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WD 2004/ 015132 PCT/ US2003/ 025263 Express Mail No. EV
332430662US ENZYMATI C PROCESSES FOR THE PRODUCTI ON OF
W@ 2BUWBSIBTUTED 3- HYDROXYBUTYRI C ACI D DERI VATI REBUS2003/025263
CRCSS- REFERENCE TO RELATED APPLI CATI ON Thi
application clainms the benefit und&xpmss Ma!ib@ EV] 1B48)662US
of U S.S. N 60/402,436, filed August 9, 2002, which
is incorporated herein by reference in its entirety.
COPYRI GHT NOTI FI CATI ON 10 A portion of the disclosure
cENZm\@AH& BROCESSEAINR THlk IER‘HQLK%EEI@N QF %UBETITSUTED
subj ect tal ght owner
has no obj ec?ﬁ?ﬁpﬁ%@f?g{g{; m eDgggyggg%?ison
anyone of the patent docunent or patent dlsclosure as
it appear lena ,
file or reg€s A 2 pyri ght
Firgit E?hé’aﬁ%%ﬁﬁi{?{he blEefﬁ'uE&Q 3@FU§F€ § N\@i 'df@\’sﬁlﬁ 60/402,436,
prese Invention relates to novel enzynsatic method

filed Aaxgﬁstcﬂ; P02, whicn s ihaorporpted hareimly tbf@mwt intitstentrety.
3- hydroxybutyric acid derivatives. 20 BACKGROUND
4-substituted 3-hydroxybutyric acid derivatives are

commerci al ly i np@dpeRIGHTNOTEICAIIEONI N the synthesi s
of pharmaceuticals. Nonracem c chiral 4-substituted

3Ampiexgfdhe gisrlosueiokithispatens dagyment contpins Federiah whigh is subject
to copgﬁgl%t&?gfeg o%f ﬁ%% Wt?)%g ?%gll?vda %ltlgh Ec?{h%’fé&ﬂﬁpe %ﬁroductlon
by an)'roha‘bﬁﬂieqiatdm db6mei anputént disolodrepss i apphrs in the Patent and

-4-cyano- 3-hydroxybutyric acid is ) )
Trademﬁtl%@ffge.pateet filsror FeroTdsy Behptharyisedeseryes aﬁ&HBY%@E siepis
whatsbQWET | Ng agent atorvastatin. Methods have been
escri bed for producing certain 4-substituted
3-hydroxybutyric acid esters. Isbell, et al.

Car bohydrat e Res. @%Mort a method for
synt hesi zi ng an ( utyric acid
e$h&preSdht iBRAFONELI A0 nEPARRY S EmEhbEd AHA &fosﬁ’iﬁms for
threonine with hydrogen bromde to produce a br ono
preparB(g 4teutistiitted, 2-hydrox busymg #eed devivagives.s t hen converted to
a vicinal bronmohydrin. The hydroxyl group of the
bromohydrin is protected prior to reaction wth sodi um
cyanide. 1d. WO 2004/ HACRSROUNDS2003/ 025263 Act a
Chem Scand., B37, 341 (1983) reports a nethod for
pfsubstitegd 3-hydeoxabieyac pgid denyasives argicemmespially important

intemﬁglggegg{i; tI% Jﬂé{ﬁi[eg}é Xpbjﬁa}%%e%t&gl@t Nameéﬁﬁ%hﬂﬁpi-ﬁﬁ}shﬂ@e(f he
3-hydroxybutyric acid esters may be utilized in the synthesis of HMG-CoA reductase

inhibitors, such as atorvastatin, fluvastatin, rosuvastatin, and itavastatin. For example, an
ester of (R)-4-cyano-3-hydroxybutyric acid is a key intermediate for the production of the
cholesterol lowering agent atorvastatin. Methods have been described for producing certain

4-substituted 3-hydroxybutyric acid esters. Isbell, et al., Carbohydrate Res., 72:301 (1979),

report a method for synthesizing an (R)-4-cyano-3-hydroxybutyric acid ester by reacting the
monohydrate calcium salt of threonine with hydrogen bromide to produce a dibromo
derivative of threonine, which is then converted to a vicinal bromohydrin. The hydroxyl

group of the bromohydrin is protected prior to reaction with sodium cyanide. Id.
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group with a protecting group prior to reaction with
sodi um cyani de. Recent routes to synthesize
wd2ayani38- hydr oxybut yrate esters invol ve the PCT/US2003/025263
uncat al yzed chemical reaction of a 5 4-brono or
4-chl oro- 3-hydroxybutyrate ester, w thout protection
of the hydroxyl group, wth a cyanide salt.
BAcRICHeHE Ssand\dBEN 841 (EIBS) fdgbmed et fot proARERE & 4-cyano-
condi tions created b t he basi c cyani de ani on, which
3-hyd@p<§b1§&r|afq fzemard- 9r0m<b¥rmﬁrm&y@trratertbﬁﬂ9@nqu Fretesimg the hydroxy
. - .
eroup iif4ifbrertit (HAP Bride (NETN NGB FPEFIE HEBptiot o
synthesizg ui-dyaﬁio-Bdl}édﬁp@bﬁityeaté bsterd 1m)pamh6uima¢himexdk¢hbmrwt Eactlon ofa
ester from he e products. . The 10 djstillation
+-brome i SHTS- & afwﬁwaée glsteVihout RERiFatiorRthe hydroxyl group,

with a%ﬁxﬁ]ﬁ@gﬂf?t 8 3ﬂ '&eh%éﬁ rlirékdre{ed Iuﬁderttﬁeymcea%ﬁm&le created by
g ssf ul

operate suc e use of
the bagie cmni:damﬁom ydndxgab lpagtrcutarla@mbleaate:r toasmave framttheigroduct.

4- Cyagl(;-ggé'l ﬂ(}ygqlhgﬁ nt fl_feglll E%lfﬁgg ﬁg?lgﬁ aﬁl(%vw}lgl fractional distillation
is reqfed® %p@l?dté Mleaﬂ-éyaﬁ&?}-l’{ﬁhémm 416 estbiSRof fthede by-products. The
4- br ono- 3- hydr oxybutyric acid ester, but requires nore

distillatipnciondjtieanale Prasiedo igandrate addjtipnsl byinsedusis anddhadistisation is
troublgs%kr}esto gnga{e SHE&%SﬁJngr reactivity of the chloro

are the brono substituent. While

t mhae asefatd- aﬂomﬁ3 Hydrok guoyrie duydlesverids utsydreh @matetial & the
oceeds w_th alkali cyanide and high tenperature
synthesisda 4roerP g dERePRDETScIdester SgQrGSSPRATRICAY Wactlve than the

use of ARG flo-1- ﬁ&(ﬁ%&%&gﬁ id &G4 legtﬁngut%ilﬁfb% In¥éte 'focrein@tc'oﬁ('ﬁtl@ﬁkdm its

purification procedures t additi onal
reactlgn eltll cyamsde. salts Gue athe 1dvcer réact0i8y @btBe dhlsod mﬁ)e'stutﬂrtax)mpared to

es. un ted startin | ower
the brafig SYCoBIER} S BHE the ompRAE F it ohe o PR sig e geeeds
with aﬁ&ﬁtc?hrﬁde Ehf(fjl'il?l’i YafperhtdieStheSy fé?& ENldidhs lead to substantlal by-
3-cyanobut yrol'act one, 3-hydrox u %rol actone, y-

produ@rfommﬁmha@qmg esteoylaﬁ trolpting dn p aypapeoméum that tegylt in

s e S H P SV S Rl S B L g
material, 9Rfe %xerf Uy lRSters STERT-BRES0- &h@dfdx&bmﬁhb a¢ld mﬁtyrmdtahor

| ower al kyl esters of (R)-4-cyano-3-hydroxybutyric
hydroxyaceylate, oyareacryiate) %éxaneb@tvrqlaoaqneo% hdfiroaywtwéaqm@t e

crotonoPl Log% f%ﬁ%g%éﬁ)é(?gig)@gﬁﬁm&rtﬂgl 384 gl? O'Bgtlygﬁg Huer

alkyl ¢vedr hodiBighttodlimppaehpastetizairconfpounids. dfl.Gt Bat. Nbaf 0081853 further
descn?%sqﬂup%lchtllél %gg)%g:fgrclowsggpgn%séﬁg Iﬁlcpyagg- -hy gxeybﬁtync acid

that 1nQ@veéd1§ﬁﬂ@aﬁfbn%‘f@%ﬂ§Mﬂ%¥ il @1e ?%sgnde%rsoWeKVﬁxaﬁ% @'boiling

producti on. 27 descri bes an
point @ﬂ 108€nal 607 aﬂ@r’fmn hUﬁmg stlahe:bﬁtllhgon metteds ahe deainippkition of

ers of (R) .30 4-cyano- 3-hydraoxybutyric acid
unreaged e 1 saikt )@ﬁém&gwﬁ Jehdch wi)ewmtrssutlfsla@ﬁirmaﬂc
overalfifoss ﬂi (h%d;r }58 r301§ Jggy RRUHEr alRY1 &e gg{ﬂg&:tlon U.S. Pat. No.

reactio ren ese components
6,140,527 déscebesrah aiebemaa&e appreach'lfbust:atmgtchuieghweﬂwﬂkﬁ eserhafdR)-

4- cyax}gcér/%kfégé r eadl : éthaY %{vlo v%ls ?en%vaa{ g% tﬂg dgh))%)atezg 8;1 /p901 u%t%zsuch as

4-hydroxycrotonic ac1d esters, by chemical reaction, which renders these components water

soluble and extractable. Thus, although these methods utilize a readily available starting
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material, significant yield | oss and product

purification requirenments make them commercially
wandesisiabl e. Accordingly, nore efficient nmethpdyubmns/025263

produci ng nonracem c chiral 4-substituted

3- hydroxybutyric acid esters under m | der conditions

woul d be highly desirable. 5 Hal ohydrin

materidE BighFiamasi€1d loslag prefuet pietichfordfeqtiiddnaits piake them
dehalogenases or hal ghydrin hydrogen- h%llde | yases,

commgreialyyndesifgblee | AGepreangl bﬁn@ﬁe %gﬁ@tﬁh prRRyodydng pesragemic
chiral Q%Qb%tg\?tjfg g %Xdﬁﬂybﬁt&ﬂ@a&&%‘s@%@? ngﬂézfg‘r rrdé)gﬁltlBﬁs RoBURShighty
desirablat al yze the reverse reaction. Nagasama et al., Appl.

M_cr obi ol otechno (1992 . 478-482,
dHalopydan %tal%rw%fa 2 reled t%amjf?ﬂis%ﬁ%halogenases or
haloh%}fiﬂ%eﬂ Rji gl gl)zéé/egs@atéwze]tge elimination of hydrogen halide, as proton and

or 0- 3- hydr oxybutyronitril e anong ot hef vicina
halidehen, dtopd vicisl ha\llalksalms &0 pltodad;e the Bowespending Bpaxydiey sThese enzymes

oo e3P NEdr G VBIo OB eEuap o Ak VcreBiak Bilecimol yol. 36
(1992545¢8. 1478 1482 Qtls&ode@k@hyﬁéf Dcditad RIS IR Ihlyd@gtaxymﬁdet Wase on

catalyze the reaction of certain epoxides wth
4-chloggr3rhydeoxybutymamnifrilehamens otherpasialdglohydrins. Nakamura et al., Biochem.

| n
mioJE RO SRUTL Y. AT o 1085 SRS oz
pp 118%1- 1326 pdikddsehigtivityniofd hdlolafdkialiydegenhdizde lyatente catalyze the

reacthl{/ocelficgptglg eg;,é@%cgftﬁ ggtnéqhﬁa t:ogfg%)gr I nqqgr%gpro%%glg b@taal-f'lydroxymtnles In

these r‘é?‘c?%%c’g% %}_&M dy ?ﬁﬁénpybm 8% tNdk&n?nufzJ & adRcldseth %HCUNP of

, anur a et . disclose a reaction of
epihaldhﬁkhhi \hiﬂi alkali pymnlthwtpnekenab ki certaymhaldhaydrmh}tdl‘mgen -halide

s BB uehipi: £5TEL PR B SRR S PERSH

5,166 E@T r}@dkﬁﬂlﬁ%t\ép ldiscRide @ }8H4ibn BPa 1@8(Eﬂa1328&6paﬂ@ ARl yanide

O di scl ose the reacti on of
in the mre:seru:p @Iﬁ certan dehalagsastinig mzmetsoanpdmettlsft eryrespensting 4-qalo-

s i, PSSR W09 QB8 g .

disclo@d the réac@on b£L,8-dichldrb-2- ﬁrobé’rﬁﬁ Withdyakildle 4sing di guri fdldtilohydrin
activi tXYOf a hal ohydr| n_dehal ogenase to catal yze the

hydrogenglalide hyase tarredugerf-ghlorocrbydroxasyrgnitileazi de to form

R RN o er L2 COBH) PPAFR AT el BB

halohydsindichslopemisé o (&taiyatehbd re‘aoltiorpmﬁnértamrsgfraneilemgt@mrﬂs azide to form

hdro ybuyt er or amde froma
‘hecoﬁeﬁﬁp SHH§HP$&£ 89F%@m8k|d ester or anide, the

nmet hod conprising: 30 (a) providing a

4- hal o- 3- hydroxybutyrlc aC|d ester or am de, wherein

the hal o subst i SUMMA d

ngr{esatsrl)g] t g pr%lgen L vesition 13 cﬁrectes toa metho%dtlor pl’oducudtg a 4-cyano-3-

hydroxybutyric acid ester or amide from a 4-halo-3-hydroxybutyric acid ester or amide, the
method comprising:
(@)  providing a 4-halo-3-hydroxybutyric acid ester or amide,

wherein the halo substituent is selected from the group consisting of chlorine,

bromine, and iodine; and
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3 WD 2004/ 015132 PCT/ US2003/ 025263 (b) contacting the
4- hal o- 3- hydroxybutyric acid ester or amde with a
whadoaloyzist n  dehal ogenase and cyani de under coPdi/UBZNS025263

sufficient to forma reaction mxture for converting

t he 4-hal o-3-hydroxybutyric acid ester or amde to a

4- cyano- 3- hydroxybutyric acid ester or amde. 5 1n a
(b) feontdeting arpeidlo-Gthyidiexypussientid esieent amide wiltea halohydrin

4- hal o- 3- hydr oxybutyrijc aci? ester_or am.de i.n step
dehaloggnase angeysipidgapden condiions siftictsR10; o § Te9GHBY MK INE for

, n : ergi .

comve B P e B e oty ic
acid estdr ozlahdé. ne, brom ne, and i odine; and 10 contacting

Biciegsase O 1 PPy oRy 5o 4T 30 Brobitie afd ester or
amide IS AP 3 hroDided BY aMiRGtEonsishigd i ons sufficient to
forma’reaction “mxture for converting the

Zpriouiding d-belotukstobutyre aed estercor aprideri de to t he

4- hal o- 3- hydr butvric acid ester or amde. .ln .
anot h ewﬁfgglﬁég? fl’ﬁi%{ ﬁ@b%ﬁgggﬁtseﬁﬁt\?éﬁo% hegsod e %1% @%g (t)fOCh%\onne’
Broheek, bad iodiregad ng a 4- 15 cyano- 3- hydroxybutyric

acid ester froma 4-hal o-3-ketobutyric acid ester, the
nesnfrsting thsrfphale3rkptotuiyrigicid, ester g agide with a ketoreductase, a

cofactcii‘[,'I Elzti el? %gfagﬁ; l%g%%%ﬁeoglt sggtjeﬁlrlﬁﬁ%xeﬁoendmg @ﬁﬁic‘e‘ﬁ?to%}xﬁ a Or?action

uent i om't group consi sting
mixture Hbrosanmexting lirectvhaie;3-ketdbutyrdc med estercbrathiddio theAtladd-8-ng
t he 4-hal o0- 3-ketobutyric acid ester with a
hydroxybptyricggidiesien or amidst actor, a  cofactor regeneration

ShStnBther SRR B présest idvafioRhY dirddedieRahQasd AR Prédicingraa-

a reaction mxture for converting the
cyano-3-lyalraxybulkyeic @bidtegter fronca 4+halot ketobutyric acid ester, the method

4- cyano- 3- hydroxybutyric acid ester. |In another
comprbg?ﬂ%di nment, the present invention is directed to a

(@) Ntobithe LA-hMHKGbBEyAC ac3@ edeflucl eophi | e _
substi tut ed- 3- hydroxybutyric acid ester or am de from

a 4- hawvbersin thg/hale gsybstityent is sglepigd dipmpthe grouprgonsistingef chlorine,
.met hod .conmprj sing: (a) providing a
broml%’ﬁ%‘?g)-dgzeggnodr oxybutyric acid ester or am de, wherein

(b) tdévatdetihg tieubbhiloBuUebbutgricali®esterdviti o Retbredugtass)p cofactor, a
consi sting of chlorine, _ bromne, and iodine;

and 30 .
cofactorfpgensrationsysigm: nandengnd aleRyria,dehtlpgenace todprm ageastion
mixturd foAndEriftk it AnhBlLRMIE It ric acid ester to a 4-cyano-3-hydroxybutyric acid

ester.

In another embodiment, the present invention is directed to a method for producing a
4-nucleophile substituted-3-hydroxybutyric acid ester or amide from a 4-halo-3-
hydroxybutyric acid ester or amide, the method comprising:

(a) providing a 4-halo-3-hydroxybutyric acid ester or amide,
wherein the halo substituent is selected from the group consisting of chlorine,
bromine, and iodine; and
(b) contacting the 4-halo-3-hydroxybutyric acid ester or amide with a halohydrin

dehalogenase and a nucleophile under conditions suitable to form a reaction mixture for



10

15

20

25

dehal ogenase and a nucl eophil e under conditions
suitable to forma reaction mxture for 4 WO
wWQem4H 15132 PCT/ US2003/ 025263 converti ng t hePCT/US2003/025263
4- hal o- 3- hydr oxybutyric acid ester or anide to a
4- nucl eophi |l e substituted-3- hydroxybutyric acid or
amde. In a further enbodi nent, the present invention
converfinglihe ACh 86l 3t 1y deoxiyBULtYEE atidlestef Gﬂéiﬁidlégo a 4-rdicleophidoqibstitated-3-
substi tut ed- 3- hydroxybutyric acid esters or am de, the
hydroxgbuytic aefer peideg: 5 (a) providing a
I [ ' .
i R SO e Bty ieftiontls LR (ERCRIdR i Froducing o
4-nuc¢8°ophﬂd: substitated- I}hpdrbmﬁ)utmn:iamd)dstm or amcﬂe( the nostinedacnipriging:
he4haI03k%tob ric acid ester . or amde with a
(@)  kProndngarikao-3ketQytyic asid esler g pmids,r + egener at i on
Syst S MhyiRrdlH AR rsriteRds @dé@&pﬂxﬁm@ gfdab %bﬁ’éiﬁfh%%ﬁ chlorine,
10 forma reaction mxture for convéerting t
brommermidco&nk,smdbutyrl c acid ester or amide to a

©) B8 B b meloHEE o e Sl S VBHa U P r iRl -

cofact¥r] £63 B0t Rgéh EABARFStbinOA nﬁ&léﬂiﬂiﬂ%l 4@ a hdiéhlydein dehalogenase to
haloh drin éehalo enase nucl eophi |l e; and 15 (c)

form areﬁcham sugurefar mﬁmﬁh@‘i-&éb& -ketobutyge agiester ommpideto a

i T e

( chhosthérydpedn) thaptésemmh;ehndn sydareoted-th y dompyditibry catgrising:
(cyanohydrl 81?1 anal yzed in test reactions of ethyl
(2) ﬁoméﬁ%xybutyr ate with cyani de in aqueous
b sql Ug 1@bpyarious pHs in the presence or absence of
®) rg&l Y e%reian dehal ogenase (HHDH), as described in
(c) E>aahh¢le—32]1ydrﬁ()@utymc21cmleqstecbsam1®944 bp expression
vector (pCK110700) of the present invention
conprising a pl5A origin of replication (pl5 ori), a
l'acl repressgRIERDESARIPTRORIOF @HEEMWW' bi ndi ng
site (T7g10), and a ch ora]rsj)henl col resistance

(Fiom ) daic ipenmomnsabeiy s sy (shiorohydrin) and

oS358 SRR SRR B Ryt <
3- hydr@@lbufy@aﬂé i thQdyanide G\ uUebIKEONGichs abvarfouk @Hs iptherpeésence or
(lac), a T7. ribosomal bindi ng S|te (T7glO Rgg)2 and a

absengeph htphwdrindshalogenase GAADH)
quéurg %Qﬂegl%ts C§rd454!%%0e9§{e921§3 @g’ctor (pCK1 10700) of the present invention

comprising a p15A origin of replication (p15 ori), a lacI repressor, a TS promoter, a T7

ribosomal binding site (T7g10), and a chloramphenicol resistance gene (camR).

Figure 3 depicts a 4036 bp expression vector (pCK110900) of the present invention
comprising a p15A origin of replication (p15 ori), a lacI repressor, a CAP binding site, a lac
promoter (lac), a T7 ribosomal binding site (T7g10 RBS), and a chloramphenicol resistance

gene (camR).



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present
i nvention provides enzymati c nmethods for producing
WO 040132 4- substi tuted 3- hydroxybutyric aci d BPST/@8803/025263
and am des from correspondi ng 4-hal o-3- hydroxybutyric
acid ester and ami de substrates. 5 6 WO 2004/ 015132
PCT/ US2003/ 025263 1. HALCHYDRI N
DEHAL OGENASET SATID YHIT KIBIVENSD VHB-INY ERITON
3- HYDROXYBUTYRI C ACI D DERI VATI VES The present
i hoePEesTN Iprealionpovidessrgymptic sethodsdorpieguegng various

- : - 13: r : er
s B I Sl P d T O TP AE U hafd
hydroaybutheic dchestds andahidk swbstpatessi ng: (a) providing a

4- hal o- 3- hydroxybutyric acid ester or am de, wherein
the hal o substituent is selected fromthe group

consi sting of chlorine, bromne, and iodine; and (b)
contacting the 4-hal o-3-hydroxybutyric acid ester or
am de with a hal ohydrin 10 dehal ogenase and a

nucl eophil e under conditions suitable to forma
reaction mxture for converting the

4- hal o- 3- hydroxybutyric acid ester or amde to a

4- nucl eophi l e substituted-3- hydroxybutyric acid ester
or amde. Significantly, the invention nmethod provides
a process for the manufacture of 4-substituted

3- hydroxybutyric acid esters and am des in which by-
product formation is mnimzed. 15 Nucl eophiles
suitable for use in the practice of the present
invention are those that are capable of displacing
the hal o substituent of the 4-hal o-3-hydroxybutyric
acid ester or amde substrate. Typical nucl eophiles
utilized in the present invention are anionic

nucl eophi |l es. Exenpl ary nucl eophil es include cyani de
(CN-), azide (N3 ), and nitrite (ONO). In a specific
enbodi nent, the present invention provides a nethod
for producing 20 4-cyano- 3-hydroxybutyric acid esters
or ami des from 4-hal o- 3- hydroxybutyric acid esters or
am des via a hal ohydrin dehal ogenase-cat al yzed
reaction, the nethod conprising: (a) providing a

4- hal o- 3- hydroxybutyric acid ester or am de; wherein
the hal o substituent is selected fromthe group
consisting of chlorine, bromne, and iodine; and 25
(b) contacting the 4-hal o-3-hydroxybutyric acid ester
or amde wth a hal ohydrin
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dehal ogenase and cyani de under conditions suitable to
forma reaction m xture for converting the
wd20valoes132 hydr oxybutyric acid ester or anm de tBCHUS2003/025263
4- cyano- 3- hydroxybutyric acid ester or am de. As used
herein, the term"cyanide" refers to cyani de anion
(CN-), hydrocyanic acid 30 (HCN), and m xtures
L thﬁ%E@HY@MD@EIAﬂP@GENA@BD@Ad‘MYZEID ICONUERSOON®OF 4-HALO-
cyani de s It salt (for exanple,
2CN e e=or m of hydrocyanic
a I
Ci'hg 8%%?&%%@15% 8kr§blgé2%o gglitgg% forYrodllcitig £HudiBSRe Subsfituted
3-hyd¢ﬂe)tybhtyr13-ahykhstmy>b autnycel foorma|4ehada®-8é1yslrcmyhutarrc deid ester or amide, the

| oyed in the practice of the present invention may
meth %ﬁéﬂged according to the nethods described herein,
Ofa) al tHesvidihk wel- Halog%ﬂ%ﬂ%ﬁt@'ﬂ@%cfﬂrk@fer 8f fmiR] | known
to those having ordinary skill in the art. Such
met hods ar e vdesein ithsfelcalo $ubstll@§1an‘p bedectechfromahe @oup rensiging of
5, 891, GE hn’élateromrﬁ%n Bi ocat al ysi s and
Bi ot r af &8P Rat PN : -1 (1995); Russ. Chem

Rel) , 43ntaéithd th8 4dalo-3 Hgtilbutyiit acill este\Piimide with a halohydrin
M crobiol. Biotechnol., 48:699-703 $1997) and U. S.
dehalpganase and st nuctgophide yiyder cepgitigns|syitable to form'a reaction mixture for

conve%tugg’lhg 4?}141(3( g#%{ﬁg%ﬁ{yhg taﬁiﬁ'egtefa 5t &hid@ rl](Sj ﬁﬁng%gwé%ees#tbstltuted-}

trates e ractice o
hydrov(ylsmymé acid iestet oxrdkemitibo S'gnifa:umﬂw thdimvertionohethed pravalesia process

for thf iRt et 4 Fusbiipad > RAUPRY U wrh oot A wﬁ&?&é’ﬁ%h by-

produ€fohhsh lfsrngmlﬁfri@d group consisting of chlorine,
bromne, and iodine; 15 R , R2, R3, R4, and R6 are

e mlaOphhéqsaudebic ffr use irethe peacticont tha pregeusipventing amtthwg: that are

capab? %(J:lg/pg?%@f fhe Alﬁlo sbxioist[g}H%r}t |o$ tlge 4@@@3@'— l 3@58’5@8 yl(lglgl%tﬁ ester oF amide

substi@ftl I'T3ipadal Mudledphiles btileid PR prédeliSiRYéntionArdaibEle ahéwopmles
substituted aryl, an optionally substituted

Exemglapy andlgaphilgsringbide ghiaraghs (O 4 azded Dot and itste (QNOY)-

YA PnBRBRAL E l BH  pepgprrouci
4-cyaﬂcb-B€h§Mr0)@bu@ht:laOid8dste)’s Srusities fuidre d-halo-3-hydroxybutyric acid esters or
amides via a halohydrin dehalogenase-catalyzed reaction, the method comprising:

(a) providing a 4-halo-3-hydroxybutyric acid ester or amide;

' wherein the halo substituent is selected from the group consisting of
chlorine, bromine, and iodine; and

(b) contacting the 4-halo-3-hydroxybutyric acid ester or amide with a halohydrin
dehalogenase and cyanide under conditions suitable to form a reaction mixture for converting
the 4-halo-3-hydroxybutyric acid ester or amide to a 4-cyano-3-hydroxybutyric acid ester or
amide.

As used herein, the term "cyanide" refers to cyanide anion (CN"), hydrocyanic acid
(HCN), and mixtures thereof. Cyanide may be provided in the form of a cyanide salt,
typically an alkali salt (for example, NaCN, KCN, and the like), in the form of hydrocyanic

acid (gaseous or in solution), or mixtures thereof.
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20 cycl oal koxy, an optionally substituted aryl oxy, and
an optionally substituted arylal koxy; and R5 is
wa@edoeotas from t he group consisting of an optiPeEIUE2003/025263

substituted | ower alkyl, an optionally substituted
cycl oal kyl , an optionally substituted aryl, and an
optionally substituted arylalkyl; and R7 and R8 are
ealclinlo-3dgesxybtyliy asidl eetmdfantdes dneplgyedlip teeoprattideiofithe
of. hydrogen, an 25 optignall stituted | ower

presen lnwntloa ﬁnaadqq Mﬁ%arﬁcyacg%%@g oy %awgs?éﬁ S%ﬁcrégfd heggin, or

e TR 44 40 s B g i iy g

Such reetteids ateades¢rebade for eganple) indf.S hRaterd gém S5\t 1684; Halhnan et al,,

R b T 0, OB RSP0 17

Katao%goél/a@1&3&1%?6%%{&‘132&9%9&52@@»699%@(1®7b<>slnd 129, Ptk Nob.

1 ower—al koxy, an al kenyl, a |ower alkenyl, nitro,
543Qﬂﬂ1no cyano, halogen (i.e., halo), thio, and the

I| e "l ower. al ky.l." ed. herein ta [ &
s dma s od PP ate Bt ene e SR Gyl n the
practiﬁ:é 6f1ihe peeseht 1ﬂb@iﬂibn$ﬂ1@ludb&h@@fhaaiﬂgﬁﬁe §tAtura L& and 1B, respectively:
unsubstituted or substituted, e.g., 5 with one or
nore hal o, hydroxyl or other groups, including, e.g.,
net hyl , %hyﬁ+ Qr@pyl |sopropyl,2n(ﬁ4n | oi-butyl,
t butyl ri|fl gor nethyl and the&"|ilk THe term

cyclgal to carbogyllc leties
havi ng opdout 6 ca pIREl as
het er ocygl i noi eti es havi three to about

6 atons, gihererat | east one ringpdtom H4s a
heteroaton] and the other atons are carbon atons.
"Het er oat ont Hfers herein to oxygen, IHo nitrogen, or
where%” fur. The term "l ower alkenyl" is used herein to
refer to a branched or straight chain group having
o r)élsaf halegen sdlettet €robothd graupctohsistingoft chia@ineyibrofing ahdivdine;

L, Lowgr al kenyl oups errplo ed.in the practice,
SRR Bﬁ&e?ﬂd R ﬁ@‘i%dﬁd?Péi}d%’élyo“ﬁ P‘&ﬁ:ﬂ%%%@m toppigting of

T GBS I08 oy TR e ot
an opmanaéhl substituted d@ver,alkengl, b meo&iaﬁmubmaimgk yryl raafoptienazlky

substiT6¢ BRIy owbinonp hipogie st Shesloyecalkhiaias i sbdnally

substﬁ’lﬁted Bﬁ‘cl&ﬂ@ﬁ@xﬁlmo b YSBHaf Y shbRGtudsteloWRE E]l@k&(y, aﬁtoBﬁ&Yally substituted
butoxy, trifl uoromsthoxy and the like.” The term

cycloalé&myy @nwptlp@&lb'rsslbﬁéw@d arylexyRand amppticnalty sebstituted arylalkexy; and

o3 s D ol bEUcofliding o 8 b ordly sTBRRRKE ey 51, an

optioRdBsbstRuea chelbalkyl, 20 optisrally a&tsma;tecamm lafid bl @ptgorfatll Bubstituted
carbocyclic aryl groups and heterocyclic aryl groups.
arylalsyk Beyclic aryl groups are aryl groups in which all

FME9n@ RO TR dadn tnﬂ%p@ﬂcf%ﬂﬁ&' bfedtdd Bod'the group consisting of hydrogen, an

optionally substituted lower alkyl, an optionally substituted cycloalkyl, an optionally
substituted aryl, and an optionally substituted arylalkyl.
"Optionally substituted" refers herein to the replacement of hydrogen with a

monovalent radical. Suitable substitution groups include, for example, hydroxyl, alkyl, a
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carbon. Heterocyclic aryl groups are aryl groups that
have from 1l to about 4 heteroatons as ring atons in
w@eoanamet i c ring with the renai nder of the riPQI/ESIINE025263
bei ng carbon atons. Exenplary aryl groups enployed as
substituents in the present invention include, for 25
exanpl e, phenyl, pyridyl, pyrimdinyl, naphthyl, and
lowert d]Ey]] anksglkoxhh @ 1évesrmlKoxtyy arpdlksnlyl, a lefver slkéreyl atitrof amian, cyano,
group substituted with an aryl group. Exenplary
halogﬁ??k“alh@iﬂ) ‘S%é%theﬂﬁqeude benzyl, picolyl, and the
i d: tdpt it
| I LA i o BTN O R A
groups rhyai/mg ioim gmestombowtssix carboh ktems ithat atchenstlestitmted or substituted, e.g.,

| al k " fers t sana
with ety by G ok theF SrouPs Rt 5% TR GG @T9P
1soprd)p°yl HMNbRPL i BG@II lSbubH bt?ﬁﬂ'ub#&ﬁéi'hyl Gad@Be G¥& ! PR ﬂéi/rh rcydidalkyl" refers
erm"am no" "i's used herein to refer to the group
to carbNHﬂlc alkyd moaeties haviogdromnihksel taabeus'6 qagiosratomayragiwelltag

eSS e SRS R8N b e e aom

is a hatetontom, HRE tHetdther Boras Melckiboanionss. "Hiteodtomne refei’ Heﬁani hﬁoxygen,
group “NR where R is an optionally substituted
nltm&fpv%ﬂ saHpr. | i phatic radical having from3 to about 8
i o :
S aeP B i aQ Bked b (T TuDrELA G stmight choin roup
havingloae bt mere Gpibdd Bands 4nd bor Btorapdniok ydybivty atomsa diow eegtkemyd groups

emplg%;edt(i{])1 ﬂ;p &%&glg%é H}?\aé?ﬁepéﬂe?eq{%p S l%?wil%naﬁ]y éuq)%tlt%te%cvsltlft%e

grouf$ d%gﬂrf%@ herelty, Q{CWngg’ e éx‘ém?fé ﬁal@slkgfroxﬁ | lofer alMPEh&d the like.

is chlorine, are hydrogen and
RAS @eéhhyin), hertexmn ylowenaldmm'rrof@ thy@lb )Wlbmly is lower alkyl or a
is chlorine

lower léenyhy%q gaager}ogﬁlaaq%xwﬁgﬁ sm lgﬁgMn the prabtlce otRﬁ'e presenlt:a6

. inverfioR ﬁ&mae%ém&% éﬂﬁbidi/ )ffHu‘fox@'C hﬁh@i&ﬁéth&)ty, @nd tHal1kkee The téim

brom ne R3, and are hi;drogen and RS
"arylesyf yefrs heesim{d RQ- ,bwbﬁ@&lsm anxld Asuppd hreing thedern &xyle pefers to
mono%ycc}lrcoaélg#g?ycﬁ dP% Jﬁém@ﬁ? ﬁ}qql?s h&ng §gm 3% abbe lm%kﬁgle%raﬁoon or
heterdatdi§, ihd dnchides bGtthafb(ﬂyﬂinhyl groups andit@dtepsdyelic aryl groups.
where X is chlorine, R3,. R4, and R6 are
Carbogygliogfyherogpgarrgryl grqupgm wh)ch all'ring atoms 1n the aromatic ring are

carbov'h\lh zir&eéfégyi%lslp E%%o%g?ﬁ%’a?ﬂ‘l%%ﬁ%hﬁ I%?i% g‘gglsf fof ab%ht £heteroatoms as

ring dtyrds ngrmnaromatic g withtthdremairjder aftiie ringatophs bfbmg carbon atoms.
e 101 B BB BT D R e
examk%: f,}%yt ﬁ?‘d’éﬂﬂy‘gﬁfﬁﬁ‘g@ 1haph9Hiai® Hedikeat | east one of

is a lower alkyl, such as, for
exﬂwperel, "angabyl", referhlydreinde alp akkyygroulsalilhsamt@i with an aryl group.

