposit
becones non-viable during that period. The pGEMr)-T Easy, pGEM/f and
pcrSmart vectors harboring the EH encodi ng codi ng sequences fromthe

vari ous Iransfermaionymdtivityscreivp3hdpklretidmiof YWATSAG£iSérshnid t h t he
appropriate rgstrictign. enzynmes to ¢reate, conpati ble cohestve ends suitable
for ligation g‘?’pf’?)/ & }t‘h‘feﬁ figEe ‘Eﬁﬁ&ﬂm\ wish Nog dinsarized pKO k3 6tvsetopKOV1 36

pl asm dsconldiinfkheemIs esioah ' i | ces were
cloned into thg KOV136 veggctggirnggﬁqéﬁgés%E&i%gr({lﬂlggﬁ?#%rﬁﬁﬁﬁg&g@f%%%ci pi ent
strifin. pYereal. &&%M@ pleteg) pnior B xsads ipletes [¥dNBowithet hmiro sidsead et i on si gnal

(HM traﬁﬁ]lf{a 'ﬁﬁ]{}u MA1291 ve r {(Fig., 5 s obtained fromDr.
Cat heri ne 8f(;fllza ?fltelg’géﬂ é‘“&%’é%dﬁ‘i’f}qe (é\ﬁ’é&’ gl&ﬁg\f\?%@ﬁeéagarml%g/ ect or was
renanmed pYLHAabNéaransioiraantd weretbje@eEwRfARRLPaNOEY Qé_reexﬂ\?% 15'\5{ Mf},dl Qronoter,
Mul ti-co | nt%%ﬁi@i“ selection, A = no secretion” signa uclert Acid

| sol at i offOBHB (OnTrapsionmants exhibiSesyid netivity wére Bghysdteibioldgubmic as e

Codi ng sp | rom Sol arj um sum wer e

synt hesi ;%ﬁ%gﬁgﬁgﬂﬁﬁ %%@%ﬁ%ﬁ%ﬁ?g?ﬁf&arl eﬁV%O‘fﬁ{etﬂ“rP%gZ%ﬁ ni EH

: (égdﬁf’lng s%tﬁlﬁ@maﬁmaﬁallgbtsmumgde)f Pﬁ‘ms?kgélglihg GgP@l d thisiRbls BicYREd | ijd :c\lort h
rolina, U S A The rosum (St) codi ng sequence was recoded for Y.

l'i pol yt 51895555‘@‘88% %f" B@.ﬁx%ao .%@Kin@ge%@pﬁggg@qqéme@sent@sé recei ved as

f r agment gnglifiengsh 6140 PRERagaE Rising BHiERLARRARiohA P8l TRegHion-1R in a

standard PCR (annealing at 56°C). Copy number was confirmed using the isolated

genomic DNA from positive transformants (exhibiting the correct PCR product). DNA
20 was digested with Apal and subjected to hybridization with the leu2 DIG-labeled probe.
Polg transformants that tested positive for activity, copy number and integration
site were inoculated into 200 m1 YPD and incubated while shaking at 28°C for 48 hours.
Cells were harvested by centrifugation (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 and selection of multiple copy transformants (YL-HmA

transformants)

Y. lipolytica Polh cells were transformed with No#I linearized pYL-HmA vector
30 containing the EH encoding coding sequences (according to the method described by
Xuan et al., 1988) and plated onto YNBcs, plates [YNB without amino acids and
ammonium sulfate (1.7 g/l), ammonium chloride (4 g/), glucose (20 g/l), casamino acids
(2g/l)-and agar (15 g/1)].
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US A. The S. tuberosumand T. nil coding sequence were obtained with

fl anki ng BanBl and Avrll recognition sites. The T. ni 2 seguence was

fl anked byoBgé7Rie4ed Avr L. Yeast strains (Cryptooccus necfraBzmeso2(4BS 192),
Rhodot orul a nuci | agi nosa (UOFS Y-0137), Rhodosporidi um torul oi des (UCFS

Y- 0471), Rhod@tmsishBais #eaibi i )i ' gcans (UGFS
Y-0198)) were obtainped from lt)Jﬁge%@%ﬁ%%%ﬁ%%gﬁﬁﬁ{gg@gggg Free State,
Bl oenf onfEFPHINGIOFGBIinE pissengpof the Aftegratad Npdaspressidrt easette STHieattitd and wer e

ot 1 act) “op Aten PEe YRRt renb W pand efyaodh Raeodit bR, " 7
centri f ufpmeadimganfoMe resulting pellet was either frozen at -70 C for RNA

i solation or ?Uﬁlpend d to a final concentration of 20% (wv) in 50 nM
phosphat e buff@ '{aﬁlﬁfo’?‘?‘@)ts thghiestpdporitivedios gaiivity wetejivequbdtechimth 2000mlen at - 70C

for DNA wPp adiiRdhbatdd [ [ 20.49) was cultivated as

descri bed by Arlandaejt Rﬁ*lg?ﬁwbqu&ggigéﬁsgﬁéémH%@%elj'a(éﬂlstwe&ﬁ of 500 m

| ysi s sohavéstad {yl@0trifagation §6 660 x g it Bm), WwakheMyvERTA re&iﬁp&uﬁd ul?;(r]g S|D|S) agdb
200 M g beads 25 - .600 mmdianeter) to 0.4 g wet cells, followed by
vort exi nlg”i? §l|’°slfﬁ%f R',gé?{?(m{ﬁrﬁg copfaingg 2o ekyaerrt (von tot fipglson¢entaamdfum acet at e
(7M  pH J0%Xw/v)ah@Etoted @t DRCE B} fRurdapbrif@fts®> M N fol | oned by 5 mn on ice,
500 m chl orof orm was added, vortexeé’%{?gﬁtcsz'entrifuged (20 000 x g, 2 mn,
4010 The supernatant was transferred and the DNA precipitated for 5 min at
roomtenperature using 1 volune iso-propanol and centrifuged (20 000 x g, 5

mn, 4C . hed with 70% dried and
r - di SS?)‘lE‘TX%;_CfE elf ki JTESS ‘ ngal,e ;_ ide hygrals reowye lipglytica RNA
yib

ol ati . v . N " . T oaen 1 A
e °a§;%ﬁ“‘%§?“i%%%gi%ﬁ%ﬁfgfa&gg81,%%@5;@%;;,;;52l Jor ooyl one
tub . J NO: A :
RIS N AT
performed according to the manufacturer's instructions. The total RNA

i sol at edl\/l\m‘ab&ms@ﬁmi,qﬂagdﬂd@q,nmolifggﬁﬁraggtgﬁrgqﬁgﬂfsr ozen at -70C for further
use. Total RNA was simlarly isolated fro pergillus niger (CBS 120.49).
Rever se tr ansth Phibe sricrgbiat gtains, psgmids and cliddhuviastidegfrimeredsed ufing thisns .

QA i gonuc el HeiRES re designed. according to the sequence data

avai l abl e g)n dgé%m:al:\a%ée\gt%\?\gag‘f% ﬁ‘?lc?’ﬂg%reacti on. First strand cDNA
synthesis was perforned on total RNA using Expand Reverse Transcriptase

(Ryghe ARl 89\ Rel BT Sait oL A NAROL S N

Strains Genotype / Description gmp'ce /
eference

Y. lipolytica Polh  MATA, ura3-302, uxpr2-322, axpl-2) gggg;\k et al.

Yarrowia lipolytica ~MATA, ura3-302, leu2-2 70, xpr2-322, Le Dall et al.

Pold XPR2::SUC2 (1994)

. Tet" D(mcrA)183 D(mcrCB-hsdSMR-mrr)173 g
E. coli X1-10 Gold  endA1 supE44 thi-1 recAl gyrA96 reldl lac Hte fratagene,
[F° prodB lac’ZDM15 Tn10 (Tet") Amy Cam']. USA

Trichoderma reesei VT
(QM9414)
E. coli Top 10 CaCl, competent cell Invitrogen
5 p cells USA
R. mucilaginosa #23 NCYC 3190
R. araucariae #25 NCYC 3183
R. toruloides #46 UOES Y-0471
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U S A) in conbination with primer Rm cDNA-2R at 42C for 1 hour foll owed by
heat inactivation for 2 mnutes at 950C. The newy synt hesi zed cDNA was
anpl i fi edwo=oergpiprosner s Rm cDNA- 2F and Rm cDNA- | R ( Tabl ec#)BLdaosrba27+d
denaturation for 2 mnutes at 94C, followed by 30 cycles of 94C for 30 sec;
670C for SP sec, 720C f%; 2 mn and a final elongation of 720C for 7 mn).
Forward Bn@"#87%+ se pritkers (Table 4) were designed to i MNEYEREISI t he
required restriction sites during PCRto allow for subcloning of the EH
encodi ngRcdidigerseguenc#®2i nto t he singl e-copy vector pKONG$6 :arot he

mul ti-copy vector pYL- Al'l _nonsynthetic EH encodi ng codi ng sequences,
except fU¥IL-23EsAA. ni ger quﬁfog’é?ﬂ{@ﬁ](’;ﬁg,rf%ﬁmmnpl i fhedlai g Expand
High Fidelity Plus PCR B}E:fm Rroveritogiast (MAYSSE180kes) . ermal’ cycling

ent ai | edyimdtgl denat uPaliitemsfofmel witmp¥L.T@4 Cartyihg theed by 30 cycles of 94C
for 30 sec, Tn,- 5C formBH fswen R( dmuwateqICYCE 3183y, usi ng t HEs S £ ed

near est gei r cal cul Pélhanmsfetaéd\eih hYOmA d DNA Technol ogi es,
Cor al vi I?E%% U s A mm-ﬂ&ﬁﬂn%%%%ﬁ?§%§£§%h§ m n.This @dC (10 mi n)
final elgngation step i 0 el.e synthesis of anplified
D&M P;:R‘_I{bilo@ﬁfc s EHvﬁ?h tfj)rﬁéfgﬁ%rh ‘?)’fh %’é%ﬁﬁ?%@eand cligogady nt o
PGEM r) - asy. e | r‘i%ﬂ% (of0) , \
anmpl i fi edLe@ORAGAPhusi OFE., ) \mbedll : PYLésh pathing thes, E nl and)
during thermal cycli ngcﬁ igﬁfﬁ%ﬁé‘?@g @8hHEDur at i oﬁﬂg%)ﬁ%@ sec at 98C,
f ol | owedybys53Pnmeycl es oo $1orm pY BHth /@G yingrthel5 seg.. The 2-step

arpl i fication Wgs f ol | oweH from &. drianedricel(DICYaD 3183).0f 10 mgﬁ“%&t“‘g’zoc. The PCR
product sywer, oned i rodhpeansSMNRE(WIM p YERHKDS cau§idddhé he PCRSVART (tm)

cl oni ngs}gw5216 1gi‘synt heshEHdr@0R] ﬁ%l@%&@ﬁ%&%ﬁ?ﬁm anuntBiggedosum was

receive S fragment mjiq } j { r.at agene). Vectors
d‘ﬁﬁ@ﬁ@ IR EfibP etﬁéest Vighiestadyansf or ned

cont ai ni encoqh?g C
into XL-10 Gold(r) E. prlhﬂf%gl?R' ’2‘9 i) i |)'on.and sequenci ng. The EH

encodi ngYbddi¥sgRsmiuences K go ‘@% - r RN seguence
anal ysi s before transf%ﬁe A Lo (T HgLacs Qﬁ@&oﬂlémthgng? oni'‘ng vectors
to the exXpuessi on vect roé.ﬂ"r@Sf@lnéﬁﬁliWi&l BrPRbpreairai ng t he EH encodi ng
codi ng SegrrERRep wer e tEB¥NEheER frtwe Ry tsulpides (BOFSNzy meThisstody i ndi cat ed
in Table 4 to |1 berate %At EH encodi ng codi ng sequences. The |iberated
fragments were ligated into BanBl and?l vrll linearized pKOV136

ts were ek
fromA niger were PCR

Table 6. Plasmids used in Example 2

Plasmids Relevant characteristics Source/ -
Reference

Cloning vector with protruding T overhangs used to sub-

pGem-T® Easy clone the PCR products amplified using Taqg DNA Promega,
polymerase. USA
Single copy integrative shuttle vector containing Kan"

TM62 and URA3d1 markers. Target regions are the zeta Nicaud 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
TM64 URA3d4 markers. Target regions are the zefa elements of Nicaud ez 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 elements 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
pMic64 URA3d4 as selective marker yielding higher copy This study
numbers (10 — 13 copies / genome).
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or pYLHMA expression vectors. Transformation, activity screening and

sel ection of YL-sTSA transformants Y. lipolytica Polg cells were

transf or re0 200 7odBt | | i neari zed pKOV136 vector contai nipag/1Be6/EHE7€Ncodi ng
codi ng sequences (according to the nethod descri bed by Xuan et ah, 1988)

and pl ated onto YNBNS ; i : | ds and amoni um
sul fgte (1.7 g/1), ﬁ@@c&ﬂyjﬁh aENQ@ﬂMIé% &F}l@gﬁ? 10 g/ 1) and :a;ar (15
?

e
SRR AHH
9/ 1)1. VpRiNe@TRE: Sf?éﬂ&?%]&t gt

l@é}gﬁaﬁgt
Sul uaiitati ve tivity
screening by thim | ayer dficf; #e e?rO}r%‘%’t%& T paas?'?‘gﬁgﬁt?}??rant Mdé’l ting EH
activity were subjecteq i AMONE TS0 HEES 0l | owed by PCR screeni ng
to confirmintegrati% O%hi‘_lcap Lsimabertide ki ng site (integration-target
sequence). .PgR scre q’ areciegstips of hePPMieohith thedt 7esseir ect i ntegration at
the pB IGhodkTNY  ssndesipqanasedsianplpeptide wplacetlptba d@R2ent aiThéstudy
anplification of a PIeBofé¢gdr.agnment using priners Integration-1F and
I ntegration-1R in aMuléndpy ihtéERiveahmtalveagr @htabfify KaCapy nunber was
conf i r mepIN/SI2A%=t he URAId ek g Tatget rddNhsTaF it RS LlehnéBts OF ANNE M TRAN S
(exhi bi tpYigHtidie cor rteeictrBERsPERAITRA pladahid coRSins HA&FHBEW ¢ *(20%9? and
subj ected to hybri dlpq:@hbt@ﬂhmdQﬂ@@ﬁ%@h@ﬁ@&%a@ eifebe. Polg
transformants that tRaefaRAskiicYSs {hgrp ‘% mber and

%

d

integration site wergpifocuid L ey giéﬁél%ghgﬁ e|Ct%3ubat ed while
shaking at 28C for r N . q';lg/ &4y centrifugation (6 000

) S. e S
x g for washed Vit T gixd pe SAPRVEHIi M _phospliadug ebwif f er (pH
7.5) corr‘tﬁg?r}?%% 200/09(81l e 31y PG Y46 SCEPImATkee dHndam onymfz) 50% (W v)
and stored at -20C f"gtf’ {ien e Boddgenprpa thyoughthe ZEBAmat i on and sel ection of
mul tiple copy transft@P?P&ﬁ%@eslwﬁmePlamlﬂ@pmmsﬁ)e syntbkfipol ytica Polh cells
were transformed w PROMEIeL hp4daend thedtl lipadyticantiP? sighalrpeptidie. ai ni ng t he EH
encodi NgKG¢HHY sequpmdado pASALI 1P, withthp4d teplaced with TEEScr i bed by Xuan et ah,
1988) an_q)' lated ontpoonvdiBcadd’. ppalyss: LIPSBighal equkncéM N0 aciThs shiyg anmoni um
sul fate_(1. (‘:?7 1), aemowedum chloride (4 g/1), glucose (20 g/1), casam no
acids (2 2and, agan YL I8 At ine th bjected to genom c DNA
i sol ati éﬂ%ﬂﬁzgﬂﬁéwed &M%&enﬁgt%@%??%g&%gence ofThisstudynt egr at ed

=]

| £ 3

V tl-expression cas " tacthedanpti+ft+eatiopof—a—1-6kb—+ragnent
usi ng priiYe?s TpANA- %?[L%%ﬁg%éﬁk@iﬁ&g@%ﬁﬁg?’ ”ﬁ‘@%’e(mgl | MGigudyC0C) . Pol h

transf ] for activity were inoculated into 200 ni
pYL-46 TsA 3471)5 carrying the mEH from R. toruloides (UOFS Y- This study
pYL-1 TsA g}(ngsA carrying the mEH from R. toruloides NCYC This study
pYL-692 TsA Igéng;ﬁr;iing the mEH from R. paludigenum This study
pYL-25 HmL g;(éI;ImL carrying the mEH from R. araucariae NCYC This study

YLHmL carrying the mEH fr ) 7 .
pYL-46 HmL 1;[ gy arrying the m om R. toruloides (UOFS This study

pYL-692 HmL pYLHmL carrying the mEH from R. paludigenum

(NCYC 3179). This study
pYL-46 pMic62-TRsigP carrying the mEH from R. foruloides .
XsTRsigP (UOFS Y-0471) This study
pYL-46 pMic62-XPR2 pre-pro carrying the mEH from R. .
XsXPRSsigP  toruloides (UOFS Y-0471) This study
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YPD and i ncubated while shaking at 28C for 48 hours (stationary phase).

