M CROBI AL KI NETI C RESOLUTI ON OF ETHYL- 3, 4- EPDXYBUTYRALE - BACKGROUND
OF TAP | NVENTI ON - [0001] Enantiopure chiral compounds play an
inportant role in the chem cal and S pharmaceutically industry

Regul atory requirenents, the prospects for |lower toxicity and higher
efficacy of pharmaceutical conpounds have increased the demand for
enanti opure conpounds. In response to this trend, there is grow ng
interest in devel opi ng new chem cal and bi ol ogi cal production nethods
for preparing chiral internediates or 'building blocks' in the

comodity chem cal industry t j [ QW . For

exanpl e, chiral 10 epoﬁi@éom%ﬁﬁcﬁBg§%ggﬁgm ons in the
chem cal industry (e.g., fgiTHR].-SU0 i Enﬁﬂg ceuticals, agro
chem cals, as well as manyqigl ne c%éeér%igai s; ,8 ave gﬁﬁi gh mar ket denmand
for their production. A mpatkErytan @ THE DVGENTIDN hem stry
synthesis is tqQ generate such colr]’rlj[)oglggs in hi‘gﬁh yiﬁl d@ v%tr& hi gh
stereo- andlPYdi Jinemiiopwe CtA qumeunds piay3) BorERt RIS P SR PAi % pt uddes
can be usedp@fmicomtichitbRERE Hepdlasryiduideony RpRtBbdobr Dtvedhdelr md

conpl ex, opfﬁi cal )(L-ﬁ/ gurgf bi oacti,ve cggg) u%dg a etdg%naen | 81%&0 grewi th
ethyl est er MgHF pHicacy QERhAHRACEF#\ PR Ui S PR RTHESr etem%ﬁcgfﬁ, CONpri ses
?_ term ?gl) aﬁ@éuﬁte ?‘sréd?%%% bythis éatdetherg isgmimﬁdtejzg 3; ﬂ@e@pﬁg@f&%fi}ﬂfﬁ orm
i.e., - or. = | | SBHL @b, n
t he synthes %6910%% ?té?uc%%aﬁﬁ%%%%? Pilg%%‘ggﬁﬁfj@?ne c e(rjr]il ga S. EBB IS a
versatil e stpatdenidiyichengearindistyéo wrye fiis mprdog droend.skas exaamiredlinal ¢

ring- Opgﬁz 281;3{;1%&9 Ev}ugﬁ'ﬁav% @rofa@%ﬂg‘i%goxgiix{ 4B et QB a RPN H6lShe AR of

(R) - BEI irectly convert R) - 3-am no-fi - % roxybutyri¢ acjd
((a) - G. ABOBpharmrsaiship ABmelsmicnist a5 weh a5 v tap Fheaicaish %Vﬁﬁ%ﬁ@ﬂf%ﬁ@i%

activity (SgemeillotadiBhlr 8 Majoftbnalléhdd i ok kB Qleinistdiighthicis (Rh gafand dutine
(vitamn Bt), an aperitive a egité or trfat‘l n 1co_mt%estl ve heart
failure or PPRyRdssm bish Helts B SRS P81 TP 8t et abol i sm and

Cooer Pl o8 oo ok ot 6 S o PUBELSTE e BRSh Rl S0GB R

?, 2:18, 60;3{ h@@.{é q@%&iﬁﬁﬁ%@pﬁ(ﬂmw corspoutdsifordetisteisl parpGks.cBperifibaliyytin ?On
orte syn Sl al.,e -4- == g . -

(oo’ Torr anar s e 2 bRt aRnr oS ahtigh LAl bt

3707(1984) ) gognahd itf i) sndutiopate Gxy (32, (B)r EBB ot hEER) sen ingjmenieds key 614

(1978)). of %%aﬁ'ﬁ&hdtéxg?x Ssﬁntﬂé@o%hﬂ'afﬂh%&ﬁ@aﬁseaﬁd EQY cnbbRas Y BERR S vers@iie

salicylate enam Ba ticancer a%gnts,‘ i.e., Lobatam de C (see, Am
Chen Soc., YpdeticiggonedRErs jimdgepes FERNSPRCIiF HHRAPSHITE FRFHes it h are

modi f i edqcapkinBgonanadesises (Bioorg. Med. Cient., 11, 325 (2003)).
[ 00041 Moreover, (8)-EBB can be efficiently converted to

(R) - 4- cyanoppgodly dRQX B difehisy Bfiettedb (B 6-R5hE B-hydbityBltySoatid (GRS SBORY)
prepare the 111'VI G CoA reductase i nhi bitor, A%ork/ashal n ?”(il_%sPiz'J; ?),
a chol est er BITYRRRBIOF Wb BIGRIGEUS e AT LGSR PAR BTGP EA et §3,
2279 (1992) ilSQd)ﬁ)ancﬁB@{j—@rﬁﬂir&Qviu&ﬁf B, af Bicrifive dgart &or trealing tengbutive héae
synthesis o aﬂxgrg)o} g'r}h%gnrig égt-hgsj eXaential role in fat metabolism and widespread applicable as
25  dietary supplement and antiobesity agent (see, J. Org. Chem., 53, 104(1988), U.S. Pat. Nos.
4,865,771, 5,248,601, and 6,342,034). (R)-BEB is utilized as a C4 chiral synthon for the
synthesis of ethyl (R)-4-chloro-3-hydroxybutyrate (R)-CHBE) (see, Tetrahedron Lett, 33,
1211 (1992), J. Org. Chem., 49, 3707(1984)); and (R)-4-hydroxy-2-pyrrolidone (see,
Synthesis, 614 (1978)). (R)-EEB is also useful intermediates for the synthesis of salicylate
30  enamide anticancer agents, i.e., Lobatamide C (see, J, Am. Chem. Soc., 125, 7889 (2003)) and




| -pyrrolidine acetam de (Oxiracetam@, a cardi ovascul ar drug for use
as a brain function enhancer or for denmentia, such as Al zhei mer (see,
WO 93106826). (5)-EBB can be applied to the synthesis of of

(S) - 3-hydroxytetrahydrofuran, which is internmediate for AIDS drug, 10
Agener ase' (see, J. Am Chem Soc., 117, 1181 (1995)). Furthernore,
val uable &4 chiral synthons, such as (S)-3-hydroxy-&- butyrol actone
(US Pat. No. 6,221,639) and (S)-3-hydroxy4-bronobutyric acid (US Pat.
No. 6, 713, 288) nieaen alisadd ehisly it hesifizedniiimenmdoheHBL3re. Mef. ARen] 11, BR5

vi ew of the 982’3*; it is clearly apparent that EBB is a val uable
synthetic i% diate, and that a cost effective manner to produce

ti i 00061
Thore nave BIBI SBvdPm CRiEpeatnad T frid -t S dat P R rantt o
EBB ei t her #jd aiybesiecathichreabbenisaiyb prepare e BRAG-Cbh mﬁn@aaemﬁmimﬂqnmor\(aﬁt}m or

5) - BEE t 4- EEg! ith
gnl) fonyl gvas Lc%{[?éﬁ@)m glﬁ%st@é&loﬁgx% 2320% bﬁ%tﬁr %%h%g fé%ﬁé&w{%%{ :;ﬁ(r%:ﬂg?e\gencea
of acid and(laﬁ:?d)o rﬁ@eﬁﬁ%@ialbg/usméﬂrelan@m@eﬁ fanihe synthésisior (S deiydiop-Paxo-

No- 20 5, 078y ififikine Aég%éﬁia%mx&a@é@n?wa%&mr@gfop&ga@mmﬁlﬁ!nxuo\ﬁl abl e

as it require e use of an enantiopure startl%rraterlal that is
not conmmer cérhites oafeaismeaiie sephds éi@b@??ﬁli (tes, WO B06%4A9e (5)-EBB o7 bejapplied to

anot her app,p thesw(di«‘))fé @Wﬁﬁﬁdf&m@%ﬂh%ﬁ'&m@aﬁﬁtﬁAﬁ)@%ﬁQOf is
prepared by subjegtin %ﬂs - 3-dcti vat ed- hydr ox ut yrol a on@to{ﬂa

ri ng- op&hi n@gqn@é%?t (s6h Shemisae: 411ﬁ'y3r869§95§1 é'yé‘ftl‘?}'ﬁ’f’@d"aﬁ&? yric
aci d, whi chsyameds| t@Sast®-3-Rydroxt Buspnactde ((Emeht, fb&ﬁﬂ,bﬁl%ﬂQﬁalﬁféS)t-ﬂ@fdmxy—

6. 342, 034) -POTBYERS HHET Eétﬁ%mgéﬁf?%%waﬁ8%‘%@%&%1255%%%)8%@ bl e

S) - 3- hyd t th
g}- %ydor iyglrjliéé(gél ﬁbﬁ%‘%gﬂg"ss’rﬁ?’ q%"i%ﬂ?’ aﬁ’%‘?ﬁ%‘g F; ac‘%ﬁ‘)ra%lafp(?giseﬁ% he
desired (R)in@mdbdiarpad yats yosi afeative thapieo mmctdummmame €88 wh thindwshial

i mpurti suitable for many commercial applications.
30 1000553 ?A%ggng%%gd%%%&%oach racem c EBB was resolved into (R)-EBB

EEQHB?’SQO'( gtfgsosg ‘}g\&é ﬁ’a&%gée?ll %}&a%pgg ﬁL éfg%gd A L eﬁ@gﬁgﬂk ﬁ%ﬁﬁl iy
6, 693, 206) . chiphice) opbiplegieal repfes ol insierds, REOD (DEES Was sievssieed Rypeskinge
and 1,2-digk %@a@g ngbﬁuhé P Y80 thQeR! hEhed bl QLA wik 3RAeRn td. 6%

yield for (R wever, the reaction process described in. this
approach r eHtiFiEs %Hitﬁni" POSRBPATIP Y PRshgapasa SYrlFabien fee. USdah Mct i on

process2i s 3§,0mo[BB! Eﬁw%@&ﬁl@@@t&chﬁﬁldottcﬂ@mﬁ&al@}thwﬂe mwbcwhes fheussepin at a
| ow t enper at ur

i.e,., 00). , . thi t | ble to
t he prepar aetn?%’r%f ‘%‘I? St%h’é%?%ﬁé aﬁgwgi@ﬂ% rag’g‘fg eﬁ‘? %‘%Sﬁgvfeg I C‘gl e.”

purified es ses ve bee lied to kinetic re ution of racemc
B epoxyboPOT o TP B PRy T he o A b e e bethosc At
(R -3, 4- epokjyding () dteetveiayfoepatyedectsas g rmgonetmgiredctign tavarhabl e

Sbout 53 sootpray 3R S Holp AU G RRRRLERS il b oty B AR AT
Nos. 4,855, tnamversom&e@wl c@mz@@mms 612ﬁ2,é?&96,%?r,03ékaiﬁme@er ety
i ver est ery Gw%guﬂlgﬁf&éﬁa%mfia@l a%@*&égsg%?@_ ep %9 tﬂééyﬁth%ﬁso ?&@[’S‘)C

met hyl 3,4-e ut yr at provi evmt

enant i oneri :i: V‘@)‘W%iﬁwe(@ﬁllﬁ)ow@ das apmm?@ fheldetited (R)Fpt- 2513
(1989) ). HoweMBLiyrid RSP0 RBZYIRIphGed bRty nﬁﬁ:?@és%& B RLAGESBRIorTRY
not be appllcable for i ndustrial processeés, hey require the use
of hi gh anvB#y copnegipeRsisdonsomer ci al steapS| n 15 (J Og. Chem, 53,
104 (1988), US Pat. 4865771 and 5248601, EP 237983A2) or esterase
(Tet r ahdRir ol008ht {n angfyor aprpmehy reepgny FEB HesTesalied ey RIS R birderal icianetio

sources. Mykeavish eatdlﬁe& BEHERAISNPColPl Bmbley @ke, & M ASE SBRIRNKAL307

enant i osel et hi vi tsy | ow reaction rate i s _observed [001 ] The uyse
(2002), US Pat. No 6, 693 ,206). This process afforded both recovered unreacted epoxide and

L
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25 (2001)). However, before a broad industrial platformfor ER

catal yzed resolution of racem c epoxides can be realized, several
limtations to this approach need to be addressed. [0011] First, the
nunber of EH enzynmes available for this transformation is still small
and those that have shown prom se in synthetic applications are even
nore rare (see, US Pat. 5,849,568 and 6,387,668). In particular, the
current discovery of new EHs through screeni.ng 30 avail abl e stral ns

i s hanpered :miollpmmdstadhlghly bmmamﬂhb@fﬂml 6 as>Yebet 456 velk fFafRpBRr f ul
screeni ng Gh
substrate gﬁyer q’er %cgofpmmwes‘%%ﬁe aval F{&E&ﬁ@&%ﬁgﬁa\@gbﬂﬁﬁs have

sel ecti vi t prdceduramb ghe oaeionpagess @nmmﬂwmihmr&@b‘}‘e Teaﬁ‘%‘%’ﬁt“ B? 5Pt dé
access to hoth en f e Rlepdehtdéon of N MaNY
B catal vzod PRSBRI GT ) Lk Bl Rl SO MmO P e
(ei t her swh@BxERER| | s or crude extract) and rather |ow substrate
concentrations are required due to |low catalytic effici enc% for f he
enzyne. 5[ 2] Inbisckieiytiofpptdachestporifed eptpraseahdva ke aRPLAC Ipd@RFtp 1Al ar ¢
for biccal alxahicsabofal V\H: Mih L A€ dhof QEmbiBgsL duetbgyi@snd-ut i on of

racemc epOX| etl C access toQ enantioen CR gg nddes
(and vi nci reabxybitpiaty)wery mﬁpﬁﬁﬁﬂlﬁ%&ﬁoaflmmﬁf@b’ ayableaHET SEIFEc RO E P8R de

