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WO 20051017135 PCT/US2004/026655 1 IMPROVED
KETOREDUCTASE POLYPEPTIDES AND RELATED
POLYNUCLEOTIDES FIELD OF THE INVENTION 5 [01] The present
invention is related to the field of enzymology, and particularly to the field
whketeradugtase enzymology. More specifically, the presentipyeating isSssss
directed to ketoreductase polypeptides having improved enzymatic
activity, and to the polynucleotide seqyences that encode for the
improved ketoreductase polypeptides. BACKGROUND OF THE
INVENTION 10 [02] Chiral y-substituted 0-hydroxybutyric acid esters are
commercially impaPRONVEitekmediREa0 thesRyPthesis o iDES
pharmaceuticals. Thestlinkerhrethiddd¥ rhEWbE LERYBIAS optically active
intermediates in the synthesis of HMG-CoA reductase inhibitors, such as

Atorvastatin, Fluvastatin, SRRV VRIZIREAS have been described

fon produgipgsspmeMMbstitied: @‘W%%MXEW&?,%&%B&%M&M to the
Eéj%ﬁle, a method has been 15 reported for grodUC|ng
- y =

SROUFERGSTRRe s tPARTCA SRS BHhaRRSBU Aprarianat directed to
legprirdis:tve pmﬂ@rpgpumf th&gy@rowmﬁu@ wmﬁrfjmeo;miwszuaner)i%- the
[ (&I_O&I-d [th sodium cyanide. Ac Chem. Scand., B37, 341 (1983).
g%g?x e%_ai. %L/th er. ?gﬁor%tgncrﬁge&ﬁat or' Sy Vg%iz?rtl%redgmse polypeptides.
(R)-4-cyano-3-hydror>1<%1l%ut ric acid ester bl%#aactin the monohydrate
calcium salt of threo ARG B fSthice the di-bromo

ornetdhreaninguiedieyisith e Whercially i n
?%Iboh drat(;re Res., t;2:3,(?1 5?1197%!)) hg k?)ﬁjgrot%y%ggj% gfg t{#lﬂé) erclally important
B Frind s B SfiBP g ResEEH Wit SScRIgTmegiztaanay be uilized as

binfortiynately imethatissefuikin gypeie e gNG-de Aralecting: SEBRSEEE such as

ractical to implement. commerciall 3],More recent routes to _
e AT, o et e D ayioroducing
oo mexBshiyatrd ibutirateuTheseddutes requike atargaa)umpemnaf SkePeen
that ane - telati ol calr, mercially. Description of
e e R s et
KetorsHiietdhe IRREDY 6f BerBrtpKicaigemyd e mpete0i(E ol ftR4 fareaction

usefuddomihesyithesis ofepticrlivactive, aleoplsHomUhe WO further report a
2005/017135 PCT/US2004/026655_ 2 corresponding prochiral ketone

DHSPatST KRELRES ARt Caiian ieteriatitpitrateido ester by reacting the

monohydrate calcium salt of threonine with hydrogen bromide to produce the di-bromo

form of threonine, which is then converted to bromohydrin. Carbohvdrate Res., 72:301

(1979). The hydroxy group of the bromohydrin is protected prior to reaction with sodium
cyamde. ld. Unfortunately, methods requiring protecting and deprotecting steps are not

practical to impiement commercially.

(03]  More recent routes to synthesizing cyanohydrins have been developed that utilize
ethyl 4-bromo-3-hydroxybutyrate. These routes require a large number of steps that are

relatively costly to carry out commercially.

Description of Ketoreductase
KRED characterization

f04] Enzymes belonging to the ketoreductase (KRED) or carbonyl reductase class

(EC1.1.1.184) are useful for the synthesis of optically active alcohols from the
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the corresponding alcohol product, but may also catalyze the reverse
reaction, oxidation of an alcohol substrate to the corresponding
ketone/aldehyde product. The reduction of ketones and the oxidation of
alcohols by enzymes such as KRED, requires a co-factor, 5 most

eanmealy reduced nicotinamide adenine dinucleotide (NADIg-p4:5e6M%8Ekss
nicotinamide adenine dinucleotide phosphate (NADPH), and nicotinamide
adenine dinucleotide (NAD) or nicotinasnide adenine dinucleotide
phosphate (NADP) for the oxidation reaction. NADH and NADPH serve

a@o%@%&ﬁxﬁ%@éﬁ:rﬂh&@oh%@ﬂﬁté\l%Q@E}lﬁ%}F@ﬂﬁ@ﬁ AGeRPWLEbdtrate 1o

|s fre uent bserved %ihat keto ductases and alcohol 10

FBﬁ'dB %%%{E%'é tper?ﬁ%?‘t & IRBE SRS TRERE DI fhisverse reaction, oxidation
nﬁmaphmmhbEymtmwmetmdmpmmaﬂquﬁddmme)I,’P&Urtenmd:tion of

ooIR;,[Q (r]n'{ﬁnE oBAYA T %%lpcﬁs?) G RWide 3 Qﬁfk%saé“éo-facmr,

yeasts (for reviews: Kraus and Waldman, Enzyme catalysis in organic

sYitiesisondy1 &yeH WesHnERife] 9g5ripabdnKlcEidtr AAGIGIRatisnseduced

N QEGARNIG &hemisthy, dthvEdoSRY i@ﬂ@Ep%"Wﬁiemgﬂ%@%?{rﬁf& adenme
2000; Hummel and Kula Eur. J. Biochem. 1989 184:1-13; Liese). Sever

KEEEISgEAR DNy s Yt AU ﬁgaﬂ?%%ertaaosgfgw’cgﬁé%%> Tor the

maghatiaes (G enbAMOALend\NSATETRS8yGE tE360538) Ganditla NAD and NADP

parap silosis (Genbank Acc..No. .BAA2 1 GI
s By Lo R R A Febmggess w aobo
Gieﬁ%gzmyemcmsu@ébwmEmmwpésﬁ@gc{@em mm@mmm:nmﬁgactor (in

cgll ghaurasihe.ataquaie SRR Ph&R-factors for reduction reactions by
de novo synthesis and regeneration. The use of whole cells for

biosptalyiEReinnentedustion®nmaystheredorardie atvantageaus,aaw@ueteviews:

Croo pically have multi Ie ketoredu clase WhIC
Iov&amr"’o%% rYéT owxéri?an mer?ci’g%a1 excesd Eorth S'}SeﬁzYson %ﬁgégfq}}emhem
sﬁ@amdﬂg@m|j<puafmkefmumtasesceamym@smatrfom% Bt amgmw Berlin
VredustsyaR berPrained MRNE S 3lu A BlGhEM: 6289 é@% Liese).

107 4028-4031). [07] In the absence of the cellular machinery durin
VRS EH AR 8 TR0 A0H GREY BE-SFALEF 78 JaKe PAfid FERCHER el forndida magnoliae

cisenppmaniihe Needdos stoichiometie BnaMas.ohihess 30 QmemyeAcc No.
he sforr ductlon of keton S th
pe%sd%u(r;zg)sg WO’ en(%szr%e%Jf 4%%? "§0r0 iotae orsﬁ\m\cﬁﬁ or Ngéﬁl%ﬁmk Ace. No.

reédeneratinglariz¢inid such as WO 2005/017135 PCT/US2004/026655 3
glucose dehydrogenase (GDH), formate dehydrogenase etc. Enzymes are

gpearedyK REMSFERIRGEgeNsive due to their low activity under process
conditions (e.g. Sutherland
f06] Metabolism in the living cell ensures the adequate supply of co-factors for

reduction reactions by de novo synthesis and regeneration. The use of whole cells for
biocatalytic ketone reductions may therefore be advantageous, however, microorganisms
typically have multiple ketoreductases which can lead to low product of low enantiomeric
excess. For that reason, Wong et al. studied (semi)-purified ketoreductases enzymes and
found that higher quality products can be obtained (Wong et al. J. Am. Chem. Soc 1985
167:4028-4031).

{077  In the absence of the cellular machinery during in vifro enzymatic reductions, co-
factor regeneration is needed to circumvent the need for stoichiometric amounts of these
expensive moiecules. The use of enzymes for reduction of ketones therefore requires

two enzymes — KRED and a cofactor (NADH or NADPH) regenerating enzyme such as
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and Willis, J. Org. Chem. 1998 63:7764; Bustillo et al. Tetrahedron Assym
2002 13:1681), insufficient stability (Shimizu et al. Appl. Environ.
Microbiol. 1990 56:2374; 5 Bradshaw et a], J. Org. Chem. 1992 57:1526),
and vulnerability to substrate or product inhibition (Kataoka et al. Appl.

Migrabiql;-Bigtechnol. 1997 48:699); Kita et al. Appl. Envwor},d\{l)ﬁggw%zﬁﬁs

1999 65: 5207). As mentioned above, co-factors are expensive reagents
for industrial processes and may add S|9n|f|cant cost to a biological
reduction process if their usage is not éfficient. 10 [08] To circumvent

MANGRF IESE ASIERY G BEQNGMIC,ISSHER, 9%@'8(9“%&?!{%@4‘% generally

been frequently considered as preferred catalyst for biocat

rEARREHERS CABHEYF f{}ﬁé%uw%wﬁﬁ.ﬁcealm&&eéﬁawsrwvegéﬁfegaﬁH@peﬂaﬂd
enzyMasiASyametinedusiomn ef: ﬂmhlmmﬂﬁioacatatee&%@dﬁa&a%n 2002

TR S ST e AL Raioh S g o g 27

obhedshBwricrdolg@risibefty. $9912a$§ 15,559;@30»"5@%;6%0%&[&0%&3&& or product
5891680 xFHeVarledusions. H5ing Blstonial crils,aie. 5@;%&9@@%@ Appl.

at high substrate concentration are not efficient, suffer from reduced yield

dEevEPRoMisatbig restfo S atid Yive AswnsntpRRshAR e e pre are)expensive

(bRt GrbilSh9d I5rocahd:s03% Maf0RUE A0riR91. 685 6. 21888 candduction
6,448, 0 %‘ 20 %O lntrod tlon of genes encoding KRED and GDH into a

FRARSGROIRG iR 6?@3:‘1 7%llkh as E. coli has resulted in more active
V\m@je C?J)I g%"f} %%tf%g{ke ?%e[ﬂ!e'é:t'B &fi%%t%@g\% J% S%Elgon OES%%% 1 cells

gene from Candida oliae and'the GDH gene from Bac

nﬁ»ég%lféﬁtarﬁw@r@m@wﬁﬁeé aécnreé%ewR@\Wé@tf&rth@cp%mfmwons as they

etfyikArhignan aydiexy iviare.dorachiavera significanhRiadativitdddRion of
the NADP co-factor was added to éhe reaction to provide sufficient aCtIVIt\éh '

16 TR TRATIVRTC AL AR EH 5t TR rEeCHORT (NETL ST D rodis b e ekirdBredem-
afet pLatfiethbyFoesrmenenJaroaadises SlemaRahromawygtaphy anchd many other

di%}é'r'éé'ogm‘é%@"ﬁ:‘@'sp%to%e L6 43, %@) E’i VETS bR ro o%%e%r”}‘é‘{l tions
USQ natlv e orga ISmMS, Signifi icant draw or economic pI‘OdUC I1oh st
PeYSisIHS PHAD Fe b At DeisPRITb e s ¢ & bisdids tlelditives camenBotsig pikcagitetficient,

p§9£@§3§69¥?§£@@&‘5§e@<ﬁ%l}@%§'@&ﬁﬁe&%@é@‘&z@ﬁ@r@rQQiJ 91@@%&9&%4159%%5

the reaction mixture that contains microbial cells. 4
chéat it both @Ry matic- rd wiig C8i redQ0RAY pr6 @é@m ?n%%lw§ and

wasiamihject of the present invention to describe the generation of
enzymes, their amino acid sequences and the genes encoding such
sélienberodust facilitatethes effidedin saniRigBnomidc feBdtioncof ethgst-growing

-dahiRreadptaburysate and RIDGLKRIANGSHRA GIBRR whole cell catalysts for the

reduction of ketones. The carbonyl reductase gene from Candida magnoliae and the
GDH gene from Bacillus megaterium were cloned in E. coli and allowed for the
production of ethyl-4-chloro-3-hydroxybutyrate. To achieve a significant productivity,
the NADP co-factor was added to the reaction to provide sufficient activity to the
catalyst. At the end of the reaction, the chiral product was extracted and purified by
common procedures such as chromatography and distillation. While this procedure is an
improvement over processes that use native organisms, significant drawbacks for
economic production still persist as NADP continues to be a required additive, and
significant process investments are needed to isolate the product in a pure form from the

reaction mixture that contains microbial cells.
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5 reaction process. Thus, while microbial reductions typically require cell
concentrations of 5 g/L or more, new enzymes are described that

catalyze these reactions at enzyme concentrations below 1 g/L,

preferably below 0.5 &L. In addition, the enzymes described,~catalyze

the complete conversion of at least 100 g/L substrate in less than 20 . 20

hrs and require only small amounts of co-factor. 10 [11] The above
referenced patents and publications ard all other patents and

publications cited throughout this specification are expressly incorporated

By reféFencbettereinan thenteatiretya BRIEFSUMMARYWQPT bticesses in mind,
INVENTIQN. 121 Fbe-piesent iyeation basmulile. ashsely. 451281 ;.
one aspect, there is provided a KRED poiypeptide capable of converting
ER ASERRYEACEt e R ETB e RO 114 eRToreH BRSRIrBY SRy ate WwithfReicn:
ieast-brdimesdhe kRED iactivity of dhe ipelypepiide.af SEQ IRMNE: 2, andea,

which com”[;_)rise% an amino acid sequence that is _at least 90% Edentical to

e SdoRiShts of SEQTH R 2250 TR S¥eoalaSpuEE, therphgentraions
épfrévgz{"edaamtgal ated KRED:palypépticie astefined abaies: [#2e] dnsazthitd yme
asRert.Ite fspiovided a KREDROVARRIGR A3 defingd AbOVE N cozvmes

g{;)p.hiliz!ed form. [12d[in a fourth aspect, there iS provided a corhpo ifio
BRIDESIG A RRED polipeptigevas o5 defincesabdve/Tn witsutferediess than 20

mregiurgli2ehlp afifthaspeetotheraisqprovided a polynucleotide
encoding a KRED polypeptide as defined above. [12f] In a sixth aspect,

thdre Bhepravided-afauctedtideiaanstuct sosnipsising e palynigedeosidenal and
%ﬂhgggpa? ect, operatively linked to one or more heterologous .

%ggﬂatlory_g‘ea%uﬁlﬁ’g&%}%&cgﬁ%f%%]eogxarg?e%xsrif)“r‘?iq’l a{nff?é)%fﬁgao} reference

Rpyanthispesirghere is provided a vector comprising the polynucleotide

of the fifth aspect operatively linked to a control sequence for expression

of the KRED polypegtiger enaadedr thenebyrsaidmestaceapable of
transforming a host cell to express the KRED polypeptide therein. | (12h)

IFan elfhtheagpéavttivereastprigvidesbectiost cell comprising a
polynucleotide of fifth aspect in which the polynucleotide is operatively
linked 1o oneepn0rE:rORtIRbGaEUeNEESOmhexRessioapabither KRED ng ethyl 4-

&%%&@8&&%&%“&3 Q%ﬁt (‘S?-u%chloro-fw-hydroxybutyrate with at least 1.5 times the KRED
activity of the polypeptide of SEQ ID NO: 2, and which comprises an amino acid sequence that is
at least 90% identical to the sequence of SEQ ID NO: 2.

[12b]  In asecond aspect. there is provided an isolated KRED polypeptide as defined above.

[12¢] In a third aspect, there is provided a KRED polypeptide as defined above in lyophilized

form.

[12d] In a fourth aspect, there is provided a composition comprising a KRED polypeptide as

defined abovs it a buffered medium.

{12¢] In a fifth aspect, thers is provided a polynucleotide encoding a KRED polypeptide as

defined above.

[121]  In & sixth aspect, there is provided a nucleotide construct comprising the polvnucieotide of
the fifth aspect, operatively linked fo one or more heterologous regulatory sequences that control

Cene expression.