Cells were harvested by centrifugation (6 000 x g for 5 mn), washed with
and resuswendehid4350 mM phosphate buffer (pH 7.5) cont acmitBzo0strgl ycer ol
(v/v) to a final concentration of 50% (wv) and stored at -200C for future

experinments. Exslep) ©lgionftleside QRdlersaxnd BSBIARHIOS fungal epoxide hydrol ases
in Yarrewalivolytica 1  Construction of sin fle CO M c62) and nul ti copy

(pM c64) i ds cont.ai nin t he induci bl e XPR2P pr onot ergegfidioh &des t N€
native fﬂ#?rg\%}mﬁti ca ﬁ‘ﬁﬁ’iﬁeg'ﬁeﬁ’ o28BE¥h as signal pepti deetramlg(id(bﬁ t he
Trichoderma reesi| signal peptide Mcrobial strains, ptasmds, and -

ol i gonucfestiPide-18r i ne —ﬁlﬁE_&FG CATRAESAPACACHI (SEQ BXNQlss, pl demitds and

ol i gonucteotide priners—used—during—thi-s—study—are—tistedin Tables 5, 6
and 7 re8pecbiisaRy. TanceThGGM arTabiredtcAlN @E0IDNGQE) i N Exgaphia 2 Strains
Genot ype—+—bPeseriptionRSoeufercreen/ce Madzak et al. Y. lipolytica Polh

MATA,  UnBadériad 6Pl 2- F32 1A KPRCAAT Lal.ibpol ytj ca MATA,
ura3- 302, leu?-270, xpr-357 L& AERREG) R ISRh FolnPoL) Hefid (1994) Tef
D(ncrA) 1l ner.CB- hs - | 73 Stratagene, E. coli XL-10 Gol d endAl
supE44 tﬁ‘?ﬁa'%g’?’%?cl gy%gg%fﬁAqGé‘@GﬁFéGd P Y048 | acPAMLS Tnl O (Tet 1)
Any Canr] . Trichoderma reesei VT (QW4Id) tnvitrogen & —col+—Top—10 Cad 2
conpet e -pelétfzge_gunugA ROTEUATCHGIGRSTACAOR (MO LYY R, ar auwaHl ae #25 NCYC

3183 R “torutordes #46USFS—Y-04+1R—toruleides—# 1 NCYC- 3181 R pal-udi genum

#692 NCYEp@id@mm-1R  GAGCTAGCTCAGGCCTGG (SEQ ID NO:20) Nhel
XPR2-1F AATCGATCATCCACCGGCTAGCG (SEQ ID NO:32) Clal
AGGATCCTGTTGGA!
XPRAIR ' TTGGAGGATTGG (SEQ ID -
NO:33)
TRsigP-1F AGGATCCATGGCGCCCTCAG (SEQ ID NO:34) BamHI
TRsigP-1R ACCTAGGGGTCTTGGAGGTGTC (SEQ ID NO:35) Binl
XPR2pro-proy IR I"{ITOI.“QJ)\ATCGCTTGGCATTAGAAGAAGCAGG (SEQID
Coustr-1F GAGGGCGTCGACTACGCCG (SEQ ID NO:37)
Constr-1R GITTAAAGGCGGCGACGAGCCG (SEQ ID NO:38) Dral
TEF-1F ATC GAT AGA GAC CGG GTT GGC GG (SEQ IDNO:39)  Clal
AAG CTT TTC GGG T
TEE-IR _ GT GAG TTG ACA AGG (SEQID . .
NO:40)
igh-1F TCG GAT CCG GTA CCT AGG GTG TCT GTG (SEQID -
NO:41)
. GAG GAT CCT TCG GGT GTG AGT TGA CAA GGA G
sigP-1R GGATCC
SIE (SEQ ID NO:42) BamHI
Remeprobe.1F CTT CCA CTG GGC CAC AAG CTTTTGTC (SEQID  Hybridization
NO:43) probe primer
Rm-probe-1R AGA TTG CGA GGA TCG TGC CGA GG (SEQ ID NOw44) Hybridization
probe primer
] AGA TCT ATG CCC GCC CGC TCG CTC (SEQ ID
Rm cDNA-2F oS (SEQ Bl
TCC TAG GCT ACG ATT TTT GCT CCT GAG AGA GAG
Rm cDNA-1R CCTAGG
¢ (SEQ ID NO:46) Avrll

Underlining indicates the sequence of introduced restriction sites.
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Polh transformed with pYLTSA carrying the YL-23 TsA This study nEH from ?.
muci | agi nosa (NCYC 3190). Polh transforned with pYLTSA carrying the YL-25
TsA Thi s woudyr/ortd3f rom R araucari ae (NCYC 3183). Pol hpcraBzbaneeed: wit h
PYLTSA carrying the YL-46 TsA This study nEH from R torul oi des (UOFS

Y-0471) Rlakbtructhonssfainte a‘ﬁftltﬂihlﬁ)égf A Edle V¥DE doirinfing ¢ } s study nEH
from R _niueine XPR2F Ve qisRdons etlf&ﬁlﬁﬁiu?&ﬂ? s §e arrying the

YL-692 TsA This study nEH from R pal udi genum ® POl h transforned
with pYLHTL carrying the YL-25 HrL This study nEH from .. araucariae (NCYC

3183). YL-46 HenomisIDNA fmnsY.dipwbdcaiidT.p¥ésekamepatédforh /36 mihED st udy nEH
VL ob2 b EORR Ay Herat R Rbe bty bR ENOV B g on G min § ansf or ed
L o RS as h fSHSTES G5y bl B TR
XsXPRSsi YPtet & # {inal gondsatration of 261 Ry/v). Elelllsospeasofs@mg) Wercbliqaoted inty 0471)
Table 6. 1§ {rﬁ‘?%eqs iR gnd cnengﬁﬁggc)il (?O %nin, 4 °C, 5000 x g). The supernatant was
discarded and the pellet 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 pm) was
added to the suspension and vortexed for 1 minute with immediate cooling on ice. The
supernatant was removed and mixed with 275 pl 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 isopropanol for 5
min at room 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 Tris (pH 7.8) and 1 mM EDTA]
containing 5 mg/ml RNase and stored at -20 °C for future use.

Amp}iﬁcation of the XPR2" region from Y. lipolytica, the endoglucanase I signal
25 peptide region from 7. reesei and the XPR2P including the pre-pro region from Y.
lipolytica

Isolated genomic DNA from Y. lipolytica and T, reesei was used as template
during a PCR 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 T. reesei (Fig. 6). PCR
amplification of the Y. lipolytica XPR2", the partial T. reesei endoglucanase I coding
sequence and the XPR2” containing the prepro-region entailed the use of primers XPR2-
1F and XPR2-1R, 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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Source / Plasm ds Rel evant characteristics Reference Coning vector with
protrudi ng T overhangs used to sub- Pronega, pGem T(r) Easy clone the PCR
product s wopbefilem3usi ng Taq DNA USA pol ynerase. Si ngl e PcoB2osrv@gsdat i ve
shuttl e vector containing Kanr and URA3dl markers. Target regions are the
zeta N caud et ah JM62 el enents of the retrotransposon. The plasmd
contains _(2Q02) the inguci ble POX2 v and no signal peptide Miulti copy

i nt egr at g, 0f the XRRZC and theovignal peplidesinto theshutitdSetormar ker s.  Tar get

regions are t f..N C al.. JMb4 the pretrotransposon.

The pl asnid ;gﬁ? g@%?‘%k@@%%%ﬁ%ﬁ?ﬁ% Isﬁé&g PPRFFER Y gﬁ@ﬁ&f’c‘b i de

Si ngl e cplpymidriMy Gk wasechs fentak ladasie sl CeRtth 8 Bé 0ad KaR badBendFA3dl  mar kers.
[ are the zeta pMc62 el enents of the retrotransposon. The

Target regi on : 1 S )

pl ag’m' d %Oglﬁ‘ffgﬁ%ﬁg CRIMPS10 VFaIpT eoaining the aghly )piroiblea¥RR E peormoterc Abder na r eesei
endogl uc 58 i ' . 1,St.1,C e. c62 with the
ot oot v o i e P A A el e PSR B Be Thi's ot udy

nunber s €2R2° W@ sbowh ésbd amyemgahejtrdhigag netivqpymbREsggeRhi e, sipsidae vector
rget regions are the zeta

cont ai ni nr, gn dl _markers., T -3
W oAl e ApOTOTI: B fesiptinns epoua b wmove elghe oHEOREAPRE Thi s
study t hesinghdsieitidensiines el atd'Burtiil Sl pcengdoglaiganase | signal
pepti de. Sanme characteristics asm?t he pM @%é@?lw @ﬁ&?%’e ) @ieﬁéégel
pM ©62- preign souamg (ebwsshumHkilapiing rpspttiotesitee foaesifl thy ptdsencXBRRe Thi s
Z ;gdy PT_2PR 2-ih BB R0 vk Edes@rolﬁgd i)l%(%%,%é vestor r\]v%g tdig%st\ég %tht%rEcglc{)Inatm%l ning Kanr
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 si gnal was present to direct
the protein to the extracellular environment. The endoglucanase I signal peptide from T.
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 BInl restriction sites at the 5” and 3 ends respectively) into the
BamH1 / 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 ul containing 0.5 pl plasmid
DNA (& 250 ng), 2 pmol of each 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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pl NA1293= URA3d4 narkers. Target regions are the zeta elenments of N caud et
al. pYLHnL the retrotransposon. The plasm d contains the synthetic (2002)
pr onot er ,wopdar/and3t he Y. Hpol ytica LI P2 signal pepti dePCBARB06/002744
characteristics as the pl NA1293 with the defective URA3dl as sel ective

mar ker yiTk¢ BCR@redubgl s 1008 i HRRMSd vedtd? C ' lafg shuttle vector
Ni caud ehpal .. pl.NA1313 gggnt ai n:ﬂr% Ka‘qu a%gﬁrgfggg?éyrs%?g%?%%&mr kers. Random

(2002) imt ’é‘ﬁn&tﬂl%'ﬁﬁci-nt o Polh genome through the ZETA transposabl e el enent.
e e T Oy L R S
TEF =pYLAs8’ pndnmsmctiesdy) was ligarditb pGekl F2ES irFl\é 899&BCRimeRcS St udy
R S By B S Wt me Tl i phetgt e hop MBI amaon e (NVC
(ks v- o enlfiés Ry e 100 GO kel shvsS st °°°
t or ul oi dBGR (@vientThi slfpropagaBaBih) E. pili-1607evEs Alige¥lioksdt tEsHiMbndplhdisianEH from
From R SRR P BiReivbietile <14 By piedd)or fRaish st (heborner yi ng 1 he
o STt e S T ) s 1 e A2 1
" 10 digestion oP the pMic62/64-TRsigP with Dral / Binl.
The PCR amplified region containing the XPR2P including the prepro-region
(containing the Clal and BamHI restriction sites at the 5’ and 3’ sites respectively) was
ligated into‘ pGem-T® Easy and propagated in E. coli. Insertion of the prepro-region of the
XPR2 codihg sequence into the pMic62-TRsigP + 46 EH plasmid entailed the partial
15 replacement of the XPR2P with the Ndel and Dral digested pGem-T® Easy vector
carrying the 1375 bp XPR2” and the prepro-region.
The pMic62/64-TRsigP expression vectors contained the Dral restriction site
directly in frame with the endoglucanase I signal peptide, with the Binl restriction site at
the region downstream of the Dral site for insertion of the coding sequence of intefest
20 under control of the promoter:
A blunt end (the Dral site) was purposely introduced to allow more flexibility in - -
terms of compatible sites, since the construction of the vector limited the multiple cloning
site (MCS) to only Dral and Blnl. The blunt end generated by the Dral digestion would
allow the ligation of any blunt end to it, increasing the amount of restriction enzymes to
25 be used for ligation of the 5° end directly in frame with the signal peptide. The Dral / BInl
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
plasmid.
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
EPHI1-1F and EPHI-1R to introduce the Dral and BlnI sites respectively resulted in a

product of ~1200 bp. The product was ligated into pGem-T® Easy, transformed and
46



pYL-46 pM c62-TRsigP carrying the nEH from R torul oides This study

XsTRsi gP (UOFS Y-0471) pYL-46 pM c62- XPR2 pre-pro carrying the nEH fromR
Thi s st udyoXsKRRe®BgP t orul oi des (UOFS Y-0471) Tabl e 7. @ecirgsmoeh@scid de
primers used in Exanple 2 Restriction sites Primer Nanme Sequence in 5 to

3' ori enpaphgited The pldyﬁﬁdzoﬁanﬁ% Wk @(bl?&ﬁnkerﬁtW CA (SEO
IDNOrISéBat I mR torul oi de NGO 16) Av
VBM R. ar %8est ‘é(%h Dy @ﬁﬁmmwm@@@mcﬁe@ct@cmﬂgme BfPIRIZ" to

R arauca O [.D NQ, .18) Bl R. pal udi genum | F
GTGGATCC%%W@@%% rﬁ%l g Vﬁ“"b&‘r%‘ﬂwé |’ sei

GAGCTAGCUASBCERS (iGE0peftiddiQ M2 AR i Ees?@-ﬁ%% G
( SEQ DNO@% CM AGGATCCTGTTGGATTGGAGGAT EQ | D BanEl NO 33)
TRsigP- | TCCATGGCGCCCTCAG ( SEQ | D NO 34) BanEl TRsigP-1R

ACCTAGGGGTCTT@@W T T GCAGG ( SE
| D XPR2( 0; 2] R@Nge éﬁﬁ%g“sat rﬂ@%&%@% TP DNO 37) (S5
&% GrT S ARG T h’?%“‘%é%“f&%é%‘ééﬁ o
TEF- IR ﬁ%@g%%%?%@%ﬁﬁ%%@%meﬁéev@@w -sigP-1F
?ggg | B@l\%ﬂoz caryigPtteR3% Hp RPRAT arfdFle pieftoFeLioFTC AGT TGA CAA GAA G Bantl

1

2. Construction of a multi-copy plasmid (pYL-HmL = pINA 1293) containing the
quasi-constitutive hp4d® and the native Yarrowia lipolytica LIP?2 signal peptide

PYL-HmL — pINA 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 introduced 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 Blnl restriction site in halfway into the EH coding sequence. Nhel
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. toruloides (containing the BamHI and
Blnl restriction sites) and R. araucariae (containing the BamHI and Bln] 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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Rm probe-1 F CTT CCA CTG GGC CAC AAG CTT TTG TC (SEQ I D Hybridi zati on NGO 43)
probe primer Hybridization Rmprobe-IR AGA TTG CGA GGA TCG TGC CGA G G (SEQ
DD NO 44)wpnotripsner RhrcDNA- 2F AGA TCT ATG CCC GCC CGECTM@R200d/@2¢8EQ | D
BgRI NO 45) RnmcDNA-I R TCC TAG G CT ACG ATT TTT GCT CCT GAG AGA GAG (SEQ ID
NO. 46) Avird Bandiicked| el regtrictioh sifdsPmad liRrSQOMGATR: NhsnliBbiABUsREs, restriction

sites. Construction of single- and nulti-co shuttl e vectors “containing the
st rongl y%fg‘?ﬁﬂf@ioglﬂéﬁ&mw‘ﬂfh%W@%Pnéﬁﬁ@vﬁgmﬂ%ﬂhmw and different
signal peptid b 6rNAudi jpolytica.and T..r i S prepared
from50 ni YP%ﬁ%%}iﬁ}rgaég grgvé%ﬁg i edéga‘sgreillgatfgI’gﬁﬂnﬁaﬁée‘g@?\f@%re har vest ed
by cent r plasgyidsi(bmeatiadl wsing Badn T andBIAX) ¥s ﬁtbvio\&ﬁ? Besdribad. CRmédticbnbse col d
stergle wat er @P%}%Hs}gﬁa}jed inice cold sterile water to a final
concent r 8t 1°0M8 Oy oidss eredesigaatsd BRNA 12934 BRbFepBLH6HBddd i nto 10
M Pyr ex@ palliiib&sm i dLJIggg ] _QCr .p The super nat ant
was di scar%ed _gnd ?ﬁg‘?%glﬂ?’?tté was slgggzﬁgdig%liﬁngg%%my%%d&buffer [ 100 mM
Tri s- HO 9a(qyFrrgge wee dasigeBipINAIR SDSRS5 &R (=keiIL-26Hml)e. One vol une of gl ass
beads (200 nrr?{e%@aio dageld 10 zhe uspensi.on and vortexed for, Imnute with
i medi at e cool THg on Tee PHODTHOP e GRousRlaspids frpaying tbe differeat Bt h 275 m
7 M amooédi eéiRte ubidll differai@om ' orof orm
(500 m) vggg?gded gy tg'he_m' x;urg%mg%{s\%ret&’gegr%?fe%h%é’?eﬁhr’?sg?kto
centd i f ulSCPBHIUCIEAN fHS onortentation apdpresengy of Sitwal pegidemat ant was rermoved and
the genomic DNA was precipitated with 1 volune of isopropanol for 5 mn at
roomtenperature. The DNA was recovered by centrifugation (10 mn, 4 C 2 1
000 x g).and the resulting pellet was washed with 70 % (v/v) ethanol. The
sanpl e wy&rifigation qfthe inkagetietryeen te signdl [@péides g)d tietrespestivePHt he et hanol
was aspi peredingnedingseqpericesin e ipdMic phdatidyanlViDHmIspleparKVac ( Savant ,
USA}S. The pellet containing the isolated DNA was dissolved in 50 m TE
buf fer [10 m\Béfubisce(apidydis 8 thand tAdnSFRLA caﬁ@ﬁfg%h@ﬁﬂg:oéiggQécgjen&%lase and

r

stored at -%0 tg for fij_ture use. Anplification of theXP gion fromY.
i pol yt i E¥eAlehEC eorRss Hertiomens dha SImr;gn@mdpepfrmuemtbghmﬁchpﬁngrequamsei and
the XPR2Mciied d6HGrell o r RleGeRl Mt r&HB0n o Rable 8).
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i polytica |Isolated genomc DNA fromY. lipolytica and T. reesei was used
as tenplate during a PCRto anplify the functional part of the XPR2 fromY.
| i pol yti o 200701X8R2P i ncl udi ng the prepro-region as si goaliBpepte2der (Fig.

5) and the partial endoglucanase | codi ng sequence (containing the 66 bp
signal peptide) fromT. reesei (Fig. 6). PCR anplification of the Y.

| i pol yti @a@XPRZVh the partial T. reesei endoglucanase | codi ng sequence and
t he XPR2V2RE ARt ¥emfiGagon pethe linkass-betsien theesignal peptidesmdulseregdective BiSr s XPR2- | F
and XPR2g : P~ TRsi gP-1 R and XPR2- 1F and XPR2(pre-pro)-IR
(Tabl e 7?@9@ [?gglgg\?éeﬁsﬁ&ghe reacti on m xture was subjected to thernal
cycling as p[eviously desgcriShmedl W|tResaiiR€al i ng of all priners at 57 C fpr
30 sec. d oni hg oflagmid XPR2P and the_ si gndl B#bdrigikes |i Medudel protdinisdghenceert or
To obtain heterol ogous expr BPY%n |fonsffe |[EH codi ng slequences in V.
| i polytica, ppMicd/esm d JNEntlb64 Was chosen as a basSi|C._yiiAl/RAENIATHE O] be
used as a ba%%(i)q,em% onstruct anlexlpr ek emulvoides or| cont ai ning the highly
i nduci bl e XPR2V o . maweasse bilnal POX2 v pr orot rFAS(E #e plakmd
was repl aced| pMic62/64geptPH2 , sinceé the XHRZV Was ShOWN giR) S0k eniEA Tl
strongest naf| ?e?lgrormt er|sXf%esent| Oral Y. |IR. pobigtdeca (Nacgg Aet —ah, 2%80 :
This was accorr% hed t hrjough the|rempval| of the ori|JiAYR(SBRORNQ:4%)si ng
restriction enzynes Clal [and BanBIl|  and repl aced W ti] t} ”t“;ZnQ"“ RV APR2V
regi on cont aj W IngpHenlal andl/BanBl f 1BamHi ng . estutdrtici on"'giﬁt es’ ot?'_\sljg‘[:S;E y | he
presence of fthe XPR2V in {the new yector (|designated |[fi#AGBQIMNe:49kct or| was
di gested witih EcoKL and HcoRY and|thé prgsence of tne T

confirned by MdsttHnel i on |ddBLysi s | BhmHhe mmbﬁchtéf'g%ﬁou%rgng g?%%?eﬁ
endogl ucanasle | signal peptide info the gM c62 shut t|ITEA% B IDRfSHM c6p
pl asm d contfai ned the highl'y 1 ndugiblre XFRZVpromotear 5 AT
expressi on, [HML-¢938mdt i | || MBAper eq BsiHE e ribpsledigazhhzoﬁ"gig% vvas_spresﬁent to
direct the protein to thg extracellul ar gnvironnent .| SEHA SEOHPNRADase |-
si gnal pept | denefiueRbilde JefeHREs Wers tah Qe i bRl Gt &8 e PN st di TeCt
protei n v&. b beTrideilee a‘?i%n &g en e%o?{ﬂe@ bgf e{1 g ddpaée &% g%ﬁ(ﬁ)dg‘g%tucanase |
codi ng Siﬁﬁb@i&@@fiﬂdﬁ'ﬁga} e 1.5 gﬁxe%ﬁ:fbeﬁr \ﬁag c*ﬁ’g\}%{‘f’f) ¥1%8n of the
di gested partial endogl ucanase TIEGFingodbutiarddn palds respesivel¥nl and BI ni
restriction sites at the 5 and 3' ends respectively) into the BanH | BInl
di gested pM c62 plasm d. Renoval of the rest of the unwanted regions (all

but the ﬁ%&ﬂtﬁicggﬁ Iof B%Rﬁgiegga)py(i)flasmid (pYL-TsA) containing the constitutive
10 TEF® and no signal peptide

The quasi-constitutive hp4d promoter (Madzak ef al., 2000) was replaced with the
constitutive TEF promoter (Miiller et al., 1998) in the mono-integrative plasmid
pINA1313 (Nicaud et 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 to
limit induction differences between yeasts grown during activity screening and on flask
scale.

The hp4d promoter in pINA1313 was replaced with the TEF promoter using Clal

20 and HindlIII restriction sites, followed by the PCR removal of the LIP2 signal peptide
using primers -sigP-1F and -sigP-1R. The purified PCR mixture was treated with BamEI
and HindIll (where HindIII digested the template DNA but not the PCR product) to
prevent recircularization of the template DNA, thereby preventing concomitant template

contamination of transformation mix upon ligation. The PCR product was allowed to

49



t he endogl ucanase | codi ng sequence entailed using priners Constr-1F and
Constr-1R (Table 7) in a PCR reaction. The PCR was perfornmed in a total
vol une ofwbQoeroiemat ai ning 0.5 m plasm d DNA ( 250 ng) PCZ2/1pmob/o@f44each
prinmer, 0.2 mM of each dNTP (dATP, dTTP, dCTP, dGIP) 5 m of PCR buffer 2,

4 1 nm oﬁlrmﬂmizeasﬁgfmeiﬁ\lm gde 18 Min theléBinbatitlE BEMP@BSHsly Hi gh
Fi del i typﬁ)g@gg rase (added gt?tere i nlbt |1al denat ursaﬁﬁgﬁlggﬁpila%ﬁt her mal

cycling) 9 ting consisted of denaturatl on for 5 mn at 94 C

fol | owed by sec eal | of

priners (58 C §§§l ggsﬁgﬁokégﬁ%ﬁ% %@é@%% ﬁmﬁf@?ﬁiaaé;&? 8

el ongati UrExamm bf 20 sec per cycle). A final step of 10 mn at 68 C was

perf rmed to o ngation of the anplified product. The PCR product
| gat ed |’ﬁtf ?‘f)‘ﬁ‘é@ﬂ%ﬁf&’f@é‘i%ﬁe%@é%@@@e PQY 96 o Yddisigriasad werd ner i c

pI asm d.d gb@e(r@ﬁ}p{h@ d Blnl, restriction

sites at ltghe gﬁrogﬁég rérsgggig}gt@{l \}&fe op ale&%??‘&%t% % ep@ T(r) Easy

form ng g_,uta‘gle If@ ltgaltlmaof e Famding, sefflhaﬁcésl 1gtatth@BaMHB— IZIGIFII E16ARE sitdd ofr opagat e

the pM c@lg S?E exlg ﬁss: on or in E._coli_cells, since Drl and BI nl
do not have 5 g UL P ggldﬁg PdstapYE25Tre W?”—F%‘gﬁ%?ﬂor
sel f - pro@ygam on in E. coli. However, digestion of the chineric plasmd

usi ngDral andi ?M | i berated the ~5.4 kb pM c62/64- TRsi gP shuttle vector
(halboring restriction sitesDrl at the 5° end and Binl at the 3' end). This

was ver iy " stlon f.t M c62/64-TRsigP with Dm |
Bl nl . Th?@%ma&lﬁﬁ%) 3%@9.” ﬁt"éﬁor# ﬁ‘g"@ﬁgﬁpmv i ncl udi ng the
prepro-regi orN«(tI:hmmaﬁzédpMmtSM lpMa6R A pRESHE the 5'
and 3 t sim:qeseectl vel rﬁFHé)at ed 0 pGem T($=C§Yég§§2§%&r§§%‘€%pagat ed

inE c 8aHYS Wit Y‘i"ﬁ@“ﬁﬁi&@rﬂ@ff%@t@ﬁ gfcoding Cmsaqudma@) weguence i nt o
the pM c@@dmng art i cerrent of the
XPR2V wi t h the Ng))éﬂi Yl@l raﬁﬁglsg’gg{i%%d 1’@1 ﬁ?{’e“)%vggs@a{}sefe Bd*Fying the
137% bp mp’echﬁsctswmaallby éq:smbdddg}l)ﬁlthne}'heam@yﬁZ/ 64- TRsi gP expr essi on
vectors contalt eipll Pr trlctlon site directly in frame with the
endogl ucanase ety Bﬁ%ﬁ ﬁ@p‘? m’@sﬁ“? Wers@osn an seleeive 6fsagiineeacit t he

regi on desdis[YNBRitout :Qﬁmpra&hs aid ﬁn&%uin%gffute A?'? §ﬂ§j I\E‘I?Ah 1?%@)83“&1,%&%”6“06 of

i nterest _under control of the pronoter €) was
pur posel 371 Bt cesaminalaids @l pwendege (15 g)] bToloniys waretisiared aterQonpakidl e

sites, Sdf nr?c%b&tm?l at 99‘% £su1§:c;[s{t1%g tr%st%rman sec%%gtgmxllgl t e%ﬁggrgtgg eggrlaésllo% e cloning
20 cassette.
For the transformants carrying the hp4(‘ip (pYL-HmL) and TEF® (pYL-TsA), cells
were cultivated in flasks containing 1/8™ volume YPD medium at 28 °C with shaking.
The cells were harvested by centrifugation (5 min, 4 °C, 5000 x g) and the cellular
fraction was separated from the supernatant. The cellular fraction was washed and
25 suspended in phosphate buffer (50 mM, pH 7.5, containing 20 % (v/v) glycerol) to a final
concentration of 20 % (w/v). Glycerol was added to the supernatant to a final
concentration of 20 % (v/v) and the pH was adjusted to 7.5 using 1M HCL. The cellular
and supernatant fractions were frozen at -20 °C for future use.
Y. lipolytica Po1d or Polh transformants carrying the integrants containing the
30 XPR2P (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 centrifugation (5000 x g for 5 min, twice washed with
phosphate buffered saline (PBS) (Sambrook e al., 1989) and suspended in GPP medium

that was used for recombinant EH production medium. The cells were incubated while
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site (MCS) to only Dral and Blnl. The blunt end generated by the Dral
digestion would allow the ligation of any blunt end to it, increasing the
anount ofwpesawdietoBon enzynmes to be used for |igation ofCrhB2066/0@mM€ck
directly in frame with the signal peptide. The Dral | BInl site of

i nserti oshakimges28 P for2aeoliisOAfief infitfios AHE BdlsSRAVER&AT c@ﬁtﬁ?@gﬁorp ossi bl e
wi t hout any. orientation problens, since the overhangs g nerat upon

di gesti O?P%tp War digatinn Ve ssparated fioul the sutermkano Whe eblfs wergatspemdedto t he.  5'

and 3' e i n di.n uences
fromR tﬂ?ﬁi"%.‘“egﬁﬁﬁ%@ EPEARHRED vrmoRialedle (750 conbaniaded P =

t or ul oi dé¥v)(gltelol wadsthp ei Y afitheshpeiatagt Wis dagarsﬁedl%@lﬁls usfag@NV Neftji - | R to
introduce the,Dral, and BInl sjtes respectively resul tged in a product of

1200 bp. Thepibiisamatiygio the ﬁ?éaedlwn@sqddewmmt)on@é@e )ﬂikza;m@d;ﬁﬁbd

andpr opagdtifshcinbhePIHasdHich ¢05b €059 l ether with
pM c62 were di n-egsted wth D(r%g? /9%%'5%]9(&%& Og )E’ﬁﬁlg?sg ast%pfqﬁle@g‘:éxpresm on
vect or cRapiapch@Vicivd eKPRAYI pwalr dlsceused m&meﬁﬁéI@RZWhérB@elmrvﬂir@ ns. The
resultin or C inin reesei endogl ucanase | signal peptide
(pM c62/cgﬂt\{ dlﬁﬂ}m %qquf?éigékm%%gzﬁeﬂ h@ﬁ‘@}lﬂg+ 46 EH. Insertion of
the prepro-region of the XPR2 coding sequence into the pMc62- TRsigP + 46
EH pI asmd, to replace the T. reesei endoglucanase | signal peptide,

entBi | ed the partial replacement of the XPR? with the Ndel and Oral

di geStEdEPﬁﬁﬁeEQ@mnfgq (Y%%rgxpr%?srlr &tn Lépr}&m 31]75 X I§ZV and tcht(lay

pr epr o-reqgl - COLS oot ] I NA
1293) cont a?nhi seecy el ao.Lt ghostand.in Jar ces

Yarrow al i pol ytica LI P2 signal pepfdassigey| - HrrL - pI NA 1293 was obt ai ned
fromDr. Catherine Madzak of Iaborat ory de Geneti que, INRA, CNRS, France.
Thiig vectdle a1Esh p%]ﬁﬁ?h ol yti ca expression vector, with
Hpd4 pr onot egrlm?\;{g@rtgl -copsy I n e% feétﬁ&@s ?I on, = LI P2 secretion signal)
Cl oni ng of the epoxide hydrol ase codi ng sequences Trom R Torurpl qnsce(#46)
R pal udi gefiif{’#692) an W“P&'P'aucarl ae (#25) into plNA 1293 Thepfg; cod| ng
sequences from R torul ol des and R pat udigenamwere anpt i red-oust g prifers
EPH - I F (BarrE and EPH EFGRF’@ePrﬁh)lﬂlewgcmehﬁ(:@ezm and 692cDNA-| R (NM)
(Table 7), Bé&Specti vel y.Pdtard No@ITos 0B £.ic6H b@Rinfls 1R M@SchiohbiopgiUCiaVirbgeh 0 t he
sequence of the R pal udilgd@aum EH by neans of prinmer 692- cDNA -2R (Tabl e
7),

pYL25HmL Plasmid pINA1293 (= pYLHmL) containing the epoxide hydrolase

cDNA from Rh:odotorula araucariae NCYC 3183 Above
Strains
E. coli X110 Gold® Strategene
E. coli Top10F° InVitrogen
Saccharomyces cerevisiae INVSc1 InVitrogen
Primers Sequence Restriction

site

Primers designed for amplifying the cDNA insert from pYL25HmL
EHS8_EcoR1 5’-GAG AAT TCT CAC GAC GAC AG-3’ (SEQ ID NO:52) EcoRI
EHS5_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 initially cloned into a dual expression vector pYL25HmL (= pINA1293) containing a
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since a Blnl site could not be introduced at the 3' end of the coding
sequence due to the presence of a Blnl restriction site in halfway into the
EH codi ngveeguanes3 Mel restriction yielded a 3' end compainBhioeods4s he 5'
end of the plasmd after digestion with Blnl. Upon ligation of the

conpat i blsecr&ivdpeptideasi Blanfor kedhbtionlof #i b.h;,n0 other new
useful site op?u?ri ngfz'.E’J The am%ogfﬂfgigtrgﬁtgigﬁg%g%\?\géeéﬁi?Sgwééfplflnto pGem T(r)
Easy vecCHMCSSIORSYHEmm T(r) Easy vectors containing the EH enzynes from R

torul oi des (c ]! I Bl triction sjt and R
araucari ae (cgﬁ%%ﬁkﬁn%ﬁﬁcmBﬂ"ﬁl d%@‘f ?)VX?IPB?Fdsgf"Eéél} wer e di gested
using a emphficativn ofithecDBRATLE tha RAHB! fbmipY IBIHRAS eA t Rl IREE Was f T OM the

pl asm d backhgne. The EH from R pal udi genumligated into pGem T(r) Easy

(cont ai nFHGIHATOBLHISO5e8 2Rl andipuridied vsieg the(SEX PEB)DNAend g¢idand ed from t he
pl asm d pagkhens | { OR\.: d, Wi th.a conbination of BanBl
and Nhe . The i g¥%ﬁ§%ﬁ§w'gﬁ3ggﬁ%ﬁfﬁgﬁ;ﬂnﬁé “(ﬁé?kg"ftf"ga‘feé%@\gﬁn‘iﬂg‘ l'i neari zed
pJ NA1293 EptRiswmil Benftlito emnic zonhplesientirBaverhangs thr Ei:%ﬁﬂan B YRS ki,
described. Correct clones carrying the EH from R toruloi des were

desi gnat ed pl NA1293+ 46 EH (= pYL-46HnL); R pal udi genum wer e desi gnat ed

pl NA1293t.idatidn BHRAEIP YODNASi4 s#BfhsRigaraucari ae were designated pl NA1293
+ 25 EH (= pYL-25HnL). Rest %%Foni}arﬁlaﬁl?/si s perforned on the various

pl athi ds ( car F§a mYESFparentalivectonDNAHveoptepaed Bomenitoas ) Risvengglti f f er ent

conbi nat j f reveal ed the correctness of the caonstructs in terns
or ori enitngg‘lﬁglﬁ Ogggs%qu?eﬁ%léc%\‘ta@fléﬂ}ﬂe’%@ Qi’é%s?m@@PNfA‘ifg%ﬁm@n I¥e the 1inkage
bet ween pirifiedipisatid pepdiceas @&ﬁliglhaviﬂﬁgm%xgaﬁﬁl.micm&%gi ng sequences
in the p!\%ﬁ%gl asrp ds and YL-HnL pl asm ds Sequence analysis of the all the
const ruck Ve Liggtefigba pmobend rade ebdjl émsert vectwrpudiegi T4 BN A tigasect | i gati on

of the sj | bderin_f 1 H cqodi ng sequence | ocated

downst reg‘%?lg th'?}?lgs r% gbé;ﬁets{il?%ﬁwgmﬁsﬁ?sgng%%ﬁ%n g‘)‘q’&ﬁﬂaé 8. Verification
of the | clodtmgeratalineleors-oempétana. oo KL 0ol @bélishlif e HREGS GGk nCcodi ng
codi ng se%uences The nucl eoti de sequences were tra%slated into protein

sequence¥eordmgo thetandard spesn protogol and platestonte BBamipiclliackidctieplasces of t he

si gnal leAR i Gl | { ntroduced.and EH are.italicized ,
indor | i ho i PR irfcr 150 RERn). BRaRdERGafion ana Bsficipd ppaltsts of o
si ngl e- copppeplorned oh (m¥éforiimAs te dstemiing (e ihtberitg R Heicolithiée ThefEF P and no
si gnal pregt .de - The g{gaam -.consdtl tutive hpd4d pronoter (Madzak et ah, 2000)
vas repl KeudPgRplpsinid s designated pYES_RAEH.

20

Transformation of Saccharomyces cerevisiae INVScl

pPYES_RAEH plasmid DNA was isolated from E. coli X110 Gold transformants
and the constructs confirmed by restriction with Xbal and HindIII to excise the cloned
casette from the pYES2 vector (Fig. 2). S. cerevisiae INVScl was transformed with

25 plasmid DNA by the lithium actetate/DMSO method. The transformed cells were plated
onto selective media lacking uracil (SC Minimal Media containing 0.67% w/v 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 each 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 GALI promoter), no uracil was included (for maintenance 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
52



constitutive TEFpronoter (Muller et al., 1998) in the nono-integrative

pl asm d pl NA1313 (N caud et al, 2002). The use of the TEFpronoter aided in
t he acti woOyo&/Ee48eni ng experiments, since the hp4d pr ®@ootiB2006/802g440W h
phase dependent (only active fromearly stationary phase), whereas the
TEFPr omoSeschdrdnyees raasmSlihditl 4@ oRXAT BV lnbda b TB0'mi BYMiGl QT f er ences
bet ween yeasts grown during activity screening and on ask sca The hp4d
pr onot er Shaking iRpAShars 307 pC&H&awemﬂlaﬂvesthkbﬂ' Edmtrifopaitony suulsenﬂgdﬁl al 0

andHdI | | owed b rermv of . the LIP2 signal
pepti de hgsﬁﬁété b&ftgg?gan]lst §§W?§ﬁoc°n§‘?“§>é“ fﬁ)? (i mpags @JOPW?ﬁl%Fur e was
treated WdhlmtlBﬁlﬁf?énz@rﬂfé activitd withéue ithePHblake di gested the tenpl ate DNA but
not the PCR product) to prevent recircularization of the tenplate DNA,

t her®by preventing concomitant tenplate contanination of transformation mx
upon |igation. ) A ' cuI arlze u5|n,

ligase to join OV96 pYLTSA.

( . { 1
The EH codi ng sequences lgf_dr#ﬁ&e nﬁ&ﬁtedﬂﬁ@trﬁﬁﬁoﬁﬁ@t?oﬂéere anpl i fied as
described in ?{\%PI e 1. The anpli codi ng sequences and the pKOV96 =
pYLTSA pl asmi 18 tnyfeunags WIFIEYQWfbmaS&pﬁb}SPD lt‘léldl‘fé@h&‘il(% ményeasizymes t o
create cefpetb A f of the,EH coding

o 8/ ﬁ)?lb By ?ﬁ;’gﬁeﬁ'{fﬂ % £5.61 %gé hﬁ’ %HF%{E?‘XEB fla

sequences into t he BanBl - Avr mi‘ng SI biti ng in

pl a¥ni ds3 dags-ap 3§°Crshakivlz aRBsupm. rilYie-oéEsTW&eaxﬁdfeﬂ&(&by e&harIfbatiohla@pedOr et i on of
M o2 pr PAES T6 bRtdet M chiting3ag temslesvoiime renagiat il avrin 5 0

r st oy o e L 1 K SR Aot Y SABEC, Pt on
was per f ey wi tgo‘éts@éhﬁrlsﬁmgﬁ o s drthdabilition o288k mtv gicer¢l1 &R)buffentor Pol h and
i thout oBE R L e Roni um sl fate (1.7 o 1y NG (4 3?‘33 ; [gfﬁfose

(20159/ 1), casReoADInAG Stchdofides ce;%oﬂmé%ﬁsuﬁléé v&lre%llowan? e

I solated after 2 - 15 days of incubation at positive ansformants
cont ai ni M§diaantaigingd}. él%éil/éwpasésmlogm ase mﬂhbm' anfino adifeanidraansémumant s

car ryi ngsufidiad AR 2685%), 9, 0 dmhieniurt QIHLhz;{e B geﬁactose (to induce

transcription of the RAEH under control of the GALI 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 were grown in 50 ml media in 250 ml Erlenmeyer flasks shaking for 48
hours at 30 °C. Cells were harvested by centrifugation and 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 ml of the 20 % ((m/v) in 50mM phosphate buffer;
30 pH 7.5)) cell suspension. For evaluation of epoxide hydrolase activity in the culture
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
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were cultivated in flasks containing |/8 th volune YPD nediumat 28 Cwth
shaki ng. The cells were harvested by centrifugation (5 mn, 4 C, 5000 x Q)
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r econbi n¥ertexErixpigdd sealedoglasswitilsanteripreataek bad borass 105HRatRcIME hembaki ng at
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cent ri f uSEISITERBIedigEres o e Piomass Igadingslespribed ithe digures raferto thectov/v
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t he'®H othevpme gicharposide suestratdThs ravemimepdxfle weis ngnalyMNa@d didstlan
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%pr ot eosmethgl3-phejyl(l[d-gaudpepardcycldiSldne\rilep! SO used to induce the XPR2P
where cells \é\%&e cultivated 1n the YPDm nedia for 48 hours at 28C while

shaki ng. Exanpiier sgitable Bieubaiions gamples wrismeweyeshandfextiactahoith dbyhacdiatel ase t hat

I s hi ghl % g€td [ | ahlyve. host I.n Yarow a |wol vtica
i o Sacanas SR VxS OREN kY B obieg 2Bl Gl PR olahe KA

a i Fonucvdwne,dertBxddnfer s niRefternadceattriMesd o B #nl £ § B¥in. Orhdovenee Fig. 13.
Shuttl e yector f.o& E. %{C")Li | S. cerevisjae. pYES2 Prepared from Topl OFF E
coli cont X iYAgres evenaphyireysasanesinmy sulphvicrnd gealy sy BLESfor prestaeDo3 (=

YLHML) seeinipbmi i ' Y o)
IORhodot z)r ul a _?r au]!chIrJ?aﬂg%ﬁN Ve 3€§%ﬁ9 ot B} %C%Ea% C%O%gphyw
for chiral analysis.