EBB. It is o 3Gk R8I @3-:53%‘ biatseQU. O cmmilohl(mm
bi ocatal g’gﬁé&% ﬁ“hﬁ%/ t e &

ost-effective an e to. an. indus
scal e p¥ céé§ PafFPf(@S Arieséfk 5 #ﬁ%@h%ﬁ’f’?ﬁ?ﬂ% p#’j’sa"?tﬁ?rfxaé??&e > B S herrase
needs. BRI Efas %Mr%ﬁ@ﬁuﬁﬁle&m?%ng&ﬂ'ﬂ rhddmic nl[leﬁﬁfliv'i]i ebﬁymﬁafam?ﬂde ®he
resent inventi on rovi des for a e
Pn cr oor gam??ﬁl‘}fc"i’l geteé‘?nt’r?g‘ﬁ‘?“?ﬁ aﬁgé%alda%?eg%@k%%&gne 25t
i denti fyi nqwﬁg}ar Hio tvevet, shese:&zyrhatﬁ&m&@é}omonpréﬁﬁﬁs&%%not gﬁh@?ﬂ@%ﬂe\fﬁt i ves
and mut ant S Ble p(l)‘oceSSL OOJtﬁel,y rezgm? %tugeetff h%ggﬁ&}nt oiteqﬁengi(@mm‘dﬂ\é@%lhon

provi des f&? 5&1 ving ceme mxture

et hyl - 3154- e@aXy.biieyr, 83, éOé owpﬁ%)s ¢$ Ry- %8@15’&7@1 P43 Erﬁ%?’?%ﬁ&é?fe%tﬁﬁse
Aci net obact el Raygnani '30%@(1859’3‘5%%Q&nvmo%hnhﬁnﬁﬁaﬁca@egrmﬁ&ebm its

ability to preferentiadlly hydrolyze | -3,.4-¢ o]
f orm ('S) - etthggasefonpiz ztﬁreﬁfﬁww%iﬁ@a%%fﬁ%m?/ andyjow ? éﬁ%‘-’é‘\é ?e’i"ﬁé
racem c mxture in an aqueous nutrient

condi ti ons. (0PI 15%e v °§/’é‘t°r°§’f‘i’6 gaogide Bxgleses (E%I%eas gﬁ"%"gaéﬁ?%f tg%]?{f’ Raggon of
provi des f Qihir@ P e &l WidHal MOEwmﬂgneﬁnRre)wmmh?rhee&udepemdmmeymare

the process co r|5| 8L B
et hyl 3, &2 ep5® %{{le‘s‘s\ﬁg‘?‘?ﬁ“‘& g@ﬁ ¢ ve Sése&laglg}ﬂ# ?I o sel ect ed

fromthe gr @uaateecstﬁ tt&fcbﬂf@ptmfdmg Biolsrand the wbdosd emidbs widt hlsit@@nﬁomﬂ% ially
purified e n%x% gs @gf xia{ueg I ﬁme%gc%ggﬁﬁ%gn Mf&@tﬁgaﬁe Bﬂﬁl'&z%gxfat Bﬂﬁg Esﬁbﬁe the

enzyme and Fsing the enzyme is fromthe microorgani sm
Aci net obact ewxibieanddinls mfhﬁoz@ @W%@Hﬁﬁ@@’%ﬁ@f%@@?ﬁ (G CHYE t s

ability to gj%zﬁzf r?fnelﬂét% %:J;zx?hi’ﬁrs?i (ﬁé@l) (@reﬁrtdbﬂzarzan@%@ﬂ%ww& [RIE N

the m xture orm

d b
i sol ati Ay (POl H@ﬂrﬂ’ﬁ@r@m‘?ﬁ‘iﬁ%‘ﬁ@é‘ alt%ﬂoﬁ)‘(% gﬁ?’&%@%eﬁ&ﬁaﬂgﬂ} clfﬁ%’e%lﬁ

[0016] In a%})@&lﬁ%rca@%‘éﬁfzed EQ8ra P RSABEs th MEQPIrbRR nfpd@ybekddretsd. a
bi ol ogically pure culture of the m croorgani sm Oyptococcus al bi dus

g?ir gggg“ ZRy g 1Y Fdeimk denic: byt h-Ghay Aslee E&%@ﬁm%nﬁﬁmSM1 $mall and

derivatives and nutants thereof 017} {1 F%}
aspect . 1 heothpiedute FIVE MBI I FOVIIRPREEo B 0dRE® 1t CrelS Pt ng a
racemc m X% M%s@%n@ém’? 668). 4n YabUﬁeyoﬁﬁén@dlwﬂW bnemEHsUhtoughi sogertirige
nm croor gani sm ococcus a
char act gPl z &g pﬁtrf‘%‘s ’é%ﬁmﬁ’eﬁg’hﬁ%ﬁe Wﬁf’ﬁﬁ%ﬁ/ 5 Ty %@fo{‘ipcfggwerﬁﬂ
(R - ﬁt h35/I scéee@agxsy&ydt Secai® niafy fnotvinEHRhzyedchitdre mﬁe@uwmomutnafmat e,
in the resence of, e racenic an.a
nedi um unge Pmopg inaval a%gﬁa?yﬁeﬁr’%any F%’@ i%Tngh'r}a hg‘rg%gasﬂg%ng#taﬁd tﬁ‘%by




10 wherein the enzynme and the cell conprising the enzynme is fromthe
m cr oor gani sm Crypt ococcus al bi dus ATCC PTA-8302 and is characterized
by its ability to preferentially hydrolyze
(R)-ethyl -3, 4-epoxybutyrate in the mxture to form (R)-ethyl -3, 4-

di hydr oxybut anoate; and (ii) isolating (S)-ethyl-3, 4-epoxybutyrate
fromthe reaction nmedium [00191 In another aspect, the present

i nvention provides for a nethod for rodUC|ngIthe 15 m cr.obi a

epoxi de hy dPwinatEodémaseesp heth eratianeyier praricul compamde AR Py T i ng

the raier OQEt%ingéEblﬁﬁbﬂ}%c@@@sChglﬁ cdABMAEIHAE bF ehdhides Rﬁﬁa&&@ﬁ cbllmdmrude
conditions suitable for the formati on of the OXI ein a

nntri ent mEYFAGMEROATE] 1AV APSERS ORT P LIoR %WWB“@ Hio 2053@ / ﬁ?%c en,
and i norgaqbﬁhggnwaal s; (ii) incubating the cul ture for atine

sufficient to produce t he epoxi de hydrol ase-, and (iii) recovering
t he epoxi deodaydr mlva@eof&wmxxeh@era tialng Bheed & theeh f@ﬂbmédﬁﬂ;&&]ﬂadk/bcﬂxhﬁabher

aspect, the e i, nyent i 0 es f odUC|ng t he
ni crobi al élﬂg%?sg“é %Oé‘%eﬁﬁ%??eg’il%e@mfl ERX ?‘ig'g’ggy%?em(aic)e aer obi cal |y
cultivati ngninﬁeenmk&ﬁepnxgﬁmﬁmlﬁamapmols)omcpemcﬂhrbfocthasna&ﬂi@@r@ﬁm@&c@
under conditji.ons r the [ ol ase
ina nutri ’ﬁ?é%f?e 2 %g}s%mﬁ{ic Igssoiu?imn?g%g n%fzm% &%Ca? %Zbg?g@é%a

ni trogen, affettiveorgapliceblerione Mhmal anleprchs,uﬁmmfﬁgﬁuﬂ’Yenf@Blf*!lﬁlﬂséhlﬁﬁ}d a
time suffi %%l;ﬁm‘e .40 Produce the epoxide hydrolase; and (iii)

recoverl ng e epoxide hycirolase fromthe nutrient nmedium [0021] In
anot her aspect, the present invention provides for the use of an
epoxi de hydrolase in a formselected fromthe rou&ﬁconsi sting of

whol e cells, cell extracBRIEBEPMMARY QUFHEINYERFIQNZy e, purifi ed

enzynme, anqiooaslm HloHE & &d@@ﬁee@ésemmﬁ&h&om& m&m@baﬂygﬁklcﬂi&& dreem t he
m cr oor gani sm ‘Aci net o[gact er baumanni.i ATCC HBOS J‘or geg% Sé}g

(R) - et hy| - SUSFOoTESAARTEPP e beystris casgeianast VF?F fifging ph

et hy1- 3154- oM AaE303, and 08R At vel mdanminkelierddgpect , t he present
invention provides for the use of an epoxide hydrolase in a fair'
sel ect ed f @omit hi agsihet pspealEe ﬁ:&deﬂ@n@ﬁﬁdﬂpﬁvﬁiei:ﬁf 4 groceselol resoitinget s,

tiall fied d f,
Bherein | NG ERE TR darr BRoprb e BB R D iyl aaliar| o0
al becl us AerB%&aﬁmrAm@bﬁmw@ (vsyh Iepﬂrﬂyﬂctegzeﬂi—byﬁtS@‘pibwy%ut yrate
froma rac §%§en%1ﬁ;l§7d%1 SSZ%M Sﬁepg%%ﬁ%gﬁ&‘a){%rfé{'&% Rethp @3] O her

obj ect s, ature nt ages resent” i nvention wil] be
appar erf0 t dihgdrexsbhtangeis in ﬂikqusmee aF the rpeas tpﬂfélr? 1Blan aeAYy TeHEtenli pedigm
descri pti oRy@Rek:dti Y& 8ensOBRI EF DESCRI PTI ON OF THE DRAW NGS [ 0024]
Fig. I show a synthetic schenme which illustrates an enanti osel ective

hydr ol ysi s (@fisp haeefbGerBRY, @@pﬂ%eﬁf&%ﬂﬁ&ﬁﬁé@h@@f&ﬁ@fd@b@@&pre[nﬁ@@@i)
Fig. 2 shows an mcroscoge i mage of {he mgcr gtﬂx%anlsmACJ ﬁet(ggt? ter

bazananni AFES-PIRXEAS i@[m%]mwr&mgsﬂ Fr SRR TYATH
r ﬁc dBEE [ @%]J};}Eh@rate‘lthﬂ aln@ﬁdxﬁcﬁﬁn@&olhsﬁ&?] i AR w@&dﬁoﬁahegmpmnmzm | n

t he di sgcover,y. of. a i croorga t he |nv tion.

Shows. 21 SPHIeqHIcI LR oy PAPLEPHE! eHEL AL FER ™ KRS - 2o
present i N véeleRaid dnoymaand thercell ampasﬂ’ag thetrzpne xsffrom themBioorgagistiihe

Kinetic resolubbal, BLOGESSabAC 20, AR GRLALNARS: DYo LRI

Aci net obact’er aumanni
preferentially hydrolyze (8)-ethyl-3,4-epoxybutyrate in the mixture to form (8)-ethyl-3,4-

dihydroxybutanoate; and (ii) isolating (R)-ethyl-3,4-epoxybutyrate from the reaction medivm.

30 [0016] In another aspect, the present invention provides for a biologically pure culture of
the microorganism Cryptococcus albidus characterized by the identifying characteristios of
ATCC No.: PTA-8302, and derivatives and mutants thereof.



[0029] Fig. 6A and Fig. 68 shows a synthesis schene of

al kyl - 3, 4- epoxybut yr at es. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Definitions and Abbreviations 25 [0030] As used herein, the
term "enantioselectivity," as neasured by the "E' val ue, includes the
sel ective capacity of an enzyme to generate froma racem c substrate,
one enantioner relative to the other in a product racemc m xture; in
other words the E value is a neasure of the ability of the enzyne to
di sti ngui sHbEt vieenrpﬂsnasptdt,dhms;entmvmimns@hriéﬁfpmmoemfm rerolvirgs an E

val ue of 1 erally 30
consi deredraﬁse%h?mlgr%%fs)éﬂ%&Eggﬁa%%eggﬁﬁé{ @hw t(%c}?% ’ges in a
di fference C‘i‘}wfoémwe#@qﬁ@ A TGCRIFs 839 twiwadyis @\mﬁﬁh?@@r’e? s 313%61@1??6(5%611“&11)’
product s - aperQblak a1 h gégo@myﬁ@% ShER)L dhRae amgdrsmuﬁtz@@t fnOREeT S

conversely,” renai ning substratés are e riched in’the ot
enant i offer Prefegte 9 fhacacpismipie ¥ eagueops vt e F‘V%Pé%ﬁbp&ﬁ‘l‘dém% r one
of the enantionmers to be obtained in |arge excess. 5[0031] The

cal cul at i o088l En prpthisnassert. dhe rrerent invension aronides e Rrpsssder Revprigng )-

vari abl es: eth)s, @@@%ﬁ@f@é doﬁl%’ﬁéﬁig tﬁé/stéizg of f{g @ﬁ@ﬁﬁg DielcdkBl Blhdé of(898) ;

(2) enanti orrerl C purit EI’O uct é é d the extent of
conver si on>{EyexYRHBRe QYF’FB 2 FPOKIfR Y dFﬂl’é“%meaqu *felfﬁ %aﬁé’ﬂh’g SepsisLnsdt
IFq! ydr ol ag )eﬁrhcblﬁlca% éil@éﬁﬁﬁc@)ﬂﬂhﬂ%@uﬁﬁed?ﬁﬁﬁl@ﬁﬂﬁéd erldynle azﬂﬁhﬁxﬂi?z {hlazidsﬂ; as, A

. secti Chen et a . Am
Chem e, WS Hagmiset 14 el i winiia fod B mogiteti
In[i-c(i-- é’e{éaoczﬁwgzﬁ:)c]fus AT CC(PILA2Y302 amgl)if dherageglel bkity abil{td to pﬁqﬂ}nﬁlﬂl}y 1+
(tad cep)) h}%olyzg '\lﬁ}e%%ﬁ-).%,tl-ei]mx]ygut&r%%?n t].he Mg to%ohm dl}-etﬁ?d—?a,&

dihydroxybutanoate; and (ii) isolating (S)-ethyl-3,4-epoxybutyrate from the reaction medivm.