(12i] There is disclosed a ketoreductase ("KRED") polypeptide having

enhanced KRED activity relative to a KRED of SEQ ID NO: 2, preferably

having at least 1.5 times, typically 1.5 to 50 times, more typically from 1.5

to about 25 times, the KRED activity of SEQ ID NO: 2 as measured by

the decrease in absorbance or flufescence of NADPH due to its

oxidation with the concomitant reduction of a ketone to the corresponding

alcohol There is also disclosed a KRED polypeptide having at least 1.5
[12¢}inles, tyyrohlbskes. theb0is timeseioretypicathpdshitatabobndG dmesothie fifth

aspecKRER:AGHVILYOf the RRRSRNIAELHSEQIRNG: 2.5Ueh 8S H&%@Hﬁgggegé/oded
the aqggrease in_absorbance, or fluorescence of NAI;-PH"*‘SG?%} 3 Example 4)

ereRlh By procuct BTbadCEH PR BB SRsH g & RERACBAIG ™
at least 90% homologous, preferably at least 95%, more preferably at

[120] 148t B7Y@Eh TS5t Preférantyidtdendionsshermomdeus withmtrotdniriofifth

aspeca@idvEecilenRcCeBh QIR INCSEO:520nk:0:536: 3Neh&38diNerdSences for

exprelWEREF HiSEIOsE],. A Keloredygtase (KRED™) polypeptide having increased
remaining KRED activity relative to a KRED of SEQ ID NO: 2, after

treatment for 15-24 hours at 50C, at least 1.5 times, typically 1-5 to 100
-- times, more typically from 1.5 to about 60 times, the KRED activity of

(12 SedPED NS 5d Hiasdredspy tHEES rmaserindavsobameecat KRED activity

... fluores of H,due to its oxidation with the concomitant 5 i
el i%a°k§%§D§§%e§c8F?i%6§ dify AR BHER TherdmsurdRIedstla o
50 rkRE Bpelypepliddrimvingdnbreasédiremaihing ERER Oy SRRV a

RER OFSEQ. IRNO: 2,.after lent for 15-24 hours at least .
aS' 15 times?typicaﬁ%}%%gté)g;%&&tﬁ%g} r%grg{?fﬁ?égm“ﬁo% %fglog(%gb%ﬁt 6o
oxidgpREsWiHe RREDFIHEHVBASTIOEO B K2, lsudh asrmeesded Hyothe

TherdgCT8ASE N, ADSOr or fluorescence of NADPH (e.g., Example 4) or
. Srby proggl%%?gﬁéeg mBapc%{Ppﬁ%n ‘éz?gylg(@tg}ffﬁ‘x&ﬁ’nﬁ%%j Nnerbeihg e 50
Umeie RO BT HMBMblogebsy e fanabliredf R¥EBt 95%, more preferably at least
activ@y%artd moisbpreterablyizg |Easne9% horoplagermwit the amine:asid 190

hsoSEQuence f Ec@ 1D ;EQQHS 0 and 526, In,one embodirpent, thgre_is
aDSGprovidgjg gg\'/%rlsan{lcr(lé\}l:gb Dolypeptide S aeg B PHeTER S TEuTaEey i &

coupinscprRiTieck foFaRrimia ottt bainbodlinentifie isolabezbangrmtsified  icas
95%,"%@9{3%5@9?9&'31%9%' h%dﬂﬂ%&pg%?a%gbﬁ?@ie'&r YEke %@%ﬁous WF%E Bne

_embodiment, there is provided a composition comprising a varfant K
aminp gRjA s pliciacesr SEQ Bt Prerdn wid W suitkb e e anie Tiypically R PUEQhsed

a ket&@ﬁﬂ@ﬁem@{f}%@ﬁ)seigﬁébﬁéewﬁﬁg§9i¥é£%9dha“n9 a pH between 6.0 and
remdfynalse i e scone gt e diedonure ha he bufered KRED
coniposition 1S N 1yophilized form. 113] N KRED BIRBERHE ST thet
hourppeSERE digciosuieSnyasediffaxcally 1.5 1o 100 tmes, more typically from 1.5 to
about 60 umes, the KRED acuvity of SEQ ID NQO: 2 as measured by the decrease in

absorbance or fluorescence of NADPH due to its oxidation with the concomitant
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from the reported sequence for the ketoreductase of Candida magnoliae

of. SEQ ID NO: 2 by 1-20 amino acid residues, typically by 1-10 amino

acid residues, more typically by 1-9 20 amino acid residues, even more
typically by 1-8 amino acid residues, and most typically by 1-7 amino acid
residues. Also disclosed is a KRED polypeptide (preferably, isolated and
purified) having at least 1.5 times, typically, 1.5 to 50 times, more typically
1.5 to about 25 times the KRED activity of the polypeptide of SEQ ID NO:

2, and having the amino acid sequence of SEQ ID NO: 2 with one to

nsdariign 25 pheferallyionetsevdnofithbdolidwing résithsecchAigds pAZNeptide
{538, Rl GrM K in ERRESS K161 2V; P13L; P14A; AL6G or V; TIBA;

K191; N20D or S; E2IK; S22N or T; Q24H or R; V25A; N32S or D, A36T;
Bletige SapRRERSY, FAST Vb4 Yo 1opemn: Risbk2Dioprorsit8e60 st 19
fRadd67hiaiQ;1 BG8Gor ivnds 7B ExAdiKanh Gk 7BR 1K d685R:ABERED

N90P; S : N,.0, V..Y or E; K98R; 99 , R, or H; T100A; 3_0 . )
BT, BT eV Dy 7 RICR A C PR 0Y (s, FArraA? figgenee o
fua@vseike 24 R D12 Geqr NEXBEBEG b0V bP PBRNc Kid:B4dded/ jrEaordRpied assay

Sglﬁ@}!a%p% 138 o YA iDL A3, - 1 144f. KAARR A MIATA VSR,
153Y or' Q; H157Y; F158L or Y; 6 R159K; §g6q or V; F162Y or S;
P63 HRICEISED BIOK; IREG7 2 3reRempES: hompingors FEE M ammy acid

.or T; HIBOY; V1841, T190A; A193V; A194V; F201L; K203R; F209Y;

V28l NFBER) 26K G, 6245 326 T DR2AALIRRAT, 0eh; iQR3BK0" Rivariant

G.or D; T235K or A; N237Y: K238R or E: T251A; V255A; F260L ;
g, RS Pl T B 4P g heiogy T another
aEmpbgiThe ik oisthEshven o isdiutedNE BIKRIEDpylzpie ptidecthéidedorm. in

seonndaRto-Aout-2alimes the KkRERAstVY ofthe, Rovpaptide.of SER 1Bep
NO: 2, when rgea,suregnas the éysate l;%gt that differs from the polypeptide

RSPSEGID RSBy hATRG SRE bf T RSt SRR SBIR SPaniims Sgigoiteon. more
rspibstitutibefEeasduyrhizaring theicomesponding SEQH D MO WithSABNsSIQof the

IRN: 228 & SR HIAR. AV SEQIR Ny 2445y S42N, ALOSV,
K203R SEQ ID NO: 246 15 4. S42N, E160G, A194V SEQ ID NO: 250 5.

S42N, D95Y SEQ ID NO: 252 6, S42N, A194V SEQ ID NO: 254 7.
SADN AMEIB -P%WWW%%E@H@SH@?%%&%@%WQ, F158Y,

il att REGHLR é‘é‘(ﬂér?c@QOr the ketoreductase of Candida magnoliae of SEQ ID NQ: 2
by 1-20 amino acid residues, typically by 110 amino acid residues, more typically by 1-9
amino acid residues, even more typicalty by 1-8 amino acid residues, and most typically
by 1-7 amino acid residues. Also disclosed is a KRED

polypeptde (preferably, tsolated and purified) having at least 1.5 times, typically, 1.5 1o
50 times, more typically 1.5 to about 25 times the KRED activity of the polypepiide of
SEQ ID NO: 2, and having the amino acid sequence of SEQ ID NO: 2 with one to twenty,
preferably one to seven, of the following residue changes: A2V: X3E; BPSL or C; N7K;
ESG or K; A12V, P13L; P14A; A16G or V; T18A; K195, N20D or §; E21K; S22N or T:
Q24H or R; V23A; N32S or D; A36T; S41G; S42N; 1451 A48T: VS6A; V6OL, Y64H:
NESK, D, Y or §; 566G or R; H67L or Q; D68G or N; G71D:; E74K or G: K78R; K79R:
EE5R; ABOV,; NOOD, S83Nor C;, D9SN, G, V, Y or E; KQSR; Q%9L, R, or H, T100A;
1101V, QIO3R; I105V or T; KI106R or Q; HI110Y, C or R; V1i4A, A116G; 1120V,
K124R; D129G or N; D131G or V; DIZIN; K134M, V, E or R; DI137N or G: Q138L;
V140L; D143N ; L144F; K145R | V147A; V1S0A ; HI53Y or Q; HISTY: F158L or Y,



20 9. S42N, A194V, T235K SEQ ID NO: 354 10. E21K, S42N, K78R,

A194V SEQ ID NO: 358 11. S42N, E163K, A194V SEQ ID NO: 360 12.
S42N, V1941, A194V, T235K SEQ ID NO: 364 13. N7K, S42N, A194V

SEQ ID NO: 368 25 14. S42N, D129N, A194V SEQ ID NO: 374 15. E9K,
S42N, A194V SEQ ID NO: 382 16. S42N, D131G. A194V SEQ ID NO:

386 17. S42N, D131V, A194V SEQ ID NO: 388 18. S42N, D131G,

A194V, T235K SEQ ID NO: 400 30 1% S42N, Q103R, A194V SEQ ID

NQ: 408 20. E9K, S42N, A194V, K238R SEQ ID NO: 438 21. S42N,

Ak EAPNPSE QIS NG 4407 B3 CEOKE SEARTINGOD! K1 S S RQRiDA 170S;
NO2448723; BAK7S42N; B181G, WEMVT 9233R 8BQ; IRING 470 35 B403R.

TN VIIA RIS P B0 406 36 E0R b SGark o
RBgaVor RO 17 3KES8R SERL WG 488, 27 I542N 1AL K2 FBEISE62V;

1DMI0: 1490 387 §42Ny VI4TAAL4V, K238R SEQ ID NO: 498 40 29.
P14A, S42N, A194V SEQ ID NO: 502 30. P14A, S42N, TI90A, A194V

R v 2t 1N
SRR iy AA TR o o R IONG, BEAKBETD AR of the
BilEpt@F 2 SEATA KDLV K288R SEECH BsNIR: Bifie 35uPhdAIBRPNrom the
: 3 7 NQ:5 . 20D S42N. .

R T SE0Tar B B oD RS ot Mo i
SRGHBCRGNS DY haging i carsrpvding ARIINIZ 75V SEQ BD NO: 524

39. P14A S42N V147A A194V K238R SEQ ID NO: 526 40. N7K P14A
S42N N147/545104V 1275V SEQ ID NO: 528 41. P14A S42N WREA224

Al194\2. SEQIEXN(K BR®, 4194V SEQ ID NO; 244
3. S42N, A194V, K203R SEQ ID NO: 246
4. S42N, E160G, A194V SEQ ID NO: 250
5. S42N, D95Y SEQ ID NQO: 252
6. S42N, A194V SEQ ID NO: 254
7. S42N, V1401, F158L, M177T, V1841 SEQ ID NO: 256
8. H67Q, F158Y, T235K SEQ ID NO: 260
9. S42N, A194V, T235K SEQ ID NO: 354
16, E21K, S42N, K78R, A194V SEQ ID NO: 358
11.  S42N, Bi63K, A194V : SEQ ID NQ: 360
12, S42N, V1841, A194V, T235K SEQ ID NC: 364
13.  N7K, S42N, A194V SEQ ID NO: 368
14, S42N, DI2ON, A194V SEQ ID NO: 374
15, E9K, S42N, A194V SEQ ID NO: 382
16. S42N,DI3IG, A194V SEQ ID NOC: 386
17.  S42N,DI31V, A194V SEQ ID NO: 388
18,  S42N,DI31G, A194V, T235K SEQ ID NO: 400
19.  S42N, QIG3R, A194V SEQ ID NO: 408
20,  EOK, S42N, Al94V, K238R SEQ ID NO: 438
21, S42N, V184l A194V SEQ ID NO: 440
22, EB9K, S42N, N9OD, A194V SEQ ID NO: 448
23.  E9K, S42N, D131G, A194V, Q233R SEQ ID NO: 470
24.  E9K, S42N, DI37N, Di43N, A194V, K238R SEQ ID NQ: 484
25. E9K, S42N, VI47A, A194V, K238R SEQ ID NO: 486
26. E9K, S42N, S66R, A194V, F201L, K238R SEQ ID NO: 488
27.  S42N, A194V K238 E SEQ ID NO: 490
28, S42N, V147A, A194V, K238R SEQ ID NO: 498
20.  PI4A, S42N, A194V SEQ ID NO: 502
30,  PI14A, S42N, TI00A, A194V SEQ ID NC: 506

31, ESK S42N DI37N D143N V147A A194V K238R SEQ ID NO: 508
32, PL4A, 542N, V147A, A194V 1275V SEQ ID NO: 512
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35

40

10 42. P14A N32S S42N V147A A194V K238R SEQ ID NO: 532 43.
P14A S42N V147A A194V 1275V SEQ ID NO: 534 44. E9G P14A N20S
S42N T190A A194V E234G SEQ ID NO: 536 45. E90 P14A S42N T190A
A194V SEQ ID NO: 538 46. P14A S42N A194V 1275V SEQ ID NO: 540
15 47. E9G P14A S42N TI90A SEQ ID NO: 542 [151 In the present
application, all of the SEQ ID NOs of the KRED polypeptides are even
numbered and all of the SEQ ID NOs df the polynucleotides are odd

pumbejr .d, IROVEL-SaC : ide of a particular (even) SQ ID NO
Brsn ol nne
polynuglectidd g & pﬁgvﬁﬁ%ﬁéﬁ erred emoriy

invention is disggted 1Q g KRED ;pelypeptide that has from

C)

when mieasupesiasdhe lysate, Rushak differs from the 25 palyneptide bfc
SEQ IBoNO:27yravirsg mmey of thefoliowing sets of amingaeigdp no: 528
substittitionskard Byravingrtheseosresponding SEQ ID NS4 1EHRG: 530
S42N,4D137RIDIA3NS, NEIAV | K2SBRBE@IBENO: 484 25 E 9K NSA2Mh
V 147A3 A1MAESRVSER IDIRKY B86V30 26. E9K, S4RROIBORD: 534
A194\F4F20 HOGRZSRNS BOSHE N O HB8 21043 4RN 48194 VS KQIBESERAD
NO: 480 28 E8GN 44y BHEA! AIWV/AKPEBR SEQ ID NO: 488D FI4A3S
S42N *R194V18E NG 032 B P14A, S42N, T190A, AEQAD SEQHD
NO: 566 35 Y FGRSIPRIBD1%9N D143N Vv 147A A194V KEBER BEG4D
NO: 508 32. PI4A, S42N, VI47A, A194V, 1275V SEQ ID NO: 512 33.
ISADN v il Frasond 8K RSB RIISE QS RIDIB NOS47 B ALR IS8 WiyecpliBbs arc

4 s - 35. P14A S42N V.147A A194V
S AR R RS B T N ST e O e a7 0 igoerc
Nisrnves EeFIDPRIEReBEde 37, P R SU2N(TEBDABLOAY SBEQIRNGeB2R the

By REAB:SA2N mz&st;gA\gra%z&y&@@dbDéﬁg: P3h8039. AR SAZNpen
V147A A194V K238R SEQ ID NO:; 526 40. N7 IP14A S42N V147A A

ﬁpféisg(/%@(gq ﬁ!ﬁ:&}gﬁg{:@d&d by the polynucleotide of SEQ ID NO: 1.
[16] A more preferred embodiment of the invention is directed to a KRED
polypeptide that has from 5 to about 25 times more ketoreductase activity than the
polypeptide of SEQ ID NO: 2, when measured as the lysate, but that différs from the
polypepde of SEQ ID NO: 2 by having one of the following sets of amino acid
substitutions and by having the corresponding SEQ ID NO:

24, E9K, S4ZN, DI3TN, D143N, A194V, K238R SEQ ID NO: 484

25. EBK, S42N, V147A, Al194V, K238R SEQ ID NO: 486
26, E9K, S42N, S66R, A194V, F201L, K238R SEQ ID NO: 488
27, S42N, A194V, K238E SEQ ID NO: 490
28 S42N, VI4TA, A194V, K238R SEQ ID NO: 498
29.  Pl4A, S42N, A194V SEQ ID NO: 502
30.  Pi4A, S42N, T190A, A194V SEQ ID NO: 506
31, ESK S42N DiI37N Di43N Vi47A A194V K238R SEQ ID NO: 508
32, PI4A, S42N, VI4TA, A194V, 1275V SEQ ID NO: 512
33, S42N, V147A, A194V, K238R SEQ ID NO: 514
34, Pl4A, 842N, G71D, VI47A A194V K238R SEQ ID NO: 516
35, PI4A S42N VI47A A194V K238R 1275V SEQ ID NQ: 518
36. P14A N20D S42N V147A A194V 1275V SEQ ID NO: 520
37.  PIl4A S42N TI190A A194V SEQ ID NO: 522

38 PI4A S42ZN VI47AA194V 1275V SEQ ID NO: 524
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41. P14A S42N V147A A194V SEQ ID NO: 530 42. P14A N32S S42N
V147A A194V K238R SEQ ID NO: 532 5 43. P14A S42N V147A A194V
1275V SEQ ID NO: 534 44. E9G P14A N20S S42N T190A A194V
E234G SEQ ID NO: 536 45. E9G P14A S42N T190A A194V SEQ ID NO:
538 46. P14A S42N A194V 1275V SEQ ID NO: 540 47. E9G PI4A S42N
T190A SEQ ID NO: 542 10 [17] An even more preferred embodiment of
the invention is directed to a KRED pofypeptide that has from 9 to about

25 times more ketoreductase act|V|t than the polypeptide of SEQ ID NO:
2, Whe?’l9 mea%h‘i’éoségl\fh}él %ﬁtél% that8iifers from the polbBpits 826

SEQ I e df"%%ll%\/vl% s&ts of amlnoggélc@l O: 528
substit] lon Espon ing EQ ID NO B8 Ipi@: 530
S42N %518 36. P %532
S42N 147 A]'I% &%%é P14 42%

A194V4 K238B:S 0 Qéﬂ% o 538
1275V,5EQ Q@(%@@A{@r{:%ﬁMA N20S S42N T190

E234GrBEQ HoNQ:s 536 ASTES R P14A S42N T190A A194Y, Qq!:P 5\4@:
538 46. P14A S42N A194V 1275V SEQ ED NO: 540 25 [18] A most

di t d t KRE I tid
Frat nac hom 13t bt 28 A R R R ReD
polypreptidehef $BEQHIDTND 1@, awne N2heastr edoas irelydatesbulthaty than the
? %HMF%@%%@'% théggelgul\égag 5 b%svii;a%buqetﬁaq; tc%?fers from the

Wlng sets of amino acid 30 substitutions an ing t

E%%%Mﬁo?ﬁgg'é@é@m Ak yEREiTE AReNFOBS FRNWIDROREA DONhino acid

Fudadai St Ghllb NGV 230 h4 2o Rd AN STA2ND NGOA A194V SEQ ID NO:
538 35 [19] There is also disclosed a KRED polypeptide having 1.5 to

about 25 times the ketoreductase activity of the polypeptide of SEQ ID

NO: 2,3551nd ejiher Wpﬁ@éﬁgﬂ q&s&clqg%nce whicp has at Ie_ast8

{

90% hgmology, Pre y, and m i)y at

least 9379/0 apgmashprejerahl 3@%%? homology Ky :

acid sgguensgrRiER dHNQ:324, @%\2%5350 252, 2560y 1D NO- 528
44, E9G P14A N20S S42N T190A A194V E234G  SEOQ ID NO: 536
45.  E9G P14A S42N TI90A A194V SEQ ID NO: 538
46.  P14A S42N A104V 1275V SEQ ID NO: 540

[18] A most preferred embodiment of the invention is directed to a KRED
polypeptide that has from 13 to about 25 times more ketoreductase activity than the
polypeptide of SEQ ID NO: 2, when measured as the lysate, but that differs from the
polypeptide of SEQ ID NO: 2 by having one of the following sets of amino acid
substitutions and by having the corresponding SEQ ID NO:

44, ESG Pl4A N20S S42N T190A A194V B234G SEQ ID NO: 536
45.  ESGPI4A S42NTI190A A194V SEQ ID NO: 538

[197  There is also disclosed a KRED polypeptide héving 1.5 to about 23 fimes the
ketoreductase activity of the polypeptide of SEQ ID NO: 2, and either

(2) having an amino acid sequence which has at least 90% homology, preferably at least

95% homology, and more preferably at least $7%, and most preferably at leas: 99%
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256, 260, 304, 344, 354, 358, 360, 364, 368, 374, 382, 386, 388, 400,

408, 438, 440, 448, 470, 484, 486, 488, 490, 502, 506, 508, 512, 514,

516, 518, 520, 522, 524, 526, 528, 530, 532, 534, 536, 538, 540 or 542
(hereinafter "homologous polypeptides™); 5 (b) is encoded by a nucleic

acid sequence which hybridizes under medium stringency conditions with
either (i) the nucleotide sequence of SEQ ID NO: 223, 243, 245, 249,