Non-chiral TLC was performed using commercially available silica gel plates
20 (Merk 5554 DC Alufolien 60 Fas4) as the stationary phase and chloroform:ethylacetate
[1:1 (v/v)] as the modible phase. Ceric sulphate (ceric sulphate saturated with 15 %
H,S0;) 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 11 gas chromatograph
25 equipped with a FID 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 cyclodextrin 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 f-DEX 225 ™ fused silica cyclodextrin capillary column

(Supelco) (30 m length, 25 mm id, 25um film thickness) oven temperatures of 90 °C and
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Strains E. coli XLI O Gold(r) Strategene E. coli Topl OF" InVitrogen
Saccharonyces cerevisiae INVScl InVitrogen Priners Sequence Restriction
site Prinwoxodesdgaed for anplifying the cDNA i nsert freopNRRB&HM27EH3 coRI
5' - GAG AAT TCT CAC GAC GAC AG 3' (SEQ I D NO 52) EcoRI EH5 ffamH 5'-GIG GAT
CCA TGA GUBCAEpehtidely ((GRtilaBySNEHiRS hndBand4 -3 Bh&g1-1 b he
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exci sed frtom an a &fry_glse gel and purified using the G-X PCR DNA and gel band
Puri fi catq eﬁ'ﬂ"ﬂf‘fne? WiEeAs folitivss Rp($d-eperdde RAED RIR)-veaxidti 3231, RI over ni ght

wi t h EcSis)afisl Be r tR)-algat onpl enentary overhangs for ligation into
pPYES2 plstas)rri d. Li ghttlt(o% 6)? I%%Igf—l CDNA into pYES2 plasm d The pYES2 parental

ve?:_tor DNA ma@himiﬁﬂ%;@wwpmfmaedm}l}eﬁmi}%}edrgmymT pmwltfh'@g 1ICF Ed
s i ol tsof) Qb ey HERR Sy oh s ione A oAV R Vear 0
[\ T8t o @ingga OlfelocPOR-H B, % 6 1045 s SR OBEREL BikOHS I, L2 ERA || 025

overnight at 16 C. The resultant rYES gation m Xture was

el ect r opwiing U simHexase (9D %IEMHE gede) £10 Sotthandl (99.954 AR elukst. usi ng Bi o- Rad' s
GenePul ser according to the standard gi ven protocol and plated onto LB
anpicillin selection plates supplenented with anpicillin (100 nmg/m).

Pl asm d puri f xaiipes:aFanétasial éﬁrkﬁ%@l@bﬁﬁhﬁ hY@fol RS o Bflsdifces in _
ransformants to determ ne e integrity o € Co . 1nere resulting

t f E t t d t, t i | t

pl asmi d WeEToEe pipeiicay (WhasEs fAransformants) andrli i practivity

cergvi si ae | Nyp§ Eelectivitv of the different enzymes for the resolution of epoxides

Qualitative epoxide hydrolase activity analysis
Chiral quantitative analysis for EH activity was performed on transformants

cultivated in liquid YPD for 48 hours. Harvested-cells were washed with and suspended
20 in 50 mM phosphate buffer (pH 7.5) to a final concentration of 10% or 20% (W/v).

Reactions were started by addition of the substrate to a final concentration of 10 or 100

mM and the mixtures were incubated in a carousel stirrer at 25°C. Samples (300 pl) were

taken at regular intervals, extracted with 500 ul ethylacetate, centrifuged (10 min, 10 000

X g), after which the organic layers were removed (ethylacetate fraction was dried using

25 MgSO0,) 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/v) 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 minutes as described above and analysed by chiRal GC.
All 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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PYES_RAEH pl asm d DNA was isolated fromE. coli XLI O Gold transformants and
the constructs confirnmed by restriction with Xbal and Hzndffl to excise the
cl oned cawetzw@/fiomm t he pYES2 vector (Fig. 2). S. cerevipsraB200biBacd4 was
transfornmed with plasm d DNA by the |ithium actetate/ DMSO nmet hod. The

t r ansf or eeduatel Byspluginig aRtphed tHRTbLAVEEbe sédiNe iR HFR. TRC o SC
M ni mal Pﬁ%di a cont ai ni ng a(fi)b?lG?%vv/v yeastérlﬂ t rloggﬁlbbglgjé@mgt 1%1?&?3%)1%0 aci ds

and anmoHedrEarpss karbannedhe BH 35diog seqnesods iom thedisferantsautesivate, 0. 01 %l v

of each i ar.qi_ni V. ine,. | eucine, .|l ysipe, threonine,
tryptop hg{]al ang m&’.}%?f% ﬁ}oé glgglgpgﬁ d teh;éceﬁ&g#oné%a??‘feisﬁesﬁt:ﬁh&é,éreﬂp‘é%va‘is}?8§ aJ|1%0I euci ne,
et hi oni #B). Frherthésalgraphnthe catalilsi with tHealehiRgl activitpaidneleaid@hbee) and
incug)at ed fgr &or 48 hours at 30C. 2% gal act ose was added to induce
transcri PLTHH- JPr F¥m mHige & 68t boseenthat K&-Tomi # 2sTefeashyd 50% ur aci |

was i ncl giRersion ) . 1 apd«th S not
adjusted to rﬁ)eu'?1 ?Smg’%@%ﬁﬁg%r%gﬁn@ %%@%qlmer@é#&f@% S0 of
Sacchar offpeles0% eowiersimélonere, fomifig 7B iSEchuntharhe Mediiemedh@Sagahar onyces
reconbin re gr in.s50 ia_in 250 m Erlenneyer flasks shaking
for 48 hgdt}/?’gm\é\fer ?ﬂ%@qﬂ%qxédse\ﬁé Sﬁrggxgéfgd“%? defis $®é‘@ﬁgqlb’rh,lgh§€ls pended in
phosphat thaivthaf 6f YLH7 §TEA. menhé\@Htcadﬁggeqlﬁﬁggsr B Qg agg%ogfe‘%@iegmss/ v)

for imedi ate eval uati on of enzyne activity w thou PUr ther ost o age.

Exalfpl e B theame lacation: ofdbegnometsif tredtost gedls and wtier tontwo! afitle emxi de hydr ol ase

" qut o it A bR Bl 88 Lo Bt G s ot Pose. pH
5. 5- 6. 0) giiven epoRie batedkonl thakinyey prbpatks kQiired. days at 280C shaking at 200

rpom The cells were harvested by centrifugation at 5000 rpmfor 10 m nutes
under chilling and the pellet volune resuspended to 20% nmv in chilled 50

MM pot assdiatiion v @b sahbR" Mo i at e evaluat i of enzyne
actisvi t Yepih &M?ﬁe furt esr g{’%rcg% S(Z)rf&vmé]?ﬁn%%%g%%f eihé'lqr%lyﬂﬁﬁgg’ﬁ? v gl ycerol
to the buffer tfor storage at -20Q0C for | ater use. Reconbi nant Saccharonyces

cerevisiae constructs were grown in SC M nimal Media containing 0.67% mv

yeast ni tr ogdbiobastormiatiBeuerapbenRaivile, A% (ARYRRE &gﬁw [hico
233520), 0.5% nd v anmoni um su Iggat e, 2% gal gct ose ‘?t I r?gﬂ%geﬁ({oanscri ption

of the F&@ml_ﬁ H&e‘i’P%‘,M‘PﬁtW! Ol ¥ T@Lmnﬁmmtsdm)borﬁg(ﬂ_ﬂc Bene\higilly adivh  of
0. 00596 o ApaDE o8 L on. UK n i B Bt Rl oni e,
phefly| allydialesis piithé epraidese thineonceyttaidh NBiotransfromations for the YL-sTsA
transformants haroring EH coding sequences from other sources were repeated with 10
mM 1,2-epoxyoctane to determine initial rates over the same time period 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
25 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-enantiomers) 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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and valine. No uracil was included (for maintenance of the pYES2 pl asm d)
and the pH was not adjusted to neutral (and was approximately pH 5.0). The
Sacchar omyoesommEemabi nants were grown in 50 m nedi a i np2B0Bm06/BI2A7E€NTEY ET
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t enper at - Dj | oadi, n described. in fhe specific exanple
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excl udin he volgrre of the epoxide substrate. The racem c epoxi de was

usual |y Kega fapieroant @nd theawidd (ype yeastwassewptuated anst icormpared foasheatwst ock
sol uti onexinfe i ] i - et hyl - 3-.phenyl -, 2- epoxypr opane,
cycl ohexe)drl?e s%&%té %aA %Heérléqgﬁ? atg%(lévﬂlﬂﬁy ubeélFYIB%go,rdggcw L éo’ﬂgqse renoved and

ext¥act ed wi tFheetild/type cutyated WoF-25 fendribertbabaa@neyié OARSs TEX) whe addition
of ethyl acet tiﬁ‘g} 6(%% of , the_{leaction vol une, vortexed for 1 mnute, and

centrif UGty PIswAtions With ki2xepoxkectans| (FO) e mongaubstifted ¢porde over
hyd i T f f tivit
anhy dr ougypeDmesE IR R (30§ ﬁx?&‘?—kﬂlﬁfo@gg%ne bxfde (%(as%gs@%gq%ﬁgﬁ% activity

and HPLC (high pressure liquid Chromatogr y) or t ogr aphy)
for chi reRrxidasllyse & inKég 1 odyiclohbxenie Cxida $COP (f as-ppdlistbitigted @pomdcasah| y

avai | abl iA.ca. gel pl ates (Merk 4 ufoli,en 6Q F254) as the
statio na’fr?}gljmSj 5¥é§ glgﬁﬁwg?{ﬁRzgf%}—nﬁ@pa%ﬁfggg{dﬁ@gether is a cyclohexene'ring). The

20 conditions for the biotransformation reactions are given in Table 10. While differences in

activities were observed between the WT enzyme and the recombinant enzyme as
expected, good comparison between the selectivity of the wild type EH and the enzyme

expressed in Y. lipolytica was obtained for all epoxides (1,2-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-25 TsA
Epoxide [biomass) [substrate] [biomass] [substrate]
% (wiv) (mM) % (wiv) (mM)
1,2-epoxyoctane 10 100 10 100
Styrene oxide 50 50 20 100
Cyclohexene oxide 50 50 50 50
3-chlorostyr¢ne oxide 50 50 50 50
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[1:1 (v/v)] as the nodi bl e phase. Ceric sul phate (eerie sul phate saturated
wth 15 % H2SO4) or vanillin stain [2% (W vVv) vanillin, 4% (v/v) H2SO4
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an Ali ge?%]ogggfo- eri es autgsanpler-injector, using r?ydrog n-as a carrier
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R (R-e xiﬂe = 32 1 R gsg-dgm 2 47.7., R (R -diol = 48.0. Chiral HPLC
was per flgﬁ?f’f UghPRdpgignaf yeashdaraied eppridelipairelassiip hedreqimtinayhosst ect i on.

Quant i t a¥dr¥Bvig WobBk lh%;h@;n RV ! i.de, epant. oner s achi eved
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Exanpl e 5: Functional expression of epoxide hydrolases fromall sources in
Yarrow al i pol ytica (YL-sTsA transformants) and direct conparison of the
activity and selectivity of the different enzynmes for the resol ution of
epoxi des Qualitative epoxide hydrol ase activity analysis Chiral
quantitative &X3mplg kL €empars inety pod :
cul ti vatgebii Well|
suspended

of the recombinant EH

Positive transformants were inoculated into 5 ml YPD and grown while shaking at
28°C for 48 hours. Cells (1 ml) were centrifuged (5 min at 13 000 x g), followed by
aspiration of the supernatant. The pellet was resuspended in 750 ul of a 50 mM phosphate

25 buffer (pH 7.5). Epoxide (2 pl) was added to 1 ml of the cell suspension, followed by
incubation while shaking at 25°C for 60 min. The remaining epoxide and newly formed
diol were extracted from the reaction mixtures with 300 ul ethylacetate. After

centrifugation (5 min, 10 000 x g), diol formation was evaluated by thin layer

chromatography (TLC).

30
(a) Evaluation of the activity of the recombinant EH from Rhodospordium 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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Reactions were started by addition of the substrate to a final

concentration of 10 or 100 mM and the m xtures were incubated in a carousel

stirrer avo28@/016@apl es (300 mM) were taken at regul ar iPoTaBM@b/80276Xt I act ed

with 500 M ethylacetate, centrifuged (10 mn, 10 000 x g), after which the

organi ¢ | ayer Whekrcells mp@inﬂtﬁﬁtbﬁf?ﬁﬁimﬁéﬁ’fﬁﬁ%? on h@?ﬁn’éﬂ:f 5 PSRN MISOH)
son

and anal yzed as described in Exanple 4. Conpar the activity and

sel ect i virEplosmedpitgthoplicsd singlerpany int¢ayative-piastrid tnder control of the XPR2

3- phenyl 5 | qt ransfor mat i r.e perforned wth 20% (wv)
wet weig ﬂfﬂ%&f@@&%ﬁ%ﬁ%@ %%rogtng%eiuegg ?lﬁ% Pgs“‘\?ﬁﬁl}? yfesersiga 3 ropane (a
2, 2- di suisst YL-46™Hcaprexprd eranstyieantd (Y. 1i5@Rick @raik)Ro1 A N@rs R eEwah tHehe

reacst [ onﬁm\/ﬁée. ff)l | owed by extracting sanples at suitable tine intervals
over’ 180P FRSICLOPY Huegr ity plashud under sordyed pfthe KPR2 meoinpist ardC. Al | YL- STSA
t r ansf or ¢giSind ieRba ' tivpdy. The. activities of the

t ransf or mant sn%ar boriihgge({dﬁg&tﬁig@%? Egd?%d%%%} 18PH S gpgﬁaef)fwgeent sour ces

wer eeval evatvatedfgr I etivitypgaingt Epbpadyotthse, an Bpaids forwagRISYTH46Ee (Fig. 7A) .
The sel eg har bori.ng the EH codi ng sequences

L Viti f.th f ;
from the %ﬁlélésgpga?aévdﬁragg%&g\‘g‘fv&%ggr Ei)c dEPhACHYIBE Waspsarved xhetvthet he
enant i oneflubr 646R%S 88d fipehhfs Xith tﬁ@ﬁV,gg%'; §§‘f% é%:ﬂtgle wﬁ@eveﬁfﬂw t hese graphs

the catalyst with the desired activity an IVity can-be sel ected. For
exalfpl e, ceHlrigRRgtivify Pms obserted Wigh the £/P2 pratprotegion signatipeptidd.Shus,eached 50%

i : i i ch. | i mat el. b i me f
vor 777 <Pt a B oo of AEBRS e i et ol ol car 1 e

t he enameptderi c excess at 50% conversi on of the epoxide catal ysed by YL-T.
ni # 2 sTsA is substantially higher than that of YL-777 sTsA. Since the EH
codi ng sequences are expressed as single copies in the sane |ocatiomof the

genome Qb) kRSl of file!ad it ot ¥ FheokMh I ER i d R, STt Bkl LhI'S
ol e e L SR R .
most sui Bfedga fgf"“ S?H?H‘é“%h’ﬁﬂt §§E§"@1??Rﬁéie drimlsi s of 1, 2-
epoxyocta ﬁ"bwghsfornations were performed with 10% (w v) wet wei ght
cells and 100 nmMracem c 1, 2-epoxyoctane. Only YL-sTsA transfornmants

har bori ng t hayagE ey 4! i Il Sggﬁl H fro t 3. #25, #46,

#692 and #777 di s_p(I3 aye Ss%%g K%ﬁrﬁ?g’f% ro y%.gsljﬁmﬂ]ﬁé‘?gﬁra@zﬁm&t&t hi s

corf@ent rlpiitien sBiinPodindfansivanédwith thermiltieo)y mscksAive paREHOpIRAT3har or i ng EH
di h ted with 10

coding %%Qﬁ%iﬁ?mfe{ %Htr%tl of the igklc{ Sr%rsno\{g rélrei‘d Egneaeiging theV\goding sequences from

#25, #46 and #692, respectively, as well as the LIP2 secretion signal from Y. lipolytica)

were evaluated for EH activity with the 1,2-epoxyoctane substrate. Biotransformations
were performed on the transformants cultivated for 8 days (7 days after stationary growth

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 control of the hp4d® were able to
achieve the intracellular expression of the coding sequence products from day 1 to day
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.

(c) Eva.luation of the effect of signal peptides on the activity and selectivity of the
recombma.nt 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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mM 1, 2- epoxyoctane to determne initial rates over the same tinme period as
that of the YL-sTsA transformants harboring m crosomal yeast EH The course
of the rexotznaovmowmare followed by extracting sanpl es at PewitBziob/@027441e
intervals as described above and anal ysed by chiral GC. Initial rates of

hydrol ysi s of Chigl i i i id
ydrolysis o qubditftaiveihalYhis ShSA %&ﬁ:ﬂ%&% E.@‘S‘;‘ﬁ??% roﬁ"‘fﬂﬂaﬁﬁm c epoxi de

and the R-_.and S-_enantioners were plottéed s graph, the
cat al yst Slifrated indiguid YRR Jer 48chaups. Haowssteh icgllsondre tvashet wittand sspeydddol sysi s)

as wel | ' I LVhtie hi ghest . di fferen tween initial
rates of ﬁlsRS-d Igﬁddﬁ%)g @ﬁ%ﬁth?lﬁger 7 557%2;813 ﬁ’é&g@%&@lﬁgﬁm&ﬁ Bg(ré’s‘gé%o)%)@& t he
condi t i oRsactibnewpreatsicd by additiombf 188 MbskRE tEX B/ cBncehtfionlord §9£100

tra forﬁﬁts tI}Ilar horing the m crosomal yeast EH of #25, #46 and #692

di spl aye Riykigres T eimchatedsa jasarousql stier at 35°CL Samplen B300ed)amare t han t he
YL- sTSA fakanst p i . r her. sources. I .