[0019] In another aspect, the present invention provides for 2 method for producing the

15  microbial epoxide hydrolase comprising the steps of: (i) aerobically cultivating the
microorganism Acinetobacter baumannii ATCC PTA-8303 under conditions suitable for the
formation of the epoxide hydrolase in a nufrient medium containing assimilable sources of
carbon, nitrogen, and inorganic minerals; (i) incubating the culture for a time sufficient to
produce the epoxide hydrolase; and (iii) recovering the epoxide hydrolase from the nuirient

20  medium.

[0020] In another aspect, the present invention provides for a method for producing the
microbial epoxide hydrolase comprising the steps of: (i) aerobically cultivating the
microorganism Cryptococcus albidus ATCC PTA-8302 under conditions suitable for the
formation of the epoxide hydrolase in a nutrient medium containing assimilable sources of
25  carbon, nitrogen, and inorganic minerals; (ii) incubating the culture for a time sufficient to
produce the epoxide hydrolase; and (iif) recovering the epoxide hydrolase from the nutrient

medivm.

[0021] In another aspect, the present invention provides for the use of an epoxide hydrolase
in a form selected from the group consisting of whole cells, cell extracts, partially purified

30 enzyme, purified enzyme, and a mixture thereof, wherein the enzyme is derived from the
microorganism Acinetobacter baumannii ATCC PTA-8303 for preparing (R)-ethyl-3,4-
epoxybutyrate from a racemic mixture of ethyl-3,4-epoxybutyrate.



[ 0032] As used herein the term "enantioneri o excess" or the synbol
"ee," includes the anpbunt or excess of one enantioner (whether (R)-
or (5)-type) relative to the other in a 15 racem c m xture of such
enanti onmers. The percent enantioneric excess is quantitatively
expressed by the equation (2): R - S eelO0 k.R+S) wherein, Ris the
nol ar concentration of the (R)-type enantiomer, and S is the nolar
concentrati fqra f the S@t%’pe enantioner. 20[0033] The cal cul ati on of
ee and enan el B&1 oct.dhq Rreserd iy prtion prgviges A0nHag wse of ancppiids hydsles
racernic mbmmmseaﬁtedéﬁbma{glge@m Qldiaﬁhﬁioﬁwgél% g?g, gg%%%g&tg%gﬁh@ﬂaﬁged Pat .
No. b5, 541, and.lU. .S Publi,cat.i.on . .which are

i ncor por at eggﬁfg‘?’g g%éélgf DB T8 R EEXIES theteph WRGFD g]§§’§z.yme 1%%6@]&0%&% sed
herei n, "ATGCockgagkudeBodobes Alels ABCC FY063 @bt paspariGa(s)-es #1ien

i nt er nat kon i I t at. 10 University Blvd. Manassas,
Va. 20110- 2%@%@%‘% %Xﬁaﬁ%%gnﬁﬁw EJ"‘le y?' %é’e%‘)é‘glé‘ggi’t&n nunmber of

cul tures on 0 .« e ATCC . [0035 used herein the term
"derivati ve@g%ﬁd%n%etr %%CES’ Eetgﬁxeers’ea(%?advﬁrgaegﬁs 4fﬁ§éfpé‘?58r&8ﬁ’8 Op &t prepgarent to
descri pt i ononePf skijbinthegridonyiniodosinditailed ddsaiptier anddignmanni i ATCC
PTA- 8303 or Cryptococcus al bi dus ATCC PTA-8302 incl udes

m croorgani sns that essentially correspond to the m croorgani sns
havi ng the aforenenti oned ATCC nunbers. The term "essentially
correspond” refers to variations that occur in nature and to

artifici@l variations ofgkfie Wh&EABTERTD %P%ﬁ%&b' t
e

enanti osel ective EH activit .l%n particular, varrations relate 10

to vari ati dA%4 nFignbshom a sypibeticsehetop whish ilpsteatssremenentioseectins hydivdtsisobm  be

i sol ated fragmid@oRlcr@ORIRR& B eaRt t0 variations in the genorne of

t he organi snms encodi ng EH and functional fragments thereof. [0036]

As used her[eizs] Fige2 @6k ﬁ@%&dpeﬁnag@@m&ﬁﬁcfo&fgbﬂgﬁﬁcfﬁa%«wéa%m!n?

whi ch an ewh@ yst (e.g., Eli) and at | east one substrate (ag.,
conbtied

rac- EBB) a "(by for exanple, 15 dissolving, m xing,

suspendjng) e-yedium may be aqueous. which is preferably buffered,
and mayiggor{?o%lgﬂ g’&%’&ﬁ%@%%ﬁ’&ﬁ?fd’?F’Il%%B'or inlieu of water. The
anmount of ni. I pthe reaction medi um may be from about none to
about 100%?‘@0#)/];3 h{é'gr‘g‘é{ﬁb%ﬁgﬁéf&?%%mﬁwg? SR SISO B BIARHSPTERHINS | S
abbr evi at edfts imB&fEon[ 0038] (R)-ethyl -3, 4-epoxybutyrate is abbreviated
as (R) - EBB.

[0028] Fig. 5 shows a graph which illustrates the concentration of (R)- and (S)-EEBR

present in a reaction mixfure as a function of time during the kinetic resolution process rac-

20  EEB catalyzed by EH from Acinetobacter baumanni ATCC PTA-8303.

[0029] Fig. 6A and Fig. 6B shows a synthesis scheme of alkyl-3,4-epoxybutyrates.

DETAILED DESCRIPTION OF THE INVENTION
Definitions and Abbreviations

25 [0030] Asused herein, the term "enantioselectivity," as measured by the "E" value,
includes the selective capacity of an enzyme to generate from a racemic substrate, one
enantiomer relative to the other in a product racemic mixture; in other words the E value is a
measure of the ability of the enzyme to distingnish between enantiomers. A non-selective
reaction has an E value of 1, while resolutions with B values above 20 are generally

30 considered useful in synthesis. The enantioselectivity resides in a difference in conversion



20[ 00391 (S)-ethyl -3, 4-epoxybutyrate is abbreviated as (S)-EEB.
[0040] (R)-ethyl-3, 4-dt hydroxybutanoate is abbreviated as (R)-diol.
[0041] (S)-ethyl-3,4-di hydroxybutarmate is abbreviated as (S)-diol.
[ 0042] Epoxi de hydrol ase is abbreviated as |. Conpositions 25 [0043]
The present invention relies on the discovery of two novel

m croorgani sms each having epoxi de hydrolase (EH)  activity. The EHs
fromthese m croorgani sns can sel ectively hydrol yze, via epoxide
openi ng, orveteebriweeh ormptionsts. divaciion plodBisdzegpaiogd thataratneichquiedm it y

et hyl -
T Aol not obacrsnisk AR iRl PS5 ALy W OB T 1
appl i cat i orPreréigal girgesesibis @enerplly desirels fat onsiotthe enegidnmiesip bachtriesddbhtse er

baumanni i ALfLs PTA- 8303, that produces an BE which can sel ectively
react with (and hydrolyze) the (S)-enantioner of EBB to form

(S ethys 3, o sk QNRULATSAY ot (b ol V8l Wi ) |

(R -enantioner in_a racemc mxture Brac- EEB) (see

Scheme | A orresgigmypsic pupigyof fe shaptie wietrdalfigedr @) @asiomedhm ey efdheatrdasidee);
baut nanni i @) daR}ireEelaEn: 6 bnfdtkinTk). AHeA one of the three equations can be used (see,

Hydrolases in Organic Synthesis, Bomscheuer, U.T. and Kazlauskas, R.J. (1999) Wiley-
VCH, New York), section 3.1.1; and Chen et al. J. 4m. Chem. Soc. 104:7294-7299 (1982)).

_ In[l - c(l + eep)]

? " nfl— ot eer)] eq. (L.1)
_ - ~ea)]
 Inf(1-e)(1 +eer)] eq. (1.2)
m(..ﬁ:f.’:’z)..}
1+ (ees/ eep) ]
o ln(._gi.efi)__) eq. (1.3)
1+ (ees/ eep)

[0032] Asused herein the term "enantiomeric excess" or the symbol "ee," includes the
amount or excess of one enantiomer (whether (R)- or (8)-type) relative to the otherin a
15 racemic mixture of such enanfiomers. The percent enantiomeric excess is quantitatively

expressed by the equation (2):

R-S
= 100 .
= (R+S) °q- ()

wherein, R is the molar concentration of'the (R)-type enantiomer, and § is the molar

concentration of the (S)-type enantiomer.

20 [0033] The calculation of ee and enantioselectivity as it relates to enzymatic resolutions of
racemic mixtures of chiral compound is further described in U.S. Pat. No. 5,541,080, and
U.S. Publication No. 2005/0026260 which are incorporated herein by reference for all
putposes,



H20 100451 Thus, in one aspect, the present invention provides
for a biologically pure culture of Acinetobacter baumannii ATCC

PTA- 8303 and derivatives and nutants thereof. The 10 m croscopic

i mage of Aci netobacter baumannii ATCC PTA-8303 is shown in Fig. 2.
The biologically pure culture of Acinetobacter baumannii produces an
El | upon aerobic cultivation in an aqueous nutrient medi um
preferably containing assim| abl e sources of carbon, nitrogen and

i nor gani ¢ s34t ancesed Hbted, BT EE Oddiciesibbymaridai OhegiulalelQpllpuiee cul t ure
of the mcr ' of t 5 N A PTA-
preferentiaﬁﬁ%gﬁgggg%é%ggﬁ%ﬁg§§fﬁgggﬁﬁﬁ%§y?ggé%§%$§$ygﬁgiug%m%E§Ato
formthe (SWWﬂAECCPFO%&B@aﬁh@mnhmnbmb%mRMHHKWEMEﬁM@hﬂms¥mma

Aci net obacter baumannii ATCC PTA-8303 is summarized in Table I A

bel ow. Tabl B038A: Aguesddisich thelean Hetietives tidosutofs, heien hexHidr tefarenbata thennt i
or phol 08y Sickid:0t deRObbLalss Abibobdily WaAH: 46k BrRIEE g Stai n

| udo I e production Catal ase ) .
Cryptococcus albidus ATCC PTA-~8302 includes microorganisms that essentiaily correspond

to the microorganisms having the aforementioned ATCC numbers. The term "essentially
correspond" refers to varlations that occur in nature and to artificial variations of the
microorganisms that exhibit enantioselective EH activity. In particular, the variations relate
10 to variations in the EH and functional fragments thereof that can be isolated from the
microorganisms and to variations in the genome of the organisms encoding EH and

functional fragments thereof.

[0036] As used herein, the term "reaction medium" includes a solution in which an engyme
catalyst {e.g., EH) and at least one substrate (e.g., rac-BEB) are combined (by for example,

15 dissolving, mixing, suspending). The medium may be aqueous, which is preferably buffered,
and may contain solvents in addition to or in lien of water. The amount of solvent in the

reaction medium may be from about none to about 100% of the reaction medinm.
[0037] Ethyl-3,4-epoxybutyrate is abbreviated as EEB.
[0038] (R)-ethyl-3,4~epoxybutyrate is abbreviated as (R)-EEB.
20 [0039] (S)-ethyl-3,4-epoxybutyrate is abbreviated as (S)-EEB.
[0040] (R)-ethyl-34-dihydroxybutanoate is abbreviated as (R)-diol.
{0041}  (S)-ethyl-3,4-dihydroxybutanoate is abbreviated as (S)-diol.
‘ [0042] Epoxide hydrolase is abbreviated ag BH.

L Compositions

25 [0043] The present invention relies on the discovery of two novel microorganisms each
having epoxide hydrolase (BH) activity. The BHs from these microorganisms can selectively
hydrolyze, via epoxide opening, one enantiomer of an alkyl 3 4-epoxybutyrate, preferabls}
ethyl-3,4-epoxybutanoate (EEB), over the other enantiomer,



t hddase Argi onae di hydrolase Nitrate reduction O-F testoxidative
#- gl ucosi dase Protease-I|- ,3-gal actosi dase L-arabi nose D-mannGCse
D-manitol N acetyl -glucosam ne D naltose Potassi um gl uconate Capric
acid Mali acid Phenylacetic acid Trisodiumcitrate Adipic acid

2. Cryptacoccus al bi dus ATCC PTA-8302

1. Acinetobacter bartanarnnii ATCC PTA-8303

[0044] The inventor of this application has discovered a bacterial microorganism,
Acinetobacter baumannii ATCC PTA-8303, that produces an BH which can selectively react
with (and hydrolyze) the (S)-enantiomer of EEB to form (S)-ethyl-3 4-dihydroxybutanoate

5 (ie, (S)-diol) over the (R)-enantiomer in a racemic mixture of EEB (i.e., rac-EEB) (see,

Scheme 1A).
Scheme 1A
o. 3 R ANt o, % oH 9
NLO/\ "o - [/’\/U\O/\ + HO\/'\)J\O/\
rac-EEB {R)-EEB {8)-diol

[0045] Thus, in one aspect, the present invention provides for a biologically pure culture of
Acinetobacter baumannii ATCC PTA~8303 and derivatives and mutants thereof. The

10 mieroscopic image of Acinetobacter baumannii ATCC PTA-8303 is shown in Fig. 2. The
biologically pure culture of dcinefobacter baumannii produces an EH upon aerobic
cultivation in an aqueous nutrient medium, preferably containing assimilable sources of
carbon, nitrogen and inorganic substances. The EH produced by a biologically pure culture
of the microorganism Acinetobacter baumanni ATCC PTA-8303 preferentially hydrolyzes

15 (S)-EEB in a racemic mixture of EEB to form the (S)-diol.