- d byt |
Exeripiaty ol By b T hicoRT R f Tuelingt YRSt eaapt
groupsmﬂa@rtsd soBstitied sl eititer o b@th@rﬁaha dn@xy&ﬁbw oftha aml:ﬁkyl group. As

e., where X is chlorine R3, R4, Ro, R7,

(i
used herginripe deren foyylplsgey) refers t@r%@nwéelﬁ%’rs@%%ﬂfﬂ}{b’l c amide
The term "cycloalkoxy" refers herein to RO-, where R is an optionally substituted

C;-Cg cycloalkyl. The term "amino" is used herein to refer to the group —-NH,. The term

"lower alkylamino" refers herein to the group ~NRR' where R is hydrogen or a lower alkyl,
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20 (i.e., where Xis bromne, and Rl, R2, R3, R4, RG,
R7, and R8are hydrogen), and 4-iodo-3- hydroxybutyric
w@eiod®iiB2 e., where X is iodine, R, R2, R3, RACT/B82003/025263
R7, and R8 are hydrogen, In certain enbodinments, at
| east one of R, R2, R3, R4, and R6 is a |l ower alkyl,
such as, for exanple, nethyl, ethyl, or propyl. The
and R%ishlo®eb bIRGL I tHEQBEM CdycldatkyfaniiabOreferk Jietenx b yroup DR where R
] ester and am de substrates 25 is preferably selected
is an aptignalbhiubstithied ginalant sliphesic ratieal having fopn 3iosghout B qarhpr atoms,

so thaf N X B GYAC ScREVEol g)%a_?ﬁ%}g rpgf(cgg{iji{lg,p@g@ﬁﬁiﬂg and the like.

substrates. acl d esters

aBfpedific 4halop3-agdioegbutyrid dvid ssérboficompounddA thatansynbe employed
) i nvention include those having the structure |l A and
in the pyagtice gkthe preseatjgvention WolusssHyh 153?2013 Bar§agiester

. . . 3 A
e R RO R 50 I 8 it
4-chlozs-3dsfdraxatiufycic asidrestet (iressvhete Xrid cloBne, RidR*,R'NB* amd R® are

sel ect f t.h roup consisting. of .-CN,_ N3, and. .
hydroSENE Ryiesi ARG AL R SRy SRR il b whBe X i
bromifiél 38t RAtEESRN AWk 'P@_aFJ‘l@y(ﬁ%geHQMES aﬁyl),mgmamhﬁ,-@f e

reacted w th cyani de ‘and” hal ohydyin dehal ogenase,
hydroxytyperroacidestgrdt-oxyberey¥ ishreming, Bsther Rpdodand B aredydrogen, and

e e U Sl SR e
R*, anBR® apdBydrégent endR’ afbungy] tibeyI&tHrumbLH-Eydr’éxyW bster (ie.,

dehal ogenases are enpl oggd in the practice of the
wherep¥ essframinenRe s By R 9and B argihydrogen.iand Re ds bty opnddrbutyl-4-

iodo-ﬁh%h?&b%f)t}%dd’cm(é’s?éft(%.i Whéte i)@isQé&iﬁé, 25 Ra,r1i3‘,jﬁ4,ta‘ﬁdtﬂ15 Gre hydrogen,

and R’ is t-butyl). In certain embodiments, at least one of R, R, R®, R, and R® is a lower

. alkyl, such as, for example, methyl, ethyl, or propyl.

Suitable 4-halo-3-hydroxybutyric acid amides of compound IB that may be employed
in the practice of the present invention include 4-chloro-3-hydroxybutyric amide (i.e., where
X is chlorine, Rl, Rz, R? s R“, R6, R7, and R® are hydrogen), 4-bromo-3-hydroxybutyric amide
(i.e., where X is bromine, and R, RZL, R}, R, RS, R, and Réare hydrogen), and 4-i0do-3-
hydroxybutyric amide (i.e., where X is iodine, R, R%L,R* R* R®, R”, and R® are hydrogen,
In certain embodiments, at least one of R!, R%, R?, R, and R is a lower alkyl, such as, for
example, methyl, ethyl, or propyl.

The 4-halo substituent of the 4-halo-3-hydroxybutyric acid ester and amide substrates
is preferably selected from chlorine and bromine. Particularly preferred are 4-chloro-
3-hydroxybutyric acid ester and amide substrates.

4-substituted-3-hydroxybutyric acid esters and amides produced by the methods of the

present invention include those having the structure ITA and IIB, respectively:

10



correspondi ng 4-nucl eophil e
substi t ut ed- 3- hydroxybutyric acid ester or amde in
wo b@4prasence of a nucl eophile. The terns "habPOhys20081025263
dehal ogenase” and "HHDH' are used i nterchangeably
herein to refer to an enzyne that, in the process of
the present invention, catalyzes the conversion of a
4- hal o- 3+ hy@anFyb@t yric acid est &Ilrd/R@r Gam de to a
20 4- nucljeophi [

a nucl eophi lle ch aQRéyanl de. 't qbl & hal o Rin
dehal ogenas& ilnclude naturally ocﬁﬁrrung (wild type)
hanhydrRﬁ deh&fogenases, as wel IR'as néWi-natural |y
occurring hgjpohydrin dehal ogenases gggerated by human
mani pul ati on. enplary naturally occurring and
wherenon-natural |y occurring hal ohydrin dehal ogenases and

L d ehal 25 di
RTAE R0k e 82PN arcssctagned 1o shastbos 4 nd 15

Pﬁﬁ’ F&%Q&é’d ﬁl&ﬁ%ﬁé%r hg%&ﬁs?édng oPCEN N”Qan algNydr i n
dehal ogenase encodi ng genes-have beefn 1dentified in
A@V}mbeﬂchaio-B thpdraxgybutysic teid eset sybistratey ha\my thisasttusture mf

L

3- hydﬁﬁ{i}bﬁﬂﬁﬁ@ Bé!ﬁfe%if mews ar%néxa&a aﬁuh)we fhe estiviefhird b EhdBRnd 111
ViTeg, J.E Tang, J.H Lutje 5 Spelberg, T.

Sm | da, (aJ Poelarends T. Bosna A. E.J. van Merode,
MW Fraaije & Dick B. Japsseng "Hal ohydrin
Dehal ogenases are st rRfct pr aR y|land nechani stically
related to short-
(2001) Journal of B
(provides the am no i bb S quences for these
hal ohydri n dehal ogen i ngan alignment). These
natural |y occurring haloh¥dr|n dehal ogenases have been
characterized to sone 10Idxtent. HHDH from
Agr obacteri um radi obacter AD 1 is a honotetraner of 28
kD subunits. Corynebacterium sp. N 1074 produces two
wherekaﬂquf’ZRr‘rasi mm6@% askefited for aawpased . of 28 kD
subunits é a), while the other is conposed of related
s Higlphydmn Renes aic eomlpysd(irBe pragiiqef thegrpssahiavention to
r Iyl
cataly%é%g%?ﬁ Oéﬁiioxl?ﬁf ﬂl}déég %Cllgld%lﬁé&%ﬂtyﬁg%g{d etk %é@%&%lt% fhe
corresbhmilﬁglMbkﬁphh&ﬁbﬂltﬁbd&%)@%}%ﬁimm:i‘dresm pt+aidedn the presence
and op. |rml 15 tenperature of 50C Enz
of a nyglegpdile of eﬁeé@ﬁnhﬂlohy&gsoizwgse%q e sﬂ@rfﬁn%ﬁmm r.
mtercﬁ?ﬂlggé%i_l@eﬁlt 858@PIo- an(chI9RL He: i3 ¥ie R88dss of 118 S‘P&tehﬁﬁberﬂfdn

catal yzed epoxide formation Is
catalyagsdhe mnv@;mormﬂ a 4-batp Sy droxybugymryesid ¢smna4610t amiied@o @Van

-nuc{gé%h gosglgst Ig%glm‘g%@PQhCépcgqsg %B{ m@%&%%%%tively, in the

9
S, S0 ARGt
naturaﬂbr@cqpnngéwﬂ@ typebhalemyiningdebplogenagess 8 well ag nmgn@ip@ﬂiy ipgeurring

halohycﬂ*m (Pelhofogenases gengr%?e% by u%gnelglalglg{lla{mn Exemplary naturally occurring

and non-naturally occurring halohydrin dehalogenases and halohydrin dehalogenase-

encoding polynucleotides include those described herein.

11
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two Cornebacteriumsp. N-1074 enzynmes and is 7.4 (la)
or 5 (Ib). Polynucl eotides encoding the hal ohydrin
waledalooggenase from Agrobact eri um radi obact er ABXT/HEE03/025263

provided herein as SEQ ID NOS: 13, 15, and 17. The

pol ynucl eoti des corresponding to SEQ I D NOS: 13, 15,

and 17 are variants that encode the sane am no acid

sNgtuesibeodctiigthaihglan dehateguasecasoding ger&S hpveolvded édentigied in

SEQ | D NOS. 14, 16, 18) . Non- natu [ ) rring
Agrobﬁﬁffﬁﬁ%%’)@@ﬁ%iéb@@ A&rgﬁaﬁé"@éﬁw a%&@fl?@ known
Coryn@F&cl?cg%n sp. réﬁizé%jén%dmfg o4 axﬁf(ﬁﬁpérﬁ:odfﬁgtlﬁﬁ SRFPbsaciish. e(ﬁhegaim)

evol ution, and the |ITke. Sever al [‘Ustrative net
and Macabadtesiom dpeGPh élaltaB@bﬁl o, vaﬁi}bllétmyatﬁéheg; &E. DeLr Eang, 1.Y1. Lutje

Spelbf ooy, O, ERtatehti . K, AJEL VR RS ECRER Bk piok s

JanssenSadlbly @b tRAthgbRask R sirhMuRdly Qb etechatistically Yelated to short-
occurring hal ohydri n dehal ogenases. Suitable

chain delyydregenases/redugfasag (20 Joumalrpfdiacteriolas) Wego% (provides

e sl 0085, BPGAERA\Ig b RROAR: el OF)

3PhéselBdral R JMEuRRQ b Dh5ABR dBGTSIRRRE Ba:ARRH Shard€ibrizedd4 some

(HHDH Mzl . 1A5) , 36 (HHDH cysl . 10)., 38 (HHDH 052. 12),. .
extentmf{lpﬁ %Agmbactevem('ﬂrimaw ARMigs a homotetamer 2L FhykD sglpunits.
Co Ay SN R, A BBl o Ph Bt o2
kD suliu08)(la) Bxisifpthepther pabymposddesiirtkited seburstsof 85 mhddor 8hEDAKD).

HHDI'E gres R o%rs' ES?Fa%EQal S urﬁlgll' g)égggr%f}ogggieong? a pygcess that
leads t3%issddiatiotPef the subliits, Hds a BRoadD oftimurd from P88 @BYhrdn optimal

respectively. Additional non-naturally occurring

tempeteéiretof 6010 (Sziga Eogdvlizsetsol Aathnoh(2062) 30251258 pSwarssen) Gurr

B GaTE O U T B PRSI T BEOE Ste
formattSi R QPRI PE §Rd @@R‘Rﬁllaﬁfe eFRlr¥ E:Hféﬁb € fbhdBSto 55°C éVa? I}ﬁylecé‘:ama

correspondi ng to Attorney Dock 0353. 110U
Vlieg,@haljugBstteridl, (220031 832505 86&%6 gNekhnil&a et 31., Appil EneitanoMicrobiol.

(19947 G+ L7 T40TY Rigisan, o A ool Ao Rl ibteliiol) Lot as.a08-482)

The opthiRdl pM for Mé fedltErehGiont! ﬁﬁg bBerﬁﬁ?b? ElﬂSﬁﬂ@ﬁas‘Heeﬁ P&orted for the
present invention, whéthér naturally occurri

two Cormabacterigrmabp. W@@?fhmmyn@s mmtie4 tlapeli § (Ib). d%sﬂymv:c%@ddbg/encodmg

the haf%lglyi%la E%gl Cg?{l%sg on AégZ) Frézuqunra%i&?%% d‘?‘:dﬁ ai%prowded herein as

SEQ IDakekogxsnasas W&Wyﬂuﬁlebh@esﬂibﬂéip(ﬁﬂlr@fto SE® I Ne®I 3, 15,
I nvention hlér%/)pl cally exhibit an_ activit of at | east
and 17398 yeriantpthabencadmihrgame amiro 2edd ssaugrcedihegeaslatedseaurpres are
Q&y 4 ydr oxybutyric acid ester or
prov1d§crina%§ES ]ﬁrégf }eﬁgfﬁ ?Iﬁ eélj'est. Hal ohydri n dehal ogenases
eNph-aytchlly ovctifiag kb dide defaldderases eaehd generatetd usiny kryn

an activity of at .|east about 10
methoSs 1nckiu&1ng,r}or example, ¥nutagenes1s d?rected evolutlon and the like. Several

illustrative methods are described hereinbelow. The enzymes can be readily screened for
activity using the method described in Example 4. Such screening methods may also be
readily applied to identifying other naturally occurring halohydrin dehalogenases. Suitable
non-naturally occurring halohydrin dehalogenases include those corresponding to SEQ ID
NOS: 24 (HHDH B-03), 26 (HHDH C-04), 28 (HHDH E-01), 30 (HHDH G-08) 32 (HHDH

12
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gmol /m n/ ng, and sonetinmes at | east about 102

mol / m n/ ng, and up to about 103 20 nol/m n/ng or
whe@h®i5132 n t he assay described in Exanple 4. PCT/US2003/025263

Hal ohydri n dehal ogenase nay be provided to the

reaction mxture in the formof purified enzyne, cell

extract, cell lysate, or whole cells transfornmed with

2G5),gRin@{HEpHavightA 5 36 EHHBY dys1 0letta(HiioHayeZ. 3), 74\ @HPH B-12),

76 g Ba1ifdom g6 CRHFLF-Dab R Wity & 0530 AR B, 04 Gavimr o),

86 ( dif ere%t@f:orrrs rmﬁcl é_lﬁ;}mhg%ﬁ?%fla?dgz\(, yogh(i?jlél “Zﬁfé(amplary

polynspieatydedieqedl,cesathdt ¢rivedd thiese) habmhyslamdehaibgejlase(sen@ude those

come 5SS B W85 2 UGS] ,0%08) o Lot 5 W08, o

89, ar§1U91f @ésﬁectﬁ@iyy A diti SR - ﬁaurdmg@bcﬁmﬁgma@ﬁydﬂ délﬁﬁ)genases that
ke), followed by a desalting procedureafrlor

are smtybyg Ho1 usedr Hhsrpracticg of theipressnt inventiongwe provided 4 the patent
apphcga%1 109 e?tk\t;géld "@pﬁ%‘f%fs S%lghe dr | ﬂe}ﬁioi%gi L 51%{] RelIRY P%ﬁgxucleotldes

crossl

corresp@Ading to ABtofiey Morket N@ 036X ANPUS, filgd vh amghgtahy 2|@030 and assigned
i mmobi lization to a solid phase (e.g., Eupergit and
U.S. appéicatiopesprialmimier 2004/ 015132 PCTLL |Q70(9@1}q§12525:grp07¢?}gd Rerein by

refereﬁ%inqd%gﬁ%t?ms (e.g., enzyne, salts, etc.) may be

n"a varlety of different forms i ncl udi ng

pdludeirydtie dghalogenagssithdt apdsuitapledyr wheiie the }Z&MICB lo€ tHei piresent
sol uti on, enulsion, .suspension,, and t

invenfign, SYheHReS naliAl NP WERRI0y Py aﬁmllyz%au%wgscap 59 regflg lentified by

those l}iﬁhﬁg ordIR4r) QRS ik SENIRSBRIMAthed dRERLINA WX alipld 4 oﬁ@lohydrln
having ordinary skill in the art. For exanple, 5t

dehalpgtmaas rempdoyediin thequactise of thszwesent invegion;typicatiyl ¢Xh1blt an activity

o o oo B WAL B
hydroRb@yri¢ B&d %ﬁgpc‘ﬁae{mlﬁé skt of ifterdsd tIrf‘al55’3’31]?1'11‘%!%albExﬁlases employed

tenpérature is typically raised to 4C ffor two hours
in thelpedasice of teguesentihvertivs maycaxhthitanactizity o€ etdeash abautd0

umol)gﬁl de{x]%laé ngggan‘g%ﬂle‘ ;g,ogg @zy I ”M%@tggq%dﬁﬁ \ée{)outol%3 of
umolﬁl'ﬁost orh g%& fnh eﬁ&ﬁggésﬂﬂﬂéjd %X ‘LnEB-f&hGOPhl l e

droxybutyric est or am de product,
t ﬂ'EilGhyﬂSlh rdeh&ogehate/may bé providedita d‘teerdaoﬂoh mmiktuee in the form of

dri dehalo ase an nucl eo i n sol vent
purtiad pzyhice cdbiiEah SoF Deseegt @W@ Gl ploraepif gt Eipooding
haloh§dﬁ‘1§‘h&1a§) ehi@é(s?xmbtlé/ &dlig n%ﬁét%ﬁ&i Wwith ‘Hﬁloﬁﬁ!ﬁir?dé}ﬁlo enase

-nucl eophi | e Substituted- 3-hydroxybutyric acid ester
encocbmg gemeal end/nt¢almnm @nd/omqijlalwsate%tbbmeﬁmsy be eggployedin a vanety

R TS e

(e.g., A @Ride pabte}i The CEl ébmacﬁh cﬁtcbullysétes P%}é'paﬁla@?mhﬁbl@by
tetrafl uoroborate, 1-butyl-3-nmethylim dazo

precipitation (amwpayet sllfate, molybthylfnelsnmﬂlnw tragfraeit OF therike), followed by
a des@@ﬁé? éllr?g&ilﬂg BH&PJ&%&hﬂ%ﬂoﬁ Pee ! ﬁl%r?i}iltraﬁgg, (ﬁglyg’ 9,' 28" te like). Any

of the cell preparations may be stabilized by crosslinking using known crosslinking agents,

such as, for example, glutaraldehyde or immobilization to a solid phase (e.g., Eupergit C, and
the like).
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i ncl udi ng aqueous co-sol vent systens, and the I|ike.

Preferred sol vents are aqueous sol vents, including
wowioen1dsr aqueous co-sol vent systens. 20 ExenptEI$2003/025263

aqueous co-solvent systens have water and one or nore

organi c solvent. In general, an organic sol vent

conponent of an aqueous co-solvent systemis selected

s bk solidh maCtiantsd@gs enzyme; 6aifs| efc g mayi hwptoivixhtién tlveriety of different

enz cata Io i n t in [ t hod. )
tormsy it Epa SR 26 & o oSG o e SRERE URR), FOTuOS, emulsion,
suspeh&l8Mtanfl RAIRY TRASAAIGCATNERIBAYS dpﬂlhzfedvartsbr tdPRd using

substrate of interest in the candi date sol ven system

methagisiapil 2qwgmtehbthemaz9keom@dyowéwmgb@dmmkﬂhnﬂhanm Eorjexample,

the prg iy AT S 1R of 0V et e S S s Sradehiiea
lyophﬂfzﬁﬂbﬁjbl{bﬂn&r Sfoll&WEd B%ﬂié'aﬂpﬁ’&ﬁ%ﬁ of 8vadlRin. PRABANE kémoval of water

m sci bl e or immscible wth the aqueous comnponent,
from {he saingienghe meemtumeds piricelly rali'e;dgo daCIfgr, twaHemrsiefore release of

eou co-s nt, syste npl oyed, it is selected

the Vafgu%é’nafi}ﬁsg (9\1[?}%1”&\%5:5 gﬁersed in 30 an organic

S @b ¥RRing Bt the EETVERSiGiPof @Eﬁl@@@hﬁhﬂﬂﬂ%&&@&% ‘BH §m1de
co-solvent systemis utilized, it i s desirable

substrgtig| te dhe m@@p@myﬂmb@mletShbﬁtltlﬁedﬁ’d?e/dr@ia{uuﬂyyc ester or amide

P 5, SRR 3 R B
nuclespisledinisslventpi Sitdbje dolvehts X0 SiltIBSonversion of 4-halo-3-

PCT/ US2003/ 025263 | t he range of from about 90: 10 to
hydroxiiyria asid gstes,gnamide tpdnucleenhile ﬁvb&tlaltwé@éwdroawautym acid ester

or amﬁﬁtlm%]e §tgr 7 %so%@en%qsggeért;ﬁ &gegi@é’l 'bﬁtgl? ?J:éfz?t@ B@tanol heptane

wat er. The co- ent sy orrre pri or
octand, medhiylittbuoyl ether (Ma staolulerm aleXltele]&) 1on1clltqunh)(e be1-ethyl 4-

d h I h
methyfigemiog Eafupboge e T BT e g perate, 1
butyl- thaﬁ§1ﬁrﬁfcﬁgomfm hé(alfmewphsgpﬁgte ENE ‘Hﬁéf)eﬁﬁd asn s&me&t @ﬁstems

hal o- 3- hydr oxybutyri ¢ acid ester or amde to
mcludelngmqneemn -sadveny Isgmmmaa@l the-lhked Poxfpived solventsare dqesque solvents,
nclud an@de(ﬂq¥gbe carrnie t at a pH of about 5 or
includipg tyater gngaquepyis co-yqiye m/eé?ssl onis carried out at a
P ExéipRePiuedls €5-sd1eém $sterhiShilelwatérhntdfe bARBPe Stigahit 86Mvent.
about 5 to about 10. ypi cally, the conversion is

In generdlaneargaie selvent coppopit ahaeqBony chreqluent sysemlis selecied such
that it fgg% ﬁ&%ﬁl ?Jtelgl 'EI%IHI@QQ o CF%zgx?le %?tgf;'gts %m&k;ﬁg FH%QXVen"tlog method.

lon’is carrie
Apprdpﬁlatﬂ:\hto Sdﬁml kwenﬁs daneberreduly iddntified Ibly&lb&ﬂﬁntfg ézymalotifity with
nore preferahly in the range of from about 6 to
the Suaﬁ@a? O@Hter?ﬁt & G coaiddt solkey SYSieTe Uil ing.ihe PEEY R ssa deforibed
in Exdbiefy, about 7.8 or below, or 7.5 or bel ow.
ernatively, the conversion may be carried out a
nébe mﬁaanplvenEcqmmdmuttoﬁén aQuedus goishbentmystem may be miscible

it SNEE SBip S, I bl D EACLLPD, T L UCS o CR0E o
immis@ibl@witB the ffheBld Qmp¥nbhtl ProdidHiEStwEEhuRdiphRBE T MH¥ically, when an
aqueous co-solvent system is employed, it is selected to be biphasic, with water dispersed in
an organic solvent, or vice-versa. Generally, when an aqueous co-solvent system is utilized,
it is desirable to select an organic solvent that can be readily separated from the aqueous

phase. In general, the ratio of water to organic solvent in the co-solvent system is typically in
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the addition of an acid or a base during the course of

conversion. Alternatively, the pH change may be
wae@ontndiBed by using an aqueous sol vent that CPOPUSREX025263

a buffer. Suitable buffers to nmaintain desired pH

ranges are known in the art and include, for exanple,

phosphate buffer, triethanol am ne buffer, and the

the rhﬂgeey.f fioardtonado: (D0$o SBoub 16:De (v/Mporgatic clventab waldt, firiSetween
addi tion be used. As descri bed above, mhen

80:2@ arm/%q 80 6%Vf<aganle %mentso Wt o X PBER-SolVent systamdnsy bepie-fermed

pof ok s UM P IO RO s

emeoMNenKMtemdthS lcoiselvent systlehﬁ niayrbra pH-buffered or
ol uti o or mxtur&s

unbuei0 e Yoo ah e dter 3 ot B RS P csiepon i he
4-nuihothie QR AVS hydRSyBEYRE ALidRELCHBE dfide mdy! e lSAed KBt o pH of

.1 in water) cCyanirde’is present as both CN- and
about f or ghpwvel iGenenatty.cbe c@mermn searriedoup# aplil oésbdme 16 wr below

bou 9, cyanide.is nt as
usuaffp gihe paneg Y2 RofEaticle BIGHRAL DD i BIEARGto R Brt P garied outata
pH off 86t DR bBlow UsBilllySn méﬂ’aﬂgﬁ offrorR Wb di 526 aBéutdC iFdefetBL), the
or both to prOV|de the desired pH Suitable acids for

convegsiogiis parried et a5 pHBof abeyt & orbelew qusuglly tisths sangeiod from about 5 to

abou{ 8 :JPH %?org %%:?%%B]yqﬁ 'tl%sran%é%f §8§§gﬂ$&ang Fﬁﬁe(ty% : 'ﬁhélé%rg/érsmn may

oni c osphoni ¢ acl
also m aeried owtcit dpH dfmboeo@&'pf Belby dorohs bt belawi ddtefimtivhlyathe
hydrochl oric . agcid), sulfuri.c acid, phosphoric acid,

convalﬁwnt%v s qasriedeutineutral RS iep gPo¥yanpl e 15 WO
20@61/11‘;%@1‘1: %gulp 9&' é&%@%lp AR2A8of @b %’é@fl&g }_é@&l?a.nge The pH

alts 4), bisulfate salts eg
of the haactllom;xtm mayl be mmtdn;adrab eylesiied pit odwithine (tesxrdispH range by

the a3 BEan ciflSER bosR GBI PG o EPN R A HEBAY YT ghe PR
chanﬁ@inkﬂ' b€ Bontfled By AIRIgSn a@ﬁé(ﬂisfsbﬁé‘ﬁﬂ tRA Ohdphis BRI SGitable

aci d or a di hydrogenphosphate salt may be used to
buffess punaiatazn g@ﬁmfg@ nHtrengnafanek@avwclthn m@nncbmch@emxamlhe

phosR P RAIR il gt dhs B bl oS nd acidor

base adﬂiltlbraﬁlayla&b beaised:r eat ed is desired, the reacti on
mxture|styp|cally buffered or made | ess. acidic dy L
acdis fegeeb edo"d%’éfe,t‘ﬁh‘?j’r‘ES\V‘V%F@OPH‘MWQJFQ‘%‘YBWXYB@D’FQBF@ erivative is

des1r9&‘§l?escsraﬁ{gie'?1‘?2?I BeAbrbeiakd ﬂ{ﬁhgffmjﬁy OF @&%ﬂﬁg%aﬂ‘&g@cﬁ rf"an 'ﬁlkah salt (for

ases, for exanple am nes
exarripilek NaCN; KCNEngahe hkd{)amehe fdrmr ofelyahpd yanicldgidfgdseons dein

solutio.oF BURiaTds DFoL HERS ARB SIS o gk il 10 By selyfigns within

sevetafpl unifbFpK a@b 1 1ﬁ%tér SydnideSs pRReal Ibot%SCN" and HCN in
cyani de salts. pH val ues beI ow aBout 9, at which

equildhyrm @mlce@trqmoedoﬁt pHrvalugs pelowetroutsd; cignile lseq@rmrnmmtm;resent as
Ndescrl bes the hal ohydrin dehal ogenase catal yzed
reacti on of a 4-hal o-

When the cyanide is provided by a cyanide salt, the reaction mixture is typically
buffered or acidified or both to provide the desired pH. Suitable acids for acidification of
basic cyanide salts solutions include organic acids, for example carboxylic acids, sulfonic
acids, phosphonic acids, and the like, mineral acids, for example hydrohalic acids (such as

hydrochloric acid), sulfuric acid, phosphoric acid, and the like, acidic salts, for example
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3- hydroxybutyric acid ester with the HCN i n unbuffered
aqueous reaction m xtures. 15 OH O HHDH OH O + (H++
wWX2004/0¥618R + HCN NC OR (1) The consunpti on of P€1®S2003/025263

hydrocyanic acid, a weak acid (pKa -9) and rel ease of

the hydrohalic acid, a strong acid (pKa <0), causes

the pH of the reaction mxture to drop if the aqueous
dihy@0génptiosyhatei saltfa(é gl KHHPOR), ¥isulfate saltd (eqd. NaHNG:@ and the like, as well

eutraliz H of.

d t reactio xture be
as hyEIHRAF AGE. TC PGS B 6rid St oSG0 a&yP 61 R B hgselected

to alig) BﬂHQHﬁﬁffemefﬁcgfe@ulttﬁE s@l'tifl&? rForQﬁHﬁlbfél h&8Fichilh with phosphoric
ydrohalic acid fering capacity provided,

acid ora dmyMgeraﬂhdsnhatﬂ*sadtfm@ bebu;agé tacpnovige ramlnpsyhatdqbﬁfwed solution of
onvers addi ti on may be done
HCI\fﬂﬁﬁh%ﬁf h%ﬁﬁ’@ rﬁﬁ%ﬁ@ﬁ?‘ﬁé’%ﬁg) reaction mxture pH or,
NMOWhek Q{evcgzamqeﬁd providéd U§ h@rodyanid AcdBid '&h%ﬁext PH kb @hat so
as a pH stat. A conbination of parti al fering

createdhjseepirerl, fhecreaniion raigtire isghpieally lalfﬁe@ed @én@,@elasmﬁrdlc by adding a
base E{J fr?)%i%% tl?eo&]es[rgéi p \é\g%r}af)lg %a%'gl fé)rsneﬁﬁ‘!ilrgaﬁoﬂ ?ﬁh?&/rociyamc ac%d are

I'ng’” of e’ Co
orgaiiib ®aeeeTeLénle aines allsMideshaat Itldaﬁlllﬁahﬁd matdaaic Habad;l for example,
aqueous hydrohal ic.acid is theNproduct of the raII

hydr%léwé,té (e-poa@ib rarhonats gakt (en NaB{- Qb fricashonale 8(c.8 K20,
baswoﬁhg_ﬁ eg%hgg@%}z\mm@ﬁ Zsana%é YEyy 45 e i tégh@.