Compar | s L S At 00 PP e Re i aTh 0D yeast
host st r aghsftytawhichite orgamid luyérs & epnembea ey RENER Fra685EVhSda@usihBe EH from
Rhodot orﬂ 3 au(gar 'b,ae #%FS, .NGYC 3183) was selected to determne if

functi onal® Qﬁ%?‘é YIROFENL SE‘B@?E&?@ESP‘&P 4ivites and selectivities to that
of the wld typaigdie I I ] 1 t ression
systens. Thi s EHldi smyeggéée(gcégﬁygﬁ% %éé&?%*){b ﬁé;l%&%@ﬁ;el#i%%??{iﬁﬁg? a wde
rane of the Hltypg @¥T4A), tahd with|signaleptid SHY Lete) lies 2TRSi B X P YIS SEHPROY e

trol IR ter.(TEF9 i ngl ( t (O
Varrow o SSFIERRY) Bk DS RbChideitoiaseiaReia D@ TR ! T
Sachar onyeresvalested i ittRchydrslgdis Gmeepéx;@Etaféé] qh@ﬁIer’e&etXE h@lg@ﬁlm d) as

e abl'e

descri bed Fgove. Functi onal expression under t sul ow h conditions
for i ndURSPHESS @psedasicersasedn thaselctivist efithe enzyme (Bigntd)nBbwevanyinfthecondi t i ons

in YPD ! : b } ansf or.mant and t wld type yeast was
eval uat re%g %r%(ejfog%%%g}ﬁggp?%éf gﬁ%&sk&g’ frg;(eprre R AT 18?? (,ggq)ljy t’“&sg‘Feﬂat of the
wi 1@ typs singleyopy;f cansedid dremeti ineypasei il @6tivifiaad lbelivityREmB RGN Wthé Wid25) and

t he recq[nbi &ant‘l nzyme (YL-25 TsA) were conpared in biotransformations with
1, 2- epox elffEO) a nonosubstituted epoxide (Type | in Fig 1), styrene

oxi de (SO antheIecomyhs vV - OX e e, epoxides- Type ||
in Fig.l) cycl ghgx_ene oxl d[g {!Clé?)gkrgﬁg%é%%g—%g?ﬁ@@?&?@fﬁb@%{%ﬁﬁg as in
Type 1V P g.ij didias Isecrle anRBetectibla BE iRlo thnslipethata@f dthb &inetic a cycl ohexene
ring). formation reactions are given in

00, Rt b R S T AT o
enzgne il idtd thersep@nithmiqse BHZAYVEIRSydrolysis of 1,2-epoxyoctane was compared
for the wild type strain (WT-25), the recombinant EH with the signal peptide retained
intracellularly (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 ultrafiltration to 10 ml reaction volume.
The recombinant EH with the signal peptide present retained intracellularly
displayed a decrease in selectivity and activity compared to the WT-25 strain.
30 Furthermore, the secreted enzyme in the supernatant fraction displayed almost a total loss
of selectivity (Fig. 15).
The effect on the activity and selectivity of multi-copy transformants with the
LIP2 signal peptide present (YL-HmL transformants) and without the LIP2 signal petide

(YL-HmA transformants) was compared for other EH for 1,2-epoxyoctane to determine if
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expect ed, good conpari son between the selectivity of the wld type EH and
the enzyne expressed in Y. lipolytica was obtained for all epoxides

(1, 2- epoxyocbamap403t yr ene oxi de and cycl ohexene oxi de) PETgB208§/002Tabl e 10.
Reaction conditions used for WI-25 and YL-25 TsA bi otransformations W-25
YL- 25 Tsmefpeschataoflabigabssplidd Budetd @cthsd Ria0f - % (Wv) (M
(W) (o 1 2 eporyoot ane. 10 100 10.101(%1aSty Shdl SR e ™ (") 1)

Oycl ohex 8Ty Ele Il eagess themuesgncetaf drapignat paptidoziuded 50eciisE oliihe

recomnbi n : i ) i sjae (SC 25 nd.Y. lipolytica
(VL 25 oA A SRy BERE g an B | o s e frinido s9ibde (5O
(Fi g. 10omynsforndetsevithoinctbe il peptide. (YLOB) TsA): met hyl -3 - phenyl -

1, 2-5epoxypropane (MPEP) (Fig. 10C) and cyclohexene oxide (CO (Fig. 10D).
The ‘conditions for the biotransformation reactions are given in the
figures. Wiile the kinetic properties of the WI enzyne renai ned
substantially unchanged or were slightly enhanced when expressed in Y.

| i pol ytica, adixawiple8:€owmgakises obkinetid bwpbmi@fof@@"iaeﬁwmmflggﬁyrre
expressed jn.S. cerevisiae de reas%d d to the reconbl nant _enzyne
expr essed _as pressed in recombinangt Yg inolytica iwith 2d withoutcysioms B, 10C,
and 10D). It is known that feabP it nteBbaubs! ae hyper-glycosyl ates
foreign proteins which may sterica epoxi de hydrol ase. The
res ts shownBREpesiemationswere peitfermedto camprt theactivityomidaticetivigfory east
derived | In the recombhi nant host Yarrow a |ipolytica is
hi ghl y sﬁlﬁtgfaég e %&e%re gc%fﬁ%:,‘tlllp 8?%8? Wé@@%&&'é@?'ét@fgr\? PepidesAcksy apads or

appl i catiange efuliffersnt pbiides wfasderaRthe ROMEASSIASHHORA Bcfiflyt he ot her
expressiq}g ho(? s.. Exanpl e 7; Conparison of kinetic ‘properties of epoxide
hydr ol as®8SF Epéals%'eR??‘V@‘itﬁleabé’ Tesauphinans EH pontaivingtaisignat peptide,ovasa | i pol vtica
wth an éﬂehﬂggn ' ' ' I secretion si.gn epti.des for

1, 2- epo%{ocltaane gﬁlgﬁt 'terhgﬁcg%%) glla{ét{lﬁ Illggéyfllmz%?almosﬁxmess.lﬁ%ﬁhé’gﬂﬁ%t EH
PosfPt i vesignabpeptide (8h25 HwE.eYLA6dIhR] ¥-69D Hinlb) 4k tYRcanBingkiann whi | e

shaki n t .28C far 48 hour Cel]ls (.1 M) were centrifuged (5 mn at 13
000 x g)l?vollyélﬁz 8%88 ggpressmg%H w1t{10ut a(31gna1 pe)ptlde (YL-25 HmA, YL-46 , YL-

692 HmA) were compared for the hydrolysis of styrene oxide (Fig. 17), 3-chloros’iyrene,

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 caused 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 secretion signal sequences attached, and that any EH

30 enzyme that was secreted into the supernatant had lower selectivity and activity.
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aspiration of the supernatant. The pellet was resuspended in 750 ml of a 50
nmM phosphate buffer (pH 7.5). Epoxide (2 m) was added to 1m of the cell
suspensi owp 2b@ldiowad by i ncubati on while shaking at 25CpConBB06/ni2i44 The
remai ni ng epoxi de and newly forned diol were extracted fromthe reaction

m xtures WHixaimpBO CbmphliydrekthabffectAt HferGRHrbinbHIAITOR {ri Ki4dr) k0 000 X
g), diol formation was evaluaied Dy N ). (a)
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sequencebﬁ‘qron%e#%ﬁand ?ﬁ%ﬁ%aﬁgﬁgm@é{%ﬁaﬁc‘%@% qaag#ﬁéeﬁare%f&d%M c62pre- rro
t r ansf or heifewia(lpobiipoPolli lnmt sideatontiddbfthe TBREahSREMstoRmbDGithdh C62 singl e

copy int jye plasm d und control of the XPR2 pronoter and contai ni ng
the codi ﬁgergi‘%aagﬁ@gr ‘F’ﬁrﬁbﬂﬁeﬂlﬁ%ﬂiﬁaﬁﬁ%‘@w conainingths varens Biteadinge) wer e

eval uat esbqhieiceEtY TATEA ViahfoRGHR 5 : | whi ch the
W #46 di gpl ayfﬁ;ood. acti 3?%‘@%”@8‘?%@??%@? @%90%%?%&9}%&3% ivity was
obs ¥ veddstermyes the effisianey plithg diffarent prapmateraantl thepéectafcopyt sundek bn t he T.

reesei Séo@i@ﬁ&m&?&ﬁécﬂ?%%@fg gﬁl\iﬁer | ow cel lular activity was observed with

the LIP2 pre-pro regi é‘pt I de. Thus, quantitative anal ysis was

only per f or meBiofrausfdrhatitiisanet peiEdicdh ténphetht hylRERRI ofHhi@Ral peptide. (b)
Eval uati on_ of %Q%%arct ivity of the reconbinant EIYI from R araucariae (#25),

Rt or ul BOFKes - IsthandY LatmAdragefanmants:692) expressed in Y. |ipol ytica
under control : t akni the LIP2 signal peptide
(YL-HnL tran s%%?%‘ﬁ?g?pé%ﬁg’@%ﬁg @ﬁrdsc‘g %B@?E‘aﬁg’rﬁ Emﬁk"“@ﬁ‘-ﬂﬁngm, pYE- 46
Hri15and barba i thenEH ( FomHEB2 (R.ipuiudigenam NEOC B119)an8 Ho7NED nbiohmde
rrulti-co(% i?i)e%rativ.egpl aé%ni:dﬁgldeA 1293 = pYL-HtL under control of the
hp4d prprm‘?é E R TN 'é[‘ééltﬁﬁs%ﬁﬁfﬁ’&aé@s%Wﬁb‘f‘f?lﬁh@ell#@ﬁu%lnq #692,

[ espect i a1’ drpf it a8 Sisdd)Sinlit Rl BEHGhds BoleBlon SOM of wd 2l c2) vere

eval uated for EH activity wt epoxyoct ane substrate
Bi ot r anst¥Mietghfovas used for pdy HorAntachstormiaiits, ForteSRoeaii-Bnttrihskainest f or 8

days (7 (ﬂﬁﬂacye&fd&%le ﬁ;[e%tc.i\%?}g oBserded \PgrQhe 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. paludigenum 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 pheny! glycidyl ether by YL-TsA and YL-HmA transformants
harboring the EH from #46 (R. toruloides 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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phase was reached) in YPD at 28C. One day (24 hours) after stationary phase
was reached, cells carrying the multi copy integrants under control of the
hp4dp werwoabdr@ivm3achi eve the intracel |l ul ar expressi onprafi/iBles/e@diang
sequence products fromday 1 to day seven (Fig. 12). Extracellular
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calSed a dramatic increase in activity and selectivity conpared to the wld
type (Fi goxadible . [ 6C : I|olyt|ca sfrain, expressm the EH from

ESS1011 01 O 'L_'. "'_; . HASCS INORN | nto t he

si;pernat ant . Tﬂ&fdremecepﬁ@m%wﬁﬁh thch eﬁhﬁ&ﬁqnﬁur tdleterm ned using
YL-25 HrL that secreted the nost Nt o e Fig. 12). The

hydrol ysis of 1,2-epoxyoctane was conpared for the wi | d type strain

WI- 25 th | d
i(nt rac)el | ul :ﬁg%@@%ﬂ%@cﬁé\ﬁ)?y}a %f%g‘%%’ e g’ﬁ% g%?-?ltgdti‘l?ra@t ed into the

supér natearmple of a cytosolic EH from plant origin (Monterde et al., 2004).

The synthesized S. tuberosum 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 potato EH
enzyme was compared to that of YL-692 HmA (Fig. 26B).

25 Hydrolysis of styrene oxide by YL-HmA transformants harboring the coding
sequences from S. tuberosum (A) and R. paludigenum (#692) (B). The S. tuberosum YL-
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 YL-692 HmA. Thus, it is clear that highly active

30 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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(YL-25 HrL SN) (Fig. 15). The whole cell biotransfornmations were carried
out with 20% (w v) cellular suspensions in 10 m reaction volune, while the
bi ot ransfwormatioamodi t h t he SN was carried out using thepremtiBzowe/@N744 acti on
froma 25 m shake flask fromwhich the cells were harvested and

concent r &radd bgedont pBise), dudtd BierfaSial@advafi§Ralhk h l‘xb?&t i 01Tbi nant
EH with the signal peptide present retai néd i nt rage?}:u arﬁn}ﬁgﬁ({sfglﬁgyed a

decr eas e P &8 eRlyreRprigd doraery lom spnesnirptions (5 iV} byeSpalbeRSersil.r O the
Furt her : LDt supernat anf fraction displayed
al nost gg itrhglé léélnhﬁgg gﬁ)o Sggﬁ"ga?‘t%?{g??f@c’“(l&ﬁygﬁeli%‘ﬁfe %ﬁ‘gléﬁ‘ T"é@f‘}béﬁat? he activity

and sel eeerceittafionf nulti-copy transformants with the LI P2 signal peptide

present (YL-HW_ ragsformants) and without the LIP2 signal petide (YL-HM
t ransf or mant s)’ 4@0ed Hifsene oty labetatory strain o 4. Yadiobgrterypod expressedthdet er i ne

ifthe pregRig? i NePL ecrease i.n _activity.and
sel ecti v?t y forgéoﬁ%l%ia? fa ggrc gﬁfd)lélfl | hﬁglqﬂhggg‘é&"%@aﬁ?séméwﬁf“ﬁe si gnal
pepti de &uthedydeolyricoisgaend oxideofFig. e HetstMttivityadthpard sedity bidtishéd t he
reconbi n@;ﬂ& = %Fi de: .6}1, eve Vérg}rrpar ed to si ngll e- Q%Sy transformants

wi t hout the St gni %%%‘P 88"%@@- nexpipssedintiaptlbilaly indnfipelyticens bestki net i ¢
properties of TIRPYKIAesNysH--ARER Lal .0 in

reconbi nant Yarrow a | olc%t’i ca vt\;%hm%?lagt %@}Elhgég%sge%gxlgﬂglﬁ%@%“ de for

di f Per enteleshBity siasp®tadiipniis hativeegene neerwapessed i 4 metbbuarexonpar e t he
activity and selectivity of different EH expressed in Y. lipolytica with
and wi t hout signal peptides across a wide range of different epoxides to
ascer t ai Example 1l hProthetion e YiFoiid lipblhjtita ¥1925 Binss hhy | r

1, 2- epoxyoct ane by reconbi nant _contarni ng§a Si 2l &%QQ‘Wa
general phenonmenon. The PeyWdenenoxide hydrolasedhigedtalystst r ai ns expressi ng EH
containing a signal peptide (YL-25 HrL, YL-46 Hnl, YL-692 Hnl) and the
reconbi nant Y. lipolytica strains expressing EH without a signal peptide
(Y1525 Hmtroductie HmA, YL- 692 HmA) were conpared for the hydrol ysis of

styrene oxid Fi.g.. 17 3-chl orostyrene oxide (Fig. 18) and cycl ohexene
oxi de (Fig. (I'B‘) .eﬂg}’ﬂ%“]f ‘@é‘ﬁ‘b% ‘Yhﬁi? feli ?ngwlrzha@zgasngloaﬁql)yxma@@zmmww@mg
al so conpardma 7zpblytiéﬁjx%8&1iﬁﬁhﬂ%trﬁiﬁ'ﬁ-2g%&ﬂ{j%afb%hqgﬁﬁeﬁf@agrgs?%l%r%hagge of

1, 2-epox¥pr opane (Fig. 21). The reaction conditions use
bi ot r ansfléfiosmfced micsregimes schiedug iatryl célhcdicantpition 41 > B0/t fides Whsitthat days

concent rgt | : 1o s | oadi ngs used are gi.ven with each graph on the
figures. @E%Ioggﬁra ‘%-ir@ﬁ%?“aﬂ%segg\(aﬁéPWC@Eé% 1ggacellular production of the epoxide

20 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:

25 The yeast morphology is variable with normal oval shaped cells and buds to

elongated pseudo-hyphal growth as shown in Fi g. 28.

Culture maintenance:

Y. lipolytica recombinant strains were cryo-preserved in 20% glycerol and stored
30 at -80 deg C.

Inoculum:

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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enantiomers were perforned as described in Exanple 4. In all cases, for all
strains and all epoxide substrates tested, the presence of a signal peptide
caused a weenwasetBn both the activity and sel ectivity eCTuB®osewombi nant
EH. Surprisingly, the advantageous kinetic characteristics of EH such as
activity and selectivity were adversely affected and that the enzynes are
pr edom ni.ntgl%( rﬁ]tgai ned within the cell, even wth various secretion signal
sequences®¥f Le Hflu’élﬁ\qeqlﬂlﬁt any EH enzyne that was secreted into the

supernatant h Serectivity and—acttyityEcarpte—9—Ceppari+soern of the
ef fect of_di ffa‘g?lgﬁetﬁﬁfgr omot ers (TEFP and h;ﬁl‘ﬁ'ﬁs‘“ the expres Mbn | evel and
ki netic properYéasisExtfactEH from di fferent sources Conparison of the Kinetic
properties of relggnbi nant EH expressed in Yarrow a |ipolytica Polh host
under control MHMtEXE%pad promoter and tré@@sformed with an iGtegrative
vector wth thepha3d4 sel ective marker cqptaining the vari ﬁ#s EH codi ng
sequences (YL- HprrA transformants) and the sane reconbi nant EH expressed in
Yarrow a |ipolGltéasa Pol h host under contrals of the TEFpronotgr transformed
Wi t h an integrati-ve—veetor—w-th-the-ura3dl selective marker containing the
vari ous EH codi ng sequences (YL-TsA transformants) was perforned with a
range of dif g o i 1 et SRC t di fferent
pronoters and tegg{ eﬂaggiteg%?l%g%%sg%?%o%’ﬂggﬁe%w_{/&gﬁ}é@%@ezﬁevi ty of the
enzymes. flaskywergingcytated withns singleerypid pemtdk taad toaRASELDS def¢dnehysi s of
differe ' YL- TsA.and, YL- HMA transformants. Resol ution of

1, 2- epo%gfg%igﬁ%gg%t @ﬁ-mqu@ﬁan]fl-Wasﬁ%{ﬁéﬂFSa fruthe dermentseratisy13-h& EH from
#692 ( R hquad efdh@batisn. NOYC-357850rand #777 (C. neof ormans 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 vgiodhtdon'Bsaiasged for YL HMA tarnsformants. For #692, the YL- HM
transforrnant di splayed double the activity observed for the YL-TsA

t r dfsf orFabhe 12aRioduvtios dMedatn (ittly for@eRier)ed unchanged. For # 777, an increase

in both %t; vi-ty—and—selectivity of the YIHm transformant conpared to that
of the YC*P¥RYWansformant was obserpAmiowRdsol ution of stlyrene Gnitde by
YL- TsA aR@ertilsedBFyE® anstormants frar joring—the EH-F+rem#46—(R—toerulei-des
UOFS Y-Q471) and #692 (R. pal udi genym NCYC 3179) is shownf in Fig. 23. For
YL- TsA tNaagfixtmeint s, 20 %wet wei ght| 1gelTs (equal to 4 %ldry g

Citric acid 2.5 G

CaCL;.2H,0 0.88 G

MgSO0,4.7H,0 8.2 G

NaCL 0.1 G

KH,PO,. 11.3 G

(NH4),SO,4 58 G

HsPO4 (85%) 16.3 Ml

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

NaH,P0,.2H,0 0.4 G
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wei ght) was used, while half the bi omass concentration (10% wet weight = 2
% dry weight) was used for YL HMA transformants. For both #46 and #692, the
activity wb200m1Yi03HM and YL- TSA transformants remai ne®CEABBOG/HEI744y
unchanged, while a significant 'increase in selectivity (2 x for #46 and > 5
x for #6PCpmypesndbserved for both EH gyBhgFEed I n the YL-jHmAtTgmsformant s
conparedto-the YL-TsA transformants|. Resolution of phenyl glycidyl ether
by VYL- TsNaeRPOr7H0n t r ansf or mants Hakboring the EH from [#46 (R torul pi des
UCFS Y- OFiLl and #692—(R—patudi-genrdm-NeYe-—3149)—is—shown 1 n Fig. 24, for
bot h YL- fligigoangﬁ%r- HMA transfor mants,fO;QO % wet weight cellls (edial to P %
dry wei ghiNijcotsis a¢iged. For both #46 gngl #692, the sefectivity ofsthe— Y HM
and YL-TsA-transformants remnined eslsentially unchanged, while a signif|cant
i ncrease] BiRtictivity (2 x for #46 arld.2 5 x for #692) was| obsergyed for|both
EH expr esgrd N idre Y=—HmA—transtorAants—conparedto the Yl - TSA
t ransf or Sn%%%dgi.ne%cslol ution of indene g(i de yPYL- TsA and YL-HMG
t ransf orneanPstivatidaatel Ng the EH TrompRpP2 (R pal udigenummNeYE-3E79)—#28 (R
muci | agiposa UOES Y-0198) is shown ijn Fig. 25. For YL-TsA transformantg, 10
Yet wei g‘?‘ﬂcoﬁ)&ls (equal to 2 %dry {weight) was used, whifl e haldg the
bi omass Wﬁ-ﬁ%—%&—%kg—h& = ight)—was| used for YL HM
t r ansf or|ment s - F #692, the YL-HmA |tY ansformant di splayed 7 tiGres the
activity reksahineBedRic it YL- TSA trgnsformant and the setectivity Tenal ned
essenti glly unchanged. For # 23, an fincrease in both actijvty an
sel ecti viﬁ(’;‘lc@ﬂdt he YL-HmMA transforngrit2 conpared to that of the L-TsA
t r ansf or[ERL s—observett—H—aH—egdses—Y-HyA-transfor i )
i mproved @P%%%c properties (activi typ-%md/ or selectivity)| conpdfed to
YL- TsA t|rassiby agant s. Exanple 107 Hi ever —functTonma—expt t:b:(i}un of
cvt osol ifc—epoxide hydrol ases from dilfferent sources in Yarrow a |ipolytica
(YL-HmMA[transformants) The epoxi de hydrol ase from Sol ari um t uber osum
( pot at o)| Tvace element: stockowlwetionexanpl e Amaugylk, 0sol i ¢ EH from plant origif
(Mont er (‘ﬁ_@—&l—,——%@%——th@—&%ﬂl—mi S tuberosum codi ng sequence S
cl oned i Y. lipolytica as described in Exanple 1 and the YL-Mt-HM
transforfmaot was used for the hydrol )Q%bs of styrene oxide (Fig. I26A). The
activity and selectivity of the reconbinant potato EH enzyne wad conpafl ed
to that |§eSOLTBE2? HMA (Fig. 26B). Hydisol ysis of styrene oxide hy YL-HM
t ransf or M@.ﬁbborl ng the coding 7 G