[00461 The microbial characteristics of Acinetobacter baumannii ATCC PTA-8303 is

summearized in Table 1A below.,

Table 1A: Microbial characteristics of dcinetobacter baumannii
Morphology Short rod
Length 1.0~14 ym
Width 0.4~ 0.6 ym

Gram stain -

Indole production -
Catalase +
Urease +
Oxidase -

Arginine dihydrolase -



[0047] Also, the inventor of this application has discovered a yeast
m croorgani sm Cryptococcus al bi dus ATCC PTA-8302 t hat produces an
Eli which can selectively reacts 5 with the (R)-enantionier of EEB
over the (S)-enantionaer in a racernic mxture of BED (see, Schene
113). OHo + (R -dioi [0048] Thus, in another aspect, the present
invention provides for a biologically pure culture of Oyptococcus
al bi dus ATCC PTA-8302 and derivatives and nmutants thereof The 10
bi ol ogically pure cul ture of Mfgipredecserus al bi dus produces an EH upon
aerobic cultivation in an aqueogsgfUtrient pmgiwm preferably
contai ning assim |l able sources of carbon, nitrogen and inorganic
subst ances. The EH produced byg'glﬁ@m@ﬁs%l ogically pure culture of
Oypt ococcus al bi dus preferenti abjoaddydrol yzes+-(R)-EBB in a racemc
m xture of EBB to formthe (R)-diol, [000191 The m crobi al
characteristics of Cryptococclgeaftsidats ATCC PTA-8302 is sunmmari zed
in Table 113 bel ow, Table 1B: Maebpbical characteristics of
Crypt ococcus al bi dus Morphol ogyQval .Length3.5 -5.0 Aro. Wdth0.8 -
1.2 pm Gamstain D4 ucose G ycerot™cal ci um 2- ket ogl uconat e

D-manitol -

N-acetyl-glucosamine -
D-meltose -
Potassinm gluconate
Capric acid
Malic acid
Phenylacetic acid

Trisodium ciirate

+ 4+ o+ o+ + F

Adipic acid

2. Cryptococcus albidus ATCC PTA-8302

[0047] Also, the inventor of this application has discovered a yeast microorganism,
Cryptococcus albidus ATCC PTA-8302 that produces an EH which can selectively reacts

5  with the (R)-enantiomer of EEB over the (S)-enantiomer in a racermic mixture of EEB (see,

Scheme 1B).
Scheme 1B
o (Ezpox;de hydrola}z% from o 0 OH O
o) rypfococeus ailbidus x
[>\/“\O/\ — > l>\/u\0/\ + HO\/\/LLO/\
2 -
rac-EEBR (S)-EEB (R)-dio!

[0048] Thus, in another aspect, the present invention provides for a biclogically pure
culture of Cryptococcus albidus ATCC PTA-8302 and derivatives and mutants thereof. The
10 biologically pure culture of Cryptococcus albidus produces an EH upon aerobic cultivation in

an agueous nutrient medium, preferably containing assimilable sources of carbon, nitrogen

10



L- Arabi ncse D Xyl ose Adonitol Xylitol D Gal actose Inositol D Sorbitol
D Saccharose Met hyl -a-D gl ucopyranosi de D-Cel | obi ose

N-acetyl -glucosam ne D-naltose D-Lactose D Trehal ose D Mel ezitose
D-Raffnose 3,1VlieroorganismCulturing: [0050] The m croorgani snms
Aci ndobact er haunzanni ATCC PTA-8303 or Cryptococcus al bi dus ATCC
PTA- 8302 conprising EH acitivity, can be cultured and grown in a

sui tabl e basel nmedium There are no particul ar restrictions_on the

medi um used arbiporERICSUpATERSS EhsEE P@S}‘FW thefiglogieally gurg pplgngofgprococcus

M croor gani Mt fre@feQiiily Tikr8lysE8 t)LURE if 2 Hodhat ¥k n@b o BRRILR Wil tHé (R)aidl.
medi um contai ning ordi nary assi m| able sources of carbon, nitrogen

and i nor ganijgqsu bﬁk%ﬁ&@ﬁa@ﬁar&%&ﬁ&%f&zypmf{o@&ééjbmﬁymea @m‘&lzﬁoz sny
carbon source e used provided that the m croorganismcan utilize
it, Specifi ém@%@ga@?lﬁg‘ém&ar bon source that can be used include
sugars such as 10 glucose, fructose, nmaltose and anylose al cohol s
such as Sorhitol, ethAnds iBicbilabmagtensiss GRAPRIOATHEBAYSh as fi nnan
acid, citric aci d acetic acl dyeRdolpyp! oni ¢ aglkd and their salts,

h drocarbons such as paraffin as well as mxtures thereof.
y P Length 3.§~ 5.8um

Width 0.8~12pum
Gram stain +
D-Glucose +
Glycerol -
Calcinm 2-ketogluconate +
L-Arabinose -
D-Xylose -
Adonitol -
Kylitol -
D-Galactose -
Inositol -
D-Sorbitol -
D-Saccharose +
Methyl-c-D-
glucopyranoside
D-Cellobiose +
N-acetyl-glucosamine -
D-maltose +
D-Lactose +
D-Trehalose +
D-Melezitose +
D-Raffinose -

11



[ 0052] Exanpl es of nitrogen sources that can be used include ammoni um
salts of inorganic salts such as ammoni um sul fate and amoni um

chl oride, ammonium salts of organic acids 15 such as amoni um
funiarate and anmoniumcitrate, nitrates such as sodiumnitrate and
potassiumnitrate, organic nitrogen conpcands such as peptones, yeast
extract, meat extract and corn steep liquor as well as m xtures
thereof. [0053] In addition, ordinary nutrient sources used in nedia,
such as inorganic sa¥ts, MiexaokgapiemaJuligeibg:s and vitamins, can al so be
suitably m xed and used. 20 [0054] There are no particul ar

restricti onmosu) Cik iidrbddgne@Odiitd:sHasSe AMuALATOE PDA-880 orlt®)BRbdled
out, for exalgﬁl e ﬁ(gr@%@g t 12 to _about 48 hours whil e properly
control | i ng®PHE HIFah q%ﬁ@?ﬁ’i‘%ﬁge‘g}{ Ftixity pry becpiirek ang gpagman agiable

t enper at ur ebasélRggiunl Thae bo nd PhRiculL fpigietony & e mbtIElS tised e Furpose
TR R T T e /e
and the | i keyrisor midjunh bentaachdy drdioary afin@isbigtucessafcarbadt, gitro gdnsnddnogimic an
i nherently &9&%@%%9&%{3 ing properties. [0055] After growmh of the
m croorgani sis 1's conplete, the cells are harvested by conventional
resuspended it R8 S5bME sl @ ep et 3 iRyt b R PR B 80
Puri fi cati oilize §.0086ic Epupictlel thiywdrboh swme (HEllbh bewsad reluilswbat axdh and

purifiegdyfr Q&@o&%ﬁu&%@s@fn@aﬁ%&%ﬂ& o %&E&fﬁ%&%ﬁ&ﬁ@&@%ﬂ&%ﬁ%&&

PTA-8303 or Oyptococcus al bi dus’ ATCC_ 830 he et expl ai ned
herei n. Fi r&gancAcigs ek b famaricarid, @i pad eoolie agit g arepipnicrasihandibeicell, s of
5 i1 ci net ohgeiedibdaa gith adkarlderell T&nB30:3 tRkeofr YPt 0coccus al bi dus ATCC
PTA- 8302 by disrupting the cells using a physical nmethod such as

ul trasoni c [0852% NERGnMs oBMEEEHA ¥oMRdek fralBRA RO Bt s@hnbRbum salts of inorganic
wal | - di ssol vi ng .enzyne and renovi ng the insoluble fraction by .
centrifugal® S BRI B 6 Ao erdr; aoypppiven palts, pf orgpal agjds
puri fi ets f rsoeh ds hemesiun fexdritantd spthiorivartatenitrites sall0AsQodiRRA AiGkte Byd 10
conbi ni ng LRnar v. otein purification t hods such, a ni o
exchange C%O%%T%. olétrr%%’k? ot ?ﬁogerrll EXENARgE“HP ?ﬁ%esdé’?a bﬂ%a%rmeﬁ%mm
filtration aaheonsitadigaplayvell 8088jueAemsfanpl e of a carrier for use in
ani on exchange chromatography is Q Sepharose HP (nmanufactured by
Amer sham) . [4958] ER 4dditipr ersiraryadhirient sptreesmend iranisdia, lventl af inargaiioselis) fraer
condi 1,005 sk it P sl B LRGERRR2T N NG the ER 1S
acked wt

al l owed to pass through a 15 col um the carrier. (0059]

An exa e i L0 j Enﬁ? ggﬂg : hy is
MonoS m ([ﬁk%ﬁﬁf glg%ﬁrggo %‘3‘{‘:}&%%%‘*}%%"3%& cﬁ te %a sorﬁ%ig%%&? ?én%% on%/o
the carri er@Fhonier Sampipiyr 2b9nt AR kP 48 baves vidle propgilst epatrolbugibeitandg
the EH t 0 Rassrahhd QUG rande OF S5 RAE Beﬁ@pr\é‘ﬂﬁfebaﬂgg Bf b by, re?ﬂ&%wkﬂ,en

washi ng the golurm, the EH is eluted with a buffer solution having a -

hi gh salt JB9€aHMRENREEPRSn Thodesied.p qap hgeonilisd Bythe ueer eBrivits sushasmay
be sequent ixal;by, buier, eREROIRELHAKEP Ldiy (MEY) LRAESHke, HYy RY@AIRbEr 1 N

t he case of usi.ng MonoS. ER, .the EH adsorbhed onto the carrier is

el uted 4t é’ﬁmﬁﬁ(??‘teélaﬁévgﬁgF%Wﬁeﬂg¥P°&m“?feﬁﬂ§PE?PC@B%ut 0.5 M  [0060]
The EH purifi in the er, descr.i bed above can then be further
hom)geneoué%‘iﬁg}guﬁ?@ﬁvﬁgﬁgﬂmﬁoﬁ@%ﬁ i% PP RS COIS eIy cHeftPYs 0 fort h.
An exanpl e codvefithopal a@itifot€ b of, CantrifG@tiband Hit@8dn, hd thdndkA 16dORBhLOARAPNY
IS Sephadeﬁezaoorﬁgdag}g Uf actured by Amersham). [0061] The fraction
that contai'hs “?g” the af orenentioned purification procedure)
can be confirmed by assaying enzynme activity of each fraction
according to the kinetic resolution nethod described |ater.

12



1. Methods [0062] The m croorgani sns Aci net obacter baumanni ATCC
PTA- 8303 and Crypt ococcus al bi dus ATCC PTA-8302 each produces an EH
havi ng conpl enentary activity and can be enpl oyed as versatile

bi ccatal ysts for the industrial scale kinetic resolution of racenc
EBB, 5 by selective degradation, via epoxide opening (hydrolysis), of
one enantionmer of EBB (e.g., (R -ulantiomer) to reettit in the
aecUMJ atien O the OQther enantiorner (cg. (SinntiQnr)A [0063]
Therefore, in anothek asPpwdde Hihigolpre@asifitatiomventi on provides for a
process of resolving a racem c mxture of EBB conprising culturing

t he microorgess M%ﬁ&aaﬁ%ﬁ&%&fﬁgﬁu&& f,9coccus
al bi dus ATg%g: !I'AEB302 whi ch i sclo char acteri zed OI%
pr ef er ent i AFFORRFER

O A 3105 O Do bieh VLIS AL Pk
pr esentce Orméﬁhﬁ kARGl First] ﬁmicfbbfaﬂfemgitﬂ@t i P2dpachid GlonOihe € ofdi :j ol ,
respectiye an._aqueou i um under n i ons.
[00241 The 44 ﬁe@g%‘ﬁéﬁa“g%”‘pﬁm%gﬂy of @’Pfﬁfoé?‘%ﬁg%ﬁg?ﬁeﬁg p%)%’éct er
baumanni A'I&ibﬁzpﬁﬂ'géthmg u:ﬁﬂig @h@ﬁm ehbdbsusd hiudﬁ&n&'li%}nﬂg A DHFOAmAlE
responsi bl e fﬂgrd cat aI e 13 kinetic resg}gutl O{;ﬁ %‘goceﬁ ,
descri bed above, V‘P%W%%”Sémfﬁv’él? HPEMRERY be used
in a nmet hod:eritofugagbls@pammdsmﬁrt(nl?)- or (8)- enantiorner of EBB in

enanti oenriched formfromracem c EBB The EHs fromt hese
m cr oor ganil8isg] caie Bitcandied be purifivy fbarimceli ﬁ@aﬁdbtmgedmthdnbb\@ ngaghdr 8y

cell exiya O a
m xt ur ek{ hg}%%gfﬁgﬁg i ég@c&%ﬂy%ﬂcé O%r?%th%@%]%%% ano{ er g%%hgec%{éﬁ%ﬁ%
present i nvaipnicetiagge stbriaiogttihy opead ElimEorf dronpiogtepint ng (R) - BEB or
(S).-EBB conprising: (1) incubating a |laconic mxture of EBB with an
EH i n a fordffS8k| & examhrierodarartier fepuseip aeiomesckanpygragfatagraphieis Qe$dpbarosg e| |

extracts, W(Haﬂific&hré&%‘ Afdxe@s@aﬁﬁ Z%@%H 1@5&56‘&/@:'3@& t@e’?ﬁﬂ%or@@ Ga@iofhade! €

t hereof, wherein the en%rrrle and t he cel TTEI’I si.ng the enzyne is
from the mcefrdgwrl@%fﬁﬁs%ﬁ ﬁ%w%%faéfrwﬁmwﬁ Histiowpdig pagsdhigugha of