IS a over urse of the react
meFortpdd valees beldw abdut Spid wiablmmyaahbus pedoténanfy present as HCN,

WA I R T
3- hy&@ﬁ?ﬁhﬁﬂﬂiold\@@éﬁbﬁh theYEN il enidtered KuedsiadadfonthiRtbése

to neutralize the hydrohalic 5 acid as it is produced,
the neutralization regenerates HCN and rml ntai ns the
t ot abHC)@nl de concent gaigpn (HCN + s wel | as

e the r i.on m Xt urg xture V'QE' S an + (H™+ X))
%va)\t\aéé@p@ | f Tate of con Rwi se 1)
decreases as cyani de concentration decreases. For
exarrpl e, equation (3) represents the overall process

The GRSIBBATGE (BF MYTRCTBICAT A ek FaRHPKA A2AR PSPt Bihydrohalic
acid Wk'tlloﬁg 4Qa(HHea CYRRAARs iR p@f @ﬁﬁ@ teaPi GPRMR BRMD ldYorfis tﬂé%ueous

in the reaction mxXxture, HCN concentrati on
hydrotalin tagid {(Bd +v9|6") Ilsanthherwmeelcsurained nThepHod ﬂimmecztldnhmxmre may
be mamgamed ?tche desitéd” fevgl by standard buffering techniques, wherein the buffer
neutralizes the hydrohalic acid up to the buffering capacity provided, or by the addition of a
base concurrent with the course of the conversion. Such addition may be done manually
while monitoring the reaction mixture pH or, more conveniently, by using an automatic
titrator as a pH stat. A combination of partial buffering capacity and base addition can also
be used for process control.

When the pH is maintained by buffering or by addition of a base over the course of

the conversion, an aqueous halide salt rather than aqueous hydrohalic acid is the product of
the overall process. For example, equation (2) represents the overall process when aqueous

sodium hydroxide (Na* + OH") is added over the course of the reaction to maintain an initial

pH below about 9.
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OHOHHDH OH O X}}OR + (Na+ + CN-) NCIOR + (Na+ + X-)
HCN (3) 15 Wen base addition is enployed to
woemtngdidBze the hydrohalic acid rel eased duri nBCT/182003/025263
hal ohydri n dehal ogenase-cat al yzed reacti on of a
4- hal o- 3- hydr oxybutyrate ester or amde to a
4- cyano- 3- hydr oxybutyric acid ester or am de, the
progress of the conversion may be nonitored by the
aqpunt of base added to nghﬁﬁ$ln th ﬂH Typically
\Vgggogiadded to unhuffere partiafly uffered
X it eNao et he—cdtr Ne et dha arel) + H0 )
added 'n 20 aqueous sol utions. Wen the nucl eophi |l e 2
is the conjugate anion of a stronger acid, having a
pKa significantly below the initial pH of t he
In the eeabpdlmnswh@mwyamd@ snlmes asdphps the basegp aguinalize the hydrohalic
dom antly in . its anl cfor

acid B {4 prog?,cefl,ot e Ingutrn 1tzatrloer} t%Sn CR ntrdgtg%{ltaglgl.thg fotal! cyzﬁnde

conc@ﬁlﬁa@foﬁl(ngI\y-l- ONT®ad walt hé the pIH ﬁﬁtthé feapiidni MixteRc Thiyvn Gk
such nucl eophiles may be 25 nmintai ned w. thout

advagtagequsitbihe f#te ef epivesranihervissLeereassap Fyidengncentration

|
dor SABTR g RAELS Bty the B R L ki
cyan[det(Naﬁs @Y) ik addhdsver theb(eolmie & tBe reActtor tdinmaghtin at initial pH. While

neu t hese. nu are present
the YR R RO ngHE #5 agh Rt T TR b RGN concentration
is mdiR@RRE Whithte cohbakionSn nbf@nB@HES 8t adRAGabie Ry Midd sne 17

WO 2004/ 015132 PCT/ US2003/ 025263 conpri ses aqueous

azide and nitrite salt, respectively. Their reaction

in su J Xt ur es releas ﬂqlideai,_prbtoform
aueoshllde stf( hyro I|ca dx_
T ROT Ehar9 %'P'\lqn 15X

deternmine the quantities

4- hal o- 3- hydr oxybutyric acid est er or anide substrate
and nucl eophile to use based on, for 5 exanple, the
aCWhehﬂ)ysdﬁddftldDHh aspldgtd tomenadliethe hedrokilivoatid released during the

halohl)fdp@ Aeﬁ@logcpr{agég;ﬂu antd r{e%g?oglrﬂ% lrgcra)ﬂ?llljag? 3%%%}&%' uty?a{]tg egter:]reor amideto a
o R 0 A ey
monidred by 1 ampundofibese idd&ito gnapiitainathe prd fTiypicdBin hh@g eddsldo

t hi t_.of I
b e oS B e aSSeBR HR P IoV BOE AP OB O LR visD agf added in
aquegﬁpg@mﬁﬁllsher ein. 10 Suitable conditions for carrying
out the HHDH-catal yzed conversion of the present
i n¥ehen itenuckreplidieis shegangugate gnaen, ol steongen acidb hevingiadila
sigm?gg}ltﬂleoeﬁ(ﬁ’é glleelslxl(t:lg né acgk I{h%gre%\éxé)ﬁ %h&% th& %@c%c;p%ﬁgtlsa};rlegegt

predéminahidy Br ikyahicniy tinysol thataanlikeasittEHOD, a pastol€s not released on its
substrate, and nucl eophile at .an experinental pH and
reactfcglrmép%&rgmglyam regstign pmuxgre pH in reactions of such nucleophlles may be

maintained without stoichiometric buffering or base addition. For example, the conjugate

€)

acid of azide, hydrazoic acid has a pKa of 4.7 and the conjugate acid of nitrite, nitrous acid,
has a pKa of 3.3. Accordingly, at neutral pH, these nucleophiles are present predominantly in

their anionic form, N3~ and ONO", respectively. That is, the neutral reaction mixture
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product, for exanple, using the nmethods described in
t he Exanpl es provided herein. The 15 HHDH cat al yzed
wa@eowerdgsnn of 4-hal o- 3- hydroxybutyric acid espPer/us1003/025263
am de to 4-nucl eophile substituted-3-hydroxybutyric
acid ester or amde is typically carried out at a
tenperature in the range of from about 15C to about
compies adeves azydd sl dityite $dig rdsﬁetmtvekyn Theirceactipe th such naktures

te rature in the range,. from about 2 abou
releaseéggﬁ%ﬂn%m fggmagu?%%ﬁg t, BRjEqpepus 3%8@?314%@13 “The
r efgdsk ‘BQVlHEXrZ(%IIa}g Pl ifl Md dreChnQUidi eErmBtEhe QEantltles of HHDH,

condi tions e HHDH- cat al yzed "conver si on of
4- haltb %hYdIOSyHmyﬂchacymm%rrolranm sibgteate andmucigoipbide toonse based on, for

exanmle il?,ﬁl gqu kglélﬁli] é,etit ed- %‘%y&naox%g@tcxée%&aﬂwﬁq? e aEantlty of

prod€ct Ye8lfddahdv/the ARS) ﬂ) AlfrafRSHE afdNR &tﬁha@mgrdsd»mu@hc acid ester
substrate. Conversion of substrate to uct can

or amtde Farobeig thetange khom aberthidie abyutcﬁé)()@élp uﬁgg abeis t1Pamg:to about
30g ggf%l&g dé'fél:cf;egﬁgéqu‘%i Ié['haebgtg c{flﬁ}nlgﬁ-gckarﬁ f‘%.léi’é%?)h*lﬁ earbl%e readily

deterfmiiédC | @bt illastsatbstekampleda&ﬁw\ddéd(u@emyr| c acid ester
or _am de generated in the reaction mxture are

gebiatalla spnditiens & camying Subile FEHI-Goafvzea conyrasign ehihg present
inveﬂr%afb?/irl e &;AIJS w é@ag?@ of"?:bﬁ@itloﬁ’sew icht %Exg% ﬁ:laﬁf"y @pﬁlﬁfzeg Q}é/%outlne

ter than a out and are o
expegmeatagon tHaaimcludb@wntaﬁﬂﬁg thendHBDH) lAehakmﬁ’fhyklmxybutyrlc acid ester or

BRI YRR RO ) S5 o G5 g

prod\‘Rﬂt foP e;ainhme niamgfth@ﬂlem%uy BesCRb&PRShE BRAMPIES provRIMA h%fém The
hose having ordinary skill in the art, as well

PHH&Hrggtelya@tmvm@wm of 4t rado-Bxydpaxabutyrie avid estenay gnide 3@4 nucleophile
substgtg-g{gg%¥<gpx%ﬂza }%%Saaé f er ! eddeAis gyfpllciaﬁlé/ h geéicéx zkl)tug t)érrnlp(e:rature in

the rsir&% R FoRNatRE 350 tb‘%'boutbﬂ°09 M&r@ RGN fhe&éacftlbﬁ is carried out at a
3-position, and nmay be racem c or non-racenic.

temp&antraim tliiﬂlangw@frfmm dbinet200@ taswué H33Craed typechllyrfrann ebout 20°C to
rocess of the present invention, convert the chiral

about $h &+ r Hhegreaciop meayAlia e armed g MBS CoBtiienTest er

or )
st Er e0c Egr,\nk %t?l ’ gecg%n%ﬁgglogl {b ef? ée 3{’;@ ﬁjl @P@s;é’g’??y“c acid ester or amide to
-HUNG(thlla(SebﬂtlmtechBﬂgﬂroxg(tho adid leyter ananbide ysr genem]:lydllewté to

de substrat be canverted to st ant
Pm“‘é’&d‘é‘ﬂ SeSERALY 48 e&e 9E Hyn ewams%{me?w étrét& °“V‘¥rSl°n of

substestt & protiu@ThilBe RloRAYCH %sﬁﬁgtkHO\Lvh trldio R by ¥etectiRS Sublsfate and/or
stereopurlty The Exanpl eS show enbodi rents of the

prodiaty §mtahi¢1mptlmd$ tichigle tgagbmomtogrﬂplhydmhcemlrthc b}g@r iYtiglds of the

-nuc e SN Bt B By S AR P SR BRI T fyagtion

mixt6e Skl K%&ea&e’i)thzﬂmbohhﬁ)% NARN hIeHBE glatey khan about 60%, may also
4- cyano- %droxybutyrate desi nat ed as %R) have the
be gm%téwlm, alPOUé BYeBiaY heialsarbgtarenter hart Fhout 8% candiarepftgn greater than

about 90%.
The 4-nucleophile substituted-3-hydroxybutyric acid ester or amide may be collected

from the reaction mixture and optionally purified using methods that are known to those

having ordinary skill in the art, as well as those described in the Examples.
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In other enbodi nents of the present invention, certain
hal ohydri n dehal ogenase enzynes nay be stereospecific
w0 o0o4p01a3st er eoi somer of the chiral PCT/US2003/025263
4- hal o- 3- hydroxybutyric 15 acid ester or am de
substrate. The process of the present invention using
such stereospecific enzynes nay be used to react one
s Pe¢femed imlo-Bhydrositmitgid sodredtércor Ainidesubsipdtesof the present
) 4- hal o- 3- Bydroxybutyric acid ester or amde, for i
invenqn, asg chiral, peing siereogenit gt e pppsition; il naybe Fgegic g mon-racemic.

Certaﬁltlﬁﬂcﬂlg/hﬁﬁ ﬂ@ﬁ%?%@ﬁ:}e%&h%% YseHM BRGHEGss b¥RE g%ent Ai\nvention

providing a tic resolution of the m xt
convefriLthe blsiral silpgtiafe toding 4-chanoad-hgdrosyhutyrid adid estgrarsiende with

in iqn js that .the rity of the _20 .4-nugcl eophil.e | .
retentigystithe shiglilessteobchenal dhthe stérepgenic 3-Bpsifiph oo fraacemic chiral
4-halBIFHFHGHAGAE heitiRetet St MBIAY sutttdfes Waly R Won iR dE SebstAtially

exténsive purification procedures such as vacuum_
equallyi nomirageamic drcyandp piiydmxygmynh acidugster gr ayhidg pregvictsopitl lile or no

.substit ut eds 3hydroxybut yric..aci ter or.amde... .
oss i Bt R PAHRRE YR b Gl A Bl i g e
retentidheofRh&RBPurity) UBAE tdEordetticis fbedsignatintiitere8EEmistey) dlhd Y
at least about 90% and typically at |east about 95%
enantiopsg Q€ ethigh A-chlprardnhydroxybntyretedesighated By (Dnd dbs snsprpmer ethyl

ol R e i s ARBD ER RE Rpag iopa e

3-pospioagent i nvention further provides an enzymatic nethod
T afern a8 o i Soen O S L PHEY in 3 ogenase
enzyrﬁe‘st}ﬁi}pbegst&‘%%*éé'itﬂ tbCorR ke S8IRér oF ﬁh@dﬂil@%-hal#g,’lu-g%roxybutyric

772004015132 PCT/ US2003/ 025263 wherein the ha _
acid estgber amide substrates Thepreatss ofthe presengiaveption nsing sualsteséospecific

chl orine rom ne, and.iodine; and.(b) caontacti h
enz et P ised R B PR i LB sBecimmrs AR oF 94 i
hydrok$hRy:@€laid 8ster orthmifd) ffecé@mpled fhcamfcahB&ire) while leaving the other
regeneration system under conditions suitable to form

stereogsomes suhstantially pnreacieds thegebycrraviding algnetireresolution of the mixture.

4-hal o- 3-. i ' . anj .
4 AR SrBer gBRbEM i RoRflc S IR, el 66 B purey of e
4-nucleephite substitatedcBshydrseybudyrit dckREStEr oramideSrdducts generated is very
.. interchangeably herein to refer to an _enzyne that, in
high withous theneed fosrexiengive pudfication pressdiiss suchas yeguusa disfillation.
T 2y B RO USG5 O amic
produatsigenersted in accofdinemwitk theSuethodswfzheg preserd ciivientioty amrwmy ldast about

o, detect i.n.an ay . such as that described in Exanpl e
80%, Suaf o eapsabB s SORE Hd BVPIeRLD t Ipash Rt o Piogh i e be
deterhiBk& b§ chbivedtiBRA) niRAIRAS s HEAMPILO @r g&aéhr&a%gﬂagﬁy.i n

conmbi hation with an enzyme which catal yzes the

reaction of interest. Suitable cofactors

1L KETOREDUCTASE-CATALYZED PRODUCTION OF HALOHYDRINS

The present invention further provides an enzymatic method for generating a 4-halo-
3-hydroxybutyric acid ester or amide by:

(a) providing a 4-halo-3-ketobutyric acid ester or amide,
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enpl oyed in the practice of the present invention
i ncl ude NADP+ (nicotinam de-adeni ne 15 di nucl eoti de
w@bwmgpisse), NADPH (i.e., the reduced form of PCT/US2003/025263
ni coti nam de adeni ne dinucl eoti de phosphate), NAD+
(i.e., nicotinam de adeni ne di nucl eotide), and NADH
(i.e., the reduced formof NAD), and the |like. The
r educ edvien¢imtiod hdld substifuant i kelected fganthe giong cbysisting of chlorine,
redu0|n t he oxi di zed cofactor with a cofactor
brompng g 0%“%ysten1 In the present process, the
k
® 3?E‘é{ao@%@???@%??%@?@fﬁ%?% B B e ey
cofactfr, driden eodiciart r@geneEi.‘qioatsysiem(M)ieldEmdmobe suitablegto form a reaction
. . ketoreduct.ase-c reduct| n of a
mixtufs OGNSR Bis PP st ate et BRI o bl
-hydﬁ@iy%ﬂtﬁfc%c[@&&&%@ﬁﬁqﬁié as alternatives by t he
desi gnatlon NAD(P)H. O O OH O KRED X~ (P)+
Nﬁltb(ewm s+'ketoregRctasqland AKRFD \ese vsesdater geablvatteren ¢ refer to an

enaf i s e Bt o P e Jepugion of -l
3-ketdbutli©acdd bytelr d’t&mhﬂlé W'the caedsgomtihen-halo- &-lﬁydl%x'ylﬂﬂhﬁﬁiﬁ;id ester or
bot h naturall¥ occurring ketoreductases, as wel| as
amide, o$uchatal Wid agtivity mey be detested i e atsa% eishqs teat dessaberin Example
4, heddliBBiawraNi pul ation Exenplary naturally occurring and
non- naturally occurring 30 ketoreductases and
k eAsoused hetedrs chectano Heafartqd Irgfietsab @otongesteinnmimpdend thas eperates in
descri bed herein. 20 4/ 015132 PCT/ US 025
combigafigp 3i{ 7 MG R BB 00 eTeghy SR pIE Gotactors

empl¥¥ed§n BRIECRE o@ﬁ&tﬁééeﬁt 1%0&1&6%31§$Iﬁde RAYSH ¢hichidamiat- hienine
occurring KRED gene and enzynme sequences have been

dinucjestide phebphata), N¥EDPH(i¢. athe reduced fivmaaf, nictdimeinitle adenine

ainucfZRAR ph el PR 1" cohRamipAteg SR GS S NADH Gic.,

the re@hcezmﬁﬁ Q9 NAﬁ%%ﬁhﬁé K8/ CEife fed8c@dTos® bPthe (CoRBIDR Kreféiferated by
AF160799; 6539734) . Pol ynuc| eoti de sequences

reducérﬁetb@l oxigized isefagior 9rithc rofiacier TegEneTatioRgysieMnagnol | ae are

Ry 4, Wb S 4o
3-ket<6tﬂi§1m3?]c(1)(|1 Ias;g %ragffg]&laﬁb(hggé@ce& &fmﬁdﬂﬁtﬁe bditaétoﬁ nEq)meoh () describes

the kq%eedec%amaia Iyred é?fE’GH%‘éoéa Géwal%we@ha&yna .aerfl@ﬁ@r by NE&%H gr

NADPY, [ AErBCRLT o Ry, SRR PEINADIRRE Loc”

been reported for a carbonyl reductase from
Rhodococcus erythropolis (Peters AppéH %Cl‘obl ol .
Ki

Biotéghn&?. (1992) 38: 334- ZeI| [
&%ihpfkogl%(pﬁmzﬁe- et besifioys eauaye @

from

Ketoreductases that are suitable for carrying out the reduction of 4-halo-3-ketobutyric
acid ester or amide to 4-halo-3-hydroxybutyric acid ester or amide include both naturally
occurring ketoreductases, as well as non-naturally occurring ketoreductases generated by
human manipulation Exemplary naturally occurring and non-naturally occurring

ketoreductases and ketoreductase-encoding polynucleotides include those described herein.
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Spor obor omyces sal noni col or AKU 4429 (Shim zu,

Bi ot echnol . Lett. (1990) 12:593-596; Appl. Environ.
woborodiel . (1990) 56: 2374-2377). Enzynes suchPEBRUSIN0%€25263

derived fromS. 15 cerevisiae (J. Og. Chem (1991)

56:4778; Biosci. Biotech. Biochem (1994) 58:2236),

Spor obol onyces sal noni col or (Bi ochi m Bi ophys. Acta

( l‘wﬁ)ﬂl)m@ﬂuﬁﬂg KRBpoermzymencarceesfouspin § Bidesenge &ibattedh and

yeastsj pog C n egﬁ&%?&wg@mﬁ%ﬁg escg? at eenstegg 4 b‘léql:lffi%te Ibgenn reported

 in theBit&aheENsudhl R Bhindida FV3holileqTéhBakRES NN IETHISS GIA 40538),

Bi ochem Bi ophys. (1982) 294- 469% Geotri chi um
Candeiamrmmef@mnm@r Nm BAA24%hHEB1: 28164008y obdomsces

salmzﬁglgrhﬁ% Bgrg(eggcéﬁ\i 9 @gquzébe é&%ﬁ?&"ﬁ%ﬂ lfyagél!ggtkl&sequences encoding

the kforé@&ut A3 Frote Baniie m h@lzaéSaee pnfovgiewae lSQﬂQ n;emy QqER3H, 3
(CRI%éetrahedron Lett. 1988) 29: 2453 al coho

h%x(ﬁ%bé)a&@é (BB SER Eh%o A KGR0 Mﬁ?l&}é%l@mﬂ 7 (CR2-4) are

variafenc A ¢ 21 hrp R PN B SEY D NO: 3

(CRI(QDJeﬁcodEah varNmt tiat d8Fer8838m the C(}nggndlhemrot(ai]ﬂﬁﬁ@ne amino acid
; 1526) . 25 Suitable non-naturally occurring

chana@éSEQ PadhsErzymaie redugtion of B-Hetpiestersleps gegsppisdifor a

carboK@c}P%c:i%% %anﬁhéf@%fl‘q’lﬁ gzté%f)?ﬁsev\g’s&gss A g'(l: :I\g u%qLél Blotechnol

|
(19922881394 BY0 1 Bélingki, ReBivethed. (d@@@razzbm 292)5naa1qmmd4redﬁaase from

SpordhgtabsFt yiceae T AN 0% ooz Sastectal- T B00hE1 20096

Appl. 36/56h DAroBI61. ¢1990) 5¥:957-8437) nﬁﬂzyr}ﬁ&stglﬁh by tnag&evérwea $rom S.
Ket or eductases are provided herein as SEQ I

cerevise((KFHR. Khérn3d891) %24WM§9QM:_QMREB9R) 5823273)6)
SporcgSlapgiafetigaly (HsehiiBoahds, 56591 19@25’ R, Krailgces

Mes

sp. (BRskcl IRRGbLIK Bidotem. (B993) 9@303*(8515&}@& ubhiéation JP2566960),
pol ynucl eot 1 de sequences that 21 2 04/ 015132
Candigrilbispo(Biases Bactechs Bioghem; ﬂé’ﬁﬁhﬂa%?r)owméda meeedonieasis (Arch.

1och§§1QB| lgg;)égD Nﬁ 1% CZt9ﬂ r‘)g?@r‘eg i Qch{uné ﬁ% 4&%16172 % %F&% ﬁic’robﬁ& Technol.

(1992@ chB 1) ge lbeélﬁﬁ@:d fort the estlutticit ofdtieylsiuchlaiol Badetdactar (EOAA)
practice of the present invention are provided

US. R%eN‘ibaﬁ K% 93asserengs thsrse of shycergl dehydesiasg ( Telrahedron Lett.
958502458 9k 89 kBB IR crobn fros dacs
(1985Nd>07 80ZR), driSasldkbe 3l icus (Blotebhaol. Rty (d991)113: 71008,

Preufiioie st B raPal Noes abh oy bR G Ao R0T 500 ety

Kgurase H%ﬁﬁﬁ?al@rﬁéb % QRS KefdrddiBtabsaahibe @eddil ?’ﬁ&@lﬁﬁ@& E? Bbplying
invention typically exRibit an activity

knowa pwthods, lnolmﬂmgnmtggqnnsw téireicd ayoldtagmraind élat like, Bollowsddy
he .10 t t
seres 8 by Vg g s A PRI Sl SXRE Jasge methoas

can bé feadily applied to naturally occurring ketoreductases, including the ones described

herein. Exemplary non-naturally occurring ketoreductases are provided herein as SEQ ID
NOS: 40 (KRED krh133c), 42 (KRED krh215), 44 (KRED krh267), 46 (KRED krh287), 48
(KRED krh320), 50 (KRED krh326), 52 (KRED krh408), 54 (KRED krh417), 56 (KRED
krh483), 58 (KRED krh476), and 60 (KRED krh495). The polynucleotide sequences that
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the practice of the present invention may exhibit an
activity of at least 1 nol/mn/ng to about 10
wordoAinsarg and sonetinmes at | east about 102 PCT/US2003/025263
nmol /mn/nmg, up to about 103 pnol/m n/ng or higher.
4- hal o- 3-ketobutyric acid esters and am des enpl oyed
in the practice of the present 15 invention can be
encode geeth 4rg ppevidétbisereinas SEQNIThNOISz 89, 415 HBIH K HBMYD, ﬁia,tf’rﬁods, 57, and
4- hal o- 3-ketobutyric aC|d ester substra

Exenpl a
59, eSTRERRIE PAGLEDHAPRTALY Qheling felorpApciasethafers geable for use
in the ?ﬂétlcﬂ)f tﬁépfe\!ent\’iﬂv?é'nﬁon 2R ;%O\l'ﬁe@uﬂﬁé Paeh @ﬁll@ﬁfoﬁ@nﬁfl&fn

roup conS|st|ngo chl ori ne, bromne |0|ne
"Imprayed Iﬁetoredmzaselifblymtldmd FEelaitchslen@@ccéuieag cote@ppncbegi to

oL g A S I AL IS, s s

applicRli@s&ial ittt | on i ncl ude et hyl &hﬁhh@heo%oiﬁeédqmlﬂ%c
acid ester (i.e., where Xis chl ori ne

referepgedn idg egtieetyeach hydrogen, and R5 is et hyI) met hyl

ﬁ%&kﬁugtaéﬁk&ﬁxgg%% ltfte gétgz %Z‘rﬂg pergécei,r]l? hnva o ﬁp%al r%e%blt an

actlva%f aelchdtlapoutet Mbl/mﬁr/ﬁ@@xﬂﬂre&sé@tdébﬂiuéﬂhﬁ ERghplees isihg the
where X is bromne, R, R2, R3, and R4 are each
4- hal%%r&@*@b'étwnc aid estsT et Hyidy sulzsirﬁw of jntersglo - KetRredueagey employed in
the pr% 1'(:(%1I og &lte C??(shf 1§¥%néf§ﬂ%a A h@t e{noa%hvhgl sz at’ I%Rf% pImR:JI/mmpmg to
about 40% ardeimetinfes a€leskt 85618108 Ltm%l/m@/?ngv\@p to about 10°
/015 PCT/ US2003/ 025263 where X is brom ne, R,
pmol/fRa@n/migdr hagh¢r R4 are each hydrogen, and R5 is nethyl),
do- etobutyric,acid_ ester L re X
" Ealhe-KeloBiric At Shars S e ntp  SSRAn isnBiiss O Bippresent
inventi®h cah%e'?@éd?l&'ﬂurcHasé?}Jdr}ékrntﬁeﬁinQIsﬁfgaafé%ﬁﬁ%Md OE)E?:% 44-halo-

est er , Where i § chlorine, : R3,
3-ketohpiyrig aehl elsgm sehptates amludashqse ﬂ;avrylg)the structure IV:

t-butyl -4-brono- 3- ket obutyric g¢id ester (i.e., 5

where X i s brom ne, R]%)z , g33,||and R4 are each

hydrogen, and R5 is, t-jput d t-butyl -

i odo- 3- ket obutyri c a®y i R5WhereXis

iodine, Rl, R2, R3, hydrogen, and R5

is t-butyl). In certaig [ , at least one of

Rl, R2, R3, and R4 is a IO\AIsr al kyl ,

where:

X is a halogen selected from the group consisting of chlorine, bromine, and iodine;
and

R!, R% R?, R and R® are selected as described for structure 1A.

Specific 4-halo-3-ketobutyric acid esters that may be employed in the practice of the
present invention include ethyl 4-chloro-3-ketobutyric acid ester (i.e., where X is chlorine,
R', R%, R’ and R* are each hydrogen, and R’ is ethyl), methyl 4-chloro-3-ketobutyric acid
ester (i.e., where X is chlorine, R', R%, R?, and R* are each hydrogen, and Riis methyl), ethyl
4-bromo-3-ketobutyric acid ester (i.e., where X is bromine, Rl, Rz, R , and R* are each
hydrogen, and R® ethyl), ethyl 4-iodo-3-ketobutyric acid ester (i.e., where X is iodine, R!, R?,
R?, and R* are each hydrogen, and R’ is ethyl), methyl 4¥bromo-3-ketobutyric acid ester (i.e.,
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such as, for exanple, nethyl, ethyl, or propyl. Wen
4- hal o- 3- ket obutyric acid ester substrates having the
wa@eowoiaise of conpound |V 10 are reduced duripgr/ukmo3/025263
KRED- cat al yzed conversi on of the present invention,
4- hal o- 3-hydroxybutyric acid esters are generated
having the structure V: RR OHR3 OCOR5 4 V where X,
wherRX, is BRymiR8, R RR ARy ambRAte eash Hpdrogdnhent Rdis methyh)f methyl 4-iodo-
I V. 15 4-hal o-3-hydroxybutyric, agi d; esters or am des
3 kelgh o B By e R & ROEHSoR - 2ot B 70 R scinech pufosen, and R’
: t r {5 ' q 2 3
s g R K e B HRTE XIS SAGRHL Y, R R,
and R'ome eachihydmgenh, and & prbasyd) t-butyl-driiromn-3-kagobwyaeptié estde (i.c.,

hal.o- 3- hydroxybutyri c_acid esfers correspondi ng.to
wherg & 8 bEmhenlC s B oo SHLBG Steeadh BEUrPETE AR ROGMIG b buyl-
iodo-B¥ketddtyrichicid &t (B SRE&e K is GBS, B, RO RIeaRI Rt &e cach hydrogen,
4- cyano- 3- hydr oxybutyric acid 20 esterg having,the
and Rtis irbuiyDe Ivrertaie embodin@ntshat 1ems oneaf B, W', Ryjand & R1a lower alkyl,
R. R, R4, and.R5 are as described as for conpound V.
SuCh?sr]gorteé(Prrlrlpfecg}eglg ’oe?hﬁe%r n ygti on system' refers herein
t OWaess $thalof 3-kewdbitgHt acidlester subdtritas havih@ihe 8trutue of compound IV
reaction that reduces the oxidized formof the
are redyeetkdusing the KREDpaielyzed cauxessign of e presest mvention, Ackeley

3y B S R R B ey ¢ i o

ester or anmide are regguePhted On reduced formby the
cof actor regeneration |syste factor regeneration
systens conprise a XtQi|cht e _reductant that is a
source of reducing hydfogenYequi v8Rents and is
capabl e of reducing theg oxidijzed formof the cofactor.
The cof actor regenerat Ron sy& em may further conprise
a catalyst, for exanple an qpzyme 5 cat al yst, that
catal yzes the reduction of the oxidized formof the
where &, REIRT RBYR dnd Redeias destribedTot steionure T¥gener at i ons

systens to regenerate NADH or NADPH from D or NADP,
y4-halo-3-hydroxy%utyrlrc acid esters or amides produced by'}clﬁe ketoreductase-

catalyzed reduction method of the present invention can then be readily used in the

halohydrin dehalogenase-catalyzed conversions of the present invention. For example, 4-
halo-3-hydroxybutyric acid esters corresponding to structure V can be used as substrate for
conversion by HHDH in the presence of cyanide to generate 4-cyano-3-hydroxybutyric acid
esters having the structure VI:

Rz OH -3 O
NC
OR®
R! R*
VI

where Rl, R2, R3, R4, and R’ are as described as for compound V.
The term "cofactor regeneration system" refers herein to a set of reactants that
participate in a reaction that reduces the oxidized form of the cofactor (e.g., NADP to

NADPH). Cofactors oxidized by the ketoreductase-catalyzed reduction of the 4-halo-3-
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respectively, are known in the art and nmay be used in
the present invention. Suitable cofactor regeneration
waeymuenda3enpl oyed in the practice of the preseptT/US2003/025263
i nvention include glucose and gl ucose dehydrogenase,
formate and fornmate dehydrogenase, 10
gl ucose- 6- phosphat e and gl ucose- 6- phosphat e
ketobiﬁh)&kfc&g e e amideOqre tgpehedated i kedabet B)ﬁndiydhdf yofattooiegkneration
dr ogenase, and the |ike, and
systeerb r%?fﬁ%ff’i TSRCRG PSS CORRTHS mgw”ﬁ%a}etwrﬁﬁmm that i3 p gource of

redud %Q%EQ%C -Eltlﬁﬁfa! tGhd i }:{t})‘%ﬁ%eof‘i{mg{g‘m@gﬁaﬁedm o%cofactor

er changea ereinto er to an
The dmrdegemewnh sgstay meayt ﬂuahem&hairysz esatalyst, &@Taxenwlm euufzyme

et Gy S B e e T L 5k it

c0fa&tbfs I@l&ﬁ’&ﬁ’tﬁﬁls dedivs RQI%F&&%IE b 28 ARl qfdnpNqu ofNRRDP,
| ucose ucose + NAD(P)+ + H2O GDH

resmgnm:lm,mr@ kmldlmthwm(am Bhay l)lemsquyn the preggny daygation.

e es t hat ,.are
or M P REISRRRF sk olPlach Brsting b BxkEfn F s dhfne presen
inverlidhUficthde/glocssy and pEicedelizbsdrogatiye fogenaanbionastewRhydragenase,
non-naturally occurring glucose dehydrogenases

glucqqamla’ﬁplgﬁtw&ﬂlrws Ogphacpiate delydienespishciserrapyialaphg) and
a t .
oSS BB FROIE A Rrl 8 b Bt onBbaon it e

NAWAE@%E@ENADE\IAMI astaadofaamrreported to exhibit the

a’ﬁ%}%}gﬁss t%i oq%gég]ﬂyﬁr ?%F ?AE(f {é]égl?] taﬁe:usteat?ntgrg &S?Q}Z herein to

refer N?Eﬁ NS 80N ABH- degeﬁ%t eABBR th¥ealdyles tﬁ@"k%ngé’gf%n of D-glucose and

sequence of the subtil’is GDH genhe, which
NADCQIrNAEBdn glzucomc aCidrand AP Hmor NNODPN g tivelas Bquptoort 9l describes

a cterl 38 243)
the efffpreiRoodiaeSnnliid B S Enaaabr NAD B efifie oy
(1996) 142:3047-3056) as Genbank Acc. No. D50453.

Nat ur al | y occurring GDH enes al so include those that

(8%)% A@PSDH g@nbank Acc. a%oﬂ% ng d'ﬁE.+ ()

megat eri um (Eur. J. Biochem (1988) 174:485-490,
Genbank Acc. No. 24 WD 2004/ 015132 PCT/ US2003/ 025263
X1@mébse dehydrepenands. thidi ave stgtab(e]fef)ﬂs)e i Ghe3fi3etRBDf tiseprbsenk

Acc.. No 4d 21627 d ucos rogenases fr
invengonjinglyde kgth n P@? O5GHHEE ehespss ‘i‘f’x’é{ %@@Sﬁaamsﬁ ag gonypgturally
n
occulél'%lg %Q%Ig% 8%8%%: eHQsle¥ Nﬁi,u?zﬁi Sd&gg?g%ﬁ&@éd&ﬁﬁﬂog?ﬁ%thMmg
geneobaverbeem gepgtted:'nfstbe (dmnzyfdreo den amplnaye Beczgenmbaﬂzeauw GDH

i 1 had
gene i BNl th 2 (R LateRas RS ot 456 R hygicogtpyical
prop&tléydsahe eﬁh@ﬁieriﬁo&weﬂ abltenaBleinobt (Wasaied, Besl., PaddiNakll Xcad. Sci.

occurring or non-naturally occurring, readily

USAi(423%) i801788). uThp genarequensapf thedt subrde G@}égmwé@ corresponds to
Genbake ARE ALY, NP2 782648 Blobed by Lampel, et al. (J. Bacteriol. (1986) 166:238-

243) and in corrected form by Yamane, et al. (Microbiology (1996) 142:3047-3056) as
Genbank Acc. No. D50453. Naturally occurring GDH genes also include those that encode
the GDH from B. cereus ATCC 14579 (Nature (2003) 423:87-91; Genbani¢ Acc. No.
AEO017013 ) and B. megaterium (Eur. J. Biochem. (1988) 174:485-490, Genbank Acc. No.
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occurring hal ohydrin dehal ogenases are provided herein
as SEQ ID NOs: 62 (GDH 2313), 64 (GDH 2331), 66 (CGDH
w@2w9)p151and 68 (GDH 2379). The pol ynucl eot i de BEJUSWOEE25263

that 10 encode them are provided herein as SEQ | D NCS:

61, 63, 65, and 67, respectively. Additional

non-natural ly occurring glucose dehydrogenases t hat
X12330£). Feinhend| Biobr (1990) TM3631869,1G@&bdhhic AcoNd. IGI2 ps2EFORNGlucose

i nvention are provided in the patent applicatjon
dehydrpggnapesdrom Bragflsver areroriged hggmr% NOS: 10 and 12 (encoded

; | gefast _
vy v RSRAL 5 RRC PR BB RS 1, s

5 Nd@iuirally obaadrionglitgesiehjdrog A3, maylet gensiatrdacing Khown
methifBy G10h 4ylor PG RSO bl Fediptionant fegike. TH enzymes
having%ﬁﬁfﬁflé)gﬁﬂﬁgﬁhggﬁ REALY et ¥rdohiftrAly s8riL §RYbe

nvent 1 on ibit @n activity of at I'east about
readilyQdemifiediusihguheaasshystaseribades Exampkeat t Exepplary hof-naturally

occu R kPP SRR s 2R FoTRe T SHRIMNERSE} (B 2319, o
(GDHE2E)] 66 (GDMNEN9)IhMEOS EGBAD3gbY ChsEp i ot 8€ Bmencek €hat

| oyed as the cofactor regeneration system as the

encod%;gqt@r@midg@h@rym as SHQ ID % 161063,6% el 67 respeively- by
4 t : ; :
Aqaifolf - RpBANY LRAT R Bych e Qo RERRE: b e ARHIC o B im e

practigé bf the présentghugdion areqsrodidoy irt the palencapiicatnyeatitied taaproved
The net reaction is, described hy 25 equation (6), .

Glucogr Ry frogeee Bakmentidshand R%latfét%&ﬁgwkeasl&&n Fopssrondisggo

%3521 1008/ 150960808 &ilédbbh Xubhst 11930080 Casdishél U.S.

A“°’E§§?%%§tﬁ8) The ket or educt a’s}a-cat alu)gl}ed reduct | o%sgl%?

applichtioalserid nkmbebut yri c aci d ester or, wimchies ingorp@ated herein by
enerally carried out in a solvent. The sol vent may be

referepee PLUSHTETY- system such as, for 25 WD 2004/ 015132

PGih+532 A8} REgealsds efpRieli En tHRIPraies 0 the pReseht iMP&ition may

system Sultable solvents (including co-solvent )
exhibstyentagtiwily éfoat leastaaboyt Hypumot/minimg andsomesmenatdeast abamt 10

same as those jdescri ped above for. the DH- cat gl.yzed
nmolgwia{ag of 6??“51034%%4(161-"21“% (9,8h B Iy BV s graighes iy the assay

] 4sCyano- 3- hydroxybutyric acid esters and
descrg)%hgxgg).d@pl%ﬁé aqueous sol vent (water or aqueous

cOVhal glecdse ayd grdsentehydrogatdst afcfemdolyedras thedwfidterregeneration

The conversion of t.he 4-hal o-3-ket.obutyr,.c acid ester
systery 55 Qeorce s RAoBUYHA e S3ter GEPBRCtThiad g ketofadh&lse and
NADAGIGADPH, RR rERltrBdADYr RADR iPRdatePhPME cSupléd 85X Eon of

glucose to gluconic acid by the glucose dehydrogenase. The net reaction is described by

equation (6), which is the summation of equations (4) and (5):

O O KRED OH O
XVU\/U\OR + glucose “GDH ™ XMOR + gluconic acid

NAD(P)H ©)

The ketoreductase-catalyzed reduction of 4-halo-3-ketobutyric acid ester or amide 1s

generally carried out in a solvent. The solvent may be a co-solvent system, such as, for
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General ly, the conversion is carried out at a pH of
about 10 or below, usually in the range of from about
wh2doe/0shsut 10. Typically, the conversion is CBET/USM03/025263
out at a pH of about 9 or 10 below, usually in the
range of from about 5 to about 9. Preferably, the
conversion is carried out at a pH of about 8 or
examplelapvaquemisabisplvient sybteny. ujablefsofvenin(mblmdingsotsolvenbsyistems) for

carrit s osrsPh e T 1aO B GVRTHGN oo iy e [P Ghplyzed

convefiitn 6F 41Rb 3y dRdkyblityfic acriRRitls ahd aiass foecyano-3-hydroxybutyric
gl ucose/ gl ucose (Yehydrogenase cof act or regenerat| on

acid eggrstaghamadesnpl oyed, 15 the co-producti on of gl uconic

as r r esent e

o ShE ot St byarfor HRGTRER S eb oy e bl puffirsd or
unbuffegsll | THeN@naersion s t1@|4U16)a16N3Cke’é&Uu‘dyﬁcSacﬁtDéstﬁtdﬂ @fnidestd the 4-halo-

neutralized. The pH of the reaction m xture may be
3-hydyexybutyrip acid getex oramide may pe (casyierd oy at aspkh afizhayt 6l9>r algvieng
Gener R, 1 ioBrsi A1 L} b ] S BB IO & SARP Elly in gherange of
from abbutb@ltot dvouatltli Typicullyf tha chavsesion ikcaarrieeindut ai 4 pHtolff about 9 or

cour t&lgt he 2Q_.con ers ers and

bl e
belowyysallyiy e raitge S FPPLATORG 5 fipostbt BEAIGablys0E camiprion is caried

out at QF)PP&CH%&SS of B¥low hﬁuﬁgdlhtth@fhngé opﬁéﬁ ABBhi ' dbbEt &AHE Hore
the conversion are the sane as those descri bed

preferailp irethe gangetfeonppinit 640 abgut 8d Adtemasivslyothegbnversion may be carried
out a%ugafalﬂg’ ﬁ\ga‘}ﬁbm yrate esters and am des to

oxybuyrate esters and anides. In the

leﬁthQ&glh&fsefgﬁ@bﬁ d&l@drog@ﬁ’d&@ tbRbtopfe Zgﬁeﬁl&atlon system is employed,
4- hal o- 3-ketobutyric acid ester or am de usi ng

the cogredustion gf glusenic add (Rl T Sis repiesgdiBtegpation (6) causes the pH

ot SOROFAH R AP Bl Shcfesats bl o

neutratigetly €Flwi pih of the reaaqonemwruw nigpbainaint#ihdd ataliddusired el by
aguegus gl yconi c s t product of the overall
standaff? Bitdaring te qv@% rein ﬂeequg o Ruirazes bsaceRicacidhp to the

over t e course o e reaction
conversginn tSai table thaffpisd.an@ Prae6diies ﬁﬁl(MﬂBﬁﬁg&ﬁi suitable bases and procedures

US2003/ 02526 ucose + (Nat+ OH) KRED :
for the SRR QHRASE R I HGEH RIS FOTUBH ORI T 5 LI dfseribed
above Berthe A LARAIYz8d BSRleRYSFoft @hﬂslgtmaﬁbzﬁutﬁﬁe %tb!fé%ﬂ @mides to
acid rel eased during the ketoreductase-catal yzed

4-cyanoetthpdrosybuyratg esfers ahd amidest obut yric acid ester or

e S PSSO RS (DI e or

amide GSinE @iEdoseTglubBe deydi‘BanfaQa" ﬁ(ﬂ cbfactoh feganetbitivn, &fheh #seepH is

added to _nmmintain_the pH Typically bases added to
maintained by buffering or by addition of a base over the course of the conversion, an

| buffer%%;aﬁz%ési’tygggﬁgéf oiNBy? cHIHRBHDFIY .L; be%ﬁwiﬂhe EMﬁ'sfe df the

aqueous gluconate salt rather than aqueous gluconic acid is the product of the overall process.
For example, equation (7) represents the overall process when aqueous sodium hydroxide

(Na* + OH") is added over the course of the reaction to maintain the pH:

26



10

15

20

25

unbuffered or partially buffered reaction m xtures

over the course of conversion are added in aqueous
waeelubizaes. The ternms "formate dehydrogenase” eemuSiomiA25263

are used interchangeably herein to 10 refer to an NAD

or NADP-dependent enzyme that catal yzes the conversion

of formate and NAD or NADP to carbon di oxi de and NADH

Or QADPH, respectively. F te deGWd@ogenases t hat
XMht@h@og‘eow (i@ @W)‘ﬁ%& actise B b he(Na"egrbnate”)

i nvention include both n@&Bitally OCCUY(?I ng formate

dehydr ogenases, as wel | AADBI nat ur al | y occurring @)

formate dehydrogenases. Fornate dehydrogenases

i nclude those corresponding to SEQ I D NOS: 70 15

(RGE Q@(ﬁtl 1s)enﬁﬁ§yeag o héAPHiZE b Dnit dckd rédak&da i the

encode pol ynuc sequences corresponding to
ketor@@ak@ci@@zecﬁﬁdmtnbnbf a 4-bslpek ketvb\ltync od steeor amide using the

dr ogepa ed in the Rra
elucoy BUETTE CERVBRETBE CAIRLTHEEoTS GV T 5o LE PRIETTRY O6he p5pversion
may lﬂﬁﬁb‘ﬁl?ﬂréd’ b@ﬂﬁ%ﬂduﬂgof BHBY aRielitd h{anﬁﬁlnal@é pNI trypiehllybases added to
| east about tJom) m n/ng, sonetinmes at | east about
unbufi@edmt partialiyrpuffered reactionapixturboener tigpcavsie/aficanyagsiony pretagded in
o8t 103 20 nol/m n/nmg or higher, and can be readily -
aqueoé‘éls% H%’HS for activity in the assay described in
Eﬂ'&lﬁnérﬁls4'forﬁﬁ1td@@9dfbgéﬁsﬂ' artdh@DH?Y are uﬁ@f 1ﬁ&hﬂlang@bl¥1&rem to
to formate_anion formc acid

refer {g; %&T&A@sortwgd#eperﬁ@pwémﬁéw lsetabizemhe eamrqﬁm%e? fognafte and

NADG) NP bR AT b A BB AT Pl O

dehydrb g@ﬁsefsahamaa:e suitiablle fonyse dmtHeypragice oﬁ ﬁlefpncsen’cmacntld),n im¢lude both
xtures ereof,. Form c acid a noderate acid

naturgly Qoo eSS eSS R dvell s ra i poc Rt frihate

dehy((t@%ﬁlaSéss Fbrihfte ‘ﬁ@ﬁ)ﬁfr%gél%eg%&udestho&r&%%%onﬁﬁlgklgSE ROS: 70
in equilibriumconcentrations. At pH val ues

(Pseudbyovmasaipiuind 72 (Cﬁmfld@beldtrst)pwbldb piercanedod yrpediclegtide

e e A SR R BY TS bR R lierogenses

empl%‘étldh thelPractiddiof the r@s‘éﬁﬁnb&ti@h%h&ﬁeﬁﬁhﬁlrgﬁy ¥¥3urring or non-
004/ 015132 PCT/ US2003/ 025263 desired pH, typically

naturgly eisoingsmay exhibit@n agiNityxif] ab lagsisabout bpmabmin/mig, sametones at
mc d tral t f

s Sl S BEA B SRE B R

umolﬁltu Sphl%.gérn'gﬁcﬁcahsbe%ﬁﬁg’%%@ﬂéd for Qét?\fi@qﬁ tlﬁsasw&scnbed in

equat escri be
Exampdy.dr ogenase- cat al yzed reducti on of NAD or NADP by 5

f or mat + NA C02 + -

f i Haed hersin f*&tﬁla% &&éﬂﬁ afesers fformate @n&%@uy\g@mlﬁ acid
(HCG: A 3 hixhE8EMREIBE | Bftmate may be provided in the form of a salt, typically an
alkali or ammonium salt (for example, HCO,Na, KHCO,NHS,, and the like), in the form of

formic acid, typically aqueous formic acid, or mixtures thereof. Formic acid is a moderate

acid. In aqueous solutions within several pH units of its pKa (pKa = 3.7 in water) formate is
present as both HCO, ™ and HCO,H in equilibrium concentrations. At pH values above about
4, formate is predominantly present as HCO, . When formate is provided as formic acid, the

reaction mixture is typically buffered or made less acidic by adding a base to provide the
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system as the 4-hal o-3-ketobutyric acid ester or
am de is reduced by the ketoreductase and 10 NADH or
woROPkls18he resul ting NAD or NADP i s reduced bRCT/I182003/025263
coupl ed oxidation of formate to carbon di oxi de by the
format e dehydrogenase. The net reaction is described
by equation (9), which is the summation of equations
desired pH, dynicalB)of ago® 5 @Hbp B )«SmtabtanaseSl-f@OQeutrahza(M fofmiORcid are

s desf L L MRS s g edb BRE o7 1 coenerati on

S¥6i fHvakie AP vRYBHut Nlat WHRh f&sMEd isPReddmihfifly present as HCO,
4- hal o- 3-ketobutyric acid ester or am de in agueous

equatigp (3 deseribeisithe formalssighydipgamasescatgyzadgadudtion 9§ NAD enNADP by
formaf € consuned and the reaction causes the pH of the
reaction mxture torise if it is not otherw se

red or aci di FiD#tl. Th eacti on
mﬁé@?e ﬁaﬂéﬁﬁnt_“_m ne t die 'rb‘bgﬁﬁivel
standard 20 buffering techniques, vvherel n the buffer
rel eases protons up to the buffering capacity

P ‘Wl’t@n%ﬁnat@ bnd® Yorﬁn‘ﬁ?e (ﬁ:ﬁ?&ﬁ) EQsOfre@hpisyed a8 Wﬁ&&tre %eneratlon
with the course of the conversion. Suditable acid

systema,cd tblsu%hﬁl@ F-ketobwprie acid fsteiher anaide isi reduaed bwuhmkeztowdmdme and

e a 'ds f . 8xa l.e arbo
NADIECI W@% t1hon‘|%cﬂa W&Ig‘ﬁb i© ucggibéf ©NE ‘%41‘3“%“1?8 of
formatd to @&fonaddde by e fommwgdmgdmb alrhe naqeaiﬁloﬁsy@éscﬁsed by
hydrochloric acid),. sulfuric acid, &aosphorl c acid,
equatlah ) Whichds fhesumntioniof equations (4 grd Ranpl e
di hydr ogenphosphate salts (e.g. KH2PO4), bisulfate
salts (e.g. NaHSO4) andthelike Particularly

preferOedols formc acid, %EBZ bott‘lo formate

coXce &g |ngigds pI—HOf re +cCo,
mai nt ai ned or exarrpl e, equBbDion epO&ents t he

~overal|l process when fornic RADEPYHICO2H) is added over ©)
the course of the reaction to maintain an initial pH

aByRioal9)shoSus thitiviRnthefolateHbendte déH g@ hase cofactor
predom nantly 28 WD 2004/ 015132 PCT/ US2003/ 025263 as

regenqretign Systefrhis eﬁ&&%teﬂcfﬂr the xadyetion efithe hbplo-3-katobntyrigtaridrester or

it TR SDES WE056 5 ARHEA 1 o ST o

reactldﬂhlﬂué,@sAERpH oP@R: rebAOhMMidturéicORse(if B)is n&t dﬂlitﬁwlﬁmiuﬁered or re-
ac1d1ﬁEg,t ﬁl r<re.[231c|:t?onergjuxttl?re rr%g/rl])tea}rllanmttaﬂl%d g{_' thg l'Idrelsun % level by standard
buffering techmques, wherein the buffer releases protons up to the buffering capacity
provided, or by the addition of an acid concurrent with the course of the conversion. Suitable
acids to add during the course of the reaction to maintain the pH include organic acids, for
example carboxylic acids, sulfonic acids, phosphonic acids, and the like, mineral acids, for
example hydrohalic acids (such as hydrochloric acid), sulfuric acid, phosphoric acid, and the
like, acidic salts, for example dihydrogenphosphate salts (e.g. KH,PQy,), bisulfate salts (e.g.
NaHSO,) and the like. Particularly preferred is formic acid, whereby both the formate
concentration and the pH of the solution are maintained. For example, equation (10)
represents the overall process when formic acid (HCO,H) is added over the course of the

reaction to maintain an initial pH above about 5. While the formate is present predominantly
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catal yzed reduction of a 4-hal o-3-ketobutyric acid
ester or amde using the formate/formate
waledwdisagenase cof actor regenerati on system tPET/US2003/025263

progress of the conversion may be nonitored by the
amount of acid added to maintain the pH Typically
acids added to 10 unbuffered or partially buffered

as HO®@adh theneadtich mmigmre;\zhﬁ HCg™ concesteatem i oraueainedwhie the
added in aqueous |ons _q\n carrying out the

COHVWP%B’O‘?tB‘PHSPH’@Sg}C qrﬁ%ﬁ‘&‘ on, either the oxidized
or reduced formof the cofactor may be provi ded

initially. As described above, the cofactor
regengﬁi%system converfs idi zegHc@ actor to its
r edued [ FCHCO, M zedlin 15 the€O,

reducti on of ?E‘[g ket or educFREE su ét/r\\at/eUlQRe

4- hal o- 3- ket obutyric aci d NADgP)Hr amide) to t he
correspondi ng hal ohydrin. Ag@uth the hal ohydrin

dehal ogenases, the ket or educt &se and enzymes of the (10)
cofactor regeneration systemmy be provided to the

reaction m xture for converting 4-hal o-3- ketobutyric
athiermidaaddiﬁonainiempldmd thmaintainthefpIp duiifig the ketorgduetase-

20 wh
catal PRSP, TR GRHEEDY SER G G PRETIGB oM Aty Papge/formate

dehycﬁGg’enﬁmﬂégérﬁfhtﬁﬁfsﬁﬁérﬁ I the pRIFEEE A tHeQOnSotSibR May Hee
genes encodi ng the enzynes can be transforned into

monltl@tﬁsltb}’db¢ pmourtiofiaeid adderhtognaintpin e pHo gepieatlyiagds added to
unbuf?&?@ {];9 %1&11 ljnlf gcp{eacetﬁqglrm{x?ureé Pife dp%qpst%%f 6N er8F are added in

¢ AR ranst or ne
aquedﬁetsane&;sct ase encod| ng gene(s) and anot her set can be

transformed with cofagtor regeneration system enzyne
( dn garryigppt thpypethods of the prosg)inyentionBthentic gaiiged)or reduced
I [
e T
regenemtibis systent edrivetty sridezed epfacter ko isatedaced fdem,j whadh 1s then utlhzed in

herefr ernatiyvel h
the reciog o e P BB B AR REEGE At cseBonHRide) t
thec(ﬁlres aiMioHyagigner ati on system enzyne, such that each
expressés both ketoreductase and the cofactor

r égevw@r thcihalohygrin dehatagenases, thgketoreduetassrand ehoynesaiithe cofactor

reaenp e RSB oS S s IR CHRRD A R B o semestipufifglo->

ketobﬁ@h@ aEidsleP6Lamide G flﬁcﬂ)ﬂﬁ of p@ﬂtbelr@byme GYiskaaeteculyyEate, or
a hal ohydrin dehal ogenase. These cells can be

wholemqllls itrapgformped: Wish genaty gacesting the ketosedugtase and enymes of e cofactor
regen?rraﬁ&ltn gfstéhlp STh éffé?%néo'an{é"tgs t:&ra'megf Ia%g dh?%s?%e? infofldst cells

or Ce extract escr
eithert sepa:rhﬂekyl;] omoxgtthereinaf the kaméihbiticelht Ednyez(adlplnsimmch erhio@liment one

set of sl ;g;‘qﬁgqi‘t?é;gérg?g Wi B R 6 ORI SREN) A Biggher et can
be traﬂgf\%ﬁhéiﬁ?lth %ﬁctoi’ rlift%(gf sygfsegf; ég{;?fgl%l ée gr @3;?1%' I:‘lﬁiélug%d&gc)a like)
encodsng gene(sh, Bethuiem (If mr;ansfospemcnlb nan bedtilized togedtlaer in the reaction
mixture in the form of whole cells or cell lysates or cell extract derived therefrom.
Alternatively, a host cell can be transformed with genes encoding both ketoreductase and a
cofactor regeneration system enzyme, such that each cell expresses both ketoreductase and

the cofactor regeneration system enzyme. In a further embodiment, the host cell can be
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The quantities of reactants used in the reduction step
wi Il generally vary depending on the quantities of
wd2valoes132 hydr oxybutyric acid ester or anm de dBST/DUSIN3/025263
and concomtantly the 10 anobunt of ketoreductase
substrate enpl oyed. The follow ng guidelines can be
used to determ ne the anmounts of ketoreductase,
transfoomad tvith geaescencodiag ketbredagtasr.e aabfaotmr sagshentivosyssam enzyme, and

s halghhgraprgemas Gesertina o b in BABtodoo e 06

1nverﬁl'bﬁ'i§fnlo'vkﬁrthéj§dz@rﬂle§ 'iﬁJmeéf&%JBf %Qol@ﬁel'l@ célb%‘dﬁte,g?&eﬁfextract. As

ket or educt ase and about 25 ng to about
descritgfidor the reathors mittane of ghoHHID Ecstakyked meihads the selid reagthnts (i.e.,
r eadi rstand 15 how to ry these.quantities .
enzyingy syl eofafo GepmaedRuvraE: feapt shd BRI Ry Hep i fct ina
varie§Cat diffétbnt BAAE Wedhhding pAPRErqBLEI, MophilizaftsbtdyaFicdf and the like),
cof act or regenerat| on system may be readily
solutigat emwpigadsuspension; arrdkth éi‘b@rl ment ati on based on the

angun :

g gﬁ%rcgllagtfltﬁ%% ?&a& ?é ?‘[ th% %(Rllcﬁ%ggt%ﬁaﬁo géﬂe'tr%l;yz\?agy dzl-:lﬂendmg on
the quidrnitities e4- hﬁlol£hﬁir6xﬁim@dﬁ' dcitEestcﬁGpu amideadesired; @hd eéncomitantly the

ket redu tase substrate t o achi e e esse% bal I%g
amoygy, ﬁglreé?rs tasseapsti@ipnlpyed- cdplivuingeclics dpa be used to
detedﬁ%eotﬁg AHGhRAs 8f ﬁéf@x%tiﬁ@és% C&Q&Op %ﬂ@&oﬁéto?@%bﬁér%rpgystemdto use.

reactants Is not critical hé reactants nay be add
Genetajb'e#hako -3-ketobutgris aend esuereeand@nadgdre/ emplofed gt 3 concentration of

WU O R R TN 7 R ——

25 mf @@QK@BS $ oTRYfRRratdes }ﬁeﬁ%&ﬁl&ﬁhﬁy ,skAlEh tBO AR wiD 9&ddil§ funderstand
at different tinme points or exanple, the cofactor

how toeg!ehﬁnem quntlt;%tpémoréhﬁméq e desired level of produetisty and seale of
t Q t
poa G OBELFAR HRTAG 1o Tt e AR DAL O1E B

deterfifncBMyvBifineSaxpeiiehtations Bibed bh ¢he Anduat bOcofh@tgenrl @ikewieductase
stem ketoreductase, and cofactor are usual\l@x added
Hahev

utiliza%dmﬂe;aér@h ithg redugtent (sguBlBeeseplorBate} istsifizedrptde g the
equlrf?@glsfe‘vég?f (1)( J&F e@%g{%&é@ﬁ?@g@%@%%ﬁeﬁhal&&dw oPYiear complete
convékblbﬁrolﬁﬁtelkeeiryductdse sitsstrateeduct ase substrate may be 30

pr he or ani ¢ _phase, g ri to additi

iHaw Qf egctants is noj Lhificg! Ir?qqtants may 7be gc?ded together

at théjs%ﬁﬁl tﬁﬂ@ﬁaass%%t / Z@En & HAYiB SSlvert, E’ii)hasw aqueous co-solvent system,
4-hal o- 3- hydroxybutyric acid esters and am des,

and thmllkeimr@ltcmdwlymmmq‘ erth@aaactyntﬁ gnayiite adred separately, and some

togctEal BT ROZHIRE®. F RIS T ORI B CPHPB S Py Gofectr

ketorddiicife %ﬁ%&r@wtamﬂﬁ&a@fmdm ddded fft td 1he 8okvemn
include a Wi de variety of conditions that can be

r dipdiimproyed ErKiNg @&'l%gncvwd@e RAGNIRYS 6PEPIYERYSYSIem IS U, the
cofac&dﬁege%éxtatl f? lgggt A, l?ﬁtdrgﬁqg;?e[s@t d%%fgcporr @ﬁJuXhiﬂ gdc?eldtanh Iﬁﬁxed into

uctiron ste

the aqueotifiphasafige. The f)fg@ﬁicqihasd mayptheh be a&dml anii&ﬁi.xewau efbllqwed by
the reactions are carried 5 out at a tenperature in

additioneof theferborsfuatass sibaistn Sltrmattyelyh Bigckeinseduciasg substrate may be
prem¥eR i BRYrYanid MBse, prior to addition to the aqueous phase.

As for the halohydrin dehalogenase-catalyzed conversion of 4-halo-3-hydroxybutyric

acid esters and amides, suitable conditions for carrying out the ketoreductase-catalyzed
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about 20C to about 45C. The reaction may al so be
carried out under anbient conditions, As in the
wadoekysisi n dehal ogenase-cat al yzed reaction, tPer/US2003/025263
ket or educt ase-cat al yzed reaction is allowed to proceed
until essentially conplete or near conplete conversion
of substrate is observed using nethods that are known
reduction bfid-halot3- kﬂsbutmd: hadhestarkwatt amide of the present invention include a

R A
art. So¥abe Rl RratOeks ForamRigtut Bfe KeBst8dRFasachtd]ly26dl fsduttion step are

counter the pH change that rmay otherw se occur with
typlcazllyenplwnangmb%\ﬁrom ebawt1oPC te gmove 751G o suajlyt heredstions are carried

out atAGBRERBHE Ut 0 FDES OF APB. SRLA B PP e LBy fom

t r
sbou (o TS 8 £, IFRGHAY B B DRNCALE! RAETLGioh s,
eAsin thy hashydein HeRsugdnaselypalgadd Iyactiohethe ketoreductase-catalyzed
4- hal 0- 3- hydr oxy but¥r| C aC| d ester or amde, is

reactigi petllomesd towrageed ydil seseniaally qomplets pepeas sepRlets canvgrsign of
subs‘utanaelgj %b%édtdsﬂ% etﬁ@%sthatta{f'@ koWl Jp%l %rth)&@rﬂ?)ﬂi@r%éﬂ)}dﬁn
aclid esters a es generated by t
dehalkmseechldymleremmaj the b gresdieatoif the ked_xireductase catalyzed reaction may
4ha - 3-ket obutyric acid, esters. a
be STy PORHT Ao 6! Paocid e BB e Rl haoge that
may JtB&MideVRSurUS K tHePaRIBHR Bbfakidy @é}ﬁeh&ﬁuéﬂ@lsﬁéﬂ{ {hvt i3eRed, ak e
preferred nonracemc, chiral hal o- 3 hydroxybutyrl c
describefl db@t er s having an e.e. of at | east about 90% e. e.

Slg1al l gB%l}ftaé@?;tély%&P Lufﬁugs%oet"‘t € 4-hI - - %{8151{}21% Xciatester or amide

substﬁfﬁJgHﬁbfmtaiheW seteokanit &b at the 3-posmon of the 4-halo-3-hydroxybutyric
(S)-4-chloro-3-hydroxybutyrate with greater than 99%

acid egteg or awidegeeriuser bypicalbyhihetichate-SenarBRRFIP ackdcsies gr agjde 1s
s R FBIRES i DS RIBAL 5 AR oL vty

3- hyd(rdﬁ(yb)lbyrxeraarait dstepearsl anfidesgenetatdd(by) the kBipreduttaje-cathigres reduction
of 4-halhrksiaPbivkie g eéksrﬁp%@?atmlg?ﬁe%s bl i) aglwon&afegic ' The
ketorééiﬁgfa%l;e%ﬁcﬁﬁ%s&ym L3t 150&t%§yﬁ@£l%@ﬁf@ﬁ@krﬁﬁtﬂa%cemm

crib e 6, hereinbel ow, and ‘usi ng
chiralfehilo@shydnertybatyeic Ianmimsterrmham ar ¢.c. ofigt &es@bom&i)%\ boy usually at

teast dhao 4 SO, AT At st it S0B3 S Te BRI ASARS
embohﬂh@mﬁbvm@eenwQS)em@ﬁ@r&atrngy@@fduﬂym@wﬁrgse@ér tha9% e.c.

present invention, the resulting
4-Asised herging thedemny tmerijemeng @@e@c 08" est"apferoto therpbelute
differ@xlic%l bewge%ttﬂg{rng?ele&g)(»ﬁe§g#quc¥ pIS O] 612% {@?Jﬂ))oa\#do nb%{f;(l niftiomers

(i.e., PROM E(])EFJ,%dP@F(J,)lJSZQQQ/lOZ’éﬁﬁBteéhslm %h| Fey— F(y | . Enantiomeric
st.ereose| ect|V| ty of the ketoreductase-catal yzed

comppsiber ean Rreadilt haractanizad bireing thegas chromajegraptpmethpd described
in Ex?xﬁ bid 6e Ier%f 3w, Qﬁﬂeﬁﬁﬁ%ﬂﬁﬂmhg habPh@ndbhRhieale el ity of

ohy rin genase- cat al yzed conversi on of
t I?esrﬂdsmlieldabom wéhsp thede ngnmoamiia chiralcl-HalgBaimalroxybutyric acid

esters or amides are used as substrates in the halohydrin dehalogenase-catalyzed reactions of

the present invention, the resulting 4-substituted-4-hydroxybutyric acid esters or amides are

substantially equally nonracemic, with little or no loss in stereopurity. The combination of
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3- hydroxybutyric acid esters or am des provides a
particularly attractive inventive process for 5 the
we@@ralii3pr oducti on of nonracemc PCT/US2003/025263
4- cyano- 3- hydroxybutyric acid esters or am des of high
e.e. from 4-hal o-3-ketobutyric acid esters or am des.
A further significant characteristic of the present
the highweertoseleciieityt dfathe kéteredirethsk-aftalgredrpadducpon dfitesionracemic 4-halo-

enerated i.s very high. Typicgally, t yields,o :
3y GFoR Gurs: ety B ies an f Hiah o ety $6% pflghyarin
dehaﬁ?&%k-@%@zb@coﬁ%ﬁﬁdﬁ tttRén %o Hﬁé%%éﬂ%ﬁmg'n@mﬁ@éxﬁic&ﬁ&)ﬁdho-

or am de products 10 generated in accordance with the
3-hydrexplmdgriodcid paterp oeamives provedesiagartinuiarhtatiractiye 1yMsotive process for

0 0 i

e o er A el SR 2 O A Bt BBl or i
e.e. fFOMTALHafS-3 KBtoBlityFit Q6idGhkteyd 6t dhitlgs. based on initi al

substrate quantity provided and the anount of product

f of\ farther signiicaptecharactssiste of the @respptggygntion is that the yield of chiral

4- -3-h t M i i :
oo B SLRUBR B 3P0 PR Aol i e
or anfidé Qﬂﬂ%’@h&ﬂeﬁkﬂ?@sﬁ&iﬂﬁ@@-&lﬁ&lrmdwﬁB abidresienor athiletpesducts

"purified” refers to a progcess in which a separation _
genepgasiggseqrdangg Biihdhe msthods of thearescudnyentiog are ti?ﬁ# about 70%,

N N 0

usabGEIESE B OSDERLA| R DG RGN & it 497 T
comppuaticni of prodowt yielddebased oarpitielsulistrate {iantity provided and thelamount of

o T P S P bbb e ramis
may b&8ptidafy paffiéd pridto "éoﬁt@étﬁrgﬁvfﬂly tHe Q4O HNA dhadcdetafs A used

or amde is purified fromthe ketoreductase reaction
herein the term "purified’ refess operacesy imwhich assparatie poaess ieanplied to
._.a_nongphasi c . ent, |.phasi -
mlxtlérﬁﬁeglﬂﬁn%r} ?Hl 1§1§JeeXﬁ$gfl chgi/[cC??ﬁrgt!? e%fgﬂne%gfﬁggﬁl&t ?gaﬁ:’\% t%eo%er

o I ogenase an

 compbnehts aipthielngixtuird. | SuifabIEYIVATF cati 6#HEESES @M lbyed in the practice of the

4- HALO- 3- KETOBUTYRI C ACI D 25 ESTER/ AM DE TO ) o

present MuentEoHReluge, dlfrajionysidordigiidphase gtrastion, distillation,
'II'E‘B/ AM DE IN A SINGLE REACTI ON VESSEL The present

I'nvention provides a nethod for carrying out the
C alif ey $-halo-Bhydiexybluoyrichckdestdror ymide ia pudfied fremshaketoreductase
am des ta the corresponding 4-nucl eophile substituted-. .
reactipny % bl PIeguenivEpdded B slYRR! (8 cemonAPHRS hlyent 2 biphasic
aquebRAGL P EnY SR8RM) wit the HRIdN9Grif QNI g2hi3 238 naORblel NY

the 4-hal 0-"3-ketobutyric acid ester or amde with a

ket oreductase, a cofactor, a cofactor regeneration

II. t ,

I eBSTERMMIDE T04-NICCEOPHILE SWBST@TUTED-3-HYDROXYBUTYRIC
4-hal o- 3-ketobut%r| Cc acid ester or amde to a

4-AGH DIESN £, SINGLE REACTIOMYBSSBL aci d est er
or T}?é;%rggen\,t\//ﬁlgéﬁgns rrés ﬁ%{ d me{l{ydsfofcbaglgkﬁg' S TEELonVERRDS 4-hato-

proc ase-cata
3-ketobutyric acid esters and amides to the corresponding 4-nucleophile substituted-

and t

3-hydroxybutyric acid esters and amides in a single reaction vessel, the method comprising
contacting the 4-halo-3-ketobutyric acid ester or amide with a ketoreductase, a cofactor, a

cofactor regeneration system, a nucleophile, and a halohydrin dehalogenase to form a
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conversion of the 4-hal o-3-ketobutyric acid ester or
am de to provide the 4-halo-3 5 hydroxybutyric acid
w@3saoe/015182 ani de in situ, and consequent hal ohyReT/NS2003/025263
dehal ogenase- catal yzed conversi on of the
4- hal o- 3- hydroxybutyric acid ester or amde to the
correspondi ng 4-nucl eophile
reacticuinsdture forecbn3 etving tiodrhatioy- kﬂoblﬁ'yﬂc adid esteor aanilelto. a

Si gnj ficantl t he 4-hal o- droxybutyric acid ester
4-nuclgprtilrisy Stml@é éc@airwbpwéwwetdoqséa &E cat al yzed

r R/E‘éﬁérﬁ’ﬁlchﬁ Hfs s1 Pdsed] Sﬁiehﬂcfd pro€édds K/%q(emré&fctisg-chttaﬁlzed

cont act MAt ha dr|n ogenase and nucl eophi |

convefsﬁbr(Qf the 4- m;oahﬂcdtebanydc abid ebtlekel) armdﬁ: to proviisribed-dalor -t 0
ile subs i £ ut ed- 3- hydr ox

hydrogYRHARAN S BRT AU ecop ot by Bl e RE

catalyS&f @b HsPhof 98 XAMbS- hyitox JHRERRY Rid/Eser oRAhidedb MR corresponding
reaction condi tions and procedures for the

4-nucleppiyjlesubstfuiel-chydrexybuvmcgridestanop agidek Sigmfieaptlyctha dihglo-
3 hydr%%(tgslf ﬁg‘ gt%% 11(1)1)((1?/ d???dgﬁ)la@le(l];etor?ductase-c%%lyzed r&actlon is not

separa@écBortrE@)vﬁml rﬁﬂa td h@e@tm $/4thiHakshyahio dehdleenhdeand anclgopiile
out  the hal 9 ri.n dehal ogenase-cat.al yzed conversi on
(e.g., Gfanideqad éhealﬂﬁ%; dRTdisyasnYsFsion g%macl@gﬁlé}essuaﬁautaﬁﬁoi@@rwbutym
espondi ng 4-nucl eophile
amdeéh %F%@E%ed 3- hydroxybutyric acid esters and am des.
Vieitabl reactants {nbstyites; eszynishyafados)) ssents oHigedpersturd; end

f act t dt | f
other AR ARBA R A PP resT BT (a1l vt e eser pha ey >
ketobtﬁ?ﬁé Al ediBr or%’mﬁ@id% hb@esphile QubSitRed-9- l@ﬁ%x‘%&?ﬂb atild@ster or

acid produced and maintain the initia
axnlderaegthteusame @b shoge described gbeve ifer the suTying omtéh¢ halglydsin

dehalo&eﬁzéﬂe ca{;xbgzg@ ?8}}%?91{;1’1 8% Ji] ﬁglo f)a(ixl }6@3 % ecsasc&1 stteall‘s anct ?LIB ides to the
correspbidifly 4-hutleepliilesubititaed 3th uBRie acid)esteddighd(amides.

wher el n aqueous sodi um hydroxide is illustrated as the
b¥éhen ghycosoand gloypse dghydeegenase quensed a3 thgaofactprgeggeration

syster ¥ S ooy 3 B B Rl liatice
both tige glaessic agdand hydioham acebprbtuded am snainthinghe tpité 'pHmsf the

descri bi ng.ot.her _optjons fof conductin haI dr|n
reactiQfeRE g4 oR drtiglts lyztéfdrapg%e Jhont ¢ o gpou 99152‘?%‘@’35? Tocess in a

single Q%84 HRcEM & dBSerfvlE bY %&@tloﬂq%)o(vhiéﬂeis HRtahRsiieh 38 8quations (2)
reaction (e.g. using formate dand 33 WD 2004/ 015132

and (7RCTidpSA@QG¢dI2 5adBm Hydraxadeis didisyrdted ge thedmsas t he
cof actor regeneration systen), as descri bed above for
the separately conducted reactions.

0 0
KRED, GDH, NAD(P)H
X A g + glucose + HCN + 2(Na*+ OH) R ?_IZD' : )

NCMOR + (Na*+ gluconate™) + (Na*+ X7) + H,0 (10)

Other single-vessel overall process equations can result from summing equations

describing other options for conducting the halohydrin dehalogenase-catalyzed reaction (e.g..

using a cyanide salt as the base) and/or the ketoreductase reaction (e.g. using formate and
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It will also be understood that the sanme single-vesse
result may be obtained by first conducting the
wedoenedsrt ase reacti on separately as descri bePCHDS2003/025263
t hen subsequently 5 addi ng hal ohydri n dehal ogenase and
cyani de into the ketoreductase reaction m xture and
conducti ng the hal ohydrin dehal ogenase reaction in the
formpneeishydregmfasd Iethi edfactedregbmsationr syatem)pas desarpbed @ehow. forthe
i nent of singl e-vessel process for converting a

e
sepatgt P‘H‘dé‘cﬁ?gtr% PS%ic acid ester to a

4- EX’@}H Qtsd ‘U%Xlﬁﬂ&%ﬁb@&i‘ ek e safledi @éssél%edu'lt' H&Y} bASHained by first

Exanple 24. 10 1V. COWCSI TI The present ’i nventi on
condfigtimgrbe kefordielass rcmmwcpar@tnly ashigscribed abevst then subsequratly

ad GO gefe S SR ot B PR EREAEOS mR and

condtiMﬁngh&’ Bblb]d{] drin @&hhld g@ﬁefs@ Feafiordiil tHE preséiRe O f GRIKRASEdUCERS
npri se a hal ohydrin 15 dehal ogenase, a

lfmxumﬁ@nﬁmgﬂﬁydroxybutyr|c acid ester or amde, and a

SRR 0P g RO RS ROTRAB AR gy s

ester}w e datyhno-Bredioxybutyrioucidester srijlasrataddn Exasplial4. f or
prepari ng 4-nucl eophil e substituted-3-hydroxybutyric
acid esters and am des that have a ketoreductase, a
IV. CofasimbsIORRer ati on system a cofactor, and a
halohydrin dehal ogenase. 20 These conp05|t|ons may
f uFhdpresenh uivaniteomﬁmthblairow@ek@nmmmyms thataiedisefit for the enzymatic

o B S BB T R RSB
hydr&)@fb@%&féra‘éld & QP MMideN THOSRdARGRBARAS compnse a halohydrin

4-hal o- 3- ketobuyérlc acid esters or am des,

dehalpgpmsise, 24- hylaroh 9¥Xl’r‘1i)é'lcaﬁ@i(b€5éf§t0é eBYids; andrp guejeophile. Ina
prefeg%ﬁégrg;ggél tmu ?e%lpﬁﬁp sen%n' these conpositions.

iI’0NS 0 i nvention may be in

S Olni #fuftherdembolipomplee ))réséntl 1n€bmnldn ﬁ)ﬁ)\tj}des coﬁ@bbihbﬁhseful for
mul si on, suspension, and th orm For exa

prepztrm@ 4augienphile spbstiffedsd- hwﬁroxmém% acmi 6$t612§ ang gpydes .tlzaé aave a
ketor@&uc?z%ur t &Eét&dreg%(@ﬁ{on s'%tte f Q%fd@h Xlndtahﬁlo‘ﬁ?fﬂﬁ? ﬁéﬁa%nase.

er rise a“so vent tions
Thesé ummpmtlomahammmmduémh 4-Habo- 3-rkletod>otyhlc<ab1dmster or amide

bi |
P LREy Sb e preyidtistydhsered KaftebfictasY, sompobREafh @fclors]
regeﬁé@t%%@ﬂﬁé&gctgg h B/ deBMEBchaseé. 4m%ﬁ\{ync acid esters or
DEHALOGENASES, KETORE ASES, ~AND COFACT

midﬂE@amERAﬂmstMaamzmmmuﬂmmm may be employed in

these compositions.

Compositions of the present invention may be in solid (e.g., a powder) or liquid (e.g.,
solution, emulsion, suspension, and the like) form. For example, the composition may be in
the form of a lyophilized or spray dried powder. Alternatively, the composition may further
comprise a solvent.

The compositions may further include components for pH control or processability,

including, for example, a salt, an acid, a base, a buffer, a solubilizing agent, etc.
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PCLYNUCLEOTIDES In addition to the specific enzynes
and pol ynucl eoti des descri bed herein, those 5 having
woedinesy2 skill in the art will recogni ze thatP&nUsaw03/025263
techni ques can be readily applied in the discovery of
both naturally occurring and non-naturally occurring
pol ynucl eoti des encodi ng enzynes suitable for use in
V. tHe;\m)IaYEDRdN DEHM]@GEI@ASES KE’]?@RBIMCTSSES ANﬁ) COFACTOR

D?bgmycgtofrmﬁjsl gonucl eoti de-directed random

nut agenesi s using the 10 phosphorot hi oate net hod,
VBt dddggoniblthe ﬁieoiﬁc ensmw@tdmlmnglgeydesmmed hbmmx thase
nut.agenesj,s, Rev 19:423- 462
havingGR B Sk i theiah WilGEYogmiz G4 kan eehRidteSe e sty gplied in
the distoVdr9 oﬂyéﬁgﬁﬁﬁﬂﬂ}soccuﬁﬁig%@%n%ﬂxrﬂﬂﬁ&cﬁﬂﬂﬂ% Iiolﬁﬁfé)eoudes
Carter Site-directed nutagenesis i oC .
encodmg'pngymes( sugglp forysg i the p@@ctlgp of the msmlt W’VWC h See e.g., Ling,
R 8 )" | -
et al., g@o&ihtes %f)t\léﬁgrélﬁga §1¥e%1s §t¥ ow%e%& g&é, A !fm%)?])?)}()lﬁ% .&%4(2).157 78
(1997 eDsle 2dt iab)t" (legoi:ﬁclﬁbﬂxdd—(hfeeteﬁuhﬁdnoﬁﬁlt@bnﬁw‘ l'lslﬁgihsi tes,

ne, 34:315-323 (1985): M nshull, | otein
phospleethmt%weﬁg?an@éesisal}ib&%ld i 69- Mol S’@j&ﬁhmIBl’{ltF%
mutag%m ’Cfi'fn} gicegleggﬂet 39484: 48??1 48%8@()&stelncpﬂ'd13t'$t?ﬁ§glese§n_(ll

evolution o i ne” ki nase f ot
applicphwspliar yitratrngaganssing Scihize, 22%il 193-3 B 198 H)y Cartdlat'Siteedirected

T S E Y I R (e

38: 879—@9?51@%4?%@'156 E?Jlescgdsét@&ﬁlﬁﬁg@ié@isuid SfficieniNdethog afo@é‘éneratlon of
Craneri, et al. "Mol ecul ar evol uti on of

multipipmatationsatalefioedsiiesi” Ganieot: pk-Brag1 989); Minghudlnatrall, i Prgtein

evolutﬁﬁb‘*yrﬁﬁgg éfbrgé‘c?hggggfg%ﬁf 6@210%3;? 9&%‘1”%@ Bl(%gh%{njg 283290 (1999);

Christiangret al., g Difetcdevemsion BY thohiidifié kinhkd fog A@’Idplmpl@c&plaﬁén iising
Pr oceedi ngs of the Nati onal Acad %(19990 enc

DNA fanlyshuffyng.] dagurg Hiotechnologyy | % |Gfm16wa al, "DNA

e AR AL LS AL

391:2§8:991G Crarhee,arat., "Mblagilar evehitioh iof an afseate detbrification pathway by

DNA éip{gﬁﬁgb& DNAM&@Q_Q%SM Jal ng‘lwgg éﬁ% gﬁﬂS’f% %ﬁgg’t%gﬂ 'ﬁ)ll?eg?f)&;

evoluﬁcﬁﬁﬁ%ﬁ'@ﬂe&we‘ fﬁcc‘/dlﬁz{sg ﬁ%ﬁpé’gﬁﬁdﬂ@sﬁd&@ 5% @Nﬂ@h@ﬁhﬁﬁnd screenmg,

evol ut | on ! Procee i ngs o Nat i onal Acadeny
Proce&itigsiof ¢ t fStvent ey s %4&}5-4-\{1@)2@12@625@t al,,

e e i R B T PR e

Biotedhfolo8di4:31 5219 0199'6) BRI aTRUp& evad@RIn 6la phbteth inRetro by DNA
assais described herein, to |dent|fy ot her

shufflipgy" cIH3R9-3N(19R4) Stemmarsh PN Aeshiafling by randenr fagmsntation
and reasgsgl%ﬁﬁlr g.g gtpo re%grﬁgﬁl%gﬂ]ﬁfrﬁ?o‘clectﬁ?%'eoglg{lgr? " ggééggﬂlhéseg‘f the
Natior¥l @leadeinesf Scigieed .8 0049 101G/U3 2 0PET( 1992008 002B2H62 5, WO
97/0078; WO 97/35966; WO 98/27230; WO 00/42651; and WO 01/75767 . These and other

known methods can be readily applied, for example, together with the assays described

herein, to identify other ketoreductases, halohydrin dehalogenases, and cofactor regeneration

system enzymes having the activities described herein, as well as other desirable properties,
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e.g., altered tenperature and/or pH optinmuns, sol vent
resi stance, and the like. For exanple, a
whkatenedsrt ase may be nutated or evol ved t o gerEr/E$m®03/025263
libraries that can be screened to identify a
ket or educt ase having a preference for one cofactor
type over another, for exanple, NAD versus NADP, or
e.g., altered tenmesaiurean%k pHUpitigiunsa solders ecpistanse sandrtbo ke gF artesample,

e nmes_enpl o n th resent vent i
a ketofRgtsregpey B Fuead Bl St BERRR Phtsetesau o
1dent1f?y" zﬂ&'%rédﬁo‘ﬁﬁls ﬁﬁ%ﬁg afp%fereﬁ&of& 8¢ &TactdN@pe olié dnBther, for example,
dinary skill in the art Il recogni ze that tabl es

PUU)amﬂmﬂﬁAE&’oweﬁgw@m@es prOVIdIng codon preference

DaShiRHie g siuo SEalBRAR oo RLAMNRTR Lf bR inbenion

may bé @bdonadifindadd R 6ptimal protictioa fidin thethodtbrgdnisie délecterPﬁM
Press, Washington, D.C. (1996) 2047- 2066. Enzynes

expressigpt djese hayingerdpagegild in Rhﬁ attweﬁ preagaize that fabies a4 ofhsy

el BN ot CABPL DA (EA R AL PR e oy

availaklet SeeedystHamnt ard BamxhhﬁCEmhemdge aek and Sa/remel@etNeidhardt, et

h I ' I I I
o, cdspr T sageie: Do 1348) B MargBbany kel
" Bl yAes eath I@rp&h&eIo%elp'ieszﬁplme&%%nay %ﬁr@@@&d'b@

Enzynol ogy, "Vol une 2, Academ c Press, Inc.
transf@ingg®a v@Apr cogtaiting o Ipol)mvclaI)tlde enpding balahy@lrdiﬁhn@gmase

ketorefiiat, Ot niPaPbEgemERlh TP el e B 2 HRE S sFRE Wiggonn

molecﬁl’ﬁ@'bloﬁgfyfté‘dlﬁnﬁf et 960k ., Bergdviah€ Rumadel, Bl(}mhdkghi MolEcer Cloning
Ausubel et al., eds., Current Protocols, a join
Techniques' Methads ip Enzymplosy.eV ghme il 53 ArpdemicoRtess &, Saﬁ@wgo CA;

Ny nt g6 th h
sambiff ol A e GlarfCIoh, AR Sbor P REBTRD 24 et NN Bl
Spring Haﬁ&ﬁﬂﬁﬁcﬁﬁtoﬂy @old Spmi@'ﬂéafb@f o YTgrka mQBQQIahd! r'Cmscm ®rstocols in

the inyention naypbe better understqod

of
Molecus Baelpgyon Lt Augubel potlh, 665 rigirmess Protagals, ﬁgm@k&?ﬂwreé’etween
r t
Green By R S b YAl R RS s R g aentit frough
1999) KeMlethedkufor amkingzhel edyues s iDestratiedoigdixasples(11and 2.
Hal ohvdri n Dehal ogenase (HHDH) The gene for the
hal ohydrin dehal ogenase was codon optim zed for
eXRé ﬁﬁ&g&ﬁg arfd &her £pddts HBREHveRidn8aPBé Béter @hderstood in
sequence the hal ohydri n dehal ogenase from
Conneﬁgnn\bﬁlmtmrfpllwlrmologdlmﬂlhs cxpmpplessas synt hesi zed usi ng
60-ner oligoners, and cloned into expression vector
pCK110700 (depicted in Figure 2) under the control of
Example 15 QUneffadtidn.of Bxpreésioh Qostiistfor Hxprssbioh EHlalchly@ritc.
CO|I T03 10(InVII Carlsbad CA) from which
EASC, anE ' PAREASRCT/ US2003/ 025263

(1)  Halohydrin Dehalogenase (HHDH)

The gene for the halohydrin dehalogenase was codon optimized for expression in E.
coli based on the amino acid sequence of the halohydrin dehalogenase from Agrobacterium
sp. The gene was synthesized using 60-mer oligomers, and cloned into expression vector
pCK110700 (depicted in Figure 2) under the control of a T5 promoter. The vectors were
transformed into E. coli TOP10 (Invitrogene, Carlsbad, CA) from which plasmid DNA was
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prepared using standard nmet hods. The plasm d DNA was

then transfornmed into E. coli BL21 (Stratagene, La
waedokals18n), the expression host, using standapdr/us2003/025263

nmet hods. Several clones were found in the expression

l'ibrary that expressed active HHDH The genes from

these clones were sequenced (see SEQ ID Nos: 13
prepa(requmngtandﬁgl etHpEs. 2The plasmid DN AN, the) tragsfasmed ingn do deli BL21

S
B BRIV (7S Rt horh PR st tpechRE’ SeRirat fpmes wre
found heh&etpreRbudibass tMﬂ%xﬁ&ﬁ’ééﬂ abivd HHDeH Tigy g@%@fr@ﬁﬂh@d& clones
in E. coli based on the am no acid se%ence of the

were Requspesdeeeadii 1P d¥pschh thdR Hrblg hd (FHPH. 2 andy Eh GRS 1G)ovhich

0gj. | ; d
encodyGED A koo SRUDpe 1D PEERT 18 WP, o 7' oo

(depicted in Figure 3), under the control of a lac
prgnntgr ang Igil repressor gene. The expression
@ v he pl15A origin of replication and the

c hhfer%@a@?&% 1@&&&@&5@%@5@%&&? imiZBE fRleRp1Eh gostﬁ&l WEE Soli based

transtormed into an E. coli pressi on usi ng
on the amindeacitl segqudnod of thedsetoreductise lﬁem Qundidd magwbltahaﬂ‘he gene was

o SRR G e S T8 e Bl B 5L

t Kﬂloétf@edé RebdGh Fpgurd B uﬁdéﬂ%ﬁé SR 6F ARR @r and lacl
vee O?I%ft or educ% age 3), agr?é 7)(Ketor educt ase 4) pganvlv?wt ch e

repressaE SeNS- {Ihe CRPICSSIAbYICi copfinsriber] SEerigin oﬁm@hcatlomandahe
clos i inghFGREERLY B  rhhsShI6 308 PRNTERASBAEE o

expreesmh hésit @sing standard besthinalsy Sevasl&:lma were foaad tliad Bx;(rE’ﬁEa actlve
preparations of Bacillus subtili

m genp m Cc DNA
ketorgivetaﬁﬁf ppd theie ganespyeigSeapsaced ip fanfynt be QWA sequences Ges SEQ D
Nos: gg%%ﬂofédﬁéttaéeoﬂ Slgt&Helﬂgétanf) feabRadadSd) n%ldt ’hg(etoreductase 4),

i shed B B. “megateri um’gl u

whiclleivpde Gy eobpeptiterrequageelEQ@ID Mosd 2yv; 6e amd 8 fredpeotively). B.
subtilis forward prinmer (SEQ ID NO 19) : 25
5' - GAATTCGCCCATATGTATCCGGATTTAAAAGG- 3" B. subtilis

(3) ! VIBEEE mhg dl%ger{%r.@:gr%bﬁz NG 20):
5 GCCTGGA-3' B

nél@latggnq:sdm the glweose dehydrageiBE® eramplifi@iiysing the polymerase chain

reactlﬁ% &l;@g:—l S%‘%&%ir% %@%&@Wﬁﬁ 9IS and Bacillus

megaberiutd OB pNhe (oA T diipliidatibh Téaetidrisoherd desigedW¥eing the published
2004/ 015132 PCT/ US2003/ 025263 The PCR products were

B. sultilisrigd B; megateriwmSiyoosedelnidrgenise ggnoiequsinea s grere as follows:
B. subfifs'tBfward primer (SEQ ID NO: 19) :

5-GAATTCGCCCATATGTATCCGGATTTAAAAGG-3'

B. subtilis reverse primer (SEQ ID NO: 20):
5'-TGGCCGGATCCTCATTAACCGCGGCCTGCCTGGA-3'
B. megaterium forward primer (SEQ ID NO: 21):
5'-GAATTCGCCCATATGTATAAAGATTTAGAAGG-3'

B. megaterium reverse primer (SEQ ID NO 22):
5-GGCCGGATCCTCATTATCCGCGTCCTGCTTGGA-3'
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pCK110900 (depicted in Figure 3), under the control of
a lac pronoter and |acl repressor gene. The

we@x@resdasnn vector contains the pl5A origin of PCT/US2003/025263
replication and the chloroanphenicol resistance gene.
The plasm ds were transfornmed into anE. coli expression
5 host using standard nethods. Several clones were
f Othed® G p@dpdte S&reaclbhadantalhk §yiTicibhiag silenEExpresson vector

pCK ]?1@85(5 g&ggcéetélﬁp %I?gfﬁ!% agéltég G SE%C‘Q)UOE Hg %‘j} %?@%&tgb?@ lac repressor
gene. d?ﬂé’ &s@ﬁﬁ%& é%%m@ms i qugﬁ‘%‘ﬂ{j@f rePlicalBh YR Re! de

sequences respectively). 10 ‘
chloroaamplﬁnrmhtems@bwgbrmgeﬁhs pla@rﬁmsl)we"r'h gagsdorzedfinto anhgcoli expression

formte deh ease recon timzed f.or
host g ARG AOB: SRuerH BRSSO BGO SPe: %l G ODH and the
geness\%ﬂal %&ﬁﬁ:ﬁc&[f tolcBEfif® fHE%E@uéﬁ@éhV@éeOSJ@Q IDNJsF 9Glucose dehydrogenase

Pseudononas species strain 101 %Pr ot ei n Dat abase

S06-Aandd di(Chcpss @NMIOA}‘H?&Q ¥ @2a6)d Wdichisarceflenfior pelgpertislglsequences

S The genes were synthesi zed
SEQ@@?‘%@ ggarﬁel\l% qupegcglr‘r’e "and 15 cloned into the Sfil
cloning sites of expressi on vector, pCK110900

(depicted in Figure_ 3 under the control of a lac
(4) prhompateDeydrogenase (A ssor gene. The expression

oA T B IR Sl
coli bascaina the amdo aidseaneries obthi fmxrmtéédiydrogawb fromi ngudomonas

specige A gl S Hhunires Acsenaon To B AL Bhe cRBAEES 8 Genbank
AcceREHING: C@&Abgucm NfThé gzeﬂea e\ Yneiksed USRS 66-nh& REgSHRs! dhd

69 and 71, which encode for pol ypeptide sequences
cloneSE@Oltlﬁb SMladoniT®sitasof eEpresseaspesstarypCkil 10969 eﬂqhqﬂuéedzm Figure 3)

ondc P38 e St B o G 58 T b cnn

the p PYXSritin bpReandB Ghd theddNIBT0AHPhehitdol Fadistincd gbd L’Ilhfe plasmlds were
di - pot assi um hydr ogen Ehosphat e trihydrate; 3.7g/L

f
transfoomed inteian &i wlonmgqshIOp estpisestandard meshodss &Glenrs wetg found that
expre\é?et%r é:tég@(feo[n% dtegjg(g‘?g&{nla%é; Sgd(r)tﬁ ?I}Ie? We@%?é/q‘tzlenc%ﬁ‘{’o ?&i{rjm At DNA
sequehBesaseSEQ deN(dS Aa62 an@7 Povticloéncoda tﬁorqmll)fpap&de sequences SEQ ID

sept ahydr at e, 5g/ L manganese sul f at e nonohydr at e,

Nos. 791}“&‘1 r%%’ﬁ‘itbﬁb’)sulfate hept ahydrate: 0.1g/l sodium
borat e decahydrate and 0.5g/L EDTA, was brought to a
tenperature of 30 C. The fernentor was inoculated with

Exampléd 2t BroduptomanftBreymecul t ure of Escherchia coli BL21

1 (3@%3&_% La Jolla, CA) equipped with plasmd
@) ¢ 8 WD 2004/ 015132 PCT/ US2003/ 025263 HHDH
PahwA ld@xla&@taTgQ@t%d ESmiBRe! 100 of groWipRRiRmlcontdifing OrI285/L

in a shake Tl ask containi nq.l
ammonium sulphate; 7.5g/L of di-potassium hydrogen phosphate trihydrate; 3.7g/L of

potassium dihydrogen phosphate; 2g/L of Tastone-154 yeast extract; 0.05g/L ferrous
sulphate; and 3ml/L of a trace element solution containing 2g/L of calcium chloride
dihydrate, 2.2g/L of zinc sulfate septahydrate, 0.5g/L manganese sulfate monohydrate, 1g/L
cuprous sulfate heptahydrate: 0.1g/l sodium borate decahydrate and 0.5g/L EDTA, was
brought to a temperature of 30 °C. The fermentor was inoculated with a late exponential

culture of Escherchia coli BL21 (Stratagene, La Jolla, CA) equipped with plasmid containing

38



10

15

20

25

30

LB, 1% gl ucose (Sigma Chemcal Co., St. Louis, M),
and 30g/m chl or oanpheni col (Sigma Chem cal Co., St.
whowi®15180) to a starting optical density at 6ROI/I#2003/025263
(OD600) of 0.5 to 2.0. The fernenter was agitated at
500- 1500 rpm and air was supplied to the fernentation
5 vessel at 1.0-15.0 L/mn to maintain a dissolved
HHDH)Qp@jﬁmcleetiéés afdesdifed at Exahplen, then grcnm mra shafthBagkidoafaining

he cul t scontrol ed at 7. d|t| of 20%
LB, 1\/r glua?ﬁ?dﬁ Deamigali G Ieﬂlér E‘HE egjfol

(Sign QRO s'?“éf%&g% %EBF“%‘ i n@%?ﬁﬁﬁﬁ%%‘éﬁ%s%@aﬁéﬁ Cimagros e

2.0. ’ﬂ;e ﬁehnemddwas agitatef] at S@iplmfyﬂpn( ahdir whs agpaliattodhe dementation

Ch |
vesset o SORTCEHR toaprpiins disep ek el Shadd %%graa%%greater
The pEP6f tAE CLIARE whe cORMIRA o DDy ddifion 6] 99 anﬁﬁlﬁmﬁﬁ |hk§rox1de.

were harvested by centrifugati on and washed w t
After i pitusssachedphd3deefetOp thieftemperptire was redi¢ed to éISTC prsthe

o S e SR SRR hSREE,
thlogﬁﬁk?tbm@e (IPPGR(SigRh THefhi A Cofl.. eS’t t@ﬁlmm o a ﬁgal((],en@éntratlon of

medi Um cont ai ni ng 0.528g/ ammoni um sul phat e,

1mM7 T!ag/cultmﬁ vaiis-gpov s ianethery iy b?g}léh mf@s Btecinduction e celtsavere

di; h h
harvelld 8% ceftin6LR83] UPL WG BAERBHRRRNS kasoR8l byficy gt 7.0.
The céll gas%@wabu&fd Areb PHAhE HEWREAEcafilebdv ey pfoRBdsdr Wiab Stofdl dt —80°C
of "cal cium chl oride 20 di hydrate, 2.2g/L of zinc

until w3¢l f at e sept ahydrate, 0.5g/L manganese sul fate
nonohydrate, I g/L cuprous sul fate heptahydrate,
0.1g/L sodi um borate decahydrate and 0.5g/L EDTA, was

) bq@u@’@ﬂu&@e@nimerature of 30 C. The fermentor was
inoculated with a | ate exponential culture

Ede R perated agtiagpd fermgntond Ol crbergy thymedipm wnﬁu@n& RS28g/L

amm%@@lﬁuﬁ)ﬁo ul's @%f'd?gmé{%%h lﬁ% ?rfo%eﬁgw ?h&gﬁ QE@% C ol:: Bcg%/’“

potasﬁhmrdlhaalro@n phoéiihateL.Qg’iImf Tdsoné-d 54 ysasaektravy 0008ig/Ic ﬂrrous
0D 600). of 0.5.to, 2.0, The

Sit agoo nm_( %
sulphﬁtéfwéri% %tra?ﬁq%m@ﬁ salutigp gontaiging 24l ah epleipm chlaride
dlhydgah'néc)I F&‘t%%E oﬂgl&p E?lhzietg § f 2D, IFE gﬁjiesél- sﬁfa%esmgn&é?m}:ﬂe 1g/L

p ure was cont

cuproasl siilfait@hepmdhyﬂﬁ%,\ﬂl he/Tasotbwinbordty deaakydiate ahfltOeig/L IE@TA was
ulture reachggi g@ 0D 600 of 40, the tenperature was

brought g A lEPERWE 0854 {4 t he expression of gl ucose 30

d ey JEARRRG s YRR ulaBAUGRI 2 Bife Eﬂﬁ)n ﬁ]ﬁ%l tc%lﬁﬁ}‘e Qk Escherzchza clolz

i sopropyl - (3-D-thi ogal act osi de Sigma  Chem ca
W3110dppR2-Btgrownin sshak@ﬂasloccmtaﬁnmglLB; dfre glmtmst(Srgmm(ﬁhelmcal Co.,

St. Lapesr M 00 3B be el s isunicns (Sigite LReRYL Co; Rk Louis, MO) to a
stam%g;kg&e%g ‘%@%‘t§ R 088l FOMEI,F oG5 Y65 108 R et drivi %gfthted at 500-

1500rpm and air was supplied to the fermentation vessel at 1.0-15.0 L/min, and the pH of the

culture was controlled at 7.0 by addition of 20% v/v ammonium hydroxide. After the culture
reached an OD ¢ of 40, the temperature was reduced to 25 °C and the expression of glucose
dehydrogenase was induced by the addition of isopropyl-B-D-thiogalactoside (IPTG) (Sigma
Chemical Corp., St. Louis, MO) to a final concentration of 1 mM. The culture was grown for
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with 10 nM pot assi um phosphate buffer, pH 7.0. The
cell paste was used directly in the downstream
WO 2N ery2 process or was stored at -80 C unti | PCIBES2083/025263
(3) G ucose dehydrogenase enzyne: |In an aerated
agitated fernentor, 10.0OL of growth nedi um contai ni ng
0.528g/L amoni um sul phate; 7.5g/L of di-potassium
anothky by bges Alesthi anduction, hiyeicals e\zerehﬂ'gédled)lby cenirifagatiamand washed

e R M
downgﬁ@ag@re%b%fg&s}oc%@ &twa%t&emstalsﬁloml&%ke of cal ci um

chl oride 10 di hydrate, 2.2g/L of zinc sulfate
sept ahydrate, 0.5g/L manganese sul fat e nonohydrate, 1

3 a/ cupr sul fate heptahydrate; 0.1g/l sodium

®) @H@—@é@&ﬁ%&%ﬁ%—“ﬂﬂeo 59/ L EDTA, was brought to a
t SRR h&hIIGg ﬁstes@er@emshqofcm b@Rth M@&uﬁ&ﬁ%ﬂ% SOREA.
alate exponent| al cul ture of

ammgmmulphata, %ﬁsALeoffdlﬂgwssmmha{dmggg ph@phate%@ydwgs%%L of
potas% Ifiind O%dﬁh%%en r;P%o o;?ha gi ofa',]agﬁ]n Cl%4 é(gasl}/o%?ac? ﬂ)ﬁo’é{dg us

sulphht@ &dsImVL ong tragy ¢16rﬁént@6m$1bi1 yoﬂhlnﬁngZ gimof EXciafOohlride
to 2.0.. The fernenter was itated at 500- 1500rp
dlhydaa%@ 239/ L\R4 ging spiSate sepiahydiate 0r5@/ SRISSH svéaé,%@pnahydrate lg/L

cuproi% %l%l?&? %ﬁﬁﬂgﬂra}@@%l%ggﬂ% P(grﬁ{eo W&t#‘ﬁﬁd Vi) rIﬁ %]r)nTA was
broughy tr Dchrperatke b€BO POe cul ture reached an OD 600 of 40,
the tenperature was reduced to 25 C and the expression

of Thg|fermsator yins aparpintesiyuith 8 datgaxpangakial éaltw of {RGDHS06 or

D) S8R OB b P A i .5

Louisc M@ aitd 30 1gmichictodvphehizoC(@igria ChemicapCoySt. Louis, MO) toa
anot her 15 hours. After the induction, the cells

starting:oRiicak dssity atcQORmm QR aeo) 8H0-8101 2 R SHhedernygntes was agiiaied at 500-
15001@ 1%@%1@59&9{0§hp Peg&%ﬁtan&i‘b%sQ at 11061 5C@ﬂ,Anl)? ak et‘hél\ﬁﬁ of the

rect I'n the downstream recovery process
cultureamssootrelibdadt 7-088) 4dditivni df l@yev/v%rﬁdx)luﬁmymmm&dnﬁb culture
ase In an aerated agitated fernenter, 10.CL

f
reachgg i Dot 4 H}erfﬁmp?FéH’F%W\a%E?HP%ﬁdrﬂor?é ?@éhzewessm of glucose

oo DA BB Tl o S RO A o

Chenﬁ&a¢ Ooly. 08t. Lois Zﬁ@é to 4 fif8G%bhcendi@tibn bFHGM. @h&cﬁﬁl@fd-w@grown for
5 mM/L of R2 trace elenments (see

A, p H 7.
anothp;re] SS%qpé% r @ elcthe g}ducm@b the oglls mwsrs Barvestqs) by centifsgatiogpgmd washed

it g by 2o B8 67 ALY DB e

downéttear fecowdry pfiicegl diaas etoped att-i80rC untivaser wer e added.
The tenperature of the nedi um was

4) Formate Dehydrogenase

In an aerated agitated fermenter, 10.0L of autoclaved minimal medium containing
3.5g/L of NaNH.HPO4 4H,0, 7.5g/L of K;HPO, - 3 H,0, and 3.7g/L of KH,PO4 (see
Lageveen, et al., 1988, Appl. Environ. Microbiol. 54:2924. (1988)), 2g/L. NH4Cl, 0.528g/L
(NH4)2SOq4, pH 7.0, 5 ml/L of R2 trace elements (see Reisenberg, et al. Appl. Microbiol.
Biotechnol 1990 34:77), 20ml/L of 10% yeast extract solution in water, S ml/L 1 M MgSO,,
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brought to 30 C. Chl oroanpheni col was added from a
concentrated stock solution, to a final concentration
w®?00301508211 . The fernmenter was inocul at ed w t hP@IUS2003/025263
overni ght culture of 5 Escherichia coli W81 10
(pFDHPs3 or PFDHCb13) grown in a shake flask
containing the above mniml nmediumwth R2 trace
40 mld] 15Ot gloodsetsoation piiwated wetk KRieqd.c Fbe tepperatere of 9% medium was

| ugose, and 30 g/ m chl oroanphenicol to a starting
bfougl% S@ & density at 600 rim (OD600) of 0.04 - 0.1. The

FﬁloY@ﬁnﬁféﬁf&H \%gs iflel RS &5&&9&%&@&@4@&%&0@% 2fiflal
the p e culture was maintained at 7.0
conceMﬁatlbg odl 30 ughreht Tiat fetheswérutdsanocd atgbweh an lomalhyglhl leltulieof
er. The 10 cul ture was g)rovvn t.o aﬂﬁ
Eschenzehzqsoh Y314 (eRDEPs2 onPFIREGDL ) gF0VB D 86 agk aelag@mg the
| u nxg@s 0
above@{?nt at eg at aﬁ]lrlg gg(feh%{m?ggﬁhﬁlgﬁﬁﬁg GQZ}J*JaQE& 1%
glucosdj ArldAvegimbd xkigesanghienieol to atstaotingdptRat dcﬁ%ty)ﬁt G00rnm (ODgogo) of
saturati.on. The feed punp rate was Il e Sﬁcr}
0.04 0t Theair weg sunplisd) t‘b&hﬁé@ﬁ’epﬁtlf’ﬁ SEvekdhart Liminede B of the culture
was miARkdthéd A9 &GRSR orﬁ:@r{&ﬁgd sdHitidd @P’}So&ﬁgﬁnpﬂ kil 1A \pat@in drhe
agitation rate o rpm After t ecuture reached
culturawaOpeH6 tofanm)éb@ofamallhadwb@dammpfmédomon hE59%eghicase, 6%

Y Y T TR T

dissolVdiNx9Eer EdcentFAtROnGH1301U08, Yedir szﬂﬁr@t/MSh f Dliic RBOPHAD rite Wds
hours before it was harvested by centrifugation.

contrOE%é ﬁtpihetha thedisgaleed epygemin the fermgnien yaggagrased argued 3976 at

alrﬂow rate H{’) ﬁﬁ‘ d\ggﬁ{}%%. rQ@%ﬁ’% F&grre g%gg' thfd%l% r\é&}hed an ODggo of

15 and] lli:idSHe%hl lef(pdsed (cpiﬂe Teading rekinveddfoby feve hbuirs fthigetpressicatof the
5000g_ for 40 mnutes in_ a_Sarval 12BP, The washed
foma@élehycbag%r@swy nduprciicthe pddition of MM o T{phig culture was

growan[)i' ﬂo%l’ﬂal f§h0\£rﬁtgfzrﬁ2l% gva Hﬁvéﬁéc{ g tnlrt]ﬂgﬁlgﬁtxdﬁRED Was

ease fromthe ce y passi uspensi on 25
through a honogeni zer in two passes using a pressure

of .14, 000 for. the first pass and 8,000 psig for
Mﬁé—seﬁ@@@?%gégﬁrﬁm% | ysate was warnmed to room
(1) URBR&G@REMES, then a 10% wv solution of
poryethylenei mne (PEl), pH 7.2, was added to the

| Yeacadl pasteawds washe®by susperding watmnmwgtfwagHtB%CW/l pasigith 3

vlun bl SR P2 R T B TRER Bofe gquinc n

a SOr\faprzlﬁﬂ ThéWheied cdll Pasi¢/ings firpaided W3 v3Rintl3 GENOGEMITEs/sulfate
ensed in shall ow containers, frozen at -20 C and

(pPH7 423;0 infraeailular KREipwas adewed from thetellispopassing spsmspausion
througguaggogx?]o% %@%{f#t@% Qg%@ u%ﬂﬂge ?)ﬁ%] %ur@%? g,lopﬁgsgg?g]tlﬁg ﬁgéf pass and

vol
8,000 psig for the second pass. The lysate was wanned to room temperature, then a 10% w/v

solution of polyethyleneimine (PEI), pH 7.2, was added to the lysate to a final PEI
concentration of 0.75% w/v and stirred for 30 minutes. The treated homogenate was
centrifuged at 10,000 rpm in a Beckman lab centrifuge for 60 minutes. The supernatant was

decanted and dispensed in shallow containers, frozen at —20 °C and lyophilized.
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vol unes of 100mM Tris/sulfate (pH 7.2) followed by
centrifugation at 50009 for 40 mnutes in a Sorval
wda2BrRo1sibe washed cel |l paste was suspended i n PCWUOR200®625263
of 100mM Tris/sulfate 5 (pH 7.2). The intracellular
HHDH was rel eased fromthe cells by passing the
suspensi on through a honogeni zer in two passes using
(2) a phessaiDeh €00 psig for the first pass and

cohf ?@ﬁ%g@f% WP B SimeRRa! veboir BT se P
volufn@§ opﬁ)dﬂmuﬁr%ulfﬂé%ﬁumrfﬂﬁ&%ﬂ byeehtIReRMEA 5000k for 48 minutes

|spensed In | ow containers, frozen at -20

in a $oqrwplHi2BPz elche m@hecsyelmsmw@rsusp@éhbimbmiames ThE) QY| Tris/sulfate

t uspen Q wet weight of .
ot B2F) T Bt TS sl et <t 05 ol PrssB @ ysPension
through?) hontddefidetliniwoGREeE Lbitgaptaasurabs H000 péig Fordfhe first pass and

mnutes in a_ Sorval 12BP. The washed cel | past e was

8,00 psip derdbeisgeand pesst Jike hompgamtmyvesreanyifyged #t19,008 rpmin a
Beck?n?ﬁil) lab g&ﬁn Erf@tcfﬁi xkﬁ“u@é's W@E‘J}y@ﬁatérﬁr oug%ﬁganftx{] intJ]%ensed in

S ng the suspension onogeni zer

shalloW donRinRes $ivserisi 120 °€ qndagsphilezedf 14, 000 psig for the
first pass and 8,000 psig for the second pass. The
cell lysate was allowed to cool to 4 C between passes

thfI q04dBe zer. The honpbgenate was
Mﬂgﬁ%—%)o rpmin a Beckman | ab centrifuge
f oThé&Eelnpastet vess. washed by pesporatiagi vmhmaj\eetamlgtt odeell paste in 3
u@ﬁafm« bt LRI S 63550 5000040 miute
in a?r AS2BPS THEGvAHA] EdibpRie \Hﬁesuﬁﬁeﬁﬁé’d ) 961uﬁ‘1%§ 6f 100mM Tris/sulfate
ermentation, cell lysate containing the expressed

(pH h3). oﬂlemtracedhtmt |Higje Haxas releaseddroma theasHaibe gassmgdhelsuspension
t.he follow protocal . _Approxi S5Q 1.0
throwgh a HepmasniZEY 1 g PaRes i agFrors £ TGP0 beig donipRiiespass and
8 00@?&1@ & tﬁ@&coﬁﬂ P%@ viiLk Rell BRle was allowed to cool to 4 °C between passes
-4-chl or o- 3- hydrioxybutyrate (Sigma Al drich,

through. th¢_bmmegenmr oTheBorpognateewswnmaxfcgnddarh@,@OO\mm in #Beckman lab

ctase-c tho S d cr| ed her.ei The
cent 0ot CUTRRGA J BF SHRETRAT 5 dngentop e ARERER i SUallow
contélﬂéirk' iR 28120 €O Td @Gﬁﬁh@éd’%% IfoWdexgﬁlat Fhad stBl%d]at h@@‘ C.
The reaction was extracted with vol unes of et hyl

ac®o assessthel qualay of gamrcparatmyelﬁer &mmvmdtwm cell Iys8tercbnt@@ing the
c | ayer was an

e GRS R CpeEaRy PRy oyt oG 18 B gHayins protocol.

App&&ﬁﬁé{a& 50 %f@ﬁﬁ‘ﬁ@& Ol 1yR4 S EG0rRVOTIHE SO, YBBmRP NaCN, pH 8.0 was
determ ned by conparison to a standard curve prepared

mixedrwitha hethyzesblylt(Sotdrchidre-3slayteox ybutyuate K&gma Aldrigh© St. Louis, MO or
prepfﬂgg é{ gc]égr ancepvcv;]t-{x Hlszk ore&)uc? ng %atafyzzed hn%t ?hascngé/(i:l ﬁerem? The

total reaction volume was 0.2 ml. The reaction was incubated at room temperature for 30
min to 1 hour. The reaction was extracted with 7 volumes of ethyl acetate and the organic
layer removed to a 1.8 ml GC vial. The organic layer was analyzed by GC for presence of
the ethyl-(R)-4-cyano-3-hydroxybutyrate product. The amount of product produced was
determined by comparison to a standard curve prepared and analyzed under the same

conditions.
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Cell lysate containing expressed formate dehydrogenase

was prepared by honogenization of cell paste in 1
woeiou0es13D0 mM tri et hanol amine (pH 7.0) at 4C. pdhesmes 25263

| ysate was allowed to cool to 4C between passes

t hrough the honogeni zer. Cell lysate was 5 clarified

by centrifugation at 4C. The clarified |ysate was

4) adsoayed Rebydegendsbed i n Exarrpl e 4. Exanple 4:
TR e SR s aatohends b Bl GEHS) 2o
homogex‘ﬁ%t%%f%ellf ﬁiﬁt Y {1608 nﬁﬁttﬁéthéxkgva Hiid Iq 719%t B3¢, The cell

ot assi um ph uffer ded he
1ysatd<@£ﬁl&ﬂ¢bﬂﬁ@8@ol&d§l Z,S(DBeta&:empwsadﬂhS@xgh\ﬂmjhommgenimﬂ nCéelhlysate was
the same buffer. The reaction was initiated by
clarifigd diytcentmifegating i Q. Thevlarifieg lysatayyas assayedas ﬂe&r@pd in Example
4 reaction was foll owed by neasurenment of the decrease
" of absorbance at 340 nm This absorbance corresponds
to the NADPH concentration. The results were plotted
as 15 Absorbance units (NADPH) vs. tinme, and the
Examplled phapagterization ofHnzymeAQIVitkhsor bance uni t s/ ni n).

(1) TH@etélje asQkalﬁ‘b Absor bance vs. tlne_ pl ot was _ _
O'HV'GT‘&%_WS_C_OTR)ent ration units wusing the extinction

c d&f 4 soduteomtof @thyNABro-drlcbtetneyracacid/ ester (96 ntNiein 100 mM

pte R R 0 s BB e e S5 e

solutitB &% tHe RERB bufe) BeTadtion RAK igtiaRE by alldifioh bERAEHEE (it mM final)
detection utilizing an excitation of 340 20 nm for

and th¢AORESewif réaction was lomdéayﬂMsmemgt@fﬁhe degrepse of absorbance at 340

i}lﬁg ﬁf)sga% ese g&%ﬁ%ﬁ* }&e“i@XD%%e é:?ﬁct% oltoié{f/ gﬁe freosﬁltg 5vh1¥e| plotted as

Absoltahéd ﬁﬁtsqum)c\tsl unkyan@ thé slope 606 pldt derihided (Absorbance
substr ates. L ucose Deh nase (GDH) 25 To a
units/gun)yt Theslepe @fcr PriubePThRRFS e S| %m g)t i 5@%‘%@11 ¢meoncentration units
usinggf?%é)glﬁ%{lgn p&éffﬁaént(o?ﬁADpﬂ-I e Q&f{ﬁ@r og' 91§c§ase was
ehydrogenase enzyne as pre I ssol on 5 The

determa®d il Uhiteo . unlS1§N ATRIT Comsamad P mi g (aitﬂd(ebyedi(ddisé taalyst). The
of NADP (1 rerlnaI) and the course of reaction was

measyrgmentaad alsp bemseformaedpring fluemcentdstection ubtizing 38 exeitation of 340
t r c
nm f"?%‘%g%‘@gﬂ %ﬁw%&g%ﬁ;&l&#ﬁf ‘Br%ﬁl ?ghe\%\gt?%{r% E b?ﬂl dgé&q may be
substitited fdrastn 4whidrs-33€ktd-bidPHtcidestet tonevaluatckdtédredwdtasp actddity with
t he pl ot determ ned (Absorbance units/mn). The sl ope
respeg,trtoloﬁ@ T 3hsBatSnce vs. tinme plot was converted to
concentration units using the extinction coefficient
of NADPH (see (1) above) and the activity of the
e Dithidrdperpes &S as 43 WD 2004/ 015132

g!Gloosse Dt et (6
el ?t?%/ TR g T Ak B BB PR 7.0) s

added the glucose dehydrogenase enzyme as a predissolved solution in the same buffer. The

reaction was initiated by addition of NADP (1 mM final) and the course of reaction was
followed by measurement of the increase of absorbance at 340 n)m or of the fluorescence
(excitation 340 nm, emission 455 nm). The results were plotted as Absorbance units
(NADPH) vs. time, and the slope of the plot determined (Absorbance units/min). The slope
of the Absorbance vs. time plot was converted to concentration units using the extinction
coefficient of NADPH (see (1) above), and the activity of the glucose dehydrogenase was

¢
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catal yst). (3) Hal ohydrin dehal ogenase (HHDH) 5 To a
sol ution of ethyl (S)-4-chloro-3-hydroxybutyrate (10
workgo40151300 nM pot assi um phosphate, 300 nM NagN/bsdohx025263

(pH 8.0) was added the hal ohydrin dehal ogenase enzyne
as a predissolved solution in the sane buffer. Over
time, aliquots of the m xture were w thdrawn and

deterneined acired ofiuito] (KABPH/ akatad)émaimeg (totdl ghreseatehydrbigenase

gani c | ayer was then analyzed by gas.chromat ography

cathéKD as described hereinbel ow i n Exanpl e 6. Sanpl es
10 were taken at various tine points, and the peak
area of the product cyanohydrin, ethyl

3) (whu-wd~ 4|*ere,vmspIMtedasa

ftime. The. t .
RS RRgR g A SuRe s P SERRE (SR 4 possi
phospRAteP3I0aAM RACKMRRE (BH 8.0RWadadded MOhadoHMeh MR EHagE @nzyme
ﬁCtIVIt% of the hal ohydrin dehal ogenase was deteérm ned

as a preisseivedsolwionripIthy saynerfoifipar Onerdime wbiauyts of Hemxturowse
w1thd1t}1@kl %%{I‘F tg&e Qﬂh?ﬁg@ gg'lb?n'l}% f gﬁ?lg%cetag hﬁle g’gamc IaB%r was then

nuc es an | nt eres

analy&dlb@'tgat; ulirethatogfaphy dGiC) astdeseibal hafeihbelond mi‘Eodample 6. Samples
dehal ogenase activity with resp ect to ot her

were taken & YBRYSSEN G ARINtSy an e ppal aeh O £ thg pradyetfypaohydrin, ethyl
(R)-4- Q%dj fi B t}J}Qte wé?#l g%@%p funl%?u 6%%% 0 B dg a:}f}ir%agQVere

trie am ne
convefted tnaCtoacdﬂlmyldn ogkesEs &siaydaed asve tlm ods pephred dor the ethyl (R)-4-

cyano-ssﬁhrcfrg)f)g)& 3&?%2&9}3 ity HP @FEIR{&BY%\’? ma ag%%%s% r\]zv Waseieﬁgined in units
of pmPEyHoMirid FREUESLY iR a{t&u ma%dhx d@ﬁﬂé%én%é’@eéhttal%). tHfer

i nci easé of absor or of
nucledphules @sléersobstraies)of intetestanayBédsubstitutedi fos¢yanidé 56 emﬁnate

halohyyih defiBecist g i B Rt b e eRH S A g ubsraes.
(Absorbance units/mn). The slope of 25 the Absorbance

vs. time plot was converted to concentration units
(4) uEompte Pehydroganass on coefficient of NADH, and the

o5b 3 4ploR by | AT PRI H S0 ORGP RR R S, BE s

added dleéwmh@t@ ﬁ@ﬂﬁcﬁog‘@hﬁé éfﬁSll‘rae aky @P&@h@oﬁed E’élﬁﬁ@{ it the Barfé buffer. The
et hyl (R)-4-cyano- 3- %dr oxybutyrate fromethyl 30

reactiop \Ypﬁ @t@g@é}y@é@gtogt AP 42 g1 \final) and the course of reaction was

|
otk R B W SR S  0488 e
(excitdtimfl 340 npt;lethigsion 45 5atm). ldﬁmrésnltp &Vedd plb&ed\@rﬁAbﬂxﬂ&dlce units
0g, .830 e equi ot
(N AD% 55071 138 T oness @mgvle%@@lnw%ba@&é@w@@ah < Thistlope of
. L
coeffigentiod NADKnanal the sctolityef theoformbtealekydiogeng&OWanddtermined in units

of umol (NADH created)/min/mg (total formate dehydrogenase catalyst).

Example 5:  Preparation of ethyl (R)-4-cyano-3-hydroxybutyrate from ethyl

4-chloroacetoacetate (via ethyl (S)-4-chloro-3-hydroxybutyrate).
To a well-stirred solution of 100 mM potassium phosphate buffer, 500 mM NaCl,

pH 7 (1 L) at room temperature was added glucose (160g, 830 mmoles, 1.1 equiv). To this
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was added to forman enul sion. To this enul sion was
added a solution of ethyl 4-chl oroacetoacetate (100g,
w®od4nomuBes) in butyl acetate (500 nlL), dropw BET/OSBN3/®R5263
hours. 5 The pH was nai ntai ned between 6.8 and 7 by an
automatic titrater that dispensed Na2CO3 (2Min
wat er, about 160 nlL total). After 40 hours the
was adilet] detretictadel SEQdD NO: 2 k9 Pagkichedichpdragadsahed SEQID NO: 10

05 s RRNRPED e bRttt Qe dibaRal dyvt asgfaleE00 mL)
was ad%ﬁbl R WimPRASRulYea. TRTHS @lesld?l @asmalde@ﬁ %lﬂil@n 65&ﬁy1rrt)

he conbi ned or ganl cs were dried over anna/r rous
4- chloswmm@@tb(uwg, 648 mn@ﬂ@ﬁlldndylwatpm(éﬂ@ thldrdrapwisever 3 bours.

The p}(?l a%?{lrl%t%or gtbgtv%g;rag &&;@ g %{ !% o 1c tl\%\E %K:@dl%@teg%éd Na;CO3

(2M 15 Whtet, 2bButof60ah D Ydtal) SAfidr Shheure &refnmckrmycbwdymt &f th8bak had
dg 50 mmol es) .in 300 nmM potassium f?rhosphate buf fer,
cease

ol thene Né?@mogpfl@ad) starting ragloria) b, 838 ShIRTRREraRkY] dieg dasiers were
separagg]v\gllé(? &%Eﬁﬁ(goru‘?fy%sle R NFasttéd ﬁrﬁh géhyf1 e@até YS@@ I}hU Ziid combmed

ty seven ours e m Xt ure ‘was
organis@ s/eeeckvddtdveetrhylirons eddite s@l?fatte; fmﬁe&&ﬂi evapomted (tlherotary

conbi ned 15 organics ' s.sodi um

evapoginy i Ve eI Par-4A%) o) Chehie- SRR et o
r b %Welﬁéffﬂ%@ 58fufbn bPetBl1M®)-3HESth3-Alldox PhlltPratl (8Y)5 g, 50 mmoles)
R) - 4- cyano- 3- hydroxybutyrate, as “determ ned using

in 300tthiM prtassvim phasphae bpfige, 34 mdd Nacd el §:0 @) i " @aesadded
haloh)gﬁl(sg\(l:éelh?lﬁg IHS]% gg@'sﬁoﬁo ﬁ%(dq g{ﬁgﬁfﬁbel 1 eél-rli)rgwsﬁlele X&ﬁ@r ff ifty seven

hours ﬂreQMiXﬁﬁe Srab Wkl WAt sthilCacefdtt QQhﬂeseEDQﬁL)(ﬁfthé combined
(R).-4-cyano- 3- hydroxybutyrate) is produced b
orgamés)ﬂn@d:@vqﬁ gniaydfosodiumasiy gﬁéﬁ OO E avaaélultereégpé ievaporated on a

N T -
detemﬁyaflusiﬁg thelgas clNaﬁN)ogrdphyfmertlﬁd‘QHndellﬁm tihedgta desesibed m‘Example

t.he inventi on wherein the 4-hal o-3-hydroxybutyric acid
6, her%@,lfeé?m s provided by contacting a

eQar?lgféesBQ\pyﬂ% g‘r&se@s%ﬂh@ ﬁl;v%ﬁtl&ﬁvgéﬂem a4- cyanoc% Pydroxybutync

| or oacet oacet ket or educt ase, ™ a
acid es’ct& ((eth&DER—] -4-pyanot Hbydrasyihiiyrle) issirdduced bfy aottacting a 4-halo-

3-hydigapyin aidesst CETRIA-HEPEA BEroRBi5HE affh a halohydrin
dehaldpeRsle ahil QQarﬂcﬁe PRVIELBY £cyaideahalt NAYN). (IRfurflrer shows the process

cyano- 3- hydr oxy but{rate from achiral et hyl
of the invehtion Wh@f@tlbﬂi@ éthalce3-hydiexybutyrie acid ester is provaded bigontagting a

-halog -i( gt tgrg%;( tg?lﬂsélgt%re {)eﬁl%’g ?fcéfﬁa c%poa@etgt%?xdvﬂfl %ﬁ(eto:%g)dl@t(a%gpa S factor

(NADPR) pfbvﬁiéﬂrh@ -N%IDF}J Bk b@lfaytbﬁfe%eﬂ'éi@tlcﬁi $i¥tem (glucose and glucose
4- cyano- l%/droxybutyrate produced i n Exa

dehydm@n%aqm &tﬁeréheag qyp the qeerall praduction efgippragemic $hlénlréthy1 (R) 4-

B WP R e

purity wdttgut Ekt&isiva punifiestiali groeddares. usi ng the fol | owi ng
program 1 mnute at 100C,

Example 6: Characterization of Ethyl (R)-4-cyano-3-hydroxybutyrate

The ethyl 4-cyano-3-(R)-hydroxybutyrate produced in Example 5 was analyzed using
gas chromatography with flame ionization (FID) detection using an Agilent HP-5 column, 30
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5 mnute for 10 m nutes; 25C/ mnute for 2 m nutes;
then 2 mnutes at 200C. Inlet and outlet tenperatures
woweg/obash 300C, and the flow rate was 2 ml/ m Pai/@S2003/025263
Under these conditions, ethyl
(R) - 4- cyano- 3- hydroxybutyrate elutes at 6.25 m nutes,
ethyl (S)-4-chloro-3 5 hydroxybutyrate elutes at 4.5
m longn(h?.ﬂ Bl$l lnmaﬂlamdugrl usingﬁiecfokbmcmtgw&mt d minutest 180°C). 1

Chem cal purity of the species was
5°C/mpate &rtlﬁémnﬁteég?r%?éamﬁ r 3 uiBaic: b 4 2 menutes F60%" et ana

ot TSN s R AEHRC A (0
condltidﬂs ékhji‘l)(RDl-‘l @aﬁé’-@ﬂ@&t’cbdybwyﬁdt@em afiBas lﬁnﬁﬁieﬂ)et}g@@S) 4-chloro-3-

chromat o and FID detection 10 usi ngﬁra Rest ek

hydromm?@w X h S minutesoand ethyig-cjoroaceipaceiat clupsad. bmjnutes.

AR B O 8 B DB RG fom

gasch‘!ﬁﬁﬁo@ﬁblﬂyfﬁsu]?s?OC Under these conditions ethyl

(R) - 4- cyano- 3- te el ut 19.6 m nute
aﬁamgwﬁi}ﬁcttvgy Oft W@nﬂﬁa &gﬁ&ﬂf@@éﬂi@héw&bé@aﬂ to ethyl
- r
-+ TSR SR s 17 3P DRy SHPID gction
using aR(esteh gahaiaBex $A @hinn kadong Okt jed iBler ﬂiaamker)aqsmg)rked
with a nmechanical stirrer and connected to
FollowsRe BoGFATE 13 Miniesat BYSL #d vl glfemilmin. A (ogtlet

tempefaigy W3ke AfIhE 1 R0CO BB Ao AFIRE BEG R cyanors. |

hydrox§¥utyragtehaeodtanionainatds uhd ethyl [§)et-cyaiio\ialsydash ybatyeste tlutos at
with 37% HCI . Then, D-d ucose (125 g) was added. The

19.2 migutgs- circulating to the flask jacket was set to 30 C.
After 10 m nutes, ketoreductase SEQ IDNG 2 (5.79)
and gl ucose dehydrogenase S06 SEQID NGO 10 (3.1 9g)
Examplevicler Pwwpumation dEFth yIS)eb-chldid-IvhpdrbeghutyrateNiddn E1IRG 4ralloro-
was added and the resulting m xture was allowed to
acetoagetale. f oy 5 25 ninutes. Then, butyl acetate (250 ml)
Wats a%hﬁé'cﬁgdj ackRidWL ﬂgsl@&gﬂl P Wlfﬁwﬁ‘l@éhan%aﬁstM& taﬁd' l:onnected to
4- chl oroace oacet ate O0gin of butyl
an autametlatleatembbsa pHm&dqmé@Ima fmémg3ubehﬁos addm‘m pﬁ—ba&aswas charged

iR o R BYSTRGAS 1§ S Pl SiRlae hin. o

pH wa‘étaaﬁﬁfwemlvwh YB% HU1! PR, DIGRRBYe QD5 @) Wassdde@n The rmlta
showed con‘gl ete conversi on to product. Celite (16

circulating ta depeflpsioarketieas sehter JGTE- nd ek minatesakatergdertass D NO:
2 (5. 7%) doéuc]oge H%lﬁ}g}cfg%nas-g%6%%dfﬂé RO @i)%l}v%% \kg{ %%igéh After

pad a e organiccrayer was par at e

10 mifgtes; BUSADEY 25 miR) Sva€ Al deiCing dhavistltiBg mitk tubcRigdI R wedto 2@0for 5
)1" The organic 46 WD 2004/015132 PCT/ US2003/ 025263
minutes. Then, butyl acetate (250 mL) was charged. Using an addition funnel, 2.4 M ethyl

4-chloroacetoacetate (250 mL, 100 g in 167 mL of butyl acetate) was slowly added over 3
hrs. The pH was maintained at 7 by the automatic titrater by the addition of 2 M Na,COs3 (152
mL) over 15 hrs. Subsequently, gas chromatography of a reaction sample showed complete
conversion to product. Celite (16 g) was added and the reaction mixture was allowed to stir
for 10 minutes. The solution was filtered through a celite pad and the organic layer was

separated. The aqueous layer was extracted with butyl acetate (2x 200 mL). The organic
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| ayers were conbined and the sol vent renoved under
vacuum by rotary evaporation to obtain 87 g of the
we@edwio1(1®) 4- chl oro- 3- hydroxybutyrate. The enaPtT/O8®n3/625263
excess was >99% as determned after its conversion
to ethyl (R)-4-cyano-3-hydroxybutyrate in Exanple 8. 5
Exanpl e 8: Preparation of
layers Bteheecombined/ ambthd sbﬂydltambvﬁdmnﬂibeva‘cuom by rotary evaporation to obtain

yl | d te. T 3-
57 & of U EA AP RS R b YT U ¢ I RO e o 29,
detemﬁﬂéji SRP NS b B¢Erdion tAIhAYR yhﬁo Biyiaixebul¥at@inPEkample 8.

el ectrode and a feeding tubé for additfion of base, was
charged H20 (1200 m), NaCN (37.25 g) and NaH2PO4

| Hh\‘/’ﬁg?4 chloro-3-

hydro)twughmerl n dehal ogenase SEQ I D NO 32 as ceI | lysate
(250 nmL) was added. The reaction m xture was al |l owed
t 'bo 8 Brneckest jaskatgchdf 8ask equinped wath aaeshanisal stigresand connected to

o A 5 Y6 A 05 o
H,0 (mormL)Tmch(m gyaind NaFhRO, 61257%) by btihg theusbhmiahitepH 7. The

titrater th dition of 10 ( m.) ov
watr e sl b e Pt A el Bt SRy o
32 as &mpéa%e @z@@mg) @mhsé enﬁqeae%ﬁ 'nﬁf(‘tufré)w% m&wgd to &8 fot § minutes.
was added to the flask, which was then

Using am ad@tme furmel, athgi € -elgono- ME@@xmm@t 4pg d(fmlm;)llnetgnal from

Exampi 27 WA (0% 0™ Se RaErY OnERe P e ccunipweT AL B e Sy
titraterPbySthB ABAEBA o8l 0 MONROHER 7 Wils) Adel eTihisOShibkeqeedkly] g8N t O

aid the renoval of the HCN. After 3 hours, an HCN
chromalegeaphy of p Fefiction sanple showadnenmlgip ponyersiomtormadysy Celite (16 g)

L

into SMINAQH(200@E.) &% Trérﬁ@\teeIdCNi mhebnhb{ydre aashedted (030 “80thdet ) 00mm
and t he conbi ned organj ¢ #grs filtered through a

Hg preﬁaaeof%ﬁ&eil iNOBE BIPOEHEEEAA bubb s |adestt tofag sqlulipn g gid the

0 MYV NSO |k REOU R A

off-gasiaFhO@otine/wygs ablpweelPtoGeanh tb tobm tenmntannmhemﬁbeteé ﬁsowm celite

pac. T dUireiE aBIearactes i buoh oot iy S1] B and B gmbined organic
layers EiRtbred tRidugh epﬁa Bysidtismeb ehareadle The eolvERtWds rédmetedirfder vacuum

acetoacetate. To a mL. vessel connected to an
by rotwwamratmmtptprméer 283;7 ga>f pHhyb(R)ed-cpane- rhpdrax yaytiateg The purity

r of Jpase. was char Ql yti
was oo 0oy FPEC 8Ty s e PrE ARG B ol B e s
enantxérﬁérﬁks)und?&ctabl@ sol ution was charged ketoreductase
SEQID NO 42 (100 ng); 50 ng GDH SEQ ID NO. 66 and

NADP (6.25 ng). Butyl acetate (10 m) 47 WO

Exarnt?lg 94/ Oﬂfégg%nggft E{%gpgei-/&&&grg%-hvdrovautvrate from Ethyl 4-chloro-

acetoacetate.

To a 100 mL vessel connected to an automatic titrater by a pH electrode and a feeding
tube for addition of base was charged a solution of glucose (7.5 g) in 100 mM
triethanolamine pH 7 buffer (25 mL). To this solution was charged ketoreductase SEQ ID
NO: 42 (100 mg); 50 mg GDH SEQ ID NO: 66 and NADP (6.25 mg). Butyl acetate (10 ml)
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was then charged. Then, ethyl 4-chloroacetoacetate (6
g) in butyl acetate (10 nL) was charged. The pH was
woreooapeiiaed at 7 by the automatic titrater by PEEUS2003/025263
addition of 4M NaCH (7.5 nL) over 7 hrs. A sanple of
the reaction m xture was extracted with an equal
volunme of butyl acetate and the organic |ayer was
was thdﬁﬂd:hazml bier(ethyl hehhnedcytoacetah (e ind®tyl acetate\{ €0 mil)was

charg@é) 1I‘Ee Bﬁtv@/sdn }%?;lt??ir o g:t oaagggtétgguecéitgq{% lgyt;le addition of 4M NaOH
(7.5 thLpo&: & hx‘%nA:Qf ﬁtﬁ%@df tl(e%):aﬁloﬁl?ﬁ&ﬁﬂe alaE‘ ¥ﬂf&¥éﬂ%‘ﬂ¥ iRt fhal volume

from Et hyl ro- acetoacetate. procedure was
of but}di ecﬁtatc ahd the dEgamplageOwss mﬂalyzh@bjeﬁiﬁ‘e pfhmlylSisahOWQW%

comv R of 5 Sy NG oA pIrab DY R g ate

addi tion of the NaOH solution by the automatic
titrater was conplete in 11 hours and the GC anal ysis

Examphe)1@id Ryeparation efrEthy{Sh#-chloso-dthydroxybutyrate from Ethyl 4-chloro-
4- chl oroacet oacetate to et hyl
Mgg;fﬁg._ chl or o- 3- hydr oxybutyrate. 15 Exanple 11:

PFHWr&tddﬁﬂa wis iBédtidal (oPxatptd orith-tBe Eyodpionshihiaty0angg of the
fromEt hé -chl oro- acetoacet at e. ssel

ketoredjietase SER bNG: 43 tas wagd and NAPA(L2.5 wg)gmé%%e%aﬁw&f the
NADP" @kh@ aﬁﬁﬁg}g B9th ngné‘ﬂiﬂy tﬁe%t&ﬁad%ﬁ&tée%s%ﬁfpwuﬁl 1

solution o ucose I n wat er 0 nL).
hourssamiduhé GE& ambfsrsrshogem 9%tcon@mon af Ehesﬂtyl I4E¢hlkl®oao¢2>a¢dt®t© to ethyl

: Q ID NO 66 20 and NADP (6.25 ).
(S)'4%m%?5%&y§%§gﬂf ®m) was then charged. Ethyl

4-chl oroacetoacetate (10 g) was then charged via

syringe punp as follows: 1 nL was charged rapidly and
Exampe11:r direpanatéon efdithyl{Sh4-chloredchydroxybntyrate fomEthiv) 4rehloro-
acetoTh?t H was nmi ntained at 7 by the automatic titrater
—%%Q%Ee addi ti on of 4M NaCH over 18 hours hrs. The

StTd & 10@mlA%EsS] epiRoted d1gh hltemptiatesteaby @pﬁdaléo@rodc and a feeding
separate. The organlc | ayer included sonme emuls
tube fPﬁéd@ﬁ@%\ﬁf baspavas ghariged a sRiptien pigslucase (Bns) & Wﬁter @é’gnL) To this

solutidf &g{sﬁég‘éeé‘ﬂgm%ﬁ{lﬁsde i o Mo agp@‘a?g% mge DH SEQ JD NO: 66

aqueous [ayers were ext
and NADPf(6.26i h)g) Bueyl abﬁate'(l(bmd))r\gmhen cleaxgedadithylwecldoroacetoacetate

conbi ned, and._r ot ar. d unde acyumto r. v
(10 g then Shaeed BRAYTINgR R qrs WL % afsrr?mgf%g the
remafiBPRALhERD th{r%e(f‘aﬁlaQa{em\fﬂm MRIE wa¥hemidiR& NIt/ the

was remnoved t acetaté solution was decante
autonﬁatin:rtit@@)‘itrihj'stm additien M A WNaOH ap@rl&hoams lgk. thetshenng was stopped
ol.vent r_vacu ve 8. f
and (GRS o SR TPl oEs 7o st aulion, g organi
Iayergﬁ@l@dﬁlgrsbﬁﬁ enftdsiNny) @MQ&M%ﬂd R@Iﬁédszﬁﬁ) 30 @dSeH@ater. The

e 12: Preparatl on of Et

combmed@q@mdawwarre@wbq@@/mp@w%élﬁhIEL § butylsycetpte; Hihg ogganic

extracts were combined and rotary evaporated under vacuum to remove water. Additional

butyl acetate was added during the evaporation to help remove the water. When the water
was removed the butyl acetate solution was decanted from solids in the flask. Evaporation of
the solvent under vacuum then gave 8.85 g of ethyl (S)-4-chloro-3-hydroxybutyrate (87.4%
yield) of very good purity.
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3- hydr oxybutyrate To a 170nL vessel connected to an
automatic titrater by a pH electrode and a feeding 5

wo aiwe/0fsas2 addi ti on of base was charged NaCN ( 1p&r/ys2083025263
mrol ) and water (50 nL). The vessel was seal ed and
t he headspace was deaerated with nitrogen. The pH was
adjusted to 7 by the addition of conc. H2SO4 (0.9
m.). The reaction mixture was heated to 40 C and

n. a soI ut | oQ of h 0 E?t 55_4_ch10r0_

ey

3-h (f, & g. mercaptoet hanol ). Then, et hyI
=chl or o- 3- hydr oxybut yr at e (1 8 g, 10.8 10 mmol)
V\% atierl vesaclspnnengel to Bhautomatiogitiater by rpdd electrode and a feeding

ube (7 e BarsShast Ha® Fled NAMAL Scopribe) analet [aiapiys The vesse
was séalbd Bid BMnDiafshhdeashs &ﬁ&ﬁte@@ﬂﬁﬁntr(}%&ﬁ MHeSPvat BGusted to 7 by the

reaction m xture was extracted h an equal vol une of
additiontof concatle$@s €.9 BC)alht yesickoromixthng vcﬂsg@ntied te40 PEend treated with

a SOI%IOH%?@QEW%?%’%%%QSSEQ ﬁ)e N?)t' Iy I(1 &?mﬁo mhlld Vafer containing 42

Lol gy, T o e B8 ot 4.

mmof) vanaliddiytia y8jngé- dihk antomagic titratdy maoigibed theatbatThly the addition

identical to Ex
of 2MENBERE 1Afery Rt SRR isceomiaah ai ol A PRE R lapH had
been 8ddedh A AMpNa6 the Aéacbn thixtafe wamtraae@ wlmranvualaalcwmhebﬁbutyl
and a total 20 of 2.3 nL 4M NaCN had been added

aceta@c(‘zﬁ] ana)ysisof the, erg@nw\ﬁérrgw@howd thﬁ gopyexgipn pEhe gthyl (S) 4-chloro-

3- hy(% %’6%8?&/0&%%3% %‘%ﬁ? yllé er LGP >‘?g(|%s exanpl e

shovvs the process of the i nventl on using an al kali
c an| de as base to nai nt ai n bot
: 5 \ o RS BBy (8)-4-chioro-

3h NSt ¢ 5 25 Exan'pl e 14 Pr epar at| on of Et hyl
- no- 3- hydr oxybutyrate from Et hyl
( S)he4>mdek1meova%—1démmakm;ﬂxangpﬂat2swi[b the &Septivin thatsBd NaCN was

e RS PR TR kT P LAy o
of 2. 3’\% AN N0RhBRh aﬁ&%} FB)"@E ﬁﬁ@si@ the SofVerdion 8Nhe retl'larl (S)-4-

dehal ogenase SEQ | m xture was stirre
chloré-3rhy@idoxybutyrate to erhlel (&){4r<aiae¢ 3vba§rcawbatyratvma93%d set

mal nt ai %-.a us

oy R ETRIE s g B85t of i iP R Rl b ket B Base o
mainafi both &ie.pH Ael thi Xyatide Y@RekteAion @f e ré&ctionfmoik tuk® constant.

m nutes, then ethyl (S)-4-chloro-3-hydroxybutyrate (5

g) .was char ged over 1 hour. The 49 WO 2004/015132
Exanfpte' { #8036 0y AR ABah G L Fdk ARl L Hodt BRY1 EYS1-chloro-3-
M d DV E dUU U U VI Nd U A > U y (J
hydroxybutyrate

To a 250 mL vessel connected to an automatic titrater by a pH electrode and a feeding
tube for addition of base (7.5 M NaOH) was charged water (83.5 mL) and 0.7 g of halohydrin
dehalogenase SEQ ID NO: 24. The mixture was stirred for 30 minutes. The titrater was
activated and set to maintain pH 7. Then, 25% aqueous HCN (9.26 ml, 8.6 g) was charged
over 20 minute to make a 2.3% HCN solution. The mixture was heated at 40 °C for 10
minutes, then ethyl (S)-4-chloro-3-hydroxybutyrate (5 g) was charged over 1 hour. The
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anal ysis of a butyl acetate extract of a reaction
sanpl e showed the conversion of the ethyl
w@ B)o44131Bd or o- 3- hydr oxybutyrate to et hyl PCT/US2003/025263

(R) - 4- cyano- 3- hydr oxybutyrate was 95% This exanpl e

shows the process of the invention using aqueous

hydrocyanic acid as 5 the source of cyani de. Exanple
automafic titPstepaaiataimed thé pHtah § by th) addi tbyreefN NaH. 0 A fen 29 hes, 6C

fromEthyl (S)-4-chloro-3- hydroxybutyrate To.a 20 nL
analysi GBI JoshiR ox s o Qagir ke SNBSS EHhe ety
S)-4-§189- By drox Yttt Waleab e —cYﬁx@-ﬁH x Yty rateBeh s .
®) hal ohyd%i n %@h%@lﬁogengég(ms@Q D Noﬁgg %s | yophi | ioz.ed )

p &l exaniple Ghoryy the Pieseseofithe invention using aqueous hydrocyanic acid as

S)-4-chl oro- 3- hydroxybutyrate (300 ng) was added.
thesoqxﬁéoé?yﬁfm@as capped and heated in an oil bath at 40 C

After 4 hours, GC analysis of a butyl acetate extract

of a reaction sanple extract showed of 54% conversion
Exampjg 16h8r@ap@pnof A (R 4-syanoz3-hydrox yrater frem Bthyl £ hdrchloro-3-
hydro;(y@xi\f}ét‘éyano' 3-hydroxybutyrate. After 72 hrs, thg 15 &C

anatysts showed conpl ete conversi on. Exanple 16:

Plepatatll ssrewicapivinl wab 8ilded-NyE §2 3 thyg plarebdyiddiP0,aB820 mg).

Water| Gt s aqided follaes By PaipydndeRaibemiali SEL TNQr R 2 ne
lyophizﬁ}&ﬁ;iﬂ%\ﬂ;dg? gzdd}ﬁg) thgen(ctyl ($4-SRBR-8 YBFox9but ébbl’ﬁ%% eWas

- hydroxybutyrate was reacfed instead of t
added( Fhe viahenas capped and Hedtérbingmank bath atst007C. aAfterrebaitrs,d#C analysis of

onponent s re hal ved. After hoyr ction . tineg,
a buty] regoing) 9 Cac RPN G el h SR conTsoh Y e ethyl
-4- o8- SUPY - L

Sy A S PN Bhho iy FoBucrate, Ater 72 hr, the
GC analysisishew ¢beomplete conesrsiding exanpl es shows that the

process of the 25 invention nay be used to convert

ei ther enantioner of the 4-hal o-3-hydroxybutyric acid
Exam§18116! Prép@ratidf of BEHyE s9oNd{ e -Lhvdibk jra®ffrdoh Ethyl (R)-4-chloro-3-

4- cyano- 3- hydr oxybutyric acid ester. anple 17:
hydropybayaatat i on of Met hyl (S)-4-chl oro- 3- hydroxybut yrat e

WS EEDHECE s [k o BRFCORGRIAE B Wi IERREBEER 1 e -
enantibihaf ofahe Etgli4ehlors-3atipdusiybafyrate tvay beacted instead of the (S)-

4-chl oroacet oacet ate was reacted i nstead of the ethyl .
enantigmgrandrtha geanyiiieeebalbreasiion OMRORSH1mIere alypdnetiier 1 hour reaction

time, €37 SRNGIABRwRF oI ookl 1B A EREE-chibB hydronybutyrate to

ethyl (\4-dy2no-FHhydraxgbutymte.was conpleted in 11 hrs and the

anal ysi s showed >99% net hyl
B AR etie e R A Ry b YL O1FRPIGt SR hatdte process of the
inventichtha §udeY to convert either enantiomer of the 4-halo-3-hydroxybutyric acid ester

2

i

to the corresponding enantiomer of the 4-cyano-3-hydroxybutyric acid ester.

Example 17; Preparation of Methyl (S)-4-chloro-3-hydroxybutyrate from Methyl 4-chloro-

acetoacetate
The procedure was identical to that of Example 9 with the exceptions that an
equimolar amount of methyl 4-chloroacetoacetate was reacted instead of the ethyl

4-chloroacetoacetate and the enzymes used were ketoreductase SEQ ID NO: 50 and glucose
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extraction into butyl acetate and sol vent evaporation
and its identity confirnmed by "H and 13C NMR 5
wax@aplsa3d8: Preparation of Met hyl PCT/US2003/025263
(R) - 4- cyano- 3- hydr oxybutyrate from Met hyl (S)-4-
chl oro- 3- hydroxybutffate The procedure was identica
to that of Exanple 16 with the exception that an
dehydengenase SEQ HIrNKDﬂmolema’chgﬁon was completed in 11 hrs and the GC analysis

showe %99\%3&12 hﬂ;&H— W o? ﬁg{ijrgg}gb%a bY p%?oecglcp \X'asEl)églnpeld%y
extracﬁﬁ’ﬁ trflo Bty PARtads Mowbwa\pbﬁhsn afd 1t [deiktlﬁf%hﬁﬁﬁélﬁﬁy Qand BC

time, thé GC anal ysis showed 38% conversi on of
NhﬂRnethyI (R) - 4-chl or o- 3- hydr oxybutyrate to nethyl
(S)-4-cyano- 3- hydroxybutyrate. The product was
characterized by'H and 13C NVR. Exanple 19:
Exampie QBaTPaédafHﬁloﬁfof My (R)-44vay@BIrydrdxybetyabs frymaViethtr $)24-
Et her)-4-brono- 15 3-hydroxybutyrate. The procedure
chlorordBydraayhutyiale o t hat of Exanple 16 with the exception

I
(e aPReuRp AT AR R TR o s e e st
equimelah yino@ik)of ndetinh I(S)) &-cBlohy-drhydydxybytyedte (préfat &t b)éI_Ekmnple 17) was
reacte%fn#q%eogﬁﬁwf&)sb-gﬁowr%ﬁe@ﬁn%@% ﬁ%g%&r ?%Qt\éi?r}r@l'mg 'the GC
analys(sss)hoé/e&Xﬁ%oco%végiomb‘f“iwgﬁ%ymﬁchﬂ e3. H&&ngutmﬁ to methyl

characterized by "H and his exanpl e
(S)-4-¢yaad-3t Inslrgybutyzate. o The heoduebmeastcharactehiaedbn H ard HEI NMR.
substituent of the 4-hal o-3-hydroxybutyric acid ester
is brom ne. Exanple 20: Preparation of Ethyl
Exampie N9 d Pespyition bEE eyl (R)14-ByinG-3-Ao&or MR rdtcSfrord FH1€S)-4-bromo-
procedure was iIdentical to that of Exanple 17 wth the
M&Eﬁlﬂ@t@as that an equinol ar armunt of et hyI

%ﬁ? Sg&u?é am?ﬁtfﬁ% gt 1e ?é V(Jltp Jr%} tllon th

oroacet oace e an m ase

equlmblar N@ouﬁ%f&ﬂﬂ’l as)mb@nﬁf-mﬂydmylmtyﬂa&ww@@aéwﬁﬁtewq ¢thyl (R)-
were used, The reaction was conpleted in 6 hrs.

4- chlmmé hyambW%sAﬁgrol b deasion {imeathei Gn analyds thawed 90%
conve R fio G RPURGoSIARR n%%‘uu%@weﬁgl gy srs' zed

I'n conbihat’l on W t
hydroxybatgphtes The bfo&lummaqnharadmmsby Y end ! h?dﬂMR

R R SRS oY e Sech oy B ltrethghe B substituent of
the 4- }?a@&éllﬁfaﬁ)k%gut Ai920@B sAtomfd. 3- hydroxybutyrate are

useful” for t reduction 4-hal o-3-ketobutyric acid
esters to 4- halo 3- hydroxybutyric acid esters in

Examr?lgtﬁd i’%gltra on of Eﬁwf 3-hv\(/ireor;(tvt)utvrate from Ethyl acetoacetate.

The procedure was identical to that of Example 17 with the exceptions that an

equimolar amount of ethyl acetoacetate was reacted instead of the methyl
4-chloroacetoacetate and 200 mg of ketoreductase SEQ ID NO: 50 and 100 mg of glucose
dehydrogenase SEQ ID NO: 62 were used. The reaction was completed in 6 hrs. The
product was isolated by extraction into butyl acetate and solvent evaporation and
characterized by 'H and *C NMR.

In combination with preceding examples, this example demonstrates that

ketoreductase enzymes that have activity for the reduction of ethyl acetoacetate to ethyl
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Exanpl e 21: pH profiles of enzymatic and nonenzymatic
test reactions of ethyl 4-chloro- 5 3-hydroxybutyrate
wowdoh/ocsiani de Agueous sol utions contai ni ng 25 pgr/nk2003/025263
sodi um cyani de were prepared at pH 5.0, 6.0, 7.0,
7.5, 8.0, 85, and 9.0 by the addition of 85%
phosphoric acid while nonitoring wwth pH neter.
3-hydrax ybltpatate aredeshfill dgrehasduSie@ 4-balba- krﬁ@ah(tjz@c ayJ esters to 4-halo-3-

ach vi al follo et.h
hydrepepliyrit A 25 T EPOS AL SOUMD, 0. 30 ol es).
For nonenzynatrc 10 reactions experinents, the

procedure was identi caI with the exceptr on that the
: \@ofilesdfienay Ak gatie teshraaetionsrod ethyh felloro-

3h n ap orl bat h at 55 C for 3 hre then renmoved and
%ﬁ%‘perature A 0.4 nmL sanple of each
I eRileb@NsoRitio tEntiiRfn g2 tashle @bdlwhtcparﬁdér{vewry;&ared at pH 5.0,
acetate and the extracts were analyzed by .

6.0, Tehhr7emdtls §oap/9-0 brdhaaiditjornsef &mnhispheyic ybrlap@nawang with

pH m@{e?d u ?—f&foﬂgﬁm? ﬁlglbalélér_aﬁgs&a%]ﬁi%mb g’kﬁ%@ I%%)drso 3%910 e]aé,sh vial,
folloxﬂﬁﬁlﬁlﬁetﬁymb 4(c3)0ré——3€l|i&dmn@=bﬁtyrity QS(Dmgb(MBQ mi‘h(ﬂes) For nonenzymatic
cyanohydrin means et hyl C dro rate,
reactighsioxpEb sl e PRRESAY é‘f%%§ﬁ1gn& Cﬂy@bﬁy @r&%)&ﬁa?'ét the/engypge was
omltt&ﬁ 15@ v&@?@&r} pB@ IndPIRLAEL i8%n oliARkiLat!5s W fok BHR, @fen removed
| oro ydrrn yanohydrin and crotonate by- produc

and caoladl yrwdni temptrgtre.r Adkb4 mdnsample bf eachl regctibomxture was extracted

. al.ohydrin dehal eras. See ampl e 21. wi t hout
with | lgr%}grrﬁtaﬁe BEEHEEE e ARy e A el s

AR edARbunid 'S suBmEHte ﬂﬁﬂﬁ?rodﬂtﬁ hdaGh 01y 8ifei diven in Table I, and

cyan drin crotonate chloro ydr|n$ﬂzanohydr|n

graphed s. tneFlggred dn dgthychirphydory meansgthyld Spr4eehlayoidp ND

hycroRShy B o gy Ry AR s it freibae
meanb ethl] H-h98roRydr8tbnte) B the. TbIdNND fhefinshol detectéd. 0. 002
0.001 0.21 ND 52 WD 2004/015132 PCT/ US2003/ 025263 The
pHs of the final test reaction m xtures were
Tabld'Ie 'MHBEmbRE chlotshydfif, oyandhidein and ctosshangbyrprodaytcinialyzed in
ehalogenase with initial above (being the

f
test refeSlonn igh i wiihgut Halobugn dehalseRase o S FERBRIC R ¢ o

..1

chlorohydrin to the cyanohydrin occurred the fjinal
without halohydrin dehalogenase with halohydrin dehalogenase
mmol mmol mmol mmol mmol mmol
P chlorohydrin | cyanohydrin | crotonate | chlorohydrin | cyanohydrin | crotonate
5.0 0.33 ND ND 0.27 ND ND
6.0 0.29 ND ND 0.07 0.20 ND
7.0 0.30 ND ND 0.01 0.28 ND
7.5 0.31 ND ND 0.004 0.30 ND
8.0 0.30 0.01 ND 0.002 0.29 ND
8.5 0.21 0.05 0.001 0.001 0.24 ND
9.0 0.11 0.10 0.002 0.001 0.21 ND
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m xture pHs were 0.4 to 0.6 pH units below the initial
pHs. The other m xtures showed nuch 5 | esser changes

wo eoopbhifiBDM their initial values. These data shoOmMUS1va3/025263
under these reaction conditions and tinme, no
measur abl e nonenzymatic reaction of the ethyl
4- chl oro- 3- hydroxybutyrate with cyani de occurred at
anThe psoftte finhl test sedchiom rrﬁxtuﬂas wert fenseasurad obier, the mixtures

et B OS2 Be o Ao i S0
whlch REARREIpIde %@%ﬂ’ﬁ&h@@lﬂ@fﬁﬁ?&‘hﬁ% Y c}&dhp&ﬁ@a&mmd the final
formati on of ethyl 4-hydroxyCrotonate” by-product. In

mixtare pHsaware Otdtte Ognply maits eelow daeinitonh phiist Ahp at@hmﬂms showed much
dehal ogen 0 urred at.all the tested pH s greater
lessef g%(’glgr%?&f?“ S BURlValES ) e for mati on of et hyl

4-Diyéde dxid GheW B ufder ithedB Yeac 86 EshdtidnsAdd itﬁﬂepﬁ@hieysurém
both enzymatic and nonenzymatic test reactions at

pH
nonegzyaRatisreadian of thetqﬁléfl ﬂcﬂhéorpérbydr@wbméamlﬂwyamdﬁ @scurred at any

e S ARl R B e Py ETBLE R it i

formregtayd t4a:mn)o BAgYdraiybutgratdeccurred eathiingedsngpii lanxhwa£ accompanied by
nan- naI e by- duct s h ingcreasin H greater .

increpiyih gmalion GpGMU bR o le R Y PErBi (T e ‘06 piggmatc

react %ﬁl ﬁ’z{lo oﬂﬁm defiilb cﬁﬁ%e 08Bl 90U Fihe 3s8ed PI195 BRAIPHHaX 5 and with

drol yzed to carboxylic acid groups at ‘pHs greater

no dettdm:ble faamdtiomaf ethylal- hy&kquclrcngnata ataytedted pidi Agldgronalhy tfor both
ext.ra int racts [

enzy G4 FELHTRapmafls B aryves §prozehEREheingislo bl g5 me oc-

analyz$@ pRIdactd decrbieg by e |1lﬁtlﬁw3@h1‘il¥dl§s pbvidkd s ethyl 4-chloro-3-

4- cyano- 3- hydroxybut rr~ ate. Aqueous phosphate
hydregxobytyrsa scagiang i pg ipgimgdle wcrogsing fgmation of gomanalyzmbledyygproducts

with ?Iicg agxéljg &S—% grﬁgtje hg.g gal gﬁ&ﬁ%&lﬁﬁh@%ﬁ% v\%ﬁ@ %(mp of the

reactﬂiﬁﬁa.lnti Prddugt am&lil’fcr@isinggt Wdrol%ﬁio@ﬁrb@&?lﬁb s goups at\f]ﬂi?s greater
char&d to a_ separate_ 20 25 screw cap vi al

than & @pg fhat the rasulting Gupxplig .a@séy Bk s*t@cwenﬁ@the@xg@ctﬁﬁ%qeﬁcﬁon

ggg?t Lhe By ORY &k d heated in an oil

mlx%@%ﬁag fo?l\%&ih thgn cg‘gﬁge to room
tenperature. A 0.4 nL of each reaction m xture was

the etxtracts

d 1 . C hAs C cyan

dURhﬁébﬂE 911 Iphit@ §om{~bl¥s »Qer@pl‘é_#dfe% at‘ﬁ/ﬂs t)rvem o, 855 %ﬁag@%y
i rmedi a extracted he anal yz ed anounts of

dlssoéstmg D.48 gcqfandizBOwl waﬂowytbumﬂraaiu@tmg thmiﬁ by additien ef 2M NaOH

iven in Tapbl o f dro S was
whil s Gllotfl Wb thétpr, 12 pRCREEh sPltib RaDUfEed' S figtBite 20 mL
ve B4pavial eFiéne&h -ﬂt%dnébéﬁ ydtd¥§baaENO 4 g, B2 thmol dded.
sere pr?difjlct 551 mﬂgoko4/ 15132 chr)%s%os 25%63 of of) was adde

The Yiglgmsrg eappedand hgateddigrag ol bathi5SeXd foaéthé% thepicgoled o room
temp%%g.ck%).g I’nﬂ gteea{:ﬁ ?e%%ﬁ&ﬂm%&ﬁ&%'v?a% etxggéte@(rv?th 1312 lbYl?ﬁ QC&X'(C and

the extracts were analyzed by GC. For an external standard a duplicate of the pH 7.0 mixture
was freshly prepared and immediately extracted. The analyzed amounts of ethyl 4-cyano-3-
hydroxybutyrate in each vial are given in Table II. No product of its hydrolysis was detected

in the reaction sample extracts. It was separately established that the carboxylic acid product
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Table I'l: MIIlinoles chlorohydrin and cyanohydrin
analyzed in test hydrolysis reactions. See Exanple 22
w@bkbomordi3zyanohydrin 7.0 0.29 7.5 0.28 8.0 BCRUS2083/625263

0.26 9.0 0.24 5 The pHs of the final test m xtures
were reneasured. The m xtures wth initial pHs of
8.0, 8.5, and 9.0 each had a final pH of 7.4. The

of hydtolysis &f thistebteais riot extratednhtoahe éxtbacksast the felactain sapiplesfthat are
7‘.3](@ %gg the m xture with an initial pH of 7 was

analyged Rk Bhed. This evidences the production of
carboxylic acid in the higher pH sanples causing

neutralization of the solutions into the phosphate
buf f eri ng r angeTatloIITMBlimrlgsphlerdhyddoaid nati on with
Exanpl e 21 shows that. eth 4- cyano- 3- hydr oxy-
butyrate is i nc?yéggﬁlwnfnﬁtya?%réfgd with increasing pH
at the pHs greaggirolikis feadtivhieIRe Bxample 220€ produced by
nonenzymati c reaction of ethyl

é-chl or 0- 3- hy df oOXyRHTyT[at en%ﬁ&l@ymg&@?- Exanpl e 23:
reparation of| ethyl (R)-4-cyand-3-hydroxybutyrate
fromethyl 15 #-chHl.®rodcet oacet@®2 (via etlhyl

(S) - 4- chl or 0- 3-hyerexy—utyrater—Fo—a—300{nL vessel
connected to aph autbmatli c titraQ'é$ by a pH el ectrode
and a feeding [TUGg for[ addiTi ojipof base (|4M NaOH) was
charged a solution (25 |m) of glucose (7.5 g) in 100
nmM tri et hanol am ne8.%uf fler, pH 70.280 this gol uti on was
char ged ket or eguetase—SEQ+D !\63 50(56-—+Hy), glucose
dehydr ogenase SEQ%' NOr 62 (20 '?rﬁ) and NADP (1.5 ng).
Butyl 20 acetate (10 mi) and et nyl

4-chl oroacetoacetate (6 g) in additional butyl acetate
( ITherdHs efthe finglHest nikiarggovkre Tmeeapitedad hermiixtures wath iaitiafpHs of

t utomati c. tjtrater t he, addi i on .of

5.0, 3 a3 CocR g Tl ath PL 73, Fhe maPEichad Tyflaablon23 B a final
pH of N8Nardl theWRthutOwRE BRIAGA pPsf BRaddnchbh g0 AmiklaAdbhces the

PCT/ US2003/ 025263 m nutes and the organic |ayer (25
prodyetipn of oarbaxylicragid indhehigh¢r pH samples causing neutralization of the solutions
. S): 4-chl or g- 3- hydroxybutyrate internedi ate, was :
mnto tﬁ%hﬁ?ﬁé’gge%bl?fgnﬁgi%mﬁ% vessel connected to an autonatic

t i THigbRimplY irfcdhbifhtRmtwiBtBExansle 21fsBews @t ethyldBc§@o-3-hydroxy-

addition of base (2M NaOH) was charged sodi um cyani de .
butyrate is ingyeasing]ydwesolyzed witleincreasing pH at the pHs greater than 8 where it can

be produced by nonenzymatic reaction of ethyl 4-chloro-3-hydroxybutyrate with cyanide.

