WD 2009/ 046153PCT/ US2008/ 078513 KETOREDUCTASE
POLYPEPTI DES FOR THE PRODUCTI ON OF AZETI DI NONE CROSS
WOREBERENEES TO RELATED APPLI CATI ONS [ 0001] Thi BCT/US2008/078513
application clains benefit under 35 U S.C. 119(e) of
application Serial No. 60/976,555, filed Cctober 1,
2007, the contents of which are incorporated herein by
ref erence. REFERENCE TO SEQUENCE LI STING TABLE OR
COVPUTER PROGRAM [ 0002] The Sequence Listing

EROREDEASE POESRET RS ol ROy S N pififone

name 376247-022.txt is herein incorporated by

CRosgef{E%EE&%Eb”rd e SRk A?EIYItCAEHSNgl ectronic copy of the

equence List1ng was Crea on Cctober 1, 2008, with

[0001]b 'eFFlfcs) a h%élt%o c%tuﬁsll?e%%f%g%é G ngf %)?P(Qagl)% EQ‘F&%/ RES

60/97a.%d uﬁb@@etObdraS@OG B donfents of 848ich areancogefadd e liyhreference
synthesis of optically active alcohols fromthe
REFERBNECE §PpotHQUIN P bEXTENeoT Adinte ORCREPOHER $BOSRAd e or

correspondi ng racenm ¢ al dehyde substrates. KREDs

[0002} Fh¢ Seabinge Ephveronckendnedmited halcgehyetlsr LGSR 41881 tngp computer
| .

e R ou o BT Uy B HE g bR B8 by pefence in
its entiseip stheaplastromic ¢dpe of e Semoeediittige kes opr¢dindedighge!, 2008, with a file
Slzeofplrsg%gg The reduction of ketones and al dehydes and

he oxi dation of alcohols by enzymes such as KRED
BACKREing8s a co-factor, nost conmonly reduced

ni coti nam de adeni ne di nucl eoti de (NADH) or reduced

[0003]n Eﬁg&ﬂeﬁl ﬁﬂb&%g%@ ﬁ{élk@f%req{l&éée (eREDAS PRSP RALGasE NARREL1.1.1.184)

ni coti nam de adeni ne di nucl eoti de “( NAl

are us?ﬁﬂcf@lt theyaymihges efheHeals aefivis aleplady frere ths we@wh@nd?@g(mmmmp@ﬁm
ketonel sh@stt@?é'og %ﬂe@ﬁbnﬁﬁg%élﬁﬁ aldé@%g sﬁﬁgatwmlﬁe&ﬁﬁ@al@%onvert ketones and

el ectron donors, NADP serve as él ectron
aldehyge @}@@t{%&f tg thq qorrp%)op(}ugﬁ]@[hp] WO%S bytyiesy afsp gptalyze the reverse reaction,
0x1dat}8ﬁt09£1€ﬁé{ﬁl¥)lasﬁ§§raén9 th@ |c&9£9$ndﬂ%%@ﬁé?ﬂ@&2§ee§m@:ﬁ9 effe reductlon of
her the phosphorylated or the nonphosphor
ketoneé énc? Heahydes epdhthp pxidaion @f sledhok by chaanse wh 8¢ IéBEﬁg requgmqo factor,

most c@ﬁa@n@'}&iﬁml&ﬁﬁaﬁ@e § RHAE dinBe1ébtint Q@Albﬁp&%e(ﬁfcecpﬁ%tﬁﬁﬂlﬁe
yeéasts (for reviews: Kraus and Wald Enzyne

adenmé étrwly@}dé Phespipt g AHI P y#nddcstigamygy @enlawnwﬂqt%

nicotirhfaR; adglﬁlkéecﬁnucﬁoude%h@;pﬂlﬁg ?[{T IQDP%{' ﬁ’i@ SxilidtioR rABMnCNADH and NADPH
chem stry, 4th Sprin Berlin Hei del berg New

serve a@r@}egtrorg@@grs WWD antN P aewq_@g@ctr@ﬂccepjors Bt 5d¥sapantly observed
that kel&é‘du@t‘as]e@lmd ﬁ&‘ﬁ@f&hydﬂ%@as%&@eﬁ Ql@heﬁ{l‘l% YRR RRAKCNG SR NAY €

been reported, Candi da magnol i ae ( Genbank Acc.
phosphwlatsm@stor@11@%3@@@380} fe@ﬁ‘?éistﬁfﬁ) par apsi | osi s (Genbank
Acc. No. BAA24528.1; Q: 2815409L Spor obol orp/ces
[0004]5 KRED ngynesicay bssiomahin 2 Adde rangs of acterg @rbppastef forsggys fyaus and

Waldnt¥e, 20094 %@;155531%’ a%%%ﬁe&z@%@lf&i O@Qﬁifelhﬁbuﬁ 1 Gy F£B%r K.

ci rcunvent many emcal synthetic Eﬂoce ures t1or

BZOZVaWQTGWE?’TSé’ﬁoréﬁ”ZR é@ﬁ”’é%rn’pﬁbl ﬁésSpﬂnegtrd?eé deidadlass New Yb"éli {4600

HumnleN&1d8@sd, 1949y 8P| 9y, f B0 1t R eREMMRRES g&{era\a@e R sQfuences
different keto and al dehyde substrates to chir

have bggnorgprsted srodisetde mmdiee Bppbinkdicr It Je AR bl lé9oi%b¢@dlda

parapﬁl@l‘zl‘ GR¥kS I 109 B 4kBY RIR AN 48P SHoPSboRInREAL B hicSior
ket one reducti ons urified enzymes in those

(Genbpkspegnile L EAARTS: %fr@%?@é of nultiple ketoreductases in
whol e cells woul d adversely affect the stereopurity
and yield of the desired product. For in vitro
applications, a co-factor (NADH or NADPH) regenerating
enzyme such as gl ucose dehydrogenase (GDH), formate
dehydrogenase etc. is used in conjunction with the
ket or educt ase. Exanpl es usi ng ketoreductases to
generate useful chem cal conpounds include asymetric
reduction of 4-chl oroacetoacetate esters (Zhou, ./.
Am Chem Soc 1983 105: 5925- 5926 Sant an| eI lo, ./.
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WO 2009/ 046153PCT/ US2008/ 078513 [0008] In sone
enbodi nents, the ketoreductase pol ypepti des have, with
WO 2®peeisio the wild-type L. kefir, L. brevis,POrUs2008/078513
m nor KRED sequences of SEQ ID NO 4, 2, and 86, at
| east the following feature: residue 202 is valine or
| euci ne. In sonme enbodi nents, the ketoreductases of
[0005k Fsordgrde pitsyient mapechegiqahsyntbetiripocdires 1os the eendarioa of ke

compoahde, kdbrDfdcthses %re RIng &R rca@hgll 8Aploydd¥or t‘Hé eﬁzglﬁatﬁ&!oh%\i\él&gof different
features: ? §ue carrespondi ng position 9

keto a?d[ al@phydg@g]gr rafeg toaqlpréq allclgh%ltpr(@ugf %Feaqppp(@gplasu:én 61(1@))}’ whole cells

expres§1ﬁ§ th@ llt@tof‘e@ﬁd’ca@§ RR B8y ik RIS kddu@dnd D pirific® emzy)ﬁw&)thds@ instances
phati.c, polar or .constrajned residue,

and
where P@éﬁna%f pyfiple §?56rﬁ%‘fcf?§est“éwb%1§ Fillsc‘wu@@éve(@eheaffectx&@%rﬂ?ryﬂty and

yield of tiﬂe' da€ire@ E)rddﬁéic EbEn vztrlorﬂi SIRAE S IALARTNADH HENADPH) regencrating
pept i have, R respect to the sequences of

enzyms@es)fqabgmsa elgdrogﬁgsegéingt foprpate fehy dragenaie| eg;w}slyéed in conjunction

with tlfe%{o%rdﬁ&ase ( Eiarﬁ;ﬁe%'u@ﬂﬂg k&0 REBQNE b O@rat Qs PRBIHeMRAI KB ohikls
pol ar resid Lﬁre3|due corresponding to X199 is

mcludaﬁﬁyameﬁwaﬁciueﬂowﬁscél GaREeRCCIAT CHE é%horleé ﬂ@u@heﬂar?ac é&§3

105:5928 S 1 @ a i §1RS P ANl n@st(ﬁ) KRAA3p-933 . §. PateRINIsEH§49NB0; US Patent
009] In addi ti on e features descri bed above

No. 5 %Q%WQ bR fefentdloe & 82LeP Shasducimef dioxergrhexyliesr gy - &-» US Patent No.

6,399 §39f) eI BAGES t@bmlggychroe@smy&ow%kér@%oﬁg (ecgortpsrm&nﬁ Ro.
ences of

, 86.
6,645 é%é%ﬂ%/é(mp}a éedpe@toarpélaﬁefe‘la@ée %FW@@PW@&@ &e%?rwhcatwn No.

2006/(12@6@!16) SQIuADHNINLUbSHiBECH tectP ﬁ@h@ﬂ&%%h@s Phent®o. b 80GH773haut
85%. 86% 870/%\] 88% 89% 90% 92% 93% 94% 95%

reductiyggf kejetbiplaggsdgV Qg P4 %%}e Ctentical to a reference

sequence based on SEQ ID NO 2, 4 or 86 having the
[0006) L1 gjrads P (ffm%éher Keepdigasedrrmes s gy wet txgmogt GRversion
of varihd KRAubSraRk toiBl cfresh BfdihUdirald@ohdiprdasd.y al ani ne or

t hreoni ne; residue corresponding to X199 is an
SUMMARphatic, constrained or polar residue, particularly

al ani ne, histidine, or asparagine; and residue
[0007]C Oh¢ psRandichguit @rox2idRkdtGedtdlabd 1@ y@eptldesigdvig;thambillty fohreduce a

Qvi SO W rOVIS at t he ke duct
recem B @ sl PR RV EIUT MG P B S mety 2
benzaml.demethj"l%h}fﬂhiﬁy&ﬁfflﬁﬁ$ phstb Mgy, @obyﬂdcldoﬁdarenaidi@madh [ﬁ)l}ipéptldes

r. resi reS|du corres 99 |
and mB o ot SRR e e POy 25w Pl 2 Bt B g >
hydrox300ty 250 ﬁldint’b@nédihté(ﬁ@]i’e dysthysad df ER, M) 3- QH):I (tert- b{lt@ﬂiltﬁk]th}ilsﬂlyloxy)

nts, as where th nr
ety I Er SRR TRl  BE bR T av et ngle wCAS By 85 %o-,
which Goaiilihtex@tedate (pefnul‘tﬁ&tedﬂi@rnd’ldfafe@ ueddete Hiahﬁac&mg bfeeibetarbapenem

it AT G R PR e T [ 8 T besamidomethy -

3hympgﬂmgenémdmd@smmﬁmnahmdaim fuhientref eérefaen sgperdeertabeem,

enbodi nents, the residue di.fference co
bioper g By BB I PR P e o v et Qe ketoreductase
polypepedhistof b ptes¢ne iscosdrediaf é zﬁf iepessd ﬁbp@tyhﬁ fedti@sd @¢enverting the

b f
i e R e e
wild- tﬁarketb&dﬁaﬁsb bﬁymemmftzﬁﬂ@la‘ﬁ)m Luceibwnavtldeﬁr (act/deﬁ;r 't YEG o N,

LactolgE et bt s SERRRNED: Siep b s Glrane S0, 1973 P

NO: 8@n1:i1]{ sOfe mﬁmleﬁht@ Itmduglhedrdal{ketm!rddu@ﬁse pYBpEPAItS HaesSdndgroved
erences t can r t .In or .nore
propefi b BT B LB P PSR R b dhhf Ry ratitrorsehe e 16 X0 45

description. In sone enbodi nents, an inproved

ket or educt ase pol ypepti de conprises an am no acid
sequence that corresponds t8 the sequence fornul as as
laid out in SEQID NO 83, SEQ ID NO 84, or SEQ ID

NO 87 (or a region thereof, such as residues 90-211).
SEQ ID NO 84 is based on the wild- WO
2009/046153PCT/U82008/078513 type an1no aC|d sequence

Y a1 o o Y 1 oy N~ 1



[0016] In sone enbodi nents, the ketoreductase
pol ypepti des are capabl e of converting the substrate,
woreaobpse123 benzam donet hyl- 3- oxobut yrate, to thBCT/US2008/078513
product, 2S, 3R nethyl-2-benzanm donet hyl- 3-
hydroxybutyrate with a percent stereoneric excess of
east about 95-99% Exenpl ary. pol ypeptides with

[0008]t Fﬂ %)mﬁregﬁg@(ihwntﬁ g I@H)éedugme Plygeriiges P}avenwltgdesp%yt to the wild-type L.

kefir, DOFRER. B mmmrsle%\en&s @frmg 1380, SELIBBCA Feast the following
correspondln to SEQ I D NO 8, 10, 12, 14, 16, 18,

featurey Gesu@g %E vabge or éegcmg OIn sgme erglzpdnaezlts gle ketglgducgaées oj ghe disclosure

have, ©fh regfee: 6 2he s&ﬁ@ﬂc@; off SEG RO QA RERN st tWd8F the following features:
ket or educt ase polypéftldes are caﬁgble of canvertin

(1) respdyg corprsRaneling & Pasichyt (9. Kehian Hifutcry polstigsidsutdy Fesidee

corres;%dihdfn@@o sRdH 9 (z ZSX$®') 'i@inhﬂ/lﬂhaac bRnz &moqgﬁﬁkﬂl Yebidde, and (f3) residue
dr ox utyra per Cent stereoneri ¢ excess o

correspinding JposKiB a2 @9w8<2@éwllew 186ing p dptqamereranbpiliptinie Hhe

polypd@ﬁ@e@ @by with dsptdero tRUkqRh&s BPSED INCe 2t fd 880 YRE M fIBSwing
i sing am no. aci d sequences correspondln to SEQ
featurgs p( Dnﬁ@

sgiue 80rr6i@)ndlilg to pogition @94 BR polen res@ge (5@2651 4 corg@pondmg to
X199 @lﬁﬁi aRphatid, Ok BAindd) o SRR r IO dhd BN ESidud BfrelRh @ BUCLASEValine or
| ypepti des are capabl e of converting the substrate,
leu"mi’nethyl 2- benzan1donethy1 3-oxobutyrate, to the
ct, 2S, 3R-nethyl-2-benzam donet hyl- 3-
10009F, Wrdész% {5t Pr ptgres eV RP gy S Ougg s pavg g more residue

differch&@s 30oth@h&idik P&ittns bRMphl@td tBE QqEAPARIF SEQIDINTER2, 4, or 86. In
pol ypepti de having the am no aC|g sequence, of SEQ I D

some q@o&@enﬁxtgﬁ]ﬁqtgpcg}m 89 W@ﬁ?qda%gerwl CPMRIE an gpino acid sequence that is at

least ag&@%‘ig,‘l@% IRCTEIS20080037 883:39P%, 0Red, %’%l 9%0), @6‘%; 9BUIIBY. 89% or
not. limt d to, olyﬁﬁaildes co r|S|n%6an1no

. a
more 1§%ﬁla@ rt](b%§ EHES ggb%lﬁa QIbSE&@ hgvmgltée %oilgwmg features:

residud-borredfdndidg to 294 is €bali gﬁ&lc 03 Poladésiduddparta@iarld Qlanial 6r B onine; residuc
[0019 In sone enbodi nents, the ketoreductase

Comswrig?gé% R B BB OE BV R o KBS Btipe pistidine, or

asparaBmE; Pyl regrdti@mmoﬁ&ﬁgfobmbﬂ%@lﬁﬂ@éﬁléﬂcﬁfee\mtﬁ @Be pRdiso with the proviso
oduct, 2S, 3R- q&th yl - 2- gpéan1done

p
that thﬁ{sﬁ?fs st 3miae act %Fﬂuealcms Prg the jpreceging fé%{grf‘s &polspidue

corres&Qldfﬁ@ td RO4is gh e@dhetic drpanr fckigud: akRuEapaiioadiBy tot X®9 is an aliphatic,
eptlde havi ng . éhe am no_ aci d sequence of SEQ ID

constfﬂﬁdﬁé polesresidtea il T SeEEPA@eAp £R07 i %‘Hlﬁ%i&@?%
i nclude, but are not |limted to, )

[0010], B‘hiﬁ?meﬂ“ﬁ@ A SUhA et tﬁlﬁ?éﬁ%’g & ?%&bgéiﬂ? A éln$18 regides
differehnéd NG sp&lﬁo&omuﬁatwll?of rebftlue diferedéds, t%ng%ere@ﬁbtor&ﬂmtaﬁs@ may

) d 62 0020 enbodi nts t he redu t ase
OPUOH%& li}‘glé?ﬁ agm éesédiff) gﬁfe{?ﬂfﬁs ai:?} V@Pﬁ“ﬁ@ 1 %P %’B‘B e gompared
to the féﬁr?ﬂ: soquiiR ) ZAKLEO Bk dilynkents; O oY HidfeRncd @mipF& conservative

roduct,

mutatlﬂlglsd Illb z ;o R gtg,épg/ %{fdﬁ]&?é rr]efzsﬁﬁlfz g&greeta{?e% ﬂaifsoiéetr reé't%la Positions can be
incorp8fted @ produde arr@atigiprdvhastd ih%niy&ﬁe@r@%ﬁi@@ Hleﬁbymiphﬁ/ements can be

ﬁlrthelp mr%%esegl)@gzgfmggc}l %p%%}&[ E) glgFng‘gg %\%s}rﬁe, ‘;J (212% ‘.\.\?E crleg)ses in

stercodeteinifletherliobtaliliey, Dlend stabiltg And/Os re@REY/REMIct ﬁﬁi‘bmon Various residue
dlfferegl%rsmr : galélr}gsg?rl?l(gloe o?glloge]}%lg%zgp ecng?]‘[ag grr@{)e?rtsl%%%%rg illedgla)[.spggetalled
descrlﬁmﬁog} %ﬁi&}eﬁlbodlﬁlentéﬂ @h ﬂﬁ}ﬁﬁ%ﬂ(&%&d@@iw peppdpd@scoatpeises an amino acid
capabl e o onverting the subst
Seque‘}‘fﬁﬁﬁﬁl‘f"ﬂﬁﬁpﬁéﬁ?fztﬁmed% ‘ﬁ‘)f‘im? %‘Blﬁ‘t‘\ﬂ SEQ IPQNQ#& SEQ ID NO:84, or
SEQ IPINIBIRT tor a Z6BiodFthdi®if Ryt 2 réxenzag0-Tianes iy ID 80:84 is based on the wild-
hydr oxybutyrate, at a rate that is at |east about 50
fold greater than the rate capabl e by the pol ypeptide
havi ng the am no acid sequence of SEQ I D NG 48.
Exenpl ary pol ypeptides with3this property include, but
are not limted to, polypeptides conprising amno acid
sequences corresponding to SEQ ID NO 6, 8, 10, and
12. [0022] In sone enbodi nents, the ketoreductase
polypeptldes are capable of convertlng t he substrate

o . oy oA ~ o o . N a



[0025] In sone enbodi nents, the 2R 3R sel ective
ket or educt ase pol ypepti de are capabl e of converting
WO bwosuasi r at e, net hyl - 2- benzam donet hy1- 3- ox ORUL/YS200%(78513
to the product, 2R 3R-nethyl-2-
benzam donet hyl- 3- hydroxybutyrate, at a rate that is
at least about 1 fold greater than the rate capab
type amppa agid sAyeRse iobibe hasre g i nee/in kstergdug i (SEQJ DN E §FQ§E 0:83 is

based bihbQiIB8ype cﬂ%&‘q&@éeﬁﬁfé@a%&zcﬂu@ Bret/zlg' k@to@ﬂ&ﬁh@é [SEQ ID
include, but are not linited to, pepti d

NO:2)e HHREIDRIO A rhgsedn dheswi Az aring acrlqi éﬁ‘élﬁ?jﬁa p%e kestobggsius minor
ketoreltNISEOAD 168:36)! Cihe fdguertcd forfllas SESES R0DE 3834, Baga H%@ﬂy that

t he pol ypeptide having the ami no acid sequence of
rosidug gyrIQEE Tepas *élPB?“Cd’éB%\lbll esige; @8ﬁwwgn41ﬁ°et0>ﬂ99 is an

alipha®d) B&IstrAh&Y or leﬁhﬁéélaueb W@Jﬂ@@ﬂi@ésb&&lﬁ%‘t@ XQ@ZHS )&ﬁlﬁfe ®r leb@ne. The
product, 3R- net hy1l- 2- benzami_ donet h

t he
Sequelwsf %RS?%M?TéP@IfY\KWaPﬁeSé“ g@l@rf%%% PP ggovgﬁ@mé{le dptailed
d%mmﬁ@he that is greater than wild-type L. kefir KRED (SEQ
D NO 4), any pol ypeptide i nproved over SEQ I D NO 66

[001 1]| $n Rl RmibiPMOME GhnBicdibd IEbtdryRetade. pokBEtide KR e 1nBRA8H
In saone enbodlnents the 2R, 2R sel ecti ve_ ketoreduct ase

onzymgyig 3puibt s gemared o Abanildsty Bt Kty pdieEg gy RhieT evring e %lbstrate to

the prdﬂﬁ&tg met)@vekzﬁgﬁ?ggm&?ﬂ@ﬁ&b)éﬁw%r&ﬁ BOREIRY By cdifpatil@the specific activity
roauc -

of the %?ff%ﬁaawéxmx}tideswww 8kp Ul e detorgfuctase ghzyme jjpg standard

enzym@tass'aﬁaﬁthe aleuH: ofith@inipRbvdmghteal Rihgd MG 1 Khignek A Go18RRGE Pmatic

t he pol ypepti de having the am no acid sequence of
act1V1t$E6h1: Eyrmogémg B ﬁ;ﬁﬂe SF erﬁgﬂc? b@fﬁemﬁcgg‘e YRS iy fsgnuch as 2 times, 5

times, po aRey, by timbE bsibRies, BUtimad, @5 BRs, 100Hih&dortifore. P sy&efm dncb@almems
r|3|n% am no aC|d sequenc 5 correspondln
the englr_lj:emé e@ u@%se elﬁyme-fé i 1784}mp1=p6e epgymafjs ety t 98@217 eaqt .5-fold, 2-
fold, 3316131‘94 m@%memﬁ)ld bhen1@RBo2Rdswbasiii 308- fklat@ne@bmcag@ater than that
po ypept| es are c able of convertlng the substrate
of the nglw opre w%mtﬂsﬁ@tam_zgp% )(IH}Q{HV§1?151%t%1n epgymepstivity also include
increa§dk Qﬁs\t&éoselgoﬂvﬁﬁ'sféﬁisﬁééﬂfrcay, thermostability, solvent stability, or reduced product
benzam donet hyl- 3- hydroxybutyrate, at a rate that is
inhibitign. | aast  about 5 foId greater than the rate capable by
t he oI e havi ng. t he am no. aci uence of SE
[0012]; g5 o %&1@ |ﬂ?fr61§? %?ﬂugﬁﬁséw%@%ldea 4f ﬂﬁt“ﬁ NS P BpErgyedas
comparddab lEQ,IDbuj 4, 29B8) 1ONO| 48Tkikdae SEQ, IDR0D %P Sfth ir€lBé&et to their rate of

errmEQTRELELNG B01LN0 01, Segtences, corcespanding Lo SEQ.
the keRFHIQHASBROI SeptilR@reliRpabR FebBGiting ehek@bs@he dihit p®Buct at a rate that is at

s S DERLL 95525 4SRER00E, SRR, B i s

fold, oP 1 @AUBI,ove&he RB-IBEQYDND:4 or SEQ ID NO:90.
benzam donet hyl- 3- hydr oxybutyrate, at a rate that is

[0013]aln doﬁﬁ&tnbam@luﬁts 5hef1@to@le@5te@tperyp&ﬂmaék drb@phiaé 6f oapaidgehdybstrate,

methy|- 5B BT (o Y OM BlreldBr Py g a b TO R Do gnigomeinyt >
hydro;lyea@faa&&% a Eeeeeme I;tareymml N ERPb il Rast wbdun 8190 loBw il HP@Edny
| ude

sercopuing ot gt nrerer e e wlioen el e BREBISERIP R o Exgeptary
polypdpEXdNG¥ith fiZs piidflertf8nclyi, Bﬁ@ﬁ/n@ﬁlﬁﬂl&ﬁ?@%lﬁﬁ%@i@&/ ihPBdide amino acid

s RSN iG] o hhdrip: [he0 Rt ndereay. 2 34, 36,38

40¢Qk@ﬁ@6@euﬂmﬁae$f%gﬁ@ﬁ&bﬁw6mereln or pol ynucl eoti des
that hybridize to such pol ynucl eoti des under highly
stringent conditions. The pol ynucl eotide can include
pronoters and other regulatory el enments useful for
expression of the encoded engi neered ketoreduct ase,
and can utilize codons optifized for specific desired
expressi on systens. Exenpl ary pol ynucl eoti des i ncl ude,
but are not limted to, SEQID NO 5, 7, 9, 11, 13,
15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39,
41, 43, 45, 47, 49, 51, 53 55 57 59, 61 63 65,

p—



to the correspondi ng stereoi soneric al cohol product of
structural formula (I1), 2S, 3R-nethyl-2-
wWherganiisbnet hyl- 3- hydr oxybutyrate ("the produr@T/yS2004078513
0 ) YLOCH3 NHCOC6H5 WD 2009/ 046153PCT/ US2008/ 078513
[0033] In sonme enbodi nents, the ketoreductase enzynes
cribed herein are cap abI of catal yzing the

[0014]r éa SRS ppodiangatsi %ﬁk%?re@%@w@l@e@t#d@we iC?PaPlﬁ af eungEuhbe

substr@E, nfkHy U0 ok Ao M- Bof dbhitybe, td¥Be OGN NG 1-2-

st'er eoi soneri c al cohol product of structural formula
benzar(qdpllnjzthy ﬁl@@%@ﬁt—f with a percent stereomeric excess of at least about 60 89% and

at a raRUHE A BTREJY 1118 fINY SeRXhL NS Iafe%aﬁa()lfémycﬂlib FoRfpeds Badals the

referred to as a "product” (11T) [0034]
amino Agid 53aEneE 07 SEQ 1D SOHS- divemaRreRbecrtideovitbispaarth ngjude, but are

not hnméﬂ W?Qyﬁe?ﬁdés @@Hﬁﬂlsﬁ}@ atnﬁﬁ) aﬁ:m&]ﬁeﬁ@eﬁ c&fresf)(tiﬁnétt(ﬁ QEQ i AO: 6, 8, 10,
cohol §ro uc

12, 14¢ 8 e 21 39, 282505 3 car s 30 B 46, $0.58) 54 Stk 0B

BecauSQNPicts@Se flepidel HAGin® the laRtiéRaldisB@ichd@  SHQID NS48 Michfable of
a ketoreductase pol ypeptide of the disclosure under

conveytiag the S trae Hofhe pr@ﬁ.g:t %tl'jll rptg KlopeRppler wu(cqolqwéer%?n in 20 hours of 1 g/L

substrEORNUE aﬁdung) %/n Sf b RRIEDAtSs 0bOIPIANe pArZY S itof ste?rbsfelé@t‘i\ﬁtryalllat is
formul a ( or structural fornula (rrr). [0035

1mpr0%egr9§erézﬁ{5]ddpq1(§ﬁ9§D }{(])Té) H}e@)@lxefptldes herein that are improve over SEQ 1D
NO:4%8%e AR Wiphdved or henaami donet hy1- 3- hydr oxybut yrate of

structural formula (I1) can be used to synthesize
[0015)i nd %ﬁﬁ%ﬂiba&ﬁl%ntmﬂ: IGRNRRPER BB PRUHESpaAS of dohttstidgahEfbstrate,
in

methyl-2-benzamidomethyl-3-oxobutyrate, to the product, 25,3R-methyl-2-benzamidomethyl-3-
hydroxybutyrate, with a percent stereomeric excess of at least about 90-94%. Exemplary polypeptides
with this property include, but are not limited to, polypeptides comprising amino acid sequences
corresponding to SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 40, 42, 50,
52, 56, 58, 60, and 62.

[0016] In some embodiments, the ketoreductase polypeptides are capable of converting the substrate,
methyl-2-benzamidomethyl-3-oxobutyrate, to the product, 25,3R-methyl-2-benzamidomethyl-3-
hydroxybutyrate, with a percent stereomeric excess of at least about 95-99%. Exemplary polypeptides
with this property include, but are not limited to, polypeptides comprising amino acid sequences
corresponding to SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 42, 50, 52, 56,
58, 60, and 62.

[0017] In some embodiments, the ketoreductase polypeptides are capable of converting the substrate,
methyl-2-benzamidomethyl-3-oxobutyrate, to the product, 25,3R-methyl-2-benzamidomethyl-3-
hydroxybutyrate, with a percent stereomeric excess of at least about 99%. Exemplary polypeptides
with this property include, but are not limited to, polypeptides comprising amino acid sequences

corresponding to SEQ ID NO:6, 8, 10, 12, 14, 20, 22, 24, 30, 32, 34, 60, and 62.

[0018] In some embodiments, the ketoreductase polypeptides are capable of converting the substrate,
methyl-2-benzamidomethyl-3-oxobutyrate, to the product, 25,3R-methyl-2-benzamidomethyl-3-
hydroxybutyrate, at a rate that is at least about 15-30 fold greater than the rate capable by the
polypeptide having the amino acid sequence of SEQ ID NO:48. Exemplary polypeptides with this



Schenme 3 [0036] Accordingly, in sone enbodinents, the
ket or educt ases of the disclosure can be used in a
woreaobhoeh15dr t he synthesis of the internedi at e BET/US2008/078513
structural formula (1Va), RLOE. 10 NH O(lVa) WD
2009/ 046153PCT/ US2008/ 078513 where R is H or a
hydr oxyl protecting group,. and R is a halogen (e
propergy 1)101u(8:|, but @ygc‘rm{ Inpitgdgo é)@gfpgstt@j:s CORWESPY ?IHI@P 901d §qqu%pc‘%|%{0ﬁ6ﬂ)0ndlng

to SEQD A5 NOhe, gsymtihesi 50,08, Juhes, boitzeravesh 3h &o0dngsbr uct ur al
ormula (1Va), a step in the mefhod conprises

[0019]0 Qmoaﬁtehﬂagdlﬁaemg @&Q&tdﬂﬁiulztb]& ps@p@guﬁast e Qa1 O6Bdh@rtidg)the substrate,
a ket oreductase of th scl osure under reaction

methyt% Ha}Zﬁrp@ﬂ@e@m FaPEyREy t"rﬂébeRIEﬁhﬁb 2R e&ﬂv&??rﬂﬁ@mm@ethyl 3-

hydro 880§ takcake bt tHahB aPleRd st 4K RIdBMater (Hah Jhe r£t@ Oapdble bythe
sonme enbodi nents, the ketoreductases of the disclosure

polypepiide ing &he aming a¢il ssquepered SEQIP NQ4S Rycamwiasypalynspiiges with this

proper§t ih&l6delb@ laref ¥ IR 16, \olypeptides comprising amino acid sequences corresponding
to SEQ ID NO: 6, 8, 10, 12, 14, 20, 22, 24, 26, 30, 34, 60, and 62.

[0020] In some embodiments, the ketoreductase polypeptides are capable of converting the substrate,
methyl-2-benzamidomethyl-3-oxobutyrate, to the product, 25,3 R-methyl-2-benzamidomethyl-3-
hydroxybutyrate, at a rate that is at least about 40-50 fold greater than the rate capable by the
polypeptide having the amino acid sequence of SEQ ID NO:48. Exemplary polypeptides with this
property include, but are not limited to, polypeptides comprising amino acid sequences corresponding

to SEQ ID NO: 6, 8, 10, 12, 14, 22, and 60.

[0021] In some embodiments, the ketoreductase polypeptides are capable of converting the substrate,
methyl-2-benzamidomethyl-3-oxobutyrate, to the product, 25,3 R-methyl-2-benzamidomethyl-3-
hydroxybutyrate, at a rate that is at least about 50 fold greater than the rate capable by the polypeptide
having the amino acid sequence of SEQ ID NO:48. Exemplary polypeptides with this property
include, but are not limited to, polypeptides comprising amino acid sequences corresponding to SEQ

ID NO: 6, 8, 10, and 12.

[0022] In some embodiments, the ketoreductase polypeptides are capable of converting the substrate,
methyl-2-benzamidomethyl-3-oxobutyrate, to the product, 25,3 R-methyl-2-benzamidomethyl-3-
hydroxybutyrate, at a rate that is at least about 50 fold greater than the rate capable by the polypeptide
having the amino acid sequence of SEQ ID NO:48 and with a stereomeric excess of at least 99%.
Exemplary polypeptides with this property include, but are not limited to, polypeptides comprising
amino acid sequences corresponding to SEQ ID NO: 6, 8, 10, and 12.

[0023] In some embodiments, the invention provides a ketoreductase polypeptide that is capable of
retaining its ability to convert the substrate, methyl-2-benzamidomethyl-3-oxobutyrate, to the product,
28,3R-methyl-2-benzamidomethyl-3-hydroxybutyrate, after heat treatment at 40°C for 21 hours.
Exemplary polypeptides with this property include, but are not limited to, polypeptides comprising
amino acid sequences corresponding to SEQ ID NO: 6, 10, and 44.

[0024] In another aspect, the present disclosure further provides ketoreductase polypeptides capable
of converting the substrate, methyl-2-benzamidomethyl-3-oxobutyrate, to the product, 2R,3R-methyl-



where R2 is Hor a Cl1-C4 alkyl (e.g., -CH3); R3is H,
or a hydroxyl protecting group; R4 is H, carboxy
WEeoveetisng group, ammoni a group, al kali netal PCDDS2008/078513
al kaline earth netal; and X is OH, or a |eaving group.
Exenpl ary | eaving groups include, but are not Iinited
to, -0P( OR) or OS(02)R', where R and R' can
2 benzeqnd@gleglplk%[gydr@gyb@%rag &gf(yqle eng)'oglpnentﬁ,et]aqsp ﬁgpr@d@iaswre capable of

convedih§ ¥ subAG0, il IRGL Yoendathi & ¥ehy EBRREHuRRAL, $o thi Bro@udiEZtRI"B)idmethyl 2-
for the sgnthe3|s of the |nterned|ate of formula (

benzargidgmelBy [ Hdrs Y Y RIS VTR Grig TP d e ST BREG PR §T %frleaﬁfeaaew 8?1@
Exemﬂms% pSlyppliatienrk, fueieubaintilell tVpbpaptib@lonpaicd Asito Kfid

the di scl gsure under reaction conditions suitable for
Sequef}cew&tﬁwgn% ORI N PP e 74Ut atEd% o t he pr oduct of
H%II) [0038] In sone enbodi nents,
lﬂﬂzslké& %S’imé& 9@@@@8 e R Res Ry oS ipF Wi PB]é(P‘?Pélé?jarF RepeRg of

conveﬁﬁ@ﬂﬁ%&osfr@té Iﬁafmmﬁhmmon&afyba@mmr@@me bRENAPRBR-Bethyl-2-
npound of structural fornula \?: (%%Hkor sql vat es,
benzafﬁg@‘a%%é hyglsgxybutyraigpt g rerthalgs attl??é gyt 1 fldercatepap dhepptc capable
by the@r)lypéglriae hd¥ihgGR bnkfo A deQithic SMIZHQ IDUCOHS, Ekdngiatd| delQpeptldes with
but not limted to, substituted or unsubstituted

this projpegty inclugs bt #7¢ fetdBRitse to. Y BDOGF GABRBHERISSEUSAEPES 13

corresﬁd’hﬁhh@% sStQtEHoaby 6, BUDS 7l 16t B 8@ End82S @J@@atuhé e p6lypeptide having
t er oal kyl , substituted or unsubstitute

the amipgragidseqrencsaf RER IDAHYOS isaraplesf el Oifrﬁ’gtﬁ%@%% the,tubggrate, methyl-

2- benﬂaﬁtc@ﬁ@mwt -3kdoylyrat@RothRBrotiset,HR, 9-nRt I@Hérﬁ%ydoﬁb’tﬁﬂ ﬁS a
drol yzabl e ester group. Accordlng in the neth

hydrmf%vwarﬁewgk} AP RESSMETicHCesh anda AFdthet lwe@fr thropvitdsype L. kef rKRED

(SEQ oK) aunf Wdlypcptidd @prdved be SRR A 641 aBO M@ over wild-type L.
contacting or reacting the substrate of fornmula (1)

kefir KREY t he ketoreductases of the disclosure under
reacti on c&ndltlons %ﬁbl for r educj

[0026]. fhspatecpigdimas.dhaydb Hateec iy keipre B%Saa?efaw ig? YF Fapele of

converélhg )he s@saﬂplmwlaafeb@amyoﬁ osmmztw lt@dhe b%gﬁﬂﬂ | 2R Methyl 2-
ut a e not | rope
benvzay Pl?lf)t Bilep s lﬁgﬁ@rﬁta@%w@ﬁ%ﬁﬁeﬁm%&& b g oy e
capablk By 8 ]@selygémg@lhmttse antih@addd &qheias%mgsﬁqm%n Ker r66ﬁEQéhhplz&§
us of. the ketor.eductases in.nethods o nt hesi.zi n .
polypegfiie patidht BORPBURTLI AR 2iemot Rgde. SPIBENFomaEE o acid

sequericBee oS spohd@nd © SED BUNOPRNETT0, BRI4EF6, DRSGRIZPTI ON OF THE
FIGURES [0039] FIG 1 illustrates the role of

[0027]K &f @hRdhbbdmess, HIREDR delcliftkeOdiv@sss ipoRp&htidéshe: capable of

substrate co of f o the corres I n
convepg et Breron ey ompity £ Pty e W B - B2
benzathfdemethylenhydesxyunigha@, £ arftambiGs adesiubas SNARtatek Sﬁﬂfkﬁ@aﬂ: capable
oy oS i BAER S NG TR0 DA s i
this property include, but are not limited to, polypeptides comprising amino acid sequences

corresponding to SEQ ID NO: 64, 70, 72, 76, 78. and 80.

[0028] In some embodiments, the 2R,2R selective ketoreductase polypeptides are capable of
converting the substrate, methyl-2-benzamidomethyl-3-oxobutyrate, to the product, 2R, 3R-methyl-2-
benzamidomethyl-3-hydroxybutyrate, at a rate that is at least about 5 fold greater than the rate capable
by the polypeptide having the amino acid sequence of SEQ ID NO:66 and with a stereomeric excess
that is at least 85%. Exemplary polypeptides with this property include, but are not limited to,
polypeptides comprising amino acid sequences corresponding to SEQ ID NO: 72 and 78.



[0040] As used herein, the followng terns are
i ntended to have the foll ow ng neani ngs. [0041]

WO Mepos@asiuct ase” and "KRED' are used i nter chanp@Ebbzn08/078513
herein to refer to a pol ypeptide having an enzymatic
capability of reducing a carbonyl group to its
correspondi ng al cohol. Mre specifically, the

[0029] &t ew@aue?% gheﬁtﬁ?sﬁlﬁé&ﬂoa’égPTGYId?WIYnHQ}%%]@FScﬁI?C%W@ the enginecred

ketorcGRRBA! (ﬁsc@if)ecﬁﬁe?é‘n@&%h}%ﬁ@léd\fﬁk%hit@l‘}l&?dlﬂgo 28 pEIOARRYAGEs @fider
formula (1), supra to the correspondi ng product of

highlysgingent 5017((1}‘[]0}15 %Qp]gnqugd%@pyw pwoltesyb?néé)[d}eyre gulatory elements

useful Wrickpré@fondf fh@feﬁ’&)tl&i[ engREMEEIb R ROhiNAN H. uRTe Bbd&)ﬁs optlmlzed for
di nucl eoti de (NADH) or reduced nicotinam de aden

specifigidpifes egrgseien Eﬁ@g’ﬁ hE¥ @ RAAPPH)uClret doparciugde et %@n%eﬁtﬁd to, SEQ
ID NOKSI’DDGQU‘PS aseﬁ ﬁﬁzu&@dzdﬂ,e’f @b i schsicke JDaHIJr4@|45}/47 49, 51, 53, 55,

occurri U% % %f % ketoreductases as wel
37, 39 InOh &Y b y 1 Jéc r g @Ag! n%’é‘ﬁ“@é?%%‘ﬂ%’é'ﬁ?‘ild&e%lso include
polyn&eeede@%&@dag Fblyﬁ@adm& B dn@b thE QQAedke f=acbNer SEQ ID NO:83,
sequence' ers to that portion of a nucleic acid
84an%§7 , a gene) that encodes an am no aC|d sequence of

rotein, k 3] "Naturally-occurring" ‘Wi | d-t
(0030} 57 wpthet Bich iR DGRt T FOHATRE celrlwnwsaeﬁ%ﬂhé polstiRfeoides

and/orré@‘lslesrsa)hlvyct&@ QeLehibed Gerin. Wik Hosk YdIIE nfaQ by DR SteL. BFevis orL minor, or
ynucl eoti de seq%]gnce is a sequence pr esent in

they may §anfidigiepteiganisgh e hp gellseanbeysghios the Ggiressiop ﬁn%lé?latfoe of the
enginc@Rd kWbic@it tRasn-PRks RE@bed Rdr&Atdr UBinhiiveRD By Ehe e d MR for the

mani Eul ation. WD 2009/ 046153PCT/ US2008/ 078513 [ 0044]
CONVErsIQA @ ﬁ%ﬁ%@ﬁ%@“ﬁh@ﬁﬂﬂgeﬁwmwa ¥%&f erence to, e. g , a

cel | nucleic a tide, refers to
(0031}, X¢hephergarry g out tﬁf‘a%t%l?%w W%E vfall frgracts of Pfglfﬁgkmrgﬂuﬁase
enzym@é’ aRAkle ketofe@fidise Endye niibe ﬁéeﬂbr aftétadtivBigsmBeeR ofed dringde

a manner that woul d not otherw se exist in nat ur e,

k“mf@FHF%“VH@ﬁ?P@’e‘Fﬂ%reto but produced or derived from

synthetic materi al nd/ or ul ation Jus
[0032] Qs BPFB?S PRONE 11 R adigentvghe 1¥th$“1“‘%§6 RANBI %“P%&eff&’eﬁm
capabla BDEGh 1 WirgakSreduct 6O AT the &t Sro@) Pif BSSinpgugBiTesudtitaltformula

r ot found the pative n-reconbi nant) form

(D, meg?y?lzﬁ’énzéglll Fhwlai B’r“g’é@ratﬁ%{]ﬁ\?é‘l@gé{%g that are otherwise

expressed at a different |evel. [0045] "Percentage of

sequence identity" andO"per&entage honol ogy" are used

i nterchangeably hereinjto rlefer to conpari sons anong

pol ynucl eoti des ang pol pttdes, and are determ ned

by conparing two optinmallly aligned sequences over a

conpari son wi ndow, wher ei Jﬂﬁ’ rtlg of the

pol ynucl eoti de or pol ypepti séquence in the

conpari son wi ndow nmay conprise additions or deletions

as co d to the ref rence
o the ¢ BE e en S G AP o Erodiiiof NBHE ST R A Gy ey 2
benza@idbin8@BY1- BhyidgrxgBnRira@f“thdigoduse):sequences. The percent age
may be cal cul ated by determ ning the nunber of
positions at which th@Hldegtlcal nucl ei ¢ acid base or
am no acid residue ocqurs jfn both sequences to yield
t he nunber of matche 0 Lons, dividing the nunber
of matched positions by jt he @Gﬁal nunber of positions
in the wi ndow of conpari%&on and nultiplying the result
by 100 to yield the percemMii{geCsdbl se@pence identity.
Al ternatively, the percentage nay be cal cul ated by
determ ning the nunber of positions at which either
the identical nucleic acid base or am no acid residue
occurs in both sequences or a nucleic acid base or
amino acid residue is aligned with a gap to yield the
nunber of matched positions® dividing the nunber of
mat ched positions by the total nunber of positions in
t he wi ndow of conparison and rmultiplying the result by
100 to yield the percentage of sequence identity.
Those of Skl|| |n the art appreC|ate t hat there are

T oy




[ 0048] "Conparison w ndow' refers to a conceptua
segnment of at |east about 20 contiguous nucl eoti de
WEo®oNIass or am no acids residues wherein a SPCUESHES/078513
may be conpared to a reference sequence of at |east 20
contiguous nucleotides or amino acids and wherein the
portion of the sequence in the caonparison mrndOM/nﬁy
[0033](: Shyricsmbadipeits dhfsetredyeipssenaimss érscebe hgrsppsare gpabgof catalyzing
the redd€fiHABACHON of (RSIEtAS o GPARRI Bfpsdloh GrdcREL FRAGR (5esence
(whi ch does not conprise additiaons or deletions) for

CO”eSwtd}nﬁﬁ‘lereﬁtSPlﬁﬁ”tFé’rlﬂOh%‘fPr‘tdI‘}%t of iereasy] dame B DT 8%t s on
benzatMdBE Oy ICARY RSy b RER! (wWhitB Rar2fs LRt B0 Ss & 8sbdldes, and
enza|nclug%s m%pt?ong?$¢i30 ZO S50 100, o? ﬁ%nger§

wi ndows. [0049] "Subségntr@ identity" refers to a

pol ynucl eoti de or pol gpept ijjde sequence that has at
| east 80 percent seggeh\Y/MQggtlty, at | east 85
percent identity and 890 950k cent sequence

identity, nmore usually a& |east 99 percent sequence
identity as conpared to a grence sequence over a
conpari son wi ndow of at |e§§9 S0y ediliue positions,

frequently over a wi ndow of at |east 30-50 residues,

[0034]‘“@%&&&19%& he scﬂl‘?ﬁr &ﬁﬁﬁﬁgzﬁts quoﬁm £re nfdQiAl ﬁ)yrekh%:mg the substrate of
cal cul arl ng he reference sequence

the straciyplefppala (ﬁ)att) therréquaelegoda@Oéﬁtr%ﬂeal é?ﬂnatrdﬂi ?deBCWW feﬁnula (1),

which hi2tRl cgrgprﬁ@tf &)%ﬂtt:tl or iR8atiRl tHe RGbstRE 648 Q‘R@to&@%@ﬁ@ype tide of
over the wi ndow of comparison. In specific enbodi ments

the dlsﬁbmre @jSef @acﬁ@p 9@@&0(1@1%%1@ Fpé rngelﬁg oréz@b\ée{rtg}gtﬂpeaqubstrate to the

pmdudteeriﬁlbmﬁl fORAR ST HatudMp iyt | de sequences, when
optimally aligned, such as by the progranms GAP or

[0035]B§S55‘Je-5mt5§dhﬂlgnt§j Qﬁeq#!)ducmRﬂﬁétﬁﬁtﬁben%ﬁﬂ(ﬁneﬁﬁylb%ﬁfox@&ttyrate of
cent sequence identity referably at | east 89
Stmct%aé rf%reﬁta (Uaepnda seediteiameherice m@flﬂ@@é@@ﬂ%?f‘ﬁ?@?@é}ﬁompound& as
illustr&OHSPRgcizdent ity or nore (e.g., 99 percent sequence
identity). Preferably, residue positions which are not
identical differ by conservative am no aC|d H ,
sybstitutiong, [DO50] " CoPrestonding to", "refeyence R

| t@" or "relafive to" when used_ign tth Q_Lext
Uhdxes, i -Ag- of aisrvemsantnn.a | #Pol ynacFeet i de
/JLéggggznce refer§ to the nunberin the resi dues/of"
spectcis ed ref er etieecdequence n the gi ven ani fo aci
r pol ynucl eoti de sequence is co red to the
(g ference sequghce I n ot her vvorgR;31 the residue nunber
or residue position of a given polyner is designated
Wi th respect to the referehae Sequence rather than by
the actual nunerical position of the residue within

[0036]t IAec@dhugm, iaRonOenstoiltheats, th@kf}t(ﬁbldlicaﬁﬁsioﬁ&le fBguancen bEaged in a
yen am no a enc ch as that of
metho K ERF sin S R s R L R R ot o i

ref erence sequence by introducing gaps to optimn ze
resi due mat ches b&t'geen the two sequences. In these
cases, although theffgaps aHe present, the nunbering of
the residue in the di i@ci d or polynucl eotide
sequence i s nade o the reference
sequence to which it hps been aligned. [0051]
"Stereoselectivity"” refersito the preferentia
formation in a chenm gg#—orN@nzymatic reaction of one
st er eoi somer over her Stereosel ivity can be
partial, where the mati on of one st reoi somer is
favored over the other, or it may be conpl ete where
only one stereoisoner is formed. Wen the

stereoi sonmers are enantioners, the stereoselectivity
is referred to as enantiosefectivity, the fraction
(typically reported as a percentage) of one enantioner
in the sumof both. It is cormmonly WO

2009/ 046153PCT/ US2008/ 078513 alternatively reported in
t he art (typrcally as a percentage) as the

oy S I I T Y




) Hence, any inprovenents in the enzyne activity of
the ketoreductase will have an upper limt related to

W@ b@Idadifaisi on rate of the substrates acted onP@lUS1968/078513
ket oreduct ase enzyne. Ketoreductase activity can be
nmeasured by any one of standard assays used for
nmeasuri ng ket oreductase, such as a decrease in

absor bance or fl uorescence of NADPH due to its
where By s 01 oty digiy Horeteing grasbring Bntis # balegen {on. O 0oa—RAE Girls acctate).

Accor&19gl§‘ Nn %féﬁl'a&’ kor tl%rsym}{esﬁro‘?%ciﬁtelﬂ{egg{é%? GrdcBir fGRUR (P\ﬂa) a step in

assay. Conparisons of enzynme activities are made using
the meghod e pinpasgs grneastngaariresating thesypytrpge of forgata (Revithadstoyedyefarsof the
dlscloﬁrestﬁltdel‘:r%Qbﬁ éo%mo@srb%téﬂ Eefopfedﬁ@l{ rQGJ\JeHﬁ%eI%%Q&HEt@tt@ﬁe product of

further described in detail herein neral ly,
ﬁﬂmuhﬁghtes are conpared, the nunbers of cells and the
amount of protein assayed are determ ned as well as

[0037] &esogre em@eq%m#@altheés@mr%égtmw%ty% tligglesurian poiess i BapynHissip of the
nﬁmn@&&k%f&ﬁkﬁ&@ﬁﬁ&&@CV@V'at'ons in amount of enzyme

prod uce by the host cells and present in the |ysates.

[0057] "Conversiongryefers to the enzymatic reduction

of the substrate t ondlng product .

"Percent conversio t he percent of the

substrate that j he product wthin a

period of tinme under jtions. Thus, the

"enzymatic activity" f a ketoreductase

pol ypepti de can be ress "percent conversion"

of the substrate tg”the produgt. [0058] "Thernostable"”

refers to a ketoreductase pol tide(vhat maintains

simlar activity (nore than 60%‘to 80%  for exanple)

after exposure to elevated tenperatures (e.g., 40-800
where ROks FaoipeC i-0d alhf/] (bigeCH . Ry is HQor Shi&oiyl ploteconpab@d Rt 8 H, carboxy

t t ed : 5 Sol t |
protee g DB TR Sy gt I R Bl a s QUF o Bpvine
group.aEtdmpildiry leving grolifd amthele Ghut arb @8blingted W@OH@(@R BOIBR0L R, where

R and @ SRS COnEEtEan one, (e 8o 2 02l RAYEHy. insome

embod@méred, iyd hehsdboydie ofntticsin of A€ Bitcdmnediaté of fammney (VI), a step in the method

comprggs: %6'8 gt%{g%% ?%%%&Peéubsna{eé)f go mag) ﬁﬁg{pgeg&(it%g{oﬁtge disclosure
under teattior abeiitican 2kl frO@mthg dpddnsdray the subafasr 18 the@r@luct of formula
an ket or educt ase pol ypeptide that nmaintains simlar
" activity (nore than e.g., 60%to 80% after exposure

to high or low pH (e.qg., 4.5-6 or 8 to 12) for a
[0038]pé&r dood eobodimas, (e IgtoreddctaseR df the dijclaorgpan baustdinttheprocess for
synthels'llgt]p car taecgner%rbk éée{(irgl}eéi eut%;dé)e pzl)-u%l ortmtn{c% 1ol f(f’ oa¥1%{}§ eStbg:;J lh €

thernnstable and sol vent stable WO

2009/ 046153PCT/ US20 073?13R{0062] "Derived front as

enzynes, identifie 'o'natlng ket or educt ase
enzyne, and/or the ge rgsfuch ket oreduct ase
enzyme, upon which thg—e €
exanpl e, the engi neeffed ket Oy educt ase enzyne of SEQ I D
NO 60 was obtained by artifCoirél |y evolwj ng, over
mul ti pl e generations the gene encodi ng the
Lact obaci |l l us kefir ketoreductase enzyme of SEQ ID
or solxugs %ydr-g{%y %altst Qid%r&ﬂlggs @l%?ero? qvh‘&%tl@ @lq Uet GIERE %maﬂlcﬁls
rived fro type ket or educt age of SEQ |
substltpq@ts m_cluflglg,dgl} not qu@tp@@mqbpt@utgqimrnms%mgte@ plkylogibstifated or
refers to an am no acid or residue having a side chain
exhibiting a hydrophob|C|ty of less than zero
according to the normalized%onsensus hydrophobicity
scal e of Eisenberg et al., 1984,1 ML Biol.
179: 125-142. Genetically encoded hydrophilic am no
acids include L-Thr (T), L-Ser (S), L-Hs (H, L-Gu
(E) L Asn (N, L- GI n (Q) L Asp (D) L-Lys (K) and

F A/~ AT



WO 2009/ 046153PCT/ US2008/ 078513 pKa of its

heteroaromatic nitrogen atomL-H s (H) it is sonetines
W@ L@sp#disd as a basic residue, or as an ar omaRGCTUS2008/078513

residue as its side chain includes a heteroaromatic

ring, herein histidine is classified as a hydrophilic

residue or as a "constrained residue" (see bel ow

unsubstiteIAry I+ wHHE PEITHBH CafH RO AR PR O suP e e e unﬁ“é%‘f*t%d to

hetero@e10@IKy ) e BGbHinféd dr@aduliutbRerb@plaiRyIC QRS A NRd progroup, such as
geonetr Herein, constrained residues include L-pro

a hydr@p;ab LSRR xcyrdinglysinjth Meherbier e st af thegpmpound of

structLQﬁ %mﬁlraxvf) QGRY$Etht Inclhd8 cah dofpAld M6Bading FRtchetinddazRtc of
i ne has a_constrai ned geonetry hecause it

formuly (e hstorscyelases e @aclqspwgmdf[r@mmn coNGHoP S b ledlf rRgeing or

convelaiﬁg &e %bsﬁﬁ@ 'tdiﬁ@proﬂ&ﬁ 6f fSrokuPa @1) NEAGRRO erBap@ﬁEnﬁQ)f Sedctir® formula
avin de chain that is uncharged

V) m?ﬂl’ﬂi’s'i)‘ﬁ Iafﬁ’gi"b]éf}"‘%‘ﬁillr) AREP R HCrpREECTB AT R, \Eﬁﬁmqael?%owa?m and
Panip@fm€! ectrons shared in conmmon by two atoms is
generally held equally by each of the two atoms (i.

[0100]t NEsofle@MbEMAkLRs, itfe diRlosPe gtk pr@aw@tuls&@ﬂ thd/keR®NERERES in methods of
non- pql ar am no aci ds |nclude L-d ({ , L-Leu (L)

syntheﬁlz%pul?lv)lem Eorppogn%slay in tl Wert{lwat%e n ’&Feéyl(lt}gssm q @@mems
residue" refers to a

IﬂUE%95$€€ﬁ Hﬁg%gﬁ&ﬁg%ﬁyﬁﬁ residue having an aliphatic

[0039]hﬁﬁ%gq§éﬁ?aggs tﬁer{ref L?g Eetgre%c%%e%k%@ \%Pee ?(%)%jrselgn afletbg s(u%trate
compaafdoftfotnhia ((Ij th the[(ﬁﬂgs%])n&@/lﬁb(ﬁicﬂﬁ‘ for@tulal(1162y Bhig Q)iud‘uﬁn uses a KRED

of the B]tV%g]r%g lﬁn %EYT Sélﬁl? g&%@% n}s81?r§)]8lj3.illfa‘ pha gﬁh&gﬁwed @ Fovert/recycle

NADPBw NApdry!| - cont ai ni ng ami no acids. The "cysteine-Ilike

resi dues” include cysteine and other am no acids that
DETACICHDD BESCRATIONdr yl noi eties that are avail able for

formati on of disulfide bridges. The ability of L-Cys

(01 (andfigitingr am no acids with -SH contai ning side

chains) to exist in a peptide in either the reduced
[0040]f A @sed Bktein; theXoliwirederthis atdl ihteatie lor hadtg ed f6lmiingahdaamps

whet her L-Cys (C) contributes net hydrophobic or
[0041]h Y?Iﬂemnihlhd:th% ahid KREDE rard wedinpeghbnglebly Wireih @ lefelym {oG)peptide
havmgnanhen malic 8a C%/)lgé’eJr% Eeglgxlng |1 arl())on?lpgézg etﬁ%[é ?%Y%E%%glgﬁ ﬁfé’!r}h()l %/[ore
specifiadlly, tht Qadnedmntqse plypeptidess Sf tho inyention dercgpabzch f Ethabsefeonvely reducing
the COB% ruglggf fozrnéu at E T t?os t%Q Eorgehl?c’]o%dﬁg l]‘El)rr (r(?hécll'j B%FB‘S%Q ), sugrd, 'Jl"he
polyp@rrdent@plaa:l]ydmhms kesfiactuie’tduced mcamhmlda Rdaimenigwalcdtilc @NADH) or
reducetd n%cori natIrHcllr1 X éie%lge gl\ll%erogde aprn]D rf1ate ng;%[o)rbf—'[ tg%)roegl?c%%ager%
Ketore(deomsleS,I@IuS@}i leheén melody Malartxdcmmg @dngle) kefdredus tasdslas well as non-
naturaf_il}( och| 1tng engsine%rred oﬁr%erpgges (%enéfatecﬁbyf ﬁjur éﬁ %ram%#gllt ‘e o%or I zed as

non- ar or -aci am no
[0042]324?_& Leqie (‘?'e e%%% 1o tlhgltlpl%ﬁl_ognc 4 delc acH}ieEg 3 mane?’}flgtl eélgodes an amino
acid sdqn@ice diga p_ret,édna (A, L- VaI (V), L-Cys (O, L-Asn (N,

L-Ser (S), L-Thr (T) and L-Asp (D). [0074]
[0043]" m@mmmmammg_m mgera i the form f@mil dustture. eff e ezantpde, a
natura%reoc%%gl 6 léj %Qgél#eﬁ{lﬁgpgoo% Fé{gcgeg) %(f;% Sr?lgllﬁeélg%;%n a 5 6fu§1¥c¥ Bresent in an
organipm tHatiche bk asStated(ﬁS)n d_soilftqp n(ﬁﬁ}uraatmﬂ vﬂué[lyl‘ras {been ientionally modified
byhmgﬁggégn@$§§PCT/U82008/078513 [0075] "Conservative"

aci d substitutions or nutations refer to the

i nterchangeability of residues having simlar side

chains, and thus typically involves substitution of

the amino acid in the pol ypEptide with am no acids

wthin the same or simlar defined class of am no

aci ds. However, as used herein, in some enbodi nents,

conservative mutations do not include substitutions

fron1a hydrophlllc to hydrophlllc hydrophobic to

.




A L, V, I Oher aliphatic (A L, V, I) Qher

non-polar (A L, V, I, G M G MQher non-polar (A,
wWQ.200%04d153 GG M D, E Gther acidic (D, E) K R EXTiE82008/078513

basic (K, R P, HOQher constrained (P, HH NN Q S, T

O her polar Y, W F

[0044] “Recombinant” when used with reference to, e.g., a cell, nucleic acid, or polypeptide, refers to
a material, or a material corresponding to the natural or native form of the material, that has been
modified in a manner that would not otherwise exist in nature, or is identical thereto but produced or
derived from synthetic materials and/or by manipulation using recombinant techniques. Non-limiting
examples include, among others, recombinant cells expressing genes that are not found within the
native (non-recombinant) form of the cell or express native genes that are otherwise expressed at a

different level.

[0045] “Percentage of sequence identity” and “percentage homology™ are used interchangeably

herein to refer to comparisons among polynucleotides and polypeptides, and are determined by
comparing two optimally aligned sequences over a comparison window, wherein the portion of the
polynucleotide or polypeptide sequence in the comparison window may comprise additions or
deletions (i.e., gaps) as compared to the reference sequence (which does not comprise additions or
deletions) for optimal alignment of the two sequences. The percentage may be calculated by
determining the number of positions at which the identical nucleic acid base or amino acid residue
occurs in both sequences to yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the window of comparison and multiplying the result by
100 to yield the percentage of sequence identity. Alternatively, the percentage may be calculated by
determining the number of positions at which either the identical nucleic acid base or amino acid
residue occurs in both sequences or a nucleic acid base or amino acid residue is aligned with a gap to
yield the number of matched positions, dividing the number of matched positions by the total number
of positions in the window of comparison and multiplying the result by 100 to yield the percentage of
sequence identity. Those of skill in the art appreciate that there are many established algorithms
available to align two sequences. Optimal alignment of sequences for comparison can be conducted,
e.g., by the local homology algorithm of Smith and Waterman, 1981, Adv. Appl. Math. 2:482, by the
homology alignment algorithm of Needleman and Wunsch, 1970, J. Mol. Biol. 48:443, by the search
for similarity method of Pearson and Lipman, 1988, Proc. Natl. Acad. Sci. USA 85:2444, by
computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the
GCG Wisconsin Software Package), or by visual inspection (see generally, Current Protocols in
Molecular Biology, F. M. Ausubel et al., eds., Current Protocols, a joint venture between Greene
Publishing Associates, Inc. and John Wiley & Sons, Inc., (1995 Supplement) (Ausubel)). Examples of
algorithms that are suitable for determining percent sequence identity and sequence similarity are the
BLAST and BLAST 2.0 algorithms, which are described in Altschul et al., 1990, J. Mol. Biol. 215:
403-410 and Altschul et al., 1977, Nucleic Acids Res. 3389-3402, respectively. Software for
performing BLAST analyses is publicly available through the National Center for Biotechnology

Information website. This algorithm involves first identifying high scoring sequence pairs (HSPs) by

12



O her aromatic (Y, W F) C None [0077]
"Non-conservative substitution" refers to substitution
W@ro0opi4@si on of an ami no acid in the pol ypept i RET/US1008/078513
an amno acid with significantly differing side chain
properties Non- conservative substitutions may use
m no aci ds between, rather than w.thin, the defined

1dent1féjlfng QIE%T Words @dengglo\yén the QUEHK éeqé?ﬁg@’dylﬁgwtheranatch or satisfy some

positivRQRNEPMEBRN@EdoMeT WAl Al 854r8 of @ sdnft8eriiil WG LiHHhBasOf
t he peptide backbone in the area of the substitution

sequercg, "5 18 refelaf;(bt]o aﬁéhqlg}ghbq)rp%qdﬁ@rd gagye t{nﬁglogh(érlt@@u Gt al, supra). These
initial B %@@W@ﬂdtMs a@hs {c8ds hittdseRtnds Refifd 168 A8PILontaining
"Del etion"” refers to nodification to the
them. E{ar: YRt gt thip cxiendsilan dSk diggslonslang peeharuRRre 4R &P Bifn
cumulbth@ ali @n@heR6R cRPbYREBIstd CCunkdBiRt kRS a?e&ﬁlcﬁﬁfm ﬁélﬁg? for nucleotide
removal of 1 or nore am no acids, 2 nor e

sequenges, e pagmgters b (ewaris¢rae 108 p gar Off@atﬁvngrfsﬁl@ea rﬁws 59). agd N (penalty

score FHPmBMalRihe r@MuE0ald6)d%). Pér aRfhocidBGRNAY] a@@o&@n‘i’a’inx dHBsed to
to 10% of the total nunber of am no aci s, up . to 20%

caleulgss the emylasiv scate nrgnsiop bt wgrdhits inscack irgghon g5 é‘dw en: the
cumulfiti@ ali@in@tht RUREAL 0@f byaRd iRAn@E XS IR BGMUR ab & ed value; the

po Iypeptlde whi l e rétaining enzymatic activity and/or
cumulptiye ¢4 #R§S t47ET9 HFISVedrese aﬁéwfnékaﬂeﬁ ofghe ayPTs Begaiye-scoring
residu& SliRMBRIY G 81 @n@HIZNHE scqueilead le@hSd. CAR K\ T J186Hes ztrﬁ)meters W, T,
the internal portions and/or term nal portions o?

and X Jeipippepte %Fé‘SmYIFY g pirse ef téﬁﬂaafnﬁ%tn {fhe BEARTY @F"éﬁ“bﬁ"fd]a?ﬁle‘mde

sequerié%’@gds 28dFaon %fﬂﬂ&@ﬁl (SO BNtan X e@tatlibntlﬁ) IS 1$)Cp[l§l=t5 | N’EU@ Wad a
79] "Insertion" refers to HDJ) fication to th

Compaﬁléfr pihistandyy Py danino A seructite o Blvdy & MpeTAS usgs gy defaults a

WOI’dldcl’l thm Bﬁ3 raﬁfe%e@ﬁﬁﬁl B9 b e Bid tHEBLOHUSIBIEeosiiD REirRBRE $tenikoff and
eered ket or educt ase enzynes conprise

Hemk?ﬁ%&%?% |P6‘i‘f37\"64‘406% éacwr%rl@%% kemplary éetframtaﬂ%n nfasewan alignment

and %QEqudhdelid@tityREOERFIUE tha BESPRITYR eP fHsyrdfs Wehd G@S Wisconsin Software
i nsertions of one or nore am no acids to other

packageprenigt Madtser %heflag:,%eprﬁﬁaﬁn%%wdeﬁnsert. ons can be

in the internal ortlagg of the po ti.de, or to the
[0046] SR efgreycespdugpaen ireto defiacd SF%’é‘iﬁt‘ﬁsiﬂ% 21405 fS4qUFISF Fomparison.
A refetci€d daQ@nédiEdy0Ht ARUBEIMYardsr sb@efﬁé%eﬂa&ptehﬁse@ﬁkm of B&ull-length

I nsertl n can be a ¢ nt| uous segnent am nQ aci ds
gene op polyRepBtc @ty Ghes g PR i o Qe T Prgnino acd
residuéyah lbﬁl@th' M QG 08 Idsidgs iR wngmemdadeso r&sQR8Oh lenkhagedtull 1égth of the

inrefers to ap ept| e that has
nuclel%\?ﬁlfﬂ BPFﬁtﬂa laﬁdwepolefa?ogé‘aﬁ@wf Wﬂ%ém. %fﬁﬂkf@tnpﬂse a

sequeﬂ@a @l alpbioh 6MMBE Bdrhldet@Fiqiéhc@GhA isSAHlE BE cdrSthé B@NEhEades, and (2)
t he correspondi ng £05|t|ons in the sequence.

may firthgropipFise cRALpE gt 1 dugseny bENen A e PRGN §equgice comparisons
betweérﬁafﬁ fordfbraPo RAuA&IHidS dr pHgpepatic dre aplcalBPp i b3 CbfBaring

% or longer, and up to 70% 80% 90%  95% 98% and
Sequﬂ%% ¢ tppgoRdeond @m B EVBRABIRICY Y pBidppiyengeommagsylocal
regionS ¥BFRlcAcd MBilPW.ypepti de of SEQ ID NO 2, 4 or 86.

[0081] "lIsol ated pol ypepti de" refers to a pol ypeptide
[0047W bheietbsaiRShte At tdldrbite S@paicat & bt bawl of Hffimary amino acid
eSO B MRS L0 Rt 8L RIEOTRARYe e Bl anaes n e
primar§ m[uaﬂoes Fprahytpeplai“el@entb k&fieltayascd 6 SEQ eDBRAhding at the residue

i e romtheir ural | y-occurring enviro nt or
corres&nﬂ é%g%é% aslglgzlltn&ﬂr (J@lnn%t refeﬁ%tg% re&fgliepce&f:qq%ﬁce\%l fv';naﬂ rﬂg corresponding
residuS KA s SHQ 1T NO:4 P besnetadged raaiai-aseal@pzymes may be

present within a cell, present in the cellular nmedi um
or prepared in various forms, such as |ysates or

i sol ated preparations. As such, in sone enbodi nents,
the inproved ketoreductase Enzyne can be an isol ated
pol ypepti de. [0082] "Substantially pure pol ypeptide"
refers to a conposition in which the pol ypeptide
species is the predom nant species present (i.e., on a
nDIar or MEIght baS|s |t |s nore abundant than any



species. In sonme enbodi ments, the isolated i nproved
ket or educt ases pol ypeptide is a substantially pure
wWEiogpepsi de conposition. [0083] "Stringent PCT/US2008/078513
hybri di zati on" is used herein to refer to conditions
under whi ch nucleic acid hybrids are stable. As known
o those of skill in the art, the stability of hybri ds
l00481| sgﬂmﬂé@t%% refeEs tora penepiual ssgpentaf gt lsast qbo 30 Goptiguges
nucleoR¥OpdsHdns drRn@GRNRIE kemdﬁ&%&ﬁeﬁbﬁ iehﬁ%c@ﬁaﬁbé‘%ﬁfph&ld koSa Rference
function of ion stren nperature, G C content
sequengf g 4t ﬁeéSt&Pé%’rgB@lSWClEfﬁ%% Qr&mﬂto agils AR wWhergig the-portioy gf thegequence
in the EMpaRQnYNHEIERLY GRHrisANdRBnES delelics @k, Wapdhor imswém or less as
nmet hods for predicting nelting tenperatures (see

compagedgo the B%frsrav%e%lﬁncgﬂwhwlwé?q% 68‘500@12%%61118@@5 of dgetingy). foroptimal
ahgnn%ﬁﬂ JfeHe 18b s@fuenceslgﬁlg cottp@Beon Watlbw cORAongSCthan 1d3Bntiguous residues,
1390; Bressl| auer et al., 1986 Proc. Nod Acad. Sci
and m@S?ES%ZB’“@S’@E%S‘@’? . e profongef winds OWS 1986, Proc. Nod Ac ad.
Sci, USA 83:9373-9377; Kierzek et al , .Biochem str
00491 ESubstanfiab islantity RfeRy tp g Palynugfeotidejaygplypiqtids @ﬂ&e%ﬁha@ap@ée%t 80
percenl &q@éh@@rd@ﬁltﬂ@ af Rhdt 8% PR endAkity Mél@%ld) 95 ﬁ%eﬂﬁseﬁiﬁce 1dent1ty, more
19: 69V; Sanbrook et al., supra); gs et al., 1981
usually #f 1880 9] PSR FERIPROB IdFINBR S H?@ed%? rqff?r@t?e ESSHENSC PESF 3 pmparison
windo®tof @l least BOSsidue p@ﬁtlorﬁgﬁeq@&ﬁ],y oAeadERi Gy Flra@ &8st 3680 residues, wherein
Wet mur, 1991, Crit Rev Biochem Mol Biol 26:227-259.
the pergpijtags o pARSIC KRR fCalcpai AP R CaTAENHNE 1T ERce seaMensy o 9 sgquence

that inS10488 dEIBtRAE bR Bns HHiCh RN YNpGER0S 166 0 LIRE RG8EcE E@luence over the
pol ypept.i de di scl osed herein and hybridi zes und

Wmdoaeoff FORRITiEQsn dit thepifis cmBQHiReIesaPREYHIP a%wﬂ%etsrﬁhﬁ HERt Suaftanﬂal

identittrt @BdnY tiaf faioPRBPEpHAS Rdutc) Sherd &ptilaRy SR, 8WBRMAL bPfhe Programs
uence encodi hg an _engi neer ketoreductase enzyme

GAP %@%tsﬁ@ T g drfaulygapcr ety %hare[aéffe%] PRSHY PGPSSE jdspfity, preferably at
least 88 tpéﬂcaﬁ eddGdnce rd@hta!; es$ 1eta.@ ohy&tdndicgadnc O RRN BH thdrd (\Bg., BYehtent
washi ng condi ti i.n the hybridization of nucl ei c
sequengg idﬁgtltybéjggFrﬁlPIV’feSI @P:i;lmnf éﬁhﬂcaﬁrerlé)é@?]ilt}fﬁ]sdlg?r y conservative amino
acid sybetith@smeed under conditions of | ower stringency,
foll owed by washes of varying but higher stringency.

[0050]T h€ortespdndingReterafehie 5 61 “RgQNE td’fy)ﬂfeh décdad he Bontdx€beth&numbering

to caonditjons that permt tar 0. bi a .
ofa g%WUé%H{ (grp9 yﬁfpilqogﬁ%seggqnae rteﬁe to Fllgsnug% og g%remdues ofa
specificd &ﬂ’drd:ﬂcy seqéet ehabihy gi@boaing 2% bﬂﬂ[}&mdlé’otldaE):Q‘LiénCBQ%)mpared to
#dentl to th targe ;W t reater than about
the re §i§84C;S Rqct §n (Bt C {WOF ¢ﬁ1 Hz& %Wbéb?f 1g8ud ue@qgwm gla)glven polymer is
designafod &itRtSptt Bltlid BPRMEC LQREEd ladBSthal 18 Boadial hL(MbSlcal position of the

remdu@%ﬁ%qgﬂ}e%g]\gegtaﬁag?gg{qlog!Béat I ‘%Etldegecggg%uggg%;nﬁlg]% a glven amino acid

sequetfc@kh@% Ahapyf dﬁ&ﬁ@lhé@edl Ketobbddtaso R be Aighd ﬁ@Sefeﬁhce"sB@lence by
stringency bridization" refers generﬁ

m“"d‘tcdi‘}%oﬁaf’ﬁ ‘g8t ﬁ%\fe“&}‘ MARIOIOE 57 Mo R Ron e LE fidioveh the

gaps afréskitOthé RERFAE U tBe Esidue 1ﬁ$he%€¢eﬁ lhﬂilrfib%dldbbﬂ p&ymiclRetide sequence is

solution condjtion for a def nucl eoti de
made giyiraeE O tHeneigishis SEHmsBi ﬁtclg lt%a e@ igedi ngency

[0051]ﬁ QitdF_r:egt ﬁle %gng rll tegf reeréefsrs {93‘1 Y (%f %tgtléa > ‘I‘:a.té(?%‘én ggge&n%aé aheélﬁggglc reaction of
one stdrhﬁstoni‘eﬂdﬁm sitodttel. eStbrydeiechsyity ldaIDbeQibﬁM MWaneik tied fofntion Of one.
g%br%g I s not stable ?18M NaCl at 65C, it formed.
Stere"\%ﬁ’”f‘?r iBYOTBEOSE BB PR b an egfr? 9 WFERUYY S ROTsgpgr is forme
When 8 s@esdisempk atc@dadiiomeis the stéﬂb@hle&tvﬁty RgeRayd ©aR idhii@BBctivity, the
f .czn.bqyprOV| ed, for exappl e, %grldlza E@H g I
actiop SR YIROTEd  ARSTEREEY 8 &1?“6’1"??8 &g SuB,0T PRIt cogrmonly
solution, 5x SSPE, 0.2% SDS at 42C, foll owed by
washing in 0.1x SSPE, and 0.1% SDS at 65C. Anot her
hi gh stringency condition |H‘hybr|d|2|ng in conditions
equi valent to hybridizing in 5X SSC containing 0.1%
(w. v) WD 2009/ 046153PCT/ US2008/ 078513 SDS at 65C and
washing in 0.1x SSC containing 0.1% SDS at 65C. O her
hlgh strlngency hybrldlzatlon condltlons -as wel | as

o o o, o



[ 0090] "Pronoter sequence" is a nucleic acid sequence
that is recognized by a host cell for expression of a
weoalogauaseot i de of interest, such as a codi ng BETUS00%078513
The control sequence nay conprise an appropriate
pronot er sequence. The pronoter sequence contains
transcriptional control sequences, which nediate the
alternaélxgy Epeyteshin gre agf (%1(’91}&?@@@61{0?13@%?5 thg gnantioseric gxpgss (e.e.) calculated
there BB &hg HANe REN@NpndjsChRtiEmCH Minde gﬁﬁﬁtﬁ&r}%{;}uam cBdMAYEer +
. transcriptional activity in the host cell of choice
minor eRAfiorasTh gWHEre Sifsteraois omes fEdliasisraisAEP-itee Sreneeivity isgpfgrred to
as diadf@0s QRS AR tid @PiEBNRPorRIAGOH hE et f FCRE Hibt@EonR: in a
i ntracel | ul ar pol ypeptides either honol opgous or

. : y . )
mixturg of RYosliRsFERRTY 6o RENhBlkTadiEtly reporiedzr esiBigiromgaeexcess (d.e.).
EnantiGR&yd @B Sesh QRPEdstdrdnRAE c@SRQEd typds REstBe@n@Rlexels$ Cl osur e
provi des engi neered ket oreductase ("KRED') enzynes

[0052]t hRfghRsRrdoaddall & rofbrs 3 LkROSARIRES polBleitide@lgh G cBghbRIof converting or
.converting the racem.c mxture of nethyl-2- )
reducipgths s ErinortRorIrssPeRG PRy fust bavine thierehemisal frrguda (D) pp(ID) with at
least aBovt 85% IREOMriZep@pzan donet hyl-3- hydroxybutyrate
("the 2S, 3R product”). These ketoreductase

[0053]P 9$t§1@@§diﬂ(ﬁ§;” (NN 2) tﬂ@‘;&@fefeﬁﬁzd chBEeRion @S chedRal &Rnzymatic reaction of
sel ective ketoreductases”) have an iqproved praperty
one StqrepUSOMSHONST 'ﬁ‘[ﬁ)tlﬁf. %Brﬁg)/sgi:({lﬁ?% Cﬁrélfeh[gﬁt;aé where the conversion of one
stereoiB@E ad M AR EERY the 3thex Olitinyy Bd @niplete where only one stereoisomer is
2S, 3R-net hy1- 2- benzam domnet hy1l- 3- hydr oxybut yrat e when
convertyhmar ed with the naturally-occurring, wld-type KRED
[0054](8[3 Az (ibt,f\?]ll n’erg%{srtcg‘_m b{eﬁ%gnftlleég 821%18‘(1 I}{% célNéo f}:)al;,or\%mﬁlratel(\:/ %egction of
one pré@idpacLshowiict. N ot her engi neered ket oreductase enzynes.
[0092] In sone enbodi nents, the inproved property as
[0055]C ohimpacved el maiptodertwpefeRito aRAsH&IctaeNgilypeptidedhat exhibits an

. pol pe tide, such as SE ||%r«zégu IS Wth respect to
improeiieP B8R G g PO dp SRTYAY ) T BRI e cneincered
kmmeaﬂﬁﬁé@Aﬁ%g&ﬁg@&ug%ﬁm&ﬁ&iﬁéian@m@Mﬁﬁg&ﬁ@nphﬁd&hbﬁiﬁﬂi@pe
t - 2- benzanj donet - 3-oxobutyrate to

ketore Rl e RS oD P UBHBEHY T e ey e be another
improdrefd&n%nee%ﬂﬁiofbduc&fke] Eﬁjyﬁﬁ$)$opieﬂi_e§ foe whick ﬁrﬁ@ﬁ@iﬂeﬁt i X%S&Slﬂe include,

of t.he product.. |In.sone enbodi ments, the inprove .
but arepl}oéklél}t?ﬁtooefnzgﬂaélc ﬁ(éttv(stlygglblglf %laglg)e IS%RTW%BP ites %pe\rlﬁe{ltﬁ:onverswn of
the sufs@stpe eiernh 0 stalsilityN@ihveasseability, ipHSaceldtyl préfile, lcOfactonieQritem@fits,

reduce .a.qreater rcentage. of the substrate to the . )
refractgedy Bmhifiond g,e PR ATHERES Srarber oo duE S BREH Iy Gheluding
enantibdaRctis@tyr educt ase pol ypeptide is with respect to an

increase inits rate of conversion of the substrate to

[0056]t hEm{aiis@di bn&?fmaﬁl?]d‘dc_(ihtwt’ affellgﬁ) :mlampfoesd @dpdity of the eadindeteldkefo@ductase
polspdf s, R 56 DGR R sPeE e sdbenis \£8 Patste o

produdzofiievicighhgroe@iyer anndtdse Bif pefremt@dutiersidnrof #@EBbstrate to the product

nmbodi ts, the. i t f.the . . . .
(.. IRBEB B EY TS 5inG BB G PURRD hlopliy pLipeyifed frueperiod sing
specifisl abbunit YK RED Y Beovmpatdtoithd rtfrend dkesdeictestradinie BtSypldritéethods

ket or educt ase pol ypept,i.d as re than one,i. oved ..
to derafin EEAUE W R R B R TR G R R R R o me acivity
may bé affsced gdcledizy/ et heicalciniynd propertRQ 98K, The opk.gstnrges of which can

di scl osure further provides engi neered. ket qreduct as .
e oG R 4 T B KT 41 B ROS B QY Fdiey P GRIgh rmgtmes
the enfimado Mty bffe eorfegading wiltl Xtpd keto@fluctase enzyme, to as much as 2 times. 5

nmet hyl - 2- benzam donet hy1- 3- oxobutyrate ("the

substrate) to 2R

3R- net hyl - 2- benzam donet hy1- 3- hydr oxybutyrate ("the

2R, 3R product"). Similar t® the engi neered

pol ypepti des that produce the 2S, 3R product, the

engi neered ket oreduct ases capabl e of producing the

2R, 3R product (al so described herein as 2R 3R

sel ective ketoreductases) have an inproved property as

o o oy o o




WO 2009/ 046153PCT/ US2008/ 078513 am no acids, 5 or nore

am no acids, 6 or nore amno acids, 8 or nbre am no
wW@eide46130 or nore am no acids, 15 or npre am POI/HS1008$078513

or 20 or nore amino acids, up to 10% of the tota

nunber of am no acids, up to 10% of the total nunber

of amno acids, up tqo 15% of the total nunber of am no
times, A0 figpgs, 20 fmey 2@9@%?%%@8 7 OHRPS, AYhFRTS: FrMRFHEMAL aggvity than the

natura@y odéBrrin® k&@re@l&ﬁas& Banb @ @dng MBIt dudilc TR G hidis the ketbRBuctase
reference % pepti de sequence. In sone enbodi nents,

Doly POPEES NSHRASFVGF IO CRbT B erengingezrdketoradyctese eommerghibits

improRQlciBaRti A8ivAY irdhe ARG ITE8I168 80 Eﬁl:é{ m@@& n(ﬁ)enﬁéa atcallf AN GHESOS the
an i nmproved ket oreductase propert nprise from

parent éﬁt@{efiuciasg enzymg. It4s. queritogd byjthg Sklliﬁd—;lrtlSin gqat t&e @twlj_y @ny enzyme is
diffusidn ﬂiﬂnted]-su@lzthat]theléhtalﬂtrc115mov%r @ catot 3&66(1]4‘}1@@&1&1&10@1%‘[6 01-' 'th%‘substrate
1-26, 1-30, 1-35 or about 1-40 nodifications of
including ppy Téﬂeedge%éﬁc &he thporetisalmaxipg iohbp fifusion émﬁtﬁﬁ?e{
dbduk Cattté rIsvERN) Bendo, a vémems inBhe ch 9 h
genemﬂp f 2, {4 %5 16 f 8, Olm%g)z %48 ln2 6e ) 3}8& %:SVlg}?&t )
ketoredisisng wilbisshaiePerc it elsisddnibe O e PSR HhcsabIBiRS acighon by he

ketoreGRIME E59mb. QO RASe adiGltPlan®B $rcashtlady lah{blcQ StandaFd assays used
conbi nati ons thereof. [0097] In sone enbodi nents

for meagying Kioredushse. syt 7 desTeaiR iA gbserhaRcecs Blgeieice@qe@ﬁ@AP@thﬁe to its

ox1datfoﬁf\ﬁﬂh@lﬁkcc%n&ﬁﬁtdﬁtr}@(ﬁmnmtldeﬁ)ﬁé io%ﬁ%lcblﬁlﬁtor 6AProRfi @ gibatccath a
nproved ketoreductase property nay be at one or, nore

Coupleéﬁ‘fsﬁb QUNRFEISOnS obgnZge actiyitiehye g@riﬂ%smgsﬁ GHngdgrepargfiphef enzyme, a

deﬁne@@dsﬁgsundér et éﬂﬁﬂlﬁoﬁ rih@&aeaﬁ % dePin&Qf subRHaks, %Efﬁﬂﬁﬁeladés(g}%ed R detail
nore am no acid nor e am no_aci S 10 or_ nore

herema ﬁiie%allgcyvb@l lysptgs are c%pegeqa thergmbets a%cellsﬁndzle)e FROURLHE grotein assayed

are de@AMiRQI AGIcHSs uddff Identh@loxPlesdidiytt@th@dndRaRBEN h&t cABtdRinimize
acids, up to 10% of the total nunber of .am no acids

variatipps ip gmousd e b7y aeDTedead Bt el a%ﬂﬁf%‘mdﬁ fb&éysafa% up to
30% of the total nunber of am no aci

10057)r efepvaraion” &fety Hethe et CuHoL i ETltﬁEWtC%”eSPW@mg product.

“Percelﬁtkmﬁ%rsﬂf r§fé¥§9¢(§ {ht Pl e 5f the s%@tﬁat?tﬂﬁtus ﬁh%c)éd Qﬁtﬁ&ﬁlﬁﬂd&gwumn a
ypep r an engin ere ol ypepti.de that produces
Pe“"dé’gt“inﬁﬁ? cibed erdiier S, Bt Fe P ICaH VB0 1Ph r $CEKIF (06
ketoredR@idé pély[%ptl(ﬂe -08n blexfresskd @s “pbrd@nt cdnvérsich? 8f thd sibstrake Qhe product.
1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24,

[0058]1 < Pirmdstad; rdffers & DitctadfibiasclpofiPe@idt fat @gih@ins similar activity (more

i ons _of the ref erence sequence.
than e G e BB Teat ST G a0 B Ch forg period of
time (83g #As-2bhrs Peompare8 to e udtated Inzyhd, 14, 15, 16, 18, 20,
22, 24, 26, 30, 35 or about 40 am no acid residues.
[0059][ emm qafersesvbRdbrsRtaSe pollpeptidepliad i takis ts dii R el ail BB @nore

rises an.amno acid seq ce that iIs
than e B o BB ST B BU B 65k 8 PUR B g6 S0 ok 20,
(isopr&ps tico Bl A trdhS S DR -nRtitetBBdro faran 2R Ho Y, tdliibﬁe buth@thte ahethyl

refe ence, en n 4. or 86
trt- bwﬁvﬁw% SEhEoR Sl U o SLpUNAP b0 tfsatfde%m%
or. ne, .Wth the proviso that the. ketoreductas
[0060]p O@%‘B@%‘? ra@rsﬁg a kgﬂreg taﬁ%poj eatl%élaad g}?&léall?srflr{}\}f?ﬂ 8%1\]{% &more than

e.g., 60% 30 £096) a(ft@fd'x@&s}nfﬁ’td ihiag of Dw20@. ¢l 3. 3-@uiCs to@2 for ¥ pdriod €f tihé(e.g.,
0 nts he resi due corresponding to X202 is
0544&5%8@H%H“ﬂﬂq§ H588™ent s, these ket or educt ase

[006112 Ql Jfglﬁ%ﬂeé—talna gé !}@%?gntab: |%a’\slr?%ﬁ%g?e1% E%%rrer%u% eal?oi@)%bjtgde(%]%]% folr% rbg{}]l%hermostable

and soivehtatablekce am no aci d sequence. The differences include

various nodifications, such as substitutions,

del etions, and insertions. The substitutions can be
non-conservative substitutions, conservative
substitutions, or a conmbinald on of non-conservative
and conservative substitutions. I n sone enbodi ments,

t hese ket oreductase pol ypepti des can have optionally
from WD 2009/ 046153PCT/ US2008/ 078513 about 1-2, 1-3,
1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1 10 1-11, 1-12, 1-14,

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



84 or 87 specify that the residue corresponding to X94
is an aliphatic or polar residue; residue

wepespsndi ng to X199 is an aliphatic, constreCTEs2008/078513
pol ar residue; and residue corresponding to X202 is
valine or leucine. The sequence formula further

ifies features for varlous ot her residue
[0062]pogggy|gg_i§r_§_ asusgdbhasin Hruhe sapeyihet apgineered ketoreductase enzymes, identifies

the 0r1§ﬁ@tﬁ{§%@ﬂeﬁgcﬁg lehSRROBIQT Bre Ldnd DIQRg shiéh &R RIuctase enzyme upon

i ments, an |gproved ket or educt ase conprisin
which ghe; cpginecsing wasbnsech der paawls- A el@%@%@é&ﬁf@ﬁé@%?W&O%EQ ID NO:

60 wasbBRihdd bYNRHBRiallP évdwmgg Zver Ql{ultﬂ)ler Qab@fiornk RRILAS oncSdigdth@s

resi dues 90-211, havi ecified features for the

LactoRggillurighr keSomBius 26 %ﬁ*gnwf %ﬁ%ﬂ} Qjdd (fdus. dby T8 wpgrikiyedugtase
enzym&Rds de%ﬁea%oamh&ﬁ%ﬂﬁty?ék&&&ﬁuaw SkeNeiNG: £an have one

or nore additi onal eatures selected fromthe

[0063If eﬂ{b&wmm anliRSdcHii® r&UUE RN lal 8ming a&id of @sidudIRVAE a side chain
pol ar, or aliphatic reS|due resi dye corresp

exh1b1{11ag Wdf‘g’h%{)l‘ﬁfé(é)if fesy thay zrpacgerd g éq the H(glna]ﬁ@é iCofppEnsus hydrophgblclty

scale &%&ﬁﬁﬁw di nl@84 g MIABlo® 139:nD911420|Rhetically d@lb&ieu ﬁydr@;lhlhc amino
omati c resi resi due correspondi

acids gl BPHAY Losref Ftsh &y &) Tt (Bp. ésﬁ“ﬂw)g[o P}Ib(é%a&néﬁm@h lgLys
(K)mg@QA §R@ non-polar, aliphatic, or polar residue;
reS|§ue corresponding to X86 is a non-polar,

[0064]2kA@hidtaingno alefd o Bksidlie’ rreféfsdwhydrqmlumanmcfdaﬁ RanidE HzgzlﬂgCh side
ol ar mat i C non ol ar P iC
chain ?’sg%ﬂaﬁ@p @éﬂe&é@%tg?l}aé’gwmlm L AFINO)3S; 1ﬁ§10!¥ iﬁ%ﬁ 2pghtide or

polypaplidd haaﬁdl@ aamllaasmas tsalslgzgls_;lhdvbecnegﬁﬁzbwlﬁargédagme@uiﬁns at physméoglcal pH
orr on In X1, 'S non-.pol ar qr pal ar. resi due;
due to g pl & dpage Ba, gﬁlaﬁtlﬁadlﬁea@i%mql@ om0 gty e -G (Y and L-Asp
(D). non-polar or aliphatic residue; residue corresponding
to X153 is a polar, non-polar or aliphatic residue;
[0065]" €BasthliniSAciEG PN NG Do X hY@ oplsliGdnias Suidbr residie having a side

cain SRR R Bk S o S LR B B R R e o
polyp@ﬁdw @50 ARG IOty AG, haSe posiiBBlyRBAradd side chhihgd @hysi‘ologlcal pH due
esi due; resi.due correspondi n 0. X206 i s, a no
o usss g B pYEHEE i e B e PRl SBAcHy T s e ) and
L-Lys@knon-pol ar or aliphatic residue; residue
corresponding to X248 is a non-polar or basic residue;
[0066]r EBildueiOicides pBRide Ngfetsao XBﬁ&oﬂtﬁhmlﬂr @iBdrir&idue favdipea side

chain thilt iy lélgg?rg{% dfl}fSH)?Oéécal I?FELQ?}H W]?IF %%I 1%@%&1}% $ T v@? rL[ H‘%\’/ﬁ% of
electrdng gltattid@s contiorSiy o @he G IRihSre cIoE\@y ppbdnepe pleiath@s. Genetically

oo SEATE AT P G5 GRRRIEE SR P, o
A N T N S

exhibifulowIey desphetieiyalf @ateothiherd &t @tilp teths eganed codseisEQ | D

hydrop'cl\llop]lc%scile ff ]§1fen§erg f? olm? ?_?4?9 C}\?olgﬁzozl‘?'&() IZQ e]ég Efelgj:tlga?glfacoded

hydrophoBit amino adids inghudedl, - Pio ®h,L-Nle A6 L-Phe 18, L-3aP0)), 1122(L) 1=-24 (W),
about 1-40 residue differences at
LJMaiPﬁng§ﬁ%g@Kéé§‘ $é3|due posi tions not defined by X

[0068] g_llgr_og%tlclz Qm%g g(gd grrr;(c)tg)lgu_nge%r% to aghy%@rﬁﬁ% ]ﬁ_)/%ﬁop%g)flg %1%9 %g(? or
remdu&ﬁavmk& sid2@hai@ ﬂ],at iddlpdeR 6t, leB30gneIponmitic ablmtletroa%}nirtesmg L@ene‘ucally
encodecf arrr%rr%rtﬁ%u%}%ngﬁf %c uﬁ% Weﬁ p‘()),er eﬁrc(gég (i ]9 Lf%i @g)s IAtIJ[ ougﬁl owmg to the
conservatlve mut at i ons. [0104] In sonme enbodi ments,
t he pol ypepti des conprising an am no acid sequence
based on the sequence fornul7a of SEQ I D NO 83, 84 or
87, or region thereof, such as residues 90-211, can
have one or nore conservative mutations as conpared to
the am no acid sequences of SEQ ID NO 2, 4 or 86.
Exenplary conservatlve nutatlons |nclude an1no acid

T s L, L 1 B oy




[0108] In sone enbodi nents, an inproved ketoreductase
conprising an am no acid sequence based on the
weeeesnass f ormul a of SEQ I D NO 83, 84 or 87, 0OPCHEUS2008/078513
regi on thereof, such as residues 90-211, having the
specified features for the various conbinations of the
residues carresp onduﬁg to X94, X199 and X202 can, have
T

pKa oglasd}eter(@]:%qa[uy nigqeengto gp 1‘ra1§ squaetigies ¢lpysifige ag gylasic residue, or as

an arof@fid QWMIRGs {EANIIBR ind QRS 8l HA6AbHARNHIMIRGN hiGtidkREbs bifssFied as a
pol ar, aromatic, non-polar, or allphatlc resi due,

hydrorﬁlé}r%rrsweézf py2 \?alpﬁfrﬁlée%ﬁwsweﬁw 5¢law) ne; and resi due
cgrrespondlng to X147 is an aronmatic, non-polar or
[0069] " Coyhttiined amiag aeickor residug | velfPdp Yy 9P RF G AT a0 et digicy gpastrained

geomekr). SIORE, EHIGHhIIRE i Ries ﬁlﬂﬁdé@bfbf@)ﬂ@ﬁm@(}[}o IR RE ﬂlﬁ’saasconstralned
can have addltlonally 1-3, 1- 1-5, 1-6,

geomejry @ecaisegt hag a féatlvily fTall Tmiaizolefmg 4Proi1ncj_]gas aforfgalnid %_egmetry because
it also has?DfiveInofaberedridd, 1-26, 1-30, 1-35 or about 1-40
residue differences at other am no acid residue

[0070]P S bt b(ﬂﬁsanﬁhﬁ) &maés‘ﬂﬂle’t Rfdde a%?ﬂlﬁﬁlﬁ)'l}ﬁ:%nﬁlﬁﬁﬁéﬁnﬁ@esﬂiﬁle ﬁE@g a
sone. enbadi ment s, giurrber

side clgl%fyo ll%lﬂ]&]éﬁgg%léﬁplﬁ'élok)glcgl pféand 4;vh1(g1 a%bonyls 1n8;vh1 tha@au of flectrons
sharedlig condifton BsBtwo hdmsIBgendlily Bodd eq%élly BBeacB6 tha3® 0Qfond0&It thdQde
residgﬁbdlfferences t other am ng a0|g?é§

chain 1§ §pEPo Qali‘ef}éﬁ%]t@n"‘ldﬁ n(lepfoilaé AR ld%lélﬁlﬁ & 3|1 PG%,GE—'Lelll PL), L-Val
(V), LARNBEL Wek (MPandut Aki(@NS. | n sone embodi ments, the

ket or educt ase pol ypepti de conprises an am no acid
[0071]S egl_ﬂ[ﬁﬁg?-@alﬁlgag/(zlﬂ &r iddiddce &5&; gg%yd%g%bé%%% %s(?}%r @&9@9 0}/1aV1ng an

9 9 9 9 9 or 0

ahphaﬁl‘dlléfﬁchér P Y1E° %‘alr“e‘f{%}e% ¥ o8 ?Peai@%a% A0 6iYs Beeds %WA) L-val
(V), La.cudL)aind 8alhavi ng t he WO 2009/ 046153PCT/ US2008/ 078513

precedi ng features, with the proviso that the
[00721k eC @yt of BER's (@Ss ﬁiﬁhs@ﬂfirf’tﬂat achl fosaqiande blidpeés Wgh adher L-Cys (C)

. leagst the ecedi n tures 0109]..In_sqone . . o
aminog St e D o DR SR e B0 Pt T e lederike Agpidues
includ@tgstetncaad dths:eﬂum&is as aghtadsul thRirglaaianc taf 0¢ Mallsblofor

84 or, 87, .or_a region. thereof
formatip QY WE T sy TR b it R e GRS Pty S i ST oo A Rapgeining
side cha@is) 10 4SisG0 APERiAt inditerQhe fel@ed ggd gues ogidize€sipafidh-trgigtdform

a ti

atfect Sy et o [C g mrB ey R Baay Nt Sapty Jeafopfl agigtie. while

L-Cys€OY d’xﬁﬁ)ﬂ)@ﬁl tydaghhbBiciXAEY 0129 aaccedifgiortiad dvedalixed EmsdnSus scale of Eisenberg

e S R BT OB S SOHER R BR I Be -c

(C) is c@odred, intp & b thiquel groupal i ne or phenyl al ani ne; and
resi due corresponding to X147 is an aronmati c,
[0073]NOSmgdDdnsino atid &l regidi@t tefers ©Sin Aihéno apﬂrot regidh@lidving a side chain that is

oni ne or eu0|ne one enb
COmP"IEi‘e‘{ %Pé%lé 5%@ RV P‘H‘Z@iﬁtﬁwa‘ﬁ%g Xﬁlgglﬂi% ﬁ’ﬁﬁh‘f"‘ﬁi}’nfﬂ‘k
hydrogkn@ Tﬁe s‘lnalllanﬁmo aeid ,or ﬂemaues 1na§ be Rrrfher cﬁhtek@mzed 'as'lélhphﬂtrcllgon polar,
g 1-20, 1-22, é@ ﬁr@ n‘f%
Polar%a%l lcawa E)‘BE?P agidyey f?s P dfercaangs whR g abevedetifionsnfnstically-
encodcﬂf?dnﬁll Leslodulds PRt LoNs(AsLsanpa! edyt @)l hash ef)er 88£@), L-Thr (T)
q&ﬁnce of SEQID NG 2, 4 or 86. In sone enbodi nents,

andeﬁ% unber of differences can be 1, 2, 3, 4, 5, 6, 7,
[0074]3"H 0 0 ]fa]i" AT :(I)'S-’ei é grég)zagltanﬁlfz(haézfd%gm%}%@g&gﬁyeroxyl (-
OH) nfo@%y. Bde&icallyners 6dve hedrbgdicomithisg athine acid helh@IC 88 (S) L-Thr (T) and
LT nprise conservative nutations. In sone enbodinents,

iyt ket or educt ase pol ypepti de conprises an amno acid
sequence that is at |east 85% 86% 87% 88% 89%

90% 91% 92% 93% 94% 95% 96% 97% 98% or 99%
identical to a reference selfuence based on SEQ I D NO

2, 4 or 86 having the preceding features, with the

provi so that the ketoreductase has an am no acid
sequence having at |east the preceding features.

[0110] In sone enbodlnents an |nproved ketoreductase




1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18,
1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40
wo e@bduaszli f f erences at other am no aci d resi de@&r/us2008/078513
positions as conpared to the reference sequence of SEQ
IDr{)Z 4 or 86. In sone amomnEMS thenmmerof
fferences can be 1, 2, 3, 5, 6,
1007511 SCongorvativg” anigo acjg subsigfutiops or lzutat% refedo ths snteﬁhaa%tathtwf

residués@alidy Sinfllhf i@ BMEE SnPihy edilyamionRs %htﬁuﬂi(ﬁﬁif dHe@mind &id in the
sonme enbodi nents, the differences conpris

Polypepfeswith AR ing acidryyigin t&ﬁgamq%seahedeé’w%ﬂrﬁ%@ﬁmno fqids. However, as

used hK@InOMEME EABRIINGHY PEREN AR c SRIMAbASR0ARCIBNY JBstiAGiols from a
sequence that is at |east 85% 86% 87% .88% 89%

hydro@t@l%to gyldygplglg%tydg@q})@blgwo)%ydg)s%bl(g hy)éro;g-y%nt@g% to&wd@gyj}scontammg,

or sdeIQ@ E}hélp@bdﬁeolf el BhRHBMEEN HRAPMRAC BstEASRG sﬁ%tl%& }rbn ¥ Paliphatic
or 86 having the preceding features, wth

t he
to an aﬂ)‘P]%f\‘/lFé’@ntPH]éf tofngr PRlét BRI £P1A% aCifig & agiflicy Rasifo é&%lfd aromatic to

aromaBE GHERGEIRAYS OhsBincli @& RIuc.t RGthRF, 8C@AH RGecih SR/NITES: T can be
[0114 I n sone enbodi nents, an inproved ket or educt ase

conseryg iyl inajtge( tﬁﬁlt%ﬁxfrr%heaalrr&la%feraﬂeﬁd% e thgr pp-nofpg residue. The table
below SRAMERER 19 oMb Rafe sstis@utibhsNO 83, 84 or 87, or a

regi on thereof, such as residues 90-211, having the
[0076Speqtii ed features for the various conblnatlons of the
resi dues corresponding to X94, X199 and X202 as
descri bed hereln further |ncludes at least the

Resi

ALXAQ is a COhStMﬁkmqmmﬂﬂADQSVQ)reSIdue part|cuIarIy
argi nine. In|saome enbodi nents he ket or educt ase
nnlgypanf i r~|ac %ﬂWTWm,}E{) a&%z 9I n:La:\qE:IM) 1 ') 1 Q’ 1 /I’ 1-5

G,M1-6, 1-7, 1-kmh%n&ﬁ@xgﬂLGbm2 114 1-15,
1-16, 1- 18 1-20, 1-22, 1-24, 1-26, 1-30, 1 35 or

' D.Egpout 1-40 ¢ pOMeiacidie 9.-Eences at other amino acid

K,Rresi due positiogsbag (RORpared to the reference
sequence of .>E% D NO 2, 4 or 86. ITn sone enbodi nents,

P.H{ he nunber o ef?@ls nbe 1 2 3 4 5 @ 7

N, 08,19, 10, 11) olRrpdid: 15, 16 18, 20 22, 24 26 30
35 or about 40 residue differences at other am no acid

Y, WeEsi dues | n| Othep aamatsdY, rﬁNﬂF& the differences

C conprise consgpyative mutations. In some enbodi nent s,
the Ketoreductase polypepiide conpri Ses an am no aci d
sequence that is at |east 85% 86% 87% 88% 89%

[0077]9 OB n-&h¥orvaie Xaubd3Uhon® 4R rs BUbstRRUh oPhiduti B Ian Bind AR in the
identical to a reference sequence based on SEQ I D NO )

polypeptideqwig anggnipgasichyyith vienireadedffadng sideichria gropgifiesh Nogeeonservative

substiti N B9 ubddtind RedsHEtREEL SHEL ARE wWikdH, AP dSHHM Brodfd Ifkted above. In
uence havi ng at Ieast t he precedlng feaftures.

one enrlt\?%i@}ﬁ P RO eRPECTETTRB B RE P STeckifa)ithRpiy vt ok e oFRide S1ckBene in the
CRMRILL ARG (8 iNOfoA8Ld YRNGS:cD s Rothid? the bulk of
areaOsequence fo(r%u alof Oﬁs%g 1Ile‘%@(gl\lo 83, rg84 lggr% o @ Or(c) ComRe
ﬂws“?éﬁ?%n t hereof, such as residues 90-211, havrng the
cified features for the vari ous conblnatlons of the

(00781, Sslefigad fo fogaqsilirationytoths proReptidg Sy reatealt oge ggnore amino acids

from RS fFdnBesbIYIRpRIeN DefeHbds REX cdnipekadBDvALS | 3131§$re tfho acids, 2 or more
fol l owi ng additional feature: residue WO

amino 2eidy £ 92 BPEIPVNY 198D 0P (PESANe fi¢se SpdI T Hiyming agkdip 0f 2 of more

amino ra@ias REkAT0% afitheptaat htﬁnbe%f RhAdcids O 16 968% oP Bk kdtAWLABENGE amino
hreoni ne. In mbodj nents, the ketoreductase

acids, arowaé%wa@g t%%tﬂuwawf AREP 7 dnARiYE wp. the pojypsptide_ wrhﬂe fetajning
enz &n(ﬁactl% and,zbr ?b,talﬂm &e 1 Q\Qd éllles @fa%%n 111661]641 ketl)reliﬁotase enzyme.
ymi 16, ?718 1-20, s 5%@ 1- S&m -26, 1- %O 1-35 or -

about 1-40 residue dlfferences at other am no acid

resi due positions as conmpar®d to the reference

sequence of SEQ ID NO 2, 4 or 86. In sone enbodi nents,

t he number 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 resrdue dlfferences at other am no acid

Y T L 1" rr




WD 2009/ 046153PCT/ US2008/ 078513 89% 90% 91% 92%
93% 94% 95% 96% 97% 98% or 99%identical to a
WO 2080618k sequence based on SEQ ID NO 2, 4 orCBB6S2008/078513
havi ng the preceding features, with the provi so that
the ket or educt ase has an am no aci d sequence havi ng at
ast the preceding features, [0120] In sone

Deleﬂ@%w%@%@d tofhe ﬁnf?ﬁramaoqéé?%?réem Btions ph e ophigergde. n
variou@ B birA&its thS QEIUEGEn BasR e 8 BordiRSous SSHRACE chiPbdddcant@fuous.

SEQ ID NO' 83, 84 or 87, or a region thereof, such as

[0079)" eSbEHES r&bls LldhodiR@vibng thdy®IypRe e by Qif GAIURES: b aﬁﬂ'ﬂ@ acids

various conbi nations of the resjdues correspondi ng. t
from tb@r&fere%i@@)lgﬁandgz fosoge ea@g@plieﬁédhqn}g}pgvlald qumefrﬁ%}(etoreductase

enzym'e:ﬂ&J 188 indrtidn€ 388nclol BrofelinlifMcng taaid hithr@ﬂy?\bccﬁleﬁg UétBreductase
resi due corresponding to X147 s _an aromati c, non-pol ar

polypeppideyisivshgp fmecThensiof s or migre e &S0 ABPHMBPRY prbkgreductase

polypdpBUE] Nertibik caPPEineRIAE Fons b iﬁ(ﬂﬁ&bﬁ’&u GltaaR carboxy or amino
pol ypepti des can have addjtionally 1-2, 1-3,

termmss ITseglong_ as7useq|_ egeln Tlcbl fpsipp proieng&gs 1s]!<n9_‘gn 1n]:[he_|_qr:cl T_ﬂle ilg]éertlon can
be a coktid®ous deghBnt ok adtho aditl2ér sefaraddd bylond Or mdrePthe ]am%@ a@lds in the
about 1-40 residue differences at other am no acid

nmump%@?ﬂﬁ@g96§P$W6%s as conpared to the reference
sequence, of SEQ I D NO 2, 4 one enbodi hent s,
(0080 FOBEBRE R Yo TS RaviE éé"’%‘ﬁ’“g“ethit higan agringgiergmalgd pr darbory-

termin8l, de®tiod, But wiiere the rembthingldinolRid sb§uendOis idluticaled ,the?cﬁrres%@ndmg
35.of about 40 resjdue dlfferences at, other amno acid
PosiqR g 58U, TSRS RO ArUittics ST Q1 it log 20 amino acids

long, a@gﬁmEo Sﬁuﬁg&ﬂﬂoﬁgbﬂ Mﬁgefruh@ﬁpd@ws%, 8%, 300% 9 £Xbed, ARNIB, of the
t he et or educt ase e C rlse an_am no acl
full- le%gélalaﬁ‘é?fe clapiah wgp%ﬂg 4@?@1’%@% /etldS?i/éE%éE/&V%%Of 56.

90% % 20/ ,93% 94% 95% % % or %
[0081); "R fehRedY p§%th(%i éﬁ‘&.ﬁ 1%%‘!@@8““8 Y @@aie% R, other
contanZinands tB&t nS@rallaudcompilyat, Pk e peetid) Upidgahdip@suclebiidas. t TIR term

rovj so that e ket oreduct ase n_am no acid
embrageéaa%ﬂegdﬁml%aaﬁ qelééeé‘%"V?‘L%r PBPEE‘@%‘?%HIGF&W?}&CCW““%
enviroh@dd b} expression® semtragli RBndcs,or aznvztmr@ﬁlﬂ%ﬁg ket pEpeelidd kasRductase
acid s e based on the

si ng an_am

G RCHOT B L B1 BRI B T gyl i varios forms,

such af B@it@r isoRted@feparati@ld. AS sucBSih @Mﬁéerﬁfbd&ieﬁhts fhahpigvel Retoreductase
speci fi ed featE@es for the various conbinations of the

enzymleégr}lbelﬁélésoéaéqdr E‘fﬁld‘f‘ng to X94, X199 and X202 as
descri bed herein t her incl de
10082 SR e B e oRAE TEET U BETRET B0 WO LS pURIPTg pis

the preddddhast specﬁ)s@ Ipeekent (12N o @ hdlar Of wéiklit [bb]@st it & nfic@Sataidéant than any other

i QR heEePhe e BaisuBer ieS spd eRH SaaR DR figied
compoitidn whendthe dbjéet speeios cobypisestat East 1b0311 5(pdsenflofiik, ma]cr(ﬁ;ﬂalecular

15, . 1- 2, 1-24, 1-
specieyrght b5 g diaht Iy et ebinvis e idie cgpfgpon il
comprafhliudt 6CYothr hdEd, ﬁiﬂﬁt meﬁm@B,Sabaﬁ 80P @oegl aiodt 2(9&or more, about

., refere ence of. SEO ID NO 2, 4. or 86, |p sone .
959% of RSB HaRRE O PR MU AP TOFORPE R SRiLiS by ARIags T REGh pagsent in
the coﬁposﬁ1on61n sBme%mb@dlm&ﬁg, tielobjetPspecidh, is fibified & esdolBtial A0mogAeity (i.e.,
contana.[lelé Fpeglreﬁ (ﬁan(ggF gethé%ﬁ 1% b}g%glgéﬁ?s%logﬁg cgrivrgfltgoglﬁgd%‘?e%tio%tmethods)
where@N0@inEediti @), cohdigs didntigityastasmglampron®ecalanpedissaiSowent species,

n nbodlnents t he ket oreduct as

sl B8l e 300 - SRR o st el SO BRE i ol
at least 85% 86% 87% 88% 89% 90% 91% 92% 93%
94% 95% 96% 97% 98% or 99%identical to a
ref erence sequence based on SEQ ID NO 2, 4 or 86
havi ng the preceding featur®, with the proviso that
t he ketoreductase has an am no aci d sequence havi ng at
| east the preceding features. WO
2009/ 046153PCT/ US2008/ 078513 [0122] In sone
enbodlnents an |nproved ketoreductase conpr|3|ng an



[0125] In sone enbodi nents, an inproved ketoreductase
conprising an am no acid sequence based on the
weeeesnass f ormul a of SEQ I D NO 83, 84 or 87, 0OPCHEUS2008/078513
regi on thereof, such as residues 90-211, having the
specified features for the various conbinations of the
resi dues correspondi ng to X94, X199 and X202 as
specicy e@é?‘P%%‘Hb%lé?eé‘f‘snthe PRSP Hotpaiuglisct Behgienidhas @ substantially

pmfpig%iguéagq@gg@{lonal feature: residue corresponding to
g IS a non-polar or aromatic residue, particularly

[0083]p h@tﬂﬁﬂzeﬁ{ RBtiBRatiohMisOEHENc RDQ GéBIRD b&adlttohﬁmkﬁi @meldhu‘etmld
epti des can have additi onal

hybrldg_ i sghle7As kn(g)vn te thoge offklilgn the agt 1the g:[abll?ty oihﬁ_)&lds B rqﬂ@cted in'the
meltlng],L telr@era&lré‘-@” ) AFtEOhyblids? 2n gdirerdd thelstabfity a-faagrbnd-rs%\'?ﬁl&ﬁon of ion

bout 1-40 residue djfferences at other am no acid
Strengﬁhe@ina%t%?o% qoptrat and taoprssspescPeBrofraRic pesntsy dAg & values for

polymﬁz&@ﬁ'&@ C&h &fcalsageh le&wn%eﬂfodﬁﬁr pﬂeﬂlcﬁr%ﬁﬁelﬁffgl@ﬂpd}ﬁﬂﬁeﬂsee eg.,
nunber of differences ca

Baldmg et '(g Mfdzo gl_linzynl(dogylléﬁg 7@]37771@01‘[(3;186‘[ a%d 9622f’7002A/atl Z@ad §9¢ US4

48: 1393)513%51@@10%1 41@86 %J)cdlw@té dichd. %ezezm@qe@ @93?8@78 Fret'r’d?ﬂem agx¥i6dProc.
nbodi men erenc

Natl. “’ééﬁ}fﬂ %%4 %??Jé r9é%& ezt At ﬁ@ﬁ’éﬁemlifﬁ/ S é%oﬁmélhftsal 1990,

Nuclel N€idK REOREHA NS b ASE PRk POPT, NG/ UL REED): @), %Hﬂnﬁl@ola@tl lall, supra);
uence that is at | east 85% 86W 87% 88%
Suggs gba% oP9

i Loln Goclgrezaig By Lomag w59 Cerpofromug abredobgp- 653693

Acadehﬂﬂﬂ%dsczﬁh W&mar, 18f1IeCANRE BRALS mma,s@ﬂnomsﬁ@ phaldé@ms
or 86 haV|n t he precedi ng features,

mcorpﬁliamegeal ByHslerepre: kle%tblaﬁ sybedmgens, H’S@%(H%‘i’ﬁ“%“ﬁ%‘?ea e polypeptide

dlsclos%a ﬂéi@ﬁi%ﬁd hebridngs @Hded ®RA8dd doh@itidis eedisigodRalylt®szent or highly
In some enbodi nents, an i nproved ketareductase
Stﬂnge@b?%‘f‘ﬁ“g%@ B ORGSR GAEAS S 48 BB BTt HEloreductane enzyme
of the pRSYUEMSSosiRr mul a of SEQ ID NGO 83, 84 or 87, or a
region thereof, such as residues 90-211, having the

[0084]S PB @iridiARAtod @aiodhi®S rdlfés tb Rgbriakii@Usnaas] sdalt AsaRshias cddRions, in

i dues_ correspondi n X199 and X202 as
the hyg‘écgﬁlf’lb%fdluﬂlé%?lﬁ 5 %H&?W?%ffaua%gea%ﬂonﬁ w5 R¢riqrpgd under conditions
of1owémtﬁ@md99foa@kd¢dtuyamhesfoeadrﬂhgbutm@slblcbuﬁlgewyr FaPeAEingctaely

o ST R B D B e SRS B B R et
acid thROlay PRk b@e Slet@f, frervabladeliuk 790 aiehtyty,]abaut 8393dentitylo thktdrget

DNA; ]ﬁlfg gre]ét:fz fi}gr} 5@@2%)-"/? iil_eééy} %fgr%éﬁp%@%@eo%ﬂe %%xleﬁli)la%mg(lierately stringent
condit®d@Oat cdmdftdng &fivdlset WihfirRiRANGES 589 foinfagideam® Denhakk olution,

sxss TS g Rab AL O A SRS o2 sIE AL S5E M Foec. g
stringeACPR/ 4B PEeTdrUged 0By ©713adiBors fhas oab &I DEdi 7R Som tHe@hermal
melting terri)grrau%g_ dgffélfeteegf%ggdi%ldgr%ge s%i%i%h g(éfdit%’? f(f;’? @%ﬁlfgl’pogfbucﬁéggde
sequerQE mtzamte ethBodig&ity ualgdlsglﬁlgérﬁyl s@ﬁmﬁh reﬁ‘&rfﬁl fﬁ)rcoﬁ(ﬂfhdﬁ@ tIa€ h&mit

es. In sone I ments, the Qi erence o
hybﬂdazamq SRl bt BYCUE FUL RS g form |SHE1§ S O [BRENEG] at 65°C.
(i.e., it bK@ sQoeEAd 1@3@)1me pitasee iCWibt EeafabRMundsrhid safigbhcy

0, 0, 0, 0,

cond1t§8§,lé{se &i}? ! ga%%g he ¢ Hl S&n@%&f) cg%]g%@n@%ﬂ)e gggf{?egyrforgga}nple by
hybridiZ€sH ih ¢alditions aquli\@feﬁftﬁ (0B foRGUedsex Daged's odlutGAIOPR®.2% SDS

o2 o Y i TG R A TR Dot AT B feency

conditR@GHUSBEE zINAW Jdgdidbnslcq@isdledt RehyprigicagdilX SS@tatfsing 0.1% (w:v)
[0127] In sone enbodi nents, an inproved ket oreductase
conprising an am no acid sequence based on the
sequence fornula of SEQ ID NO 83, 84 or 87, or a
regi on thereof, such as restldues 90-211, having the
specified features for the various conblnatlons of the
resi dues corresponding to X94, X199 and X202 as
descri bed herein, further includes at |east the
foll ow ng additional feature: residue corresponding to



WO 2009/ 046153PCT/ US2008/ 078513 ot her am no acid
resi due positions as conpared to the reference
WG 2yeenass based on SEQ ID NO 2, 4 or 86 havi ngP@TiEsS2008/078513
preceding features (e.g., SEQ ID NO 46, 52 or 54). In
sone enbodinents the nunber of di fferences can be 1,
. 12, 14, 15, 16,
SDS 32@5 02201 Wzs.!i.lmgzeo 1>s§SC osiifing TS THGH PG, dllber P iFgiess

hybrid@htiéH Jo8ditieMtl R ARGk thol @Stk URSgent PorIRIvRS, BRIRRLBRINTH $he rEBRnces
ket or educt ase pol ypepti de conprises an anmino acid

cited ab@fyence that is at |east 85% 86% 87% 88% 89%
90% 91% 929% 93% 94% 95% 96% 97% 98% or 99%
10085}; sjerplogpust golknicloplifedict 1S wynohEwL g thath intgeeycpinio a hostcell
by labd¥etos tedhnRfuesSdiaMhdg paslplalcebm‘ee eHange fRRb BT RSm b Bod cell, Bfcted to
ID NO.46,. 52 aor. 54), wth the proviso that the
laborajory pnigHiptionad thea réinrodhse inta g hest €dtyuence havi ng at

| east the cedi ng featur [013 n sqQ
l““%ﬁ@%f@#m@%‘eaﬁeﬁs ApFhateEs “ktg? Bqd@ %&@%ﬂfﬂnfig PRfgdigga protein

to thoR FrokQ@ed@ilFusze W@tﬁzum&@@hlm sichehas B URRe&! frebi afi@éntly
SEQ | D NO 83, 2? &%r areglontf(lereof ﬂch as .
expres; P&ﬁ@ggagemmﬂerﬁa\ﬁ thguahrike Sepeilsi cpfiely degengreff igthafgmost amino
acids a?@ﬁtbﬁb@te@‘b& Feﬁﬁm%ﬁk? cdlRd %@ﬁ&y?el lslleeyﬁdngaﬁaash ecsdehsn ,n is well
rt I 1 NClLuaes east the (0] oW Nng 1t
knowwtﬁ%hcaﬁ? usggg by Bﬂ@c‘gﬁﬁ%ﬁ@ﬁ HiTRgrap @ pigs tﬁwaféf B"ﬁ‘é‘{“ﬂaé codon

triplet$) @Rts ROdoRus4pE bRk a1 B highdr @Siefbtfice Pardived Ukl ddhes of common function
neth|0n|F In so enbodi nents, the Eetoreductaﬁ
or anc g[al)pﬁlém 1&%@ CERYPSS %telgagﬁrqu 6%1:qpy nygmyer pio‘@ns 'ind4t ¢ ajgg§gate
protelril-ccﬁmgleg_l’ons bf ﬁl oréa'n%;m slgzeill&rie ]-Izllanie &nﬂoagne%laslﬂii p%l%fﬂlﬁleotldes encoding
the kefaﬁémmis %Ymeg?aa&é c OFIPBFIEHE%EPT %ﬂn&l RROFUS i 4 st organism
selectddef6d ApRss@dsi tions as conpared to the reference
sequence of SEQ ID NO 2, 4 or 86 having the preceding
[0087]f e%féfre&g op@m4), highSidon @ab@ﬂs‘h)odoﬂsﬂrewmﬂteﬁim%hm}aﬂic%dons that are
used aghlglgr l’lgrn%eerrlcylm th%lé)fr(])ctggr ?5' %Sreg_lgr?s t agl oll% fzzddﬁgs: thgt’éf’og)e’zfe? t’hg ga:me amino
acid. "Bl @éferddddtiond thak @8 deteihithidfif RIM0E RScoadn Lehgeaﬁ a 818 @erdCa €kt of
S|due I.Ln sone. egpﬁdlnents t he ket duct ase b
genes E:i‘i"?”‘b‘?ﬁ nEOLYipigins Mghly enirppibeenss te § H REUEneYHA thejageregate
proteirgci‘roodin@aé%;nﬁ gg?;e 8%%05%%%} S&%on ﬁ%l%rac? @4he Qég%ga&%)%telﬁ 38ding
. 9 r en a
reciony B B G2 Q G OB (ESEEPIES S reqiegyy gggesses withth
level df g&lﬁe l&gprésl’sﬁ*)n RpreaggclIR@plieaicudds for ex;gessloﬁEQVhlﬁlatW Aéhods are known
for d ﬂ@ E oviso that th ketoreFuctase an1nodaC|d deod
or et§%‘&f?8% 0 freauqney e "H eI HY RYYToRscodphysgsy and codon
preferdnﬂe &Qﬂ&lﬁiﬂi%hsﬁﬁﬂhﬁudlﬂgﬂmullﬁpirﬁw aalyki] for @dupleasg cluster analysis or

risin aci d sequence ba ed on
"0”65% ﬁ&‘é"‘ Br ?ﬁﬂalﬁ’ g@"té’é@u@% %gf‘éi@ns 44 8 8 (tsi’er%G
CodonPegérefte {RRERO CompleNGiasp MasbaliteBacRike 2dddon Wa¥ihd @eddAEUniversity

or Ny UERemEr oih oParrHEp Teie) GRSRArSPRAEH o ple%% Nocft Acia

Res. 221211317%4 Wegladel] I9|90,I’@dne RB23-09)e SodbShehiebl &afd SaMNoNYgrowing

it o e R s RP BN Tl Qe ieb R SOaT b Pghamura o

al., 20000 D@cli Scidy &@I RE292 ITOutetp&ladysupit; Bbdaphat iDRn¢t&s FBidBerichia coli and

| ani or in Iln so e ' t
saimola ySht it 815 BBV esheRGEC A (-0 | e daa
sourceforZobtalmidg collodtusade May thlyn ahy dyaildbl8nucleofide s]:qlile(ﬂce c:hpal)le of codlng for
1-12, 1-14, 1-15, 1-16, .1-18, 1- 20, 1- 1-24
a protejn. éﬁfesel‘la‘é’sseté r‘“"iB’S gpelge %odl%ea%ﬁnaﬁ&ma?#yf l@r"‘é(ﬂ prregde eéPrﬁ%SFd proteins
am no acid residue positions as conpared to the
reference sequence of SEQID NGO 2, 4 or 86 having the
preceding features (e.g., SBQID NO18). 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, 35 or about 40 residue differences at
other WD 2009/046153PCT/U82008/078513 an1no acid

o Y T L T 1 .




[0137] In sone enbodi nents, an inproved ketoreductase
conprising an am no acid sequence based on the
weeeesnass f ormul a of SEQ I D NO 83, 84 or 87, 0OPCHEUS2008/078513
regi on thereof, such as residues 90-211, WO
2009/ 046153PCT/ US2008/ 078513 having the specified
features at residues correspondln to X94, X199 and
(e-g., cppplteguotgia sediphrguaesdiy): RO PERSE ths SIS g asgicted coding

region$ Bzch@hic Q¥uBtcadel fof S@mbIcf BBLM rlﬁsBzofrﬁﬁ}ngh@ Sequence and Genome
corresp ondlng to X153 is a pol ar, non- pol
P

Analysiy, Chpigri8cCold r&tﬁeﬁarb%ltab%efplarﬂrgﬁs &%W@gé}ar@éﬁ Ye20Q1,

Uberb&ABE E D 0o BBV Suis bl ok @bep ed2t asariRehlY Rewt C@lﬁﬁncfgapz Biosci.
have additionally 1-2, 1-3, 1-4, 1-5, 1-6,

13:26%29). 1-10, 1-11, 1-12, 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

[0088] €ontrolseausnceyyis dfiped hosgin fgnglpdeqllcampensats pysh dreprecssary or

advant@ @¥Rfoe the tQréBdn b RIARERIHE HePRG Nt @fsd&s%Q Iﬁacmnaol dquence
or 86 haV|nq the preceding features
f

may bgnatiyp onigyeizn) thg Spelcis O EFHRYE %nw@lﬁ%thﬁ BivBRsrY 3t Such contol

sequeribd th& 6 @NER S rcGRNiIRRdko, adeadds, pé‘lya(ﬁnylﬁlonzequ&ice%ro@egtlde]séquence,
12, .14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40

promofegiedtl cpidereEREetnd SRNSTRE RIS aci d resi dues. | n

sone enbodi nent s the ket or educt ase pol
l““”k&%s&%@&% 13 eThisd Aery a%@aqrgﬁeréﬂwae% ¢ a&fmtrOi ESHens8 ¥
approp3tabdy (Ul (i88 % a BAonD0MaticAdip) D2 B6sitddYe1atB4 % a REHAucBEWUe of

0 0 0
interesE)7 § &192128)‘5]{1% g%%o?%c{weg(ﬂielgt% glF retglglat%%‘é}? gyg)rre{esg}lgr? ﬁtgggﬁgﬁgleoﬁde and/or
polypdpdd sm@sredte. 9., SEQ ID NO 34 or 36), with the proviso
that the ketoreductase am no acid sequence has at

[0090]I easmotehs%g@nee adh igldeaidicgsencd Bd3Skcdghiz6DBKEa host cell for

nts roved, ket or educt ase risjn
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Activity Stability Selectivity 1/2 L. brevis

amino acids, 5 or more amino acids, 6 or more amino acids, 8 or more amino acids, 10 or more amino
acids, 15 or more amino acids, or 20 or more amino acids, up to 10% of the total number of amino
acids, up to 10% of the total number of amino acids, up to 15% of the total number of amino acids, up
to 20% of the total number of amino acids, or up to 30% of the total number of amino acids of the
reference polypeptide sequence. In some embodiments, the number of modifications to the naturally
occurring polypeptide or an engineered polypeptide that produces an improved ketoreductase property
may comprise from about 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, 1-26, 1-30, 1-35 or about 1-40 modifications of the reference sequence. In some
embodiments, the number of modifications canbe 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 amino acid residues. The modifications can comprise insertions,

deletions, substitutions, or combinations thereof.

[0097] In some embodiments, the modifications comprise amino acid substitutions to the reference
sequence. Substitutions that can produce an improved ketoreductase property may be at one or more
amino acids, 2 or more amino acids, 3 or more amino acids, 4 or more amino acids, 5 or more amino
acids, 6 or more amino acids, 8 or more amino acids, 10 or more amino acids, 15 or more amino
acids, or 20 or more amino acids, up to 10% of the total number of amino acids, up to 10% of the total
number of amino acids, up to 20% of the total number of amino acids, or up to 30% of the total
number of amino acids of the reference enzyme sequence. In some embodiments, the number of
substitutions to the naturally occurring polypeptide or an engineered polypeptide that produces an
improved ketoreductase property can comprise from about 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, 1-26, 1-30, 1-35 or about 1-40 amino acid
substitutions of the reference sequence. In some embodiments, the number of substitutions 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 amino acid residues.

[0098] In some embodiments, the improved ketoreductase polypeptide comprises an amino acid
sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% or more identical to a reference sequence based on SEQ ID NO:2, 4, or 86 having
at the residue corresponding to X202 a leucine or valine, with the proviso that the ketoreductase
polypeptide has an amino acid sequence in which the residue corresponding to X202 is leucine or
valine. In some embodiments, the residue corresponding to X202 is leucine. In some embodiments,
these ketoreductase polypeptides can have one or more residue differences at other residue positions
as compared to the reference amino acid sequence. The differences include various modifications,
such as substitutions, deletions, and insertions. The substitutions can be non-conservative
substitutions, conservative substitutions, or a combination of non-conservative and conservative

substitutions. In some embodiments, these ketoreductase polypeptides can have optionally from
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about 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,
1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residues as compared to the
reference sequence. In some embodiments, the number of difference canbe 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 amino acid
residues as compared to the reference sequence. In some embodiments, the reference sequence is

SEQ ID NO:4S.

[0099] In some embodiments, the improved ketoreductase polypeptide comprises an amino acid
sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% or more identical to a reference sequence based on SEQ ID NO:2, 4 or 86 having
the following features: residue corresponding to X94 is an aliphatic or polar residue, particularly
alanine or threonine; and residue corresponding to X202 is valine or leucine; with the proviso that the
ketoreductase polypeptide has an amino acid sequence having at least the preceding features (i.e., the
residue corresponding to X94 is an aliphatic or polar residue, and the residue corresponding to X202
is valine or leucine). In some embodiments, the ketoreductase has an amino acid sequence in which
the residue corresponding to X94 is a polar residue, and the residue corresponding to X202 is valine
or leucine. In some embodiments, the ketoreductase has an amino acid sequence in which the residue
corresponding to X94 is threonine and the residue corresponding to X202 is valine or leucine. In
some embodiments, these ketoreductase polypeptides can have optionally from about 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, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid residue positions as compared to the reference
sequence. In some embodiments, the number of difference canbe 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 amino acid residues as
compared to the reference sequence. In some embodiments, the reference sequence is SEQ ID NO:26

or 28.

[0100] In some embodiments, the improved ketoreductase polypeptide comprises an amino acid
sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% or more identical to a reference sequence based on SEQ ID NO:2, 4 or 86 having
the following features: residue corresponding to X94 is an aliphatic or polar residue, particularly
alanine or threonine; residue corresponding to X199 is an aliphatic, constrained or polar residue,
particularly alanine, asparagine, or histidine; and residue corresponding to X202 is valine or leucine;
with the proviso that the ketoreductase polypeptide has an amino acid sequence having at least the
preceding features (i.e., the residue corresponding to X94 is an aliphatic or polar residue; the residue
corresponding to X199 is an aliphatic, constrained or polar residue; and the residue corresponding to

X202 is valine or leucine). In some embodiments, the residue corresponding to X94 is a polar
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residue; the residue corresponding to X199 is an aliphatic, constrained or polar residue; and the
residue corresponding to X202 is valine or leucine. In some embodiments, the ketoreductase has an
amino acid sequence in which the residue corresponding to X94 is threonine; residue corresponding to
X199 is alanine, asparagine, or histidine; and the residue corresponding to X202 is valine or leucine.
In some embodiments, these ketoreductase polypeptides can have one or more residue differences at
other residue positions as compared to the reference amino acid sequence. The differences include
various modifications, such as substitutions, deletions, and insertions. The substitutions can be non-
conservative substitutions, conservative substitutions, or a combination of non-conservative and
conservative substitutions. In some embodiments, these ketoreductase polypeptides can have
optionally from about 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue
positions as compared to the reference sequence. In some embodiments, the number of difference can
bel,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 amino acid residues as compared to the reference sequence. In some

embodiments, the reference sequence is SEQ 1D NO:22, 24 or 30.

[0101] In view of the foregoing, the 25,3R selective ketoreductases can be described with respect to
features of the various combinations of residues corresponding to X94, X199, and X202. For
instance, a 25,3R selective polypeptide characterized by features at residues corresponding to X94 and
X202 refer to the descriptions provided herein for the combination of the specified residue positions.
Similarly, a 25,3R selective polypeptide characterized by features at residues corresponding to X94,
X199, and X202 refer to the descriptions provided herein for the combination of the specified
residues. As further described below, these ketoreductases can have one or more additional features

in the amino acid sequence as compared to a reference sequence.

[0102] In some embodiments, a 25,3R selective ketoreductase polypeptide comprises an amino acid
sequence based on the sequence formulas as laid out in SEQ ID NO:83, SEQ ID NO:84, or SEQ ID
NO:87 (or a region thereof, such as residues 90-211). SEQ ID NO:84 is based on the wild-type amino
acid sequence of the L. kefir ketoreductase (SEQ ID NO:4), SEQ ID NO:83 is based on the wild-type
amino acid sequence of the L. brevis ketoreductase (SEQ 1D NO:2), and SEQ ID NO:87 is based on
the wild-type amino acid sequence of the L minor ketoreductase (SEQ ID NO:86). SEQ ID NO:83,
84 or 87 specify that the residue corresponding to X94 is an aliphatic or polar residue; residue
corresponding to X199 is an aliphatic, constrained or polar residue; and residue corresponding to
X202 is valine or leucine. The sequence formula further specifies features for various other residue

positions, as described below.
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[0103] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, can have one or more additional features selected from the following:
residue corresponding to X2 is a polar, non-polar, or aliphatic residue; residue corresponding to X4 is
a basic residue or cysteine; residue corresponding to X 11 is a non-polar, aliphatic, or aromatic
residue; residue corresponding to X40 is a constrained or basic residue; residue corresponding to X80
is a non-polar, aliphatic, or polar residue; residue corresponding to X86 is a non-polar, aliphatic, or
polar residue; residue corresponding to X96 is a polar, aromatic, non-polar, or aliphatic residue;
residue corresponding to X105 is a non-polar, aliphatic, basic or acidic residue; residue corresponding
to X129 is a non-polar or polar residue; residue corresponding to X147 is an aromatic, non-polar or
aliphatic residue; residue corresponding to X153 is a polar, non-polar or aliphatic residue; residue
corresponding to X190 is an aromatic or constrained residue; residue corresponding to X195 is a non-
polar or aliphatic residue; residue corresponding to X196 is a non-polar or aliphatic residue; residue
corresponding to X206 is a non-polar or aromatic residue; residue corresponding to X226 is a non-
polar or aliphatic residue; residue corresponding to X248 is a non-polar or basic residue; residue
corresponding to X249 is an aromatic residue. In some embodiments, the amino acid sequence can
have at least two, three, four, five, six or more of the features. In some embodiments, the
polypeptides comprising an amino acid sequence that is based on the sequence formula of SEQ ID
NO:83, 84 or 87 (or region thereof) can have additionally one or more residue differences at residue
positions not specified by an X above as compared to the reference sequence of SEQ ID NO:2, 4 or
86. In some embodiments, the differences can be 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at
other amino acid residue positions not defined by X above. In some embodiments, the number of
differences canbe 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 amino acid residue positions. In some embodiments, the differences

comprise conservative mutations.

[0104] In some embodiments, the polypeptides comprising an amino acid sequence based on the
sequence formula of SEQ ID NO:83, 84 or 87, or region thercof, such as residues 90-211, can have
ong or more conservative mutations as compared to the amino acid sequences of SEQ ID NO: 2, 4 or
86. Exemplary conservative mutations include amino acid replacements such as, but not limited to:
replacement of residue corresponding to X21 valine (V) with another aliphatic residue, e.g.,
isoleucine; replacement of residue corresponding to X78 glutamic acid (E) with another acidic
residue, e.g., aspartic acid; replacement of residue corresponding to X145 glutamic acid (E) with

another acidic residue, e.g., aspartic acid; replacement of residue corresponding to X153 leucine (L)
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with another aliphatic residue, e.g., alanine; replacement of residue corresponding to X195 leucine (L)
with another aliphatic residue, e.g., valine; replacement of residue corresponding to X196 with
another aliphatic residue, e.g., leucine; replacement of residue corresponding to X226 isoleucine (I)

with another aliphatic residue, e.g., valine.

[0105] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, can have one or more additional features selected from the following:
residue corresponding to X2 is a serine, threonine, glutamine, or asparagine, glycine, methionine,
alanine, valine, leucine, or isoleucine, particularly serine, threonine, or alanine; residue corresponding
to X4 is an arginine, or lysine, or cysteine, particularly arginine or cysteine; residue corresponding to
X11 is a glycine, methionine, alanine, valine, leucine, isoleucine, tyrosine, phenylalanine, or
tryptophan, particularly isoleucine, leucine, or phenylalanine; residue corresponding to X40 is proline,
histidine, arginine, or lysine, particularly histidine or arginine; residue corresponding to X80 is
glycine, methionine, alanine, valine, leucine, isoleucine, serine, threonine, glutamine, or asparagine,
particularly alanine or threonine; residue corresponding to X86 is serine, threonine, glutamine,
asparagine, glycine, methionine, alanine, valine, leucine, or isoleucine, particularly threonine or
isoleucine; residue corresponding to X96 is serine, threonine, glutamine, asparagine, glycine,
methionine, alanine, valine, leucine, isoleucine, tyrosine, phenylalanine, or tryptophan, particularly
serine, asparagine, valine, or phenylalanine; residue corresponding to X105 is glycine, methionine,
alanine, valine, leucine, isoleucine, arginine, lysine, aspartic acid, or glutamic acid, particularly
glutamic acid, lysine, alanine, or glycine; residue corresponding to X129 is glycine, methionine,
alanine, valine, leucine, isoleucine, serine, threonine, glutamine, or asparagine, particularly
methionine or threonine; residue corresponding to X147 is tyrosine, phenylalanine, tryptophan,
glycine, methionine, alanine, valine, leucine, or isoleucine, particularly phenylalanine, methionine, or
leucine; residue corresponding to X153 is a serine, threonine, glutamine, asparagine, glycine,
methionine, alanine, valine, leucine, or isoleucine, particularly leucine, alanine, or serine; residue
corresponding to X190 is tyrosine, phenylalanine, tryptophan, histidine, or proline, particularly
tyrosine, histidine or proline; residue corresponding to X195 is glycine, methionine, alanine, valine,
leucine, or isoleucine, particularly leucine or valine; residue corresponding to X196 is glycine,
methionine, alanine, valine, leucine, or isoleucine, particularly leucine; residue corresponding to X206
is glycine, methionine, alanine, valine, leucine, isoleucine, tyrosine, phenylalanine, or tryptophan,
particularly methionine or phenylalanine; residue corresponding to X226 is glycine, methionine,
alanine, valine, leucine or isoleucine, particularly isoleucine or valine; residue corresponding to X248

is glycine, methionine, alanine, valine, leucine, isoleucine, lysine, or arginine, particularly glycine,
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lysine, or arginine; and residue corresponding to X249 is tyrosine, phenylalanine, or tryptophan,
particularly tyrosine or tryptophan. In some embodiments, the amino acid sequence can have at least
two, three, four, five, six or more of the features. In some embodiments, the polypeptides comprising
an amino acid sequence that is based on the sequence formula of SEQ ID NO:83, 84 or 87 (or region
thereof) can have additionally one or more residue differences at residue positions not specified by an
X above as compared to the reference sequence of SEQ ID NO:2, 4 or 86. In some embodiments, the
differences can be 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue positions
not defined by X above. In some embodiments, the number of differences canbe 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 amino acid

residue positions. In some embodiments, the differences comprise conservative mutations.

[0106] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, can have additionally one or more or at least all of the following
features: residue corresponding to X40 is a constrained or basic residue, particularly arginine; residue
corresponding to X147 is an aromatic, non-polar or aliphatic residue, particularly methionine or
leucine. In some embodiments, the ketoreductase polypeptide can have in addition to the foregoing
features, one or more of the following features: residue corresponding to X96 is a polar, aromatic,
non-polar, or aliphatic residue particularly phenylalanine or valine; residue corresponding to X195 is
a non-polar or aliphatic residue, particularly valine; residue corresponding to X196 is a non-polar or
aliphatic residue, particularly leucine; residue corresponding to X226 is a non-polar or aliphatic
residue, particularly valine; residue corresponding to X248 is a non-polar or basic residue, particularly
arginine or lysine; and residue corresponding to X249 is an aromatic residue, particularly tryptophan.
In some embodiments, the ketoreductase polypeptide can have in addition to the foregoing features,
one or more of the following features: residue corresponding to X2 is a polar, non-polar, or aliphatic
residue, particularly alanine; residue corresponding to X4 is a basic residue or cysteine, particularly
cysteine; residue corresponding to X11 is a non-polar, aliphatic, or aromatic residue, particularly
phenylalanine; residue corresponding to X80 is a non-polar, aliphatic, or polar residue, particularly
threonine; residue corresponding to X86 is a non-polar, aliphatic, or polar residue, particularly
isoleucine; residue corresponding to X105 is a non-polar, aliphatic, basic or acidic residue,
particularly glycine; residue corresponding to X129 is a non-polar or polar residue, particularly
threonine; residue corresponding to X153 is a polar, non-polar or aliphatic residue, particularly
alanine; residue corresponding to X190 is an aromatic or constrained residue, particularly histidine or

proline; and residue corresponding to X206 is a non-polar or aromatic residue, particularly

31



+ 31/ 32 A94T, L199A; A202V 3 ++ ++++ 33/ 34 A94T,
L153A; L199H, A202L 4 +++ ++++ 49/50
WO 2009/046153 PCT/US2008/078513

phenylalanine. As will be apparent to the skilled artisan, various combinations of the features in the

foregoing can be used to form the ketoreductases of the disclosure.

[0107] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, can have additionally one or more or at least all of the following
features: residue corresponding to X40 is a constrained or basic residue, particularly arginine; and
residue corresponding to X147 is an aromatic, non-polar or aliphatic residue, particularly methionine
or leucine. In some embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 86. In some embodiments, the number of differences canbe 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
amino acid residues. In some embodiments, the differences comprise conservative mutations. In
some embodiments, the ketoreductase polypeptide comprises an amino acid sequence that is at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso

that the ketoreductase has an amino acid sequence having at least the preceding features.

[0108] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 can have additionally one or more or at least all of the following features: residue
corresponding to X96 is a polar, aromatic, non-polar, or aliphatic residue, particularly valine or
phenylalanine; and residue corresponding to X147 is an aromatic, non-polar or aliphatic residue,
particularly methionine or leucine. In some embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4 or 86. In some embodiments, the number of
differences canbe 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 amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 2, 4 or 86 having the
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preceding features, with the proviso that the ketoreductase has an amino acid sequence having at least

the preceding features.

[0109] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 can have additionally one or more or at least all of the following features: residue
corresponding to X40 is a constrained or basic residue, particularly arginine; residue corresponding to
X96 is a polar, aromatic, non-polar, or aliphatic residue, particularly valine or phenylalanine; and
residue corresponding to X147 is an aromatic, non-polar or aliphatic residue, particularly methionine
or leucine. In some embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 86. In some embodiments, the number of differences canbe 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
amino acid residues. In some embodiments, the differences comprise conservative mutations. In
some embodiments, the ketoreductase polypeptide comprises an amino acid sequence that is at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso

that the ketoreductase has an amino acid sequence having at least the preceding features.

[0110] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 can have additionally one or more or at least all of the following features: residue
corresponding to X96 is a polar, aromatic, non-polar, or aliphatic residue, particularly valine or
phenylalanine; residue corresponding to X147 is an aromatic, non-polar or aliphatic residue,
particularly methionine or leucine; residue corresponding to X195 is a non-polar or aliphatic residue,
particularly valine; and residue corresponding to X196 is a non-polar or aliphatic residue, particularly
leucine. In some embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 86. In some embodiments, the number of differences canbe 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
amino acid residues. In some embodiments, the differences comprise conservative mutations. In

some embodiments, the ketoreductase polypeptide comprises an amino acid sequence that is at least
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85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso

that the ketoreductase has an amino acid sequence having at least the preceding features.

[0111] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X2 is a polar, non-polar, or aliphatic residue, particularly alanine. In some
embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as compared to the reference sequence of SEQ ID
NO:2, 4 or 86. In some embodiments, the number of differences canbe 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 amino acid residues.
In some embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence
based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso that the

ketoreductase has an amino acid sequence having at least the preceding features.

[0112] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X4 is cysteine or a basic residue, particularly cysteine. In some embodiments, the
ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at
other amino acid residues positions as compared to the reference sequence of SEQ ID NO:2, 4 or 86.
In some embodiments, the number of differences canbe 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 amino acid residues. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence
based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso that the

ketoreductase has an amino acid sequence having at least the preceding features.
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[0113] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X11 is a non-polar, aliphatic, or aromatic residue, particularly phenylalanine. In
some embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40
residue differences at other amino acid residue positions as compared to the reference sequence of
SEQ ID NO:2, 4 or 86. In some embodiments, the number of differences canbe 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 amino acid
residues. In some embodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence that is at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso

that the ketoreductase has an amino acid sequence having at least the preceding features.

[0114] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X40 is a constrained or basic residue, particularly arginine. In some embodiments,
the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at
other amino acid residue positions as compared to the reference sequence of SEQ ID NO:2, 4 or 86.
In some embodiments, the number of differences canbe 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 amino acid residues. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence
based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso that the

ketoreductase has an amino acid sequence having at least the preceding features.

[0115] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199

and X202 as described herein, further includes at least the following additional feature: residue
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corresponding to X80 is a non-polar, aliphatic, or polar residue, particularly threonine. In some
embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as compared to the reference sequence of SEQ ID
NO:2, 4 or 86. In some embodiments, the number of differences canbe 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 amino acid residues.
In some embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence
based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso that the

ketoreductase has an amino acid sequence having at least the preceding features.

[0116] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X86 is a non-polar, aliphatic, or polar residue, particularly isoleucine. In some
embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as compared to the reference sequence of SEQ ID
NO:2, 4 or 86. In some embodiments, the number of differences canbe 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 amino acid residues.
In some embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence
based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso that the

ketoreductase has an amino acid sequence having at least the preceding features.

[0117] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X96 is a polar, aromatic, non-polar, or aliphatic residue, particularly phenylalanine
or valine. In some embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or

about 1-40 residue differences at other amino acid residue positions as compared to the reference
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sequence of SEQ ID NO:2, 4 or 86. In some embodiments, the number of differences canbe 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
amino acid residues. In some embodiments, the differences comprise conservative mutations. In
some embodiments, the ketoreductase polypeptide comprises an amino acid sequence that is at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso

that the ketoreductase has an amino acid sequence having at least the preceding features.

[0118] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X105 is a non-polar, aliphatic, basic or acidic residue, particularly glycine. In some
embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as compared to the reference sequence of SEQ ID
NO:2, 4 or 86. In some embodiments, the number of differences canbe 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 amino acid residues.
In some embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence
based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso that the

ketoreductase has an amino acid sequence having at least the preceding features.

[0119] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X129 is a non-polar or polar residue, particularly threonine. In some embodiments,
the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at
other amino acid residue positions as compared to the reference sequence of SEQ ID NO:2, 4 or 86.
In some embodiments, the number of differences canbe 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 amino acid residues. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the

ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%,
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89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence
based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso that the

ketoreductase has an amino acid sequence having at least the preceding features.

[0120] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X147 s an aromatic, non-polar or aliphatic residue, particularly methionine or
leucine. In some embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 86. In some embodiments, the number of differences canbe 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
amino acid residues. In some embodiments, the differences comprise conservative mutations. In
some embodiments, the ketoreductase polypeptide comprises an amino acid sequence that is at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso

that the ketoreductase has an amino acid sequence having at least the preceding features.

[0121] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X153 s a polar, non-polar or aliphatic residue, particularly alanine or serine. In
some embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40
residue differences at other amino acid residue positions as compared to the reference sequence of
SEQ ID NO:2, 4 or 86. In some embodiments, the number of differences canbe 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 amino acid
residue positions. In some embodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence that is at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso

that the ketoreductase has an amino acid sequence having at least the preceding features.
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[0122] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X190 is an aromatic or constrained residue, particularly histidine or proline. In
some embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40
residue differences at other amino acid residue positions as compared to the reference sequence of
SEQ ID NO:2, 4 or 86. In some embodiments, the number of differences canbe 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 amino acid
residues. In some embodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence that is at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso

that the ketoreductase has an amino acid sequence having at least the preceding features.

[0123] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X195 is a non-polar or aliphatic residue, particularly valine. In some embodiments,
the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at
other amino acid residue positions as compared to the reference sequence of SEQ ID NO:2, 4 or 86.
In some embodiments, the number of differences canbe 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 amino acid residues. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence
based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso that the

ketoreductase has an amino acid sequence having at least the preceding features.

[0124] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199

and X202 as described herein, further includes at least the following additional feature: residue
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corresponding to X196 is a non-polar or aliphatic residue, particularly leucine. In some embodiments,
the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at
other amino acid residue positions as compared to the reference sequence of SEQ ID NO:2, 4 or 86.
In some embodiments, the number of differences canbe 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 amino acid residues. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence
based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso that the

ketoreductase has an amino acid sequence having at least the preceding features.

[0125] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X206 is a non-polar or aromatic residue, particularly phenylalanine. In some
embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as compared to the reference sequence of SEQ ID
NO:2, 4 or 86. In some embodiments, the number of differences canbe 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 amino acid residues.
In some embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence
based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso that the

ketoreductase has an amino acid sequence having at least the preceding features.

[0126] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X226 is a non-polar or aliphatic residue, particularly valine. In some embodiments,
the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at

other amino acid residue positions as compared to the reference sequence of SEQ ID NO:2, 4 or 86.
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In some embodiments, the number of differences canbe 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 amino acid residues. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence
based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso that the

ketoreductase has an amino acid sequence having at least the preceding features.

[0127] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X248 is a non-polar or basic residue, particularly lysine or arginine. In some
embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as compared to the reference sequence of SEQ ID
NO:2, 4 or 86. In some embodiments, the number of differences canbe 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 amino acid residues.
In some embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence
based on SEQ ID NO: 2, 4 or 86 having the preceding features, with the proviso that the

ketoreductase has an amino acid sequence having at least the preceding features.

[0128] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features for the various combinations of the residues corresponding to X94, X199
and X202 as described herein, further includes at least the following additional feature: residue
corresponding to X249 is an aromatic residue, particularly tryptophan. In some embodiments, the
ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at
other amino acid residue positions as compared to the reference sequence of SEQ ID NO:2, 4 or 86.
In some embodiments, the number of differences canbe 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 amino acid residues. In some
embodiments, the differences comprise conservative mutations. In some embodiments, the

ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%,
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comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO:2, 4 or 86
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having the preceding features (e.g., SEQ ID NO:42, 50, 56), with the proviso that the ketoreductase

amino acid sequence has at least the preceding features.

[0135] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features at residues corresponding to X94, X199 and X202 as described herein,
further includes at least the following additional features: residue corresponding to X40 is a
constrained or basic residue, particularly arginine. In some embodiments, the ketoreductase
polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid
residue positions as compared to the reference sequence of SEQ ID NO:2, 4 or 86 having the
preceding features (e.g., SEQ ID NO:12). In some embodiments, the number 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 amino acid residues. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO:2, 4 or 86 having the
preceding features (e.g., SEQ ID NO:12), with the proviso that the ketoreductase amino acid sequence

has at least the preceding features.

[0136] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features at residues corresponding to X94, X199 and X202 as described herein,
further includes at least the following additional features: residue corresponding to X147 is an
aromatic, non-polar or aliphatic residue, particularly methionine or leucine. In some embodiments, the
ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at
other amino acid residue positions as compared to the reference sequence of SEQ ID NO:2, 4 or 86
having the preceding features (e.g., SEQ ID NO:6). In some embodiments, the number of differences
canbe1,2,3,4,5,6,7,8,9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue
differences at other amino acid residues. In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO:2, 4 or 86
having the preceding features (e.g., SEQ ID NO:6), with the proviso that the ketoreductase amino acid

sequence has at least the preceding features.

[0137] In some embodiments, an improved ketoreductase comprising an amino acid sequence based

on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
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having the specified features at residues corresponding to X94, X199 and X202 as described herein,
further includes at least the following additional features: residue corresponding to X153 is a polar,
non-polar or aliphatic residue, particularly alanine or serine. In some embodiments, the ketoreductase
polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid
residue positions as compared to the reference sequence of SEQ ID NO:2, 4 or 86 having the
preceding features (e.g., SEQ ID NO: 34 or 36). In some embodiments, the number of differences can
bel,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 amino acid residues. In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO:2, 4 or 86
having the preceding features (e.g., SEQ ID NO: 34 or 36), with the proviso that the ketoreductase

amino acid sequence has at least the preceding features.

[0138] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features at residues corresponding to X94, X199 and X202 as described herein,
further includes at least the following additional features: residue corresponding to X40 is a
constrained or basic residue, particularly arginine; and residue corresponding to X147 is an aromatic,
non-polar or aliphatic residue, particularly methionine or leucine. In some embodiments, the
ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at
other amino acid residue positions as compared to the reference sequence of SEQ ID NO:2, 4 or 86
having the preceding features (e.g., SEQ ID NO:10). In some embodiments, the number of
differences canbe 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 amino acid residues. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ 1D
NO:2, 4 or 86 having the preceding features (e.g., SEQ ID NO:10), with the proviso that the

ketoreductase amino acid sequence has at least the preceding features.

[0139] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features at residues corresponding to X94, X199 and X202 as described herein,
further includes at least the following additional features: residue corresponding to X105 is a non-

polar, aliphatic, basic or acidic residue, particularly glycine; residue corresponding to X153 is a polar,
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non-polar or aliphatic residue, particularly alanine; and residue corresponding to X206 is a non-polar
or aromatic residue, particularly phenylalanine. In some embodiments, the ketoreductase
polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid
residue positions as compared to the reference sequence of SEQ ID NO:2, 4 or 86 having the
preceding features (e.g., SEQ ID NO:38). In some embodiments, the number 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 amino acid residues. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO:2, 4 or 86 having the
preceding features (e.g., SEQ ID NO:38), with the proviso that the ketoreductase amino acid sequence

has at least the preceding features.

[0140] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO:83, 84 or 87, or a region thereof, such as residues 90-211,
having the specified features at residues corresponding to X94, X199 and X202 as described herein,
further includes at least the following additional features: residue corresponding to X96 is a polar,
aromatic, non-polar, or aliphatic residue, particularly serine, valine, or phenylalanine; residue
corresponding to X129 is a non-polar or polar residue, particularly threonine; and residue
corresponding to X206 is a non-polar or aromatic residue, particularly phenylalanine. In some
embodiments, the ketoreductase polypeptides 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, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residues as compared to the reference sequence of SEQ ID NO:2, 4 or
86 having the preceding features (e.g., SEQ ID NO:40). In some embodiments, the number of
differences canbe 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 amino acid residues. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ 1D
NO:2, 4 or 86 having the preceding features (e.g., SEQ ID NO:40), with the proviso that the

ketoreductase amino acid sequence has at least the preceding features.

[0141] In some embodiments, the improved ketoreductases of the disclosure comprises an amino
acid sequence that has a region or domain corresponding to residues 90-211 of the sequence formula
of SEQ ID NO:83, 84 or 87 in which the residue corresponding to X202 is valine or leucine. In some
embodiments, the region or domain corresponding to residues 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
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other amino acid residue positions as compared to the corresponding domain of a reference sequence
based on SEQ ID NO: 2, 4 or 86. In some embodiments, the number 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. In some embodiments, the
differences comprise conservative mutations. In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence with a domain or region that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the domain or region
corresponding to residue 90-211 of a reference sequence based on SEQ ID NO: 2, 4 or 86 having the
preceding features at residue corresponding to X202, with the proviso that the ketoreductase domain

or region comprises an amino acid sequence having at least the preceding feature.

[0142] In some embodiments, the improved ketoreductases of the disclosure comprises an amino
acid sequence that has a region or domain corresponding to residues 90-211 of the sequence formula
of SEQ ID NO:83, 84 or 87 in which the region or domain has the following features: residue
corresponding to X94 is an aliphatic or polar residue, particularly alanine or threonine; and residue
corresponding to X202 is a valine or leucine. In some embodiments, the ketoreductase has an amino
acid sequence in which the residue corresponding to X94 is a polar residue, and the residue
corresponding to X202 is valine or leucine. In some embodiments, the ketoreductase has an amino
acid sequence in which the residue corresponding to X94 is threonine, and the residue corresponding
to X202 is valine or leucineln some embodiments, the region or domain corresponding to residues 90-
211 can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-§, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-
18, or 1-20 residue differences at other amino acid residue positions as compared to the corresponding
domain of a reference sequence based on SEQ ID NO: 2, 4 or 86. In some embodiments, the number
of differences canbe 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 18, or about 20 residue differences.
In some embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino acid sequence with a domain or region that is at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to
the domain or region corresponding to residues 90-211 of a reference sequence based on SEQ ID NO:
2, 4 or 86 having the preceding features, with the proviso that the ketoreductase domain or region

comprises an amino acid sequence having at least the preceding features.

[0143] In some embodiments, the improved ketoreductases of the disclosure comprises an amino
acid sequence that has a region or domain corresponding to residues 90-211 of the sequence formula
of SEQ ID NO:83, 84 or 87 having the following features: residue corresponding to X94 is an
aliphatic or polar residue, particularly alanine or threonine; residue corresponding to X199 is an
aliphatic, constrained or polar residue, particularly alanine, asparagine, or histidine; and residue

corresponding to X202 is a valine or leucine. In some embodiments, the residue corresponding to
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neth | - 2- benzam oneth 1- 3- oxobutyrate to the
the dmﬁlﬁlaémteglongg”r@p@qﬁlg{gﬁ?,ﬂesgues 90-211 of a feference sequence based on SEQ ID NO:

2, 4 or¥8MZANRS GO ﬁﬁ&é’lﬁﬁh’fgﬂﬁﬂéﬁ Wﬁmlﬁré’\ﬁ@ttﬁa‘[ thaikbRdrcduddRE a84in or region
st ereoneri ¢ excess of | east about 85% Exenplary

comprﬁsq PIEPrq wEbegurate hyiee &‘alﬁaa?b‘l ePiepdingderturBut  are not
imted to pol ypepti des conpri sing. an am no acjd

l0144ls Lyeacambedipenis thitsionglugtase W%Pmﬁdmﬂ g gomaip or rpgion ggresponding
to residués 9021 Be.thd Rduthde AmFOHESEEMIORO®E Nd4Sor 8 A1 li’aRlng fhe specified

sel ective ket reductase pol ypeptides are capable o
featurgs 6‘W\ﬂéﬁi,wfalrlﬁbs GORRINATENG Ir%ﬂdéles cotresponding to residues X94, X199, and X202 as
descrﬂf&thgbéin' é)a'nzhﬁlﬁR lZes g{ﬁbﬁ@é‘fﬁt‘tﬁﬁ’r@gﬁn O RRHAtnydnd bemore @ f the eatures selected from

r oduct -
the fol é\%ﬁf%ﬁ@%@ﬁ@@wﬂ%@iﬁwﬂﬁ gtagnatignon-pplag, ar gliphgticiresidue;
remdu%\%)rfzeoogflmélg)g}glog égr zf %Jél%)é)%% Q\%%?’éli tslﬁﬁﬁ ot z%ﬁhc[ 1@|§1@ueC &@ﬁg& &rresponding
y the pol ypeptide

to X1294%3 By H‘%é OﬁPﬁ Hoesiburded G@ﬁ%*@"@?ngéEé i‘% S Ripiggratic, non-polar or

allpha@(@ﬁmeafeyld@@&oyﬂaq;rahdldgﬁ) Xi3atis a%’o@ar CdR R laLor Alifhatid @asidabttresidue

re.not limted to, po t conpri sing an am.n
C"”es%oé’ﬁ’(ﬂ‘g é‘bﬁb@ﬁ&%ﬂ @8‘?‘?@% S?féf}'ﬁ‘g JtYSSl GO Fragerredgndiggto X 85 152 non-
polar Jfahphze}c redi@ue; 78idu8hrre@fonidg tBeBBUS£ndni® 14 0f M@ﬁﬂtcl relsedue and
havi ng the am no acid quence of(ﬁg QID hK%@
remdu%%lgmogdlag toc%&pgbq %n%pro ﬁ{/@?lfl?t}?grestl o gyeee gd1ments the region

or don{E\ﬁI Ja)yﬂes%mb@ﬂg@rf&sﬁhwmdﬂm -03n EMB&&M@I@H?froﬁl@b@dﬁ@ pradugti, s, 1-6,
enzam donet hy1- 3- ydrOﬁ%but rate

1-7, lxﬁnf(ﬂal lostléﬂeloh%rlulé Ekdsld: Lt ond 24 reslfog diffegpoqpat other amino acid

remdu@ﬁ@ﬁip@tihﬁ&d BITX gbdva ad ()bﬁiﬁ)afgd tk@E bcgreﬁféiﬁgn%sﬁ?gh bx zN@lfeﬂénce sequence
an (0] tjde Inprove over is al so

based P%%?@%ﬁpooge”r ongio) ! %%é’m@o‘\{l}?é?tf r%lweﬁef Qfeafasqrestag Bk 2. 3. 4.
5,6, 7,98]JQ,OIij MENLSI4, 19)86,2R, dRb&eLe edsidvue dikeleAdce dlusicr8@ino acid residues in

y e tlde c abl converting the substrate,
the d"‘ﬁ%]P {31 OB TBR ﬁ@tc{\ Sareng eSoBIRHES fREY Ay HIptRons.
oduct 3R—
[0145]b %’%GH’BHE p g W?P&%%%EPWP&P%“S beving 3 dpmain gy 4peigngwith an
aminoatid k&p@sice abl@dsponlln% t§ Rkidugmeat eof thb@qudnbefoiadle o LS §0:83, 84
by the pol ypeptide having the am no acid sequence of
SEQ I D NO 66. Exenplary pol ypeptides that are capabl e
i nclude, but are not limted to, polypeptides
conmpri sing an amino acid sefuence corresponding to SEQ
ID NO 64, 68, 70, 72, 74, 76, 78. or 80. [0176] In
some enbodi ments, the 2R 3R sel ective ketoreductase
pol ypepti des are capabl e of converting the substrate,
nethyl 2- benzan1donethy1 3-oxobutyrate, to the

P .



stereosel ectivity, enzymatic activity, and/or
thernostability) over the wild-type kefir
wWk2G090edsxt ase or anot her engi neered ket or educR@EES2008/078513
(such as SEQ ID NO 48): 2->A; 4->C, 11->F; 40->H,
80 >T; 86->I; 96->F, V, 105->G 129->T; 147->M L;
53- >A S; 195 >V, 196 >L; 206->F; 226->V; 248- >K and
or 87, zm@scswd TRPYS: SR Bay© QRIS TR ERIP TR S Mutapigns Jisthg gomain or region as

compa'fé%ltt@ IR UGS R sBRIHRP tHoE6S PRI ddBEinR KBOND AN 2, 4 or 86.
nprise an am no aci d sequence that is at |east about

EXﬁIl’l[é@%f s%wnsgq%veglg%nogg%lu%%m@alqyé reglg%meg@%lchgla,%ut lgtg%d to:
replac&ﬁe/ﬁ oﬂz&/@uegg%sp&{dn%gy@dldﬁ@lﬁiaﬁlﬂ; acfdQEﬁﬁQl h N Adic pesﬁﬁe eg.,
(or a region or domain thereof, such as residu

aspartlg @mé,lrmlaqﬂnlew of FFéldB? eprresnonding fo Xind lqu@glp Hoeyth another ahphatlc

remdué«' Qrgr @ﬁﬁﬁ@qwlﬂ:eﬁl@ntro@&'sﬂh’@co%@?poﬁ(ﬂmgggg 19D 1d¥eIne (L)47v1£hran§tﬁer aliphatic
val i ne or | euci ne, the residue corres

rosidus, ¢ AHIOHIGHD lagprpr f 1qeiiys comresendies oK Ioh W@gﬁm@r gt resdue,
e.g., 1dubige.r €si due corresponding to residue 199 of SEQID
NGO 2, 4 or 86 is histidine, and additionally has one

[0146]101n JSRHe@mBbdimbts, i) He@M dGtase PoSHé d;iuldé Wang dsM&h of Ilagfbn tHfesponding
tide is further ipprov

W th respect to
to res@{eég&agleq) fdhg Qs fogﬁg%, EQID;J\]HP(S@ 4y0r 83?\’8{;’ lyving the specified

featurds T tRAD&kBEY dobib)nhti @V restdags dkeghohdiRetok&ldubs X94, X199, and X202 as
ket or educt ase or anot her engi neered ket or educt ase

descrll(eglﬁleqqmagan%er }gc]Néy 1&181)16 regign gfrldomaﬁld)ni Ar7ngte. of N}F fe[aelieg(ﬁ]:lected from

the folRwid: |rbsidaR ca@@b@ﬁﬁr%tt@ﬁ9@ié sbiMS@redhing lg'ldtalmlhéW aiﬂﬁﬁigﬁlé Lglycine,
sone of the above-defined categorles of am no acid
methignie; 3JRpane,; VAiRe-dLEing IFRITURING Y 'QPBE PRI B Ianie 0T HyPtophsp Py ticylarly

asparaBXE,|stiFleVlind B4 PhenBlaRife; A&HidS cbroxpdnding |t(dX1(§35h§lgl|9§1ne methionine,
) exh|b|t|ng tWo or nose h Si co- | en1ca| praoperties can

alaning, yalingley(dise ISP IRUGHS PEiBne: é%l?eeﬁ%’f“i“éé‘“ T SIUIHY i iatigularly

glutanﬁ& 56 lylsing alldn@ie, Gfgly@iY; @A oA e g th &3 Do 14 Idink| m&Bionine,
pparent .to those of skjll .in the, art, especially in

alamn? |V@]HF Igpcinen isolgesing seaine. direinss P BmBe RFidRIEFSHS Rertfrularly

methidnthb®# fhrdoRinS O8RALRFOLEH SRIMSo Xt IMEis Itﬁpﬁ&vmnﬁalgmﬁ@ &fyftdphan,
ketoreductase enz mes conpri se. del etions of th

glycinpApefpoincy algigg M Pﬁglelpeé%eo?rémhf‘@elgg SRSy aEnigs. methionine, or

leucin€l @¢s@tub 0BtEespind Bk REX 1 BNGh ReBE BBk fiBh) EIAEIcaSParagine, glycine,
olyﬁeptlgﬁs. I'n, sone rrbodlments1 each of the
methignggr HURE WHGH e e IOICET BY BRT IS - Y iy ined 2tiess B ey residue

correshdRE Ao X890 i€ Gigaine S[ﬁleﬁiﬁillﬁhlh&fﬁpt@{fhaﬁ nlesu@@k JopgRtihg §§mcularly
descrj bed herein, Thus, gr eac ve%éfenbodl

tyrosings higtylineio profing sesidye &Orffaw B39 %Qé 1%$1Y‘E11’Fe hé‘E‘FIt?s%J?I%ne valine,

leuciné, ReisOiehd@tcl parGeutaly 1&1@1169 bt s‘«iaﬂin@ REIRE cHRKkFonaiik AOX 89 i€l Slycide,
or nmpre am nho acj ds, nore am no acids, 4 or

methiogtfenigardrs, gaine, SEiertispeicaiing B e, 10w 5 e gyScEoRRITHEA I o X206
is glyoﬁfel ﬂsﬂno&n@ ralaliThe &vafifild, RACIAE isdfeucidd) ty@bsiNtDpIRnAMAe, B trflfiophan,

re am no_ aci ds or 20 or. nore am.no aci dS, up
particy '61-‘/ 181ing p@henyfalning, fsome smbadips. A rggion arpd%mf@%wmdmg

to resi@fes bMe1 t @habvordaigeiall9fromnibog 1aGi1 s 1-4ups1106,20761 & 1Bhe10, 1-11,
total nunber of am no ac % or uE@to 3096 f 't he tota
1-12, Llthilde: bRO-dmtBnty lad( e dusrditieancrintt Shatiipipe ack Presicue positions not

specifib@by R@P&VeAS Sompsed 16 1@ c@ﬁ:esb&ﬁhlfgldﬁﬁlbin%m @kef@éﬂcb ‘éécfilync@f)ased on SEQ
t he ketoreductﬁé actlv | nt ai ned.

ID NO g5t e ft WmerRROGReRtp.it s Pt gipiregan 116 b 23 435 6,7,8,9, 10,
11, 1211'4415 16318, drdbout 20 foasidlie Siffertkn&s atlotHd) amiro hdid résidhiés in Hrel#bmain. In
13 1- %g 1é718 1-20, 1-22, 1-24, 1-25, 1-30, 1-35

Some %‘?b" Bt the difersAen GomRIise CoseTv HilYE SRS o e
enmbodi nents, the nunber of deletions 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 am no acids. In sone WO
2009/ 046153PCT/ US2008/ 078513 enbodi ment's, the
del etions can conprise deletions of 1, 2, 3, 4, 5, 6,
7, 8 9, 10, 11, 12, 13, 14, 15, 16, 18, or 20 am no
acid residues. [0182] As described herein, the
ketoreductase polypeptldes of the dlsclosure can be in

I



1. 3Pol ynucl eoti des Encodi ng Engi neered Ket or educt ases

[0187] In another aspect, the present disclosure
Wpe@wvioeass pol ynucl eoti des encodi ng t he engi neeP@&LUS2008/078513

ket or educt ase enzynes. The pol ynucl eoti des may be

operatively i nked to one or nore heterol ogous

egulatory se ﬁuences that control gene expression to

[0147]- frssopme eqbpd t%ﬁor%?%@@]y@%ﬁnlda @(1‘[1:_1’ 360015111% opfesgion corresponding

to resi@ePHES 51 G¥dhd RGuAG! HRAM bIKEQ FXROKISIA0N 3¢ @RBh HG i spec1ﬁed
cont ai ni ng a heterol ogous polynucleotlde encodi n

features doyi thicwriags qembirEn it aidceorrepanding %%ru’@eﬁx%%%g and 202 as

descritHAMERRY EAtertROfbueSh! (K Itegaoemroeﬁﬁl thO@116OME ee%a@@ dididhe
ket or educt ase pol ypepti de. [0188] Because of th

e
corres g {RE S & T8 2t HematiseerisP s OF BBEird gt Rrtiodlerly Aiethingdne or

leucm@rmn@&n@&hlg&hm@l\/sa{hle @&ﬁdn' otr }dorﬁzfm aor%lﬂin@ing t@l@@l&'&ﬁ @@-21 1 can have
des a descr I ptiLon ﬁnuc eot |

addltl%la‘babﬂel of -k diong 7t hé 15%61 18c1c i rhlé denkr éé9 10%8 Phi20

residu@@ifBlch@es GO a8 hLEId kRRILS g@ﬁﬁloﬂMSr&n@%&jﬁ) R @rR{poRdREdomain of
WO 2009/ 046153PCT/ US2008/ 078513 by alternative or

a refergyes SeAYARSG $2¢ 6 B ASQ AP NSUL- hpr &ox i w cynbpdipgats.ripgEbenef

dlffereﬂé'b‘é lgi e aeifs 5@ be gade, & 4 OlfS Vi g Rr BROLESilR differences. Tn
npr oved ket or educt ase enzynes di scl osed herein. Thus,

some Wﬁw&nﬁdtéﬁ fliffereages SOTRLISE PRUSFTHRIVA UG O Bk LBy Sesefhedignents, the

ketore&&%epoiyﬁebﬁ&%rnpn;eb &n ﬁﬁi‘ho caY lsequrﬂak emeamoﬁmbflﬁgleﬁ that is at least
e

55%, e bR o ors 0P Bocbto N 3576 Dy it o a1

the doﬁabhﬁrég&gfo'ﬂ @oﬁé’ﬂ)&ﬂm@% Qsﬁ@éﬂ Ye1G € o Of refe'?e@ic@é’e@ﬁe@ib@baséd’bnt JHGID NO:
resent i scl osure specif

2,4 Oréé%@ré%rhapeged@&frﬁﬂgﬁ% wélh dropriydedhasfhe kr;fgrqd%ttrss forggin or region
comprReY LRI W@Fent1Aling AUbalt e pRB&IIYateel ect i ng
conbi nati ons based on the possible codon choi ces, and

[014812d soﬁréehlbuﬁmhﬁg itGtRERcthR pb@fpﬁﬁl & :Nde B gslmﬁﬁ eﬁregﬂoﬁ drke¥ponding
| SCI OSe

osed for any tide her e
to feﬂ?lrfé Padf hy ﬂeerﬁ@qeﬁ%fgma% erp LEHIRNCES: Hrasé ﬁrdelervrnﬁ theppcdfied
featurek -forl tRelB8bud ddmbahiiQUS rédaetionBipbidind daeesmemm X119, and xzoz as

) ferably selected to fit the hos mhlch
descrﬂgrﬂgrrérnncansfuw@r W@lug? Bdircsgfon ﬁroqon@w&hfpf owigg E%W éaSI
corresfAARB %o NSEW aipblah) @fhRti¢, Ao pSlar SeMiphflic eegpme q)artictmeﬂgmﬁe or

%g'bactg : preferred codons used |in %- are used
phenylaggpingand gsidpe,epricspopding fo- X4 48 %lraé%rirewncpa b Aislighatlg resigue,

pamcdmmmétmoﬁﬁeoruaedlef OF s0B% RMBSEM s, e rBBS doﬂxﬁm%@irés@ondﬁ}g to

) of exa | ynuc] otide of. SEQ ID
resitu DT SO BB BUE o Q6 kPok 1 OB Pt b2 14, 1-
15, 1- &, haBWr30eaahd a&fetelﬂeesraa&turrainhﬂb ALIGEHidule PBsitions as compared to the
ketoreducta e of Lactobacj!| s keflr ﬁ)[0190]
correspouing dAmAR Y TeRETCE Seaggnee E*’d SR EANRo L 4 8Pe]:11 BEEd

embo&&er@@tﬁemhﬁlﬁertolf@lfiié&ﬁ&ﬁ carsraeqezoa.‘ lzr,tdje,‘rge;@,neduc%;aseag 16, 18, or

S| NC th nat ur.a ence w conprise preterre

about e Jﬁﬁﬂw@% dhsems,aeb Qrmeﬁrse% FHSEFNES JORRIISHES S HR Vg gutations.

In sonreeﬁrbbalﬁlemt Qhic @rdredaérhga@o%mldé eshHid@San a@@rmmwe@kh&, with a
codon optim zed gy}ynucleotldes encodi n

domaip ag regiaRy et i &tdeashS P8 ondly oS8 &% 9&/%%%9&{ ddGotige-gp e 96%,

97%, 9139@, kﬁ 90 Uenth QP tl@Q%n ﬁﬂl@?&ﬁg.&ﬁ;}fbn@boﬂﬁ@gb edsidban-0Ys Dfcference
co 0 |ons t he en coding r.
sequency %ﬁ er §E(§ ‘b%ﬁ aise the e ﬁ%F%&Vf‘Sg‘? proviso that the
ketoreGRRE §S@Sn & rﬂgi&{ @AlpriEls af eALRNRAECHE s&fﬂr@ﬂﬁlhﬂ‘@ngﬂat least the preceding
ket or educt ase pol ypeptide with an am no acid sequence
featurgShat has at | east about 80% 85% 86% 87% 88% 89%
90% 91% 92% 93% 94% 95% 96% 97% 98% or 99% or
nore sequence identity to any of the reference
engi neered ket oreduct ase pol ypepti des descri bed
herein. Accordingly, in son¥ enbodinents, the
pol ynucl eoti de encodes an am no aci d sequence that is
at | east about 80% 85% 86% 87% 88% 89% 90% 91%
92% 93% 94% 95% 96% 97% 98% 99% or nore
|dent|cal to a reference sequence based on SEQ ID NO.

N ~ o~ Y r .



[0194] In sone enbodi nents, the pol ynucl eotides
encodi ng the ketoreductases are selected fromSEQ I D
wWOEn09s461¥3 9, 11, 13, 15, 17, 19, 21, 23, 25, PTT/UHI8/078513
31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55,
57 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, or 81.
one enhodi nents, the nucleotldes are capabl e
l0149loin mrernérp%mﬁ@ts al?f‘d@forﬁugﬁeyogwnﬂﬁ@% further ggmpRTiyh 8 derpain or region
corresﬁ%i‘ltﬁﬁ? WS legQlds dQS9Q)‘PfH§ rsécghﬁbg fordal JPSBODNO: 3, 89 or 4L swhdid the
7, 19, 21, 23, 27. 29, 31, 33, 35, 37, 39,
domaipy gt reg}gn c%@lavqo’ne OAglOI‘GS)f theggﬂowg@ fegtt;res 5@51d16*1c0rr853)0n(h@ toX2isa
polar, Bo-pddd}, orzlillpha?‘@resﬁﬁe rekiue ¢S resPndBe to Mhﬁra%a:tl@%sﬁheg&'cysteme
stringentl ybr|d|2|ng pol ynucl eoti des  encode a
rwdu%tf@?@aﬁleg iés?é ldsp ARl al’é’?@r"e@s‘f‘é‘?‘@@? Fpiing residyg € PP ding to

X40 1sChQJBM§1VaIn'e@ Or Baléh@ re%kﬂti@trésﬂiu@ c%esf&ﬁﬁ% k@B % atn@n pher, @lli]gfhgtl}’& br polar
formula (I or stereoselectively reducin

residugy 6‘1%4/@?‘61??@“???@@%@9?8&1%3 Bn-odraliphaticy f pplgr fepiducy rl%émla
embocﬁﬁleﬂct@ Eﬁwb@péﬂtlhés)combﬁs‘lnggﬁ rebidn 59&%1&’[@)@1‘3@5&&15@1&0 r&ﬁ’(ﬁles 1-89 of the

nucleotl es_encode the poly Ptldes descri be
Sequenﬁé F%inﬂla@ﬁ PERAD &ubb it ostors a‘ﬁﬁ‘%‘ iaey epres nroa%ﬁflﬁwdlfferences
at reméﬂé?%m&@%t @:{ﬁeda) % adods B8Yarcd W%he ﬁe%ncggeefﬁenge?’&f?SEQ ID NO:
95% 96% 98% or 99% or nore se

2, 40r| e(ﬁmow‘ eH’PO‘ilﬁ‘éntﬁdltq‘%%?rFl%fés 2@ \pe -2 &3 lf‘elf%qeqaég 1-8,1-9, 1-10, 1-

11, 1- QOh yMauc| et i-8eresinsoditfignded @ aRILIRE had rkRLOFRHMES @S Befined by
In some epbodi nents, the reference pol ynucl eotide is

X abowes spmpaiedt te dha g‘E@nqe[gechg)f SEQ IQ Nq_]_Z 4 521386 15 sorg_qeml{)@ments the
numbef &f diBSrenc@9eandé, 1, Z%; 4 %16 73§ 9, 3@ 1131& 14395 A6 rdBue differences at
47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71,
other a-yrgno af@ res;u}ue P?’@ltl()l&r 'Ilg%)me[e@fg@]ne% thes(gffgplg:as comprise conservative
mutati@l ynucl eoti de encodi ng an i nproved ket oreduct ase
pol ypepti de nay be mani pulated in a variety of ways to
[0150]|o nrogbhfé%mfb@dhmemp rtm&tomuaﬁsetphgrpmhy PeEtuitee comprise a domam or region
pul ation of the isolated énucleotlde pri
corfesmnémg HEEHETS A-50 10 Bre sedperee 69"%f EQIRHG:5b R4 0637 Wherd the

domaifl 6ERSISALIN HdSPETRCbir ﬁ‘]@reQﬂf tHelPBl BX R RGO NreYiBEd RFrespdiing to X2 is a
techni ques for nodify pol ynucl eoti des and nucl| el c

serine éE‘ie%m%ﬁ‘eé]&}B‘ﬂ’é‘é@s%ﬂsl?ﬁf?gﬂe gy?“éf‘e B’r‘fg’ﬂ%ﬁta Eo\e H%Pﬁgi}@m%%

isoleudM, barkLOIMY skiined th@odint,or dhid@RG&RIuL SorRk ARG XM is an arginine, or
Sanbr ook et “gﬁ) 2009/ 046153PCT/ U82008/ 073513 al ., 2001,

lysineg5 CE¢GHICaPATRIUGHY RERINIDE QABSFIAL SYURASTEAIONdBE fp Y. 1S @ glyrige.

methichRfe] ghitdavaE, 1b_boridllQickne RY@SiSe, pﬁaglaﬁdfne aﬁttryﬁ’cb@{aaqﬁhﬁ;ulaﬂy

1soleu(A1geS &tl%:lgic U| re gllg]grlng% 'Sﬁgﬁgg(yr?egfl)%@g to {(&@?]O%%Slstléllne arginine, or

lysine kpaﬁtcallaﬂ;ahlsﬂm& or @RjidiSe; reSidid @lespopdiagRLed0Ss EI9Eind Infe&ﬂdﬂlﬂégalamne
transcrlptlon of the nucleic acid constructs of

valine Jepcinenipoletiedie) S5ENp Ereqniie) Slgaminhedr ATPBREIERRITIGHREY ﬂ@ane or

threonfre 04 tQRIE corf@pdnding €o REEK 0dtine Bhre6:ithd, glukami®P &pAgine, glycine,
bact eri ophage 2, Strep’ onyces caqelicol ar agarase gene

methl%l&lﬁge&amneaé%ﬁnm RHEing B3SO Eng @E AL LT Ranipeefdsolyigipg) In some

embodBa&itd, khé%oiypé‘ﬂﬁﬂéhl oRpiite atcpida vAMBH A GO Esiducs 1-89 of the
enic anyl ase g

i [l us stearothernnphllus mal t
Sequeltcaﬁ%rmla oBZER (1P NO-Empt 81 §7qQ§%P%|V&aé%g°lﬁ‘il}5 iea %ﬁ%ﬂf%@@agee%%mmes
at res1&@rpys@mns Bacdpbdifis Hylxsmﬁm £sczfompsre@mh@ﬂetelrénea§equ@e@@f SEQ ID NO:

enP), Bacillus su A and xyl B genes, _an
2,4 oS o RSO [ HireEe BN TV ) KO B 19, 110, 1
11, 1- B, 114,978 or Pl ©fesidiNadifferdRglat ot amidSheid Besiddo 2obitidds3b} defined by
X abo%?aé\é\gln]la@%l to h@gattefae%&psrec?%g(%eog é%(%%%ol\%)f& g&l&q Hg %on?e émbodiments, the
numbd® b OMEERAEs Sdn@edeSCl 4,36 7, B, 9, W afi ui2, pr, o8 &ir N6 rdidodifferences at
reconbi nant bacteria" in Scientific American, 1980,
242:74-94; and in Sanbrook et al." supra. [0198] For
filamentous fungal host celi’s, suitable pronoters for
directing the transcription of the nucleic acid
constructs of the present disclosure include pronoters
obtained fromthe genes for Aspergillus oryzae TAKA
anylase Rhizonucor m ehei aspartlc protelnase

nN o e g, 1 o an o '



Aspergil l us ni dul ans ant hranil ate synt hase,
Aspergil lus ni ger al pha-glucosi dase, and Fusari um
W@200806118aM t rypsi n-1i ke protease. [0202] ExenpP@r/ys2008/078513
term nators for yeast host cells can be obtained from
the genes for Saccharonyces cerevisiae enol ase,
Saccharo ces cerevisiae cytochrone C (CYCl), and
other agupq.4¢itt ISHINCOSiEeRse R WimeembPdimsnts| thradifferances ginpsisheneervative
mutatig@hydr ogenase. O her useful term nators for yeast host
cells are described by Ronmanos et al., 1992, supra.

[0151)[ 2R3 chibBdiment, (R keRRAMERR PP tAL S ﬂ@ﬂqeaccﬁﬁprtsab l&mnain or region
| eader sequence, a nontransl ated region

correspqpdingjtesrerifuss | 339 the sgaupncs harmaa;of SER Dt%%ééf)r te where the

domairl BErebiBRERIMaSCH URKRGR: foBovPRE Feakikyy rbdidtk @6krdsPorddit@ t&X40 is a
termnus of the nucleic acid sequence, encodlnq t he
®

constrajpgdy 45 By rgducapartiquiagly arginipg Je puee qopheglingeatss the pelyrRsatdes n

comprtsh@ ah@gs@n &@bmaiafco SRPbIIMTRYsABesUSBOLT tHXeqIRh@ Y mi@ASSIES) ID
| ament pus fungal host cells are _obtained fram
NO: 1% lhél?g@hé? L) PaVAs'ls@%ﬁal Y % BImpraiss fimda TpRrP e 8 hanigsidue positions

as con@ﬁfé@'ﬁcﬂﬂhk lefserddt Slab@es of SE@EENDPhoSPRatl £ ]n%@lﬁ@&ﬂ&ﬁhments the region
ui tabl e | eaders for %east host. cells are obtain

or donainoyrespandjapiodesidyes SE eandrvisdiiondllyrledilsh &¢ éﬁoll @rsl o/, 1-8, 19,

1-10, (-EN@:12) 1-15acBhad 010/ €88uCRIF@VIcEd ABthdr ﬁﬁlﬁ&ﬁﬂ@ﬁbﬁ&@ﬁo@ﬂtﬁm as
ki nase, Saccharo ces cerevisiae al pha-factor,

compagggl i H}glcgwe%tgintg&o@wné)ir Lg10R(0f g Frdgrence sequence based on SEQ ID NO:2, 4 or

86. In@&hy&hmﬁaﬁseﬂﬁlnuﬁsmmeﬂaﬁéﬁ&s dartos phates, dehsder qgemaszem 15,
[ GAP) . [0204] The control sequence may al so

or abobfowg\%lﬁwff;fqns% "‘é@&ﬂé‘ﬁ’é‘é’ acld residrige Bidke Gt R yoms ?%)dlmems the

differdh@shigpre boksBivais ndtfatiohe 1A H&h@ér@oo@ﬁﬁeﬂtsstﬁa Hﬁ&@&lcﬁl@éjreglon or
whi ch, when transcrlbed IS recqgnlzed t he

S
domaip ggmprises ag agyinppeid segpenerdianige gilensh %P%edﬁnésf?aa%sﬂn? zy'ilerem the

amino laf i@ R&fEcR Bk ATRRAS5ANYCRBTYALRRY08d, bon, Hies) @,@%0@3%\@4%95% 96%,
functional in the host cell Sf choi ce may be use

| S
7%, 9870 Ph & p 1ISRIER S FORPATTE O 2BRE AP S5HC56 PYERIRIING £ raﬁdues 1-89 of
a referSIRG WENIEIRS bhsRl oh BEQNMB NS Jr 8hgalind8Spre&dlnk Seabiasy. be

fromthe genes for Aspergillus oryzae TAKA anyl ase,
[0152]A$rp@h@ieldbu&melhtg elic @tdﬂéaaaaselpas/@epuﬁs PaY Githok bksnpﬁsel bl H@ﬁﬁn or region

anthranll Fusar un1ox oru sin-1li
corespypi Rl a?ﬁ%ﬁ&ﬁ PSR G L oo Baed whék e
domathSﬁfe%ﬁbn il I%w@gwlr aloteT t%&“%lhltﬁﬁﬁ@ﬁatﬁ&ﬁ Mﬁa@d coh@@lblluﬁlgg X226 is a
re aescri oe 0O an er . | O
NON-PofE- o ?‘5“9@%3.9“6' B‘]C"Trﬁ%"’ﬁ%}ﬁ% gﬁ& §ésqﬂ}l@ﬁé’8 aﬁﬁ‘&%éllc &5idyg and
residu@cdiegidvaliing @t 1496s S0abmMgich&giuoNintsomt chBEERBet theddlypeptiaes

acid se ue ce linked to the us of a
Comprﬁg’lg)?ﬂ 0N JEoRAY caT BRIty ?S@Heégg%ég {)gtll t&p%’ﬂ'fqnﬁeefoflﬂ‘fl?)(’f SEQID
NO:83, B£01c8 dan Bave QEdiRrAIY oRar MvayresididalifcrerRBoht @551&@?05&%6@ ng

..sequence of the nucleic acid sequence rent
specifigg by Sioho %FW%&BW@%W%&F%HCF@E%%Q Haﬁi%?a PO i some

embodlﬂlﬂkﬁdleld[ffdrérﬁébsdaﬁbé on, 1-eadi ng, fifeane, Mg Lo, bhe 16 egimeddifferences

of the codi on t es the sec et ed
at otheg gpipg Agid; .f%fbdn Ipp tg“Pﬁ%‘it %@1@‘9 by %wgovse as S feﬁl& g g equence
of SEG ED|NONCet TRy, mhﬁleﬂlbadlﬁlelgm alle rﬁﬁibéﬂ (ﬂ@lffe%ﬁbé%g:aﬁ Bgi,03,4,5,6,7,

rei the codin ence. The
8.9, OEFngﬁ%Fue IR WQHIP%@“LW% &%f%oen%ﬂgl}igmﬁ e
dlfferdﬁ&ﬁllcﬂ@plﬁseﬂbhﬁﬁl@@ti\@@ﬁﬁatiaﬂi natural ly cont ain a signal
pepti de coding region. [0206] Alternatively, the
[0153]f m sbhgrmbbcgmalhts,pl&p«te'm@iua@@ipngpfmgé G flyer sdﬂimisya domain or region

corres% }élgct:(%e %Elgwgﬁ%gg%g él} {%‘:hce&?%%aﬁ%&%&%@@%e 40 817 where the

However, any signal peptide coding region which
directs the expressed pol ypeptide into the secretory
pat hway of a host cell of cHoice nmay be used in the
present invention. [0207] Effective signal peptide
codi ng regions for bacterial host cells are the signa
pepti de codi ng regi ons obtained fromthe genes for
BaC|IIus NClB 11837 naltogenlc anylase Bacillus

.y o ~



[0213] Ot her exanples of regulatory sequences are
those which allow for gene anplification. In
we@layasi c systens, these include the di hydr oP@I/HS208/078513
reduct ase gene, which is anplified in the presence of
met hot rexate, and the netall ot hi onein genes, mhich are
anplified with heavy netals. In these cases,
domaip, gicticgip cadiaye YE QL @ﬁff‘é)f drdolnvyies iewérems@dlﬁfcﬂovﬁs@ﬁwl%ﬁew 3226 is

glycink, REotHRSBSE Mhinihd) VEITHe] 10R i)Y llsglebﬁneog i@rl; Valiftk @didwé Edtresponding
t he regulatory sequence. [0214 hus, |n anot her

to X248 hgysinfe methiqnis. %%%@emlmaul%}nsslﬁﬂl@cmg hyyincoorprginiag. @grticglarly

glycmél lisﬂféomkg?ﬁ% afKREIB&SIoBBspbREALOH X2 RNt 1SLiRY pRenylalanine, or
nucleotlde encodi ng an_engi neer ed ket or edlct ase

thPtOlﬁ’éP Wﬁ@‘ﬁ?lﬁﬂﬁéty&smﬁ of Byniefhen- ¢ HeBGrmbetaehéhcgiolyrpitides comprising a

region®X RO RS SR FoRBML A fef@uck 20 m%f%%gq@ﬁcea‘oﬁfmtsgf) BN0R3, 84 or
erm nat or arep lication orig

dependi
87 cantlﬁée %Wﬁ@n%b’ ORp &k 1§01]e ﬁqsglug\ﬂllf%ﬁnq:q% é&,resdghg plogtl?}é not spegﬁed by X above

as conipﬁlteﬂ QIUE RGbrenlB Sequdtct BUSEQ S NE): ¢ A%is8. BNEmEe eMbsd@hents, the
uences descrﬂbed above may be bglned t.oget her to

differegiadte 2 rlobdribi Ralt: Blgredsh Brl-Vistigie diffiewcrtpiher anino acid

residué {%%itiéﬁ@ndi’ Q&Y by RTaB0 QR ¥&RpLAL 1o IR FE fEichdel s@c{heﬁdetoe SEQQD NO: 2,4
low for insertion or substitution of the nucle

or 86. Jp pemesEedincats dhe Banksy o HeCrpory 58 bt il ofe 3at 55@8h8 s(’r ?re@ residue

differofibds & AAdriaM@loYacidlrERIu0 BEdiinS. AGLAC SRABMBAGSE:, @fe difR®ences comprise
present disclosure may be expressed by |nsert|ng t he

Cm““ﬁﬂ&F@W@“@ﬁ d sequence or a nucleic acid construct
conprising. the sequence into an app riate vector f.or
01541 g srgRdmeRss dhegtarglyca @O bRpes Bing s eqraprise ¢ gmain or region

corresf@dinB g SEAENCE23SoflIRGAGIRACH Brmiuleo\IBCY I NS B3 tdaatk 8 Réhere the
codi ng sequence is operabh% linked with the
domain griiegigh hagraplepsh e flowdrgofgite &5kt causeppoadiag (k22693 an-polar or

allpha‘[-f(hl%mﬂl&cpiﬁi)duﬂbﬁll@tva@ép H@&ﬁie%b%&ﬁfeﬁ’tﬁ tli@pblﬁﬁptﬂfé)éoMﬁﬁdir%ra reglon or
asm d Qr_virus) can be _conveni ent |

domaig %?eémngﬂg f%refle%?rb% it twaml@cf@%%%f SEQIDIR: 8&%4[?@ 87, can

have aadiQbially b&: &w&&&u&rﬂlﬂéreﬁcbﬁat mﬂieylréualheq&a)mhd@ a$ CEHRIRGRo the
The choi c t he vector wil | |cagﬁ%§de pend on the

referencg ASETCH PF W& NG Ret FSbhayin hF Aree §regs g pomggrgpodiments,

the regMH (firfaloﬁlﬁliﬁ cy@@p&fdlﬂgso teGids 2l nb s Db B adaﬁenmgqtpns nayi-s, 1-6,
bhe | near oOr. C

ed C|rc | ar  pl asm 216] The
17, 1-gx P d118Aesiug @6%%%7 ahed %{ﬁ%%ﬂ&%ﬁ@ |P9S“i1°é‘6 Pt coatPrirg to the
corresy@@in@ domhin 8f the fefotEiet Mquéltabased bis SBQ AS N2, 4 or 86 In some

xtrachro entit the replication of
emboq?rﬂﬁjésp gﬁdl@]ﬁ er&?’gléﬁqpeaﬂaﬁ §%hlm ?ép |41p SC g” én Oéa@ut 108{651due dlfferences
at othd® hd§ila6id r&Riuedih FIRCIAMAIND $1050e lbedmBits, tie differences comprise
m ni chronosone, or an artificial chronmosone, The

conserv@ezte g}ut%gﬁ dB mn%ﬁ qﬁrlbgﬁvieﬁtédhgkqt(ngug‘ggquglﬂb or domam comprises an
amino seih fseqnefmle msaﬁg zQ meast/%et Iﬁéd%afhg vea{uyes ztnh th\é@ﬁlttﬂé’ arﬂiﬁ& add@scQdce has

at leaSF f%?%é?é% 2o 8@(%8%&0@{%%%92&(?1 83? e?ﬁ%’ 85(%386%0»095 &t i or99%

1dent1tWa§ $ontpard edihe ke rEll Séqubﬂé% Qor¥d3pldink tto RAGuAILEN252 of a reference
egr at ed. Furthernnre ﬁ?n gl e vector or plasmd or

Seque‘ic aSSﬁl o QR ) N Ao 89 h‘b’l“ﬁst JECeqiE &Y Sget her cont ai n
DNA to b d to th .
o 05 84 L RSSO U B ST

their aS$EIEES Sdti@TNicY, ENHeREquahicet Bow kiR SlefiNed iffdM e wiMtypt ef Rfiakdtyteductase

scaueE Gy OADARE R 4T M A ROF B TORE TN 1 TRGIBEY Ao Tt o

SEQ DN ivhirs tha og€ hembich & ff¢ dhciuclM@ide sequence that codes for the amino acid
2009/ 046153PCT/ US2008/ 078513 of which provi des for
bi oci de or viral resistance, resistance to heavy
netal s, prototrophy to auxotrophs, and the |ike.
Exanpl es of bacterial selectable nmarkers are the da
genes from Bacillus subtilis or Bacillus
l'icheniform s, or markers, which confer antibiotic
resi stance such as anpicillin, kananycin,
chloranphenlcol (Exanple 1) or tetracycllne

o o, - o, 1. . - s o



[0223] Many of the expression vectors for use in the
present invention are commercially available. Suitable
W@ wpesasnl expression vectors include p3xFLAGIMVES2008/078513
expression vectors from Si gna-Al drich Chem cals, St
Louis MO, which includes a CW pronoter and hGH
yadenyl ati on S|te for expression in manmalian host
seququé mogl 5(111%5' the 5@@31212 &r il bt'f ¢plypn lrlsélﬁg the Zrof gyytagipres is with respect to the

numbe@ szin@lhd) hdidsubS$thtfind RCRnipRicl &) the f. Ko/ ARED hingRtabARedulnds-of SEQ
Q her, suitabl e expression vectors are

[
1D NO&B@%@E lsl?eﬁltﬁp 'subg'm(‘m?ns élffdlsﬁél;@ W URp | Epfatigns from kefir.” In the activity

columf QXEEF Clogtbdp¥n@Mdh h aBkQd trh 60 cdlchids @&ﬁﬁb@ed tb @Jecalbih@y @%e
and pl asm ds which are derived from

pOlypeBml_e) haVBgJ@e(aglwlml)enceFﬂﬁﬁﬁ IDﬂ&ﬁﬁ tO(qOHYﬁrtttP%ﬁl@ﬁsateotP the product
of fonﬂtﬁ@hl’) (F’w@tphﬁ s%hs a+|+ 1nd1c%§2thaﬁﬁ@§olﬁyeptl&35 208 15 b 34 kzk)@ fmproved as

i on of Ketoreductase Pol ypept

compa[rqyizgﬁfQﬂH 1\5},62{ hg}reee{glﬁé}ﬁns “HHE et hat &r g@wgge@s about 30 to 40

fold inkr QN AESonihaRk@ s SE@ I NOMRIFoS J18 sBonP 8Hynttgldg@itek %t the polypeptide
encodi ng an i nproved ket or educt ase pol¥ pepti de of R
b

is aboy A &3 0&’1@@1%%%8@%?%1 BAERPAN @GP e %PIH@SIgns SRl

md1ca@p%ﬁhé p’cﬂirp\épﬁde%%gat&&héﬂ% Ol iR G d@9 G&ﬁ]&'redst@ SHOND&RD:48. A “+”
for expression t he ket oreduct ase enz me in _the host

sign updgy the Strllagty celmndndigsies (fiabthe polupipHdsis Fig 1f~‘ RETClRfYES cnzymatic

actmtp mrx&e«ehingl A% sERERE OB yrolil® o £ RAAS 81)AReNA (H()ers %f Rfat frd8nent at
sent invention are well known in the art

40°C. FHEThE deleayytty cplumm gsingle piup sign ¢ 6, infigesehat e P@b’IPFPélde i3kl to

convelaﬂle Babs&@t ko thé—ﬁi%ﬂt@ﬁ apﬂohﬁdlzsglb Q\flﬂhrabod-t @G—@@%@f‘ekéohﬁﬁc Q{c@é\éi t$vo plus
re tOITyCGS and i murjum cell

signs “é—é-| f@lca@ﬂ@lﬁt tg%p%}gggteded%qdql%to c:%nvgrt thequbstity rt(b}]i;ﬁ eg)guct 09 formula (II)

with alb&ik 90/945% 8B@rcOfmel &BEs tﬁl@@fﬂ% él@lse‘anﬁﬁﬁ@&Edt% pUpreptlde is able to
201178)); insect cells such as EXOSO§hI|a S2 and

OnVeléB’Gdk%ff%tF&’ t¢ proghutt piformyly ¢ff withappwt 93ddt sigecopegly exegss; and four

plus S@MK ++2’9131dlc§t8§jth§QHﬁ§)1ﬁ€15tﬂ@ QEBIGE bdSert aRduiRb@bto B&ploduct of
opriate culture nediuns and growt h conditions for

formula r@ Withegreatefdban e pie 4% hotsteopslis §xcai e AR fingdhprnsenbpdiments, the

28,3R dldctivd m%ucﬁwsymh@ﬁgdad& uefn@efco@rkiﬁibﬁ(ﬁﬁ% QISEY IDNE: 6, 8, 10, 12,
ket or educt ase i_ntroduced by vari ous

i nt

14, 16054 Plbd ¥ndfurSi o8 %Zhé“ EAEh) ﬁ%é?yrﬁ“q‘tﬁeﬁ&ﬁﬂcﬂ ok S&nngy» or 6
others, electroporation, biolistic particle

"nsﬂbaﬁhﬁﬁdnent | i posomre nedi ated transfection, calcium

Tablé‘?t]’!lQ% S&f%nc'e@&rfd@#&éﬂ&gdﬂ%k}{tm|I1%91"ok/é1ﬁ‘e%t' nto cells

he apparent to th led artisan

SE(gO )9/ 046153PCT/ US2008/ 078513 #€¢226]| An exenpl ary host
D Neg | | RéssluEDifierencehframcdiQ \\Bnu@tiomshe expr essijon vect pr
was creat edhNOsher at i velly frémkefirg la Aesivithiyc| Stabiligye| Selectivity

encodi ng an i nproved ketagreductase |into the |plasmd
1/2 pCKL19®G® operatively linked to the |lac pronoter under

control of the lad repressor. The expression vector
3/4 al $6.kdint ai ned the Pl5a arigin of rleplication and the

chl or anpheni col resistance gene. Celiprozant ai ni ng the
47/48& ubjpealv pol ynucl eoti de i n Escheri chievecol i \WB110 wer€

i sohated1byGsuispacting; t he cells tg chl oranpheni col
37/38sel aed2lgm208F 5Met hods of |Gener@at i ng Engi neered +

Ket or educt ase Pol ypeptidegs. [0227] |(In sone
15/1emhadi TESIsE;, AZ0ovimake t he |i nprgved KRED pol ynucl eot i gest+

and pol ypeptides of the present dislcl osure, [the
s5/5aal unsdA: y1emcuoopng ket orleductiase gnzyne t hat ——

cal akyizesoNr@rgaduct i on rleactizon i s obtal ned (or 4+

derived) from Lactobacillus kefir, Lactobacillus
brevis, or Lactobacillus mnor. In sone enbodi nents,

t he parent pol ynucl eoti de s¥quence i s codon optin zed
to enhance expression of the ketoreductase in a

speci fied host cell. As an illustration, the parental
pol ynucl eoti de sequence encodi ng the w | d-type KRED
polypeptlde of LactobaC|IIus keflr was constructed

. o



[ 0231] Engi neered ketoreductase enzynes expressed in a

host cell

can be recovered fromthe cells and or the

w@ i@ siredi um usi ng any one or nore of the WedT/URI008w78513

techni ques for protein purification,
ot hers,

sal

| ysozyme treat nen
tinn out wtra-centri

t, sonicat
f |mnt i on.

i on,

i ncl udi ng,
filtration,

ano

ng

and chr omt [aTald :mh\/

Tablc@JI Elél%lf §ecﬁ191110\é§ éﬁr&ﬁe&fonﬁl}{gk&%l@ﬁ‘ﬁp%tfl&n&k gh effi C' ency

raction of proteins frombacCteria, such as E co
Ssp@' ¢ comercially avail ablle unter the trade name
ID‘%I [ Rgsidue Wififdremaes BogrEQl (drmutatiods St . Loui s MO, [ 02B2]
romat ogr alfhNO:2 echni ques ffam kefgol |at Adivitpf | tJtebility | Selectivity
57/5&ef or educt ase pol ypepti de i ncl ude, |anong ot hers,
reverse phase chromat ography high performange |iquid
51/5chi onsgioageaphy, i on exchange c¢hr ondtsogr aphy,| gel +++
el ectrophoresis, and affi|lnity chronat ography.
53/54Condisixgmeotwr purifying j|a WDO2 + +
2009/ 046153PCT/ US2008/ 078513 particul ar enzyme w ||
31/320epandr; ri1vypasioovon factgrs such as et charge, o
hydr ophobi city, hydrophilficity, nollecul ar wei ght,

3373470l eout.ar sshapeyneszo2. and wi l4  be |japparent [to thospi+++
haying skill 1nthe art. |[0233] In |some enmbadi ments
49/52F | Lms3AY Lieghngpes may be used to jisol ate the o+

Improved Ketoreductase enzymes. For[ affinity
19/2¢cht aprt-qaveRpeyr i ficatijon, any antijhody which et
Specifically bindsS the Kgtoreductase pol ypepti de may
45/4d0€ | 436, AR@L the productijon of, antijbodi es, various |,
nost ani mat 5, T nchudi g but mot fimited TO rapbits,
35361 ¢Ro4TaL1S34 811094 AB)PE || nunj zed |y injection with,,
ar|engr neer ed _pot ypept i dg.—The pot peptloe y be
25/26atl§@[he%2tog a suitable carrier, suc ++a§ BSA,| by neaps, .
of Ta srde char m functiomat _group or] tinkers jattached
2724 0| &otdghai n functional group. Varjous adjuvants| .,
mray Ut ustcu LU TTILT ©45F€ lill:‘ I IIIIUIIUI Oyl bdl eSS PUIISTE,
29/3qd.epg‘@g+-rtq99& /Qb%;host speC| es,3 | ncI ngrlJrng but\ not -
I mteyu tU rreocurmdg S5 (LN IUI.U d.llu IIIbUII}JI Ul.t.), T 11T Al
21/2296' S02HGN 085, @4 num hydroxi de, surface active |,
StpStances—sucn—as— yo Ul Cr U1l II., Prjut o= IJLI yUI S,
2328 KO OG0 PERDVACS, Of || erulssl ons key ol ¢ LPe! | eres
TTC IUbyGIII LILI) urtTir ot U'J TCTTUTT, artyu 'JUL mmeranrt y USTT Ul
uf dj ch as BCG (bacill|i, Cal nettle Guerin
41/422..@% %%éﬁﬂf%ﬁégng i g.%el\v”et.otds of—Ustng—the bt
Eng e ase |[Enz s and Conpounds
39/400, ?,w. ed—Fherewith—|{0234] !nygg..b \,%odirmrrents, the
ket uct ase, enzynes descri bed herlein are capabl e pf
17718 4 %*8 g?ﬁ (ﬁgﬁuct'ﬂn reaction—di the ketopgroup TR
the ound of structuragl formula|(l), nethyl-2-
43/44be1§5ﬁ@$t@&%3_axa%LaLe_2(LLheMSLLat il A
(1) H4R A%d: EblEesbBRdi ng st er eoi saneri ¢ al ¢oho
9/10 pr 03PL of structural forlmula 5(I | ) , "’7"df’++'2lf\>. a h‘,’1- oL tH++
benzam donet hy1l- 3- hydr oxyjbutyrate (|"the product"): OH
11/127 | H40R; A94T; L199H; A202L 4 -+ ++++
5/6 A94T; F147L; L199H; A202L 4 +++ + ++++
7/8 A94T; L199H; A202L 3 A+ ++++
111F; H40R; A94F; S96V;
F147M; L195V; V196L; L199W;
59/60 1226V; G248K; Y249W 11 ++++ ++++

56




) () LOCH3 NHCOC6H5 [ 0235] In sonme enbodi nents, the
substrate of formula (1) is a racemc mxture, as

W@ kw461 fornmul a (la), WO 2009/ 046153PCT/ US20P8r/ 05884/ @78513
0 0 ) YOCH3 NHCOC6H5 and the 2S, 3R sel ective

ket or educt ases can be used to reduce or convert the
. . : . ;

Tabléoz‘E'ISlWo"f §ec¥&€1%@§£lﬁ éo@%sﬂ%&lﬁ%‘&&tis@@ Iﬁq%%e%t (1h):

Schene 1 10236] Accordin in s nbodi nents, the

SE el or educt ases of the discl ostefe can be used in a
D 1 Rdidue Diff¢rencep BemceHQ viel mutatichsci ng t he substrat e| of
stifuctural FONd a (1) tad tfhen &dir &s phetiditng | oStakiligt | Sélectivity

st 1 TeAUR4l; HIORMNY4G;(SPEY; wi t h at | egst about [60%
St eFeerV 106eXcesw,; I22hVeh nmet hod cgnpri ses gontacti hg
61/620r | CRERKaAMA40YW t he substrate ofil fornmuita (1) aor fornul ar++

(1 ap40r 1 Av4aE; BVIRIsRIect i|ve ket oreductase pol ypeptide
of | Lhesvdivaesiasupewundey; rleacti on canditi ons |suitabl e
13/14 of Yeéglict i on or conversijon of9 the |substrate to the| +++

product of forrmula (I1). In sonme enbodi nents of this
nmet hod, the product of formula (I1) is produced with
[0157)ain do@RSinbadituiits, Bb UnEb IS BRIst I6ctR ¥ REB®duckade smmlses an amino acid

oGO TENLS O L) STELROLs, L UG, 2 3RS SLECLLY Sy 050, o0,

97%, 8%, dr 9%?/pﬁieh.tlcaktefalrd$ferehce sEfuendeDasedon SEQIMDMNID: 6|;<E§El|D 12, 14, 16, 18,

20, 20 BHEIRD: Fhabareis 0 g tds 4850 E54 s8R oy i ithgne provis
that thé HTtS@dém:aedl dlibmes dd'F] gﬁ\e}g §£1uent:hﬁas gﬂﬁisf‘{}ﬁ f&l&)??]lieg\f\?wat&ei O’éﬁdiid:&bﬁa;@ondmg
to X040 PIFRHE ol g ben e e o s R Satginegs X199
is an ah@aﬁc, canstrallﬁéﬂ &@plaﬁ_tesh@?@ir;ggﬂllyf d]ﬁnlli]rﬁ)é\lrlﬁgl;]rfe;éfi?spg;@mg( a;%i residue
e ST SR TINS5 BB P
can hagd aqnlha)halgzl nan}stlmgiusedé o7, 1pxglla;r; 15251: ﬂlgeg?a?gugla)gel 16, 1-18, 1-
20, 1G0Tt d S S heRPEO AT 150 D KT MM ol e
positicpe hsy(mﬁﬁ)hﬂedi &Sthehﬁ‘ﬂ@encmetlhenbe Slme(ilhe érﬁbddhﬁenw, thd -ntuylb)@ ok differences

Kl l.
canbeyop 3 4.5 6.6 Bt 1412 iR ok PR s o 3P ot P TR e
differeh&s !admber@mﬁrroasiﬂomﬂueg IheoBdent®dandns| te difeshety omfrip

resi correspondlng to 199 is a constrained residue,
Cm“mgﬁgeeg§ PEsi due correspondlng to X202 is vallne or

| euci ne. s of
[0158]02n Ul éc?l{nﬁrétl 2B k1)Irler§) gc;%i 62%?% s?lﬁc 1VBE<%t8rﬁg1%ctta8? con%prna% an amlmo acid
sequerfco rhauiks at 1¢dst ab,out §3€0, 86 S8 127a t38%i $9%.,0Ve b 1%,Mh200 93%;594%, 95%, 96%,

97%, &Bﬁ %}J &J% 1 Ie ntica o%% er%rrgcte sg’c}u%rrlcee gé%ﬁ'o% SEé(:IB%\?O %f 8 611'0 126 ?E t16 18,
20,22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, or 62, with the proviso
that the ketoreductase amino acid sequence comprises any one of the set of mutations contained in
any one of the polypeptide sequences listed in Table 2 as compared to SEQ ID NO:2 or 4 or 86. In
some embodiments, the ketoreductase polypeptides 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 about 1-40
residue differences at other amino acid residue positions as compared to the reference sequence. In
some embodiments, the number of differences canbe 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 amino acid residues. In some

embodiments, the differences comprise conservative mutations.
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about 60-89% and at a rate that is at |east about 1-15
fold greater than the rate capable by the pol ypeptide

whaoobmgpishe am no aci d sequence of SEQ | D NO 4BCT/US2008/078513
Exenpl ary pol ypeptides that nay be used in this nethod
include but are not limted to, polypeptides

onprising _amno acid sequences corresponding to, SEQ
0159]| B 903C eglbocgmelic@ thql@torqﬁgctas_g@olymgmd%re @Qablgqf cog@rtngghe substrate,

methyﬁ@-berngmldgﬁeth 63- 0}(%81:1‘?’141 , 4o pré(ﬁlct 20 SRa%’ethyﬁQf-,be@@ml(ﬁ&ethyl 3-
60, and 62. [0238 n some enbodi ments of the nethod

hydroxy§pty gagsn W Eh £ PrECTE ﬁ@re%qu%&S%O% lepti @byt &y oF Wigh  percent

stercoMbMUKEALE Blat i OFchfe! Bar thé Wild- L LSHRS KRADGSES 16 NOAEY, tEREmpIary
the product with a percent stereoneric excess of at

P"lypqp%“étthaé% GtPablg iyl bﬁk@ﬁﬁ?témteé&ﬂ Pplupaptidrs somprayngAgy e acid

sequeﬂé@@&hdsﬁbnﬁﬁg% s o so: Bod, wolen, bt e, ageonet, 24 281 18240,130, 34, 36, 38,
es conprisi ng am no aci d sequences

0, 4268%%@&80%%%54158 Seo)0PhO, 6, 8, 10, 12 14, 16, 18,
24, 26, 28, 30, 32, 34, 36, 40, 42 50 52,
1016015 én S@ge * erghydimeny. o ketpraduste polynseiifes wibdbkeht@veting the

substrdT& tnkt@d 1- t%nz@ﬁam%ﬂawgoidbatyﬁ@% thapRdic® ZAsBe-mimguct of
structural forpula (I the substrate is converted

benzamﬂ@nahﬂo%xdrwkﬂﬁ.vratepwfb@?ﬁm%t el icreeesf aklgashpboyt 60-89% and

at a ralc @RS s a0RNILbAPT-99%61d @%ﬁémha%rtﬂe ﬁ@'c}(ﬁh@mlﬂyd&spoﬂﬁéﬁtld@'ﬂyw@the
used in this nmethod include, but are not |limt

ed to
amino ﬁgpywﬁqcle 6E§E% gl)rbllq ég& r%elgﬂlﬁlﬁ’d’og@ﬁaldgsetaﬁé‘ﬁd@gable 1nclude but are not
limite €0 FBgRANRE BgnprRin@EkahRo MG s@ueRe cdtbspohding ISEQ 6 NUS 6, 8, 10,
20, 22, 24, 26, 28, 30, 32, 34, 42, 50, 52, 56, 58,
12, 1468, 18,208, 28924, Eo23010: $ 34 e Abddi Hefd: §2 $ned. 38,60, or'62. Because
the refbiBhRIPBHYEHAS B vRRZNNBSin6 RS E Sgfi@de HEIEE) D ROBISGORPII€ofRbnverting
catal yzing the reduction reaction of the keto grou

the sufsgyate &%Brgﬂla:t aifa 1ate HQE $X3RRIe %Q?r/?ﬁﬂnéer%lpl) 20 hoprs of 1 g/L sull)strate

with a6 [ ©S/P.YR diem@mj &f 89/, FOR HHR) ahECRNIOh stabmﬁ&nyqﬁat is improved over
structural for 2R 3R- et hy

mula (L11),
wild-tgie (S BTPe@h% P@Wf%ﬂ%i&%ﬁﬁ% s&eémpfewﬁ ‘E’ﬁr TN 8gee also
lmpm‘yegfoeérrvamt&% as a "product"): NHCOC6HS (111) [0241]
In sone odi nents, the substrate of forrmula (I) is a

[0161] ACKRMCmIBbLKIUIS, t@&e&iﬂ@twaéerpofypwﬁuksam( tapible @MAniddighg the substrate,
N e RN N AT NG - W
hydrodyButPRRe Fh 8 plred® Vet Om@iceReds ot 4 Rap e 84-90%. Hxempldkydpolypeptides
that ars !:a!pIaIZI:e include, but are not limited to, polypeptides comprising an amino acid sequence
corresponding to SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 40, 42, 50,
52,56, 58, 60, or 62.

[0162] In some embodiments, the ketoreductase polypeptides are capable of converting the substrate,
methyl-2-benzamidomethyl-3-oxobutyrate, to the product, 25,3R-methyl-2-benzamidomethyl-3-
hydroxybutyrate, with a percent stereomeric excess of at least about 95-99%. Exemplary polypeptides
that are capable include, but are not limited to, polypeptides comprising an amino acid sequence
corresponding to SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 42, 50, 52, 56,
58, 60, or 62.

[0163] In some embodiments, the ketoreductase polypeptides are capable of converting the substrate,
methyl-2-benzamidomethyl-3-oxobutyrate, to the product, 25,3R-methyl-2-benzamidomethyl-3-

hydroxybutyrate, with a percent stereomeric excess of at least about 99%. Exemplary polypeptides
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WD 2009/ 046153PCT/ US2008/ 078513 [0242] In some
enbodi nents of the nethod for converting the substrate
W@ 200vke1pF oduct of structural forrmula (111), tPEr/US2008/078513
substrate is converted to the product with a percent
stereoneric excess of at |east about 85% Exenplary
pep tldes that may be used in this nmethod, inc|ude,
that arﬁ&%pa‘alﬁ énchlé? by arml(éém’tﬂéd toppstlyRsaYides GUBPTSEBIgIR ARINAGCid sFdyEnce
cones%iﬁxﬁﬂlgwg@@m&@ 68! [espandiongy, b 35EH BDDQr 668, 72, 74,
and 82 [0243] I'n some enbodi ments of the

[0164]Mat foaRd hBbdigeny, emetuefbgecm@sewtg@&m@&@ré GuphtheofoRebGs tBf substrate,
st ruct ur al fornula é the substrate is converted

methy}-grbengamidpgifivl - %Ob‘éty’ia}ﬂ thepipdycel; 28 fRmetut-2 bpRramidpmeyls-

hydro;@'b@@fa&f attal@® tHahB of Bds€ataPBd (EfoRyerddne tlﬁﬁ) klié@ﬁ@t:dpdﬁe by the
havi ng. the am no_ acid s(%uence of SE

polypqpl diisiv iR sl RS S P asact Kt YN S u @amhﬁy PﬂY@P‘PPéﬁ Higpre
capablb Elﬁlddg %ut Bely hotdﬁrﬁ‘teﬂlﬂi p(l)lyﬂ'ﬂpﬁ(%a cbifprishilay R\Rol adﬁ%equence
r| S| am no acid sequences correspon

CO“GSIP‘E}dN@tO H%éfo ?08 16:J2, 14420, 26, 24720, 2860 Hnet* ég oty @2624]
odi mrents, the ketored ct ases escrlbe
[0165]hg}%)mq ee1§ 1@€nta§1éeokefq1ie ctﬁs(gtpﬁyae ?S %?WPF@%? Zqo];%j:rtglg the substrate,

methyp,@rb&ﬁ&ﬁﬂeﬁbthiflhﬁommbﬁ%, ©ARPFrb&Eic) gS, BRENGENbBhzZaRIRERES]-3-
el ow

chene 3), Schene 3 ere the KRED can

hydmw@utaﬁv e}ﬁéatsﬁhaf Kat ket @D@H%Pc‘%oafggi BBty %mea@g Cad”rlK'%‘ Exs
polypdp@dEiaRing Tik@ntay RapenemQff SEpaDgenes. atx&@[mb@yﬂewdeaﬂﬁt are

desg&i ed in further detail below For the synthesis
capablg fnc{pde.;by are pofIRUISE e R HRESELFS CHBPTRHS R PREO A5 SPHFHEL ant
correspdiRE RESE@I® NIOS 61 ) @0,a0Mpoom d2.0f4, 34, BOLGUUGRbr §20r mul a (I'V

a), WD 2009/ 046153PCT/ US2008/ 078513 where R is H or
[0166]a Igseie@pbdipeat, emﬂeage@ét@sé@mlygwﬁd% ard eapa)maﬂ Q@Riting the substrate,

Ac is acet at s hyd ox
meth.‘/ﬁ)f B?l@&?ﬁﬂéeta% R litbgher RE Rkt or gy
hydro:B¥utpaye, oifa s ﬂ{ﬁpis at 1a£sd ab’(bﬁt 40-50nfotdapfréa@uin thaﬁ teyhte edpale By the
e.g. but substituted benz
potypeyfiidinying dileg i resme S50 TBOSod Py G ep s hatare
capablOi@aie, buSyahfteisiicd to\/%d)l@p/ephdﬁs eﬁrﬁlﬁisﬁfg(hﬁ amhRWenQedtence
for the synthesis of
COH%Q%@“@H{@%ﬁ@%?@}g %#O§EYE1?§ fornula (IVa), a step
t he od conpris cont ac or react t he
101671 P PO e P e R0 PR L Aisgigythe substat
methyl- heerdhﬁmbmswylea umdeuyrafeea)ahé @60 08B R in@iftsy -3 bizabidmkhil-3-
ng onvertin stra o the product of .
hydm’fyg}l?ﬂﬁ a®( Iri‘tf %la‘rﬁ &''sgh ?eos"s @fgr‘iaf?éghaﬁih&rﬁ%&*}pg?lgg%gie polypeptide
havmg‘ tﬁdf ilina adid MapencO oM$HE ID R@t488 Ex&Aglarly opSetidésird atertapable include,
ahe Lett. 23:2293 (1982);. . Tetrahedron éet
but areglyt E ggp Lo eptld?%fqmmé@g ARATP )fléld g@u%ﬁgorfei gtto SEQ ID NO:
6,&1ER9290385 and EP0369691; all references incorporated
herein by reference. In sonme enbodi nents, the
[0168]i M @nredibadimettf, tlﬁdi{emﬂé(ﬁctéfie\ﬁabypépmdtidﬂrﬁéhpﬂile ofconAtng@Bdsubstrate,
methypf—béc’l}égrgn gr%'etﬁel oxobutyra!fje %0 t et ;():"rgdulc{1 2§ gE mmalyl 2-benzamidomethyl-3-
hydroxybutyrate, at a rate that is at least about 50 fold greater than the rate capable by the polypeptide
having the amino acid sequence of SEQ ID NO:48 and with a stereomeric excess of at least 99%.
Exemplary polypeptides that are capable include, but are not limited to, polypeptides comprising an

amino acid sequence corresponding to SEQ ID NO: 6, 8, 10, and 12.
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N HCOC6H5 (VI) TPP | TBBS ACN Schenme 4 [0245] In
Schene 4, the nethod conprises: (a) reducing the
wauwsns@ase of forrmula (1) to the product of foPEmUSR008/078513
(I'l') by contacting or reacting the substrate with a
25 3R sel ecti ve ketoreductase of the present
| osure under reactjion conditions suitahle for

[0169]r é‘tﬁﬁ’&"ﬂerﬁ’@bf"ﬁ’é‘e’é‘ﬂ W ketprdugtaseionbyPEtige e @amblep&eﬁﬁﬂ% ity ability to

convel(t h})e sﬁl%ff@th‘ | Gyl R e BF i mckHy D} GREB zﬁe i OMBHRAGRSIR-methyl-2-
converting the conmpoun formula (VI) to

benzamﬁémitéylr otdeany bty i 36T beat tmaﬁljlenbglft @e%&rﬁhbow tlxemplary

polypépflﬂeﬁ iR ¥k ARG R McNfe %dar%&tQﬁﬁlt‘ebw Ydiygeptides comprising an amino acid
benzot hi azol yl sul f enami de (se e.g., Tetrahedron

Sequel}féf?msli‘g‘%‘gt‘B%Q(QJLI?NQYQSI)O Or(“é) reacting with tertbutyl
chl orosilane (TBDM5S-Cl) to formthe caonpound
[0170]01As pgtp%ﬁhoge (uvf,qn}e)em gﬁlaley(né)the kgggroductases are stereoselectively capable of

redumﬂ@&%%@ti‘n@cﬂﬁcéﬂ)sld@%@@ &frﬁﬁﬁﬁb&) @6 plo@xdt bfotmgda tINE Table 3 below
resence of eracetic

ound of formul a
prowda%?xamaﬁa %&ﬁwﬁ@ﬂ%ﬁwe%&a?ﬁ% %"éﬁ%@? fresdt: é&l@l tosgir asmcmﬂda
act1V1t{e!; Vi’he(s% nce€ blow aNMilcANATIIM @b dhild-typs IRyt kAR dfeh8Mequences

(SEQ ID NO %%nd(fj %l%leZssc)%I%mlzes s?f)%():lﬁed In Table 3 below, each row lists two SEQ ID NOs,
where the odd number refers to the nucleotide sequence that codes for the amino acid sequence
provided by the even number. The column listing the # of mutations is with respect to the number of
amino acid substitutions as compared to the L. kefir KRED amino acid sequence of SEQ ID NO:4,
and the column “sequence — coding mutations™ lists the substitutions as compared to SEQ ID NO:4.
In the activity column, one “+” corresponds to an about 1 fold improvement as compared to the ability
of the polypeptide having the amino acid sequence of SEQ ID NO:66 to convert the substrate to the
product of formula (I1I). Two plus signs “++” indicates that the polypeptide is greater than about 1 to
2 fold improved as compared to SEQ ID NO:66. Three plus signs “+++” indicates that the
polypeptide is greater than about 5 fold improved as compared to SEQ ID NO:66. For the selectivity
column, a single plus sign “+” indicates that the polypeptide is able to convert the substrate to the
product of formula (I1T) with less than about 85% stereomeric excess; two plus signs “++” indicates
that the polypeptide is able to convert the substrate to the product of formula (IIT) with greater than
about 85% stercomeric excess. Accordingly, in some embodiments, the 25,3R selective
ketoreductases can comprise a sequence corresponding to SEQ 1D NO: 64, 66, 68, 70, 72, 74, 76, 78,
80, or 82.

[0171] Table 3: List of Sequences and Corresponding Activity Improvement

SEQ ID # of mutations
NO Residue Differences from SEQ ID NO:4 from kefir Activity | Stability
H40R; A94G; S96V; E145F; F147M; Y 190P;
65/66 V196L; L199W; 1225V; Y249W 10 + +

111F; H40R; A94E; S96V; E145F; F147M;
Y190P; L195V; V196L; L199W; 1226V,
73/74 Y249H 12 ++ ++

D3V; A10T; H40R; A94G; S96V; F147M;
Y 190P; V196L; L199W; 1226V; G248K;
81/82 Y249H 12 + ++
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[0172] In some embodiments, an improved 2R,3R selective ketoreductase comprises an amino acid
sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 64, 66, 68, 70, 72, 74, 76,
78, 80, or 82, with the proviso that the ketoreductase amino acid sequence comprises any one of the
set of mutations contained in any one of the polypeptide sequences listed in Table 3 as compared to
SEQ ID NO:2 or 4 or 86. In some embodiments, the ketoreductase polypeptides 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 about 1-40 residue differences at other amino acid residue positions as
compared to the reference sequence. In some embodiments, the number 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

amino acid residues. In some embodiments, the differences comprise conservative mutations.

[0173] In some embodiments, the 2R,3R selective ketoreductase polypeptides are capable of
converting the substrate, methyl-2-benzamidomethyl-3-oxobutyrate, to the product, 2R,3R-methyl-2-
benzamidomethyl-3-hydroxybutyrate, with a percent stereomeric excess of at least about 85%.
Exemplary polypeptides that are capable include, but are not limited to, polypeptides comprising an
amino acid sequence corresponding to SEQ ID NO: 68, 72, 74, 76, 78, or 82.

[0174] In some embodiments, the 2R,3R selective ketoreductase polypeptides are capable of
converting the substrate, methyl-2-benzamidomethyl-3-oxobutyrate, to the product, 2R, 3R-methyl-2-
benzamidomethyl-3-hydroxybutyrate, at a rate that is at least about 1 fold greater than the rate capable
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WO 2009/ 046153PCT/ US2008/ 078513 or sol vates, hydrates,
salts, and prodrugs thereof, where R2 is Hor -CH3; RS
W@ 22000061581 i ous substituents, including, but nRET/US2008/078513
limted to, substituted or unsubstituted al kyl,
substituted or unsubstituted aryl, substituted or
unsubstituted heteroal kyl, substituted or
by the pAky RS bayir@dhspsting arid eiearwsf SEQINQi0hs Exqraplasy pefypeptides that

are caphBRURSIde! Bik 8d nbaIn8fa s, ﬁbl@iﬁéﬁﬁhes B dnsanl'i“ho R4d s@quence
progrou ester

such as gro
correshaqipe i3 ngQ 5 Nopt r6§f7e,0y L6 %: 2 é% o5 p2- p]?%‘?‘éé tﬂ}erPQIY@FIBﬁE) having
the anﬁﬂ@)aa'bld sW{iﬁﬁbeQﬁSEQtID Nm&kls@aﬂaurécatf LPRRE oSFoRVRNM thEiuBstBe, methyl-
i ve drug forma praono ;@ % converts the dru

2- benaaﬁltd@mathpﬂr% aa&@gmw &g%arﬁguc&r Ftevd 2 Renzantidenpfdly oo

hydro;lylﬂﬁtyfa%nﬁllth Q @@Jeoﬁémcégé atd @ a et @atMé grea@fnﬂasl Wi @L ekefr KRED
| e under. specified conditions. of

(SEQ B?Her‘%wy palypartide IB”tEF‘tVF%PIV%]SEQ IBNGDT isedpo f%?@%%%? type L.
hgygggﬂjelease the functional group under the specified
conditions of use. A carboxyl group may be masked as
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by the‘ﬁﬂlgp@ﬁﬂ@ﬁa%@he kb mds%ﬁ&?léel&@s@m 1?0 6! dEﬁ&m@gy p@gpeipﬁdes that
are | ncor por, ate er el y rererence n
are Cafgg{fhé Cé#ao‘aﬁ ! RSP Tmite o A N affﬂ@% ﬂ‘t%%ﬁ e
corresfihding € SIBE@ Nox: 64,170, By M, hesirg0.0f | m penem of the
fol |l owi ng structure (X): HN /- NHS C2H (X) or
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01781, B g R S L B KB B PRS oF g ielosure can
compr{sk hy) amitb ad e sEuaice PP atrleaagabotii §34) 860 \N¥D%, 88%, 89%, 90%, 91%, 92%,
o300, FOOBLRAGIETOSTL S99, S8R S 10 N0 o SEQ 1D N0 r SEQ D
NO:86 (or a region or domain thereof, such as residues 90-211) with the proviso that the residues
corresponding to residue 202 of SEQ ID NO:2 or SEQ ID NO:4 or SEQ ID NO:86 is a valine or
leucine, the residue corresponding to residue 94 of SEQ ID NO:2 or 4 or 86 is threonine, and the
residue corresponding to residue 199 of SEQ ID NO:2 or 4 or 86 is histidine, and additionally has one
or more of the following substitutions such that the polypeptide is further improved (with respect to
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fromthe internmediate of structural fornula (VI) is
described in WO 0236594, i ncorporated herein by
W0 2doenense. [ 0249] In sone enbodi ments, the  PCT/US2008/078513
ket oreduct ases of the disclosure can be used in the
synt hesi s of Doripenemof structural forrmula (Xl): O
O HH%, N)W\NS CO2H XI% or solvates, hydrates or
stercosleriidtys gy Ry 2 BerE s tagilisg Qg iy ik ybsfis kedgreductase or
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248 Rf addoub pgnem of structural fornmula (XI), a step in the
met hod conprises contacting or reacting the substrate
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di scl osure under reaction
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ket or educt ases of the disclosure can
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histidik&I2id a(dzﬁtllo}lally has one or more of the following substitutions such that the polypeptide is
further improved (with respect to stereoselectivity, enzymatic activity, and/or thermostability) over
the wild-type kefir ketoreductase or another engineered ketoreductase (such as SEQ ID NO:48):
40—H; and 147—L, M.

[0180] As will be appreciated by those of skill in the art, some of the above-defined categories of
amino acid residues, unless otherwise specified, are not mutually exclusive. Thus, amino acids

having side chains exhibiting two or more physico-chemical properties can be included in multiple
categories. The appropriate classification of any amino acid or residue will be apparent to those of

skill in the art, especially in light of the detailed disclosure provided herein.

[0181] In some embodiments, the improved engineered ketoreductase enzymes comprise deletions of
the naturally occurring ketoreductase polypeptides or deletions of other engineered ketoreductase
polypeptides. In some embodiments, each of the improved engineered ketoreductase enzymes
described herein can comprise deletions of the polypeptides described herein. Thus, for each and
every embodiment of the ketoreductase polypeptides of the disclosure, the deletions can comprise one
or more amino acids, 2 or more amino acids, 3 or more amino acids, 4 or more amino acids, 5 or more
amino acids, 6 or more amino acids, 8 or more amino acids, 10 or more amino acids, 15 or more
amino acids, or 20 or more amino acids, up to 10% of the total number of amino acids, up to 10% of
the total number of amino acids, up to 20% of the total number of amino acids, or up to 30% of the
total number of amino acids of the ketoreductase polypeptides, as long as the functional activity of the
ketoreductase activity is maintained. In some embodiments, the deletions can comprise, 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
about 1-40 amino acid residues. In some embodiments, the number of deletions 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 amino acids. In some
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or solvates, hydrates, prodrugs, and salts thereof.
Meropenemis indicated for treatnent of intraabdom na
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or solvates, hydrates, and salts thereof. Accordingly,
in a nmethod for the synthesis of Pani penem of fornula
W@ 208p/04655tep in the method conprises contact i PG/G82008/078513
reacting the substrate of formula (1) with the
ket or educt ases of the disclosure under reaction
condi tions suitable for redu0|n%ﬁor converting the

acid; pipgplicragiddP b atcHding P warberylispeifl gh ) 4 -aminoryclonsaipresisspoxylic
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13, 729. Various progroups for R6 are descri bed
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[0256] In sone enbodi nents, the ketoreductases of the
di scl osure can be used in a nethod for the synthesis
W@toogogusdbpenem of structural fornula (XVII11): PAYDUS2008/078513
2009/ 046153PCT/ US2008/ 078513 CO2R6( XVI11) or sol vates,
hydrates prodrugs, and salts thereof, where R6 is H
a progroup. Accordingly, a nethod faor the
by altﬁ‘é@ﬁﬁ%@@wn@mwﬁ% MY o eF‘ES?IPﬁJY Rrgeyopmpenyof nycleig aqidsitp be made,

all of W SRbRARL GHRIREd ﬁ&&e&iﬁﬂl@@&&t{ﬁ& dclok QB Q“hltlshﬁavmg identified a
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&
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acids B ﬁiﬂlﬂ?r Hﬁdi@}rmg‘-?ﬂig VRO 8f §13@r BURSTLAG &1 4 Vayl WBCIPIREH&GIch&se the
Process for synthesis of the squPenem

amino afldﬁ?ﬂuﬁltfp gf mofqn) In ghigyeegard.i thepyesept disglopye spseifigp)ly contemplates
cach aRd 5@@3 dsble mnMQf%%ﬁ(Q&%a&ahat [c@lﬁ@ga m@dk‘Hy'?;@lEctmg comb1nat10ns
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based pinthg pesihiciegduschyicsse Pltﬂsaélcfuﬂb‘faéﬁwnﬁ aredqye @ml%%drﬁ@ﬁﬁlﬁqaﬂy
disclode@EdPh@pdiyepiide didedhed) heroht GRIMING Fheamihdaci JXBLNQM pfe@énted in Table

the synthesis of the conpound of formula (XIX),
I sol vates, hydrates, prodrugs, and salts thereof, a
step in the met hod conprises_ _contacting or react
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protei® bl pBised. Oﬁdﬂeﬁaﬂlﬁlﬁ PrefdrRACbdoasukd@ iftiabicANSre Sibdt@BIpess the
for reducing converting the substrate to the

gene “bP%‘iEﬁ‘}&ﬂtpr?meFd(fPﬂ?.ﬂs A5qdjp yeastyrg s o AYRSFSSISR pyycpiragf preferred codons

used u{ ﬁiﬁrﬁhh'al@ a1(e>&lsé@) fot @pfé@ss&fm heethnidiadRIPaBe by Noxaftpld ke 565.
some i ments, the ketoreductases of the

Polyn%iegt%qleoog éF@ IPAY: blehaaé%ea cpdpnoPHBIR B PERestiRR N Gplh @herwwe

encod@fthPnafitd IBRRABIA O et dubiedeWr Abicrbie M} B POO. WO
2009/ 046153PCT/ US2008/ 078513 0 H2N

[0190] In certain embodiments, all codons need not be replaced to optimize the codon usage of the
ketoreductases since the natural sequence will comprise preferred codons and because use of preferred
codons may not be required for all amino acid residues. Consequently, codon optimized
polynucleotides encoding the ketoreductase enzymes may contain preferred codons at about 40%,

50%, 60%, 70%, 80%, or greater than 90% of codon positions of the full length coding region.

[0191] In some embodiments, the polynucleotide comprises a nucleotide sequence encoding a
ketoreductase polypeptide with an amino acid sequence that has at least about 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% or more sequence identity to
any of the reference engineered ketoreductase polypeptides described herein. Accordingly, in some
embodiments, the polynucleotide encodes an amino acid sequence that is at least about 80%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more identical to a
reference sequence based on SEQ ID NO: 2, 4 or 86 having the following features: residue
corresponding to position X94 is an aliphatic or polar residue, particularly alanine or threonine;
residue corresponding to X199 is an aliphatic, constrained or polar residue, particularly alanine,
histidine, or asparagine; and residue corresponding to X202 is valine or leucine, with the proviso that
the encoded ketoreductase polypeptide has an amino sequence having the preceding features, i.e.,
residue corresponding to position X94 is an aliphatic or polar residue; residue corresponding to X199
is an aliphatic, constrained or polar residue; and residue corresponding to X202 is valine or leucine.

In some embodiments, the polynucleotide encodes a ketoreductase that has an amino acid sequence in
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Me F711 me NN Nr ()0 O(XX) or sol vates, hydrates,
prodrugs, and salts thereof. Accordingly, in a nethod
WO 200904@a53ynt hesi s of the conpound of fornul a ¥OY$2088/078513
step in the nmethod conprises contacting or reacting
the substrate of formula (1) with the ketoreductases

of the disclosure under reaction conditions suitable
which thgrresidyg Gesrgigorgingdonv s threitchissidypeoriespoadipgtoPhlgd is alanine,

h1st1dlﬁ’er @ﬂé&?ira@ﬁe HRT RUbR Dbrbshondliio XQUPRUAKh: IdEihd! Cltnlé&ﬁk
fornu Is described in EP1336612 I ncor porate
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10, 12Ket 08 eduot ases 2ef 3¢ Be 3di Bctnaure, £ans ke, 1sed sivedor 58.
met hod for syntheS|s of the’ conpound ‘of structura

[0192]f Qfd'&ﬂe%nﬂ)m&nts tINFR Iy dtide @(Sm[ﬁrﬁll:s%ﬁ&@&oﬁd&)é&[@ﬁ&%ncodm a
odrﬂg and salts thereof. Accord
YISy

ketorefl%:}asi tﬁc{eﬁggﬁ al ammot aﬁ@ s&m@dm h'@sf at ea@t ﬁhﬂué 8Q MS)A, 8%@ 87%,

88%, SRER0IN9 HS29e 190 4SO I, %% 92RNGBE Tot D8/, OF mbRAEJubg identity to
the substrate of fornula with the ketoreductases

the polypentidecomsisng St PRing Atie Forfeé%mi}nsﬁo R HP NOoHs 0T Pl e
for redu |ng or con ertln% t he substr?te to the
[0193]p PoIEEMBPIngHtintiepo TP leot RECTBYRPTUHE B despqugptesrepding a

ketoreﬂ&fzﬁ&bcﬂyﬂe&ﬂe)wﬁhsandlﬁﬁlﬁfdcﬁﬁ@qdeﬂce&ﬁaz Q21 144 886ut 80%, 85%, 86%, 87%,
lacorp orated herein b¥ r ef erence.

5%, 0 Qi foreht: 8§77 P Kt or ehuragés: %§F°’t°h%9JdP§1€Pf6§iﬂu8n"8é‘??nmy o

the poQ@eﬁﬂﬁ@Qonh[ﬁhsﬁg AR bR afi@kequbiRe smtsﬁﬁﬁing tOSEQ@ IS MO0 BEBBIaS, 70, 72,
gtructural formula (XXI1I):
74, 762% | 99481 53PCT/ US2008/ 078513

[0194] In some embodiments, the polynucleotides encoding the ketoreductases are selected from
SEQIDNO: 5,7,9, 11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51,
53, 55,57,59, 61, 63,65, 67,69, 71,73,75,77,79, or 81. In some embodiments, the polynucleotides
are capable of hybridizing under highly stringent conditions to a polynucleotide comprising SEQ ID
NO:5,7,9,11,13,15,17, 19, 21, 23, 25, 27,29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57,
59, 61, 63, 65, 67,69, 71, 73,75, 77,79, or 81, where the highly stringently hybridizing
polynucleotides encode a ketoreductase capable of stereoselectively reducing or converting the
substrate of formula () to the product of formula (II), or stereoselectively reducing or converting the

substrate of formula () to the product of formula (I1).

[0195] In some embodiments, the polynucleotides encode the polypeptides described herein but have
about 80% or more sequence identity, about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% or more sequence identity at the nucleotide level to a reference
polynucleotide encoding the engineered ketoreductase. In some embodiments, the reference
polynucleotide is selected from SEQ ID NO: 5, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35,
37,39, 41, 43, 45,47,49, 51, 53, 55, 57, 59, 61, 63, 65, 67,69, 71, 73, 75, 77, 79, or 81.

[0196] An isolated polynucleotide encoding an improved ketoreductase polypeptide may be
manipulated in a variety of ways to provide for expression of the polypeptide. Manipulation of the
isolated polynucleotide prior to its insertion into a vector may be desirable or necessary depending on
the expression vector. The techniques for modifying polynucleotides and nucleic acid sequences

utilizing recombinant DNA methods are well known in the art. Guidance is provided in Sambrook et
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CO2H (X(Il) or solvates, hydrates, prodrugs, and
salts thereof. Accordingly, in a nethod for the
wawhedss of the conpound of fornmula ()OCI),PEI/ES208/078513
in the nethod conprises contacting or reacting the
substrate of formula (1) with the ketoreductases of
e disclosure under reaction gonditions suitable for

th
al., 200 {odscwyr bfonesnddrtdal )t HerueliBs EfateldSpripgagpdebetptops Press;

and CHASEFBocbls i MolbhB.SRSPOURLsBEL BldiUChdthabut. AkdBUhaRs, 1998, updates
YOCI1) is described in US Patent No. 6,924,279 and US

t"200g3atent No. 7,034,150, the disclosures of which are
i ncorporated herein by reference. [0261] | n sone

01971 fipychartia! hest cell§esuitahio prapgiers feredirepng iypscriptin of hgnuclgig gcid

constr@s 1318 résBnt@isIRENE Gndirle tHeorsdtétt bigih&d Bém aleseul:&n@@@aon E.
of structural formula (XOH) coz

coli trsef1eyons %@tenﬁg}@gea}v é’geptﬁmmf w@col(gﬁ@arggfg‘ege h%ﬁ:)e@fczllus subtilis
levansGGEQT eggdcm BabyiBs %Ergﬁ%ﬁ prhat %1%%%&%&&)0%&%

COﬁpOUﬂ formul a tep In

Sfearowwﬁ%gnaét@wwﬂ?ge gne K@b}é\t{)i ﬁ@Cl%éw@B@tq‘%fteés gpha-amylase
gene (&ﬁ(ﬁ')ubt%zlﬁz)ﬁlzcﬂ@n%ﬁﬁsﬁkﬁni&ﬁﬁ&%@@éﬂ@ t&ﬁﬂsB&flﬂJS @ﬁbtgzis §§1AQ§1H &$IB genes,

undeér reaction conditions suitab for red UCIn%ﬁﬁ
and preksxpde beterdpctapasesagh ¢Vl Bamgoff ﬁtealp#%?éuléftoc dYatkAspdnsicla USA 75:

3727- i7|3!)) as Jélﬁas%fm SoRf (([)5%536&%& Wr abgsf PMEUN@ZM&%a it%4 80: 21-25).
descri bed in 2008/ 047909 and US Patent No

Furthes prgmgtegise des¢ribediing &isefgliraising frompscembmpes bpgiersy fofcianaiic

Amerzlfb%r 830, Y748k efn@RE Samtr QARL )L, | Mp20ome enmbodi nent's, the
ket or educt ases of the discl osure can be present as

[0198]C OPDSh k@R %ngﬁl%st%él@sl”fahﬁblé ?ﬁ%ke@i‘fo@&l@% thé Qﬂﬁ@nﬁ%ﬁ Bf the
the substrates acted on he ket oreductases, and/or

nucleiguagiheqnpfaictrob g Presen Fi’é%i&%‘éf‘d‘nﬁk}detﬂﬁ@n%@fﬁ gbtaiertiiom ghe genes for

AsperdiBRz00T ARACRL, s O Rt omliddr HRUWB; 8 |rBBRAsS; AsPergillus niger neutral
conposition can conprise a 2S, 3R selective

alpha-yYlgi effnerdle 18 Achs B lcadbarmilase g s nagsy oudspergillus awamori
glucoa%iﬂh%& (@8, Bizophib Sl eflipab @ - @ik ohyzad Elkﬁﬁ’l@grotease , Aspergillus

nbod I ments, a conp osition can conprise a
oryza@@psgé)pps\pgatwétng?résgu@pgrgg ug pridylgyrs acetamidase, and Fusarium oxysporum

trypsmzﬁ)lgé%r&é@é- WB@E/ Omcﬁg/\x@ﬂ géﬂagNAZ—tpl promoter (a hybrid of the promoters

from the genes for Aspergillus niger neutral alpha-amylase and Aspergillus oryzae triose phosphate

isomerase), and mutant, truncated, and hybrid promoters thereof.

[0199] In a yeast host, useful promoters can be from the genes for Succharomyces cerevisiae enolase
(ENO-1), Saccharomyces cerevisiae galactokinase (GAL1), Saccharomyces cerevisiae alcohol
dehydrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADH2/GAP), and Saccharomyces
cerevisiae 3-phosphoglycerate kinase. Other useful promoters for yeast host cells are described by

Romanos et al., 1992, Yeast 8:423-488.

[0200] The control sequence may also be a suitable transcription terminator sequence, a sequence
recognized by a host cell to terminate transcription. The terminator sequence is operably linked to the
3' terminus of the nucleic acid sequence encoding the polypeptide. Any terminator which is functional

in the host cell of choice may be used in the present invention.

[0201] For example, exemplary transcription terminators for filamentous fungal host cells can be

obtained from the genes for Aspergillus oryzae TAKA amylase, Aspergillus niger glucoamylase,
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the present disclosure, and a product of structura
formula (I1). In sonme enbodi nents, the conposition can
w@oposEss a 2S, 3R ket oreduct ase of the di scl oSRECEPS10b&078513
substrate of formula (1) and the product of fornula
(II) [0263] In sone enbodi nents, a conposition can
nprise a 2R 3R sel ective ketoreductase of th

Aspe%%heg%d%ana pathiepila ynthasq ol sgergiflys pieg Aptgreluspyidase. @P%lfusamm

amqnﬁg%ﬂ@$§hﬁﬁamv¢@esone enbodi nents, a conposition can
conprise a 2R 3R sel ective ketoreductase of the
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formula (I1l). In sonme enbodjiments, the conpositio
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[0203] Lhe¢qngR' s a?etmaaﬁ%soc?aﬁ Swt?Pfﬁeﬁgef SRelite? BIWARNAY rggionof an

mRN/AC af idGhpktakt §geRARL Ao BY t&mgteem THY 16 QueHESS BB lidked to the
I N SO

5! tennféﬁ%tag&%@\]ﬁég L({l%%ﬁ{aegl\év%ggg B 08 gll o l&[)g/f:’i,ptlileo fayde ader sequence that is
functld‘iﬁt akRdie6tcals 868cheRA mfayl b¢ fRd. ExealplshelcadeetbaGlhEntous fungal host cells
neratlng system ¢ npr|3|n | ucose ehydr ge
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phosphaSOiPsRPABOLuiABR |AJISE €R REal Hoslcno4e bbtdleaymrﬂgerga;&e forl N
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we the skilled artj [ 0265] As
dehydﬁoge%eg%iw Hﬂebvﬁgé%pq@w.dﬁmdr%mﬁ%@%ﬂ%
or educt ase-cat al yzed red ctlon reactions typica
[0204], %hﬁ?"r“g"]ase%‘ﬁf“ifﬁ‘aé'ral%éé8@’8]9’? AR 8 RO %%Fﬂﬁ?“ﬁg%lifmﬁ finked to
the 3' ﬁefhﬁn@ﬂﬂkﬂé&ﬁél&d a&&%@lﬁ&@bl elhESKcle RhynRaschdsa s fé&ﬁknﬁe& BY fhe host

al so t ca require a cofac t hou
cell as @ 358gi tﬁg Y& “OHE® r@ﬂa‘ﬂeﬁ é‘b?aélacr{béé B‘P@d‘u d%%‘(g’é’?n?ﬁ‘é‘éﬁfl?‘bseque“"e
Whlchﬁsaﬁmdtﬁﬁzﬂ ilChE Akt o1l dfhl&ﬁcefrﬁ@qielu@d’lﬁn ﬂ&tp@ésyrg @tevionh Exemplary
use erein

ket uct ase en
polyadhyifondBRa Eh P R AP S NGl PR o B B ter (Hggeilis
oryzaeope{/aheelasmm@fgamua Al ded Fludainitlage, Mgie%mmaﬁze alﬁmzmmec synthase,

Cofactors suitable for use wt er
Fusariggogp gt yedn; gg%%?%“daé@c“ﬂ’%% e B O se. J{zeful

polyad@htativ@lscdulcitet £ yéast hoNARDR {r&ii@oibcd ainGle aﬁd&f&hﬂ@ 1995, Mol Cell Bio
1559§&£% | eoti de phosphate), NADPH (the reduced form of
§ NAD ( ni coti nam de adeni ne dlnucleotlde) and

e reduced form of D). eral | t he reduced )
[0205); ﬁg?r?"g#m‘tsﬁ‘é“ee‘bef‘%aé’t P bed S§B?§1A83ttd8 "?‘ﬁlég %6%18% lﬁab“rﬁ’ﬁFﬁ fgli {fyagnino acid
sequenth @nlted Aaite amMNOR i) rds bod ﬁﬁlﬁﬁﬂld@an@@idcﬂmﬁ dnyodeé gengipaleidto the
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ate in a reaction that reduc he oxi di.zed
seemeR5p eGPk el B PEP NG ecr AR R NSt g ofthe
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he ket ubstrate are r ener a ed | reduced for bX
The fO{E‘H%l S&%}F B(? croglag ﬁeg}ogtn'ilaé/ §%ggtree 88? g sequence does not
naturall gt adigrahppyiad @dmgeasiqr i se a stoi chionetric
reductant that is a source of reducing hydrogen
equi valents and is capabl e of reducing the oxidized
formof the cofactor. The cofactor regeneration system
may further conprise a catal yst, for exanple an enzyne
catal yst, that catalyzes the reduction of the oxidized
formof the cofactor by the® eductant. Cofactor WO
2009/ 046153PCT/ US2008/ 078513 regenerati on systens to
regenerate NADH or NADPH from NAD or NADI) +,
respectively, are known in the art and nmay be used in
the nethods descrlbed hereln [0267] SU|tabIe
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WO 2009/ 046153PCT/ US2008/ 078513 [ 0270] Non-natural |y
occurring glucose dehydrogenases may be generated
wa@giopg4ddsdwn net hods, such as, for exanple, PCT/US2008/078513
nmut agenesi s, directed evolution, and the |like. GDH
enzymes having suitable activity, whether naturally
urring or non-naturally occurring, may be readi
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62, 64, 66, 68, 122, 124, and 126. The

[0207]p Ehydmg kigrdl belsids W@&stf&aiact@ﬂzﬂ aeke cé1Rer B 8l pptidiesbding
Publlcatlon WO 2005/018579 as SEQ I D NOS. 61,
reglonsgbtale@ iegrythe gones fo SacillusToCIk 837 walfngetis dhaylyse. Zqqllugs
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lactaseQVg@AR$/83836). vent conponent of an aqueous co-sol vent
systemis selected such that it does not conpletely
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co-sqgl vent systens can. be re i.denti.fie

polypopfiS e Ren PRI BT PSR (3P Aot i is i p Py gppride and the

signal pegide esgioads feitioncdiaettage amioytermimis bhtha paeétide ebgion.
substrate of interest in the candi date sol vent system
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General ly, mhen an agueous co-sol vent systen1|s
utilized, it is desirable to select an organic sol vent
that can be readily separat® fromthe aqueous phase.
In general, the ratio of water to organic solvent WO
2009/ 046153PCT/ US2008/ 078513 in the co- sol vent system
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WO 2009/ 046153PCT/ US2008/ 078513 added to mamintain the
pH. Typically, bases added to unbuffered or partially
whegopes@asd reacti on m xtures over the course of PETES2008/078513
reduction are added in aqueous solutions. [0279] In
sonme enbodi nents, the co-factor regenerating system
.can conprises a formate dehydrogenase. The terns .
fungi, sqleplﬁﬁqgéla@éy]%pe@@@ﬁ%@e therlA K4 a-giasgpaqmoter, Aspergillus niger
glucoahﬁgﬂaﬁé FORDGE AR Y5 RN Bls Bt JefhshylhR pRdmAD or

DP- dependent enzyne that catal yzes the conversion of

[0213]f OfHEREQNMPRE oNARIIS6ryNARde® a6 AROWhidh MvElRr e aNididaBtn. In
NADPH, respect]vely. Forpate dehydrogenases that are
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formof a salt, typically an alkali or amonium salt
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HCO2-. When formate is provided as formc acid, the
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aci di c by addi ng a.base to .provide th sired pH, .. .

an oyt G BEnP s bh BB R abfe el eason cz.
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l[imted to, organic bases, for.ex | e. am nes,
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the chi oo AE b S e MRS, FoyGosbsss gl cob o TR or two
or more @28drp oFElisnfidd Wit itegetiah cokeaidide tital MM Do tatintwddueld into the genome of

formate i s predom nantl resent as HCO2 , Equation
the hogt 35T R § iR r BB iERY BoSethe | or mat ¢ i

d drogenase-cat al yzed reductio D or NADP b
02071 P B Si56 ) Bt b B BB Biai fye o More cctabie
markefsDivhitiGaR2mit +adNABE dot CORant foNAA de)id A pdd8Ble nvhle isfaagen@the product
and formate dehydrogenase are enpl oyed as the cofactor
regeneration system the pH of the reaction m xture
may be maintained at the desired | evel by standard
buf fering techni ques, whereiln the buffer rel eases
protons up to the buffering capacity provided, or by
the addition of an acid concurrent with the course of
the conversion. Suitable acids to add during the
course of the reaction to maintain the pH include



OH (3)+ NAD(P)+ sADHO ). + NAD(P)H + H+ [0285]
Secondary al cohol dehydrogenases that are suitable for
WIz®Ias18dbf act or regenerating systens in the PCT/US2008/078513
ket or educt ase-cat al yzed reducti on reactions descri bed
herein include both naturally occurring secondary
al cohal dehydrogenases , as well as non-natural
of whigle gy ifFsig @%@frﬂa Ay TR FCSHIBRSAIP Beran ASES, mm%i)rrarfar tpy

auxotr@ﬂﬁ Wkl itk © B YO f Bl k@B 1caehlY HaRGRARSES 44! B&lcY 86m Bacilius
known al cohol dehydrogenases from _Ther mpaner obi um

sublilipproftagilhus llm%&w’eec%%aﬂé% Phich gonfrrantibigi rgtgice pugh as ampicillin,

kanam|§&f1 | dhloradijfhehiast (ORapId 1) 'dﬁte@ic%&!lﬁrﬁ sresRRc ) Uit Mk Yor yeast host
urrin secondary al cohol édrogenases i ncl ude

cdbaeﬁﬁ@%% LEUEoho? 8@ﬂ9d?%%bﬁ%% BAderi ved therefron1

Secondary al cqohol deh dro enases enployed ip t
[0218]g¢lfciehle Bakess fBaee R TAME %@P%ré fosh 5?%?%1}%‘)18@{%}0? jimiged to,

amdS @&etﬂﬁﬂagaﬁugraa(bhmh@e @dﬂlﬁd&ﬂo@ﬂnanﬁ'&}(se? b (phaspmotmdaﬁ MetyYra@fferase),
at | east about sonetines at | east
hph (ha%wm&ehqsnlwarrﬁﬁﬁrrrﬁhﬁlaDdear Tfdugfate). Ry orofigine-5-phosphate

decarbdRY1450), BE (Rifattl BdcnQltrak@didse )L 1 D lahthiiafifidi@sy@thadt) QR @EH ad¥Quivalents
2009/ 046153PCT/ US2008/ 078513 02824 Suj tabl e secondary

thereoky| Ferppginaentsrien e 8 ngerreduceiidayediaaanisiad ay senes of Aspergillus

nidula®¥ W 4spdrkdilis &3440laROInE bar%x@mlmspz@&y&pw@rosmadar y
al cohol s i ncl ude i sopropanol, 2-butano
[0219]3 THE&@Y&S&@H WdloanTlthe pleseid er%ﬁmﬂ' pref&aile Gctrﬂdil@ hn element(s) that permits
] 3,3-gi 1-2-b tanoL“.Slr and the like. In on
inceriigp BEA RO CHe b8 BEpri SR BGIOnE s SR RA Abihe vector in the cel
indepeﬁﬂkléﬁ ahheg@gmli E(K)ﬁ:ltegfiﬁ[dﬁhliﬁ@ ki hgg@l%nge{%m Shdetiol b eblyadhtthe
substitute ar et hanql s en secongar )
nucleiggiigrenghcadroteas! ypearl%fﬁa{ly o rr;r%ﬁnoa*eqf Segpglor iegraton of
the ve@biihQYIRkeASd Biehoml @etir nbAPaReILals reddnbistiemn t he
resulting NAD or NADP is reduced by the coupl ed
[0220[0Xilte@ALiRL, f ckfiessiBR eauidatay catgio Additidnal ﬁlbelclgemoa@emxs for

the secon IcohoI ehydr ogenase.
dlrec“ﬂ%t“&ﬁg@o‘%gg]g%%o WL HAvR e F’\%i VAR RT QE{?}‘S ﬁ%fg 8%5? é ¢ glditional
nuclei® ﬁﬁ@ﬁq@&ny’es&hﬂﬂemhb vt i bBinfegraled iSo1le h@ﬁt‘kﬂrgeﬁﬁﬁé & alpSdciRg

locai Ry BB R e ek Triet Sat B AR obd Sanb BER) &P s aggon. te

1ntegrﬁ1bﬁaltel’éﬁleﬁta§l’ﬁ)uﬁll’1i@fﬁﬁbly EORE8B} sdfficicantyibsr@f futleic a01ds such as 100 to

mbodi.ment s educt as catal ' i
10,00 S e radk ADO B DL BRR P TR RED S0f Bt 1000 Base pairs,
which hRgedh Rinolizosysitiet c@tdhmding g Xdqdince h ddhankethd @RBability of

form of the. cofactor ma r ovi initial .. As
homol et o Bt it Sbe e BOT LD r B ek b e Bt sfppmologous
with tiafg@sémemiitlihg gehoafof b bst bell. IHu&hérﬁldtbC&rd irft@frdfionMBieadnts may
is then utilized in the reductjo et or educt ase
be NONSEIG ]?ga‘fré:nchﬁlﬁ%‘f cip ﬁClg SRS H%o]{m al&%f Jegpr may be integrated
into tht @ERAR oA th BBst Sy BbyEHPR-hdMBloBas rets@dinafior T educt i on
reactions carried out without the use of a cofactor
[0221]r eg@m&malhblmgepﬂmstt@mhe véche nﬁ@ﬁiﬁﬂfsﬂd‘onipﬁse&ﬁﬂﬁ@uidf répfheatmn enabling
th ﬁ%m)t(t W rr?ég}ot t%obf g%l B £
© Ve‘é?&}?) HiPrett & °“\R)P?8‘r’f X Hd 8c°8§é“ ‘i"§s L3 iR D 8{ aﬁ@Fﬂg?“ng °
replicatiom hie PCEA b (z&fshdvhﬂnhl&ﬁilasﬁﬁcg(&ml@fﬁ) of the oﬁ@@i &f repiichtldim)y plasmids

pBR3 })Iﬂdﬁ\f Eda%;ﬁg%%Y#% hljéoE S‘ag@éi tﬁe F{ﬁg Q}%r or plAéer 4 Rgﬁ}lt{ug}g replication

in E. cpli,omMdl gEB1 e pBl o coisel 06 by fADPe pageiing R38cklod i Baailloy i B@mples of
out the. stereosel ective reduction reactions descrlbed
Oﬂgmmfr@hﬁaﬂorl He Hhigicneay aert kaiot Bed Eh LR O grieplicatiny. &Ryl ARS4,
the co@BAMTRDT QRSP bASCING3, bh@the BéhiIRAlon 6OARSA Bfd CRUE Nk Atikiant
system nmay be added to the reaction nmixture in the
formof the purified enzynmes, whole cells transforned
with gene(s) encoding the efzymes, and/or cel
extracts and/or |ysates of such cells. The gene(s)
encodi ng the engi neered ketoreductase enzyne and the
opti onal cofactor regeneration enzynes can be
transforned |nto host ceIIs separately or together

N a o o 1. . o o o



[0292] Whole cells transformed with gene(s) encoding
t he engi neered ket oreductase enzyne and/or the
WO@pikosas3 cof act or regenerati on enzynes, or cebPdT/US2008/078513
extracts and/or |ysates thereof, may be enployed in a
variety of different forns, including solid (e.g.
yophi | i zed, spray-dried, and the like) or sen1soI|d
rephca(a@n @my b%[OI}?rh@;‘dlég bg)élfagyn Wll'uel?glglres THdupioping ieppgiatuge-gspsitive in the
host céiBkde, &Y SBARS, T808, PR PRftdcad by tuiristisgd). by
precipi tation (amoni um sul fate, pol yet hyl enei ni ne,

[0222)N &Bre thiPLMTBRM 0fAMmut1BR atitl KQuedco bt @ sdﬂ}/ in@er®i88 Al bd@serted into
procedure prior to Igo philization

the howl} ‘z?fqur?aP%\E‘P%‘W“‘“d?fé g Prodirg fh é“’fe?%‘él)‘ the goRy nymbei the

nuclei€Rid scRfiRBesaatbl ORGinBRYy iRRgd LRIt Idaz@8e RIithATShyY &Kher@quence into
usi ng known crossllnkln @ents such as, for exa

the hogcglf %ﬁnallnaeh%ec BHG RS ﬁ? & #l5shblegnaskes geneqvifhbee 2heieid

sequerlc@ wlere cﬁlé&@ﬁtglhing Gmp R cbies (Lﬂtllfeﬁs)electﬁlgla %l}kefr %h@e S84 tdreby
reactants %chenz yme, salts, etc rovi ded

additiqngl qopigs ?fé%f‘cwc i sgdugage; @pype é?le%qdffpré%.‘/e% kvt cels in the
presenw@ﬂtydap@ﬂ)pﬁgw&éctam agent. | yophi li zed, spray dried, and
the like), solution, enulsion, suspension, and t he

[0223]] Megy oﬁ_th@eip@sﬂﬁblaﬁgcﬁ)rﬁﬁf\usfé% he Qté!;dn}/mlvéfﬁbﬁl hrk lc@@6lei@fally available.
pray drled usi ng nethod and e nt that are_ known
SuitabfeigopHsEE! Y HE" zsffcaquﬂy deg P A Exhagepion pegfors from Srgma-

AldricB x:asmicels St.h@uiMb. chewmcls ﬁigldgésﬁmmali)r&ﬁ)ﬁérlralﬁd BOH gblya&@@afidh site
al i uot s, then a e recni ed
for exprssignin Wawl&ﬁ hes s end 2 P%F{g%?v%’d Rf rephgation apd apigitig resfstance

marke® fVBGAIRatibh LEE. cbheoiherduale @(fpre‘éﬁérg\l’ec‘fofschﬁﬁ BH18sE3IRISES-) and
ralsed_to

he te erature | AC for two. .
PBR-GY r whiglhgrg pamperria %Vaﬁ?b?% %@@g@e&fﬁ? &ﬁ&’”ﬁgﬁ A pfpsmigs which are
derivell RBmlppROML tdlz@dalag MU EsGib{RVS) pRike, OBPY (Idvitese®d)for pPoly (Lathe
g ant.s d in the reduction reaction wll
et al, g’ﬁe %?P7 gndependlng on the quantities of product
S|red and concomtantly the ampunt of ketoreductase
Bst r Heg Celipfos faryessippaf Ketplfee%taﬁ@%lwe@afi%es can be
ed to determ ne the amounts, of ketoreductase,
l02241c Bt ity aspech Ahe PSPy ABLIONET BOYides ar@@tecﬁ@ FApRBHEapebansiogide

encodidg €n infpeRied ﬁ&tblﬁédl%clﬁa@% Q)l%ég%der(ﬂ&%g)é&&ﬁ diiéel/oiﬁﬂ@ kiRypeHn@dlecdide being
tration o about to ans |
operatp P HABIR L MRge $BTelEIHeness éofarpf toawétﬁlaﬁffta@ u%ﬂ%%enzyme in the

host c@D @bt ckOs fPuden apdstind HO KREDOolpoHtaes afcodemga:ﬂe di@l‘éésﬂ@ vectors

ordlnar sSkill [nthe art will rea |I rsta
of the Prase\vaw iR s Wah Ep it e ariging el Dt ol mtti"f{e‘ 3@9??34 gells,
such ab BV, Elfcto@&@%%ﬁNL&chb@ﬂdusSﬁa\lzﬁ SobpriiRetliSeonella typhimurium

ri ate uantltles opti onal cof act
cells; @E%éﬁ@f eﬂl%‘fﬁ RIS asew é’éva¢S|C§V€aléaaePﬁ49 IHugPgpris (ATCC
Acces$i@HNS.120 1 ERPeiboredttiatichBs DRSENilOB2 aﬂaespaﬂ@waﬁ SOfcells; animal cells

seh o BT LR B oy s o b din el Aapgar e

mediubhb bihd geethabndigne s tiakove- debalbedmsmlua tirc @V &hovod in the art.
ket oreduct ase substrate to achieve essentially
[0225]c Bﬁlph@}jeetldbrs f(ﬁ%&lbrgﬁﬁ)ﬁmk‘ ik RetORONESS tﬁﬁﬁ b@féltrb(hﬁ?d into cells by various
ore tase_suhstr at 0296] . The order .o
meth"gsrek“r"%(ﬁ& ﬁt‘% Ti‘? e é‘}cf"tdf: E PNS OHES PEGEPRIY Rﬁi)j“’:.‘fé’amde
bombaaditked lipogeic m&rila&ﬁ tlfahkﬁecﬁaﬂi‘[ealblhﬂi&:htoﬁdatrﬁ@feh’tﬁfmt ar{d@r@oplast fusion.
|c sol vent si.c aq CO-S0| v
Varlolgmq‘g)ﬁ? éngl pokrg)lclgo(tjl eseﬂltpg é’fﬁ@% Plgparegbtﬂ&eos}ql]te% %msan
reactants nay be added separately, and sone together
at different tinme points. For exanple, the cofactor
regeneration system cofactor, ketoreductase, and
ket or educt ase substrate may be added first to the
sol vent. WD 2009/ 046153PCT/ 352008/ 078513 [ 0297] For
i nproved m xi ng efficiency when an aqueous co-sol vent
systemis used, the cofactor regeneration system
ket or educt ase, and cofactor may be added and m xed
into the aqueous phase first. The organi c phase may



[0302] A single mcrobial colony of E. coli containing
a plasmd with the ketoreductase gene of interest was
W0 pwerd@Esed into 50 m Tryptic broth (12 g/L PCT/US2008/078513
bacto-tryptone, 24g/L yeast extract, 4 mJL glycerol,
65nwlpotassiun1phosphate pH 7.0,) containing 30
/ m chl oranpheni col and 1% gl ucose in a 250 m
lﬂzzﬂeﬁmera%rg}ev tht sdkis Egdprichiqeds Wgtlewﬁ heO@FsTightcconay @epdtd by
operatfjvélyhﬁ]ﬁﬂlg h Bol?ﬁhcle@ﬁ&k%&&ﬁngaaﬁl i QIGVUM Eeh)r&iﬂ@tkderiﬂo dle 1911d

ture was diluted into 250 Terri
pCKl @58@ PPG&SWtﬂ& lipksddo the g peaysaer, undg cpptept Af t&ﬁ aétrahrﬁﬁetq j [hgexpression

vectorlalo @orﬁalhddttﬁerPIfSla 3fin bPrepitaff drddhe (ﬁ%@ﬁﬁﬂhynlédl r&QQnd gEhe Cells
(.0D600). . of 2 and allowed to ?r ow at press

contaigipg the 80bet Eﬁlealale%@én Gee s mﬂﬂé@&% ltqlflteﬂ o bipepss the oells
to chloihARRI841Q4EARAPCT/ US2008/ 078513 when the 0D600 of the
culture is 0.6 to 0.8 and i ncubated overni ght (at

| gast  IRuduSIF Ge@@ﬂaﬁ% MRERRAKVBRUEDsB YoIGHItilidsf ugat i on
(5000rpm 15 mn and the supernatant was

[0227diSafcd8BodihbBRs, 68 bk 8¢ InflroVa K RESSISHREAER Mk PoBPeptides of the
equal vol unme of col d (4C ) 100nmM

preseng ?lﬁfé?SHtfn@F SHPRBYesrB e detpregitase Frzy piR thet eptalyzst th ghdgfiop reaction
is obtaii¥l Mi%@%e'dﬁfr&ﬁ Ea QRIS k&%&%b@@%&%ﬁ-& BRBbacillus minor. In

englneered ket oreduct ases derived there from, and
some qfjodimenis thg perend Relyyclrgads seapeaes inersion Opt%e%tagﬂ@aceceéptegmn of

the ketORIdGCtds€ %ﬂgﬁﬂ&ﬂm‘sﬂ’beﬁ 2 Ahn ifisttabl6n, @Rl prental polynucleotide sequence
triethanol am ne(chl oride) buffer an passedwthroug

encodipg gl %@W@@peﬁldq doopaqciliin e virareeEicfddoat 4C

ohgon@tdud@!sqmpafedw&d LESMYERhoY peBPEtilié blr.ﬂaéric@ﬂf z(&@@&kzm Wefir KRED
The clear |ysate supernatant

sequerncg, Ptr%gtleal Gevbankidgtapase fyenbarkacoossjeim P42 @1 éﬁ 120pefhe

parent@ll pBBhudidbsiad &qiindy, |d6§?@1a@d dg S(E(@M@ 10 asEbdth®ptimized for expression
ket or educt ase en npl e 2: Production of

in E. C%Ptﬂtéﬂmlé@@gnlztf‘é“ﬁ@ﬁ‘tl%‘tttd% ﬁloeiddef@aa peprespignyesfory aciyg the

expresdigh af tﬁéjk@&hd@{a%jgeiéhn(feﬁﬂlm&[ of tho 18d-profo@f zﬁi&tlﬁbl ghisdbMene.
cont ai_ ni ng nnnnluntsulfate 0. 98

Clone%eateéﬁwgém Mtf%ket%zd@a@q ip Eofolgyppidgaificd A geﬁetﬁquenced to
confirRAIRSNAGLE. tihe E%Qdér@t: Besiatk®HHQ 0 NOOI)I&S hﬂérﬁhﬁhﬁh\é@eﬁ&aﬂlhzed as

phosphate, 6.2 g/L of Tastone-154 yeast extract 083
the Stagrne Pf”é‘F for mosfsRsRmEAS @nd hibigry conshpctisn of agjneergd %Oret%ées evolved
ﬁnm¢§;§ﬁ§%5am@h@ﬁu@am&maﬁ@|nlng 2 g/L of calciumchloride
di hydr at e, 2 g/L of zinc sulfate septahydrate, 0.5

[022819/The é@ﬁeae@ﬁ@oreadcfaaas earnwtsbthy&a@t/ ubjéktife the poIPRRUSticde encoding

the natfngalll ;gtt’f;l&{]%t %gﬁﬂgf:rt%te & @t}ig;engs&soqna/mgm ?e Gﬁqhétfogctir?ettheods as discussed
above ARG BXEhlaY BirddRed cbs1u@héchhiqueis Erﬁtf@&fe@tﬁ b Ror SN B @fﬁiffhﬁ@% described
nter was i no with a gfnentl

in St Lge Bt aont dig S 91 st b SRR doprs: wo
97/35%6?%{?@8@173@11 w(agefg%mewofomlat:eg £9U.S.FLOWR3T.MA ngg%Igﬁec%ted
as S escri pe | e to a st rt|n X
evolutign grocgguses ghat tﬂ’i‘é’efuéf‘rdrt]é‘ﬁt% anjong oE\gsy %tgeareifxt%wnmes K%’F}F% in
vitro réddghbbfionVaBacsdd R 1088 Mu B hk 2. rl@%B%ﬂpHlu’té@&ﬁ@PCH(Caldwell ot

o 198 e . 5 A0 S g en G £ s roe Nat

Acad SePUbA 03:883-309)7. 0 by addition of 20% v/v ammoni um
hydr oxi de. G omh of the culture was maintai ned by the
[0229]addé &lblﬁﬂ obthinad foﬁ@xdlng @luthizéRbis G ait AicRgreb2Q gdrlengmeered
é # amoni um chl ori de and. 10.
ket"“ﬁ%‘(&ﬁ%@ aihs 8 TS?*S Rt Sy B RTR AT %"ts‘“’t“}%een@ﬁ‘%‘t gghgty from the
expreskieRh@desain BaD0mdd Bllg tHeRRn@X PhiSEindhry @dchnique of monitoring the
ket or educt ase was i nduced by the addition of
i sopropyl -P-D-thi ogal actoside (IPTG to a fina
concentration of 1mM The clfiture was grown for
anot her 14 hours. The culture was then chilled to 4C
and mai ntained at 4C until harvested. Cells were
harvested by centrifugation at 5000G for 40 mnutes in
a Sorval RClZBP centrlfuge at 4C Harvested ceIIs were

o, T o o



WD 2009/ 046153PCT/ US2008/ 078513 t he reacti on progress
nmeasured by follow ng the increase in fluorescence of
WORDOPBUES3 445 nm after excitation at 330 nm i NPEI/US2008/078513
Fl exstati on (Mol ecul ar Devices, USA). Exanple 5: High
Thr oughput HPLC Assay for Ketoreductase Activity on
nmet hy1l- 2- benzani donet hyl- 3- oxobut yrate usin )
rate of; d§%§52}56 @94 H{ICERLS I ﬁ@prb@]&:efoagtlgﬁsc?@a\;%f |I\{4%H of lﬁg@gﬁ{ concentration, as

it is conY& Rl @80 WRDE oPNAPRT. Q@oﬁ&aﬁﬁ@ Cked Bogh é)ld’ﬁ JXoihRlr@chlon, the NADH or
Ket or educt ase activit WwWas neasure transferri ng

NADPRES sofseet@aidizrdi bééhedﬁetoméctes@@ﬁ the }f%talteé%ctasﬁfeéucteﬁ 3 k%%‘l‘q sgbstrate
to the &frre%ﬁﬂlﬂg Rﬁﬂ&@ll Eﬁ{lﬂ Meahtef deRLFEIIRADH FNAOPH béncBitradon, as

DP in 100nmM triethanol am ne(sul fate) buffer
measu. y(t)he dfgreas[: Eq_abéqrb@cgorn%yo}:ﬁscence per unit time indicates the relative

(enzytﬁ@f%h%ltlw%r HRAZIRED Q0®hdpyide ﬁh@&@@ﬂhWn@bﬁhé RsaddW0r a %ﬂnhzed

LI - cleared | ysate was added. The pl ates were

powde[é Bafietiergirem)- AV s hafpeYsd sremF Pé‘?Pé”Y d5piTRh éheﬁé%’tstaélé@ enzyme
act1v1t§r 818 bé Medserel bier 1dbjédMBRIHG l8hle prdphiionsdd # I3B64BnB&4dire and

nd i ncubat ed at roomtenperature for 24 hours wth
measugﬁ%wr: Agounhet erREmeRd vVisf repRingabet hegtirealgwpts{ Llongmasptaifipg

polymRRIEEE dnbo BRGH kMR ductadeRR: tﬁérﬁﬁ(ﬁﬁed’\@é'q%eﬂ'c@@%QH&nyﬁHQnucleotlde
shaken for 20 mi nutes. The organi.c g ase was separated
QS

Sequenfcrs%ﬁngﬁélfaade@délseﬁﬁag@r%@the@Wmeﬂla@ e (4000 rpm 5
mn., 4C) and 200 [LL the organjc layer transferred to
[0230], Whe{i; thteeav<a6e e SnSHEcTa ISP Eids o nafapstuslepiiengneoding

the entyAR ABRbOREFar Q8T GlainLed sd11d- PR MR IS -acdoX@RPb &néin d5in@Btic methods.
Thr oughput HPLC Assay for Ketoreductase Activ

In somggl 1m2nts BREREHS e Mt H0basen ﬁzﬂ}}ed{l(gw@éaﬁllﬁ éyntﬁ/esmed then

Jomed'(cS% PIS}Deﬂﬁﬂrrﬂzltfé%h Bfhenfic m@gaua‘naﬁtetﬁédsr &GYFhichge ﬁtedlm@laahods) to form
strate concentrati on. 10], To vveII of a 96-wel |

any degiredycgptinugys ssughes- vﬁage%ﬂla@dp ﬂluflE?fldsff ang of SoRyFIptIdRR NP ention
can bel pllQ@ H%deﬂl@'l MHﬁklamlﬁgeé %U{hfe Rlasicabptoforaptilité. rbtholiRPscribed by

Beauct i bl o B PERSOID: L M eicatory Sab B g 4oty EV50.
3:801-0%, e0Qs 1M t§5éully PRetigddat @ﬁorﬂﬁ&ﬁ?&lﬂi@ﬁc BeRddedAadeling to the

|ncubated a m tenperature faor 24 hours w th )
PhOSPI%ad‘klfhﬁﬁ‘gmetJ&?‘{ lnEtiepigh FhniEset o, I go M pcRE s ygiesizer
purificdhaeh1dd0li @eehnivelohed ih B@r@rﬁk&%ctw@r B dagi@bn s:@s@ht@my ag@hddleic acid
and. shaken for 20 m gut es. The organi {ghase

an
can beofiained fray apy giA YaHEY & f‘srmﬁlwagréewctséﬁ T idlad ?swﬁed Reagent

CompArdO0IAANTX STH¥IGReat Ad{e}icaAlGhne @Qmi&iﬂy R0 Q& Hx§rokdealinc.
transferred to a newgﬁallow—we , 96-well plate for

Chlca%?ngr PopIgn J%‘fhﬁ@k’%lﬁselnﬁwe Bade: §és &4 BEY oSExanpl e 3.

[0231]t gnglas]gmdq?s rqeggf%%re) l?g%}’?ngg%lﬁig%ﬁ%ggw ¢ hc%? h%rréggvem ?rom tl?e cells
and orSheURGS Q{eﬁféﬁﬂ uéthg bl or @drdf the well known techniques for protein

i s B R AT b P gl TR it . i
centrifydtioy knd cb%ﬂ@@ﬂ@%hﬂ%ﬁhﬁ@ﬁﬁ%ﬂl&&ﬁ@rﬁ tlﬁé}ﬁélﬂc]fﬁclﬁﬁié? eRtkaction
ADH- LK varl an re eval uate st er eosel ect i .
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TABLE 4 SEQ I D NO Number of nutations from ADH LK
activity" stereoselectivityB 90 1 ++ + 92 4 ++
WO 2009/046153 PCT/US2008/078513

particular enzyme will depend, in part, on factors such as net charge, hydrophobicity, hydrophilicity,

molecular weight, molecular shape, etc., and will be apparent to those having skill in the art.

[0233] In some embodiments, affinity techniques may be used to isolate the improved ketoreductase
enzymes. For affinity chromatography purification, any antibody which specifically binds the
ketoreductase polypeptide may be used. For the production of antibodies, various host animals,
including but not limited to rabbits, mice, rats, etc., may be immunized by injection with an
engineered polypeptide. The polypeptide may be attached to a suitable carrier, such as BSA, by
means of a side chain functional group or linkers attached to a side chain functional group. Various
adjuvants may be used to increase the immunological response, depending on the host species,
including but not limited to Freund’s (complete and incomplete), mineral gels such as aluminum
hydroxide, surface active substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil
emulsions, keyhole limpet hemocyanin, dinitrophenol, and potentially useful human adjuvants such as
BCG (bacilli Calmette Guerin) and Corynebacterium parvum.

1.6 Methods of Using the Engineered Ketoreductase Enzymes and Compounds Prepared

Therewith

[0234] In some embodiments, the ketoreductase enzymes described herein are capable of catalyzing
the reduction reaction of the keto group in the compound of structural formula (I), methyl-2-

benzamidomethyl-3-oxobutyrate (“the substrate™):
0 0
(1) OCH,

to the corresponding stereoisomeric alcohol product of structural formula (1), 25, 3R-methyl-2-

benzamidomethyl-3-hydroxybutyrate (“the product”):

OH O
OCHs

[0235] In some embodiments, the substrate of formula (I) is a racemic mixture, as shown in formula

(Ta),

76



+96 1+ + 981 ++ + A +: >30%conversion, ++: >60%
conversion; B +: >95% (25, 3R) isoner. [0315] The
WOBMA¥615RAr i ant with SEQ I D No. 90 was used f oPCT/US20b&078513
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sequences are SEQ ID No. 48 and SEQ ID

reactigngBeyarinSgkqme. 1 Rlaavis|pecpgre tiRayedyei iorppula (H)
Met hyl - 2- benzam donet hy1- 3- oxobut rate to

(25, 3R) - met iy 1- 20 benzam donet hyl roxybutyrate by
further Engilpeeregd Ketoreduct ase Der| ed from ADH LK.
OCHj OCHs
NHCOC¢Hs NHCOCeHs
(Ia) (I
Scheme 1

[0236] Accordingly, in some embodiments, the ketoreductases of the disclosure can be used in a
method for stereoselectively reducing the substrate of structural formula (I) to the corresponding
product of structural formula (II) with at least about 60% stercomeric excess, which method
comprises contacting or incubating the substrate of formula (I) or formula (Ia) with a 25,3R selective
ketoreductase polypeptide of the disclosure under reaction conditions suitable for reduction or
conversion of the substrate to the product of formula (II). In some embodiments of this method, the
product of formula (1) is produced with at least about 85% stereomeric excess. In some embodiments
of this method, the 25,3R selective ketoreductase polypeptides have, with respect to the wild-type L.
kefir, L. brevis, or L. minor KRED sequences of SEQ ID NO:4, 2, and 86, at least the following
features: residue 202 is valine or leucine. In some embodiments, the 25,3R sclective ketoreductase
polypeptides have, with respect to the wild-type L. kefir, L. brevis, or L. minor KRED sequences of
SEQ ID NO:4, 2, and 86, at least the following features: (1) residue corresponding to X94 is an
aliphatic or polar residue; (2) residue corresponding to X199 is an aliphatic, constrained, or polar
residue; and (3) residue corresponding to X202 is valine or leucine. In some embodiments, the 25,3R
selective ketoreductase polypeptides have, with respect to the wild-type L. kefir, L. brevis, or L. minor
KRED sequences of SEQ ID NO:4, 2, and 86, at least the following features: (1) residue
corresponding to 94 is a polar residue, (2) residue corresponding to 199 is a constrained residue, and

(3) residue corresponding to X202 is valine or leucine.

[0237] In some embodiments of the method for converting the substrate to the product of structural

formula (II), the substrate is converted to the product with a percent stereomeric excess of at least
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[0317] Inproved ketoreductases derived fromthe ADH LK
variant with SEQ I D No. 48 were eval uated for
WO pipeadssl activity and (25, 3R)-stereosel ecti vREHUR008/078513
the nethod described in Exanple 6. WO
2009/ 046153PCT/ US2008/ 078513 Tabl e 5. Activity of
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corresponding to SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42,
46, 50, 52, 54, 56, 58, 60, and 62.

[0238] In some embodiments of the method for converting the substrate to the product of structural
formula (1), the substrate is converted to the product with a percent stereomeric excess of at least
about 90-94%. Exemplary polypeptides that may be used in this method include, but are not limited
to, polypeptides comprising amino acid sequences corresponding to SEQ ID NO: 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 40, 42, 50, 52, 56, 58, 60, and 62.

[0239] In some embodiments of the method for converting the substrate to the product of structural
formula (1), the substrate is converted to the product with a percent stereomeric excess of at least
about 95-99%. Exemplary polypeptides that may be used in this method include, but are not limited
to, polypeptides comprising amino acid sequences corresponding to SEQ ID NO: 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, 32, 34, 42, 50, 52, 56, 58, 60, and 62.

[0240] In some embodiments, the ketoreductase enzymes described herein are capable of catalyzing
the reduction reaction of the keto group in the compound of structural formula (I) to the
corresponding stereoisomeric alcohol product of structural formula (III), 2R,3R-methyl-2-

benzamidomethyl-3-hydroxybutyrate, (which can also be referred to as a “product™):

OH 0]

OCH,

~
NHCOCgHs  (111)

[0241] In some embodiments, the substrate of formula (I) is a racemic mixture as shown in formula
(Ia), and the 2R, 3R selective ketoreductases can be used to reduce or convert the racemic substrate in

the reaction shown in Scheme 3 below to prepare the product of formula (I1I):

o O on 0
ocH, —> Y~ TocH
_\
NHCOCqHs NHCOC¢Hs
(Ia) (11D)

Scheme 2
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[0242] In some embodiments of the method for converting the substrate to the product of structural
formula (I1I), the substrate is converted to the product with a percent stereomeric excess of at least
about 85%. Exemplary polypeptides that may be used in this method include, but are not limited to,
polypeptides comprising amino acid sequences corresponding to SEQ ID NO: 68, 72, 74, 76, 78, and
82.

[0243] In some embodiments of the method for converting the substrate to the product of structural
formula (I1I), the substrate is converted to the product at a rate that is at least about 1 fold greater than
the rate capable by the polypeptide having the amino acid sequence of SEQ ID NO:66. Exemplary
polypeptides that may be used in this method include, but are not limited to, polypeptides comprising
amino acid sequences corresponding to SEQ ID NO: 64, 68, 70, 72, 74, 76, 78. 80, and 82.

[0244] In some embodiments, the ketoreductases described herein can be used in a method for

synthesizing a carbapenem, the method comprising the general process shown below (Scheme 3),

tBuMe,SiO

0 o) OH © H H
— ? OAC —=
OCH; — OCH; ~— —= —

——NH
NHCOCgHs NHCOCgH VY
o]

(la) (I av)
Scheme 3

where the KRED can be any one of the ketoreductase polypeptides disclosed herein. The carbapenem
of the general formula (V) are described in further detail below. For the synthesis of various
carbapenem based therapeutics, an important intermediate is the compound of structural formula

(IVa),

O/v—NH

(Iva)
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where R' is H or a hydroxyl protecting group, and R'” is a halogen (e.g., CI), or —OAc (Ac is acetatc).
Various hydroxyl protecting groups are known in the art, and include, by way of example and not
limitation, silyl ethers (e.g., t-butyl dimethyl silyl) and substituted benzyl ethers (see, Green and Wuts,
Protective Groups in Organic Synthesis, Wiley-Interscience, New York, 1999). Accordingly, in a
method for the synthesis of the intermediate of structural formula (IVa), a step in the method
comprises contacting or reacting the substrate of formula (I) with the ketoreductases of the disclosure
under reaction conditions suitable for reducing or converting the substrate to the product of formula
(I). The synthesis of the intermediate of formula (IVa) in which R'® is —OAc is described in
Tetrahedron Lett. 23:2293 (1982); Tetrahedron Lett. 39:2399 (1983); Tetrahedron Lett. 39:2505
(1983); EP0290385; and EP0369691; all references incorporated herein by reference. In some
embodiments, the intermediate of formula (IVa) in which R'* is ~OAc can be synthesized as

illustrated in Scheme 4:

o o OH 0 OH O
KRED i. HC1
_— —_—
OCHg OCHj ii TEA/MeOH OCHs
NHCOCgH5 NHy
NHCOCgHs
() ) (VI)
TPP | TBBS
ACN
OTBDMS OTBDMS HO
OAc
PAA TBDMSCI
L NH AcOH L NH Tmidazole /'—NH
/ Ru/C / Tolune O/
o] o]
(IV) (VIII) (VID)
Scheme 4

[0245] In Scheme 4, the method comprises: (a) reducing the substrate of formula (I) to the product of
formula (II) by contacting or reacting the substrate with a 25,3R selective ketoreductase of the present
disclosure under reaction conditions suitable for reducing the substrate to the product of formula (II);
(b) removing the group —C(O)CeHs to form compound (VI); (c) converting the compound of formula
(VI) to the p-lactam of formula (VII) by reacting with triphenylphosphine and N-tert-butyl-2-
benzothiazolylsulfenamide (see, e.g., Tetrahedron Lett. 1995, 36(21):3703); (d) reacting with tert-
butyl dimethyl chlorosilane (TBDMS-CI) to form the compound of formula (VIII); and (e)
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acetoxylating the compound of formula (VIII) in presence of peracetic acid and ruthenium to form the
intermediate of formula (IV) (see, e.g., Murahashi et al., 1990, J. Am. Chem. Soc. 112(21):7820-
7822).

[0246] In some embodiments, another intermediate in the synthesis of carbapenem based therapeutics

is the intermediate of structural formula (IX):

OR3

G| J=s

C 02 R4 (IX)

where R?is H or a C1-C4 alkyl (e.g., -CHs); R*is H, or a hydroxyl protecting group; R* is H, carboxy
protecting group, ammonia group, alkali metal, or alkaline earth metal; and X is OH, or a leaving
group. Exemplary leaving groups include, but are not limited to, -OP(O)(OR”) or OS(O2)R”, where
R’ and R” can be C1-C6 alkyl, C1-C6 alkaryl, aryl, perfluoro C1-C6 alkyl. Protecting groups for R*
can be, but not limited to, benzyl, p-nitrobenzyl, and methoxymethyl. Descriptions of the
intermediate of structural formula (IX) and its synthesis is provided in various references, e.g., US
Patent No. 5,317,016; US Patent No. 4,933,333; and WO 0236594, the disclosures of which are
incorporated herein by reference. Accordingly, in some embodiments, in a method for the synthesis
of the intermediate of formula (1X), a step in the method comprises contacting or reacting the
substrate of formula (I) with the ketoreductases of the disclosure under reaction conditions suitable for

reducing or converting the substrate to the product of formula (II).

[0247] In some embodiments, the ketoreductases of the disclosure can be used in a process for

synthesis of carbapenem based therapeutic compounds of structural formula (V):

OH

CO,R® V)
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or solvates, hydrates, salts, and prodrugs thereof, where R” is H or —CHj; R® can be various
substituents, including, but not limited to, substituted or unsubstituted alkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted
heterocycloalkyl, and substituted or unsubstituted heteroarylalkyl; and R® is H, or a progroup, such as
a hydrolyzable ester group. As used herein, progroup refers to a type of protecting group that, when
used to mask a functional group within an active drug to form a promoiety, converts the drug into a
prodrug. Progroups are typically attached to the functional group of the drug via bonds that are
cleavable under specified conditions of use. Thus, a progroup is that portion of a promoiety that
cleaves to release the functional group under the specified conditions of use. A carboxyl group may
be masked as an ester (including silyl esters and thioesters), amide or hydrazide promoiety, which
may be hydrolyzed in vivo to provide the carboxyl group. Other specific examples of suitable
progroups and their respective promoieties will be apparent to those of skill in the art. Accordingly,
in the method for the synthesis of the compound of structural formula (V), a step in the method can
comprise contacting or reacting the substrate of formula (I) with the ketoreductases of the disclosure
under reaction conditions suitable for reducing or converting the substrate to the product of formula
(IT). Synthesis of various carbapenem based therapeutic compounds are described in, among others,
US Patent No. 4,925,836; 5,317,016; WO 02/036594; W02004/067532; and WO 2007/104221; the

disclosures of which are incorporated herein by reference.

[0248] In some embodiments, the ketoreductases of the disclosure can be used for the synthesis of

Imipenem of the following structure (X):

OH

/—?N_\\NH

S

N

or solvates, hydrates, prodrugs, and salts thereof. Imipenem has a broad spectrum of activity against
acrobic and anaerobic Gram positive and Gram negative bacteria. It is particularly effective against
Pseudomonas aeruginosa and the Enterococcus species. Accordingly, in a method for the synthesis of
Imipenem of structural formula (X), a step in the method comprises contacting or reacting the
substrate of formula (I) with the ketoreductases of the disclosure under reaction conditions suitable for

reducing or converting the substrate to the product of formula (II). Process of preparing Imipenem
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from the intermediate of structural formula (V1) is described in WO 0236594, incorporated herein by

reference.

[0249] In some embodiments, the ketoreductases of the disclosure can be used in the synthesis of

Doripenem of structural formula (X1):

Hon AL

(Nj»\‘N\/S\

Y
N
N

/—N / S

CO,H (XD

or solvates, hydrates or salts thereof. Doripenem has a spectrum and potency against Gram-positive
cocci similar to Imipenem or Ertapenem, and a Gram-negative activity similar to Meropenem.
Accordingly, in a method for the synthesis of Doripenem of structural formula (X1), a step in the
method comprises contacting or reacting the substrate of formula (I) with a ketoreductase of the
present disclosure under reaction conditions suitable for reducing or converting the substrate to the
product of formula (IT). The process of preparing Doripenem from the intermediate of formula (VI) is

described in US Patent No. 5,317,016, incorporated herein by reference.

[0250] In some embodiments, the ketoreductases of the disclosure can be used in the synthesis of

Meropenem of structural formula (XII):

MezN

NH

COzH (XII)

or solvates, hydrates, prodrugs, and salts thereof. Meropenem is indicated for treatment of intra-
abdominal infections, e.g., appendicitis and peritonitis; treatment of bacterial meningitis; and

treatment of skin and skin structure infections caused by susceptible organisms. Accordingly, in a
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method for the synthesis of Meropenem of formula (XII), a step in the method comprises contacting
or reacting the substrate of formula (I) with a ketoreductase of the present disclosure under reaction
conditions suitable for reducing or converting the substrate to the product of formula (II). A process

for preparing Meropenem is described in WO 2007/104221, incorporated herein by reference.

[0251] In some embodiments, the ketoreductases of the disclosure can be used in the synthesis of

Ertapenem of structural formula (XII1):

CO.H

(X110)

or solvates, hydrates, prodrugs, and salts thereof. Ertapenem is effective against Gram negative
bacteria, but not active against MRSA, ampicillin-resistant enterococci, Pseudomonas aeruginosa or
Acinetobacter species. Ertapenem also has clinically useful activity against anaerobic bacteria.
Ertapenem is primarily used against extended spectrum beta-lactamase (ESBL)-producing and high
level AmpC-producing Gram-negative bacteria. Accordingly, in a method for the synthesis of
Ertapenem of formula (XIII), a step in the method comprises contacting or reacting the substrate of
formula (I) with the ketoreductases of the disclosure under reaction conditions suitable for reducing or
converting the substrate to the product of formula (IT). Processes for preparing Ertapenem is

described in US Patent No. 5,478,820 and US Patent No. 7,342,005, incorporated herein by reference.

[0252] In some embodiments, the ketoreductases of the disclosure can be used in the synthesis of

Biapenem of structural formula (XIV):

OH

CO.H (XIV)
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or solvates, hydrates, prodrugs, or salts thereof. Biapenem is a parenteral carbapenem that possesses
antibacterial activities against a wide range of Gram-positive and -negative bacteria, and is stable to
human renal dehydropeptidase-1 (DHP-I). It also shows in vitro activity against anaerobic bacteria.
Accordingly, in a method for the synthesis of Biapenem of formula (XIV), a step in the method
comprises contacting or reacting the substrate of formula (I) with the ketoreductases of the disclosure
under reaction conditions suitable for reducing or converting the substrate to the product of formula
(IT). Process of preparing Biapenem from intermediate (IVa) is described in US Patent No. 4,925,836,

incorporated herein by reference.

[0253] In some embodiments, the ketoreductases of the disclosure can be used in the synthesis of

Panipenem of structural formula (XII):

OH

NH

COsH (XV)

or solvates, hydrates, and salts thereof. Accordingly, in a method for the synthesis of Panipenem of
formula (XV), a step in the method comprises contacting or reacting the substrate of formula (1) with
the ketoreductases of the disclosure under reaction conditions suitable for reducing or converting the
substrate to the product of formula (II). Panipenem from the intermediate of formula (II) is described
in Miyadera et al., 1983, J Anfibiotic (Tokyo) 36(8):1034-1039; and Hirai et al., 1999, J. Synth Org.
Chem. 57(5):382-386, incorporated herein by reference.

[0254] In some embodiments, the ketoreductases of the disclosure can be used in a method for the

synthesis of sulopenem compounds of formula (XVI):

OH

(XVI)
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where R® is H or a progroup, and R® can be substituted or unsubstituted alkyl, substituted or
unsubstituted aryl; substituted or unsubstituted heteroalkyl, substituted or unsubstituted
heterocycloalkyl, and substituted or unsubstituted heteroarylalkyl, or —SR’, where R’ can be
substituents as described for R®. Other substituents for R® that are in bioactive sulopenem therapeutic
compounds are known in the art, some of which are further described below. Descriptions of
sulopenems can be found in, among others, US Patent No. 3,951,954; US Patent No. 4,234,579, US
Patent No. 4,287,181; US Patent No. 4,452,796; US Patent No. 4,343,693; US Patent No. 4,348,264,
US Patent No. 4,416,891; US Patent No. 4,457,924; and US Patent No. 5,013,729; US Patent No.
5,506,225; Volkmann et al., 1992, J. Org. Chem. 57:4352-4361; and Volkmann and O’Neill, 1991,
Strategies and Tactics in Organic Synthesis, Vol 13, pg 485-534; the disclosures of which are
incorporated herein by reference. Accordingly, in a method for the synthesis of a sulopenem of
structural formula (XVI), a step in the method comprises contacting or reacting the substrate of
formula (I) with the ketoreductases of the disclosure under reaction conditions suitable for reducing or

converting the substrate to the product of formula (II).

[0255] In some embodiments, the ketoreductases of the disclosure can be used in a method for the

synthesis of a sulopenem of formula (XVII):

OH
N
= S ‘C‘
s N
/—”\% N,

o
CO,R® (XVID)

T

or solvates, hydrates, prodrugs, and salts thereof, where R® is H or a progroup. Accordingly, in a
method for the synthesis of the compound of formula (XVII), a step in the method comprises
contacting or reacting the substrate of formula (I) with the ketoreductases of the disclosure under
reaction conditions suitable for reducing or converting the substrate to the product of formula (I[). A
process for the synthesis of the sulopenem of formula (XVII) is described in US Patent No. 5,013,729.
Various progroups for R® are described in US application publication 2008/0009474, US application
publication 2008/0125408; and Wujcik et al., 2008, Rapid Commun. Mass Spectrom. 22:3195-3206;

the disclosures of which are incorporated herein by reference.

[0256] In some embodiments, the ketoreductases of the disclosure can be used in a method for the

synthesis of a sulopenem of structural formula (XVIII):
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or solvates, hydrates, prodrugs, and salts thereof, where R® is H or a progroup. Accordingly, in a
method for the synthesis of Panipenem of formula (XVIII), a step in the method comprises contacting
or reacting the substrate of formula (I) with the ketoreductases of the disclosure under reaction
conditions suitable for reducing or converting the substrate to the product of formula (II). Process for
synthesis of the sulopenem of formula (XVIII) is described in US Patent No. 5,506,225, and WO
2007/039885.

[0257] Another sulopenem compound that can be synthesized using the ketoreductases disclosed

herein is the sulopenem of formula (XIX):

i\l(\O)I\NHZ

COsH (XIX)

Accordingly, in a method for the synthesis of the compound of formula (XIX), or solvates, hydrates,
prodrugs, and salts thereof, a step in the method comprises contacting or reacting the substrate of
formula (I) with the ketoreductases of the disclosure under reaction conditions suitable for reducing or
converting the substrate to the product of formula (IT). Ritipenem of structural formula (XIX) is
described in US Patent No. 4,482,565.

[0258] In some embodiments, the ketoreductases of the disclosure can be used in a method for the

synthesis of a sulopenem of structural formula (XX):
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(XX)

or solvates, hydrates, prodrugs, and salts thereof. Accordingly, in a method for the synthesis of the
compound of formula (XX), a step in the method comprises contacting or reacting the substrate of
formula (I) with the ketoreductases of the disclosure under reaction conditions suitable for reducing or
converting the substrate to the product of formula (II). The compound of structural formula (XX) is

described in EP1336612; incorporated herein by reference.

[0259] In some embodiments, the ketoreductases of the disclosure can be used in a method for

synthesis of the compound of structural formula (XXI):

OHH HMe
_ S X
W
N NH
0

COzH (XXT)

NH, O
NH,

or solvates, hydrates, prodrugs, and salts thereof. Accordingly, in a method for the synthesis of the
compound of formula (XXI), a step in the method comprises contacting or reacting the substrate of
formula (I) with the ketoreductases of the disclosure under reaction conditions suitable for reducing or
converting the substrate to the product of formula (IT). The compound of structural formula (XXI) is
described in JP2002114788; incorporated herein by reference.

[0260] In some embodiments, the ketoreductases of the disclosure can be used in a method for the

synthesis of a sulopenem of structural formula (XXII):
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OH Me )\

H H Me N~ HN NH2
Me g
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COzH (XXII)

or solvates, hydrates, prodrugs, and salts thereof. Accordingly, in a method for the synthesis of the
compound of formula (XXII), a step in the method comprises contacting or reacting the substrate of
formula (I) with the ketoreductases of the disclosure under reaction conditions suitable for reducing or
converting the substrate to the product of formula (II). The compound of structural formula (XXII) is
described in US Patent No. 6,924,279 and US Patent No. 7,034,150, the disclosures of which are

incorporated herein by reference.

[0261] In some embodiments, the ketoreductases of the disclosure can be used in a method for the

synthesis of a sulopenem of structural formula (XXIII):

Sy
z -M
H H Me © NH2
N O
COzH (XXIII)

or solvates, hydrates, prodrugs, and salts thereof. Accordingly, in a method for the synthesis of the
compound of formula (XXIII), a step in the method comprises contacting or reacting the substrate of
formula (I) with the ketoreductases of the disclosure under reaction conditions suitable for reducing or
converting the substrate to the product of formula (IT). The compound of structural formula (XXIII) is
described in WO 2008/047909 and US Patent No. 5,659,043, the disclosures of which are

incorporated herein by reference.

[0262] In some embodiments, the ketoreductases of the disclosure can be present as compositions,
for example reaction compositions, with the substrates acted on by the ketoreductases, and/or with the
products produced by the ketoreductase reaction. Accordingly, in some embodiments, a composition
can comprise a 25,3R selective ketoreductase of the present disclosure, and a substrate of structural

formula (I). In some embodiments, a composition can comprise a 25,3R selective ketoreductase of
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the present disclosure, and a product of structural formula (II). In some embodiments, the
composition can comprise a 2S,3R ketoreductase of the disclosure, the substrate of formula (I) and the

product of formula (II).

[0263] In some embodiments, a composition can comprise a 2R,3R selective ketoreductase of the
present disclosure, and a substrate of structural formula (I). In some embodiments, a composition can
comprise a 2R, 3R selective ketoreductase of the present disclosure, and a product of structural formula
(ITD. In some embodiments, the composition can comprise a 2R,3R ketoreductase of the disclosure,

the substrate of formula (I) and the product of formula (III).

[0264] Because the ketoreductase reactions can be carried out in the presence of a co-factor (NADH
or NADPH) regenerating system., the reaction conditions can further include elements of a co-factor
regenerating system, which are described in further detail below. Accordingly, in some embodiments,
the foregoing compositions of ketoreductases can further include a cofactor regenerating system
comprising glucose dehydrogenase and glucose; formate dehydrogenase and formate; or isopropanol
and a secondary alcohol dehydrogenase. In some embodiments, the secondary alcohol dehydrogenase
is an engineered ketoreductase. Other enzymes and substrates that can be used for co-factor recycling

will be well known to the skilled artisan.

[0265] As is known by those of skill in the art, ketoreductase-catalyzed reduction reactions typically
require a cofactor. Reduction reactions catalyzed by the engineered ketoreductase enzymes described
herein also typically require a cofactor, although many embodiments of the engineered ketoreductases
require far less cofactor than reactions catalyzed with wild-type ketoreductase enzymes. As used
herein, the term “cofactor” refers to a non-protein compound that operates in combination with a
ketoreductase enzyme. Cofactors suitable for use with the engineered ketoreductase enzymes
described herein include, but are not limited to, NADP" (nicotinamide adenine dinucleotide
phosphate), NADPH (the reduced form of NADP"), NAD" (nicotinamide adenine dinucleotide) and
NADH (the reduced form of NAD"). Generally, the reduced form of the cofactor is added to the
reaction mixture. The reduced NAD(P)H form can be optionally regenerated from the oxidized

NAD(P)" form using a cofactor regeneration system.

[0266] The term “cofactor regeneration system” refers to a set of reactants that participate in a
reaction that reduces the oxidized form of the cofactor (e.g., NADP" to NADPH). Cofactors oxidized
by the ketoreductase-catalyzed reduction of the keto substrate are regenerated in reduced form by the
cofactor regeneration system. Cofactor regeneration systems comprise a stoichiometric reductant that
is a source of reducing hydrogen equivalents and is capable of reducing the oxidized form of the
cofactor. The cofactor regeneration system may further comprise a catalyst, for example an enzyme

catalyst, that catalyzes the reduction of the oxidized form of the cofactor by the reductant. Cofactor
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regeneration systems to regenerate NADH or NADPH from NAD" or NADP", respectively, are

known in the art and may be used in the methods described herein.

[0267] Suitable exemplary cofactor regeneration systems that may be employed include, but are not
limited to, glucose and glucose dehydrogenase, formate and formate dehydrogenase, glucose-6-
phosphate and glucose-6-phosphate dehydrogenase, a secondary (e.g., isopropanol) alcohol and
secondary alcohol dehydrogenase, phosphite and phosphite dehydrogenase, molecular hydrogen and
hydrogenase, and the like. These systems may be used in combination with either NADP'/NADPH or
NAD'/NADH as the cofactor. Electrochemical regeneration using hydrogenase may also be used as a
cofactor regeneration system. See, e.g., U.S. Pat. Nos. 5,538,867 and 6,495,023, both of which are
incorporated herein by reference. Chemical cofactor regeneration systems comprising a metal catalyst
and a reducing agent (for example, molecular hydrogen or formate) are also suitable. See, e.g., PCT

publication WO 2000/053731, which is incorporated herein by reference.

[0268] The terms “glucose dehydrogenase” and “GDH” are used interchangeably herein to refer to
an NAD" or NADP'-dependent enzyme that catalyzes the conversion of D-glucose and NAD" or
NADP" to gluconic acid and NADH or NADPH, respectively. Equation (1), below, describes the
glucose dehydrogenase-catalyzed reduction of NAD" or NADP" by glucose.

(1 glucose + NAD(P)* + H,0 SR gluconic acid + NAD(P)H + H*
[0269] Glucose dehydrogenases that are suitable for use in the practice of the methods described
herein include both naturally occurring glucose dehydrogenases, as well as non-naturally occurring
glucose dehydrogenases. Naturally occurring glucose dehydrogenase encoding genes have been
reported in the literature. For example, the Bacillus subtilis 61297 GDH gene was expressed in E.
coli and was reported to exhibit the same physicochemical properties as the enzyme produced in its
native host (Vasantha et al., 1983, Proc. Natl. Acad. Sci. USA 80:785). The gene sequence of the B.
subtilis GDH gene, which corresponds to Genbank Acc. No. M 12276, was reported by Lampel et al.,
1986, J. Bacteriol. 166:238-243, and in corrected form by Yamane et al., 1996, Microbiology
142:3047-3056 as Genbank Acc. No. D50453. Naturally occurring GDH genes also include those
that encode the GDH from B. cereus ATCC 14579 (Nature, 2003, 423:87-91; Genbank Acc. No.
AE017013) and B. megaterium (Eur. J. Biochem., 1988, 174:485-490, Genbank Acc. No. X12370; J.
Ferment. Bioeng., 1990, 70:363-369, Genbank Acc. No. GI216270). Glucose dehydrogenases from
Bacillus sp. are provided in PCT publication WO 2005/018579 as SEQ ID NOS: 10 and 12 (encoded
by polynucleotide sequences corresponding to SEQ ID NOS: 9 and 11, respectively, of the PCT

publication), the disclosure of which is incorporated herein by reference.
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[0270] Non-naturally occurring glucose dehydrogenases may be generated using known methods,
such as, for example, mutagenesis, directed evolution, and the like. GDH enzymes having suitable
activity, whether naturally occurring or non-naturally occurring, may be readily identified using the
assay described in Example 4 of PCT publication WO 2005/018579, the disclosure of which is
incorporated herein by reference. Exemplary non-naturally occurring glucose dehydrogenases are
provided in PCT publication WO 2005/018579 as SEQ ID NOS: 62, 64, 66, 68, 122, 124, and 126.
The polynucleotide sequences that encode them are provided in PCT publication WO 2005/018579 as
SEQ ID NOS: 61, 63, 65, 67, 121, 123, and 125, respectively. All of these sequences are incorporated
herein by reference. Additional non-naturally occurring glucose dehydrogenases that are suitable for
use in the ketoreductase-catalyzed reduction reactions disclosed herein are provided in U.S.
application publication Nos. 2005/0095619 and 2005/0153417, the disclosures of which are

incorporated herein by reference.

[0271] Glucose dehydrogenases employed in the ketoreductase-catalyzed reduction reactions
described herein may exhibit an activity of at least about 10 pmol/min/mg and sometimes at least
about 10> pmol/min/mg or about 10’ pmol/min/mg, up to about 10* umol/min/mg or higher in the
assay described in Example 4 of PCT publication WO 2005/018579.

[0272] The ketoreductase-catalyzed reduction reactions described herein are generally carried out in
a solvent. Suitable solvents include water, organic solvents (e.g., ethyl acetate, butyl acetate,
1-octanol, heptane, octane, methyl t-butyl ether (MTBE), toluene, and the like), ionic liquids (e.g.,
1-ethyl 4-methylimidazolium tetrafluoroborate, 1-butyl-3-methylimidazolium tetrafluoroborate,
1-butyl-3-methylimidazolium hexafluorophosphate, and the like). In some embodiments, aqueous

solvents, including water and aqueous co-solvent systems, are used.

[0273] Exemplary aqueous co-solvent systems have water and one or more organic solvent. In
general, an organic solvent component of an aqueous co-solvent system is selected such that it does
not completely inactivate the ketoreductase enzyme. Appropriate co-solvent systems can be readily
identified by measuring the enzymatic activity of the specified engineered ketoreductase enzyme with
a defined substrate of interest in the candidate solvent system, utilizing an enzyme activity assay, such

as those described herein.

[0274] The organic solvent component of an aqueous co-solvent system may be miscible with the
aqueous component, providing a single liquid phase, or may be partly miscible or immiscible with the
aqueous component, providing two liquid phases. Generally, when an aqueous co-solvent system is
employed, it is selected to be biphasic, with water dispersed in an organic solvent, or vice-versa.
Generally, when an aqueous co-solvent system is utilized, it is desirable to select an organic solvent

that can be readily separated from the aqueous phase. In general, the ratio of water to organic solvent
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in the co-solvent system is typically in the range of from about 90:10 to about 10:90 (v/v) organic
solvent to water, and between 80:20 and 20:80 (v/v) organic solvent to water. The co-solvent system
may be pre-formed prior to addition to the reaction mixture, or it may be formed i situ in the reaction

vessel.

[0275] The aqueous solvent (water or aqueous co-solvent system) may be pH-buffered or unbuffered.
Generally, the reduction can be carried out at a pH of about 10 or below, usually in the range of from
about 5 to about 10. In some embodiments, the reduction is carried out at a pH of about 9 or below,
usually in the range of from about 5 to about 9. In some embodiments, the reduction is carried out at
a pH of about 8 or below, often in the range of from about 5 to about 8, and usually in the range of
from about 6 to about 8. The reduction may also be carried out at a pH of about 7.8 or below, or 7.5

or below. Alternatively, the reduction may be carried out a neutral pH, i.e., about 7.

[0276] During the course of the reduction reactions, the pH of the reaction mixture may change. The
pH of the reaction mixture may be maintained at a desired pH or within a desired pH range by the
addition of an acid or a base during the course of the reaction. Alternatively, the pH may be
controlled by using an aqueous solvent that comprises a buffer. Suitable buffers to maintain desired
pH ranges are known in the art and include, for example, phosphate buffer, triethanolamine buffer,

and the like. Combinations of buffering and acid or base addition may also be used.

[0277] When the glucose/glucose dehydrogenase cofactor regeneration system is employed, the co-
production of gluconic acid (pKa=3.6), as represented in equation (3) causes the pH of the reaction
mixture to drop if the resulting aqueous gluconic acid is not otherwise neutralized. The pH of the
reaction mixture may be maintained at the desired level by standard buffering techniques, wherein the
buffer neutralizes the gluconic acid up to the buffering capacity provided, or by the addition of a base
concurrent with the course of the conversion. Combinations of buffering and base addition may also
be used. Suitable buffers to maintain desired pH ranges are described above. Suitable bases for
neutralization of gluconic acid are organic bases, for example amines, alkoxides and the like, and
inorganic bases, for example, hydroxide salts (e.g., NaOH), carbonate salts (e.g., NaHCOs),
bicarbonate salts (e.g., K,COs), basic phosphate salts (e.g., K;HPO,4, NasPOy), and the like. The
addition of a base concurrent with the course of the conversion may be done manually while
monitoring the reaction mixture pH or, more conveniently, by using an automatic titrator as a pH stat.

A combination of partial buffering capacity and base addition can also be used for process control.

[0278] When base addition is employed to neutralize gluconic acid released during a ketoreductase-

catalyzed reduction reaction, the progress of the conversion may be monitored by the amount of base
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are enddded\§3 polynucleotide sequences corresponding to SEQ ID NOS: 69 and 71, respectively, of
PCT publication 2005/018579, the disclosures of which are incorporated herein by reference.
Formate dehydrogenases employed in the methods described herein, whether naturally occurring or
non-naturally occurring, may exhibit an activity of at least about 1 pmol/min/mg, sometimes at least
about 10 pmol/min/mg, or at least about 10> pmol/min/mg, up to about 10’ pmol/min/mg or higher,
and can be readily screened for activity in the assay described in Example 4 of PCT publication WO
2005/018579.

[0280] As used herein, the term “formate” refers to formate anion (HCO,"), formic acid (HCO,H),
and mixtures thereof. Formate may be provided in the form of a salt, typically an alkali or ammonium
salt (for example, HCO,Na, KHCO,NH,, and the like), in the form of formic acid, typically aqueous
formic acid, or mixtures thereof. Formic acid is a moderate acid. In aqueous solutions within several
pH units of its pKa (pKa=3.7 in water) formate is present as both HCO,™ and HCO,H in equilibrium
concentrations. At pH values above about pH 4, formate is predominantly present as HCO,”. When
formate is provided as formic acid, the reaction mixture is typically buffered or made less acidic by
adding a base to provide the desired pH, typically of about pH 5 or above. Suitable bases for
neutralization of formic acid include, but are not limited to, organic bases, for example amines,
alkoxides and the like, and inorganic bases, for example, hydroxide salts (e.g., NaOH), carbonate salts
(e.g., NaHCO3), bicarbonate salts (e.g., K,COs), basic phosphate salts (e.g., K;HPO,4, Na;PO,), and
the like.

[0281] For pH values above about pH 5, at which formate is predominantly present as HCO,,
Equation (2) below, describes the formate dehydrogenase-catalyzed reduction of NAD" or NADP™ by

formate.
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(2) HCO,” + NAD(P)*

CO, + NAD(P)H

[0282] When formate and formate dehydrogenase are employed as the cofactor regeneration system,
the pH of the reaction mixture may be maintained at the desired level by standard buffering
techniques, wherein the buffer releases protons up to the buffering capacity provided, or by the
addition of an acid concurrent with the course of the conversion. Suitable acids to add during the
course of the reaction to maintain the pH include organic acids, for example carboxylic acids, sulfonic
acids, phosphonic acids, and the like, mineral acids, for example hydrohalic acids (such as
hydrochloric acid), sulfuric acid, phosphoric acid, and the like, acidic salts, for example
dihydrogenphosphate salts (e.g., KH,PQy), bisulfate salts (e.g., NaHSO,) and the like. Some
embodiments utilize formic acid, whereby both the formate concentration and the pH of the solution

are maintained.

[0283] When acid addition is employed to maintain the pH during a reduction reaction using the
formate/formate dehydrogenase cofactor regeneration system, the progress of the conversion may be
monitored by the amount of acid added to maintain the pH. Typically, acids added to unbuffered or

partially buffered reaction mixtures over the course of conversion are added in aqueous solutions.

[0284] The terms “secondary alcohol dehydrogenase” and “sADH” are used interchangeably herein
to refer to an NAD" or NADP'-dependent enzyme that catalyzes the conversion of a secondary
alcohol and NAD" or NADP" to a ketone and NADH or NADPH, respectively. Equation (3), below,
describes the reduction of NAD ™ or NADP" by a secondary alcohol, illustrated by isopropanol.

sADH 0]
3) M NAD(P)" ——— + NAD(P)H + H*
)\

[0285] Secondary alcohol dehydrogenases that are suitable for use as cofactor regenerating systems
in the ketoreductase-catalyzed reduction reactions described herein include both naturally occurring
secondary alcohol dehydrogenases , as well as non-naturally occurring secondary alcohol
dehydrogenases. Naturally occurring secondary alcohol dehydrogenases include known alcohol
dehydrogenases from, Thermoanerobium brockii, Rhodococcus etythropolis, Lactobacillus kefir, and
Lactobacillus brevis, and non-naturally occurring secondary alcohol dehydrogenases include
engineered alcohol dehydrogenases derived therefrom. Secondary alcohol dehydrogenases employed
in the methods described herein, whether naturally occurring or non-naturally occurring, may exhibit
an activity of at least about 1 pmol/min/mg, sometimes at least about 10 pmol/min/mg, or at least

about 10> pmol/min/mg, up to about 10° pmol/min/mg or higher.
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[0286] Suitable secondary alcohols include lower secondary alkanols and aryl-alkyl carbinols.
Examples of lower secondary alcohols include isopropanol, 2-butanol, 3-methyl-2-butanol, 2-
pentanol, 3-pentanol, 3,3-dimethyl-2-butanol, and the like. In one embodiment the secondary alcohol

is isopropanol. Suitable aryl-akyl carbinols include unsubstituted and substituted 1-arylethanols.

[0287] When a secondary alcohol and secondary alcohol dehydrogenase are employed as the cofactor
regeneration system, the resulting NAD" or NADP™ is reduced by the coupled oxidation of the
secondary alcohol to the ketone by the secondary alcohol dehydrogenase. Some engineered
ketoreductases also have activity to dehydrogenate a secondary alcohol reductant. In some
embodiments using secondary alcohol as reductant, the engineered ketoreductase and the secondary

alcohol dehydrogenase are the same enzyme.

[0288] In carrying out embodiments of the ketoreductase-catalyzed reduction reactions described
herein employing a cofactor regeneration system, either the oxidized or reduced form of the cofactor
may be provided initially. As described above, the cofactor regeneration system converts oxidized

cofactor to its reduced form, which is then utilized in the reduction of the ketoreductase substrate.

[0289] In some embodiments, cofactor regeneration systems are not used. For reduction reactions
carried out without the use of a cofactor regenerating systems, the cofactor is added to the reaction

mixture in reduced form.

[0290] In some embodiments, when the process is carried out using whole cells of the host organism,
the whole cell may natively provide the cofactor. Alternatively or in combination, the cell may

natively or recombinantly provide the glucose dehydrogenase.

[0291] In carrying out the stereoselective reduction reactions described herein, the engineered
ketoreductase enzyme, and any enzymes comprising the optional cofactor regeneration system, may
be added to the reaction mixture in the form of the purified enzymes, whole cells transformed with
gene(s) encoding the enzymes, and/or cell extracts and/or lysates of such cells. The gene(s) encoding
the engineered ketoreductase enzyme and the optional cofactor regeneration enzymes can be
transformed into host cells separately or together into the same host cell. For example, in some
embodiments one set of host cells can be transformed with gene(s) encoding the engineered
ketoreductase enzyme and another set can be transformed with gene(s) encoding the cofactor
regeneration enzymes. Both sets of transformed cells can be utilized together in the reaction mixture
in the form of whole cells, or in the form of lysates or extracts derived therefrom. In other
embodiments, a host cell can be transformed with gene(s) encoding both the engineered ketoreductase

enzyme and the cofactor regeneration enzymes.
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[0292] Whole cells transformed with gene(s) encoding the engineered ketoreductase enzyme and/or
the optional cofactor regeneration enzymes, or cell extracts and/or lysates thereof, may be employed
in a variety of different forms, including solid (e.g., lyophilized, spray-dried, and the like) or

semisolid (e.g., a crude paste).

[0293] The cell extracts or cell lysates may be partially purified by precipitation (ammonium sulfate,
polyethyleneimine, heat treatment or the like, followed by a desalting procedure prior to
lyophilization (e.g., ultrafiltration, dialysis, and the like). Any of the cell preparations may be
stabilized by crosslinking using known crosslinking agents, such as, for example, glutaraldehyde or

immobilization to a solid phase (e.g., Eupergit C, and the like).

[0294] The solid reactants (e.g., enzyme, salts, etc.) may be provided to the reaction in a variety of
different forms, including powder (e.g., lyophilized, spray dried, and the like), solution, emulsion,
suspension, and the like. The reactants can be readily lyophilized or spray dried using methods and
equipment that are known to those having ordinary skill in the art. For example, the protein solution
can be frozen at -80°C in small aliquots, then added to a prechilled lyophilization chamber, followed
by the application of a vacuum. After the removal of water from the samples, the temperature is
typically raised to 4°C for two hours before release of the vacuum and retrieval of the lyophilized

samples.

[0295] The quantities of reactants used in the reduction reaction will generally vary depending on the
quantities of product desired, and concomitantly the amount of ketoreductase substrate employed.
The following guidelines can be used to determine the amounts of ketoreductase, cofactor, and
optional cofactor regeneration system to use. Generally, keto substrates can be employed at a
concentration of about 20 to 300 grams/liter using from about 50 mg to about 5 g of ketoreductase and
about 10 mg to about 150 mg of cofactor. Those having ordinary skill in the art will readily
understand how to vary these quantities to tailor them to the desired level of productivity and scale of
production. Appropriate quantities of optional cofactor regeneration system may be readily
determined by routine experimentation based on the amount of cofactor and/or ketoreductase utilized.
In general, the reductant (e.g., glucose, formate, isopropanol) is utilized at levels above the equimolar
level of ketoreductase substrate to achieve essentially complete or near complete conversion of the

ketoreductase substrate.

[0296] The order of addition of reactants is not critical. The reactants may be added together at the
same time to a solvent (e.g., monophasic solvent, biphasic aqueous co-solvent system, and the like),
or alternatively, some of the reactants may be added separately, and some together at different time
points. For example, the cofactor regeneration system, cofactor, ketoreductase, and ketoreductase

substrate may be added first to the solvent.
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[0297]1 %or-l-ir-l;l-l]g;roved mixing efficiency when an aqueous co-solvent system is used, the cofactor
regeneration system, ketoreductase, and cofactor may be added and mixed into the aqueous phase
first. The organic phase may then be added and mixed in, followed by addition of the ketoreductase
substrate. Alternatively, the ketoreductase substrate may be premixed in the organic phase, prior to

addition to the aqueous phase

[0298] Suitable conditions for carrying out the ketoreductase-catalyzed reduction reactions described
herein include a wide variety of conditions which can be readily optimized by routine experimentation
that includes, but is not limited to, contacting the engineered ketoreductase enzyme and substrate at an
experimental pH and temperature and detecting product, for example, using the methods described in

the Examples provided herein.

[0299] The ketoreductase catalyzed reduction is typically carried out at a temperature in the range of
from about 15°C to about 75°C. For some embodiments, the reaction is carried out at a temperature in
the range of from about 20°C to about 55°C. In still other embodiments, it is carried out at a
temperature in the range of from about 20°C to about 45°C. The reaction may also be carried out

under ambient conditions.

[0300] The reduction reaction is generally allowed to proceed until essentially complete, or near
complete, reduction of substrate is obtained. Reduction of substrate to product can be monitored
using known methods by detecting substrate and/or product. Suitable methods include gas
chromatography, HPLC, and the like. Conversion yields of the alcohol reduction product generated in
the reaction mixture are generally greater than about 50%, may also be greater than about 60%, may
also be greater than about 70%, may also be greater than about 80%, may also be greater than 90%,

and are often greater than about 97%.
EXAMPLES

[0301] Various features and embodiments of the disclosure are illustrated in the following

representative examples, which are intended to be illustrative, and not limiting.
Example 1: Production of Ketoreductase Powders; Shake Flask Procedure

[0302] A single microbial colony of £. coli containing a plasmid with the ketoreductase gene of
interest was inoculated into 50 ml Tryptic broth (12 g/L bacto-tryptone, 24g/L yeast extract, 4 ml/L
glycerol, 65mM potassium phosphate, pH 7.0,) containing 30 pg/ml chloramphenicol and 1% glucose
in a 250 ml Erlenmeyer flask. Cells were grown overnight (at least 16 hrs) in an incubator at 30°C
with shaking at 250 rpm. The culture was diluted into 250 ml Terrific Broth containing 1 mM
MgSO0y, 30 pg/ml chloramphenicol in a 1 liter flask to an optical density at 600 nm (OD600) of 0.2

and allowed to grow at 30°C. Expression of the ketoreductase gene was induced with 1 mM IPTG
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+ 80 K8N, VO9G 1i 1F, HAOR A94G 596V; E145F;, F147M

Y190P; V196L; 1226V, R48K; Y249R;, 13 +++ + 64 V12l;
WOHAORV4ASIE;, 596V; F147M Y190P; L195V; VI196L;PLI/O920H8/078513

| 226V; @&48R; Y249W 12 +++ + a. +: 1-fold nore

active than KRED with SEQ I D NO 66 ++: 12fo|d rmre

active than KRED with SEQ | D NO. o+ ++; >2-fol
when TQE £D6RO @fﬁgehcukpﬁgf W t0-& IP‘E‘}bN@l G‘leg‘lt (at leagggd)gs) Cells were

harvested By 3EriREARBY €3000rpiy, 158RYa{(E RnBiR} sieREtftwas discarded. The cell
pellet was resuspended with an equal volume of cold (4°C ) 100mM triethanolamine(chloride) buffer,
pH 7.0 (including 1 mM MgSO, in the case of ADH-LK and ADH-LB and engineered ketoreductases
derived there from), and harvested by centrifugation as above. The washed cells were resuspended in
12 ml of the cold tricthanolamine(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.
Example 2: Production of Ketoreductases; Fermentation Procedure.

[0303] In an acrated agitated 15L fermenter, 6.0L of growth medium containing 0.88 g/L. 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
as described in Example 3 to a starting OD600 of 0.5 to 2.0. The fermenter was agitated at S00-1500
rpm and air was supplied to the fermentation vessel at 1.0-15.0 L/min to maintain dissolved oxygen
level of 30% saturation or greater. The pH of the culture was controlled at 7.0 by addition of 20% v/v
ammonium hydroxide. Growth of the culture was maintained by the addition of a feed solution
containing 500g/L cerelose, 12 g/L. ammonium chloride and 10.4 g/l magnesium sulfate
heptahydrate. After the culture reached an OD600 of 50, the expression of ketoreductase was induced
by the addition of isopropyl-B-D-thiogalactoside (IPTG) to a final concentration of ImM. The culture
was grown for another 14 hours. The culture was then chilled to 4°C and maintained at 4°C until
harvested. Cells were harvested by centrifugation at S000G for 40 minutes in a Sorval RC12BP
centrifuge at 4°C. Harvested cells were used directly in the following downstream recovery process

or were stored at 4°C until such use.

[0304] The cell pellet was resuspended in 2 volumes of 100 mM triethanolamine(chloride) buffer, pH
6.8, at 4°C to each volume of wet cell paste. The intracellular ketoreductase was released from the
cells by passing the suspension through a homogenizer fitted with a two-stage homogenizing valve
assembly using a pressure of 12000 psig. The cell homogenate was cooled to 4°C immediately after

disruption. A solution of 10% w/v polyethylencimine, pH 7.2, was added to the lysate to a final
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pol ypeptide of claim2 in which the residue
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whi ch the residue corresponding to X94 is a polar

resi due; the residue corresponding to X199 is an
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6. The polypeptide of claim2 in which the residue
corresponding to X94 is threonine, the residue
wepespdndi ng to X199 is al anine, histidine, BCT/US2008/078513
aspar agi ne; and the residue corresponding to X202 is
val i ne or Ieucine 7. The pol ypeptide of any
one of clains i.n which the ketoreductase am no
the reagtonproguepy @W&Sél“ﬁié)é’ f%lllfd‘i“%% tBrapicgse dhBugesconss ef MpADPHat 445 nm after
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<Men1? E%rka%) Cata §pefde 0 b pRiagbAaT Algoe terparptirgfop 2 %ﬂuwlfl thaking.
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for 20 pdayteiudhe %rﬁ?ré%ﬂaﬁf‘dwweﬁaéa%fg@l the agwogﬁr&lﬁﬁth.‘/éelawfugaﬂon (4000
pm, SGRAAS KIGLALTHONEShEAMGanid BH: AURFGRH IESRANMRINGy-1ve11, X6 1l pate for

a non- pol ar or aliphatic residue; residue
mmb“@d?@é§ﬁ6ﬁﬂ¥ﬁ@d$6ﬂﬁigﬁﬁyﬁmgﬁ%on pol ar or aliphatic
resi due; residue corresponding to X206 i s a non-pol ar

FX%{?FB?]Qt igh Faropetpet Hildsferae o Brioadiding IAHEVIfnym)@]@d 3
a %ﬁmlgﬁmg‘t}ly o O%)F)Ftpjﬁgtqsglg IlS@inOHXJ%lCOh[O OF gry&ctor recycling at higher
c@@?@@%ﬁﬁﬁ@ﬁ@“@b X248 i's a non-polar or basic reS|due

si d e corre pondln to X24 n
[0310]areF8 SRR AT ‘PIBWHTG platepyas agher) io 2\ Pﬁ%ﬁh@ﬁ\&éﬁ%& o) hOeQmM
trictha@élaifiiE@uIF2RS | haer gH 7.0 e1anaes 180 n@iiethyddIbBadciohethyl-3-
resi due positions as conpared to the reference

oxobuygrfiiaite. 10gmhersddypisept f el of 1UHYMoket ofhegragsmsrohepigealed
and infubbfdd Y& tdnfperaki @ OF SAMRLASEN ARAL AGhdend of the reaction, 990 pL

MTBE was added to each well, the plates were heat sealed again and shaken for 20 minutes. The
organic phase was separated from the aqueous phase by centrifugation (4000 rpm, 5 min., 4°C) and
200 pL the organic layer transferred to a new shallow-well, 96-well plate for analysis using the

methods described in Example 3.

[0311] This example describes the method that was used to identify KRED variants improved for the

stereoselective reduction of methyl-2-benzamidomethyl-3-oxobutyrate.

Example 7: Evaluation of ADH-LK Variants for Reduction of Methyl-2-benzamidomethyl-3-
oxobutyrate

[0312] Several ADH-LK variants were evaluated for the stereoselective reduction of methyl-2-
benzamidomethyl-3-oxobutyrate as described in Example 5. Samples were analyzed as described in

Example 3.
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sequence has additionally one or nore of the follow ng
features: residue corresponding to X2 is al anine;

WO e@bbduasxorresponding to X4 is cysteine; resiBUBEUS2008/078513
corresponding to X11 is phenyl al ani ne; residue
corresponding to X40 arginine; residue corresponding

is threonine; residue corresponding to X86 is
l03131| éf 6@1%6 lisththe SEQIPAN(S conrspeting e rh?&eioedy@eer the gugpbiepef agjino acid
mutatiBRER ADAINI K&he feRhWayERET H3 PR IRRtade DI HEQRsitA (2S,3R)-
glycine; residue corresponding to X129 is threonine;
Swmo@@%@due correspondi ng to X147 is nethionine or
C|ne resi due corresponding to X153 is al ani ne or
“qusgﬁﬁﬁg ‘residue corresponding to X190 is histidine or

prnlrnn residue nnrrncpnndrng to X195 g unlrnn

TABUEegi due corresponding to X196 is | eucine; residue
corresponding to X206 i s phenyl al ani ne; residue

correspopdi %o X226| 1 s valine; rlesidue correspondi ng
to X248 ?i%is?L argi ni ne; residue corresponding
seh@x@t9 |s TR li‘i‘an: civiWher i n opti anal .k hg

difr 1Mo dcC U bequen(,e Ildb orre or T1iorje lebl uu

di fferences at other amino acid residue positibns as
c8hpared|to thée reference s€quence. WO

2009/ 046[L53PCT/ US2008f 078513

92 4 ++ +
96 1 + +
98 1 ++ +

A: +:>30% conversion, ++: >60% conversion; B +: >95% (2S,3R) isomer.

[0315] The ADH-LK variant with SEQ ID No. 90 was used for further evolution of an efficient
KRED for production of (2S,3R)-methyl-2-benzamidomethyl-3-hydroxybutyrate. Similarly, an
ADH-LK variant with SEQ ID No.94 containing 10 mutations compared to ADH-LK which gave
primarily the (2R,3R) stereoisomer, was used for further evolution of an efficient KRED for
production of (2R,3R)-methyl-2-benzamidomethyl-3-hydroxybutyrate.

[0316] This example shows that variants of ADH-LK can be useful for the stercoselective reduction
of methyl-2-benzamidomethyl-3-oxobutyrate. New variants of SEQ ID No. 90 and 94 were generated
in which an internal Bg// site was removed. The corresponding new sequences are SEQ ID No. 48

and SEQ ID No. 66 respectively.
Example 8: Reduction of Methyl-2-benzamidomethyl-3-oxobutyrate to (2S,3R)-methyl-2-
benzamidomethyl-3-hydroxybutyrate by further Engineered Ketoreductases Derived from
ADH-LK.

[0317] Improved ketoreductases derived from the ADH-LK variant with SEQ-ID No. 48 were

evaluated for increased activity and (2S5,3R)-stercoselectivity by the method described in Example 6.
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54The |pol ybEPH: @80Df: clalm 7 i # which|thé& keforeductase *
am 1j0_aci d Sequence nag thne f ot ow g addi {Tonat
3% eatur@%‘IT;Lé%%@éO%\S;rr(=spond|3ng to K40tts @ e
TongtTar med or_pasr ¢ T §sr aue;, _and TEST aye
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acid sequence has one or nore residue differences af
5Pt her La}%gq;@ghd&(ﬁildje posijtions @s conpared to the . .
ref grence sequehce
20 A94T; L199N; A202V; 3 - -+
46 L153S; A202L; 2 + +
6 A94T; L153A; L199A;
A202V; 4 + ++
26 A94T; A202L; 2 -+ ot
28 A94T; A202V; 2 ++ -+
30 A94T; L199A; A202L; 3 -+ -+
22 A94T; L199H; A202L; 3 -+ -
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5i due gorresp
esponding to

pnding |

0 X94 is
hi stidi

oot

and
| eugi
0
6@jh
resi
al i

rA$; %RCRMIS SpERdi

I ne; W th h(§3§;1C)VI

llﬁlﬁﬂﬂﬂé§§8hv

r §5b6ke ooy GHRRNAI
due; the residue c

hatic,\@ﬁﬂ%%rained

ng to X202 i
so that the
an am no acid
ng X94 is an
br r espondi ng |
or polhr res

X199 j
5 valin
xet or ed
bequenc
al i phat
0 X199
dietan

ic or
is an
] t he

PO

| ar

ot

resi

62

due TOrTesponai g
T2A; R4C; H40R; A9%4G;

S96V; F147M; V196L;
L199W; 1226V; G248K;
Y249W;

0 X202 TS5 1€

11

TCT e O

o+

val T e,

ot

14

H40R; A94F: S96V:;
F147M; L195V; V196L;
L199W:; 1226V; Y249W:;

s

ot
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19. The pol ypeptide of claim 18 in which the

ket or educt ase domain or region conprises an am no acid
WG 2Woesdss i n whi ch residue correspondi ng to X9ECT/ES2008/078513
t hreonine. WD 2009/ 046153PCT/ US2008/ 078513 20.
The pol ypeptide of claim 18 in which the ketoreductase
domai n or region conprises an am no acid sequence in

whi ch residue corresponding to X199 is al anine,

hi sti di ne, or asp ype

ot b S mg i RS it SERARGY A8e" 50 P bl mors setive than

r KQIED W @S 115 &S, AN-+8H13000 36l th o EH S hEn KREWﬂh"SEQhID No. 48;
esi due correspondln to _X94 is _a polar residue;

r &8t tdd- S0dp ! sty hler BRED 9t SEQED M- i48ktie: >50-told more active

cqaﬁkmmuumthQn@k@nmreS|due and the residue
correspondi ng to X202 is valine or |eucine. 22.

'TﬁemBHF?ﬁ@ﬁYPﬁgzéﬁo@FBWH*T@“Whmwﬂﬂbh t he ketoreduct ase

: dqma) gpw(zsrﬁgipﬁﬂu@wmp )98 (28 3RIHroQucAGH4: %%@@S%R Jiiroduct
resi due corresponding to X94 is threonine;

rééfﬂﬁﬁ9éég$%%b%WHWhg to X199 is al ani ne, hlstldlne,

or asparagi ne; and the residue corresponding to X202

is valine or I|eucine. 23. The pol ypepti de of

apyade9:-®edadtidh 0BMESBy L Pbehkarhidombthd!B-$:0Butk@icas ©RUGR RHEthyl-2-

d esmhiidoh cthAP-BRIr &9bUtRSR 0N tnfigedrdl K@St@RsEDedidd @$ ADH-LK.

additionally one or nore of the follow ng features:

[0318]" ol kenrddeapoNdtirRgl fram HRBO\DIS-LA acihi ivith SEQRIEX NE.,66 were

naon-pol ar, . or. ali res si.due .cor,r espaondin
evaluafed Togpppcasid aaﬂwzynanﬁg%a% SRty P E mE g aG g BN M hple o

roct diin- roct dun r\r\rrnr\r\r\nnll ot o Y120 1 o A NN Al Ay

T CJI OOUCT ToCOT OUCT CUT I COpPUTTar 11y C U 7832 J- T o9 o ot por o

Tabl®6: A@ivay of&BHdlLIEVai‘ﬁﬁisdmeﬂ@thoﬁS)DMbdiymg Hefzatdidoiméthyla@Bloxobutyrate

tic, _.non-paqlar al i |c resi due; residue
to (2@8?‘?& H%aubﬁgzagﬂd%%‘%yl@shy nyratﬁon pol ar or

SEQHY omati c or constrained resi dugiumber of mitations
Sequence - coding mutations from kefir activity® | selectivity”

al 1 phatic residue; residue correspondlng to X190 1s an

H40R; A94G; S96V; E145F; F147M;
66 Y190P; VI96L; L199W; 1225V;
Y249W 10 | + +

T11F; H40R; AY4E; S96V; E145F;
74 F147M; Y190P; L195V; V196L;
L199W:; 1226V; Y249H; 12 | ++ ++

D3V; A10T; H40R; A%4G; S96V;
82 F147M; Y190P; V196L; L199W;
1226V; G248K; Y249H; 12 | + ++

H40R; A94F; S96V; E145F; F147M;
68 Y190P; L195V; V196L; L199W;
1226V; G248R; Y249W; 12 | ++ ++

T11L; H40R; A94E; S96V; F147M;
Y190H; V196L; 1226V; G248K; 10 | +++ ++
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resi due corresponding to X195 is a non-pol ar or

al i phati c residue;
wo0pallsy or aliphatic residue;

to X206 is a non-polar or aromatic residue;
wherein the am no acid sequence can optionally have

Qne._Qr

nmore differences at

ot her

resi due corresponding to X196 is a
resi due corr eBEDH82008078513

amno acid residue

Tablpmxz&iv&p of ADHLDR ﬂ?i{lgis trfomaﬁ&ﬁ,a QR Niehf 1L DehLohidststh

as _conpar ed he refe

rence sequence.

to CRAR)-ptyhépenaaiggmethyl-ohydrofybafystes 18 to 21 in which

Qél 3-oxobutyrate

The Keroreductase domalm or regi on corresponding 1o
SEQHRsi lue 90-211 has additi onal | yNenker ef mpatiesof | he
No foll O%d?lgnd‘ee%&lﬁﬁutaﬁ&é' due corggspgpdi ng to X9p adti%itya selectivity”

valime or phenylalanine; residue corresponding X105

is gly@ﬂﬂé resi due corresponding to X129 is

threoni ne; residue correspondilng to X147 is

et hii eRpRers4QL AbRUGHEE E1lpgRI due corresponding tp X153

i s alanine or serine; Tresidue [corresponding to X190 is

7ﬁist|@ﬂﬁ§)éﬂ4ﬁMbY¥ﬁb LI199¥si duel correspondi ng to| X195

is valiRe; ysesydue correspondiing to X196 is | eucinpe; 4t
111F; H40R; A94G; S96V; E145F;

28 F147M; Y190H; L195V; V196L,;
L199W; A202V; 1226V; Y249H;
A251T; 14 | +++ ++
H40R; E78D; A94E; S96V; F147M;

70 Y190H; L195V; V196L; 1226V;
Y249H; T250Y; 11| +++ +
K8N; VIG; I11F; H40R; A94G;

80 S96V; E145F; F147M; Y190P;
V196L; 1226V; G248K; Y249R; 13 | +++ +
V12I; H40R; A94E; S96V; F147M;

64 Y190P; L195V; V196L; L199W;
1226V; G248R; Y249W; 12 | +++ +

a.

with SEQ ID NO. 66; +++: >2-fold more active than KRED with SEQ ID NO.66;

+: <85% (2R,3R)-product; ++: >85% (2R,3R)-product.

Example 10: Preparative scale production of (25, 3R)-methyl-2-benzamidomethyl-3-
hydroxybutyrate.

+: 1-fold more active than KRED with SEQ ID NO. 66; ++: 1-2-fold more active than KRED

[0319] A 250 ml 3-neck flask with overhead stirrer was charged with methyl 2-benzamidomethyl-3-
ketobutyrate (25 g), isopropylalcohol (37.5 ml) and 0.1 M triethanolamine(chloride)/0.04 M MgSO,

buffer pH7.2 (30 ml). The reaction mixture is stirred and temperature brought up to 37°C using an oil
bath. The reaction is started with the addition of 0.5 ml 19 g/[. NADP-Na followed by 2.5 ml 30 g/L.
KRED of SEQ ID No. 10; both as solutions in 0.1 M triethanolamine (chloride)/0.04 M MgSQO, buffer
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resi due corresponding to X206 i s phenyl al ani ne;
wherein the am no acid sequence can optionally have
wWeawInsc1sdre differences at other am no acid reci/Usze08/078513
positions in the domain corresponding to residues
90- 211 as conpared to the reference sequence.
25. The_ pol ypeptide of claim 18 in which the
PH7.2y ghihg feéatmpa%%éesa ditafoHo B Preighion d ebt!iwsh Srtitigopmse of the reaction

that wér8 JIFEWR0T il acehﬁﬁn@dﬂt&ddcﬂﬁ@%éh)ﬁ ¢ 3% h Yrin@WhinG ah@Aayiz&d as
resi due corresponding to X147 is an aromati c,

descrifdrin rEATie b rWam tbﬁ%&lﬁvem% efcatiied Sh getuEts éﬂ%owﬂlaﬁémoyde

(12.5 h X2 @i d8@103kd FaGBH HBNEE, DRSNS 40n] Qﬂi’jfﬁacEtﬁt%l @H@reacuon mixture
di fferences at other amno acid residue_ positions

was st%ﬂﬁo‘ilag(&hqrdS DR tgsethen Biraed tg@lj%}b*h@@“e pad (5 gin Q%‘ltteq-g']éss ﬁlter) under

Vacumﬁo ITHPERY: 6l vak wadrl With 80 il et\l‘r{/’\ll dbtatk BRI RETRY BEUS LABE filtrate
mai n or region, corresponding to residue 90-211 has

allowegdqﬁepflratﬁ% Tlgp ({rg?éucfl?ﬂer 5Naﬁl§dfﬂgg& t&}p@gvnhr@gpld)@éer and concentrated on a

rotary @%Bﬁﬁ)ﬁg QNG NG £ s BB dight ARG rérhovaBS B h&iate) %‘Ih’eﬁ@él@ Iinl) was
al i phatic residue; residue correspondin

added alhd ‘H%]%tﬂildér VASBHL- p@ﬁa%R)d?et%}thd}?a%a%dwgw&é gwdraﬁ@utyrate (26.47 g)
was oBMIB ks Bn Q@Edn@d‘hﬁh% Y10bhR 1R RAQAcRmhifed S IHENAR -h@scione or
nore residue differences at other am no acid residue
[0320]P @3l phblwaﬁor@spaee@ap@%&idaﬂpﬁcatuhﬁs dn@ bR BmSRALRA Gfthis application are
27. Th eﬂg eptide of claim18 in which the
herebydn¢agposy lf.‘/arg rea%% e TRt Rt P lPgrmosss So RapHieF gxgnt as if cach

individu@Bpul HutiOR) patdat, t @fpttdtioR DRdbthat dbbignchOk¢r@ MdR@ually indicated to be
features: residye corresponding to X96 is a pol ar,

“mmpgﬁﬁﬂﬁYF%ﬁf%@ﬁnﬁngwomﬁr al i phatic residue; residue
corresponding to X147 is an aromatic, non-polar or
al i phatic residue; residue corresponding to X195 is a
non-pol ar or aliphatic residue; residue correspondi ng
to X196 is a non-polar or aliphatic residue;
wherein optionally the am no acid sequence has one or
nore residue differences at other am no acid residue
positions as conpared to the reference sequence.
28. The pol ypeptide of claim1l, which conprises an
am no acid sequence corresponding to SEQ ID NGO 6, 8,
10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 40, 42, 46, 50, 52, 54, 56, 58, 60, and 62.
29. The pol ypeptide of claim1l, which is capable of
converting the substrate to the product with a percent
stereoneric excess of at |east about 90%
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WD 2009/ 046153PCT/ US2008/ 078513 30. The
pol ypepti de of claim 29, which conprises an am no acid
W@ 2paesass corresponding SEQ ID NGO 6, 8, 10, I1BCT/L&2008/078513
16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 40, 42,
50 52 56, 58, 60, or 62. 31. The pol ypepti de
aiml, which is capable of converting the
WHA@J@QIF/%&MEpdst he product with a percent stereomeric
excess of at |east about 95% 32. The
pol ypepti de of claim 31, which conprises an am no acid
s équendderpidgas orbperidsempripofonvatingghe sphstraicy methyl-2-
benzat%ﬁomatﬁyl ﬂ@qob&?vatezﬂ) the%ﬁodu%%3 2. %@»mégyl Z%nzaﬁgdon@% 132,
0, . The pol ypepti de of claim
hydrowbuwecwnhgp%ra%ﬁrsréowwceé?ﬁ%?ﬁﬁt Irgstebrit 8bst rate to the
product with a percent stereoneric excess of at | east

about  98%olypeptide of im TREIAUoMPARE btlEmBb oGl @éqﬁén%gthat is at least
whi ch conprises an am no acid sequence correspondi n

about @_:i‘é/@qeglcﬁbo agefergncef@ﬂueg_eg bas_Fg on §§Q Qj\] 0:3 A1 4 31086 }g?mg gl,g%ollowmg

featur&0 resRI08 c R sponding to XBHis th-lré'bﬁm@qjeéf(ﬂlﬁr%fr@gorﬂﬁng(ib Xi199 1].; ,a hlstldme and
whi ch is capabl e of converting the substrate to

residupycoseseRopdigg toaX 108 v alipger pusing: witkethe proyiso fhahibe k?j?ré%ﬂc@ﬁe
olype%t]@enhats Beah b aie &8l inyPiadt thel Rsiahie RPN A4 is an ahphatlc or
The pol ypeptide of clai m35, which conprises
polar raﬂﬁi%re%eé%cogém%%toe%}P? sspatiefiae copering N@OlasreSIéue foyl residue
corresﬁo%dmé% X26),is 2adine 3dlcucd®@. 28, 30, 32, 34, 50, 60, and
37. The pol ypeptide of claim1l, which is
capable of converting the substrate to the product. at
21 at & ThAgTeRtdeor plahyg ingefich %?S@P%@Fé@p%lﬁ%wt@é is threonine,
reference pol ypepti de SEQ I D NG 48. 38. The
pal ypephé¢ sleypeptidel it Bind7 in wilitiCthe GO ¢oBr@SHoadin@d X009 aldlfhine,
bi dse uence .corresponding SEQ ID NO 6, 8, 10, 12, 14,
istidiggy Orasparagine. 6~ 30, 34, 60, and 62. 39. The
pol ypeptide of claim1, which is capable of converting
t ke subBé pagpeptide dfblampz aduideh the realdneactoereimammg' ® 264 is a polar
remdu%%&srt'a%ﬁ‘rq%éoﬁ%’sgnd rgetg B(?%%IIS al?.rﬁ]lép%gtgcl ;%fgg{lﬁe 01‘8 fld%g?‘% %;&ethe
residutvuirekpoading ro $HER iaveliagorleucaei d sequence correspondi ng
SEQ ID NO 6, 8, 10, 12 14, 22, and 60. 41.
Igﬁvgﬂflxﬁ }g )Eplﬁgt?de okt;c \%‘hlc}iAfEe re51due lj)(r:rte&)g)bclh%lg )%94 ig }I}lretomne
the resll(Ble atrrdspading 5OX1 e slalgnee atseding, Ioaamparhgner efiethe esiduc corresponding
toxzo‘i é’q%%@orlg :2EQ I D NG 48. 42. The pol ypeptide
2 ahi ch conprises an am no aci d sequence

cor responding SEQ ID NO 6, 8, 10, and 12.
7. The polypeptide of any one of claims 2106 in which the ketoreductase amino acid

sequence has additionally one or more of the following features:
residue corresponding to X2 is a polar, non-polar, or aliphatic residue;
residue corresponding to X4 is a basic residue or cysteine;
residue corresponding to X11 is a non-polar, aliphatic, or aromatic residue;
residue corresponding to X40 is a constrained or basic residue;
residue corresponding to X80 is a non-polar, aliphatic, or polar residue;
residue corresponding to X86 is a non-polar, aliphatic, or polar residue;
residue corresponding to X96 is a polar, aromatic, non-polar, or aliphatic residue;

residue corresponding to X105 is a non-polar, aliphatic, basic or acidic residue;
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WD 2009/ 046153PCT/ US2008/ 078513 43. A
ket or educt ase pol ypepti de capabl e of converting the
W@ awsnsEse, met hyl-2- benzam donet hyl- 3- oxobut BCEUS2008/¢78513
the product, 2R, 3R-nethyl -2-benzam donet hyl- 3-
hydr oxybutyrate, with a percent stereoneric excess of
at | east about 85% 44, The pol ypepti de of
¢ FeaidHs eoaresRomliag oo Ags s ran-nolr AP rssédue sequence

C %sfdﬁ@&ﬂfé%oﬂ@m}; ® )Sﬁ@ id 43 dNphatRBnonfdlar Zﬂahpﬂaﬁw rds@iueand
82 45. A ynucl eoti de encodi ng (Polypeptlde

a@é@Pﬂ?%@sﬁoadla&V %Wé 155% PUgr g opepolpr gr4ahphatlc resi The

p%sway@drﬁgidnaiﬁg f X Bload 4R ASmatifdk Edhsirsinad r&EHPYENCE
correspon fo SEQIDNO 5, 7, 9, 11, 13, 15, 17,

18sidyq Congsponding to 195 jup nogppolaggr aliphaticgesidugg 41, " 45,
49@51d5@-@0r15§p0n515g 103419699a ndApoft or aliphatic resdle; A

polynucleotl e encodi.ng a pol ypepti de accordlng to
c FeaidHs gesregonding to X206 is apom-polas af Henytirueyi &St i de of claim

4 fosidbib hds 3ﬂo§dlﬂg mﬁ@aﬁn&ﬁfo‘la@§pﬂfﬂ)ﬂdttﬁgesli(ﬁleSEQ I D NO.
67, 71, 7 75, 77, or . 49, An expreSS|on

v ESideg costspondliag gX4§ds ww@é%‘eﬂsxca@d&ﬁ claim44 or 47

OR&1dabErebjoRKiBE tof X2 400N RmARYLRNAEESISUI t abl e for
dlrectlng expression jin a host cell.

eXpfieeep Walhé@@ gmingacidisgguricgdias QRSAF BIOTF Tetidie ébffﬂr%?s at other

amino 26 YR € p SR BRE bs&%&p@re@foqﬁpfe%ence sequence. 91 The
expression vector of cIa|n150 wherein the pronoter

nprises an E .
eg'pr esd ?%Wlwe%ro?@w 4 ﬁlfumﬁ? ‘A& hiEh %ﬁéﬁtersﬁwaa? amino acid

sequer€ BMQIAGIEORNNPBHRE G8SordoSBEfBbWRB f&haRal . 53. A
hos%»cell co r|S|n% %?e'expre55|on vector of claim
4&sidue correspoggding d8t"eel | of claim53, which is E

C@sidue corresponding to X4 is cysteine;
residue corresponding to X11 is phenylalanine;
residue corresponding to X40 arginine;
residue corresponding to X80 is threonine;
residue corresponding to X86 is isoleucine;
residue corresponding to X96 is valine or phenylalanine;
residue corresponding to X105 is glycine;
residue corresponding to X129 is threonine;
residue corresponding to X147 is methionine or leucine;
residue corresponding to X153 is alanine or serine;
residue corresponding to X190 is histidine or proline;
residue corresponding to X195 is valine;
residue corresponding to X196 is leucine;
residue corresponding to X206 is phenylalanine;
residue corresponding to X226 is valine;
residue corresponding to X248 is lysine, or arginine;
residue corresponding to X249 is tryptophan;
wherein optionally the amino acid sequence has one or more residue differences at other

amino acid residue positions as compared to the reference sequence.
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55. A conposition conprising a ketoreductase of any
one of clains 1-42 and conpound
woreaobpse123 benzam donet hyl- 3- oxobut yrate of f ormal/ESZ0D§/078513

or compound 2S, 3R- net hyl- 2-

benzam donet hy1l- 3- hydroxybutyrate of formula (I1).

56. The conpositiagn of claim55 in which the substrate

i & t he ThoPRIGURALCHE clrih frif whigh the keieredustescaimipo tfidiscgrence has
additidn@y13Her fbte)of NG R46A53PCT/ US2008/ 078513

57.. The conposition of claim55, further conprising a

C EPIdET BTeRRogdiAG FoaX 10rg 2 e3pstraipgd or basic Tesidys: angh o

C QIS bdricQdn@ihg & 21 4Midah drémM] €IA-pole o COh Rt Qsidue.

regenerating system conprises glucose dehydrogenase

and gl ucose; fo te. dehydr.ogenase and formate; or

i é@pr op B nsich e SBisn? Hla‘?’%}dhtllei%E%HFS“HE‘WIB@%%%BQWWG has
additica8lly dher bR fhRrfoll@dpclcngret:ne substrate of formula

é}c%iﬂlﬂgg(}r%%/p]é%lé%gfﬂn)gngf g;&gé Ql%ljﬁ:clt?(;, n(?n)sf?o alflrf era?l%)h%’tic;t o the

2 Rsilb: dRickpondidg REXBBM deyrejony br diphyirexideut yr at e,

whi ch conpriggs contacting or i%cgbatin the substrate

WBHUS QIR ERG I HE 8 1?3%11‘&?&9%{ PHEPEFICAFYYSne of cl ai ns

1rdriueoiREpongiag to Xo126GONEnt Jo Sr Siphitrlbgivkor reduci ng

the-substratgﬁto the,producﬁ of forngha (rnr).

6 EFSIREPTIEERORGIRS BF XAt tRBP o OURKEASIWE product i s
PEsRIgOEorREpoaling tEX BONEH Lo e&Hugr eat er than about
99% 61. The nethod of claim59 which is

carried, out wt ole ce]l.s that, express the. )
e8] o canCrshgBbudt A BTy Sl R at e BT TR s inprecid seqpence has
additicd@lly e or more of tHedolloify REtkRked of claim 59 in which the
ket or educt ase. i s i sol ated and/.or rjified. and the
fook? Papely Pl

r E19RT Ftrsnoadieg & PRlaE pPRspRlgy P PHESKPEsence of a
cedsilad evrrebndihf e ket anedtetidseorapdeiapt i onal |y a
rqgﬁneration S spgﬂyfor th Cﬁfﬁctor. ) .63. The
mE KB R resRndingfosgl i i @ fr-egiar IR Y wratis &5HEr at i ng
fsyesidemmgqﬁmﬂiﬁg& xgoue @ﬁ@qdpt?hyﬂrpﬁgenmlaafb@idg&; uc OIS e; ;

or nat e dehydro e and for e; or jsopropanol an
SR SR h e Brot ey B GeRuaic. ool RgRA"Y o
medstdaélc@ifes@indin 10631 05 s Aingioldr dipsegic aslabyacalic@bithe;
dehydr ogenase i s .ket or educt ase.
SG0MrIE TIRPEH LS HS 4T CHBEDS" ShaPSI e s H or a
hydidoxydrrepgoatieg to XH3dy Optdar, @mchoRAvi BipRathatsatyen, or
~0fe WL | AES! & Somar ined resicuc

ponding to is an ardmatic or constrained residue;

residue corresponding to X206 is a non-polar or aromatic residue.

12. The polypeptide of claim 7 in which the ketoreductase amino acid sequence has the
following additional features:

residue corresponding to X40 is a constrained or basic residue; and

residue corresponding to X147 is an aromatic, non-polar or aliphatic residue; and

wherein optionally the amino acid sequence has one or more residue differences at other

amino acid residue positions as compared to the reference sequence.

13. The polypeptide of claim 7 in which the ketoreductase amino acid sequence has the

following additional features:
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a step in the nethod conprises contacting or reacting

the substrate of formula (1) with the ketoreductases
W@Roophe18i scl osure under reaction conditions SRCT/EHEI088/078513

for reducing or converting the substrate to the

product of formula (II) wherein R is Hor a

Cl-&A al kyl é qx 1F% i sH, ar a hydroxyl

pFeétdé%?qr‘ﬁ@pO@ iBg 9 X4Q4s P g0 a“éf‘élr%éﬁé}c wtidtcect i ng gr oup,

amﬁé @)rﬂt (g?lld@ing & X ik a pBhhrom@tic, BbKAIANG BBKkD rdiRLA! ;
and, X or a | eaving grol a step in t he

n&sﬂéﬂ"%?ﬁ?f“ﬂ@%g’ Rl e arﬂn%tﬁgn%momar dighpicireidye; and

C QMRERGLopghaly the @RAGH0I a0 stienc WRSEedt BioRfredidife Mitcdentds)at other
with the ketoreductases of the discl osure under

amino pgid &3sjdymPeSHirds 15 GREsd ot thpicErangs seAdETi ng or
converting the substrate to the product of fornula

(h4) . 66e pdiypeptidirir BRth 7 @rwiibiEths ¥abB@BtaSe Mhin@acid sequence has the

car enem of structural formula (V): (V) or
ﬁﬂbw@@@ﬁ%ﬁggfkﬂyﬁ?ates, salts, and prodrugs thereof,

wheided Eergpoinﬁmbth%'l%olalR&o{n&tuﬁ ﬁ&rﬁﬁdlﬁdorfallﬁlf@tic residue;
substitut ed unsubstltuted al kyl ﬁ Eltuted or
ufsifBsE9icERoa n%le)F 7%%%?%%@%9@ ASBSYICt ut ed

hesrit®adrkeylondisg RS 19548 £6bnQfoldd B541PEAtictreHiRe;
het er ocycl oal kyl ,_ and substituted or unsubsﬂituted

hé“ts’éiP%%fPVFfé’anW 10 5178 1nqnepolgr 8t aliphglicesigifpan a
smaeinrbptl&ﬁumte RRChoGEIIRE(USRS has SHe®P mbft rédidic MEFIR@Ees at other
rises contactln%?igvggé ting the substrate of
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16. The polypeptide of claim 7 in which the ketoreductase amino acid sequence has the

following additional feature: residue corresponding to X147 is methionine or leucine.

17. The polypeptide of claim 7 in which the ketoreductase amino acid sequence has the
following additional features: residue corresponding to X40 is arginine; and the residue

corresponding to X147 is methionine or leucine.

18. The polypeptide of claim 1 in which the ketoreductase polypeptide comprises a
region or domain with an amino acid sequence that is at least 85% identical to residues 90 to 211 of a
reference sequence based on SEQ ID NO:2, 4 or 86 having the following features: residue
corresponding to X94 is threonine; residue corresponding to X199 is histidine; and residue
corresponding to X202 is valine or leucine; with the proviso that the ketoreductase domain or region
has an amino acid sequence in which the residue corresponding X94 is an aliphatic or polar residue;
the residue corresponding to X199 is an aliphatic, constrained or polar residue and the residue

corresponding to X202 is leucine or valine.

19. The polypeptide of claim 18 in which the ketoreductase domain or region comprises

an amino acid sequence in which residue corresponding to X94 is threonine.
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20. The polypeptide of claim 18 in which the ketoreductase domain or region comprises

an amino acid sequence in which residue corresponding to X199 is alanine, histidine, or asparagine.

21. The polypeptide of claim 18 in which the ketoreductase domain or region comprises
an amino acid sequence in which residue corresponding to X94 is a polar residue; the residue
corresponding to X199 is an aliphatic, constrained or polar residue; and the residue corresponding to

X202 is valine or leucine.

22. The polypeptide of claim 18 in which the ketoreductase domain or region comprises
an amino acid sequence in which residue corresponding to X94 is threonine; the residue
corresponding to X199 is alanine, histidine, or asparagine; and the residue corresponding to X202 is

valine or leucine.

23. The polypeptide of any one of claims 18 to 21 in which the ketoreductase domain or
region corresponding to residue 90-211 has additionally one or more of the following features:

residue corresponding to X96 is a polar, aromatic, non-polar, or aliphatic residue;

residue corresponding to X105 is a non-polar, aliphatic, basic or acidic residue;

residue corresponding to X129 is a non-polar or polar residue;

residue corresponding to X147 is an aromatic, non-polar or aliphatic residue;

residue corresponding to X153 is a polar, non-polar or aliphatic residue;

residue corresponding to X190 is an aromatic or constrained residue;

residue corresponding to X195 is a non-polar or aliphatic residue;

residue corresponding to X196 is a non-polar or aliphatic residue;

residue corresponding to X206 is a non-polar or aromatic residue;

wherein the amino acid sequence can optionally have one or more differences at other amino
acid residue positions in the domain corresponding to residues 90-211 as compared to the reference

sequence.

24. The polypeptide of any one of claims 18 to 21 in which the ketoreductase domain or
region corresponding to residue 90-211 has additionally one or more of the following features:

residue corresponding to X96 is valine or phenylalanine;

residue corresponding to X105 is glycine;

residue corresponding to X129 is threonine;

residue corresponding to X147 is methionine, or leucine;

residue corresponding to X153 is alanine or serine;

residue corresponding to X190 is histidine or proline;
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car bapenem has the structural formula (XII1):

residue corresponding to X195 is valine;

residue corresponding to X196 is leucine;

residue corresponding to X206 is phenylalanine;
wherein the amino acid sequence can optionally have one or more differences at other amino acid
residue positions in the domain corresponding to residues 90-211 as compared to the reference

sequence.

25. The polypeptide of claim 18 in which the ketoreductase domain or region
corresponding to residue 90-211 has additionally the following feature:

residue corresponding to X147 is an aromatic, non-polar or aliphatic residue; and

wherein optionally the amino acid sequence has one or more residue differences at other

amino acid residue positions as compared to the reference sequence.

26. The polypeptide of claim 18 in which the ketoreductase domain or region
corresponding to residue 90-211 has additionally the following features:

residue corresponding to X96 is a polar, aromatic, non-polar, or aliphatic residue;

residue corresponding to X147 is an aromatic, non-polar or aliphatic residue; and

wherein optionally the amino acid sequence has one or more residue differences at other

amino acid residue positions as compared to the reference sequence.

27. The polypeptide of claim 18 in which the ketoreductase domain or region
corresponding to residue 90-211 has additionally the following features:

residue corresponding to X96 is a polar, aromatic, non-polar, or aliphatic residue;

residue corresponding to X147 is an aromatic, non-polar or aliphatic residue;

residue corresponding to X195 is a non-polar or aliphatic residue;

residue corresponding to X196 is a non-polar or aliphatic residue;

wherein optionally the amino acid sequence has one or more residue differences at other

amino acid residue positions as compared to the reference sequence.

28. The polypeptide of claim 1, which comprises an amino acid sequence corresponding
to SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 46, 50, 52, 54,
56, 58, 60, and 62.

29. The polypeptide of claim 1, which is capable of converting the substrate to the

product with a percent stereomeric excess of at least about 90%.
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30. The polypeptide of claim 29, which comprises an amino acid sequence corresponding
SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 40, 42, 50, 52, 56, 58, 60, or
62.

31. The polypeptide of claim 1, which is capable of converting the substrate to the

product with a percent stereomeric excess of at least about 95%.

32. The polypeptide of claim 31, which comprises an amino acid sequence corresponding

SEQID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 42, 50, 52, 56, 58, 60, or 62.

33. The polypeptide of claim 1, which is capable of converting the substrate to the

product with a percent stereomeric excess of at least about 99%.

34. The polypeptide of claim 33, which comprises an amino acid sequence corresponding

SEQ ID NO: 6, 8, 10, 12, 14, 20, 22, 24, 30, 32, 34, 60, and 62.

35. The polypeptide of claim 1, which is capable of converting the substrate to the
product at a rate that is at least 15 times greater than the reference polypeptide of SEQ ID NO:48.

36. The polypeptide of claim 35, which comprises an amino acid sequence corresponding

SEQ ID NO: 6, 8, 10, 12, 14, 20, 22, 24, 26, 28, 30, 32, 34, 50, 60, and 62.

37. The polypeptide of claim 1, which is capable of converting the substrate to the
product at a rate that is at least 30 times greater than the reference polypeptide SEQ ID NO:48.

38. The polypeptide of claim 37, which comprises an amino acid sequence corresponding

SEQ ID NO: 6, 8, 10, 12, 14, 20, 22, 24, 26, 30, 34, 60, and 62.

39. The polypeptide of claim 1, which is capable of converting the substrate to the
product at a rate that is at least 40 times greater than the reference polypeptide SEQ ID NO:48.

40. The polypeptide of claim 39, which comprises an amino acid sequence corresponding

SEQ ID NO: 6, 8, 10, 12, 14, 22, and 60.

41. The polypeptide of claim 1, which is capable of converting the substrate to the
product at a rate that is at least 50 times greater than the reference polypeptide SEQ ID NO:48.

42, The polypeptide of claim 42, which comprises an amino acid sequence corresponding

SEQ ID NO: 6, 8, 10, and 12.

114



WO 2009/046153 PCT/US2008/078513

43, A ketoreductase polypeptide capable of converting the substrate, methyl-2-
benzamidomethyl-3-oxobutyrate, to the product, 2R,3 R-methyl-2-benzamidomethyl-3-

hydroxybutyrate, with a percent stereomeric excess of at least about 85%.

44, The polypeptide of claim 43, which comprises an amino acid sequence corresponding
to SEQ ID NO: 68, 72, 74, 76, 78, and 82.

45. A polynucleotide encoding a polypeptide according to any one of claims 1-44.

46. The polynucleotide of claim 45, which is a sequence corresponding to SEQ ID NO: 5,
7,9,11,13,15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 45, 49, 51, 53, 55, 57, 59, or 61.

47. A polynucleotide encoding a polypeptide according to claim 43 or 44,

48. The polynucleotide of claim 47, which is a sequence corresponding to SEQ ID NO:
67,71,73,75,77, or 81.

49, An expression vector comprising the polynucleotide of claim 44 or 47 operably

linked to control sequences suitable for directing expression in a host cell.

50. The expression vector of claim 49, wherein the control sequence comprises a
promoter.

51. The expression vector of claim 50, wherein the promoter comprises an E. coli
promoter.

52. The expression vector of claim 50, wherein the control sequence comprises a

secretion signal.
53. A host cell comprising the expression vector of claim 49.
54. The host cell of claim 53, which is E. coli.

55. A composition comprising a ketoreductase of any one of claims 1-42 and compound
methyl-2-benzamidomethyl-3-oxobutyrate of formula (I) or compound 25,3 R-methyl-2-
benzamidomethyl-3-hydroxybutyrate of formula (II).

56. The composition of claim 55 in which the substrate is the compound of formula (I)

and the compound of formula (II).
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57. The composition of claim 55, further comprising a cofactor regenerating system.

58. The composition of claim 57 in which the cofactor regenerating system comprises
glucose dehydrogenase and glucose; formate dehydrogenase and formate; or isopropanol and a

secondary alcohol dehydrogenase.

59. A method for reducing the substrate of formula (I), methyl-2-benzamidomethyl-3-
oxobutyrate, to the product of formula (II), 25,3 R-methyl-2-benzamidomethyl-3-hydroxybutyrate,
which comprises contacting or incubating the substrate with a ketoreductase polypeptide of any one of

claims 1-44 under reaction conditions suitable for reducing the substrate to the product of formula

an.

60. The method of claim 59 in which the product is present at an stereomeric excess

greater than about 99%.

61. The method of claim 59 which is carried out with whole cells that express the

ketoreductase enzyme, or an extract or lysate of such cells.

62. The method of claim 59 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.

63. 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.

64. The method of claim 63 in which the secondary alcohol dehydrogenase is the

ketoreductase.

65. In a method for the synthesis of the intermediate of formula (IVa),

RO

——NH

N\

(Iva)
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wherein R' is H or a hydroxyl protecting group, and R'® is a halogen, or —OAc, where Ac is

acetate,
a step in the method comprises contacting or reacting the substrate of formula (I) with the

ketoreductases of the disclosure under reaction conditions suitable for reducing or converting the

substrate to the product of formula (II).

66. In a method for the synthesis of the intermediate of structural formula (IX),

OR3

Q]| =s

wherein R” is H or a C1-C4 alkyl (e.g., -CH3); R is H, or a hydroxyl protecting group; R* is

H, carboxy protecting group, ammonia group, alkali metal, or alkaline earth metal; and X is OH or a

leaving group,
a step in the method comprises a step in the method comprises contacting or reacting the

substrate of formula (I) with the ketoreductases of the disclosure under reaction conditions suitable for

reducing or converting the substrate to the product of formula (II).

67. In a method for the synthesis of a carbapenem of structural formula (V):

OH 2
H H &

—N

RN

CO,R® V)

or solvates, hydrates, salts, and prodrugs thereof, wherein R* is H or —-CHj; R is selected
from substituted or unsubstituted alkyl, substituted or unsubstituted aryl, substituted or unsubstituted
heteroalkyl, substituted or unsubstituted heterocycloalkyl, and substituted or unsubstituted

heteroarylalkyl; and R® is H or a progroup,

a step in the method comprises a step in the method comprises contacting or reacting the
substrate of formula (I) with the ketoreductases of the disclosure under reaction conditions suitable for

reducing or converting the substrate to the product of formula (II).

117



WO 2009/046153 PCT/US2008/078513

68. The method of claim 67 in which the carbapenem has the structural formula (X):

X)

69. The method of claim 67 in which the carbapenem has the structural formula (XI):

0
H O\\S//
RUNG2N

COH (XT)

70. The method of claim 67 in which the carbapenem has the structural formula (XII):

MezN

OH
NH

T
| T

e

don xm

AN

71. The method of claim 67 in which the carbapenem has the structural formula (XIII):

CO,H

o
H \”\
OH N
’ N
A

(X110)
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