ZnS04.7 Hy0 11 G

CuS04.5 Hy0 1 G

CoCL;.6 H30 2 G

N32M004.2 HzO 1.3 G

Na2B4O7.10 Hzo 1.3 G

K1 0.35 G

A]z(SO4)3 0.5 G
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sequences from S. tuberosum (A) and R pal udi genum (#692) (B). The S.

t uber osum YLHM transformant di spl ayed the sane excel |l ent

enant i osewecbimiib4pdas reported for the native gene, whi eoTilB200ppsi4e to
that of yeast epoxide hydrol ases. Activity was essentially identical to

t hat obt debled3f OperftingPatatttdes Thus, it is clear that highly active and
sel ecti ve—EHfromvery diverse origins can be expressed with retention of
the kinetic pPUBESPEEIIm Y. |i pol
expr essi | f

on. EH-fronrAgrobacter
exanpl e Iz@&ﬁ'{lggé%lplgb ¥

of a cy EH from bact
1998) . HoweveTempdratareqPEy Me T epor

{Contrel, stilnet toanhaintam 806 pO&r | evel s of
t+at-obacter—was—select ed as an
erial origin (Lutje Spel berg et ah,
'y becane unstabte T epoxide

[=2)

concentrigtions exceeded the solubility limt (i.e.,fornmed a second phase),
due to ijnterfB®ial deactivation. THe k(NIBIORamh@sSsm)eri stics of this |enzyne
were onl ceptrations—(5 M) by Spelherg et fal. On

repgrted—forverytow-copcent
t he ot helr handr,es*ﬁeecﬁyﬂaf)transfornat Sg(?ﬁs performed herein were at at 100 nmM
substratle cone@Ep{%ption. V& CI oneu3b%ggene froma taboratory—stranjof A
radi obacter and expressed the gene[in | i polytica as described in Exanple
1. The YL- Ar -MHosulomanbior mant was psed for the hydrolysis of styrene |oxide
(Fig. 27WWMLI to published data, and no
i nacti vatlp aBé?ﬁP}‘_’Ede alchareg's gudindigatesibe medivar cqmponents that peteydieh as
host. Th&MHpLly And sterilized bythept befase additiesr of themthed msgiuayenessent i al | y t he same
selectivity as reported for the native gene over-expressed in A
radi%bacEWmE@aml e 11: Production of Yarrowi a |ipolytica YL-25 HMA and
formul ati on dr ol ase hi ocatal vst |Introduction

The effici enfﬁ‘%%gfﬁéa%%ﬁg%?v%%&ﬂ%ﬁ%f all? efc%ﬁ@)%} Rrenmpleit rshekedlagk elingsst  was

denonst rafthéstatadyisionYiar esvMyacthaddol ytica reconbi nant strain YL-25 HMA in
fed-batch fernentati ons under a range of glucose feed rates regines

achieving a dry cell

concentration of >100 g/1 in less than three days

f er ment q“érﬁfé]gxﬂi{{?%tnjeﬁﬂts .The strain used was constructed for intracellular
s .

producti

on O

e epoxi‘de hydrol ase under control

of the quasi-constitutive

hp4@ pronot erFerditreathinaesatliglof tirefeaftitAbnYa® repReaGN EMIL Y4 Or mul at ed and

dried using a nunber of different nethodol ogies.

Ferment ati ve production

Organism ldentification: The yeast norphology is variable with nornmal oval
2 géDEd CRibles1 50L- D3R A RaS A8 RE nglgfngy)})ﬂ%n ro?‘é‘fu@osae%eésdhrgygg 'n Fg.
Glucose Glucose Glucose
fed at 3.8 fed at 14.5 | fed at 5.0
Study Description g/initial g/initial g/initial
reactor reactor reactor
volume /hr | volume /hr | volume /hr
Age at maximum biomass Hours 68 40 45
Maximum biomass gram decw
concentration /L “ 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/g 133.7 114 94
(on 1,2 epoxyoctane) dew (at 75hrs) (at 70hrs) | (at 60 hrs)
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Cul ture mai ntenance: Y. lipolytica reconbinant strains were cryo-preserved
in 20% gl ycerol and stored at -80 deg C. Inoculum The inoculum was

pr epar ed wo 20amn1b408r e Fer nbach fl asks contai ni ng 10%/ v PeEAB200G/0@IPr | Si NQ

t he conponents listed in Table 11. Table 11. | nocul um Medi um Conpound Anmpunt

FL Unit Yeast Femtenmtibndw&e Mal fo ifNdshi@d the @rietReBtrRRG: 1S 15 G The
pH of th(glmrred' um \/vaffF adjusted to 5.%&%’ th ei toher NHO%T%or e% %The fl asks
ver e i nolif BEEPUOR pHhe cRqxigy hydeqlsse enzyimepisem faaokiakinblitive nixatmbihaat 28 deg C
on an or ikl SHRKEIA Pg i.necul s transferred to the
fermenters after 15- lgh}%g%shrsg |£‘gg&gé??bg§tig(%%62-8 at 660nm . Production

medi um Tabl eThemagnhicibinass syeeficienzyk aktivigsdGyMigsd WaRoM EMoﬁtﬁw t/2 LGUni t
lotin .

T e ne 95 ¥ 114 HYCUB NN At M) ool smmsetivey oy s ShscPl 5 G Par a
2 DRI 10 Bl ey LT o iR 1 O
However, due to the differences in the biomass concentrations achieved during the
different fermentations, the volumetric enzyme activities were the highest at the higher
glucose feed rate with decreasing volumetric activity as the feed rate decreased (Fig. 31).
10 The main factor affecting the production of epoxide hydrolase by Y. lipolytica YL-25
HmA appeared to be the specific growth rate with the growth rate being inversely
proportional to the specific enzyme activity (Fig. 32). It was evident that the specific
growth rate must be maintained below 0.07 h™ for optimum biomass specific EH enzyme
activity, preferably below 0.04 hr™! while still providing sufficient glucose supply for a
15 high (>100 gram dcw per litre fermentation broth) volumetric yield of whole cell
biocatalyst

Dry product formulation by fluidized bed drving,
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 demonstration of drying using agglomeration unit operations, the cell paste
was reconstituted in 50 mM phosphate buffer pH 7.5 with and without KCI (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
slurry. The celite was used as a carrier for the yeast cells during the drying process. The

slurries were pumped into the fluidised bed dryer under the following parameters:

Inlet 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
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H20 950 M FeSO4 H20 35 G vMhnSO4J H20 7.5 G ZnSAJ H20 11 G CuSA.5 H20 1 G
CoCL2.6 H20 2 G Na2MoM4. 2 H20 1.3 G Na2B4Or7-1 0H20 1.3 G Kl 0.35 G Al 2(SO¥)
0.5 GrlablwoX8o7/@p@sati ng paraneters |1C is an acronym f oPCTilR20é/ed27¢har ge"
and indi cates the nedi um conponents that were added initially and

sterili zdeckehyinédby ddyiioOroeoragkh 4t i 05P . Enzyne
assay: E%ége Sfasl?taylg \/t%/eslrggb perfor ne%rsﬁﬂg%lgér ?ﬁcgr@%klggg%gﬁg?ﬂ%%mshake
flask cul'ttfesoprulpiionsaeas sssaved for attivityeqobepanticaelectivitg one0aMiraemiesul t s

Fer nent at : I 3 tations .are reported in Table 14. Table
14. YL- 2%#%%%6?%35’ %13 @{? S#%Figrrrgrl\’%"g{af’ ﬂ“’%ﬂﬁ‘r‘?ﬂﬁWo‘éﬁ a‘i“g g tgthrd¥ee f eed

r at esFer dued eedlibooth contra. The rdactidonwaSnhFadEDyt é]ﬁa?éd‘s%ﬁfonﬁio;@dggr%ﬁe nt sugar
feedEI r at e’ih on t;@aﬁroduct ion of the mde hydr ol ase enzy from Yarrow a
|i pol yti B8 dAP osa PPEX LS € nn, Fhe0 P@ §isdthemdunmari zed in Fi gs.
29-32. The maxi | I fi Cc enzyne. activities obtained were 134
mvbl / i n/ g del\)/gv(%r ”f%%ﬂ%@??‘?%"ﬁﬁlgﬁééhﬁs ﬁ‘&f" OB UMLOPFIAAN. dherell prEe Bagt i vel y

for runswelbmigddmitisenficedrysallar cefluldseharried 151 3649 Dd9he) ﬂégééﬁ‘ﬁxr 8 litre
e er ences

initial reactqr vol upe ger hour (Fig. 30). However, due tot

in the b%wég@er@éﬁe@m pgiare c Hais fepl yigldsismgllstrips dwlitleweretthdreplacedt at i ons,

t he vol ujiet $héroRiné F Mol lghest. at the higher glucose
iphéroRiRédBmBfeht féh{pbﬁﬁn%lﬁc}f %b%v%t%tlﬁggmpﬁgltq gg:ﬂp?p S

feed rate with decreasing vofunetric activ ‘decr eased
(Fi . 31Thesypgherasiwerd then placed mexhiidged dvéerpnddied foen.sdoup@xi de hydrol ase by

Y. lipolyti YL-25 red to he the specific growth rate with the
gr owt h rt\g{ngg%&r%sg‘%?lﬂg@? g@@eﬁ}e&dﬁﬁi Priog\’félwaﬁé PPWéerwé@?Iﬂﬁlg:Vlébiz gelts activity

(Fi g. 32yith hétiveazyend WRidh wabas FEd t be mai ntai ned
bel ow 0. 07 h"ll forﬁ%fpti mum bi ()S?r%és?lgfoigg%% ﬁnger%ﬁ)%%%{n%ggoc elrz\ls/[}opy, preferably

bel ow 0. 05894t Thednyfermplatians prernassiyed farukfivic antenghtivsels@ivetypRI2Y idr  a

racemic styrene oxide using the standard biotransformation protocol and compared to the

15 pre-dried cell broth control. The reaction was analysed by chiral gas chromatography on
either an o-DEX 120 or a B-DEX 225 GC column, at 90 °C (isotherm).

Table 15: Effects of fluidized-bed drying on epoxide hydrolase activity and

S’Eereoselectivity in different formulations of Yarrowia lipolytica YL-HmA whole cell
20 biocatalyst '

Drying Unit operations Drying Retained Retained Water content
Temperature  activity Enantioselectivity  after drying
°C (% of (% of Control) (Yom/m)
. Control)

Undried Control. 4 100 100 -
Fluidised bed drying after:
e 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 KC1 stabiliser in the agglomerated product increases both the

retained activity and the retained stereoselectivity. The drying procedures demonstrated
69



hi gh (>100 gram dew per litre fernentation broth) volunetric yield of whole
cell biocatalyst Dry product fornulation by fluidized bed drying. Fluidised
bed dryi ryowasr/aemnduct ed on Yarrowi a |lipolytica YL 25 HrAT/iBZO0O®N2344 ON
broth produced using the opti num glucose feed protocol as described above.

The f er nhae asultrin tar@'gmcwa@ pORas St was doiidbio Sl GidlflsPibie Rk idagiddoon and
washing with 50 mM phosphate buffer pH 7.5 before being centrifuged to a

thi ck pa¥ees afypbigetipmperatrs whendfeptinyh aitighiicgtatigyl oner at i on uni t

operations, t : . [ nst4tuted,in 50 sphat e buffer pH
7.5 with and @m%tlﬁgéﬁl{t wﬁ%fcﬁ'%f%g/?eﬁ? 1\%1?1%?% %{’6{;‘%“8% {Rely fzqafgylgg%ég‘? g"parﬁﬁsiads cont ent .
Manvi | | epdbpreptids ot fimetioniat fragiaern Mt X HRingl epodadnpfrolysd akivitly whithicad cel | dry
wei ght) was placed in the bed dryer before punping in the slurry. The

cel it e wisUsgd aya cemmercial Sloé’f‘talﬁ’étrhat”ﬁé highaactivigwandssteteaselagfivityevidleyi ng process.

The ! Ut b SxcREHR Snii) Srobdified Bt 2 GUAERI AN Gl ghoutligy T 0! | OW N9

paraneters: |nlet tenperat aust tenperature oduct
t enper at andaluzi@p Gvdpledse epoxtidrereshiytiongeactiogs. We hevel bipdilicdctidle frd statpr oxi matel y 1

hour. After t fluj di sed bed dryi ng process,. the_residual water content of
the 2 fo‘?’ﬁﬂ? 8%@%?%?"53’9’?6’&;6&’&“%%?@%43%8p’&gy“ﬁfly‘(hﬂ qag by culgigedhtoar  1050C f or
24 hour shighBio&RksSlVds Withl ah el Bigh BiohS i L ver e

assayed flgl? {gcti vity and enar?ti osé%‘2&%@3?%“?}@6%#/?{%%@%?‘3?%ne oxi de
usiWg t hEsadutignodmepldyi levelsefcoommmatiallyussfid epeolesarth aenaympecentainimgt he predri ed

cell brot; (o] I eaction s _anal yse chiral gas chromatography
on eit hgls'lg%(rﬁ %Bé&oﬁlgg‘ﬁgr 1 r%%@%ﬁ%?@%@? ?ﬂ?ﬁf}/ngﬁe“@% "ﬁ%lf F?Q‘?ﬁ@r m For
the dryiing doy poweriatalist fgmt{BecoRORER Tofahd-GblR RkigeTREGRkIde ResolulliBng el | paste
was well_m xed with a mcro-crystalline cellulose carrier 1: 1.5 (ww and
t hen pasE¥diegatabysy i acsordange vt the invantinmeia suifablsfer seramercial hioduetioap yi el ds
smal | strips, 7RI ; 3 ' . i zer qat  ambi.ent
Cemper at ur b, AR Borgy e RER iR SEEAR ARk e AR ey e
werté t hesxppissice slystam whédebiy, duipeidinglyi, the faribndoiiag stqfende for g;ﬁli;klic&: at
terrperatureoj fromzig.-?pzfg)c. Theoﬁ' nal product was a powder contai ning

vi abl e cBf asﬁbﬁwg PV AR 2ygast déﬁp?/\ﬁ%anh’éé%ﬁfé&vf’%f@ Wegraiessedritent as per
the aggl ey dits QB Gbainkh ol erREIBU Ay AN MBLEBRSANED [ O activity
and enantiosel ectivity on 20 racem c styrene oxide using the standard
bi ot r ansfodypentideoin the sterbinantrydast sipaYedowar kgvdytica and in such a form the

biocatalyst 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.

70



pre-dried cell broth control. The reaction was anal ysed by chiral gas
chromat ography on either an a-DEX 120 or a b-DEX 225 GC colum, at 90 C

(1 sot her mvo 20@ti1e4035: Ef fects of fluidized-bed dryi ng omrCEpBaioceo2iydr ol ase
activity and stereoselectivity in different fornulations of Yarrow a

| i pol yt iReferéhedd™ wWhol e cel |l biocatal yst Drying Unit operations Drying

Ret ai ned Retal ned Water content Tenperature activity Enantiosel ecti vil

after dryi ng anMVofaés 100 n B3 Ok i EoRgrol . 4 100
100 FI ui di sed beg’ dr’yIilélng{hg%’t e?:m:lﬁéigf%ﬁg%"on -E%QA'E?%?(SP’S& ES 92 87 5%
+ KA  stQasch,i ks £1999% Qlosing 00d mobec8phehamoiesiastionrof2GoBble ZPotidOhBRoOlAsE us MCC)

70 66 1 2% MCC.= mcro-crystalline cellulose carrier, Th resence of the
KA st ag%n? éoévrerglg{u‘f Wé’”atgé‘i lﬁ)ﬁ%}tﬁ‘i fodnapy m’iCFPéP@g]seé’QX'SB W?rf’f‘)? r et ai ned

act bvi t \Biadhdmt Ne3quedz -nggh. st er eosel ectivity. The drying procedures
denonstratedhere result in a dry active powder which was found to be shelf
stabl e for atyagasir IMBNYE §K agbi e tgur Mﬂ(ﬁp o an
airtight cont ai ner. “The %ve’%‘%{ ’%?gﬁ%e@"?}rﬁé@gﬁrbﬁna t ’%’f‘?‘gweg’

| i pol yt iRsanddDé¢schf.€1999bp Xiatabgr teiapof mivegsbindbeposidehydoldserreplademegivent

th f, b Q. id dr ol tivity which b

commer oA R O BB b8 LA gy et by St Blb et b7 o By whi | e
mai nt ai ni ng cel | ent ?éaﬁili,ty_ properties both as a shelf stable _

bi ocat al yst %’fhalcgtaing gy dify G- Phepswertinpal vrasts Bskiptgehnelpeyeact i ons.

A ngvel Almﬁﬂ%oﬁ._cgdj c@0esd BB/, Whol e cel | epoxide hydrol yse biocatal yst
systemis provide ich can be cultured to high biomass levels with an

i nherent hig i < irf i bk Y i resol ution of
ol ar 1 evel o T4 U6 SescRBE Nt SEnERE TR B bbb, [R0d] Sl Bl [ PTC
bi ocat alsyrs¢turesofppaniiebytirolasesha syateriatis aralysis Provaits $5,846e- §55t | ong peri ods
and is available in a dry power catalyst formfor convenient "off-the-shelf
usage for ep®@elidek] $.5Bhwkig,Jnand ViegjeR)iJOCH0RA)Y Blaskida AGHRSORBRpYLiES t he

i nventiqn i ? suitable for comrercial production.
ydrolase (BNSEH1). Eur. J. Biochem. 269, 5295 — 5302.

15 Bellevik, S., Summerer, S. and Meijer, J. (2002b). Overexpression of
Arabidopsis thaliana soluble epoxide hydrolase 1 in Pichia pastoris and characterisation

of the recombinant enzyme. Protein Expr. Purif- 26, 65 — 70.

Buckholz, R.G. and Gleeson, M.A.G. (1991). Yeast systems for the commercial
production of heterologous proteins. Bio/Technology 9, 1067 -1072.

20 Chen, M-H., Huang, L-F., Li, H-m., Chen, Y-R. and Yu S-M. (2004)
Signal Peptide-Dependent Targeting of a Rice a-Amylase and Cargo Proteins to Plastids
and Extracellular Compartments of Plant Cells. Plant Physiol. 135, 1363-1377.

Enderlin, CS & Ogrydziak, DM. (1994) Cloning, nucleotide sequence and
functions of XPR6, which codes for a dibasic processing endoprotease from the yeast

25 Yarrowia lipolytica. 1994. Yeast 10:67-79.

Fabre, E., Nicaud, J-M., Lopez, M.C. and Gaillardin, C. (1991). Role of the
proregion in the production and secretion of the Yarrowia lipolytica alkaline extracellular

protease. J. Biol. Chem. 266, 3782 — 3790.

71



Thus, the present invention includes an efficient epoxide hydrol ase
reconbi nant expression system whereby, surprisingly, the foreign coding
sequence wonoepasdode hydrol ase being derived from a yea®CTaB2débozpet Strain
is nost favourably expressed, in ternms of its activity and retai ned high
ster eosel ect | Pabry, E3Thara C. ¥ed Gallaaf], I Bo2p WoReRfibdfanbiPof £ east

reconbi nant yeast strain Yarrowia lipolytica and 1n such a ftor the

bi ocat al Pteaptis ressyedsi trpstromplemeniatipnivzthdtspordontam. SuBisk Ghent 26Tonmer ci al
appl i cat i ggyot 0y gpeducti on of optically active epoxides (and associ ated
vicinal diol products) in high enantioneric purity. The invention also

provi des a co ien fo at.i on recoybi nant Yarrow a |ipolytica
whol e cel | bi gg@?%"ﬁy?t a‘l“?mﬂé_hﬁ'f‘é‘%&i‘g%r h@?;). SPalsaion oF s Eeai nt ai i ng its
Bar Lt gt chol e, AR AIR O Ss G 8Sine Maus SRRy Slgf W10 e
mol ecul afidhurueeensrces lction agseview.<nabl99, 8pedde hydrol ase from Aspergil | us

niger that is related to mammali an m crosonal epoxi de hydrol ase. Bi ochem
J. 344, 273 -GoBbn, GlanKhalj, V.\NRam, AtE.J5 ArcMreB)B., Brookhiianz J.1\\Eriddipan, P.,

P , RPp K d F.. (1999b). Catalytic triad of
i oF osoralT-LuEhES Ty Do LI il diePintoPici¥ Moo b AMadE (o 2

st rongl yandRoBsR®eE. I, (Z000Y. €FludcdbSlasBt D6 orelcerd protei fusi h, G and
Gai ] lardin 1996) . Non-convénti o%al yé)éstces ?ﬁm%ﬁg‘{%‘)@%ﬁ%W%@r A

.C. ( ) ) .
Hantb 0o kPTOsL Serigtien YedwatgilimerigarnMi®abivlogy $46, 4E5 sa@Beér, M, Schmid, R D. and
Pleiss, J. (2004). Segéjence and structure of epoxide hydrol ases: a
systenmatic arfdillydi, fan, .4t Dawld P. add Griffdhs DBl e IDMSS-enhZiveag, J. and

Mei j er, r ica sol ubl oxi de hydrol ase (BNSEH ). Eur.
J. | JBi och%%légggﬁé%s%%%tﬁ’:R@%ﬁ%’éf’ ,esé%,,g )r(rlrrer er?/ S. a?\d ﬁ/éi j er,)J. -
2002b). Over ression of i dopsi s thaliana sol ubl e epoxi de hydrol ase 1
i(n Pi c%i a pasﬁ%ﬁl’ E:J; l‘é‘ff&?é%ﬁg’r&é‘gﬁ'iagrpoﬁnqE@OPQQWQQ%FEXQWZ#%gf Prot ei n
Expr . Puliintan idirosbfaat cpbfide BYGSIRL f Scefirofihs hERSOD e Mhils bl 1) - Yeast

systems for the commercial production o et er ol ogous” pro

Bi dPTecHRl 1B gilatoxinBisdetoxi apion Chercol McH6S5, 3uady, L-F., Li, Hm, Chen, Y-R
and Yu SSM (2004) Signal Peptide-Dependent Targeting of a Rice a-Anyl ase
and Cargo Prdtecherredk, MaFischia, MigBivth) $icald Rlkis, JC@opsy Hownb fin@f Pl ant

Cells. Pl Physiol . 135 1363-1377.
softfble prot)éms: a comprehensive analysis of alpha/beta hydrolases for recombinant

expression in E. coli. BMC Genomics 6, doi:10.1186/1471-2164-6-49.

Kronenburg, N.A.E., Mutter, M., Visser, H., De Bont, J.A.M. and Weijers,

20 C.A.G.M. (1999). Purification of an epoxide hydrolase from Rhodotorula glutinis.
Biotechnol. Lett. 21, 519 — 524.

Le Dall, M-T., Nicaud, J-M. and Gaillardin, C. (1994). Multi-copy integration
in the yeast Yarrowia lz'polytiéa. Curr. Genet. 26,38 —44.

Le Dall, M-T., Nicaud, J-M. and Gaillardin, C. (1994). Multi-copy integration
25 in the yeasts Yarrowia lipolytica. Current Genetics 26, 38-44.

Lee, E.Y., Yoo, S.S., Kim, H.S., Lee, S.J., Oh, Y.K. and Park, S. (2004).
Production of (S)-styrene oxide by recombinant Pichia pastoris containing epoxide

hydrolase from Rhodotorula glutinis. Enzyme Microb. Technol. 35, 624 — 631.

Lutje Spelberg, J.H., Rink, R., Kellogg, R.M. and Janssen, D.B. (1998)
30 Enantioselectivity of a recombinant epoxide hydrolase from Agrobacterium radiobacter.

Tetrahedron: Asymmetry 9: 459-466.
72



Enderlin, CS & Qgrydziak, DM (1994) d oning, nucl eotide sequence and
functions of XPR6, which codes for a dibasic processing endoprotease from
t he yeastw@anoman@3! i pol ytics 1994. Yeast 10:67-79. FabreT/mio06/bi2caud,
J-M, Lopez, MC and Gillardin, C (1991). Role of the proregion in the

pr oductl on anMladesk, &1.i(20039.NdwR oK abr Mralobd acel l ul ar
pr ot ease . Biol Ch(gm S;)66 3%82 - 3%98kF1§qurée%h?0&'cﬁ&1hqg %Etr

Gai | | ardiY?f"o‘@a lpebgsy. Imll’r?tnﬂ%léleﬁlchl(ﬁd)t&eaﬁmheswchd)qveb)smemsm ease is rescued
by trans t Client. 267, 15049 -
15055. Gle/{i?}?@ge n‘}C(iﬁl 7a;1R§ %%{h %@%Stpﬁﬂg%g 5‘5381\%@\ cation of yeasts in
gene expressi of Sa charoqyces cerevisiae,

Hansenul a pollglrréo?EE ?faegrr?aalwlm ‘%%lgegdf"é’c tezo, R R apdiGjillandim L. 190 87 -
97. SCGor dﬁﬂ99)@ﬁnctlofﬂ’1&hﬂb/sm Vfupsm reﬁuﬁtlﬂ%‘regﬁfnﬁ @k thngr;Bwﬁf %@)@ Van “en

Trinci, @"&2 Jeenes, Doonan .

Hondel , ioofer. fyfﬂo%@%ﬁ“%@ §2000). G ucoarryl ase::green f| uor escent
protein fusions to monitor protein secretion in Aspergillus niger.

M cr ob| ol ogy Madzak; (5, Blanclgn-Reland, S1 Cordam-Otér&RRDambillldeuf;lnﬁ Giffiths,

D.E. (19 e cel l st. transf |on Nucl . Aci ds.
Res. 1 @é%%; %tﬁﬁgﬁ&éﬁlglsm@%‘rﬁ%%@ﬂl %ﬁ‘%ﬁtlng r§§}‘i’§§§ ‘t argefaEat on, D. L.
(2002). WEBW;@&mbﬂdﬂWz%KibkgpnﬂS epaxiyde hydrol ase in Saccharonyces
cerevisiae reveals a functional role in aflatoxin Bl detoxification.

Toxiocol . ScL Mbdzako C., FrdtonBS SMB[:&QK n-M)lzanE | §KMO?3 Mr%&gfbhﬁ S. and

Pleiss, J . (2005). How to find sol ub e pr ot el hensi ve anal ysi s
of al phd?r%f’@r%}’érl@ﬁﬁ@ege @@resmn ¢ sdsiatian tveatrsfasqiasirconstufitivecathiessiBVC

CGenoni cs, 71 4-6-4 nepbur NAE , Mitter, M,

Vi sser, f@ete@b%ﬂl QP %t%ﬁ?(n]]\\}ﬁ © gt €<zr %9211’0’5" OM”"?ofl@Q@f“la’Purl fication of
an epomMasrcdebgb@z&&szte@Bﬁd%@chmulz%gl utinis. Biotechnol. Lett. 21, 519 -
524. Le Dall, MT., N caud, J-M and Gillardin, C (1994). Milti-copy

i Nt egration iMafob, §.EREr NG AW | 0. 38 - 44 Le
Dall, MT.. N caud g-Maan Galllﬁlldgrsgflyy ﬁ(‘lgéﬁ?d%-dopy i ntegration

in Bhe XD s Dineptidwi aminonsptigast procesSingrand bidSpmthesiscsf :M6in38xtddelldlae, E. Y.,
Yoo, S. %roteﬁg'e'ﬂonhi’é‘rbw}ael%olygca. Mzcrobzo%gy. 1?1{'%253{3‘1 5272$' (2004) .

Monterde, M.1., Lombard, M., Archelas, A., Cronin, A., Arand, M., Furstoss,
R. (2004). Enzymatic transformations. Part 58: Enantioconvergent biohydrolysis of

styrene oxide derivatives catalysed by the Solanum tuberosum epoxide hydrolase.

20 Tetrahedron: Asymmetry 15: 2801-2805.

Morisseau, C., Archelas, A., Guitten, C., Faucher, D., Furstoss, R. and
Baratti J.C. (1999). Purification and characterization of a highly enantioselective

epoxide hydrolase from Aspergillus niger. Eur. J. Biochem. 263, 386 — 95,

Miiller, S., Sandal, T., Kamp-Hansen, P., and Dalbege, H. (1998).
25 Comparison of expression systems in the yeasts Saccharomyces cerevisiae, Hansenula
polymorpha, Klyveromyces lactis, Schizosaccharomyces pombe and Yarrowia lipolytica.

Cloning of two novel promoters from Yarrowia lipolytica. Yeast. 14,1267 — 1283.

Murakami, Y., Philippsen, P., Tettelin, H. and Oliver, S.G. (1996). Life with
6000 genes. Science. 274, 563 - 567.

73



Production of (5)-styrene oxide by reconbi nant Pichia pastoris containing
epoxi de hydrol ase from Rhodotorula glutinis. Enzyme M crob. Technol. 35,
624 - 63IwolkwejmEodspel berg, J.H , R nk, R, Kellogg, R Mpcansdenesen, D.B.
(1998) Enantioselectivity of a reconbi nant epoxi de hydr ol ase from

Agr obact er i unNiGaidIo-M, Madzd1e T, ANRCH A BrodR YT 't466 Madzak, C.
(2003) . ﬁv&tools for_ heterol ogous protein pro uctlon In'tthe yeast Yarrow a
l'i pol yti erhergpn R Gailjardin € (2062). Broteﬂe@mssmsmhseci‘eumneﬂhepmm s in

M cr obi olypgy t vandr um pp. 453 - 479L Madzak,
C, Blanchi nw"y Olé’c” ‘Bﬁﬁgi%étrlgesgfgﬁg S8 e G e n, C. (1999).

Functi onal LSy St rea ons fromthe Yarrovm a
li pol ytica X bm@i étl aby ﬁ‘r%’rﬁfﬁg@@\]‘sﬁﬂé (1 g%) gvypremlzcg'@vegase

Bl anghi naéﬁﬂ*ht&ﬁdl’aﬁowza@ﬁbo@@k@mg R @e aBaBele&ﬂQ iFkdr! 2y rt?engt
Funct i onél anal ysis of the upstreamregul ating regions rom ar row a

| i pol yti 0-xpr2 pronoter. M crobiology. 145, 75-87. Madzak, C Treton, B.

and Bl anchi n-Roland, S. (2000). Strong hybrid pronoters and i nt egrative
expression / Nicand: J-3h, EﬂutwsBkd(ermhaLMpFaﬂtmﬁrg Pj MR GxiMapdin n Of

het erol o n t.he ast.. yarro pol yti ca. Journal of

Mol ecul aﬂgﬁf?g (gén?+%5?/qu§ﬂ‘ﬂn%?%f ﬂ}f{?ﬁwj%ﬁe piatme oxtracellylat pi9ieass. | Mor ano,
K A, Kl KBR3kyne dPille yealdl Wrrdfvia BPEF8. YO Bl RAdehn - IY% 48%9 90, D pepti dyl

am nopeptl dase processing and bi osynt hesi s o? ne extracel | ul ar

pr otease frO”Niéaﬁdevﬁ M aﬁlkyb 0 o3 p. 3272

Monterde, M 1., Lonb * gﬂaqu{:ﬁp@k g’%le’lﬁ Dﬁﬁ?arli)d Fur st oss,
R (2004N\ie Efbpyam Pcandr Qadlaodma& @092) Haommwpr@aﬂﬁnmareﬂ&i ﬂﬁﬁé

bi ohydro S tal ysed by the Sol ati um

t uber osu éégep%ffj la?néd&’éf h o%ﬂﬂ‘Ag try 15: 2801-2805.
I\/brlsseau I thton Faucher, D., Furstoss, R and
Baratti ngghse %'}g’ pc% IRy P- %%f@@@@f Expression mdlaghﬂegﬁl y

enant i os@bﬁﬁbwﬁmmm&z #Mb& Eh dah S STl Bi ochem
563 386. 08 M I or Hogei Rt Phdciucah et 9%’@”}“’ .Olﬂ’cgdA@a’ ’68”‘3”14 (1998) .
Con‘ﬁan s@ﬁteélﬁméxﬁ?dssii)n system; in the yeasts Saccharonyces cerevi si ae,
Hansenul a pol ynorpha, Klyveronyces lactis, Schizosaccharonyces ponbe and

Yarrow a | i pdtarkj €&., (Clla:lrg, m@plﬁmwmm)/g&brdﬂﬁlarml\ffa%deﬁanYB'Y QY9

| i pol yti 67 - 128
poly ]%?pressmn secre%ioﬁ and processing o%nce a-amylase in the yeast Yarrowia lipolytica.

J. Biol. Chem. 272, 6876 — 6881.

Pignéde, G., Wang, H-J., Fudalej, F., Seman, M., Gaillardin, C. and Nicaud,
20 J-M. (2000). Autocloning and amplification of LIP2 in Yarrowia lipolytica. Appl.
Environ. Microbiol. 66, 3283 — 3289.

Sambrook, J. and Russel. (2001). Molecular cloning. A laboratory manual vol. 1
(3" ed.). Cold Spring Harbor Laboratory Press. Cold Spring Harbor, NY.

Swennen, D., Paul, M.F., Vernis, L., Beckerich, J.M., Fournier, A. and
25 Gaillardin, C. (2002). Secretion of active anti-Ras single-chain Fv antibody by the yeasts
Yarrowia lipolytica and Kluyveromyces lactis. Microbiology. 148, 41 — 50.

Visser, H., de Oliveira Villela Filho, M., Liese, A., Weijers, C.A.G.M. and
Verdoes, J.C. (2003). Construction and characterization of a genetically engineered E.

coli strain for the epoxide hydrolase-catalyzed kinetic resolution of epoxides. Biocatal.

30 Biotransformation 21, 33 — 40.

74



Mur akam , Y., Philippsen, P., Tettelin, H and Aiver, S.G (1996). Life
with 6000 genes. Science. 274, 563 - 567.N caud J.-M, Mdzak C, Van den
Broek P. ,wQpesé7rno483, Duboc P., Ni ederberger P., Gaill ar @Cm/ig2006/2Q08) .
Protein expression and secretion in the yeast Yarrow a |ipolytica. FEMS
Yeast Resear cWisger, B7,Weij&s N 2aaGM., ValOoyeabA 9.J. i h3y, C.
(1989hb). E)x ressi on of _i?nv’I:Et ase activi ty§ﬁ1%g$a§?%x@gd%’pjd{:§a/{2|ﬁg§' and its
use as aClBig. thaacterzatien anddgterologgun expressipn ol §oxidairolMeominatling - M , Fabr e,

E., Beckghi =M. i d Gill.ardin, ,C 89a) . . C oni ng,
sequenci %Nggﬁq‘ge#%% y ff‘r“g gﬁg{cﬁﬁ%’fgﬁ%@ ?l%ﬁ 4R ’Og%’ g %rfcf}l}fl’g"égsff?f’éﬁ%s e XPR2
gene of BloeechmaskerY2d 168V a 16ppol ytica. J. Biotechnol 12, 285 - 298. Nicaud,
J-M, Madzak, C, Van den Broek, P., Gysler, C, Duboc, P., N ederberger,
P. a@nd Gail | awdisen, £D., ns, NGO RObBr € 90WE Stbi . QMmi N the yeast
Yarrow a I'%ollyflti ca. FEMS Yeast Res, 2,§ 371,58‘71131%;5%%3?;%@&5% ang, CC
and Ryu, 1B5D; Molqealp BologwafitasGensn 44 ed Benipmin Eummisgs MenlooParkfCALr i choder ma
reesei Endogl ucanase | in Yarrowia |ipolytica. Appl. Biochem Biotechnol.
87, 1 - 15. P4naa, JEVS, FoutmiergP. 00, Giillardid; ¢, (1988)yOhailg, of BV YSBpendRy U, -

D.D.Y. ( . Si secreti.on and prgcessing of rjce a-anylase in

t he yeas%n%%z?al%lg (S)%éggrgﬁig%ﬁ%yld&o&?naﬁ frgm ‘?Wﬁ%ﬁ‘l"r owig lipghytien by BE®L. Pi gnede,

G, Wandntektafion. Cuidlab&ier. 18,15 Serren, M, Gaillardin, C and Nicaud, J-M -
(2000). Autocloning and anplification of LIP2 in Yarrow a |ipolytica. Appl.
Envior on. M craiopk., i, B338iue, 32881 Y ! 32001)- '
Mol ecul ar cl oni r?g A | abor at 51rg§/ ﬁanulgﬁq\gjgm%g’(%? B‘ae%‘f 03‘{@%@ ting Harbor
Labor at of-yMilagsA., Robettsapm.Bg Weinbo D.P.vid Bk VR, (2004). Bsokide M F., Verni s,

L., Bec i g Four.ni er.. A. and. illardin, C (2002). Secretjon of
active gﬁ@} o-q%gsc tsali\glr%aﬁl gl?aélhgf‘e FeRYe Q’r@?eﬁ’é& CIHV?Q%@‘{]?]@%&@SWWWH 9fpol ytica
and Kl uynaoepyxides. Vaghi GhenMSeé.aRb011095 - 13148, 4 1 - 50. Visser, H., de
Oiveira Villela Filho, M, Liese, A, Wijers, CAGM and Verdoes, J.C
(2003). Construction and characterization of a genetically engineered E
coli strain for the epoxide hydrol ase-catal yzed kinetic resolution of

epoxi des. Biocatal. Biotransformation 21, 33 - 40.Visser, H, Wijers,

C A GM, Van Qoyen, A J.J. and Verdoes, J.C (2002).

75



Cl oni ng, characterization and heterol ogous expression of epoxide

hydr ol ase- encodi ng cDNA sequences from yeast bel onging to the genera

Rhodot or wa 2aemh1Rededospori di um Biotechnol. Lett. 24, 1®8T/1B2006&002744MAt SON,
J.D., Hopkins, N.H, Roberts, J.W, Steitz, J.A and Weiner, A M (1987).
Mol ecul ar Bi ol ogy of the Gene, 4th ed. Benjam n Cumm ngs, Menlo Park, CA.
Xuan, J.-W, Fournier, P. and Gaillardin, C (1988). doning of the LYS5
gene encQdi ng sacchar opi ne dehydrogenase fromthe yeast Yarrowi a |ipolytica
by tar gem‘ﬂgE%CWMED Burr. Genet. 14, 15 -21. Zhao, L., Han, B., Huang,
Z., Mller, M, Huang, H, Ml ashock, D.S., Zhu, Z., Mlan, A, Robertson,

H

D.E., Weiner,; D P. .....Epoxi de hydrol.ase-.catalyzed
enant i osel e(_:tli've éy%tgﬂ%@giggwg F‘}réﬁpg‘?%@‘(’jf@?@yt{ﬁage%@gﬁmPﬁﬂﬁ n of
nes- epoxdfadich @mprise arGixegenoBonuclel@fid dntddif ad dpbRitle WlkSlaksYEEHAl MED 1S: 1. A
subst ang’*o%hgﬁq%ure culture of Yarrow a |lipolytica cells, a substanti al
nunber ch conpri se an exogenous nucl eic acid encodi ng an epoxi de
hydrd ase (EH) pol ypeptide. 2. The substantially pure culture of cells of
claim1l1, wherein e exogenous nucleic acid is a vector conprising an EH
pol ypept i de- Codi nfjrﬂ% faniiadly pyre cplere ofpells i claian | ywhetrimthe ekogeneusof cel | s of

clai M Inekicleidb 84 &kdr dbiBri Lilercoding sequence is operably

| i nked to an expressi orf %ﬂ%%ﬁ%ﬁ%?ﬂﬁéﬁgﬂ%%qgﬁ%& antially pure culture
of cells of any of clains 1-3, wherein the nucleic acid is an episone in
the cells. 545 The al | re culture of cells of any of clainms 1-3,
wherein the aucl e@y%ﬁ%tgﬁlgaglyipﬁ%ecgﬁ%@gc‘?n%l"gaf“ﬁ@ I donbergin théBHce| | s. 6. The
s ubstoantriobipkntidotspding sdduenice i06peesbly kinkell tPdyexplessibiddifrollsequentibier €i n the EH is

a bacterial EH 7. The substantially pure culture of cells of any of clains
1-5, wherein the EHis an insect EH 8. The substantially pure culture of

cell's of any4of cirgd %st&ltfblly}ﬁﬁ%rcﬁitﬁ}erobgeﬁ'df%@cﬁcﬁkrﬂm-if%her\%ﬁt&h?

substantially pure culture © ell's of any clarns erein the EH is
a manmalPslpicigeid 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 ciaims 1-5, wherein the EH is

a bacterial EH.
20
7. The substantially 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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10. The substantially pure culture of cells of any of clains 1-5, wherein
the EHis a fungal EH 11. The substantially pure culture of cells of any of
claims 10 20é7@meion the EH is a yeast EH. 12. The subst aotitatdoy/oqasde
culture of cells of claim1l, wherein the yeast is of a genus selected from
t he group consisting of: Arxula, Brettanomyces, Bullera, Bulleronyces,

Candi da, Cryptococcus, Debaryomyces, Dekkera, Exophiala, Geotrichum

Hor monema, | ssatchenkia, Kluyveronyces, Liponyces, Mstigonyces, Myxozyna,
Pi chi a, Rhodosporidium Rhodotorula, Sporidiobolus, Sporobol omyces,

Tri chospor on,1 W ngga .« 12alR" | 13. .The substantial | ure cul ture of
cell's of claim 11, Wwhere F\a\ﬁ?ﬁgp e\;gélgts"ie Oggelgfo(?gnys & “3%5'367"%?5?18&}‘?%}?\ t he
group conghsiththg of : Arxul a adeni nivorans, Arxula terrestris, Brettanonyces
bruxel | ensi s, Brettanomyces naardenensis, Brettanonyces anonal us,

Brettanomyces species (e.g., Unidentified species NCYC 3151J, Bullera _
dendrsophi | a, 18ul | Qh@éﬁbﬁﬁﬁtia@l&%ﬁ%cuﬁéx@%!f,@éﬂs%%@?ﬂﬁ w&gég—fjthg%a‘gﬁ'sﬁf‘é' , Candi da
I a, ndi da” magno

gl abrata, Candi da_haenul onii, Candida interne I ae,

Candi da §58Ys sgjssted epsthe gronpi pensistingjof drvuta Bdittdaoreny iBs{leraabuiedanycesypi cal i s,
Candi daf @p@ig, caRALS3 LSl pda sp. e rﬁt ated to C. sorbophila,
Crypt ococcus Al %?dus, ”&r%g{z’gg}g%cf@%kn%flbﬁ%ﬁ{"ﬁ@: E%?{/ "B TS BHut anensi s,
Cr y pt oc desetedendin, Kwweromres pliponyres Matiginmices $fyx&Fypl emecus humi col a,

Crypt oc rpeu ypt ococcus | aurentii, Cryptococcus | uteol us,
Crypt oc gg%g%p rgré‘glg?nagéo,d%@%t %’8 S’%i?‘égh’lfrc?jﬂ 2’6’(’?@%‘,’“ @'i%%’é’ff@@ Héngegrang s,
Debatoy ortipermsvihianseni i, Dekkera anomal a, Exophiala dermatitidis, Geotrichum

spp. (e.g., Unidentified species UOFS Y-A 11), Hornonema spp. (e.g.,
Uni dentified species NCYC 3171), Issatchenkia occidentalis, Kluyveronyces

mar xi anus, Li1pONY TRSsubBintiall§ Ere’cuitlﬁijegﬁaflfsfok Q%EPFW&%%%?%%F 2) C
Li ponmyces tetrasporus, Masti gorryces philipporii, ’MyXxozyia meﬁl 1osi, Pichia
anomal a SPesicsiplgcted fipmiikl grayp ®inshiing afuiltbularademidivoranBishila dnapksphi | a,

Rhodospay.,4l I i ae, odospori di um pal ydi genum Rhodpspori di um
sphaer og%%a %%éﬁg %h}ggig%z?l&d? rt?;r}ﬁl 10 u‘fsd?aﬁ’éc}éf’e'&ﬁ o%ﬁgglﬁ’ﬁyﬂﬁﬁﬁoﬁﬁﬁ‘&di genum
Rhod6t orBnbiganamaces spdctes (e. g 0nidemifled 3p@ied NOW S 31 SN IIMLRS dbhdrophilit @,
Rhodot orgila m. nut ?h va¢. 1 nyi a, Rhodot or ul a_nuci | agi nosa, odot orul a
phi | yI a,"“RAGHSES A™s ‘Emg"g,“ Mo@%d&fglﬁﬁmh@ﬂ@dqglghrca@rﬁqnflidédspeci es NCYC
3193, UbkémMowif) CbndiddzerdreBihA8andilid ig%éfr_b A‘e’)’%’a]{;% ﬁa;%égﬁ;@g’,) ’ dot orul a

ni

aurantiaca, Rhodotorula spp. (e.g., dentified species 3224),
Rhodot ofifg0s&f-andidg denussy Cadide troSipdisi dindlidsl famateaCarstidaciovisei, Coplidaipol omyces

hol sati @) related to C. sorbophila, Cryptococcus albidus, Cryptococcus amylolentus,

20 Cryptococcus bhutanensis, Cryptococcus curvatus, Cryptococcus gastricus, Cryptococcus
humicola, Cryptococcus hungaricus, Cryptococcus laurentii, Cryptococcus luteolus,
Cryptococcus macerans, Cryptococcus podzolicus, Cryptococcus terreus, Debaryomyces
hansenii, Dekkera anomala, Exophiala dermatitidis, Geotrichum spp. (e.g., Unidentified
species UOFS Y-01 11), Hormonema spp. (e.g., Unidentified species NCYC 3171),

25  Issatchenkia occidentalis, Kluyveromyces marxianus, Lipomyces spp. (e.g., Unidentified
species UOFS Y-2159), Lipomyces tetrasporus, Mastigomyces philipporii, Myxozyma
melibiosi, Pichia anomala, Pichia finlandica, Pichia guillermondii, Pichia haplophila,
Rhodosporidium lusitaniae, Rhodosporidium paludigenum, Rhodosporidium sphaerocarpum,
Rhodosporidium toruloides, Rhodosporidium paludigenum, Rhodotorula araucariae,

30  Rhodotorula glutinis, Rhodotorula minuta, Rhodotorula minuta var. minuta, Rhodotorula

mucilaginosa, Rhodotorula philyla, Rhodotorula rubra, Rhodotorula spp. (e.g., Unidentified
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Spor obol onyces roseus, Sporobol onyces tsugae, Trichosporon beigelii,

Tri chosporon cutaneum var. cutaneum Trichosporon del brueckii,

Tri chospowonpewvoav@asi i, Tri chosporon nucoi des, Tri chospoPOm/IBXO6/0E344
Trichosporon pul lulans, Trichosporon spp. (e.g.,Unidentified species NCYC
3210, NCYC 3212, NCYC 321 1, UOFS Y-0861, UCFS Y-1615, UOFS Y-0451, UCFS
Y- 0449, UCFS Y-2113), Trichosporon noniliiforme, Trichosporon

nont evi deense anea robertsiae, and Yarrowia lipolytica. 14. The

subst ant TPAFFS, NG Ce3 191 VOFS Yo2042U0ES 3-0448y UOFS 31-ai 395UDFS X-05d0%r ei n t he EH

ol ypeptj j i Y H pol.ypeptide.. 15 T ubstanti al |
Pur & cul  urgerR ERR s RRACERLL 1, St B e B2l 14 her el n
t he vect®fodeiornie s dualoginasd'| Spitridiedolis SaMBbRicoldH gpo'l;lasozaﬂﬁ%g Ablkdihd,y pure
culture ‘@Bro\g%krm(}w aol | g%grt L CA ceeISI S ((l)f claim 15, wherein the constitutive
pronot er*1's t KEY TEE S @polonsjces tyygaes frchosprpm beigelpFrichesmorar e of

Yar r &M acutdnp@rh Yan, eitaki, $rie¥ospordn Qélbﬁ{E%l@riéhiosp’loﬁ?ry\%gﬁ&%{ ?ri{’lp)%w SELor

conprises th f%p4 pronoter. 18. The substantia ure’culture of Yarrow a

i pol yt i"EKOER | 1&icorspanny oveides, Brichosmoron mulluides Brichoipoeomsppt or i nt egrates into

t he genqge®. Bhi S{ i [ i

i ntegr ag iggn?{ug%lﬁgitei& ﬁ%@%%ﬁ:gﬂwgﬁg j\/2 g%’ﬁgﬁgﬁ gﬁaﬁﬁ}ﬁ&sgﬂl URFR ar get
sequenceVilil% HOTFeROAtl USTIFS io44%IUGES Y211 N Eidolshanibaliimieur e cul ture of
Yar r ow DOl VLI cells .claim18, wherein the integration-targeting
sequenc?r%agp ﬁycfnrﬁ%éervg{ef'gﬁ’- ’é’gifﬁoz]ﬁfés’%%&‘i‘fg%éo’f’ﬁl’PW@"iﬁBRBZZ pl asni d. 20. The
substbantially pure culture of Yarrow alipolytica cells of any of clains 1-
14, 17 or 18 4V\heiﬁi n.the yector is the pKOV136 vector having the accession
no. . 21. Thé*sub %WP?%I!H&}//‘YBW@H@HP%@@S@#’ anyf iclaithsl 413 poltepein the Bl | s of
any of @ohpemideis abnaitR6I8itRe FR IRpepRiyPEPL i de is a ful | -length EH

pol ypeptide. 22. The substantially pure culture of Yarrowi a |ipolytica
cells of any of clainms 1- 20, wherein the EH pol ypeptide is a functional

fragment of asful . | ypeptide. 23. A methqd of pr.oducing an EH
pol ypept i de, "the Jfrr%‘%ﬁ@%@&@?ﬁ??n@“‘ 3*?‘5’@%_@ l’PQ@"“é’LPS t oAy REF9msdre culture
of c@l | d4okheseiy thofvectontamprRed2caunileivanagofl ons that are favorable for

expression of the EH pol ypeptide. 24. The nmethod of claim 23, wherein the
expression results in a biomass-specific EH activity higher than the

bi omass- specif.i ¢ Bid @bititially phr@lcultit bB Y4 bia SPIPAGNUHS Yl API5ES S

wherein the constitutive promoter is the TEF promoter.

17. The substantially pure culture of Yarrowia lipolytica cells of any of claims 1-

20 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
25 the genomes of the cells.

19.  The substantially pure culture of Yarrowia lipolytica cells of claim 18,

wherein the integration-targeting sequence is an integration-targeting sequence in the
pBR322 plasmid.
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the EH pol ypeptide. 25. The nethod of clainms 23 or 24, wherein the EH

pol ypeptide is substantially not secreted by the cells during the culture.
26. The meoOhoar/ab40e] ai ns 23 or 24, wherein the EH pol ypepriiEmos/s023€cr et ed
fromthe cells during the culture. 27. The nethod of any of clains 23-26,
further conprising recovering the EH pol ypeptide fromthe culture. 28. The
nmet hod of claim 27, wherein the EH pol ypeptide is recovered fromthe
cultured cells. 29. The nethod of claim 27, wherein the EH pol ypeptide is
recovered frd%h t hdhaaihsiantially purd euburerod Yarbiviz lppbricuddls pbahy B claitns 1-

subst antjgahy ¥ BUKS [t arrowia |polytica cells, a
subst ant i al nﬂnﬁere%?ﬂy\ﬁ?% drgsr(;tr}%%ﬁ{géﬁ %%V%%égéwﬁ%ﬁgﬁﬁ%ﬁ%%maem—emodi ng an
EH pol ypeptide. 31. The conposition of claim 30, wherein the conposition is

made dry usi a pethod selected from.the group consisting of |
freeze-dryi ngq sp?ﬁ?s"g’rc’wt?f&?’pﬂelﬁu O %@rdo‘ﬁ’laﬁpﬁ@f{ cagss abyyorelims lon. 32.
The ca)rrrﬁﬁ)si)vhéleiiltbéEHb@iyﬁ’Eptﬁ@i@iﬁlﬁleng(WEH?)B@géﬂ?ﬁ%,COWDOSi tionis a

Sul'ta

shel f-stabl e, dry biocatal yst conposition | e for biocatal ytic
resol ution of racem c epoxides. 33. The conposition of any of clains 30-32,

wherein the Ils 2 I ih one. or .nore stabilizing agents

prior to dr ?%g ?Tﬁ?glﬁ})rs]tg&(l:afcl)l g]ée i ct%lﬁgl% Og%'é‘?‘g'fz(z’fjgé{fl%\ﬁ@? 8%??&%81%"69? “or nore
of the s&oawzﬁ?lzliﬂﬁﬁgEnghp@tﬁds isen fadtional Fmgmehie fa dulpisdisth EHpslipeptidd. s 33 or

34, wherein the one or nore of the stabilizing agents is a sugar. 36. The
conposition of any of clainms 33-35, wherein the one or nore of the

st ablol i zi ng a3ent A rhehal ipesdicig a8 EH pblpeSRIEPHS nfctdR cofpAie Qlitufihdi M
33-36, w erein tﬂe one ‘pr ngre of the stabilizing agents Is an inert
carri er . SBOSHHRIY Brs suityre gheedls ofaRy ffelaime 322 uadr sonditigne thet areone of t he

st abi | i ZingabhaifoRbpréssiok GF the 381 p Lfwd of hydrolysing an epoxide , the
nmet hod conpri si ng: provi di ng an epoxi de sanpl e;
24, The method of claim 23, wherein the expression results in a biomass-specific

15 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 cells during the culture.
20

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
25 polypeptide from the culture.

28.  The method of claim 27, wherein the EH polypeptide is recovered from the
cultured cells.

30 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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creating a reaction mxture by mxing a Y. lipolytica cellular EH

bi ocatal ytic agent with the epoxi de sanple; and incubating the reaction

m xt ure. wWO0.200fmao498t hod of claim 39, wherein the epoxi deCTaRm0€002344a
enantionmeric mxture of an optically active expoxide and the Y. lipolytica
cellular EH biocatal ytic agent is enantioselective. 41. The method of claim
40, further conprising recovering fromthe reaction mxture: (a) an
enantiopure, or a substantially enantiopure, vicinal diol; (b) an
enantiopure, or a substantially enantiopure, epoxide; or (c) an

enantiopure, @ a l y. enantiopure., vicinal diol and an

enant i opure, %ﬁ aﬁgﬁgg?lgﬁglyﬁefoﬁﬁg%??%% pYargaype fipabvicasellsihe et hod of
cl ai ms 4Qibgiantial Qymbehn ef whinh téreprisetah eLddedorRGLEIVE aBR@NdARgi 5 BN epoxi de
sel ect ed ﬁr%nﬁihe group consi sting of nmonosubstituted epoxides, styrene
oxi des, egggalfﬁubstituted epoxi des, 2, 3-di sbubstituted epoxides,
trisubstituted epoxides, tetrasubstituted epoxi des, neso-epoxides, and
glycidyl ethers. 43. The nethod of any of clains 39-42, wherein the Y.
li pol ytica celll ul 2k campsisiionobelpin 30, adersin the cammstion dsmads dryuging

popul at i R Pnb | i subst anti al punbe f which
conpr i serﬁéat_%&{asfﬁgegous ﬁ%i%ﬁ% g*) ¥6lggs?13§ g#\%%%?’ﬁ@”%sﬁy Mp@lﬂg‘?ﬁg’£44 The
met hod ofryiagyendhggbmemnondO- 42, wherein the Y. lipolytica cellular EH
bi ocatal ytic agent is a |lysate or extract of a substantially pure
popul ation of Yarrowia lipolytica cells, a substantial nunber of which

conpfoi se an 620geTheiconpigitioh of &l6int ﬁrwg@,imr&mh@éompésm%L%lfés%bleﬁ vect or
conpri si . aln _expr essi on control sequence; a constitutive pronot er; and an

i nt egr atirphioFailytcrHpositin sufehle fon blocatalatic reselutionatf rademiineptSidessher ei n t he
constitutive pronoter is the TEF pronoter. 5 47. The vector of clains 45 or
46, wherein the integration-targeting sequence conprises a nucl eotide
sequence froAPt he Tharammsition ofidny. of claims 30-32, wherein the cells were co-formulated

with one or more stabilizing agents prior to drying.

15

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

20  stabilizing 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.

25 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
is KCL

30

39. A method of hydrolysing an epoxide , the method comprising:
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48. The vector of claim47, wherein the nucleotide sequence is the entire
or partial o nucleotide sequence of the pBR322 plasm d. 49. The vector of
any of clwOeo7AGe#8, wherein the vector is the PKOV136 PETUBLOObON2THY
accession nunber . 50. An isolated Yarrowia lipolytica cell conprising an
exogenous nucl ei ¢ aci d encodi ng an epoxi de hydrol ase (EH) pol ypepti de.

providing an epoxide sample;
creating a reaction mixture by mixing a Y. 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 substantially enantiopure, vicinal diol; (b) an
enantiopure, or a substantially enantiopure, epoxide; or (c) an enantiopure, or a

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 epoxides, trisubstituted epoxides, tetra-

substituted epoxides, meso-epoxides, and glycidyl ethers.

43.  The method of any of claims 39-42, wherein the Y. lipolytica cellular EH
biocatalytic agent is a substantially pure population of Yarrowia lipolytica cells, a
substantial number of which comprise an exogenous nucleic acid encoding an EH

polypeptide.

44.  The method of any of claims 40-42, wherein the ¥, lipolytica 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.  Avector comprising:
an expression control sequence;
a constitutive promoter; and

an integration-targeting sequence.

46.  The vector of claim 45, wherein the constitutive promoter is the TEF

promoter.

47.  The vector of claims 45 or 46, wherein the integration-targeting sequence

comprises a nucleotide sequence from the pBR322 plasmid.

48.  The vector of claim 47, wherein the nucleotide sequence is the entire or partial

nucleotide sequence of the pBR322 plasmid.

49.  The vector of any of claims 45-48, wherein the vector is the PKOV136 vector

having accession number

50.  Anisolated Yarrowia lipolytica cell comprising an exogenous nucleic acid

encoding an epoxide hydrolase (EH) polypeptide.
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