Cr ypt ocisc C uslugh packedsvitFadealeA- 8302 respectively, and is characterized
by its ability to preferentially hydrolyze (S)-EBB or (R).-EEl 3,
respect i vel{§os9j nAﬁhﬁmp’le)ﬁfuéaenér%rfu&hﬁhitiaﬁe)(cﬁéngﬁlh}@d;m@digr Y istidibS HR

resboct i velfyRIH B el NMeiEHE R o ookt vy (RS o

(8) - EBB, r elpéug thyedlypxtrdcr @mm theei€ toi pess threngih @ wvluhn paked withibelcament |

t he proces 5 ;
i or bor can 2 re ABlhEH it b SR R S Sl iensms i
abi dus ZATOeoPTIkatEg At Hertirem thegeibewoeeninfion menbe swewhiiplly ipreafedeabl y under

aerobi c CO@ﬁtﬁ%ﬁt@rﬁﬁorea!;él etNREmpEko gk %E‘Bﬁrsm% BRnd ﬂ%?&%ﬁ%ﬁé%%s@%é{ hgmput

usi ng whol e ¢e g% resting

bal smanni ﬂalfﬁﬁlﬁiéi‘i&e%ﬁ Nyl C%?t@@%%fdgt“’ép@"%&‘i’g“t&f@é PTA- 8302

m cr oor gan refer abl‘% in an aquequs buffer, The whol e cell s of
i

the mcr OOI[Q?g&]I sthe ERrPrpaedsp diamasper desciiier Aboyp panianbe fusthgt homogopeously
l'yophi I'i zegurmzwsegemimmf RS R ny@ﬂm@wrﬁenﬁaxé@%o@&@%ﬁﬁ&fbﬁ%sgaa ried
our in is re i um_cont in urified or
partialzgy %ﬁ? lglbcr%ﬁl?ait%gfﬁp&’égeﬁ %%%@%W%B’fe& |A§‘FF? %8661 In a
rel ated as resent inv Iso rovi des for, a nethaod for
produci ng Eq%ghob%thﬁsa B%aa‘é’%e\ﬁ%ig@”? BRSPS PPHECpRLPatede) cat
(i) aerobi tatdnfrmedby hss@ﬁngrngz;tﬂmmqro@wcgaﬁmsmoe&umgwmamhwc réaldiinni
ATCC PTA- 8?1 %ogéesgbx&)fa{)coccus al bi dus ATCC PTA-8302 in a nutrient

medi um cont'al ni g~ assi Ml abl e sources of carbon, nit rogen and 10 _
i norgani c mnerals under conditions suitable for the formation of the
epoxi de hycirolase; (ii) incubating the culture for a tine sufficient

to produce the epoxide hydroase; and (iii) recovering the epoxide
hydr ol ase fromthe nutrient culture nedium 100671 In another related
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15 purified enzynme, purified enzyne, and a m xture thereof, wherein

the enzyne is derived fromthe m croorgani sm Aci net obacter baumanni i

ATCC PTA-8303 or Cryptococcus al bi dus ATCC PTA-8302 for preparing

(R) -ethyl -3, 4. epoxybutyrate or (S)-ethyl-3,4-epoxybutyrate,

respectively, froma racernic mxture of ethyl-3, 4-epoxybutyrate.

[ 0068] The present discovery allows synthetic access to either the

(R - or the_20 ég)-enantiomr of EBB via a mcrobial kinetic

resol ution Hr oc &ldhads 5| yzed by Aci netobacter baumannii or

Crypt ococcus al bi dus, respectivly. The present m crobial kinetic

resol uti on |86 e S&e mroopeipay 4 dabgicdnsartbhoemicd el FBRBSIBSndgnyiococcus

advant.ages of. ur.r.entl own. Far exanpl.e, the

i nventive p@%‘é&éyggr %%gﬁ?%gé%%g mé%gs g}s/E}%ﬂ%’lngtcﬁ?ﬁfrﬂed‘t%n%élywéﬁngmbc? h

be synt hesiemwipyehesaptsstild rogatalysie & rsidugnid wale kirstgesitigion widaceasc EEB,

vi nyl acef i Ld; = ver, the

i net oy eagiar e arRatn, A0RRta) Debhp bl orbhhundlon RN, (o

cani ed out @Ghemsptiomarde resdbinitsmoeumlition afiths other pantioner @sh(Brepantiomer).

t enper aturs{) whi ch can reduce the chance that the enantioenriched

product carO¢8t ofpweferein epptihepaspest) iltseraserd inyensibriprovid¢sfoeyoctisef

enanti oenr '&J&Rﬂlg&rr%éﬁﬁtﬁxﬁfeggﬁﬁﬁgor@ﬁﬁsiﬁ%%uﬂﬁinﬂ@%ﬂe?ni&@% Ot &?he@@@c@e? SS
or

di scl osed 30 herein are useful as synthetic Internedrates

conpounds SFYIIERAVEY BEAPAO: & PR drudbitns SFICC Righ 08! Whistds , and fi ne
cheni g a{jost IcB!_dhtS&ri’l I z?’d by iﬁétﬁihﬁﬁlt@ﬁefe&&tt?% hyd¥8lyAe@b)L o &%ﬁﬁﬂ%ﬁk@&f@%ﬁ in
provi de illustrate the present_ 1 nvention, and shou not be
const rued gge Y5t Pﬁ%e faﬁeémgg‘li%'ge Brombe @ﬁi%{h‘i@hdq?lﬁe%?ﬁiiwﬁ;é{y? Ahe full
scope of t heuepwveiicniomediven whdéd ameblic byndithes, cl ai ns present ed herein.

S5Exanple 1 [0071] The foll ow ng exanpl e descri bes the general
resear ch stl@latle gVhd Bifs toht sre proénded iy thé mickboagatism idiiterbbsomy bawioo AJani sns.

00721, Ach eluolias b IR0l MG BEAYIAR 2o dpl BE0ESUR SNaUS

can

ATCC PTA- 8302 were discovered I1'n a research stra vol ved:
1) i solldt i &inclétresplutionproepan desawbed above, ond thinBHnGern hate remeprzansmes vean fee. g.
soi | sanpl @ﬁi_iﬂ@in@iﬂod@yp @&ﬁﬁﬂh@(ﬁl—gr‘%@t bbb o¥ner g@]’ﬁiﬁ ﬂ@n&nﬁ&éﬁﬂ%@ ﬂntng
(FI'TS) scrgrenl ng to identify mcroorganisnms wth EH activity an
enant i osel SETTFEET e MitA §HD TRl gBFg aariRe oo bevisen get foys, ixpludy

i denti fi catd wiivladels, edibdxacde s paatilPpridbd Sewhes, (usatddnednesPdtha trixture

m croorganith%ggfvw th EH activity; and 4) optim zation of EH activity
in the newy Tsol ated, pure, mcroorganisnms for kinetic resolution

ur pos .+ Fha. .4 151 . .Isolati,on of M cr.oorgani sns fro
e o\ M1 hireritd i e iomed B b e M S e R st o
velr satil e paparing(R)FRE er¢S)RERR @mptighd: @mdubbmgfmmmicamfmfb dfEEB viifian
cul ture me s \fter prelimnar
Cult et | oat s RORSANaRS Abu IAIER b Sono b oleBtacll Dy | 1
i sol ated aguréied pprgine peoficsiepzyn®, #iS iScrwdiviend wasrdn Brvantinosed éetil e
Screeni NG t@priving (RQRSARESHR, #ik rd%kéﬁ?&;u}fﬁé%aﬂ:z@%a%aﬁfli haeeSie: 9

hexene, _heptene, octene or hexadecene) are converted to an epQX|dé’by
a nmonodRy gétlaSE CartcarEm by PaGed o8 30? earalivelti aid is dipretyagé bivits
ketone, Vi ai@pexpreerehtalghRhASR (S c\i‘é’ﬁ}gEﬁBC HsBdodwllyS irthe R¥ture to form

rearrange n% of .t he ep?m de .catal yze mﬁ% an epoxide i sonerase (see,

Tet r ahedr off® p-go ’S?SPWBV@M%%/‘? 1t infiye accurpgtion of GROAEB 05 6DFESd on
respectively, in the reaction medinm; and (ii) isolating (R)-EEB or (S)-EEB, respectively,
from the reaction medium, In one embodiment, the process is carried out in a growing

30 culture of the microorganisms, Acinetobacter baumanni ATCC PTA-8303 or Cryptococeus
albidus ATCC PTA-8302, in an aqueous nuirient medium, preferably under asrobic

conditions. In other embodiments, the process is carried out using whole cells (2., resting
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25al i phatic allrenes as a sole carbon source m ght have epoxide
hydrol ase activity and be useful for the enantiosel ective hydrolysis
of racem c epoxides. Various m croorgani sns fromsoil sanples were
tested for the utilization of alkene as a sole carbon source. The
positive m croorgani snms obtained are cultivated again and tested for
their enantioselectivity by Chiral GC or HPLC using EBB as substrate.
3. Mcroorganismidentification [0075} The new vy isol at ed

i cr oor gani $H® oEBaderandagedamget PTCE Y TS drdemidcpscutalbidecti@h t hei r

nor phA ogy, pFA-gdh Shi@biRbddGnds ep?éferaﬂ??%%h@&@&ls%@fferaﬁge WihoM Qal Gale tests
including assim |l ation_of carbon and nitrogen sources, detection of

cat al ase acPic{PPISgRsIherIPe PIFBRELASWSHEeh Pelelor P%ﬁémphﬂwed BRWHEst fyet another
Resol uti on @fboBREntiie Nowkyis bagidahed aMIGiﬁ&thQ&Eﬂe‘é e RO hmIdataining

sel ected. mcr, ani, to catalyze the ldnetic

resol utidn QS’F‘g?‘i;P %{Tsé’éﬁ?ﬂdré?‘s?é ‘g?@ﬂﬂﬁf‘ﬁ‘f‘f aﬁ’éﬁr sns can be enpl oyed
as a biocat f |nth form of whol e cel nd/ or cell extr ct.s.

Al ternat i ve@ﬁy"’ £FF 4 TS B1° et RO P SO e ot ErTGEERnddreTofeciE . g
ibn theI for drmlezfobm)l&pbm@ Hyyro[hutfaEH) e(dnmmgtﬁe sigps oﬁ@)defdb&dﬂﬁﬁﬂtyvﬁﬁ)g tggan al so
e enpl oyed as cat al tr ,
par t151 1y T RrERIEL St eey ettt L BIEHE F Pomare iR

i cr oor gani Bis8302m adugenbecdisechnaiidyiastsilhlepsirces Piiarbon, ydugtr andl

appl i Ca dro NRor. efnﬁ: ﬂlﬁ&r%f@de%kﬁh&ﬂ@ﬁﬁaﬂ e% *aie%?&\“ ! Sf(‘hfelgg x?({e h"ggl‘!) %(tn

stable. To i n rease content mth
m cr oor ganiisyybating e icwifurefor otimesutisimhio ouideastee em@iltfrﬁiﬂfﬂwmeam (ig} owt h

condi tion irsoRehb HeTEHidSEBLR RACHe Altidt &iiRRHeampIPONENt and their
optimal concentration are to be determned, followed by controlling

cel | grow hogeaf hh%@thérl?ﬁatgd &9&%% %@H@ﬁw&&o@ﬁr@ﬁ@&%ﬁﬁé us¥bfdl fixfe EH

speC|f| Cc act|V|ty arrp e he speC| I C m Croorgani sns

. 4ci net obadVEplawan pwRiss e%@ﬁ@vﬁ#wsmn%%@g ool ssis e et sapaialy us
ATCC PTH- 830R5de0:YRle] fiifigd Eyas bhavd tikurd B @ HSRaMas &ﬂyﬁé isdér&ledgork he

specific research str di scussed

plroepar ati on gr* rg?fﬁﬁﬁmo‘é‘ﬁ’?%/@ﬁ%tﬁ bﬁﬁﬁ"inﬁg‘gjlcg:\(l)h&eéi? Q’apzf??cf"ﬁg[bfdﬁf | owi ng
exanple. 1 A’JKIEIE‘ITA A2 Gdr pmpmwgamlsmmpﬁmwﬁmr {Detiwhl, depdSphntyces
[00781 The r npl es were grown at
30C in nutr| 9%%?%&%&%%% 9%‘%% salrés)%&’%}%%@%acto pept one 100,
yeast extr Vv C ivations in
the nedi umqgﬁg glh%el ﬁéghgéi}y?&}rym% tﬁ%ﬁ{c%& E%ﬁ%l@mé df;lj!lsﬂ}ehexene

hept ene2® o&%bﬁ@lﬁemm)@&é@wcmh@l lsr@ﬂueree@mty@mwg@ﬁa p@észedbzeé@@@tt@dcrer

streaki ng QR.ARRE o650 Blsahs kY aec&hg I%élgf%seﬁﬁgicféﬁialfﬁﬁetﬁ?és&h&q out.
The medi um conposition was shown i
process for preparing enantioenriched BEB has many advantages of the processes currently

known. For example, the inventive process uses racemic EEB as the starting material which
can be synthesized cheaply from inexpensive bulk reagents such as vinylacetic acid, alcohol

25  and m-CPBA., (See, Fig. 3). Moreover, the kinetic resolution process described in the present
invention can be carried out under mild reaction conditions {e.g., at ambient temperature)
which can reduce the chance that the enantioenriched product can decompose with to reduce
the yield.

[0069] The enantioenriched products produced by the kinetic resolution process disclosed
30  herein are useful as synthetic intermediates for compounds of high value in the

pharmaceutical, agricultural, and fine chemicals indusiry.
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Tabl e 2: The nmedi um conposition for screening of al kene-utilizing
strains. conmpoundsconcentration Al kenes (oetene or hexadecene) 2%
(v/v) Yeast extract0.1 g/I MCl26H200. 075 g/1 K2111)041.55 g/1
NaH2PO40, 85 g/ 1 NHACI 2.0 g/ 1 (NH423040.1 g/1 Trace el enment solution'5
ml/ |1 Bacto-Agarl1l5 el 'Trace el enent solution (CaCl2 530 raga,
F0801120 200 ng/l, 71150471120 10 ng/l, 113%03 10 nel, CoCl261120 10
rag/ 1, MhSaeb5it20 4 ngA Na2M)04, 2H2Q0 3 swi, Ni Cl2.61120 2 riel,

1\ 480471120 200 ni g(1) 2.HTS ScreenE¥YuRIfd Enanti osel ective Screening
for M croorganis with EH Activity 10 [00791 Al kene-utilizin

strains govﬁ‘y{”ﬁ %E‘?‘?"P%"I‘I?g Brawpls fepravidsddpbhsisle haproepinveptiopcyd %Wm

| CH2POA  bufoebe dofthudd 4 YinSiiaiTheb80 beMle rdntlonl aff Wy, BEEA(INGB oFthre

Chemi cal , Gerrnaapné%i i.n d?}’l gﬁerécrewca[g bottl es sealed with a rubber
sept um and BYRPEYdfned Py ne CAMEPPYERE Y ot 30C for 6h. The
reaction m xture was extracted with_equal_ volumes of ethyl acetate,
centri fusged for 10mn at 10, 000g, 4B  he organi c | ayer was

anal yzed by r t.ogr aphy ( . .15 Chjral GC was _perforned _on a
Hew ot ¢ - PadkOfh @%9%@@% @@gg%é?sgﬁeé&a BEFetrewrrhsIR ey SRarBRTEat i on
detector. Sanplies fwdiRictdofgaaikad (10) with He as carrier gas and the

tenperature of injector and detector was 200C and 250C, respectively.
The enant i qooFe] eAd@udiobatieShkaBERTOERTANSI0R bnTmgecoby:s uBidgABCC rsad

ili I tri,. IR ft-MX 225 I 3 I th, 0.25
T, o bC S0 ot R e Meterd bR R P S
gr adi entl 2Q@rogchehaurg snicohneint, . 864500 whicheay atrindfH 8@ritgiZhdigh The

COTTe: 0 ko B ) B s

screening of microorganisms with EH activity; 3) identification and characterization of newly

isolated, pure, microorganisms with EH activity; and 4) optimization of BH activity in the

newly isolated, pure, microorganisms for kinetic resolution purposes (see, Fig. 4).

15 1 Isolation of Microorganisms from Environmental Sources

[0073] The soil samples are collected from versatile natural environments, followed by
inoculation into the culture medium containing basal nutrients. After preliminary cultivation,

cells are cultivated again on the solid medium to be isolated as a single colony.

2 HTS Screening and Enantioselective Screening for Microorganisms
20 with EH Activity

[0074] Alkenes (e.g., hexene, heptene, octene or hexadecene) are converted to an epoxide
by a2 monooxygenase and then degraded to vicinal diol, aldehyde or ketone, via epoxide
hydrolase-catalyzed hydrolysis or by rearrangement of the epoxide catalyzed by an epoxide
isomerase (see, Tetrahedron: Asymmetry, 8, 65 (1997)). Thus, the sirains isolated on

25  aliphatic alkenes as a sole carbon source might have epoxide hydrolase activity and be useful
for the enantioselective hydrolysis of racemic epoxides. Various microorganisms from soil
samples were tested for the utilization of alkene as a sole carbon source, The positive
microorganisms obtained are culiivated again and tested for their enantioselectivity by Chiral
GC or HPLC using EEB as substrate.
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and its enautioseleetivity in atkene-utilizing strains were screened
with EBB as a substrate. Enantiosel ective degradati on of EBB was
observed in case of =identified strains L8GB and LI, 11A5. L8GLB
showed (5)-specific degradation activity whereas LL11A5 hydrol yzed
~(It)-HER preferentially. 53. M croorgani sm Mdification [00R1l] The
new y isolated m croorgani sns, LIG113 and LL1141, 3, containing Eg
aetivity were identified based on their norphol ogy, G am staining
test, physiol ogi cal fnd Bifgragrést deghedor ncl udi ng assiml ation of
carbon and ni trogen sources, detection of catalase activity and
fernmentati omow p é]hb nevly 1solhﬁmmmmiszde¢maﬂng@w@ﬁﬁgﬁ veed iakmicitEYased on

b ii 10,.20N - )
cﬁ;?gg? Ielrl s ezr lga?l?ﬁyegmnh ItEamn% fes?-pg)és ogf"‘ﬁfjaegglgg)&oal tf_sgsﬁx ok rance) Wi t

classified asm:yleta;&tof strlroniand fieged sarres, tiSec&tmaq:fB:,atahsmtm@raadrfetrwtaﬁmand
assimlatiog, B‘g,ﬁ% It showed Gram positive result with

narr ow neckeg di ng and nmucoi d colonies. By using APl 20 C M X and
api web (bi oMerieux, Fran al bi dus
with assimlating r e{ul t(kg%eoérée\%y?z?ogug%%oeﬁgélg%?t%@%%}%%ﬁ Tabl e
151B. 444.Kinetic Resolution to .Prvare (R -i.8 [0081] Acinetobacter -
baumanni i w476 uThEelated micsepreanisis eanhe iied i @iheais kagicgessiyton cose/ |,

29 yeast exfaseaGd EEB. ﬁe&é&t&ﬁ&iﬂ&@&@h&@ﬁ ban bbeRRBYI HBQ@Q@élyst ek i &

trace el enent .so for ut,jion i.,s conposed
o BB 1 GRS sl Br e tlos” Ao Bl s B Byt Greate oS eSS
0. 20, CuBO4egl t2Be Ormd 2biialCeGEHd &0 WpGiRedbhiBthe) cdhglsd be employed as

Na2Mb04- 21: 61 NL14) 2804 Th
cells were %ég' éq?léa%f)y cen% 7 e#tcggfwg%ggfﬁ&\%éuﬁéﬁf%mﬁ%ovﬁ% ed °
distilled veaezene fophge wéqctedeilctroqmmsss ean(286 Berupsed agbi@etalystv@mgmu)mi@ler e
suspended 'dﬂpﬁ&ﬁ@ns Qf is 400 éh%%a%tfbgéfﬁélgrg é r;![‘o i eW cap

bottles. The ldnetie resolution was initrate ding racernic FEB

at 25 final Coéfﬁ’ﬁc?é‘ﬁ BRI Tom heoposiiramicogisating e@mm@n pibatuciline was

carr : edipu tm@ﬁu@ﬁ@gro@@@&ﬂﬂiﬁbﬁs Bt O eSS ﬁfmﬁom%oﬁ dh@ﬁtlaﬁd thelr
resol ution

noni t.or ed in 1 od] and
t er mi nat ed q@ﬁl CP‘P%V%?‘OQ/%F E?ebeéif’te?%g&ldd@g?wegﬁ %ﬁxpgﬁ%{%ﬂmﬁ@%@e%
Sanpl es ( 0.12ghkdt amveme ofiiddaddiyabwrithfhightAH dpecifio@tddityon m xture, fol | owed by
extraction wth ethyl acetate (0 2nl) and absol ute configurati ons of
remai ni ng epoxi de in organi c phase Bessplé®2t erm ned 30 by chiral GC as
described in paragraph 2 of this exanple. Yield is expressed as a
per cent age [per7i OTh&%ipedlﬁ@hﬁfbo@ﬁmﬁmn’lEﬁﬁﬁt&bﬁ&t&?iﬁ&um&nrzmcmmm tand
coan | 02 o BAE0 Rl ReLPSOREEILL AL B0 Sl L RSB e
ATCC PTA- 83B3pexfid reschrglisitstogy dis@EBd beiemt litsoseinéhqpr%taysm qfre@@_uc@dch(eaf ter
2h) enanti %lgﬂgﬁesggai&%%&ﬁné%g{m eld). A graph show ng the

concentration of (R)- and (S)-EBB present in the reaction m xture
during the kinetic resol gtion a S oL is found
in Fig. 5, The enantioneric ratio va?ageﬁfgf&f%gr tn |Istglr galjg%g?on is 71.
The forned was anal.ysed. by chiral, EPLC via derivatizafion wth
1 er t - but yRHEb i REIoPREH ieped P LeBe Ve 95nst g °5 o i
(hexane23RObrdkh (pELNG)/ dodsifting BB&btampton@bogﬂ y@ka e@trﬁesg»ﬂ wd Tl tay/1Pregar e

(8)-EBB [0082 cocc %bl dus .was t.u at. 30 C.on,the sane
medi um as c?%vec@} "g%t%’a Onﬁé? ﬁ%ﬁ%?mﬂ‘f g /‘ijiﬁﬁf‘%ﬂkeﬁﬁ’e“ S Per e
har vest ed Bypterendctené u@atédewnaradsa!mﬁneadsmms; eep&@edmdmxgloabgalr bleds wat er .

The wet cel | 710 i ded. i-n..10m
of 100 trai ™ 8%%§%eu%%é@¥l%%§k&|%§% %x?nc\é% Osm‘m a%%tﬁmﬂbl‘?he
kinetic resol ution process was initiated by addi ng racem c FEB at

final concentration of 20mM as substrates. The reaction was carri ed
out at 30C, 250rpmin shaking incubator. The kinetic resolution
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2 of this exanple. Yield is expressed as a percentage ratio

cal cul ated as concentration of nost abundant enantioner divided by
initial concentration of its racemate. Enantiosel ective 20 hydrol ysis
of EBB resulted after 4h in enantiopure (8)43E13 (100% e, 26% Yiel d).
The formed diol was anal ysed by chiral HPLC via derivatization with
1-tert-butyl di phenylsilyl chloride (Clairalcel OD, 99.2:0.8

(hexane: RIOH), 1ml/rain, 230am. Exanple 3 [ 0083] The foll ow ng
exanpl e illustrates tFablil:riéemedipmsokpasitoniofoseaingolis raceni ¢ al kyl
25 3, 4- epoxybut yr at es;hy. Agil.ReteAACt er baunmannti and Ctyptococcus

al biclus via enantioselective epoxide opening. Synthesis of racemc
al kyl- 3, 4- epoxybut vr atcespounds] 0084] The subsédcathetidnor ki netic
resolution, i.e., allcyl 3 4-epoxyhutyrates were synthesized via

aci d-cat al yzed est eri fAlkeats (osteno or Bxipiatearjoi C%deid, fol | owed by

epoxi dafion wth 3- 30 chl oroperoxybenzoic acid (m CPBA) (See, Fig.
GA) . Al kyl (R) -3, 4- epdksbenimetat es were al sé1int hesi zed vi a
esterification of (R) _4-cbloro-3-hydroxybutyric acid with
correspondi ng al cohoMECH&Powed by base- 8&¥a¥Yzed ring formation
and was used as a sta for chiral GC analysis. (See, Fig. 6B)
Kinetic resol ution of §Q-3,4-enoxybutvré§é > [0085] Aci netobacter
baumannii and Cryptoc al bi dus were cultured at 30 Con the 5
sanme nmedi um used in Egéﬁ%ﬁ% 2 par agr aph 4apk$ﬁ§ cells were harvested
by centrifugation andFﬁﬁéPEd twice with distill ed watck. The wet cell
pellets (15ng dry cell "weight for each strai wer e suspended in
0.2ral of 100 mM KH2P@ghjsbfer (pH 7.0) inpiganl screwcap tubes. The
kinetic resolution process was initiated by adding racem c al kyl 3, 4-
epoxybutyrates at finglacegasenidghaioh’on of 28mias substrates. The
reaction was carried out at 10 30C, 250rpmin shal dng i ncubator. The
reaction was term nat Bectafger 3h of incubatigh by adding 0.2nl of
ethyl acetate. The remai-ping-—epoxides were ans ed—chi-ral GC. The

results are present Rempnagond 10mEl. PSP a0 B 1o e for medon
Hew et t -sPackar d 689 é&g%@ m f v

C
i .f%fb%@@f Wity FM det ect or .