251, 253, 255, 259, 303, 343, 353, 358, 359, 363, 367, 373, 381, 385,

387, 399, 407, 437, 439, 447, 469, 483, 485, 487, 489, 501, 505, 507,
BamoRE3, VHIE 81 FNBOGIcEDI8oReEIESTRP TDEIQ; 834, 588, B85 HB 752, 254,

530 orh4ba (12 sybsenuensesf (Bsaf avieagh 1O 10:puglgolices,sor A 445
a co%plementary strand of (i %Iéu%‘ (See eg J. Sambrook, E. F. Fritsch,
X ufarcC

AR PVEIRaEE 18805 Votd ERings AL St Mizhgaf 46, 528, 530,
sgiitions, s Spring bardinhaiXaffc) isadesiantof the palypeptide of

ID NO:, 224, 244, 246,.250, 252, 254 6, 260, 303, 344, 354, 358,
B0 S0 U Sl 356 SO RGa 15 SRS, UAe: 6 FeAT phemey
4QBIAES8, 00 BDZ §D6 1508 SR 3tauSTLe, E1GAD BER, B34 2826745, 249,
528,230, 532553415363 238, HA0 01542-CapPHSHIG @ Sybstifirion, 407,437,

deletion, and/or insertion of one to six amino acids; (d) is a fragment o )

et 220 o -dbe AidtiEs SHom & polpeplidel f SEQ 1D RIB: 5354523, 525,

247, 246,523052525 2542563260, 803, 344.230h:&pRn300f 3646888icast 100
00, 408, 438, 440, 448, 470, 484, 486, 488, 490

374, 382, 386,..20 388 . £
- B0 b3 SHRISTS ST o 055, 514 436 b, sagraEe £ F

584:5361538 Matlstor 5489, 0Fl(éasiar [Ulypeptidelab@idly) Mapar (d)ithation,
@;@@%mgrﬁa}@@ Wg.of the initial KRED activity after incubation at 50
C, pH 7 for 60 minutes. [20] The disclosed novel KRED polypeptides also

fravedeTiancetsneiepriD Seabi TR IRt E 13 At 24ppeReidre daétase. 260,
(95 QuIDNO):32) Thermaastabilty: vwas deermined@sgepeigentage:of 170, 4g4,
|r%gal untgeategl)) KRED actwﬂgslgeé;., Examé)le 4 re_malnlqrg after heat
ticattient of theceiPlyShes toB6-C for 261024 Hourd {(hetkinatet-Ohedt 534
frieatientyo As abasisfosiognapantsantithe diaakbons iR BR-palypepsister six
(GR2-2.0f SEQ ID NO: 2 retained 10 % of its initial KRED activity after

heat treatment. Thus, 30 after heat treatment, any KRED polypeptide that

EXhibitEasrRR LDa &Rty A atmierceet e Zo%s Hois preiveapidmebSEGHED NO:

was considered to Haveenbaneedsthernosiabilits ReefeyablystheKRED 346
activity remaining after heat treatment of a KRED 10 g%ol eptide of the
{

prestit diloiodtré Waltt i 1istBods actii 8%, St e (gb?"tﬁéd" 516, 518,
frereatmentactisity) Sand spsifEsterabty atleasi4b00po activity (activity

510" A cpide of (a), (b), (c) or (d) that retains more than 60% of the imitial KRED

activity after incubation at 50° C, pH 7 for 60 minutes.

[20]  The disciosed novel KRED polypeptides alsb have enhanced

thermostability relative to the wild-type ketoreductase (SEQ ID NO: 2). Thermostability
was determined as a percentage of initial (untreated) KRED activity (e.g., Example 4)
remaining after heat treatment of the cell lysates to 50° C for 20 to 24 hours (hereinafter
“heat treatment”}. As a basis for comparison, the backbone KRED polypeptide (CR2-5)
of SEQ ID NO: 2 retained 10 % of its initial KRED activity after heat treatment. Thus,
after heat treatment, any KRED polypeptide that exhibited a KRED activity that
exceeded20% of its pretreatment activity was considered to have enhanced

thermostability. Preferably, the KRED activity remaining afier heat treatment of a KRED



after heat treatment were equivalent). Table 1 lists the "activity" for the
variant KRED polypeptides of the present disclosure relative to the KRED
activity of CR2-5, which is the wild-type KRED polypeptide of (SEQ ID
NO: 2). It also lists the thermostability for various KRED polypeptides of
the present disclosure after heat treatment of their respective cell lysates
at 50 C for 20 to 24 hours. [21] Thus, based upon a combination of
enhanced thermostability and enhancéd KRED activity, a preferred KRED

E%g I;tlg %f the present disclosure has SEQ ID NO: 92, 98, 264, 268,
SHRASBRISP a0 S50 8% Was 6L aeest 39% aUlyan ca e >8eof the

pRGranbd. Alsamithindithescepeabiiepresentaisclasureyisativity before and
ucleotide that encodes olypeptide.of SEQ,ID NO: 92, 98

e B S St 51500 205 A 310 BN Spbo 398 451 KRED

-gg@%ﬂdégsf 512:6;;@5351412«1@@1213@3 @emlgeuglamlm@ﬂiige%dzg gﬁg%al which

B BREUBE RN ek, SRt AR S i diggRpptabilc

@Emmn@tﬁaﬁ}nﬁdmrﬁ%aﬁé&impm@nhhsrdesluh@%@rdfﬂamyeamem of their

Pé eurd KRED palypspligengf ipe prasgntdisclosure has at least 151 %
f the KRED activity of SEQ ID NO: 2, and has the amino acid sequence

&]S EQDsN@sc26202 B40266)1268,02 #0h 8¥%:2¢ QZdn&THiRFG1230,5282¢ KRED

4,08 SRR 00 PO 30 2
368, 200 230270545388 360, 364 39683174 13832 86K:53882. 348, 406, 506 526

3’9@42"3@56%@&'1%@2&&% 1861488, fﬂ?&o@&%q?@@%a%&u@%ﬂ encodes a
516, 518, 520, 522, 524, 526, 528, 530, 532, 534, 536, 538, 540 o

KT pharaidh KRES PoNPedtdetortie pidseft &%@8@&@%&%@ %@04
3009 ithes KRED &ivitp 8 EQID MO 2 81 has the amiindeitide of SEQ ID

8157 526093, 60 b bt '530 53D 3 530 ‘o8, 440 61 643

CErrespendiiglysrnae einbodinneat obthei présenidnvesnitioh is also
directed to a polynucleotide which encodes a KRED polypeptide of SEQ

IBPNOIDERCReEe R SR B55d 3BR7 5582559 SRR vy g2 mpiempb KRED

BOW5R6 162811536587, o sBiRG 38,1640, 61 BAZSHEKRED activity of SEQ ID
ucle tide of SE ID NO: 483, 48 5 5 7

B SRR SR ST 0 S iy o

824. pdépdctivaly. 282, 2831 Z8Ge A54ri ot ASSIcRIE pUKitions 80¢halkRIBR 306, 308,

polyReptige (seureeCandiga ningnRoliae) 0hEQ,ID NO»2 that have been, .-

substituted to yield enhanced KRED activity and/or thermostability are

Soitnrdriz88 P Talfie 4 Herdm SFhe’SfindP atil SGuddeidfort 4t rﬁ?r‘ﬁkﬁ@f“ 486,
ekthednventivedRED;polypeptides that ipve lemonsyated enbancedss, 53¢,

gg%E 940 or 542. A more preferred KRED polypeptide of the present disclosure has at
least 300% the KRED activity of SEQ ID NO: 2 and has the amino acid sequence of SEQ

ID NO: 484, 486, 488, 450, 502, 506, 508, 512, 514, 516, 518, 520, 522, 524, 526, 528,

530, 532, 534, 536, 538, 340 or 542. Correspondingly, one embodiment of the present invention 1 also
directed to a polynucleotide which encodes a KRED poiypeptide'of SEQ ID NO: 484,

486, 488, 490, 502, 506, 508, 512, 514, 516, 518, 520, 522, 524, 526, 528, 530, 532, 534,

536, 338, 540, or 542 such as z polynucleotide of SEQ ID NO: 483, 485, 487, 489, 501,

305, 507, 511, 513, 515, 517, 519, 521, 523, 525, 5327, 529, 531, 533, 535, 537, 539, or

541 respectively.
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5 activity and/or thermostability at 50 C are disclosed herein as SEQ ID

NOS: 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76,

78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 124, 206, 224, 226, 244, 246,

250, 252, 254, 256, 260, 344, 354, 358, 360, 364, 368, 374, 382, 386,

388, 398, 400, 408, 438, 440, 448, 470, 484, 486, 488, 490, 502, 506,

508, 512, 514, 516, 518, 520, 522, 524, 526, 528, 530, 532, 534, 536,

538, 540, or 542. 10 [24] One embodirhént of the present invention is

directed to any polynucleotide sequence encoding one of the above

Hedcriddd ingaAt e RIRED polieptidesisudhfadn nsrpapiéfsotisutst SEadida

Hah DY e} ABEAPITANASD Bl DRe3ReR 6ubRibkd 63 yRRd brh88:d MRAD activity

77,79, 81, 83,85, 87,89, 91, 93, 95, 97, 123, 205, 223, 225, 243, 245,

SO hoR oty s ol 15 ALl sl e s 958 shappces for

2T9p284; B83(n28%H; 28K R2BD pbly 29iid293) 2952972981301, SO3nQASKRED
7.30 . , 321, 27,329, 3

Rt e el e T D

48720397, BoG040%, Wa972 450 08498 480 T4g% 485 T48Y0. 48086, 86550, 92, 94,

50795124518, 515, :@572541,93@,25]@55,235@%@4,535@,5%@& 331, 553;?13@@,5360, 364,

237.-239, 01 541 respectively. [25] In a preferred embadiment, thereis

B0 hoth ot Ho0 O 45 a3 o M5ori 985, 353,05

26%5,5239; B0 31 843,8353),387, 35D,53635 30 53B 532 38, 385, 3875899 542.

407, 437, 439, 447, 469, 483, 485, 487, 489, 501, 505, 507, 511, 513,

B sneanbesiien of sbbisssiinnytangh indiresied inany palvguelaqtide

&B@se@l@sqq@&ﬁagﬂ&s@bmg%wy&@&tjg@qu&%@M%18%%%%36}&133,2?9@ as 2
250, 252, 254, 256, 260, 304, 344, 354, 358, 360, 364, 368, 374, 382

BIEN RO USPLATE A8V Hu 0L 4k R76 a8%, H86 25488, 390 563, 6067 69,
508;512, A AR1586, &187520, H223504, $26,25328053035325 534, 586,249, 251,
240 , iyely..[26].ln a more preferred emhodiment, there
o R e R TR (o
Boz, 2831251 3% 89% ikt éHcotes’ A K RED3polyidéptids 8f SEQ.IBENG23, 325,
48434863 48824905025 506, 508, 912230 0kd 508 526, 5%%%@8?{"?)!; 32 385,

27] In an even more preferred embodiment, there is provided a

ynttidotiod o SEQ 1D KO: 405 81 ot 8258888500 537 it TeftbdEs &1,

KREDopslypemide HESE QD INQ 5506552635265 36 5Nk §38iively.
respectively. [28] There is also disclosed a nucleic acid construct, a
iedtor [op diseered pudendimieng e oly puciedtitle meyuereetaltoaiing a
SREReypeRtidehie eseil sisclosiresangiatively Uokerio &g 563, 367
romoter. [29] There is further disclosed a’methodj’o%lmia ingaKRED™ "7
g’@yé%tﬁﬁé, he399, 407, 437, 439, 447, 469, 483, 485, 487, 489, 501, 505, 507, 511,
513,515,517, 519, 521, 523, 525, 527, 529, 531, 533, 535, 5337, 539, or 541 that encodes
a novel KRED polypeptide of SEQ ID NOS: 224, 244, 246, 250, 252, 254, 256, 260, 304,
344, 354, 358, 360, 364, 368, 374, 382, 386, 388, 400, 408, 438, 440, 448, 470, 484, 486,
488, 490, 502, 506, 508, 512, 514, 516, 518, 520, 522, 524, 526, 528, 530, 532, 534, 536,

538, 540, or 542, respectively.

1267 In a more preferred embodiment, there is provided a

“polynucleotide of SEQ ID NO: 483, 485, 487, 489, 501, 505, 507, 511, 513 or 525 that

encodes a KRED polypeptide of SEQ ID NO: 484, 486, 488, 490, 502, 506, 508, 512,
514, or 526, respectively.



present disclosure comprising (a) cultivating a host cell comprising a
nucleic acid construct comprising a nucleic acid sequence encoding a
KRED polypeptide of the present disclosure under conditions suitable for
production of the polypeptide; and (b) recovering the polypeptide. BRIEF
DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS [30] FIG. 1
exemplifies an oxidation-reduction cycle wherein a ketoreductase reduces
a [3-ketone in the presence of the redb%ing agent NADPH to the
orrespanging43: ivati rein a glucose
: g?k{ydrog‘enaseeﬁ?g%%r ﬁ%ﬁggﬁg&ﬁ%ﬁgﬁ'@% e%ﬁ%ﬁﬁ i the
BHaReHee g git cde Whiblvis idiZ2€d g Utdnieraicith 7T e ghueolicacidRED
derpadiie thisrepotionds ruyalized byssodiun:Ryrdrgxide 1o sodium-
- gluconate. [31] FIGS. 2A through 2H, in combination, provide a table
@8inpafingdhs Tosandnelasid identity;of lypeptides of the
&{ﬁgﬁ%}invaeng n,}_li%ggggjgd ?their SEQé?%%%OEng\E/)ée%fSES{% %C]%’R%Dd host cell
Cgo peptias o ‘Bfﬁe e RS ribrent isterdhRED ovipersidf BfGhe present
E(%Wé apsing wdid sdgdeneepeditheddirst prior at, reference
éW0200155342) is provided as SEQ ID NO: 2 (CR2-05). To generate
{ E;ss %?f }Séigﬁghgér%%%ioﬁvﬁ@thsm@%mﬁm@ie MEGEROINGDide of the
ratgenithitsdors(aio babAdignment) Seaking;Matrix; matrix wit .
Rl o ‘r}%ﬁ%d“%@ ?aﬁ@ﬁz'lg%%&g%% SRS b acid
percent identity = himBeror Hentearrase sasBkngee K Rielinst lseapiticef the

PapRgthdisdoowmd weluencdididdadity heolepaitefifirsh saguss) s
r@é&@ﬁg@mgg)ﬁ@%}é@ indicates partial match. S}ee NeedIem‘“g:l%e,&%.d B & 4 ()
.D.,"Ad

Wunsch, C eneral method applicable to the search for similarities

Biolooy R A S TGO AR CF B UK 3RS 13
[}82] ARG 3 isxardfi36ebprespiesRionuacion (KK WA900) oL the RRSEPt cduces

aibﬂx(eggi%n} c:tg@ﬁ_gs‘ségg %F 5A u?gjin of replication (P15A ori), lacl, a CAP
| B Promoter 8 P ERS S Bidify e rergendre 8y ydroxy

nding site, a
demd@veedaNfdPBnicd! résistancgugeredttanBR:{331The fermeeing: Napp

oRIIANASEAS Shadplowing A8leIG0 AeCTPIaRd CoAdn: 4o
embodiments of the ére_sent invention, will be be fé‘rgl (faersfodtWhafid: The
ehe9aim GomhjlBtehinwiths thesigpelideet drtinifgs Fotitive pydposé: ab sodium-
gillugtrading the invention, there is shown in the drawings, certain
embodiments. It should be understood, however, that the present
[3hentisisis2Aotiimigd 2. the @irahgene nitoand DsiBRN@MBINASHAWE, IRmin,
aér&ei@gﬁ%?yl‘]gﬂthe KRED polypeptides of the present invention, identified by their SEQ
ID NOS, versus the KRED polypeptides of the five indicated prior art references (rows I-
5 of FIG. 2A). The amino acid sequence of the first prior art reference (WO200155342)
is provided as SEQ ID NO: 2 (CR2-05). To generate FIGS 2A-2H. al; gnments were done
using a dynamic programming algorithm for Global Ali gnment Scoring Matrix: PAM 120
matrix with gap penalties for_éntroducing gap = -22.183 and extending gap = -1.396. The
percent identity = number of identical residues between the first seguence and the second
sequence divided by the length of first sequence in alignment (with gaps)(p) indicates
partial match. See Needieman, S.B. & Wunsch, C.D., “A general method applicable to

the search for similarities in the amino acid sequence of two proteins,” Joumal of

Moiecular Biology, 48:443-453 (1970},
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10 drawings. DETAILED DESCRIPTION OF THE INVENTION [34] As
used herein, the terms "ketoreductase" and "KRED" are used
interchangeably herein to refer to a polypeptide that has the ability to
catalyze the reduction of a ketone, preferably a ketone in a 0-keto acid to
e ¥¥FESPHhding (3-hydroxy acid in a 1.5 stereospecific ma¥HESHHGSS
reduced nicotinamide adenine dinucleotide (NADH) or reduced
nicotinamide adenine dinucleotide phosphate (NADPH) as the reducing
agent. [35] The present invention has multiple aspects. In one aspect, the

prdentitvehtiornigOdfrdnent ntreiretsreudRiSE (*RILDYY sty peptideinvention

having enhanseshKREE aftivifyictalatiyeitos &R ER-of SERHD NG Zsite, a lac
preferably having at least 1.5 times, t icag%/%t.S 20 to ?times, mose _ ‘
tYpIEIIS 1516 HBBiS Hfﬁ‘&&%ﬁ&ﬁ(@@ﬂ(’a Y BRSPS BhepigR! resistance

ngeas(teetRby the decrease in absorbance or fluorescence of NADPH due
to its oxidation with the concomitant reduction of a ketone to the

dadtespbirdiaty odehetmmaniotierc Agpdbe, tplkopragainianod isepripgion of certain

direciethioR KREDRYPERLgLRaVINGdre:to- aRatk daatinies e RERunction
activity of the polypeptide of SE% ID NO: 2, such as measured by the 25

, . . y .

deheas aRPPARELHTAMCS oriftidRE SUEMEE O NAHPINGERg MEBiRmE ayedr shown
byt produetingsodercad émbodaupied assayi(chy.ukdeanvole Bywaner heinghatpresent
least 90%. homaqlo . preferably at least 95%. mare preferably.at |ea
TSN gl R, B R R e B B e
sérguénse of SEQ ID NO: 506, 520, 526, 536, and 538. [36] In one
embodiment, the present invention is also directed to a variant KRED 30
polypeptide, as desmriiedamugeREPTErel QI THe aredsand eNrified form.

In another embodiment, the present invention is directed to a variant »
KEHD pSIYSubhEs Ao & 503017 48T PS J00Ri 286554 jnterchangeably
desciibheddiareinipdypphilicat foing.the yeilianaithareémbaodimantiiteof a ketone,
present invention is direc 0 a camposition comprisin ariant KRED .
T e ne U ok fe ) Bolatls SR ey ey
swintispediiorengioallyibingfexisoldtiveohavingeaaqud e tisete6lideafdADH) or
8 On el Bl b ARRNELRARR G BERS BRb %BH&Q%E}Q&V)%@% RRRRER .
polypeptide (preferably, isolated and purified) having at least 1.5 times,
typsgallyind FréceROikivenson A ivRicalibdoR. b isgactimespiiedt REhtion is

tivity of th I tide of S| NQO: 2, and having th ' d .
SR BRSRIGe SLRERHR 0.2 e e e v
o thiév oW RFR Sif HE QBSOS 2AR VKB, a5 inprOeMT K 5 1nEQ G/prdly, 1.5
?&%Mii%é%&’é%i&%@.?'{o\‘d&&%i AN RYR ORIV U SREAD No: 2 a5

measured by the decrease in absorbance or fluorescence of NADPH due to its oxidation

with the concomitant reduction of a ketone to the corresponding alcohol. In another
aspect, the present invention is directed to a KRED polypeptide having 1.5 to about 25
times the KRED activity of the polypeptide of SEQ [D NO: 2, such as measured by the
decrease in absorbance or fluorescence of NADPH (e.g., Example 4) or by product
produced in a coupled assay (e.g., Example 5), and being at Jeast 90% homologous,
preferably at least 95%, more preferably at least 97% and most preferably at least 99%
homologous with the amino acid sequence of SEQ ID NO: 506, 520, 526, 536, and 538.

[36] In one embodiment, the present invention is also directed to a variant KRED
polypeptide, as described anywhere herein, in isolated and purified form. In another

embodiment, the present invention is directed to a vanant KRED polypeptide as
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Q24H or R; V25A; N32S or D; A36T; S41G; S42N; 145L; A48T, V56A,

V60I; Y64H; N65K, D, Y or S; S66G or R; H67L or Q; D68G or N; G71D;
E74K or G; K78R; K79R; K85R; A86V; N90D; S93Nor C; D95N, G, V, Y
or E; K98R; Q99L, R, or H; T100A; 1101V; QtO3R; 1105V or T; K106R or

A0V or R; V114A; A116G; 1120V; 15 K124R; D1298CEIN2004/026655

D131G or V; D132N; K134M, V, E or R; D137N or G; Q138L; V1401,

D143N : L144F; K145R : V147A: V1504 : H153Y or Q; H157Y; F158L or

Y; R159K; E160G or V; F162Y or S; E163G or K; E165D, G or K; K1671
ofererRacy hesein i dpphiizediogn. 730 Feherohaisrybogasit- e SEFACTA JRy§Qtion is
ARR4NMA k2 Q1dcnipdeidiBn Fo2@Ning 21 8hrR HBEB2R¥petioe B $3280ed herein
D229A: V2311 or A; O233K or R: 20 E234G or D: T235K or A: N237Y:; .
DA B NPT PARG oA ops Sy s M paving o

apid P8R 6[8Bh&EKEept as otherwise noted, the terms "percent identity,"
"% identity,"” "percent identical,” and "% identical" are used

inf@ichdRgEREls hatsF 1dTe Tt th & erdeht BriliFS eskit? st JtRRBe polypeptide
idprEbEMtisdeierminpaisisingnthebeetiamars \fiuasdyglabs) aligansentimes,
25 algorithm, i.e,, using dynamic pro ing, algorithm for . Globa

AR ol M2 AN L A0 s AT A B bR e of SEQ ID
inffodachTy gaping- 2R 189N dcakimquinge gASEQLIBIBIOR pétitent to twenty,
identiner AnReL It IdepticatsgsidueshrivesRRg firsb werugnssiapddh Rk ;

second sequence divided by the length of first sequence in alignment

(6 G a7 Hicheales B HiGten VS ase iR 8 S R IRaSRRN or T

Gobart Argenerah3nsthe bappliaalse o, theseansh forsmilaskies wsoney64H;
ing aciq,sequ of teins,~ Journal of Mole Biojo: ' .

Ty TS Mt 1 o pr e RS ek S G 7o

UE85Bher@nHataeid KRB Bop dly pEsttieQ, of the prEsd i8Ry €9hbn Brer H; T1004;

pfﬁf?@?ﬂ}’m%%‘:‘ﬁ‘ﬁ%@&Gﬂf%t@épie&e%gﬁfﬂ?@ﬁyét%mébai APYIdRS RG; 1120V;

continuing source of cofactor for the KRED polypeptide. See Figure 1. A
uddRe reitt e dfnEbiEcebr r&1e73Ne 1B 13BY- poféipr donhpiduRtiotet Q1381
opesaies synergisticayrwithrRamenzyn e I8 talY I & igagtion §79f F158L or Y;
interest. For example, the cofact DH o PH, a ili with an
ISR O G Sha KOs BARUES B Bt hianln, A 1705:
cyfaipriegen &afioM @ﬁt_é_ﬂﬂﬁ@uch{a%glﬂmdéhyakpg@ma@mﬂfdsgﬂom;
19:5059l38 {8e Nesaespasifie redyctansofd-keiosbutyts Agid ealetamike,: r;
to their corresponding 3-hydroxybutyric acid ester/amide, and

atafSketombs 146 WeRrchir ﬁfdir%?%%‘ioﬁycﬁin?ib‘*[40@2ﬁﬁé;té‘r%ﬁ%; A262V;

"qofactorregenseration sysisnr2siers herein to a set of reactants that
participate in a reaction that regenerates a utilized cofactor back to its
pidBleatBiorpstatetherwise noted, the terms "percent identity,” "% identity,” "

percent
identical," and "% identical” are used interchangeably herein to refer to the percent amino
acid sequence identity that is determined using the Needleman Wunsch global alignment
algorithm, i.e., using dynamic programming algorithm for Global Alignment Scoring
Matrix: PAM 120 matrix with gap penalties for introducing gap = -22.183 and extending
gap = -1.396;. the percent identity = number of identical residues between the first
sequence and the second sequence divided by the length of first sequence in alignment
{with gaps)(p) indicates partial match. See Needleman, S.B. & Wunsch, C.D., “A general

method applicable to the search for similarities in the amino acid sequence of two

proteins,” Journal of Molecular Biology, 48:443-453 (1970).
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An example is the regeneration of oxidized cofactor NAD or NADP back to
the reduced form of the cofactor, e.g., NADH and NADPH, respectively.
The reduced (regenerated) cofactor is then capable of again reacting
again with a substrate and an enzyme, such as a 15 ketoreductase, to
A& H&stereospecifically reduced substrate and the oxXi$iz&E2004/026655

(utilized) cofactor, wherein the latter is regenerated by the cofactor
regeneration system. Suitable cofactdregeneration systems include

lucose and glucose dehydrogenase, formate dehydrogenase and
fhithatdn gitfe S B IBREED QHV@F@QQ%%Etﬁﬁ@"ﬁfﬁ&%&é’%‘-‘lﬁﬁﬁbﬁéﬁ@fabfy
secphdary alothohdeytragenaseanthisqpopidsaicahtindng fberdikef abifactor
C%Iorz 816\:,\?@}? r%i “5 eq el.t gét leru%ﬁ_DlﬂsNﬁA Q{P hltelrgi%!\{'ﬁelz:) %D‘% :;Ic-:polil"s’r{[:%rs to a
example, When X Ralo-3keto- utyric Acid ester of amide 15 reduced by a
KRED 0 ypeppasdtibeonerestiyneagisiRoAD PN or RIXDR) toirdatce tstion

desieehydro capPoHEd ARINARRDOLNARD EAE e SHItIRHNAR By (O zyme,
NAD) is reduced back (regenerated) to its original form, NADPH (or

NREBHY, By SEEGsaneraidstafiRariBirit SRR Yse Bty BP Tt aggepsration
agtirethasuehcaf atiosse ge@rafionsysiemse ] hedabowe-desadhedpapéikatiaiction
of t I e .dehydrogenation cqfactor. regeneration system.is X .
S T (AT TR e e oy G AR i

exemp N e term "couple e rein‘to e
useddnthd reailiced fdwtpofs.gofetocandti@ndugdidrhpdtine. ketoreductase
substrate, and the concomitant use of the oxidized form of the same
défictoFhgdpiatatetidei ahecaspreriehfivried radeoRcipintte 30xddaamasts that

PeRMpARent (R L@l ueaseyafthir colaniord e8RDRKAGIAN Sy HEMe WAIGHHn state.
generates the reduced form of the same cofactor. Thus, in FIG. 1, the

) € h
KR PITR S ES S BTANST A B RN BB 4B R R3§g e reduced

doownfaseoeifigieowpie NbREeagiubadertt hyragenhysclbefactared (regenerated)

' . f t i t,
S

theEIBCEB i N PIRAIRR D Atiketpstikalls peilyersptuesbits Bad| thy Oxidized
Zuitihen) easuredRsdhary saey Rukiatdiffers firm the RebRertidesafsystem.

SEQ ID NO: 2 by having one of the following sets of amino acid
SUBSRGHEHAKRITBEFREIHY (&Ko LSOHing SRS BNSUIrseLskydresnase,

| DiNGIe 224y o424, aldd 2diiark ] Sivo SE D HOshlate 21kl ya £ GnSt 2N d glucose-6-
§é§§@4_agfgﬁ%%@%%@%%gﬁ%éﬁ%g]‘933%@11%/“3?9‘5% R, at of
which are used with either NADP/NADPH or NAD/NADH. Thus, for example, when 4-
halo-3-keto-butyric acid ester or amide is reduced by a KRED polypeptide of the
invention and NADPH (or NADH) to produce the desired hydroxy compound and NADP
(or NAD), the resulting NADP (or NAD) is reduced back (regenerated) to its original

form, NADPH (or NADH), by glucose and a catalytic amount of glucose dehydrogenase
acting as a cofactor regeneration system. The above-described operation of the glucose

dehydrogenation cofactor regeneration system is exemplified in FIG. 1.

[41] The term “coupled” is used herein to refer to the use of the reduced form of
cofactor in the reduction of the ketoreductase substrate, and the concomitant use of the
oxidized form of the same cofactor, generated in the aforementioned reaction, in the
oxidation of a component (e.g., glucose) of the cofactor regeneration system, which

generates the reduced form of the same cofactor. Thus, in FIG. 1, the ketoreductase
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6. S42N, A194V SEQ ID NO: 254 7. S42N, V1401, F158L, M177T,

V1841 SEQ ID NO: 256 15 8. H67Q, F158Y, T235K SEQ ID NO: 260 9.

S42N, A194V, T235K SEQ ID NO: 354 10. E21K, S42N, K78R, A194V

SE(%ID NO: 358 11. S42N, E163K, A194V SEQ ID NO: 360 12. S42N, V
PIPRPEAY T235K SEQ ID NO: 364 20 13. N7K, S42N, AYESAYaRE0pesss

NO: 368 14. S42N, D129N, A194V SEQ ID NO: 374 15. E9K, S42N,

A194V SEQ ID NO: 382 16. S42N, D1B1G, A194V SEQ ID NO: 386 17.

S42N, D131 V, A194V SEQ ID NO: 388 25 18. S42N, D131G, A194V,

T‘ZBSN@E@WIN@ beomR 99pE4biq ‘@1@8@%@%@@‘@%9 ‘?Q@“&OB"L‘%?O“““O“

EQkesi42N, A194V, K238R SEQ ID NO: 438 21. S42N, V184l, A194V

SEQ ID NO: 440 22. E9K, S42N, N9OD, A194V SEQ ID NO: 448 30 23.

EQR] S42N pRi3t #htaaV HP2B8R SHQIDMNO thige 241 E9kGtS4 2Nlirected to

D&%&%ﬁg{g&gﬁ]@%‘h\ét KES8R i EQ 1D D084 o FRK1GAAN n M ot the

A194V, K23 O: 486 26. E9K, S42N, S66R, A194V, F201L,

KPSERMSEOfS R Eaééozﬁ Shon measmd 16 EysaEOE Kies: differsgrom the

28019ppacY 3 GROATIANOKZ3ER rakiRk |13l Qr 488 188ewihgAe4@Namino acid

A194V SEQ ID.NO: 502 30. P14A, S42 194V SEQ ID NO:
5SS U B AR SR ;L%ER%QMBSR SEQ ID NO:

508 321P14AS@ARN, V 147A, A194V, 1275V SEQ ID NO: 52 HONS3. 224
S42N, \2147ASAASAKA KRIBRISEQ ID NO: 514 34. P14A, SHRID S01bi4
V 147AA194P4PBIRBEFKAPIO: 516 35. P14A S42N VEERATANGY Q46
K238R 1275v8é@‘d} ﬁ:bﬁﬂ@ A8V36. P14A N20D S42N V14EQARIHY: 250
1275V SEQ IDWBLEHRI 37, P14A S42N T190A A194V SE?‘?I@ W@%ﬁz

254

WO 20051017338 P € 110520041026685 17 SEO I NO, 236
8. H67Q, FI58Y, T235K SEQ ID NO: 260
9. S42N, A194V, T235K SEQID NO: 354
10. E21K, 842N, K78R, A194V SEQ ID NO: 358
11. S42N, E163K, A194V SEQ ID NO: 360
12. S42N, V1841, Al194V, T235K SEQ ID NO: 364
13. N7K, S42N, A194V SEQ ID NO: 368
14. S42N, D1Z2ON, A1%4V SEQ ID NO: 374
15. E9K, S42N, A194V SEQ ID NO: 382
16. S42N, DI131G, A194V SEQ ID NO: 386
17. S42N, D131V, A194V SEQ ID NO: 388
18. S42N, D131G, A194V, T235K SEQ ID NO: 400
19, S42N, Q103R, A194V SEQ ID NG: 408
20. ESK, S42N, A194V, K238R SEQ ID NO: 438
21. S42N, VIB4I, A194V SEQ 1D NO: 440
22. EOK, S42N, N9OD, A194V SEQ ID NQO: 448
23, E9K, S42N, D131G, A194V, Q233R SEQ ID NO: 470
24. EOSK, 842N, DI3TN, DI143N, A194V, K238R SEQ ID NO: 484
25. E9K, S42N, VI47A, A194V, K238R ~ SEQID NO: 486
26. E9K, 542N, 566R, A194V, F201L, K238R SEQ ID NO: 488
27. S42N, A194V, K238E SEQ 1D NO: 490
28, S42N, V147A, A194V, K238R SEQ ID NO: 498
29. PI4A S42N, A194V SEQ ID NO: 502
30. Pl14A, S42N, T190A, A104V SEQ ID NO: 506
31. F9K 842N DI137N D143N VI47A A194V K238R SEQ ID NO: 508
32. P14A, S42N, VI147A, A194V 1275V SEQ ID NO: 512
33, S42N, V147A, A194V, K238R SEQ ID NO: 514
34, P14A, S42N, G71D, VI4TA A194V K238R SEQ ID NO: 516
35. Pi4A S42N VI47A A194V K238R 1275V SEQ ID NO; 518
36. Pl14A N20D S42N V147A A194V 1275V SEQ ID NO: 520

37.  P14A S42N T190A A194V SEQ ID NO: 522
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38. P14A S42N V 147A A194V 1275V SEQ ID NO: 524 39. P14A S42N
V147A A194V K238R SEQ ID NO: 526 40. N7K P14A S42N V147A
A194V 1275V SEQ ID NO: 528 41. P14A S42N V147A A194V SEQ ID
NO: 530 5 42. P14A N32S S42N V 147A A194V K238R SEQ ID NO: 532
W8 PEAPATERON v 147A A194V 1275V SEQ ID NO: 534 44 HEGE BLUR26655
N20S S42N T190A A194V E234G SE% ID NO: 536 45. E9G P14A S42N
T190A A194V SEQ ID NO: 538 46. PT4A S42N A194V 1275V SEQ ID

NO: 540510 44, FIGBLA01398N JIrRPHREQ ID NO: 542 %4
preferr%fgl asp%mg%@%wxqaﬂwmﬁected toa KR plicle
that hagjrom Q4R RPONISAENIRIES MY eoliCipsgsiyctase activily, €508
polypeptide obSEAXHING; 2. avhaiytneasured as the lysatgy ﬁji}@é 530
differs figm the; polypeptderoVIEQ 1D M- 122byhaving ongred theno: 532
followingg setspafsaniaarasids 15 substitigions and by havingBmen NO: 534
correspendin@ESERL4A NS FRIK] BA2AL B YITN4G 143N EALOANO: 536
K238R4SEQ IEPN@I484425. HIRAMBENYV 147A, A194V, KRQSR SEQ1D
NO: 4866.26. BbK SEANAEBBRI2ZATY4V, F201L, K238R SEEUINRO438
20 27. $42N, BIOMAXKISEESECAID NO: 490 28. S42N, VETIR ¥Q9342,

KZHBRI1REQ H3rd @red8%e £ tsFelft Ao Agikbefil IR 1D MNeee®2039: KRED

P14A, S42N, T A194V SEQ ID NO: 506 31. E9K S42N D137N
rBM@RP\F%ﬁ‘&‘ﬁ’I@?Wz%é& 5@6 NIB =5 GRS 30BAURSG ASHY Ity than the

bW pApt At HNSELR TBVNEEQ, IDhNOmEJsﬁre%BaﬁtlaEles\&4Bﬁt A1Odi¥ers from the

4,R 2N, G 7A.A194V K238R
L S Ao B e P RO G R e
Nebsttpgongam AN DEhg agnespeading ARA PS5V SEQ ID NO: 520 30
37. P14A S42N T190A A194V SEQ ID NO: 522 38. P14A S42N V147A,
A194V 1275VIBRQSNIN D1524¢, 894 RLAN SAZNSRERIA ALEAY KPRBR484
SEQ IRNO: 32K, 42N /KIP14 ASAPN K2B4RA A194V 1275¥:SESND: NE:
528 416P14/ASAEAR SBARAAISLWSEDIID KIBSR30 35 43HeLAANGB 2SS

S42N \2147 A HEDY A IRAZBRBEE) ID NO: 532 SEQ ID NO: 490
28. S42N, VI47A, A194V, K238R SEQ ID NO: 498
29, P14A, S42N, A194V SEQ ID NO: 502
30.  PI4A, S42N, TI90A, A194V SEQ ID NO: 506
31, E9K S42N D137N DI143N VI147A A194V K238R SEQ ID NO: 508
32, P14A, S42N, VI47A, A194V 1275V SEQ ID NO: 512
33. S42N, V147A, A194V, K238R SEQ ID NO: 514
34, PI4A, 542N, GT1D, V1I47A A194V K238R SEQ ID NO: 516
35. PI4A S42N V147A A194V K238R 1275V SEQ ID NO: 518
36. PI4A N20D S42N V147A A194V 1275V SEQ ID NO: 520
37. PI4A S42NTI190A A194V SEQ ID NO: 522
38. Pl4A S42N VI47A, A194V 1275V SEQ ID NO: 524
39. Pl4A S42N VI47A A194V K238R SEQ ID NO: 526
40. N7KP14A S42N V147A Al194V 1275V SEQ ID NO: 528
41.  P14A S42N V147A A194V SEQ ID NO: 530
42. PI4A N328 S42N VI147A A194V K238R SEQ ID NO: 532
43. PI4A S42N V147A A194V 1275V SEQ ID NO: 534
44.  ESG P14A N20S S42N T190A A194V E234G SEQ ID NO: 536
45. E9G P14A S42N T190A A194V SEQ ID NO: 538
46.  P14A S42N Al194V 1275V SEQ ID NO: 540
47.  E9G Pl4A S42N T190A SEQ ID NO: 542

[44] Tn an even more preferred aspect, the present invention, is directed to a KRED
polypeptide that has from 9 to about 25 times more ketoreductase activity than the

polypeptide of SEQ ID NO: 2, when measured as the lysate, but that differs from the
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43. P14A 542N V 147A A194V 1275V SEQ ID NO: 534 44. E9G P14A
N20S S42N T190A A194V E234G SEQ ID NO: 536 45. E9G P14A S42N
T190A A194V SEQ ID NO: 538 46. P14A S42N A194V 1275V SEQ ID

NO: 540 40 47. E9G P14A S42N T190A SEQ ID NO: 542 [44] In an even
WO BtfEred aspect, the present invention, is directed to & KEERN04/026655
polypeptide that has from 9 to about 25 times more ketoreductase activity
than the polypeptide of SEQ ID NO: 21&hen measured as the lysate, but
that differs from the WO 2005/017135 PCTIUS2004/026655 18 , .
PolypeRtife Ut SEQ 1B NB: 2 by HEViRg 6RE 8f tH totitawtig <sts of 4iming acid
acldsubsiitutibbg lavehpyhbaving ibelocgr 8ISpandivg SEQ ID NO: 5 35.

P14A S42N V147A A194V K23SR 1275V SEQ ID NO: 518 36. P14A

N20D S42N V 147A A194V 1275V SEQ ID NO: 520 39. P14A S42N

V147A 194\ K38 S HA NiYaR2R 48R A 14A SAZNYRITRY: 518
A194V 2 TS\b QNI 4520 144 I B EAAN20S SAZNE] BONAL9AY
E234G35EQ 1) NEH36VIA AL ARG/ RAARIS42N T190A AZBAMISEQ: 26
NO: 53§).46. R1gA B4 AN MANTI2Z DM BEL 30 NO: 540 [4B5HlmeaNwoshs
preferrad.aspee g presen S mtionAis three Bzita KREED fbiyoepide
that hadSrom HB3 & elro b4 28 Tithe4 mitfiéketoreductase actBiy IHakQha3s
15 polyfpeptidB dASEENB NG EZAMen measured as the ly§Efe ¥ Ehat0
differs from the polypeptide of SEQ ID NO: 2 by having one of the

fallqwing setsmod aprinaagidssadpstiletions @R di RYehayiNa dhirected 10 a KRED
corresponding SEQ ID NQ: 44. E9G P14A N20S S42N T190A A194V
BOYREPEe AR Ko fisgp 130 8PRE Z P FARSSAIN JI‘TQEFR%T@%\?C%E‘@ frgn the

Ny =R J4 aff TEQKIREIDpdly pépiidesafitieaprbsdptdyentioahdifers from the
enhanced K cliyity{such.as measured by the. meth f Example 4)_ .

at P_s? ESEfo(%Ets%gbogt 25 fold regg}gtﬁgn tcf?etKeleD géﬁgit%tgf (t%eapmno acid
[sHeKBBHenK REDYuIyse piviectremocdingagH BN 'SEQ 25 ID NO: 2, and
vary from SEQ ID NO: 2 by 1-20 amino acid residues, typically by 1- 10

amino agid repigyess MEBtyically loy A-A9 apvinaaid resigeosnenen 536
more typicallysoy: B4 @anoTacsiredisires, and most typics#yy By NOF 538
amino acid residues. Preferably, the KRED polypeptides of the present

'%“t'%é‘%ﬁ“{}&ggﬁ%&@%ﬂ\g& MK %\Jén%?'ﬁa 2 ARAHLEPHRED activity
greater, more preferably, 13 to about 25 fold greater than the KRED

(such as measured by the method of Example 4) that is 1.5 fold to about 25 fold greater
than the KRED activity of the backbone KRED polypeptide from C. magnoliae of SEQ
ID NO: 2, and vary from SEQ ID NO: 2 by 1-20 amtino acid residues, typically by 1- 10
amino acid residues, more typically by 1- 9 amino acid residues, even maore typically by
1- 8 amino acid residues, and most typically by 1- 7 amino acid residues. Preferably, the
KRED polypeptides of the present invention have enhanced KRED activity that is 9 fold
tc about 25 fold greater, more preferably, 13 to about 25 fold greater than the KRED

activity of the backbone KRED polypeptide of SEQ ID NO: 2.

{47]  In another aspect, the present invention is directed to a KRED polypeptide having
1.5 to about 25 times the ketoreductase activity of the polypeptide of SEQ ID NO: 2, and
cither

(a) having an amino acid sequence which has at least 90% homology, preferably at least
95% homology, and more preferably at least 97%, and most preferably at least 99%
homology with an amino acid sequence of SEQ ID NO: 224, 244, 246, 250, 252, 254,
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30 activity of the backbone KRED polypeptide of SEQ ID NO: 2. [47] In
another aspect, the present invention is directed to a KRED polypeptide
having 1.5 to about 25 times the ketoreductase activity of the polypeptide

of SEQ ID NO: 2, and either (a) having an amino acid sequence which
WOLH8LLB0% homology, preferably at least 35 95% horkGIBES24Ag26655

more preferably at least 97%, and most preferably at least 99% homology
with an amino acid sequence of SEQ I NO: 224, 244, 246, 250, 252,

R A e D 3 e o Tos s g0 gy 4o 0. 445
484, 436, %9843@(4980@25666 5018, 512 53443 Bi161818,(6207 522, 524, 528 530,
526, 520 530830536 B0 AAEA0 BEGAZIaaaT bamologous

polypeptldes ) is encoded by a nucleic acid sequée whic

(b)
r{%ﬂﬁj%gqfﬁd@ P BEALRS §ﬁ‘ﬁ%§‘éﬁ€§?‘% w@aw&.tityﬁglm &iHer [Fedian stringency
nuatEaticle see urhae(O i REQRIELINR s223n24 3 34 2BM@522254 2905, 249,

B AT B AT T Y o
B89, 415 469148238528 7.5189, HP 56831306331 535,35375.589 cfr154521(,nm 525,

e t iqas ~digleogides, h
ol O Sene 3. Sambrask B o R O e 10

m%aﬂé%%éemaiéemak@fafﬁﬁgStm%&@tary(ma%mezd édftiorhragidE. F.
Spitisop, Hadbor, MhiakisC) 98R Masienilaf thenply pepteeabSE@HR NG edition,

%gd? hzég 5&@@ 254, 256, 260, 303, 344, 354, 358, 360, 364,
1 3phgEahos 400, 408, 438, 440, 448, 470, 484, 486, 488,

4905 BORrBURB8p&yReBitd ob SEBIBNER 02 BR 2452046260,523, 330,256, 260,
382, P332 836, 3%%8352&@6%%23%9”}3%%5%@ a4%Bb§S§“H9§‘ e?z%'eﬁ{é”u% 484,

and/or insertion of one to'six amino acids; ) Is a fragnient of at Ieaét

ARINEPECiTedueLnefif. d ol ik piledf SES ?@ZN@‘* 224, 3484 5306532, 534

236, 25, 548402562 268p383e 34dbndii SPXREN38M/30Fhs3dAn38%ne to six
386, 388, 400, 408, 438, 440, 448, 470, 484, 486, 488, 490, 502, 506,

2884489814 ‘516 518 20 520, 522, 524, 526, 528, 530, 532, 534, 536,
586 s 34Bz U 2 of (@i 20polypeptidecsidia), {toyn (g poiy(dptilatorsEHOsID NO:

0%40f t
BRI ST A G0

afh Ha0e"ER A0ABn1dRt 48 itg Selabtet 89 AR2MARALYES, 512, 514, 516, 518,
setosadustass sl SEOSHD, BID; 4T besmastahiity: 25 was determined as a

rcentage of | in |t| nt a d) KRED activity (e.g., Exampl
I?e i$ 4 po peptl fLS (ES e) grlid) that retamg/ zg“;m% than 60% of Qhe initial KRED
activity after incubation at 50° C, pH 7 for 60 minutes.

[48] The novel KRED polypeptides of the present invention also have enhanced
thermostability relative to the wild-type ketoreductase of SEQ ID NO: 2. Thermostability
was determined as a percentage of initial (untreated) KRED activity (e.g., Example 4)
remaining after heat treatment of the celf lysates to 50° C at pH 7 for 20 to 24 hours
(hereinafter “heat treatment”). As a basis for comparison, the wild-type KRED
polypeptide (CR2-5) of SEQ ID NO: 2 retained 10% of its initial KRED activity after
heat treatment. Thus, after heat treatment, any KRED polypeptides that exhibited a
KRED activity that exceeded 20% of its pretreatment activity were considered to have
enhanced thermostability. Preferably, the KRED activity after heat treatment of a variant

KRED polypeptide of the present invention was at least 50% activity remaining, and most
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remaining after heat treatment of the cell lysates to 50 C at pH 7 for 20 to
24 hours (hereinafter "heat treatment”). As a basis for comparison, the
wild-type KRED polypeptide (CR2-5) of SEQ ID NO: 2 retained 10% of its
initial KRED activity after heat treatment. Thus, after heat treatment, any
RRENPBIBR ptides that exhibited a 30 KRED activity that eXécetiIgs634655
of its pretreatment activity were considered to have enhanced
thermostability. Preferably, the KRED ggtivity after heat treatment of a

variant, KRED polypeptide .of the presenf invention was, at least 50% _
g AoV SRR NS Brsrtse doti obedgtisg et
pKREfAlly! gichpass 160004 gotisety iemainingelhabietd listsKRED aaotivityf CR2-5
fopihe YDt SRER-PRNREP IR alihe prosen INeRiaN 1A e 0 g e
KRED activity of CR2-5 which isthe wild-type KRED polypeptide of (SEQ
|BiNmestabifity|derisaitie  HHREMoBeAMAR)IfSE afribies RED povgpgntidéisr heat
of-shenpresemtipkaptianaiar heats aitseatmentofl thelogspective cell

lysates at 50 C for 20 - 24 hours. Table 1 SED % Activity Thermo- NO:

Ahalsie Acid Mutations over control stability after heat treatment 76 H 67Q

| Q\/. % Ao\ L QN 1443 ol W K B b AWAWL NaW.|

FH8Y-+—124H670- V- A0t F158Y KI671 Vi724Mi 77V V1841 —224-S42N
i -
2@1@/@4 A194V % 244 SARN ALSAY * + 354 SURIRIBaY ToaR M
$42NW71841 A194V * + 470 E9K S42N D131QANGAV 23R ¥ 486 Pk
SA2N V I4ev 6 FIERIRZ38R ™ =506 PI4ASA2ZN TI90A ATV F+
520 P14AIN20D S42N V147A A194\V 1275V *4* - 5726 P14A B42N V147A
A 1401
f&?m K2 %gﬁgv \1/*1 ) ﬁé@%’d@ﬁlm’mos S42N T190A A1PAV E234G
224 |S42N *
254  S4ZN A194V * +
344  |S42N A194V * +
354 IS42N A194V T235K * -
440  IS42N V1841 A194V * +
470  IE9K S42N D131G Al194V Q233R * -
486  |[E9K S42N VI147A A194V K238R * -
506 |P14A S42NTI90A A194V ** 4+
520  [P14A N20D S42N V147A A194V 1275V i -
526  P14A S42N V1I47A A194V K238R *okk ++
536 E9G P14A N20S S42N TI190A A194V
E234G ik :
538 EHO9G P14A S42N TI190A A194V Hok ok -
540 |P14A S42N A194V 1275V ok kok -
542 1E9G P14A S42N T190A o ++
Where * = 150-500% activity of SEQ ID NO: 2
*F = 500-900% activity of SEQ ID NO: 2
¥k = 900-1300% activity of SEQ ID NO: 2
***F% = greater than 1300% activity of SEQ ID NO: 2
- = activity after heat treatment is less than 20% of untreated clone
+ = activity after heat treatment is 20-50% compared to untreated clone
++ = activity after heat treatment is 50-100% compared to untreated clone

[49] Thus, based upon a combination of enhanced thermostability and enhanced KRED
activity, a preferred KRED polypeptide of the present invention has SEQ ID NO: 344,
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538 E9G P14A S42N T190A A194V **** 540 P14A S42N A194V 1275V
k- 542 E9G P14A S42N T190A ** ++ Where * = 150-500% activity of
SEQ ID NO: 2 ** = 500-900% activity of SEQ ID NO: 2 *** = 900-1300%
activity of SEQ ID NO: 2 10 **** = greater than 1300% activity of SEQ ID
NIB?‘%&%—[‘%@R\SAW after heat treatment is less than 20% of untreatdg EiBHE45S
= activity after heat treatment is 20-50% compared to untreated clone ++

= activity after heat treatment is 50-108%6 compared to untreated clone 15

[491 Thus, based upan a combination of enhanced thermaostability an
i E J

d . |
eHHaRE P RRED AtV 4 PP fBF S R R E BB HNS B E prisdeRyeieotide
invensiondans BEED Pol@e8i44,0\SEQUDS/TL7IBE FOTHG Z004/026855¢ch as a
2 5 ithin the f r ' tiqn js
e Bl SR eodon
4apivgieet BZE0BBA0EUCch as a polynucleotide of SEQ ID NO: 343, 439,

505, 525,0r 541 respectively, or a codon, optimi ersion thereof. 5 |
b B AT BRSO PR e AEHVIE: & RTB A RED
&ﬁ&&md@y@eﬁﬁd&wéﬁh@m&%nhim%ﬂﬁim 15&%@&%&531&‘1%1&@ of SEQ ID
KBED afi A SEID.MNOs 41500 (gm0 RS SaUERCRT S0, 272
Q 0:262, 264, 266, 268, 270, 272,274, 276, 278, 280, 282, 284,
28, 288, 7602802830289 98624, 3%b 2382256 29806783680 380, W2 306, 308,

10,319, 7105 700187510134 300, 300305 A4 IB R34 708, 33210, 342,
’ ETOR T I R (g

438, 3% W30 0hed 482 2188 H80° %o 9. 415, HPgsd. 486,

5488, 820, %2250 408261 H 384 586, 582,58845 536246386 538, 6BGAB2A534, 536,
e ferred,KRED pol i e present tion has.at least

D05 e R iy o SO VSN 3 WA T A B s

skegrenee® N SERENMRDNOWESHBED 28 4o Bo2heesiBDg:i§ sequEne of SEQ

SHPNTLB522050 2R 85 440 500, 538 .5bB, 339, S5R2. 71845 PB620382 543 Pr526, 528,
542. Correspondingly, the present invention is also directed to a o

pﬁﬂﬁ?né%o’i%e wﬁicﬁgénéégég 3 RREDTFERPURE SPERESHBE Nityenfipn is also
A6 cA81040 Do 50 2; 1506 S0 8ich 1 cbdot, DR FH1 HobR0p5R2 o SB(HNB, NO: 484,

B I 8 T, o illoge 3 SRR g e
5380, 528, BP5EH2, 504 531 pH3BuASKids T HAY B NO: 543, 1858pe&tividd. 501,
505, 507, 511, 513, 515, 517, 519, 521, 523, 525, 527, 529, 531, 533, 535, 537, 539 or

541, respectively.

{311 A more preferred KRED polypeptide of the present invention has at least 900%
the KRED activity of SEQ ID NO: 2 and has the amino acid sequence of SEQ ID NO:
518, 520, 526, 528, 536, 538, or 540.

[52] An even more preferred KRED polypeptide of the present invention has greater
than 1300% the KRED activity of SEQ ID NO: 2 and has SEQ ID NO: 536, 538
Typically, the above described KRED polypeptides of the present invention have less
than 2500% the KRED activity, as measured as the lysate, than the KRED polypeptide of
SEQ ID NO: 2. Also preferred are the polynucleotides which encode for the above
referenced polypeptides and which polynucleotides have a SEQ ID NO: that i one

integer lower than the respective polypeptide that it encodes.
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[51] A more preferred KRED polypeptide of the present invention has at

least 900% the KRED activity of SEQ ID NO: 2 and has the amino acid
sequence of SEQ ID NO: 518, 520, 526, 528, 536, 538, or 540. [52] An

even more preferred KRED polypeptide of the present invention has

SY8E U5 an 1300% the KRED activity of SEQ ID NO: 2 Bhd/Hius{s65s
ID NO: 536, 538 Typically, the above described KRED polypeptides of

the present invention have less than 25b0% the KRED activity, as

measured as the lysate, than the KRED polypeptide of SEQ ID NO: 2.

ARY priferrbaralTrHensely NG AEStRd8 \which %%&%Ptﬁ@%ﬁwpephdes that

refeencadcpoldiiepiides angahidkmatyitalentites have a SEQ ID NO:
that is one 30 integer lower than the respective polypeptide that it
eifdddel WEhR2008/8118E, P THISRO0WOPe655 decisd e ek BRorhbpeptide

afRer e diessnt invention;is difeded i REBRA¥PeRtdes RN Rgency

enhanced activity in a coupled chemistry reaction. [54] In another’
BRIt SFEbh P RS A BT te d F DonyisEhptide: 21
9 e3codensbya3) BatRic FGissIcEiE Iee, Which 1y bEdi2es, B3derInetinm3, 439,

NS0 b i Shd s oS 3G S0 5t e e e 365 7
35, 3V, 383, 385, 387, 390, of0¥4 U3F, 480 44TFeq691c483, £85){487]east 100
450203505 e B S AP SN TN 70y B RSRZE, BB, and

531, 533, 535, 537 539, or 541; or (ii) a subsequence of (i2) of at least 100
nbcidstiads, bt MAernisrehienittmy sttahergrn) blanala 24 sdiHrBok ot Bpring
Frissdt, s J10 T. Maniatis, 1989, Molecular Cloning, A Laboratory

Manual, 2d edition, Cold Spring Harbor, N.Y.). [55] For polynucleotides of
aiS8ast A@Opalicledtioas:sndengthgdow 86 vexydoigtessininigegiby tondiiorsy high
AfEhass Aaiplive: BEshBdRAOR.Anc INRACIEAHOM A X o a2°
SSPE, 0.3% SDS, 200.tg/ml sheared and denatured salmon”sperm DNA,

andeiBsEEL 8 YRS rAdhgetchterestrin geriiasd 380acibataim R Aornd cither
meelum-ancmedimhighiitiRagneies, R doramide T Mg haBtm high

very high stringencies, following standard Southern blotting procedures.

FUF s Ee1abn0@s ot Tids fAob futdotrie igh SHteEnite dahqujing standard
nsatekiahisibaally puasaectshree twiesuerehdar dSamiastasMsiRG:2%IESE length,
0.2% SDS at least at 50 C (Iqw stringency), at least.at 55 C (medi

e T T S e B S R 02
(Bigh strigigenicsl); dhdot keasgacyD € legyery HigKk iredjemcyinS8k), at least at

aqPtelIRANIMAN GRS MY SISO IS NICHGLIA S VaHRH REHG 70° C.

(very high stringency).

[56] In another embodiment, the present invention is directed to a variant of the
polypeptide of SEQ ID NO: 224, 244, 246, 250, 252, 254, 256, 260, 303, 344, 354, 358,
360, 364, 368, 374, 382, 386, 388, 400, 408, 438, 440, 448, 470, 484, 486, 488, 490, 502,
506, 508, 512, 514, 516, 518, 520, 522, 524, 526, 528, 530, 532, 534, 536, 538, 540, or
542 having a substitution, deletion, and/or insertion of one to six amino acids therefrom,
and having from 1.5 to about 25 times the KRED activity of the wild-type KRED of SEQ
ID NO: 2, such as determined by the method of Example 4. Preferably, amino acid
changes are of a minor nature, that is conservative amino acid substitutions that do not
significantly affect the folding and/or activity of the protein; small deletions, typically of

one to six amino acids; small amino- or carboxyl-terminal extensions; a small linker
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polypeptide of SEQ ID NO: 224, 244, 246, 250, 252, 254, 256, 260, 303,

344, 354, 358, 360, 364, 368, 374, 382, 386, 388, 400, 408, 438, 440,

448, 470, 484, 486, 488, 490, 502, 25 506, 508, 512, 514, 516, 518, 520,

522, 524, 526, 528, 530, 532, 534, 536, 538, 540, or 542 having a

SibathetibA3deletion, and/or insertion of one to six amino acRAF hE@HOPACSS

and having from 1.5 to about 25 times the KRED activity of the wild-type

KRED of SEQ ID NO: 2, such as detehined by the method of Example

4. Preferably, amino acid changes are of a minor nature, that is

comservative armibocatitssubshiatitferibtanst deriiseBonsignifiumgiRgamscehmrge or

foling-anelesAcvY:Of 108 MretRine 3alldeletionse Bsally of bR Faishiain.

amino acids; small amino- or carboxyl-terminal extensions; a small linker
V&1 20 B33l d350 B@Iéﬂ&ﬂ%é&lﬂaﬁﬁﬁ&s%epenﬂﬁhahergmamaﬂlt&xteaﬁimo acids

ek isalinespuicaion v ehanaing et haiae o1 A08UEY UBEoRea), potar

as a o?y istidine tra6t. an antigenic epitope orab nding domain
[Bﬁ‘I}IEIXMIésllﬁﬁm@ndamr@fggb@ﬁtlhwdmb@éiwamQh@!@ﬁo@?ﬂ@tﬂ?baﬁ@lﬁﬂcme
W%ﬁﬁ@samﬁwﬁﬂb{&'Q&&”@%%?Qiﬁ%@%&@mﬂ%Q&'%&Qﬂé‘}a%ﬁ small

acid and aspartic acid), polar 5 amlno acids ( glutamlne and asparag;}g{
BB S¥AIRG %ﬂefageaéﬁmﬁ PICOILLiRE TRRSVEIFHYS) 224 SHAHRD mino
mmssﬁbh@ﬂytalanm&m&@mfganeaﬂdrtadtasthe)spaa@smm@rma&m@bs]n the art

cine, alanj n erlne th oI|n C ian
A e B R B Rl B PR B e
atgddaown Rreshie et anorlard’ hl@snnbe@ﬂ@l@)@mmmbgg Hxplaogashaamdila/Ser,
R’s‘#ﬂé'”ﬂjsgl?ﬁu'nTIp§eErOA?%lﬂoﬂﬁ%ﬂ?m$%ﬁA§§S ANEW Y Ol A5G, MBSHphe,

commonly occurring exchanges are Ala/Ser, Valllle, Asp/Glu, Thr/Ser,

A ER; gﬁ/’f‘ﬁ% SspiAsh, LaniRea L suVebiA pisnnd Aspiily, 158pitgs these in
AspdAsn, Leu/lle, Leu/Val, Ala/Glu, and Asp/Gly as well as these in

reverse. [58] In another embodiment, the present invention is directed to a
fl&§mem afid)yr (bpboBime(e) Haspdesotibedraibove dhatthd sofrofrednBo of (2), (b)
A 28 SR KRERAVN WL e WIBNPSIREDAS RREDIDNG: 21 e

as determined by the method of Example 4. By the term "fragment”

sVt hme thREiRe Bl i?a%f‘bl%‘{é‘ﬁEﬁﬁ‘%‘PidtBh@f‘aWﬁﬁ@%efd‘Example 4. By
reRdLes ‘Fm@;{a& carhwttarmIm;aspdh@e@nnaméermmao@robqthe 10 amino acid

Pref rab del tlon |s lto1 reS|dues from the oig}_/}e %
TES] ues %/ ﬁe carl Oéé nus, the gmﬂf) termnus (o the deletion
more pre era [etion’is1to residues rom e carb Q/(

terrhinugo [ﬁsidwg/étcammluhe:raémbm@ﬁmém§theomesehtahibenhordwsaulwemeldto 5
t?aé&ﬁ@sﬁ%n%'é’%ﬂﬂ?ﬁ@%ﬂ)m&b) or (c), as described above in the
t

Detailed Description, that retains more than 20% of the initial
(eringubationhitRE D astiviticaiteriocpieationifeedfon is directed to a KRED

polypeptide of (a), (b) or {c), as described above in the Detailed Description, that retains
more than 20% of the initial (pre-incubation) KRED activity after incubation for 20 -
24 hours at 50° C, pH 7. Preferably, the polypeptides of the invention retain at least 20%
of their initial activity, more preferably at least 50% of their initial activity after
incubation for 20 ~ 24 hours at 50° C, pH 7. The initial and remaining KRED activities
on the pre- and post-heat treated lysate (as prepared in Example 3) are readily determined

by an assay for KRED activity, such as described in Example 4 herein.

Polynucleotides

[60] 1In its second aspect, the present invention is directed to a polynucleotide sequence

that encodes for a KRED polypeptide of the present invention. Given the degeneracy of
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24 hours at 50 C, pH 7. Preferably, the polypeptides of the invention retain
at least 20% 25 of their initial activity, more preferably at least 50% of their
initial activity after incubation for 20 - 24 hours at 50 C, pH 7. The initial
and remaining KRED activities on the pre- and post-heat treated lysate

a8 Hidrédfin Example 3) are readily determined by an askaj/62RREEHSS
activity, such as described in Example 4 herein. Polynucleotides 30 [60]

In its second aspect, the present inven®#n is directed to a polynucleotide
sequence that encodes for a KRED polypeptide of the present invention.

Chgeas R Jederibs adss e VIS RU5Hava dsepet 1 197 eoltsBer sleshatacodes
oRpetik et dRppirRest IREmioNds alsatlirasted, tteanyqaohyssiclestigr, 272,

e

202, 292, 2963 P0G 130858027 304, 306, B8833818¢4-B 6223121, 386, 318 340, 342,

328 328, 416 06328145380 ik, 38¢ %%446*@%%3%33‘1@,03&29 511?@4&84 486,
358, 360, 364, 368, 374, 382,386, 388, 398, 400, 408, 438, 4

445, 430, %86 508830390250, 506, T 5205281224 FE6512S. éé@ %32% 534, 536,
524, 526 0p348. 530, 532, 534, 536, 538, 540 or 542. [61] In a preferred
embodiment, the present invention is directed to a polynucleotide of SEQ
IPBNO: Hilg pitfeitedSs;REIman 3h2 @ocR61T 12681187 1s ARIIRIAD, 2 yRikSotide of

20BN g 041821 27 9389 2%ka 298 20P. 2%%72%9927%0%75"0?7739% 3, 283,

309,311, 313, 315, 317,319,321, 323, 325, 327
3@? 387, ?§§92%14P9§5?%§$7e?§é’ é@h %73%5@073@998@51 @8? %@731’7 319,

398, 407, 437 3483294747691 A3, 485, #97398342035505375859, 3%3, 367, 373,
513, ﬁés 517 glg 521,523, 525, 527, 5 é‘%‘?l 533, 535 537, 539,
d

RS todll 100y REEE oty e MRy 491 305,607, 511,
oBL3R2625.204, 268, 526852762272,715%743 2756327& 280, 28R 0284} A8 encodes

ST Gl Y032 oSl A g oo 2
A, %7@42@%@8@6@8%@&43@% 398, 2952925498965 41%9) 368, 26 206, 305,

440, 448, AA03 18414850488, 490, 523286300845 B20534y %33@; %8340, 342,
520, 522, 524, 526, 528. 530, 532, 534, 536, 538, 540, or 542

rdepettiveltd 281631 ima bartedtiy pretarratf b drieAtOuk frelbdds. 486,
menmm Fo2lise6tedg0sa2 pHIYnSiGlislesd0 SBR SDNDG 2B 11530 53D das, 536,

Q %pggl? F%E%é[% NO: 254 and to the codon optimized

ynu eotides o NO: 303 and SEQ ID NO: 343, which contain

Sﬂﬁjt Wt@t'ﬁﬁ%éﬁﬁhp"%%égré%@d?%ﬂ@etqceﬁws%ﬁgméﬁm is directed to a
poI peptide of S 8?1%”3 NO: 254 in F. coli. In particular, the codon

%ﬁ%tﬁifho& ?POHI]OS %8 fbat encodes the polypeptide of SEQ ID NO: 254 and
1o the codon optimized polynucieotides of SEQ ID NO: 303 and SEQ ID NO: 343, which

contain silent mutations that provide for the enhanced expression of the polypeptide of
SEQ ID NO: 254 in E. coli. In particular, the codon optimization in going from SEQ ID
NO: 253 to SEQ ID NO: 343 consisted of the following silent substitutions: A16T, G17C,
C30T, T339A, C600T, T738C and T744C. These silent substitutions resulted in a 2.5-
fold increase in expression of the KRED polypeptide as measured by its KRED activity
{e.g., Example 4) from the cell lysate (e.g., Example 3).

[63] To make the improved KRED polynucleotides and polypeptides of the present
invention, one starts with one or more wild-type polynucleotides that encode a KRED

polypeptide for use as a backbone. The term “wild-type” as applied to a polynuclectide
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25 NO: 253 to SEQ ID NO: 343 consisted of the following silent
substitutions: A16T, G17C, .C30T, T339A, C600T, T738C and T744C.
These silent substitutions resulted in a 2.5- fold increase in expression of
the KRED polypeptide as measured by its KRED activity (e.g., Example
MBI MEERI lysate (e.g., Example 3). [63] To make the infSTHYSHKREEFS
polynucleotides and polypeptides of the present 30 invention, one starts
with one or more wild-type polynucleotides that encode a KRED

pahpepting fee useias a-Raekhans: Jb& EIm.owild-type' as applied.to a
pqlsyf%géegtide WO 2005/0171%35 QCT/utggg]ﬁi oé’gle%g’éy dallens Hom the form

nudleic acid Al ENt BoEER ot Hdrmis asanplind tatiopr Yrontidhéofopratein) means
|sgat_eb§efrwmmiz%rﬁ.bihette?ra_t"wﬂﬁiw;ypg"ﬁagﬁ@@pmt | &cl’i@:‘ @ﬂggﬁgﬁ%@gny will
Prajgim neans, iha rotein will be active at a leyel of activity found in”
nature and typically _\E/tw ﬁ ?:%ﬁ%%’ﬁgea he %ﬁ%ihno“a?éﬁﬂ%eah'é%égea?@urﬂﬂ”iﬁ type” or
naRtif&ntthirquaiectedioaiie ayyatiog b pérental sqguercgidndicaiemaulation of
stewdingsiiegference sequence prior to a manipulation of the invention.

[64] Suitable sources of naturally occurring KRED, as a starting material to

bﬁ%prﬁv‘ef;;hlarmnaédilgﬁdmm@asﬂ ?y@@%@giﬁmn%m@ Eﬁﬁﬂgsn%efialdf to be
orgapisms for t tivities described herein. See e.g., Example 4.
Nla%%j'?ally (’)cc%r%%%ﬁl%ﬁ%ﬂg%{yegﬁ%ysrﬁgg%% F5IRER HRAtesrghgesapisms for the

b&tERa it e sescsbeh kesviCantida.magnetigte (Genhankicecioing KRED
Jer/338s Gﬂekla@@@%%)w%@%%@ W@P@Uﬁséﬁégga%gaggc % N&ingi%\% gagnoliae

B 4528.1; GI:2815409), Sporobolomyces salmicalor Eno4an
N@ﬁhﬂéo%ﬁ; Nt 6%5%4 LA I3RS Gasditiblrsauibeiof(GREBENIS Ac. No.
C&ﬁdiafa‘imagmﬁlimsm)ﬁ),esmr@%mﬂ@y@,nﬂgm;@@arméggImgg:kgg_tiggl60799.
seﬂ%@§§3§gco£in%ggu v%ﬁild-ltﬁl% KRED 15 polypeptide of Candida ’
magnoliaé was cnstructet 1o BOMES SHONER Baseeiddoriameliac. In the
KRG pOIYRitistid @ saaenericpolgnicREBRIdromeandidadnagnalioriwbish BRED
ishasheass oy The parental polynucleotide
glb%] 5}ence,edes?gﬁ ﬁﬁ%@g@%ﬁgg SWJ ‘%E@%"K@ : E{? v:/%% %858#85’[?%?8??‘1 upon
fé?l’ é&b%%&ﬁ%ﬁﬁﬁpéﬁ%ﬁﬁaﬁmﬁ% dePBtwdidtatigsirolndhehidlditypelished
poiiableite SSQUETZRS TR pORARIDIRAALIURE LR NES o ro.
cgowjrﬁg IIQ$SF| c&gglngdgges 8f the expression vector, ka_I 1090 .
(depicted in FIG. 3),"Under 2O PEMBt e TR B ItRr Bl ke Pagrdysodiffered
geRgantidlyerasdfon wildityralspobpniciingdedheREBicorigimef semicalighized
theehlarampheni ' &y Several clones were found that
ij:?ess d an activgalgé%}gﬂuiggﬁﬁggé con érlliﬁ"aﬁeaf‘{ﬂ% GEHESAEE 0900
ségﬂéﬁgelﬁ ' Cortfrneseir R 86 direMseRIoTHeD Bisb dncé neprebesignated The

CRReSH{GER NQ: &hw&%dh&@rﬁﬁﬁ%ﬂwgﬁﬁ%wgmﬁdﬁﬁ the chloramphenicol
resistance gene. Several clones were found that expressed an active ketoreductase in E.
coli W3110 and the genes were sequenced to confirm their DNA sequences. The
sequence designated CR2-5 (SEQ ID NO: 1) was the parent sequence utilized as the

starting point for all experiments and library construction,

[65]  Once a suitable starting material, such as the polynucleotide of SEQ ID NO: 1, has
been identified, a non-naturally occurring and mutated and/or evolved enzyme, having
unknown KRED activity is readily generated using any one of the well-known

mutagenesis or directed evolution methods. See, e.g., Ling, et al,, “Approaches to DNA

mutagenesis: an overview,” Anal. Biochem., 254(2):157-78 (1997); Dale, et al.

Oligonucleotide-directed random mutagenesis using the phosphorothioate method.”
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starting point for all experiments and library construction. [651 Once a
suitable starting material, such as the polynucleotide of SEQ ID NO: 1,
has been identified, a non-naturally occurring and mutated and/or evolved
enz me, having unknown KRED activity is readily generated using an

2 BHXBE W2l1-known 30 mutagenesis or directed evolution ]Fﬁgfﬁ%"ﬁg“m““
See e.g., Ling, et al., "Approaches to DNA mutagenesis: an overview,"
Anal. Biochem., 254(2) 157-78 (1997)2Dale, et al.,

'Ol onucleotlde directed random mutagenesis using the =
ERBH oL O S DB T8 b T S0 b et Genet.

MetmidssMaloSinl B G367, (1996 Gmithy AhpNitniomuifgeniesis blgmesis,”

%%Yﬁn%et Q% | :5% ?36314 gln%é%)g%a)ﬁ Qt§t§ Ql’ir%%ta dz’%{i%%%‘h%}?ﬁ?e% :P, 237:1-

67 OF In VItIo MUtAgenesis,” Science
Qdite¥s)Simtirected. nﬂﬂ@g%@ﬁwhéﬁmé% B FIP-86710884):RisHrer! al.

6lcalsciRORLMISRRICNR PR ent HlbRUBHH- GBHcL 95 ot RURIRL Fhutdtions at

"Cassette mutagenesis: an efficient method for generation of multiple

AEfAROALCE SEshed Shes 2 ) s a1 o thodBpiRitmantit gy moleculr
"Heataiy emwm@_mmwm D99, Cheistioa, et al.,

Biglogy, 3:284-290 hristians et jrec olution of .
th?mldy %d: maélé“}orA osp’?%ir@ a{ft?(r)nﬁtljzsll‘n% &)%?Y uﬁmﬁ"DNA amily

Nammlmsuomm@mmm PB250r080§1 Brantarmetiakt aDNN@Husnmi@mg of
of Aha fmilveel BeRES fom JUGESERRREIRS Acelerale itR0t8tiure, 391:288-

evolution," Nature, 391:288- 291; Crameri, et al., "Molecular evolution of

39 hrGaangs (fétﬁxifi%ﬁ‘i?ﬁﬁ‘}ﬁ’é?ﬁwwoﬁfbﬁﬁf @Hﬁﬁl%?*lﬁﬁ?&%‘ pathway by DNA
E’smiﬁﬁhgolggmr&?s&ﬁ&t%éww’)qazhmg(199aj,,Z&i;ngcéed;ev@uﬁa@d @fvaltion

ef ectlvE fructo dase fra(ggn &\alact 3&‘%‘35 quI r}gland reenin
scré‘@n ge,c“ﬁr |lngso &fi6ha cade C|ence§ ?Jj%% &

» AmarnabAghderty tinBrioueek o.,u,.u J@ér@%ﬁe‘fﬂ@rcﬁfeamby et al.,
;5%&@5 e@é@éﬂ“ﬂﬂ&%@&PMéQ%ﬂ'r}ﬂole’élﬁﬁwﬁv%!%%ﬁhﬂgl%%NA shuffling,’

15 319 (1996) Stemmer, ' id evolution of a protein in_ vitro by

AT hB e ﬂ@%?ér%%fg 11§85 mSte nfiarif %Nswgmmm@r@gﬁm in
ramoﬁy fmgmﬂﬁaﬂmg anhigassenibiy- 391vkt199r®c<mmnailonrﬁm shuffling by
lecular evolution, Proceed| fthe Natlon Acad mg%[ ien
Jeadgn §fgimaf% FEL i) %vc? B 55 “%5% g otiion,
WD ler© DIIZ576T: HiTd7TUE5P4L994); WO
69?55672%6\)0’8'9‘5‘/6‘6%9%6’9‘)79%6 % ALMAERAS oé&@%ﬁ“@v’é 8%%9@7 and

Method for creating polynucleotlde and polypeptide sequences."” (66] A

¥ theBat niethibddocanie ‘apistel 16 gelte e K REM By frichEBR el ioprited
MEMINIAT RRY- Mg i s enetakahthsoBpRYEdd esgitieek techniques can be

used 25 sequentially. Typically, a library of shuffled polynucleotides is
cieédteddy ariaimuetagenods can be applied to generate KRED polynucleotides. To

maximize any diversity, several of the above-described techniques can be used

sequentially. Typically, a library of shuffled polynucleotides is created by one mutagenic
or evolutionary technique and their expression products are screened to find the
polypeptides having the highest KRED activity. In the present case, a polynucleotide
having SEQ ID NO: 75 was the most promising candidate from a screened library using
NADH as cofactor. However, to obtain better expression of the polynucleotide from the
plasmid pCK 110900 of FIG. 3, the polynucleotide of SEQ ID NO: 75 was resynthesized
using oligomers that were codon optimized for expression in E. coli. The resulting codon

optimized polynucleotide had the sequence of SEQ ID NO: 77.
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or evolutionary technique and their expression products are screened to

find the polypeptides having the highest KRED activity. In the present

case, a polynucleotide having SEQ ID NO: 75 was the most promising
candidate from a screened library using NADH as cofactor. However, to
SaN VB iES expression of the polynucleotide from the 30 pRSHEEZBERA66SS
10900 of FIG. 3, the polynucleotide of SEQ ID NO: 75 was resynthesized
using oligomers that were codon optin#iZed for expression in E. coli. The
resulting codon optimized polynucleotide had the sequence of SEQ ID

N6 77 TopmaPens0crens peEsTze/d2 004100668 Y2 P (B Theranfiapligd to the

SQLRAPAHAGR 6 PR RIMIOPARERCHNIqUE AYas aRRICE J&c8AQ library which in
codon-optimized, pol otide .of SEQ ID NO: 77 to create a second .

el 1o DAY s B RS o e the resulting
tetmeieeuISdreahingdhaaesiiting coee s S IRad0s: tH3iS6htnh BBtlweeding

C!RP@E%@?QC?IE 5 %IZ’S;EéS% W%%,Wﬂ@@ﬁl%@ﬁ@ggﬁl having between

polypeptide: Q ID NOS: 124, 204 and 224 respectively, having _
&W@ﬁ-%@mﬁwa@m%mm%ﬁvuyedﬂtw@qméc@g@%F}béi&ic?eusmg
Ok S5R BENAN2NGINGANADA(SEQIBNGD &2: C0NARPHASEQdR:tor. The
NOS: 204 and 224§ s cofactor. T@e é)roce s of mutating and screen'ﬁng‘
HBE A gRYRE & r&aﬂw%gags FECSEEC TN G AhBesh (gfluding the
piakattinu ttens; toauis,ab arpetynugiebtidelthateicodesdepalyphptipiele with

Wi a0 e ASRIeR A eTIBSIARILY AR slacror preference. (68

obtain better ‘€xpression of'the polynucl e of SEQ ID NO: 123 from

thgsiplaspith RKEEEEORLREG IS o tibeRohiRucisatide OESER NONQ3 ¥ the
was ream@g‘ied usinrg%?[ igomers to replace nugleo ides that may lead to

FRNBATAG Ph A0 RoPriEtibr o GRE B GRE D P YelldoNBnd 4 &¥aS &vitpplified
theirgRIER-MEN®. iSieciliaalyytoligasaversy 1&desiBhed Hoigisr ipiiiesaation at
potential.stem,Joop, structyres by ¢ ing. '- Sl site,0f ¢ :

RS RRAREAE PnIRS e BB S s vor
résitie o fitepiethestireiRRERC OB ie R P b apgazdbel o WHiele of the

aleGooash forssrine whhesrepmting eedameptisainethPabuHecieotideue 6 of the
resulted in agéroximate,ly two and one half (2.5) fold higher expression of

tRBRESE: PRYHBRPULE MEhJfed Sy KRED HElig/ iR YW Wstrer The
thedransfardeadoptichietltyragribolkb dedl . (60l B altowpimg theasdreaninghdfae half

third.r .Iipﬁrar using NADP ofactor, a,_polynucleotide ' T
L TR R A R R R RN B
bidetdysesepresdsiornsfarecp eihuidiastddesreph the plasmid pCK110900 of

FIG. 3, _the polynucleotide of SEQ ID NO: 253 was further improved b

453G iy 78 B s B P B LT a SRR Y AR filotor. &

hailpin deomids gunuctctBQAD DEDE BE8 W as the most promising candidate. However, to
obtain better expression of the polynucleotide from the plasmid pCK110900 of FIG. 3,
the polynucleotide of SEQ ID NO: 253 was further improved by applying evolutionary
techniques and cloned in a vector in which the hairpin forming nucleotides had been
removed as for SEQ ID NO: 123 above. The resulting codon optimized polynucleotides
included the polynucleotides of SEQ ID NO: 303 and SEQ ID NO: 343.

[70] Instead of applying shuffling or evolutionary techniques, the polynucleotides and
oligonucleotides of the invention can be prepared by standard solid-phase methods,
according to known synthetic methods. Typically, fragments of up to about 100 bases are

individually synthesized, then joined (e.g.. by enzymatic or chemical litigation methods,
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removed as for SEQ ID NO: 123 above. The resulting codon optimized
polynucleotides included the polynucleotides of SEQ ID NO: 303 and

SEQ ID NO: 343. [70] Instead of applying shuffling or evolutionary
techniques, the polynucleotides and oligonucleotides of the invention can
BOBAEHArEdhy standard solid-phase methods, 30 accordingGd/Khsia26655
synthetic methods. Typically, fragments of up to about 100 bases are
individually synthesized, then joined (€2§., by enzymatic or chemical

litigation methods, WO 2005/017135 PCT/US2004/026655 28 or
polpeiErsesenadiined misthedis eofdormessreniiaim adgsiedicedtcoatin srsiygnce.
SEQUERGS 1 REISHRTIIGsROlAUSHERNIdRS ARY aligrnusleqiidesaftb@repared by

invention can be prepared by chemical synthesis usina, e.g., the classical
I

PSSP SHURE TG adsciifed By B b0 B gBgod described by
Teisahagron bietiess D2 748296001 thrermetisi BeScribatcbynbiidatteesivtd by
\ 84) E : =05, £.0. it is typically practiced in.automated

e b A T B8 e R B e

oligdrticleptiiedsareAsypidingizedhe ghorpamaautbin e DAGEMHsEpbdes are

pyrifiedieanealed ligaiethandsiloneshdRaRPrpRNIALE VRRIAISI INARMILAN cloned

essentially any nucleic acid can be custom ordered from any of a variety

P RARITREHIRIEBFEe SN TS TS NRIR A CUEIRK T AR G afBritey g stom Ordered

Gampany oMidlandyTof, dden(sraat AmesicancbenelGovpdngg Rampaa Reagent
, EXpre en, | icaqo, I, Opergn Technologies Inc., A a
) BHhelS: O e G BH e AR o rord, €A Eressen

CesdehieiExdias3jsrow dethbn{radi¢n lanothemadpdet thrsl prereathgtgention

is directed to a nucleic acid construct comprising a polynucleotide

eNconina akKebpalpaptiesion hamesERpirvaniionddr operatively

linked to one or more heterologous regulatory sequences that control

ek eXpresdien rspadatbcamercrtidraeniiconStauctialich agaeicexpredsiorstruct

V&ﬁ#@%g@r§§§wl&ﬁﬁ§e%oﬁﬁ§r%aﬁﬁ@ﬁ1$5@§egénﬁ RMCIRICACIELt invention
cons ruct, Sucn as an expression vector or expression cassette, was

iROETHEEI b B IS OB DS TOI R TR A SERHERCET U SORIER gene
pelyRrestif ecarteadednyithevar ientispotynucteatide e20rE4RAbA vaual @it exgidssion

construct: }]s defneqhherem asan cleicg\cid ol culeH either single-or
HS%’.‘]I{C. T cg:adler £ Tes tln%{lua ?JC acid Cons I'Uﬁ SUCH as, an expression vecior or
dSiiieSstrande , Which is’isofated from a naturally occurring gene or

vehiphskias dessstianwdifizdertedonfaim sepirate dbpuetBitonciti veinisimsebsion of
apd iﬁ%ﬁ?ﬁé@ﬂ%&i@é@ﬁ%ﬁ shatevaridhnol gthapyire exist in nature. The
|

term nucleic acid construct is inclusive of the term expression cassette or
epmiessionverRior astiecviheruicieiddticiconstiuat aomtelitis 28 dlindiecule, either

cantrol sequences regylired for expression of a coding sequence :
sgn tie~or d%lf%n—s r?n%:qél, wehnch 1§ 38 AT %(r)om a na?uratp)goccu ng gene or which has
(poRAucleotide) of the present invention.
been modified to contain segments of nucleic acid combined and juxtaposed 1n a manner
that would not otherwise exist in nature. The term nucleic acid construct is inclusive of
the term expression cassette or expression vector when the nucieic acid construct contains

all the control sequences required for expression of a coding sequence (polynucleotide) of

the present invention.

[73] The term “coding sequence” is defined herein as a polynucleotide sequence,
which directly specifics the amino acid sequence of its protein product. The boundaries of
a genomic coding sequence are generally determined by a ribosome binding site
(prokaryotes) or by the ATG start codon (eukarvotes) located just upstream of the open

reading frame at the 5' end of the mRNA and a transcription terminator sequence located
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[73] The term "coding sequence" is defined herein as a polynucleotide
sequence, which directly specifies the amino acid sequence of its protein
product. The boundaries of a genomic coding sequence are generally
determined by a ribosome binding site 30 (prokaryotes) or by the ATG
Wigttatbitfeukaryotes) located just upstream of the open PEAHRNIHARESS
at the 5' end of the mRNA and a transcription terminator sequence located
WO 20051017135 PCT/U52004/026639 29 just downstream of the open
reading frame at the 3' end of the naRNA. A coding sequence can

i depiitaahof livmtens, [eiag doms, Aridtetombifanthaeldidaci coding
SRHUeREesN [#4] 418, iselatethPRiMALE RO tIieAS RENNN G AdKBI RHPRIMPRINIER acid
of the present invention 5 may be manipulated in a variety of ways to
pFVdETor expression of the polypeptide. Manipulation of the isolated
%M””%%Q%%é’c{ 'ﬁ&%d&'ﬁlﬁ%@!ﬁ&l@ﬁ é‘ﬁﬁ%‘ﬁrp%ﬁge 3%98%%%&%{ invention
necessary depending on the expression vector. The techniques for
redifArsappWHed [BofidasierPhiesidaeradde denesessipimf the polypeptide.
reeRmpRinant INf methedsarauaibdaropyiindhes afseHioly lid BEVIRER! may be

"control sequence” is defined he@n to include all co%onents, which are

RS Y P SR A RSO S0P SXPIESHIB BP Y pbIy SEpH gt tRemoditying
present]cotidentiad . ielelt coittseh segue no8zingyrdembiietdd oY eigrhtdthe well
givt I\%icigbﬁg sequence encoding the polypeptide. Such control sequences
include, but are not limited to, a leader, polyadenylation sequence,

Arapeptde RedueBReoPIRMSeE SioRal RaRtFE 1 R SRENARGE: onents, which
transcription terminator. At a minimum, the control sequences include a

PYETGEEsS U d ¥ HEANBIRGRY dAb RanSIRTTR s LigRRBCPHIE Anip| Present
Segttinae SBnhycdrergreaqdeadavitiaslibkersi fordhepivposetofintiaducidgequence
specific restriction sites facilitating ligation of the control sequences. with

e L R R e
Jeafirs] Pabyadenylaiseratsiguiniked Pioriglided sareiivas Bresaigursigonl irpeptide

WhiGBna.ContrahmeApshr &isaRRSOPHateviRlacsr MadagiiondslatieitRlude a

the coding sequence of the DNA sequence such that the control
AT EARSTRB ST SO SO Pt PSPt 4177) Hige erif giequences may
seqyengasmayie hikagpropriate prometessegueicegl Beedptomedelction sites

grencs s arelatively short ””C&E‘%eas‘%‘%zﬁe@%%%%th%t 13259 Q‘%&ﬂ?ﬁ’é’ acid
ahost cet ]flgr 7 expression of te onger coding regi%n at follows. The
pratrotereseediepeeeptaiids transcriptional control sequences, which

mediate the expression of the polypeptide. The promoter may be an
dleic Hadreaq qereBly Htf S s Wt BErtBhAICQRHSHIA PR which a contral

sequence is appropriately placed at a position relative to the coding sequence of the DNA

sequence such that the control sequence directs the expression of a polypeptide.

[77] The control sequence may be an appropriate promoter sequence. The “promoter
sequence” is a relatively short nucleic acid sequence that is recognized by a host celi for
expression of the longer coding region that follows. The promoter sequence contains
transcriptional control sequences, which mediate the expression of the polypeptide. The
promoter may be any nucleic acid sequence which shows transcriptional activity in the
host cell of choice including mutant, truncated, and hybrid promoters, and may be
obtained from genes encoding extracellular or intracellular polypeptides either

homologous or heterologous to the host cell.
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host cell of choice including mutant, truncated, and hybrid promoters, and
may be obtained from genes encoding extracellular or intracellular
polypeptides either 30 homologous or heterologous to the host cell. WO
2005/017135 PCT/US2004/026655 30 [78] For bacterial host cells,
NRAMEPrétoters for directing the transcription of the nucl®EHBiG004/026655

constructs of the present invention, include the promoters obtained from
the E. coli lac operon, Streptomyces colicolor agarase gene (dagA),

B‘gigillusf‘su%tilis Iei\/ﬁnsucli se ge e(sacB)[, Bacillus licheniformis

JARb R B BT AY, whae P SR B NS dBEiRton of the
amyleiseigjdrer@myh/f Bagiiessmrimplolituefiacleds ttpharmmy ateagetddrom the
(amyQ). Raclislichenifonnis Renichingse gane (penk) @&}'%S%BE% silis
xylA and xylB genes, and prokaryotic beta-lactamase ge&we ila- amaro#)

elexinsperpse gsmscbeeiigSeritive NeltroHarnicaehaymyBereernes @A poBacillus

stedrii o as el a6 Ebe dae NEMMRIRY {ASROCBEE Blis k98B liguefaciens alpha-
ProcFedlneqls f the N th[? IAz\c demy of Sciences USA 10 80; 31-2?. .
PR s BN A el Sl P PR OHERAR GRS FOERRNCAaRfes bt

badterat! kyBcintificidneoicanotl© Bz 2422 dsO dean Vil SHmreok £t:a]. 1978,
1?;%%%9&&%@@%3@?@%% d¢ &@hé‘e‘g%&ﬁ"%5:%‘)‘5"‘}?#?3‘15052%%@2% tac

directi e transcription of the nucleic acid constructs of the presen

iMVeRALH (ReBrE promdiet3. Shesrsdingrorh tiadNgbnea fvademargiiiBences USA
Ogyzan -PAKAainyiasRniRiZ0 MY CAE B BEL! ASPALL PIHRESErdkR recombinant
ﬁ?spteer a||JL11r§§1c|%etr£e tral al ha%g%/%gste Aspergillus niger acid stable
aﬁ%a—amylasle,m 1§pgé"?b6ﬁ]ﬁ. n}é’ ’ ,&SZ)‘EP IR A ioﬁﬁjﬁb%lmwggesuf’fa'
(prof), ROERIMURRLINENE] HIRASE SREILND B ERT NS RIS ription
Aspergillus oryzae-triose phosphate isomerase, Aspergilius nigulans :
Rlehmiivdes, b PogainP b prasai inyesimiikeciplotpaseoftitbtained from
ABOQARY Yora ek as ey NAT-HI RTomies @yl st Haspr %épélli% $rotinase,

from the genes for Asper?illus niqer neutral alpha-amylase an

A&fﬁéfrgfﬁiﬁ% B B HBS S RGEBRARS iSbRiErdas) s ritareMuiipheamylase,

atwgbdrylitid prigenoterd thetebils[30)dnwa:y gasbihagtasdS e AN ORINLEONwOER michei
ne the genes fo ccharomyces, cerevjsiae enolase, (ENO-1),

e e O A Ry B Protphar

CEPESTEe ﬂmﬂ@e%@wa@%mmﬁy&s@rmmmmﬁ trypsin-like

(Rbidso qonase P2/ GARM %QQWMQFBY&%&%EQW?@% of the promoters

3;pho phoglycerate kinase. Other useful promoters for yéast host cells
it 8”815&%%8%66 1 raHbs sisar reeey Anbasimylassingd spaigfreasigdriose

sequpnceimayalsd belansuitahledtarachiptipybiel finatassaguesrce, a
sequence recognized by a host cell to terminate transcription. The
tEiPhindibr yeeflidasie yseful promoters are obtained from the genes for Saccharomyces

cerevisiae enolase (ENO-1), Saccharomyces cerevisiae galactokinase (GALL),
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.

[81] 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.
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30 operably linked to the 3' terminus of the nucleic acid sequence

encoding the polypeptide. WO 2005/017135 PCT/US2004/026655 31

Any terminator which is functional in the host cell of choice may be used in
the present invention. [82] Preferred terminators for filamentous fungal

WO LML obtained from the genes for Aspergillus oryzdé& FRRRRI4026655
amylase, Aspergillus niger glucoamylase, Aspergillus 5 nidulans

anthranilate synthase, Aspergillus nigéd alpha-glucosidase, and Fusarium
oxysporum trypsin-like protease. [83] Preferred terminators for yeast host
Hlls IEF B AdUCH dt R igRa dE oY Pedcalarh et BAYRAISRS dhbigfaesent
$aegharomyces cerevisiae cytochrome C (CYC1), and Saccharomyces
cerevisiae glyceraldehyde-3-phosphate dehydrogenase. Other useful 10
B2hindeferfod (emstdorstioe fidamen s dritrad HnpRoMarosbetiagd f1g92ahe genes
SHPTR IS4l he conpfroragauensa.may.alin e, Slablaleade) SRAUBDER illus

a nontranslated region of an mRNA that is important for transfation by the
Wéshtlen). apHEIBdE r SERishce R BHBKALIYAMK SRS -ther ssitashintigl of Higrivm

RGipisALthpeauaacs@pseding the polypeptide. Any leader sequence
that is functional in the host cell of choice may be used 15 in the present
if8% ntiGrefRrefe trevtimmoe rddoriambntbustangal hbsicellSare ditagesds for

feapaihe-ganesdar AsBRIgNS QUZAS IASA BoaNAsR PR AsRsEdH ISy C1 ), and

nidulans tfiose phosphate isomerase. Suitable leadersfor yeast host cells

s HBEATEETrSiTaHe Herib¥cropl dshvdmandipirbude cSrbviiagspiislaStiher  useful
(BN TEGhRRQBNCRBCREQSIABA bR rasRhrglycaralokinases.

Saccharomyces cerevisiae alpha-factor, and Saccharomyces 20
deddvisiae atoohdldeimyarogeryagedghceraidteblgde8ephegphrate a nontranslated

qgé}xﬁf&% nxﬁﬁf‘-\('%}'@“g/i%éfr)ar[ﬁﬂTﬂﬁsﬁ%@”‘ﬁé@ﬁﬁmgg%%lw%@ﬁ?dggsgquence

polyadenylation sequence, a sequence operably linked to the 3" terminus
of thecrilbYeiinkefd Sedientelamdihich, WhenceimssitbedaisTer ousndieg the
by thr st cellas.ac-signakiccadst ROYAIRADSI e EARIURS T dvice may be used

transcribed mRNA. An lyadenylation sequence which is functjonal in .
e RS O e P B G 0 B OBRR G Pre e vained

palyadengtatio fosetgpencissforyfilarfamausiyhgalahdst geltgidre olkdingdriose
from enes for ill r se, rgi i ‘
T T e T
SRy shorimiosy psigEksigeotedsdassnd EaierhillusSaigbrrambeeylucositiaise. 3-
é@&aﬁ‘ég@ye%@dﬁm@ﬁ%&ﬁam§ fQrdeast hostLellsRranle seribegd-biyces
uo and Sherman, 1995, Molecular Cellular Biology 15: 983-5999.
cerevisiae  alcohol ~ dehydrogenase/glyceraldehyde-3-phosphate ~ dehydrogenase

(ADH2/GAP).

[85] The control sequence may aiso be a polyadenylation sequence, a sequence
operably linked to the 3’ terminus of the nucleic acid sequence and which, when
transcribed, is recognized by the host cell as a signal to add polyadenosine residues to
transcribed mRINA. Any polyadenylation sequence which is functional in the host cell of
choice may be used in the present invention. Preferred polyadenylation sequences for
filamentous fungal host cells are obtained from the genes for Aspergillus oryzae TAKA
amylase, Aspergillus niger glucoamylase, Aspergillus nidulans anthranilate synthase,
Fusarium oxysporum trypsin-like protease, and Aspergillus niger alpha-glucosidase.
Useful polyadenylation sequences for yeast host cells are described by Guo and Sherman,
1995, Molecular Cellular Biology 15: 5983-5990.
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WO 20051017135 PCT/US2004/026655 32 [86] The control sequence
may also be a signal peptide coding region that codes for an amino acid
sequence linked to the amino terminus of a polypeptide and directs the
encoded polypeptide into the cell's secretory pathway. The Tend of the
il dEgtience of the nucleic acid sequence may inherenfl§f BHR&i 0655
signal peptide coding region 5 naturally linked in translation reading frame
With the segment of the coding region #¥at encodes the secreted
eptide. Alternatively, the 5' end of the codin uence may contain
% naltpeSanEat SERHERFEITGH Hithe ?d‘%ﬂjhﬂ%i’ﬂg@ %i%%%’&ﬂé%?éé’oﬁ'ﬁe“’f an
f@f@i@dﬂ asignakpepiideteding regionimaybedeqdired mhekptae endidgects the
n 0es I a rall pontal asi aI eptide coding region. 10
R Sy R T RS e T AP g Seauence
replst@e nhdewatoidl ssgrsatpeptid énbodinly regitnineorderktmepitigneeding region

SRR AP RANRIRIE LI RHER A S! ARRNILT SRR IBUon ha

which directs the expressed polypeptide into the secretory pathway of a
HSOeet bF éﬁ%&%ﬁ{%%h@%d%‘iﬁ@‘b‘f%eﬁﬁﬁv&% Gh t'rsgif)@ﬁga%m may

sighad pepticel geEing tegisnsfoshaatesinlbigaticels aanpecgignat. the forfngn
pe ﬂe coddgg Eﬂoqlons obtained gom the rc%en%s for BaC|I 3 NCIB 118

&Ffe Gntylase, BachuE Stearotiiennophilus aPeha amylase. Bacifite "

Ilcktsmfbfrmesubtmsml mepiditusdicpergiormis beta-lactamase, BaC|IIus
stearothennophilus neutral proteases (nprT, nprS, nprM), and Bacillus

siifdlis premaByrbe s JRET B piEaRL RERSIAR SEAIE S OB M ainaRgreplace the
Paliral 1981 MigiahidegigakRmdawskié: W%ﬁ%ﬂa&&@&]@ﬁ&cth@ﬁi%%ude

tide codin jons for fil mentous fungal host cells are the sig
R RLE TR Fog e S ATALH fHAN AL Gt R BIGOE paagpid i
TAK®camyasd) vopdrg hss @iy ef ceuteahanhelase] ikRdpe mgdbast mgention.
glucoamylase, Rhizomucor miehei aspartlcg)rotelnase Humicola insolens

cEiflllasElfaritr Hsigneblee R ofReias lipaisas [onPadess digharsitpfitied fopisnal

YE@&HEO&MPEQ&@g’@&%@tﬂﬂ@dﬁﬁ%’[h&%ﬂ% for Baoﬁa@cmmm maltogenic
cere isiae a fp a-factor nd S c har ryg/ces cere\gsna X{ertas . Other
&

u@@?’u?sss gg gf)tigcﬁ%a’" ‘%f Gol%g -FRY 4B "’{"éf subtilisin,
1B82|lsupiehdRi Fire bﬂaﬁ*@mewerﬁze:my sisodbearprdpbptidescotipgpteases

te% {gkc %ﬁﬁ;f%@%@mﬂw AR oNencRROIIRNFH.aliHe AU :rived by

inus of a eptide. The resultant polypeptidé€ is Known as a

proeppsinabF PrapbiypepiriedipiogisdReyen st 5ol tikes). A 30
p olypeptide is eneral mactlve and ca converte ature
o AL ) RSP UPR AR ERUSGS BITRR Propepiee e
fmgnethpqprxdpodypqutlct@dﬁh@M@@Dﬁﬁf@kﬁ&@@@ﬁUS@ﬁ@ﬁM@ae TAKA
amylase, Aspergillus niger neutral amylase, Aspergillus niger glucoamylase, Rhizomucor

miehei aspartic proteinase, Humicola insolens cellulase, and Humicola lanuginosa lipase.

[90] Useful signal peptides for yeast host celis are obtained from the genes for
Saccharomyces cerevisiae alpha-factor and Saccharomyces cerevisiae invertase. Other

useful signal peptide coding regions are described by Romanos et al., 1992, supra,

[91] The control sequence may also be a propeptide coding region that codes for an
amino acid sequence positioned at the amino terminus of a polypeptide. The resultant
polypeptide is known as a proenzyme or propolypeptide (or a zymogen in some cases). A
propolypeptide is generally inactive and can be converted to a mature active polypeptide

by catalytic or autocatalytic cleavage of the propeptide from the propolypeptide. The



10

15

20

25

30

33 propeptide coding region may be obtained from the genes for Bacillus
subtilis alkaline protease (aprE), Bacillus subtilis neutral protease (nprT),
Saccharomyces cerevisiae alpha-factor, Rhizomucor miehei aspartic
roteinase, and Myceliophthora thermophila lactase (WO 95/33836). 5
IPUAE both signal peptide and propeptide regions are gre5&ntL{{7ass
amino terminus of a polypeptide, the propeptide region is positioned next
to the amino terminus of a polypeptidé3and the signal peptide region is
positioned next to the amino terminus of the propeptide region. [93g.l_t ,
AP ALEe e YRS FEBI S R GGy S rREES WHi dcilfest paitis atkaline
reguadtotaptB)of Rhaitpression et polypsptideriBlatvectativeygeovtratsiae
the,host cell..Examples of. re I fems. ar e whi .
R B S oA i
phsiesedMSEAMBA3 IAkIuding the presence of a regulatory compound. In
prokaryotic host cells, suitable regulatory se,guenc_es include the lac, é{;‘\%, .
ARt trp PP By SIS PR AP h FEPRRI S (REIBTS rBuRIESR) s mine
ingtuidadioe d pob\pdpRdey she mraje@ Ak eegitempdsitflarierious dunghino terminus

Sitaple r%gﬁ‘é%t%é( e ‘i‘%%ﬁeé ¢RgHde Ine TS RIPRA-ATNISE RIOMQIR s of
speprgnwﬁ niger glucoamy & prorr%o?er, Bhd spergmus oryzae
dhecpapepladsergiomoter. [94] Other examples of regulatory sequences are
those which allow for gene amplification. In eukaryotic systems, these _
iftHidettHB2iAlarbTdtatE e e b gRTRors GSRRERTTs BHpHfEa T ifigegulation
peseregeisoatbdiiexaiepanididhe metalatzeheinhgeids, hattickliarExamples of
"’}g‘@ifigg Wiyt]eheavgt oect:a\!« i “H (t:gt? 2 h%atg(e%éstst}gnno !?eicea:'%qosf)e%ﬂlenne%eon or off
encoding fHERRE poﬁypep‘flde of the prgsent Inventian would be
operapbpdinked witnibd egpiiztisn) sseapiendec8Bid Migspinsamstiogra. regulatory

%Q%EB?IHVMH&Y@@H&%QIQ'%Qi!ﬁq@ébfacﬁv %9@5@1@@@?&@5@ the lac, tac,

expression vector comprising a polynucleotide of the present invention
(HHEiCH nesties S IRRED IBois e fiftk G ind Pride AegHlsRIoMS R Biskids the
AOEEXPRESIoN gulatingnegians sueh@as duwe Moieban eeaulattmnai@icnces

a replication qrigin, efc., depending on the _type of hasts into which the
SRS AR Pt R AR e R S oo

deschifiedzd bove e bejoindestgyettwerto produce a recombinant
expression 30 vector which may include one or more convenient

rEttictigheites 15 aitewlor 188letatn serusasstitdforfothevhirllerllawigfor gene
seqpaneaencadisgtheopelypaptidenadss uabisite shd\ih ZRORIRLS 23factase gene,
F\’V ;I;/lyf?%%%ﬁ%gg ?r? 3158 p?x’rgsence of methotrexate, and the metallothionein genes, which
are amplified with heavy metals. In these cases, the nucleic acid sequence encoding the
KRED polypeptide of the present invention would be operably linked with the regulatory

sequence.

[25] Thus, in another aspect, the present invention is also directed to a recombinant
expression vector comprising a polynucleotide of the present invention (which encodes a
KRED polypeptide of the present invention), and one or more expression regulating
regions such as a promoter and a terminator, a replication origin, etc., depending on the
type of hosts into which they are to be introduced. The various nucleic acid and control
sequences described above may be joined together to produce a recombinant expression
vector which may include one or more convenient restriction sites to allow for insertion

or substitution of the nucleic acid sequence encoding the polypeptide at such sites.
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Alternatively, the nucleic acid sequence of the present invention may be
expressed by inserting the nucleic acid sequence or a nucleic acid
construct comprising the sequence into an appropriate vector for
expression. In creating the expression vector, the coding sequence is

e I vector so that the coding sequence is operably $iffkedi3e6ss
the 5 appropriate control sequences for expression. [96] The recombinant
expression vector may be any vector (84g., a plasmid or virus), which can
be conveniently subjected to recombinant DNA procedures and can bring

abliRIP Y pRES IS T 1RiE PERTLIICELIRE BEGERNEECTHD dhdicRedgssed by

vastaryithdywpicslly depentiandhe sempatibiiy efihavessanwiihghe:hegtence
cell into which the vector, 10 is to be in#{rﬁdupgd. ;I;‘kéee;(/er%%ors ma tbrethe codin
I P PRSI G Y (PR SRREES 197 The Sitpie Lo S m &y B i codine
asgtpnor GuRlyateplicabin geverter, thet, fiz veding sadpichseeikistsabladinked with the
ext 0 [ ication of which is independent of
cﬁ}%m%%gﬁep |8§:1Q%%e§eq§r % %Bg%gtrﬁi'd, an extrachromosomal element,
gog)inichoreesantaRcRpraitiel A ehromesenaty Theotaetg! makieaatainvirus),
any means for 15 assurjng sbelf-re lication. Iternzﬂiﬁily, thea/ector rae‘% brin
b‘@gbﬂ’e%ieﬁ,%‘éﬁﬁ"l SAUCAT TRt HRE RO ER, 18 intdPaied Fidthe™" "e
genoméantpreplicatet] fag etherlithtitre sehrowosdrhe (shdito efhich iehas will
Vggi%df?}e&fg?i%dof HIQQSFHFE}%&I 6@@4@ y&?&?%ﬁﬁ%ﬁ@c&f HWO WhiPAqre afector

ectors’or plasmids which together contain the total DNA to be introduce
intdrthe igepdierd offifeVRESTCBRY BE AtPanepalesn siEsr BeRiewdp0 [08]
The expression vector of the present invention p{eferﬁ%%‘/. contains qne or

otk sLIECEBIR HOLrREF R it QR S BN GBS kg 2 vector
celixbA sideciable aaskien issogahenthe, phodug!t cit which vzt de rflependent of
bipcide or viral resistance, resistanc avy m Ay

acl%?)rt?gsp rIéz,dranr %T%g;} fﬁg’. Ef('g'r’npl%as Igl# gnz?cgt’eriél se%%%{)%gr{%[r%%#s %?reg] ent, @
thendelirgenearito o BaciitEsstiiesseasi dSsicselorai S Bt arergeans for

WRiGh o crnigtiantiioticIgsistange BLCRAs aRPiIGHIBh K IRAMYFIBN introduced
chloramphenicol (Example 1) or tetrﬁcycline resisEf/lnce.. Sa%iéable marker

Mg ethe Aot tels BréXBRSIMYS, PRSI P TR pIogRpr With the
URAB0I%]Ge iectabitc mate iséarinserined filfantentaws, fusigglchestwelt plasmid
include, but are not_limited to, a [ r ithi .
o b e U AR A ta) o R BRI Be inroduced
(hygbergrsienphiisphbasimsibreiselantasnitardrededtase), pyre

(orotidine-5'-phosphate decarboxylase), sC (sulfate aden Itransf.eraseg,
WAS1 2005109 7Y% B YREI AIOM BRSY SLCEHET e CARASHIERS One or more
systhase) naskee) vas equivalieatsy thdraafn Bf eferstdriod usidsinas:lectable marker

is a gene the product of which provides for biocide or viral resistance, resistance to heavy
metals, prototrophy to auxotrophs, and the like. Examples of bacterial selectable markers
are the dal genes from Bacillus subtilis or Bacillus licheniformis, or markers, which
confer antibiotic resistance such as ampicillin, kanamycin, chloramphenicol (Example 1)
or tetracycline resistance. Suitable markers for yeast host cells are ADEZ, HIS3, LEUZ,
LYS2, MET3, TRP1, and URA3.

[99] Selectable markers for use in a filamentous fungal host cell include, but are not
limited to, amdS (acetamidase), argB (ornithine carbamoyltransferase), bar
{phosphinothricin acetyltransferase), hph (hygromycin phosphotransferase), niaD (nitrate

reductase), pyrG (orotidine-5"-phosphate decarboxylase), sC (sulfate adenyltransferase),



10

15

20

25

30

Aspergillus cell are the amdS and pyre genes of Aspergillus nidulans or
Aspergillus oryzae and the bar gene of Streptomyces hygroscopicus.

[100] The expression vectors of the present invention preferably contain

an element(s) 5 that permits integration of the vector into the host cell's
@%‘ho%"o?’%%tonomous replication of the vector in the cell iRESPERRLAIREFS
the genome. For integration into the host cell genome, the vector may

rely on the nucleic acid sequence encoaﬁﬁg the polypeptide or any other

eIe <=ri aﬁﬁ},g]%?t%r Sfogtbrgitsg rg.glc\)vl’é f the vec or |nt[i the me b
homoldgous oF hoAROMOIgeuS recom%m%’ﬁ‘o%e‘fé ?ﬁTA &g {PreHes in an

exXpiressibvs esbtiorarthy eoiinndoplitorexnneciéid eeigifes) ummzem for Aspergzl!us
dié%la%atﬁg@{,%@trﬁ%hgmygggygs I5SMRIpALoN into the genome of the

host cell. The additional nucleic acid sequences enable the vector to be

intepptatdnicptiaibastecalts GENRMReRA PrRGIEEIQARINS) dBHAR an element(s)
c romosome IE)r To lncre t%the li eI|hood of 1%tegraéon at a precise

Iocat|cfr?nfﬁt'as| SGratior ey ?%bﬁf’ SnEsNPme or autonomous

ational elemen °Shout
sm‘ﬁbf@ﬁph@ﬁﬂbewetmuolleﬂheaddsn@mhcastxﬂ‘aho GO0 haseipagation into the

Peigrably 408:4R, 10.000.-hass Rairs, and moshielerably § §0qg.é90é05990%mg the

base pairs, which are highly homologous with the corresponding target

sEUBRRIE S RIn eh R BRIt B Y 96RR JRig RS FRIMRfrfE OffCtPRnto the

integrmkaaliRoents ¢ aynhenaslyRE wedgsihatds. homologous with the
target sequence in the genome of the host cell. Furthermore, the 20

intEYratibheetoniznis rraydss more@ncadingpoenattiing A uatditcacid sequences
SEHUGRCER Q{Eeg}%]&ﬂb%ﬁ?ﬁmﬂo ﬁsVz%%%{b”A%}{c!%e Jlbéﬁgé%gdﬁ%éoja %c host cell.

genome of he host cell by non- homologous recombinati
{W&ﬁ*iiia%a}élﬁﬁ!faffuaﬁdtﬁe%ﬂ@f@rqﬁwmh@ﬁt@@rﬁammm@mmm host cell

rgahoaﬂ;om anglliRg 1heaNssior o 1PliFRIS ALIRARINOES Yitdhe *ﬁ%ﬁﬂ‘c@ﬂﬂ@od of
qu stion. 25 Example of bact%lal origins oInrepllcanon are P15A on (as

TR SIRESES Pl BV SRS P e e genain o
pBