WD 2009/ 036404 PCT/ US2008/ 076333 KETOREDUCTASE
POLYPEPTI DES FOR THE REDUCTI ON OF ACETOPHENONES 1.
WCROSSIREFERENCES TO RELATED APPLI CATI ONS [ 00ORGT/UK1088/076333

application clains benefit under 35 U.S.C. 119(e) of
application Serial No. 60/972,058, filed Septenber
13, 2007, the contents of which are incorporated
herein by reference. 2. REFERENCE TO SEQUENCE
LI STING TABLE OR COVPUTER PROGRAM [ 0002] The Sequence
Li sting concurrently submtted herewi th under 37
C.F.R 1. BRETOREDGGChHSE EOLYPFLIIDES HOR FHECRF) vi a
EFS-Web as fi | RERUETBIS 2XF/ACETOPKENGNE®r ei n
i ncorporated by reference. The electronic copy of the
Sequence Listing was created on Septenber 13, 2008,

L. wiCRQSE REFERENCES Tér REABKDWPBEICTIOBACKGROUND [ 0003]
Enzynmes bel onging to the ketoreductase (KRED) or

[0001]c éﬂﬂ@ epRficatioagliepsieaciivade 3p EACAY h194g4f apphpasionSerfalNof or
60/ 972t 65% ¥4 Eé}ﬁéﬁlﬁsr 93‘ 2@(5’7t e %Lﬁt%t@@&h\f(ﬁl o iﬁ@(!}pclra?‘te(i R&PETh Bj!ﬂf‘eference

correspondl ng pr ost éreol soneri c ketone substrate and

2. ?&gﬁ'ﬁﬁ%ﬁ@ﬁ ReFdH( @Eﬁ@@' Ef%stT'ﬂQG PABLR bﬁeétﬁ’ﬁﬁﬁ*rﬁﬁ PRAERAN
a

e substr tes. REDs  typically convert Kketone
[0002]2 Miehe %Ieﬁi@ﬁééqﬁstﬁg keacﬁc[nq&ﬁl? shifhit B enF QTG RRQRE 'CnEgRag 1089@ H a computer

produc Wy al so"catal yze the reverse reaction,
readabéﬁ(ﬁoa%\@% Vs EEpnWab esofile pameyé 47a@1e7 txids hasein inspipesisd il Fafegence.
The el%gi@%() mguegﬁeoﬂ%{g wab Qfeale§ gﬂgéﬂtéﬂqbeph lﬁ@é@aﬁﬁaﬁﬁdﬂze of
es and the oxidation of alcohols enzynes
213Kbé’£?éh as KRED requires a co-factor, nost commnl y
reduced ni cotinam de adenine dinucl eoti de ( NADH) or
r BAGEERQWEBL i nani de adeni ne di nucl eoti de phosphat e
(NADPH), and nicotinam de adeni ne di nucl eoti de ( NAD)
[0003]5 Engyimes belppaiede thedetoradactee AERERbericadomt sslriace slapnEOD) -1.184)
are uséfﬁ’lrfmt he sy%ﬂegﬁsf (ﬁmcaﬁ@ %@twe gﬁohm&l %Qo%%ﬂdl@%ys?eré%omerlc
el ectron donors, whil and NADP serve as electron
keton%@bsérlgtegpg by @t@re@s§e(ﬁtﬁ(§q@}@ﬁpl} g,f copeppRdirg rpesatic aldehyde substrates.
KREDS @B LG &% RS oRNEd %h&f}ﬁé’};ubgt‘?ﬂéé% PP ESRFondfhe ‘éﬁ:@ﬁol product, but
either” the phosphoryl ated or the non-phosphoryl at ed
may alsgcqtalggedhe reyqiscireastiny oxifatog Oéﬁualwakﬁ@bﬂra@tt@thé)corr%mndmg
ketonenﬂ(ieh?&tﬂ?odu[:to QQd e iR o ERENE ﬁl&@d%hp&s bR oiftiBn ¥E H&hols by
range of bacteria and yeasts (for Teviews, see Kraus
enzymghgichnag Iéllﬁ%la IequIgE;, CORPUYrRmOE sramgRly sedngpdgicgiprngde adenine
d1nuc1§(}ﬂa5 h@&bﬁ) or\{QJlu%ed 141&%111%9’0‘6 !M’e'nfh@ Qi [ FTRIP %ﬁosglﬁ-te %I Aﬁﬁ%’ and

Bi otransformati ons in or ganl ¢ chem st rdy
nicotinggderpgerrine dariclep ideHBIAR bBig iR vénine dimgleotidgphephain@VADP)
for thethBrioni2RBion. R DH dnd BABPAGEN ¢ gs%ecilrorl §()norss@ﬂl?erﬁj\D QBEQADP serve

gene and enzyme sequences have been reported
as eleo@gﬁ mc%om&mﬁq%@tb@éwRhaAlg&éore(Ngtasg;@mgggohol dehydrogenases accept

either fHe; Ga h la@&lQ:%[ 4ts oxidized and tat t
C'F Ug gt/%%%sgg&ld%é’%pagg | osi s&?éegnbgr? < ed dl\lce)ducedS ©), bu
nOtbOE‘AA24528 1; G :2815409), Sporobol onyces sal nDnl col or

( Genbank Ace No. AF160799; d:6539734 [0005] In
000415 KE&ED quaympgscaibr/ieprd ifarydearrsriof hrcteip andiesasts (i sigvy pesraus

and WhRhmab NOoREALMRLLAN 91 d8Mnic synthesis, Vols. 1&2.VCH Weinheim; Faber, K.,
2000, Biotransformations in organic chemistry, 4th Ed. Springer, Berlin Heidelberg New York; and

Hummel and Kula, 1989 , Eur. J. Biochem. 184:1-13). Several KRED gene and enzyme sequences
have been reported, e.g., Candida magnoliae (Genbank Acc. No. JC7338; GI1:11360538) Candida



conpounds, ketoreductases are being increasingly
enpl oyed for the enzymatic conversion of different
wket0o/03m4 al dehyde substrates to chiral al cohaPCT/US2008/076333
products. These applications can enploy whole cells
expressing the ketoreductase for biocatal ytic ketone
and al dehyde reductions, or by use of purified
parapehgy (Eabank Achd$e BARH &18Cle GIRREME9)psesanteyads sauloticpbe
t uct i cells woul d adversely affect
(Genb?l}%e&gﬁgr eo%é?@ & g%g%ﬁél d of the desi red product. For
[OOOS]IF h (\)/rldérrt(()) ift gllve%g‘ntahg eml(ﬁll salnthe rgcseéi rglé“@’r_l r 8r0duct10n|5|}key
comp((tlmqtorédllcnms @redEhng dﬁc@ﬁgsngs emp]loged for the @lggniamqnonverswn of different
n redyct
keto alﬁcpz{ule%%%usg sérawI s 1o, ch ratﬁ alcoﬁolgrodu(lf{g fﬁTege aEPEf((%_[tTPnS GAn Qnsl loﬁwaole cells
expressing thg dtetoaggumefqr ﬂ)@catdylmltatcmn af aldehgdd redwaost azramerscmf@unﬁed

ymgés 1n$%0§e eZIIhlches W%grgﬁfesenceRe Smult(gg'h Ee%g%%%éeﬁ %?_‘g’gég 2?%%&1%?11% adversely

affect aterbpuios and51,165«5@£ tﬂ@&'slredﬂzr&uCPai‘oemtwtNoapqua'ﬁGl@ HJdOfaatod(NADH

or NAgPl%(regene at1¥1%/ Fnzgme Suc a)sé dehy%o%etnla%gpgﬁ{), fRBnate dehydrogenase etc.
is use(Bl;n SOGuBBAY) with thel Mmbltedcmctasé E)@mplds usiygd ket@yductases to generate useful

chemi& !:grlré[)%gﬂqosh%:i%d%é%anr@%%%r%ﬁycﬁgﬁg% ch(lc%rg ﬁf((:)?cegaﬁé ester%a(%ﬁcl)’]ut, 1983, J. Am.
Chem.$pe.rl0b:6925+ B2 b rtentaiskd Jc@wpzo@adéS) (1%84913,2 IBB,SJ S. Patent Nos. 5,559,030;
(e 6

U.S. P%% tsT\kol. ?}7 {)(857 Og%g }Jg%%gt{,e]lgtﬁ\gosg?@ 685 é‘uoan)qP dlox?camgxyhc acids (e.g.,
U.S. PeteB00, 4,399, 339amdiunmndrelwtxif(5)lcbtom ﬁih;adr@n/e%m(dhﬁanoate (e.g., US.

0 si rabl th
T NINE T N
apphcai@n\N@r 2000928@H6 ) a:ldu@ws okebsitstabatopbaends de.g.1 8. S Patent No.

6,300 %ﬁ? Pe%ﬁéi o3 ﬁé“étpl%%ne%' (GRYYosREPRY 4. SUMVARY

['osureé provfdes englneered

ket t .
[0006] ?t 19 56%9%%6 t??(?e\rllﬁé y%ﬁg%%r?%%g@%z%rﬁg t %lt bg%?ﬁq‘é ?xgg)et cto(r)wersmn
of Vanptlskecmub@@mmitswgrreslpm@hm chpaladhebe! panldets.havi ng an

i mproved property when conpared with the
4. n8UMMARY-occurring, wld-type KRED enzyne obtai ned

fromL. kefir (SEQID NO4) or L. brevis (SEQ I D NO 2)
[0007]oTh¢ presentdsclosSEQravideN@gdBred ketorphhwrascGKBAPEEnwihds that are
capablghps%reoesglgétﬂgg 1%%5 ﬁgfﬁg? %Et?%ﬁ)s&ﬂg% %brré %oﬂd‘?’ngsﬁ?c%m p'r&luct and

resent ure nat ura y occurril
havmmltlmp@dumrawets “ﬂmmmmmwcﬁdwhd fagsalypecireasg, melduym KRED enzyme
- n - t
bt B Ot B R P By SEDTB A o
when ¢onwaid etih pHenogecered kdtaeducer qnemMn dh lmglom)n thb prokrol disclosure
e ve

oI5 DA ALY QB 9 ALY Bk DS BEMIL
acetophoenoPH8hbnkacthenet hSiag: the wihd-type enzymes are generally selective for reducing
the ac%)epf%%lr\()%(% ?0' t%if %Jg%%{ogé‘igg Elﬁ pa*fb%ﬂ(ﬁp ec‘heﬁée 1{1521?21 Jyﬂc %)lg“lédelé/ Ql%?']ljﬂes are
(R)-sclgetopglketpredvgisgnpf (Re-&etbreductasesnyor sbstitwed aectophvapes, Suﬁeas 2 ,67-
dichloﬁ)@.—%{do;o%egc% gﬁ)‘ﬁ& dJQ?Q/ﬁ&] §Ebl§i;e ][Jrev{;vj%y\%vrﬁz%w lzelfb%ductase

engi neere etore uctas enzy e present
enzymgs disftlaysinsignifieshi, ghny petivite tiweeds the ohytautedpickdphoppies substrate.

0 S

o R R R R B Bl 0G5 FR7E S Bved fromo
wild-tPETHUSROOB) Qre83Btorphvetassy tranatableldéredesing dgetophenone to (S)-1-

ket or educt ases descri bed herein are characterized by

reversed enantioselectivity as conpared to the

wild-type L. kefir or L. brevis or L. mnor

ket oreduct ases for the reddéction of acetophenone.

These pol ypepti des of the disclosure are consequently

referred to as



(S)-selective ketoreductases, or (S)-ketoreductases.
The reversed enantioselectivity is based on nutating
W@ b@Insagddue at position 190 (i.e., X190) of tPET/Ub1008/076333
type ketoreductase enzynme to a residue which is not
tyrosine, preferably to a non-aromatic residue, and
particularly to a proline residue. [0008] Mbreover,
phenetihht@l eHgice}el&rlewr@iumm gescidtd hetbmcrdhemctaricd by havvsedone
enantlosle{ectwlt a% Q. e{pgl{\;egg télg%v?l\au & teILe é’l 7 Or E %%vts 0? t’tﬁlgw;e %%rﬁdélgtasea for the
reductiogtobucethpldnase Thp@lpppemudd@fcﬂa:rdlshmwe amc:bﬂsamdtly referred to as
(S)- selﬁcq%vgggtt e aaéettesl (\)/r (g'zke‘?ore u8 a5cs. ;ggecrle\ﬁerse ﬁréanéla%tlef: Srls lfased on
mutatlhglthe pﬂsmldu attpositicl BI0 (f alrX 19@} ofi tlm:wﬂxhs/pskesdreduetasaedneme toiatrysidue

Wthh 1s not %é/r(%sm(zsgreferagl I’t](g X r?(gle A maglc r651 uc anla g%rtlcuriar?yntox rohne residue.
can ases

| r abi | [ r ed
[0008] Rdoaelj)élg v %!igoneered eXZyK%Q ges qﬁtd %E g?l é:g %%(]8 88%(5rngor% ﬁnp V\ﬁg}vefi
propeltlhiem advhﬂlcd]tty pe ake’ecbxterdcuseleetws Bbrewampis,itigrangincaed ketoreductase
polypeg?lae Og%\?e elncr?tags(fJ é\z tlsgtéll(gt}s\;étl Eléé (tf'o?ng)eage%gt %(E:) gvelgq igtf)%elagctase
enzymg éaturedunigg dre sahrstrvte td theygroducs auttﬁctrlfumlteenhcmasei gph@nlectejty for the (5)

nantidmer irln_rdi Gh o ﬁ’lf | HoLeacet OIQ SARE 680 other in
erani{ragr, gl BB BOPTTGh ROV T e Al e Bt
thermoAgbiityd elgeny stability s m@lueadhm@ﬂumamltllsmmt hes mrtm distlosed herein, while the
w11dtyg I?e?org(ﬁl%{ages ﬁﬁowaltnggrahganlé a(l)c‘;urglrt 2 it élg‘%g S bgt%&%g g(g)et[qpﬂgﬁbesl tBe
disclogNe prdes deto@8uaaseedicarablewti re(dhc1n§0r cnovertangtaysnigsiuted. acdtophenone,
2°,6 ﬁlghr{gr ugroa(ﬁtpogﬁenofgeh tlo%g)r le?péid & ghlor% ﬁﬂl?()?%lgl%y%n%angl

resi
c
[0009] %{béog&ﬁ%g qf SO@%&%@ gg‘,{l tﬁé Prgé/egir (g c!i‘o%uJe ?eﬁ% gsut§ 5Tt!>{éd§c?£§
polypeptdtisthaong 4t®hetrh$;d1fe@a1trtspeshr@tto Kheo 0@@@ Q& # esPormdsidug which is
d
not a t%r%m?l% ﬁlg S(a{i?%%l%)gﬁlgere g %g%é ) é r1s a?‘rg)élpl%)\élgatlﬁ gésg%tug oll;](!fioas efor example, an
aliphat@ npair@ded nontfrdar se guearicessidfe. BEQneRmbNONM2nts.4his gs1d98is proline.
In some enbodi nents, the ketoreductase pol ypepti des
[0010]h ér sidiion entpe fegwreaat tameﬂlduwrﬁsmsd; encl@0tthalketdrglugtases can have

o P 0% e S0 2R g

NO:2, dsord§mpayost cimbodimeesh, dhegistec dyetgreambeciitdesdgregncogBsd 4D amino acid
sequerdihafis afteRf abodfksHUEAT AL shNCedE oL SLRIESRA "o 9540969,
6 a“non- aronmat i c resi due, phati’'c,
97%, ¥on §9%a>|r net, idgdipal p@(cmparedrto agpﬁr@cn eequfelsq: blased on SEQ ID NO: 2, 4 or
98 hav‘ﬂ%r a]tt ih% lllésﬁful: X%r?els?ﬁgﬁg FOO%?@IOZI : at taﬁg ¥e§f&ﬁ% rnrgzl gg ghphanc
constrpmdymemqlmimr lepsteiag resithe, pathiubule abome.asonids, mgsttloe, X¥1®0lizg, with
I - L
the prd’v?sﬁ ggaltjglre é{%%e?%tdrsg g&%@{ldel Iﬁggt ('}?Tcielteée/l n‘% dgﬂﬁsgoﬁ)(ﬁﬁgt to E(qbélﬁ ke\éldue
which ksedtlor €@ e thasencppirtjquéply iaden-hagatinresidia dn agnacrgdeduentethe
ketorehtfkta\égg(ﬁ{beb&% Ha§ §ﬂ g}!ﬂﬁo %F% gegﬁé?l%] IMhttRe Ixéllglgi doﬁespgﬁ]dmg to X190 is
constral ne n-polar, or cystelne
an ahnhetsa, chetraihad, warmelae iy ogktameresduct Fresoknsteobedicnta gl ketoreductase
i

R e A T S
1soleuq;1965 pgs.pemg:i ormrolplp,(ﬂartmglarlp proting Uh a(]rm%/eqhodimqq@ th¢sq resishye differences
resultsﬁﬂn%?gﬁpqe@d 3% ?r é{rl{s gl’%h gﬁ% gﬁgd ?I#‘]Zg'&etg{%g%g fof ﬁl@ %ﬂbgt?‘até nT}fErfmproved
propergigstday b¢ ip lfferemtehe thowbikltypaketorediseasé erpyov eldm rfp%relgs@ tq dresngineered

can be in reference to the wildtype ketoreductase

enzyne or in reference to an engi neered 3 WO

2009/ 036404 PCT/ US2008/ 076333 ket or educt ase enzyme.

For exanple, in sone enbodi nents, inprovenents in the

ket or educt ase



enzymes are conpared to the properties of the
engi neered enzyne having the am no acid sequence
waeanpedpondi ng to SEQ I D NO 6, which is capabl BCDS2008/076333
converting the substrate to the product with a
stereoneri c excess greater than 99% w th neasurabl e
activity, and therefore inproved as conpared to the
ketorewckade ¢nzp@e. LForIeezfnil[rle @1 soine ehbediimsnterimprovemeanerin the ketoreductase
enzymlése atlrg F(gergpua%etdgne c 8F0pertles (l)'ils’ther een%lngé'l ede egnl%ynrre aSV?nC She tmlrg(g aCé(? sequence
correS]pImdmg ([ieSE(D D Neo, chéxichiid @dalﬂi@@‘&bn\mﬂlr@mhe shblstlatem»the product with a
stereor%g%)coeql(:gg?e grg tér tBane@eA) WIL mQaemel ra %I ac 1evritor zi‘ore 1 proved as compared to
pol'ypep esS are ‘based ehce tor m
the wi]da'ypzb L. dwﬂr or A. ZBE@ dr1D. N@O@ 5¢t0196uCZEHSd; Vheiogsaesidue Idﬁ‘gzlremnes that can
resi dues.

result 1n I"%IO 8r m(’)re t1mpr0¥e?]1 en?ln%e dorr%p&rtle are é)rovl ed Ln tﬂl&%adeﬁ fdescﬂélon In some

embodilngtd, dser @gme@emhiueta@fpoly@wMar ztre bﬁge(ﬂ(')n, the sequence formulas as laid

he
outin B0 T N5 T lgtfﬁra%"é‘%‘:l?h%?fspfﬁs"ucﬁr LRt Wi en a

[001 1]S Enesroren%%% GmERS %ﬁﬁh% ttgsre t %90/?’[%6 %SC%OS L acgaeabtle oaiI
I 'pro over t ase u{ avi ng
convelttlth Sé qdlelﬁo;te Mu@ﬁ@eto[ildﬂﬁheﬁ 10 (E)eé—r[@gﬁ-drcylopxﬁ \jlpf&pmhedﬁ};ethanol with
that are | Q e ect
a steregrrr]lezr;/c CXLass graeC t\ﬂalid99 Y §ld a]t a Efle tg%ll?tls 1a éov\r/:/clcl) PveF Ehei? oré:dltlcttase
polypgpode/ipeipt It@essquen@mﬁ SE@HB@\T G Boengdary p(slmlp‘eqhas dslt are improved over

SEQ Ié%fd%i@tgg%b& 5)86%2351890 églvﬁoinc%%]buéaée n%dlmlt’ﬁ% H ZIypeﬁtécgeg
compri];B]:g aﬁﬁlio a1, sedﬁﬁnce56c;rre§18mdﬁ@ 1o 9K) [IBHO: 860, 68,14,716, 18720, 22, 24, 26,
7 8 8 ' a
28, 30 %01%?6 3K éodﬁ% 4é1 48 %6,n5t2S?4 gﬁiﬁgk@?gzr %,&6{ g%g 78472, 74, 76,78, 80,
8284p@19®@pﬂﬁdasﬂﬁre capable of converting 2', 6'-
di chl oro-3' -fl uor oacet ophenone to
[0012]( 8) some[eﬁl,badidliemhItlmlatosedﬁwtmrpob’hmﬁiylﬁ] ar@«tahdﬂ@bf opirtelfing 2°, 6°-
. ter ' grsat
dlchlofoﬁgffﬁl?gg%\?éto rhgl\%))lélg &5 ?5% . [t§ ﬁed?(ﬁllec)lf(;; ?gla; F/ 6% rilo"il \é&frltﬁ.tcl gtereomenc
excessigaaaton ghat Yo ageguentc rabk I@E()}/ddlbvbﬂ(ﬁrleﬁketmpfea;erpotyIBa)tlde having the
sequen%g Y f?&ggﬂ @ﬁgre%gﬁ%)%%&}ﬁqgg ﬂ% 1H18 R/Q(Pﬂhgljtﬁogtaﬁﬁty a]§ compared to

e sequence
the pOISE@tltiﬂm@gahe Byenpd SSEQIBI Wépﬁwmarh avlypgptidesdlaving such
1mproveszlf18 \érg:??ig,tebzlt %’rg ﬁ!)t?l?@te% po g n?[% g‘u@egtc dljnélliglll{l%gd%lﬁo dcid sequences
COffeprmrime;*ﬂp%EQl YO 6 ISEQ. IZQ) R0, 88, 30632, 18, 38 20, 42234, 48654, 08 68, 70,

72,74 580 g Bssad o5in 86 86 90 92, and 64, [0013]
[0013]I &&%mgpaﬁ tmt&torédn&a&%%%%%gs a?esc,eapgocfé ng:%R\te'rt%%SZ’ 6-

convertin
dichloght ¥ lfﬂu@rogcc@phfsﬂqu@ ) éﬂaét[@,phigqhbwe3 {flgorophenyl]-ethanol with a stereomeric
€Xxcess é@ate} tl[ag 9&% qh(i: Qlaqgtg th:::’it 1fs IaHQJsP% g% /g%alﬂe? %ll i ktegre%uctase
ereoneri c excess greater and at a rate
polypaphidit having dlte sc@mate dABBEQHIDABD Yo QPFQ-B&II?EY pelhyzentidds @apable of such an
t : i Q
mpror e g s R ARERD B8 R bl € AF G ere
COHGSM}jme\V%miD Nee Bulde 4, 6@t18a22e241@6 28, PR, BBt 3, 38, 40, 42 44, 40, 54,
P t4<d | '
so. 3R YERRACREITaP B 1B RO P8 M 15009 0 24
[0014]%211 soél%'emggdlmglits, t%égketogegiuct%% 'po%eptlglis' are7 %pab;}%)f cg%vertlsr%@ ,6°-
dichlog)é]f’a:’—fg]@foaggéphg@:ne aQ &S)éda,6g1¢£hlqr@é—ﬂ¢Pf0phpn§]¢ﬁﬁaénol W’ith a st’ereomeric
enbodi nents, the ketoreductase pol ypeptides are
capabl e of converting 2', 6'-
di chl oro- 3’ -quoroacetophenone to
(S)-1-[2, 6-di chl oro-3-fl uor phenyl ] -ethanol with a
stereoneric 4 WD 2009/ 036404 PCT/ US2008/ 076333
excess greater than 99% and at a rate that is at | east
about 450% greater than the ketoreductase



pol ypepti de having the sequence of SEQ I D NO 6,
wherei n the pol ypeptide al so has an i nproved
W@ b@piaseoabi l ity as conpared to the pol ypepti deCDiSBBE)76333
I D NO 6. Exenplary polypeptides having such
properties include, but are not limted to,
pol ypepti des conprising am no aci d sequences
excess@aree fpoAgngd ita r8EQat DaNEst &outldd)%]Idat? han A6 ke@BduSDe

oo i ffocbfordl Gl el s
them@tﬁhﬁlt}eﬁmoﬂpmshe foly@cielt of BEQ D &Se6. pideyppt padgsptateehaving
such p(r]opgﬁl‘es 1nc1u@e Blﬁ)t%}ljegr}otéglgg dzt;(_)),’rpeo I’?é-ﬁ%udteso comprising amino acid sequences
corresydB)ling +¢ FE@ 110/ NCh B.o60 18 22.120028 phéyl4] 3L uhaiaod4, wh,tSH, @, 68, 70, 72,

S e ater than 99% and at a rate
74, 76&18 @%geggt ég.’?t% 9;22 191;9%1500% greater than the

[0015]k§1t d%%@%gnt Ql?e lyepo? tgs% hﬁv tlgesta@e E%C%J SGE e?tgn %E(B
NG Aplary  pol ypeptidé uch arm
dlchloroqu rﬂmmzrmnﬁphemb ual 65)- 1H2,6- dmhbrm@{ﬂubnomndng]di-eth@nol with a stereomeric
o]0) t S._cONpLi
excess re}a%/eg ggrol 2%??0 ﬁm(? a1 rgg% {1 i% ﬁfﬁsp %Q ]ggO‘%§% Féf_?, an t},lg ketﬁlﬁductase
polyp@ﬁde mmg‘ﬂlﬁ? Seq%nce?ﬁ SEQ@8D Nmﬁ BRympBaty p@ﬁpepﬁf&s cg@ble 9Psuch an
1mpr0ven}ent 1ncht1(£eolge)u]f g%e enog lém1a Od I(‘Sln VsgctroS rlgllrl(galgi%‘g %13 (sjeltllﬁén%estse
corresphndhng(m‘ SEG 1D NOu b8, dacﬁt @@Bénﬂk@n@ t4 46, 74 76, 78, 80, 82, 84, 86, 88, 90, 92,
and 94 S) - 1-[2, 6-di chl oro- 3-fl uorophenyl ] -ethanol with a
Stereoneric excess greater than 99% and at a rate
[0016]k Re\fstoor m%%)(glggﬁg' tth %%du(’!‘tgs%%é a/ggp%% ?1{% g&ﬂé@l@ Sggoglé/ertol?g %E%_
dichlotoE®’ moﬁacamécr@mm tdz fﬁélﬁi&byﬂpébm déluaﬂosmnhldtsthalml with p steedmeric
|
excess %%h@%ﬁ @%) ah(i ?t aail?‘s%te glg ygtglg t %utt g(\)/ﬁ%@é&? El%]lrlﬁlg k&ore%%se
polypqptld;ﬁ@wtng@@ spcmghcu:dné SEQUD N»:6, wtateni ihnpolepbptldﬁ also has an improved

e R b e ORGP R SR 7452 JHFREE gl opos aving

such pdadpertidstincldds, bitdre np6limiF@l to 3O ]ypgRideB8ebmpBibing 88ino 90d s@@ences
corres;gd?.ﬁmg% @(29%1]0: hg 3§9§§?3&'§’$%' BB Sip $4h?6 ‘??té?)r @ﬁ&tés%,sse& 90, 92,
e areé capabl e of’ convertihg an

and 94about 24 hours at | east about 95% of t he 2'
6' -di chl oro-3' -fl uoroacet ophenone substrat eto (S- 1
[0017}- {ipso@re cahbedimonts 118 Ketaaingpivenlybiptide tranalableiohccayetipgiptiess than
exc ' )
oo 20800 R SO, 4B DB kLt 106
d1ch10We3 gmropyhenﬁ) q'tb;eglp]emat teastabet 3% gtatcomerig ¢xees®, wheg ‘carried out w1th the

pon LS8 B SRESEL AP SE  RUATR A 2.
dichlom% fhlotoatqtcmht:r@de substrqml @m@ptar}d@éypcmmm thati hage thvicabdity dclude,

r i . 18, . ,

o SUEES, SEARQREN g iy i 223430
38, 40ai2d4D 46, TA0T1. 83, 80n82s ShBo b Oend 84. t he ket or educt ase

pol ypepti des are capabl e of converting 2', 6'-
[0018]d ilrcemg reob gdimpinty dredetoatdogire molyeentiges are capable of converting 27, 67-
dlCth(OS; t‘ﬂuolo%ce@cg)ﬂélﬁ)tﬂ!ﬂ Qg g’)el §|6 l‘ff?(,rhfb?ﬂ gt]gg E@Qfﬂhno\{\%tn aftftereomeric

st ereoner | excess greater t at a rat
excesstgegter than §9%|andatta rath that is 4509% @09&5@% garépaan thah ghe ketoreductase

[

polypé?ﬁ&eol{a@ﬁllg ?ﬁe%@fjeePér%Q)ltfﬁgngo) pﬁ% hfsﬁ/e Kk gt Bgy&gq&@@ e o OpatRE Rter a
heat tregftmesyt 0§5 0°qdent2 llqugsa‘pfna@m{ertgfg t ftate tothg (pmdgct apf rate that is at least

converting the substrate to the product at a rate that

is at least 5 WD 2009/ 036404 PCT/ US2008/ 076333 about

400% greater than the pol ypept i de havi ng the sequence

of SEQ ID NO 16 (where the?



pol ypeptide of SEQ ID NO 16 was also treated with the
sane heat treatnent). Exenplary pol ypeptides havi ng
WG mkopHoeperti es include, but are not |imted RP@I/US2008/076333
pol ypepti des conprising amno acid seqguences
corresponding to SEQ ID NO 18, 32, 34, 36, 38, 40,
42, 44, 46, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92,
about 108 SdatertBDIRY polypepiaibaendibdbapeatcs pf SE@ID NPr dW@tlere the
polypeg? gle Mﬁ‘gf&i& é 8 o %’%gcf oeg%gl?xgt%ﬁlgeﬁsgrlng h?aft tr(e:a%lﬁ\e/rﬁf %pl%ry’
polype(pﬁaes hayig Gl pmpémafsonﬁudel oo piG mbelnyﬂte]d tembapqitldmmpfis'@ @mino

acid squechc?s Clorres&on(f) O%E I ng é%j 3%% 8%/6‘61 éze}alugfg 752@;, 80, 82, 84,

86, 889RNH2,98844.94% 95% 96% 97% 98% or 99%i dent ical to
a region or domain corresponding to residues 90-211
[0019]o1n smeembpdmes slwqummved kageticose [BEQeptideNDpahle df convedrg 2°, 6°-
[ in
dlchlor0a3M _fgu%roo%%ﬁtoptﬁgnong %0 E.Siq (2, c#ic Wi g%oroglfengllll ﬁ]ﬁgnol Qompnse a region or
domam: bm&tgaalanmdn acrd@nqlpocteahqt isoat leaﬂyﬂs(tu& B§te, §6&& |8@%e$8%, 89%, 90%, 91%,
0 @ u IRe, 189 st el

92%, Jér/glbh‘% éSa)’ 9%5 ﬁ), {)'ﬁ/n 9% IA)O \(}r 9;9 o/I qu% é(gﬂ(o&og IB% aln f;orre epondlng to
residuq;:scﬂOyQﬂé pf 2 oereneg saqnenoc badedheari $EQ1HSN@t2 tloe%% mm@uethe residue

corresleondln§§(P§% nrg)n a(r)o 1‘1 i Jesidue ( %?c{lud%‘ln%taﬁt 15a %10 coria I‘?ra ed, non-polar, or

I'n sone are ase
cystelmbgvcpemartubelaﬂaslamm esgleunn@ cystama pinproloey wmlsqbo pobivisg thaothe
211 of I r.e seqguence
ketoreducfc’ase éj ypegt?dre ere lomo d 1tn hgs é}e&}&dgsqdue gnesHondmgnto ;th& a reglgue other

than a nseesnd:u én sdnre mmnemb,ohh kmtcklptaiemoiypbm@e tlasen region or domain

correséo% g%(pI%SIQ%ﬁS 90 t2?1 ())gt c re?e?e%ceb Sqilhce %lx)éllgche%e eéldue corresgondmg to
ral ne non-p 9 el ne resi

X190 sainodtarventisesithine In ecsnahmd)odmntsetsp oesdiup gortespoxm@@ tc3P0ven be an

aliphafgéagwsggfledl ﬁ(%l eollla('fI (Q%%steg esrte§ élurl:e Tn 90#{1%)6 %oéhg}%nts t{lehremdue

correspaatlimg egd&tﬁOaga bpdhrypfe pb]eukelse, cﬁrclﬂwa(wr@mjme, particnderleproline. In some

embO(f Iggl{tsd H‘l% é(gtoktd ({1ase ﬁgls Hdetslggn n%fle or {eggueo(ﬂffgrgnc s in the domain
? ence sequence. I OUS res 8

or reglpmgs ctompnsd tovhe redeaencel sefqﬁ@ce fV'amuS fesidug mfsmpmha csre«l}ﬁfarfu&n the

refererﬁ% ?e{cﬁgr%\é Ial%ga t1(I%d l{l]t%G gﬁ%lﬁl dd Sgﬂ?t O%C“ ption. [0020] In

er as resen scl osure prOV|des
p .
o] 04 L5 SISO e 5, SOTTRR s v
ketorethivtascshigtyribel] heecin or r@hmhclpmlldwtmﬂhemd@es susrh delynuckrojds ymder
l.
hlghly%{r{nﬁot g&r}{sdlt%ﬁg d%ﬂe g L‘rlcée-léﬂ g r1 yc'IlHj;é éﬁ%{ﬁ)ltegseanggg}& {ég+lytgl%/ elements
useful éoquesmomf the endmée@mgmd@@ﬂ letgeduetescethdicen utnled wedoas eptimized for
d red
specii IR holleibh SBicR-BHm R b AERot B0 er BRRE e R 0
ketoredlh:@wngﬂmﬂ@eb@ dre nheltrmlteddcm @Db(swéeonchfzslcunmnsntgﬂeq@n@s natresponding to
.t ly t] | S ncas
SEQ D! I\;Br esg‘?o%]gl 18015 PH%%%% és‘?ﬁ%z‘?%ﬁ?%%%fk%ﬁf%‘% z% 45,47, 49,51,
53, 55,157 592@ 3365, 25 ,69271, 72975, 3179, 38,8335, 8BBY, BandAB, 43
45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,
[0021]7 In anpther Rpect, ik, pripont dtlosi8progides 18T, cewongmsingﬂpd poignucleotides
ct S
and/ or[eQ;g‘gs]s I’IIVQ t&g ﬁésg%fedgélggl T‘rhe g%ﬁcerﬂg ﬁé? BL ;9+ gotwegzs or they may be
a dlffemdcbr@?m@x pT@shQﬁ@nllS\ﬁe@ b@mssd ﬁ?@ﬁ@rewtre@wh@n@sﬂlatlw thepggineered
r I
ketore%.'ﬁ:#a!fs ; e%(rﬁéégrl])?{%rélﬁrﬁg t!ematWegr 1h§y %agr?e%%%)glrggxffglﬁh? ﬁonverswn
expreSS|on and i sol ation of the engi neered
ket or educt ase enzynes descri bed herein, or,
alternatively, they can be used direct I y for the
conversion 6 WO 2009/ 036404°6PCT/ US2008/ 076333  of
substi tuted acetophenone substrates of forrmula (1) or
(I'1'l) to the corresponding (S)-al cohol product



of formula (11) or (I1V), respectively. [0022] Whet her
carrying out the nethod with whole cells, cel
w@xaopasies or purified ketoreductase enzynes, BCHUSYD&076333
ket or educt ase enzyne may be used or, alternatively,
m xtures of two or nore Kketoreductase enzynes may be
used. [0023] As noted above, the ketoreductase enzynes
of subsid@at achiephehercaubsrareoiClapalid @) @f(11Dad Gk yaragpntiing (S)-alcohol product
ofﬁnmﬁaﬁ@t g@ Qggga%qn of a 2',6"-substituted
ShEN e Fen can be optlonally substltuted at

D C ons
r/l(‘{ﬁ]or ]i)uriﬁed getoreguctase

100220 Whefikr ca%{ng ogtftgfj metflod Wt}r whole { ‘ﬁs 2ell

correspon
enzymesyid @mgmm)educttdse elkayno gl e tmd er, @h@y%slyangtugapﬁbmeor@rﬁore
kmmemggeFm%??qnagpqg(flng the ketone of structura

di chl oro-3' - fl uor oacet ophenone: Cl

[0023]OAS got&ti gﬁo}/ ?I%e ke{o e&aﬁseggﬁnﬁ ? ggs??l%e)ﬁglel%m arreaéapgglg mglalyzing the

r UC ura
reduct(oﬁ}ea@t-lc[nZ)f 6200 -ctlisttutsd acetmhmgpﬁ‘éqhydal]l be gitlonallylsubs@luteddt one or

more (i(f tlﬁesf) 4 gull({ §a g()CSIItIOHL 04RL: d&égggn%g% &%rratfco‘ﬂo q)?&{ 3, the

oredu enzymes here are capabl e of

C ! t

024 £ Bk BBkl tﬁ%%ﬁo%idh%%e by eGP LR grepnvcging

ketone(f s1(rtlcmr91 formufa (‘II)OZ "2008h 362 0duoRETHYHR0G8/ 076333
optionally substituted at one or nnre of the 3, 4",
and 5' positions, wherein Y |ndependently
sel ected from CH3, CFSF NH2, | OH, d , d, and Br, to
t he correspondi ng 9hira S product of
structural fornulg (1v): (1v) (S) z [0026]
Accordingly, in some enbod 2NER, t he di scl osure
provides a nethod for reduchdg a 21,6 substituted
acet ophenone substrate, optionally substituted at one
or nore of the 3", 4 and 5 positions, to the

to the %Per{eépes gaing ?[l.blrag al(éolfl%fé}%rhéugé?efﬁsﬂ’ég%r_ﬁlgtgren?u% HB’I’](%_ 1- [%—%{cgl&ohﬁ

r's
fluorophenyl]-ethanol:

Cl OH
(IN) (9

Cl

[0025] In some embodiments, the ketoreductase enzymes described herein are capable of catalyzing

the reduction of 2',6'-substituted acetophenone compounds of structural formula (I11):

(111



substrate with the ketoreductases described herein
under reaction conditions suitable for reducing or
W@vesidhg the substrate to the correspondi ngPCT/US2008/076333

substituted (S)-phenethanol. In sone enbodi nents of

this nmethod, the substrate is reduced to the product

in greater than about 25% 50% 75% 80% 85% 90%
optlonQIB%ubﬁﬁﬂt’qd 0 ond&.ngiYo of the FodeandsS’ pxitess,. wl{e&ﬁh’i? pnd Aasone
1ndepengé0 9 seqe tetd%l‘f,l‘ljl: éﬁg, & Bﬂf?fﬁ%e%eﬁgﬁéggé ﬁré rf[]% ntg r(?()Ol}gesgondﬁl% Ichlral
akohﬂpmmmnbﬁmmhembmnnﬂsﬁﬁmdlng substltuted (S) - phenet hano

of formula (1V), where the method conprises

contacting the substrate with theketoreductases

descri bed herein under readtion gconditions suitable

for reducing or convertinglthe sdbstrate of fornula

(I'11) to the corr¢§pond|'g )Nt ed

(S) - phenet hanol oduct Ff fornula (I'V). In sone

enbodi nents of thIS netlod,A/;e substrate is reduced

to the product in greaterdan aout 25% 50% 75%

80% 85% 90% 95% 99% or 99. 9% stereoneric excess.

[0028] In sonme enbodi nents, the disclosure provides a

[0026]"RLEREnEIP in EESUSHILinRng, th@dl’sad)sﬁfél R6v@ded a 'method for reducmg a2’,6’
fluoroacetophenone substrate of formula (1) to it

substitgtgd P(@éﬂ@ mpq:-@lbgtg}e_, aptiosalbi subix%@p&t OpsF TR erRf] the % 1 4 )and 5’ positions,
to the &o%)esp"onhlgg QubdiitaRRl 09 Phdrefb M ORRERY kth63 &ﬁ‘tﬂﬁises c‘ﬁﬂtﬁcrtﬁg tihe

nprlses contacting or |ncubat|ng t he
substr'cge wah gﬁk@tp@dlgotaqu @g‘,ﬂ@g@:]ﬁf@ﬁ Hedsbrsactipn conditrpms sultable for reducing or

conveKifl e SEHIRLBRARC HRRGInBBS s UbStitBicM (L PHSItha/AC t Bfhe embodiments of
conditions suitable for reducing or converti

this methodg the gplstipte isgedirced o (heriediiet 1B grratbiien %b@ut@é% 5 &@ 1520.80%, 85%,
90%, S BbRr §-03 oof duitespplerykd -ethanol. In sone
embodi nents of this method, the substrate is reduced

[0027]t ®h sohREnBEARYES, thdWi@lBat @fovld'@@zﬂm@t‘ﬁ@d"for £a6in 2PN’ Yp¥ituted
99% or 99. 9% St er eoneri ¢C_excess. |ln some

acetophehopeiptrfamuda (I Ha the pgerespanding sybstigygiSlpheacthans! offeyanda (IV), where

the mdtHdIGEBAELE cdnbdingdROUbstRR% it BE RAGBHIcHs &XCRSiBed hevmlﬁ@teﬂeacuon
t he ket oreductase pol ypepti de conprises an am no

cid
conditioagsifalle foh zdlueing or copeTEgdhfebEratead forpply (BP t@sﬁ@@?ftsspondmg

substithiek 8- éoh&ﬁth@flol PiRuctlon f(ﬁlﬁ{ﬂfﬁ (I@Ubﬁlddoﬁ‘i@ @Inﬁ@dntnﬁﬁs &iﬁ§ blcBb@ the
is reduced to the produ t han

er ut 99%
substradg s ey tp gheagedueidn gxﬁﬁefrtéwbewg%?%dé%18%/§e85%a 90%, 95%, 99%,
or 99. PRk REeALAARSsysed in the 8 WO 2009/ 036404
PCT/ US2008/ 076333 net hod conprise am no acid

[0028]S BHIARCED 0 GRERE HRANIR 3G e HhRvE L MBhor duding 48,6° Hhloro-3’-

ﬂuoroélfgt:opl%pg:onekgﬂ’)sté%:of %f(gfr:nu]gél’% ’t(si%?doggrs%bggr?g’ (ﬁglb@%’frbrg%ﬁ:’t %tif’gr’mula (10),
(S)-1-[68, di€iBoro-3 Q]quo%hen?/ﬂwchﬁol wheBs th8 Qnethggcorﬁﬁlses&@nta&&gtoﬁ&aubating the
(0]

, .92, and 94. S odi ne f this
2,6 -glfhlPr@a%st ug%ﬁftopgwww %@nigta%@waéfs epeibr B b Hign
conditRhOGHHEHlc FIR rliuElad & cohVbaihga 6 Ulic U033 R6BTRIHhE0RXGES)S] -[2,6-

. in lLess than 24 hours when t he t hod rried .ou
dichlofg-3-Fuqrpphe ﬁl—ﬁﬁ@aﬂ Jpagee mogﬁléeﬁtsng@lme%w &‘ﬁﬁ‘ﬁhﬁmtﬁ)fs reduced to
the prdd@&Sn ElR@Br tB0BLut BYBDY0MNBISANHIM drivg HeSREEI kO exdefe In some

amount. of the. 2', 6 -di chl or o- 3' -quoroacetgphenone

emb"délﬂﬁ‘é% fhﬁts'ébm%ﬁ é%rf@ﬁ‘tﬁec% pahqnsp i gepigsban Fi§TeRIAcTic excess,

whereﬁQﬁ@fek&@u&Hﬂeﬁﬁly@@ﬂtﬂe W@&%&ﬂﬁ@@d@@dj&ﬁ&ﬂﬁ%&ﬂ& selpfhce
formuly g)f S%@ ID @5) 958 26 0%%19 érssm@@mbg@melgﬁdhgsilbst{‘égd%@jiuqeﬂ t%taﬁ%roduct
in greRA DA IPRADSY steREmEliS&LaSs UrRrddl AV keeSdweRPRSVHcp@iRs ull ibthe
ket or educt ases described herein and a 2,6 substituted
acet ophenone, optionally sugstituted at one or nore of
3', 4 or 5




positions, and/or the correspondi ng substituted
(S) - phenet hanol . I n sone enbodi nents, the
W@09poXid404 ons conpri se a ket oreduct ase descri bRCI/Hig2008/076333
and the conpound of fornmula (1) and/or the conpound
of formula (11). In sone enbodi nents, the conpositions
conprise a ketoreductase described herein and the
method comoisnaminb afid seubmey dokteypondingoHEQ IMEN@omBolnd2,df, 16, 18, 20, 22,
f.Qr gul I 0 e t 0 it
24,208 WoZ M ar o Hoat AcaRabor e et B PARR gl 72 74.76.
78, 80c& P BNAB80P0, 92,andtd.a (V) and/ or the conpound of
formula (VI). In sone enbodi nents, the conpositions
[0029]c &nsonfeembhdment@iiphis sehal, etdéactbont 95 Ege tersabstmlg isigducedrio the
produc[t Qnggrg'%ter tli;]ansélgcr)n? 9%9696 nt éc’xcest he gs tﬁa%|ZQ§1%{1rE wﬁlgrll %E ﬁ%th%g is carried
ineared ket ored ases I'n e synthesis
out withfthqlketdreduntadei maspeptldn hi dni ahoost ocﬂ &ss::tlhmb@dutl 1o WOR GBI 8B G espect to
the am\(l)%%g%}rggégs dl\(/:\igéroojz %?Wa(g?qpﬂenogl%%%rease ¥ % ]glnr%lhesk U eductase
polypgpfidds ebmprisic pas® acidheduictas that @rregbefs to BEQ e NeetIRod, #8306, 38, 40,

2. 44 R TR FENE %%?li%iel} %%ﬁeﬁﬂﬁesﬂffﬁ ormila (1) to
1
[0030] ( é‘fs_o%_ {&%g@%gl?[ nl% C{IS% 0§%F %povf)des om??%#?gns% aI(Qt I@Huc%ﬁés gchbed

or o- uor ophe ano
hereinked of.6 dusti@asd scadphtivac,dpsalabyg subetitutsd atBRE BEFmBESCR P‘Idra\l

p051t1(1?s:e, tagéjgr Eé %%gggps n%i&%é%%stﬂute&spﬁ é)h%lgﬁl?}léo:l g%nosﬁm% P,l%{)%(ﬁllngnté) the

compasitibsst qatpese clemaluatdseakescribedheran §rd)the compound of formula (I) and/or the

ot AR T AOCRERL DRSHRNGr! ShEs strpprge
descrll(eS)hemm[azd ﬂlecdmpdrulnd rdfoBnilh (160, @ptﬂfelntizd: ¢ongI0hah<oi] fornjukp. AW gn some
embo{irgg’ﬁs:ﬁ gh%ggrp (telglp()%%? % n@% %étéerJcﬁ u&e@%ﬁ?g Reff% Itﬂg%gl{l}gyuéld of
formula (KRED od € cpinpeurd oh®rreiln (\dndingowme chbstinents th@ lyompositions can
rrtnc PRI AL o036 delvdrpgenase (GOH) is used to

covert/recyc DPH. d ucose is converted

[0031]t % &knlé%%bﬁ?lm@nit dﬁ‘é}iog‘%} 'rerfatésl‘{{) ﬂseI of ﬂﬁ%ﬂ%lﬁgetregﬂ(e{o%d'uétg‘sfes in the
m sa umg uconat e) addition o
Synthes@ df mmeimylmaeﬁ)amblléltorg daaeitz0 @9W@@6%8863®7T@Q§92 038/ Yeer3ssl, and
TAI [
WO e P oo g 1 ar e S o et e PRl AR R or o
step infthd erhi dggn wemprisa gelucing 004 ertindehoyubgittt 23 $eticking-3"KRED"
r

ﬂuoro%%ﬁ)g%%gl?el (g ga\r;(lf’}ﬁ(gﬁgﬁ)lrﬁeé rﬁ&ﬁ(’hﬁ% &gtafggﬁog I%ductt Of ﬁ{tnula (ID), (S)-1-[2,6
dichloroeﬁﬂmrp@eaylbqhmhwth e bﬁpredlwtaswf @@rdnsebpmndl ng

al cohol . More specifically, the ketoreductase
5. pBRYPERESARPTEIN O HINKIENIRESN ar e capabl e of

stereosel ectively reducing the conpound of fornula
[0032]( F)G.1 dlwptratestthe wolvef kgpredusporsd KREDp msblucmvasion of thajulstrate
compo(ﬂl(# M foﬁﬁlﬁ’ef 1chf1)09!)—‘é Hﬁlglto!a%gopg%‘fghg % h¥ c&{'és;:)dngﬁl? a@iral alcohol

act or r@duée ni cof i nam eni'ne di nuc
produqt NAfoRRule (1D, (Seddseddiglileroti thardpbiay Hathnnel e Indihisuedceat, thd ubstrate is

reducei‘élgﬁ)%gt (,eallg' Mggwrregﬁ)élgﬁg gp—eagcldffdln 9111@%%9&1011 uses a KyRED described

toreductases as eln I nc e nat ur al
hereingoduea-fapgr ugh NADPE) Akgducosedthidregsesse §8DHklslusealgo payart/recycle

t
o O CHRRLELE0% BSSEE ML 0 3
salt (sqdgum Rlaconpis witlothe edditonmieddsing hedtpddq e. g., a gene) that
encodes an am no




aci d sequence of a protein. [0036]
“Natural ly-occurring” or "wild-type" refers to the
wo aooeosamnd i n nature. For exanple, a natural PgI/US2008/076333

occurring or wild-type pol ypeptide or pol ynucl eoti de

sequence is a sequence present in an organi smthat

can be isolated froma source in nature and whi ch has
6. nOETh&erD DESERIATOONEI | y nodified by human

mani pul ati on. [0037] "Reconbi nant” when used with

r éfler emefniticns €. 9., a cell, nucleic acid, or

pol ypeptide, refers to a material, or a materi al
[0033]c B8 e phord, the fdlDwitgaeratateriatkndzd taiatve the félmingahcahnes.

material, that has been nodified in a manner that
[0034 WO llcthraaottasot hrelr WRED axd wtd 1nﬂ:rdh1ﬂ1ﬁg§talﬂy h@einitsrefed @nt potypleptide
hav1ngnaélteenze§1r(1)a]t1? lélg ﬁ grdolilg)eedumg%a car nlyy er%uthrg I(lntﬁmcos cS e%onﬁ%lg alcol*ol More
spec1ﬁbﬁlyhﬁnb dieteﬁduclkbmadlypfptldeﬂ gf the Maoploe srei cap.dblstdlé steamehagtlvely reducing

reco S ex re33|n ne

the co RS ST RER T R R PR RBR P oBRBFRa b e BF rivsy
polypetphdae tygicdllyaiiliex p me@&omducv@mg@memdh hédnirg rdmuolbbteie\m APH) or
reduce él g'g rhaznggel agigm{le ihnucfleg hat %ggﬁéﬂﬁas t11 qﬁr?gga%tgrﬁggegf
Ketorddnctt&bmsaxsgﬂ&bslnymclhdfr Iezmnaltyoacmeﬁmg (vtild tqummasrem')tmes aswblfjas non-
natura@;g/o%grl%ﬁ% gr?%tlrlle%r% \}Rglr}]fg%y? 8eﬁs'§|p ate yshumaﬂ (Ijna%lr Sla 0e t erm ned

|gne seq ences over a

coApari son of I :
[0035]p ¢§d§‘ g ﬁeguepce & NS eIs ’to t )Ppep d% nusceeacuag:h ng g.,a g?IheZthat encodes an amino

amds@mﬂpﬁbf%@ﬂ&MﬂﬂdO%/nHy conpri se addltlons or deletions
(i.e., gaps) as conpared to the reference sequence
[0036]( (\Natutallytoesrringt omtmidﬂumé rddsl tat thofosm geund delhastrc olfs exdngple, a

naturaﬁgéécg%%n% a+ {] %eéol&epa CFe(ir é) %c?e%gg{] ﬁ%ggenc S qo F&g B}ege%? 1n an
organigo #iat ¢antbs isatatedifioghs fohee identré owllwhichdaeha bacm igtetramellyomodified

1 NO. residue occurs in both sequences to yield
byhm?ﬂ%Q%ﬂQ %ﬁnof mat ched positions, dividing the nunber

of.
[0037]p OR%&Bﬁglgbg/vg?% 5 6%9919 fe@e%éﬁg E g—ré L? ?%cﬂ%:@c}g glsl%ot?g)epude refers to
a mateylp dioymaériat ogrpaprdndiog teathe na’rmtalt ar phtwerfg*nt dfaha regeriaf, thyy has been
modiﬁ%j@ 91 trgaIXlErethzﬁ vJola IB?&E&QEQQSS&& naﬁ&g UG dtlgéﬁ rt]ﬁekeg(y l%ut produced or
ternative e per cenfage may be ca
derived &pmrspthitig gnaltdmels rodey nofippésion umetaunbmnt:thcmlqutﬁe MNon-limiting
examptlég %c'hglg ryiﬂogg L)tll]l@sl Cr%c%'m%nﬁﬁt! cqn@&%%ss%g %msntﬁat 3}% ngt fO[ll?(?\k’ﬁHI? the
occurs th sequences or a nuc base

native gminrrecogbingnt) &xingd éle icell erl cixprasschatii ot denes thed pretOdler\yls@xmesiwé ata
dﬁ&ﬁﬂy@@%r of matched positions, dividing the nunber of

ed positions by the total nunber of positions in
[0038]t hleer(ygln{&gé) i s%ueﬁ(% Jcauru vS 9 g:e tHoH*JoX) garé Es%d ﬁlﬁcsr}:ﬂaglgé%gly

ierd the percent ag%—ﬁggi————éﬁge entity.

heremT¢1t9§ee tqﬁorrwkmslohs gmpngipelyandeotipprand pelyreptidrat anﬂ hgrdetegmiacd by
compa%% Vo tnfhghﬂz a%gd %L]lgﬁ%[:és r?R%f]a coﬁl}ﬂgjésgggllgﬁlgggw?éréng ﬁletpx\ﬁon of the
polym@t@np@rqrmlmpwaﬁhe @eu@gmml@t @hparisen gyindopyynaylgempasallditions or

- I I
deletlo%‘g g% , g%%% %cg%lb %(gmtgef re@%&yﬁgﬁkgf%\g&ﬁg | % r&%t%grﬁpnﬁqxdltlons or
deleticab)forr aptihmal adiigniNets of dreto astlentan STk pelt@m(ge njhy bivoilculgpcoly.
4 ‘ e

determlz:})lglgl tglg ﬁmg%eé%ﬂ?%ﬁ%ﬁ{ &?f&gzﬁg?ﬁe F%gtéonéﬁbil ‘?1{1(!1 Y acg(ﬂ)%g gr a%lno atjéd residue
occursgs bt dafiucrisys togesiibe ewbeedf hatgicd mewms,l ridnipfhenivbe of matched

al gorithns (GAP, BESTFIT, FASTA, and TFASTA in the

GCG W sconsi n Software Package), or by visua

i nspection (see generally, ﬁyrrent Protocols in




Mol ecul ar Biology, F. M Ausubel et al., eds., Current
Protocols, a joint venture between Greene Publishing
wWos®oos@tLs, I nc. and John WIley & Sons, Inc.,PCO9%08/076333

Suppl enent) (Ausubel)). Exanples of algorithns that

are suitable for determ ning percent sequence identity

and sequence simlarity are the BLAST and BLAST 2.0
positi(mh bpthe tdaimpmbdrio€ pos@tioes nescwinbed of comphiissa hurd meltiplaing the result by
100 to 3¢ e?cp t'hi Be/n?el\/paﬁleI Cﬁsgﬂ%en 5 121 1tyRé§€er1§§\:/Leg§ ?P(egzlertlt‘g’gce I}l'lay beetcalculated by
detempmsg)ﬁe honvledr yf pcsmﬁ)tlm mmh@rther ;ﬂendlannml n@l&d&ﬁﬂba&mm ajﬁﬁﬁSamd
residuleBgcc boc‘ilil de ﬁ%ﬁ%l S alg m?cltlcr:] L3y gah 1m1n0 (9 re51d111e is thtnﬁd wﬁﬁ a gap to

IO ntrormati on we S
yield thmmmdlbeesf rﬁatcﬂed positens, Idivydlngthh nghbes obunatnl@quumn be tlpaotalsmmber
of p051(t10ns n )thse evyl{ljdor% (ng:o V\/H;yrlsﬁlg andt l%lpl}lrlg% gﬁ result S%;i% t]p yV\{d tﬂe percentage of
sequeqae &dehmty eTlml: UMHI in nle&h@bptesa:e thet fﬁerwlaenneally Iegaiﬂldhe\m algmn&lms
ava11al¥iD‘[o ahgn ‘a;vot s(equaeélcest pgp naéllaglgl N a dfa 8quen(§eg fogrgzor }gar}fsﬁr% ceaélll])e f:(():}lducted,
eg., b( Ak | @ahwimobigy algprithonmif &nith IﬁréWetennam t98al Adveﬂpyﬁbmthmz by the
eds f or 4 | tia g arehe

homolf)%l aqlénme_]éﬁgorétgrﬁitog I%]ﬁeecﬁeman nﬁcll]le d76 ‘{jﬁ)ﬁl tB‘S: or}a4r%e4{4? o tﬂe search
for smabatlernni@lﬂbdl ofi Pragoln adld Lmnan d|988 al’lrtoxngazé adchd. Seq U@m 8&2448 byas
computerlze(iﬁl 1m£té éneméd(lfn%l teéeva O(r:lgll.ngggg?teB%%ﬁl P; g aré(% EFAS A i in the
GCG Wluscbrsmt So«ﬂe/aresmcmge)c@sby vishd ipspecine (se¢ genMa(ly,d\’mredz I%mxbtcds in
Molecz<lo ar Bzo{ot%{afllir NP ugr%]telc t[] Lo %ds dr%}iltefsrbtocols aiomt Ve 1.",11‘6 rl])etwee1b§reene

es,;
Pubhsl‘ﬁng Asammlatas dnn dn&bqlu‘é/hbg& Soas Qmmr(l%g &umlement)l (Busibelgh. Examples of

atetecrrulatvesc of the
algori m§ aﬁe seuétglﬂe fi rlrdgt(e: mn gercen a 1t1enae mrﬂ‘% Qihsequence sm‘@?an%r are the
BLASGundiBRARVE. Oa:llgogﬂm’snx&hlslcaje dest@lbadsn Aftsfchhi)pt alh é99,1],1$rMolt&olX215:
om,i. t X v
403-4 f;]O(r) aélén Atltsc lzlf;?oi g‘é%eluc el ézds YZFS 9?%%9 3142% gej 0?1 fg ar% %)é

performing rﬁjrﬁéﬂwglaies wepublpady a\ragablef émuglm&le alatlg’rah@mta fordFiotedh@ology
Infom&ﬁona\?lr%bsﬁ al%DI‘I LI"EH’I%O yes Gf r§t 1(?enp F gt}h%l sg(éBrrlI:nASs%r(ﬂuen ;’Pralrst @@Ps) by
identifgipe ehbr‘o\flordd’\cﬁ‘ laigﬂanEthb queTh equhASWKpremgeramtc(hf(m katisfy some
posﬂw%\l’)l(};iiue(? Ehlie%ﬁold scoréegle\élg i ne ev(s1 aasvv(?r gtlﬂl Ls 1\%{:&{ %laedggf&fise
sequerconPpareoed ofas,biot ﬂm@bwrhmzﬂswortﬂ:moreahnesiwl(b@lltdcmbq abmges, These

.. the BLASTP pr aul t 1. WO .y
i By PR B UG R Ak B & g s cgmigie
them. &hpeotddtits ore tida)cx@hdeliGn batim dirdchiens Bk@bﬂaﬁzecmemeifms lﬁamtas Thx
cumul{ﬁg& aggm]l_eGEngse cartge 1nchaseA( é nilué%ﬁ?xﬁg Es])dé) er) C%e cg*éla a ed usurll% for Glucleotide
sequergks, gmlpenametearm (1%vad qamcnbe a pdeoﬁmatghnrgarﬁs@nplabzyays k@) and N (penalty
score f%r mksmatchlgl re51 alwg{@:iﬁ S#or awljo a%%eecll_'uen(i:e e,fa sc{]r%n%(%natmx 18 lelsed to
calculapatha nmtudntsve ;scaw [ Eisechsmp ©0®9 JrotdRets ér @nkn dirgggquanb@tcd when: the
cumulatlve afl Snnge(r)lt score lis O%q)y%? ugn C,% oengltsa nslax&}mltl)nalsae}‘lgievfe Larfle: the
ce conp A ref rence sequence nmay be &

cumulaufb setre gdes & Zlemcgéelowed}uemdle acduowlagyaeipine pr @ors @ggmEvd-scofing
re51du%éj}$%1nlelftf S gle end ee;‘]tgel;]r Cseequglgceﬁfg mﬁ:)cehec‘fj gl“haet%:t[%esqcaﬁgoiléhm parameters W, T,
and X deteinent th@l Enmmazmnd epcad pﬁhe aI@mdute §he BLAEYphngraat (foremslbotide
sequen%:?s) {{lﬁeél ? e%%ult[s a woﬁle%%{]y (V\ﬂ of ﬁﬁ% )g)%%atéoglls(gﬁj&el% MnS lI@ Qtand a
compapiednyyd épthistands.SF orcamlrtwemdpedlupmste;ltlmiBMd%E’ opgrpo uyp eptidfadds a

may each (1) conprise a sequence (i.e., a portion of

the conplete sequence) that is simlar between the two

sequences, and (2) may furtlher conprise a sequence

that is divergent between the two sequences, sequence

compari sons



between two (or nore) polynucl eotides or polypeptide
are typically perforned by conparing sequences of the
W@ P49 ucl eoti des over a "conpari son w ndowCT/US2008/076333
identify and conpare |ocal regions of sequence
simlarity. [0040] In sone enbodinents, a "reference
sequence" can be based on a primary am no acid
wordlSehUBN €3, ankepcetatibre(E) ef B, enitbe BEQSEMO2 sdosingamseig e tlenikoff and
Hel’llkOflE 6158& ?’l;’]ocr}@lvle Ac. 9 g %SA%rl%9PSI§aE;gees la{r}rl1 déter%ma’t)lon (?%se%ue ce ahgnment
ence Thst'ance f et ence sequence as6d o
and %S&Qelhda 1(N@1t41 chla&’/mplgy tht BER€FITas MP@rogmnsr B $ipaBIdu Ngsdoosin Software
packa%ggﬁ?ryg é\/?aéﬁos?rlle \é\g %gle ! g’efau?t éog‘raéieeIeresaot%qu%fS 8 9 Iu ﬁ n EEQI In D

[0039]\%@%#&6}5’&% se%u ke {e?erg%% c{egne% s&g{%nce N&ed Jsgl%a%l fO{ C?eggeantce §0mparlson
A refembquteq@@cmm hegusobrst ofradwrg@(stqudm:epios extaimplesa spgmamriofie full-length
gene o?éél eg{lc?e segusegcéeu \gﬂecgeergl C?{" aaeiféc'r?l%u %?q%g at ?e%st%e ngér:}eo%(ae E)r an%no acid
residuqssu'm leagth) aﬂmstaﬁ r@iviuesoin dmgdisat daask S\M@u®esmntlehgthpmrth¢ i layisth of the
nucleic %ng g?re Or%e déeln(éeit\hvg Cl?f{ln@c?eoltlge%r(])r é%l?pdeg%%egaa%ﬁ 8?0(: ptcom rise a
sequedce §%., aportion uﬁae egnftlge tdqeenceftiat e;rmmlas ecrweactee (watseq@iences, and (2)
may fud ers conmo% ecao Id (§eet a%qsd c!h%ron’?be(%ween et%vlo %Q R cfeé) rseq%glgcle rToarln arisons
I'gn ?ﬁ Pmo seq ﬁba son 7do
betwe@&two lo& nhcu@gnetynudiamdmr odmpepgdmrs typreslilmee@nnedémtomparmg

sequeni/c\:ﬁgsﬁ(gglgve\set%b [pglgh%?e%ﬁ%‘!ﬁ 3 Q ;,‘]‘f:mg[?ang(af w1t:1|'19({w t8 1de%1€1$r%g{ omapare local

regionp of sgquend eesirhilagligy. or polypept|de sequence that has at
| east 80 percent sequence identity, at |east 85
[0040]p &r wewtembddmeits, \» “saficiciBO s¢que@s” @eibe brred segpEmag amino acid
soquercly il e Rl HIUER 1 Bt F IR oD B o REAHBRER e
primany gerprandes bor inganacl euefefen@tsequeast d@0d preSEQ U2 Nk havingres the residue
COI’reSéd:ll’lﬁ&g ?(p 5(![ agp\fgﬁne re\f\érpgoa\q[etglfen(?etse U%ﬁ(,se ll’lgl 1c§ Qhe C%ﬁéS%Hl%ﬁﬂg residue at
percent age of sequence
Xl%ﬁmﬂﬂ&MhM@dIbthonbmguhgamh@neeference sequence to a
sequence that includes deletions or additions which
(0041} S erhpariforeindexitretsrs th e s@caftual begmeaf drelhseatwetiifengeguous

nucleo@ﬁ%%o&l{tﬁgsn%rs apgﬁ\élidgges %ebeglgg%eﬂ%&céﬂgibg (!oﬁllpared to a reference
sequeritg ghas teastt20 gbntkRoOVADUAOGBILOB GUId OTT ANISPIDEH (hE 3®i8n of the sequence

in the &&Iﬁﬁhéﬁtn%vm g e%)%'isjls,l%: gfégi%%tgﬁ%érg r%oeé,%g#z Qp%rc\g?t% less as
eompaBESW FtieTefglanegecheﬁcmﬁWhielg dgrs weli cghipyse adiitips oatlelptoms)t fog@timal

t i1
ahgnm%g‘{ (fg Zl%ttwg g&;&grﬁzgsg "Ll*hg kﬁ?n x@fnﬁ%vg gzglbdeg%&%re tP%:I{:%)SJonéﬁlous residues,
mﬂiﬂ@@ﬁﬁﬂW@@Mﬂﬁéhﬂ@ty)ém)nnbaﬁ(@ngQWSQQ percent sequence

identity). Preferably, residue positions which are not
[0042]; (Eubstantzal idditfty ancfeppyto @ pplgeycleatidos palybeptide seaiadce that has at least 80
i
percent% %!ﬁﬁ%frcg I}ﬂ%ﬁtﬁg S 1&&5@ @§1 ﬁe]r%%ﬁ&ggy; %ﬁ’il R Se ﬁeg(gm seeﬁfefnger 19%2% mo‘re
usuallyn@td@étr%rpgreemsecmelgaev@nnfam panpaeiddo a refgerioy sagpfreoriae comparison
window®H Hﬁ?a%?lg 1’@51 oliforls h@eqﬂ%%%rrﬁgmﬁ& g@at [e& I361 Yg §esfatlesawherem
speci ence seque e gl ven am no ac
the pexgentygg|of mquer@otde@téy seglgelaicd by eonmarmeithe thitrence sdguence to a sequence
that 1nElﬁgle§ HEPGShs %ﬁﬂfdﬁﬁﬁ@wh&?toﬁq B@éer(\%ﬂ{ asiess Bptﬁe lr'e?e% Qge ﬂé’HgQ g%r the
or residue position of a gi olymer Is é%
windowjof porpasipase tin spscifin empedimensupplieki nelppewtidet the term h%ubstmylal
the actual nunerical position of the residue wthin
the given am no acid or pol ynucl eoti de sequence. For
exanpl e, a given am no acid]2



sequence, such as that of an engi neered ket oreduct ase,
can be aligned to a reference sequence by introducing
WQ299/086@0ppt i m ze resi due mat ches bet ween t he BPEWUS2008/076333
sequences. In these cases, although the gaps are
present, the nunbering of the residue in the given
am no acid or polynucl eotide sequence is nade with
identity’empans that motﬁobrpepeifde sceln@m:es ezq«:tecrpmimatlyz)alvgnbct budhtas hpgie pagrams
al ﬁ% " St ereosel ect refer i
GAP O|Cr)r eggflg['n sin, lllt f 5aD Wl eh?s > Shafe aé eélsr‘h%g gFrcent seélﬁence 1 ent‘ﬁy preferably at
least 8f @é’(cdfnt anuﬁfce idomay st Bas 95 poO@N sequ@lbe aontthermore (e g 99 percent
sel it t
sequenc]@ 1(fent1ty) Sl’t%éii?rgbol r¥51c?ue posrte ?IP \\/Vohrl.cgl e’or{?\é\'?lel%t}g': c{'] ﬁ?{ bP] conservattlve amino
amdmmmymmmsconplete mhere onIy one stereoi soner is forned.
When the stereoi soners are enantioners, the
[0043]s t'Eoremspaldimg ity { itferenee tp'efrerel@tie tay vewn used in the context of the numbering
en o] tivity...th fr (typical l.y r r
ofa iGN\ ERELEPLInhiciohiod Aucnt ARH BB R e ERREL G
specified relfcserrco mqoeﬂcy whel the gimat imied ycid epohnededtide tdygerme ts compared to
tvpi cal | s .the enantig exce
the ref%reXc% S uen<%/ C U a eer avorf her eé%lr%%l%’luanil:bglé?r BSI(%J.G pOSl{Tﬁ 0 fa é}Vel’l P(‘?’lymer 1S
demgn@tﬁfd{}wﬂh respmmonhmeferencemeqlmncamamm thammzrtbd Jormj mnnencal pos1t1on of the
ti.oner + ant can_al so .
r651due W%ﬁlll’l the &1\{68 arénno a 1er L (I)] ucieotn;% Csé%uen?e %015 exawle a egl}/%l amino acid
sequer&t eu@msslmtreﬁzgl engineerdl laptralngaicsanmbe gl;gnbdhl@ a reference sequence by
stereos I |
introdd ing g g o Et(frnze {es%luei 1%atcl%eﬁeet r%%nct Otv> s(eg(luences F]I these cases, although the
gaps areqpezsemtetde alsntazrlpg Dﬁbmteagla:) in ¢ife givee animr@sabnﬂlroe pcvtElIuclenn@ sequence is

made TRISEr Binct0 Ml ASLELEQTEREn | LAOGR] il gn! ¥

ect etore e pol ypeptide

th % g ﬁ&gb 0 . T . .
[0044] o ?t e!_) 1§ h %e_?egé) {oftffe %[fg{ae%{é r%étrl%l nlg g ?l?ég?(?}allj f)r en()(rsl;}nc tr%actlon of
one steréresonwr ¢'\es pm)ﬂcd:'r n‘?gel(z*@)el-eaivctg lgarl begrauijtu athere the formation of one
stereoi%(ﬁ%e;r;l's' %Mg%rgd GP{Ré g@‘% o out %% ?tq%ér&e%e?}ée&?%&lee Xsceré?)'is%elais formed.
Wﬂwnp@@%&pmbmwpa@wedﬁ@m@vnkepmn@@k@ymymeﬁ@nglmasamnmmekmnmyﬂhe
fractmﬁﬁ&@%eﬁ@‘%géo?t%& adh ﬂe}{clgﬁtg%/é) g? ogetég&ntlgégll 19 tﬁe%m%rz)ff g?tg :_]RYSG(!EE‘I%OHI}I
alterndtis¢lp r@dxﬂ@t 1a§® artPc‘typlcalbeas emglrcm;@eb@ th«@tamrcm:ue tase (c.c.) calculated

|
thereﬁglglnaéé)og@fn%%qﬁe eﬁl?lgg rﬁi(gr eﬁﬁg‘é}ngr IHHE OI‘ e édré%azntl(r)%er +
minor ghanheugh This @orko éqty@dned&rﬂsyere[om@nq afcess ésmje Where the steremsomers
are dla]lééf;eg{s e}ﬁé&% Etl?eisﬁer&%&e&%t?ﬂ?%fglg{dtto gé;&l%%‘f&q lgé?l% t? %?er i?agnon (mpwally
report¢dsas d@siceradge pofione H@ﬁ@reom@ lmnzmgbmzdd}mereomers

PCT/ US2008/ 076333 but are not I[imted to, enzymatic

[0045]a Eighivisterqopdhéctiine”gefiars hea kstpredsedpdlypeptatetit pfcapéleed nenverting or
. VeI S} f Lab b ¥ea rodu
reducng%?rqe/—idtﬁ:'hﬁpo 9l ﬂuiog(gget gfzf}n% ?ﬁ)quaeudab {Ip Z(%’m ﬁg%%r?etsﬁoqldinkk% I(R)M)l product

(8)-1- [ﬁéfdiddqr@ﬁrﬂvemhml icthhndi(foomda (IDewgh at lgasoabaett85% stereomeric excess.
|nh|b|t|on) stereospecificity, and stereoselectivity
Qg ] ige]refetsite kspyrede@erilypeptivthag dibits an
'
1mpro e}{{gﬁé#yﬁeeﬁfﬁé Hﬂo&éﬁtyo'é @%ﬁ%at‘?%i S}g gég r}%/ﬁpmé %?t}é%guowsg plle(frttlye e‘ﬁ%meered
ketore@@t%@mlﬂgemee deshybed herieine the agraparisorsip gencfaily made fovherwild-type
ketore&&:tage enzpﬁlQ qﬂ‘[ﬁ& rgh ﬂ{s%q}é %ﬁlg()(iﬂngﬁ:té \ﬁ?el rgilg enf 1R o%(ﬂztas%rcal‘?ﬂs aﬁlother
ncrease I n cent conversion e substrate to the

lmpro'md@dgmered(ketogeductﬁer E@mne@mwélp%foowh@h imprayenieniys desoaiie include,

of substrate to product in a specified tine period

using a specified anobunt of KRED) as conpared to the

ref erence ket oreduct ase enzrne. Exenpl ary nethods to

deternmine enzyne activity aPe provided in the

Exanpl es. Any property relating to enzyne activity

may be affected, including the classical enzyne

properties of Km V,nax or kcat, changes of which can

Iead to |ncreased enzynatlc act|V|ty Inprovenents in

o . o 1. r 1 .

BRIC BYOPO




the enzymatic activity of the corresponding wld-type
ket oreduct ase enzyne, to as nuch as 2 tines. 5 tines,
waooposses 20 tines, 25 tines, 50 tines, 75 tiPEREUSD09076333

tinmes, or nore enzymatic activity than the naturally

occurring ketoreductase or another engineered

ket oreduct ase from whi ch the ket oreduct ase
but arqa@it Yipeat todegyweicactilétyi(wiidh canrbe speedséd i tarmb othenent epversion of
the subst[}ate)ﬁaﬂgrn&a? g%lflpt\}/i Qe[-tl gcgtl%gum ?lr?éa%o%ag:%%]?%flerén?n?s ge%ra(t‘torqlpess 10 1r911b1t0rs
(e.g., p]:ocﬁlct iohithi@iOn )t stmpgnm,emdEﬂaanseﬂeha‘tltydfncmhmg stogbelectivity).

ket or educt ase enzyne. It is understood by the skilled
[0047]af‘mmmt_i@ﬁ i nefetsyto aif inqmgveé pmpmt;y ofghe aigitarsd on
ketoreducmsé goqwg&%s,f\qg ich cg% g? a?ltegen ed bﬂ a}l i cBe % 1n §p69tf§ a(g‘;[lvntﬁge 8, 9product
produ@d/ylmeemght mdtemc)bam 1mr&se iﬁhﬁrcbilt@on\etsucmaif theaMbstratntaothe ploduct

(e.g., %erceli_t%gnv(oenml(;nl orpstasnng ﬁ%loﬂlﬂt ’b{‘ bStI‘aite |3 Ipro%ucq &l g)eé/lﬁgcftﬁrgé pe%%g using a

specifieth Zipommt el REID X ag codpdrérkto th@st@reechl@t(mmcmelehzyim&véxearrplary methods

limt.related. Ee diffusi,on rate of .th s
to dete gs terlgzg{nét gctg/é 8 é: pr0V1 e(a 11% 1} Eatmg {%. enzyme activity

& RIS S O RSY Y
may bKﬂanteédudﬂ@sgthaclassmalt eylzsamprm@mm abkix, 0. by k-arpargaeoiofhich can
1 St andac[d as used for asuring Igetore UGl as :
cad to 1ncr ase a 1c act1V1 mproyements 11 enzym activity can om about 1.5 times
F] ecr eas I N abSor bance” or (f u rescence Olf1
the enMBﬁHa(_(tEYe}e of t@(@mwbr_@n&)lg dgilé-ttpe ketbsdaxdsel azymi, twad inudhipe 2 times. 5
times, g? 21%1852?6 %I?l:e)sd %% gﬁ%s}, :,5]8 gmgsg a% fnglgst g@? tg%é)s (%gmoarle g gx%at’lc ac¥1V1p)ythan the
naturakkjﬂqgcmgingdgttbmﬂudtass omnethmmnginmcpdiqtoae(hiethserfmm wh1ch the ketoreductase
polypeg{l eg %tde?lvedo f ng 1¥ n?mlr)r(%lrngg ?}1% %ﬁée?%i kte{(])ge ctgse%gzyme exhibits
1mpro‘fedret1:tymatld mm/rty tmeble ifangedetl Qitb Shémed, h.5 tGHDetimads Ig;eatemth@mthat of the
parent kgt%l%tdltl&as? E&ﬁggﬁﬁg’%@gg‘to&gb at:ﬂg&g e{cd a?t saiy ﬁ‘% tﬁe %UV tt pteany enzyme is
diffusigs Bmoéd sudlethau thadatadytiort@ssiconteystoe n:s:eahde duﬂbmhn xaaal of the substrate,
n - QN zZy
1nclud£llg %%y %g%#e% c'(:)?%tnl]s ITH% Eigor%[tﬁsf rgér]x(ﬁl% 1? é)g {éllﬁ t%ﬂ%yloﬁ hl% t, O%r)(w, Ig,,s 18
generallly sbue 0° t¢ 0034181] "Odtenes, smyamprqveiﬁlartsmtthr dnhgmesrnyirgadfitios
ketoreﬁucgagg &v lﬂﬂlv@? {5‘1 épggr lf'nlil L na\%egr (Z i[htg %},fhl?é? ga?eg &ﬁfzeo %Qlﬁég}a%g Fl%teedn(%n by the
ketored)fctashelzsmbslittalteéuddaaactwsy raado oeasurad by hay pread stetdavd dskrymused
for me?%léigg fé%“][(grg(%}%%sé 51% ay A ﬂ% r¢a§’eo %%bsforbeagce 7 I?]gé)r%%cg&% ‘of R&%H (see
Examidef)alve mﬂmmuwlﬁp@pwnmm@m rddectlex pf ebged tas d@bok erity

produ S BRYRTLE0sp Bt MO ST HEAS GBS madihaliPaetned

preparptgfhexrf snAymeze dedihal sy onhds e spobydiamt ardent iamonadefinted suistrates, as
mﬂhe§4eggdb9e§1%%gsad\éér%%ﬁo @Fgrgllgf wgg{]lgésage rau!;etcal%ga%{ e nu%%%%g g%:&ls and the
amounft gfpratepelssam]ﬂ apd detdrmmed gewg]] gs ule & i@cAtifal g})prezsgnp systechs fand identical
t
host ce{lfg %aM Dl 11%?% 3%‘[1?1%@% g%% ygf(e)e%gmdp ep%?(#]u\é?ﬂr?glﬁ n?(gl (ﬁeéls énd rﬁ%%sént in the
lysateactivity (nmore than e.g., 60%to 80% after exposure
to varying concentrations (e.g., 5-99% of solvent
[0048]( I‘SenyemsioyT referk otho bnzymetio radngterodfiheasubstrate to the corresponding product.