LN ItH

Example 23: Preparation of ethyl (R)-4-cyano-3-hydroxybutyrate from ethyl

4-chloroacetoacetate (via ethyl (S)-4-chloro-3-hydroxybutyrate).

To a 100 mL vessel connected to an automatic titrater by a pH electrode and a feeding
tube for addition of base (4M NaOH) was charged a solution (25 mL) of glucose (7.5 g) in
100 mM triethanolamine buffer, pH 7. To this solution was charged ketoreductase SEQ ID
NO: 50 (50 mg), glucose dehydrogenase SEQ ID NO: 62 (20 mg) and NADP (1.5 mg). Butyl
acetate (10 ml) and ethyl 4-chloroacetoacetate (6 g) in additional butyl acetate (10 mL) were
then charged. The pH was maintained at 7 by the automatic titrater by the addition of 4M

NaOH to the stirring mixture over 13 hrs. The phases were then allowed to separate for 30
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5 (50 m.). The vessel was seal ed and the headspace was
deaerated with nitrogen. The pH was adjusted to 7
waigiongisaencentrated sulfuric acid (0.9 ). TheCTUS1003/€25263
was heated to 40 C and treated with a solution of
hal ohydri n dehal ogenase SEQ ID NO 32 (1.2 g) in 10 nL
wat er containing 42 uL of 14M (3-nercaptoet hanol).
minutdead the érgawie dayer @3 miscoptaming the ethyl 63)rd-plgoroed-hydroxybutyrate
tm&% 4-chl or 0- 3- hydr oxybutyrate fromthe first step was
inte ™It K'Y nge. The pH was 10 mmintai ned at 7 by

t N6 aagd @rﬂmés@eltdohﬁé&&fftokﬁﬁ alifoghafid Gitriated By Qfp IRk SRSd ah@ a feeding
the stirring mxture. After 15 hr, the conversion of

tube fesradgitiop 9f base BVbNaOBL) myag pb@(ggmc&m&p syadetlyy g) followed by water
o3 e A PR R A i v

adjusteXRET sl fomcernteng ﬁﬂﬁn@ @oid€0.9imb). . TlibﬁnﬁXﬂB‘Mz@ haﬁed to 40 °C and
Preparation of ethyl (R)-4-cyano-3 dr ox but

treated wihra gplipn ohhalgh 9183@@?%55(3(19 Ocopd) 2 &fin L water

S AU, T8 TR TG
ethyl (ISQJ-A ﬁl&%ﬁm?é%ﬁm%ﬂe mme fi#&Qtepyvashddedrialsyrinydgt Bie pH was

malntqpéqdoql gdqyctpgglétog@@: tisateepy g)gya(igglﬁgg))f gl%b&%bgstg the stirring mixture.
After gﬁﬁyﬁg%ﬁm%nggghgfﬁgg-clﬁ& -G_Q-h&(ﬁ‘gxm_rggéqg E@l aOVAE{dho-

genase SE n
3-hydebxghityrate wasci% as etdma(eiM)yrtge ctﬁnﬂ]ﬁtlvm@dcytwmoitﬁ ﬁl_mf the base (15
L bUt%/(is acet af?? was added. The vial was capped and
mL expected fpr cAMRIPIGCQNVEIA) at 30 C. After 1 hr, GC analysis
of a butyl acetate extract of a reaction sanple
showed 100% conversi on of the ethyl

Example 241 oPrsparatiomefethd (Rir4eeyano-3¢hydroxybutysate from ethyl

4- chlor%rclgt%aru%)t(%gbt: % @yi}ﬁ;%%h%g(% E% (Fr§¥t yi Vgéi gt X§§a2g| :f:th?/l” ty.
&8 20nfe sére®&hp @ral Waahdmwdmtm 1thg, 2485 fanialy, NeBl,PO$(415
GC anal ysis of a acetate extract then showed 2%

mg, 3 66 mpl) é‘l“h&lPCQSS)(ﬁﬂ @m 3 émeolhywaéw mefe )W added followed by
NADY BIRLP (Sorettils SPORT NG, SEL BB A nf it igepase SEQ D MO

62 (SOQhQN and Halﬁllibkbm(libhelbgémlse TRQIDManB2 €1 (hagk Tﬂee emyd)é{ehk)ro-
a 4- c no yric

t t 3-
acetongfe ki MG SFTEN Hy> T ARy e iy BT gt capied and
heated’iﬁ%ﬁ‘éﬁ%th 139 °@n AﬁérelrlﬁE@i%ﬁl(ﬁlshﬁlaQ)ual a@M%QXMQd%BYE kaction

acid ester (ethyl 4-chloro-3-(S)-hydroxybutyrate), by
sample shoiveedt 1i0A%p econyersainof3he ktbylo%chlm-apempde @,Q;th]s’l (6éi4kphlor0-

4- chl.orpace C toredu cof act
3hydigipypiate, S0 QR SRt S S AP e BRSSPSR
selectidfy AR, (iR readtRmivedl wRIRARH & 4®PC ForSItSents.( GOEaELisdfd butyl

gl ucose dehydr z%Znase) a hal ohydrin dehal ogenase,

acetatgw@ra@ytéann sleovigsk Hoiodi e athyl 49)- ‘&yhh)if%‘é hydraxy-tseRie rameining, with
overalf‘bé é tylc:(:fd of gtﬁ?lt (?igtf‘ cyc‘angl.‘bal ﬁﬁ?&%ﬁl%m@ bEeatn thg st‘éﬂﬁlg ethyl

4- chloroacetate.

This example shows the process of the invention wherein a 4-cyano-3-hydroxybutyric
acid ester (ethyl 4-cyano-3-(R)-hydroxybutyrate) is produced, via an intermediate 4-halo-3-
hydroxybutyric acid ester (ethyl 4-chloro-3-(S)-hydroxybutyrate), by contacting a 4-halo-3-
ketobutyric acid ester (ethyl 4-chloroacetoacetate) with a ketoreductase, a cofactor (NADPH,
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5 Al publications, patents, patent applications, and
ot her docunents cited in this application are hereby
wo pwensasat ed by reference in their entirety fpeT/E51003/025263
purposes to the sane extent as if each individua
publication, patent, patent application, or other
docunent were individually indicated to be
providetcasADR) e dofagtor edgenemtien §ystena(gdluqose pobglecost@ehydrogenase), a

o R S S BB Rt
react&ﬁ@1m\ﬁﬁﬁﬁe@ﬁ§ly‘ﬁ‘é&8ﬂ3ﬁ tiscRadi®n MGt urt.ner ei n Wi t hout

departing fromthe spirit and scope of the invention.
56 WD 2004/015132 PCT/ US2003/ 025263 W cIa|n1 1. A

DAL PhHeRioR, RS e fobaRGisy sl othetoRHinéhes e oftnis

appli¢Weibh Qb 16R¢H3/ ihsbrParatddey BfeedticditheR entirety for all purposes to the same
4- hal o- 3- hydroxybutyric acid ester, 5 wherein the halo

extensié each jadividugl B‘é?héé‘ﬂ‘ébl PRIERIPAtAR! agpleasionoersatherdegument were
t th
indiv iR} fpaied 30 BE LM rmoPICa bPRIRENARE Al BhrsbBRL REL 00, [
dehalogenase and cyani de under condi tions sufficient

3%@? 4 ;a;-]%;l:{p?ig)a?rgg( %tgt%g j,rfv?aétl Q(/% L,r? i;ilutstl;a(?tecélIr al!lqg (lle%cribed it
will b% agmefatea tﬂé/tqfaﬁﬁﬂpéﬁa}i%és(‘caﬁ% %a%%ta%reml&la%ut Eféb%nm’gtft’&ﬁ the spirit
claim1, wherein the 4-cyano-3-hydroxybutyric ac
and seme@rfthesmaentmn racem c chiral
4- cyano- 3- hydr oxybutyric acid ester. 3. The nethod of
claim1, wherein the cyanide is provided by
hydrocyanic acid. 15 4. The nethod of claim1,
wherein the cyanide is provided by a cyanide salt. 5.
The nethod of claim 1, wherein the hal o substituent of
the 4-hal o- 3-hydroxybutyric acid ester is selected
fromchlorine and brom ne. 20 6. The nethod of claim
1, wherein the 4-hal o-3-hydroxybutyric acid ester is a
4- chl oro- 3- hydroxybutyric acid ester. 7. The nethod of
claim1, wherein the 4-hal o-3-hydroxybutyric acid
ester is a 25 |lower alkyl ester. 57
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WD 2004/ 015132 PCT/ US2003/ 025263 8. The net hod of
claiml1, wherein (1) the 4-hal o-3-hydroxybutyric acid
we@2i0en1$13s the structure: R2 OH R3 O X *' OR5 PGI/BS20R#025263
and (2) the 4-cyano-3-hydroxybutyric acid ester has
the structure: R2 OH3 0 NCORS R6 10 R1L 4 wherein:
X is a halogen selected fromthe group consisting of
Weclahi:ori ne, bronine, and iodine;, R , R2, R3, R4, and

dent I I th
T 2 ol RS SBEIL ¥ oo I G rom a -t
3- hyd@upwtyﬁ@a&&eétwe Abthyd corfiprigig:i onal Iy substituted
cycloal kyl, 15 an optionally substituted | ower

()  apiesidjng a dihalopt hmaxytgutmmmid etieted aryl, an optionally

gﬂgzi : ‘%Vﬁ%rglgl tﬁ%&@ Sg‘%/&kl’tlllen lsnsglecé‘eﬁ ogni %h%:%%n}ry consisting of chlorine,

bromifi¢)a8d idditeein®ycl oal kl yami no, an optional ly substituted
| ower al kox ‘?/b 1an optionally substituted cycl| oal koxy
a.

(®)  asprisasting et 4-halevoxdrexbutyrigragidssier vafp %olaﬁiﬂnd#aalpgenase and
cyamcé%ﬁélj donlifeldn E%@eﬁ%ﬁonﬂg%a@ﬁ 1:1y é’tﬁte%{' @&Jegﬂ{g thgﬁ halo-

conS|s I'ng of an optiona stitute

3- hydmkiﬂydtymamd 2€9eraptai HoyEnby3-bydret yhutsrechca/estaval kyl | an
optionally substituted aryl, and an optionally
substituted arylalkyl. 9. The nethod of claiml,
wher ei phd hethpa |o9 Bieh 1 wiERR 188203 ako- legard\a/:\%t)wyﬂb b¥id ester is a
occurring hal ohydrin dehalogenase

non-ra2@0H dirsl 2y PoT3-bighorgiwpsoedd estg:  The met hod of cl aim
1, wherein the hal ohydrin dehal ogenase is a non-
natural |y occurring hal ohydri n dehal ogenase.

3. The method of claim 1, wherein the cyanide is provided by hydrocyanic acid.
4. The method of claim 1, wherein the cyanide is provided by a cyanide salt.
5. The method of claim 1, wherein the halo substituent of the 4-halo-

3-hydroxybutyric acid ester is selected from chlorine and bromine.

6. The method of claim 1, wherein the 4-halo-3-hydroxybutyric acid ester is a
4-chloro-3-hydroxybutyric acid ester.

7. The method of claim 1, wherein the 4-halo-3-hydroxybutyric acid ester is a

lower alkyl ester.
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11. The nmethod of claim 1, wherein the reaction
m xture for converting the 4 5 hal o-3-hydroxybutyric
wa@eiod/oedser to a 4-cyano- 3- hydroxybutyri c aci dPE@BUS2003/625263
maintained at a pHin the range of fromabout 5 to
about 9. 12. The nethod of claim 11, wherein the
reaction m xture for converting the 4-
halo 3- hydroxybutyric acid ester to a
cyan? é% g |% acid ester is maintained at a
B é P8 Sbout 5 to about 8. 13. The
¢)) rrﬁiehmhl@f} Wdﬁbﬂ%ﬁtyn%@iﬂ%sﬁr hixerhé eedtiren mi xture for
converting the 4- hal o-3-hydroxybutyric acid ester to
a 4-cyano- 3- hydroxybutyric acid ester is maintained at
a pH of about 8 orﬁ?ekgml 1% 14. The nmethod of claim
1, wherein the reactio re for converting the 4-
[ er to a
r further conprises
a pH buffer. 20 15. [Thegsnmdt hod of claim 1, further
conprising: (c) addighg a se sufficient to maintain
the reaction m xture for converting the 4-hal o-
and  3-hydroxybutyric acid ester to a

@ SN R R R die? 1% 2

base is selected from hydroxide salts, carbonate
salts, and bicarbonate salts. 17. The nethod of claim
15 wherein the base is selected froma cyanide salt.
30 18. The net hod of 9|@Hﬁl} o urther conpri sing
recovering the 4-cyano- |3-Rydfjloxybutyric acid ester
fromthe reacti ogcm e for converting the 4-halo-
3- hydr oxybutyri c aci 0
4- cyano- 3- hydr oxybut yyri géagi d ester. 59 WO 2004/ 015132
PCT/ US2003/ 025263 1@! TherAet hod of claim 16, further
conprising purifying the 4-cyano- 3-hydroxybutyric
whereigei d ester. 5 20. The nethod of claiml, step (a)
c
erpﬁ hﬁl% eenr %ﬁé@(éaﬂfr&ﬂ t E}ggiﬂ}st?&gég to?lplgﬁﬁséé% g’é‘?{ég‘gf arn(c)l iodine;
tR @?’ ®IpRE and Rghremgch)indepérmllenuhysseledm’(bm)mehe griodp consisting of

h Kk
hydro%eglifj powe? ?Irgj 3;? o ﬁhr}gltnggcglowgr o]agp 81%%1 sai)stltuted gycloalkyl
an optionally substituted lower alkenyl, an optionally substituted aryl, an optionally

substituted arylalkyl, amino, an optionally substituted lower alkylamino, an optionally

substituted cycloalklyamino, an optionally substituted lower alkoxy, an optionally substituted

cycloalkoxy, an optionally substituted aryloxy, and an optionally substituted arylalkoxy; and
R’ is selected from the group consisting of an optionally substituted lower alkyl, an

optionally substituted cycloalkyl, an optionally substituted aryl, and an optionally substituted
arylalkyl.

9. The method of claim 1, wherein the halohydrin dehalogenase is a naturally

occurring halohydrin dehalogenase.
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10 cofactor regeneration system under conditions
sufficient to forma reaction mxture for converting

wo 4414132 0- 3- ket obutyric acid ester to the  PCT/US2003/025263
4- hal o- 3- hydroxybutyric acid ester. 21. The nethod of
cl aim 20, wherein the cofactor is NAD/ NADH. 15 22. The
nmet hod of claim 20, wherein the cofactor is
NADP/ NADPhhetiR®l. of Thaémrip hertiothediakihyilidd dehatagenass is mgon-

et or educ LS natural |y occurring ketoreductase.
natur U%ﬁ?@ﬁi‘%‘hﬂhgﬁﬁaﬁ’ﬁ%‘f% 20, wherein the

ket oreductase is a non-naturally occurring
ket or educt ase. 25. The method of claim 20, wherein the

céf act dhe megwodeanfstdimn , ssteimibeaeastion syxtugg 198 eemverting the 4-

o Ep SRR R8RS MR B e

pH in@6ctahsé o0frGh uboRe WWebyarogenase. 27. The met hod of
cl ai m 25, wherein the glucose dehydrogenase is a

non-naturally 30 occurring glucose dehydrogenase. 60

2200440 dEcHint 340 Qi FeachiBn mHErd T8l BfYelng the 4-
) e Co

cl'aim erein t actor regeneration system
halo-Zhygrox whasyrid aideste tand-gyahodigideoxybhiydc agdreaseis fintained at a

. The nmeth of claim?28, wherein the formate
PH in Jagxngs %@é‘bf’%tagafoﬁgi"l‘}r&al ly 5 occurring fornate

dehydr ogenase. 30. The nethod of claim 28, wherein the
format e dehydrogenase is a non-naturally occurring
f dBmat dhdetefithdod steargd, whered the Teastion mistgraofor coryemtimthe 4-

erei 1) the 4-hal g- 3-ket,qbhutyric acid . ester has. .
halo-4 158G Pyl APt RS RO B g §8tels ifained aca
pH oftabBut® fiddefowd- hydr oxybut yric acid ester has the

structure:
14.  The method of claim 1, wherein the reaction mixture for converting the 4-

halo-3-hydroxybutyric acid ester to a 4-cyano-3-hydroxybutyric acid ester further comprises
a pH buffer.

15.  The method of claim 1, further comprising:
(c) adding a base sufficient to maintain the reaction mixture for converting the 4-halo-
3-hydroxybutyric acid ester to a 4-cyano-3-hydroxybutyric acid ester at a pH of about 5 or

above.

16.  The method of claim 15 wherein the base is selected from hydroxide salts,

carbonate salts, and bicarbonate salts.
17.  The method of claim 15 wherein the base is selected from a cyanide salt.
18.  The method of claim 1, further comprising recovering the 4-cyano-

3-hydroxybutyric acid ester from the reaction mixture for converting the 4-halo-

3-hydroxybutyric acid ester to a 4-cyano-3-hydroxybutyric acid ester .
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R OHR3 OX O 4 and (3) the

4- cyano- 3- hydr oxybutyric acid ester has the structure:
WQR0RAIMBE R3 O NC OR5 R4 wherein: X is a habogesz003/025263

sel ected fromthe group consisting of chlorine,

brom ne, and iodine; 61 WO 2004/015132

PCT/ US2003/ 025263 Rl , R2, R3, and R4 are each

[ ndependent ly selected fromthe group consisting of

rog fl a |onaII Subst.j tut d | ower

bty g e domattape PRyl B 4Hse.

3. hy&@gy&micla\élcﬁég@;t ituted | ower al kenyl, an optl onal |y
substituted aryl, an optionally substi t ut ed

aryl al kyl, am no an opt| onal | y substituted | ower

| arg.no ti.on substituted

I oal e)}]a Cak?tm gt |%’r¥5 'f%}n%r%%t ituted | ower
alﬂf@wmg&m Hzﬂb-lin{b@dHuYyrﬁim tdte; ed  cycl oal koxy, an
optionally substituted aryl oxy, and an optionally

s ubst i theaein srahade wytueam selpeeted fomethe grosp cp%tﬁrtgmf chlorine,

Hrﬁm%ogr}ﬁf ) fn@ gdf an optionally substituted | ower
bk an optionhally substituted cycloal kyl, an

ORbhtanig the geitadd-B tkietobdtyaicyacid exted wath aakﬁtmredwdtzisy, a cofactor, and a
substituted ar I a kyl. .10 32. . The t hod of .cl a|m2(%,
cofaclr Zeeenprafif sy Cndifionscsitisient s 3 TFgctiqpgmixture for

conv&ﬁﬂgﬂﬂ% ﬁhéﬁ@@%&ﬁ'ﬁ}&ﬁ: R &1 36 &le 4-RatbRenydroxybutyric acid ester.
hal o- 3- hydr oxybutyric acid ester is maintained at a

pH in the range of fromabout 5 to about 10. 15 33.

{0 corverera ot SRS W oA RSN 07 %,

the 4- hal o- 3- hydroxybutyric acid ester further

conprises a buffer. 34. The nmethod of claim25,
f 22 herTh@mhq)d;(pﬁféalm 20, wherein the cofactor is NADP/NADPH.

23.  The method of claim 20, wherein the ketoreductase is a naturally occurring

ketoreductase.

24.  The method of claim 20, wherein the ketoreductase is a non-naturally

occurring ketoreductase.

25.  The method of claim 20, wherein the cofactor regeneration system comprises

glucose and a glucose dehydrogenase.

26.  The method of claim 25, wherein the glucose dehydrogenase is a naturally

occurring glucose dehydrogenase.

27.  The method of claim 25, wherein the glucose dehydrogenase is a non-naturally

occurring glucose dehydrogenase.
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20 adding a base sufficient to maintain the reaction
m xture for converting the 4-hal o-3- ketobutyric acid
w@sdoenitie2 t he 4- hal o- 3- hydroxybutyric aci d estBCT/HE2083/025263

pH of about 5 or above. 35. A nethod for producing a

4- cyano- 3- hydroxybutyric acid ester froma 4-hal o-

3-ketobutyric acid ester, the nmethod conprising: 25

(28. pr'Bhd mikthgd af dlaina R0, \@hdtein aheitofadtor mgentra®neystem comprises

wherein the halo substituent is selected fromthe
formatg apd g frmate defydEPespaseni ori ne, bromine, and i odi ne:

and (b) contacting the 4-hal o-3-ketobutyric acid ester

with a ketoreductase, a cofactor, a cofactor
r2%yenefha inothod pf tleim 28 ywlrdrein theafodmaterighydrpgenage is a naturally
deﬁslq&eﬁ se. to forma reaction 30 m xture for
occurtligFOBPE P %‘X‘%ﬁ%gelf?’ff?m 0- 3-ketobutyric acid ester to a
4- cyano- 3- hydroxybutyric acid ester. 62 WD
2004/ 015132 PCT/ US2003/ 025263 36. A nethod for,
ptbducThgymathed gfielasn gBi whereinshe formatedleBydrogenasg s yri c
) ' . ] 4- hal o- 3- hydr oxybutyric
non naglngla yggéﬁnggo@%egg,h%lﬁgé Ifr%tsé?'hod conprising: (a)
provi di ng a 4-hal o- 3- hydroxybutyric acid ester or

am de, wher ei he. hal o substituent is selected from
t He grﬁslﬁﬁ)m&@‘ﬁgiogﬂaﬁ’@%g’fw%?%ri ne, 5 bronine, and

1) | ReuNRio- 3N tdRlyrcUiPGek s hBStrfleli@) 0- 3- hydroxybutyric
acld ester or amde wth a halohydrin dehal ogenase
and a nucl eophile under conditions suitable to forma
reacti on m xture Epr cgnverting the
4- hal o- 3- hydr ogybuyt ygecjjaci d ester or amide to a
4- nucl eophi Le gubgti tjut gd- 3- hydroxybutyric acid or
am de. 10 37. d™ehgel ai m 36, wherein (1) the
4- hal o- 3- hydrojybutyrfic acid ester or amde is a
4- hal o- 3- hydr ogybutygkc acid ester having the
structure: R HR3 O XOR R 151 4 and

and
(2)  the 4-halo-3-hydroxybutyric acid ester has the structure:

2 OH 3 O

R3

R’ R*
and
(3)  the 4-cyano-3-hydroxybutyric acid ester has the structure:

R OH 3 ©

R3
NC
OR®
R’ R*
wherein:

X is a halogen selected from the group consisting of chlorine, bromine, and 10dine;
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(2) the 4-nucl eophile substituted-3-hydroxybutyric
acid ester or amde is a 4-nucleophile

waapsnitisx ed- 3- hydr oxybutyri ¢ aci d ester havi neCT/ti£2003/025263
structure: R OHR3 O Nu OR5 Rs 20 R1L 4 wherein: X
is a halogen selected fromthe group consisting of
chlorine, bromne, and iodine; Rl, R2, R3, R4, and R6
ARk, R84, anddze“pm dmtmgepsedeadyedleem frotrhibe grcmpp:onsmtmg of

T AN I e —

an optﬁ)ﬁﬁlllyoﬁiﬁéﬁiutedzléw@f]alﬁéﬂy'l QR 'tl}énaﬁl&bs“ubéﬁtulteﬁ Gryl OMEdptionally
kenyl, an opti onal substituted aréw an optional ly

subst1tg®|dgtrylallhy]e @,mgmy |aa|op§y¢nalla sibstitutedhlowyer g hilmlyo an optionally

substicS 3y sty 5 e B e iRl ontiSndl) subsituted

cycloaloxly 0a ditioanily SubstitcdRiry 16107 | ahi aﬁ'ébﬁéﬂdll?}tsﬁﬁktitﬁlw frylalkoxy; and
al koxy, an optionally substituted oal kox and an

dpt 1S<§91§P'1‘39 fr@ﬁb&l@ iBFAHPESAnEFYaIEE AN oaﬁomﬂx S@halwd lower alkyl, an
[ fy
optlonaﬁgb%bs%fg% d {oég& éﬂéﬁtlo&”&o u aﬁt{tﬁteﬁ E%gtca?ltﬂ%{]e gﬁ@afl\gesubstltuted
aqdmkymkyl an optionally substltuted cycl oal kyl, an
optionally substituted aryl, and an optionally "
substituted 5 arylalkyl.; and Nu is selected fromthe
goup ’Pﬁ?@ﬁbﬁﬁ)ﬂ R9c3fm 26\Nvherd3 'the?irégctlcg\gxturg for cHRGerting the
met hod of claim 36, wherein (1) t
4-halo4-ketblontgriigadd cs@yltmtﬂw Haalae?: Uy@sxmutmc aond eiteriis maintained at a

ot in G e o MR B 0 s " R (2t he

4-nucl eophi | e substituted-3-hydroxybutyric acid ester

or amde is a 4-nucleophile 15
stdst | The wathed of elex Y uviareia thesreactionaixtuyg forrgnyerting the

4-halo-55t-f<é{815\i{§r§c acid ester to the 4-halo-3-hydroxybutyric acid ester further comprises a
buffer.

34.  The method of claim 25, further comprising:
adding a base sufficient to maintain the reaction mixture for converting the 4-halo-3-

ketobutyric acid ester to the 4-halo-3-hydroxybutyric acid ester at a pH of about 5 or above.

35. A method for producing a 4-cyano-3-hydroxybutyric acid ester from a 4-halo-
3-ketobutyric acid ester, the method comprising:
(a) providing a 4-halo-3-ketobutyric acid ester,

wherein the halo substituent is selected from the group consisting of chlorine,

bromine, and iodine; and
(b) contacting the 4-halo-3-ketobutyric acid ester with a ketoreductase, a cofactor, a
cofactor regeneration system, cyanide, and a halohydrin dehalogenase to form a reaction
mixture for converting the 4-halo-3-ketobutyric acid ester to a 4-cyano-3-hydroxybutyric acid

ester.
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R2 OHR3 O Nu NRFTR8 R6 4 wherein: X is a hal ogen

sel ected fromthe group consisting of chlorine,
whe@ama3d2 and i odine; 20 Rl , R2, R3, R4, andr@®BUS2083/025263

each i ndependently selected fromthe group consisting

of hydrogen, fluorine, an optionally substituted

| oner al kyl, an optionally substituted cycl oal kyl, an

036 ona inythed st producing 4 4neclesphilersybstitatad-Ggtyidomabhityric acid

_substituted aryl, an optionall subst .t ut.ed ..
ester %fraﬂlé? &91“, a %ﬁ?ﬂ?é'h&& YFHA9G LS ﬂ"t‘ﬁiﬁ’ i‘be IngReq comprising:
(@) alpl‘o\l(ilid:'lﬁr%< RQ.hafdl3 MkIRYButyMc adil RSt Sitkintide,

cycl oal kl yam no, "an optionally substituted | ower )
al koxy whareimheihalredubstituers 33 selestesofr@s tis/grovp ceasisping gfichlorine,
o§ti anal | é.s(ﬁbs,t ituted aryl oxy, and an optionally
s Qg And 40dipsy andy oy v “and 64 WO 2004/ 015132
(b) P%H@Ql%’ﬁem-hﬁox@ﬁdtyﬁs adid@sea6harhidd e aRa6hyirin
sel ected fromthe group consistij n? of hydrogen, an
dehalegsnpssraag jaynuglepphile wrdseconsiiians spikahle tofrrp girpastign mjixture for
8 t . i j . .
convelftfihe It BYBATtitic o088 4L to SRR ybyutea-3
hydrokghsgfieadiedr &mae t he group consisting of -CN, -N3, and
-ONO. 5 39. The nethod of claim 36, wherein step (a)
conprises: providing a 4-hal o-3-ketobutyric acid
esyer e ARl of MEmSII whBial o substituent is
selected fromthe group consisting of chlorine,
(1)  btier-hdp-3amalroxybiutyeic agridested oc amideos p Aehaldrd-hydroxybutyric acid
4- hal 0- 3- ket obutyric acid ester or amde with a
eswr]ﬂ"é’f“@r@ﬁﬁ%‘f%& a cofactor, and a cofactor
regenerati on systemunder conditions suitable to form
a reaction mxture for_converting the
4- hal o- 3- ket obut yri CRZacc?"t'JI r or amde to the
4- hal o- 3- hydroxybutlyri ester or amde. 15 40. A
met hod for produch 0 hid e
substi t ut ed- 3- hydr oxlybukyrf c aci® esters or anide,
t he nmet hod conpri sing: Ra) Jroviding a
4- hal o- 3- ket obutyri c*aci d Rster or ami de wherein the
and hal o substituent is selected fromthe group consisting

of chl ori ne,
2 the 4-nucleophile substituted-3-hydroxybutyric acid ester or amide is a 4-nucleophile

substituted-3-hydroxybutyric acid ester having the structure:

r2 OH 0

R3
Nu
OR®

wherein:
X is a halogen selected from the group consisting of chlorine, bromine, and iodine;
R', R% R? R* and R® are each independently selected from the group consisting of
hydrogen, fluorine, an optionally substituted lower alkyl, an optionally substituted cycloalkyl,
an optionally substituted lower alkenyl, an optionally substituted aryl, an optionally
substituted arylalkyl, amino, an optionally substituted lower alkylamino, an optionally
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brom ne, and iodine; and 20 (b) contacting the
4- hal o- 3-ketobutyric acid ester or amde with a
whetenedsrt ase, a cofactor, a cofactor regenerEl/Usw03/025263
system a nucl eophile, and a hal ohydrin dehal ogenase
to forma reaction mxture for converting the
4- hal o- 3- ket obutyric acid ester or amde to a
substityted gg¢ledslyamincs ab opfionally dulsstinyted tm;do athoxy,canamtidn@bt substituted

on co
eyeloaf{ar kol P T RRrANER sppSaf e iRl Blfkopy; and
KRNaksleded FdrOKY @tﬂuysrcbﬁs@ fd)faﬁtogﬁo@iuyaﬁbsiﬁutea%va& alkyl, an
The conposition of claim4Il, wherein the nucleophile
optionglly sspsfifuted cycleslkyl, an optionally ‘substituted aryl, and an optionally substituted
arylalkyl.; and

Nu is selected from the group consisting of ~CN, —N3, and -ONO.
38. The method of claim 36, wherein

(1)  the 4-halo-3-hydroxybutyric acid ester or amide is a 4-halo-3-hydroxybutyric acid

amide having the structure:

NR'R8

and
(2)  the 4-nucleophile substituted-3-hydroxybutyric acid ester or amide is a 4-nucleophile
substituted-3-hydroxybutyric acid ester having the structure:

2 OH 0

R3

NR’R®

wherein:

X is a halogen selected from the group consisting of chlorine, bromine, and iodine;

R', R% R? R*, and R® are each independently selected from the group consisting of
hydrogen, fluorine, an optionally substituted lower alkyl, an optionally substituted cycloalkyl,
an optionally substituted lower alkenyl, an optionally substituted aryl, an optionally
substituted arylalkyl, amino, an optionally substituted lower alkylamino, an optionally
substituted cycloalklyamino, an optionally substituted lower alkoxy, an optionally substituted
cycloalkoxy, an optionally substituted aryloxy, and an optionally substituted arylalkoxy; and
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R’ and R® are each independently selected from the group consisting of hydrogen, an
optionally substituted lower alkyl, an optionally substituted cycloalkyl, an optionally
substituted aryl, and an optionally substituted arylalkyl; and

Nu is selected from the group consisting of —CN, —-N3, and —ONO.

39.  The method of claim 36, wherein step (a) comprises:
providing a 4-halo-3-ketobutyric acid ester or amide,
wherein the halo substituent is selected from the group consisting of chlorine,
bromine, and iodine; and
contacting the 4-halo-3-ketobutyric acid ester or amide with a ketoreductase, a
cofactor, and a cofactor regeneration system under conditions suitable to form a reaction
mixture for converting the 4-halo-3-ketobutyric acid ester or amide to the 4-halo-3-

hydroxybutyric acid ester or amide.

40. A method for producing a 4-nucleophile substituted-3-hydroxybutyric acid
esters or amide, the method comprising:
(a) providing a 4-halo-3-ketobutyric acid ester or amide

wherein the halo substituent is selected from the group consisting of chlorine,

bromine, and iodine; and
(b) contacting the 4-halo-3-ketobutyric acid ester or amide with a ketoreductase, a
cofactor, a cofactor regeneration system, a nucleophile, and a halohydrin dehalogenase to
form a reaction mixture for converting the 4-halo-3-ketobutyric acid ester or amide to a

4-nucleophile substituted-3-hydroxybutyric acid ester or amide.
41. A composition comprising:

€)] a halohydrin dehalogenase;

(b) a nucleophile; and

(c) a 4-halo-3-hydroxybutyric acid ester or amide.

42.  The composition of claim 41, wherein the nucleophile is cyanide.
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