Organi ¢ phase was i Mg&s 0 260 gb With He as carrier gas and the
tenperature of 15 injector and detector was 200C and 250C,
respectively. The edant i&feSciaenipginid Eestiatiealvkdreeding fephxpbrgbaimat es

were determ ned by usin .silica cyclodextrin capillary fl-DEX
225 col um (30n1|ength,qg%%%§%?§%§, and 0. 25inn filmthiclness,

Supel co Inﬁiﬁ#nder t )€, [ f (

rate ofl%3clidirh. Akgre-wiEpnasiamegsrRatEnt brop wersuppded inZemigr 190 n

for BEF, g mzPagﬁﬁela@mee supple@etd vhgil YormN EEBI(TiNEh Fiﬁelgcﬁﬂ_@:al, lﬁ&g&nﬁgltin the

(r)fa t S"/a(r)i Ol]J- S Sgkwn Qréag %t%esasggeg \5%2 érugnri?ér segtu% an Q&% Iw(l)ﬂsm g m%g}lelﬁ\é gﬁrrl_elgl atr38°(;y SIS
for 6h. The reaction mixture was extracted with equal volumes of ethyl acetate, centrifuged

enperature gradient conditions (80C -150C at the

for 10min at 10,000g, 4°C and the organic layer was analyzed by gas chromatography (GC).

15 Chiral GC was performed on a Hewlett-Packard 6890 series system equipped with a flame
ionization detector. Samples were injected (1u1) with He as carrier gas and the temperature
of injector and detector was 200°C and 250°C, respectively. The enantiomeric purities of
EEB were determined by using a fused silica cyclodextrin capillary 8-DEX 225 column (30m
length, 0.25mm ID, and 0.25pm film thickness, Supelco Inc.) under termperature gradient

20 condition (column, 80~150°C at the rate of 3°C/min). The commercially available (R)- or
(S)-EEB was employed as a standard (Jillich Fine Chemical, Germany). Epoxide hydrolase
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'Epoxi des Aci net obact er baurnannii Dyptococcus al bidus ee (%/abs
conf. Yield (%9 cc (9% /abs coat Yield (%9 Methyl 3,4-epoxybutyrate
(NLRB) Ethyl 3, 4-epoxybutyrate (EBB) Butyl 3, 4-epoxybutyrate (ERR)
tert-Butyl 3,4-epoxybutyrate (1EB) 43/(R) 100/ (R) 1001(R) O 46 46 11

and ifs enantioselectivity in alkene-utilizing strains were screened with EEB as a substrate.
Enantioselective degradation of EEB was observed in case of unidentified strains L8G1B and
LL11AS5. L8GIB showed (S)-specific degradation activity whereas LL11AS hydrolyzed (R)-
EEB preferentially.

5 3. Microorganism identification

[0080] The newly isolated micraarganisms, LG1B and LL11AS5, containing EH activity
were identified based on their morphology, Gram staining test, physiological and biological
tests including assimilation of carbon and nitrogen sources, detection of catalase activity and
fermentation experiment. L8G1B was identified as Acinetobacter baumannii using API

10 20NE kit and apiweb (bioMérieux, France) with characteristic features shown in Table 1A
{(above). LL11AS5 was classified as yeast strain based on its shape, size, Gram test, and
assimilation pattern. It showed Gram positive result with narrow-necked budding and
mucoid colonies. By using APY 20 C AUX and apiweb (bioMérieux, France) it was identified
as Cmvtoéaccus albidus with assimilating results for various carbon sources shown in Table

15 1B.

4a.  Kinetic Resolution to Prepare (R)-EEB

[0081] Acinetobacter baumannii was cultured at 30 °C on 2 medium containing 8.5g
glucose/l, 2g yeast extract/l, 0.85g NaH,PO4H,0/1, 1.55g KoHPQ4/1, and 10ml {race element
solution/1 for 24h. Trace element solution is composed of EDTA 1.0g/l, CaClL-2H,0 0.1g/,

20 FeSO47H;0 0.5g/1, ZnS047H;0 0.2g/1, CuSO4-5H,0 0.02g/1, CoCly-6H,0 0.04¢/1,
MuCly-4H,0 0.1g/1, Na;MoO4-2H,0 0.02g/1, MgCl,-6H,0 10g/1, and (NH4)28504 200g/1. The
cells were harvested by centrifugation and washed twice with distilled water. The wet cell
pellets (350mg dry cell weight) were suspended in 10ml of 100mM KH,PO, buffer (pH 7.0)
in 50m]l screw-cap bottles. The kinetic resolution was initiated by adding racemic EEB at

25  final concentration of 20mM as substrates. The reaction was carried out at 30°C, 250rpm in
shaking incubator. The kinetic resolution process was monitored by taking samples
periodically and terminated when the ee value of residual epoxide reached 100%. Samples
(0.2m1) were withdrawn from the reaction mixture, followed by extraction with ethyl acetate
(0.2ml) and absolute configurations of remaining epoxide in organic phase were determined

30 bychiral GC as described in paragraph 2 of this example. Yield is expressed as a percentage
ratic calculated as concentration of most abundant enantiomer divided by initial

concentration of its racemate. The newly isolated whole cells of the bacterda Acinetobacter
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45 7.01(8) 1000). 5.4/(8) 100/(8) 28 26 48 Cctyl 3, 4-epoxybutyrate
(CEB) 661(R) 19 2,90) 6.1 Benzyl 3, 4-epoxybutyrate (ZBB) 101(R) 42

3.7/(S) 48

10

15

20

25

30

bawmannii ATCC PTA-8303 could hydrolyze EEB enantioselectively, produced (after 2h)
epantiopure (R)-EEB (100% ee, 46% Yield), A graph showing the concentration of (R)- and
(S)-EEB present in the reaction mixture during the kinetic resolution process as a fimetion of
time is found in Fig, 5. The enantiomeric ratio value () for this reaction is 71. The formed
diol was analysed by chiral HPLC via derivatization with 1-tert-butyldiphenylsilyl chloride
(Chiralcel OD, 99.2:0.8 (hexane:FtOH), 1ml/min, 230nm).

4b.  Kinetic Resolution to Prepare (5)-EEB

[0082] Ciyptococeus albidus was cultured at 30 °C on the same medinm as described in
paragraph 4a of this example. The cells were harvested by centrifugation and washed twice
with distifled water. The wet cell pellets (710 mg dry cell weight) were suspended in 10ml of
100 mM KH;PO,4 buffer (pH 7.0) in 50ml screw-cap bottles. The kinetic resolution process
was initiated by adding racemic EEB at final concentration of 20mM as substrates. The
reaction was carried out at 30°C, 250rpm in shaking incubator, The kinetic resolution
process was monitored by taking samples periodically and is terminated when the ee value of
residual epoxide reached 100%. Samples (0.2ml) were withdrawn from the reaction mixture
periodically, followed by extraction with ethy! acetate (0.2m1) and absolute configurations of
remaining epoxide in organic phase were determined by chiral GC as described in paragraph
2 of this example, Yield is expressed as a percentage ratio calculated as concentration of
most abundant enantiomer divided by initial concentration of its racemate., Enantioselective
hydrolysis of EEB resulted after 4h in enantiopure (S)-BEB (1 OO%ee; 26% Yield). The
formed diol was analysed by chiral HPLC via derivatization with 1~tert-butyldiphenylsilyl
chloride (Chiralcel OD, 99.2:0.8 (hexane:EtOH), Iml/min, 230nm).

Example 3

[0083] The following example illustrates the kinetic resolution of various racemic alleyl
3.4-epoxybutyrates by dcinetobacter bawmannii and Cryptococcus albidus via

enantioselective epaxide opening.

Synthesis of racemic alkyl-3.4-epoxvbutyrates:

[0084] The substrate for kinetic resolution, i.e., alkyl 3,4-epoxybutyrates, were synthesized
via acid-catalyzed esterification of 3-butenoic acid, followed by epoxidation with 3-
chloroperoxybenzoic acid (m-CPBA) (See, Fig. 6A). Alkyl (R)-3,4-epoxybutyrates were also
synthesized via esterification of (R) 4-chloro-3-hydroxybutyric acid with corresponding
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Exanpl e 4 [0087] The followi ng exanple illustrates the kinetic
resol ution of racem e EBB via enantiosel ective degradation of racemd
EBB (via epoxi de opening) using |yophilized cell 5 powder of

m croorgani snms. [ 0088] Aci net obacter baurnannii and Cryptococcus

al biclus stored at -70C deep freezer for 3 nonths were cultured at
30C on the sane nedi um used in paragraph 4a of Exanple 2. The cells
wer e harvested by centdfogati on and_washed fwice with distjlle

water. The a{R%I%OI%%IHPW??&YIbéTS’s“ o g SQZ’@?PQPS?& wag usfd as ?g@éﬁ‘i‘?(f‘)’i qll?’é% GC

| yophi | i zedndipis. @vepmi ¢t . Dried powders of 10 cells (15ng) were
suspended in 0.2m of 100nM KI-121)04 buffer @1 7.0) in 1.5 m

screw cap bOtt|ﬁﬁeﬁ&E&@luﬁ@iﬂﬁh}%@J,ﬁ&@k@t@ﬁ_esms initiated by adding
racem: c EBB as su_bstrat es at final concenftrati on of _20mlv| . The
reaction VagsS@r hdiRehsRlr BlmBMEen@ S pibddboub HIbAAdOELIfuTRE WpatQlon thEhe
kinetic resolution was nonitored b

. y . taking sanpl es gteri odi cal ly and
was termi nsERsiHEhuehE %ém%m@a%whf‘é‘nﬁi?erﬁe%’eme S e T
The | yophi ki@esnsalcs with sRusacued 1 venanbiisel Rotdy elidetghatatdion

pattern with . high yield.  Acinetobact . t.ococcus

Dbl dus 1 eSBatis Smgricd rEba o ST O CEL g SRISRB Y o

yi el d of 46ffeq e kihkjc resothtiddBptodetoras Mifjatedibe sdiiptraoemioalky] 8889] Al t hough
t he foregoing. i nvention.,has bheen i NS i . of
1T ustr att SR RO 7ot g sp Sl pihe. B ek s SRt it
one of 9ki BO°d, pSOtineinashaking ihdub26r. Hppeaetinatae terhiattedcafiet 3 of ihbatigeky and
nodi ficatig b r.acti.c 1.t hl: e :
clainms. | naé;%n(ﬁ%r??ﬂg%g ﬁgtart%:‘alg1 i \é\érlll](i:e %reggﬁq‘%fgggﬁg?ﬁzﬁ& ?%a?%'o?%ggglgsed
by ref er enew preasenierddn Eabld 3 Gelpwio t he sane extent as if each reference
was individually incorporated by reference. WHAT IS CLAIMED |IS. 11.A
bi ol ogi cal [498@ur@C wat pegfoanegfonflewleifaskaws§thiessn GG wrtracorrred st FiD
baumanni f 5 §boo§;1s' | Wi HR S L ad Bl AR tSml RRHE B -

2. The bi ol gégtfdgbg%g%gﬁghg cu tngér‘&gedg@[éjo%g% ng to cl%gi m I, tyvher.eirn said 2
cul t ur Sof jdeter midoieeiosi280iCADE AW Ghespecarelh allbrarantiomesicprites of Al
epoxi de hydrc ks oy 468 Rl by ABIRFH RO Bar P HDEKENT
medi um 139,%%@%?%#%{9%?3%3'%%%%3%%%%%% eagg%)ar (sj’?n to clai mglgz

wher ei n saP?p @herp{dou reibi(:35em Dye AAvradin fidgesasypditd BBIMESour ces
of carbon, i L o0 adieﬂf‘&nhiﬂ?ﬂs?{ﬁ’d’*g@lﬁé BShARESS3°CHmid ¥or NiBlQgEeRIsh Y

pure cul ture according to claim 2, erein sald 2 epoxi de hydrol ase

pref er ent i &F 20y eiriest rgte e61°Capin & BB, §)°G-eH5K plibr spleaft €C /mimfor e ¢
M XUUr &gy 40°C~ 180°C at the rate of 1°C/min for OEB and ZEB).

Table 3; Enantioselective Hydrolysis of Various Epoxides.

Acinetobacter baumannii  Cryptococcus albidus

Epoxides ee (Yo)/abs . ce (%)/abs
Yield (%) Yield (%)
conf. conf,
Methyl 3,4-epoxybutyrate (MEB) 4.3/R) 46 7.0/(S) 28
Ethyl 3,4-epoxybutyrate (EEB) 100/(R) 46 100/(S) 26
Butyl 3,4-epoxybutyrate (BEB) 100/(R) 11 5.4/(S) 48

tert-Butyl 3,4-epoxybutyrate

0 45 100KS) 5
(TEB)
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3of ethyl -3, 4-epoxybutyrate to form

(S)-ethyl.-3,4-di hydroxybut anoate. 15. A process for resolving a
racem c m xture of ethyl-3, 4-epoxybutyrate 2 conprising culturing the
m croor gani sm Aci net obact er baumannii ATCC PTA-8303, which 3is
characterized by its ability to preferentially hydrolyze
(S).ethyl-3,4-epoxybutyrate to form

4(S) - et hyl - 3, 4-di hydr oxybut anoate, in the presence of said racemc

m xture in drtdgdepugbBpate QBB medssiR)under 1@er obi €.948ndi ti 6is. 6. A
process for preparing (R -ethyl-3, 4-epoxybutyrate, said process
2conpr i si ng:Bedfyl } HRpdxymityrag (ZEB)acemy@ryl Xt ur ei2of 3.748S) 43

ethyl -3, 4-epoxybutyrate wth an 4epoxide hydrolase in a form selected
fromthe group consisting of whole cells, cell extracts, 5 partially
purified enzyme, purified enzyme anﬁxﬁmgggture t hereof, wherein said
enzyme and 6 said cell conprising said enzynme is from the

m cr oor gani P 7hc it he ol pHiae ermpledikaaiesi thediners I'FF"MIOBQ@)@GE&HHEE% via
characteri za:&ﬁayeldoﬁ& c@giackduwoﬂr&eﬁrc@wceia thoatde pdhsdy @ingafophitized cell

(S)-ethyl- rate in said mxture to form
(S)-eth §’Edﬁi §H¥ %%ﬁ?ﬁnone, and 9(||)|solat|ng
(R) -ethyl - poxybug%ra%e fromsaid reacthpn med

7. The procd %@faé%%é 1§ YT ARE PRSP P %éf%’%fc %%&C%e%v fegrer forg

out in 2 a DneMisvErLdultied & 309C dhBe Hiné h@@ﬁ@@@dﬁ@ax@@ﬂ 4@&5&@@% 2.
nutrient ne

ess acc Ialn?
wher ei n sai eﬁ%é"@?gﬁ{‘?i‘twyﬁﬁtﬂ@?ﬂ?ﬁ F‘B‘B’? ‘E”ﬂ?:g‘ﬁgi 3%6 i@etTh e
process acaen gERE we fzal 63 B at VST adFih @opmms@f ol EmigR Tirie@ptibes bf)
10 cells (15mg) were suspended in 0.2ml of 100mM KIH,PO, buffer (pH 7.0) in 1.5 ml screw-

cap bottles. The kinetic resolution was initiated by adding racemic EEB as substrates at final

concentration of 20mM. The reaction was carried out at 30°C, 250 xpm in shaking incubator.
The kinetic resolution was monitored by taking samples periodically and was terminated
when the ee value of remaining epoxide reached 100%. The lyophilized cells also showed

15 enantioselective degradation pattern with high yield. decinetobacter baumannii and
Cryptococcus albidus resolved racemic EEB, resulting in (R)- and (S)-EEB with yield of
40% (for 1h) and 18% (for 3h), respectively.

[0089] Although the foregoing invention has been described in some detail by way of

illustration and example for purposes of clarity of understanding, one of skill in the art will
20  appreciate that certain changes and modifications may be practiced within the scope of the

appended claims. In addition, each reference provided herein is incorporated by reference in

its entirety to the same extent as if each reference was individually incorporated by reference.
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2 an aqueous buffer using resting cells of the m croorganism 110. The
process of claim®6, wherein said process is carried out in a 2

m croorgani smfree reaction nmediumcontaining purified or partially
purified epoxide 3 hydrol ase enzyne isolated fromthe m croorgani sm
111. A biologically pure culture of the mcroorganismCriiptococcus

al bidus 2 of ATCC PTA-8302, and derivatives and nutants thereof.

112. The biologically pure culture according to claim1ll, wherein said
2 culture of the mcroorgani sm Cryptococcus al bi dus produces an
epoxi de hydr ol ase upon 3aerob|c cultivation in an aqueous nutrient
nmedi um 113, WEATES (L IALVIED pure culture according t6 claim12,
wherein' said 2 agqueous nutrient nedi um contains assim | able sources
of carbon; nitrogen, @nd Anwigadallepdscunicat tesicrddrdanisheddiicabogircal |y

hyarol asct | SenpaEicEAse Be BO DAE e IR ARG BB ot hyl 3.4 3

epoxybutyrate in a racem c mxture of ethyl-3, 4-epoxybutyrate to form
(R -ethylt3 ,4- 4 di hb/droiymblaglmw@urettllﬁlreﬁacmrélcewlqimri veesai $tichg a

racem c m xt ur et h [ Edlkd ok he
m cr oor gahi sﬁﬁ%ﬁ%t ] °° ahﬁs%‘l %‘%%&%5%%%5&{%?1 ﬁeB %cﬁ%ry actaeillgged
by its absl |ete;obtcauhuwaibe ureamtalqwdohg/nduwjtmdy\m

(R) -ethyl -3, 4-epoxybutyrate to form4

(R) -ethyl 3, 4-di hydr oxybutrRhQabSieally Buk BR0RE R368:6L 10 iR 2] #hdideQiE C

m xture i I’l an aqueous
2 aqueous nutrient medium contains assimilable sources of carbon, nitrogen, and inorganic

3 substances.

1 4. The biclogically pure culture according to claim 2, wherein said
2 epoxide hydrolase preferentially hydrolyzes (S)-ethyl-3,4-epoxybutyrate in a racemic mixture
of ethyl-3,4-epoxybutyrate to form (§)-ethyl-3,4-dihydroxybutanoate.

1 5. A process for resolving a racemic mixture of ethyl-3,4-epoxybutyrate
comprising culturing the microorganism Acinetobacter baumannii ATCC PTA-8303, which
is characterized by its ability to preferentially hydrolyze (S)-ethyl-3,4-epoxybutyrate to form

(S)-ethyl-3,4-dihydroxybutanoate, in the presence of said racemic mixture in an aqueous

w b WwN

nutrient medium under aerobic conditions.

.,,.
)

A process for preparing (R)-ethyl-3,4-epoxybutyrate, said process

NI

comprising:

(1) incubating a racemic mixture of ethyl-3,4-epoxybutyrate with an
epoxide hydrolase in a form selected from the group consisting of whole cells, cell extracts,
partially purified enzyme, purified enzyme and a mixture thereof, wherein said enzyme and
said cell comprising said enzyme is from the microorganism Acinetobacter baumannii ATCC

PTA-8303 and is characterized by its ability to preferentially hydrolyze (S)-ethyl-3,4-

O ~ & W .~ oW

epoxybutyrate in said mixture to form (8)-ethyl-3,4-dihydroxybutanoate; and

9 (i)  isolating (R)-ethyl-3,4-epoxybutyrate from said reaction medium.
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5 nutrient medi um under aerobic conditions. 116.A process r
preparing (S)-ethyl-3, 4-epoxybutyrate conprising the 2steps of:
3(i)incubating a racernic m xture of ethyl-3, 4-epoxybutyrate with an
4epoxi de hydrolase in a formselected fromthe group consisting of
whole cells, cell extracts, 5 partially purified enzyne, purified
enzyme and m xtures thereof, wherein said enzyne and 6 said cel
conprising said enzyne is fromthe m croorgani sm Cryptococcus al bi dus
A. TCC 7 PTA-8302 and is characterized by its ability to i X
preferential ly hydrollze TR preessapdordingiio clafsof,ytheteinrtag rrogess is ggriged out in
m xture to form:. - 3..4- d] : e 9(ii)isolating
(S)-et hyl ?3,%@%%%‘%‘%% g@*@ﬁ%ﬁ%{ﬁ%g@%@?gﬁ&‘gﬁ%gﬁ Sﬂ{“' 117, The
process according to claim 16, wherein the process is carried out 2
in a growing cul ture Sf tRee FHPERTSIULng ©laim 7. aheri fal PEcRt iy ReEpmed
medi um 118. The BoReesitagecording to claim 17, where said process is
performed 2 under aerobic conditions. 1l athe process according to
claim 16, wherein said process is carried out i n_an _aqueous. buffer
using resting cells o saitlf HPEFFGrHUPE *Qrﬂa“'&é’d”.zhﬁ?e“a‘grpboc‘f%@és °81F’e%?‘5imm
16, wherejn gabekoly REBSHink SestR dell€6F tRlthiclobrg@nighn.Mi cr oor gani smfree
reacti on nedium containing purified or partially purified epoxide 3
hydrol ast. i sol ated frgmt nm croaQrganj s 121..A hod_f or duci ng
the mocr Obi al epoxi d el(ahy d?gel PIQcEss Cogrqrgxlp} iwﬁx]é:rem said pro@s% r& c%’neg butki £

: 2 microorganism-free reaction medium containing purified or partially purified epoxide

3 hydrolase enzyme isolated from the microorganism.

11. A biologically pure culture of the microorganism Crypfococcus albidus
2 of ATCC PTA-8302, and derivatives and mutants thereof.

1 12, The biologically pure culture according to claim 11, wherein said
2 culture of the microorganism Cryptococcus albidus produces an epoxide hydrolase upon

3 aerobic cultivation in an aqueous putrient medium.

1 13.  The biologically pure culture according to claim 12, wherein said
2 aqueous nutrient medium contains assimilable sources of carbon, nitrogen, and inorganic
3 substances.

1 14.  The biologically pure culture according to claim 12, wherein said
2 produced epoxide hydrolase is capable of preferentially hydrolyzing (R)-ethyl-3,4-

3 epoxybutyrate in a racemic mixture of ethyl-3,4-epoxybutyrate to form (R)-ethyl-3,4-

4  dihydroxybutanoate.

18. A process for resolving a racemic mixture of ethyl-3,4-epoxybutyrate
comprising culturing the microorganism Cryprococcus albidus ATCC 8302, whith is
characterized by its ability to preferentially hydrolyze (R)-ethyl-3,4-epoxybutyrate to form

(R)-ethyl-3,4-dihydroxybutanoate, in the presence of said racemic mixture in an aqueous

L ¥,

nutrient medium under aerobic conditions.
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2 the steps of: 3(i) aerobically cultivating the m croorgani sm

Aci net obacter baumannii ATCC 4 PTA-8303 under conditions suitable for
the formati on of the epoxide hydrolase in a nutrient 5 nmedi um
cont ai ni ng assi m | abl e sources of carbon, nitrogen, and inorganic
mnerals; 6(ii) incubating the culture for a tine sufficient to
produce said epoxide 7 hydrolase; and 8(iii) recovering said epoxide
hydrol ase fromsaid nutrient nmedium 122. A nethod for producing the
m crobi a] epoxi de hygr ol risi t o 300,

aer obi ca* ly culti vatll%plg ???gocgnsgggr} %)e?)%lg’%i@h%&gﬁ??f%t g%i’%c %teg I%é%ﬁé th/&TCC 4
PTA- 83022 urdee ok ondi ti ons suitable for The formation of the epoxide
hydrolase in a nutrient 5 medi um containing assimlable sources of

carbon, mitrogen, ang iDﬁl&ﬂﬁﬂ:ﬁgcalﬁéeﬁﬁf@kﬁieo@_(e&d;l)?:,&élfb&dﬁﬁ%)&dﬂegwﬁtm
culture %or a.@gge ufficient t%%grogpce sai d epOX|q§ hydLoIase;
and (iii¥y r&e6 REseRieOBLER EEIRY U SR LTI OE e Frl: Pl Rracts,
medi um2 ﬂZ%akﬁBy@fﬁfﬁ%ﬂervﬁmpﬁégipdﬁﬁe{ﬂl)édi}ﬁieaﬁc&nl | Hefirdd ﬂfe&bmm&leﬂeﬁ_@ﬁednL Ayin® Bt hg
rou onsi,sting of. whol e cel. el |l. extract artia ie
doyhe. Goreerelfsonb et i B Bt rara Rt AR Sy e
i s deriVed FT4e8A00 hed istlieroerigaby seubitl oetdbethiy hyfrdpw @ndiy-3ATCC
PTA- 8303 f 0L R GHAL iR Gid B AR AR At ot O @ racemi ©

9 (i)  isolating (S)-ethyl-3,4-epoxybutyrate ffom said reaction medium.

1 17.  The process according to claim 16, wherein the process is carried out

2  inagrowing culture of the microorganism in an aqueous nuirient medium.

18.  The process according to claim 17, where said process is performed

2 under aerobic conditions.

19.  The process according to claim 16, wherein said process is carried out

2  in an aqueous buffer using resting cells of said microorganism.

1 20.  The process of claim 16, wherein said process is carried outin a
2 microorganism-free reaction medium containing purified or partially purified epoxide

hydrolase isolated from the microorganism.

1 21, A method for producing the microbial epoxide hydrolase comprising
2  thesteps of}

3 (1) aerobically cultivating the microorganism Acinetobacter baumannii ATCC
4 PTA-8303 under conditions suitable for the formation of the epoxide hydrolase in a nutrient
5  medium containing assimilable sources of carbon, nitrogen, and inorganic minerals;

6 (1) incubating the culture for a time sufficient to produce said epoxide

7  hydrolase; and

8 (ii) recovering said epoxide hydrolase from said nufrient medium.

1 22. A method for producing the microbial epoxide hydrolase comprising

2 thestepsof:
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5 m xture of ethyl-3,4-epoxybutyrate. 124.Use of an epoxi de hydrol ase
in a formselected fromthe group 2 consisting of whole cells, cell
extracts, partially purified enzyne, purified enzyne, and a 3 m xture
t hereof, wherein said enzyne is derived fromthe m croorgani sm

Oyt ococcus 4 al bi dus ATCC PTA-8302 for preparing
(S)-ethyl-3,4-epoxybutyrate froma racenaic mxture 5 of

et hyl - 3, #4- epoxybut y@at&ebically cultivating the microorganism Cryptococcus albidus ATCC
4  PTA-8302 under conditions suitable for the formation of the epoxide hydrolase in a nutrient
5 medium containing assimilable sources of carbon, nitrogen, and inorganic minerals;
6 (i) incubating the culture for a time sufficient to produce said epoxide
7  hydrolase; and

(if) recovering said epoxide hydrolase from said nutrient medium.

[o,]

23.  Use of an epoxide hydrolase in a form selected from the group
consisting of whole cells, cell extracts, partially purified enzyme, purified enzyme, and a
mixture thereof, wherein said enzyme is derived from the microorganism Acinetobacter
baumannii ATCC PTA-8303 for preparing (R)-ethyl-3,4-epoxybutyrate from a racemic
mixture of ethyl-3,4-epoxybutyrate.

L T R s

24.  Use of an epoxide hydrolase in a form selected from the group
consisting of whole cells, cell extracts, partially purified enzyme, purified enzyme, and a
mixture thereof, wherein said enzyme is derived from the microorganism Crytococcus
albidus ATCC PTA-8302 for preparing (S)-ethyl-3,4-epoxybutyrate from a racemic mixture
of ethyl-3,4-epoxybutyrate.

T o W N s
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