“Perceé‘EJ {ELQ%L& ’%Eirel%l?y ﬁ’lr ﬁ&?én? Of thuia&%gtpﬁiet'hat 1946&?83? t(). tye ]?r(())(riucz‘g~l within a

I acet at e, et her
periodp)étiino dndsf sneplrﬁred (celdglons (Chgs, 2 ‘hmzs/)nancowpalrtsé dr t'ativineg of a
“ t
hotore R P EREHATS Rt TR Bl ent BLAE Stk the produc.
activity (nore than e.g., 60%to 80% after exposure
to high or low pH (e.g., 4.5-6 or 8 to 12) for a
period of time (e.g., 0.5-%4 hrs) conpared to the
untreated enzyne.



[0052] "Thernmo- and solvent stable" refers to a
ket or educt ase pol ypeptide that are both thernostable
W@a9esd4oent stable. [0053] "Derived front as RGEUS2008/076333
herein in the context of engi neered ketoreductase
enzynmes, identifies the originating ketoreductase
enzynme, and/or the gene encodi ng such ket oreductase
[0049]e ﬁﬂgmos_tab@ mefersini Clketdrévmcesegiotypeptida gaawasintams githilaF@rivity (more
than 6%@@&? for examdqbe%r}a ?}rgeg{)(%gre e%lg\; Ie%:%g ! AP uervo é?ﬁ% 86 g\? II:‘Qa period of
tmw(m@JQ5p#hmg@mgnaﬂmmmSmnhawgemgmencodlng t he
Lact obaci |l lus kefir ketoreductase enzynme of SEQ ID
[0050INCBolvenT$talde™ reflisso hgoradetaschdigreptidediae tnamainseimzilpnmtiiviw (more

than e. ﬁlogé"'/ Y& ?O(Jf))g%]er e;xﬁgé‘s&re 0 V(ajrlymg egncer%}a% %‘%3%2%‘5@% f&?gl%tl(gopropyl
alcoho, eeft@hsdroﬁ)raarﬂ mnﬂlyll@tlahyddofmnn raeaordrutehhm/ butglaact%gé;, dethyh&itn
butyle%)érh Ie or a%telao# (?Ylfq h O by g I2£l com eaic"e% t(g h% r 0 S ﬁ ogzlyér}e

Cor I ng |ze ensus

[0051]?_3@;&_%_%& 1%?5%%6 Egt egucltﬁ%{z/ poe}ﬂﬁ]egtg(fé &hz}] )I/n&?ﬁgarl) S. s?‘lugar g(lz’%wt% (more than

e.g., 6o |t®$)%)rarfﬂemosmre'ﬁh high Dy lowiptBerg., @S)§ o018 thfil8) o) period &F ime (e.g.,
( L-Asp (D), L-Lys (K) and
0.5-24 h%mklzag%ﬂo E}g)d]gg%mg&@f}&? ¢ amno acid or residue”

[0052] eﬁ%‘hﬁo Ia‘ﬂd Qolg%g %ﬂ%l rLi}elcs t@ (g)re@ﬁ:l[ag%&’l){ﬂé gtg’deQ%aﬁljggé%lEl?en@ostable

and solMeeirstablge ami no aci d |s |ncI uded in a peptide or

olypeptlde Acidic am no acids typically have
[0053]né@m_d_ém¢ eharueis intée ehgixhef cagingingidicoiralgétesalenpires, identifies
the orlg*d% g<e g?ﬁ%iﬁ%é’sacﬁzgmé%g%g 9& (ﬁn%?%sh&ﬁ%flt&feoigtg&%?%sme upon
which F@@Sﬁl}leﬂmw&:baam rf@r ez@rrmlemhe eediiadied ketpesfleatase t:r@yale of SEQ ID NO:
I ain
s YO WAL BRUTELS QA G3) QU R. 8, Sy 0%
Lactoéatmﬂnbkeﬁck@jorr:@mtasmftr@ﬂedofi SE(hIEpﬁQH déusp this pginggredkdteteductase

i iNhvel y charged
enzymg%ﬁé@ré g}ﬁﬁ’gl Zifé% y@@‘l(&%dc% a&ao\f% ggﬁfté(b\i% 5009/ 036404

[0054]P(¥R/c‘1j§%199:80{n91¥(§§:§1?’0r résﬁiu@sl%fé% t@tah Qlﬂana&H opﬂégﬁ&rﬂav La@fde chain
Icall y encoded basic am no acids inc

exbibif g B PhIY T () o mappordmé Kathe aarmatz<dsprttcions hydrophobicity
scale Jf%%leﬁdé?g et anl@EAF Jt MoﬁBBﬁqWﬁ’fB' 42C Cﬁ%tﬁ%lf&ﬂc&he@ by dr&sHidUsnino

havi ng a ‘chai n i s unchar ged
acids ipyydsi IomgTb é*s% (). s (b e FHgs, Lo GRLL G o (4. L-Lys
(K) anMiL&f} (Rhe pair of electrons shared in conmon by two
atons 1s held nore closely by one of the atons.
[0055]G@R€1I11'c GRkdoYcidon RORES er@}s% a ﬁ%r%ﬂﬁ%h% dcﬂictJr lx’égﬁiuul:hﬁ%{é a side
) -(:‘Inasi1 L-Ser (9 -Thr (T). 58]
chain wqhgbefrngﬁrpéfb\r e@meﬁﬂhmbeut&rwl?e@éhecmﬂo 3C léi@lufi%ﬂ ag paptida er

polypé%ﬁ!ied Aidik Sfind H&dﬂ?ﬁﬁhaﬁ@ h@"vesdegﬁlvgg%hﬁgemlcpélhé zﬁ?hﬂlologwal pH
drophobicity of “greater than zero accordin

due to ﬁ@? e hydeagerrops Qﬁlseusallywymde%mm Hpipg a@éﬂe}n@udﬁL Glu (E) and L-Asp
(D). Eisenberg et al., 1984, J. Mt. Biol. 179:125-142.
Genetically encoded hydrophobic am no acids include

[0056]L"]§)£sQ: daftdo ackd' d! r@slc{ul:) vefeks tgrﬁ%y&r@hlhé—arﬁ{% a(ﬁc}/ép reé‘tdule %‘a’wﬁ%ﬁ gide
L-Trp (W,

chain exArb@m@,pé( \a'lllﬁeﬁ)é grg@tprd g)(abp@té W@ th era@‘fuag 23:1(%/ iy 1nﬁluded 1n a peptlde or
polypéﬁﬁ&jé'. anbic lafnﬁloc%ldbx/gfcglmbé ﬁosﬁ%ﬁ%h'ﬁgéﬁld}rchams at physiological pH due
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resi due having a side chain that includes at |east one
aromati c or heteroaromatic ring. Cenetically encoded
W@e@osa4e4 ani no aci ds include L-Phe (F), L-TyrPQlYysmnglo76333

L-Trp (W. Although owing to the pKa of its
het eroaromatic nitrogen atomL-H s (H) it is sonetines
classified as a basic residue, or as an aromatic

to assac@gdhegh Bgirertien ®ind Geadtiaally dnpwked tes amitedcats datolbt Ag (R) and

L-Lys kg herei n hi sti dine is classified as a hydrophilic
|( idue or as a constral ned resi due" (see bel ow) .

[0057][ 0lg)oq amm%o ar(]:ls('it rr?e!,s e re grsq ?%%(ir e armelr% é:(i:%‘l or resmfu §V1rt1goa side
an—anrno—acréLUr—re has a constrained

chain @adnmchgrged-de physw,logmah[ﬂ{ bai wigch Irae 8i Idasesnciboad ndehidh-the rir of

electrogls gha?era fn C(bmmon lé’H)NO aﬁ Hl% is hell({1 nel?re %ls(’)se%( ?fsp(pnsétolrf Fhe a?ogng Ge?etlcally

encoderd m)@:r alﬁmolacldembﬂaée IaAtsm@s)t L&ilmEQ), geen®) and hébalise it
al so has a five nenbered ring. [0061] "Non-polar am no

[0058]atHydrophobie sinfheeitidpefeaidae”trofer thyrdimtphatil er residuedadeg dsidy chain
ch ]
exhlbl{l?eﬁ/a lgyldfogﬂa)vélﬁrg)f gfegt%%tﬂg zer aA,C orﬁ{ﬁ% l(l}g nﬁ%‘iﬁﬁf\}]\%? gﬁl%?r%és pai r

hydroIﬂIbbleitﬁ@’a]ﬁ @ﬁElse®hgreed |lﬁ84c dniinBibly 1T SaltddrfBenietgeally encoded
ratl h

i EBELAANAEL U0 02, 2000-6L T AR OB o

L-Metrilin.- Ipélaa(ﬁ) am Indyadds | ncI ude L-Ay (G, L-Leu (L),

L-Val  (V), L-Ile (1), L-Met (M and L-Ala (A). [0062]
[0059]" mgmmm_amg_lam:t ogfers & lgdewbhitie pelpysirapbotac amino acid or
remdu{lyagﬁn car% (():%alglm {]1901 (g Is gt 104t &%Sd!mg%h%f I)E}Ial)éért]éé](ga atlglﬂlng p('i‘e%ﬁc%uy
encodmrwtla@m@t@ acide imbllée L- PAL‘ E (AT yr @) Vad L-TEDAW). u%theugh(@)mg to the
pKa oﬁ%)qlekrda%%agl{;‘l %al‘troée%oﬁﬁi qf 19? ggeyfh : gg% ?f%(é Qsc%lgasig rs@{(ﬁ’le or as
an aropptidresidicrae ts mde(ghgm@@)lu(hml h@ergafpldgtlcgmgohehmm hlst@dnﬁean yllassﬁed asa
hydro;ﬁili(csfgélédgx)ggyd S&E}B@Eﬂeﬁguea@eé‘ Beifg].ds. The "cystei ne-

resi dues" 1 ncl ude stelne and ot her am no aci ds

[0060]t hé(ﬁn,saa daakﬂ}né&!i({ JM%M& %aﬁ §mfn,|a @Elg%fl% i has a constrained

2009/ 03 o4u4 PCT/ USZ2008/ O avai |l a ? ormati on
geometyfy. Hexsin ¢qnelfea11tﬂdlr©$@fblss lnmh@e IaberI (P %ndéf hig (FQy &Hlﬂ(tl@yne @Wonstramed

TR0 36) L t Bloi ks §cGRaGNA] Qo
geomeﬂ&lﬂggaulﬁn agpgegttﬁ/g \Ql%nn g?l? @&Ee roebﬂc ga c?x‘r:sterel : S%% ettryobecause
it also bad adfiiveanpntberedirig.de- bri dged form affects whether L-Cys
(O contributes net hydrophobic or hydrophilic

[0061]c hﬁﬂa@ﬁ_@ww ercfeytp p ydropbic @@jnogridiop rasislughaving a
side cﬁ&)ﬁjtﬁammghé}éédyat ysgloé ﬁﬁ%ﬁd%m Ha?b%ﬁ? i IR ﬁa%dof electrons

consensus Scal e “of I senb erdg Ei sen erg et at.
sharedgpy pemamon byt twiogitomy ihgenerpliehald estyallyt hyagacls @frthqatwm@@@él @fthe side
chain its Iﬂ@t popﬁ)eéwlcgfy%ﬁéoggdjﬁ(ﬁl Odﬂla%ﬁm()gzldé ﬁcﬁ@é 4 {(?eﬂ L'eﬁ] Lg L-Val

oOWn uni que " group. am no aci
V), Lﬂ@él)dfuMetﬂ\é}@dé Al (Ah am no acid or residue having a
si de chal n that |s composed of a total three or fewer

ot reyidust’ Gyl (oedtydioghabde ankieo eiderrprdye dpdng an

ahphany Wdﬁﬂ%éﬂ 51deT(!'1]1§1nS@aleJ[1ca"ﬂg]eﬁ&défdligﬁatﬁ kRS A G iRy - Qe (A), L-Val
furt her categorized as aliphatic, non-polar, polar or

V), Ld@ll@r)canéﬁﬂdlel( ami no acids or residues, in accordance

h the above definitions. Ceneti cal | y- encoded snal |

[0063] F@m i s amine agidd-- gyWQ}llsclA)lsualuanr it cam form_dl@}}gde(l@dges with
other ]i-C%(C) eno abidSEr otl(e@sulfalftyljl-l?lr su(ﬂT})dryIQBﬁJtaﬁal 9111{0%@ [1@0 G@Lteme

droxyl - cont ai ning am no acid or resi refers to
like regidues ninplydegypiging amt ¢ qﬁ,&lm@m&mlﬁg,@lp@@g)qaln(sulﬂlydryl moieties that are
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OH) noiety. Genetically-encoded hydroxyl - cont ai ni ng
am no acids include L-Ser (S) L-Thr (T) and L-Tyr
W@ X)09/033066] " Conservative" am no acid substi t RET/US2081076333
nmut ati ons refer to the interchangeability of residues
having sim |l ar side chains, and thus typically
i nvol ves substitution of the amno acid in the
availal}il@ foy }ﬁ&mhﬁi(dﬁ)fvﬁshllﬁdahfﬁd”ges dthicalbiliny dfii-Qyst(He(agdobercamino acids with
-SH con;q&l)nlré% 51de ct%alngjg% ﬁésé[?ns; g’a ?E}%e 1rnﬁqgetr%1ge r{g(ﬁlg%d %es?e I,(])re (r)XeldIZGd 6sulﬁde—
bridged ¢drmi afifettyidhbetBanbsEyst(GY camntbufes omhadrhylmbiap)h hydrgphiltceharacter to a
peptid%i/‘\?gllr;ifo%ﬁg gs'(:@p] F%I}ﬁﬁ{s ra%@? b{)}ﬁob%:o[ hy ((I;l Eég%ﬁ I‘Bll’l ‘to the normahzed ansensus
scale df ®isestned (Eiscawighuel., 1|9f§4 tshpea): anste by andevsmOrmitaafow purpcmnof the
ubstitution rom an aliphatic to an

presenit nig(!:l es%%.Lbéysa(o IS categoriz, (H,ll’ltO its 0 unlque 1o
aTi|p?1a ic,”’n -poﬁ%r 0" non- %r to polar,

[0064]acélgaill ‘Eantligo %f& (gri rgs’idg%afc'e!fe%s { a Ql%‘? 0at d%ln Pe's%t é lgav % side chain that is
ar , ral neg PO Conslt ral ne res C?
compdstit dflaestal taise visfedertvaiben ind/od hetthoathms Gaxcludiagrhe becarbon and

conservativel. tated to eit ther ,ali
harog Q0T FhE M P as i Bt s ok e R b0 e Bt B el gl
polar @howts smelk amab atiyls @OEBSEEY at dcv@daidbsith thdtab@zrésleﬁlilﬂ@ﬁ 7Benet1cally—

ool i AR 5 POSE  F5 F] UF FRERL R e

and LAspWp). 1) OGther non- olar (A L, V, I, G M G M
O her non -polar (A L, V, I, G M D E OQher acidic
[0065]D; HimroK]-chuitdihing smina a¢id of #€sidke)’ rdPers b tangiio wanehtamingeachydroxyl (-

o) sfolgry. Jenselthing Siea by E0GEp B8 8E ing i B S ET EbSe) and

L-Tyr[D068] "MNon-conservative substitution"” refers to
substitution or nmutation of an amno acid in the
[0066]p 6L ypepitiveeanind hcida Bubstirlitins ar:lindtaﬁw'»rts Ineferi tgy rhic finteralminpaability of

o differi.n n, pr.ope ser
remdu%sul%\élpg ey arosr;]cg? crt%lns and t%us 1ca1fé/ Va)lve%s b\%tlgaéthon 0 a}elaem#not aﬁnd in the
polypap'tidld’hivim amlhe adldsf Wlﬂmdthg samtps similet édineddass of 4mino ands. In some
a_hon-conseryvativ tation ffect a .
embod? IHen(t)s f;?nlﬁ%rtv?}lrvg m atlf)]i}]s as used\{leﬁlen 010 glclude T {uﬁlons ﬁorg a)hgg‘irophlhc

to hydtdphilis,hlygitopliabic to hyc(rephgbl,c, detdxylF@nfaomnggb ygz)drmel) C((m@mmg] @r small to

small re?]lgueg% tlted;ag% 8‘%2 ntcxn 1ns ac{be) sugs%t 21()? %'om an af I’]}a‘uc 0 an

e r S
ahphapro Inyrppq:lﬁrl tal eorbgola‘remﬂarai p(I:llifr @:l‘thx: tmamdmrl@smm lmmcanord&w to aromatic,
or constralngd tto &)ngtreafln%ﬁ ?ergﬁi%e pl*our‘XlQ Qst usg(? herel t\}, \ I can g‘e conserva?lvely
sequence cCan corrprl Se rermva f nore amn

mutateglad eigher ghodier atiph@icaesidve oawi adstherfilompolameedwnﬂab)le a(kadSI,shdlws
ci.d, 5 or nore amno acids, 6 or nore

exemp?aﬁ%’ Consewa%éfe Su%étatutfonﬁor e anino acids, 10 or nore amino

[0067] alge 1 &(E)Sns(e)rrvatlverS%bstltutwns

Residue Possible Conservative Mutations
ALV, I Other aliphatic (A, L, V, I)

Other non-polar (A, L, V, I, G, M)
G, M Other non-polar (A, L, V, I, G, M)
D,E Other acidic (D, E)
K,R Other basic (K, R)
P,H Other constrained (P, H)
N,Q,S, T Other polar
Y,W,F Other aromatic (Y, W, F)
C None
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am no acids, or 20 or nore am no acids, up to 10% of
the total nunber of am no acids, up to 15%of the
wa aa0ad3@mrber of amino acids, or up to 20% of REEUSDS76333

nunber of am no acids nmaking up the reference enzyne

whil e retaining enzymatic activity and/or retaining

the i nproved properties of an engi neered

ket or educt ase enzyne. Deletions can be directed to the

internal portions and/or term nal portions of the
[0068]p SNyipeptdrgaive bubstitatiinG ugers xobiitieioh o1 mtlﬂae‘ondc&‘ lag timona acidmn the
polypeg? chllrt] S’i%naﬁ%ﬁ‘g le’]C‘iC{ \61313(;%'%%1 aﬁgg (rh%ferl r% sufe c am gropertles Non-conservative
substitirixhis friag @abd aaning @ids fbetwpai yplep thad mtbyl, ad deftnetb groops lored abeve. In

one emr[)%dl?ne%{n 29 é‘onseirvatlv? Hlumlgn %fect%ga% ﬁe s?ructe |0¥ Bk %%[I)tl%g baclkgone in the

area oktbt mbadurmna(sg pmhzwﬁre@y@m)ﬂr)ltlmhangs er l’tydmphohi)ﬁtyowre(c)ohe bulk of
the Sidgg{laq amno acids to the naturally occurring
oreductase pol ypept ide as well as insertions of
[0069]k n[?elgtwgn?efers %%(in)fl‘w%ﬁé)n D tl%: é)o?);p [ﬁ{sdg r | (I)nr%/glg)g ﬁnebor nlnorr]e %Iﬁlélo acids
from thaweferaned pqumeptu(bn @ebﬁortsh]earp@my@gpd sedagncoeantcompiing remov.al of 1 or
X

mor STEPRAK. 2000 Db T B T AR 35 DA v
aminojapige Gtor mrezanno Palsad gomire guiouscide @j@remloroﬁmamanlds dgodmore

. . t n NS 0
amino 9151{1? &P ?q (sr ngog% %1%{1?5) n(gld poli’ oy /(i‘ oq‘féhe to?ggl%]eloof‘éﬁm% ac dts u&)qg 15% of
the totalg@ahbérerf emmoraeifie psujt © ZQ%pr Iﬂy:petpltnud@elt dfamirtvasidamaking up the
oD S A 0 O LS LI B LBl
enginet:md’kbtgredlmtasegrp@mm Egethm@garthe@insctq:d‘ﬁottli@sntsmqk@ﬁ@ms and/or terminal

poﬂio#reogg{é%ggﬁe QL%Q ll?l%m% %?&ilmg‘rﬂs ?1{'9 dgf%n@g%ag%oﬁﬁ S ‘a g?ﬁtgluous segment

m fo acl d ong, | eas
or can|be digcamtindognger , and up to 70% 80% 90% 95% 98% and
99% of the full-length naturally-occurring

[0070]k Elnsaréaiii a¢fers & podifipept fodke wiyrSEQ@e bRaddidh dfonSEM¢rPamino acids
o 0 Oy AR BOURE A s 1 SERLLR) s
enzymes ¢paprisciosriamis nhenesr tieretanniat agkdaltd the agenwhpedeyrring ketereguctase

| The
polyp B8 Rl o Rl o D R N S8 et 8 Boroducose
polypgptiddsf Irsertipwsaam bdinithe intogl irtiaps otbepelypegtidegonpthe carboxy or amino
termmag Ol%egtﬁ)%A’ Qs%s?&jlyréljl’?%\gfglﬁé %Zﬁﬁ ?%teirﬁ%g ESNQDWE Hltthé)'grt The insertion can
pression tem(e.g., host cell or in vi
bea C(Sl}/llltl(hlé siggient of hminorrpidpyesdpkacdyyetha ot ages of énzylmcxdayl the
naturally &%ﬁl%%x% g&gpﬂd@ cell, present in the cellular nedium
or |

n varlous forms, such as lysates or
i s
o, SELBF ZASRDCE S5 84 AR B
termmpbley:pelp thideherq o RBliniBLAYEnEavtd safveopcs identisel ty peppirgponding
posmorn? Inetflec‘sehgenge C}Q%%‘zs 519616 dt Ii‘eay\!‘]h %Hu&o@gldp R)Iné RE [%%ét g@ am1n8 acids

pecies IS he predom nant Specl es pres
long, aéleﬂﬁISQﬂmmo awé$ ghg oldarges apd up t© 7t &O‘Va,kﬂQ%el aﬁ%, %8B(aﬁn<h9%% of the

full- leﬁétlbﬁe[turalll}ngdcyllnqgﬁ%}oﬁ&ﬁ:ﬁa@gg&%ﬁwl&rof §EQqDQ\§O .'2'3 $ﬂ§ ID NO:4.

conposi t on IS gen y a substantia
[0072]P ufsblgﬂeggolv&ggtﬁ%@ %fgljs Q(Pa M‘ﬁﬁ tﬁ(ﬁ%vh(i)(ﬁﬁ] i€&h t%ﬁﬁif ?e?)arated from other

conprises at I east about 50 per cent of 1
contanpppgnitsghas Inateiaila accompayiie s gp petan iipidy andw«éywle%d%u Hietterm
embral® B@lgrfi’épltl){es v@ncﬁlurg% Bk ke@ﬁo‘vé’d &%ﬁﬁ&ﬁl‘r(ﬁﬁ gy Cflgtalsclﬁy occurrin,

conposition w | conpri se about 60 % or nore, abou

70% or nore, about 80% or nore, about 90% or nore,

about 95% or nore, and about 98% or nore of all

macr ool ecul ar species by nfl e or % wei ght present in




the conposition. In sone enbodi nents, the object
species is purified to essential honogeneity (i.e
wa@rasidnant speci es cannot be detected in thePCT/US2008/076333

conposition by conventional detection nethods)

wherein the conposition consists essentially of a

si ngl e macronol ecul ar speci es. Sol vent species, snall
enviromnble oué@sas{wflﬁﬁ@teﬂak t.olns) cellan éh ebesyatikst). Toningpeet &soreductase
enzymesn%l ayt et np@égst%rrltsw1ﬁ1§rl £ (gellbnql)args{egtgg thee%lr'll(ll)@ag &neﬁlgut?ng Prgﬁ:i cha{e% in V%us forms,
such aplyb@lqzs&pﬁslohi&dIp&paasmbSMMChah kyme @uirodingatsythe pﬁprd\ed ketoreductase

Q74],." St ringent hybridization" is used
enzymﬁéylpbe anlSO?atedeOrg'p %onditions under whi ch nucl ei ¢ acid

[0073]hy$ st?ﬁna‘llgr Eur%l tp?%{gee}ghd% rﬁflélgct)o ) con?psos1rue1$ ch Cflle Wl}(ﬂgg‘tﬁlﬁt@%&i% is

the pranleintnamgspdzcmsqpesatt Ureg of ﬁ'lrr)olanbr Wéight lygday it dsnorct abugdamethan gny other
1nd1v1clutal3m§ctr(?€olecu a ec1e in { ebcroI t%on an(&l ns%terlle%glytahsul)s%nnal g npunﬁed

ure, te n
composftion waen tho pbjcx:t mem mmp'ﬁh@s aThfast abaues0 papeent of the macromolecular

t ure
compriSa lahzhun@() Btor alore alidet Tﬂ%lsr I’Esnz yahmlt@g% ot ﬁﬁre? amuvsw% oBodrt,aihout
95% oEmorae and all‘c?uq %{S%F())l‘rr e ogla @ magromol%c*%rtspeme'&% olle§c @mgg\ht present in

ressiader e ca
the co@Bos8BA3 1BBME emEDdamemts elte dbject sp986s plﬁ’rﬁed 10 esiatidl hodogaeity (i.e.,

er z k.et
ontanéléan% %}61e%%£%§%§§l§t%tedlgn e cmin os1t1f§ &5 cori gllc%{y t‘?on dXetllm_&)él?
whereh8hGepfPo G o @sty (asammllyl(ggjb;ng]\ﬂuxmicmleb‘alaww%s Solvent species,
small ?]igle ?e%)éf%ogm{)gsﬁ ka %lar'i}al sﬁem%uarrei Ltlgcg% gred %airgmo%(gu]lar
specieetlnabm¢ ereloj:slm)qntsprhc 1568&d619§rovedA®a)d®lmt@sePpcéngt1®nda substantially
Crit Rev Biochem Mol Biol 26:227-259.
pute P&ﬂ’ ?0%139%# Ons incor porate herein by reference). In

[0074]S Q L% Hon~ stutsle%(:}‘l%ﬁ A lll&leretggorﬁlﬁg) @F@h&lﬂgjclew acid
po@p%‘%e—%—s erein an z es under
hybridd erfeistabld. Ao Rulivin totise efiskil imgherudbe aalellty oS hybridgie meflegted in the
I

oAU OGRS R e BT o
strengthf temh@ratpreegéfmontstns edobeipresen§c0d ?Ea]otl‘OIHy bgani Zht T@wlues for

olymﬁ:lc’eoe\(%g Eghﬁ%llcglgﬁl% {1 rrlélglo% ll’rleltl%dgﬁlg &r%rlxqél&#otg?perg‘[lfr%p(see eg.,
Baldinggtidle Mfthaé! Beym@eqelo8i’bl77h )Bbltmdfrt zlatll%h Hreadudl.oved. drieUSA

) e ht,J O
o813 BB 7R P 2 ST AR E e 1986, Proc
Natl. Aﬂaé iesUbf 8087y i98Y; itrzdkictile Biogsbaninigeddcip40-Tors: Reehhik et al., 1990,
Nuclezc qu i k%gl%lsééf%)%gﬁl lr2 (él‘?a?nl.[ll{l l?gl) g leté%&la? %esbllf{?%g%aﬁlgrook et al., supra);
Suggs @mmﬂ%mtlmvyomrcéﬁwlogaﬁsdgfhaf iedn@aea®Boown 8@ eds.), pp. 683-693,
& I | % 0 0% ..
Acadeln lglgés z}lﬂdthertt [gﬂgll{%l ; Z’m?)@eqz%{\i)&%ém%ozgl}l b(l 2,27 ?h%ll pﬁ@gf’ﬁ?ons
mcorp@l@%hexsteﬁbfl refgrenee) t Ialrsgmt‘ cpbddimertd, @mtppkieucldéﬂéfrmicactey the polypeptide
d1sclo§58 llgtjéﬁtaﬁll llyb‘?lﬂl’zh %Elt eﬁﬁe%_rl:gll&ﬂu%g 8@ ?s Iﬁ&lgglel sq gnt or highly
Ivalent"to ridization in or na
stnngeﬁ)eqrmampnss toghd cw[mp@ment e SSPENCCENAHINSPS e@neﬂ:@@ketoreductase enzyme
washing in 0.2xSSPE, 0.2% SDS, at 42C.
of the I?l%lgelnﬁéﬁ?st pl ngency hybridi zation" refers generally to
[0075]C Ol.[l%rldlzq n(?h <[tljllﬁtenc@r ele@gqolllyb:lgga@(ln clol:i‘(ﬁ orls sgl(n,ll Qshﬁasl:ullg E(llBonns in
meTTT Ng erature I,n as determ ne un
the hykyaizatipoef Imolmmamﬂ@ rGdnerally hyedidizngian pettipnuart pofdreed under conditions
sequence. |n sonme enbodi ments, a high stringency
condition refers to conditi ons that permt
hybri di zati on of only thosel®hucl eic acid sequences
that formstable hybrids in 0.018M NaCl at 65C

spec1e$ %reye éfl}go £ o0 we1 %P 8 nelia suglttangal Spl(ul] elt(orleo(l{\l/{:]tase compos1t1on will




(i.e., if a hybrid is not stable in 0.018M NaCl at
65C, it will not be stable under high stringency
we@andsddons, as contenpl ated herein). H gh strpeyEssys/ 076333

condi tions can be provided, for exanple, by

hybri di zati on in conditions equivalent to 50%

formam de, 5x Denhart's sol ution, 5xSSPE, 0.2% SDS at
of lowdi2@ingbwly| b\]/ladedkiy wwabdaioﬁgarjling BlutbigKSSIﬁE),gemyd Tﬁe ﬂ:ﬁti_i SbhiGleadtely
strlngen’Lt5 hycl:)g@ige?tiorr]lg %esf"erse %Eclo{ls;% iops tghe ? %CY‘lﬁllt(% rgeg :DtZI\I} hy bllrhd %Edl Ztlar%uclelc
acid thaolms abcmut 6@3/0 Oieﬂ% (preferpbly Shafst m% abQitarathowiaS Y 1dlfg1t1'tyrt0 eltarget
DNA, W%E Igre& r|1 %brﬁ)gtc éo:b r{él(%t%%lﬁtoqgrgg pVCvléllnPcleo%de h]lidgmgf rate(iy stringent
condlts)hs an gcﬁmlttlonmmhwaleom hyla‘rdezadﬁsm SDBeformamideh & Delfhert e pdeton,

§§§) o 6 rolo oy Ly e.
5><SSP‘]":’ ?%‘9 at§2 C[ quo nel(Ji(l:)P]éVa 1r(1ﬁem ?SP]?% Zﬁ%%,&gléid@ {-Iéh
strmgdm))shybuéizhtlonbyeférammatlyotowoh@tldfm Ith:u &8s abaun t0°ICne llagglfeem the thermal
meltlng era?eg? ,{ as f 18?‘ Ly ng?r)e/[he I 18{5 FOI}dI{tg)FT (& ahdo ﬁ]geﬁi éoolym’lcleotlde
sequerrcei hntsbmd Elmb(o:ﬂlmﬂttso adighesingaey bond[tﬁﬁ Tekgrs 'toCCE)ddlt]ons that permit
hybrldlzp {1on 0 l%osg nuec e gco s%hl%rr}gee% Porm teaPI% %dlg DR it 6.Of8t11\/?NaC1 at 65°C.
nuc go e encodi g a
(e 1@134)301 embt dblleyin lOS)éSiMINaGham I’(f |1‘C\M1111a)lot mrsgmu L&d@r&@htﬂﬂge’dcy
condltlons as con e ?ate%r %}e?nés{-hg% &F ol lcongzé Eglitfdll!‘}%ns ceaﬁle e{s:o%go% for exgmple by
hybnddzeg@ne lcatdmomn eduivatennto §t)%a‘nmnmm1deam Dsnharte scrlmtpme@@rSPEd) 2% SDS
-BYr BEV L2l .5od0ns, N%RRX o
at 42 8 fa owe P] wag:h lxg%é and ? é(l)t C Ogg% CS 4 arlogr%blgglys nngency
condltma fist hytbudhamg mc@amtlmqmsalﬂm inr lahddining id5 20 BS\@ ecojlta;lmmgﬁ 4% (w:v)
SDS agbasr {% \l)vgsrthOd Sgé I(:(p l el"rtnfci 0. W's%sca‘?‘g% Lbc’tﬁeqefl % ?rlngency
e rence % % Iven gene, §
hybndmamrmmndlmmst ascm:ll a® modm:elstsmgerm cm@ltmns laregihstcylb@Mp tlessfednces
roteins versus | ow copy nunber proteins, and the

cited aBove .
aggregate protein coding reglons of an organlsn1s

[0076]2 eﬁae: ﬁ Iogg)u >’ ﬁ@%ugfe%?@e&{ej@%gé g rﬁlu(ﬁgotlﬁg H‘l% gﬁ)nrtljog%f%d into a host cell

by labmptoi"yntjedmtqwso ando'pctlhdmbolpmmtdzg‘@ctes drat gre (rmotvbcbfrdnmghost cell, subjected to
labora%BgnaQﬂl u@t}ﬁ)ﬁ n8 %eg geuﬁt?oducee)é%gg §T;ié) 1 [ 0078] "Preferred,

usage ons refers

[00771f e Gl Bﬁ%ﬁﬁg&p l %felts % &f ) o?ugéég ﬁlctgg?okiogs{ og tllleg)%gfq?ﬁéotllaé ?Aﬁgémg a protein

to thosg pobderentialptised Maﬁmﬂat bugalgmc.b_ mamh.e cueildl prqthlg is efficiently

r e ] | .
expresg{gig{l) ﬁlre l?g%n&%%? &zerg?ﬁlﬁgug%gheeée%tﬂgg?é 1('3) fia[:%b@r%mhgt%ost amino
ad&u@@@@k@@&ﬂ@&SFmﬁﬂ@ﬁ@@@@ﬂ@dé@ﬁ@wngemeEwumW@@nﬁombnsﬁiswdl
knomtﬂ%%éﬁo%@s@%e b9 lp%}r%&ﬁar otlj%ﬁlagln%e/ 1s%§1%§(20?1ﬁ§{1gg> da@.?dsmw&jd? %ﬁg&?a? codon
triplet. ﬁbls \mtsvlnelsagﬁ gan m@yrbe bl@ldm m fefeeqoeiocygiven gt@eg@g@f@glatnen function

or anc%s%?]rtoﬁfﬁa b1 %ﬁilg %Qq{esrsg(%};gtg%o%rs& ?(&ﬁ&o%g ﬁ&%%"%ﬂ%ﬁﬁ flﬁr)]({: tpe %gregate

proteimgadmgtrégions Ioémrgmsngﬂamorew pnessé enbadineentsy e pallyhugleotides encoding
r r -
v QPR SOURSE e SARSRB10r QAT R BN i
selectlddompgssage, rel ative synonynnus codon usage) and
codon preference in speC|f|c organlsns i ncl udi ng
iden usagy

[0078]niPrefewrad, ioptima] nrgh/eo , evcaderiserefarsintegrehenagaitleto codons that are
used a ?lléct | e&r 1n ﬁl%:bg(ﬁ?t‘lf? 9%&&501?5‘1?1%%6? cod%ﬂsdth%ttlgde for the same amino

used in a gene (see
acid. ﬁ@dmﬁﬁr@fcedqm cry bSdeterniined IOwAton orcodrospec\it 8 siogls igene, a set of
Package; CodonW John Peden, University of
Notti ngham Ml nerney, J. 0, 1998, Bioinformatics
14:372-73; Stenico et al. 4@94 Nucl ei ¢ Aci ds




Res. 222437-46; Wight, F., 1990, CGene 87:23-29).
Codon usage tables are available for a growng |ist
woRo0onsEm sns (see for exanple, Wada et al., 1BORPS2008/076333
Nucl eic Acids Res. 20:2111-2118; Nakanura et al.,
2000, Nucl. Acids Res. 28:292; Duret, et al., supra;
Henaut and Danchin, "Escherichia coli and
genes Sadompnalfhretidn de)@i@in Nehlgdhgireksgd gehesathe cdds frequabidyl iRtlesiggregate
protein %osdlnlgnggn ns OP ew’hole or arcl)ig'gl c%(aorr frqulgneczda g %Sreog:{”protem coding

on usa
regions) uﬁiekateti n@msraq Loemlﬂmcaaplabh@eaf f Coduals wgosfe dﬂequeacmmoeaemnh the

level 01: gene efqi)resslgn Pin tyl%lcanlC 0 tngal cgc?ong k‘or eggessw% Cq\s Varle Y t)f methods are known

e express prote
for detemmlhgthe cpdontiekquenco @i mgo&mqls@ecrem@ﬁ)lonyemps caslmeuhage) and codon
ence r edi codi n
preference m n‘PeCIﬁC organhsénessm ul%varlat anaFysw t‘ébexa?lple glg c'ﬂuster analysis or

corresIB)ndermé anmamsats; o9 the&échtemmamhﬂ@f C@hmmsed mn@eysqss: GQhapt er

Codonélgefegence (%%?ws %Q%{J[tg oérﬂlg}g?\gsrac?]};]s%{ ac Tg%%?(?do%’lggo’h%%%e%g%%iversity
of NotinghympMcIn26i6y, 259, 12988 ,Bioiilfoyaatics et 322!—73 Sﬂ:@ig(Y et aCorpoditNucleic Acids
[ 9 e

s 0B BT T G 0, g L L AR e
list of nig@iEssAge for example aWhdage alud 9920 Wutll?ae Aem’pRessEO i1t 18 Nakamura et
al. 208(? ll%nlu %czgsglgeea E&g 2@5 dIéuret %%i %&2{?}% enau %nd IIﬂm(ﬁl ESC{%%?C%Z% coli and
Salmomj/bl”dQ% aieldﬂarﬁeqmm AEMddesegthlhmgmeIy@eptZOd’éZO@u dlhe data
sourcecfor oé)talmn%%ﬂ uelgsg ges ﬁllé{]r%k/ onsag aveahl%bge n%:li]eoade s(equcence capa%le & coding for
a protcme gulescdata spts mrabide nyclgé gmdibeqpepdsi adﬁa]&,elqmwn (t(eencmcexpressed proteins
(e.g., co{ngfefc' G %t%'c%{l%%rgﬂgn&astéﬁs ¢ Ipresseﬁn ¥ LM s p':% nt b2

Predlc 8d coding
ces Fanse
reglont pgesdraic |sc11ma1hces(cseqofose>@malesMoﬂ'ﬂt,eD camtrgﬁmhzatz@e&aqemesndﬁw me

Analysz Fg%ogeuL??ﬁaderlr%% Y%Iarfgorr abq gtgléltffr%s?f Cgolllc{ orﬁ’a% arbol'r II\{ gt’ I2({)10(\:]1
UberbhqhglaEl @nl%.Mktéodsdmt}m@V 2§@Qﬁ%2ﬁie§lwtehala 1997, Comput. Appl. Biosci.
13- 26jo?;0¥nucl eotide of interest, e.g., the coding region

he nucleic acid sequence encoding a pol ypeptide.

[0079][ O@?n léle%?e%r ea’q é{eﬁI Wﬁ(pﬁeﬁgn to 1%01?(?6]:6;[1%%%8&1%{1&'\{1}11& rgnecessary or

advamawnfobr thategjryssph aﬁaepblﬁmc]aotpbgnd/ pgrelypettalt p.f‘/mtetqst. &ach control
sequeIBQ Hg llaq{% éjt%re Lﬁ%ﬁg?ﬁ%ﬁcl%lﬁ adld Se Léhe eﬁcg&ﬁéihggglg?e tlde Such

I ons e CO rol sequenc
controt sh:qu@xq;; rug:shgiedmt af nbHanipdlty pledeopdlyhdergtatibwseqaence, propeptide

seaneBE YRG5 B RESatly b IR X PHBL R 5, o gl he conro

sequereaqiu@n@ei prmgoter, mruddtaeisomlpamadarsle]QMwealtsmatslgn@s The control

sequel{cgﬁ %r ?gwﬁ)eg wqthq.h%ﬁers %;0? ﬂe cE)rn%rose o%xﬂoﬁucsélggﬂec(%c 1%str1ct10n 51tes

facﬂlt%upp hgrzmon afée pfnmnb&eelgencseqﬂn@nwanuﬂmdp plOnotest e. g_ed}u emin@ region
of the 81902?1(@% d%ehue%@e GlebRld apfgo‘;i:ylrpegt? trol sequences, whi ch
medi a 0

expre he pol ynucl eoti de. The

[0080]tp ?8@%&?‘3{ il o 1gﬁ gf Pé}?ﬁ@'aﬁh SOn%%th%%gg %Qﬁ% }9@& Ee&ﬁéh%%
approfirpelyudicad atmnoain_on retatlum@atpebmudmdh sekqndngde (@20 mot fgnational
relaﬁogér?l%) @?@rﬁ élgag 11% Efng{ro'i‘ ?eg %ggi‘tr?%grlﬁesexﬁ&g el d}gheﬁ?éf%lg(ggdstldy Lo a
polypdpédemobdsd bwﬁlemglymhéeond@t cell. 6.2 Ket or educt ase
Enzynes [0082] The present disclosure provides
engi neered ketoreductase ("KRED') enzynes that are
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capabl e of stereosel ectively reducing a defined keto
substrate to its correspondi ng al cohol product and
whaoopmgp4en | nproved property when conpared w t PCT/Hi£2008/076333
natural l y-occurring, wld-type KRED enzyne obtai ned
fromL. kefir (SEQID NO 2) or L. brevis (SEQ ID NO 4)
or L. mnor (SEQ ID NO 98) or when conpared with
[0081]ot Tremoengginmet’asla klmlaixr @dﬂmtlmee thartz'ymnizé«sbﬁmwmilrfor
expres 10nopa ?ent dtldSCll" ol the WI
BPL YT APruleotdE, Spe On oredl
sequeﬂcB 1 Theq)rand)tbn/sledmﬁncel (fontamy trarfscxnpttohiﬂ cmeﬂbllj mumesoﬁvhlch med1ate the
GXpI'GSEXI’l of tfle L\%’/’af)tﬁgél gglés ]%)Jrg)rrngf’%f {%%ﬁ?hen%gcgeelg amﬁ ence which shows
transcﬂpjbﬁil raaiwets inf the hosin c&ihft:]maca/mctlukhngflpetalﬁmmsd Iaadllfybrid promoters,
and m%r lfe otb? 1nea tm\/ge}l &ncolalné efckacelth}ﬁpr 0r1 g%%lﬁ AL py %oePtﬁleeg eelgh%r
homologus elslmnncoiogngs (oFe)leladst:cmliol s. WI d type Lactobacillus
speci es ketoreductases reduce the prototypical
r 6f2er eRe@rediodtpo Engkmeacet ophenone to (R)-1- phenet hanol
and are consequently referred to as (R)-sel ective
[0082]k éh@plesj:utxﬁahmsrp prayide{ RiketdkedudicaseS KREDWeneymestthne are

capabla ogstere(gelechlve ugglg %t ?ﬁsned E?— 1?)8 ‘%ate Io fs cgrréjslggn%mé Aol product and

00m§1p56 ana I'O na{eé)rom(l)'ter

acrl
havmg@ltlmp@dubpramy &ﬂnzlycmnpareddud:lehcatmatrﬂbh&nmeg,tvxold(tﬁ)e—KlRED enzyme

r erred to ,
oo 0 R e P Lo DRERUER I EDREE GPubsBBsp o o
when ¢dmp@ed wtltlh@thenqmgmeerdd kadrodue tsrodnagaesp Als yiept in depraént tiselosure,
the Wlf:clll 3 Cel 19 %’ Sr ilrberew m?nOOfke%rede(\:/tg [ 265 ed 1 have v hh ttle act1V1g/ if any
eI ect1vit he Teducti of acef’%’ enon

for theasducm'rp@fﬂed dlchld)rhé ﬂﬂubldadegopmnbne (Iswthq: Expmplles). U\Nekv less substituted

acetophenon? su%gtre L§eest <?rr 1(#1tt S v%ﬁ% Th !at?zgrrn%sv }?atrve Freater atcHVr[yr the ld typaet

enzymps)&e gemeralli gﬂeme foln edwiihglthe ycmeophenmymo thplr ecﬁrmslaimkiylgm) @cohols.
Wild- tP/%e Laé{o%acz erccl:“eS ﬁ(dtgreeducQ%%surﬁ d,lCBﬁ‘l %otot}rplcal Feﬁerence F(anl%ou
acetophgtroosion(&)- it@B@Mthmcﬂhn@mcnls@lnerﬁl%efammleaas(RD@eleomlWakmoreductases
or (R) Wetoreductg esesS OS\’Je(/éirt t%% F}r%n{(egrt%% ?eeto oeduc aageg gnoz%mn%:ast :Cf)‘gpetdlsa{%sure cferlved
from atvhki t&p@@cwm@sha&o&s a(etoteumtasesnz@lnne redree espphaiongtot(§)-1-
phene V\%noll c? arllre :(I:'(?I%%ecglfe?éEélerrer%e tl(\)Q le(:A]t']B/F Eetore ucgase{sgczrl( uket(?r%ductases
Hencentba Hmr@\n:atketoredmsasd p@yp@‘udﬂs 0&81;3 dfsdpsuraaaracqphlﬂ¢ ofareversed

i.C,... CQRS non O ar st
enant1oseie9t1 atg for the reduc]ﬁone (ﬁ%g%bphen(ine as, c}%)mga : &e ‘%)Ic%e wﬁ& Erge L. kefir or L. brevis
or L. npmrllqeme:dutpMS"Bl}ls tmem@irm%ﬂtf@@nmms basetasn moteeg thbevidye at

LN ket e W th i
posmonn@O G tgl egg éﬁg etgéfmc,rp %Jél %Bl a pon-atothal tros1 ug anpcgz on a Sprohne
remdué( eWithodf( bd:img eond bja'sheorgfth@E@ tylbe N@sdheaesiRZ2 alMOsition 190 appears to

/ PCT/[ U t ob | ]
clash V\Klg’l t%r ge) % ea 1§1 éhe C#‘ g %Q?%aﬁ%? 31"‘:’hus g’o o%*goc(:)l 1|n}l'é§tss t?ln 1\</et§reductase
polypdpgdas oé tha disels@rolfav SEEhd 1@51d¢d®098sp01’fd1@ tabsidonaldl af Slé@ in 0©:2 or 4
or 98 I'%S?ihl}e 0tﬁch S n&%ttglr H}le“ ef@ef‘fnﬁblg I'kﬁls l§c%td%% %%%%E gi?'o%ls 1? 9691'(1{1‘ R}Ilr},% as, for

examptiee pr dm@aﬁcscqnetmumbdslopqwlat oD nysﬂc)ne raﬂlctUhohgiwmetemhpdﬂnerbe this residue
nderstood by the skilled artisan that this

1
1Spml nitiating methionine residue nay be renoved by

[0083]b ﬁt} %Oggleﬁl%!)dlﬁ)]ﬁl?[g &S r%tg(ga OO%? .?}{y eﬂg ﬁé/e’redslééﬁ)pedaaage Rvifh 11%81%(/ed enzyme
invitro trans ion System to generat

properfrest ang desgibetieieferénac toi fglobadiées ikeﬁrﬂdemteidngasmf $IEQ HD N@ 4 or
residue. The am no acid residue position at which a
particular amno acid or anmno acid change is present
in an anmino acid sequence i® sonetinmes describe herein
interns "Xn" , or "position n", where n refers to
the residue position. Wiere the ami no acid residues at
t he sanme



resi due position differ between the ketoreductases,
the different residues nay be denoted by an "/" wth
wao bwasaengenent being "kefir residue/ brevis PCT/US2008/076333

residue/mnor". A substitution nutation, which is a

repl acenent of an amno acid residue in a reference

sequence, for exanple the wildtype ketoreductases of
LactotsEQud @eﬁlﬂ(@oradudtaﬁli@ SEDR IR @:2an da Qe VI Wﬂl&torﬂdut:ﬂasea)f SEQ ID
NO: 98d "lfrl[;B %ilinenratap d%e a(:,):]s’ltgon 1 c?e?errghnsed g}ratee geg%e uc ses %e b1¥n1n% %ongj the
initiatiag mathiondirk &M tl:ﬂldu¢ (O.caM keypentiesaine pmSlt&XDI 1()1 alt]imgh ﬁ)WiHbd: mderstood
by the sl? ﬁecgarF san% ?Ih%s 1n19at1n§ m'\e,'gqrhne re%cl? g S{réay be remqveé gy g‘lolo%]{gﬁ processmg
machlmrjz;lsutdlels i latst @l r forvaom manelaaon systeractb (gerafat@a meath&gsottio lacking

the ini?a{ell(s%l%; glﬁethl%ré]lenr?su%ébqv%grﬂt@&) gcu? remaue p%qsﬁlon at v%nch qa upanPcuElt amino acid or
amino tabid elmiga® pradvertt in 4n apan deel mueateelsi sctrmenaled defs‘érdreéntenpo ft@qums “Xn”,

or “posi ﬁ%n d“\%herf: 1 treif%rls] %an)ﬁ%lgTe 1é10rr1] a ?rg lt}re )?méréocaﬁlrd?resr%%:les é?f the same
remduq{)p)dsym)u dif&obetdeenehmkwhw@cthne, thradﬂferalhtlrgsumes:ma)r ben@noted by an “/”
ket or educt ase.. r
with thc? aﬁrar&ﬁegleré‘[rPgls %eq‘{r ]xestig% rg 15 cr:eis1 e/m1 Oé £ I@ subst 1tut 061%%% |‘n Whlch isa
replachn@lv p&an a«mncm‘cld rkddtcdbacifdréngs serqueme fommmbie thebhhltyped
fromt I e Q_.enc
e RS LT S PLIIR A1, BB o
residuME’QH@@@otal b§8ﬂii iﬁﬁlﬁﬂi“ﬁf HEl@ml DufB8 afcoometiactdoizaibed dsuas
mutatlgkfélo% fkl)a 1Mo acuf { o)glmé) er Tes&ADl%g(gfégQ% Iﬁ?éoon?e%m?tgted ‘to a”
polar @7 Bluothe lmaif diopbiabd ‘s 2'daeongt ex|l@oditations ﬁammne amino acid of a

class tg“gl}oo %I{ grgl%) Reid opt% %Pe A4S dFo? re;?aoer ! ¥es1(d oi e %b?ﬁsea polar

oF  dnot Shigi Neer e

residu el’(renmdulmit asen p)nh\ytpteqbtq atkhffersntwp]:ahremé&pﬁnbxmlame mutation can be
w1 AP its stereoselectivity for reducing or

e TN% ﬁ%ﬁ? atlOnsubstltuted acet ophenone substrate of

I G RUTSNERIENG RS0 NE T SN
refeﬂdquoascmi’bndpiecvltoydedltfdrogdnesek)eifdmceohmciﬂla@@ﬁpﬂ@ptebdc;lluis brevis, or of
.4 t in I I | Mi i

Lactob\ranglgﬁscrlglﬁlég gg gtaﬂ{%ﬁ frm% ﬁ%?(fl?t og%nglgltg(% Oﬁ é(ﬁ(g&r?{e 10 te%é’ode the
ketoreiSjasd actiRitbced , €lehlomb a@}éiSllqmmoo@hEWB? Géﬁhlela@% or SEQIBMO:3 for
Lactoq%"’?gr o C'tiezlgae&gg ess'1 °gﬁ56§6r4§mf€§{%%¥0é)2§9e%r{“s%(golD NO:1 for
Lactobiapiinsetarsas; iand PEQ 11p afDe97olbr L'@mbvceﬂlsumnorb)f the substrate

to the product. In sone enbodi nents, the inproved
[0085]p fropercteybodimtite thdiepowedipropaty daspomppredto vdibl-iyse eiandther

.I . | | 0
TR 'S BB ORUAY TR AL kT
stereogelvativigrier iednemgwe conperopes supstit@8d WetopGONOBBA 0L of formula (I1I) to its
0 7 008R1 hn
s T TERLTTARR ) PR SOOI rprs o
the ketorrdindtise atopensis tith tdypect Bfgrienees ig egreesrietiyity. ig reducing 2°6’-dichloro-
3- ﬂuo%g{ewﬁ)gslzllto}{%{éc(gf ir’gglﬁﬁlgio}/%ﬁ‘?ﬂt{%&?@ eot%réllgle Elg %(gll? X gﬁ)g{hments the
improysdgperity of thskamedictagrolypeptidatdyith regeetansd incrierre iniigigrate of
r
conve%{](u)} %gtr}]lg gtg)?trazy%?l}%ér%dcp gisl sor?eeén%ogﬂ%%gsat?lg gnndr&?eﬁ RHBQW of the
ketoreflyptasophiyretideris with frepenttv its sthbilityoc thermastailion. lenghareodnents, the
t enzynmes. I n such

ketore R, BB e L Rh e POra b o the ami no

aci d sequence can conprise one or nobre amno acids, 2

or nore amno acids, 3 or n203re am no acids, 4 or nore



amno acids, 5 or nore am no acids, 6 or nore am no
acids, 8 or nore amno acids, 10 or nore amno acids,
WA 2000036@0¢ e am no acids, or 20 or nore am no aRCTES200§076333

to 10% of the total nunmber of amno acids, up to 10%

of the total nunber of amno acids, up to 15% of the

total nunber of am no acids, up to 20% of the total
[0086]n Umdwere codbodintcine tlmiiedﬁcduaaselpplypeptiﬁéb%emin ctahéa‘teotrmlmber of

nm no aci ds the. referenc epti de
modlﬁcalfjuons {‘(]) é[lge reflerence S n%uen%go% gl natulially ogturfing pﬁ@%él?p%d%/ gr Rl engineered
polypemmdh) fta Eaﬂﬂ ioKs 1mprot/dftﬂ<enm¢(hthelpyopem$ cAS wsedhbergpiol Wﬁcﬁﬂﬁs
1ncludf(a1{11%1? gce BC bgté g{lonrs c%?etlglpsegndl 195%1"[1%%53 ::.z? 20%19 :drg %goa 1na%15r;g gved
modifitat®ns danlbp 1ril;roﬁuced nﬁq thi naturally 8ccuiting or dng]’lr@(-;red_pdllﬂpeptide]td :generate
engmeireé gl’lzafmes 5[‘n s%lch emi)BAi Hts,fﬂl’lec nu mQ)Srn (if n’(l)(%d'if%Cﬁthl’lS ?t:i'le amino ac1§ Séquence
can coquﬂame ©r mbie asmmmde,rﬁbmmomfeznmso adidve3 murnbleamofo a01ds 4 or more
amino rfrﬁn_lgs ]5_ é)cr:%tfifoa%ﬁ]%ocgz dé éi‘ Téflor%’(l)mmﬁ imdszg or Elgre a§16110 gib l:b Or more amino
acids, éhb()lutlord @maiacids, aci(blorrnase glui@s aciddyep wwoldd ofctl&ttmahmmﬂ)anof amino
acids, lé% anOl’/S q‘lt%en gta( L eo(%f am?ttej)ldagltffjs ourlﬂ)ifd é%}r’:‘g P t‘iélrr%)lflaé m?nqg'e{r oPk ar{nﬁo acids, up
to 20%m[‘dhef fotbungdRs ofariy dcgiB, @np o3 ()%: pitthswled hurbher Dmmsndi @idshd the
refereticg WBO &eé)ggei(s fl%e:ﬂ(ée 4 uge%rrsl’ee errb rofg)ﬂrrtleelrjl{ iy %ur%lge?tof 1{10&1 18 tlons o ﬁle naturally
occurralglpnlypamldd& anzngmeemnlrpely@mttde ttat:prdmces%nomprmedelmmndmotase property
may o f8 pofh BT €205 40k 57 8 P MR G N9 1 AC] 4811161
18, 1 Zﬁ;)itQZ,alFrM’Id) 28,1-81% | 1-30%r ayounb i@ madifinoionadfi thisrefemnce?@qlmnce In some
m no, aci.ds to 10% tI
embO(f{rIPrﬁnﬁso aéllulaﬂs)er ofmoghﬁc%(%}s oafl% orl]gg t3b{l% égh%r‘rbmrfqgfel aP4 15, 16, 18,
20, 22a2141 2s 30089 or ab(ﬁlﬂ% ofing hed tesitlads. Mbenpedifiaftiossvan comm@isd msertlons
del ulpf\u 30% of thet%tal nunmber of am no aci ds of
€ etlonlgi substy

101S, O comblnatlons ercof, .
erence enzyne sequence. In sone enbodi nents,

[0087]t ﬂlesoﬂl%%%(r)dl%]ents %%blg(édlftlclé 1!)n%%§mh1%e aﬂq?no g}d%r ?StlthIO?S tg the reference
occurr I'neere
sequertchasulqsntoumxs d@t can prodcrper anvmgroket lmtceeﬂwcthmomrt}a pey byateanor more

amino %9 gpﬁ T;'%Ie a 1%:‘1:&1:3 %ﬁdri%io aé’illd % 011 Tglzf élilhn%f) af%is 5 or%b&e amino
acids, 4@ oP@pre hmdp acitls, BGor norS@nind a@d, G oratmgeiamihe 4¢dsahd ponae pdino
acids, § érﬁolf‘le 119 N %(;?155 1?1(!1% lb%fo? h%r%&tgl nt%ﬁgyr o@%%ino agidS Q! 0 10% %f: the total

nber o utrons can’b
numbe$ of @nind acu@ uﬁto 28% @ the1Otal mbinberld, amm acms or {yBto 30%, oleﬁ}:, total

numbe?é{‘)%‘éf( im%c@s’ of gh% retﬁ%o C? ernr%p?e%%qlﬁege ke OQIIG {ﬁén%gis,dtﬂgﬁumber of

substitpdng petht namsH}hmcmlrlng pdpmeptideoran e@menmd aclwpleptiéeﬂ}atqm@bces an

impro%?%togg%%sg é@?grér 4%09 9(5@]3}?5@ (g%g}?a,%%t é % %3 9 g % ? 6,39 0/Ql 799 é’ 1 9, 1-10,

1-11, i-tkntlidc kil S tlel6al 11&fletle hee, sehuenck3bhdsedr @lquE@ h@nhl@:ld
2. i t resi r i .
substl%%‘lg og{he ?e%e_rglr%g n&%]tget%g.r IenssP)lgla gl%?(gecﬁilggr}tsc, gt% ngﬁgé}h%g fllﬁygt’lt{lﬁ)ons canbe 1,
2,3, 4const.Bad.iedl 1, hbnd,pdl B 18, 202203, 26,09/ BBG4Det 40 amino acid residues.
PCT/ US2008/ 076333 or cysteine residue), preferably
[0088]aﬂrawm@mbb@mlemu¢hﬁ@tor®ysta@ipnbpemiﬂemcdiﬂ gpaprise an amino acid
sequelfgé“{htaiﬁg 25} ¥boflt &%?'86%987(1)""8%@ e 5. 90! 9164 30t B@i« 498 95%, 96%,
et oreduct ase pol ypept e res
97%, 6%, V8B po ndiaidentical Xl@@feaenpemqme biseccdn S@ HbN@eE 4 ¢rQR hayving at
Y - - >
the resﬁ%gé‘kegg ﬁqtdfs?@% %géﬂkagolgrar u%?gessgl{lg ya% a% lgcgléﬁ%sglalg%(f ggﬁepolar,
am no acid sequence in which the residue correspondi ng
to X190 is an aliphatic, constrained, non-polar, or
cysteine residue. In sone etbodi ments, the
ket or educt ase has an am no



acid sequence in which the residue corresponding to
X190 is al anine, isoleucine, cysteine, or proline,
w@aopoddbarly proline. In some enbodi nents, thBGEUS2008/076333

ket or educt ase pol ypepti des can have one or nore

residue differences at other residue positions as

conpared to the reference am no acid sequence. The
or cystdinf: feideicesiciahlylaliigeVisléwsins, aysiding,ioc ptolind 3:;1rti&1]:ﬂl°y agsoline, with the
provisg H1Dts tﬁ1 {(é%?re%uﬁgabec]%{)??fpgt%tﬁc%gﬁs aggl}]e ggsg@u%?:%‘)rt\geesg(l)gnu ngtto %0 a remdue which is
other thonstgroviat, ipugicslunsd nctnbaromnm resgrtuc alncsomb Iemhd)dlmmmfthe ketoreductase

olype 9(r1]e I?a(smserL\r/lg%(In § %n Ce 1w 1cr 9&' 1\(/13 csollirke)sSton Dilarr]1 aliphatic
PONPLGe @A O nent &9 %nnese 'OF EQET 2LE°B %/ I des APHate,

constrmmlﬂ hramﬁ)la]),ptr icpathd rgsidtueo m siinmﬂnbﬂzdlﬁl,entﬂ,-t& keiordj,uctiseﬂa,as an amino

acid seﬂquée 1n1w}E%h thifeiléue ?rrfs‘ponq_mgzt‘?]?}lfo é@g}aninegﬁolelfing ysteine or proline,
particiddolyytroline 4t soes Ienhbeadnﬂerftﬁ drml&ase(mttammmpeptalﬁs @0 hawﬂ agle or more
ref nce nce,
remdue 8 %flerenc 0Ces 2 d)%her retn}aue ]i)(i,%ltloﬁsu%:grrnpag & {Oghefrfféefeélﬁ -amio. aI}]cuLseqlie’nce. The
d1ffereﬂces &;cluﬂp Vﬁ;lou6 mo&h,ﬁc:&,ontg suchQs subititutldhs, dbltiorkSand ifsertibBs. The
substltatlc%nfs cari be noh COI%S’GI'VF%VG 53b thuthI{I:lS ((:.)ont r\A/'a Ve S %stltutloens ora comblaa‘uon of
erences er am no aci resraues as ’‘conpar
non-cdnsertdtige nief @nenaevsatuenoes. Th @ﬁﬁ@@mﬂommtsethemﬁ:etdredmass
polypetéoﬁ(gefs calﬁﬁa‘% ‘3%?0%%11? Chiy el?pélgh 2,: 1%%' 4, et5§ | ggf eét 't%‘? (0111, 1412, 1-
14, 1- 155 bdﬁl,clt 180128, a2, é:2d, 1-2h1dt30i &3abr dbeersit-4taboodite cﬁﬁéi@nces at other
amino ac1d reme ugsca:s A5 argcf) o YRS rgiter nceessec(l: %H A IIr? Sonf by r(p g the number of
corres on 1{ sequence T or nmulas as

differelneﬁ a}intbelﬂ 2, Bn4 SEQ7) 839l\m 1952 19615&ﬂd, 1]3121) @2“2452&; Q@BG)DT ghout 40
remdu?\% lggrrllce% Qeort}?e? %mm% lélclﬁ remd,ufr:sglss Icgrlrjl}zasredgtg thze]fg'f)ere ulerl:l%:e

ase am no acCl se uence of

[0089]SE6 }’h% h%l&glgl 1!1‘[ esg gtgr\éé %lebﬁe%:r’m Elgfglygé%gse ae%i:'\ﬁ%o(hsgrgllnggpgt)le of

reducigget)o eubseatofo th&mcdmtwdbam ¢. thasis laeleast aboke&m)é@mmﬂa@@e
polype&?%g_c%n?%lgg grffn 211}’]1161%2(%'(1 gg‘g‘e%‘l"géﬂr#cp%"%?pon ﬁqtg c%u% ce 01I%fulas as laid out
in SEQiThO: Re96 amﬂU@t(asaereglsE@ domaNCﬂlcg@)f sudthas rksectu@s tddy.aSkEQ ID

C
NO: 95b ?ﬁ%%bgrpthg (1:"1%1 fp%t% %{r}l 1d s E)é‘ ﬁ‘lc o?&&aﬁgﬁggewg ?etorﬁ%:&se (SEQ
ID NG:3); &EQHhNOa%OBrmSBd:orr @s dereype mirwend seqroowiofitha Lggtothaidlus kefir

o 1 R3PS SSLLBERLE P 13, 0. 10 e SSHSTA S s
the Lagtglpdcdlue mwy k@ysqlugtasm(,SE@rIDFN(@ PN é’ he ketosdurtnse based on the sequence

t [ .
formu%%? %]gb 2@' ’95 Q{J%Z%rklgb 9%6%%?‘1%{?%? ]hegﬁ!l}ée/ c%?g%?lé)g(ﬁngé%(@a 18 a non-
aromagoresidgpdn @bmfgemb@dl)megts thekqtoroductaes po \pORB hhsrnsiorm acid sequence
- ' t t . pal 1 '
oGRS 5 0L, 5 REABL LSS GO 100
emboditherBEQe kBrofduct@B pol9@ptide hag A®amimp aad segéron int wigctethé residue

S 90- 211, having the specified
coTres O%ﬁ?\é?oeé[%é%g%g% due X190 as descri bed herein, can

[00901f ol Jolalt% %Ienlbp(ﬁ{n?}q%ﬂ%%to%ductgg éﬁ%lgg%‘p}lggsecgn glﬁ%gé ani%(l gccl:(} s%ﬁuence
based air hratqence fromulapd BE@ 1D p§): &6, 96camld 9,r0a|a mezghn thareadi suctozrs residues

o021 DRl BES G hBB0E SR T0S “ERRR LB Brdidy! BB one o
more @ direr fesyorigicnigd frgm)ﬂzrksfdlcs’viag nosipol carcppndied aX Triesi ajematlc non-
I

polar, F}(ﬁﬁ‘lj go%stracﬁ?e oa%ﬁgﬁo g(?{egl(alrl%(geg |u§ C(QIQ gﬂgﬁ)c%ﬁlg g ola Iesr%%ue

to X94 is a cystel ne, non- pol ar or aI i phatic resi due

resi due corresponding to X95 is a non-pol ar or

al i phatic residue; residue 2corresponding to X96 is a

pol ar or acidic residue; residue corresponding to X97

is a polar, non-polar,



al i phatic, or basic residue; residue corresponding to
X120 is an aromatic, non-polar or aliphatic residue;
WO e®p/dsmoLorresponding to X125 is a polar or nRCFP81088/076333

resi due; residue corresponding to X142 is a polar

resi due; residue corresponding to X147 is an aronatic,

pol ar, non-polar, or aliphatic residue; residue
residucmrreq&mingl oy 3tioa anqa@laf o palan onidpg k@iduo r:oreespnmm'g to X60 is an
aromatrlc no oqar ?1 fljalfllc T¢S1 Il:lg erg’s[?(%edé)r?e%pon%l §5Q9A 1S a C steme on-polar or

constPained 8raci are Fest quePYestdle” ¢S ndi 6
aliphaﬁ@reé(dlfezresﬂu@coim@srpopmh@to x5 mmh«arpdlaesr dlphatlcrres(ﬂudul&mdue

an_al p non ar ar )
corres%ond%?(?%%rj i gI% ltar or am%lc reasbdeue Crg?.uljueescb)ror%s Iorhdéngtto X%; &7 polar nen polar,
aliphatd, oplak |rczs;1dua,rremdue|cm;resp0ndmgnm [, €] m)is an aroasiiq uej-pelasir dluphatlc
ondi ng
residuc; resuﬁle QILES oenSI %‘l?%ﬁ 18 Polar 0& A3 Bcg)l?rrrgsé(gugh §s1due corresyﬁlbdéng to X142
is a poias realdn@ mesp:(tub amrre(spondmg mﬂ(i@ 18 etsardmalc j)criarslmliﬁoolar or aliphatic residue;

residuet*e g(;?rrgegi’ol;lrg fc'o X]% IB\?SG & rrlgsnlnp)%lagg)% %Ipaét (l“)lresq U% r%?uguaetcg\?/rgs or\llq-i)r}% to X150 is a
constra'nmie)r ecithio desrdae’;trwdlt kerrgspdnydpepd KdlEsis e tnnrppolm ongolanregdien@sidue
corresgond%l ﬁ%\% ?n datlelh atltlccloglééeo? oq%%%ntggc Te gue Tes1 ﬁ%bo%iee opondmg to X202
is an aliglgitiq rardnhﬁb enh hoic p(lilaﬂ'rml(hleat(ddﬂltei 0(01‘Te’dpb1)d1ngm &205 israbagc, mbnpolar or
ahphatfichremdueS %;[gdtjrgssl(ﬁg%grress ondl tg 9(28&’ is 3Mods 8(t)lo ok%%ﬁ%ua 1breﬂ%1 an sopne

& Y erererm seqguenc
embodlthel% 1helamusmml seq‘demcéicamlﬂvs twa, leeanfituatfivonsx @anmrdef the amres. In

some e?r}tl)%?ltme%t:sitge E)'(%Egpfﬁtlciléi éﬂrgp]ﬁs%’_g fé _agkl_o%_gia’sicf'u_ﬁ%e t%a:t g(ﬁ‘re%ﬁo}lgﬁto the
sequerite RGmulhp8Fjded #1BFEQ Gy N@b@iﬂ% Jor 40 @ute@toinolmeo@tcamhm ladditionally
one orqn%e (gf R rlegldlge%‘ %%tﬁsﬁ&:‘?ﬁeﬁ%t tb ﬁsda{%%/egéss 90(%9\/%61 to {Iw T erelg.)g:e

sequende o6SE® D RO: 8,4 & 981 sofnk em]de1m&14$, thkbmutdtens 34, be ZOM DByt 1-2, 1-3,
6 3 r,a t h n i i d

1-4, 1 %hr 621m§ 1§0ﬁ%gd?r1r%g1t o *Pciz 1- t1°l§ Fﬁ%‘?}c”l‘ghgzﬁ‘ﬁ b 1851 A4ES 30, 135

or aboumlncﬂHnMcmvet otlnw tuatnio @pid res[dilé)ﬁib} ddfmed oy abevoodh sverRtembodiments,

tides, copmr a C n
the nu%ll?ero? }éﬁglﬁs cal Ee %é%ék,?éo?%@ﬂ?f‘lo P‘ é%éﬂ iédk%qggﬁ) %%4 26, 30, 35
orﬂmwwmlmﬁrmnmoa@grammuhémﬁm&ﬁn$u¢hwamthemu@mnsc@mﬂﬁiimwmvmwe
.can have one or nore conservative nutations as

Ir‘utatl%srrpared to the anino acid sequences of SEQID NO 2,

0 . vat .y ; ngcl
[0091]a%ﬁ1 s[‘%ne g%b h glgF e&;%&?@%g% Co%fpggl’gg %%1@1&1&) ?(H? serg[].lu%:ncé‘I g%ed on the
sequence filrmgle wEREQ 0P NCe 95, Adeorcld P roe sqgomdhangpfisochXbGesidwee¥h? IHecan have
T) . W - - [ € Q. i .

one o b b AL IBoR R BB i oo soBERRLBRAFID NO: 2.4 or
98. Emrpiaessgmsmhzauige motaddB inchide amingiatid repiethents swbas, palnat limited to:
replacgnénrt) dﬂéél%ugrcrglzé g(%lnd’l 0 %[1 6 t%%% ):']\{l]lﬁ‘f anot%FJ p%‘fi?la? t %fg ,
asparagmgrmttarmnq:, @sfadine re[éacgmg-;nt af asudwa;orms@phdm@tnéﬁﬁ V@]ﬁne w1th another
non- p(glg olr glgi%atcf‘ olreglglgep |9 % h a{;’lguc'in% % Blgce%e%p éfqgsm{uA)c?rre\g%gnta grt](g) 5([51(? with an
ahphamr orl asmhata 0 cistales, erge plaainemeritcenentiog msxdumcor@mon@sg)m)ﬁé%m@mne (A)
with aBOth)r(ggn—g(ﬁLrl o gliéh\e(‘)ic %éﬂsihlﬂz, 9 O%Jﬂﬁg lyu%Hle PR IS%{G 1o Le % Il%@rﬁéﬂt Gf residue

residue, e.g., alanine, falcl re i'sol euci ne
correspagding ceNgntaliod (\f)e’e'thchmeth@*omnespmrchihnlgatlt oesbdgﬁ egenlanisc, (ISicine, or
- | 1 r
1soleué§'1“nelzl Peg%?%%é&?{)f 1@?#}% é:g{]rgsﬁblgﬁ{l% ?(9@ serme Rrg{h?aggtﬂg lE)OIar residue, e.g.,
asparagioe,rgbggpond |ong1retoomxrdlﬂacsmpmtrmére@gyle wntei;poﬁ@ng/‘@ X142 serine (S) with

2009/ 036404 PCT/ US2008/ 076333 anot her pol ar residue,

e.g., serine or asparagine; replacenent of residue

corresponding to X196 valine (V) wth another

non-pol ar or aliphatic resiffue, e.g., alanine,

| euci ne, or isoleucine; and replacenent of residue

corresponding to X205 al anine (A) w th another

non- pol ar or aliphatic residue, e.g., valine,



| euci ne, or isoleucine. [0092] In sone enbodinents,
t he ket oreductase pol ypeptides conprising an am no
waiodoyaaence based on the sequence fornul a PET/BEQOS/O6333

NO 95, 96, or 119, or a region thereof, such as

resi dues 90-211, having the specified features for

resi due X190 as descri bed herein, can further include
anothep pelaoesiduene. &, feeind mmwr@eiea@ple@nfenmﬁésme ta@tdspntling 1o X196 valine
V) Wir‘;plﬁanoag er Coﬁnro[a? P a(?lpgz}mges‘i-d%ﬂ,l & Ia% mneylg c|1 e or 1S01€u¥1§19 Sand replacement
of resithtdorrerDmtbng taleﬁﬁ alenine/@) Imm,and)thﬂmbm@g)lan @@llﬁmoc residue, e.g., valine,

e t hreoni ne, gl utam ne, asparagi ne, arginine,

ser |
leucm%rorisi)/e'fwﬁ% particularly glycine, histidine, thr eoni ne,

[0092]p En%o&n%%inboéim&% lemaepo’re(fﬁctgse O%éptllalessc;on% 1?% an amlno ac1d sequence
aspar agl ne; 5P0 (5

based binthe exqueres formskaa)f 5@@ ﬂﬂé N CD 95 ,g%|6ud:rairﬁ9,rw A rqmlttheumfmublyas residues

90-211 &b ‘H]Q Sthe ﬂo%aﬁg(y Featuloe fo%?é%?cf g B(n S % ode ﬁed Hc'eae% )égn f&%her 1nc1ude onge or

more tbamt:a; ﬁ:ldcad Iﬁy)ml twoﬁwmgteresﬂwodﬂ@ondmg ©span dypt@}tam tytﬁﬁne
' Lyr L al ani ne, t ophan I
phenyfaﬁa{lﬁle Jroting 1ne 1st1]d ne, yCing m?thonfne,l a'é%g;eh%nneo }eugig% llseopequeé ’serme
threonp@y glmt@mina,ralsgar@ranargmne,rcegrsdlg,q)aaan}aelg plynide, mgstltlme X@dornirg, proline,
trypto %St eli l’rlllgé hgh 1% e as %tlge Qensi ue t:o al arr]lld{r]lg’to X?A is O&ine threomne
Petdi e, i sdleu , 1 "ani ne, val
asparaglme,wy gmamme parmlilazﬂueermar msétmmdespgndmg K98 3iisglyqhey mlemfo,nme,
ni uc S .
alamneFj Vglgneol cmeI or 1soefe1101ng cpaﬁtgu%rﬁy ?sofeucme regldue cogr é)OICldlng to X60 is
tyrosirgopheegpariok, trgptbpﬂlax%ycur& lastplanmc,calaamle,dvahgd leveing, or mcledtine,
part1cu§ar|{y ali]a%iqet hr uoenclopr sl’q 1%?‘ %(@4 1s c stglnf: %1 rr11*1aﬁl’omne alaPlne -valine,

serl eoni ne or glu
leucmacor dolencas, pbmcu@mlwra@ape,mahmag)rtcwé(&Y rassiugmempdlng to 395 is
glycmg I'I]ll;e(tehqgldugle alalﬁﬁé:) a&ﬂ?' leuc’me S&E&rﬂ éﬁa’rti(%Ha){lglliJ&?ehcng (grl]tlsu%ﬂlle,n Rsidue
cine, " l'ysine or

correslamgmg |t<n§96 pasphite ubldrglg'tamycgmdsgermdw theaminamsparginener, glutamine,
part1cuéf;{r elg&g% BQE%IH %%{%%8 of élutaﬁl% acﬁjc{: 1%11?] eo%sefp%ﬁgmg to X97 is serine,
threontne,ngp@:ggmm;] glu‘g‘my@; gigqmq;meﬂnucmmenéqnna:l, aadumnéqucma,l 1sqh®cme lysme or

. .| euci. n h n
argmni/eaﬁa?%ﬁcgl?a’rlpl (1)ys1 Utgleglif){%’, eglbnghag%ﬁl & Line%lga%gé) 0e igylft % Ileﬁgu
conespmmimg@nxh@ is gr@mic nEhenytahriime {ryjtenhen, rgdycm@rmq:tblohleu calan'm@, valine,
leucing %¥ i%lﬂ.lﬁ‘%lhl%r i)%tlcgleaﬁ;r Ig)ggny arni;hg E})% nagl’ne args‘?(glg ggmeségl{d{n%§(p RT% glycine,
methiqplingt dmimeevalies ilduae, @asotenond, aaﬂtlyularmegqr saincrregdwue

cones?o?{(/i%g g(g% g&l’ i{'9 Fetn%e )%é(?nulle ?ﬁ%le’ag ﬁuj-: f glu{‘mﬁet{%w: s?tlu@ ZHaH%ularly

asparagiag;absi‘(-bl,e cbtg@b@ldm!gnfexl@hs tymesinet Ibheeﬁml_amaq, tralstpldyaa@bwme or
methio%&nlét aafmi&e{/aling q{&cin%,%goquc%]e,%ggﬁ]ey Jth?e!_o%ﬁle,%%fml ?n%?&r%?utamine,
I sol euci he, Vvaline, or glutan ne; resi ue
partic@nlyr@slpdaiajiirwgletlco'nexibtj@udi@, V@iny,cq'r gbljranm Fesidné everesponding to X149 is
. al i. | e . ne
glycm% ﬁl%ﬁ%}}ﬁi eé_%l%&]lléy %%l}pet l%l&m bfs%lel‘?c%le gg {ﬂg Cpu 1§rr a?a?hn%r (;)/r Ct teopt(l)arn
particytdrbyrglycalean paylakeige; dcsezdu@ @orlr@mpldndltmﬁlmﬂs PibEOe, hstidine, aspartic
ine [
acid, op kalmcl:cuz?cm{; P%’/r{l(gug%p ra{s]?a%t%cgag{dt Jgr%lsn@%%?dl:s C(g“relé O%H]él% toaﬁiﬁ 18
glycmg@mqt}egpnm diamge, Wdln).{;]_l@z:iﬂeslsolglllcyr@; yeene, ﬂgtd’mr@msp@ggme or glutamine,
i ne 0 L
partch?’(Lgrrl 1[1]1% th}[e%%l élg, nleﬁllflo% 1{% 1'651th Jo?r%ls% ﬁ‘(ﬁng t% g{lfblg % lﬂ/rg?‘l{l?
phenyb@nmnel;yptoph@ogiymee,, mgﬁnqmtemlmmmeahnc,égjcdlg,e)r isoleucine, particularly
corresponding to X196 is tyrosine, phenylal anine,
trypt ophan, glycine, nethionine, alanine, valine,
| euci ne, or isoleucine, particularly 27 WD 2009/ 036404
PCT/ US2008/ 076333 val i ne, 47sol euci ne, net hi oni ne,
phenyl al ani ne, or isol eucine; residue corresponding to
X202 is tyrosine, phenylal anine, tryptophan, glycine,
nmet hi oni ne, al ani ne, valine, |eucine, or isoleucine,



particul arly al anine, tryptophan, tyrosine, or
nmet hi oni ne; residue corresponding to X205 is |ysine,
w@eg@pasa@ed gl yci ne, nethionine, alanine, vali neCT/US2008/076333
| euci ne, or isoleucine, particularly arginine; and
resi due corresponding to X206 is glycine, nethionine,
al ani ne, valine, |eucine, isoleucine, tyrosine,
vahneplsrﬂwina,l m¢thingne, phangtabpharmr 1s|0E[1¢iil€{; udsalod yon‘m;tdnﬂmg kae2(3ris
tyrosme hen lgllgnme |{] t0 rH%m enb(:lol’lde n?t IIOISII'I’I a a%m{él n\}a me, ?eucme or ISOICU.CII’IC
e% ehee tan haké %&) thr'e PAUF S IVET STR™ S Phote
part1c11]>€frlytd1‘®11feeta5tplmph&1 tylrdi};lrsodimmelm)mnh msmlhsg;ortekm)ndmg to X205 1s lysine,
arginil%glgl¥(gl§%on ot n%oqgrérllegléag%%n%uéna mo()l‘r}?ﬁfl) eucmep %r\(t}cu ar ar%mm%r:aal residue
correspdddN@ro EBQ6 i9glyciox, nibﬂl@on{jm[ alm&gﬂ, ealint Hewcgof ipolaaimehgrosine,
dition he residues no . .
pheny%%gme rygtg)p%% paartlc%%t‘rlg Irbethlonn%e or OSIIE: (I:% %)Fr)lgreén O@lme{ltﬁ, ethe amino acid
sequerrceﬁzﬁﬂmm‘zevos‘émp@eﬁoue figd, siSEQMbB dithe f2iturds. dn s@8: emblodingotygthe
polypef[r%s cim%rlsn% agta%ino%}d%%@%gcsf tga% carref]e)ondim tﬁiseqlien(iejz hliujlals ZProwded
in SEQIANQ: 95, ]26,, 0r11§18);r reboﬂ(ﬁherébﬂkﬁl;l hdye 2dditidnaRH pne]or BOre dftB5residues
not spec1f%e%%oult X9 n{i edas (\Jolognspa?e:g]i t(g %ﬁéefeere %g]agq'%%r%% 9 SI%(E %[l) 91‘(565 4 or 98.
In sonrembedimots, nhetmmtatmnsmam floen abbyt 122, 133, 14, 1 5 1 @ 1-7 1-88 1-991-10, 1-
0 1
11, 1—112b1 6%114})71%_ ,é’lfl%g[n%’r(])bllg%l %fﬁ } ég ldgﬂg’l 3§|01‘ abouf 1 Z’I-)’d)l’hutagons at other
amino @it o doentos definbébinitabdvico hissooermbbdments nlsaetnmen afenutations can be
1,0 144 5p9 |
1,2, 32%”5?%03%%86[ q\g’gékleétf 25r zg’%t 20 e?%g?%é;é%t% qrabe about 40 other Fl]ngnno acid
mmﬁuanhanmn@naomdwmseﬁwmmmanba&mawenmmhemaeqummme;fornula
of SEQ ID NO 95, 96 or 119, or a region thereof, such
[0093]a$n somesintudizc@E) azﬂqosdﬁ@:ﬁi/mlg:tdrbrblcifasatourpewidatzomm;si@we amino acid
0 9 he |
sequencg égsga; grh 211? ngencg f(?r%l %&?EE ?ﬁ ?52 fl@ a rg%1ﬁ1 tﬂ@r\éc?f such as
residu¢ssiOt20W haging datfwuees at re@@udwewndleg p@hk%) rag detscnbém 4Freingcan have

addltlo%all% ﬁ{e%ﬁ%t {e or afl&%s?gll of IR foﬁg 1%% feat%ges a¥esfa}qea (Eolrr% rﬁog& {1%%%(147 is an

aromatie gpldu 90rcm1atre<gpd)p]daqtm g:stdge X@@Qulmiy gmalainﬁ,pmietucmp, or leucine, and
residu%l (EO?/‘I%?)ES)IB 13% ?)r)ﬁg)tz E@ A ﬁilaqlc rﬁétg Utra n%ffil ! %)lalc rléglf’i\ue Bartlcularly

i onl
UwﬁmﬁwmodﬁMBMnsprWhmmkem@pmdamba@emmoﬂyﬁapm@dasepdmmmaWEcmnmwe

additio%_gffyio ”ﬂlzyi %’6 %731 8]1194'i5130 glaé B, 1}% 115} &36 1%1&%5-’20,1-22,

1-24, 1204-3011-3%or abo®@( - 401re$3®e@1|[ffea¢mmat Qt-hdl(}mngsaca;djemdues as compared to

s oL SEGORES SBbRES, 108 0L e, 3 S0 o
can besloes, ¢rth6di, AEhtl 8, 11t e 1hu by 1% 20,012 24e2@30e¥ or ebuut Heredidue
differe%%e, s %E(E,ﬁ'er ﬁ%:lnoglgl,dzs?bc?m% glh 8 (gigea %%Otdmi%lts t%l 1(51%1561’106% (é(bm[}i'?s'e
conserditive eugtioss labonot dmé]odmcnmghabﬂt@edw@smeptida CGIDPIESES an amino

I ff 1
acid se n:%%? wr[ﬁ Ot 1§1st tthQ gregédmﬁ%% glﬂg (gv?l[g?{%ﬁe '31% ertn%frgggﬁg%/@%ﬁc\é fias at least
85%, §904, W%p%&%l@%o?@% 194 &s 9N, %ﬁf} AéY0, TWeH, A6BeRjlie 8, wi W90 wentity to a

h ] t,ur . e am no
B e e
909 0 0 0 . 0% . .
1094 3 Efop g A3 ko e SR e R ROy R g i acia
sequerlgOb@ed dn the s@8engk fhimplaef §E©¢1é@;ﬁ(h@5 Peat UPew.a rph@oh}redfnsuch as
remduesscy(gel 1% rﬂ%Qgg %%a‘?ﬂresaat §et51%[1§90§1% p%ﬁ&lh% £ (;h%t() QL 8&&%e§§§rem can have
ypept i conprising an amno a sequence based
on the sequence fornula of SEQ ID NGO 95, 96 or 119, or
a region thereof, such as residues 90-211, having the
features at residue correspdnding to X190 as descri bed
herei n, can have 28 WD 2009/ 036404 PCT/ US2008/ 076333
additionally one or nore or at least all of the
follow ng features: residue corresponding to X7 is an



aromatic, non-polar, polar, constrained, or basic
residue, particularly histidine, tryptophan, proline,
W@ bogoside, or argi ni ne; residue correspondi ngPEDUXDAF076333

is an aromatic, polar, non-polar, or aliphatic

residue, particularly glutam ne, isoleucine, or

| euci ne; and residue corresponding to X202 is an
additi@h]l)pdﬁatoir m,oreair ontadst d] ofohe fallovoing fmiums resiiiciesgresponding to X7 is an
aromasér:l Ii’lE)l’l 80 ()C}Xr (Jgorn%(tpatmoeﬁ rg?lg Oeugz% a%u%arlg/élllsttl)ilé%t %ghan %roline,
threonimave a@idnet; reidad d:(y“reﬂpoﬁdmg_ to3X14]Z -154an aﬁl:erﬁatlc,lpoﬂia,r ribni),olaﬂ, -08aliphatic

residu% }ﬁbul%{ly%éﬁtar%in%%iéo1%13:%%,’ or 1e:u%1§é Oan re[s)ldu coire%ndm%to 8820% is an
aliphatl, ﬁffo’maé@ (oe:sncat pocb&r Incfsidua,hjan'mulaﬂy tymedind neshi@snec anpasied In some
embodtlm%s fhe kg%reeﬁl?cr%%sg pgl?f% ggdes SaLh have F@éu%n]alll\lﬂegcleé lcélrl] 5%? 611 9 1-8, 1-
9, 1- 1@ 1-13, 1-42, 1514, 615,71~ 1681 18,, 1-20 1- 22,1], -24,2-261 830,135 or hbqut 1-8( residue
dlfferen%e’s a ?Z]d‘éerr agl}ﬁloﬁagld ar%SIId esr aes Sclolalgare(? toltlrl]e rgf(‘)e%eglge s%ﬁlgencgé %S%{E}S%%é 2,4 or
98. Intshiae cinbddémennc s nombgroff diffecocts eantat li, 2683, LR, 417, 8% .10, 11, 12, 14, 15,
16, 182@%% ?gg%d%dggg of drl])8utgl§ regl Se(ald‘gegelfllgets% ?thpr {TXIF gaael; trgs?(}%les In some
emboddnete d1eralgffa‘ralatswomsnseanniserv\ahermmtmmhelnamnm embgiirdents, the
l.east 85% 6% 87% i 9 0%
ketore@t&%se %(g%ep%% };omplésEé/an ggla}o %@%8/% ?131(/'% (itb g‘rgj,egst t%e B%S/e%mgqfeatures and
wherelndlﬁﬁtmlhg/adl(bSGQudneﬁf les enlcat SB6BOVC 879 ed 89, BEQIID, N, 23%,
94%, % /O 8‘9 897‘9/\,/'9%9 rrb% /(P 1denq %0 aQetfereeral teusr eusehc [ba e% 011 SlE6 IB%@ 2,4 or 98
nfs, reose5f ecti %efe%r ec? ase
wnhﬂpqhgpmmgkdamsonpr|5|ng an anlno acid sequence based
on the sequence forrmula of SEQ ID NO 95, 96 or 119, or
[0095]a Lir @gie@mbbdﬁmlemefa stesagediectise kqtcesiudlasg)og@eﬁm cothjarisinggm tam@no acid
e
sequer{ﬁ%ésg{i] ?1? télgts]e Tk golill%glg%g §§§ El? ﬁgj %‘% 8% gl;‘ I)% or aaf%?& t?grie(gfb &tgh as
residuesl 90-201, Hakiog ﬂmlféa@msm}] résdat urespondies tocmlé)o @9 desedpd heliemgean have
add1t10ngll%%ne 02 mr%pesor 3{ lg;g?él (?Ptthg]tgl]ovy ﬁé%ﬁ e@o%g{dtm (90(1)1% 0{1(%{1%%%(7 is an
aromapcr obi-pdar, p(tl:!trr @mﬁrmd @basgy gslquggqrtlm]yd)mdlne tryptophan proline,
threon?n%r({)%%? I r, Iéeg% é Qor%gponéhfi% )?@7' ?5 polQ Eo%ﬁgolaal’rahpﬁqti p(ﬂ%%él(? residue,
particilatyl reetlcipmag, Valmeel@cr]q:uqe],e tb]reomnq; pnargmme;rresqhd:wgrrespondmg to X147 is an
aromaf‘}(,O 51%1S ﬁgrpl%l lé#d'ges dﬁe Qmalﬂgr%/n%ﬁta %ngﬁ ctne or leucine; residue
corresgjndtngm K202 ip sroail@b:mcn:gpmat[c preumintpelar residina gg‘tlcularly tryptophan,
r

methlo%%{e (?qup gﬂlgér ggls (‘FS gﬁ%o%alrée%tsia}ﬂar%d)@@:%{ag% po ﬁ ﬁt%%& !:a(fl had adamonally
1-2, 1frEl‘ h,l lehilrfe |-70k-81 WP, dlené 11) h1$dnlé bﬂrbddl|6nrbﬂ8 s 200 he2, 1-24, 1-26,

1-30, k?%grraﬁglﬁq!@_srgsuﬂl% l_dépe%%%é;%?(itfl%%gﬂ&ga\é%f_@s?%}eg %s?c?%lpgr (jaféhgfeference
sequertle mi,ZlSEQIIiB[O 2_L,41)698 ilnﬁ&né dmlﬁﬂ,jmelltszf,hg n@mlie,zt of (ﬁff’@l,@nces Qané@ 1,2,3,
4,5, 617 %59 96 &}bPéJtM ]1541% Eé?%bcgg %P |2§ %r%Q %ﬁou?glo Petsl'ASJ dlﬁ‘gl]eﬁlc%s at other

aci d reS|dués ‘as’ conpar erence
amino @€id 8E@uésD IN@NR, entbodimed8, th¢ diffsones esriyode ncmatrsa}tlw: h@tatlons In

some Wﬁl{en{%;thgliéérg%uzggei@ol%%@iég%g&pr&%g argaénimgﬁciés gggené%witlggt least the
precedorg feddoed, arkOwlcean thaemdiofab @rsequees had atddakie’s %o, 8tios %@ 88%, 89%,
0. §188Ig91eS30, R0, S ) e
90%, 1 /s 95"5l S% /?:, 92 é’é?% t9|%%2 gﬂ){j{%t/t Bt 95"}1 ﬁiegt gtoo n{e r%%%g%%sleﬂ%eﬁl%es l?ased on
SEQ IDINQ R,edtalﬁéd&u@tﬂa’aﬂqudihg/ﬁeeptqsxje conprl ses an am no acid
sequence with at |east the preceding features, and
wherein the am no acid sequence has at |east 85% 86%
87% 88% 89% 90% 91% 92% 93% 94% 95% 96%
97% 98% or 99%identity t¥ a reference sequence
based on SEQ ID NO 2, 4 or 98 with the preceding
features. 29 WD 2009/ 036404 PCT/ US2008/ 076333



[0096] In sone enbodi nents, a stereosel ective
ket or educt ase pol ypeptide conprising an am no acid
WG eoeseed based on the sequence fornul a of SEQETUS2008/076333
NO 95, 96 or 119, or a region thereof, such as
resi dues 90-211, having the features at residue
correspondi ng to X190 as descri bed herein, can have
[0096]aﬁdéotﬂe&nﬂbdlimemmea sereopai¢cdvolket@atducegtolyakptido tormprising an amino acid
sequence S%Sgix\n %112%6 IS_]ee %gngcg Oé’?’lu%lro% gﬁazﬁ)% f ?g o?glls{l atrgglg%gt ereof such as
res1duqzsa}0t2i lm,uiaa]mg yhed‘gesdral aneesidne cmxiesmmdmg esXMes dmml&d jhomili ¢vg have
to i S 0 [ due articul arl
addltl(inﬁlly one olrl Ien’ore or tole ) alg(l)Jf etﬁcflgﬂowm ?ea alres tesﬁus&o&r.?spondm%to X% is a
cysteii@y mmqioﬂax or qm}ihaha,tlc mc‘s[dup,qjaatculaﬁy cﬁtelqe ImaValme rreﬁdud @erresponding to
cul ar. i sol.euci ne .
X96 is'a dooﬁar Ot dcidi ic dl}émgue garp%uﬂ arly thrf:%nrmeeduc rgssldeue cml*resBond% g (}% é(rl] 4(1:7alrs] an
aromah@‘pela]adoh polanalalighatie Zssidite, Partituldrly dutdming-ikgleuting, or ]_euBi,ne. In some

11, .1- 18, 0

embod%mezgs thf kﬁ gfedl_ll_ct?gpol{pe@ﬁd%fa%é’vg Fldd; dnal#y I}?, 4]O}rle§ I1 diul %, 1-7,1-8, 1-
9, 1- IlelflfleT éhdeldt, &t15,0t ket -1ani-200 122) 424, éSZ6dUré@, laﬁ cxr(alxpmﬂed residue
dlfferences ap oet rr%f ?nroeag resmfu%su aes c((:)e a(ljr]éd t% %_cence ence of SE@SID N8 2,4 or

e nu er of I ere ES can
98. Inzpma ¢ml§|qd115¢nts6¢he?1um8er oD diffe@nced tan 2, 2,]34 36,7,81%,10,18, 12 14, 15,

4 50 ut 40 S|due differe

16, 18;%)’, 2% %472%31?9 ?{g bra a% %t 4r% er%smf ¢ %k%%relnces at ot ¢t ami r%) aald resu{ues CI% some
embodithentq ﬂfefdﬁ‘fe@mnees:ompmrqommﬂm&mtms vb somt eba@insentd, the

he ket oreduct as
ketoreguctase P \é{)eptécge(:g frllsgs %% '11 n% %c1usee uence %P] th?%f) t%g grtecetedhné features, and
wheremrtm:amdnm@d eqmam:eelg,s atlpaht 85%186% 817% rﬁé‘%aﬁi)%;ﬁ%@ 9%, 92%, 93%,

94%, 9&6@?8%;&0}1%33 0% or dg() @EI&@S% é%t%g %@f7°/65(§%/ged89‘§g%918%0:2’ 4 or 98

with thegewtdibg febtorea r ef er ence sequence based on SEQ I D NO 2,
4 or 98 wth the preceding features. [0097] In sone
[0097]e ibdicrahb dimes, stser@odetiech dtoreduketeqrobgupidasenprising an amino acid

sammBQL¥E§Eﬁﬂ€$%%8ﬁgﬁg§h%%£§%9?@%gf?§§§§§H%Q%éé&%Sr@%gégmmhas

residug 90eil dravinp dreefc;iﬁqressam ohidascorregending® 010024 d¢sciitzd ihergint ¢ve have
additi({ggl‘;f‘);e clgi{ef%‘? Eng%ﬁe %yﬁh(éqgler %ﬁ&? ?g %eg%rets orexljdge co%%sp%%?> ﬁé {oggﬂs an
aromagd, Inompolmhpzolﬁrmdnsivwm:g drdatiurcsdye, pzescrunlhm Im@dmestwptmdhamgprohne
threon n% % arsgluﬁne?ggm e ggrr%sg&l{dmg(%F g??’y@ 1|’1 %IEBI golg OfS péoq%ﬂ(g%’liphatic
remduqa rp@ﬂtlpudgly gluthm@gnsq‘l@cmg,ror @ug]mmrﬁglue pgsqspku@mg to X196 is an aliphatic,

non- poqg)rr 5r%§(f?193@19 r&%u%&)a?ﬁ%lﬂgﬂ); \‘?’ahﬁp 15%[ %&ﬁé In?et}}uﬁl%eaghel‘ng/lalanme or

1soleu(gh6u tmajhne:nél,e qos”cﬁpelutmg'te XZQI 1s|ae lahpha‘eq aroggiic] wea non-polar residue,
paﬂicqug/ﬁ%gﬂzgll ngtg 0%1 (ts bstne? M llﬂepe%%éh(ﬁfentsq ert)o%(%cfas

ar [ Frcur ar , euc ne
polypﬂméddsicmnlhaveadqyfm@nw hlZ,almS net, 16 1 6j 56l le®idihé:10ahdl, r1e1§L tie 1-15,
1-16, lc?g rlel%ppggllnlgt ) 96%1 3? 09511 1 E&%&ld&e’ dlﬁ”ﬁgﬁg% ét%thelo'gmlgo acid

pol ar ’resi due, ~ par

remdumms hwmwarerdep tl@rreﬁ:lyn@%mncelqﬁ SE@ﬁE Nﬁrb,cﬂchrr?@ ninsome lgmbodiments, the
nmnm%%g$ﬁ%%%%£%§§m1p?éNP?P§/F§§)?@?1hﬁN§4 gQ%tsP2&b%¥%%?§3Q350r
about 40 kdidueldiff&encesiat béher dmih@acid re@idyes.1 IiPPme tmPddimgnt® Ghe dEGces
comprilasé ?%s&?aétgg ng atlgSns Qn 0%% e%%dn?rletl{ tﬁgﬁecf(frg‘du%{ase ept @gy q%ﬁl@c&gpnses an
amino @fid %@eﬂc@\m@a@pamtm pre@@img fratgrenendewhaen thentgo acldsequence has at

nunber of differences can be 1, 2, 3, 4, 5, 6, 7, 8,

9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35

or about 40 residue differences at other am no acid

resi dues. In some enbodi nentds, the differences

conpri se conservative nutations. In sone enbodi nents,

t he ket oreductase pol ypeptide conprises an am no acid

sequence with at |east the preceding features, and

wherein the am no acid sequence has at 30



WO 2009/ 036404 PCT/ US2008/ 076333 | east
85% 86% 87% 88% 89% 90% 91% 92% 93% 94% 95% 96% 97% 98
wW0OR00003880 i dentity to a reference sequence bRGEUSN8/076333
SEQID NGO 2, 4 or 98 with the precedi ng features.
[0098] In sone enbodi nents, a stereoselective
ket or educt ase pol ypepti de conprises an amno acid
least 8§%q8(éﬁc8€%b e, cB%én 0% D 18e qmnw,mvmﬂm WPo, SEQ 98B%, or 99% identity
) 5 96 ofr Oy r
to arereéesnc 8uen§eb aﬁ E%II[ﬁlélbt eat urtgispfefe%mésea Tes.
COrr.&esnon %190 ,a hed h rei can. have
[0098]a CP dSOEneona ﬁlhmgnts a s reoselec 1ve orf,dulctase é:{o }gF[I)t{(]ib ]por{ll?]nses anamino acid
sequerfco bdsetvbmye ﬁ@latnsm ésmulateﬁ SEQ éD NEr:9% 8p ondiOng atregidtilthdreofssuch as
residu@bo. A4 q]avm fiie f?a? &t res%ue (po?ﬁe Ohdlg to%kf98 agaesgnbeﬁﬁergm ¢an have
particul'arty grutam euci ne,
add1t1qne]51;y ghge@r mograr @‘slpasna;ll qifghet @11()(3119@ fqamrean reaiduqz)d:mtesm)pdmg to X147 is an

|
aromafid Cg BPIQ ngi{ %olgr or%;l ﬁhn%E recéld Fsg'ﬁlg’ %Ilﬁ?rgp s nlgllél 190161%1ne,6})rlleuglhe residue

oni ne, or 1sol ne,
correslamdmg msKtﬂ.ﬁes amahph&ponmm-mgart(m al)éﬁ@ﬁc TeSIdHﬂ’] p:ahq:qf]mhltwahne isoleucine,
methlom e Qéll?mr?er f)]ﬁ‘lso &uc% res u% I(:(grlrje% ondm 2 is an alﬁ)hatlc, aromatic,
e I ofe asé porypepti des ¢an Rave

or a nagejohildr ravialat. | I sorfe ﬁnboﬂnﬁqntslt—hd ,ketibreﬁucta:lse polyfepiides ﬂ;alﬂ;lavd_a(ﬁl,itionally
1-2, 1% %% % 1;61’1 71i%2{)911 g%cl)l]}té‘lﬁ,l é 136218 léulzﬂ)’ 1:52 1=24, 1-26,
1-30, d3§ $rebewrid el raildlmtdtf&renaﬁmanoihacandnoraesil reudss ascogpapd fogble reference
sequencg 0} Qﬁ%%ﬁél‘%rré Q:(:)g% %5‘1%&0 g beor 11r(1)$? Q( erl\{ge)rr] ((:)té %éfgr%nceggan berl 2,3,
4,5, 6,27, 839, 10411, B, 14,15716, 88 29,, 22184, 24,10, 352qr abelit 4(]_&,91dﬁ<6d1ff&_18nces at other
amino a?ﬂi reishd’uesz A}l’é Fﬁ%?e’oerrg)%ldlale?té Stfl%fli}gtgrlél 90 rigée 9 %erg?lltfvg ru AEES
some ¢nitedihchfs sthe ka@sdweargpalygeptals rasmplvm an/zemnmm ssequmlce Wrnh at least the
preced?ngqgaturé% glgda gﬁerl]én? the a@l?noggld%gcﬁlgﬁlc%thgss &t lf}%g)t 8¥9e %% ‘V(h 88%, 89%,
90%, Srif/e O2ui 9o, dat Eﬁ%s)@%aﬁ?%vﬂ%éér, er 9% iﬂentamme&mnde sequence based on

SEQ I@W ’92‘??%9%@‘3}%9%{%%%%? Ussoy 7% 08% or 0%
[0099] e%‘fﬂe f}{lbg(gglgﬂtg @ ﬁ&e%ﬁe(fe%tl?eglgeeog&ﬁlgta?eg)%%%elgmie c?ﬁ%@sg%)anl arrlnino acid

sequerso hsecé obthe bavperics formukatOé SE@S},@ NQ:?S Ve okHPorredegitomtbercof, such as

residu%?gngg%gﬁg th%?%%’t{ﬁ% a??es@ﬂ%@g %}% %%&@@%H&&Sﬁfg%&% Sl have

additionelyy @ or ercawft leasudhofdle follesing (rewir®0*cillas canmstionding tpeX7 is an

. r ib .
aroma{;l(g?léllﬂﬁc,ﬁ% larh&\?létgaﬂﬁg Cﬁ?ﬁ)ﬁsg%g%)lp&g gn eléugarr%g%%gldf?lg %g%ﬁﬁidéqé@tghne,
threongie] or efginime rdswlh¢ mmes@nﬂleatqﬁﬁ%sts a pelst d gedic orsides parvdilady

- ol ar
threon¥n% %%gdeccoﬁgs I%f %’Eﬁ‘%&é?'{ %%5(%9{}1%#014? Ilg% blaf: %P&%,'h% cr}gsqdue
partlcqbzrrbfl nggnlm,th@glm:,m)gku@m aqs'giun corespanding MI% is an ahphatlc, non-
I ' . .
o SEDFRAEN %R e S IRLAL RSB Rl U, i
and req;1@uea:nrrmpgm®11g to XZQZ)isan aliphetic, p@lrratlc oo neyl- p(pzhatsii(,’(;le, particularly
: a . . '

tryptoéh%ﬁ Igéﬂlﬁe)mrrleggf togl{ﬂ%:: o{nrsérélg olﬁ%(?df?léh@% t%eé%%?e}d@dt%ﬁ pol%eptldes can have
additiabilphat i-&,1-hdr 11601 -ar1-8,dr9, éfltﬁnhﬂl d-e&ilduels, 1-16, 1-18, 1-20, 1-22,
1-24, f?%{ t1|3%u} 85 l)ryab&?tl 1I én)eresu{l&% f?elljéﬂc&ea’t 0@? amlgd’ucﬁ]del’emdues as compared to

phényl al ani ne, i sol euci ne; resi
the refe@nqeesmnmorﬁgEQész 4@ 9&nlnaslomp hmb@@merafr, dmilumber of diffgrences
can beqoﬁl 3OQ|5a% 7r %Sé qblell ﬁaﬁl |1§u 6a[é &O Zch%épg@%Ba&% or abqut 40 residue

oni'ne, or tyrosrné. 1n’ sdone e I'ment's, {he

ketoreductase pol ypepti des can have addltlonally 1-2,

1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12,

1-14, 1-15, 1-16, 1-18, 1- 2?01, 1-22, 1-24, 1-26, 1-30,

1-35 or about 1-40 residue differences at other am no

acid residues as conpared to the reference sequence

of SEQID NG 2, 4 or 98. In sonme enbodi nents, the

nunber of dlfferences can be 1, 2, 3, 4 5 6, 7, 8

A~ A A A~ A - A~ A~ N ~ ~ ~ N



31 WO 2009/ 036404 PCT/ US2008/ 076333 differences at
other am no acid residues. In sone enbodi nents, the
waldopes@nces conprise conservative mutati ons. PCHUSHNG076333
enbodi nents, the ketoreductase pol ypepti de conpri ses
an amno acid sequence wth at |east the preceding
features, and wherein the am no acid sequence has at
differeln%$t oth@2MinoSi6RAgresBIiG. 18 88Mme 8idinB Dy the Elf?ﬁereﬁ&%:o@@%p
conservat Voe mu?a%%)nsgqg/%om 70/ 1%% ts, tfle %2%0 cqu) ant | e]%lde CcO ses % amino
erence seq uence ase
acid setqh@lchﬁh edezrsgthé patemlrrgﬁ‘eauﬁras], Q] whencis mﬁememtammsmm(s hasn least
o Y€ r S o) e
s AR BB P B0 LB RSy B0 S8 g i
a refer@l&'ﬁ,e sﬁﬁﬁnce bastd Bn SBO 1A NQEZ}MGm 98 vith ﬁ&fp;recsdmg'lfealsres esi dues
90-211, in which the am no acid sequence has at | east
[0100]t lfresomoletrbmimgntﬁ eaimpresd keesidduasc cmnwrdssmrmiiimcgactid)sem& based
on the sg'%l?ncecorrﬁlél Lys é?%%(? %ISd%ebr H@r a(%é;%%r %%reoqj sughadsrbmdues 90-211,
in whiclothe asmo fackid Bl@lutlwe K at Eaa rdaeat‘nkhrmtlg aturrenrepdbcarorreypohding to X190

constr i ne c,.resi.d arti.cul arl
IS an Ilﬁn 1i0m3 1C I'GSIQI% 9ar£10u€i‘aﬁig alamne IFOLfeLfCll’lQ,t(ﬁ/ thlg% 0T BI'OYII’IG and the r651due

corresgmging it &7 islan agoragc, elnmpdllamoihls constneanddedrdrgd wesitlas particularly

histidi%? lg%ﬁi hdpio qgregr%ﬁ/ee og%gllmgt_lleo slol_nlmx f]%lbg(&m%l’ﬁss ‘thf]kfyooteductas’e
polypejytide,ﬁ caﬂha&Badﬂt&@@uy 122123, 134, 245 1]5 P®&,1-8,-130 1-10- B51,dr12, 1-14, 1-15,
res r e m no._.a
L e R S b e
residu¢s@s b@nPared4o dre r@Brendersecsmme o FBQdP N L st 0rt9&eln sourbmbodifents, the

numbe%ﬁﬁélﬁfgr%mfgéan%arl,}Eg,?rzsog 72% go 1?2162 145(735 1%518920 19, 241%6 30, 35 or

about 4Dresids cblﬁeemtles‘ ftethenaeigo atid whidess. Ansomo cabpdimeigs |t1cbuhﬁerences

comprlse ﬁénggrgag Vieve n?snth? SOnIlehe%'rb%dlnteg{s N e%cge(?ugﬂ? Sdo?fpﬁpetlde comprises an

amino kleatl srqadue trabet ool thoepredies fcowps, |asdawheamn therinme a@clisdquence has at
q b P AL tu 0

least 8 Vﬁ %‘%ﬁ%‘% t/WkéP 8@4 '985"3&& o '3?%&32@%% A,sgsf 99%4 5’?7?,, 9@?} r 99% identity

toa re&&%;e %@WCGBWd ®9%Q QO8p: 29&% 93021 th@@%edglg%atl%s%

96% 97% 98% or 99% identity to a reference sequence
[0101]b dsthcombSHEQeND aN@nZovoll ketoredBetanc comprives Praagedicntpcquence based
on the s Er%r (?i‘tnu a%}gég IbrNé @ge%e Bﬁbﬂ@ (H%rll{::%% tﬁ&ed%‘c’:ﬁ)x ergmdu s 90-211,

ketore uct ase conprises an amn d sequéence ed
in whigintht eing @q(j espence basmy least dfe f@E@'mﬁeN@'es 9@51d19’_&0rrgqponcﬁ@ to X190
is an n\%}]—m%ﬁ{aggfeglﬁue Eﬁﬁ&l‘?ﬁfr a%alﬂﬁllg 19(§elfcﬁ1 qutgl‘if %le%illﬂ‘% and e residue
I C e am ho ac:| sequence

correspapiding i Kip § e avlar wsidua paiiaipelyconrce sipondicnodioeis. 9k ketaeductase
polype%ﬁdf{gg%é?aﬁg%ﬁo%alylsbdl”? 1 zP"i”st h %“1 ary éc/l 1?%?%”?11 1-12, 1-14, 1-15,
1-16, b, rle?@pbﬁﬁllrﬁj t86.X1B), 1 S5ar gimluta}r 40 @Sld@hmfferpmei at(otheaam;lo acid

. ri t r C :
remdu%%f f/%ge%%r%dgg gh%g%‘ﬁlgﬂg%\%gd < 0? SEQ Hlﬁ ll\!ﬁ%,?ﬂfzo’q@% gm?s%%_e ﬁr’nb?l_d_ng’ents, the
numbet ofdiffdreices dangbe 112,3, 4,15, 4.0, 8,1% 14111121 M, 13.-19418, 20,23, 24, 26, 30, 35 or

- 26 r

A
comprise soryeresiva snugonparle @bmaﬁmHQéimeiﬁethekmcae@qm@emfde $piaprises an

amino :%Qfl f%énﬁ:g gvsltﬂc L n§sbthe ?re%%ﬁ?gjfgé‘@r%g H@gfl&e?m E}%%mél{%%esgiu%ﬁce has at

least 83%, 8404, 87%588%@9‘7180%20% 2%, P, 92%, 980, 9636 96h, 985H out9% identity
[ r dues.
to arefkﬁené%%égeéﬁ%&é%d‘ noglnsteés%f 2 2 %{@8{ \gﬁ?ggﬁrege(ﬂn% fga%ﬁ!a
conservative mutati ons In some enbodi nment s, the
ket or educt ase pol ypepti de conprises an am no acid
sequence with at |east the Preceding features, and
wherein the am no acid sequence has at |east 85%
86% 87% 88% 89% 90% 91% 92% 93% 94% 95%
96% 97% 98% or 99% identity



to a reference sequence based on SEQ ID NO 2, 4 or 98
wWith the preceding features. 32 WO 2009/ 036404
WEONHASANO8/ 076333 [0102] I n sone enbodi nent SPCHIS2008/076333
i mproved ket oreductase conprises an am no acid
sequence based on the sequence formula of SEQ I D NO
95, 96, or 119, or a region thereof, such as residues
[0102]90x Dt ,embbdimedits, @h imﬂirevddﬂdemmda(ﬂilsd c&emisemmnh%acm selp@asd based
on thetseq%er];c% formV\qa 098%@%)%(? %Stjg e(%r%ore[ﬁﬂes ereo sugh sres&ues 90-211,
-aromati C resi al ‘ani
in whlclsthb aumb laad sm}asrtce himsent least ttpa:rfolllqwmg feamuts:t tmdmea&rrelspendmg to X190
is an 1’181’(1) [olrroesa (9 rréglldl?c? u)l<ar$1 allamne 1soqeucp (e) c%‘lrtelcr)lg ozral roﬁrrl]e?tarlld: the residue
redi’die PEU o1 BUEINE. TR &S

correslﬁnfdmg It(nﬁﬁﬁ sa nb]hpolkratr cahlﬁductea:swe pmlypfﬂ'p'tla;(ﬂk&lsine alm shmv e

embodf:;l1 ddid % OI’f{%I lreﬁ&c]f?fipolipefid%farh]%ave idditéon y %% r i:ll lgl 5 1521 -7, 1-8, 1-

9,1- 1@,-124 1-12,2614, 1-130-161138, 1620, al20ut-24, 146, i-88.i leiseor about 1-40 residue
nces at..other amino a residues as caonp

dlfferetnces a oet <r dpiino eaﬁl((:i ereSécglasu a5 compar § @%@ TFres quueﬂc @gl%%o 2,4 or

98. Insomeaelmmdermsme&umbh@f dififiectzeces odn thi If, £ X, eni;és7 eam lbe11112 14, 15,

i) 5 g ') ) i)
16, 18%%9’, %22 %jﬂ, 2?21?0, %or d:?But 4§§é5(1)d31-1€ éi I]ére{ncei 6’( ?t}éesrla 1n0 ald rFSé(%ug% Clél Sfome
embodihenad, hrerdﬂ&ménn@ cxampdseroemed/lae@ mitaiche i somer‘mnbbdurams the
ketoreauc?ase %0 eer t? eC S grqs%P ! ar% e0 SQUSGh %lc: w1t§ atrfuasgtﬁle Pre(aedlngr}”eatures and
O r e uctase

wheremOM1w&1®nqmms aclezd;t w(wé%c 8794 &8%, 39%1 W@@l%h@%, 93%,

h .
94%, %B/e %gﬁ C%g/ 9%9;?rr%%2%>ald%nqg%‘r% gt%@nc%ét?gye a%(?e%gg%h%g% 0:2,4 0or 98

with tl&l%ce&ﬁ%eatﬁ@% 94% 95% 96% 97% 98% or 99%

identity to a reference sequence based on SEQ I D NO 2,
[0103]4 Irosmr@8mbmditnhnts he ipprevddicog dheat uoegise] O1@8Ho donl Sgumpce based
on e STROA: TR Bror SBQIARI@ YR G A0 CAYGLAS SN G OIPLLS RSBy 00211,

no aC| seq u ce ase thé Fa of
in Wh185@3 h@nN@ld Qdi],ueraﬁ hasoat ledst @he f@lﬂovang Egumst tehél!lesmfrgspsnrhtg to X190
1s an nﬁlz—gtrog}%{i }eéglé e??%récgiﬁagﬂyl aléa\r}lmmﬁ 1§§Quc{ Cé/gtgl]ng %r ?‘E‘?Lilge, gl?(f]tﬂg {%giﬁue
correspading $pX6idis Ay atomatikl 90n- p@la ca Aliphetic @sidurapartculaelyiabhume. In some
i qul eylcLn e
embodglﬁéqttél, ﬁlé’kgt leﬁu@%}ggé)lge‘pghe%%grb %&F gcgdlt(l)onéﬁ); ?brﬁ 3 >%6%1 516,17, 18, 1-
9, 1-1@ddrat-iz,1-Hoh-1pdl-Ex 148, lakd, pi2at i- 24 e ua@ 1- baurtabQLmlléﬁqumdue
o) t .

dlffere%(I;ei%q{ (p[ﬁ T a glé) agfgﬁe (gl\g%éjsg %}IE% fr(]) t{u’;i r%feti(e%g sreﬁﬁjeg(?e (%_%%’Q IP-I\EI)(,)'Z’ 4 or
98. In:boﬁe; ermb(ihmqnssthellumgqr of difforendes tdn be11- 13, 4,15- 047, 819,18, 11, 12, 14, 15,
16, 18;%0%8%, 2%,_2%03 Or’ ég Iglo bg 01:11 4§%?s%déalg é‘n}"fgéeéceégt otfl?{%gﬂnojac%ées?({ues In some
embodiregitd theslifésencempapeg cdowsctvagvaradtarancla sswe aehaienaits, $EQ

ketore{'ljfjl%af'}%(ﬁ}’fpgétsi(%gcglrr]lgéws %pa 1%5r§c1§ %‘81 %10 %/QB %t leaghtﬁggl%q%?ng fg atures, and
whereith2he alllino doliy] seqidBee HaB at 1281 82,8624 8798.6387309% 3B %0 0 1%%bBAtt, 93%,
94%, %QA), @g‘% Wﬁ n‘g%f I)red9e/nﬁ§1§ t)ﬁgo aggfh%{lce%ngé %gce%%eq on%%bqﬁ%o 2,4 or 98
I'n”sone ment s, t erences conp
with thegneedivafebtves.mut at i ons. I n sonme enbodi rrent s, t he
ket or educt ase pol ypepti de conprises an am no acid
[0104]s dyeercmbudimhnts tan firegre tedtkaeradnaee domigrisk et anriesacidgeguence based

on theé@%&ég%%&ngé)&gﬁgg%%%% gle)qg (I;A%?gl t&%rgfg‘g%%clgg%/%%i&%g©0—211,

in whighythis 21989pcid re@O¥Us h@ﬁe&hteraityhetfgllcavmgefe@tn@ﬂcesiéwern@ending to X190
is an n?ggl%glﬁggreﬁﬁgl h% &\%ﬁl%sa(l)a?}glg elﬁlgg%a}n\én%c&%lg?lg ®r Blroﬁlcf (ﬂge residue
ket or educt ase conpri ses an am no acid sequence based
on the sequence formula of SEQ ID NO 95, 96, or 119,
or a region thereof, such a¥ residues 90-211,



in which the am no acid sequence has at |east the
follow ng features: residue corresponding to X190 is
W@po0oposs4ed omat i ¢ resi due, particul arly al ani nePCT/US2008/076333
i sol euci ne, cysteine, or proline, and the residue 33
WO 2009/ 036404 PCT/ US2008/ 076333 corresponding to X94
is a cysteine, non-polar or an aliphatic residue,
corresjpaing cuK e is y cgsystee hovepadar ov aik aliphatic résidus ormticelatip dysiminetos yaline.

In somtftéglblé(‘%}ngrﬁtse ?h Zkte oiedggtan%gglg tlgee}sscaﬁ ﬁgveQ?gigongﬂg 1—8', R??]ll—li,yl—i 1-6, 1-
7, 1-8,1-92; 1011 14,1-10; 194, 111-516 16,11—]]_81 -20; BO2, 11242P-26,11-3% 1-33 o24&bout 1-40
re51due dlisfo I’ences at5 t}?err aI%P 8 ac1d rem Hes a5 %gmd Nl t((:)I It}%frgfléree?(%es%%uaegce of EE{Q 1D
CP él €S as conpar e%a %

NO:2 gexq&&nlnesomé eISEleIh@ts ﬂd@nﬁmbei obdiff®dnceb nanst@nte?2, 3, 4, S, 6, 7 8, 9 10, 11,

12, 14, fgbgéj lg%t ZQ'Z %Il I}g gg)or afout 4@ Iiefs{dfefagrfl%%%ce% p ot%é amgl(? ablgéémdues
In son24mb2@meide) the&ﬁff@encabwmpnéﬂcmmvatﬁuemdtaﬁcﬁrsr hmoes eabodiments, the
ketore(((i:)flc]tafse pol m ngdegzgmdrrl%reg gn Egnélﬁl(z %Crl(\il 5 q}l%nge %E gtthleath tsrl'{epliecédmgt}eatures and
wheremnlimhmxem(*sseqmdnee hak et lezrse&ﬁ%‘,t%%e 81%I 8pe BQ% % L 9288 93%,
o n wenc th | east t
94%, é’a?gaﬁ’e% %?,(‘9% m/e 1ﬂen%t§¥\4l(1) arg rﬁfen%e sg uc se uen§§6 BQ\IO t2 4 or 98
with tlieqm@bdﬁ@%tu&ﬁ% 87% 88% 89% 90% 91% 92% 93%
94% 95% 96% 97% 98% or 99% identity to a
[0105]r &f @rrem:mboémqmte no @nﬂnasa&id(etoredﬁﬁﬁse kO NEe2n adnioy ac@Bsequeintdbased
on the s%lel%re %%]%k gt?o% Sﬁgﬁfg;ﬁa(z ?5 CJO6I(")rp Oﬁb or da r%?on thergqosuc}rngs sslduegl)-lo 211,
in whigletjel enme abid segenco hastdh &ag qufelﬂmreng fontongh: areaﬂueﬁﬁ@edp@ldﬂ@ to X190
on r uch resi .
is an nglg arf%%tlc remduevﬁlartl%ul%r eaﬁa%%ehl%olélgﬁla cgg[alaé og groﬁlzeg a a(f th? geglé e
correspdnding ¢d XKewis a goifi- adammelsphatles:sldum pateulelygardic rmgisbleuc)i@c%)n some
embodn?ie %J] th%%@to%ﬁﬁ)%% &H]gee%ﬁhe%%gn hﬂo Qgédlt%ﬂlaﬁ‘r { laé qnéi PS 1-6, 1-7, 1-8, 1-
sol euci ne 8 e r'es
9,1- 1Q§drlrlebpbddll4ng-15d D(Qﬂ'rlle a) hea- b2)4 ElF26Of 3@Lllr15rmtabcmt1 -40 residue
dlfferen(%o agcli{l?er aF'l 0 atcﬁl%észguey as gﬁ%ﬁ% a(gté)(%ﬁe ﬂe?e?engei s% %gcec(g%@%o 2,4 or
98. Inaddé tmquahd:nys the 2pmberdf dlifezb;nceic& bell 6,,3 3-576, 1889, 1011912, 14, 15,
0
16, 18120522 2% 2%3630 %5 é%abolé:_t 4@365(1;131‘1e%1 fere%l e%%t (E)tgferja%‘md)]ac% resuiluegzlh some
embodinérfte thenldfésenats cotnhase cansenetiaondattamsi diseme asbaiompey; td
en =
ketoreélg:}?tépgo % t?({e coﬁigrlssé? egﬁl(lr}g (95 seg}s (Ras]-: ?V%tg%ﬁaéte tge ecedgé fiatlﬂes and
wheref@ théamidq ac@i, se@yengc ha8 at 18ast &5(3/9, 86%, 8702, 8894 89%.590%, P6%0, 185, 93%,

94%, 975% 95% é973/" 98‘;60r 9@% 1d§1§1g9{9 a%?f‘%%éf.ceﬁsg%lfﬁgééi bg%‘ggg:s%ﬁl@%:%% or 98

with tltelpeecdcﬂlﬁg éntewses con'pr i se conservative nmutations. In

sone enbodi nents, the Kketoreductase pol ypeptide
[0106]c bnpricsabodimeasian ooy kserpderice comprivesdn dngasicid Jeguence based

I , e

on the 8&%&%@ u%?@%#&ﬁé%(?@gfﬁm 16}?/(3 g §%%%“gt L sglg}h ngrB%ljiues 90-211,
in whigl thg algm@’@mg Sédpence 85 at 9591/¢heg‘6%w1@f}z@tu®8%es1dme ®@B9sponding to X190
. i [ it .Q_a e . . Q .
o PSRl o RLALESR S ANURNGE, ISR D BN B
correspmidod it is 2 palar ¢rmp1d®\resmkidcataameb4dz thaeeing ongriamasicaln In some

' i . e, f.0 0
embo I fi? R GEANERG BRI G AR AIBREY EOES 1O T Fiepl. 151
9, 1-1Gad-ldekilddeldt, 9052116, 1-18nl-hil &R, t-Ab 1a&d ha0, ddSwrgb(qméﬁ@eeSIdue
- I
dlfferegcgeﬁ Fgé%%ﬁg)ﬁ a‘éﬂ%e%g%%@o%%g&&%&%rgrﬁgeﬁg ¢ Sl%ggelrﬂges(l)ngQ ID NO:2, 4 or
particul arly al ani ne, isoleucine, cysteine, or
proline, and the residue corresponding to X96 is a
pol ar or acidic residue, patticularly threonine or
glutamc acid. In sone



enbodi nents, the ketoreductase pol ypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1- 9,
wa2m9/0364041, 1-12, 1-14, 1-15, 1-16, 1-18, 1-28CT/USDB$/076333
1-24, 1-26, 1-30, 1-35 or about 1-40 residue
di fferences at other am no acid residues as conpared
to the reference sequence of SEQID NO 2, 4 or 34 WO
98. In2008 £10BEM0ht PEEMWSEO 08 iEEE3S card®:. 1, R18, 4018, 7, 8, 9 10, 11 12, 14, 15,

[ t he .nu g e s .can Z]%
16, 18,?;&3 gg Zg,’%%,]?(), é? orabo tné;% risic{?lef ferefaes a{l]%tﬁer aTéno af§ resi(BleS some
embod2dent Ghe dFBrendS o@mpaMnseﬂ/@tlveesthS dinfsbee embeismats, the
ketore%uc]zafse pd m nt(i)dea(l:%m rises %rll a(ljrglno acid 5 quence I wit gt?eas{ tﬁepliecédmgl'}”eatures and
S conprise conservative nmu

whereﬁM1@M$seqﬂdﬁ@e hak et leaseghiic t8a%e 8 Pol 8gpe 69% % OhPpr 9280 93%,
94%, %3?53@227%3,(‘9% \fag)%ﬂgn%t% a refa renceesgciuteaé se uengg% BQNO t2 4 or 98

with tHegastdiBbiptuBe% 87% 88% 89% 90% 91% 92% 93%

94% 95% 96% 97% 98% or 99% identity to a
[0107]r &f @merobodimguie no énras@dkeoredSERe LOMNEeP9n afniny acBBsequentdbased
on thetsgﬂ%lel%% (%Ten%gtoglsgggfg%(g 25 CJO6(I‘)rp ?17b (!rra]l refgcla(gle ther s(ljllcﬁrgs resuilues QO 211,
in whigleje enme atid segenco hastdh &ag dq:l.felﬁrweng fontogh: areaﬂueﬁﬁ@edp@ldx@ to X190
1s an 1’16165) arf%%ﬁc r%gldl}e\]?;/ﬁam%ulz}rﬁ aﬁag%z%golélgz}ené ecgfsé[ellrjlez ﬁog Ero 263 Erg(f thdrgegls

correspdnding ¢d X@Xs agolae ablupcd&; alipbaticclorebagio raselaep oacicwlgrlyt oetkidBige, valine,
non- ar. Qmm resi due Cc | ani n

1soleucu§e ?11 omne eor a? 1n11§ (‘in so’n’? IIH)Odl e%{s the Het (Héteagerpeogipaﬁtgies can have

add1t1(mak13r bgpbhdmg -5 (1)-6)(97 i-§ 1a9 pdloalr ,11 rlolrz- pcb# del5, dlbphit, il 0, 1-22,

1-24, 1056 qaj%l P3§g atbﬁlliltel 4001%51511!6%% e%‘nlc 8 ¢ at tth a%urllona%id reé?}!ide & compared to

euctl ne
the refenmdeqrenrtw;f SEQ éDINﬁ 2;r4ecd l98t h@@mp @inwmlptzntsjds noahertvd deferences

conbelf 5t W 998112y g .90 7 B 26 s ot a e

differchec@ 4t otller 2ino e @@¢sidhe8 In somadnchetlinientOthe didfiectuees comprise

{ o)

conservétfve?‘[gll?atlggsf h?éorlllgeeéﬂ"g)ed%{eg#g eth%% t(%g%%‘%%d%%%ﬁ(ﬁ?dﬁg%gp%gse %I amino
acid segjoenee eithadeasethe sl;ecetdlmg featurtre pndofheddinf the p@moE@sid sepandodas]at least
85%, %(f %g@ 885/25‘2’89%690%/@,09%%322% % é%%,, %& r%ﬁr %71/2 0898 or 8 identity to a
referergie ffqeerenbssd an SHQ M NCavi4ro YA wittl thegrsdcddimsieathes.sone

enbodi nents, the differences conprise conservative
[0108]mirt wimcembodimants @nempnixddictvedigase torapricet oraducicabwquence based

I
on the EQ(JaXIH:% %qu‘r"gggg Ibg\ﬁf e9§{]9u6ragﬁlsﬂg orgcf{:lﬁon tﬁé]rg(ﬁn @h Xgl r%ﬁdt%g 90-211,
in whigltthd amimqued s@ubras hatat leasi gite folBH0iGe BYes: 8@@@%88%81)8@%% to X190
0 % 0 9
is an I]gIQ ﬁom%&c/?e%lg& Y)arg(;[ﬁrllygaf]ﬁ(@ene slgoq{%}lé’%ge tgléeé/ T gl%l/%eE%(d] %g 1/ Sidue
correSIN(Dd@g t04Xb20 19& arpindrict haen-ia oediphgficfreadugr @sticufagg @8jne] m some
[ C e
embod‘i"lgémsmﬁ%g(gtg{e?g&ésg olgﬁe&g'ﬂg% QY da@e lé(?(flt %gﬁ}ggﬁ 312% 1 AP ?%r ll % 137 1-8, 1-
9, 1-1pfl-1$EQI2, - INOI - 1851 169618,olr201192 b24 a- %egB@;ri iSmrolbcpllt,l 40 reSIdue
dlffereﬁ&% Iat Sfer’a %ﬂo%ﬁ s?cgle%%ils]cﬁmp rg(? %he"@f& & s% e%)e SHSED Ig NO:2, 4 or
quence as at Teas eat res: residue

98. Incsoltnc ashxdmdmtﬁgthewmxb@@f diffsreages nmbealn aratti T 6r'e8i due, 11, 12, 14, 15,
16, 18PRf ?i %Hll’%r!’&@/ ?h Hth’O és‘?‘(ﬂll %H{%!réﬂ@es abd, ﬁérecﬂn% &% 51dues In some

pro e, and e resid correspon 26
embomwsathedlffemmesr;@tnansemonmwapmnmt@thneslndgme erpmdum@msl shel y
ketore&ﬁltaspgolgj gté(ie Rn%gglg Q{é ggl (%1? %e g Ge &/%fl 8{ lgagytgg Bn%geihng feaéures and

16 17 1-8, 1- 9, 1-10, 1-11, 112 1-14, 1-15,

1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or

about 1-40 residue differelices at other amino acid

resi dues as conpared to the reference sequence of SEQ

ID NG 2, 4 or



98. In sone enbodi nents, the nunber of differences can
be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16,
wAaAN09BKA0L2, 24, 26, 30, 35 or about 40 resi duBCT/US2008/076333
di fferences at other ami no acid residues. In sone
enbodi nents, the differences conprise conservative
mutati ons. I n some enbodi nents, the ketoreductase
whereinohoqnepd :itoutéseqmperlm eslecan8BM Y, ALb,BLSE qUeeo, il %h9286, 93%,

o n tures, and 35 09/,
o4 P B Fe e P URE L TR ek iR e 02 0 or o
with tlgtprdcedisg fe8bfGp. 86% 87% 88% 89% 90% 91% 92% 93%
94% 95% 96% 97% 98% or 99% identity to a
[0109]r &f @rrem:mboémqmte o @nﬂnasa&id(etored@E@e kO NEe2n adnioy ac@Bsequeintdbased
[ n S
on the s%lel%e %%]—%k gtto% Sﬁgﬁfg;ﬁa(z ?5 CJO6I(")rp Oﬁb S r%?on thernqosuc}rngs tsiducfBo-21 1,
in whigletjelenme abid segence hastdh &ag qufelﬂmreng fontogh: areaﬂueﬁﬁ@edp@ldx@ to X190
r eof u resi .
is an ngng arf%%tlc remduevﬁlartl%ul%rﬁ/ aﬁag%eh%olélgﬁl cg/ etellrjé 0? gro eS a a(f th? geglé e
correspdweing cod Kbm ingpéleatr mmesolamesaludmrtmtarlg spondinmgmt omXid@ents, the
s..an omatic resid r .
ketoreducta]se ]& fac{es canthave ad’%suonaldgfr O;FanIé 1- ang { ela'%‘ gg}i é%él—lo, 1-11, 1-
12, 1- lﬂoﬂ{lé,slpbﬁndhlﬁgl 2@ 1)@2524 9-28, p80.dr3500r ahamd Folr@rdue ddficctuess at
other 29 rn(g allc(l: lesal{ll ss c%r ngreed t ﬁe re?emesncggbogr{cgg IIS RI% % 40 982 In some
e ase nf Q(I des ca Ional 1’ ,
embodim&ts ﬂ}eéh}lmberS),f dlifeﬁ;ncelcz?h bell, 8, 3 1 96 1-819) 10,11-1112 14, 15125,, 18, 20,
22, 24126320 3% of % ou 4Ofgsl(816rdéi§e’re ces agbﬁh T eagnelr}]ocamdz Te 1dues t]% ome grgbodlments
the dlf&mndesroempdwe:snﬁwauvmmmatam t lm sbine emeddanentsc the &etqm:dumge of

polypeﬂE 8% dco}ng)ereg rallg grénng él%lg §equince ﬁv tﬂgt le n‘&g%reé fe%ure% (ﬁ%@gem the
amino hdid s&@enct das dt east B6%o, A8, 820, 8898,89%R 40% 29 %, 3@%, BB, B %, 95%, 96%,
97%, é%b/g %%9%’/? 1(feFt§Ly g aereg:refnf & %Sue%g Sba%éd fﬁgﬁ%lﬁb%ﬁ glg %denh the
precedogfpatirse conser vat | ve nutations. In sone embodi nent S,

t he ketoreductase polypeptide conprises an amno acid
[0110]s dyswercmbudimhnts tan firegre tedtkaeradnace domigriskeat anriesacidgeguence based

o SOFERL TSP B516, SEOOCS 13 iy By o0

in which the 7@gno 88%scquence 896 at tewi thictfyllavangfentefeer Brides ®efqapemh1g to X190
is an npgglﬁ)glﬁggreﬁﬁgl h%] &\%résaéa?%lg réﬁggglg % tgllﬂg é)gﬁll%ﬁﬁa’ 'alﬁgtge residue
correspptlng ¢l tt2as e p@mrp&lcﬂlsel@rtamladwmraamﬁ dln§en}u elmb@lrba@% the

11.99:8 g £4d1- -
ketore&[&tatsp‘?ol%%gy(ﬁ:? g%lrﬂeag N Stﬁégﬂf alssf-?eﬁé I'P atf'j'gs gg 127(*1’,% 8, ‘?i9hi”r& 1-11,1
12, 1-Wni-db, tHe 1dfi haD,deid!- -28duiont80.Ha¥ arbiueddt) reshige differences at
other JnSLA é%‘{ﬂ Irtlgdlieg Qg (H)n‘goﬁredﬁ ef?lé gelfl&en%g ge{?ﬁgﬁ%? Qf%]’:ﬂglls Rl(yg;ggr 9¢.Sn some

non- ar omat e, y al ani ne,
embOdnscﬂte tlmnnmber@s?sltf%renee,s cmbeplr @J 3 Ag, 6ahd, 1.He, lrlesz déds, 16, 13, 20,
22, 24% _r%(?, %@8{‘&30[}1?40tr9s13ﬁ%‘b?ff e ap&jhgtr an{uﬁ Sdc%g%id SSIH!% %éydlments
asparagi n n mbodi nent et oreduct as

the diffrodng pepmpdes-osarvatieseutatehs.t lncsnlab Epbatli@ents] thg ketmneductanse 5,

polype%tui’ co?nfﬁieg Jan ?mg% aglg %}53‘19:& w%t&:la’g'lias%gle })%b%dénglf% t%% :Lléd wherein the

amino abid stquincd Oay as biag 86%cB 457N B9, 8486, 9GHHIL%, éﬁ%n%‘ya(%% 95%, 96%,

o | . .
7% 85 (VSR i AR cd Raddife SRl LA PP RBLER BP0 lae?
preceddtigffEatyrences can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about
40 residue differences at other am no acid residues.
I n sonme enbodi nent s,

36



the differences conprise conservative nutations. In
sone enbodi nents, the ketoreductase polypeptide
w@pod@es an am no acid sequence with at | easeCT/H$2008/076333
precedi ng features, and wherein the amno acid
sequence has at |east 85% 86% 87% 88% 89% 90%
91% 92% 93% 94% 95% 96%, 97% 98% or 99%
[0111]i dewicteynbbdimants,@h éngnad ksecpdedice chasisds mnﬁﬁQcﬁdlet}i@na: based

on the ﬁeé?l%tﬁgim aﬁ%@@éB%%ﬁﬂy? Lﬁg%o%erg nstger\e/@ s[uc a?s/rce)s?fg 6960-21 1,

in whlcmqhe aviad aklétsmuemta bisas ag dwrfnlilcsfas;g famusi mﬂdlmjodespondlng to X190
is an nﬁg grogqétc C resﬁlie 5artlcular§/ L\ énnle gﬁoq%%%e cggtgllrjle or Rrogrée f%ec{su%jhemgue
corres@d@d 1q X147nis Maroﬂnattchpaolanmmwom i cdl aBpghgiersidud) pati@tbarlyeshgdmine,
leucmett I'(])re 1sf)leucme Irl? g) f e?ntbl(’)l(rh%sen tﬁe ke ore(%ugt%sr rpeo?ﬁ)(e) n[%iesncgmthgveé%gi%onally 1-

I’S an non- aronat |1 C reS| ﬁ an anl ne,
2, 1-3i1shlieutione 7, b&sltﬁeﬂnle@ 1-0t, lpmll-llﬁi,el 1ahd6t RES, ﬂ@@i doz 1-24, 1-26, 1-

I N n aromatl c

30,1 3%805 ap%ﬂ? ?qg regr%uea 1f] elﬁn({els 8’[5 Ort%gfl 1n0 ac18 5?5%(1'u§su S co ?/ared to the reference
sequergk uf $EQ HENO 1,duwc 9816111 sa@ne ersloﬂdenmltsnﬁe nbmbes (ofrdafferences can be 1,2,3,

4,5, 6,:’;21 fllgﬁlg? fzy lé,tlng’%?iég%s,d#?%? 5%,_3@%531’(&%8 uliggres u68d1 ireléces at other

amino beidl Ogsidbesl In solnelle;bodhribAts the differediced 6gmyirisd Bonsdrv@B ¢ nmibitaBidns. In

some e&nl}oéi’ér}eéltﬁttg% ke]f?re %cﬁse po?’ e tbdeggrg tsresé %nﬁé) ulé(é aCécg seguence w1t}(1jat least the

preceding fedungrey, efidewlenge the smfuenidacpincSH zit [&aN@S%,, &0 %9 88%] §9%,

90%, 9;[%,"%2‘%?%@}31 gqs;ngs%,?’ 9%%0? 9g}’l r[%dg, 0&%90/d hfjfnt nacr%%re%?egseqiegcé based on
SEQ IRONO:221 orD8 witBGhe B&ediBS feouraabout 40 resi due di fferences
at other amno acid residues. In sone enbodi nents,
[0112}t Fresodicfembpdimess, ag onpoislkewmisansy atmpraenant aatinomsd sefjyence based
on the%g nc% %)r%gﬂa%‘%gﬁé IDth'fE? 95 relqg r%sfg 1£ th%r@efpstucl?% residues 90-211,
I'ses an am™no aci d séque Wt T4 Re
in whlph' e gﬂmn geifl eaence 3s aml'edst\ﬂh:d‘p]@mng feetumpi Reideacdiodesponding to X190

. . t 9. 9% 79
is an ngi—%?gﬁgﬁegg%e fé@ﬁﬁg@%&&%ﬁm@déﬁfuc ,O/cy%lgg %/ 0?8 %}11d t%Q 1/ idue
correspahding itd ¥ 1490s anerefaaren @rem@qn@s'd@ep@waﬂy @henyBE@inke DIn some

0 |
embOdN%IgS th% K2 8re%§ct%’¥' %&géle%gde% &T l?ag E(g{lt(l)or%g ?as é[lcﬁlld}%] 1-6 r]1 7,1-8, 1-
9,1- 1Qili ldl’ﬂ lhb lalch t1§8dglehds, lb%éfﬂ b, 1, Sé@}ueﬁ(m ab(mt ﬂﬁfm aeSldue
dlffereggesﬁg%ér?gl?g ﬁ@?“ﬂ;‘g’.@%’f%?m%%gd toQﬂe I fe{eﬁlge! s%ﬁllletngee(gf?% ID NO:2,4 or
98. Inseqeenbelimhens, tie nhiebatof diliterches Ica:rvherﬂQka a1 UPEE 8, 1.d8i lduB, 14, 15,
16, 18CR) %f Sk %d (pgS f)Pabxéh% rem %erge%ges%{ &H%tain(i:nora%ﬁil rgslil(ﬁl’es. In some

particul af , eu I ne el ne, or

embodpmaits, the dlfa:mlctslwmpesl wn@rvau@rmlastpmmdlnrsgmt: omXiBentss tha

ketoreaﬁ:@asg ?Alﬁeﬁt(i)({e c%{n?%g 519 ar{n%g | q(&‘ %:‘qugl%% 1tﬁ ?thlgars{( ece g features and
wherepohqrepmm idesqEan ltva‘aele%ad&ﬁ% i86ab 1%, 8BYR 89% %)%, ]21% 92%,93%,

94%, 9}50@ 8’6‘9?);[?7{/% 398% %12;@:9%%313%1?}{%1a£%1?er]e%c_e2%c’1u3e%c_eé%§eﬁ‘i‘>y ééQéer’NO:Z, 4 or 98
with tlglpoestdiig #@ureesi due di fferences at other am no acid

resi dues as conpared to the reference sequence of SEQ
[0113]] D 4@ ec2mbddiments, 98 .imlbransimreémj@sd icomaprisss ant dngnnagndsenuenfe based

on the %éc{u&%&?&%@ﬁl O(I?EQQ? é\a(): % 96 %r 1412 7 a 5%10113‘[86@% s%gt} ;sgrgsdtfes 90-211,

in whidigthe ewind aeid sicfufrer brrce @aatthedplﬂmwnafwtms achidur @grgaedng to X190

is an nl)ﬁl aroiatc reSHPe ﬁu alatnnllg 1931£1Icfﬁr Cﬁ%tgl QEiB[ﬁe? gli;]d the residue
conservative’ t at | h sone e ts, the

ket or educt ase pol ypepti de conprises an anmi no acid
sequence with at |east the §37recedi ng features, and



wherein the am no acid sequence has at |east 85% 86%
87% 88% 89% 90% 91% 92% 93% 94% 95% 96%
WOI0/09804 or 99% identity to a reference sequBCiyES2008/076333
based on SEQ ID NO 2, 4 or 98 wth the preceding
features. [0113] In sone enbodi nents, an inproved
ket or educt ase conpri ses an am no aci d sequence based
correspndinp e Xéfuien Ccmsiframeralwlr amdlf: rSH@:, |pE)‘th€Ihrl§915$tidﬁﬁ Irogonit19,
aon .t ereq ue 2 [
embod\?\lﬁen%ﬁﬁ{lieg(etoreductase go Pf%ﬁpsees lj:aerh %aé’ ‘ﬁ(gdsl’tl él ngs g‘,ﬂlh A 5':] 1-6, 1-7, 1-8, 1-
9, 1-1¢, dHl1oiml g - 1f4e&tlﬁgr1e1=36 1118sl- Ziu& 22pF- zzegpa@nusmg 35(:0r)(ﬂ£9ﬁ)1 -4() sesidue
.. @N _NON: aromat | |due al ani ne
d1ffere|n%eoslag (Stl’éfir re1nen’1noca§:/1 res1 ues as cbmgare goﬁﬁle’ fer cei ﬁ;clguelncéesdfggg I?7NO 2,4 or
98. In\A@nQaﬁ&idﬁlﬁﬁﬁ@meB@ﬁbdﬂSw@@eﬁﬂe@Bﬁﬁ)e 1@@;3 é,ﬁ)élﬂjl&‘fg lt)oll 12, 14, 15,
50, i |ne a ic.r art cu
16, 18%%'03?2', 32 g(f?? ora t4% n%SIdé{w %lf% encestaﬁotﬁl?{ a{nor X a‘ld r?m ues I¥1 some
embodoényp éptdufMCasauomba:wecomédAatlveanmhticms 1TnZpmd elﬁbodime‘h,ts fhe5,

ketore%@cga’ée &(%Egpfgt}&e%pﬁléﬁseg ?&%ﬁl%ig ?(Q% 56%1%@112%(&1%% ?té%&fstl the gréé%‘l?ﬂg features, and
wherembloutmiie 2bd segeanckulers adidst &mr%%s b, 88th 69%5\9&%}@1%9923/0, 93%,
94%, E{S%g R%y e9c'7 ﬁ %8%,0 ”xg%%ﬂemf? otr(%Ea reé n]%%%:‘sﬁ%u%{elce a%ﬁe 5 u Ee)rﬁg_ 4 or 98
with thﬂtlpfréceahwﬁmresan be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,

12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about
[0114]4 D yoewicchbediohiciitf, @n énpewedibtoatdhasse aomprizesmi ahinesiidiggsnce based
on the seq}]éncw?o u\[rg)?% t@ S9g r@?%hg 1f15 &5an n%%(al tﬁé)re Ssu%% B residues 90-211,
in whiktethe pretiu @tlasmup@b Wpeptend dled‘olﬂmnngkstuast aﬂﬂmoacspdndmg to X190
is an n\?ﬁ—gl?) 16E 1ie\lsf:1'nd1tleh P{%Eculaglasaﬁ ngng 1a(g%u§e 1‘1 ntglnf e‘? r%{l S %c@ﬂg lgé]g.}le
corres@ndigng 883% 5289 9mor0RsYer 09 pGlar r%(%e Iﬁiﬁ%ﬂarlg 4%111@5% 1D6Me
embm%rge{?ts %%%%tg%r uﬁ%ﬁ(gRMe%lél s)éa& lgagg a&d?t%(h linfg Ifgggég nCSel 6,1-7,1-8, 1-
9, 1-1¢, ddtlut-é3.1- 1[40115,]1 lmléérﬂezﬁi‘ﬂﬁ@d] -PeAtX, 1-30 1I—3ﬁm‘r@b®d1 -40 residue

. {
dlfferegcﬁes %L()e[gel%%ﬁlﬁlz)n ngq&g‘ﬁlﬁ% co%?ar%ﬁ%rh?ed%%%ceg%gu%glgec& S 65@3\10 2,4 or
98. Incspmaembcgiummti, Hemewobgr of di¢threases castiedues’, 905, 817 8, 9,i1, 11, 12, 14, 15,
t
16, 18\1\%l ?% VZ\AE % ?d‘%?gr aégutqlp‘;f%ﬂﬁ]gg(‘f%ge%?eé Sag%[lh]%%ﬁl‘?&o acpiii%c&les In some
embomermﬂo meallf&maltzesczomemedvamewpavetmmmcms | ¥ saina pmbeliments, the
ol .
ketore!cl:%?arsg goq)lé}orég CCX’?‘[%S%?? %&ar&go gcrl(%’ 3 H&CF g?ﬁi gtrllga%t tF1§ Elle?egglg cfeatures and
whereipahe annmlcb and Sﬁqmmtmlnas Al It 83% 8§%n&7%,e%ﬁm l?%é?@t’/s 91%h®2%, 93%,

94%, 4{56/ %‘?dé‘ﬁ} %%% B’Q%Pﬁ%t{p%% %@&R&%é&eﬁg%géed%ﬂ%ﬁfbﬁ?]ﬂ(? 4 or 98
wuhtm;pm;dlﬂgfpapres, 16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30,

1-35 or about 1-40 residue differences at ot her am no
[0115]adi @neegibddimsntasn coprpedddtotedudtive copfrecemcamisegibrqengf based

ocl ' ,
on the §%198A ?ff(gggﬁacoé §E 211[3 % 9;,’ %2’§r01g’€, %@gﬁ&gﬁ?&%& Sél?}}bgs’ r@#@ﬁf&?éo—zl 1,
in whidhl the 4iRino adid sekfgence b, at e8st tiRGoll@dng f24ture® 6resid @, coB8sponding to X190
‘ ) f f c
is an n?@—g%éﬁggre&?%, g%ﬁnceu%r% ﬁa%glg@ 1?03%‘11%&6 cﬁ/ﬁglé ?%r grﬁeggﬁcfjthe residue
correspdpe ite ¥ 1 Wonsesliphatiocvenmelaatdr eregiati¢ residenpargedbolyi menowne,
. .he, k |
1soleu(§81£eq belelﬁgé 3 V\ﬁ%ﬂﬁgﬁg’ﬁ e. PR séﬁﬁﬁaﬁﬁo‘r&g%eg%”% !k?tgr%%h%r gésimlgp%g%'s gan have
additiomhlr B2nl-3.Hed, drfi b0, bc@,l a8, Slédl]lelﬁcblhdsﬁat 14.dakt 1-869%4 18690, 1-22,
1-24, g%%l 3§g 5 §19a06‘81ét%046’ eﬁ&u@dlf?e%e{ﬁ:es a%o er a%*ﬂr{@ ac?d'sr(ggldl%ggg compared to
% | entl ty to a erence sequence
based on SEQ ID NO 2, 4 or 98 WI th t he preceding

f eat ur es.
38



[0115] In sone enbodi nents, an inproved ketoreductase
conprises an am no acid sequence based on the
waegeesaed f ormul a of SEQ I D NO 95, 96, or 119PCDUS208/076333
region thereof, such as residues 90-211, in which the
am no acid sequence has at |east the follow ng
features: residue corresponding to X190 is an
the refaieonmccat@umteiof SEQSDAN(R?, 4padBi Disoak embadlimmits) ghe number of differences
sol LY C I P esi
can beCIO? ' égp%ﬁg?l n,gél?gel)]q%élép S}5611:,]6 aE% a@h%?ﬂfg 2& EghSrS (o)} al()jou?40 remdue
differeaceo magtha amgsiadidegsiduay. tin smh@asﬂﬂ;odnmlm e dlﬁbrences comprlse
conserlvgt%e u?atlo S. Inelilr(l:e n%odlme E 1¥etore(i'5l nJ[ase 0 tide comprises an amino
ehbodi'ents, " the Ketoreductase epptlypa%s canprhave
acid segdehict wgthaf lbgﬂt the Brecctling, fealurds, ariki-\ﬁherelﬁ the athing acill s&juerdoe Das at least
85%, S0 7% 585 89 4o, 9 g 204 938D 0t 4%y 0 B bt Do b Sientity o a
referergte féqperen bassd at SBHO MR NCaZyi4ro 9@ wiithl the@secddjlagfeatsreeonpar ed
to 38 WO 2009/ 036404 PCT/ US2008/ 076333 the reference
[0116]s égwereebodimSHE ah Dney @ kethrednctB8 cothprissoampnendadt sweuwhss based

on the épq%ﬁlpclé 'fb kl%ff S%Qflf)i\fﬁ @%g‘% T6ﬂ61‘§ a r%onztggedfzsilbh %Gresﬁl%s 90-211,

in whlGﬁtho amalb @uﬂ sdtmerrce Saschy Bast meffﬁlmvengréstuat whilercognipanding to X190

aci d Sld rl SRR e ql ments,. the di fere %
IS an non- aroma C I'GSI a 1cul I y anme ({ cucine, cyftelne or I'O ll’rl_Fb C ret91due
conmpr coh arvat i ons.

correspdnging &t Kz@dumt arphatpozirylpap:t mobeaooqmar resndse aartlamrbuneﬂaomlde
tyrosmsée&q'lgptcog% Vr\lnetl L r%‘rfln:‘;]e oem%?&? &e}étgﬁ}deglgecoere(ﬁ LaQ E%Eep 1d? dag %g)le additionally
1-2, 1-86P4, 185, %6, 88%4-888951- B0 96! 1,911% 1929%- 183%6 94841-859422 91624, 1-26,
1-30, gZS/gr le%g O/Ql é@ées?%%ﬁgg ger& a¥0tL %11110 a%f rﬁsq(?u%g as c%glﬁég & B the reference
sequerfce af $E@EH) ND®L 267 94. rﬂnsqxn@erebﬂdonhntsetht sumlaam of chﬁfmmd canbe 1,2, 3,
t i n ] ' nce
5 A AL PR SOTRY 1558 2 0 ARG, BAGEc
amino@¢id gesidegr. dmsdnremgoflimesticthe differcaeh denegis® CorBdriative mutations. In
e LR LD B SRR SRS, oy Lifgegn y e
precedary feaures amlueir@jn the sindlwelpldpmh@dnlawtllqastéﬁ% Bote, 87%, 88%, 89%,
o 9 | C 0 b | e id

90%, él /? 9Z%p%3ﬁ§ 949&’ ?&6 @6& 9’9%, d% /8 % W/F] 1ad?1:;]tgy¥ aar r(e)%get%ce ééSuence based on
SEQ IE(NO pol car98methltlmhm¢cefhag fqamudsar |y nmethionine, tyrosine,

or tryptophan. In sone enbodi nents, the ketoreductase
[0117]p &l ppepmbddmentann frapreveddiotddosiak kymprisePan amify acid séquence based

on the% c%gnc% {(ﬁ%li'a fsgé‘lﬁ Fc% 29% 9655 111(‘191&52):%1011]&%%& s}; %és restdub®90-211,

in whiglhibeitmiho 40 d pewende basdit fehs ﬂ@rfelésmeg featviter readmmrra@pmdmg to X190

is an nf)%ﬁllﬁ%ldgcs re%ﬁuec 8&8:@(%;1%% a‘ia?unte rﬁ?o u%glg ng/ptglge oF ﬁl%ngn d tﬂg re?ﬁ'&%

corresplinfling te ¥ 2@Ssis @hﬁlcbeonjgplalzqr aEphatldresﬁpe @artﬂqlaral arg,nmg_@r, valifig. In
r_-abqu 0
some e]n%jodlgj’n%nts ]Tﬁ? %g%(?rg%ugcglge é)(?ype%ﬁdes gaélli hage ddﬁgna&gﬁéﬁ; ilgl’,l g_gf f—l’i,ﬂ]—@ 1-7,
1-3, 1-9ohri0, dntd o thil Prdlnkds |- 16 hlel il {18 ek- é(hde?Q tahprios &30, 1-35 or about 1-40
residu?ia} @fgl%ﬁc Qgﬂ offer gllr‘l&?ta&lﬁ E]e%ld ésnals cg’lgﬁ@e(ﬁmqéij&%%e%e%&e&% of SEQ ID
etore UCt ase e co I Ses an am no acli
NO:2,degb&nloeone tlhbcammetlmaﬁne ntlmber opdléfc@dcren gerfledt &ried, s, antds. 9, 10, 11,

12,1 4%1;5 A)ﬁ @, Ié g,O%OIJ%g ?/am 2%83000%% gr ]@A?lg[gg E}é%ﬁ%lg @j’fe%&g%s gg@ﬁ/%r §1gl(??)%a§1g%sidues.

In som@ 2podidogts, dlhe diersricdesvnipriye topscavatied mpenos. Segoemmbodiments, the
ketore?&%@g?oquepﬁggﬁy? %gg %%Irr;rlélo 2 n%?eg}lﬁfg%l%gﬁ th%agl{ tﬁ%?&%%%g features, and
ket or educt ase conpri ses an am no acid sequence based
on the sequence formula of SEQ ID NG 95, 96, or 119,
or a region thereof, such a¥ residues 90-211, in
whi ch the am no aci d sequence has at | east the
followi ng features: residue corresponding to X190



IS an non-aromatic residue, particularly alanine,

i sol euci ne, cysteine, or proline, and the residue
weapedpondi ng to X205 is a basic, nonpol ar orPCT/US2008/076333
aliphatic residue, particularly arginine or valine. In

sonme enbodi nents, the ketoreductase pol ypeptides can

have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8,
whereih-thg anfind &id sbedehee Has 4pasi 8504,,86%; 3B, &8Yal 89%,190¥8 91%; Py, 93%,
94%, %/2%6% 3R 93% 50011y b a?fgferoer easgou%t 2?9 on s%@plﬂ%o 2,4 or 98

trerencas at Yot her am no SRR G eo)

with te@rdchding fehtereence sequence of SEQ ID NG 2, 4 or 98. In

some enbodi ments, the nunber of differences can be 1,
[01 18]2 ln s&me&mbﬁdimﬁnts An iBproeed kEOredlckase cdifpristsian ajlﬁno abﬁi, sedq®nce based
on the s%quel%clg form alr% o%gEg%]lgé\I(? 231 (f grblqgt(ir%(%es%oensthgr awh asertresei‘&]ueg§o 2211,
in whithhe dmfnf) ecid peesnce baypt iege tledpldevingfeatves:mebiddd @rsspohding to X190
is an n%g g}%}n%gég %egglgée érisicularrI ealaéungégodeeuﬁlgrlgtc\%g’t?iﬁgg)l{ Bl{%glgeé Flgcftﬁeé residue
correspn‘ndmgab H@6f1ea¢rupm or anmaﬁgeMGZﬁKB@)’u%l@ 4§@dsme In some embodiments,

te ket PO 5 b GA Pl Bact™ dBet S0l s FaoR Gadd. 111

1-12, BIL1-1959416,961% 1-97%-2208%4, 1026, 9% |-dEmtabbyt 1t49 residue dlfferences at
other ar elrfloe a{cr? ergseuéues su (f%rr]n%t;eirﬁ? Zost%e fegefi SE%qunce (%ré) glb nzgﬁ tog ¥\§ tIn some
embodimwnsgﬂeahuinbdzr@tfélﬂﬁmh&s earclenip 2 $é85 én7 any.no, dcid 14, 15 16 18 20,
22, 249%q 9@ gg %r ae)as g res?c{]uetdt}?eresng&ua? ?tﬁgr am orgtlzldare ogluaegEIS esgm(e:I &%odlments
the dlfQ@Gnst]compns_w oamecvlatl‘tdmutamnmolnaomd elsbcqhmﬂme thia zkstoatiudt@ast
polypeltpggea(};(])%l ge_vsvI grrq %m nélt%%slﬂr eqilerg w%tlh(’j&J lg%s(t: Fe%{?c& dﬁeaﬂgreg gnc%( 1IF1)eQe1n the
aminojagid ls@menca das art}esuéﬁ%e%‘yar@%r 8)8%,rﬁé>/>, awa Qlﬁ/e 92%593%1@4%, 95%, 96%,
0 QI r 0] [ .

97%, 958 e/ég iog%dea}:? AL ‘l? 5 lie%é%i%e % g?egllg@baegd qaﬁ SE?%II%BW'EEE Cog )8 with the
precedifydek@tor educt ase poI ypepti des can have additionally

1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11,
[0119]1 Il @me mbddimentd, Bn improeed ketofe@uctdse POlypepti@Qof the dist]osdre 2Gmprises an
amino :Lléiﬁ gequgﬁcg gmapﬁas %gf St 0% th%%et o?ﬁfugaggnsqisfea ol 'ﬁeﬁ)?eezsbe%w. ﬁits&%é

am no acl I esi as Co to the reference
embodsmente ﬂ@@Okypep@EQlSISIBt Nt 25%,486%, 8B, 887 88VB0%, 91%, 92%, 93%, 94%,

95%, ﬁ?ﬂ/b g?%r@gﬂ} r %é J;] geqﬂ%gg ?d;le_:_nlﬁ)tgr 1odé Ig(fi)?’eg%%&fg%& n(?acba%equence

selectc@d4ronPHEQ ED)N035 o0,dBolst 1408 r28s2H A4 24i 3% 80.8AcHs3@Bs, 40, 42, 44,
n [ e
46,45 L SHNOS. 86 o SRR T, PR SRR s 00, S o4
wheremribdditoneiutiase pplfyeeﬂtlét anadacit! awemp olcindespny dee soefghd sibgitution
e t
comblﬁﬁloﬁlsmis@e% 11?(1"%3 %\,h%%gﬁg gml:f]Hd‘iIQean% %’18 %gt‘?:%e ctaa%e E&lﬁﬁ: ggélers] gan have
additidneldyst-2865341-B6%, 1872y, B8%9,39%, 1- 90%12911_43/6 1912>0/<;1 16,3148, 1 20 1-22,
Y% 50/ 69 7 [

1-24, Igf’? ér@h C%)S greaﬁﬁlétnlc@ é%%u%%]@’er&g f{%ér%g’)[%d Jcﬁd Iteﬁd%é as conﬁ)ared to

the reftieecepracedi ﬂtgsmmrlbp@ment[s Olle‘llgl}nbbmfﬂdfmer@mmbmm $4, a0, 7,38,

9, 10, IlfTHE 01\4695 lfgtlgrfod% tZQSZ% %p%é’ 81629){){1’[(41% ﬁsﬁqute agfegén§e%|a9§tﬂgr% ino acid
i 5es am o ‘aci d’Sequence at has any of

remdutSh én smte e@fOOdtrmemB,l tmfﬂsmmeeebmmlsér atmhfev@vt)eﬂu@mnﬂ n s onme

enbodi nents, the pol ypeptide has at | east 85% 86%

[0120]8 RgonR 8Mpo@@Mmepts, AFAMPDYe4 kedreduc@gopolypantide cOBPKiscHBgmino acid
sequelgz%lec?e%%onng(? ﬁf?\@e@l’g&n@qZ lqle g '1% y20t % 94 PY digog(p%b 36, 38, 40,
I'Sing an”am no aél sequence ected from’

IDNO 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28
30, 32, 34, 36, 38, 40, 42, 44,

40




46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70,

72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, and 94,
wabepe3ao4 he ket oreduct ase pol ypepti de am no aR@¢TUS2008/076333

sequence i ncludes any one set of the substitution

conbinations listed in Table 2. In sone enbodi nents,

t he ketoreductase pol ypeptides can have additionally
42,44146248,150,32, 34,46, 58;- @), 62,68, 66168 70,172874, 16,93, 815 80 34,186 188, 90, 92, and
94 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25,
© 1-30, 1-35 or about 1-40 residue differences at other
[0121]aﬂ]1 sr(])gnre?eg 9(}11rngr§tls %H ?M§e&%opﬁet%g§asF Ig:]o %rtlsﬂsﬁanraen{lgor fF& séquence based
on the decfuﬁlme doroehl oxf SEQBE NQ: 92, 963pr U9, & a r€gionsther8of, subly ashiOsidubd 90-211,
in wh1(;:lhetg1e (ajmino ég)ligl ]gee ueenﬁ:(e: %éés ag?east e’et‘(r)lgoéa%vrﬁl%zgeatgrc%? re?gue coggsgagﬁlc{nil%tg X190
is an nepaRMeibesidie pirsculdrlyaladint f isrl @nte scysteing ror sltehne and residue

v tation i rent .
corre IR R DB ER et 8 ol RO BRI Taffgoine
isoleu@m, twmae: iotiphesgglamne elnseh@mﬂmdmﬁdnmthE@ﬂeﬂhcm p@ypeBtides can have

.. 10, , . , 118, -2 n 124 17284 4 30 3
ity 58154438 i) 3ol 0588 bR Bebgbe b s 1-20. 12
1-24, 1425 4430463&& Hoyt3I A4 054sid 6, dﬂ&,rfﬁﬁem pthdr, r66Jus Podgng 25 Jodgpated to a
8 88 9 a 4, 21

reference Sequeﬂ nﬁ()ﬁSEréﬁ? N% or 98 \r)vb 1’\1/te 5 p}‘( & ngefaaguérte%iéléc]ﬁca(s) }SEQQD NO:§, 10,
14, 16a241 2Mmi8. amzasoahe%ﬂwémeets bseahbeoef dlﬂfﬁeensaqlae hecé 2ﬁ oraydl @7, 8,9,
10, 110f2 Eﬁﬁgg 1&2&? %’%2 8?@%?%5 o%gb \xﬁﬁ ﬁm{l nreril:cle]seat%ﬁlaf amino acid
re51du®e gusncenivadimghts | thadifferimes é(mﬂlﬂrlswqmgerflaelat mugonsy dssodige
embod?rgetitse?%?(gtgfeﬁgct%sg Hc))iﬁée%tlde colmgal%es%ré al%m% tdlse:cgJEnec w1tlﬂ§he preceding
featurqsr@lkimrherelrahdamlas rddigequore ks poledit &@%,t &6%@% $880, 8%, 90%, 91%,

92%, %g/l?, ?IQ‘%{I%SQA, 9@% 9'}[3/O ! 9%1% 0959‘Va{d91[Iﬁy {0 A ref%fsenge s%%uence based on SEQ ID

NO:2,ghe Ay vith anlpmeednhgrfe&m(e@rtﬁ@@ Imalﬁ@§ 14, hé 1I6e24o?-@oiu@1) ase
pol ypepti des can have additionally 1-2, 1-3, 1-4,
[0122]1 IrbsomE-e@bodimgnts, hn nproved ketbretlGctasg cdiiprisgs diPamide dedd sequehég based
- - ’ 1-
on the Ej_sl%cégrtlce %eri%laroéglgng cﬁ%}ﬁ e9r6é%1§1219 o a%%ﬁl(ﬁl]ThéQOf s]aah?' 2 1Qidues 90-21 1,
in whighoth¢ tinimn gcid sequenvp besed lea s the folﬂ(ﬁ\fl@ enoes: segdenweacpbndbiEo X190

is an ng‘gég%&f\ﬁéigl?é R%ﬁcu\i\ﬂfﬁrrﬁla&lgz’%, 1%(&;&1%%%,' %?tei&% %¥ P'{(])ﬁgeé' ﬁeé}(]iﬁpcoq;esponding

to X128 mpopkleren nen-pdlivecsmlynirerticokrly pdrineraad ceslugcamrekpending @, X196 is an
O 22,

aliphati¢ ngrb%(ﬁa %r‘arog%atlg ’remd% dotar:‘:%%la 1 eSI %églnéﬁ?ofleé?nel%é%cm%

phenylotahie. Brsbmo embddimente diedatosdudtave polmeepaddyoeh e pdlitionhldy 1-2, 1-3,

1 S PISETFRIETE B 0TRR 30 K Toka e | 5088 0

or abomnl - ﬁlmmchleaﬁhﬁfﬂer@m e‘rhleerewhtefposlh@lsgas egugiraddo a f@atnspr: e@mence of

SEQ Ig%%@% gxré%%goggeﬁ}lg%%%ug:iﬁ%ﬁ&y§%? lg)glg})) %3‘4&2)65%31% (%%ﬁ%iments,

the nu@Bérof ifienG8%yn 1, 9Bt Wént.idt $ 100l 1212, éf b elfc é8,98 et 80, 30,
o BRSSO ST s AT PO, 0

differeh@eb 20prisa cgprmat@rboditivent]s soranenbmdinone dthk bitordutiet pweptide

I aC a A . .

comp GG AP A ey RRAETEGu R GE P i agid scquence
has at feag) 801, 3tV REVL §3%6,10M, A¥ordH &h, A2 s9390 92%195%.i19 AT e P8V her 99%

am no acid sequence has at |east the foll ow ng

features: residue corresponding to X190 is an

non-aromati c residue, particularly alanine,

i sol euci ne, cysteine, or prollne resi due

corresponding to X125 is d‘polar or non-pol ar

residue, particularly serine; and residue

corresponding to X196 is an



al i phatic, non-polar, or aromatic residue,
particul arly nethionine, isoleucine, |eucine, or
wWpb@pysabani ne. I n some enbodi nents, the ket orBOUUS28%076333
pol ypepti des can have additionally 1-2, 1-3, 1-4,
1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or
identitg lmoautefetendOserjesic elbpseddif SEEY BSOS, dbr W Wigh the escdlirg features (e.g.,
iti.ons as conpared to a reference sequence of SEQ
SEQ I'?%ﬁ?\g)z 4 or 98 with the preceding features, such as
[0123] d F %orenre eeﬁlC 8cg1m(e:%;[?i %B?Iglar_rgvegr@%geldggystg%o%prtlsgse angalflnqgoe acicgseqliefce based
on the &querkc4 forflsla 0T SEQIB NQRO5, %Zé)r 24, 0r26¢g1(80here$58uoln asabodites 90-211,
in wh1f;lh the %%mg l’a{(r,erg geé{ugn%g ?as a feﬁsqttheg‘g@ Sin aﬂ' %tgrses c gﬁlgu c%%espl'él?dsmg to X190
is an noma@mav(atesldm m]'tlatlarkyra@mnbnscsl@mmemyw@dc menltoiane tdselue corresponding
tide
to X95§ 1221% %ng 0??%)h5ﬁ e%%?lg » et cula(%lsr 61? gi 15(?leucg1 grr%?dﬁlg t he
correspmlrimg t@ali W is egalphae, ndma@laa,tor Iamtlc B5%yc, BGiGul8FrpctiBBipe,

o8 0 510, PR OO A B e

additicmeflyer-2nic® 1stdife hcel- @,a]séd On-18ERL 1, D- INOI -24, 141501 - 19,81 W, 1420, 1-22,

1-24, { 5156 lgjrr(%gfg%rna%outela Our,reseu?ue(dleffegerng%seagElk ertr(e)srl lE)C%l‘Dions LclSO (::I'O%n3 ared to a

refererco npuERe of AEQ HAXINOD, dor 88 web) the poecdigsfedureg mudhlae SEQ ID NO:20, 62,

u f.or mul of <1 r

or 64. %1?9011? qu})dl%i n‘% e unlg]b%agL ciﬂé)erel\ges ca%@&?%i 4{, 5i %%V\%I%C }](ftl |1f612, 14,

15, 16am, 21@) 22(,(954(1263 é@;lflié roc ebolnedd) ragiducabffdrericbsent bihkit zmwlmg:id residues. In

some en%%hlilr{e%% the glﬁlel%gcea 8(915]&%%@ | grl\j glre Imutat 11?5 In Isos’meaembod1ments the

ketored@@ﬂsep[dymm}ldeccympesemen ammno pcmbl;qqn@;ce wak thd upeecedmg features, and

whereﬁl‘%ﬁer%%&%‘?d Ment oha)s<?t516 D310 97% g0 0kl 4B @ﬁd/ 1492%, 93%
resi due, par cul elici’ne or 1"sol @uci’he

94%, 1566 90U 6 r9|8%s pxcﬂ?dﬁ ngltttsoto)é:r%rencs saa{ueactel byamlton (SEQ ID NO:2, 4 or 98

. - [ arog&% articularly
with tﬂrégj????éélﬁ%a%am% 8%1 eu i|[5r:11\elbezl%eéljjlzg |§I'n6 or phenyl al ani ne.
S
[0124]h gﬂ\}%m%g%ggélﬁglﬁ%ﬁl 115%8548%%8%%9&&5% %(?r?pr%g %10 grﬂﬁd Q:?dssegl?egce based
on the eq@enct fdr@ulalof $EQ Im N2 951961 dr, 119, kB reglonltBered; shgh asirest@ies 90-211,
in whié)}' %1% %1}113% gélé Seaquel%g aésl:‘lat r%g% It% 18’1?0\)85 é?tg%é I;eglélgeod’o?rgérpglggﬁngoto X190
is an ngn-apogfby wrides, se“qwéankyeﬂamﬁlesmmme N@stRine,4r 911011@68 rapidudicdrteeponding
r.eced, f eat

to X19|% ﬁ$ %‘o%%ﬂ%r‘%b% rl(é%r?ft%g ar% c %ﬁd E&A1%1M€%%1%Iﬁ%eélssof§gcr1]§ebleucme or
phenyhilanipe; aBd re&du@con@spoﬁdm@to )gZO6 102 nohipolat 2r ardmatic rd¢sdue Ji@rticularly

.18, r [ 512 1.4 1.
trosich? 1y e shbuaififors e oo Fon LS R AERSHAM St 12, 15,141
5, 1-6,dabdeli, i@nt-40, it He 1 dRfIf Bk ériéek 1@ dniBr 1-8& lednsé4.\vals, V80, 1-35 or

t r

about W{) ?ets dQs?&l elleﬁlceg’ Qﬁhe? ggg (aaﬁé go:énﬂf‘ﬁgs aas g?l@p&gé@%g ﬁgfgﬁé%eﬁgcﬁlteﬁcg of SEQ
ID NOp? éc)e l$ ngh fhea)tam:@g featnds, swihers ERQ IDREO: é@n Ingome embodiments, the

numb%?%ﬁgr%&epg%%%tl, %?@?ts g%/% 998?/"1 é%%‘bﬁg/% g9 g%%goz% 26,30, 35 or

about #Uesitlpct dfferonces #tefher @mn@acséqsnémsehwmdmbcdnsa@ (D diixrnces

comprﬁ&g%%%g%@n%% Iﬁ) e%b%?lnregfg#gg lg n%rx(:oglcgse’ rﬁogjé%ddgcompnses an

amino jagid s@mete kxetﬂl@heqdu:@dlag eagonpnil sdercartheaninpacadicduence has at least
0 C dgo@y 1N J

85%, 83535/9 ‘ég% & P%?% 90814 §2e<§ga SAYLDER Jesg/ @Héﬁ%ﬁi g?&?%ﬂs ddo d/DQentlty toa
90-211, in mhlch the ami no acid sequence has at | east
the follow ng features: residue corresponding to X190
is an non-aromatic residue,*particularly alanine,
i sol euci ne, cysteine, or proline; residue
correspondi ng



to X196 is an aliphatic, non-polar, or aromatic
residue, particularly nethionine, isoleucine, |eucine,
w®200908@0d/| al ani ne; and resi due correspondi hg RPCI/K21068/076333
is a non-polar or aromatic residue, particularly
tyrosine. In sone enbodi nents, the ketoreductase
pol ypepti des can have additionally 1-2, 1-3, 1-4, 1-
refereriee sdquénce baséd od SBQ 1D N@):2, B-0t OF with 1lik,prebedi@g fedtukbd (e. 6.-SER) 1D
bmyyé'l6’ 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or
“"@about 1-40 residue differences at other residue
[0125]|p %S%Qge%ﬂl%a(ﬁmentﬁ g \?\Arﬁlgerﬁve:d%e%rerdg%gsr %cl;%per%s%se ﬂar?nglrgoe ac?c{ seﬂuegce based
on the S&Qercd fNOUBGL SEQ 1DV 9é;ﬂﬁodn e ndirg redidmetherpafnduelr aso‘és1dues 90-211,

. .differen can 1. .2, .3, . 7, 9, 1 1
n wh@&tfhe %21’%0 %gﬁ seﬁ&enc? g?s aﬁ&aSt é‘f,f"ﬁzl%‘flégz%?m%, reggueodrorresggrédllﬂg to X190
is an n4ﬁ}a1roe$tid1¢eiduﬁ pirgcudanyedsnat, imlmme,aqyi;tnioe a)cpldlipeesdsi;ﬂuemrresponding
e C 1.Se . ...
to X7 18 8% éreo}nvté Fglg 801 f %(ﬁlgr conht?a]nged as c rﬁgﬁ%ﬁ (P}'E ula}rlsyt ]ﬁlsetldll’le,
tryptodeh,graohechasieng) ot yrpiginti aid rersminpcomndmg tcaXr 960s acdlighatic, non-
polar, gr% (l)rirga 1C res\é\éue é)a%tgzﬁlge{l ﬁlgs golnn g1 I%angl tc%%%gt&yln%g%& etgzﬁfg/amngBi}l some
embodB9&rts, %%toﬁ:ﬂ%tas@ﬁ@fyp@ﬁ%s c@ﬂ%ve b onBifiP4-2.917341-D3% 1-6r1-7, 1-8, 1-
%, i tity 08/ 076333, .
o DS BRI 1 47 1 200904 SO0, I
dlfferdnhae aqutbcﬂedldug pésitansi nsawmpercdto, a ISE@ntd}eqmd@d&ﬁ)SEQI(DM]Z 4 or 98
with the &recgﬁ%geatupeg sHE A S%Equg) N@Eﬁ Y ?éj Ik% uﬁl a?]n% the number of
sequence bas e
dlffereseeq wanligxel , 203, I4flJ5 &, '(')1’8 SHQ 1|1D12N(D4 18516, 98, 20032 14196 30 350or about 40
remdue & gfler%ncefs Qte rthee?];rhm% léllg’lg e%isdugseﬁ golill% e gn}%dlzzlliis the &fﬁe’t‘r@nces comp%se
CP sequence ﬁas at ]il 11"[1 HFO
conserfvaa/t: mm@slpnsr s s@aﬁeendmdmsysghdkwgedmtaéemeptsie ammprlses an amino

acid serg]séﬁ GUCI e p?ec&ﬁ?%%%’t%fes %%ﬁ hg’r'gi!n ?ﬁel’ a%m% a%gj sg(?uence has at least 85%,

86%, @%,Bé%p&ﬂ%il%% 91%; 9X%, 9§)A)HQ4(VGI9@%BQG(V2;G9\;’%O%/@®IF 89% igrolitantg a
referel%cg nésqtugr%l Bgsgd 019 5 %% rgg ’1th H‘l% trécg(iﬂlgfegtylrep gSt Iﬁd’]ﬁ) NO:54

or 56)r esi due correspondl ng to X196 |s an aI i phatic, non-
polar, or aromatic residue, particularly met hi oni ne,
[0126]i $rodoewcimbedimeesei@n iraprovad koteedydtask aerpreses dnrngonayid sequence based

[ : I
on theg%.:é’l?ciegﬁﬁﬂhfa ;)f%_ﬁglbi\f(g?% Bﬁ?@ &9l X%&Pt érgcﬁssil&g@s Jfﬁé’%s 90-211,
in whigh th@ amiho 2did scudiRe hds-at ast 1he1f5110v&mngl_ﬁatu1f§s 18sidde @Oespdndigg to X190
is an nérl'l—%?itenraé% %gguel ﬁ’g(%uﬁ&l;y%?délg]ire dl@(ﬁ&lldhle 4ig1rr]158 %gér%ﬂl?e remdue correspondmg
to X144 iy ef @emricepdaquanobr,of al§Haid 1@31411@5 Particlaply gQ@mlm, ﬂdmcmh @r
isoleucﬁﬁ gl%pll rr%@uc? C%QE ?51%?11%% 9{:‘]1 g%@san %(Ra 1cD nPl?g el hglre aé()l:_}lgaatlr(]: r%1du
paﬂic@arlyanetkqlpnlﬁq 1s©1€u(ﬂne &ucige, of phendlalanih®  Inkdme d_rﬁbodmﬁentslgle

b e u

ketore%p %afsggolﬂ%éndegt@anotﬁge adﬁg}%ﬁ.ﬂ gal 0Pyt ?gtéll Ug édl f 18, 19, 1-10, 1-11, 1-
12, 1-Epbd 8i Inknt 9 3, t-Pe 1di2f T-84.dnkded 3@,dﬁ$5ror9teout ¢éﬂ$®rdwaﬂlfﬁ¢®nces at
mhmw%H@% 089&1aL&nE%ﬁBt@HR%g&E§§§ﬁamEQF%§§h9N€9?§%ﬁ§§ ith the

eptide co rsesanamrﬁl equence W ﬁte
precedprgefc@mm gucheabb® &3 Na?id 6aoér @l 7ﬁ iﬂmnawmh@dlmcmtd the number of

differeg%g/q‘d%glge% Eg% (%ai 3!4@:%,5& 511/0 )867 g%ogﬁ 2%2 80309558+ about 40

residu¢ diéfntendey attaphea amme fagid efrscisess élq &nem)fenbbélg@dtwhe @E‘@embs comprise

conserb% v%gméa 18£s %1? %(%%1 J?Tb% ﬁ{sﬁﬁglgééﬁgdugﬁge[ Odé)ﬁ)r%e%t(d% cgm}%nsggig amino

i mproved ketoreduct ase conprises an anmno acid
sequence based on the sequence formula of SEQ ID NO
95, 96, or 119, or a regiort}thereof, such as residues
90- 211,



in which the am no acid sequence has at |east the
follow ng features: residue corresponding to X190 is
W@po0oposs4ed omat i ¢ resi due, particul arly al ani nePCT/US2008/076333
i sol euci ne, cysteine, or proline; residue
corresponding to X147 is an aromatic, polar,
non-pol ar, or aliphatic residue, particularly
acid sgbericamithéhe pk@tkﬁhg]katums and ybéreiuchiecrmpiinamdl se@snctums at least 85%,
36%, S8 ?f@a}j 9% Ef%,)% %0% A9, %%p%@} loGoy, BBN-PYIAL 1cnBE 10 a
¢ ‘Pesidue, ul ar t'Ri ohi né,
referencs séqamcle ba&sed beSEQ he N (1)2 4pin Q&yzhthlt}amreaedmg feats@pte.g., SEQ ID NO:22,
6668en§9£!nents, the ketoreductase pol ypepti des can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1- 7 1 8, 1- 9

[0127] 1 hbsl?me fm%g(hmint\s), éln ‘nﬂprgge% é{retjc')ra uCt'ilse for%glses an aamno ac?d sequence' based
on thededubigre écmnakl oA BEQADMED: 96 £%), aiuld Y pwsirtdionderad, wolmparadiics §0-211,

f u EQ D . 4 or..98 with
in wh1gh tﬁlg 1§ ? ugnrcgggs aé Seg %ae?olgﬁr&%% S: 1551d1ée COIT! %)on&mg to X190
is an n@ﬂ arotnatlcsmmtéuee phﬁdjlarbmﬂa&ine;ihﬂemimﬁimrstemé or ;inohﬁee railoesgorresponding
to X19%g‘sn a b 1p}]1'dé16 110?29'01213 A)r gfﬁgl@lfl%%éld%paor?cui 12_\)/ 61%61126[111’1 1sof"%cme leucine, or

phenyldlahiherapt cesluatoresfoading i X292 acanchlipkesic.cu@satic] oy agwompolar residue,

partlcu?an;[grori%t ol(r)]r21£es ityr(t)sli]nee (()jrI tf oggan S%O(ﬁ%%oglﬁle{l S esﬁezt:\fea ulct\allsee

polypgp6diep pephavd edditommplly 5@sl-An-Amisnd-6487\VIE8,2009/1036404-12, 1-14, 1-15,
[ US2 /,057,6 i Wit h ecedi ng .

1-16, f%;tl hir%eg% IOZé \ﬁzg’rléfblc’] I%P'] 8§%m G5 remgue &1&61‘619: es aﬁr(])glser 1%§1due

positidne asstonPael to BEenS/YguBS8HT %39})/5) 90% 4 @ﬂ%wﬂﬁt% prO&ing features,

0% 0%
w288 80000 810 SR 1R TR oy .2
5,6,7tHe, [ étadi Hgl5, datldr 245 27,8426, 3GBQot oM@ 02&siduc @8 erdmBgs at other
amino %51{1 ?%}d es[ qg‘g nﬁ)oﬁ%ts tﬁpg %‘eﬁg&g g’dmpgﬂe C(qu %g utatigns. In
ket or e 8UCt ase I'ses’ an am sequen ce g‘aseg

some @mbotiinensetmbm«zreddctasmdh@epﬁdeSﬁ@pﬂl@ mml%am@@gu@me Witi®the
preced\(il)# f@ar%ur?% aﬂ)d” W]Seli]egﬁ glgl I&nn%%%ﬁ séacﬁleﬁ(%% 9 %Ht?esaft%g% %%%, 87%‘3 88%, 89%,

90%, F16%, 983k PR, fdd UTe 6%, @E’/ﬁ),d%é@ 00?37 lotitgl iargrefeeeniXd @Quenpesbased on
SEQ IB'N(?‘Q'% o8 TRk prr&%éhgé‘ ?eatuPe% (g% Céﬁ(i‘fﬂ No?ga% BF32).

g€uci ne, cystel
c i
o L GERTR 8 5 0 LLO 1 B s
on the|sesuetica égrmgla of ySE@d?INﬂ) &Ni %eor ldﬁdqrraegwiuéercdr yuels propdiueg 90-211,
in whi%lg‘%léglgglo aad QACE ﬁghaa\tt befigt tlt%;]f?lg@;x?ﬂﬁ%fjeat?{es arseﬁglge (ngeé% onding to X190
is an npnmmph@mdud, parsmlyetﬂﬂmdj ipdevicamg, qvbteinkewt pro&uky cetsaisecorresmnding

to X1 5%?%?[ Ro%?ﬁfilaq ?f‘ %oqg*??sh(ﬁl\é,%a%%gfa&& %?%E()lﬁﬁf%{egqgeicﬁgfe?%ﬁcéig 3396 is an
aliphatic, m’@q—pqlar’]_& ar(m;@ ;esﬂu@@gﬂi}tul@ﬂbf m’g_thizﬁine ’jﬂsomgin’g_.,-laﬁing,’ror

e e SO ESLAE )SERS SR, AURSE SR Mg
particlgDlyN@iRine dr voling®gn Wmetﬁmlmémpnectéquﬂgecmmw@&)ept@ucam hawe

. 1128 , 0 0 NtS,
RO E OF a1 red Snbbs S Bt o1 PR gh s, 20,12
1-24, 825,160, 1-35 orlgboutl40 rgGdue Hffferdr8es a2 Othera@sidug posi@s a3@mBed to a

refereﬂr%:rg g%@gﬂ& 0&?%(5 ?ﬁN@')U? 4%|r 5§ %ﬁﬁ&%%?ecﬁotmggi&e{}?lres s@clﬂieag gEécﬂ)qLIO:ZO. In

ues. sone énbodi nent's
some @awginicst, tbomgelrevafdlff@enmi anibons, 314 5, @and Settbddi ldeht ¢3, 16, 18,
20, 22@1@2&“% ofs&d Hlﬁ&l?ﬁ(?reﬁ%eycﬁ %Eﬂcgse t%ﬁa‘épa[dnﬁﬁm@‘%m sN%, Bfifed
equénce w th the preceding features drein the
am no aci d sequence has at |east 85% 86% 87% 88%
89% 90% 91% 92% 93% 94% 95% 96% 97% 98% or
99% i dentity to a reference*sequence based on SEQ ID
NG 2, 4 or 98 with the preceding features (e.g., SEQ
I D NO 28, 30, or 32).



[0128] In sone enbodi nents, an inproved ketoreductase
conprises an am no acid sequence based on the
waegeesaed f ormul a of SEQ I D NO 95, 96, or 119PCDUS208/076333
regi on thereof, such as residues 90-211, in which the
am no acid sequence has at |east the foll ow ng
features: residue corresponding to X190 is an
embodiroena e I’Giﬂ’fdl‘ﬁtnCﬂfS%inﬂth copmr\dahmjhlaati(ms a]naminm embodiments, the
ketoreduc?as q t’1de c%rsnt r(:i‘sene 1n0 ng SE uence etﬁ' the preceding features, and
R PIRATO PSS ABY G H T ol'ar rp(fagf
wheremelsa aiimmq aqumeqmemcdlaslaylemsm (86%1;1&7% rs884, 4908, 90%, 1%, 92%, 93%,
94%, 9?59/1’ ?p&ﬁ/d 9@9 E)r(b932>11%6 tftys toBle rencepshautenC baftdd n%%balb NG: l’2 4 or 98
Pg articuliary et hiconine, 'sol~euct né
W1thtliequmeah$g feamreprmyﬂm HhNﬁé,O) and resi due correspondi ng
to X205 is a basic, nonpolar or aliphatic residue,
[0129]p &r fomegindpdineas,gn mhprevarketwaddidiase comprsenan anmodihentapce based

on thetfpcglerll(c?for e% Zg§§38%¥§%1§$§1&3% h%tﬁeri(%g%icﬁ I or?s?cllueg 90-211,

in whidh th ambe md scpude hds-al Gast thelBllowin@Batutts: ’2@$idue]g§oﬁdspoﬁm@to X190

is an n:(l)'n g’ro aéL fic re51due éarp QM grl ]alan%e rlgoslé ((j:%% cd Istglfng of pofie: ?etmdue cotresponding
res Pons"ad °c ed ts A refefence sequencep

to X420k a SEQKH@ omlﬂllﬂlatlﬂresdu@&mwdnlyhmuplnecmun gorf@pdandigdq X147 is an

aromafie e, p(glzas SE r or a'hlg}]a%g re51i1ue Ea%gﬁargy gtgllnlglg .?Jcingt (I;]rgsoli]efﬁlne residue

ences
corresﬂ_oll,dmg?;Q Xl% is arﬁahphﬁm A pola2®r aRati@dsid@S par8@ylarBSnaltionine,

1soleucme Peacme of ?h dlglgmge4 AEHW%E‘S@F%%%I%B%S Eﬁ%ﬁ%%ﬁ%@?%’f@%@é can have

add1t1®a1bou2nbhtls4 1tShé-odl-7fles.drt ésl Ochirprii Rel-dersky, vabd, vEs, 1-20, 1-22,
1-24, 1"&'# z?t3|00{1§5 or aboutq% rgsna)u%%lf??enc S at '(z)ttﬂg res&ueg)lz)glgé'ln\%\;a?ﬁo%%[ﬁreed to a

de Conpri ses an am 1no acid Sequ
refereq@r: e@mhcngf $E@HD|N@52 4an 68 wm&leermedlﬁﬁfeamenau@cais §EQ ID NO:70. In

some %ﬁ&)ﬁ%ﬁa tﬂgét%%er lgﬁ(ﬁ)j&&%%q%%agg}%@ 2933 ;),05 g(%)/ % 98?%‘3 919?/?4, 15, 16, 18,

20, 22j e b, 1303 5tow alzout € esidwrobffgeguen othebasiedaahreSH@s| D Nde2,
h.t e ' f res = O

embodpn 2 ' PRr BT EhBG s AEML “hSrfpagipr e

ketorethetase pdycbadeeompnss kisesinaacidriqnacawithl ths @ouedicefegase dnd

whereﬁ’l'%h Jﬁ%néa?cﬁ‘&‘s%gﬁe%cé 25 THL A 9o, IBR kP/ NGv,. 8%”’29%6{5 oy, 599394,
ereo suc as resi'dues -211, I'h
94%, 9/51%, ©b%it 917é/o,é>ﬁ%nor Kei demmm@ndereme@mn¢e§aw oni$€Q ID NO:2, 4 or 98
with tﬁe??récgaﬂlggatul%?kecg q éﬁ%b% corresponding to X190 is
res

non-aronma articularly al anine,

[0130]I %1940%1%%&%8011@%%? taﬁ h}@ffgve%rke{%e(aut%g C?I{lfrﬁlegé‘h mlrpl)(i'lag:tldl sgquence based

pondi on- pol ar or al
on the ﬁg:glpmj:g éornphirquEQIIQrNQ/ 9 sl euld P e a regean thereof, such as residues 90-211,

in Whi%g‘?}% grgﬁlg E’gh Q&lugr?: %%szlaz leas?t 2ol 119%!1&11%5 ggd\?ﬁr c)?rresponding to X190

I C resi par ticu
is an ngh-gtoanaiiqesidieg gmlmrly@ﬂanirsdbcémmn,e;ystmgg|0dg1@1ine residue corresponding
n <
to X9§195 ng‘?e%ge ?(%En ?P;%t%u )ﬂaﬁl&?lhh& Ws&% olpg%ﬁé Jgs(?(;]ug

COHGSlb@dmg e X 1Wris phfémwttal Taomi-prodar, dr progwtieresidin dirteridrly, méthienine,

isoleu 1?6% %ﬁ%geﬁ ’%¥ @?eﬁy’llgl%uég %%E {7’913%_ c&ﬁ@sjp?lgz?{ﬁglt_o ?%’@5 asl_a%rla?dnlla}/lﬁé{o?ar, non-
polar, ¢r digphatit rds§lue, patti§ylarly gl8tamine2lgycirie, GiAsoleutin@/ | InkoR& emlieddfkents, the
ketore&lc%?e gcﬁy&gt‘?dé% can 1A% SR 09M§rr1di f1f39"1 anessL- aliethen o 110, 1-11, 1-

Ions as co ereﬁce seguence
12, l-hﬂt ISEQ IGDIM@ 220,4-23r 1-28 1\1@51; 39, He35pcrr@b@xﬂ il g résalat dﬂ@gnces at

. r
othr SR PGk by (B refens S O EBEM TRA 2, W OG0
11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or

about 40 residue differences at other am no acid
residues. In some enbodinefts, the differences
conpri se conservative nutations. In sone enbodi nents,
the ketoreductase pol ypepti de conprises an am no acid
sequence with the preceding features, and



wherein the am no acid sequence has at |east 85% 86%
87% 88% 89% 90% 91% 92% 93% 94% 95% 96%
WOI0/09804 or 99% identity to a reference sequBCiyES2008/076333
based on SEQ ID NO 2, 4 or 98 wth the preceding
features (e.g., SEQID NGO 70). [0130] In sone
enbodi nents, an inproved ket oreductase conprises an
precedary fourag bwbh ae §E@ M &NChas dd sormenemlh)dlnmt}whﬂ o@nbico pdifferciafes can be
S 6 , r reoj.
1,2, 3’6{59?%89? %Iugegoggb_lgllﬁ, %,ilé,ll\%h%(g %2,?214115‘?%%& 28 OE\%:I tOLIO resu'fueralfferences
at othdn aminatacid e@&hed’. hesdnad dndwilingnfsetht diffesnces esnatise conservatlve mutatlons
carkespon non- ar.onat i
In some e E) (? 9113 1S, | e%ored%gtase poiggfpglﬁg comn rlsesyaéltaglrﬁ)eac%s sequende with the
precedp’rgdbatutres am@xslnedmmtm(anﬂr&sapmrsehung:e htaoat X4t 8i5%0, 86%6)y8T0€ B8, 89%,
90%, L7 99‘%' 9‘;% %4% FS"ﬁl%B}h 9’)% e 0, Q Qdd/e 1deR&Y %0 a re#erenggl uence based on
cystel he ue” dorr espon%l GBS
SEQ TRMNGxP ﬁbhz% IWIt,h th[ullne(pdlhglfe,atums (eag. OSFAD IIENO&?}) due,
particul arly nethionine, isoleucine, |eucine, or
[0131]p hesrmyieahlandiments an dnpregdddm@redmwse spmwutbiemgl dnonXRbseqgenebased
on the%gqﬁ)lnnacte If rhlu a of gﬁg 1B 9@ e 119 or%lréég onatL 180 S%.%l!l qul‘eél ues 90-211,
tammne,;’ T éuci ne, eutl S
in whlsloﬂre e @dd Em]utIE;e hishee leayt dtecfolﬁdmmg ﬁstareﬁxotegapmnorrd@sncttmO X190
is an nfin \ér%m% (?_%tsﬂd%ngafllé/uiarlyf%nmi 1i%euc1ilb,1cgstenfe épfo!ﬂne ééSld}l}e (grespondmg
to X97]_11S Zﬁolarl a@dpoldr; Aphatil; GOasid re8idug parddarty atgidife, rvelsnedmethlonme

threomne or ?elel(g geé réts-l gedua g(lg]r{:e% fh%%&%ﬂ?ﬁgp % aéronolnﬁ% ? %@rg ?] aﬁ’phatlc

reSIdud 531%@1181@09ﬁt@136140¢1cﬁ@r¢ru®2®618¢ @ﬂ@f}:@@ue m@m@dcﬂm@to X196 is an
alipha{i(ﬁ g& I‘I‘%é?r ag %aéilxa, ?e};sg%r%ge? Iglglgllﬂg 1 m%thlomf n?euglgp jéjucgl% notés 7,
phenyB8lan@¢. hGomd imb(idZmenlﬂthekEtoreﬁﬁ;tas&_Bolyﬂ@tldeEZan e a@ition3l0y 1 -2,1-3,
5 or sid ren t 0
14,1 §Cl 8 1@??8‘5&%9 1h. ?qzdlni;f bk P?@ - 1t%h169(65,r11‘?% é?g‘ﬁgl %5, 1-30, 1-35
or aboutollﬂﬂrnes@ecﬂm’fiﬁﬁsemvmt mher IsidEtriosifigns as empmomieo endfodiceerusice of
SEQ Ifs)léﬁﬂg%{ gr9§ li'tﬁﬁtl%ﬁec%&n%?e%%%esds }gé;s{'gﬁdeﬁ)eﬁgﬁé rgé)?lg <R (ﬁments
the nummrmﬁdd&redcesequ@nlcé 3)&85 at7, I8e%sit) 185%, 186% 16879/020%%34 26, 30,
n 0/ % 9%
35o0r agag ;’40 égsg) s dl%fle}/ ocegzcirge er%lé%né)eaélsd’eresg%ﬁ elggoa/ﬁsle %‘Kb&dm?e%édh?[)
differoN@s meldrlso |c01$8rvvw\te muttdviony rle sk ﬂ@wmmr s k{terednctasGr@ypeptide
complL 3 1c{ sg&lgé%iie Wlﬂl it %ce% qgatuq?sn !11%1 rwiRtbid R LANS (’1ci sequence
etore ase conpri ses  an am no ac sequence base
has at past 8RB, @é/q & &8% 3O P o Of1 YSBLYol BINDH%09%5%0,9670, BT%0,198%, or 99%
| [ I
1dent1t%o a%hfe?%cg {.]:ﬁ]&%gg lgag%d n Se4 Iefﬁlg(e) g é)lcj%kte% tl?t%e Eﬂe%eﬁhng Fatures (e.g.,
SEQ IPANQ:3%i ng features: residue corr espondl ng to X190 is
an non-aronmatic residue, particularly alanine,
[0132]; i;rodoelgpccmbgdim@yts,tae iimle*oqurkeprqdh(ptqtse comgsseglapsmino acid sequence based
I ’
on the%?({uglﬁz% @&Hl’ﬁiarb@ SEQEPE@? e9§| 01p1qba({r a. r%{}l at %&L“/&; Sruch as. rﬁmdues 90-211,
in whlvlaﬂhc mgino et héqoericn s at tohst elwrfplﬂmvmg)feamssl @udmerr@rrespe@dlwte X190
is an nﬁ%—%{o&% (g{%gd&g p%rﬁ Lﬂ%@Zallatll:lﬁle ?lgos}%f %@Bc‘ybt&n% | ghll%[lnei residue corresponding
to X7 'glag ta)a)ma‘n(e Jnom- e@j@n, p@ar @mstr@@ldeqnbasn(eres@m p:rregﬂ:dlyénstldme threonine,
. I
T L s
aliphalicen@sjiiweparmularbtgémmlaet daucine or lsnles@mre@m@@hﬂmn@ng tohPel 96 is an

- c ! [ | 1 2
liphall LG ATRE KBRSy SERARYS JARE TRl o
1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30,
1-35 or about 1-40 residue differences at other
resi due positions as conpar®d to a reference sequence
of SEQID NO2, 4 or 98 with the precedi ng features,
such as SEQ ID NO 74. I n sone enbodi nents,



t he nunber of differences can be 1, 2, 3, 4, 5, 6, 7,
8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30,
wa003@bobut 40 residue differences at ot her aP@HUS208/676333
residues. In sone enbodinents, the differences
conprise conservative nmutations. In sone enbodi nents,
t he ketoreductase pol ypeptide conprises an amno acid
phenyBheinerné rasidtdcdrirepopdieg @dX20g if @adliphiatis, aranmndicydremenpolhhesidue,

) 1 no .aci.d uence Ieast % 86% 70/ 88%
S e
polypcp88és cardient ddytidnellyal -2 ef-Briehd &, i;éqhénlcie 15}3360 bihl,$HQ, 1-D4, 1-15,

Pz i edj t uf.
1-16, #@,ﬁéo?h—?é, 1?%1}\;\%% I'lll %nd'lgo?sﬁer agb { pQO res ?ue i ere n‘pg othe{jremgle
positidae dsoroegharct a&erefemmpe seqmceaqrf Sﬁm I@oN@Q; ﬁo%qu&ﬂh@plb@ﬁmg features,
such ag SE(gli]I?é\lg)le%}J %? heT X 0 l'%él qn ome em%odlmgr'}p theglginﬁ)%gof do frferences can be 1,

SucC as residues
2,3, 4)/\ihi6;:’h 8t ha0ar hd 143,01I5d165¢8}l29m‘2€24] as, 31 39 (ﬁahd)utﬂﬁlezmdue differences at

other amlno acV\(Ii Je%‘a nusE)I%% cm men se t Ce%ﬁf'% n%?snc%lmlggse conservap 1ve m&tatlons
an non- arormtl CcC resi particu ani ne,

In soniesoibedinicme thayesi @lucrese po}ypqundb Cmmustsemladm&) acid sequence with the
precedC g aﬁf’rgsloned W nlgeaerlrtl c ;éIan{oragls :geacﬁlegcn% I’leélatl%g /QF % Ifj]l’lrgs?{)/(P gg"?r 9%,

90%, 21B%, 02T 9885, 949 €% r%%, DT p180p ha%)%nrdentrtg tona mﬁrenncesqlmhnee based on
SEQ IBCN(S § Sﬁf o@@ qut% t}tle?ﬁrece 10 fe eatu?ers] ar oéEB i[g’ 90 ?(%;]? 80, or 82).

par
0133]2(&) roglgn On dlm%!i{ %}ggxced k%&))re%u&?sg %?]m?r?s%s an a?nlno aclld seque(r)lcr:e based
on the a«:qnmat |fcormue13)|f GE@ IDp{ﬂ 95 ca, ar 119, mtrégwnrthﬂeqf suslohse*emcﬂuee% 211,
.46 PCT 0 6
in Whlclheny 1%P g(?]lld seq_uencn aggelagu eeﬁglgor\xpn pon{:e(s-) r% ? c%%gsi)ondmgato X190
is an ngh- ampam csiday, parbtulaly abmning, mdeucple,l (arsteunes)lr pwéne; residue corresponding
. n rosl

to X7 g%ﬁé}ogﬁ i@ O%{TBH? Sml? JZO% 1 %e?ﬁeo E)C % 1:Qe%18ue Firggutlzi%glg%dme rlhreomne
prolind) &ryptopieid ot argmank] Iy51due2;0rrd_sp3qdng -td X94 is5, cys_telﬁe, n]m -Polatler@n aliphatic

remdu% pgl?cﬁllir%y lst%lf% %%Va%&e]' %‘%?Id:ll'li g‘(ﬁ‘ge %ongi%g t0 }%1417615 a}rérgel'ltga‘%o%& non-
polar, di dlipkatie nceke.grtotlady glnEanstuleucupoen 1‘501@mmeassi«lumpacsedldir@ to

X196 % afl Gt epgm i) %? %?(grg?&naglﬁ (r: §E§% Ip%@%ﬁfué’ N%hﬁ)a{ngg%)ﬁg%e,tl%i’ne, or

phenykalanﬁz andl mssiowwremodﬁhMZi)Z i{ dwenliphatio grorngdtic dorfafnen-ppleessidue,

T O N T
polypapiifes enelmye sdditionaltst her1-Artihé-Satiodl7.6s$,deed:10) 1, 1-14, 1-15,
1-16, lepg?qdionf’% S1 t '11%5 dlI ;J ?r3‘§§? go%ufloﬁ'(p{ hlﬁl?ek(ﬁ?e}gl% 3/ Qtolth\eleremdue

enbo oreduct ase
positiqne hsyepticd & ac:tefvp:nmseeueace GrHEQOIDaE D 2, 46 eciidenidehaptdedingdeatures,

such aEéﬁgzﬁg\gﬁ# TR ethCnndd %t%éﬁﬁ%?be%?%ﬁ%‘g&%s gagl!%g LY God 5:6.7.8,

9, 10, 911(1@ 1929%, 1©3%20922424.9%%40, 9594 aboTt) r&8Me ddferi@Boat other amino acid
remduﬁo%ggolrﬁfyergbg%lgiefng ftﬁer ? ﬁg grbcr%g (goe %? C(?l?e%? SlVg {S}lut(atcl'&g &IP %)Elé

embodn@:rft@tm&eto%ﬁuctaﬁs polg@eptida coﬁ@)wes[a@ 438 atid sgemee with the preceding
featurd TRAYHTRI ﬁe arfillo EHE’E%V&% Ka%ta%’fe?? K&, 339, %ngs'ws 89062 %9 91%,

am no aC| sequence ased he Sequénce’ for rru
92%, BEQIH D, N, 9%, 986, 980, 01199 1dellt1tjat0rasrgfe®ncetdwe}leecn‘hansiumﬁEQ ID

id
o SO BB S e eyt o 0 seauenc

corresponding to X190 is an non- aromat i ¢ resi due,
particul arly al ani ne, isol eucine, cysteine, or
proline; residue corresponding to X7 is an aromati c,
non- pol ar, polar, constrained, or basic residue,
particul arly histidine, thr¥onine, proline,
tryptophan or arginine; residue corresponding to X94
is a cysteine, non-polar or an aliphatic



residue, particularly cysteine or valine; residue
corresponding to X147 is an aronmatic, polar, non-
wW@ioan3e4ot al i phatic residue, particularly gl ue@msze)s8/076333
| euci ne, or isoleucine; residue corresponding to X196
is an aliphatic, non-polar, or aromatic residue,
particul arly nethionine, isoleucine, |eucine, or
[0134]p hesroyieahﬁndimems an dinpre\seiddmteredomse Spmprﬁsiem;l dnonoRDPseipgenanbased
on the slc u?rbce }a of g tlb(i\IO s, &, O poor aHeil ion fwreé’fe suc a8 resi ues 90-211,
particu h|on|ne fyrosine
in whislom aeimb @dd B@]uenc;e hishae lelaatlwrfelmhmn@&eturepoieylpmnorrd@snchmo X190
is an n_;in grom% (g%:tsh%n R#ié’uﬁlﬂif%ﬂan%{e%ﬁole:l'llzfﬁ'li,sc]yétgi}}g]f-égl’o}ﬂ'r}ei gésid% g%i'esponding
to X7 ik-aR 2rombti@ 4pn-pel@Spoldr; aﬁStralneﬂ&r(basi@bSidﬂle pardélarlyiistidiae, threonine,
rohned Itf fter eaﬂ%re a?r %}ne remgue [ eess L gy 8 %Iélt aocngtel%g Cr? aror a alo hatic
P rly%P%r encegseqUence SF g@lﬂeﬂgﬁ AVEFd8 Wt he™
remduq:) peciedamygeybteat ur edine; reulnh casessha@ng lfb) KIGMS’Zan zimm&amaolar non-

polar, grrné%%lqaing?e ue é)agcblarq%e{alﬂ_ne %%Jlrﬁeearqg %%1@%@51@@ c%lgff%brgdg to
X149 R4 no@pola38. ard&ﬁmo resialbg phrtidQarhyasicniieardic feendeenm’ssmnéing to X150 is
a cons &alP?d; (}rg(ﬁ]glggesé e rartg:lglarcl% fri]llgtédﬁr\l/ea e|s1vlgen(%rr%s ongrﬁ% 0@{1%6 is an ahphatlc
non- pcém)mdurmmi'c msidhh@alkiemlalﬂﬁﬂielhtoame, ippdduyipe pévicthe, cmphqmylaﬁeme and
a eguenc t he nr recedin f eat Ures
residud co&re vﬁ‘?nf%g rﬁo 02 San ahgl?anc a orgaéucuoernc on Igl)glgr Ig%ldllleé%a ugaé]%
methl(ﬁlﬁ% ty®éfg, 08 89htoiBR84, In308E elﬁﬂ(%lmer@@,%e keB8u@Bpol9igides can have
7% 9 % y fere guence
adqu[l)aals? d% 14, %{ 5 9% ,\%921’ § Z\GJ‘ 3 1 EP 1ﬁ12t ﬁ &N rfekg?dﬁ,ﬁlgi’é? 198, 1-22,
1-24, F-2atl hBIOeL‘r% er. apoyt 1SEQediddeNTfoddes Math&ﬂﬁes’i@@@bﬁ%ﬁ@dcompared toa
referen%ggéqg%ooéél%g g]:é % [gg)é é%%/ltfl ﬁlesgeggdé niiga%ures sucth aa Sga ID NO:84. In
some csnﬂnpdmtme thasenber ofdlffhencseqmén dez Bo4f n'fudi a, 83f9 BE(QI 11D, NOIS, 16, 18,
20, 229%1’ %(?%O 3%ror %l\)}&?]lt 4 re§1 ercﬁgergnncest a1 Shes an’ung’ gccl:cq~I refiduds %I%%S
e am no ac sequence nas a east
embodithents, dielddﬁarmmgesfo@mpusee:snsems"veduwams rhspmn elmbrgiim@ltsxﬂlﬁo
ketoreducta]se %qupﬁgfa TS rmt relscers1 r%ne gl%l?l(l)'l Seid F %ﬁénlcg \%tﬁlghg%)rece(? ing t%atures and
whercinghe as posil wguen‘c@haxm lewt &ﬁ%,&ﬁ%ﬂ&l%,cﬁ%%%w 8o @ 1 %pBloar3%,
94%, %‘Sﬁ/? %% Aaéﬁ/e %’8% ot dga/sldgl{[l i%laqg%fen e(a)s%ctlugﬁc%l b%geld)f)n %E@Slbg\f(g % 4 or 98
wnhﬂmqnme@mpﬁdnmg&npﬁﬁﬂnﬂiﬁoé4tyste|ne non- polar or an
al i phatic residue, particularly cysteine or valine;
[0135]r &viotyembodimestpan dnprgydddedifedctass camprasromedniicg aqubiequence based
on the Q%ﬂl' ncld %rﬁlrula o?gEéllbW@S ?rslI lg Sta rp%%nt th§ Q(Lf%’ulcl)[as residues 90-211,
g ?anlne, |'eucrne, 150 euci ne esi due
in whiclothe esponrdil mglutr@e hae1a4 Btasst shedolioningfshtares:oresidwanrertiponding to X190
V. n ni e o ,
is an n01§ gtlogqég% rg%ﬁ b%r%é%@@la}%ﬁlg, 1¥(!1%18%e,tcly§tem£ é)?% 1?6 Irea}dge corresponding
to X7 IS@B a@mtlc_: pam- pcvlcrub@lart gonkfragicid dirthesic reeidied pmmmrlyé@dind,itmonine,
prolincjfg g%/%%@gl’n Ioi?J ar }nggl‘lljleé;&%tcloﬁespﬂl{h%% B 9('9% .IS’ a Oqoﬁar af &:gﬁé lllegeflgl(l:ﬁ‘i, Raer‘ficularly
threonge oppletaylicadcainiesidpe @mldSpon@sg wuel 46,‘ (uvraneiscpnnmd,l modprtron 2R or
- | i .
ahpha%cgre?l:(’l]%ea%) u%atrfy%%t%&%ﬁtﬁleﬁe tog Esg%nﬁlge il (21 ‘?goyggpg)gﬁlgg?o )fln% is an
ﬂmhmgonelBﬂbodﬁmnmﬁ@r%uherhﬁmdm@dmdhasmep@ﬂq@@pﬂ@dé@ﬂnan

pheny%ﬁéﬁe; f%q 8951%&9 %})?llegl%f_)n%_ag to 1}32_102 s allh_ai‘lgha:li_i,sal%'&a_n?; Of%)_nZ&—p%%lSI‘esidue,
particularyZmethignife} tyrdsiaR59r thypB®Phan] I3 nwrendhb dinenty -tk at@sdudiass
differences at other residue positions as conpared to
a reference sequence of SEQID NO 2, 4 or 98 with the
precedi ng features, such as SEQID NO 84. In sone
enmbodi nents, the nunber of i fferences can be 1, 2, 3,
4.5 6, 7, 8 9, 10, 11, 12, 14, 15, 16, 18, 20 22,
24, 26, 30, 35 or about 40 residue differences at
other am no acid residues. In sone



enbodi nents, the differences conprise conservative
mut ati ons. I n sone enbodi nents, the ketoreductase
W@ogpspEo4 de conprises an am no aci d sequence RET/HS100&076333
precedi ng features, and wherein the amno acid
sequence has at |east 85% 86% 87% 88% 89% 90%
91% 92% 93% 94% 95% 96% 97% 98% or 99%
polypdpdémtchit havt additimmellyet-2nicd ls@qtﬁeh@el b,a]s&d Qn-18E0Q1 1, D- 1RO -24, 1-15,

1-16, ‘é@ézﬁ%?l'f%nf%] E ??}, lg%ole;rg%gl n C(i)me lallqJ residyc (F fl‘fu,greﬁces alﬁzfgther residue

positidog boroegurct aserefeompr seqmceaasf SEQ I@oN@xZ; do%qmﬁﬂh@prb@ﬂmg features,
such ag) gEéli]Is N%Eégﬁy orrll € rf s(())r rg,lém 0 1mer§s %e nu ber ofggrfeéefiés cgn be 11% 3,4,5,6,
or regi on t hereo SucC as ’resi
7,8, 9, ¢h 12.hd, Bfmlﬁld 8221, Qi2 Qéﬂlﬁem 85 h&ﬁ)oaﬁ40|rmlb dtff@e:nces at other amino
acid resfaues \f\ﬂ 50%1 0 1¥n%r§ts tﬁ 1fferencecc90r1r{ ?SQ oorr]l(s:l nagwe mu?< g‘ 10nS. In some
-ar OITH CF % lﬂ ? ne,
embodnseﬂtse thmkntneredmyab eolmpr,ptubsr coptpﬂlses ne ammegmd lsmuence with the preceding
corr n S a B 0 ) 0 1910
SRR Bl Lok LRI E s BT R oSl o
92%, 3%, OdThi 91785, 96%1; @1% r%%, blr%% mplhaﬁtoarreﬁregcwem&ncdlﬁsdddmeSEQ ID
d|n i c residue,
NO:2, 91 %g F Ipr ec{nhgr tures i €&y l%rNB 4143 Or Jl

Soni N utami'c aci'd; residue
[0136]C ?nr sroes %I%%d(hlmgn L %n %%}i’{?v ddkeBLad rta?s[cr%(tnln Cr%se N & | & am11‘10 acid sequence based
-po ol ar, IC resi par t'icul ar
on the gd:qmbla;mfmulaloéSEQﬂE N@5j %oble]u@J cn@ reglcﬁsthdafﬁ‘ such as residues 90-211,
[ n n n
n wh1gh Iil %?ng a? g gc%agnce a@ elait lEI ]ﬂowugé{' roe?]I rﬁsel I SOFS ondllgn%to X190
is an nbn}axomaq regifue, ph“ew}drbrl a&mmn,ewlamdle,r@stmdu@r pofineg Sépmlndcml@spondmg
to X7 }s%na %atlc %101?l n?lg (ﬁ %ongtral 1 %%ESII‘IICE resi 1§/er 2 1cour11arglcfns%d1ne, threonine,
prolinet ltlypmpiph anargllnmestemee:nbwpmts X906 Iver rk)dar or @:@thmteas@, Agticularly

threon},| e of glgtglan?ct a%‘hch);"elsﬁl(l:e-r ‘Zl E%?p%ﬁ%é@%%ﬁ}% is J%oglr a%gtﬂo% %§la? %naélphatlc

residud, -p@rtlcd_larbO\{ahne 1$1dui edr®spohdibg to {14175 an drerhBic, deldr8nonipoR@, or
alipha%cl' 1% gl%eé Cicsula}l{y%%{t% e3 (i)eum.]ﬂe 0? 158feucal?eo yets1d éogre%pgrﬁr%iggg) (f(]t9(6) is an
aliphatic, nexf-pelenoer@etu eem:dge @hﬂ@ﬂ@l}i @eth@n@g 1xblquc1n@8€umnblprt he
0 n._ .
phenyl?lfag%g da n@ Qeafdﬁé‘éo%&po%mgq %%%02?5 2}5@81[13? fe, el\ir%er?]%lgs(gr g;}l?;h B!)larlr,emdue,
partchQa}rlyfi);letlzﬂlpmﬁe; ty@osine7or t&ptoPhanl Oy sohie, entb@dimtdts, thbketdrGlucta®,
polyp%?des%%e}#avg?rﬁidgntgdna%pl aslrs%gr dﬁte%g%i ﬁg 12%;1' dgﬁgo,d ?Ti;qu%ni:?l? 1-15,
1-16, 1-h 1€0i0f f-82.drikle-28.0nY); il S6 ocansel- W(htes@@ diitrancepatothet wsidue
.. | e
posiicid RFcon B0 T RlRe el SR B0 Bt RARh et eanres,
such a$ &E@dﬂbé@ 8ard savheengiodintdne, hernwobeaof cﬁffseng@emdveha% 3a4 5,6,7,8,
t 0% 0/ % 89 % 90% 91%.. 9 9 : :
9, 10, gﬁﬁ/g, lét Ql%g 20 % 591 9%%;/6, 8? grg (%ml 4(g er%s?cﬁ'l{%/hf{ege%(é/gs a? %h/& amino acid
residuq:seﬂle:scmrcmmbséquetn,dbe b ésrentcoernSERE ¢ddserNGv@ muthtions. B8somict h
. ' e,
oo B PISSAIR LRI S, FRID I8 e e
featurgspamd mibseg thqaraind pod mhdlcsbaquehm 8astlo, 8T, 38fe 89%, 90%, 91%,
0 Q S (0]
o2 B el P re 5oy aub i PPy Veath el Aspo o
NO:2 dmr A®wak ihd pseglienicgulnas. atSHQEESNO®BhE f ol | owi ng
features: residue corresponding to X190 is an
[0137In brsoareemabdimente s dugovqddeorcdudtae ymigrisandreino acid sequence based
r I ne;
on the S&{%%%g g% ng}a ﬁggﬁ&%bﬁ\g) 9§ 9a62 Brglr (b) rTogtalr Cg?&{ntgﬁ?of uch as remﬁiues 90-211,
constrai ned, or basic residue, particularly hlstldlne
threonine, proline, tryptophan or arginine; residue
corresponding to X96 is a p‘fﬂ ar or acidic residue,
particularly threonine or glutam c acid; residue
corresponding to X120 is an aromatic, non-polar or
al i phatic



residue, particularly valine; residue corresponding to
X147 is an aromatic, polar, non-polar, or aliphatic
WO e®b/dsmo4 particul arly gl utam ne, |eucine, or PCT/US2008/076333
i sol euci ne; residue corresponding to X196 is an
al i phatic, non-polar, or aromatic residue,
particul arly nethionine, isoleucine, |eucine, or
in whigthide yrhmb aciil BK&],ueI&;B tasrag Eias:lttle fcldnwmgﬁeamais ngsithge §AePondinga X190

al i aro or nan po ar, residu
is an non- a oma 1 rem ue larlﬁ/ a anme isoleucing, cysteine, or ro 11‘16 Ir]emdue forrespondlng
particul ar yrosine; or

to X7 sameroenhiQ dblmfpdﬂals polarh®nktetu®dm]‘lba$1(asaduep p:iryq:lmplyl hikeigine, ghreonine,
prohne_.[ ?@pto@%ﬁ I@% ar%mﬁ Iw\ésjcjl'llfé:orrispit}fhngfo E(g} is a’lpo}l‘aé ﬂOPL pilgf at}phﬁBc or basic
residud, p2@iculdrd2vh]ing -m%ﬂa,lorﬂnethreoﬂmaS)r epleadim tesiluel@regmndiugto X147 is an
aroma{:I ic, Ipolgrré?ugr?] eoe arsoerq Slg}haglg reg%ﬁ%%ygfnggr Ihtitar(r)nzl% leucgéo(gq%aoaeuflﬁe Tesidue
corresplmdmgctb Xipdieat alipbdic, neuolnras aSh@Yid¢ siN@, 8Gticdlalysmationine,
1soleu%ne geumge 0r7[§he§ylhla1§me 6(? I‘eil f dgfegpﬁﬁ nCE‘%(Z%% i ailgh]g])‘l?gcz,’a]épgﬂatic, or
a non-Relar r&ddue 3VrticBharlp methinmitte, tézﬁ)sme,snr dy@ohah.f Brseme emb(aﬁr’nents, the
m ne esi.du [ ,
tore P p RS L ERUHER, 20 DA BER PG T g 101
12, 1-Epbadl mmuss I h@a 12t bﬂed%t &se, 1p3 gtpb(pit ide rﬁoillpdifﬁesces at
' nce h the pr
other resu(i}ue \BI%SIP ons as %(h gsﬁﬁ% g regeéen © 8¢ ueltjné:g of g[g]glf) %f eas%lgsgﬁlg /the
preced&@%atﬁé’é’/@ucﬁaﬁ/&EQ IONOEYH0,92% 94. A2 KomO3Bhod8ddMts, b Hpmber of
1Y% % r. 99%.i.den 0 e q
dlfferegces caangb P, %%9 %)% 'k%g bﬂﬁoﬁi é% 1t5 fﬁ %%foein géggg%% AERGEout 40
residué difibenes at(ceheg ar,mnSE@d refSidES. 86}Qme[ b8 dimehts, th@dlﬁ‘erences comprise
conservme i 1Brt1 S SaOrI]l’lel S 1\1/neerdltg ktﬁ r?erg {ags S) e;ﬁ)gpe I Srﬁl?ﬁses o amino

aCI sequence ase
acid seﬁE@ct DRithi@e pabedifbieatores, ]aﬂ@whﬁem aheraﬁgm(rmld saqreeafhas stuedat 85%,

w6, B R R D5 876355 2t Uk TH UG At el LGy oo

referervaseqatnck éasd ot REQ fild NCo4ng 98 with thegsacediesieaues (e.g., SEQ ID NO:88,
90, 92005{)espond| ng to X190 is an non-aromatic residue,
parti cul arly al ani ne, isoleucine, cysteine, or

[0138]p En Jom%%inb & f?ll ﬁ%’ &S 181%%%?@196‘[(95({319‘(%6% %Bt)ﬁz fﬂgccl?sglgei %{Tg)’rq&ts iag amino

acid sqqamcq: dlai lals hyegﬁunslr delhaie cortdspaading meresidygs 802 hiegf the sequence formula
0 I 7

of SE(% gly gbp 9? @@ qr%é%{ng%lﬁéhntﬁe reFlﬁ§%c%#g%)%gélﬁge%g§1:§g srlr%(t_:‘ : 0&%%.’ In some
embodnaerits, dmldamhly ovwgloneprrmﬂdugm reeidudsi90-€d hignapriseyran amino acid

! o . |t o
sequeﬂg? %l n\glltﬂlg}%: ttﬂg rraeg{dgef' {:Ogl‘%gjﬁ)g(ﬁp)l{lé %S)PI@Q % ag rﬁ%]fﬂg Zersedglle %Hceh’ as an aliphatic,
constrigaadt hanebodar] of cgiteitcamiide, hh guei enépdlments sl dweime;region
corresélo%ﬁ glfl(i resﬁues 58 %Pf)p %#qullgesrag a 2}10 ac dssecfut@nc%l 1%1 &H%fl b residue
correspratling (btnKhEé) is algm:th@ isolen@ne, Icmtmnenex pr@imemaetmylaew aoling ; In aerge

embodr Igesﬂts y% rgg%n 0%%81%9 glcglgesf)ondg%qgrealﬁue%@o i E’J}qualvec ?ddmonally 1-2, 1-3,
1-4, lJfrEI b leﬁllfﬂe,l 9t iﬂd@sll hle;l 12r1-t4, yptobh@n: 18l or lsfdhtemdue differences at

other agrg\go : ona? s ag &)gnpa}%gg tﬁlg g(ﬁ‘?ets@o%gmg ?!)%Bg g} é,r%?e engéa{é%@%lxgbased on

SEQ ID-NKD 2, 4.-01 98. 111-50111@ gmlj_odimqnts_]_thjt&pmb_erl)ﬁdlff;tpem&s cant0, 2,13, 22,6, 7, 8,
9, 10, ?:i-ll 5? 14;1%?@ 1% (?fgb(f\.ﬂ; 28’ ?esfa{le @B@rléﬁce;at%glga gfﬁ ng yic,eld remdues dn %he
domaim mebwe emb«ehmenw én@la‘femn@@@npﬁxem@l@waﬂvmut%nw Itnhomhe
precedi ng features, such as SEQ I D NO 88, 90, 92 or
94. In sone enbodi nents, the nunber of differences
can be 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 14, 15,
16, 18, 20, 22, 24, 26, 30,°85 or about 40 residue
differences at other anino acid residues. In sone
enbodi nents, the differences conprise conservative
mut ati ons. I n sone enbodi nents, the ketoreductase
pol ypepti de conprises an am no



acid sequence with the preceding features, and wherein
the am no acid sequence has at |east 85% 86% 87%
W@/ 08304 90% 91% 92% 93% 94% 95% 96% BIPYSHBEH76333

or 99% identity to a reference sequence based on SEQ

IDNO2, 4 or 98 with the preceding features (e.g.,

SEQ ID NO. 88, 90, 92 or 94). [0138] In sone
embO(hmhmIJ 'th’d‘ﬂmttofedu(tthe pblmmpﬁdfeed)nipeitds fae g o a&dsaméncb Inéth a domain or
oo SRS RO A AP e A LSS 0 195
whlchttl’w&eﬂmq Laelmporfdmglmmo lok aSE@ ﬂthlf‘d@dH%ﬁbatlﬁﬁs aig} wilet@n thn amino
acid setqillencg ofn tge d(irrr?asm (grﬁrgglgr?friﬁr) egl%%?g'%[ﬁ%(% g% 92%4, Ro% i?50% %026, 93%,
94%, 6%, I9é%p%7ﬁ/dl9ﬁ‘@ 0@9%31@6@1&56@ tl&()anﬁﬂolacmcbsmutemsee@nawoaatmgm residues
90-21 %féldeferse%&us%(glfeg(ée bgﬁe‘\g{tqongs%gellg)le[\éé 234 %rtfl r@c?e 1n5 res

c ol ne :
[0139]e? %)g}e%glﬁ?%f’ne@%gheg(g r?g?d}]l(:tgsre pggfgép%de wg%rgrﬁ%rgly % H{jregloﬁ ?(%spondlng
to residhes PO Elso 9k de,demmﬁmndlzse%%HhNDr% Hoird 1% aqldammg thiempecified
features a{ ]iGSIdlEChC%ITES%%II’I 1%%‘[0 X195 b Oréeg(?nrol]) cll ngm ocan %urt%er 11’10111 Af lthe Tégion or
domalp mnd drmere d)fnhesbateres mhdo@d |fwerthsfollb‘jwmgr eglklmwomespdodrag X% isa

cysten}%olréorne a%r(])%:l a!mlaq%}la%f rrq§5§ %l’lrgssldu%%?%e]sﬁor@mgfg gg§ }faa%gln tpli Q(ia_rl alhghatic
residud; +&R{ue ﬂzerﬂe&ponﬂm@@ X96 16 polhr r'&¢cid@rresidi@Oresidigi cduesponding to X97 isa
polar, ?(I())J—]%qia{er,e aQ%Eﬁcﬁc or bas 2% reglﬁlaeg %sﬁge 9(%‘“6%)01’181?% 90%152061153 ancag(g{ga%m non-polar

rresp rence
or aliph@tsachidug; re@ﬁ@ cbtb:sbl@ldn%, to 2&125)18 a@8lar dmmos-pnier esrbm:d remdm S,

corres@o’qﬁing Etlon%gé’h 1?%2 %&%gt%lﬁoﬁgr%go’ngp ga’r,boi §11ph8$ ¢ Ig%lglbef tei Uer (édsrre(s)pondmg to

X149 diafnbepelace sraatatio tdsidne; agviduo cacispbndimg itadX BY is mcdnkteained or acidic

i ST 8, 395 SO TRA o DRl L SF8 SATRAAS

is an aRBLiL)BROPBA0 F63BBaticeedidyd] mudicsorrespenduet to X8l s taaskphatic,
aroma o)/ P%%l oéo‘i’a? resi’dTg,n ésgcg% F%gesggﬂg%% t@%b%r 1»3 g ?y &0 %‘?15’8 aéq %B]flatlc
residug; hed wqumuesmmhngnoa(wﬁ 1SSK9@pbl@r NQr@fgtic 96 duar Inlsd@e embodiments,
' [ { L

the regtv‘% o‘%*&Plégg 851§eéb§11§§}g8§’¥e§1%§e% %Q ) \}VE garnehl‘%ﬁe)%%gmg@ngnﬁg) éb%ﬁtsf 2,13, 1-4,
1-5, léebﬂl,dﬁ%;é -%fl-10hel ddntgi h1érl- ereg-iléLri Hasr B0 teeidwt dlga%ces at other
amino gg Qresgd%é’ as gg%f)argdg gl{% %/c? %‘/‘fnt %Qz(ygaf?rrlel%cgé%%%u%? &based on SEQ
ID NOsiéduDe A% elncome sslpmlndemtsgthb mummlomuﬁsren@@cezllbr 0%, 3a4,5,6,7,8,9, 10,
11, 12t ﬁ‘é 4 qgglgd(?rﬁag 56 eﬁlkzlgg gl?l“lm%g%pg%%tllle? glg}%é)%(éiﬁées C#’ues 1§ tﬁ/gl c{onlam In
some etnldmdinwnmrthddmﬂbas@s paohprpe perseleative trtwtatioskomai N or r egl on

corresponding to residues 90-211 of the sequence
[01401f &y sorricambpdiBEC, B NNOraScta@spdypepti®s amdndraddnmgn ¢rhiegion with an
amino SAQ il g&&%&g co%e%ﬁ(snld{n%% %glg%e%?ggtfﬁgftﬂig %egﬁ&gp%nﬂlgah Sl%% gIIS)IaIr(]) 95,
96 or 1d|9 asdlesvrbal b, om hawy @cof motreonigatatiyegutg@ine ot thelddnagner region
as con{“:plal%dftooéh!e Qﬁlﬂng Heid Eei%aén@g Gr 4O Ed’qeeﬁg (Plﬁlqlf’ A9 IZN®: 2 4 or 98.

ystel ne, non- or an a trc residue; residue
Exampdepraf e@@n@iewgﬂ‘teonm‘@m wcladevomnpatidreploecnzhis phcdtas dut limited to:
replacgn?e%lt g%%srl(élge%gﬁ%ﬂgnd%% t{)j 5(2@ gfg?i?g g%tgﬁg].igﬁgth%rgloﬁ—g?ﬁ% (gr aggﬁatic residue,
eg., primhdﬁucmmr-lwdﬁuame refilicphattio€ residwe ct@asstpondi%iioa@é Vakir@s(Valw?eth
2

oo €SI QU0 o, RAHELLEooAN AP Sl i

polar or non-pol ar residue; residue corresponding to

X147 is an aromatic, polar, non-polar, or aliphatic

resi due; residue corr espondﬁ ng to



X149 is a non-polar or aromatic residue; residue
corresponding to X150 is a constrained or acidic
WO 2®vds@4 resi due corresponding to X152 is a nRCF/PSHI088/076333
or pol ar residue; residue corresponding to X196 is an
al i phatic, non-polar, or aromatic residue; residue
corresponding to X202 is an aliphatic, aromatic, or a
correspumrhng od H96 geest (b0 @jth pmsha pelacosidespgndpaggite g])é%ﬁnei sr threonine;
replac%naersﬁ} (éfé resg i gz%grréas%) (f;@%% Biqgéa :‘]acl)lﬁle E)\bl arhdalfllrgﬂl%r?ng)glg%)lear or a'ﬂphatlc residue,
e.g., alamse, dhmel.ne lon 1sekemanee aﬂ;hdplmntest of rdshilee ca@ghs@nding tod¥2f&iatanine (A)
res d|n Q.residues 9 an_have .additionally

with a?o(%ﬁer jils) B(ﬁ%r of ? ]iphatic r§Sldli€ ﬁ 2.,V 1n2 ]Ieui;lné or 450 ucu_nle 8 1-0,
[0141] In soaie em 0(?1?16nts ﬁl(i:eeksetogglductﬁ% éo%lypeapr‘gnl}lg glt%c I%ligrha}lg g]i‘ rg%iélg coargesponding
to res1dmrsr©@tf2 Eldofitloe stemencﬁoﬁonmﬁpmﬁﬂﬁm@ NOr?éJ 96 ofl 1 @arddfaeing theepecified
feature%r%i_gluglﬁue co?rg%g?(h tﬁ%ﬁ’%&‘r Ics cl}llg % Peerertlg ncgré gé%lgr nln(‘éu(PeTI:T‘ thf regéon or
domaid pnehgr nre of thBfeatBres dlkcted Tibm th@folldwting 1&§1dﬂ.66q0r1fbﬁ)opdlng to X94 is
cysteir?eggly(t: r&eg gnelh?osﬁltn%ua agﬁlrllef sf/a ing qgu%%g,ﬁ&%s%&eﬁ%ﬁ I%grr]tlg qar%lcaltl%éne, valine or
cysteirgi feﬁldu@awe@omthngwol?% 1s:gim@m<r, mthiiqnialemjatrmteg miuse,’l@mﬂadﬁ];oldmine
partlcuharfrelso?euc1n8I or elli](:tlr§e ret51 e (E(o?rtegprog(? ¥08XQ9% o%g g(,p {ij ggu%hmlcé %01% serine,
threonuxg;asma;:pgmmd Dn’@utamme Q)srtrduﬂeﬂy SO0 hﬂpam@nbhbresmum@rghﬁamlc acid;
residug gorrr%ggo%dig %@9 is serme thr%orhne gsgarg 1ne an? ﬁe %ﬂ? fig, 11K me?l%omne
above, ca nore ervat
alaning, lvelird;o]nmﬁm:, mpleu(m@; kysune arsargioing gartidulbrdy ]yhee aimqmmeamhde argmine,
methlojl i uoerS%?eu 1%(., res u%g e?sﬁc%@g%lt(g %rl]fsbg ;Tgra?sm%f h%EQal?nmel\Qyptophan
glycmc,rmﬁlthmteneaaﬂamme, aa:lmd lmsmeamemmgle,snaﬂhula@y plizuylalening ¢redline;
residu{;:l ?03&3550%81{1%? NES h egllp%n%ghn%g% i po 1%% lrlls%sﬁlgztofr(gsﬁleucine,
particulelyi gliyede or eergc,,rew@jewn@qspd)relu@tmﬁ,l 42)15 aisgi)ie,ebmbmieq, asparagine, or
f ' n
glutan{u?eprﬁsa &u%ﬂ%a?t%cu%rlﬁ ﬁ)%}a lﬂg rrgsgaruegﬁlg%ﬁ%diﬂ% t5 gé%g% grrgsllﬂe Shegl\ﬂllamne
tryptolaiaa,rglyq:me hetbiohine, ala@me; wwbhe lpo¢ing ;isol'egphcasene,rthre@rime asparagme or
glutan{%l? %ﬁ&%aﬁ% p%y%@a%%@l%@cit%r 1sgigrc/§3%82a(l)8%/ OQ%I%%EI%’IG remldue corresponding
to Xl@esgldmeq, Irethgm}nea@pmeaga,lme lewglngtisnieuame, tprosing lpbcmyla_heme or
tryptoék%g? p%lct%ngln %%lgﬁner & Ihglgl?al %gl{er 1%?’1813 c%hﬁ%oﬁ(ﬁnéey aygsl’plr(ﬂﬁle, histidine,
aspartig agd or aluaamms:ld Ipamulardy asparti¢ &ol (HllﬂaﬁltldE?, resndiie pspésmngmw X1521is
glycmg et}ﬁéﬂugeg glﬁl? 1L (/glﬁlgolp&y glsglg%%%orggg% 3‘[}%({1]1%66,( éggs‘%a}ra%eit, ?rr%h’ltamine,
paﬂlcdlalysﬁn@, thmomns,cdr egthianéne; {eﬁduﬂelqorrbspombmgeto o dityrestes,
phenyfaﬁgme %é/g{ogﬁialﬁcély(‘? 1?6 B‘l% Iﬁ/%u es;h%ﬁn zxiajl_llﬂe ?eutg%g%sr ésopeumflee %Lr(t) (r:]ularly
Vahne;flsxrlmina, dthiSHE, bmmM@lagﬁlp, @ Gobrcifi Sesaind cdrarepcmgmg heX202 is
.SP S d
tyrosngesf‘h%{é%l%:lrggge Eﬁﬁ ’lﬁgne 1%?‘[ tﬁﬁ & aln{l’?g’l \Egﬁle !leu&{l% e %(&1%9011’16
particudarly adkmirgi typoapbam mmeoroﬁeﬂtlbmnef eaidus esreg@indiog @dXZfOtS o&rlwsme

I
arg1n11¥ gl?léu% m%ml(i}%ie Jlgnsfﬁ %Iat%ﬁlg qgucﬁl% poqnﬁ%ieu&né %aléglﬁarh;argmme and residue

con%t@@n@meXZQﬁwgboh@mmﬂmﬂmwpamtmcuﬂamHymakaﬂﬂneanammne
. i D LeSi . es i g 95 i i .

pheny Bl X B p LR H T R E R RGN 1 S B S VBgion o
domaip egrtespulimg koresidus 8021 hendirvd addiciomdly froesdbdetd -2, 1-3, 1-4, 1-5, 1-6, 1-

corresponding to X96 is aspartic acid, glutamc acid,

serine, threonine, asparagine, or glutam ne,

particularly serine, asparagine, threonine or glutamc

acid; residue correspondi to X97 is serine,

t hr eoni ne, asparagi ne, glutam ne, glycine, nethionine,

al ani ne, valine, l|eucine, isoleucine, lysine or

arginine, particularly lysine, threonine, valine,

ar gi ni ne,



nmet hi oni ne, or isol eucine; residue corresponding to
X120 i s tyrosine, phenyl al anine, tryptophan, glycine,
woreiobsiddne, al ani ne, valine, |eucine, or isolRUDUSIS/076333
particul arly phenyl al anine or valine; residue
corresponding to X125 is glycine, nethionine, alanine,
valine, leucine, or isoleucine, particularly glycine
7,1-8 dl’-9 del0i hél, lIresi-dae- Iﬁorlﬂéslptﬂjdf nQ0 tesidXd diFericscenatdrer m@ino acid
remdues as ?c(?rglloua]rr]eed’ tP %egzgrpr)egs %nnl 1t d%mralélg)lf a aeeert%rg:r% rsge %%ncg ased 0 E?(_ILEH\I 0:2,4
or 98. IIBS(tnyeremﬂjodmen‘(shhnythnﬂeanfdlﬁg:rencbs’gaptbeﬂ)haﬂ 4 gl@d; a1, 10, 11, 12, 14,

15, 16”{'38t or al outgﬁ I'GSI ue Hlf{ére‘nces aJL otﬂer amlneoua%fdr}eesl‘ldulte Sl(r)lltheeu(fomam In some
I'ne, asparagi ne

embmmmmtsdmmaﬁﬁgm@hemmhakammnmuwhmmmume |soleu0|ne,
valine, or glutam ne; residue corresponding to X149
[0142]i $n sg)hlﬁceinbedimnm hhedsetomeluctaleanlypeptidy @vlith adomaie ur:liegien corresponding
| h |
to remdueg & 9?1 e seétre%cze %gﬁuéz? oﬁ?edn@ ﬁpgé%r?e 1r19eé 195 Hle specified
feature{s (at neeémodﬁspgndl@ 2E00 hsdeperibkd heginfviag furﬁibnieqludeas pﬁrrd:glcm or
acid | ut cid artic r par aci d
domanl';| one dr ore (gr alﬂ ggiﬂ gee %é%srslblgé![ JO 1%0 lfheq’?l (XA%% iesﬁue coqresgondlng to X147
is an arrmtahc qnlan elpn -ablan mnaél,phamlresm;e, ﬁasmallaﬂﬁglutasmieemimwme or leucine,
rine on as |ne | ut am,ne
and remg retc;orr?J g} 1n to IXQSZ 18 an?ﬁ[} an ﬁ arr%na? ¢ 09 ?nn]i)oéaﬁlr%%due rpéuétlcalarly
tryptomhan nmﬁslpomnh nlgtytorsmé(lE@oms ehpodosente 1he rgghenyridainainicoregsponding to
t hi.oni ne [
res1du% @()pztl‘i’@ e %d\'ft ol lngel %ér{] 1351 a,r1 ;?;,”1 9. Y9 Y& 181, 1-12, 1-14, 1-
151,HSbﬂ&umﬂd@runmthﬁﬁmmmmat@h@mymuhaﬂuﬂﬁhwmﬂ(msmmemamhmﬂmnmnof
a referelhc% Isgqugtrcgﬁ%s%g ’%19 ?E@ Il? %(il? 4 or icn Sﬁlé’lg ¥m8?dnrpl§ﬂts the number of
dlffereateamml@ 1,241, 4ne 6,1, éu?;llﬂel,l bﬁt lﬂ,sldl BuE8, mabqqumdm:! dafifdrgnces at
other a%llu?(p é (F I'es%ureg Pn t?p d%ﬂd tﬁé 81%]: %bod?nrlengeghg Idlc%&%erﬁgés C(r)lgﬁll‘is%ue
respon 5 Ine, —arglinine, glyctne,
consem:ettvb InwuHtings, Imbcalm emréoodl\mhisan kdt@edictss, pobypeptsio lcemprisaggn amino

acid s %&{%é‘ W%Hl Qﬁrllez%t @& &egéd?% fea%ﬂ glnedS \ivlgeye%n the %ﬁ]l%%&‘&@gciu &ethgs at least

85%, 4659 I8é%c$8’“l/e 89T/y909§,|9d%6, 92%1‘&3&@ DéloaINR @6t Ppt98Yh a1r99% 1dent1ty as
rii ARY2 . Qni . i N I
compage?ri,g{)) lgll% %%1%osa}éld{ggiu%{rlc%&ogﬁsp%Edl&gé’té %%%du%&())%]éé)? zgﬁe d’::rence §eguence based
on SEQéRiNfuz st @08 Hth tlegmechdivefcaddst i onal |y from about 1-2,

1-3, 1-4, 1-5, 1-6, 1 52 WO 2009/ 036404
[0143]PGTYoS2008dideE 3 3B kerediict8se pmlygeptiﬂe tBh a dorhdin orregdidn corresponding
to resi(ili g(? 2%1;#1?1’(1)6 agl}egce %Iélillﬁ%%fgs;E 10N or9%sé6d(gq 1§’£thh%€1ﬁg ‘Eh%%pe%ﬁed
features @t reaidyporodespgndiegtaiXi 90 fis @sm@ﬁ@h@no,e:as éghenududsas dd region or

domaugﬁg d;#r%og'\l:r%erﬁa(i:l eogthg g%]anggs silea;éé ﬁ@g th}q‘plgo%n? r}%ﬁdug cQ@esBJ%gf%% to X97
isa pobj; nofi-polaf 4liphati& or UaBic rds8lue grartgbloty m2Gionas, v@liee, isoleucine, threonine,
I e n_t
or argﬁ: rgglﬁﬁ%g&esgsnd%gqﬁgﬂgﬁrsrgﬁ ?I?ﬁ‘lag(h gglgl! 8@1 ? é%;]rc%rsaﬂ hatic rei51due
paﬂiCthmmmc,vwlqmator bnsne; [rﬁmagﬁorteﬂp@dme teXBds mahphatlc aromatic,
or anduiEI EAALEDHAL ARE R PRERM- B B ool h Qi el 1A, he
regionfop dmﬂlaccofeS@EG)ng B &h@Ss 90-961 @ haviehdditidnahlizv r2ng1] 3t hé, 1-5,1-6, 1-7,
1-8, 1 @lofe ?(5 f1 ﬁ I 15 63,41 §§ laf6 1%2 &qezocr%éu%%ﬂﬁ;?e%&% ﬁtﬂe%?n%% acid
ri bed herein, rther 1nclu

reSIducsras caiomdrto drelompinpbda @fmncalsetqucﬂce bived PeSEQ IR I4ex1: P&dln some
embodflrﬁ&% ttlp,%u{n%r O‘P}Qﬂﬂ’%&ncers %gﬂ lge e 72 030 0 rSe%pﬁ % %qg 1t1°12X3fff'7 6S 18, or

an aronmt | non- pol’ at’, i piatic’reési’

part|cularly glutan1ne |soleu0|ne, or | euci ne, and

resi due corresponding to X202 is an aliphatic,

aromatic, or a non-polar re%idue, particularly

trypt ophan, nethionine, or tyrosine. In sone

enbodi ments, the region or donain corresponding to

resi dues 90-211 can have additionally 1-2, 1-3, 1-4,

1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-




15, 1-16, 1-18, or 1-20 residue differences at other
am no acid residues as conpared to the domain of a
WO 20e08dee sequence based on SEQ I D NO 2, 4 orP@BUS1008/076333

some enbodi nents, the nunber of differences can be 1,

2, 3, 4, 5, 6, 7, 8 9, 10, 11, 12, 14, 15, 16, 18, or

about 20 residue differences at other amno acid
about I(Eﬁi;ldmﬁehfférmcbm othonamine adidresidms iethid dohaientnspmt hi@bodiments, the
dlfferen(r:,% S%Bﬁgs%t%énsgrgngveﬁnel{ %1r()e83§ t%(ér}léeg ettrrllly i}neé&st 1518 gg%rgducpase peorig?peptlde
compraps Arnmio acatieques@quieng da:aWt]nd'praIedlhg &sturds hemd mhm@mdhm:gmno acid

featur d i t 970, ggo
sequeI}ce a%stat Fegsg 33/@(9 %éy]%z% /% /tg,gig/o@ % lg% /9%9%@” %%% ﬁ/g%%%, 97%, 98%,
or 99"/91&%‘[1‘[9 55%01136%1 tdHE&mia8 %6id mqu@@%omdmg taassidweo APpartled a
pondi.ng.to residues

refere1§;8 S%fince ase((l) on $ﬁ§ 15 NYENCE ok Ofih GR PIge in feggasl D NO 2,

a reféerence §equence ba
r 143
[0144] rI‘H)soale auls élme{lt gheE( f 1e e tpogrgéplﬁd? Vlt}éLtg a111 or I‘eﬁl%l? cotresponding
to resuﬂanﬁﬁ) a1 b(lff theaigqlwncecfonméaspﬁﬂﬁﬂ ]‘EgNOt% 96€3|1d19,|$81 10 fht sp)a‘c1ﬁed
featurei§| a? resﬁu tjcﬁ)prgsgoof(? r%ntléle of L ] d'S l%bgc?he’;rQn ?cgl‘sl’ fué't?ler 1nclucilé n ﬁle Tegion or
domaig onerc&slmen@h aﬂg)f the fe)éilﬁﬂ; salsctcldsﬁmn tHedalldwangiresidue@nrrésportdimerto X94
isa cyI tnl(r:lle yde E)lgr (grra]lg a 1 1c TEsi r rr?ar P& Llr va IREeS reQiqud (lzolrreé)pfondlng
%F] fnea ures se 8 (h OP]T oW ng resi g

to X9¢(cion pelglpmjracﬁdmges[lctme,)@ﬁhcuhady thrqoinarand rﬂsldupcﬂraspondlng to X147 is an

aroma? 1C polap Bon %ol?r orba? ﬁha%c {f%lsdu Rgﬁlcﬁ%ﬁy O%lutgm%e 1¥016r1r1%1ne o(f) ri]eélCI%é In some

embodﬂomsgﬁp@egzkprng dt)mal)(l:dﬂespcmdmg t@rosidhedsio0- 21 pgzinahave add1t1onally 1-2, 1-3,
14,118 OP-? POJ arg 1 QF 1 8h1PNAYIS 1Ir E‘S ) d1‘§el 1. 93{ rgl“id"‘remé{ue differences at
gl ut'am’ne; "i'sol €uci ne,
other anong wbt@ndhes gs ¢qmp}s@620 tlhs dananabﬂ aplh&tance; sequenp@ltais@l on 51Q B NO:2,
u [ tiopha
4 or 9] q? scg)rgé %bodl%’?engs f%e n@r%etr 0?(?“1%%}1(%5 Egn)rfg!é df %’é?ftséa 7f ?189’ 10, 11, 12,
14, 15¢ wgil%bmr dmudhhasmuecldlfar@mzﬁcm dihprgantioo gegbiesldies idte @dnjairc aln some

oG, IS b5 Bl i b 4,

ketoredwesiscpdy @pfideepmpies amimiod had scqneneowak hideast he pacrasgdsatures, and
.ed t h i n 0 f (>

where%ﬁﬁg;a%@(i %‘i{%&lée?lcegl%g?{ lgagp §% ol 86@ ﬁgi o %’dggﬁnﬁ%ﬁé ) l‘pa@%ﬁ 93%,

94%., Ber196%Y0, B0, I8k erB®pbicidentitass cbmpar;d ® thef%a,mudq ach] se@uen@q ccﬁrespondmg

o el P00 7S AR %6 M SR R TR B e

featurest her ami no acid residues in the dorml n. In sone
enbodi ments, the differences conprise conservative

[0145]mint sicembodimants dirrekecendlodisrmntyseptidh eankfeitlor exdlvde amgion or domain

I I: [ 0 j e .
cores RQUNERPRLE 1 SOV LSEReR BT SELpSaaenga, oty
embodapénds, theecpiantdoinas catresh@algig t@BIuB 6O BT Yave 894 BGYHT the
follow%l%%%aug%s%res?cﬁléocogépﬁng%é% X9 ?so/a?n a?o%lc %175 poﬁ? é%lar C(Qr{strglgeo(/ﬂ or basic

y as am no aci née

residug @esidus p@’mﬂpm@ng@ Késis dlpekar 196)d12€1 flesidfic @rneafoedlemtoeXB is a nonpolar

or pola??%giglgfaﬁ% pe?%ﬁ?&o?lré% Sp%ﬁﬁ}%% ZE%QI 1% a% %ﬂl@gtle O}é\ﬁ h@n f é‘reahf)]hatic residue.
[0146]k ﬁ{ é?)gn%%ﬁ%gﬁﬁlgntp Qllleyc{?)% J)Sgesg\fﬂél rzr%fgﬁ)%ﬁ% tﬁ rég[dugselgkéj&n have at least

esponding to resi e sequence
85%, 86% r&ﬂ%a?%&% 88”6@0"/@9&1@ 950, o, 9t 701050, Ah'th. ?%%l%‘@ 1Y% identity to
f L du r t
the am R e R et R R BRI Bsclib S 0
NO:2 ér or S drreingatahreredduervomespording th Xgfan etpeafie apurpeler, B@are@qnetdamed
fromthe foll owi ng: residue corresponding to X94 is a
cysteine, non-polar or an aliphatic residue,
particul arly cysteine or valine; residue correspondi ng



to X96 is a polar or acidic residue, particularly
t hreoni ne; and residue corresponding to X147 is an
w@ewamsdade4 pol ar, non-polar, or aliphatic resiBUBEPS2008/076333
particul arly glutam ne, isoleucine, or leucine. In
some enbodi nents, the region or domain correspondi ng
to residues 90-211 can have additionally 1-2, 1-3,
or basit+&jdud, p5:ticﬂ.laﬁy a Hist?dinelw&h tht -pﬁ)visib -tHb@the 1eg1011 or Jerh#n ofithd 4,

re n ces at .
ketore&t*c%asé poJI %degfllgls a}rrgg(i) a l}é sseqléesnc% 161 éc?le%e rtem ehcorrasgondlrllg t8 fX7 1S an
aromatic, ned- pmlanpcéars@mﬁ&m&d (ba&‘e@remduesmldtﬂhrbd@ hzstidind. Trso@8.

embodimenzs r]% reeggcpnOd dlc’)r%arllltn%brregpon&mg%remf&es ldé?fca& evre]%g(ﬁu ﬁy ?g 1-3, 1-
4, 1-5,dr6,aB50 048, PO, -&&ilduel-d2,fif & enses 1db r@tduemfﬁmnms aacolhent amino acid
remduea; afs f;(()jr}ilpgﬁ%d etg thgglﬁrrr)l?mgga Ee(f)‘eﬁ%ng:F ?/eo rTe:ence ase al% g@(ﬁ‘iﬁ NOt ? % or 98. In some
embodéntynd ihemnmbgr of Higferckeds onretehulc £ 2% é fp 61 Y peptlndd, tl) mrllS S@’SlbOllt 16
m no i d seqguence. wi t.h | ea t he edi.n ng,
e (Pfferences

remduef* dlfta Tences at O(fher aming aci remdtu?]s in the. domalns En SOMe eg”ﬁ)e(% ellg]ts

ures, and erelrn e am no aci d sequence
comprise a@tser&[ﬂ%ﬁ nBi684pn3 Iﬁ/@OI&%ﬁbOSQ%}ltsgﬁ%et&&%ta&ﬂ%yp@@%e comprlses an
of ,.99% i Yho@$i G0

949 959% % 98% i
amino tac1 S?_](]éle aorenwrlltg %léasgtﬁe grece(?lrége e%t%rresr es&j Vélﬁe eln 1n0 ac sa%uence has at

least 89%; P4, 8@%, &8% Soes, 90%39 1$e Gﬂ%n%@@&%&%%ﬂ%%@ %D8NQ.O1299‘V41dentlty
as conipa n}{g%? t\ﬁﬁe aIPan a?lﬁgr ec%g Igcgr% u% 0r r%?gig/lbe% 83816 g]é a Eegeﬁel}ce Sqayence based
on SEQnR INGH2, 4a)rl9&gz|1thltheq1recddm§fenturesor respondi ng to residues
1-89 of the sequence fornmula of SEQ ID NGO 95, 96, or
[0147]1 IBsomlergmbodimente nihmdginrem®mamrwrrcseglilcbmg toresdioesali-8P can have one or
n ye v .e of
more (%r%{ legs? QF{)}?\}& %llgx?lmgﬁﬁirugs §er51édgl (9 aree?pé)g(rhr%%%p% g af arong{l(‘x.?gn—polar,
polar, c@st@aingy @riesic I.'B,Sldm} mesplot earyesipotiag fo Xbnis b palalmeeddueoresidue
corres%o%ﬁglg to 5(%3 f g%gnp0[a§ %ll lIla? res?Jué,%%g gegl%uy &)rlteg)%?&%lg% J[OSX&) is an aromatic
or NONAERP.EIr alnphamr repdnllaa ﬂn scmm eahb@dnrams th@s:gldnl er dxmanm@powdndl% to
tisC,Qr z pol ar., , Qr tii, C
res1dués°1 z?égp Mh?w%ﬁﬁ%ﬁ%ﬂa 1L % 1- 5?2165 gl éﬁgnt %% gj;? L1112, 1-14, 1-15,
or 1- 16 @gudmendlﬁaﬁmes p@ﬂdr atgmb @cul esiddeses ccknlﬁgedaaﬂle hlaman af a reference

sequergzgg/(?s%%%@?g% gg/oﬁl% % {(8%%?1 on gr(é/%}())d?ng {1°t f %%%%?géo/% %1%-)3/ hees can be 1,

2,3, 4akiod’, Seguéndel Z df rlespdidesiye tid‘fereasquuaherlmﬁ@) agfd ra91dues in the
domalfé1 efneslc‘n%n gl?b(f‘(ﬁlgé{%’] b %%&ges W g O}PserVNQJ tétiong In%§ e
resi ue corres an aronmati c,
embodlmmt d‘leiptorqduﬂtap polgapsta @mpeskts ab 4mm@aQ1© A8ueBE 40th at least the
i.C resi , I8 b
precedhngl}%ay\,\?g 91%{ \9]1 ?ﬁg’ ﬁlﬁ a%gnobag% S?gqute e hgéjeﬁ lea?@g IA)(’) géi%,fgﬁ 4}(; r%g‘lléh@ %,
90%, Dif%o, ORB, 932/et96%e@ﬁ%,t9é§e 9Pol Yppre pt ¥Veideaisy ancoaphied teibé anino acid
sequen%g QWeQ%O%d{ng t(wgél&lﬁs t1 I'k]% rf&?efg%n%e gé)qglgn%g ?9 a&j (r)]Ig %E(E D %sfg) a ig ?fcor 98 with
the prace@ng:lprrepar ti cuI ar I y a h| stidine. In sone
enbodi nents, the region or domain corresponding to
[0148]r &siothgembadigonts alre thgiveoratbdiain corespbrydirg- 12 resitlu, 1-99 cag have one or
- - - L - - 1 - .
s 3yl P, 0ok 0o
phenykkgindpeding.histidmp.aghaihet wethiveindotming, wfing laueihe niwteoeine, serine,

.Qn | .| . .
treonfE TG PR i PN Bapbufly il MGAE togoning, proine
tryptopghan,Grgidine, fiisti@ine, @r asp@ragifid residpe carrespoh8ing ¢ X Hpie s¢ring.ghreonine,

[ 0
aspara%ﬁg, og glr%rltaa?{ﬁl{e ? rg&!s?lgn]g salir%}g %pﬁ%enc??egﬁglﬁ(ﬁ&édtg 3{42?%%%%% {ngthlomne
conpri se conservative nmutations. In sone enbodi nents,
t he ket oreductase pol ypeptide conprises an am no acid
sequence with at |east the Preceding features, and
wherein the am no acid sequence has at




| east 85% 86% 87% 88% 89% 90% 91% 92% 93%
94% 95% 96% 97% 98% or 99% identity as conpared
waQ 200vfass4edri Nno aci d sequence correspondi ng to rESI/Usawes/076333
1-89 of a reference sequence based on SEQ ID NO 2, 4
or 98 with the preceding features. [0147] In sone
enbodi nents, the region or domain corresponding to
alaning¢, @slirdulescide; 89sdarinhgasicolady Boleudimy; endorsidite cbﬁaﬁbndaig to &0 is

tyrosmehpehen%lalal%me t o%ql%%érlyec‘?’ne met ﬁljlogllrfllee acagl{rrllrg,tGV%aneng 8019 or g?ﬁeuc&ne

particul@tyi adkméne. itressorrdlstmbcdnmems plumelglmgoﬁdom)(ﬂn&orr&pmqm@ talres1dues 1-89 can

resi dye; -resi spgn g, 1

rave LNy BS) £S5 GO 1OSPRNALNG | £ K% .13 NPABOLEE reidue
differcaces at @hatainno aoid restduepolcampared toahd qpinaitn af arrﬁmenh@esequleme based on
s 195 7898, TR0 S5l 0T e SRy ERSFRERIEAN05 .5
9,10, 11,532, 14; B, oﬂ_}67rp51due81,1ffeler@¢s at other, anfind dcid r]:su’l@s 1n]_thd_dqma;ln 1 ,some

Fols % %l &S] i due dif.ferences at .ot her, am no aci
embodiments, the d1 erences coml‘pn%f conse a Ve ytations. some er%l odlments the
residues as Cco onaln o a reference’

ketore&&%@ptﬂﬁ)eb%@dmpnsesmmlﬁo N(m ZquehcowitB 8t ledsnths preeeding features, and
wherelgrﬁ?e 4am1g0 acté(iséeg,uenge Ipag &l t Qg /1 %6% g’f"/%,}?%%i é&%g%ob/e é)}"é)e%zg/od 33 %,
94%, T8, 19%6917(‘7@@8%; Owﬁﬁdemm zts(mompatrdd ek ahigsadidsctjindce corresponding

to remc(ijuersr? 89 0f peféeonrgg §e§1%1€nce {)ase on SE(%E? N%I n%f g); sé?wﬁl?t ¢ lpf,?@eciir?gefeatures.
onserva 1 ONsS. n so 0]

Ive nmu
[0149]k %ﬂﬁr 5 gagﬁf%IdQ ?{sq &P {on}e o §r%QCI%§§OSa 5}?0?05?5] IQerea & wg[h assomated

seque
act1V1ty\,ha&cle with tdypecatvirermc i of seegued eetdphsnoats. Iﬁébsquea&%)elaﬁ%e

denveg gg)jq'- %8‘672(1 tgfg %d{g}g Ok/qtor%)d%g:/ysegséc(lygrécr?% g (%)ﬂ)/&ogg%qdaﬁq%%{%ss otherwise

to't
specifiadi d sequence corresponding to residues 1-89 of a
ref erence sequence based on SEQ ID NGO 2, 4 or 98 with

[0150]t AHableR2edddiohBequenmtesir es. [ 0148] I n sone enbodi nents,

the reg 1-89

ion or d

mai n corresponding to residues
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SEQ HaNOx.
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adpar ag

i ne;10r esi
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I ne,
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L I CTUITI
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ine1455 \
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e, v16lnc,
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gﬁéﬁ%ﬁ§orrespondlnq to X60 i

e, mhenyl

aﬂamPne96MIyptophan gl yci ne,

elno

hi
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particd

HYE; atat
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1 Pm6|c, |cuu|||c, or—sote
e

'one enbodi ments, the

oﬁldonB
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differs

tthezMawi 0e; vcdott MESREIUES as co
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differg
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features,
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16 residue differences at other am no
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wherein the am no acid sequence has at
88%

87%

89%

90%

| east 8

91% 92% 93% 94% 95%

5% 86

96%

%

WOI0/09804 or 99% i dentity as conpared to the BEA/HS2008/076333

aci d sequence correspondi ng

to residues 1-89

of a

reference sequence based on SEQ ID NO 2, 4 or 98 with

the preceding features. [0149] Table 2 bel ow provi des
Polyiucleotide | Polypepriieof t Palymip@dé Redida: Sibstithteaschs her pAativity [t Stability
SEQ@H3ZNO. §SEQ IDaN®I| Vi ty I(emelbﬂea\mSEQ |mpeExid to reduction
Aaf crihdt 1 + 1t ad A~ Ao A s Al oA~ haol Ay A a
U SUMJJUTT T cu I'\I I DCunIIL’CD JCTT UVW At [T
derived fr the bp“g gfé déE ﬁﬁ&{) ket or educt pse -
seqguendes (SEQI I 8 Lg%s ot her wi se
skeci filed. 35015(]Y1'961h|\€192L MiZ(BStY of Sequences F++
Dol vyniial DA 1 DA =
LI yllubl CUL )’lJClJLI UC I\CDI UUC
stitjuti ﬁs aﬁ&é{:?}?%@#ﬁ ility SEQ IDNd SEQ|D ™
N3 Cornpar ed t o |$EQ; IYD9(MO\/146L3 4 None (WIld-type+L
kefH+—sequenee) S s RN 8—¥E90A—WO6—++
19 14 v198p; vagsks Y PP Y Toph: K97R "Y190C. + | 13714
Y490P; V19€5|4 s 359511,6(1\1(119%;9613/19& ++ + 47 48| Y190R;
96M—1+—49-50 s' \/1 96 52 G125S—Y190P:
o6L; |+ 19820 3é§ \9@65719%96 + + 17 18 [T152M
Y4P0P; [V19Gd; I\/Eaalaop -I’Vl-lﬁ6ﬂ- 23 24 Y190P; V196L} =++ (Jas
copparedto SEQH D 56 WO 2009/ 036404
o 0067876548 T 450@3%?@"&8?% ‘de Pol ypeptide | ™ | **
Ped ypeft i desResi|dugr@ubobrividsons as Activity | ++ n
St abl ! i f\/ SEQ 1D NO SEO | DB I\I('\ f‘nrm:\r nrl to Q B
NG 4 25 265v190A4a%E10R: VIOOL (55 conpared tp SEQ|I D
NG 2) 35 360Y190Ri43VEISL:; YWBAIE Y1961+ 53 54 G/N ¥+ +
100A \ 1961 +4 + 55 58 G7ZH  Y100P: V196L: +h 51 g2
vO5L; Y190P2 v1C;€|1471++Y19%‘61&6R/951 Y190P;, V19pLIT+H *F
31 32 Y190P; V196L; A202W; +++ +
27 28 Y190P; VI96L; A202M; ++ +
29 30 Y190A; V196L; A202Y; ++ +
33 34 A94V; Y190A; V196L; M205V; +++ +
73 74 K97R; F1471; Y190P; V196L; +++ +
37 38 F147L; Y190P; V196L; A202W:; 1+ ot
39 40 G7H; F147L; Y190P; V196L; A202W;, +++ ++
75 76 G7T; F147L; Y190P; V196L; A202W; +++ ++
77 78 G7P; F147L; Y190P; V196L; A202W; +++ ++
79 80 G7W; F147L; Y190P; V196L; A202W; +++ ++
81 82 G7R; F147L; Y190P; V196L; A202W; - ot
83 84 G7H; A94C; F147L; G149F; D150H; Y190P; | +++ ++
VI196L; A202W;
41 42 G7H; A94V; F147L; Y190P; V196L; A202W; +++ ++
43 44 G7H; S96E; F147L; Y190P; V196L; A202W; | +++ ++
85 86 G7H; S96T; F120V; F147L; Y190P; V196L; +++ ++
A202W;
45 46 G7H; S96T; F147L; Y190P; V196L; A202W; | +++ ++
87 88 G7H; K97V; F147L; Y190P; V196L; A202W; +++ ++

57




57 58 T16S; Y190P;, V196L; ++ 59 60 Y190P, V196L ++ 21

22 F 147L; Y 190P; V 196L; ++ ++ 65 66 F 147Q Y
WAADA03M0496L; ++ + 67 68 F1471; Y190P; VI1O6LPCHES2008/076333

69 70 V431, F147L; Y190P, V196L; ++ ++ 71 72 F 147L;

Y 190A; V 196L; ++ ++ 31 32 Y190P; V196L; A202W +++

+ 27 28 Y190P; V196L; A202M ++ + 29 30 Y190A;

Polynic®6tide | KB Pptide+ + PABpPhidARENiue SUBOHntidfkASL; MBSy | Stability
SEG-I-NO. (SBQAD N@"R; Flwﬁnpan&FSEQ/mm 4+++ + | 37 38

1 471 - V1 00D oal 1 A71

++

B0, [Vioah: Aoots Kepd LTt L TRE G A1 | vigor.

WIO6L; |A202%/ +-I-E}7-H+K97]7 F7187LG7H'~1901F1\41DEL M)QWE’, VAHI6L;

++
ADOD\AL 1+ o 1 I\')f\')\l‘

AP T e S L M

83 84 Gr/H, A94C, F147L; Gl49F; D150H; Y190P; +++ ++ V
[0151]11 96 TablA24bAWY, irdthe 4RiviB7 &Hijlurd® 4Ving]€ib4hZL‘ 3+ MABOEY an\AEBGLy, improvement

of 100%%@% th}}i‘uv}& of é%Q gé I\@g| twgg s%ds £ glé cat{sia%%?ﬁw‘%%%&rﬁ{/ement of
450-1500961L SERHD NO-6, 2hd WY pldsos 4f6+{’5ﬁhlﬂlc&&iﬁ,actﬁlﬂl4 YIhprOWeZh&@R)f greater

than lﬁgﬁ(ﬂ ; SE%@%% _.'_II_]'_thi -?-tablgt?' c\?\% 8?%?%%12%‘21 F]irAfc? cates Yha?’gle polypeptide

exh1b1i§(ﬁiléﬁi11%ﬂ)i0a&ﬁﬁ?yﬁﬁf38heaﬂ®dayﬁﬂmc bfe‘Zd’tduﬁbett Rﬁbymgﬂusd@‘%#’ indicates that the

o PR B R BB L R B8 B M g e

compalN@} acdkivB9 f(ﬁ Botﬁiﬁi‘d,teuhégfftM hebtltfedtmenYd@MHBursMLOBLC; A202W  +++
++ 91 92 G/H, KO7T; F147L; Y190P; V196L; A202W +++

[0152]+]n soﬁfe e%ombhts N&Z{btord%iﬁdtidﬁ pohﬁﬂzﬁﬁiﬁe:s d\f’ﬂﬁﬁﬁsdoétﬁ@ﬁlwimprbved as

compared t[) |an e %neere %?\E bhavmg rqg') g%IF : 1&1‘[?‘ Cet% #pQ%\Pgﬁnd’g ;ét with ¥espect to
their ra‘lté)@fleﬁSja%mfactivlng ht:ebdampbythelf ra&E{chrﬁ)em@ the stiwoatp kauhe product. The
polypeptla-e havﬂl(g:i Itﬁ:eastec?usen(%nof gﬁbllﬁll\}é{ 6 1sr{Pr Ve?erlrr?gs a reference polypeptide because
the wild-type L. kefir or L. brevis KRED do not exhibit appreciable activity for converting 2°, 6’-
dichloro-3’-fluoroacetophenone to (S)-1-[2,6-dichloro-3-fluorophenyl]-ethanol. In some
embodiments, the ketoreductase polypeptides are capable of converting the substrate to the product at
a rate that is at least 5-fold, 10-fold, 25-fold, 50-fold, 75-fold, 100-fold, 150-fold, 200-fold, 250-fold,
or 300-fold over the rate of SEQ ID NO:6. In some embodiments, the ketoreductase polypeptides are
capable of converting the substrate to the product at a rate that is at least 100%, 150%, 200%, 250%,
300%, 400%, 450%, 500%, 750%, 1000%, 1250%, or 1500% of the rate of SEQ ID NO:6.

[0153] In some embodiments, the ketoreductase polypeptide of the disclosure is capable of
converting 2°,6’-dichloro-3’-fluoroacetophenone to (S)-1-[2,6-dichloro-3-fluorophenyl]-ethanol with
an stereomeric excess greater than 99% and at a rate that is improved over the ketoreductase
polypeptide having the sequence of SEQ ID NO:6. Exemplary polypeptides that are improved over
SEQ ID NO:6 with respect to enzymatic activity, include but are not limited to, polypeptides
comprising amino acid sequences corresponding to SEQ ID NO: &, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80,
82, 84, 86, 88, 90, 92, and 94.

[0154] In some embodiments, the ketoreductase polypeptide of the disclosure is capable of

converting 2°,6’-dichloro-3’-fluoroacetophenone to (S)-1-[2,6-dichloro-3-fluorophenyl]-ethanol with
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450- 1500% of SEQ I D NO 6, and three pluses "+++"
i ndicates an activity inprovenent of greater than
wam9ss@h4 SEQ ID NO 6. In the stability col unmPCEUS2008/076333

single plus "+" indicates that the pol ypeptide

exhi bits measurabl e activi ty after heat treatnment of 2

hours at 50C, two pluses "++" indicates that the
an sterpmhgtmemdssjgezhash@r%m aarl at hate tldla(i) &%mprqveabomnﬁn ketDl’ﬁductase
polypeg%@e ha,V{n% t}?essec%% i gggtlgll\ﬁ(? I{erem gg?lygelp? d alsoq}npo pr%
thermdmtalhﬂﬁy atcomPdzed {OOHﬁQ)]ypbp’tlds dam-mgﬂl’[b sduenendSSEQ HENO:6. Exemplary
polypep? Ele% rtlg\qggc gu%ﬁ' T Or% i erel Eti gl%. azr%)uIe ahre ncﬁehgnlrltéé Eég)egf’i S comprlsmg
ammolaeldlse‘tgel(c@ cmkr&ﬁdlng/totS,EQHDlﬂO 8 SEQ&E) RI26, 288, |32 34 38, 40, 42,
44, 46! SR G 7t0°;]2 Lhelr 78r§6§2°§4 ?é”%? gézﬁﬁad%' vity, for

ex arrpl rate & cohvér € Substrate to the
[0155]{3 @oﬁ%% émb;)ré1 %Snetg(ﬁ’h el!r%gog’e:‘]dugtgse pglrdge Efgtgg' & gﬁlfoesﬂgeeli é)aaab%eE 8
convettieg ALK alichldne 3 \Aﬂlhcdeatcytppilehonek@(ﬂ)-ﬂ [b,|6 dILchldN é\ﬂuSroiﬁREﬂ |-elthanol with
an sterggr}lergzxepclfﬁks)é éreﬁgeﬁ Cdg%r 61§ 2t o{eﬁféatt ¥s at % st GOSN & Ot’/g) glgatezr' than the
ketore(uSyasd pdlgheptidti hehihg the sQruthca of Slﬁm élhwq 6 eEﬂEmpbti’y pdlypeptatrgcapable of
such an nrrl)porg#%%ﬂé 1n(E:1%cLeglgurtFn%tnn%{ ftﬁffledtt(g%g t1¥19 ecp b dselg%%rrﬁe (t‘id sqquences
correspondang ¢o SERAID NO: &1 10 134336 13- 3120P41 26,1:@- BQ)B@L 342%, B&|4ﬁ, 42,44, 46, 54,

s6. 583 b2 |696667g8_ 708 b e ol & So.of 0@%&%% D NQO 6.
[0156]I Iﬂl S%%%m%g? %gﬁtgl?&tlgétorédag‘[aéé%%ﬁfégpgﬁ%éﬁﬁg glgccﬂ%s}o/l%tqgéeapgbqé of

convertin
convelplnga l,ﬁftdlaniorqﬁ I ﬂm(goatcbtgphen(glea«t (-2 dg,6-did9e-3-108pheaPlPthanol with

N (MY TN R e

ketoreduripecpaigrpde hahieg ke saeds of Si5@ 1P Oy epeicadehopolyieptide also has an

improw%id?lge!nggsllﬂag)ﬁ t% ?soc%gjgiﬁ?{i ﬁ) ot?% %olgp%gt\{ﬂ%e:t]‘gﬁg 1D NO:6. Exemplary polypeptides

having 8y b firofpe2ti it/ to are Botflimitsd op helmpdp}ldmcnmnmﬂmgmntlm acghsequences
i S ter % t e
coesF R I RN 8o, 2 A R 2 g SR, B alub B, 0. 72
74, 761 Re 8@ @guidnde 83 f00SEQeIdY4NC 6. Exenpl ary poI ypepti des
that are inproved over SEQ ID NO 6 with respect to
[0157le hrzsprateimbodiityithokctoraviot tergeolyneptide ef thodisdlospictiedpelds of

convelgig% ?’g(g g%dn gﬁié tﬁ\?d?%ré%%l‘%g?\l%% Q? 1 6{%‘6 Cﬁi(%ﬁ) 1g! %%é?he?gl’]—e‘%%r’lol with

an sterg@merRgxce@pgreataghan39% @4 at Buate ty@ is agg:ast Abput 4300%4gtcater@han the

ketore%&tas%@oly@éﬂdegmgvmg gmhf éc@ c@%&S]@(é éD 06’ 6%%?%%? dgogwegt?des capable of

such afi @nlﬁd\}ement igdnds, etbudiohinite, to tpleby phiidoy @dwosiag gmino acid sequences
S e b f

corresy Oglnv :?ﬁﬁ(gﬁ)% ﬁi‘gzdﬁ §4 38140847, 84, ?‘%2@%{7@ ggegrg)o%zé 84, 86, 88, 90, 92,
and 94( S) - 1- [ 2, 6-di chl or o- 3- fI uorophenyl] et hanol with 58

WO 2009/ 036404 PCT/ US2008/ 076333 an stereoneric
[0158]e krsws cgpbediments, tthraistod@s tagsao ypepdide af the dikcdesuiegs ¢apphlovled

h k t

conveIQﬁ{ %ehcgclgﬁ%%E%qlb%&%%ﬁ}ée’nB%té pl fZ%e(gag%HOQE%Jg?(%genyl ethanol with
an stelh@tserlcmmqswrdatertth?@ﬁﬁ%setné i 4 Iiateyhamﬁ at lsayh abadl 1 106 %¢ dyeater than the
ketore@&lta)épﬁg%ﬂfgﬁdggﬁg pg glteig gr?t:% g\ij?%kg ?[% E{Oh@%{‘ega Vtg%&%peptlde also has an
improyed ¢hogriestabdify asspomppred tol theahengptids, of SEQYBEI:p.dExemplary polypeptides

conprising amno acid sequences correspondi ng to SEQ

ID NG 8, 16, 18, 20, 22, 26, 28, 30, 32, 34, 38, 40,

42, 44, 46, 54, 66, 68, 70, 72, 74, 76, 78, 80, 82,

84, 86, 88, 90, 92, and 94.50155] In sone

enbodi nents, the ketoreductase pol ypeptide of the

di scl osure i s capabl e of



converting 2',6'-dichloro-3"-fluoroacetophenone to
(S)-1-[2,6-dichloro-3-fluorophenyl]-ethanol with an
WGEL@peyaet i c excess greater than 99% and at a PEE/ES10h$076333
is at | east about 450% greater than the ketoreductase
pol ypepti de having the sequence of SEQ I D NO 6.
Exenpl ary pol ypepti des capabl e of such an i nprovenent
having snchl prdgertids tiichale eounat nbti limited ¢b, palypqpaliaspeppiiiesamino acid sequences

conmr i si g [ enc corye j N
o YRR 358, SIS 10 QLTSRN L S5 0.0
and 9436, 38, 40, 42, 44, 46, 54, 56, 58, 60, 62, 64, 66,

68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92,
[0159]ahdso8%.embOditmGijts, Ithre l«smmluemb@dlynﬁmis of thhdiskausriecpatilaste
COl’lVeIQ Q%XH%[%hag%E t%ﬁ} (glrsdl ‘?e% agé.{t_@? (0 L(I)(g ﬁlggggel’t (gw}ﬁoerlg] g ﬂu?roacetophenone
substrdt&Sho-(3)-[-2, (Gdldhlombﬂm@hﬁlhydl)cﬂt@pbﬂemw ]easfmlfmh%?% wietemerarexcess,

eoNerl h 9% t
st SRS e SERSRF ol IFO, TOTAE 0o e o
the arrpunhty)pélpﬂi o ed1¢‘lﬂmo13 gﬂtldfreacswghmmwe?ubn‘traﬁEQ(d:rﬁblM@p6lypept1des that have
this ca%"%) 1‘[e Lmr(]:{udg%rlp 1re Xcﬁzlﬁhtle&i %apolgpepb e? ﬁ(‘?rrrll%rls n)g amn%o aald se$ue§i§b
correspdDdNOIG] 8, @éﬂ;ﬂ@ﬁ& 4pm2y4me po.i7de®, Tha&0) §2g84% la(z,hsé; 90, 92, and 94.

properties include, but are not limted to,
[0160]p &1 yopepmbddments nlm'hemrq't@ctaﬂnpnkypqclldd ol disticses is capable of

conve gé b5 pd?cgllg)r(pg 0%11901(%%92121@ %g to @ ][gg d}cég)r(g% &ugn?ghe%%,} E%Qnol with

an ster?@nerﬁ&xce&{)gre%&@r thaBH9%S@dd a%rate@@t 1sGiP leaﬂ abbu®43 O°/§ gl@@é’r]thdnnhe
ketore C%T gd-%%gﬁ(iﬁg%%%th% quue %%f ]9(3?15 ?1#6 Q&%le%ﬁlet% f)oqygpestflde 1@550

capabl?, aft6t a lghiattdaoneant & S0fC ﬂmﬁ@a@t@tqﬁ pbrefmmng the ubstrate to the product at a rate

|
o5 B0 S0L 4 BB ARLRRYL s EIB0RL 5 hp 8 o
the polygepditic pisHE} [ANOUHO V&?@S@E%rgat@amérthd; fvar ht::hereatment) Exemplary
b S GEFHE R PRI DR 15, GRS Do i
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es conprising amino aci d sequences
6, 88p®|r§ié)§§%%gl ng to SEQ ID NO 18, 32, 34, 36, 38, 40,

4
[0161] ?n soé‘% m?gdlgléz‘ts ltl%e@gg%%ug%% ggﬁrﬁeptlﬁ ¢'is c§[%’é)leské)z tstgl;%gs Egtt?vg Sy reducing
the sutpo“hty pretbe prdduch fith h gerdéng ek gbat n@t ulegst@qu BY%, wpifere the polypeptide

oo BBy DR B LA R ambn RN 20 2.
26, 28510e P 3AEI0 BB, dR.cd8skt, ¢, 8t ¥ 52 ﬁérﬁ@@%ﬁ%\r@@ Gt 6Ga OB, 3710e7% ﬁ‘at76 78,

80, 32l § . 8%&;3)5&2 about 1500% greater than the
ket oreduct ase pol ypepti de having the sequence of SEQ

[0162]{ ﬁ] Me@m ﬁéln%ﬁk Bhd ﬂ%ﬁ)r&ﬂktﬁég){g{)’g%@ﬂ@ S%Q;falﬂﬂt%f & oéeﬂpﬁ&‘i\gggducmg a

ernost a ty as conpare
27,6’-dighlayes gluoerestaphenope mdﬁ)y p&st- d@@QTOSQﬂWPZ@@Q)’ m@ﬂlowth a percent

stereoﬁgc/ eQ%QP t?ezgg&?ht 2%‘5”“@0@9 7§% %)O/p%g%eﬁ% % @2@} u@% 961‘}” 1%,

are not limte pol ypepti des conprising ami no aci
92%, B8 Gehcto, 96%59"@@;9(8%9% PS'SEQPIPNO 18, 32, 34, 36,

38, 40, 42, 44, 46, 74, 76, 78, 80, 82, 84, 86, 88,
[0163]9{n soge embagdigreiws) the[l@ggg,@lpctpqq pebynertideyed cereniiss an grhjgo acid sequence
that is 'éﬁ%é%f SRUCLSBS %6(1%02& /F%@%, &8, o %t, B, HoBE E%%% logo, C@d%‘@b%, 98%,

converting ess than about 24 hours at | eas

or 99‘Vab191artca195§@@let%2 2 or§8. dfiacedigy @-dgmain [theeod seetas pfh%@@ﬁ%o -211,
with tl%LH?NSrOQﬂaQ tﬂeq’es(dﬁl C&Te@gongmg It&lQLlQlEeOX ?9'()]:14 MR E}Q&%nﬁrﬂcularly a non-
hanol, i1 n at |east abolt 99% stereoneric excess,

V\,hen carried out with the pol ypepti de at an anmount of

| ess than about 1% by wei gh6to with respect to




t he amount of the 2',6'-dichloro-3" -fluoroacetophenone
substrate. Exenplary pol ypeptides that have this
W@ apabsd4p4 y i nclude, but are not limted to, PCT/US2008/076333
pol ypepti des conprising am no acid sequences
corresponding to 18, 32, 34, 36, 38, 40, 42, 44, 46,
74, 76, 78, 80, 82, 84, 86, 88, 90, 92, and 94.
aroma[l@fbﬁ@l}e hml wlenethe pdpaptidenit sapalilh ef leditcogeltbsobauae to the product with at
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et B NP Bl Pl MO E A i SRR R gt
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remdusubstp‘oaﬂlﬁg tooredithe 7[JIf(SBQdD I\HD 2,a4 DHQ&%IS sublstitiitei g0 1a$t1direa1hteonine,
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the wild-type L. kefir ketoreductase or another
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N M S O S T

(Dfa); Ofanfi@)- £ phdRsentiabic BEd 1A fpR pedeillémin®(Peh); 1,28,4-Btrat drokQquinoline-3-
11, 12, 14, 15, 16, 18, 20, 22, 24 26 30 35 or
carboxyfe,pid Gic) alr? ﬁlaetgéql@gle (F); MOHI@PBEW%M% N(yjnitroarginine

(nArg)d ﬁ&rﬁ&lys@ﬁks(h};y%l)‘ f@\@éﬁﬁéﬂ&%tﬂ}@h@lﬂa@aﬁhﬁae%mﬂhe) %hos%hos@mne’s(p&@)

phospl%?éhraone@épﬁ%éwme%p% %@Aa@ewgbmw@db@wwmsocydopem (2
or 3)-dh@488boAic d&8; Cifﬂe@&ﬂ: at!ﬁr(?)\ﬁ aziBe KREMBL MM %1@%&CA) 1-

pol ypeptl des of di scl osure can be in the form of

aminogyg YPeHsoY %@gsflwésd TSP 2O PRewpsy leigte G5d): homoatanine

(hAla)p@dry@ﬁ@tﬂ\%Sh@ﬁ&euEﬁa@ afl et P h&thQRlind @l X &b ASIenc i URIk) AS
anti body tags (e.g., nmyc epitope) or purifications

sequences (e.g., Hi S tags). Thus, the ketoreductase
pol ypepti des can be used with or without fusions to
ot her pol ypepti des. 62



[0167] In sone enbodi nents, the pol ypeptides descri bed
herein are not restricted to the genetically encoded
W@niono3@ed ds. In addition to the genetically ePCDusa08/076333
am no acids, the polypeptides described herein may be
conprised, either in whole or in part, of
natural | y-occurring and/ or synthetic non- encoded
homoaaginine (lacg)dN - acéIg]rlysaliler(Acbmxdm gﬁamhmbulyrﬁm&ﬁDhm)w 2 8nitmdadbutyric
t he ep des .de r )
i (0 30 pRRRE R S B BR BRSSP B P foagotine
(Hyp) umt hmﬂwroﬂ)ns (h@roe) om}chsor[at nontdmemgé amtnio ceild$ yf-vandabepblgrpiides
descrlbe% herein mdgﬂxoe Cf)mpnse del a(%ﬁ%lr%} Jthose or%]glﬁl?ol net)}(l?_:l %ré gs(e:e €6 (t]he various
amino (aéxhsaprpwﬁedalmle %9,&’3@Pdw(za@%ﬂ)mdbhbk’i§tﬂlwhgﬂnyt@l av@ Mlecular
.S | he l\/elfl Sar,)-..onni t i ne )i Gl trullin
Bzolog(%lf}?§ ?re S, gé(t'ay aﬁ# naé plz é ;nd %]1_6 6%?r§1lc§§ g%elﬂ r‘%hgre(ué l?g]l)o;% whidf are
incorpbtatrd b ydférsgk e Udhieseamifdieids @ay bp memtibrghey/ici an@®-{dakigyration.
cycl ohexyl al ani ne (Cha); norleucine (N e);
[0168]nA&pdt hyd;kall mnhermt \(Iilﬂabc)ogniZG thaihlrr@mcxmtds ni/tesitans ﬂ)ﬂaeing €d¢ yhain
protec%fﬁ:@c%r}ls)lﬂ)rso ruor IEé ﬁl; lpqvgef itles d(ea?l#) }QePer%r? ”MJ) ngmng gxamples of
such pﬁ)tefcteld’camim)rvemly Ivdhczhnn rhes c(aM lfe)qngaﬂo the au@mapch@ltnglal mmludre(protectmg

groupsslpged 11}]%%% }pers Q gﬁ a?eﬂ %ot?wb n% J[’(]) fr%@os?‘r’gaﬁ(methpllbf
(mtromlﬁblflésulféﬂryl)n@]nffybqnhﬁesyﬂrﬂ Gattx amehy {) O8gn) V-5- xanthyl) Hls(bom) His(benzyl),

His(t"%%ﬁs;‘%y‘"%’oﬂ &yﬂwoiﬁﬁ@@@é}(@? rho-Pesiry o BR@Herdy R e

[0169]( Bﬁﬁenco ing 8 g‘ﬁ%ﬁly é‘f ((;aoﬁll}dﬁ%at 0&%1? r(?()%h[reaﬂ}éd aoi‘ wﬂwh ﬁle polypeptides

descrﬂﬁ:d(hy]aﬁﬂpﬂydﬁy:bmbﬁad melu(ldybiif)are 1410{ hmaerb;ohl&ngdﬂadl aminn@cids
trif

(L- cor%ig{lragl?q)izjléa}nélrr%%(‘tyﬁ )?P%??eg}‘l}g-legehf néﬂ)((x&;? ? !)wrl]c? Bt pecoh)c 'acid; azetidine-3-
carboxlyti¢ #didi omogd kel (plrey) yhdl -aminngyclopérftine-3-carboxylic acid.

4- am nophenyl al ani ne (Paf); 4-iodophenyl al ani ne (Pi f);
[0170}4As aelsicnbmtmbml thﬂ'l‘emylhsah(ahﬁidaeor(s Rarvkijiced into the naturally occurring
polype:zgtiie: ta g rhelragr OIP NG reci ketorgc%ctg?%ol\%zc\%rge can be targeted to a specific property of
the en@’mfb: di f | uor ophenyl al anine (Opff);

3, 4-di fl uorophenyl al ani ne (Mpff); pyrid-2-ylal ani ne

( BBAl aPolypyctdodde3 Eyit alirgringmedraplttaeiucpges d- 4- yl al ani ne

(4pAl a); naphth-1-yl al ani ne (1nAl a); naphth-2-

[0171]y Irednathienapdc® mial agspnttdisiclazod yﬂoaikiwﬁol}auc(lt(ajﬁbs&)lpoding the engineered

ketore?ucl‘?azs Otaﬂhl GOy l'[%'f ?%\Ipfm}cle%ﬁé\l S n)a% b¢ 0 erzﬂlyfe I11a e(dﬁ%ﬂlge) or mo)ré heterologous

e pheny
regulaimqn@quﬂnwnln’ae cc(ritr'd)'yge)lct eXpos¥BibE @M@F@h&m%ﬂbﬁmpt)polynucleonde capable of
expreseln% Lhe >]/or) gPe %Beh :FE] re%?lgli‘] co%%m%?s go)lt%lglﬁl% %.(teroﬂ)ﬁgl?s p?%ﬁé(?iéb(‘)lti%g .éncoding

the engn@nidrkotofedpien ypetrt iatmaiucedantb dpr{réfriaje; hopesailciv lekaess e
4-1.et rahydroi soqui nol i ne-3- carboxylic

P !
Correséonﬁg% H“’“ﬁ“"%de EOIY%ePenyI al anine (Thi); nethionine
t
[0172] e(ta]uggsoqﬁlg(k%(?‘ﬁ?ed%e'%(f\f%osg nzs) ggﬁr{cg{)%;(}ﬁgﬁoe %;ﬁgr%‘:% arﬁlélo acids,
ava11al(1p1m@ﬁ e))l;otqgh@glgﬂnges[gpwd@ a@@@@pmqn ofph dsmqbfmhn'l@(udq:smepable of
v h |
encodl%g -é%r ngJec_JL o'girpﬁe}%g )g of‘gﬁ Qeglgt%'%%?& g\she%%egs 1%% EIIBLH% é‘]?é ge encoded
by altcaigitide orpsymewmbumoa«ms dIIQ\Wa)m extigedly trgeanbeant bmo@(c mdsa@ bemade,

all of \glﬁ%‘%mc?&]& the 1?1]p(0 %Estgrg(?uc o&) enzwgs%s%%)s(éﬁ liegeltbcll"suﬁ having identified a

partmtha_rmmaioamdmeque(l@,ﬁhas)e skiblodt mahq areco(iliViadky anyhionmbleeefcliffi@ent nucleic
(hLeu), hornovaline (hVal); honoisol encine (hile); 62
WO 2009/ 036404 PCT/ US2008/ 076333 honoar gi ni ne (hArg);
N-acetyl lysine (AcLys); 2,%-diami nobutyric acid
(Dbu); 2,3-diam nobutyric acid (Dab); N nethylvaline
(Meval ); honocystei ne (hCys); honoserine (hSer);
hydr oxyproline (Hyp) and honoproline (hPro).
Addi ti onal non-encoded am no acids of which the



descri bed herein may be conprised will be apparent to
those of skill in the art (see, e.g., the various
wW@eiono3@ed ds provided in Fasman, 1989, CRC Pr ap@T/v8d008/076333

Handbook of Bi ochem stry and Ml ecul ar Biol ogy, CRC

Press, Boca Raton, FL, at pp. 3-70 and the references

cited therein, all of which are incorporated by
acids byssireple nmélfymgl' the seuare nHomaor thsrerragonén 4 wayewhibledoet h@ change the
amino %c1|d 5 %grgzg og%l'llr {él}ol% on In L(hlsl r%ggrd tﬂeosrgserolt (1r15ci(os16r é%egi_kf)itg%rg]i cﬁéttemplates
cach agd d&ryquasﬂlﬂe anaobleo:ﬁpol}gucgdf(mdmhmyuldibSmadbdjypbllesmgtcbmblna‘uons

e de scrlbe her.e

based 81]1_ h¥§ &R Ibie coa(%n Tipices, and ar111 Osu(éh Vagatlon V\ﬁre t(hf;g con%lgerecf( sggcphcaﬁy
discloded Ifcmagy pcdynebmdeahaarmetd lereta iretpding the anchwbél s(egueoces cptessemged in Table
2. In \%%181%5%%1 0d1St etg (drlree g]%‘sea?etnphref sagl)yd/le(yted QT (1)1 st cel[nn qu htfl)e protein
is belng prddnaady F Dldaxamﬁla,l [ﬁéﬂtydd)cod(@s m@e@-linba’cmyﬂa estused tp express the gene in

bacter1|gIi psr%ﬁérm% co¥1 &Cz}stes ar?_u ?? }presgl S b eti,]aznl(_ﬂp?e ¢ Xcll()ns used in
mammn{aB-aanszd foy emﬂsﬂiym(rﬁnh&aimy EJlls. B %Q}Df Mmpbn@eﬂolﬂglcleotlde of
SEQ I@;ﬁ(@% liaci)ede% ct on OB{;l mlczfee(is: R g%gegngg%lg Q:aﬁ(él%/ é)}ltnot fré;rv(lg%gn%gdegﬁhe
naturalipogposiag ketmeﬂmmlaec; oflukcrobacdlliadefil i mted to, N- nmet hyl

am no acids (L-configuration); 1-am nocyclopent-(2 or
[0173]3 ) se)neembotambmwlhei p:)lymud:lchtidp cpeeskd cnakbiile sapebdcahading-a
ketore%ﬁ%qalge %oxtrpegﬁlc?e ngjt aél ﬁglm) aggirs uen(r(erlgat g%:s aé ?eaf{ 6&%?5%386%’ 87%, 88%,
89%, Wes @ﬂ%b%l%ﬂb%w%% & Yoy 8% AT So, ﬁ&%l ¢ri%9 &t dr onvse sendemodiderdity to any of
the refer@ttlcoe e%glgeere%t a{o é‘tas% %813/{)5 ItlH% de&:?'bé(cpheepetlrll QV%e{GQhege%noe(%gt €

an engr neere ore se enzy
ketore@c@pemlfpepn@rcgmgnstey aipfmind had qugnqem \61161 the remdue corresponding to

t n e r t :

X190 DGR, L R PR R BPHGY RERS e cncodes
ketoreghretasé pldgpepiddeycnmptien andesnerobaiurged inevhahdghareadedorresponding to
X190 {égtngﬁ ?%%%fl@%?ldu nZ% ¢ em-l{)lgﬁlnpeg ytﬂyﬁ(k tcie d?é eﬁ(%e?a ketoreductase

opera 0 one or
polypﬂpeglﬁﬂoamoslyg &eqmemme@smhmm morltichohe gsdw crempspesdsngm X180 is

t, I
alamng s%?ehcglrslg ﬁﬁs?egﬁengll p(ﬂ’?ﬂl e%?n%ﬁ%’l? Og%lée glglsglﬁg %gl%]ogl n?%lést the
polymtc@ntl@a antags & dmgtneeﬂcxl logoeabicips pphpeptdotédmisegeodnmg acidhequence
r gAyet;as n ed, i,nt

Sele"te%%“p%% RN 3 RELENESH ?822%?25%4 oS ?%3%03%63 Sagl 4% 44
46, 48k¥X 62, ¢dLfot &b 60,53 @Apé@t68d7é) 77, 04.772) 7388 2%, ¥, 88,198, 92, and 94.

know edge of the codons corresponding to the various
[0174]a i sporcamibddments vizd fodmindledtidesofne edinprthe eigmegfedqlgfewc@ctases are

rOVi [ f.-a e &
slect ) R N e o PP b 2 TR Qansh 38T 1. 43,45
47, 491 HeSyenetii B, 6bde, 65uheoe, Thes, §ar7§ ’éﬂTth83a%5L o5 8ar9é and 93. In some
819 .

embofrﬂ%x&d ﬁl%lpogr?{ ac?éotggeﬁﬁ%o é1¥ [t hgyl?ogﬁ%é@l??rc}g qggﬂrég%% c%\é’;d‘ﬁtlm toa
polymalebtl@fcomhnmhg %EQH@!@Q ﬁe7 Pnidr 6% 48, WetbRbddci5ags 28idy e ss, 37,

d e [ T 1 a ntj f
3, 41}343?{% TR, ERER: ?ég%%ée&ugéngg OERTTLS o g s 80,91
and 93awhereio thedotymhdeaidy hyhmdtzmg wﬂerdilg‘hfyaremnt worglitging h&3SWelectivity

/ /10 Wof

fora sgnl%g%éeg%ge‘%&%ﬁrg % é&lﬁ%ﬁ%% g. dz@%ﬁé f%r?rg(li}rlgﬁlg lgy c Elk/émh%/ the substrate of
structuyg if@rhlulitdéso th@iperh(a rfsructue! famiiadlladn dorseeqm?@dm@ntsfthc he

protein. In this regard, the present disclosure

specifically contenplates each and every possible

vari ation of pol ynucl eotides that could be nade by

sel ecting conbi nati ons "



based on the possible codon choices, and all such
variations are to be considered specifically disclosed
w0 200948040401 ypepti de di scl osed herein, includiPQI/UL®08/076333
am no acid sequences presented in Table 2. In various
enbodi nents, the codons are preferably selected to fit
the host cell in which the protein is being produced.
polyndétﬂ)tldfx hyltfﬁdemngpmdéréllg‘rﬁchtlm@mmndjm arervajphtod rddaciag er converting
the subs?r%te OI”S A orI%ulta gl%t) g)etﬂe proHuct 0 s%ru(?t{lraﬁfortg ] GL% r ed

ons use are”used for expression’in yeast;
[0175]alﬂn srogqggf %Lén%gnt ngm?r@g?yngﬁ CléiFﬁ encg%%%)a yypgqrtledes escqbgg L?I‘F]lél but have
about m% ynucik eafubte idshtity SBQut 8D‘_’/d\|€6%337b(<a§ 8%%K0, 00O %,'92%, 93%, 94%,
95%, %p}d 92‘%;% 095%/2 :(P mgliséséleq%@ncle 1(}ernfltﬁ ga?tle Pl(l)(:?eeo id¢ {eveei‘ 10 a %?erence
polynuckotidtracidingtbe dogfncercd {cdﬁ(lré’(ﬁﬂctakm Is ez a@mtioduhiensthsefdrénee
polymBPeoM(E] g se(:r‘ec ed%‘%{noarpe d}[nlc?lg(iﬁéig seqlugncg g(grregéon%%g U g%(? <1;1D NO 5,7,9, 11,
13, 15akﬂ 119 Qé,ql?oeifc @7.t28a11, BaAsSs a7, 3%&$,t43a4:ﬁoﬂl'f 48 5% 5386%57853’/@1 63, 65,

% Yo~ ALY4 %, 93%, 94% 95% 96% 97%
61698@’%37§9€%&P§{8%6%%%é§gﬁ%hcgu%dent|ty to any of the
r gf
o6, 00 SR RIS S MRS OB g v
manippletey peyptaride of wapte pesidafor arpressioaof e s@mpﬁ@n@e’e Nlgmipwitritiof of the
. i e r. s f .
s Oy TGRS0 0y e 4R PP LR AR i o
the expredsion wedt@o {The eclengesd s madifkied prlpudettaseangoyipie ptid deuences
uuhzngg r@&;%)gﬂst’)?ﬂgﬁ gmé‘ﬂ n%moﬁ%g g)eﬁ1 gﬁ@%ﬁg nrh%gap'o %apﬁhceqs @%gldé Fi 's%iﬁrook ot
alZOQbﬂﬁmewhodwnEgtslﬂbMemmoM9muéBé@ﬂl ewémumaﬂsbaIﬁUHmePﬁﬂs
Y, ri:s a

ot RN 3 LRGP, 6,80 A ST AR by s
toﬂmélanlne i sol euci ne, cysteine, or proline,

particularly proline. In some enbodi nents, the
[0177Ip Gbyactetiad bosit delsenoddesomntesrigi disetingdraketipti@chd dicageleic acid

consir) FRRALGR FOMREL MR AT 86 e PG Ecopifac gpgron

Strept@pycesXhpeli@@r a@Base ene (MA),QQpczll@ﬁsubzg@y leve@suct@e gemd (sacR)gBacillus

lzchenéﬁmzsgagpha %@Tylageogeng gamygﬁ Bagglus sg%*rotgémog@lus Bhogffic aiFtase gene

(amyMDQRFcAlus kvl bave/aeivhondphrsmtdase péve (poiQnBret/botiv/degormis penicillinase

e EOEEAIA B BROLTGEES) GLOIRGLRRe 80 Gl St

Kamarp§ et §7 19780 Pra@.1Na1B3Bad3%i. (A 753 2747131) 4B weliBs the 47 pra@oter (DeBoer

et al., %:3, %t’? I\%?I:Acg% :Sczg glf?A géi:ﬂ%g? Fgl%ler g%)anogegs. ar% %esgrgb’r%g in7§ambrook et

al, syswbodi nents, the pol ynucl eoti des are capabl e of
hybri di zi ng under highly stringent conditions to a
[0178]p Epnfiera¢reays ifiehgaldwphsellss suigbISEONORINOY dif:cting th@trankdriptio@of the
.15.. ’ : 7. ’
nucleli%ld iogl’struigof % :preﬁegh,t dé(%f)suge31’rlclé%’ pré‘%o’telg gl:)ta%?d fr(%% the égl%s for
Asper@lius ogFae TAKARyla3& Rhiggmucp® mie@gi as|@@tic [@GLeingSE, As@@”gll@g_ niger neutral
3 ' L,
Wiphs- ﬁﬂﬂ%ﬁ% R e I RO G R ON ., PP PRl gramor
gluco ¢ (dady) Rfizaeet opherohmss diysr g duseryzae gikaling ayvddabee Afnsrgillus
r
oo BB SRR LD OB AURELEAL B LS
trypsin-likegetease (M OPOMERE 3, as gl asthc WO2ADIQYP1EG4 @ hybrid of the promoters
PCT/ US2008/ 076333 pol ynucl eoti des hybri di zi ng under
hi ghly stringent conditions are capable of reducing or
converting the substrate of structural forrmula (I111)
to the product of structura formula (1V). [0175] In
sone enbodi nents, the pol ynucl eoti des encode the
pol ypepti des described herein but have



about 80% or nore sequence identity, about 85% 86%
87% 88% 89% 90% 91% 92% 93% 94% 95% 96%
WQOIHP/09804 or 99% or nore sequence identity atP@TES2008/076333

nucl eotide | evel to a reference pol ynucl eoti de

encodi ng the engi neered ketoreductase. In sone

enbodi nents, the reference polynucleotide is selected
from tha gnesafopdpyiiibd eigei idetrd efpiennglacoind dgpogilisngyztotriSk@hofphate
. NQ 5, 7 11, 13, 15 17, 1 23, 25, 27, 29,
1somer§ﬁ_e) a?ému?gtg trgnfateg,ga’ng Hﬁbnsd Zpéom%gs %Erfofl 49, 51, 53, 55,

[0179]8£d }Ze%st hg% us%tél prgr?fbters%7 egigdnr é}%.?%{egmyséchgrz{ngczf% cergx;lis”zae enolase
(ENO-pDISyeviiloentds deeemé)@hﬂaag)kmase. (ﬁ%pmy Sakckevoyesuctdse alcohol
dehydr? ger%geﬁycgga?(%eﬁa&éexq}o Srﬁg{é éigllijyo g%ase EAI?HQI/ aA;P? (%Xd §’accl)zNa meces
cerevza‘mﬂ mdsldtogkyneraf: kinhee. Othsolsefubgtopoteny rforcyewhcpsolwlp pie@lesctibed by

Romanots%t n%&dét i’on %%O § vector may be desirable or
neceséary ng on the expreSS|on vector. The

[0180]t %ﬁ@ponggles%%uegge Jt 1{03{)I ggulpagieeﬁ%ﬁ%nﬁt tgr%ﬁm%?g%cﬂl%%e e& s%%uence

recogniget by k hoﬁmel] o] tetrhlmaarttansc@mcd]a Abe tarminptooseijghack is pperably linked to the
oni ng: 1 :

3'te ?121%2? gltg glr}.cgél cﬁ{ij sae ug’ngg gﬂé (M?é &EQ%B%GH gnﬁp‘g@?tor which is functional

in the hasborl latt olncycel?naeslsusedamdle@msmmelﬁroot ocol s in Ml ecul ar

Bi ol ogy, Ausubel. F. ed., G eene Pub. Associ ates,
[0181]1 §98:;xampld.atxergplaty dra@@Option[teritiatort-lor filbaentews fahgahlyst cells can be
' | ‘i DL

oG U 52 ATPLELS 0 SRS DR AR

Asperglilss atidydams enthnamiﬂtmethmeflsge@dm eige diffteailwedddse.om FiveriEn

Oxyspo?%L k‘}&é’@‘g%‘%ﬂﬁ ?us Sut rept onyces coelicol or agarase gene

btilis | evansucrase gene (sacB),

B
o £S5 LGOS ATy LS 300 BB SOV charomc
cerevi{igaphlpse, Bwhdrbweamﬁv@llqeq:u@ﬁlaeme RICYCph anwlrfals@n)gesrr@rewsme
glycer%la&%% 3 pﬁ’@s ({lﬂﬁy%rh% & : g)(ﬂl;(ey %\ﬂg gegjnﬁ:lbt]o% f&é%gst h(gs?g Is are
descrllpﬂdcbkgpy@mwt Hetl 222, sptamase gene (Vil I a- Kamar of f et

al ., 1978, Proc. Natl Acad. Sci. USA 75: 3727-373 1),
[0183]5d hq\ganm]@gqqeh@ mayalyerbe ﬁ@m@ble(lgégmuen@; a mntranslagglgeglon of an

2

mRNAg {hgﬁ%%ng?gtgrg%gségﬁn é)g g@:%r?ﬁ%glhb?{beg%der s© B&qg operably linked to the
5" ternfiugrp P8ihe Pexlei¢ pdidspaninoniencpding e polpraptide | Any, leasier Steqmn@ that is
functuﬂﬁﬂﬁ‘?ﬁeq{0§t cfsl(l)[)f Gbice fntail Bgusteg eE)ﬁelirﬁ)'Pa%‘; feh ¥l fgpﬁlglfneﬁtaﬁ fungal host cells

nucl eic acid constructs o resent disclosure
are obfaped freie thyrasnestier peigtlar oedieflr Péiq‘{) tnplasgenédspeny!lus nidulans triose
phosplﬁ%qucgngérésle u §u19[)% 4&@6@%‘9\3%&5%% arBBl')tezﬂggﬁJﬁ(Qﬁ th@g@&@ ffor

aspartic proteinase, Aspergillus niger neutral
Sacchggppirgs earplissarecnolaged BN 1| Yescimi qpeicesaeiedisie diphesphoglycerate kinase,
Sacchae}]oﬁpc%s W\Jzﬁf‘eedlpl‘ﬁgf&@(frgd lSPcSch;;'rlogl es 9&&%@&1&%! us

awanori gl ucoanyl ase I zonucor m ehei
dehydiogmseéglywb@hmeﬂ m@smy«rzia@dmgk@w HeDIp Gt\8ase,
ergillus oryzae triose phosphate isonerase,
[0184]ad’ gm@rrpll sgguchgedidyzrt bg e @phindcaalgion sadrgndeys gpanengs operably linked to
the 3' t@?flyl%q;f %H@nu&lEM Q@ﬂi @eqluérkzg all] @ﬁl@l@%el( MQscgrﬁJeQ qg 1%Zagnlz@§by the host

pronoter (a

hyb
cell as @ﬁt&ﬁﬁitt@e F(éﬁl R’S)B/W@OQ@@WI@% manmﬁwB@@S/Wwb’adenﬂﬁbm sequence

whlchﬁé"ﬁn&ﬁﬂaﬁ% O hosPSEIr IhdidddRay e I8Ed iR @détp&%&nt A veRRn A EXL RSy
and Aspergillus oryzae triose phosphate isonerase),

polyadgpdatipnseaences fog fitageatgus fangel hgsbedlly casv@rf@pethg gqniefop dfpergillus
[0179] Ina yeast host, useful pronoters can be from
t he genes for Sacchar onyces66cer evi si ae enol ase



(ENO- 1), Saccharonyces cerevisiae gal act oki nase
(GAL1l), Saccharonyces cerevisiae al coho
walziwydsagenase/ gl ycer al dehyde- 3 - phosphat e PCT/US2008/076333

dehydr ogenase (ADH2/ GAP), and Saccharonyces

cerevi si ae 3-phosphogl ycerate ki nase. O her useful

pronoters for yeast host cells are described by
oryzamm amyl'aie Alpergilh@dder gleaﬁmyﬁs@Z@e@&s n@c@tk&@]&ntﬂ'ﬂamlate synthase,
Fusarz m ox S orum usm %Ee royease an%/g er zllgsunzte{% a a agss ase. Q\Lsep P

e M RATOr e EquUERLE, enee 8470y
polya(b&ﬂ'lhtmmaequemm fmayasttlroatrwhmr@tlesmbedﬁh Gut) edeSImanz{mr 1995, Mol Cell Bio
155%%9%?5nce is operably linked to the 3" term nus of the

nuc €ic acid sequence encodlng t he pol ypepti de. Amy

na

[0185] %Le con?‘éloseq ence mag C'ﬁso bl'eJ %gnaﬁ Ip eps‘ude codnﬁﬁlr%%loﬁ) fchat co?aslf T jn amino acid

sequeriéo hnle)damrhb el;nmeX@mpiua pi;‘/a pqisametmelapd dlmatsttmerm:m& polgpdpode into the
cell's se%ret 1a/ fiic hwléll?l O?HGTA% Qrédrowf co&% 5 lzlé;ngn?P%nuc et1<iaac§1 s%q&e%(?e may
inhereAtgypr@ntginl d suglamegede ogﬂuug mmlnataex,lly liAlsydén gaﬂslaua;n lraading fanse with the
segmefl notf rea(l:g%hln a‘r:oeglogl)é}éaté Qn%% 5 usgcgr%t% h(%l}lfjpsegp 1Y %lternatwely, the 5' end of the
codmg sregmacennzm doetamrm@akspepm[e@m&lﬁg r@oemtpllt arfgyretge tanthaedddrgssequence.
The fo%eg;%n ségd Iz;hegp NS codfr:lg lrelgiog(r%n:a\g b§ eg glt%éecﬁ Ionegcg télfe E%{lrr]l(:gf:shhguegce c%es not
naturalie cenairsa agnatpdpodehcrodng r€gignCYC 1), and Saccharonyces
cerevisiae glyceral dehyde- 3-phosphat e dehydr ogenase.
[0186]CAltemativebf the fareigméipat pepsidé ardingeegon hagstimplgirépdaca the natural signal
peptld%,;:I (goﬁd?r{rgjo ng(gne i% Sé%g[ez}%%gﬁmg %em% 1%r1 of]ﬂ'?e 1 @F’d’e Fong\J& ?511}1 Igﬁeal peptide
codin&tegiguewbeh dlaecn;ohﬂ mrcsdedpeldpﬂpegﬂ ot tbff segmatoryniRMAvaty lodit hosscell of

r t. I on by the host cell. The | eader
Chmce g)gtrl}lgégil?tsh% retééng&%ﬁfo?lnked to the 5 termnus of the

[0187]n %ﬁlacﬁ rvg gl Al g rﬁﬁg Uﬁ%%@&%g&’ B%tgtlmtloﬂgl ?%bé@ﬁa"[h%ﬁ%al @éﬁie coding
reg10n@f>btmh@j f@q;n tha geiive fay Sad//usBXEppl 183 ymhlegdde gtnjlme, Bacillus

s L BTRLHSEHDRE) 081 65k o 1 5o 00 ORI
lactamasspBacgfilsstawotfiettulphits rentird swteaph Gaphate, nsdhesrdsiacillus subiilis
pIsA. ?Hﬁl‘ie@ ffal ggﬁlggg a? oéeggrg% ﬁikm{b‘ﬁ@ﬁ anccﬁJaivﬁ, 1@5?.1\91’9%@20??& 57:109-137.

romt ar o_rry_ces cerevi sit aé enol ase
[0188)( ENC:itY mgé"l‘@ QAL QLS SaiGREMhIRh&fous F&E%j?mgﬁ%g%@%@ signal
ki nase, ar ony S cerevi siae a a-factor
peptidSersiiigaegionpobiingd fremitky geacsdbicbhelgi/ius oryzae TAKA amylase Aspergillus

Bl e
Humicoynsafegocdolage, psl Hrardedy laavgiona dpgaence, a sequence

operably linked to the 3' termnus of the nucleic

[0189] &Sﬁlﬂmakm@eieaﬁm youht least colihesn be framgle gdpesdfor $agcharomyces
i

cerevz§u§é:ﬂlgﬂefﬁ(§%| aﬁg Sz%cggclzrbiggctgs %egSJtzslrzaaeﬁﬁvSét?t?%e gﬂ%lr udefil & 1 peptide coding
mgwnp@ﬁ@&ﬁ@hyﬂ%ﬂhmﬁm@emebd&%zS%M¢ch is functional |n t he

host cell of choice may be used in the present
[0190]; AheernireltequEResRYASp be gorapariiapoding saion dytrodesdsr sngmino acid
sequeﬂ‘cls b@s‘i%@@é{sthef MR mhRStof le)lb@e 680 B LRk %(h?p GRSS known as a

for Aspergillus 66 WO 2009/ 8404 PCT/ US20 076333

proenzy g pRRIOAKIRP R P MOAShE gt $a585)-ni gEIrolyPentidaingeresaly inactive
and cafBPESPbikddys  Hatlid @H% Iﬁﬂtplaﬁtﬁfa 'bkl @Ltglyt%/ (‘)’}tanf%§§alytlc': él'él%ge Withe

oxysporum trypsin-|i proteaSe, and Aspergillus niger
propepsiidp framdha renslapgiesisle. Ebfemrgwepgdﬂ spdthe rsgionmaboobigineh Few the gones

for yeast host cells are described by Guo and Sher nan,

1995, Mol Cell Bio
67



15:5983-5990. [0185] The control sequence may al so be
a signal peptide coding region that codes for an am no
waeiodos@eguence |inked to the am no term nus OPCHEUS2008/076333
pol ypeptide and directs the encoded pol ypeptide into
the cell's secretory pathway. The 5 end of the
codi ng sequence of the nucleic acid sequence may
for Bai:iﬂhlsewém’tsl a}kahmﬂraﬂene &lpsﬁl)gﬂa:lllhp ewtiig ﬁemmki]rotgase G@anSaccharomyces
cerevis[}ae lfja(x I, {2 Zomuccl) nmzte ezzigss LI e ra%ea gll’l % celz rit?hora her 0 gzla
D T e L R TR P A D ! secré’fé7
lactasqxc_wf(y%/m%d)s Alternatively, the 5 end of the coding
sequence may contain a signal peptide coding region
[0191]t Wéterd toth signel ntideaant! hepeode rﬁglcmequ eresant at tHdhwmifi@teeniges of a
polypez)ltl% ﬁle ppozo qéjtled% ge S:OOSllse D 1t1 ?gi 1ex twael a%)}noctol%ijlréursﬁ)qame 5 tlﬁehand the
signal pepicie Ubgloo@mbqsglonmemno the @m&@]terﬁdlmm ohtht pretpfide tagen.
foreign signal peptide coding region may sinply
[0192)r &phayadsotbhdesiralleitosddd sigglatiry Sepmntésdehiclodlmgthqr egulaton; of the
expres%ol(il &f thé golgﬁgt%ﬂ; gla ect5 ﬁl tg%d\fﬂ?&;; t%%ﬁogp (9611y %Ig%{?‘lél eol'f (r:?%ulatory systems
are thage wblch saushithe e&mcrssss eﬁhpgﬂny et tined orncbr@fit ihecsp@se ®taghymical or

phystlastélgle 1{1’({%1\1/(&l é}regeﬁ% 1(§%feg€f$ %?&nﬁ%{(} gﬁ g}"o%{grgottlcrh tst c%lls
sultablc oduhtpry egians 1ﬁccbmdeblaadace tacadndtipperatet dystems. eIntyhm Bosgerdls,

suitabl%Z%ﬁ:lag)E)é &%@%T@%% ?r%ﬁp%ggcﬁ% zgﬁgﬂ s?e% I)xJTEA %?%gaf ?f filamentous

fungi, stiehle o¢gntompEhpdnoss imjhphalqeaw@g@ha Bay,ladelpugnoter Aspergillus niger

(W ni form s bet a-
stocoyEREALRAIR WS PRI LD MALILMR AN ¢ o
[0193° b%'&? ééﬁl?)le& gplregulat&g SHC{%IE L ghoggr]\gh gggw #p %&bgﬁgifﬁ%}i]oenh In
eukar}@h@l syPwmy.ahesd QQBlde e dﬂﬁm&pﬁﬂatﬂedu@ﬂc gRovli@iis amplific@ayj the presence
of metF£ feg% Ina%ég bh? hFo%E'ﬁl tgl%cs: n %HW%% % [% eff%? EVétL %Eavx nretals In these
cases, femtiélee 2agd @hqnglcc engioding tho iRdiChedyep o of He pg?@wé gvEmion would be
opera H&%@Mthﬁé rggélya%&&s%ﬁm anyl ase, Aspergillus niger

eutral anyl ergi’llus niger glucoanyl ase,
0] .

004 T B SAE S e SRR ARG PERE e D PRk T
exprespion 8@jor gempripingsy r@b@uclgéqdc prgeding oy engmaered kaseredugtabd polypaptide or a
Varianptﬁerg(gfo dtotﬂce 019195}@%* §I ?egﬁﬂffi'ﬁgqjé%l&%ssuc}{:%r ¥d n?dt@reand a terminator, a

actor and acc ar CEes cerevisiae | nvertase.

replicmph engin et Wepailigaan thedpreiof kostsantp mdpichtieyiatsrig bamgroduced. The

ariou: 1 n { a a
o SRS R X TR s 892 20 e LOIROL: T
recombig@jjt oxrreshian vesea @@uc{h@maya]pphgimop@ora@qr@j conggtqqé mg‘@lc‘gon sites to allow
for insPiRSh F s%ﬂs@ﬂni%f. of i€ m?c'%&‘é’m& %ﬁ@n@é‘l&c&{mﬁhpg&%&ggﬁé ASuch IH&.

result ant ypepti de own as roenzymnme or

Alternpipvgpyothy I‘gg(mlq: glad feguenge (zf),th@@mnt] discipoure meg be sypresged by inserting the
nucleic%%cﬁc\?%bﬁ(e%@@&ﬂa aclﬁgtagirgg&{as%ﬁté(gh@‘?sﬁ{; F;Péegseﬂ%[ﬂg%@l@%gg TO nate vector
for expygssignt bioatating the expe¢ssiay sigpeor ghe ¢dding spuepsps locksedfin dmvpﬁer so that
the cocﬂ{;?&ﬂhéﬁ@@?togg%l% Eﬂ%g Wétg nge?aﬁob%sréag gd/nggl se%&h&@ f(fmxprps%lon

ai ned

[0195]Pﬁé H%l%?l%(np )%%ﬁon &e@{or ﬁ% bd éﬂfzsveét&b(% | laﬁlaﬁjniiﬁ%lr V&), which can be

protease apr Baci | | us” subtilis neutra protease

converfigply Fybjeclde rﬁ‘apl@bﬂp@é ONAcppesdings ansl can pieg-abaetitlesy cxpression of the
polyn&'oﬁ&rgé&tﬁﬁcemﬁg @11101&%@ ﬁfetvle&omlﬁttﬁlﬁﬁ§ ﬁ%ﬁ[‘& the com6pat1b111ty of the

Mycel i opht hora thernophila |actase (
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[0191] Where both signal peptide and propeptide
regions are present at the amno term nus of a
Wpioypspo4 de, the propeptide region i s positi OPETUSZINE/076333

to the am no term nus of a polypeptide and the signal

peptide region is positioned next to the am no

term nus of the propeptide region. [0192] It may al so
Vectorb\ethdmﬂosiedell énté whiahl the vegel istodr yntedauedNThsyectsi nady tallineaor closed
cireuldr F‘S 1%tszjul ation of the expression of the pol ypeptide
r 818t Ne to the grom h of the host cell. Exan'pl es of

[0196]re FHY lcxg)tge%% on \6 0% ﬁlgys bee aﬁnéa%%Jn&%&?s%y%%l?c%ﬁr%ﬁv%agr A Les Ca Vector that exists as

an extuadgmommat emtlal, dlhmpihcaa]lon of Whlplhy gndepdndett pfmjir(umqsomal replication, e.g.,

a plasmlﬁC xltrn rom %org 1&RER nﬁt a 1n1 rrg?%gmgto(?r ari AR ﬂrognosome The
1( % e regu atory sequences

Vectormmylcmniean tamsembaals fortaﬁul;mmtf rtpipatwpe pitoativslysthe Nectorlnnay be one

WthhyV%%?l 1r8r081§(§ed9n§0 h% ’h st %é’” ésa}lt? %ﬁﬁé gllflo t%% {bm3 X@%ﬁﬁcated togn%her with

xan‘p m or
the chlomofdnhegyyeme etish 1tﬂ1aml@;|en m&tgrztt@ib IFertheelgtzMeaet mgye '@etq»u elmize;snd or two
or mor:gl Ir\]/éclet(l)]r(sj 8@{%195%1 chatoget er co alu‘? ’ & td? a&@)f{ & Ue 1? lJSucoe 1nt!) Hle genome of

the hoglcelc«)aaryhras@opmawm med [ 0193] (1 her exan‘pl es of

regul at ory sequences are those which allow for gene
[0197]aifhe¢ expresaien ator bithe pradeat ipointion wyStablyponteingse dr nokasgiectable
marke}sh\%¥1gll\ FM{‘[%LS 's%&lo%l %P ﬁl{h%f%?&ee(%gpée :A é@g%?a?ﬁgéar&wéﬂ lIeI aeg%ne the
produgtref ‘ahlblmplhv@csefpnblgedm virgihesidtangs, eesastipéd th ihexdy wictalts, rwgirgphy to
auxotrg%ts a%]ﬁ the l{i%ﬁt E)%%Eygs %@?a%’?’e’na{ sla%ctglﬂg k}gﬂ(%rs At etgee n %%1%5 grﬁl%iiBgﬁillus
Subtzlwmﬁqdzl/}gelzcl@wﬁ]rmbl gr Iilar]n:k&g d/hwhtcbnftrrmtllpletguieau@ncy such as ampicillin,
kanamg(,e S l{:%ﬂ)?a?ndahtlg 1}0% g‘%ﬁa;el;g%sl) 0 fgtrgcggﬁ‘r&eeg s%%%égega?‘ﬁt?bel% {1)1'3 Ierrs] gortyeast host
cells agxAiples $il9h LEERt loY Sx &kl SRIg aad PBAY.nucl eot i de encodi ng

an engi neered ketoreductase pol ypeptide or a variant
[0198]t Rele@ablc mankels mesoin amtanenwxpfuaga how celbigelhdet buigromegiimms to,
amdS %U&Qnﬂ&se)’i %mg%éﬂé% gﬂganﬁ)ghl%{lﬁlrggé/ Bhy (8?0sﬁ%ﬁ&éﬁcﬁ@&&&ﬂransferase)
hph (hmrpmhcm hleyplmtrenﬁ@asb)e njaRt(nigrdtg @@dctaS'Eh @yrG/@mUdus Shpioseiat
decarb%%l%g)é‘g? gsglfe%?t %llgrgl%?eg%‘é §ncfjtﬁ3%?(rgféto rrgﬁla%\g ; ex )rél% glglll %s equivalents
thereOf/ dontpdinggnisdbr Wayl anpfoberdiélupertl iprludenireensiSrveé nireirgenes of Aspergillus
nzdula;zse(artjs%eg”%lﬂapo@} %gﬁ(}]eg R% Vb f SJFVQ 1o yr@seﬁ g&”égyop?crus

tron o elc a nce encodi ng the

p 1 T ven 1 m 1
ARSI St o 5 Wﬁ% g e
integragivp pEthe Bettdyynte e dpst celty geheme @rwmoemem@mﬂlcg@q @éthe geatar imthe cell
indepcdl& 6 tfic géhbﬁle CRNSHEH %¥onQ19[gH{elh§ét G LAEmS ‘%ﬂé&‘fe@{é?mhﬂg SHhe

appropri vect or or expression. In creat
nucleieagyt segedinonengedindihe pelieeptidsdiragy atbepetomset afshe veetat @dmitegratlon of
the Ve{t&qﬁ% Zl‘Ee vﬁ%?{ﬁ@lﬁ?ﬁ ﬁl)%olorg{)&e()rﬁgﬁlo%l ?S&qg&%daﬁorp per abl y

e appropriate con sequences fo

[0200]€ %ﬁ’t&%&deﬁﬂthe [39&‘%?1]011 %b‘?or rn?a?%‘mlﬂ Q&Hmuﬁ%&f’r{u%ﬁ' L1l s V\ﬁ%ﬁc‘%E for

vect or . [lasm d or virus)
dlrectle&mtelg@twle énlmmlmtm rycglukbljlaél@m ¢ thegmeme nbiha h@ﬁt cqhNAhe additional
nuclelcpgcg&geqwng‘% e} t‘ﬁ@@ecp(fr ek 19@@113{6 H?@th@ iﬁ?bft @ﬁﬁéeﬁ&n@ét atplile(%lse
ynucl eot1 de sequence. The c olce O e vector
locatwmgﬁb indh¢ ¢hyorespap(@)- ol indiease thapikelihbpd ¢ftigtegrptioniaga pl@@Sﬁ\/l@‘atlon the
inte gra%ggaq Qﬁl@r‘ﬁp %0&@@1@%@9 BhfIALD g’lﬁ‘ﬁm&ﬁ %EIQBGT\M ER 1R RAER as 100 to
cell into the vector Is to be introduced. The
vectors nay be linear or closed circular plasmds.
[0196] The expression vector maybe an aut ononously
replicating vector, i.e., &% ector that exists as



an extrachronosomal entity, the replication of which
i s independent of chronosomal replication, e.g., a
wpL@wesmddo4 an extrachronosomal el ement, a PCT/US2008/076333
m ni chronosone, or an artificial chronosone. The
vector may contain any nmeans for assuring
self-replication. Alternatively, the vector may be one
10 OOOM’atiS@ﬂfa,irs Vﬂﬂdﬂalblyﬂﬁ@dd@@do bast paitshandmast prefetably 808 to 10,000 base pairs,

which! are hrgc”i% omol r(1)1tlsoW1 h t%e %gr?eg}?(;%{hng \%n%e? Eeque%n%%] E)Sen geﬁ Ehre] %gobability of

onosomne
homolb aue g:K:ahEldatloEu Thdiafegmtienal aemdtmg}tha’y hbemy sxquatce glagis hbwologous
t WO ectors hoget her
with the to target sequtelhce 11% ‘le: £y1o ?{he 883 ce:;ﬂn &ﬁl&t urréié)r Ihﬁ ggegtrzﬁlé)nabl eelﬂeg&récs may
be norﬁtfncodnl@orho@tdurgelhél;tic a¢id &eqhﬂ&e‘ss ;ﬂ:rsthﬂ otheenyhatuk thesedor th@)/ 11 Tjtegrated
. The expr LQn vect or t he esent i nvention
into thg get*ome 0 ﬁ ost cel by 1on- homolo AR 1B nt
era con ai’ns ‘one or nofe se able narkers

| ch. Rerm.t d..celd
[0201]WFPr au g Qstrerdt gt%/(mttgn cttor% glhrte &%) Ti e an n off‘rep WF]athPI enabling

the vecpmav lretheatef :mtonbmouslﬂm tkmrhovti qehlm quesiost Emlesroé backtriah@@ins of
rephca]ttlo?( are %’gA lggltorg She b]flé)lgsg (E:f? L%BQ)% 0% olas %1{3%9 hSUeCI‘ lgn Aée‘pﬁﬁé (which
plasmid dbs tgeﬁlsﬁeA oo PRI T 1184 9errr3uubg rebhcsmm 1n|%acoli IanxSpUBl_ 10, pE194,
pTAléégg(!é}g)gl\E r mgnlisjl’(t:t}?g %pqlgatl i (1:1|1 {370\”&4 CEﬁ %‘})Pge{%e?)g Or?]gpl}ls oqlreptlilca%ion for use in
a yeasClitkstreH aehigi m&lron(dagﬁffﬁ kreplidgtionr AR €It ARSY.ahé ¢venbination of ARSl and

G B B P S S Mo S

mutau&iebvﬁmh abks 1tr§aﬁ1kc&foﬁm§ @impa@eird-sengitifd ih srvtioiteels (styaga IEhrhch 1978,
0 [ , but are not limted to, andS
P”“”%%@%?%ﬁ?d%%gﬁgﬂggbB (orni t hi ne carbanoyl transferase),
hos hlnot i.n acetyltrapsferase, hph . .
[0202] ( ﬁ{;)r% tg?rri/ %If% ﬁzo%yh% & 6]']11(6 fFica a?]lg fsec%gncg)op t% Prgﬁ:nf Prllll\l?nr‘ug{l) nay be inserted into
the hoftedUmtmts@)sc; prpyucGor afitind gedle p@dﬁct phosphatie the copy number of the

nuclel? a01 e@% %{eh?anre?z: P% fnnecé @y 1{1{? g a&i?eag/t \/?;Tr: ?(P JO%Q%E?)?/% tlge sFquence nto
the hoit helt ﬁnf)me Elﬂi}(ldctlﬁ(hng Z31) afnqmﬁalﬂe sdlemtahre nMI{wg@elvsl'lllnShmiclelc acid

sequenﬁe a%lf:rg ﬁ%l ] antﬂgmé rampﬁfli 0}8)1?9 giglge sg%atéfl malg(gr gen% and glfereby
addltloﬁakcﬁpkom@&h@mlchwgmmlse@mn@um bk 0d&ed fahey (ﬁkwam@shmlls in the
ent invention can contain an

presengf et tl?en'c{ppm}m%tﬁ5%1&'“‘@?%?%“ i nt egr ation of the vector

enone n us replica
[0203]0$}a{1¥] 8p t\%/ee % resswn VetcH)és 9 e ﬁe n the reseélla(? %c(r-l:?surefaret ci,(])%mermaﬂ%eavallable
SuitabFeaomintetog) e;qjmssnlnn vevtams mhledcfmisFLA@TMTﬁ expoersipn txd’ﬂ:@rs/ﬁmtl Sigma-
rel th uen i n
Aldncﬂ?‘%emlcal%( Sgrloolrs ?\/é(% S/ oltcﬁglleug ea(rjrCel\ﬁtg Zgin q?{e @ g Y gl?&en%atlon site
for exprbﬂS&g uraﬂnmmmﬂwlh hogthelswad b pBRBZit(Imgtrhé repiinoive atpd/ampicillin resistance
marker&lq?r amrp% 1ca§1011 tn £ on}w OHR‘IGI'OQIQZHﬁe erx%%:e(s)m n \pe%ttolrsoare ]il%lescrHJtH SK(-) and
e expression-vector may

pBK-@dH] vhicnat cannmblelalty acilblsgu Snaesnt, dral Olld IChAe etid p‘lgsmlds which are

. I r L nat i
a2 R0 DT BORIB SRR L RS opprs e
et al., EBqUEmedd:1ehabl)e t he vector to be integrated into the

host cell genone at a precise location(s) in the

c lbrdono slosrelcHy for Egprenion @K etotch@tdse Rellypdpaded of

integration at a precise location, the integrational
[0204]e Ihemﬂfelsassdfw uhechr e fdesclaklry providésad wstaceB udrhpraingratpolynndiertide

nucl ei 2009/ 40
encode ] s 5l HE BB s i ¢ oty By Kl bene

to 10,000 base pairs, and nost preferably 800 to
10, 000 base pairs, which are highly honol ogous wth
the corresponding target seffuence to enhance the
probability of honol ogous reconbination. The
i ntegrational elements may be any sequence that is
honol ogous



with the target sequence in the genone of the host
cell. Furthernore, the integrational elenents nay be
wonwesaedi ng or encodi ng nucl ei ¢ aci d sequencBSI/UXN08/076333
t he ot her hand, the vector may be integrated into the
genone of the host cell by non-honol ogous
reconbi nation. [0201] For autononous replication, the
operatix/ebltlmkedrmyné armidie¢conoolngoducses & cepregion obthe lkﬁplieihm&: elrzyme in the
host ceﬁf; os{ ce T fotr usee 1r\1/ ggo:rfios%m %Exkg{%lq o‘fflt e]?tl eg eo ”Ocﬁ"a% tlye ex resswn vectors
pl e eri ar orlﬁ
of the prfesent mpéntlolaane mll &neviFh S aptrand linctude bunraregwn Bmodd to, bacterlal cells,

such as f% corl%..i iﬁ)gcsz’cz[t? 5 kg}gié%to%%fzﬁus%%ews‘ ﬁfllup HQ%XC§'Z”FPZ$myceS and
Salmoneé/ialtyphaﬂurmm dehis; Eungelakils, s@hds plaBLa0;, (e. gESMharorpﬂ'cAﬂ_%@/,zszae or
Pichia é)fzstBrzsy\@A%Cp ch[crergsgotnlﬁ]o(h § 9%,#) qr?steclzt cnlls such as%rosoglsﬁ %X ?@pod?(')ptera

Ins O
S19 celie Iahlmak @111; h&h 2s GHO[ ons dS'HIIgm% cilhd Bewbs maanoma cemR&delant cells.
Approgna‘?4 ?url]tg IS Ir(l)erc]ch n%s a %t | th g)fn@ﬁ% tl.tﬁee g)é)yegg'escflbe? host chs are well

knowrriegciactat i on may be one having a mutation which makes
it's functioning tenperature-sensitive in the host
[0205]c Ebllym(cme'des éorgxpreﬁtmloifthh ,ketilz@al&tase Rnam be WMabducAtiat c8ldd by various
A 75:.1 202 et han
metho ‘Q‘k wrsl én tﬁe l’llfllhe-ls 1n'\({Pudg %Irr]l?ngi nveés l%gpo%oratlo% blOHg:ﬁC éoaltqlclg
bombardn'umt hpb@mh@lsidlawdltﬂanif@tlpm&alelam@hb)nddmwfeomnnoaindtmﬁolgamﬁlswn.

0 e
VaI'IOlBu K %eoﬁ%: foa bntraduc?né IY% cleotldesblrét%‘ggl S avv1n B d apeln‘h tto é erSIa(_ltH'ed artisan.

[0206]ﬁ§%n e?&%;flTr? ﬂgst @gfjls c%%ﬁéhza%%ﬁﬁﬁ?flot Ii‘“ﬁe &ﬁ‘gﬁgﬁ&c‘%}) oP%st créal?e% by
operatyelydiokiaph eolmmleen@g?_en@im@ amhmplimeedksrmr@iucta@ontd thesp@qmeh ce

pCK1 %ﬁ(’j gl%e? Ivlél§ I’lrlaﬁlrg e(?{hg Iéc%g)r(ﬁ%q%r utnhqggg Iofetg d{%ltc ﬂr%isor The ex ression
vectorefso térgaimychel Ida acgid 0§eqh®n@eandalmnh®eambmmlwlsfao¢e gyye Cells

contai%%%%rhlg\é%ﬁ %?%lg&?legt?dgﬁlf g&ggseclr%zfa co? éig%@? gﬁ}ab%flsotlapeed lﬁ/ subjecting the
cells tegporamglicoohselettoms for use in the present disclosure

are comercially available. Suitable conmercial

expr es¥etndyefioestinglidgidercd BxtoicAGTVE Rblgpqpridssi on

vectors from Sigma- Aldrich Chemcals, St. Louis MO,
[0207whi imeiembbdithersts,do Bke tpfr omotved KRED fvGHudedtideckad pblapéptides of the

- 0
presengglg_g%sﬁeb{rhle g%ﬁglra ?%J}cgg %gt{g%%g%@elsé %&gﬂlg %ﬁat ?a]%l%z%sr @g Iges(’i ctlog éeac‘uon
is obtagrgd ke dsrived) fremplidrhacidlys eafir pmaEtob@codlus bre@sh)e Lagefiati@lpt minor. In
r e | i - .

e GGG KGRSO REBELNER| B S 8 0cs cesionor
the ket@tedadtarg @reespedi fidoiostaceCAAs amdlugtatismitigpawhiatip rmueleotide sequence

encodlg? 'EJ[SX\QQI t%&%ﬁkl?[?ﬁﬁ%lpgéaeﬁ{i%ctggﬂt%luf Pey? w(a?h(% c%ﬁo’n:
oligona@@7ides@aerercd pastd 8Bp@0hg knogngoblpattidCedqhence of Ldespe@dsikefr KRED
sequen%t: a\llg?lglﬁg ﬁﬁq‘j(lije%)ﬁﬁ{%ap QASX E@&Fé&%%cés&&lorﬁ A@’9ﬂﬁﬁt6|1%51120?6) The

di'scl osure provi es a
parenta;lwnbnuéfromge Eqmbey deragre st RUBEQ Ep U@d Bgpsanddnmptimwed for expression

o LSRR3R ARGy PR
exprespiQT, bﬁ]&‘zmﬁ‘@m@mne opler tt rangiolofl thalkepromoteoand lad raposer gene.
c1one§&§¥e5s%% tﬁ?%‘i@@ﬁﬁ&e{u%{:a%ﬁ%? Egz:\!tvé% edl"e’{méep %nckﬁ% génl%g UGEAR& to

conﬁrlexlmreéglrﬂtyg Thh ecqKREDIpedingtod (REQIESNEndode dlemyretnrﬁequence utilized as
expression vectors of the present invention are well
known in the art and include but are not limted to,
bacterial cells,

71



such as E. coli, Lactobacillus kefir, Lactobacillus
brevis, Lactobacillus mnor, Streptonyces and
w®@20008@804 a typhi muriumcells; fungal cells, sSRCHUS208/076333
yeast cells (e.g., Saccharonyces cerevisiae or Pichia
pastoris (ATCC Accession No. 201178)); insect cells
such as Drosophila S2 and Spodoptera Sf9 cells;
the stagtinigpaint Hehbs espicimeats atHDrarCOS)strBihén 0P&FincandkdBowdstases evolved
fmmtﬁre%w%aaﬂusgf)rske d%cth ant cells. Appropriate culture

condltlons for the above-descri bed

[0208]Pg ett en%gqlelerg aoregve ngFes é:gl(n . \émg)éallr%rd]tbhf%ubtlar 1n$<{é1{g ngidlﬁcetoté%eeencoding the
naturamagccbmng ﬂwtm@dllw@edtm Imttagecalsl agd/bydixcated oudutiomstehhods akdismssed
above. fkn e>lge%1 S ! di eicgeﬁhmh% q%sfec 1§ue 19 %}u%g Wadis %ﬁc{z%ra])r?\y rT%hﬁltfﬂing as described
in Steﬂlmpxo$Qﬂ4ePrwe Siudtiod] S b4 D ECVIGH O7fdaWQ Qﬁﬁzﬁaﬁ OVDAE/0078; WO
97/35965 VRN R7h A1) W@H@'M QL QR A% 76 HSlqNs. pal’ 559‘7' B e@%%cted

£or

I'ntroduci ng yn’ucleo irdes 1nto cells
evolut'a)ppmcemrestﬂ@t tztmebeskadl thadaticagnangarhers, {12064 eAmmm@rqabal(SftEP) in
vitro rehc%%é)mla hao e”t:'sltC qgééﬁ% %zogercg;%ol vel 9 26T£ mu%)g(cpnrlce ﬁéﬁ ?@aldwell et
al., 199b IPﬂRlMéﬂmdt Hp!ze’ b&tﬁ’@eﬁlﬂg) ani qafspmmmdgdn%ila:@@dlq ctahs ©9oNPwc Nail
Acad g;cz 3&? %?%ESdB 2%%](1%191% a%r aeglls Y& (}llrelctle(ﬁ] lév% utltog tetcﬁl?e] Aegﬁseful for
er cont the” f'a r epr esso &

the pue))ofpzs @ssm@mn ba/fecidon th?:l fsbmngme&lrame@ lUlT% #1bal 9@7 Ji“@ipproadhes to DNA
eGP SLL 00 3,1 0 0L S0P B o) AT DR
directddg @tiemi Imha@nctsmluslny\ﬂm b@osohcnotb@aietnmt}wtlé Mdvypds Uoj. Satli AP69-74;
Smith,t 1@% « n V1 ? mut%g § leé) + arp I;%em e et 842%‘ Ql%b Cg]oﬁ Qn ?t aMeltdgg d%trategles

of nera ngl neered Ket or educt ase oﬁi
and appDQEFs df m \smwrmuegémem rinierse 22%1 198Kk 201 h?ert@rnt%é,\i‘éde mb_‘e@d
mutag LY PRELS98 ' 3180 r&’r&%r%?aﬁ Plédess of 1\&(!1}? if,mcezz, 38:879-887;

disel osure, ['y-occuiring or educt asé
Wells etraiyk%SI Wa&sett@mﬂagm%s alhefﬁr:@utumthoarforrgamtwmmf mufiple mutations at

dgk iV fr t. il
deﬁne?_ ?%e? E]g.e’éei %ﬁ %1 SS ?,e h\élﬁlgl)lucl)lret gl a()l% algr:g uegollrl'l%lﬁmi( ﬂl{;lecuﬁar breeding,”
Curr @b GlnmBiat $784:208; Glanstmts epall, y Hive I Rindcied evaeiguer dlsfmldsne kinase for
AZT pﬁlg ﬂgré/%ﬁ%{ @%ﬁ\#& gangl telgl f?l?née’ atﬁ? %zo%cfz 91‘7 '&Sd E&l Crameri et al., 1998,
“DNAishifiigigrode faomly of Bencpirenivatse pukignuctlentes dleecmqu@mm Nature
B R [ s
391: 2%&0 T Iglglie]fl iet Cal WLd9?1 rl\)fc\;j\igzéﬁéc g r%éLﬁ?h éf datréeg%?n 8£t0x1ﬁcat10n pathway by
DNA shluff@l@ﬁ Utleetbiided 1prépddEdhbrsead., Updh “Phetddrrevintion of an effective
[ e f

ﬁuctoﬁ(?as% gﬁrgtg ggl\glcg?ﬁ&g? @PISNQ \L‘@ﬁ%%ﬁ?g tréehﬂg 'ﬁ?&ﬁ%ﬁﬁgg) Sci USA 94:45-4-
4509; @m@r@gst dn 1909, “TAARS4DQQeGlucd3dchPPE6In by Findecupacwhitiah using DNA

shuffli V\él X’El]tlaligel 5 (9ttec|hdl§1 ﬁ?%&l&;}ﬁg Stegl%%% qg@f elgap%? evélzgmll {% '\#90‘[81% HF]VMO by

DNA shotftmg, oimtwmﬁ @689}3311 ly Hﬂlbﬂubbftaltldl@ a@d mcrepbratnd lereim by reference.
expression vector, placing the expression of the
[0209]k &horlents obtaived HEoeing nuegertckie treanent efe sofeertel éorleagineered
t r '
oo R, 0L 6 o S GRS S, L OB SHRL R o
expresginu libragesgemespesorumivsing tlte@tand“@d]bmhﬂmmmchnidmf intopitoring the

rate of-laacgleJ %ﬁ @g? % ?e%reggezg gl;akg}bg% &gﬁ%%sg?rg% Af ?ﬁﬂﬁ Bt NK%FH%BSJQEHann as

it is coR@TUSRON3 D0 PESABRP "t (Fer shumplei wgEpwinht 7.1 &r thivoeaction, the NADH or
rUGLI
NADFEER LR OB bl Al or B o e B RS Beon substre
ket or educt ase. [0208] The engi neered ket oreduct ases
can be obtai ned by subjectlng t he pol ynucl eoti de
encodi ng the



natural ly occurring ketoreductase to nutagenesis
and/ or directed evol ution nethods, as discussed
wW@bwvescdth exenpl ary directed evol ution techni BUBEUS208/076333
nmut agenesi s and/ or DNA shuffling as described in
Stemmer, 1994, Proc Natl Acad Sci USA 91:10747-10751;
WO 95/ 22625; WD 97/0078; WO 97/35966; WD 98/27230; WO
to the Gﬂfed[ﬂ)ﬁﬂiﬂlg h3NE31 £rdbyY GTheamd oflcBrcadeat NADHE N VAR céicheration, as

measured be(t"h ecf:eicrea%\e/ 9n aLlI)t T ancg 05 %gelélclz‘e%ge tg@r%tn t%me 1nde ca{’les ﬁle relatlve
anong O ers, eré ensi on

(enzyr(lafﬁbEE)lwty of tho/KRED p()l@pf{pt[‘d)e matﬂxeah ar(l(ZhnaO)f thd lyarite (,or ﬂ_%ﬂnhzed

powder {nade tll%erelgrirg)g ?I[%l &ﬁoi\l}é{%ﬁ% e }%D Bdet %ggf g% a%%%ée%%lg g/\é\gcl)uls known
techniqes sied aﬁ)rnndalgmmeﬁx&nlélai aEkerethe ahprpveﬂgﬁﬁanemrmrtmesﬁred is
thermaé stal%h eedug 5o c% V1t 3525 35eﬁa|952q1r8% égeﬁ Pl i g threnélrtlz? %rﬂ)reeﬁaratlons (tjo a

defineth Grltr@lelratweaimdbl&amgl dlelamotllh@f troymowtivgy r@‘faam%’ﬂfEBheaLnreagnents

Cloneso(i;)g%bmﬂé/v pp?}j&ﬁcle(ﬁ%glergg ngna k?gr&%si%ret[h?g 1so%ae|d,ese%1%enceld to identify
the nudl@@de séq@bricg chmugdsdidtunyd cend dibadac bxgaless thia dmaynrlit agenesl s

usi ng the phosphorot hi oate nethod,"” Methods MIl. Biol.
[0210]5 WI@&Qhe?squuenEem)ftthe en@@%ed pdlypeptideriokmowh ajepdgiuvsledtidénencoding
the en§§¥e call eg?%tg%ared andar& Isdéléi %sf]etsmeelé Na§ tacc%lr(%m%to %noWn synthetic methods.
In sorrmetnzhg@mem ﬁagmsm @ﬁupeo Mt 0DPBsed Qﬁllbe igdhyithealy syBI86ized, then

Shte-dir Bi och 230 1= 7,
01nedke %heyr enz¥rg 0 clheglé Zf?ﬂt?g’ggg'n %etm tpoﬁ/nﬁrea‘éea Ilnec?iate%fgetflc’)ds) to form
any de3i8zd8 pRHEBBYS; seqdﬂ&ctel For¢xamble, polﬁﬁ&eotid%agl@ﬂig@ucleotides of the invention
can be r%ﬁp?I%SE tc:'he 1ca chr)ln %glg ﬁsImGggte &y the 88951(‘? ho?p%&ﬁamﬁl{e%]eﬂ%fd described by
Beauc@zt: 636.15 1 3&13 et MBHZI ghuid39- @t orgthe meth@Dd@scribByt by Kiatthes ¢odl.ut 8NEMBO J.

3:801 gy ngZI gggJ t %ny I%g%g 1ré ?ut% %’tnje’d s%%%}c%%@rdgi:gléca)rding to the

phosplgyahiditd wethaf, Ohgwlmlditld@ dkd syathesifedr e.g. A n pltospled YA ayritlesizer,

puﬁﬁe?,%ng%é%?e%gpg éélgf?élﬁ% %ﬂpr{bgﬂate V'g\%%rlg r ﬁ], %Rﬁ%l? elé] ?tfallﬁ any ?uclelc acid

can befoltminey frof age n%vaheuymf diveersiel sepecs, 8sh actlel Mrdhmé §ert1ﬁed Reagent
Irec t 8 [
conn ! 5 PO MY S M R ATHLC AR oG
Chicagbetlo¥iptiot até¢hoplogiet Ihwasxlabgda, DNAashudnfyloiheg, " Nat ur e
Bi otech 15:436-438; Zhang et al., 1997, "Directed
[0211]e Fogimgeradrkepfedagtase Efizyores epresfadue ¢ best cidisen be wmvared from the cells

ond or R ORR T BT 2P RERBERRR for B

purificatignp molpdidg e g othbry dy @swantreapnat, epmcdtiyn, fbfrasion. salting-out, ultra-

centrif?%a?ié%gai_ng %Hl’?iﬁtg% @?‘ASuﬁgﬁws&Egg& fprdg&tl%ﬁ' i tl% 1 h?egﬁmel%cy extraction
of protpin.@frg]'nlbaci:tcr’ia/ puches @yolzmmhuﬂr@hllyrpg'aﬂabldamderehe trade name CelLytic

B™ frglz%i Aﬁ%h F@[t&fgé%q_cati ons are incorporated herein

erence. he cl ones obtained fol |l ow ng
r
2 R R o B R LS G BRI RE Fiuce, amone
others peopemhyse cMemsiepiaphy leghyyemermaantd bquid/chireraptegrdpdly, ion exchange
chrom B i Bl R B PR BHRG, ¢ PlaRbnt R pariting
particylateezyofe vdd dmashen pari. an &cwwﬂela@eiei qinalabshad@ahr%)@ltmhydmphlhcity,
molec{llgll‘{)geg Vglr?{lgc alr %{agy‘l &D{_I 1y 19(% \Fdifl &% DQJI a(fech? oi?éségga\! k’ﬂ?l‘ﬁ the a'ﬁ
Exanple 7.) In this reaction, the NADH or NADPH is
consuned (oxidized) by the ketoreductase as the
ket oreduct ase reduces a ketone substrate 72 WD
2009/ 036404 PCT/ US2008/ 076383 to the corresponding
hydr oxyl group. The rate of decrease of NADH or NADPH
concentration, as neasured by the decrease in
absorbance or fluorescence, per unit tinme indicates
the relative



(enzymatic) activity of the KRED pol ypeptide in a
fi xed anmount of the lysate (or a |yophilized powder
woree/osdier ef rom) . The stereochem stry of the pP@EUS1088/076333
can be ascertained by various known techniques, and
as provided in the Exanples. Were the inproved enzyne
property desired is thermal stability, enzyne
[0213]a bt dowicteynbndiycine affents trcktlqas ey bs ulfl ecisolag thelep@naikewreductase

enzym??ﬁ gfpoé aﬁllin nﬁcf?rtna?t(r)f%%p iy purl{q a%m% G er‘u%t(y xﬁm&”d cl (?aﬁg %{ngsqthe
ketoretiuceat pmmegtlde n@.ydmas«edc &t the pﬂod@tlan pf}inylmih:dsemmuiadlost animals,
includ{%é %gtg{o?ﬁrﬂ: ed to tra%'[)l%s UCtearSa i‘ r e %éyq e 1mmsu?11za llge?l nj ectt i tﬁej

nucied uence cha
ketorcdumthsel sﬁd kbtoreelucpatse $slypdpadem23yhiﬁedtna¢hedlt(fmlitatdcectdmer{ s@é’lil.zﬁ;]B SA, by
meansvvtl a sﬁe C}%ahl’l fls,ll’l %I aﬁ‘érqug 0{ rg@rs ag%l %raesgde F(J:Ea11¥ Rl%gtlonale%ouﬁ) BI arlous

es encod
adJuvaptseqwarbe dsddyo mbaaﬂd altednmm:holdglpdi a@spome tdblmﬂdlng an:the ihokit mgpcies)
1nclud1,ng %ut nofc' mltedfeto IFreu{qE L CBmB{etefﬁgl com etef‘?mn ﬂ?ggls S ch s alu }nillm
hydroﬁ@lmtlhfase mde, sdbktem:es juoh aEelgzISOQeeltlyn,,pllbynlep(zlydihaipbbfamOns peptides oil
emulswn% E] g%aﬂe hgngetf orrarlltorﬁ:yoapunn& trodHc’ and Jceﬁtgglaglg’eguérﬁgnélﬁ% a(F uvrgnts such as
BCG (bamlmﬂahnettp@uym)@hda@bnydmctamdn pdmgmnucl eoti des of the

i nvention can be prepared by chenical synthesis
[0214]u ’S”hm]g:toredugta$esmg be blasai:d:aid upehio‘s predorandfaeisexmetsirgdhe enzymes, as

crude %{Zr%ﬁt% é)g g%lég%ed ot pl}]lﬁﬁ%gqer % réss El“rhfa %éafe%uc?aﬁfhsl‘ ! tbe PX argil as,
lyophili®8&%4, in pMBE@r Jorm (8 28 &ktddbd poxedegs),, or peepared assentzyypa xoaj‘ublys In some
embO({?Iﬁg}&st Ithr%(:f(gto elaucqysgs dcnﬁg)g%lé[?%%gn u%stgrﬁlaHY ur? Prgéargtlo%l ng to

Roram T’gonuc s are
SRSy SIS B BUPALEE g
The subgtoiteorag be & yoladiiohiasd, smfaC@ss@mmaﬂlurgneaﬁwommpe@rccmbie domposed of
organif g&?p*ﬂ?rs 9&%3% ﬁ&ig &%l%%%y‘?é‘n%ap&&@opﬁe {}gﬁ@oﬁf&‘ﬁ{y?éné"
polyetiBdengany andiothaarymideXas Willeas Gp-palymeuyend graft]s t@n@‘ Govrpd support can

) | ARG ' .

also b%g%%g?’ ggﬁﬁ eag Eigpsr Sﬁ&ﬁ%ﬁrgfgegi’pozﬁusgﬁ%%&gﬁter%et g{egﬁlca or metal, such
as gol{ @ZatinuEn §hnewfigdaticatod thedukstrats eangrezy the Jorexys ibesis esgthdres, particles,
ek By, 05 AE0LELRILARI MBS Sl f B
Solid gupedits icgputerspof @is opRaE @IS, apd| rarf Hagagwedlimg or nerl-wrdilling, chanasergtics. A

solid s %@{&ﬁ can bé %ﬁﬁé}fﬁmtﬂ{ efg%g?ijpat elf 8%Hré‘\s§i¥)1ll QP {)th&J COBl[cIﬁ‘élJ 9&361 feature, or
locatiaph mmmg oapiportsSe bfawn’églg@l Qlt 4nggy ﬁtoaarlbqssmqagoramﬂldtebﬁ@ble for
roboti@ae%bergfoff E&ée%{écéé 54 AR nRhodPdndRl Aldid rom bacteri a,

t
col are commercil a y avallabl e under the

tL(rgSildg E@% ‘?1 1Lé§¥r¥gég EI? Tl{yglfge%j ggiq ?e((:iQ{@C ﬁln o ueg Isan(f éo&ﬁounds Prepared
0]

i sol ati on t he ketoreductase pol ypepti de |nclude
[0216]3 gﬁg%rt%gc{#ggg e}‘i%r %?%%Hlt%gegl} egg F]agjgﬁ% g%(,r @}#EQH&Qductlon reaction
of the kdte grvap wgar?aphgubstgetbd @Ie@)phqnopﬂ"ﬁ@b%@tesOpt@ndlyaﬁlbstmnetd;at one or more
of 3° E”'I)E Qgﬁotsf?lgﬁa%g}{e c g%%:n?;h%ﬁﬁ)stgt&red h&%{h&%l a particular

art ctors such as net

[021 7]C Iﬂ?{og% eIIlIBX@{nglptF QIIRJI l&hotréﬁuctg%g iR Qgﬂal)lg %k’ Ie\ﬂlfm cmhﬁ% the substrate
ecu appareft to
compwh@e,féstrhqvnah@r@m (I) @w ﬂwéloaﬁ ﬂu¢8>avm>p21@@>9ﬁ)036404
PCT/ US2008/ 076333 [0213] In sone enbodi nents,
affinity techni ques may be used to isolate the
i mproved ket oreductase enz nes For affinity
chr omat ogr aphy purification’ any anti body which
specifically binds the



ket or educt ase pol ypepti de may be used. For the
production of anti bodies, various host aninals,
WO pbashi4g but not limted to rabbits, mce, re@BEPS2008/076333

etc., may be inmmunized by injection with the
ket or educt ase. The ket oreduct ase pol ypepti de may be
attached to a suitable carrier, such as BSA, by neans
of a side chain functiona
to a side chain functignal
may be used to inﬁgeasg
dependi ng on the st speg
limted to Freund's (conpl and i nconpl ete), mnera
gel s such as al um num hydr #de cpurface active
subst ances such as |ysolecithin, pluronic polyols,

to the PRty @ALiAE Shirap@pdhotigsducObil stru@ifdl BinansIKSYhot, € dlchidfel-

a Hﬁﬁgﬁg ni n, dinitrophenol, and potentially useful

uoro *@H}°Uvant s such as BCG (bacilli Cal mette Guerin)
and Corynebacterium parvum ¢0214PHThe ket or educt ases
may be prepared and used in gr m of cells
expressing the enﬁbnesf S sxtracts, or as
i solated or purifyed prepa The ket or educt ases
may be prepared as | yophi in powder form
(e.g., acetone powders), epaced as enzyne
solutions. In some enbodinments, the ketoreductases

[0218]c ansobe embodiment§, dlicrke@fredacthet adtiital hyrejpurecapabdperatuciag st

conchEISL A S0P EIRO, T AT L FNGARS,

The substrate can be a solid phase, surface, and/or
menbrane. A solid support can be conposed of organic
pol ymers such as pol ystyrene, pojyethyl ene,

pol ypr opyl ene, pol yfl uoroet|hyl eng, pol yet hyl eneoxy,
and pol yacryl am de, as wel - pol ymers and grafts
thereof. A solid @lpport al so™e inorganic, such
as glass, silica, contro pore gl ass (CPG), reverse
phase silica or netal, sbs old or platinum The
configuration of the substrate can be in the form of
beads, spheres, particles, granules, a gel, a

where SR AP e L R Enalr O Gl pr o o

correspaading ehipo hlocis| piodud of gpactotabforrauie (1®¥an have swel | ing or
non-swel ling characteristics. A solid support can be
configured in the formof a wellgydepression, or other
contai ner, vessel, feature, ocation. A plurality
of supports can be configurlg an array at various
| ocations, addres@dbl e fg ybotl ¢ delivery of
reagents, or by det ecti of ods and/or instrunents.
6.6 Methods of Using the>Epgseered Ketor educt ase
Enzynes and Conpounds Prepared Fherewi t h [ 0216] The
ket or educt ase enzynes descri bed herein are capabl e of

catal yzi ng.the reductiaon reaction . of the ket oup .
102091 J oo e, e ey ig st o RO gt gDle O Sl zing the
reductoptréaotial df ', Gslistituted hetbpatnoaseongroundrog struofurd formdla (GF), which can

. positions, . to the correspopdi ng substituted :
be simlR kB OSSR Bt Srropating (5)-slcoho
produdteTlor @pabilitpastthe katecdapadsldescobedlechirciorgtalyre thorvdadtion mgiction of a

et ST £ OO SRS ! P & e o
be det@024 03 cbfide REIihIS20108/ 0r/G3BBle bCmefBolls such as described in the

i ncl udi ng but not
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(1) A to the corresponding chiral alcohol product of
structural formula (Il), (5)-1-[2,6-dichloro-3-
w0 bavowspenyl ] -ethanol: C OH F (11) (S) C PEURIB)PS/076333

I n sone enbodi nents, the ketoreductases descri bed

herein are capabl e of reducing or converting

2',6' -substituted acet ophenone conpounds of structura
Examifleyr it aonﬁﬂohh() 2°.& -Dchlgrb31-Fluoro&ctophv@ne, mf s’hfuanldl fzrrwle(l) is an
examphﬁn q”qu %gg]u t%{ut‘g’f % eéc tsC o}l{uéeg 686%(')_%bnone %unda |3 O%J.C]il in Some
embO(hmeth dte keforegtiqtase tunyenes dierlosad Berdih Vl)e.capéb@-df cqtdl}hing by redidition

9 t a ketoreductase enzyne

reacigga bR b R PR AR IR O “Caval vzl ng. the

reductlon reaction of 2',6'-gubstiguted acetophenone

conpounds of structural formila (III) whi ch can be

simlarly substituted a e of the 3', 4",

and 5' positions,(¥p the g0 IMmg (S)-al coho

product. The capability of et or educt ases

descri bed herein to catal yge tHeyeduction reaction of

a specific further substitufed 2% 61-substituted

where S O AR P D (0 CkpaV Rl G HQP. and Wi

selecte@fRMPH &r BYCIN®Br0d $heSod i bspaisdibaSTalé dbethrbduct dtehe/sauM@al formula
2009/036404 PCT/ US2008/ 076333 Exanpl es. The conpound,

(VD: o , 6" -dichloro-3 -fluoroacet ophenone, of structura

fornula (1) is an exanple of a fuygther substituted

2',6'-substituted acet ophenone compound. As such, in

some enbodi ments, theketorgductgke enzynes di scl osed

herein are capabqupf cafa Rg” tthe~r educt i on

reaction of the conpound ctural formula (V): Y

O WY1l z wherein Y and dependently sel ected

fromCH3, CF3, NH2, OH, OCH3”" d, and Br, and Wis

[0220] Thus, in some embodiments, the ketoreductases described herein can be used in a method for
reducing a 2°,6’-substituted acetophenone substrate, optionally substituted at one or more of 3°, 4’ or
5’ positions, to the corresponding substituted (S)-phenethanol, where the method comprises contacting
the substituted acetophenone substrate with the ketoreductases described herein under reaction
conditions suitable for reducing or converting the substituted acetophenone to the corresponding
substituted (S)-phenethanol. In some embodiments of this method, the substrate is reduced to the
product in greater than about 25%, 50%, 75%, 80%, 85%, 90%, 95%, 99%, or 99.9% stereomeric

CXCCSS.

[0221] In some embodiments, the ketoreductases described herein can be used in a method for
reducing the 2°,6’-substituted acetophenone substrate of formula (IIT) to corresponding substituted
(S)-phenethanol compound of formula (IV), where the method comprises contacting or incubating the
compound of formula (I1I) with a ketoreductase polypeptide described herein under reaction
conditions suitable for reducing or converting the compound of formula (III) to the corresponding
substituted (S)-phenethanol compound of formula (IV). In some embodiments of this method, the
substrate is reduced to the product in greater than about 25%, 50%, 75%, 80%, 85%, 90%, 95%, 99%,

or 99.9% stereomeric excess.
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selected fromHor F, O, or Br. to the correspondi ng
(S) al cohol product of the structural formula (VI): Y
W@R00903494 W (S) z [0220] Thus, in sone enbodPCEOSNN8/076333
t he ket oreduct ases descri bed herein can be used in a
met hod for reducing a 2',6'-substituted acetophenone
substrate, optionally substituted at one or nore of
[0222]3 Ty sofie eobodifient s Ketodmisgtaden ddstudbed rhemmspmhfddlsn@m a method for
reducin ué) > tré SécllFocr:% %%uo?oace ggh?ﬁogl% SSlth S rF %0 tto 1ts ﬁorresplondmg (S)-
alcohod;mbdmdt afb)el -, ¢-tictilbve- 3kﬁaom[$ellw¢]tahmsl d‘?el‘snmuldo(élj \hlmreeﬂhﬂmethod
comprlsgsgceo%ta{;t?n%%tr %Iﬁnrfba% g’tét tdll,l ?1?6 Sgcfth?)kr)oagetflgpo renornt% du agcgm?erductase
polypapodda d;scprbadjhengn usdmbwcttoutce]dht(cﬁi} sqoiabln éirhatuoing ol consotieg 2°,6°-

dlCth{On? uoroacett%o(}];enotne E) (§) F?&%] 8lch Ohfﬂu(g%pﬁ]tenygfs% }langbg}g dé.l}%;)d
embodB0&xts (35% moheq, tlﬁﬁ%stl_ﬁg% reduce@g) tBdpredver mam@trer than ebomeds, 90%,
O L L I

productt ltnagredtc;r@hanaudns 185 % lstee:dmancedmpnbﬁﬂarﬁm e laablreduows@ﬁolypeptide

a (| ndi n bst it
comprtsgs) iy érhoez{chd s)e ence aseéiuorrll osfeql%eor o a tt%E%jil\HjNeQ(gSt%eor 119.

nmet hod conprises contacting or incubating the
[0223]c dnowrthbodimtws, o kagifdeteld Y S)wiekettiva kktetedvadu ctzame derived from a wild-
I £
type Lg%%%gz?l?% é gges%fo?{ﬂu@tﬁ% e?%rrnge Ercl: ?g&%{% in c%%%‘%ad?t? redblce aﬁ:etophenone to
(5)-1-genplounidn gfcattothanudbaut(851d, POt 104 §2%093r°/e§|é%n%ﬁ%g>6%, 97%, 98%,
99%, q%‘é%‘%' &r%oﬁ%ste(%@nﬁ %che%é“ano' conpound of formula (1V).
n-some enbodl nen

this method, the substrate is

o4 EUSEAhRa08 BNGh o E1 he HIAR, AR 4800 800

stereomuessess, Fheidd tRORAIroB 61 dBOTHIIS2608N 07 6BEBd cpioPsR] an amino
acid se@gﬂﬁg&"&%ﬂ éMﬁ} 10 ﬂﬁ kel g, qguﬁt ?63% 2‘6952054 Bghsh&s 8h B4, 36,

e us n a nmethod for
38, 4042, ¢4, 40 1Bhf b d-53; 536 PludP gacet. é@rﬁén?ﬂwéZ §6|b7§t e 83f 84, 86, 88, 90,

| t i 0
92, an% %; [‘?%_sﬁaé %r@lazldg‘% ntésrog ?l‘gg %@tﬁ%ﬁ gtgh;ﬂgai})l()? 95 /aéafﬁ%{k%{)st@{quféﬁﬁded to the
pﬂmumcrmmMatmmwymnﬁﬁém@mph@nm®®h@dlk@dhpﬂﬂ@e@swmﬁt@enwﬁgdwcwwwd
r
out wifl{ thiﬂ?&gﬁua%gﬁr&e@gg gf acfl E)ngt gﬁlleég tlh%g%g?ti ﬂgiglgt:’%ﬁth respect to
the amgp@f the @a¢’tdigrored nﬂuqrpwntgp@moneabbseraﬁo rre d uci ng or
converting 2',6'- dichloro-3" -fluoroacetophenone to
[0225]( §) soi]ne[egl’o@dlﬁjl'eﬁ:tg]l)f)[lflé-)mgfhr)(?~I qpl%é%pg‘lﬁﬁyéfi}’/ @litﬂeaéﬁ%tratel iflr Q&B to the
nbodi ment s his method, the substrate is reduced
produqt & 4t frastpbod 4% sie@ogap@a@x@@ss lilhlgﬁ; thgnadtho@soyheg legmetlgroy conducted
with atglgaé‘l a3t Y- %/81%&@8&1%@ R4 Ie§s (BACHIS1 gl/lf] oﬁﬁyﬁtﬁmgbéﬁ)%\%ptlde,
he substrate I's reduced to the product in greater
Wheremhwemm@tmﬁ%ym@ﬁe aied i1 b erted sommbkesrasiaminogid sequence selected
from K@) 1 QUK 35884 PRl YPaRIHALs 460UPfd 5E€R03D, MTRARLEKY b and 94,
sequence based on the sequence fornula of "SEQ 1D
NG 95, 96 or 119. [0223] In sone enbodi nents, an
[0226]¢ Fyiomssmbedingyts, shet ketaredpeiaser pely Regiides anbthe eihags of dicinpesent
disclodufith B Weli %r sw&%ls lﬁ@ﬁ&)%oglhly BinSREHif®r g&ﬁ&ﬁﬁg WELAB&! in

enzyne can be used in a nethod to reduce acet ophenone
WO200¢021886 (aminoheteroaryl compounds), WO2006021884 (enantiomerically substantially pure

aminoheteroaryl compounds), W02006021881 (pyrazole-substituted aminoheteroaryl compounds),
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(S)-1-phenethanol in greater than about 85% 90% 91%
92% 93% 94% 95% 96% 97% 98% 99% or 99.9% or
wOorne/odues eoneri ¢ excess. [0224] I n sone enbodPCEHSRNN8/076333
the substrate is reduced to the product in greater
t han about 99% stereoneric excess, wherein the
ket or educt ase pol ypepti de used in the nmethod conprises
and WaB0@07 602 (atincheseque neepmedsec tvedke kyomsSEics bh NOcopouBd of

formu%gﬂ) a]éég in]fef'fBle&lgt’ﬁ. }&ﬁZefgr%%cesz %fg iri%élé)o%geﬂ h‘g'rge 41 b:;’lg‘%fereg§ in é‘@lr entirety.
62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86,
[0227]8 8 cc@lingly 92 sonarmnt@dimehts, thokatoredriomst mipestidof artdhhsmethods
et hod, | east [
descrll?cg hte%gl Calgtf)% u E@?n qrﬁ&gﬁg tl*eZa{&? [3' g/trg's e%é[l §6‘91§@§)18 ?r é:?télé&n%?:(‘sg Qructural
formulex¥Hss in | ess than 24 hours when the met hod is
carried out with the ketoreductase polypept|de at an
amount of |ess than about 1% by weifRfht with respect to
t he amount of the 2',6'-dichloro-3' quoEpacetophenone
substrate. [0225] In sgme egpodl t he net hod,
at | east about 95% of {he sgbstr reduced to the
product in at st abgut 99% st ic excess in

| ess than 24 ﬁours, he mEt hodyls conducted w th
at | east about 200 substratel and | ess than
about 1 g/L of the ketgrets g}ase deVpeptide, wher ei n

the ketoreductase pol ypeptide used in the method
conprises an am no acigd sequence selected from SEQ ID
NG 18, 32, 34, 36, 38, 40, 42, 44, 46, 74, 76, 78,
80 82, 84, 86, 88, 90 92, and 94. [0226] In sone

dlnents the ket uct ases pol tides and the
mcludwgtsﬂtﬁd@ Biestid spvded oot i epeh B LV GDAN o g and

WO069Y 183 esticteiOR !, RF, 0t &idIN & HOSHR thdrOIASH sbiiB bfbddhents, for the

co und escribed in WW2006021886 (am nohet er oaryl
CMPOGBEE’%BH‘H@)&’I 2006021884 (enanti omerical |y

syhsNapioR&EL | y pure aninoheteroaryl conpounds) ,

vmzooaoz p azoI stit an1no t er oar
Ellﬁ‘a%ffs n?g'-‘/ b e}g .gmary 7@@3@1 Claﬁgd:ycloalkyl,

3-12 M%%éﬁ&%ﬂ?@ﬁ&lﬁmmal{eﬁgmaccd)Rt, ooqopf OR?S()BI, }\n@a,?lslgg)mw, -
elies on.t Qnpound, o r a a
soNERO AR ARG B IROHE e s bt b lkymyts and
each h%@rbg?dngn RYis ro@tﬁ(ﬁiéﬂﬁﬁﬂstitﬁled issgmre oeﬁi)feﬂé:]g\/()ul[()s [ 0223]
cgorln N S odl nen t he et ore Cl ase
%’éﬂ:‘?g balogsy ¢ ﬁé%f@%h@a%en ﬁié‘ge slyay Her &Y ﬁaﬁ g aryl. 3-
12 mehiﬁﬁé% hderpulioetlic] AR ﬁaa?bd@mnewrdhrﬁy sa?lnm”e joznaéflél, -S(O)é(])-R“, NO,, -
4N It r,conpo 40 rqct por 6 4
wrer 1R e SR e o R IR &R T falRe e Brore.-

(CR Rhyrdcm”mé SC(-N) SRRV, aNR&(ObNRE@f-NRé&OQ@S 6f Idp@INR'R’, and cach
ref erences 04076412 and WO06021884, wherein R, R2,
hydrog?nélh]a inepffonalsupitigEPyi herein. In some enbodi ments,

f edchRA& independently halogen, C;.,alkyl, C,.; alkenyl, C,.4, alkynyl, C;_15 cycloalkyl, Cero
aryl, 3-12 membered heteroalicyclic, 5-12 membered heteroaryl, -S(O)-R*, -SO*NR'R’, -S(0),0R?, -
NO,, -NR'R’, -(CR°R"),0OR*, -CN, -C(O)R*, -OC(O)R*, -O(CR°R"),R", -NR*C(O)R’, -
(CR°R"),C(0)OR*, -(CR°R"),OR?, -(CR°R"),C(O)NR'R’, -(CR*R"),NCR'R’, -C(=NR®)NR'R’, -
NR*C(O)NR’R®, -NR*S(0)PR’ or -C(O)NRR’, each hydrogen in R’ is optionally substituted by R®,

and R® groups on adjacent atoms may combine to form a Cg.1, aryl, 5-12 membered heteroaryl, Cs.1

cycloalkyl or 3-12 membered heteroalicyclic group;
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conmpound of formula (VII), Yis Nor CR12; R is
sel ected from hydrogen, halogen, C6 ,2 aryl, 5-12
woremwbes@aml het eroaryl, C3_,2 cycloal kyl, 3-12 Pe&nis20e81076333
heteroalicyclic, -QUCR6R7)" R4, -C(O R4, -C(O OR4,
-CN, -N02, -S(OnR4, - SO2NRAR5, -C(O NR4ARS,
-NR4AC( O R5, CQ NR6) NR4AR5, C g al kyl, Cog al kenyl,
aﬂ?d:h@f Rf &1 d(lyll‘&/lls 1n¢€|pehdem@dbldi‘v_gd’l’ th@}eg]:n] @1 1%11()[’1&5 12 alkenyl C2 12
alkyny? Féd rugcn gl'oLIXHa %Eérlﬁ %16% Qﬁeter&hci%hc ﬁZ gl%{ni’)lgr&heteioarj?l or any

en
two ofeﬂ“klgfn BF and(lg bpﬁ’nddy die(sahé(mhpge@@tonﬁtna}r ydgeth3- w1ﬂ12thermnb@ne¢ﬂwh1ch

they are%@ﬁlﬁgﬁ ¥ %Cl I{l& @%ﬁ%% to 1§embeer?@££%0a?a%%ﬁ7ﬁ O eréd

heteroa@\grouﬁpQ)My cer®Eia) Rdq 3 add(tﬁﬂﬂﬂﬁ"@ei’oaﬁm,s sel SRAIG( D) ]RSO and S; or any

two Of:WCEgIﬁF@i%n%ﬁﬁfé?‘& atom )%5%&2%1 NBG 1)8rm a % {» cycloalkyl,

C6 1 aiw 3 BgeemberedR2teraligyoti¢c @rfal 2 ryerslwbe;itheternaad gtn)yp R8d es&hthhdrogen in
kndepen entI ogen, G _z alkyl, C2_,2

’a kaélﬁRl R o ulbf(t mteﬁ% , 2 cycl oal kyI C6_12 aryl,

3edch Rﬁmmmpenﬂemwerogai |(I1;ygcalhyt; C> Balkgnytarherliedyl, Cs 1, cycloalkyl, C6-

12 arypﬁn:gr 23 ' El;h%tﬁ%%cy 25 1?02'\"?5 Effkjteﬁ a(wq) @QO)% H2o0.cppalkyl, -
O-(CH X CRERM) Ly RA)- (CWZ@)YIRSQ (CHORBRZ)tenGE @) GRdpalicyclic) or -O-

(CHz)n(i(CfBIi% %{ﬁc%ée‘roar)(lhﬁﬂ(&a)& m%%r’}' %4%35, ﬁt&%&gu&ﬂ% by%é1

- S(CORRARS' issadeherhiyuitydyergem hﬂ@gdnsclqutlkyj,r(ahi gycloalkyl, Cg.p, aryl, 3-
12 memHere& fletﬁ%oa? cy(;[tljlx %? ?2 men%@e%?e&g 1p§(c§m%2d§d" ﬁgm[i ?(B)r%R -NO,, -
NR R%e(caﬂt}aow‘ -CE3-C(QR cyl(OF" ka 6(0)B, @ RIRHEEOBIR ", -
(CR Rg%}%‘%gl Bl%yg.g%lg%g{wg%é (Z)%j} oh?QB%Ig%ﬁé@ Iﬂ]}R may combing with a ring
atom df mdﬁpemloi;embhty)f Aytdfoger(;. . hratlogkyl, 3-Q ma@batkhekeroalRycli2, Ce.12 aryl or
5-12 n}fl]-rq)&rex Elét roaré drlr}%% ke)i WY A: ang’%ftcjﬁ%ly&ég%gl% #gﬁl!ﬁdelyeg-e%gon%ﬁy éu’bstituted

eroalicyc
by R’ heteroaryl or any two of R4, R5 R6 and R7 bound to
each% 1ﬁ1nr&?[}$n8691ﬁ}/ haﬂt omgﬁ}/%ﬂé}tll &V¢}dzh ! \él gr ogryp3 12

membdrad mmmgdlcr@ﬂkmelaberﬁyhﬂtmarsdr %Qllzalhﬁnf@e(@ﬂ)ncs 12 cycloalkyl -O-

het er oapy 0 I Al t.g 3
S I T E—
-CN, aathyachthydrogdh ifRB," 1Rﬁqtloﬂ61yauh$t1ﬁi%dﬂ»® dlmldgetno-(l}h eCNaift “@iybwhich may

be par@glféﬁﬁl& h?l%geélg{rg, o rﬁﬁ%r f gvrhlc C%)Ie arti ?’yﬁo%?@!y%!dfcénated, -CO, -S0O

or -SOgeNber ed heteroaryl group and each hydrogen in R4,

2. nd R? a ed b
2Rk R oBRC L RySR e AR By gRED o,
12 meGRerk@hasiriafioyd. TR henioyai loakipi STBARASONRIR, B(AROR', NO, -

NrR T Rl o R RO B Grr P PR TR B PO R R corom,
(CRROVRCRR kGI=NR ;mnf@ﬂzm @0)NR’Rir- w& S(O(BR( GHZ)YO)NRZR], 2nd each
hydrogen 1nﬁf2?sdo hlertla thltuyeﬁlb %) or -0 (CH2)" (5-12 menber ed
YO%yet )?5) %ydrogen in RBis optionally

sa@mﬁmr@epebyenﬂy halegeohC Rl oC-Rikengl, Cnddbyawdéhtzlcycloalkyl c6
o G OB B e, YL 0.0
0., MRS G RO 0 -C(O)R{, ) FRIR", -GICRIARE, NRO)RTRA,
(CR°R )&%ﬁ) 16 g@i@@ (“S@Bﬁég%% %R R%Q}@‘!@ CP%@)N%R

NR4C(O)NR R®, NR S(O)PR -C(O)NR'R’, -(CR®R"),(3-12 membered heteroalicyclic), -

79



(CR6R7) "NCR4AR5, - NRAC(O) NR5R6, -NRAS(O) PR5 or
-C(O NR4R5; RO or R10 nmay conbine with a ring atom of
W2mp/036484bst i tuent of A to forma C3_i2 cycl ordRY$2008/076333
3-12 menbered heteroalicyclic, C6_12 aryl or 5-12
menbered heteroaryl ring fused to A; and each hydrogen
in RO and R10 is optionally substituted by R3; each
(CR°RB(Ch 8 ciyeiokgindnd €RER Yi(thal oglen(CRCRHL2- 1ahiemb¢re@e¢etaaryl)

(CR Rﬁé#@}oal | tyc(t%RGM&b&@%Wﬁ rou%'sq"‘ha%{aé?% gtpmf may f@ol tquorm aCsrz

aryl, 5 alIZKIdembereﬁ)hét@ldﬁl)yl (&3 _c¥doadhpsd boZll Kynkemberd he(t@b‘ﬂl}ych@@rohﬁ, and each
mbered het eroal i cyclic),

hydrogeb)_ﬁtwqp l%gﬁub(sgtﬁééb heteroaryl) or -CN, and each
hydiereigerch m iRdésndeptly o,madﬂzyea&hl bﬁlhddpm‘dmbw h 3'2939@ 4 and cach p

is 1ndepec1]}jfentlyﬁ’a\lf?r g e%}?%q(ng donsk% h&VaI’l(ﬁlS sﬁ%flen\?&]eas 1 as )spegl)ﬁc compounds
encompwsd:d )] fblynmbar (MID |afe)dek€&ﬂb€1§lﬁﬂ’é®@4ﬂ)764l@@ld WED60DI8’4.SCO2; R12
i s hydrogen, halogen, d-12 al kyl, C2r 12 al kenyl ,
L 248K 0
[0228]%%0@(}1@%}y,ﬁ Ieriregla f(;rg)(ﬂ%xg llg % éi%tlltiomr%gl lé/ (ﬁ)u C{)fnp%ugfi %Fstructural
formula &Y ), rR4p in- tBORMNRAREN coBpPi1ide2€dding orx@vertmg\iRZbﬂﬁ)ound of formula () to

the co{n@@? 80@%@%)6&%&%&}@8&%3& P%e&% ﬁsic%%%@ undBeaction

conditio@f( suNElﬂ? NRAE¢ing NRA)@(e@)ﬂgFE%bstpaNMS()@)@RS fagmula (1) to the product

compou%%fj\!t%lﬁlsgl)gggr'ﬁegg i E g{.ﬁ;g)%ﬂds olrt} f(gilhz %HZ B{)rk} Qlﬁ%logné%%nd of
formulgl(42e ddstaytied 11023 cl’Edad:fklemnysb C2-12 aI kynyl, C3_i2 ’
cycl oal kyl, C6- 12 aryl, 3-12 nenbered

[02291" g@&%}kﬁw&g{tg t%e%s%edﬁﬁ%o%ﬁﬁﬁ%%ﬁ ﬂ{%&hﬁ%&&%ﬂ herein can

be used @\prod@@)@rotm@(r@)@&mas@@%@]zpmp@md of W‘@(a@fqi@ula (VIID),
(CRBR7)" C(OOR4, -(CRBR7)" OR4, -(CR6R7)" C(O) NR4RS,
- (CR6R7) , NCR 4R5, - C(=NR6) NR4R5, y C( O NR5RS,
-NR4S(O) PR5, - C(O) NR4R5, -(CR6R7)" (3Li%0 menbered
heteroalicyclic), 79 WO 2009/ 036404-PCT/ US2008/ 076333
(CR6R7)" (C3_,2 cycloalkyl), -(CR6H/7)" (C6_,2 aryl),
-(CR6R )" (5-12 nenbered heteroaryl RERGR7) "
C(O NRAR5, or -(CR6R )¢ C(Qu4, ups on adj acent

atons may conmbiY¥BDto form a| Co_i W1, 5-12 nmenbered
heteroaryl, C3_12 cyg o) kyt\or Menber ed
het er oal i cycl ic gro d eath h drogen in R13 is

optionally substitut

7 e
, 2, 3 or 4; and each p is independently 1 or 2.
Descriptions of the vafious substituents as well as
speci fic conpounds enconpassed by fornmula (VI1) are
descri bed i n W04076412 and W06021884. [0228]

includig @ﬂfsﬂlﬁyﬁl@itéﬁ and ibl‘attdﬁﬂiel‘wﬂ af @dscifed dUBIONg02AR86, where R', R?, Y, and N

| oner cal | e Co ound of str ctu formul a

are de b d) erging k me ﬁmg?fgmﬂgi @nglg}f}ﬁ).f FZ&HQI ng or

c(ynyBIrdrlcn{g a compound of forrmula (1) to the conpound

B PV e b etn Gt e acIoBH CCoNBrohons T aibie = o >

12 mefbéred Edﬂdi@aihﬁ@h@,rs cmﬁvlelﬁetmmgtetrdmeylsn@;n‘atmzmw‘mbmo@)zof{“, -NO,, -

N IR GOk Sk kO B oHEL -sHERAF kB 2% ST 1 horon.-
(CR6R(73)gIﬂI¢)RflRﬁ,dCO:fNR6§NI{4IREL| HR(@(D)NR%Ré @SS 0N IRé dr A0 INTERE iah®€hch
hydrogre%fine f(leig %&Ic’dnally substituted by R;
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[0229] In sonme enbodi nents, the ketoreductase

pol ypepti des and the nethods descri bed herein can be
W@2®d/0363049r oduci ng the protein tyrosi ne ki nasePCT/US2008/076333

i nhi bitor conpound of structural formula (VII1), N\N

RL R (MIl) A4 CHB3 Y\ O~N NH2 d F including

salts, hydrates and solvates thereof, as described in

V‘R@BO@GJB&BI, hwn &1 yl R2112 angnﬁln@Z 1N1k)al|yb Cdﬁsyn‘l(baﬂiﬁfd Ce.12 aryl 3-

12 me?lpere(? +eter z\l}‘cm% orgef mem O%rerlﬁp%ﬁjaryl%g(d) %ﬁglﬁd S?(f))ZOR -NO., -
NR Rﬁqa(t:ﬁagnpm cmz cad)w; -OC)R*2- cmCR%yR“ WCIQ)R%J k@mw)mC(O)OR

mR%ﬁéﬁe%cl}gy t%if Wﬁ%cﬁﬁ ﬁgﬁ%er e’dﬁge%(% oar y r((?)ﬁi&%) n%ﬁl cach

hydrogeswkma&;onals(@am byM02, - NR4R5, -(CR6R7)"

? %ﬂmcl @?ﬁa@g &6%?%&%@1 C@Eﬁﬁ%% 1ﬁgycloalkyl Ce.

aryl, 3|\mm(1ﬁn)ewaammahw|au§(so)zmwredhae@wmagmﬁwoeﬁmw -S(0),0R%,

b 4 80 WO
o, e a8 b e DeobsiRo TesuR BBl e’
(CR°RAaC@)@R", -(CR*R'2,O&" kyd'R® ROZC(DZI\I&1H23@H{6R XI2CR'R ,&CWDNR R,
4 6C 4 Al 4@l

Nr'ClReR B RR SR o LIRS L e P e
and R SS@RDNR4 Rﬁacentﬁ([(@)sm&pmbm% form N4 Roryl,-5¢ IR et'ed OB toaryl, Cs.i»

CR6R7 R4, -NRAC(O R5,
"y"l"a"icgﬂéR% m%‘?@%eﬁi‘%"o}“(yéﬁ%ﬁ%m’ NCR4)R5 i NR6§:( NR)4 RS,

bm (B I\MR 1W@B%Ydf0ge@m)w4a5z T;hjﬂmzeﬁﬂhnyl Cori2
ian I t.ut

alkyny 3 Uchel %JJ(eyri il r?lr % gere(}/ he roa ychlc,kSE FZ be:[éf he?eroaryl or any

ar6gen,
two ofal4k]k nixb an(m tbAndado klydwinﬁ niG3® g_anatqmy niap,ab geyﬂer willbthe hRrogenytb which

they afe bt()lér%cgg P(pol?nrb?n%gh oﬁéﬁ %mﬁ%dﬁme%&agey%éreg 12 wbered
heteroari}R4ARp, optl()lﬁlRﬁ Rﬁ)télnl@cﬂ to 3 @NjtionZ(hSeidtoms &XI¢@dRAm N, O, and S; or any
two of:g(%%zr?d Ré§41’,1 d tN%%g%?% 5@(“6} CRO R7ﬂe CO%E%{‘-’%%% f’om&l% cycloalkyl,
Ce.2 ary@(&NRﬁéMdaSleteroadeﬁi( ®)5NF25R81;1berdﬂR¢8(®)yﬂ) Buprand each hydrogen in
RARS,. ed dr eps.in R3 is optionally

R.R S%Jaélgj[ﬁt Ut %Olﬁ ﬁ@sy &)%y EG groups on adj acent atoms

meach®d m)nataeeltdonﬁydramgal, ConiakyhCyl all@nylxznmihelyb @s.1> cycloalkyl, C.
12 aryl,rr}g { erglgnq el\fecd,’yhcef3 ea%i(éychg y5 22@%11?}%&2% éGNFI 81&7%H -O-Cy_qalkyl, -
O- (Cﬂﬂﬂepemdmyl,yoﬁwﬁp@@mryhabo@léﬁn(s @ mlembabdd}dtqrodﬁzyqllz) or -O-

(CHQ@% T%mgmtﬁ%e% heaer%aa X ra%gc{]a yy%‘yr’e*%tn 1 8@9 n%l g’ sug:%tu]fed by rﬁbl

hedob RS wlydleperuilentafrmlogttwl Qfalleél Ci. 851,1<0>F§6 Can dyCRﬁlkbb Gad atyd 3-12
memb%rgc? %?rgﬁwychcr? gfmerglt)ergﬁ ﬁn?e%a ,o —%Q&hl?glkw W(éﬁ‘?cﬁ'zt&c c%‘?l%l, -O-
(CH)nCe.12 aryl, -O-(CH,),(3-12 membered heteroalicyclic), -O-(CH,),(5-12 membered heteroaryl) or
-CN, and each hydrogen in R’ is optionally substituted by halogen, -OH, -CN, -C|_;, alkyl which may
be partially or fully halogenated, -O-C ;, alkyl which may be partially or fully halogenated, -CO, -SO
or -SO,;

R'® represents one, two or three optional substituents independently halogen, Cy1» alkyl, Co.1»
alkenyl, C, 1 alkynyl, Cs.1; cycloalkyl, Ce 1, aryl, 3-12 membered heteroalicyclic, 5-12 membered
heteroaryl, -S(0).R*, -SO,NR'R’, -S(0),0R", -NO,, -NR'R’, -(CR°R"),OR*, -CN, -C(O)R", -
OC(O)R*, -0(CR°R"),R?, -NR*C(O)R’, -(CR°R"),C(O)OR*, -(CR°R"),0R?, -(CR°R"),C(O)NR'R’, -
(CR®°R"),NCR'R’, -C(=NR®NR'R’, -NR*C(O)NR’R®, -NR*S(0)pR’, -C(O)NR'R?, -(CR°R"),(3-12
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they are bound, be conmbined to forma 3 to 12 nenbered
heteroalicyclic or 5-12 nenbered heteroaryl group
wopkosabd y containing 1 to 3 additional heterPCEk/Us08/076333

selected fromN, O, and S; or any tw of R4, R5, RG6

and R7 bound to the same carbon atom may be conbi ned

to forma C3_i2 cycloalkyl, C6_ 12 aryl, 3-12 nenbered
membéred haamadhcgghc} |(CR6R7)I5C3]420y¢maHIgD,eGCRfRf)ﬁC@aawﬂ) gﬁb‘i}ﬁ)n(Saﬁd
membere%ﬁ teroa lgg)e rtCkg% )ﬁg@bﬁiﬁg arlldsea:élhg Iﬁro 1s OH? (I)naM\ésubstltuted by
R’; '|2alkyl CZ|2aIkenyI CZ|2aIkynyI C3|2

lgr?c)% §k| Cﬂ’l(l: 1P%epelge%£;yd 10 nBZe,reg(al Ihls t1nde endeqtly 0, ]Nl-?23 or éﬁnd cachp

is 1ndepéﬂdpntl-y0— @2 IDEsdripyd)ns of th var(d@kIRYbstitTnt4R v@ylcab gkifiy compounds

encomﬁaés édr%"'gfﬁ?%uy C?V][ﬁ are Xesbr&eﬁ)&r&ﬁ?%bmto% ?@2 nene I’Tbme) re re g d

het eroaryl ) ; and each hydrogen in R8 is optionally
[0230]s wostrilingly.ed a methRg for pacihcii®the sompydapefstresttlal folrmilogdH), a step in

the me%lod]cgn %)'n%l' ¢ reS:#,(')rég g!nﬁ/%%%gog?m%oz X%S@‘néig fo tt%ee%léound of

formu]a,éﬂ)ausggrtlgd ketor@u@asem@lyabﬂﬁylbs, desc@b@a[j&@§1ﬂ ugBr fe2ction conditions suitable

for red%glﬁ%g gyehe etr S sa RS (iomg?tﬁgd%@({r%ﬂﬁ)(bg t%gg%buct n% eébuad of formula

(I). Shethesisod thel cpmpounds GNprnaatedl Védchorh yhet cogpovnil f fR@mils (I1) are described
Joy substituted by halogen, -OH -CN, -G _i2
mthegf%& ?q&% ich my be partially or fully hal ogenat ed,

- 0- C| i 2 al kyl which nmay be partially or fully
[0231]h Ak @g@nm byl those@(ﬁskl.ll |0 he ait, ke@mluctmgaqabpq'dgg@qtl@l rg@pions typically

requlriy\?oé‘&g&gorgt ﬁ%(ﬁl%tl Q?sl ca%%@g'é 15)1 tﬂfiﬁ 1@8’%&%@1‘?@@&% es described

herein@fgo ﬁ}@lcqucteglarq@qofacm ajtBough yfany @nl]_ozhrn@psbé ﬂgd:ngmeered ketoreductases

requirl ] £LA g&y@%}z B %R%&mgﬁ%g%ﬁ%g@te%@%%ém; AR used

herein, tigterm G{ofycrRe’; referQip @RERPICteiRpmpoNRUIT{ Op FRBics m(c@RBlpéyt)dn with a

ketore%%%éyme @g@ﬁ?&; %??ﬁiﬁs‘j (Ng%ﬁ? the F@éf‘%ﬁ %%gﬁg&g@l%‘mes

describeNRASONMDRE, but @(e@pNRmRQ to, I\(A(IPQB REipoting@idp2dengie digpeleotide

phosp%@?er oaﬁégty% F %ehj%?)%/l\]%ﬁﬁ)?‘ 'T?(IA ﬁqg(?/c{: glqldle ade[n)me dinucleotide) and
NADH (tigRredcyd {oas oﬂ_EAQr)’/ |(§enera]@3(;R@Re()uce(d5f01112 of theeddeatas ds added to the

ar I
rocti N R L RO ke GO R RE R 2R
NAD(P& |f<§m| wie pepidetnt fegenEratidn sypte®; each n i s i ndependently

1 2, 3 or 4; and each p is independently 1 or 2.
[0232]D§ h@ternp)t Jodastor estecnerpsion aysieo\gelatiltet ot pbarosnisghaserticinage in a
reactiARER s ARTRAVAI B SRER @pﬁaéﬁ(g DYATr BILADEM).| ¢draddrB oridized
described in W2006021886 5 Accordingly, In
by the fretpiedettdseratply zed uedupigpntof éleéem@bm@lte afe rsgerlmtmhmarbduced form by the
cofactglqgéggérgtl&l\égétér)l C@a&&ﬁ@gég&gg&&%ﬁ%@ Mrﬁ@g]stﬁa étﬁ@ reductant that

Ing of convertin fornu

is a sopeoiciodys g heldregen eﬂmwﬂﬁntaan(dllﬂ Japeid¢ efgedunimg klevtoesrdem éqr@sé the
cofact®O lﬂﬂp @mdtéjrqégegég‘tﬁﬁl| s?&gn Hl§§ ﬁir{ﬁe%gﬁﬁser ae(f%ﬁﬁ}}sp Byr exarrtlpﬁe an enzyme

conditions suit for teduci n% or converti ng

catalyss, thef cataly ees @@ﬁgb@m b fthefopsdiagh dorof thegofapter byr theltgdectant. Cofactor
re gene?eglgﬁ %%%s% re%é}{emtjé @ADH! ok NADPHENE RiaD  Of NS G i i?%@,sare

f or mul a fromthe compound of fornula
knowam ghechetangd mgle be uSiefh iy themethodsdleseaibed heprin .
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[0231] As is known by those of skill in the art,
ket or educt ase-cat al yzed reduction reactions typically
WO 29o3@oe cof act or. Reduction reactions cat al BZBUS1998/076333

t he engi neered ketoreductase enzynes described herein

also typically require a cofactor, although many

enbodi nents of the engi neered ketoreductases require
[0233]f 3111tdb®%empjﬁra®bﬁctmt Ihgamenaéacdybtemsthaahad bezegloyed imclude but are not
11m1tec¥\%0 %u(; e%ndtfg?&cgsr,eedd HCt ar%ser?atsgl}z%ln% and fo at ndheldﬁ)_éenase {uﬁosfe 6-

a non-pro ound
phosployesmd tgBs oderb- Iﬂmmbaﬂealehy(dmgm%h aaeeok@lry)fe@d u@p@smo@mmm& and

f
seconcfgft aqcotholrdse (Ho nase Le hoso IInt é)pﬁo%) 1ée (Ee%}/ nase (?lgCéllar %{&rogen and

et
hydrog]:l’l&e,nanﬂ tHel ltlnst ”éldasd: Sy,stehdé\may‘ b¢ micd @t aonﬁmaticm aite¢ithaeNADP /NADPH or

NAD W)as t% (ﬁctirﬁ I%Ze((): rocﬁlgrlnn C ere%é}eerrﬁlcl(gﬁleusglg %ﬁ&jr?gge%?se ana)yn]SOILie used as a
cofactMEﬁ-dn{I’atht&l syacucsd, 4. 91‘ hSoPat| I\M@) 5 5380 mad b 995 Q2Bebqtlemﬁydedl are
inco ora{e erfemt he re er%%clcac ¢ ]ﬁé % tOr T neragon Sy, ems cQmiprising a metal catalyst
rp ucecfn Iﬁt) Szlgffe%rm Can e Op(flponélﬁl \ Y
and a neagmrgeugatt eﬁdr émmpiet inelcadrdiydregbn oNADOER Hart alscsuirghlngSea e.g., PCT

on s The term
pMﬂwm“msgégggﬂgggene$a HHH“%% qg%¥imn$efgﬂ1%ea set of
[0234],( A3 C{eant 3 lzuté:Q ae#del?y%?c%%lftr?alts%:atng 6?9?? 8rreru?ea(ﬁ%£ercﬂ ﬁ%tly lirle?eqlrlil &SRfer to
an NANAWDPCdépamteor @1zyné tintzedlyzipythd dvversion of D-glucose and NAD" or
S d t .

NADPk ?qbél % a%% agd ggggﬂn(}e/rr a[?DIg—? ys%éctlve‘l% egql%aplgn r#g)})g]towédescnbes the
glucose dﬂardtogcnaseewlwediteldmmos yENAM 0O9AREBT Iy glu@gener at i on

systens conprise a stoichionmetric reductant that is a

source of reducing hydrogenygqui val ents and is capable

ofl) r edugiuagset-NRADI Ui 280 Form-of yleonicafide NOD(PIFheH*

cof actor regeneration systemnnay further conprise a
[0235]C @iﬁ@h%stfehycfr&ren%esatﬁﬂlaf‘e sﬁft’ab%y 155% n ﬁ@bﬁtﬂétof the tﬁ‘ﬁtthods described

al yzes the reduction of oxi di zed form of the

heremelm‘ltaﬂe peth nbtyrailh ecoupgElugnte. del@s@mem@@s asyveqdles @Platlat@rﬁlly occurring
glucose M%B@ﬂ%eﬂa?esr ﬁgﬁﬂl@l? %E(%n%gﬁllcgge W eflzfsQ %0%95 Q{es have been

respective are” known 1nthe art an

reportggip dlelhrﬁpf%thfé ﬁ@tﬂﬁ@iﬁ@le desBaciltye dutiby @127 CHH gape was eXpressed in E.
coli at@l%@%ﬁgﬁe%gé eﬁﬁ‘g { M§Mh9£(§%l?f§nlce[l 9%%§1Jtlessi§|tﬁea&&ﬁne produced in its

exenp l)l/ cofactor regeneration yStens t hat may
4

native gpgh I(\S%Sélﬁ ¢iel.udes. Poest Na¥-elcpadtSci. USM@ &%)t &he gpngy &eag@caﬁﬁhe B.
Subtzlngbﬁ%%ﬁe %MQBQ&?&% % Géngﬁm& ﬁ@%f&ﬁ@%&a@ reported by Lampel et al.,

rogenase ucose- 6- h hat e an
1986, »élliqété@@l BopR82phandinderya Bamgpesbd o hefdr Yiqrebiefogy

142: 3045 @'f@ﬂm{)gnkaﬁl&%@lDS@m h&ﬁﬁﬁ@%&%ﬂl@é @ﬁﬁ%lenes also include those
enase, phosphite and phosphi te dehydr ogenase,

that elﬁmeéwgﬂ ropeib.ogeens éﬁ@c A Deervaded3, 4a3eB 7t He Gritrek Acc. No.

AEO]%%Z@H@B’ $le %zJW e Bekbnl. N9g® Bi. ﬁ‘é’a{ 4%”G¥ﬂb‘éﬁ< £id RE IX12370; J.
D+/ NAl as the cofactor.

Fermep, va&dﬁé@n@eﬁﬁ P&y &qebaak Aeh Nﬂ)sﬁ??é OFAPAr @@é@ﬁaé@ymen%es from

Baczllzﬁ“l s§ Oar@%o%ﬁ&fjm @’@T%gblﬁqflﬁpWZOb@g B394 &l $ﬂEI§N@%em an§QQ %(encoded
867 and 6, 49

by polmc@hu@rsequenwe mrﬁ:@lmﬂ@e thRHFQ IINB: ¢ afdeletsenectiche ﬁf e PCT

pubhc&tﬁ)fn?@ﬁe%scfoglgg BeLRLl @%c%%%iame&ﬁllmr&‘ﬁf'eﬂ& a metal
catal yst and a reducing agent (for exanple, nolecular

[0236]h ¥h DGR BCchang%Iu%%se@ElgrdﬂJ g%ﬁ)as&%éyebk%l g@ner§?§ﬁ151n§ kgown Elglgods
publ i cation WO i S incorporated

such af, éqareeix?fn]ﬁe, mlézfg@peéﬁc@recile@) Qmitwrrmd fl@rlﬂfg GBHLF@@g@es having suitable
dehydr ogenase" and "GDH' are used interchangeably
herein to refer to an NAD+ or NADP+-dependent enzyne
that catal yzes the conversi on of D glucose and NAD+ or
NADP+ to gl uconic acid and NADH or NADPH
respectively. Equation (1), below, describes the



gl ucose dehydrogenase-catal yzed reducti on of NAD+ or
NADP+ by gl ucose. (1) glucose + NAD(P)+ + H20 GDH
W@Lweosni4e4 acid + NAD(P)H + H+ [0235] G ucose PCT/US2008/076333
dehydrogenases that are suitable for use in the
practice of the nethods described herein include both
naturally occurring glucose dehydrogenases, as well as
activitporhethat mvmahll}wcmmng ¢rinog-natgtallg oserrohe iy b}agremiais @Rntified using the
assay ya crH)eg ha%xgocfée Lorf IP%% g!)l donewgfﬁgg/r) P%Z? ZI? udrlsé: o%lg_rg OP Fhich is
1nc0rpem&mhb1e1,n by heferBaei Ek@jﬁplw lpbn- hat&aﬁﬂ&@ﬂm@ﬁug@n dehyds)genases are
n E 4,0 t
pr0V1dea( Rr P%s[ﬁpu%h%agg \é\fnq %@F}Opr op eﬁéggﬁg{@’# E ’n6z6e ﬁ% 19& 1 1 and 126.
The polynuclee;ude Retunes aemacc(dValsaarmhproeﬂe@m PCTmeqanﬁr W@ 2005/018579 as
_Acad - 485) . g equence
SEQ I@FN(&SS. 6 6% 65 %ﬁl l‘f%é 9 \'}\%ﬁ? (r:ez%pecgve%le Sgl?)n Ses seqéencss arf(mcorporated
hereinAg (I;eferb;h:pe Mﬂdﬁﬂ@lﬁgl nmsatmdpumtlﬁdng)g/ludgamiﬂbldmgenades that dt@8ftable for

use in %15 rlfﬁtl’?reedlé [4sd)] catal%%gégaz nCrF%: 1?rbs| d(l)scf(])se %&%%g%%grof iggdg?n*i}’s
appliczﬁ'emlpahsiiCatAﬁﬁ\Iosl\RIIOS/DBMHSSBandl\h)t)ﬂﬁ msnw dedlisclosurg ERHicheres
incl those that encode the GDH from B. cereus

incorpal %@hr .P r
ATEL 14579 tUre, 2003, 423:87-9 1 Genbank Acc. No.

[0237]A52 %Zi%édsﬂ%%%%esg%emrﬂ(%a %rthﬁ‘\g] t(grgét{lﬁfgs/e cata% (eiuctl’on {eaélo’ns

descritisidderegp. mayl@Bibit aiy Act3BB o 36 Bast @ewrid 4t kmAloein/ nﬂgﬁnd @‘hﬁ&ﬁlﬂ%ﬁ @) least

2 . dehyd f. Baci | | . vi ded

s S GERR D95 A, pBRSh 1 BB el 5
assay ¢mactibt@ in(lenopitedf POY ppblicpnecWect0Ngiel Seguences

corresponding to SEQ ID NOS: 9 and 11, respectively,
[0238]ofTh¢ keorRiTTtasepeaklyizedtedanipn rattensl s clited bereinafe gehérelly dagried out in

f 0

a solvéglp g%liﬁtgﬁla gélg%bsggcrshgde&ve By dpr %angasgglglgs %%&g acl\g{%f ﬂ@lg%&é y
1-octand i hegtaka ovmnmmttﬂmldsbutyl stb@f(Mé@,E),ftoinereX@dmeel}ke) ionic liquids (e.g.,
1 ethymr”in%ﬁlgf‘ﬁﬁggullﬁl%'téﬁa@ &glrogé’tg,gg&{%%%%%@%@@%@&?etraﬁ%%%borate,
1buWP@m@U@ﬁ@mE¢@Hﬁﬂ@gmhmcmhmmhW@amh@@hbﬂ fresome @nbgdiments, aqueous
solven%cﬁlyl{lﬁl#wggla@l[ an'a%guéaﬁé BN 5953&% He%ge may be readi|y

assay- descri be in Exanple 4 of
0239] felerbtiy .h%%@;?%%%ﬂ%ﬂ‘%?%@ i DAL SR AC L gveny, I
generah@n orgatig selv dny carooent phan aghesossesadehyysioy enaetsd arcé that it does

not co%&iﬂggtl ﬁ agget[}%gdlc'ta%géﬂzw%g prﬁ‘g(g% 0%)%%12/?%@?5‘[6%%%& Pe readily

identiffed by meesueiog fhe engyegtiemtizity efthe speribotraginbaed ketacdyrios cdadne with

a deﬁﬂg@ SL%glIatQ gt?llﬂel%gt h 91? f%l\gl %‘crffvgﬁlt%? rz%é gl%eig%l%‘(e% é}l/l.grr%?ﬁ\gglassay, such

asm0$hb®eb@ﬁquences are incorporated herein by reference.

Addi ti onal non-naturally occurring gl ucose
[0240]d & hy e vgesvisoiscompancenhefan ggucpetriossofvont sysigne may be mescible with the
aqueoxﬁ%‘b &%HF AR %@t ﬁJ )éqﬁgldrpﬁ%slé CJTIII%B bt ?Qﬁ% En‘?s@ﬁ)l r%?dn%%l%fé with the

er nare pro ded on publication
aqueoeempIB05 pPOYEE 1Yo Aadd PIBES/ @‘mmmllwwh@rh@ adieop$ gyt syftem is
i r ' ' . 1 ef 0 i

emplo%?]afg %Ssglegee%gcl)g) éyg%g(g(ggtg éxjan% &i')s/ﬂééa@%f r1‘]11r 7 egéaﬁﬁ%glvel{t, o?r’\)’i?c]% ‘Versa.
Generidit whevdueneres eatohicyiaggen edtitivddoi isrdsgitblednsclectiasuginedlvent
“[hat caﬁ%% fé%&m%argﬁ%frggtﬁ%?aﬁlﬁ%gg %}%ék% ¥in gcf:ne?atl tfleeét% O%Qélltto J‘rgamc solvent
in the progof venisyptgmay typibalytin tho Zange pf fivdom Alpyt 9%19 tp @qu PO (V4 organic

mol /m n/ng or higher in the assay described in

Exanpl e 4 of PCT publication WD 2005/ 018579.
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[ 0238] The ketoreductase-catal yzed reduction reactions
descri bed herein are generally carried out in a

WG 009081404 Sui t abl e sol vents include water, orgegii/vS2008/076333
solvents (e.g., ethyl acetate, butyl acetate,

1-octanol, heptane, octane, nethyl t-butyl ether

(MIBE), toluene, and the like), ionic liquids (e.g.,
solveni toetatyr) and bomtedry30:20 ad 20:80 (wiv)to@anﬁfsbluﬁn abwatat he co-solvent system
may b g ot S5 0ER0 A R S EE r R E PLIPp RO E G g siipghe retion
vesselt he like). In sonme enbodi nents, aqueous solvents,

i ncl udi ng water and aqueous co- sol vent systens, are
[0241]JuSbddaquE@R BdeIE&feamloaaqpeaqweaoﬂsem sysgol) vemtbe siidufomsd bawbuffered.
Genera}{ﬁal &b re%ﬁgjtlo N6 & callRG Sy tat?%ﬂ ?abou Y(? tbelow usud R 1%E[haelrange of from

ryg solvent conmp ' an aq Soieye(RY
about symbemn 10s Irssretrecctnb@khmamh thetreducii¢n 1s|oaarsed cmbat aqohpl abtnﬁl9y)r below,

usually 1n frd r:ar\{vi%:‘] t fIIOItP’lea%)qutSQO gé al%%oﬁnzrxg%maeAPsp{h? ?egigak)é is carried out at

@S can be rea
apH 01ﬁebmu8 pirglavh eftennyhmangﬁ oﬁfrbmubQuy 5 cm‘ auotnte% smhshzﬂ]yemlthe range of
from a%nlgl6 1S5 eg8 kﬁlt QL ugtlfo(%{n?asyeals%nz arrig ouct1 tta b01r1]te7d8 orb low or7.5
trate of eres he Candi da Vent sy

or belaw. | Ahtezmaugela,nhanwm may bﬁ\/qati}bd&B‘GEal}er@lpﬂ;]l e a&omtl*?os e
descri bed herein. [0240] The organic sol vent conponent
[0242]o Dueing theuenwsf dorslttkantacsyst herpieayth ecaptimaniblues maytdhange. The

pH of {hE Feac ARUSTUTe Ig%rr@%oﬂ?ﬁ]{l}%ihecpart 91\(/1Ie %jeR gH A %Mﬁg la%e%{eg Bi—lgalﬁe by the
phase, or may be partly mscrbl'e’or rmmscrble wt
additidntvé an agdievusscompg Herbyrsqefohd rdicign. t Alterhatigely. dhqiftases be
| -
controggn%%g@lené}én Ia Igl% sgfe\]lf:rg gl#ég%)ﬁpon%gseasbb%#f\éﬁ rakglllt%[}{g é\nlﬁ‘ J13 mtamtam desired
pH rargespekised in theart aod gamile fackanie, ,ph@spham lodfey dnglzmnolamine buffer,

and theGﬁ]H?Ie '@ nlg}/nati%@ oF b%ﬁ;glﬁg Hlﬁqo MR or Bast %hé’ ﬁ&H mAY A&

to sel ect an ‘or gani C SO| vent
[0243]t k’\%en %%l\.fagsey gﬁﬁgée hf‘(ﬁ(%ﬁﬁg @&a(ftgrqg%%ggt}ﬁq% S e‘ﬂ{b@o@gd the co-
produ(ttlhe Of:giu@micweudt(pléwfé@,ms represgapidon I‘:¢1u}1t1¢m( 1} ¢resas atn:gél @fthe reaction

B e

reactidneniweeerm@ e 2grimeined20 8 degingd \ey cldy gandaed bdfeviegitechmaques, wherein the
f

buffer%ﬁ%g%f:s T}{%(e?n&gmts, 9%18 Sé]{eo a;tgét/ lﬁ%ﬁmﬁ% &?chg%r&fd%la,to? Eggg 62&1{1&{ of a base

concufiept st thiervowia of tharontrasiore AomitoRtionsed beffering emiehe Adigion may also

be useaqskg&t}l% bﬁ@ér%/ erag C}X‘ﬁtd%ﬁreg Blf-l?ﬁlggsgﬂé dﬁ[}}%g glﬁ%@t Sﬁﬁﬁfe%@es for

neutrah@d@m: oﬁ gyvotia aciph erceaganic ddsco er canmple piings, a&b@dts an@thgdike, and
r t t
e e O i L
bicarbeitategsalp{egf, Ka@@ﬂtbaglc ohosbksdtoslts (eugs kaHPQ-, Naaﬂ(hb apdithgbkaof The
additiJn ogglbgs% %Uﬁcuéel{t Qi gttoulge oiltﬂe éo%@ﬂgm%dg an&alﬂg while
reduction I's carrie out el ow,
monit@yfng ¢hre reavtiohaixtaape opfnofe @m@muy, by usiog atbowemaic tigratdr as a pH stat.
t
A conf R R 1A L AREN Ly .
or below, or 7.5 or below. Alternatively, the

[0244]; &¢hge bise ﬁdciﬁ;@n ipemplgyqdjte geugralizeglusenie peadl rofaaiedidurng a legtapeductase-
catalyZed rcg(ﬂgt%]rea%ﬁﬂ 0 p'i(!'é?esg ﬁli‘{ﬁe?‘(%ngérslt)llﬂﬁ& GIHGTHoRA by the amount of base

reacti ons reaction m xture may change
added Rrpaintgiy thsf pH. h“évpﬂ@ﬁbtbﬁ&@ﬁ agies toumbutiqagd b @antipilnbudicrrd deagtion

m1xtu1g§§x}e¥ @1@ c&ﬁgecbrf thid rsdﬁbpolpargﬁﬁﬂs([ ﬁ"lcil ﬁ’édug M$n§)y the
dition of an acid or base 8ur|ng the course of the
reactlon Alternatlvely, the pH may be controlled by
usi ng an aqueous solvent that conprises a buffer.
Suitable buffers to maintai$ desired



pH ranges are known in the art and include, for
exanpl e, phosphate buffer, triethanolam ne buffer,
W@a9Insao4 | ke. Conbi nations of buffering and aRCTIUS2008/076333
base addition may al so be used. [0243] When the
gl ucose/ gl ucose dehydrogenase cofactor regeneration
systemis enployed, the co- production of gluconic
[0245]ahi szbn(emﬁbsdim&)w, tizzscorfaporasgentraithg spstan vat doowprifed  foaases
dehydro ena H ”[%fe etrrtﬁse “fE)r%laa et e‘l?lndro rgn%l(steuggi IF%I—fj’raoep us (LmEerc%an cably herein to
PEStrt i ng agueous gl utontc acfd i's no ot &
refer to mﬂNAEr DMDPT&‘@GMMZ}Uﬁﬂhatmmtdsm avhversigmeof faynatzend NAD' or
NADlﬁ% (fr]ailtrbonrclheoguda &e lrt}ngle II\fAeI%b u?e}/sgectl XI t r(gr](rrlllgf’; éidhykc)iﬁ0§enasesqgat are
sultablg Ifmamasmoﬂcﬂodreg@letaung $ystetns frf the kwgedm‘psﬁccata}yzpd wdidied reactions
descrlbed hel)éln i %u(f q)d{hcngn \r/ael Plfocglrr?nag(ij%a?eocpegi cﬁéﬁaﬁs@"" ! ?ﬁ as. noa -naturally
occurrangdorbm&elehz;dimgenases Faymad dadydrbgenase theluSuihbllogedpuddirgrts SEQ ID
) i tain des a SGL be .
NOS: g(ggljt}:eg 70 ass%gat}dor ‘?Cﬁne@lzj aabogf ll{;t If%cn”[j 1c t{j)gg}’](??%a@g(? 13579, which
are en@ided wlgﬂx;mucledﬁais eguerfcoy coeneamspcﬂmg a)rﬂEleI@ N@B kOxind @b respektively, of
PCT pé@%ﬁ%ényzgoaa?g@ &%O({lg:coglrl 5% (% Shgc Saé co orgtnyﬁer%%oré(ﬂcge
Formalgi cbhydnmasts&s salléysd (rethgmpth&&m)mbec_blwlm V\tﬂa‘(hsmamélysmhirsng or
non- na(tur lgr dccurrln Nga it a c’t1V (%‘ att Egst lall)oiﬁ 1 Thl?mln? ddi S(gme%mes folt least
hase con ur Wit e”doutse ot tHhe eon
about tﬂag«ndzi&md/mgeom feastlabgut \Nbﬁ pnel/migngtuprto aignut He umumtrl/mg] or higher,
and carmb? readl ¥ £retenetdrf%rta8{1 e CO \éea%lag ?esinhfbed ,R\}/ Exa :1162481 I on pu,Phcatlon WO
2005/q3&5 19 aI buffering capaci ty and base add| tion can al so
be used for process control. [0244] Wen base
[0246]a dd utad duareins the tgpin G Yeedatt drefeeuto faimaeenigh (G0} ¢ faaupicdicid (HCO,H),
d n y
and m&%re%qg'e?g)f ?{{Jm At n%é/r gg%vﬁgg fnﬁcﬁés %)Bnﬁég %‘ %!ltb 1ga1{}/ agléﬁ(tafl 8 ammonium
salt (fcrmmmmer éiSEbea tﬁf&@ﬂﬁhmndmlﬁe Idas & thathdw e f foomivacidt Wplnalbhqueous
formeac%df or: yIHié&l%l |t1¥ %‘eol? aﬁo%%lc%g%%g% Blg(\ileg;?? %J(i'lé eﬁl% ue%us s%ﬁltl%){ﬁs Wi }Mn several
pH uniteduts pKa (pkar-8.7 addetdr) iformalg uemessnisio bonthﬂﬁb anS S51GARH in equilibrium
concer%l%g%g()%@ﬁﬁ Valu%%{byx%za%&%/ g?lgép %(%glatg II;I]S e&“(fo]mﬁ%a%tslé gl{ggerrﬁ[ as HCOZ When
formate gyypovidass origracalt e redethyldma‘genasfmcaﬂmmfﬂeed msm‘adedcmtlélc by
N ne -1
addln%a%éjto%?o% (ﬁfﬂg (éerglre% gﬁa:?ﬁ'm&gf a3 ﬁ& é&gﬂ@ Q@Q éér/]s%sy f;?lri‘
neutratitagion ety zedint lude, burwends limtedto, C6rgmmtaeesafmd exsAiDhe aprines,
alkoxﬁujﬁgﬁg th% ?1\1;% l%ﬁcp %Erggﬁlg ?Asgs f(ﬁ'@ rdgen (ﬁé}gﬁ# %alt {%e,gf,é\laOH), carbonate salts
(e.g., M@%mlbwafbonatm%s G d@ﬂ@@)t osicpbgphee st (e SY$tPORENA:PO,), and
the 1ikh he ket oreduct ase-catal yzed reducti on reactions
descri bed herein include both naturally occurring
f I -
[0247] %{}ﬁ& %h?e‘é‘?%@ 9%%?@% ‘éya @%alé‘rf{;gﬂédggee}?@%@dhﬂﬂly LAY as HCO,,
Equatide () dclo‘g;edms@ss theirmate dtﬂydrpeer@m ragdyzohuidvagion of NSEQ PINADP by
formatNCS: 70 (Pseudonpnas sp.) and 72 (Candida boidinii) of
BcT publicati on WO 2005/ 018579, which are encoded by
pol ynucl eoti de sequences cor respondi ng to SEQ I D NCS:

v,
6% ?81%&?9%&%5%: scl osur es oﬁlvvﬁ”@lhl g?él ?Ecor por at ed

renc For mat e deh as

02481 SR Bl B BRE B B et ST LB ol epyion system,
the pHOE @herredciigh mixturimiy bahbin@inky atabcdesirddrigyel Byastandxidd ibbiféringn

activity of at |least about 1 nol/mn/ng, sonetines at

| east about 10 nol/m n/ng, or at |east about 102

mol /min/ng, up to about 103l /nin/mgy or higher, and

can be readily screened for activity in the assay

descri bed in Exanple 4 of PCT publication WO



2005/ 018579. [0246] As used herein, the term"fornmate"
refers to formate anion (HC02 ), formc acid (HCO2H),
W@aIMaB0ur es thereof . Formate may be provi dedPGTUS1968/076333

formof a salt, typically an alkali or ammonium salt

(for exanple, HCO2Na, KHCO2NH4, and the like), in the

formof formc acid, typically aqueous formc acid,
techniques wheteiir ths buffee redafes pFeosnsiup teambé bluffesing cappad srpatvédedcirdy the
add1t10n|{)f aquck(g g(%lcéﬁroeln \Ev{t}? e cé’ﬂr% glrf %g?:gr\{vl%és?onr esglé% ?enaé:éds 6 %d'dldtp%S the
courseajﬁ dle I-l'mdﬂi to Ima@opin J[hle pHiiovtudeoosacie ratldﬁiﬁbr(mamplé«tarlp]jxly}d(azicubsmlfonic

acids, oveon%\b?é)lldt a ?I the ’hkf cr)mrrlre%l%mlds fcp ree Anple Eyadrr]dhaﬂc suc@F|
ornmate 1s S Tormc I

hydroahaic tatid )y suttuxit aeié, phesphynii accaiL thl tb@Jlﬁlfeezoaﬂc oitts, rfadaaaﬂqus

. acidic d e pr re
oGP o G e p O amul e L SR R GRSy
embodimuttsnailuzez Mmmramdf wtﬁamhmbothakm fdrmmctandmratlmmtanaﬂe phlatf the solution
are ma1 L lneded to, organic bases, for exanple am nes,

al Koxi des and the Iike, and inor gani c bases for
[0249]e)é&ﬁ1rrg am?{la dr qg( lc dq(():yalalgoo Irl_’llaal gungh Ql-ll\lélt g a ref (%?ﬁ%c 10%1?slldg§the
fonnatp/rﬁ@sphalbhs'ds@en%e ¢ Faagr redéRddROM sy B Iﬂ@@rogr%ﬂ df tht benvkisioe may be
For I abov
momt(gre e amoun 121 I’?lﬁ%a(li d? rnaln?arlnets%e ]{-1 Egpl% aci a%ﬂcea é(i lim(l))Hffered or
partlal(yZ))inbeH mnptmiemxmlreb eserttﬁee;oﬁrm ofscoaversion are added in aqueous solutions.
dehydr ogenase- cat al yzed reducti on of NAD+ or NADP+ by

[0250]f dher@tnes. “ch@ydakaohohdeMD()@)l&se’F@td SADD2 are udADOfR)ckhngeably herein
to refe[f Q)Zalrdl A[ym(g ﬂlﬁ[ﬂt %e%a@r{g angr% %¥ Satdt7dy ﬁllr QAR ORRS 0?% ﬁecondﬁy

yed as regeneration sy ste
alcoh@ﬁndﬂh@Dr@a\@%Db rto ranke(ttnuﬁraad mh’;DHber NzaDHHaneﬂedwaly tElqeation (3) below,

desrtp R B S 4 AR SR Dkt bt

rel eases protons up to the buffering capacity
ovi dedoH or 4he sABddi t Don n.aci d concurrent
w)th th our'@es df The Cop)erSI(R‘ (a'éur't able acids to

add during the course of the reaction to maintain the
[0251]P Bk doR@eri S0 AT @RANirEgcAtdes that Jr@guuamam@ L& £L3bha¥YkE@erating systems

in the ae?cégggdcﬁgql::%{t b %Eeidgélog ?%Ft?ogg E?psﬁq?lgd %%gélpde@otg&awgally occurring
seconc(a%km&bﬁaﬁiehm&geg@w cag lwt@% %ﬁdﬁ%(nauﬁdﬂyfou&drﬁngaslédt:dﬂldar%l alcohol
0s oric Cl an | Ke IC salls or
dehy et Ny af%la*éﬁﬁmgg%t‘ Stonfud: Tpgengses mglugplpyn alcohol
dehydﬁlg&ﬁ!;efs &oh, SRdrinSarkeRoblum ISR Yo @EksteR@nrbp i€ -LaSOPR:llus kefir, and
rrents utili ze form.c ac:l"g, V\,Eegﬁb bot h t he

Lactolyigy fﬁa TeViE ARG R AT PCHRENG re0ngrY dreoh dehydrogenags medg

engincdRet Blcalhdn Q&gdiogﬁﬂ%]s dhen ﬂ@fdﬁgmadéwnuﬁv alcSho® H@iyarwgdlaieﬁ employed
e p rhng a re uction reactio usi n t he

in the @sﬁhﬁéﬁdéyff%?meén a@ﬁg?arﬂ%%ﬂ%@écwgawe? n?t@r@@h%%camn&ﬁnay exhibit

an actlsyﬁl)ﬁmeaftt ABoup !l QELESEE/ RS, s6HQInG BVIEAsBABAGt IBMddehin/mg, or at least

by the anmpunt cid added to maintain the
aboutbCH“m? ﬁ‘?‘g‘ﬁg 1w to ahopyd &E‘B‘Z‘Bm?“%‘?f fered or partially

ed r action m res over th cours )
0252}, gW\Fg s*F‘i?ﬁ ay alcoholpdpe ‘il‘ﬁ I%Wé%cﬂgd "gﬁgc.? a"—‘/{@%ﬁﬁ‘rb*f‘ﬂlé-
Examﬂl@rdﬂiowes @saof]td@raycoable ﬁiﬁ@lhe Qeﬁl‘yﬂﬁl@@@?ﬂﬁﬁ)l amdh;{\llAszWrﬁDJr no@ ke
u n Irc ereln L refer to an or
pentanﬂnﬁ\ intafggérﬁd%ﬂ%&l ﬁ% 5%110& Ha¢ theﬁﬂz%u Y pag epippdingegh (e pesppdary aleohol

is isop@Ipav]l SSGABKaFY-akyl carbinols include unsubstituted and substituted 1-arylethanols.
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al cohol and NAD+ or NADP+ to a ketone and NADH or
NADPH, respectively. Equation (3), below, describes
wae bwopsdact i on of NAD+ or NADP+ by a secondar yPGil/usde0$/076333
illustrated by isopropanol. OH sADH 0 (3) + NAD(P)+ _
+ NAD(P)H + H+ [0251] Secondary al cohol dehydrogenases
that are suitable for use as cofactor regenerating
[0253]s Y&ter asecondaryt diehkind B@dnldmazﬁeahohdehmm@dase ead:tmtpilayad as the cofactor
regenera%ao% tsxs?el?ns th%ge:sglgn gl%ﬂlae(l)r gléﬁ) i Je ugca l% téeﬂ (éoglafehl 0x1dat}6n of he
secon(hsy arlmhelrtathmaﬂohg/bme sncnndagr a&c@hoirddbgrdyo@hacsa h&ime engmeered
eh nase CCuUrri co cqhol
ketore I RS E v N s R b RO RS Byl
embod‘imﬁma usilfigeseamdam aloddiolisn reduotakd, the eﬁgmﬁémddtetmm’ﬁuctase and the secondary
Lact obaC| | lus kefir, and Lactobacillus

thro
alCOhogd%ydrofg nas c?rethe nat urarr y occurring secondary al cohol

[0254] d drry% %Qt%%n%%d eﬁts %9 % %(i;](r}l%d NEEL gaq zeﬁ Qegluctlon r?actl(ﬁls described

enases erl ve ere rom con

heremd&lby)&mggeo@selsregmpﬂa‘@g&eﬁstemmnﬂlhehmdlmds)r c@s@xﬂfdu‘m:bf the cofactor
may be }%Jowded 1n1‘[1af'?§(Ta S des%lb%cﬁ '{%l an eaCé) ac{or Fe%ene]gatlg{? Q}isegg %59 IS )6%<1dlzed
cofactdr toro$ feduldad lfcgl;n whidke tsithomsitibtedlieths tedad:tmmtof i8] kuoieﬂmntasé sidpstrate.

or at least about 102 nol/m n/ng, up to about 103
[0255]mbd domerq:irﬂvgdimpnthicgfaetpr ref@26An Sutcina bk @ogwedb fareduction reactions

. : I

carrle(géru;f/ l%?[%lﬁ tlie ugéa &gﬂ_ a?‘y\? lreg%%fageﬂéj%s%m? Fea(!\;{)g;lrc%é 2%%%6 to the reaction
mixturalircmhlmeéfdnmcl ude i sopr opanol 2- but anol ,

3- et hyl - 2- but anol , 2 pent anol 3- pent anol
[0256]3 nggsogiergﬁﬁ)gy lnh S, %teﬁl roc@@% (,IaEr?ed 0{11.ktgmg IV&HIOI%Q:@HS of the host organism,

ment the SECOﬂ ry al co I'S I'sopr opanol

the whgleicel ipla nativgly -padyde thearolficton| Altérmativels er irvsubimpticnyuthe delbinay

ra BBt RS 808 St cCondary i conol and
102575 BEQRIALYuAhE 0 HERY UAURRASR GH: AeLAMIRERT, B hlifered

cof ac 8ener ation system resul ting

ketoregympercrizgme, citld) eycbniaymas isempraning] thejondivial aefeesor regenﬁlh@on Sy Stem may
be add%ffﬁ)cméjl%ﬁéﬁoﬁl Lhateln &0 kRSt hl%tpglnﬁed%z}n%g @&@@&ﬂ@fr%sformed with

cohol dehydrogenase. Sone engi nee ket or educt ases
gene(syprsgdingithe cerymicyiang/on asll detkagty ra@@@rrimaées af giele erlldafle gene(s) encoding

I
o cnBh B 8y BT SR FRIL S 481 s i
transf%@@(bmédmttcagsa%eamrelvWétogetb@n@a ﬂy sarg¢ hﬂﬁh@lﬂ Helrgramnplgan agrac
embod?tﬁ td (Hl% sé%?ﬁos?&@lﬁ ey be[tggé‘gllmeh %1&%%156“) @gcogfﬁ% the ngingered
odi ments of ket or educt ase-cat al uction
ketored@&é@ prgpye dukempihpresdt cap be Bimafoamgrl wigh gage @9@@@3 the cofactor
re gene?a%gﬁ é OfbtR ye?st & %ans%ﬂtﬁl@ Eelfs |3§n Mti"ﬂk&ﬁggeg{er fnqgéﬁ%%‘#lon mixture
formof the cofactor nmy be provided initially.

in the ey of held cadlbov én the femediysetesorr exteagtsriereaditerelops tle mher
BT L S A R G,
enZYmQ @hﬂs‘ﬂlﬁ gafector rpgypgafjonjenzygnse enbodi nents, cof act or

enerati on systens are not used. For reduction
[02581r & cghstrangfarmgderithaasne(hi enersling tharmginsaedketeiedupsscangyme and/or

the opﬁﬁﬁp&%cﬁ)tr 're%gne%)fﬁh %ﬁ%fmeg B?ce@l%ﬁ‘&jtsoo{nd)oﬁ Bféﬁgqgeréoq IBEB’Q)G employed

reaction mxture in reduced form dj]
in a vagigty of Hidierensfornh ialudie sgidde gs ézoplgh@éﬂpra@ flé@tanﬁb@ﬁ tilge) or

SemlSdMa%g £&lliSpa9f) the host organism the whole cell may
natively provi de the cofactor. Alternatively or in

conbi nation, the cell may

88



natively or reconbinantly provide the glucose
dehydrogenase. [0257] In carrying out the
wGe@pepeed ecti ve reduction reacti ons descri bedP¢ED£I00§/076333
the engi neered ketoreductase enzyne, and any enzynes
conprising the optional cofactor regeneration system
may be added to the reaction mxture in the form of
[0259]t e q:nllrebcfrzio&d)r eﬂk}ym ,magthbo pertielgl pusifitd bysbopiredn @ninfonium sulfate,

ncodi.n S nd/.or .ce xtract
polyetgﬁed(yeorl %gagtrg%tmo t oL ﬁlgﬁﬂ & plfox owed ¥4 desglrtllg% gr)ocegiﬁrce 6)(1:]10 FR

1y0ph1hhaﬁomﬁag; nﬁmfmchnbetdmbedumdalsaehmh ZAlﬁyB)f drectell hEpzurpﬂdnS)maj' be
stablhﬁe% b?l cros 1I gsr}rg%r aI{O or(]:roess i 56%%1’% sucE %r %}Qasm ?eﬁgF aral ethyde or
1mmotuhaiahon ﬂé&rsobd@mpﬂ eg., iEnpcsgm@ ang medﬂte)rre nt s one set of
host cells can be transfornmed with gene(s) encodi ng
[0260]t fibe shidirqacente k. <. l@ﬁtmeeshhtsteas)enafﬁxwmd@b noudten isetaricty of
. f vv| eneco 0
dlfferer%ff:l t%mt?sé }ng[uﬁm pgvr&;(rigeff‘ e. %)h?hze ? edt ?néiﬁg %r 2‘9% Il %:IQUISIOI’I
suspensian dné thetlikb.i leeztc@getchlebe neudllthphma@t qr(sprayrdlxetdmsmg niethods and
f orm of V\,hle cel | s eformof Al es or
equlpmen that atre kné)évlplt(\)/ d lﬁwm 1;.d10nrail]ry s'krh in t e art For 131P n,e %grotem solution
can bel‘fwtn @ e30°C cesmaeliquoan gkto adtbdi twa nrh:hgbd e}(osl)lhmmom dhanglyer followed
both_t he .engi neer,ed ket ore
by the agl%hcat on of a é’gener 4 otﬁe reerIPZOWI}TE atl%bi%(gg]ﬂle%m]i)les Ite[n%perature is
typically @issd tor4ﬁ® or ¢ lnoug@w@(rsyeleafmﬂ ahen@cduhmnd mgrievebofelk lyophilized
ket oreduct ase enzyne and/or the optional cofactor

samples.
regener ation enzynes, or cell extracts and/or |ysates

[02611f Ifl‘“ﬁér’]@%tmtheg%ﬁ chan?m f %[ﬁ%ere%&tlar r;e%%]:%)lg l()v:‘{llz gegl’er(hl}fl I/a?{/ 8&)%nding on the
quantiigsroiyrodudt éds,lre@ rcmld ¢dmeomiitdné>) the rankgarrbébfltcbrddll@esegpubsnate@mp@@ ed.

mhe ShEL DV, R00900 40T LRRARSH QTSR 07
optionplgofatfoeggtgrapgpresysipmttabico IGe(laaﬂim kéto pobstud tésabe be employed ata
concexﬁ%}i%(lgé\fggl)@aﬁ ok éﬂ%tain%ﬁﬁér u‘élﬁlg %In‘%%ut 3h mgqg allolult(g £ of ketoreductase and

t1ng pr
about | 8/mp ki 4bioztdt50 o1g of eofgetor. (Jhoyedbvihg mdtnlamkllldn aieytsl“sll readity

understte!ﬂg E)l!)‘ivit @Q@é 9£nt1‘t1||5'seto (anfot thQﬁl?(pﬁg al‘siirgﬁl Byl QY Ikaguctiyit and scale of
éy crosshi nKi ng usin ROwn CF 0S8 I nKi rTVg
produqlge nABprowmuamltle$ @ﬁop@mﬂrmf@ctorgtg@nantaindmw mapbe readily
eternh%g%? idt]f\@g)ipgﬁlggﬁatﬁﬁég S?g lglll g@%glg%étgﬁ St‘ac (ggg(ggﬁietore(a’uct%qltlhzed
In gengral, the redattent)e. sragludvec, firrowicdieebrepanelhis utibad i lovels aboee the equimolar
L, r
level Ol\f?/%[lp))%? cltagée s(}lbgtgafrt){ tgy érvle ee%eﬁ't{saﬂa ﬁél&? ﬂ%ap(% ?crtei éo%v&swn of the
ketoreduvtass$ubstrate. suspensi on, and the |ike. The react ant s can
be readily Iyophilized or spray dried using nethods
[0262]afbe ordepuif pdrativin of bxattants & nkhwoinalt dhe tradantdraas begqrddeddpgegieyat the
TRt
same tglgéntjo 61 esblP? ge% %&Opggfé SS%QHHJl a51£ FcﬁJegl[osQ:é %l)l@ eggrsag{d the hke)
or altegnafyyedsc hrhd &dhd IywﬂmtSImazydmaddﬁdemmﬁéY, and mmedwther ttyhffeh@t time
points a?@lj elx IE Qﬁ]s (9) aca)r Ye%ﬁﬁé%on '%tsteﬁ{ cét@cﬁorr E@Q&E{cﬂllctag{ Meﬁ)rredu(gase
fromthe 'sanple e tenperature 1§ typica fly raise
substrgtemayCh¢ agided fast thd@rsslvméf ore rel ease of the vacuum and
retrieval of the |lyophilized sanples. [0261] The
[0263]q fiamimptovedmixfingregizdengn vhengneadugons eheolyeathiystemn dnused dlestdofsator
regene‘f\ﬂtlog u}%‘t:eﬂ? E{@tlnlex a:Ya@g }égﬂjcetﬁfcﬂg'nﬁ b ﬁl(feﬁl %ﬁ ﬂ&@@ﬁl‘totthce?qu%us phase

desire concom tan e anount
first. ﬂ@t(@gae@m@@sa@@yéhmépp pdded aedﬁplxesj@dfollo‘w@ fyolddiggi pigthe ketoreductase
gui del i nes can be used to determ ne the anmounts of
ket or educt ase, cofactor, and
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optional cofactor regeneration systemto use.
Cenerally, keto substrates can be enployed at a
w@omeesisat i on of about 20 to 300 grans/|iter RGI/H§R008/076333

fromabout 50 ng to about 5 g of ketoreductase and

about 10 ng to about 150 ng of cofactor. Those having

ordinary skill in the art will readily understand how
substrztt@ Adaangaut/hgshae Iptraertuic tas casgbstate tngaiy |bo preftivedhit the biyenid elsdse, @dior to
uctivity and scale of production.

add1t10Rp0 ?he a ueo cflase

quantities of optional cof act or
[0264]r ggl?a%?erc%}lélp ions %(yrsctol S8 tlgt%(e{o ctas¥ cata tzeedrrg(}ucte n reXctlons described
ne exper i nent a?% on ase on the ?
hereingigfaie ta a»ndea»radét&) of kmﬂmuo@dmlmtla@a betdallilyzeptimizell by gemee @&lpgrimentation
UGt an i ropan [
that 1n£1%1§eis bu‘%j rfﬂée\%lz g:mg ﬁ} %gmee?edq;a{o?e}ductﬁsg\%réﬁy%g Tagcll gubstfsate at an
expenklem@rpéﬁamlttmra&ub slt(hhteetutg(prmum &v exaagde nsingtht ynethods described in

0 ar conplete conversion of the
theEx%g? é\ﬁg d<[;1hs?{ae€f‘substrate [0262] The order of addition

[026518.33% lgc%?r%(glg{aaeeéra%gtz ({ lﬁﬁ CltlE)Ill %Qyplca-lih g%l{lg(ﬁ ourt tgmﬁ%mg §h the range of
from abron @ Pl ats inleous 33 °Ce Aibr, sotmie pma@dlmelaq [ﬂ@CIEEEtIQID}S sotiventt at a temp erature in
the ran%X‘B}‘ ?(q}l a4 926 e% Lﬂo £950C. ﬂlrstlﬁl {hg{er}r?bt IdlYneI it i%%?}% {) aha
eactants nay be dded separ a sone
tempelaturejlmftlﬁesamtof frpmbom a0%ntts abd§0#5°§x Eihkpte@qtlotl ey abcb be:ctarmled out

system cofactor, ketoreductase, and
under{lgﬁl%%ﬁg!i Oglge substrate may be added first to the

[0266]S Qhé/ 1%5&(:“[1011 pe%(g&]n %%Eleljalzgpglf?)\{l%&jto 1§ BBure 1fl gés SW(}/OM%J of\itar
queous co-solvent syst ed, the act or
complctegghlenfat ifoubsgyts isaipfainiedt Bedutingt @is@stramd) m@xfuamao be mayitored
using %ﬁgg%?e?%gﬁggde%cﬁg ma‘{) atnﬁ)%r %ggﬁg ﬁltgmﬁgegthoﬁé 1{1?:1{1(?e g-g
ehrembtygraldm HPb6, avfl tIteH@te k@@rmelgntu cichbof 89 alpgh? 6UG¢108 @m@mt generated in
v
the e e e ateP iy 2o B A b RR) b iher BBboun o may
also bpgreaser, thaprabeut 766, mapdaliat heareaten thah ebcati3Bomsayphade g{e@tﬁﬂh@ 90%,
for carrying out the
and arf%&%p%ﬁeétﬁgggﬁ%g%%yzed reducti on reactions descri bed
7 qgcl ude a wide variety of conditions which can
’ be rea&“ y optim zed by routine experinentation that
[0267]I %}lé{g%éa’t psl’htnd k@b erltg @tltleecqsciogure g%rﬁh?sgr ﬂe(ﬁ]gl tflé']f?)llowmg
ineered ket or e uct ase enzyne an strate at
represe»mere Prpaplcal wipth axphteandevte batlhwteatlael dndiedt diotitingg pr od uct
for exanple, using the nethods described in the
[0268|EXmthp fodlowpe desctipidbnerhsiayer qlm&'f]ehﬂdﬁ@ek@e ¢l bis veesleit is GDH
CoXSHRIBIER HORANRN Gl Sorl6RL SAYGGRAA] ed out at a
enper ature in the range o rom abcut 15C to about
795G Fer n§ 9? e”’%ﬂ%‘ &ore&f&%sé ﬁ]&s iSn %r%déﬁﬁlcﬁ&& of
at a tgg@ ﬁ l,uegto e range o about 2
about n stl ot her enbodi nents it is carried
0
026908 Ryt ?ﬂ}ﬁgb?%lgéﬁ?%%nme B R
reportegkAnipmacidcsgmetingd Gk, kefemeziea}ise?h@a rasign eptingiAatioa glepiithm 4s gescribed in
Exam@@ 0 gf @é g%vﬁiohﬁwgalcgt@onpsreﬂglw 68V Qig éS 0GR %20@%&876 incorporated
or ne conpl ete, reduction of substrate Is
heremcblmreaferﬁl@d Gread wvstd sopthesized uting ¢legpruciagtigs @@Itumse%@frﬁbl@eleetldes and
[ [
clonedrmtg e;q?résgg)g E’(%({)rrf)gjsldg F‘@g@ I((EEB%‘%?%% gg}' I3 glgbﬁﬁeted Sgggs%gﬁ{ Aﬁ}h@anon
Publicatipn@Ret(d %4 phynderix @ntralrd atdveprotidgter. To prpegssivippeciar alselgontained
of the al cohol reduction product generated in
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the reaction m xture are generally greater than about
50% may al so be greater than about 60% my also be
wQ e@ansH04 han about 70% nay al so be greater tPERUSI08076333

80% nay al so be greater than 90% and are often

greater than about 97% 7. EXAMPLES [0267] Vari ous

features and enbodi nents of the disclosure are
the P154 dript ofat@dation atuhéhe chlbtaoyhenirol reeiptams gnﬁeﬂtﬁemﬁtiwlgpﬂicbsxgere
transf%%r(??lltoﬁg’eco}[i WZQ)E g(? l%langt %ﬁlgar%l éqe}hg ds. ch)dlat\le/ (gpélmlzet% ggrhess and the encoding
polypoptidss@verll gk listod @ Tidtbh)Bd Thg eniase of tDMld-type lsl&el(dduct$eslvsas confirmed

as desc%%gﬁi 1nqr%<pr&e151ona ta]g%hr(}% e%%%pﬁl{yegdjgzig%gpgl ;gle Sol ut i ons,

[0270]Ket or educt ase Gene Acqui sition and Construction of
Expressi on Vectors. [0269] Ketor educt ase ( KRED)

Tabté'é" xgbl'bé%a?'ﬁn's‘f?our"& antd réi%g%é&?og iéetgré&élaﬁgeﬁ élgého;c " ‘ ﬁ .

Ketoket or pMirctoaswismnd Genbamd de. Q$ilingd z at |i Retynadl@tdd t hPelgsptide SEQ

redugfasscr | fyerd whish Exgriyst e 1 of [US provi|sTESHRIN@ppl | BBNQ .o

abbreyigtion| enxyme &85/ 848, 950 and 02008042876, i ncor pptefeEd

herei n? aPlﬁfererce Genes vvere synt hesi zed us ng
identified . [ oo

AD
ADHXN9® Faes A‘ﬂbb’é@i’ff N 126’5‘7 AESEQ IDNo 2 |
?one m&ggf% expr ¢s§ioh- Vect|o paé O%lppm ctg Aﬁﬁiczﬁo?
FI G I'n Uni ted (St ates Patent Appl i kL QR Publication
Publ i cati on 20060195947) under the |cOmoigba0f Bodo@QR95947

promoter. The expression vector alsio _contained 90 W)
YDLy 009/ pHedeaper/ 33008/ 7633320 he |PESADON (P n| QD NO:L10
replicat?®f and tlhe chl or anpheni col| resi st ance| gene.
ADHR&S Ul | Laagbpilasm qSNKEr & t r|a3nsPoR2mgSEQIDNCEL ¢ p$EQ ID NO:2
WB110| wsiisng st andard net hods. Codon opti m zed genes
R TN, BNConi My | ANy PRRT %@?7695?1 WBSEQ PNO: 111 SF§¥h ITNO112
Tabl e| gymbhgisactijvity of the wld-tlype ketoreductases
- was confirmed a9 described in US rovisional
Slappl i caciermsst i gV NGV 80/ 4821950, [ TRABINO Hdb| RGP NO:114
Abbr epNiatt'8hs, squrce and rlef erenceds for
YPRKet or pSludiasess uged?_Kebtw-1 M66r00DT gariEQTDEENDANKSHE®, NO:116
G noj ceRobynucl eqti de Pol ypepti de SEQ reductase from
GREWMTT TN 0, 250t D N 0 14B30NO,| (8% 442 @20 Y%HIEIN(?WE I NO:118
was Sprf&Eiqe OFrigilnally identified |A CM Cand] da
L AB036027 1 12657876 SEO | DINo 1 LN ISEOQ 1D Nao 2l in

ADHnlﬁlig,no gﬂf@bﬁtﬂ@%ppl P48H Ug 32\1&6?%% At TEGAPPlb | i chti QR NO:4
Publ i c’&t'i on 20060195947 20060195947 YDL

ADHS#E c hp§rormydes P [GROUS9. 1 6320079 SEDBQIDNYD03 1 DEGEQO 104
| D NQ s:t@ricgear evilsi ae

ADH-SC Streptomyces NP _631415.1 21225636 SEQID No 101 SEQ ID No 102
coelicolor

ADH-TB Thermoanaerobiu | X64841.1 1771790 SEQ ID No 107 SEQ ID No 108
m brockii

ADH-HE Horse liver DEHOAL 625197 SEQ ID No 105 SEQ ID NO 106

ADH-CP Candida BAA24528 2815409 Julich Chiral
parapsilosis Solutions Cat. No.

03.11

DR-LB Lactobacillus ABJ63353.1 116098204 Julich Chiral
brevis Solutions Cat. No.
diacetyl 8.1
reductase
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ADH- LB Lactobacillus 1INXQ A 30749782 SEQ I D NO 1 SEQ

ID NGO 2 brevis ADH RE Rhodococcus AAN73270.1 34776951
WGEQNE4NO 111 SEQ I D NO 112 erythropolis YGPCT/US2008/076333

Saccharonyces NP_011476 6321399 SEQ ID NO 113 SEQ ID

NO 114 cerevisiae YPR Saccharomyces NP_010656. 1

6320576 SEQ ID NO 115 SEQ ID NO 116 cerevisiae GRE
ADHSalg c hpfomife bsdilP | T680I81 §334047%0 SEQ | D NO  1[1JnliGEDiral

ID NO 118 cereVisiae ADH|LK Lactgbaci |l us AAPSAQ2G Cht. No.

33112Pp56 SEQ ID N:3 SEQ ID|NO. 4 kefir ADH SB | 02.10

DHINOT OPRl-RR¥eES QQUUNI 30315955 SEQ (D No 103 S A0NRo.
104 Balmepkicol orf ADH SC Streptonryces NP_63141bs1%06

2192926 QR [« =i | n I 1f\1 SN D No 2 capli r\nl E
oY T \v =

[ 4 ny sy ayw ) ul_\( T 7 TW .I. [ CUCT T UUT

ADH TB Ther npanaer obi u X64841.1 1771790 SEQ I D No 107
O o RN 0y e Mo T
clonedBAB246&SHCXA 16900 JorkitpliegionGh Er @i Wpaonapsi | osi s Sol uti ons

Cat. No. 03.11 DR-LB Lactobacillus ABJ63353.1

176098 2Q4npléI i rebduCidn @K etolddasthss PO@UAE;i Shalse Flak Prdvedure.

di acetyl 8.1 reductase 91 WD 2009/ 036404
[0272]P@Tsiﬂg&216ﬁﬁfoﬁl7&ﬁa@ of BDIHiCBnttiang iaghtnsia i vditithe kdABBGHIS:ene of

Jul i e Sol utions .Cat. No 2.10. . o
mteresl.lfﬁ?ﬁ IE?_" TR §5 ﬂﬁﬂ%gé?rﬁ%hbr@ét"?mﬂ&ng 3 upe ﬁ@ﬂﬁ%@?h%lfgb%ld 1%
glucos[s.oeglﬂs]we%éryﬂhl oVeeaiplitda Seastiehik) ﬁlgarﬁﬂ(gibﬁteﬁrtedoc with shaking at 250
etogeduct es of sure were

om. (RIS RIS BE B G PSRt 7 S Ftract, 4

ml/L 2AB&D0O 65mM potassium phosphate, pH 7.0, ImM MgSOy4, 30 pg/ml chloramphenicol) in 1
liter flask) to an optical density at 600 nm (OD600) of 0.2 and allowed to grow at 30°C. Expression

c

of the ketoreductase gene was induced with 1mM IPTG when the OD600 of the culture is 0.6 to 0.8
and incubated overnight (at least 16 hrs). Cells were harvested by centrifugation (5000rpm, 15 min,
4°C) and the supernatant discarded. The cell pellet was resuspended with an equal volume of cold
(4°C ) 100mM triethanolamine (chloride) buffer, pH 7.0 (including 2 mM MgSQ;, in the case of
ADH-LK and ADH-LB and engineered ketoreductases derived therefrom), and harvested by
centrifugation as above. The washed cells were resuspended in two volumes of the cold
triethanolamine (chloride) buffer and passed through a French Press twice at 12000psi while
maintained at 4°C. Cell debris was removed by centrifugation (9000 rpm, 45 min., 4°C). The clear
lysate supernatant was collected and stored at -20°C. Lyophilization of frozen clear lysate provided a

dry powder of crude ketoreductase enzyme.
7.3 Example 3: Production of Ketoreductases; Fermentation Procedure.

[0273] In an aerated agitated 15L fermenter, 6.0L of growth medium containing 0.88 g/[. ammonium
sulfate, 0.98 g/L of sodium citrate; 12.5 g/L of dipotassium hydrogen phosphate trihydrate, 6.25g/L of
potassium dihydrogen phosphate, 6.2 g/L. of Tastone-154 yeast extract, 0.083 g/L. ferric ammonium
citrate, and 8.3 ml/L of a trace element solution containing 2 g/L of calcium chloride dihydrate, 2.2
g/L of zinc sulfate septahydrate, 0.5 g/l manganese sulfate monohydrate, 1 g/L cuprous sulfate
heptahydrate, 0.1 g/l ammonium molybdate tetrahydrate and 0.02 g/L sodium tetraborate decahydrate
was brought to a temperature of 30°C. The fermenter was inoculated with a late exponential culture

of E. coli W3110, containing a plasmid with the ketoreductase gene of interest, grown in a shake flask
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7.2 Exampl e 2: Production of Ketoreductase Powders;
Shake Fl ask Procedure. [0272] A single mcrobial
weodnge4of E. coli containing a plasmd wth tPE&I/US2008/076333

ket or educt ase gene of interest was inoculated into 50

m Luria Bertani broth containing 30 g/ m

chl or anpheni col and 1% gl ucose. Cells were grown
as des@ibed i Hylatpledtto b s@sing OB6NO Si)O R () 280] Thederbabtor watagB€d at 500-1500
pm a h\ﬁsé Ql?pg)r %1":16 fém‘?etn}?{l?t?] Sse it 1 % f,{smrlr\{\% malntallflltélief(sj?l}/_el?itoxygen
level of é%matemtidira@tg;reatbr Titik pH ofjthy ccelmda wa%ﬂﬁ:ﬂ)l]@dtﬁ'&%@ bjda‘d,dltlon of 20% v/v
ammo%%ﬁr%i‘:@gli%%q?l% 8 V\Zh ?(fthei quilvt{ér?]/gvos {ﬂam:t)’ ine ) mthecaladlg d{)ke ecf fl)ltl?)n
contaidi@DEOF)L @fek@;e 212@ﬁd arainbiowe cdhlbndegande atg/BﬁEgneEmp smﬁm on
heptah&{j}rg{ﬁmgﬁ ltzioszglgbru ?e%a@l?eﬁi ?%fét()pj\?i S d ﬁlgt %)‘g}%gs(sWntBP ]ée:l'(;pe\ﬁuatase was induced
by the iamﬁﬁldaadprmp}dFMDg]nibga(l@;tosi_de éi[§'ll“Gl© ahfimg) con@ﬁhhtﬁ)nwé ﬂmM The culture
was grtowtel ¥osr &rﬁ(g?eﬁg%f gﬁengl }Ilse];clgl ég/%p %ne 81216 [iRe Cf’l z}nd malritamed a)[ 4‘%nunt11
harvesteds Usiende Harwsteh banenddfugdtion of 006G (ﬁfr 40 mmhtes(lﬂﬁ:ﬁorizﬁlmﬂ\YIZBP
centrig% %%Zﬁ%rﬁeﬂ é:elc gvgeéeo 1%5' 9 Slkl_f)ﬁé;l H{E% %&Q\g\'ﬁél-d% strre%n yegovegy process
or were ptgrel @e4°€dmketucli educt ases derived therefrom, and

harvested by centrifugation as above. The washed
[0274]c&h¢ @llvpeﬁﬂ waes:slsspamld@dl 2 vohtnves ot tﬂOunMSri@hanbhmirmcﬁtldoride) buffer,
pH 6. 8|t,__ £ge Ean?ﬂé S(gﬂl Woif:v&éeqa a%% Hlbelﬂclt];a\?;]llu?ar %etela ﬁuc aee Wasdr%fé d%rom the
cells bat @asside e sdgplomsican thmsgtraelnmwgdntw figehwith 4 u@aitage hor(lwﬁﬁmg valve

[ . 4 N, The e n
ssemb@ind Pl Sp ad e S om bR SpP URRHARS Sy By ot
disruptiére &k sdlytato€1(3h ww ehdycktheylencimyneppin@2r wasfaddeditd éhe lysate to a final

conce SO SO 0NN 6 R B TRL DL PR s
centrifggatiab etdh 08¢ iret sahddr8 labbeyrame eengriuge@oiCl0 roifutgy. Ol hlenmipfumtant was

decant‘é% %}tdu i,(#’l](!e ?atg({ t§1§ f()%lll'sgl% pul?@ &lt?alflit{a%gm fnergli;]rgl§ \Q{tﬂ‘a 191olecular weight

cut offaii 38léh dihe final |Cbu30d1ntaitteewasahsz&g/ed_1naf shalfpot @s&ingrm ﬂwhy air-@g¥hand
lyophiH he@sff g@v&&r ﬁie%(egéeldu(%se }?\%869 0%s éltg)r d ét —gé‘fﬁ extract, 0.083

I'C ammbnium Ccitrat /L of atrace
elbenment._sol.uti Qn.,con | L of caIC|u chl. or
e L
g/LmanansesuI e %Hc? phityl]
sul f at & Ihept ahydrate, 0.1 g/ L anmoni um rml ybdat e

[0275] d ﬁg&ﬁmf ?(gf?t’ & éﬁnlgorg 3O%ug{ e?o%géntldﬂa ;}ngﬁcgl?akf S{n"’?tggf %18 8cohlol%groduct

was deft@mnech beRewas Pihttﬁ@ @hi@t%@/\ﬁ#&ﬁ woman €headpdrgprRifa¢olumn (no guard
cul I 1 [

cartnd%ﬁég (tge (?AClqg{dC tag g g n{Lé%]/l% Z Ci (?ﬁ?ég{lgﬂ {1 25‘9?% Vwmﬁ!h%ﬁe@oﬂo%é&tennon

times: f(ISasikoh@PS. YWOnQ @8)- ﬂ@&db&l%@iﬁ/ kﬁ@@d%@lﬁﬁB@fN origgl Phase Chiral HPLC

(46 x Sk A PP A LA e b8t B2 AR BIPRE M 2 St room
tempemiure matsreglthgi); detbctian dt A20 fine it titefollconngessedn tames: (S)-alcohol 4.72
min.: %&)&C&I%tl 05h/ nﬁ Rot Qs ITRY Ig{ i n dissolved oxygen |evel of

Ssa

uration or dgrea . The pH of the culture was
c : .
o BN R os BEG o dBIE) i TEELD i
methoadfdilg anghP-6 £olamh €¥)th s @Ruhinpwith € @ntpaiatvraygoS@0gf LO0 °C (1 min) to 200

o el 0s L anmoni u | or.i nd 10,4 _g/L

C (R St P YRS ety B P aer g e f B pyte stcohon
reached an OD600 of 50, the expression of
ket or educt ase was i nduced by the addition of
i sopropyl -b-D-t hi ogal actosi%e (I PTG to a final
concentration of ImMM The culture



was grown for another 14 hours. The culture was then
chilled to 4C and maintai ned at 4C until harvested.
waziobe3eses e harvested by centrifugation at 500B@/820081076333
mnutes in a Sorval RCL2BP centrifuge at 4C.
Harvested cells were used directly in the follow ng
downstream recovery process or were stored at 4C
and a ¢hivhi thetBadaRing 2 @eta] QR I0AEx @M pddlunpe(3D et x HWASmg suRPeddethermal

o Rl AR 80 330 P Lo kel prne (ot e

isomepast e. The intracellul ar ketoreductase was rel eased
fromthe «cells by passing the suspension through a
hgrsogerkaffle 51 EdMchtiva bAwad-rys-1sdt@g@icheBgaudéddting ovalore
assenmblyhdfl NIluadrdat@shtifoae of 12000 psig. The cel |
honogenate was cooled to 4C i mmedi ately after

[0277]d KRIEDR idesdfibedAn TaBi¢Is bOEkadiplelI0Oervkborecpad waishydichi@ichicMeADH or

NADR e b ot SEGEE Vet 8ot A BRan BilenrR aldelR g gt RER 20 me of

NAD(FrEinr5e68 Ul bf N BUHPENS tridthad@smiat@lilbfide@Buffyy and 15 uL of the substrate

entrj fugation .at..5000G [ n a,stapdard_l abor at or
40 e SRR 5o et EPERD bS8 lelaud shaken
for 6 hdexg aMhedadtingh OO GentHedbe thetadditibrodfd miS bANFOAcC Fhd tUnO&€on and

ultrafjltration nenbrane wi.th.a nol ecul ar wei ght cut
stercoihy Grhegdic e SRR GoiEiT BB, ai spenced i nto

shal,| ow cont ai ne y4 at..- I i
0278 D Fhes AR on B kDB ERE R R AT E i, AARC. ABBt Lo
LL, ADH@E@FDCB, #hd UR}BB)gp-'vml Qemeﬁalbie denve@iod efith ehhedn NADPH or NADH,
where%?lﬂéﬁ—i : grpﬁ ‘glﬂg g%gj% }5%8({5%%%%?%)( 2 mgotn%erted <1% of the substrate to the
chiral lbgholl- [ 2' , 6' - di chl or o- 3' - f| uor ophenyl ] - et hanol .

[0275] Reduction of
[0279]2 Thi 'exaahipdddedtonstBites tatoildgpe kaplkéwons handvechiittlalf apyadtivity on

, .. Pf..the, gl cohol product was determ ned by Reverse
26 '%héosf(éSCﬁ'imrr%ﬂcetﬁﬁ%Em(eA. 6 x 150 nm Chiral pak AD-RH col um

a8 Bttt B Ep Sl or Akt O A Rngting o Seodihigr- -
Li mes: PEPAEIORRHEERC 5. 77 mI n. h (R -al colhol 6.19 nin;
4 e P ' HP, 4. 6. .
oS BTy oty M O O S S Bt

60/957,99A/ flek Angusal4, 2005 andl USiapplahtiondSeninl Nenpe9aldsr Bled Aogust 24, 2008

conver GPh Gi1he bl ¥ u e BP Rl e B deserived
in ExabpRG amid ks liketioMebl2403 mn). [0276] Alternatively, the

followi ng gas chronat ographi c anal ytical nethods were
Tab%]s“ed: an achiral nethod using an HP-5 colum (30m x

.25mMm) with a tenperature programof 100 C (1 min) to

200 C (4 mn) at[ 0 Cmn (retentijon tines were 4. 33

mi PEOP ¥e ket one“YRETP70 ni n f or] EMEBUYPEIHGLSS 93 WO

2009/ 036404 PCT/US2008/ 076333 and[a chiral nethod

usi ng 4 Beta Cycl odextrinO(Dl\/p col ym (30 m x 8. 25 nm

at 165 C i1sothernal (retention tinfes were 3.42 mn

for tH& ketone, 5 92 min for the R{isomer and 6.25 nin

for the S 1soner). 7.5 Exanple 5: [Evaluation of

W | d- Type Ketoreduct ases flor Reduct|i on of 2',6"t

di chl'oro- 3" -fTuorjoacet ophenone [0217] KREDs descri bed

in Tadlbt 3 of Exanpl e 1 wére screerned using

stol chlllgmet ric NADH or

++ ++
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NADPH as co-factors. To each well of a 96-deep-well
pl ate was added 5-10 ng of KRED, 20 ng of NAD(P)H in
wGDN3@H4 100 mM pH 7.0 tri et hanol ani ne(chl or i BEl/US2008/076333
buffer and 15 L of the substrate (-40 g/L of
substrate; conversion limted to -25 by the
co-factor). The plate was seal ed and shaken for 6
hour s. Ihe reactijons were_ _guenched by the additjon of
1 nL o? Et OAc. The conversi on and stereopurity of the
pr odu Gt were assayed as described iin Exanple 4,  [0278]
Under t%ese conditions, YDL, Y&, GRE, ADH RE, ADH-SB
ADH SC, ADH-HL, LDH LL, ADH CP, ADH CB, and - LB
gave ng det ect abl e conversion with |either NADP
NADH, whereas ADH LB, and YPR gave <0.5% conversi on
ADH LK converted <1% of the substrate to the chiral
“0: O.ﬁll%cmhm}ersﬁdihZ?gl] 20Phcavexxianphe-2enmnedrsiad es t hat

b, \ d
0: <é’(\5(% t(%( ’ejnanklgr%% gr 5&5&8 KF o(?’%\r/le t%)g]%é erI tége/e%epﬁS ﬁontéome/r)

or oa
refelEmaS@ID ED B0s BEvEB umhcamn(SknA[DH KON HTH and B2/TO5128&educt i on
of 2',6"'-dichloro-3 - fluoroacetophenone [0280]

[0281]S&1ie Iewmp@djﬂ-lud_ﬂétev graf APHSLK hatanﬂs adwhielethe geosarcatsedhe asposition 190 is

altere(ftgﬁﬁedly%?agn ,tpr(g zfﬁ? cggtglge 0 a r}gdg F%J dl % g6t’ Ihl%hlog)gg/f?ul%zdﬂge?ophenone to
the coﬁ@bd@hg&ﬂw%l | ed August 24, 2008 converted >0.5% of

the substrate to the chiral al cohol when eval uated

ufider EkenpdondHighdhsudgscNADEH fluoresdexanpbsercbn @ridenés enzymes

| i st edthanredi@bRe6’Adichlabl3e fldorGEQopiand®. © Conver si ons

Enantioneric excessb 4 0 0 115 + + 117 + ++ 111 +
[0282 1+ PlastiillJibreaticstabtaifell BNOiIr2OOBIVORIE4i02h dRATTAIBE 0 08Y d k6B B8uctase genes

were tf’]ans]f g 83}14‘50 E co:l)’ wilihh and pqateé ur% BleamQLg) 10/% %195‘1}1/13 6§}1t91n1ng 1%

conversion; ++ conver3|on
glucose amd 30(@/1611 ahiblamp’afm)col EAND- z@&%rxeulmtlolq for etriaarst 1 cotime at)30°CGy eolonies

t

were S {5f PRI AP bieBLELLS) B bRy SBpllh oo-ven
shalloyv ©28 hilcrwmlsplampﬂammgl 180 st Tatrds brdila¢TBA%e Elkcasa pmdaﬁ)t 1gg/mL
chlora@%e\ﬁfyof VIE A oéﬂeg ! eSVIGI%\lﬁ% ABoROFk hgﬂn%%%b gﬂm. 5.uL of this

heny I ne, cys or ani‘ne
culturg e@uh@draﬁSf_ssrﬁéd-lduo Ohldespovdt plitd:swontammgBé@ hiefemigic bwth (T, | mM
MgSOE Ad 3%3&91919 bR%.SA§AI'QI9CI{]JQAﬁ'OH of deep-well plates at 30°C with shaking at 250 rpm
for 2.5 to 3 hours (ODggo 0.6-0.8), recombinant gene expression by the cell cultures was induced by

isopropyl thiogalactoside (IPTG) to a final concentration of 1 mM. The plates were then incubated at
30°C with shaking at 250 rpm for 15-17 hrs.

[0283] Cells were pelleted via centrifugation, resuspended in 300 pL lysis buffer and lysed by
shaking at room temperature for at least 1 hour. The lysis buffer contained 100 mM triethanolamine
(chloride) buffer, pH 7.0-7.2, 1 mg/mL lysozyme and 750 pg/mL polymixin B sulfate. The plates are
then spun in the centrifuge at 4000RPM for 20 minutes at 4°C, and the clear supernatant (lysate)

analyzed in the fluorescent assay.

[0284] In 96-well black microtiter plates 20 ul of each lysate (pretreated for 0-24 hrs at 40-50°C
,diluted in 100 mM triethanolamine(chloride) buffer, pH 7.0, 1 mM MgSQ, if necessary) was added
to 180 pl of an assay mixture consisting of 100 mM triethanolamine(chloride) buffer, pH 7.0, ImM
MgSQ,, 0.2 g/ NADPH, 100-600 mM glucose, 600-900 mM sodium gluconate and 0.2 g/L. 2°,6’-
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7.7 Example 7: Hi gh Throughput NADPH fl uorescence
prescreen to identify enzynes

w@2008/03dd£ hl or o- 3' - f |1 uor oacet ophenone.

t hat reduce

ibraries obtained by directed evol ution and

cont ai ni ng evol ved ket oreduct ase genes

transforned into E
dichlotodd’ ifamﬁecd:c@méno@t B)d rag@n ptegkieunmammbyrfbmgviﬂg/mhe Jtaucssia

ﬂuore%cence 0? N eas ta? iAGSO

USA)using a Q
Inc., Beav

col i

wer e

WB110 and pl ated on

[0282] REEHI008/076333

r S QEQ(%%%n a(t ?ﬁ\{%‘nﬂ énsa lglexstatl {“lk??iecgpar Devices,
bot (r) robotic col ony picker (Genet i X USA,
erton, OR) into 96-well shallow well

[0285]milbis ok dnipde depdriveethe ovthbdihai wg vE8Do ideliely i RELT vdvrants mproved for the

rate of(&e,? dlc}:lllg/lgogj lill%g gce%\l?gen%lg)e %g%?n

chl or anpheni col

(CAM) .

30C with shaking at 200

| ncubati on of

né] 5Exam | ghi{ u tcl:OliI’l otf Brg’ (Yl\c@l orog utr(r) ants heer cr)neechar neered
0" el YA SpREpEEn AL GO oA by e
(TB) o tr%ﬁd“ s s %?ﬂl M Aft er

t .30C with k
[0286]2%3&9 Q’N%E,‘Al I?1ours &%%@6815 uf)tloél)s ar’%g%c 1 Nan

ﬁuorgacetophenone to (S)-

1-[2° @ﬂmhk)gsB eﬁiuob;phtﬂydﬂ -atleind] voud dnalyes] namall wdlg(cbdmbgl reactions. Toa 100
Q & h| ct | PTG

o SRR 0L ) ESECURTEL Tk it st

conne@td to 30 @tomati tsﬂaa)k fan gHaiontZd}@d aqhhmdncnf bdss-of- ﬁellnarsl Vle[ OREBhHg tube

into th%&sse[_ rcﬁarg ecf %O?I%él?l%g I neﬁln %Ol%ml 9@%10]&(5]6% blﬁf?ﬁ? l(IpSI-P @Png %”ﬁt/[ M?gSO;;)

200 mg ﬁmﬂ@r\mhﬁFeQ II@)NOaas desafbt:d ﬂ:l thmlvlc bdlbre, SOy@ @DHuti ®g NADP-Na,

3.13 g%ﬁ@g}s%l & gg 6:L Q ch[dy(}—%r hTorég%%géT‘%ml{égZO?@l %{%e)l"lhg éilut&g;{tfcéltrator
maintegneld fileet pétl at'Vrbe tl]ml agltligisn aﬁ@ Na(hlémls@umaﬂ cnntiﬂmeusbemqrde‘du dleaction
0] ut e t
wafegrngogﬁg% E}( he %29 %drbu%ln% i@ ad gg’on g{]tﬂ B%? algc{rpeeﬁgdlc
reactlcmsmatyre fpﬂ@aaqtloh mt@@tlmlebdtatb hraldnalmls:bsoﬂw ethop bi@s1pREH |
of each lysate (pretreated for 0-24 hrs at 40-50C
[0287], dibleid gded the 3BQ IAMQ. coretspendoig devihn b¢totetiwtasd é)e tpmbfreat amino acid
gi}g !gg f Sg» t
mutatl&g f?oﬁlp‘glg i&/él 3 %%f’éﬁ(cagﬁ gifeg:t%?‘%gsy%nfow? O% gcgn%\?&o—3 —ﬁu(;]r§29:e1!ophenone to
(S)-1-21.¢° ethWaﬂum@}(lmmlbcthm) TBufoemOpurp}'-lof?th@,S-atpnMI Wi 8@dys,>99.9%.
0.2 g/L NADPH, 100-600 nmM gl ucose, 600-900 nM sodi um
[0288]gTedofrat e and 0.2 g/L 2',6" 95 WD 2009/ 036404
PCT/ US2008/ 076333 dichloro-3'-fl uoroacet ophenone and

progre@s famphng of the

reaction progress neasured by follow ng the decrease

Table snAgcng&anﬁ%&%ﬁ PKD%QE’%QM%% nmafter excitatlon

Pexs | ecul ar Devi ces, USA).

SEQHBBP. Thi s exaNplonaesions bes  he nettivog t hat was stebdaly
to identify KREDronaAD&ALK i nproved for the rate of
26 —=dichforo=3—=ftporoacetophenonereduction—7-8
Exanpl e 8:| Reducti on of
2' 66' -di ch] oro-3'-flluoroacet ophenone by Engi neered
Ketoreductases—Dert+ved—FromA HLK [_Q_ZSG] Hproved n
ADH LK varjants for the reductjon of
2' 1®' -di ch] oro-3'-flauoroacet ophenone #to (5) -
=26 —dtrehtoro-35fuorophepyH—ethanot—wnere
analyzed in snall scale chemical reactions. To a 100
nL14 hr ee- neck vessel2 equi pped wi th a +*TFE- coat ed
..u%.mi e—st++ng—bar—and—apH--etect r+grde coftrectet +o
an autonatjc titrator for pHcontrol |l ed addit/i on of
base on-depand via a feedi ng tube +
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into the vessel, was charged 30 m 100 nmM
triethanol am ne(chloride) buffer (pH 7), 2 MM MSQH) ,
WQO®IMBp4KRED Wi th SEQ | D NO. as described i n tPer/usdohs076333

bel ow, 50 ng GDH, 15 ng NADP- Na,

3.13 g gl ucose,

6 g

2',6"'-dichloro-3"-fluoroacet ophenone (200 g/L) at 25C
The automatic titrator maintained the pH at 7 by the
adsh ti on of 4N NaCH,2 whi ch was| conti nbously necor ded.
Reactt+on Fogtess—was—Hont-toretd—by—the+aterand
cunul ati ve| addition of the base and periodic |sanpling
ofzahe reaction mxture for extractien with +
At Ak A AnA Al ol o ey a it he Af Evrarnmnl A A
%I GbCLG T aAarfu airma yol =] IJ LA A A Y !i_l_*\_l_x_,l UT G!I’JI < "I'_r_
7] Table 5 gives the SEQ ID NO. corresponding to
thasketoreductase, the nunber of am meracid |nutations
fromthe—wld-typeAPH-LK—andthe—econversioentof
2'? '-dichloro-3' -fl oroacetophenone'Tb *
(Sy61-[2',6' -dichl orp-3' -fluorpphenyl+- et hanol . The
stereepurity—of—the—sS—al-coholwas—al-ways—>99-09%
5%8] Tabl e 5: Tabl® 5: Activjty and stablllty of
ADH#LK Varyants SEQ3 D NO No.| of nmutiations activity
st-abi--H-ty—Frem-ABDHK—4—0—611—+—8 2 4+ + 1102 4+
1259 + 142 ++ 162 ++ + 48 2 + 96 WD 2009/ 036404
P3¢ US2008/ 076333 50 2 + 52 3[+ 20+3 + + 18 4 +++ +
363 +++ 54 3 +4+ 4+ BB 3 4+ B2 3 ++ B4 3 + 58 3 ++
6022 ++ 2P 3 ++ ++ 3 T+ T+
66 3 ++ +
68 3 ++ ++
70 4 ++ ++
72 3 ++ ++
32 3 +++ +
28 3 ++ +
30 3 ++ +
34 4 +++ +
74 4 +++ +
38 4 +++ ++
40 5 +++ ++
76 5 +++ ++
78 5 +++ ++
80 5 +++ ++
82 5 +++ ++
84 8 +++ ++
42 6 +++ ++
44 6 +++ ++
86 7 +++ ++
46 6 +++ ++
88 6 +++ ++
90 6 +++ ++
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66 3 ++ + 68 3 ++ ++ 70 4 ++ ++ 72 3 ++ ++ 32 3

+++ + 28 3 ++ + 30 3 ++ + 34 4 +++ + T4 4 +++ +
W@04/036464 ++ 40 5 +++ ++ 76 5 +++ ++ 78 5 +RCT/HS2008076333

5 +++ ++ 82 5 +++ ++ 84 8 +++ ++ 42 6 +++ ++ 44 6

+++ ++ 86 7 +++ ++ 46 6 +++ ++ 88 6 +++ ++ 90 6

+++ ++ 97 WO 2009/ 036404 PCT/US2008/ 076333 92 6 +++

++9294 6 +H+ ++ a -6 no activity +++ﬂ00 450% t he ++

Il - AN 10 NNO

(@ m hao St 3 v 40y
VAL l_y U QL\{ I | | U, T JU J 7U lIIC ClT vt
9JSEQ ID | No. 6; +ﬁi >1500% t he aCFFbity ofl, SEQ I%+

hb. 6. b. +: neasurable activity after 2 hrs at 50C
++. >400% the activity of SEQID No. 16 after 2 hrs at
a. -: nd0vity; 02 8B} 450t the dXigimpdfSHQ IDUSH. 6at-est50-hat0%e thg heredty fISEQ 1D

No. 6»?338%@@ el EﬁaﬂPﬁwoget [ mproved Betivity
b+ RN BBt PRSSRTLRS: SV B acp Du R HENG s a2 s

50°C. Engi neer ed Ket or educt ases Derived from ADH- LB, [ 0290]
Inproved ADH- LB variants for the reduction of

[0289] Thl@ Exg{lpclmll%gt?ate% that leﬂ‘é%{egr%g Eét&%ﬁ‘uc%(s)&ede}lved(ﬁ,so)m the wild-type

ketoreductase ADH-LK provide improved activity compared to ketoreductase ADH-LK.

7.9 Example 9: Reduction of 2°,6°-dichloro-3’-fluoroacetophenone by Engineered
Ketoreductases Derived from ADH-LB.

[0290] Improved ADH-LB variants for the reduction of 2°,6’-dichloro-3’-fluoroacetophenone to (S)-
1-[2’,6’-dichloro-3’-fluorophenyl]-ethanol were analyzed in small scale chemical reactions as
described for ADH-LK variants in Example 8. Table 6 gives the SEQ ID NO. corresponding to the
ketoreductase, the number of amino acid mutations from the wild-type ADH-LK and the conversion
of 2°,6’-dichloro-3’-fluoroacetophenone to (§)-1-[2°,6’-dichloro-3’-fluorophenyl]-ethanol. The

stereopurity of the S-alcohol was always >99.9%.

[0291] Table 6:

Table 6: Activity and stability of ADH-LK Variants

No. of mutations from
SEQ ID NO. ADH-LK activity stability

4 0 -

6 1 +

8 2 ++ +
10 2 ++

12 2 +

14 2 ++

16 2 ++ +
48 2 +

50 2 +

52 3 +
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1-[2',6' -dichloro-3"-fluorophenyl]-ethanol were
analyzed in small scale chem cal reactions as

wale®ensdsed for ADH LK variants in Exanple 8. Tedil/eS1®08/076333
gives the SEQ ID NO corresponding to the
ket or educt ase, the nunber of am no acid nutations from
the wild-type ADH LK and the conversion of

2'2@' -di chl oro-3'-flaoroacet ophenone to (9)- |I- +
r 22— —diehloro-—3—fuoer Opheuy ] CLET_I rel—TFhe n
ésr eopurity of the % al cohol was al ways >99.9%

[0291] Table 6: Table 6: Activity and stability of
a. -: nOQdBHViIL}KJrVH]Oi-LED%Sthe :Nﬁyitpcﬁf SRQ @ Wa s+ :r46 01 SEQ thDadiity of SEQ ID
tivi 40-61+ 82 ++ + 10 2
No. 6375 308 it 3RO 67 T 16N 50 5 1 52'5
b. +: n%su%le?dﬂ&ﬁiy(h%ﬁ@ﬂrs BCTY QS20 0@ Q hes3i3 30°C24 (B %sttheractilfly 8EQ 1D No.
: no activity; +: 100-450%the activity of
16afte§%%‘sl*’b§‘?\|8 6; ++ 450-1500%the activity of SEQ 1D
No. 6; +++: >1500%the activity of SEQID No. 6. b. +:
[0292)nEFas Exatyple ilasttatasitiay crafiteered Retbmewcaakesﬁiaﬁ}ed-lﬁbm @é wild-tyde

ketore&urc%lsgl {\DglglgB %%grg%dt Dﬁe’})rc?v%t%)e(l(\:é[wnﬁ% SOTRrGe edQ i}bﬁf)rgduc & {%b%I:ng
i\neer ed ket ar educt as rlved
<t eﬁg@eﬁig B Ristér e g PR & E—Eﬂ%ﬁ g FfpFopneny-
corrpar ket or educt ase ADH LB. 7.10 Exanple 10:

[0293]( geQ?B(? 51![4\]1 Ect’tg(? hmeg{ecg(dré&&dfqoﬁgrrgglﬁﬂ( eﬁullpfed w1%lhano(1e Glass mechanical
stirrer ['Uz%]dm'ﬁmteatcﬂﬁﬁ) stivter pladketnéd pHI'eﬂee'eode&‘()knemedl rchnlototnatie titrator for
pH-co TJ}O@I% a d%on a(ljse\f)vI t h gn 'SA‘C ?(}e?é?ry %ﬂbggng? # I\/gsgcltl waSst(rierde\anter (120
mL), teétm:nbkaoni& (d: 8 rgin atcitthmh hydroahdomﬂcohahdjostthetmm or.0. f Mpgnesium sulfate

was ajld RO0 Sy (PR P2 e arfs SR SaRad. thedefipn ey heated o
30°C mﬂ heatnfg iﬁh(haﬂ:@laﬁﬁ@ meouglltha ﬂgék'sgibqiett N[0y g}:\ms@am followed by

Na- NADP ( 120 mg) dDH (0. 50 ge) an(i_| KRED havmg SE(SJ 1D Nlougg (%%O 2). The pH stat was set
to maintain the pH at 7.0+0.1 by the addition of 4N NaOH through the delivery tube. 2°,6’-dichloro-
3’-fluoroacetophenone (50 g) was added to start the reaction. The electrode required periodic rinsing
to remove enzyme derived material. Additional glucose was added in portions as the reaction
proceeded: 10 g at 104 min (after 17.5 mL of 4 N NaOH had been added), 5 g at 275 min (after 35.2
mL of 4 N NaOH had been added), 5 g at 379 min (after 42 mL of 4 N NaOH had been added), and 8
g at 488 min (after 47 mL of 4 N NaOH had been added). The reaction was stopped after 24 hr.
Heptane (150 mL) was then added and the mixture was heated to 40°C for 45 min. After cooling to
30°C the resulting mixture was poured into a separatory funnel and the majority of the bottom
aqueous layer was drained. The top layer, a heptane emulsion, was filtered (350 mL, 85 mm diameter
coarse filter) through a celite pad under vacuum. The filter was washed with heptane (150 mL) and
the filtrate was transferred to a separatory funnel and the two phases were separated. The heptane
phase was concentrated on a rotary vacuum evaporator (~50°C, ~150 mmHg increasing to 40 mmHg)
to yield (S)-1-[2°,6°-dichloro-3’-fluorophenyl]-ethanol as an oil (47.8 g, 94%) which crystallized upon

standing,
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was added as a 1M solution (120 L, 0.12 mmles, 14.4
nmg of MgSA). The sol ution was heated to 30C with
whewposgof | ui d circul ati ng through the flask' sSP¢EHUR®D8/076333

G ucose (20 g) was added foll owed by Na-NADP (120

ng), GDH (0.50 g) and KRED having SEQ I D No. 38 (0.50

g). The pH stat was set to nmaintain the pHat 7.0+0.1
by.1tthe Eadthié 1 DM edictidiNoNa@Hsibktitadd i ctdpBend edsiby @nyintdidie .

2', 6" - diewhddostmes Berviell romoemiétiaphenone (50 g) was added

to start the reaction. The el ectrode required periodic

[0294)r thiityg: ADH-Irke mohsa Aﬂ)i—IjLKEvadem hmlﬁdveralﬁ‘blethé @Huctiduldff 2°jedrdi@hloro-3°-

ﬂuoroz%re%fl)g e\g{a%%g [ge (ilCi]‘B 07 r%,:; Iﬂl?(?rggliaes gfga}ty%?\%cr':e I(%ﬁ‘r%{éﬂ f(KI af\%\/&l on two
other ﬁﬁdsMﬁﬂte&d@ﬁlﬂ)ﬁenoﬁesQ AadolhiZiéhwad preffaaddtod s n8510@ mvfl  of 4 N

wiehaf e e B Sl ™M o 5 ok BBl (5 MpBipps me

GDH, MmgiﬁAEbPNIaNaﬁHma@ dheese. adﬁie)d)hls sbhiion @actidad withg).3 ml 1M

(sodlumﬁ\pgleg ate X?r lgr » \NQ 20 I;]néH%H‘} azm,g’—%%q?t%%QCEt\og%ﬁﬁnhgeea}%??g:? q{%action

sample:scwthr)ngeré analy30d byt themesds| of ERgmpie Xt ur e was poured into
a separatory funnel and the majority of the bottom
[0295]aqald@wgivhsagaeconmsioni pathaed. 2’ bhabstoped ay@phenandend thaenantiomeric

s S50 84 B 50T B TR AT S PRE 0.

shed with heptane (150 m.) and the filtrate was
m”“??%r%??erred to a _separ atory funnel and the two phases

WeT © Stcudl at UU IIIU IICIJL dlitT plldbU was——concentrat UU UT1

Tablah@ttazlt;ps vﬁ@DHHEK\aaqb an aiD¢t-LK-vaoiant oGO 2it-gbstitoted asétoghenones.

to40—mHg)—to yiretd

(S)-1-[2', 6" -di chl or o- 3Wild-ymr APHEA | | - et hanolEngmeaed KRED

9% v‘g‘f@%gggf’ 30404 | PCT] UsHOR 098555 7711 Examsl 2 01O 10
o Al dlcbahdy e

ctio , S t ed enon .
Engi neered Ketore ju?glsééglslﬁe g%%fo EannY ADH- ORV%TI%IQC 4]Stere°purlty
WI d-type ADH- LK and aG%)ADH- L K var@ant i nprov@ée for (%)

D! o

H Lol £ . + i =y
l. IIC t Cuubl.l on UI £ U 'UI bIII Oro0-o = T UuUl at Tl UPTICTIUTIT

2‘6@110(h£é)ea1:et[)ﬁiemﬁie di chl or- 3" - I uor ophenyl ] - et ha®ol were>99S

Iy Lol ~! oribot i+ + 114
lCDLCU IUI ablIVI y on LVW LLIICI Z , U = oUuSTTtutl Ty

2 6ahmbmm>t}am¢pémonA $ol ution wag prepared of | 5 nz2100 (MM >99 S

N HEPS P2 Ih £l £ ~ o 11l 7 ’) e WV MalaV Al

haon~l VAN
l.I i Cl. manoram IIC\b Ot UC JUT T TI1 \lJI_I y v vgol=s -,

33 ngy KRED havi ng SEQIDI\Io 10, 8 ny aDH 3 ny

[0297]1%69;6% plg S[hﬁwbé’% ar;rlgAI?ljf{/]lﬂ,?{ ant c?ﬁrﬂalﬁmg plﬁ%%o% mfltéﬁlon %rﬁ%es’s
1mpr0‘azkidct2\@tylfq 268 -subkitud a@topbenosdsi dndtpedides dic opi@paniggatoc’-substituted

action sanples (24hr) were anal yzed by the
(S)lp%e]tleﬁhaagl of Exan'pl e 5. [0295] Tabl e 7 gives the

ion.o ted

oAl 2t nE %I Stotyy &%&i aaterls Y fﬁ& et
al coho 5 %ﬁg f’ﬁl }n 2 9 05

[0298];&'0 £ i g}? ﬁp]él'F?S 2 allﬁmg é()OA p@iu(@llltljflslfl%fpgrowelﬁpreparelﬁ as n

Exam;a@etwaz@ hedranssul 7 MM Na-Nweep ADHO LIV Rghaaermed (KRER) buB8&EQH 7.0,

4) SEQ ID NO 10 2',6'-substituted

300 “Ialféﬁrél?ﬂﬂ #ie 0 pL 100 mg/ml acetophenone in THF. The plates were sealed and agitated

on an orbital shaker at 850 rpm, room temperature, for 24 h. 1 mL of methyl t-butyl ether (MTBE)

was added to each well and the plates were sealed and then shaken at 850 rpm for 10 min at room

temperature. The plates were centrifuged at 4,000 rpm (3220 x g) for 2 min to separate the phases and
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Conversion Stereopurity Conversion Stereopurity (%
(%9 (%9 (%9 2',6'-dichloroacetophenone 0 - 88 >99 S
WQ@2008/03@p4ret hoxyacet ophenone 0 - 72 >99 S [ 02B71/UI0$076333
exanpl e shows that an ADH LK vari ant containing the
Y190P nutation provides inproved activity for
2' 6' -substituted acetophenones, and provides the
50 uL 06the ez:paio ghad@fr@m Gachsudbitandferteido a (vO)l ofla ﬂhﬂmebvb]apl@ie .containing 150

7.12 Exanple 12: Reductlon of unsubstitute
uL MTRE Bisth ?ﬁr‘f@r%%?alﬂ‘ﬁlﬁd@i’%a x#d Eﬁ@ﬂ?i@?aéaH%{B%% (ireet D-H

colum 680 nfrh QU rgv@ﬂ‘\iqkﬁ OOM @lafd BdWingh; UL ALihjedioaf M¥BiRDhase: 95:5 viv
298] To eac of a 96-well plates conta|n|n%;100

Heptalte clé?r\i Floyraratce! - pay- it Colﬁméaémeaafage FhG: Brusigneth: 71
Retent@dRiks: o8topHehoné: SVnNA( l@thQAQ)@ 3%Mhin; (S)-1-phenylethanol: 5.8 min.
triethanol am ne(chl ori e) b fer pH 7.0, 300 L
[0299]1 SOHE OPRARIthe BNELrsHé df tHeQetbBHcdne A6 EHe PRRBABE: dulityTdtfthe resulting
. . The Elates wer e ealed and gltated on an orbital

‘MMQmW?Yﬁmé%W%% diperature, for 24 h. 1 nL of

t - butyl ether (NWBE) was added to each well
“Bﬂmaﬁﬂﬂ¥%e plates were seal ed and then shaken at 850 rpm

fnr 1n m p—at room fcnﬁvargfnra Tha pl ates were

C eTHbld §: UG ditphn diStoROseldotiVi(ySod AD H-LEK VhaigintLonTABetéshenone
separatethe phases and 100 WD 2009/ 036404

SE@GIIB/N@I 2 08{&7&3%8(%)5( L IEllﬁanfi(ElﬁerQreg@lﬁ% @%)phafsle flromoeach
V.V = trancfarra to a4 \wa fa) 2 chao faYV.YARY.V = nl at a
well—transferredto4-well of ashallowwell plate
4 (WidMypé)ni ng 1504 L MIBE. The pl apes were seal ed andk
anal yzed by nornmal - phase HPLC (Daicel Chiralcel OD-H
[ um (4. 6x 0 mm) |[equi pped th OD-H guard co
qé L |nJecti§ ; Mobi|l e Phase: W%B 5 v/iv Heptane %yn

=l W—E-ate- 1 : g mn 1- f"r\l M Taoamme at yre- 40C:

=N N B N SOT ot CTrPT > 71

7y T

Wayel engt h: 215 nm. | Retentiomn3sines: acetophenone:
3.5 mn;| (R -1-phenyllethanol: 5.3 mn;
( -1-pheny|et anol : [5.8 mn. 0299] Tabl ¢
t convier si orf”of the acetophenthe and the|stereoneric

a
[aYETH I RV f +tho rociil tilna chi v Al al cenhol hyl! ADH | K And
Tty —t T oot g CH—T—ar—ar oo 1S5 /N BUAn = I B =3 A = 2 S

t Be ADH-|LK vari7ants. |[ 0300] Tabjee 8: Table|8: Activity
and Sterleosel ectivity of ADH LK Variants on

\1%4

8 sho

Aggtophenone EQ | D|[NO. Conver (9% Enantionerjc
ess (1% R J (V\Aldtype§ 100 R 14 79 46 S
22—86—35-S5—28 °“ ”° S—32—++56 ° 36—89—B6—S—42-90
542S 44 90 4H0S 57 S

44 90 41 S

[0301] This example demonstrates that the wild-type Lactobacillus ketoreductase is R-selective on
acetophenone and the engineered ketoreductases of the invention, derived therefrom are S-selective

on acetophenone.

[0302] While various specific embodiments have been illustrated and described, it will be
appreciated that various changes can be made without departing from the spirit and scope of the

invention(s).

[0303] All publications, patents, patent applications and other documents cited in this application are

hereby incorporated by reference in their entireties for all purposes to the same extent as if each
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[0301] This exanple denonstrates that the wild-type
Lact obaci |l | us ketoreductase is R-sel ective on
waewpoplaenone and the engi neered ket or educt aseRCDS100&076333
i nvention, derived therefromare S-selective on
acet ophenone. [0302] While various specific
enbodi nents have been illustrated and described, it
individuial pubbetio® ppteetcpaadne ahplibmaion vasthadscunizanges indaidubkty mwid&ed to be
. “‘tg§Ut de a%ti fromthe spirit and scope of the
tneorppig{e ¥ﬁ@ﬂ?§ff“ﬁggﬁ@f“ﬁll publ i cations, patents, patent
applications and ot her docunents cited in this
application are hereby incorporated by reference in
their entireties for all purposes to the sane extent
as if each 101 WO 2009/ 036404 PCT/ US2008/ 076333
i ndi vi dual publication, patent, patent application or
ot her docunent were individually indicated to be
i ncorporated by reference for all purposes. 102 WO
2009/ 036404 PCT/ US2008/ 076333 What is clained is: 1.
A ket oreduct ase pol ypepti de capabl e of
st ereosel ectively reducing 2',6"'-dichloro-3'-
fl uor oacet ophenone substrate to the product
(S)-1-(2,6-dichloro-3-fluorophenyl) ethanol with a
percent stereoneric excess of at |east about 85% 2.
The pol ypeptide of claim 1, which conprises an am no
aci d sequence that is at |east about 85%identical to
a reference sequence based on SEQID NGO 2, 4 or 98
having at the residue corresponding to X190 a
proline, with the proviso that the ketoreductase am no
aci d sequence has at the residue corresponding to
X190 a non-aromatic residue. 3. The pol ypeptide of
claim2 in which the ketoreductase am no aci d sequence
has at the residue corresponding to X190 an
al i phatic, non-polar, constrained, or cysteine
residue. 4. The pol ypeptide of claim2 in which the
ket oreduct ase am no aci d sequence has at the residue
corresponding to X190 a proline. 5. The pol ypeptide of
claim2 in which the ketoreductase conprises an am no
acid sequence having additionally one or nore of the
follow ng features: residue corresponding to X7 is an
aromati c, non-polar, polar, constrained, or basic
resi due; residue corresponding to X16 is a polar
resi due; residue corresponding to X43 is a nonpol ar or
pol ar residue; residue corresponding to X60 is an
aromatic or non-polar, or aliphatic residue; residue
corresponding to X94 is a cysteine, non-polar or an
al i phatic residue; residue corresponding to X95 is a
non-pol ar or aliphatic residue; residue correspondi ng
to X96 is a polar or acidic residue;
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resi due corresponding to X97 is a polar, non-polar,
aliphatic, or basic residue; residue corresponding to

WX1®d9/03@04en aromati c, non-polar or aliphatic reci/useeps/076333
resi due corresponding to X125 is a pol ar or non-pol ar

resi due; residue corresponding to X142 is a pol ar

residue, particularly serine or asparagine; residue
What s olaingslpondi ng to X147 is an aromatic, polar,

non- pol ar, or aliphatic residue; residue

corres [ n r ;

" gSI dug%?)éésaig %sg péllgi)"\?pélgé ((:) %alﬂg of s?e%%as(%lgfg Velg r@%%ég 6’-dichloro-3’-
ﬂumvamﬂsmmamnﬁdm@mt@dﬁ@ﬂ@uméﬁrﬂﬂﬁ?mdﬂ@sﬁdmwﬂmbmw®$ﬂmmdmm@a
percerf QerihRgl e 8, BORIRURI QgPOLar Fesi duer resi due

respon IS an aliphatic, non-polar, or

aronatlc reS|due 103 WO 2009/ 036404

PCT/ US

?T ??%ﬁél%%gg’n%?ﬁfglﬁﬁlﬁ %@a&%ﬁ&éﬁ%ﬁ’%%{é@? &i@s 3&}3%&?{ t i€ %t least
about §8p rd@gtp@htg |amgfe11e@pexgcm§nqegba@d lbaSER, IDA¥MHp.o cg,98 djp.Vll’lg at the residue
corres@d 'dfﬂg Xi:%r aeﬁbl%%lth ﬁl@?f'o%é@ thgpt'hé E 58 J[agegantuﬁo 3@(@ gﬁﬁce has at

ar or aromatic resid erein option

ﬂwrﬁwh@C@ﬂﬁﬂ@ﬂa@ﬂ@Xé%hU@mG@nmﬁ@r@n@ﬁor nmore residue

di fferences at other amno acid residues as conpared

to the reference sequence. 6. The pol ypeptide of claim

23- whi ¢he pdrspiidsed claim A Wochhbs keteradrglapreaningdiggquence has at the

remdu@éj(gfegﬂo?l@lﬁé toyx @GN QAfipHaRe, %019golﬁm&)ngﬁillhe‘a%%gst&ﬁ@lteﬂﬂ@es
residue corresponding to X hreoni ne; proline

tryptophan, arginine, histidine, or asparagine;

resi du @h@mmﬁmw tAth 1 & Wili6h thSkGSEIRREe anki8ShGW&quence has at the
cor r espaondi 0 X43 is isoleucine; residue
gl

r“““%%FW@%B%ﬁ% P81 s al ani ne; residue correspondi ng
to X94 is alanine, valine or cysteine; residue
rrespondi n X95. i s.isal euc r | eucine; restdue
c Tr esﬁﬁ IH%P‘E% okslgin “’s‘%‘P?lhﬁ Leé%rﬁ(gﬂﬂ%‘i PPTIFYy AR BRNgECid
sequerRE h@lin AHionAGioble o Gt OfiBe ﬁmbwmgm@ndmng to X97 is
I si he, thre n|n val i ne, ni.ne, nethioni
ondipe ) 4 ot

e&dg%(éqrrﬁ is ap Wplég(b g P(ng P(Barmﬁralugg or ba51c residue;

pk@ﬂuéajrﬁﬁpoﬂ&ng)foxmlsmpolalneﬁmye corresponding to X125
' resj due %%rresgonding to X142

is glycine or. ser
BN A Mo Sy R e Rt S A
phsiiv¢ drakionging toeX iR en arb@ et @bmpolary ad aih[al@mc @dsidue;
gl ut am ne; reS| f .correspondi n X 4? cine
oFeS‘;SlH%Weﬂ?OBWP S P BHETERPEY ﬁ’bl‘?“l?éf‘ aé“’i@ is
aserlng d:@re@@hdmg)fo X9ssit b dd)rﬂ@olar of elgghaltiterei@ict espondi ng to
IS serilne, eoni et hj oni ne,; resi due

X15
cBeF%k}%%Wéﬁoﬁﬁm%) &P a‘\f’éla?lﬂlé TeStYBI euci ne,
medstdu@surReyonPiRg fyX &l ian bsler, n@i-pdlE Odli@hiic N@;basic residue;

residue corresponding to X120 is an aromatic, non-polar or aliphatic residue;
residue corresponding to X125 is a polar or non-polar residue;

residue corresponding to X142 is a polar residue, particularly serine or asparagine;
residue corresponding to X147 is an aromatic, polar, non-polar, or aliphatic residue;
residue corresponding to X149 is a non-polar or aromatic residue;

residue corresponding to X150 is a constrained or acidic residue;

residue corresponding to X152 is a non-polar or polar residue;

residue corresponding to X196 is an aliphatic, non-polar, or aromatic residue;
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resi due corresponding to X202 i s al anine, tryptophan,
tyrosine, or nethionine; residue corresponding to X205
WO 2009086404 ne; residue corresponding to X206 i SPCT/US2008/076333
nmet hi oni ne or tyrosine: and wherein optionally the
am no acid sequence has one or nore residue
differences at other amno acid residues as conpared
tnsstdhecdreﬁmmdaing&) X204 ueancadiphafic, aTdsmatpocbrppmpmbkderesiﬂuecl aim
OFGSI uclt corre n? o%q%gwa%sf?:?réogc{)}greozrgﬂéh crcfj:m aVI hg one
C msrdesmsbomgmg ® X4 1s na- m)lar ar oomiticagsiduo] @,
Corﬂ%ngglp {l(gla Rl ¢ al I %ﬁ&ﬁld%ec{ugr;cegfs dnlgI o) mOfedrgsrldue d%fferenc%srat (éther
aminopod r@oluaras rcetspadubtp tl&ﬁdfereﬂMeM@l(%OOg/ 036404
PCT/ US2008/ 076333 wherein optionally the amno acid
sequence has one or nore residue differences at other
af no dbé phlyreplidied slams?2,cdnghapomgrises an frainp efid pangse having
additiond (ﬁl%%?mo% OfTﬂ%%OlPO%I %Qttnlege of claim 2, which
conmprises an am no ac sequence having one or nore
ofestdhecdrsbiooding @ Xeathue@se, prekicdugtedpan, esgpomd hisigdinw 01X7
asparagﬁe an aromatic, non-polar, polar, constrained, or
asic residue; residue corresponding to X147 is an
aroitat ccn“resmﬂlagw?ﬁkﬁis poingr, or aliphatic residue;
| ElAUGRQLRESPANELNgLLRIIRIZ | o an aliphatlc
aromatic, or non- ar T esi due; and wherein
opisidonadrieyponhieg aﬁmﬂos alemlde,sequence has one or nore
resi ' id residues as
cg%%gggﬁg%%ggﬁgRﬁ%%@?éﬁ%%bgggﬁgkggﬁ . The pol ypeptide
ofestlbacaneghonding ehXtompricses: aheuame;no aci d sequence
Ege\ré rdgg%ogﬁgpogﬁm% [@gg 19£er1‘i1!1:1 s aJaQJﬁéa%V‘ﬂm’%m F;@H{Ftﬁﬁrc aglgsl due
c onsipe enrrpegndiog toh¥¥ is lysmslthm@nne vamE,duEnieo meéBCpmwdorngﬂeucine;
t Q. ' r [ tic, or basic
r gegl?ég‘%(édnr%%@ P%g%%c%lrng IBR%QEnmeaéer 7 is an aromati c,
puhémemm@ﬂxp¢MQﬂle%laﬂy@haﬂwcﬂm93|due resi due
c i phatic, aromatic, or a
ng{%fdg% %%rogg]fl%% %%%S Asﬁa\%ﬁ%?egl n optionally the am no
amsdluseqmmélnz]wsxblﬁes Prenylpmng Egtide sotfivéihe velmeew ghttamine;

o] i to the reference
btk AP b XESICUERAR SRATREREL. 10 R Ch

c owpné sessppndiagiodl S4dt dpgbquihedisidineng one or  nore
Ogeﬁ%d[i?cd‘n%%:ﬂyo%‘ﬁlg% % BBLULAR: ﬂ{r@oﬁﬁn@‘i&n‘?%&ﬁ sponding to

X I's a st

) non- po ‘ar or an afic resi due; )
r e%iddme)r@wélspml%gs Yadinei%lwgna Irpdh(mmeopheay:laldmlee or isoleucine;

& idQéJ@orreE ﬁlgﬁg% X0 ARG oﬂhQn it%‘ésZné S AlnBhiAgRLI C,

pol ar, p or a |p c res particularly
grqatdamqmsmnélog eusies ar@llﬂlﬂbeum ne; and wherein

OP&idgggAAg;z%ogi AR I@ﬁaaﬂﬁﬁ%g Yen&sinhiasqone or nore

resi nces at
wherein optionally the amino acid sequence has one or more residue differences at other

amino acid residues as compared to the reference sequence.

7. The polypeptide of claim 2, which comprises an amino acid sequence having one or
more of the following features:
residue corresponding to X147 is an aromatic, polar, non-polar, or aliphatic residue,

residue corresponding to X202 is an aliphatic, aromatic, or a non-polar residue; and
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am no acid residues as conpared to the reference
sequence. 11. The pol ypeptide of claim 2, which
w@wpoud@es an am no acid sequence havi ng one oPCT/H§2088/076333
of the follow ng features: residue corresponding to X7
is an aromatic, non-polar, polar, constrained, or
basi c residue; residue corresponding to X147 is an
awhaahai optionply te ,amnmmelgicsb@encemas @leiop matei residve slifébukmpes at other
COrrespo dlnq 96 is an aliphatic,
amino a01 res1d|%es as comp Ted to tl%e (s erence quence
arormma resi d r esi due correspondi ng
to X202 an allphatlc aronatlc or a non-pol ar
\I\ESI du% 5 t}c?:sof \A@ngg %{1091 g‘}s ggéry%g Q8§ [ e%égl%g’ §avin one or
erein option Iy the am no aci d sequence one or
mm%aﬁh%&ﬂ%&n@&@udsfferences at other ami no acid residues
ﬁsiagggo?{eg&m&l g 1(6:0:1}?7 {sn gg QJo%‘%ﬁcg ﬁ§1§—g<ﬂ ?g;lersélogl%traqa—%ﬁ no(g basic ramdue
S eaq@emwemdlng tooREt7a¢ an amn@icqfoletrh@nfpolat onilingatic res1due
f .
o oG SR NE XS0 £ B8 DO DB oh T nde P s and
r eberdueptorie tp emdiongidtsequxi®@ dag @eanmatel rphdueidefferences at other
. - resi due correspondi ng
amino A0 08 Bl AT B BllRice, ©3' o pol ar
resi due; and mhereln optionally the amno acid
SgauUengf. APk PLialiPs SvHi@%o gﬁseg Li L6 968 Seqnc@hiVifg one or
am no acid residues as conpare he reference
more of ghepfetreng fdurefhe pol ypepti de of cIa|n11 wherein the
p?ersfaﬁ@%orl%gﬁﬁl&iﬁgﬁyr X Fis %ff %ﬁﬁtlé 2 ﬁf)olgreﬁ)tﬁir (%Q%tmedg(g%%swlr%mdue
The pol ypepti d claim i, wherein the per cent
stesidapsrsicionding %97 is a elat, aepspolaitydighaticggdisia gsidahe _
p%sﬁdﬁ@&ﬁ%e%n@iﬁ & }@i AAiskéh aréﬁ@eltﬁgao‘fé? 'H?)Ellp%l%ﬁ o@ﬁhp%@ic‘l@s@fei d
sequence sel ec% from SEQ ID NG 6, 8, '10, 12, 14,
]_ggsﬂggggor@@gon@gg t02)2|2,02253}n @ghatigoa,rorgagic B4, nog@ola@gsidup@ and
4%/-her%i%’opf}(§1allé§1€ anfho a0 sequeive hé@one%?mog(:}esuﬁ% ’dlf@4encgaat other
68, 70, 772, 1dy 76, 78, BO, 82, 84, 86, 88
amino geid r@#luesiag comppacdio [thegelorchepseaionest ai m 1, mhereln the
pol ypeptide is further capabl e of reducing the
substrate to the product at a rate greater than the
rat-e capartleepideh glajapt.orhédhsemages poryine peif sravengs hagng one or
more IR FORAHENEERE: SEQ ID NO 6. 17. The pol ypeptide of
clai m 16, which conprises an am no acid sequence
s &Pt @areﬁnoaﬁmg ¢4 ipr Nefeing; nopepolag or amakiphatig residge; 20,
2%osiddéeore onalﬁg 10396 i34 poldor adBic ré?sﬁivue 40, 42, 44, 46,
48, 50, 5 56, 55 60, 62, 64, 66, 68 70 72,
yfemdy@corrpg)onéleg t08>é1478&lan agtgnat]gg)olagcnong)glar &R alpgatlc rigdue
ThatiamdrRaRihde iRfcutihdioMedeind¥agy €i n the pol ypeptide is
further capabl € of reducing the substrate to the
pibefgEtortgnally thy painorpgid spaueige hpepetor BEsUEsids doffgesstag pther
amino i@ Resld8s 45 dbBpHaPBlcge¥ntd8quck&t or educt ase
pol ypepti de having the sequence of SEQ ID NO 6. 19.
The pol ypeptide of claim 18, which conprises an am no

acid sequpigRps® o ekie, WM comprises an amino acid sequence having one or

more of the following features:

residue corresponding to X7 is an aromatic, non-polar, polar, constrained, or basic residue;
residue corresponding to X147 is an aromatic, polar, non-polar, or aliphatic residue;
residue corresponding to X196 is an aliphatic, non-polar, or aromatic residue;

residue corresponding to X202 an aliphatic, aromatic, or a non-polar residue; and

105



SEQ ID NGO 8, 10, 14, 16, 18, 22, 24, 26, 28, 30, 32,
34, 36, 38, 40, 42, 44, 46, 54, 56, 58, 60, 62, 64,
WA BING42009/ 036404 PCT/ US2008/ 076333 66, 68,PFOYUS2088/076333

74, 76, 78, 80, 82, 84, 86, 88, 90, 92, and 94. 20.

The pol ypeptide of claim4, wherein the pol ypeptide is

further capable of reducing the substrate to the

p b elaintopadnaly ﬂaaiamirtohajtd seqicmtc hheastor abeutsidbi¥agraat ether
ammota(r:ll? I'GSIC{ll S ar %E) 8 a(%g t0 refblyence SE ue%ceet or edUCt ase

po ? d&h ving ‘he sequence of SEQ I D NO 6. 21.

The polypept|de of cIa|n121 whi ch conprises an an no

gg%.d S %ﬂéi@d?ﬁo}%{f&' z%ﬁ.gz f\@ﬁdﬂ q)gﬁ%;g [ %@no égd seéﬁencg éavmg one or
more E@e follgwigRfeatarset 94. 22. The pol ypepti de of claim 4,

\r/]\'gésf(‘itsle goﬁre?@gglgé g)b}g {14798%%?&‘54&3%)014? Aoﬁ%%lal’ %@ﬁlp%?t%%‘émgu%

ZTWGMednmhkmﬂmgBYXH%UDMUﬁ@anphmﬂmPeosmbsmm?memmo

e AR\ o AL BRARHY of o ELLANR e Mo

t hfaﬁemmmnal%hbyminwbightqmqe thay @spe gioretresidua dlifiemmuagstat other

3 - ophenone substrate.
ammo%%g %hdugs agﬁi)/%@p?(lftgéég? Fe}eﬁ%i Srgn&l%gé whi ch conprises an
am no acid sequence selected from SEQ ID NO 18, 32,

343 36; Thg’gelyp%gmde‘})% claﬁff 1, w%@rem%ﬂ peZ(,Gent &eofic 8&ss %t least about
86, 88, 9 , . A ket oreduct ase
90%. pol ypepti de conpr|3|ng a donaln with an amino acid
sequence that is at |east about 85%identical to
residues 90 to 211 of a reference sequence based on
E@ I DT]\KI)GZypept,_nrde obelaiggl, hxg\?feﬁgth@perqué Freaneyigexcess is at least about
999, corresponding to X190 a proline, wth the proviso that
t he ketoreductase polypeptide am no acid sequence has
at the residue corresponding to X190 a non aromatic

r @5' d Ughe ?&ypeﬂ_ﬁ@ Oﬂ’@iahﬁp eptinda c@lilpl‘i‘sleﬁhﬂﬁnaﬂo adﬂh@flﬁdnﬂe fteb:@ted from
t oreduct ase

amn cid
SEQ IPrN%a.%Oatlﬁel“r g@.l&@g %%@ép@na@ A& Yo a0 . i 6. 4850, 52,
54, 56248, phab 63, 64)88-PO122N4, 76 O13SE(, 82, 18AUS6, 88, 90 CYShifigae

residue. . 26. The polypeptide of claim24, wherein

t he ketoreductase domain conprises an amno acid

se6uenthe patypspiideivf tlhagn 1 aﬁiefwahemlmﬁmdfm@eﬁo@pa)&ﬂe% rddSicing the

a proline. 27. The |n124 wher
substry &' BBt v SR BREY s el B Bgofatbrice having
the seq@BhROf SEQUD MNeEXelence havi ng one or nDre of the

follow ng features: residue corresponding to X94 is a

cystei ne, non-polar or an aliphatic residue; residue

co7.r esponplilyigptide ok0bint §, &vhivbrepplisas aroamiad aqihatiiance selected from
SEQ If)‘?\?d %“?0 15e1 P'e“‘?g %Bri espapdjgng, £o 3%9366 §8°' 4%@01146‘516 Us, 50, 52, 54,

resi uecorrespondi

56, 58p6ﬂ, ax, ,64;&6[16&)@0,37@, 74a|7<is FRAR0; 82, 84r86hsts 9@; Residdde; 107 WO

2009/ 036404 PCT/ US2008/ 076333 resi due correspondi ng

to X120 is an aromatic, non-polar or aliphatic

r é8i duéhe pdgicpiids of oleine$ pdwdimige pdyXpd is Sirtherpepadic adreducing the
substrilé’{& R ér@&uc[ S5 Y B i Qtﬁ%;a‘é{lff)o&t%b% rg&&@ tHag el %té&!af@%blé By fhe

esl due, particu serine or aspara
ketoreductase polypeptide havmg the sequence of SEQ ID NO:6.

19. The polypeptide of claim 18, which comprises an amino acid sequence selected from

SEQ ID NO: 8, 10, 14, 16, 18, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 54, 56, 58, 60, 62, 64,
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resi due corresponding to X147 is an aromatic, polar,
non-pol ar, or aliphatic residue; residue
wepedpondi ng to X149 is a non-pol ar or ar oneRGCTUS2008/076333

resi due; residue corresponding to X150 is a

constrained or acidic residue; residue corresponding

to X152 is a non-polar or polar residue; residue
66, 63CTX TR IPoTHdTHG0,188, 841896 SBV0as, ahd phat i ¢, non- pol ar, or

aromati c residue; residue corresponding to X202 is an

ali phatic, aromatic, or a non-polar residue; residue

c@0.r es pbaphilymgptids oRk2IBEn 4. svhareyathe polypvotgech Earthgrcapable of reducing the
substra% {ogﬂég%rb(?uc[ aﬁ%‘rﬂé‘%at 15 gtsﬂsaqya% ﬁtolrS[)(%% e\?\ﬁ{ A8 ﬁ‘lg %@&gaﬂléﬁ by the

non-p or aromatic resid ereint mno
kmmféwhdes@mwembémwamﬂ@pum@ﬂabf§EQé&éKb©e or nore

di fferences at other amno acid residues in the

domai n _correspondi ng to residues 90-211 as conpared to

t Bb r eflbe pripepisdecpd elime? ], whgh conprisshingmeipe pogbscaticngd siogied from
SEQ 1BNoO: Vl@eizew 36N keus f4§d46°t7@576 1%0!30/ RERUI §€ 38 Q0B Nand 94,

correspondi’ng to residues 11 Conpri sés ‘an’ am no

aci d sequence havi ng one or nnre of the follow ng

feat ur ege pdlﬁﬁt)@dé%feﬁfn{ £SRAL B9at10 0K DfvdrSngdh R t'ﬂ@n about 24
val i ne or eine; residue corresponding to

5
hours i‘té‘éilﬁfé\?@‘ﬂtr?é%cﬂf the@6 I-fighlore Sl preacstophaepowbitalg t @Xg(lé%r@chloro-

3-fluoRBRdnDE cth@RP FhABaRRd ohif W RPMRL @&y&@n@ bR &P 165 than about 1% by
resi due corresponding to X9 si ne, threonine,

weightith iggpectdp gieqmaent Oﬁ%@ Ri-orilighdoro-g rﬂv@@%étaeheﬁ@ne subsgafedue

corresponding to X120 is phenyl al anine or vali ne;

resi due corresponding to X125 is_glycine or_ serine;

r 83 dudheRYYRsBil il £2 Which somariss eampg #rad scAwgrgslected from
SEQ IDWNG:€$BoIudi 5 38,0104 44,148, Taheqyk adoasy, 8L, 86! 34190, 9€,and 94.

i sol euci ne, valine, or glutanine; resi due

corresponding to X149 is glycine or phenylal ani ne;

I‘ esi dua leaiddspRpdiypeptitocomdhBing 3 daspiakitith@n adind atid sequence that

I due, corr [ to X152 is seri
s at gy o v e TR 10 2Tt B G RSty S 1D NO2.
4, or 9Xh9&3ng & tlkl reyidud eorretsp@ﬂdﬁigctd) Ke90 szfSlh& weh the prfs0 Ithanthe ketoreductase
| % due corres ondlng % % §g9080|euc 8, id
bo YP&H?E HHTGRT #A SeAWERS I PERF Fra “eo“r"“e%%‘ et 2 PLGRANc residuc.
corresponding to X202 is alanine, tryptophan,

It ég ?T:It Elﬁéo %ocfweptl 9 Otf cla ; {Orrg ?4n gvrhgrgingfile egorreedl’uﬁta{) o(f]grqlla{rll mpréscels 811 amino
acid segjecqute mcvehicathe mplﬂumwded;mndhag/@ 3096 isom afipliagic chiofifpelee n@ssained, or
nereSI&her amno acid residues in the domain
correspondlng to residues 90-211 as conpared to the
ref erence sequence. 108 WO 2009/ 036404
PCT/ US 7 T f.clai
w%%ér oi %Q‘? ﬁ({l)%l(gt?%r%é %grtl 2a4§ g%ﬁlg ypegl%?otr%ﬁgta& doﬁ‘la% cmngéSes an amino
addS@m@mespwndrmgﬁ$ﬁu¢@mmdme®n9®IQPQHUunwmwses an am no

aci d sequence having one or nore of the follow ng

features:
27. The polypeptide of claim 24, wherein the ketoreductase polypeptide domain

cystel

comprises an amino acid sequence having one or more of the following features:
residue corresponding to X94 is a cysteine, non-polar or an aliphatic residue;
residue corresponding to X95 is a non-polar or aliphatic residue;
residue corresponding to X96 is a polar or acidic residue;

residue corresponding to X97 is a polar, non-polar, aliphatic, or basic residue;
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resi due corresponding to X147 is an aromatic, polar,
non-pol ar, or aliphatic residue, residue
waeanpedpoendi ng to X202 is an aliphatic, aronatPCI/US00$076333

non- pol ar residue; and wherein the am no acid sequence

can optionally have one or nore differences at other

amno acid residues in the domain corresponding to

r %idduemre@g@m&iﬁg toasl mdsmmrm!aticmmhn@lar ef @ipbnicecsgimvouence.
51due C rr% p(%gl% )91625 lar opn(f)znA' olameesg ulen the

keet oredlictase pep% %0 corr espondl ng to

r mmduemeg@mmﬁgtoc)omﬁm Slaﬂaraﬂl(hlm' paoicalailylscsiag umpaeagme

CaerS}dggcbog"r%gpogdmg% )§]943 is an a%omat C 0 ar,nno()% pﬁg‘até’? Zrlllp%FtlcrIﬁSSl ue ue

residasccmesmdldglw X 14034 zdmcel pbmrpeapmmblrn@dueo X147 is an

aI'GSl éCO(I:”I’GS Ol’ldll’l 10 }gl%la IJ)O| AL OEOIaAICI (IJ']Iae}:SI Cﬁ‘hreSI due

residue corres I phati c,

aroiat caresppndiag m@mspod ?anonrpemr dulmlaraﬂdiummer ein the

am oe 90%69 3 ? IBE c1:sa apn aﬁlgfla{tig nn&(l)I IQ %}IEI'OI%Q&C I‘%rl rgor €

PIEY enc er ‘amn aci reS| dues %1’11“
dmmlumcmslroempgmd?&:mg if ahemtdmﬁnﬁia @bhoa»@olanmlaueed to

e S R i N
cmsrdesmsbomgmg (1) Xzﬂmsjmmq)o%oﬂakdmﬂmnmdlsmdan am no
wlh rel he ua?nqrcl:oe ac dﬂa sVeqlgl cecan o t10 Ry & ngo toh ?noré &hjer%}/l\/i eggt other amino
features: residue correspg di r?{:; 6 %04 1% & cys‘i el ne,
acid residnespotha dooain amrrapindngtte esides i90deé] as coephedi® the reference sequence.
corresponding to X96 is a polar or acidic residue;
resi due corresponding to X147 is an aromatic, polar,
n@®- pollhg polyeptadeiof hlaini 24, mébstiethules keamdlucbamoéipcptidh domain
. r e
corres ARG B ST P AR RO Lo B B AR ot o R ot he
followghgrfedturescor r espondi ng to resi dues 90- 211 as conpared to
t he: xpeptide of claim
256?1(1&%%0?&%%&1%%%%&?2 ?gl ué% gglg-g%gf%%%épt i de region
c osides gorsiionding o X¥sik dolescigr Xbtingonpri ses an ami no
a g
£ B Rue EINSREE, ERk A PR A RER, BlcghiiEor ARUEUD
araswla@ ¢aresppotliag to XYns b@inarthre@nneamlphaltglmnm efgﬂd@ene or isoleucine;
resi al i phati c,
ngeﬁ%-dggf &Qﬂoﬁgﬁg{r%gb@ mazt@ ?%ﬁhgg%%%ﬁné * Vrggnsef due correspondi ng
t eesidgOriespoading fo platis gyciegr @weriiec, or a non- pol ar
resi : : reim 0 acid sequence can
ogeti%dgﬁgﬂes% g%%o%iét%%ilﬁag?%}%l fferences at other am no
atsisidug exicshonding v X HE idigheaylrlago, losipo miongne galmssordligamine;

2096 T AR D Ot D R T St e of
crealdm QrespandingionX tSKes dsparte eddiothagidinpol ypept i de regi on

c i na i. - an am no
CRMEEAANGIGL & X EShLHAR, Bicaht GATRILARS R ST O

f ecatdue eresoading teeX DOriy dapondplagrintcocyxti?, drprdlieeci ne;
r ?e%idgéjgon%%oﬁlﬁ‘lﬁg %rb@id%gs \;a(l)mg,(:}s%@u&iﬁe, III%Hl%n'ﬁ%’, phenylalanine, or isoleucine;

residue corresponding to X202 is alanine, tryptophan, tyrosine, or methionine;
residue corresponding to X206 is methionine or tyrosine; and
wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues in the domain corresponding to residues 90-211 as compared to the reference sequence.
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resi due corresponding to X202 is tryptophan; and

wherein the am no acid sequence can optionally have
worm/086400r e di fferences at other am no aci d PERUSWES076333

in the domain corresponding to residues 90-211 as

conpared to the reference sequence. 34. The

pol ypepti de of claim 24, which further conprises a

ré@ionThamﬂﬂgpmncﬁnhmo%aamdfmemwemnehmMstbmmﬁﬂspmnds

to.re reference se uence based on

corres 8ng§9 lfs ggﬁ?l compélées an am 0. amh S?Cﬁlel’l Vln%one or more of the

followo@rfeadgpondi ng to reS|dues 1-89 has the fO||OMAng
Lgeﬁlfdllilc[, fo%esponalfld%ex%g:]; ef aCI)IP’]ée% nl%lt 9 X7 La? rog% i % atic, resmllue
mhsmeennmhgmamgnﬂxaﬁudmsﬁmmﬂmpﬁmnam @pnmmmahtymm&vam
. W%?I‘ﬁll’l t%rsgarrrné]llon accl:cg Sreﬁléeglgeg (?]a %‘};)]tlontap féaélg Ion uoer Smo c @gferrer?cses at o%her amino
acid rersninq}an thd dbpaih hmasg«fr@lmg mco:emmq 9612¢ bas coBipared hugthe reference sequence.
pol ypepti de of claim 24, which further conprises a
regi on having an am no aci d sequence that corresponds
t 80.r esiTdupdyrtp@8 oftlain e fdremcke Istgulnes laveridongBEQ
S
corrspabghPrsis 9028 om M oR sERPARRACRL LRARANE, e
ﬁﬂbW@@ﬁﬁ@Spnndlng to X7 is an aromatic, non-polar, polar,
CONs ' e e .nondi ng
0BG LPRPE 58] A BTN, G oA,
Xnﬁzsidusccaremnémg aorX o7 ipa @mﬁ@spmslona)nur whelimbitr rehde;
h I
oty e Bk BECR0 S AR R e BRI P IRE
detreicn thcomries pohgiwgct @n roetsqnalleelsav_e_ ogQoragre diffpanes attather amino
. r. r
acid re%@?es \/1\% I{h% f(%g]?%rgt ﬁrg S H(%lgﬁl rt(l) rseggueg Bp 21 pQJ 036&1251{6% g)etgérzlfege?néng% @quence.
aci d sequence that corresponds to reS|dues 1-89 of a
r @f er enye (ﬁﬁgﬂt‘?&%? clgﬁ‘f@ég v&ﬁi@rerﬁﬁ-ﬁ% lleli?)r&gct%se p%ly %tldg ?eglon
whi ch the regi on corresponding to residues f
correspinding ds} fegdion gOfZéb@qym@es apegingueidsetuertsioriag piy Otr@lor@wﬂﬂ@
followhddf€RRENE, proline, tryptophan, arginine, histidine,
of asparagi ne; residue corresponding to X16 is
s ésidaeeorieagnding tostdries pusteiricniepnt iy laxagan adiphatis resiseene;
apd; &S REInkiflS 1A 2 BGhhr 38GH SRR e.CaN optional |y
have one or nore differences at other amino acid
r esidaeiecsrepnongding todfod itnancespmasis pirotedi 19g-reler e aliphetécsresidggand
A hGRMRA £6nd Rid Q%ueﬁlgé‘ &h %gﬁ'&laﬁ}e%@ B&Eor mokd & iBhces at other amino
~ 2009/ 036404 PCT/ US2008/ 076333 . The pol ypepti de of
acid regidagsrin the domipip eprrspanding o epidprsi99@4 ] as qoryyhigh tofhs fefrgengmsequence.
am no acid sequence that corresponds to resi dues 1-89
of a reference se%uence based on SEQ ID NO 2, 4, or

082 i Ahswhlyrridee! klatbts dlierdle ke fﬁfteup@é/p?ré@rs &igion

corresfMIME SPRABIRN Y0 LO1 ERSHHMES ahiBAciadSqueAR th@ths O dehore of the
eatures: residue corresponding to X7 is an aromati c,

ﬁﬂbwﬁ@ﬁ?ﬁ%?%r pol ar, constrained, or basic residue;
I esiddyoreYPon@aP i 47Gs drliretllic! ol RAlpBIar, e Sl residue;

residue corresponding to X196 is an aliphatic, non-polar, or aromatic residue;
residue corresponding to X202 is an aliphatic, aromatic, or a non-polar residue; and
wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues in the domain corresponding to residues 90-211 as compared to the reference sequence.
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resi due corresponding to X43 is a nonpol ar or polar

resi due; residue corresponding to X60 is an aromatic
W@r000085400l ar, or aliphatic residue; and wher ePCI/URM08/076333

am no acid sequence can optionally have one or nore

differences at other amno acid residues in the

domai n corresponding to residues 1-89 as conpared to

t BE r effhcr mﬁnz&pts@qxﬁ elame24, wIBSmm'Iflmkemé(baptaﬁtrjod@emfde cdgiwinm

corres%ondglg éoereﬁlglhecs: 8 ?Ef %0%3)21??5 eazl%%lrllna ' %%ec% gré(ie a\gggi%gpé ?nrg)]Fe ' the

ﬁﬂbwﬁgﬁamemne sequence based on SEQID NG 2, 4, or 98, 1in
whi ch the ket.or as ol ypepti de region
corres ""“e%p"“dm% g’d}?%@ i'dliés 1- 89 has the fol | owing
feaﬁucesmmnmemQUEXbbnsbmmmmdlng to X7 is glycine,
hi stidine, thre ne rypt ophan, arginine,
r“¥memﬁmqmnmn gﬂggglsﬁ%gxﬁgéh ue corresponding to X16
i s’hercimeld augno adicsionee mropmmpbml_mvn gnd @ m4Qdiffsrences at other amino
acid I'GSI%HGSV\}I] 8‘16% alP ﬁgr‘?’esﬁ(];%%mg (g {eeﬁge% @8 ZTpast C% )éarcc)d #O the re?e]rence sequence

erern no-aci d sequénce ca
have one or nore dlfferences at other amno acid
resi du resi s 1-89. .
agg’ conp $he %(gypt Et?(%e%? 2e4§ g\}r:}]l%g%@gl@ﬁéeon élgé% aéggﬁé)rglnﬂ%ﬁlg ]dn §1%1n0 acid
sequengn @ammmﬂs@o mseldusclt @s@tlpao‘pgemepﬂt seadencapadll o SEQ & NO:2, 4, or
t [ j
98, in %ﬁl‘ég 2 g% ?ﬁﬁ C%Frgs%éfcll?glc E éér’soééﬁése{ ng esﬁlge;igfl(gﬁg%features
( Bpidte ¢@regpodiliog kooX Dis 3n flomatio phiepglir) polat mmned,spr basic residue;
and COMpared to the wild-type ketoreductase from which the
engi neered ket oreductase polypeptide is derived. 40.
Awhemiyitivecariegladidtcqreaduch ageonpldy §qye prd denadediffvmaccs ntothea amino
acid re\é\fdllg i M}Q%Oljngiﬁtc&ll?egﬁédd So rels(lﬁﬁeg rle@%%'é&ﬁ &k ﬁglra‘ergflce sequence.
stereosel ectiv C|n aceto eto
(S)- 1_phenethano| 41. The polypept|de of claim40
V‘@? rel q‘hé !é(?{[l%ﬁél&é%@ Qltaingﬂ IW%ICE qtlB E}ng‘ (%II%ISGS a reglon havmg an amino acid

st er eosel reduci ng acet ophenone to
sequercgyhat) coigeneadstia rﬂ91duw It § of apefeicagstsegrcetedssnd op SEQUPEYR:2 o, or 98,
in whléﬁ th!e ?e%ﬁ)‘h c@tp&%nd%%(){ﬁ resﬂges ITMapglleY(Hﬁ)%ﬂgqgatﬁfes clai m 40
wherern the polypeptide i s capabl
Sf@éﬁg@g@teg@pﬁmgt e 111 anpmatiq) O oy- g@ggfp}zlar constrained, or basic residue;
P@fdwg&&mzﬁg%&16rlggyaam51aget ophenone to
- 1- phenet hanol percent stereoneric excess of
af681d9%1@qrreats>@@mg @9?%3 laenomﬁ@r gatolppeprdniendf cl ai m 40,
WORE I REn SR REEMET:ROYREIN hiI€ of O JrS EiffeRnddO Qt other amino
~aromatic residue at the residue corresponding to 90
acid regfduesprthe gomn gorggspending t@Bsidues 1-88 ap eorypairs] t@&!teur@:ference sequence.
encodi ng a pol ypeptide according to any one of clains
1to 43. 45. The onnucIeotlde of claim44, which is
séf-ect &8 pelvpidsef @113%%)4 edksifathengpmprisspargiphanng as amio acid
sequen%e thas colrlas ok to 3Riduds -89l a rédsentIe u%@oe bgyed 0 %EQaﬂ),N@Q 4, or 98,
f 41, 43, 45, 47, 49, ?l 55,
in wh16tg_t’he @gwnggrresgqndnggo reylﬂuesﬂg@ hpgthefo;l owyrg fezgq_res 83 85
8 fosidBcorRdpon@Ad 10337 is #feonie, SRRt QRary, Bfliffe, histidine, or
conmpri sing the pol ynucl eotide of clai m44 operably
asparapilgiked to at | east one control sequence suitable for

didsRIGd s PRBNE BSX s bding host cel |
residue corresponding to X43 is isoleucine; and
wherein the amino acid sequence can optionally have one or more differences at other amino

acid residues in the domain corresponding to residues 1-89 as compared to the reference sequence.
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47. The expression vector of claim46, wherein the
control sequence conprises a pronoter. 48. The
we@xppeda)on vector of claim47, wherein the prREDUS008/076333

conprises an E. coli pronoter. 49. The expression

vector of claim47, wherein the control sequence

conprises a secretion signal. 50. A host cel

conpr i Shagplydeptidxpriess?4omwhics dtrder @fmmihaiarregiﬁq havﬁs@ an Finano acid
sequengzgﬁtat (g:o]%e%‘qoggls 10 éeﬁlduetsmﬁlce)%9e(y}‘%r ih ¢iRisnce osE uﬁréceé)gsedrongrE tlﬂg:a,t 4, or 98,
in whlelxi;he tessnedmtaeeepxﬂmepﬁr&vglorb@enspomlngnozmﬂués)r 8%kq:srt1&sl’sllming
&muésn the host cell. 53. A nethod for stereoselectively
feducing a 2',6"'-substituted acet ophenone substrate,
0 pmdoe]@drfeypoadnbg ta XU edl aimimatir) @o polappadarofon@tained, ordaxic fssidue;

positions onﬁ*%%%ﬁ Rarres nd(llng substituted (S)-1-

ﬁeSIdu% AR rrgséf cont act | ng the substrate

vvrdshlue herehq;@hmng dxﬁe43as enanp)byapamoiad esific;any o n e of
ynder. reaction conditions sui e.fo
QB g O X S0G 8 G Armatic o Aon-h SIS or% 1phatic re51due Fand
fereose tn % Yy reducl ng or converting "1’1
S whetmabeantioo dieseqamrespoptilinally (5} osd cemhmé dlffelenhsts ht other amino
acid re51r]dues 1 the %09411936r?'e%40n|3g /t(%J rSe%QOS/l 086621153’ :g’g’m a?ed to t -Ele e erence sequence
B3 GAETRI N Ehe g ubSt ratd “eP

dlchloro 3 fluoroacetophenone and the

: cgre o > P00 Rl BLPPR SRE IR crrisgs reon baine gy acid
sequemretﬂab@r@@oudlsap msH8es ppafairgfetcha sequence based on SEQ ID NO:2, 4, or 98,

in whlc(,k@ne ﬁet&%d&ta?%éﬂ%%@tﬁ%e?i%&nu&hg Iaﬁ(ﬂe%(‘)o r%'iJﬁ 2%9 . ethef nfg{lﬁ%gg

I'n greater reome |c cess.
featursf cl ai m 53, wherein the ketoreductase pol ypepti de

K%mga- éogl%sp%gdlﬁ%% 1&%8}%@ %ng&iﬁgciﬁre lgheeg{fﬁﬁ %&ﬁg@éﬁ%élﬁne
histidi@R or @gara@es; 38, 40, 42, 44, 46, 48, 50, 52, 54, 56,

o ysidiReorggronde 8 Pserty 7S e et hod of ol ai m

SEsid\Ah@qr@anéing logbitis mblowtin®®5% of the substrate is

reGQﬂﬁggor;e Ofnﬁll @qy%ﬁh‘!‘ah ss than 24 hours when the

I'S con east 200 g/L of substrate
amdierpintthe aniuefsgnct halmenge @hlopfnalihkavp ohypeptd défcrea@s afftier amino

acid reg%f]%lqgt gdeI(ﬁLllﬂ Icgﬁeigon\gﬁléqyﬁglﬁue%q Ia? go eégred\% Eﬂ% rw@l%hc% sequence.

at expres etore uctas enzynme, or an
extract or lysate of such cells. 59. The nethod of

chai m 23 ehQné’é@Ed%toH&ﬁcté%@ﬁleglﬁé%ﬁge &5@01& Sf d Ié&elrs%H @tgreésrefycﬁ)\rlty for

purlfled and reduction reaction i1s carried out In

reducingh& . Oyrdish o d fb@r@cemha@qne pubpte toHé)- ket-bdisblaret hleoremhgnyl)

ethano‘PQst (joﬁlﬁﬁleh Yo tfe wll& %@ %t@&ﬂ&@as@ff% %cfh%e &Eﬁe&&f léﬁ;r&ﬂlctase
60. e nethod of claim59 1 n which the cofactor

polypapideeinderivelng syst em conpri ses gl ucose

40. An engineered ketoreductase polypeptide derived from a wild-type Lactobacillus

ketoreductase capable of stereoselectively reducing acetophenone to (S)- 1-phenethanol

41. The polypeptide of claim 40 wherein the polypeptide is capable of stercoselectively

reducing acetophenone to (S)-1-phenethanol with a percent stereomeric excess of at least about 90%.

42, The polypeptide of claim 40 wherein the polypeptide is capable of stercoselectively
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dehydr ogenase and gl ucose; formate dehydrogenase and
formate; or isopropanol and a secondary al coho
walziwydsagenase. 61. The nethod of clai m 60 wheP@&i/HS10n&076333

secondary al cohol dehydrogenase is the ketoreductase.

62. A conposition conprising a 2',6"'-substituted

acet ophenone, optionally substituted at one or nore
reducind ac8tophehonean 5)5'-plpoghdnblonith a gnathster¢dneric oxaesssyb onlidisngpout 99%.

substituted (S)-1-phenethanol, and a ketoreductase of

claim1. 63. The conposition of claim®62 in which the

sébst r Ahepdlgeptide@f cldincH), ohere®' the chBean@ ROBPBBE4DArises a non-

- / a (1),
mmnm@%%&ggégg%ggégggﬁrsﬁhﬁ %§$?¥8$§§eﬂgﬁwqa Eeng%%anol is

(S)- -(2,6- dichloro-3- fluorophenyl) ethanol of

f Q. m‘” a ﬂol)lnllcle(ﬁﬁe er-llz:laging 99&9&&&1&@&%&%& lt@elngnoﬁuzof cfl'él%g hﬁ)r 43.

conprising a cofactor Tegenerating system

conposition of claim®64 in which the cofactor

fﬂgeneﬁﬁéb&ﬁnﬁ%&k@%?&%ﬂpml%ﬁﬁhu&%k&&§§mﬁ%ﬂ%§&@%@ﬂﬁ§ﬁgofSEQ
and glucose formate ééro genase and formate

IDNQ: 30p oHah%l15dﬁd1%21§éc% 2y %L%%I37d%9n§}bf‘ég”éné7sé9 51,53, 55,
57, 59141463, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, and 93.

46. An expression vector comprising the polynucleotide of claim 44 operably linked to at

least one control sequence suitable for directing expression in a host cell.

47. The expression vector of claim 46, wherein the control sequence comprises a
promoter.

48. The expression vector of claim 47, wherein the promoter comprises an E. coli
promoter.

49, The expression vector of claim 47, wherein the control sequence comprises a

secretion signal.

50. A host cell comprising the expression vector of claim 46.

51. The host cell of claim 50, which is E. coli.

52. The host cell of claim 50, wherein the codons comprising the expression vector have

been optimized for expression in the host cell.

53. A method for stereoselectively reducing a 2',6'-substituted acetophenone substrate,
optionally substituted at one or more of 3°,4” and 5” positions, to the corresponding substituted (S)-1-
phenethanol, which comprises contacting the substrate with the ketoreductase polypeptide of any one
of claims 1-43 under reaction conditions suitable for stereoselectively reducing or converting the

substrate to the corresponding (S)-alcohol product.
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54, The method of claim 53, wherein the substrate is 2°,6°-dichloro-3’-
fluoroacetophenone and the corresponding (S)-alcohol product is (S)-1-(2,6-dichloro-3-fluorophenyl)

ethanol.

55. The method of claim 53, wherein the (S)-1-(2,6-dichloro-3-fluorophenyl) ethanol is

formed in greater than 99% stereomeric excess.

56. The method of claim 53, wherein the ketoreductase polypeptide comprises an amino
acid sequence selected from SEQ ID NO: 6, §, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36,
38,40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90,
92, and 94.

57. The method of claim 53, wherein at least about 95% of the substrate is reduced to the
product in less than 24 hours when the method is conducted with at least 200 g/L of substrate and with
less than 2 g/L. of the polypeptide.

S8. The method of claim 53 which is carried out with whole cells that express the

ketoreductase enzyme, or an extract or lysate of such cells.

59. The method of claim 53 in which the ketoreductase is isolated and/or purified and the
reduction reaction is carried out in the presence of a cofactor for the ketoreductase and optionally a

regeneration system for the cofactor.

60. The method of claim 59 in which the cofactor regenerating system comprises glucose

dehydrogenase and glucose; formate dehydrogenase and formate; or isopropanol and a secondary

alcohol dehydrogenase.

61. The method of claim 60 wherein the secondary alcohol dehydrogenase is the
ketoreductase.

62. A composition comprising a 2°,6’-substituted acetophenone, optionally substituted at

one or more of 3°, 4’ and 5’ positions, and/or the corresponding substituted (S)- 1-phenethanol, and a

ketoreductase of claim 1.

63. The composition of claim 62 in which the substrate is 2°,6’-dichloro-3’-
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fluoroacetophenone of formula (1), and the corresponding substituted (S)-1-phenethanol is (S)-1-(2,6-
dichloro-3-fluorophenyl) ethanol of formula (II).

64. The composition of claim 62, further comprising a cofactor regenerating system.

65. The composition of claim 64 in which the cofactor regenerating system comprises

glucose dehydrogenase and glucose; formate dehydrogenase and formate; or isopropanol and a

secondary alcohol dehydrogenase.
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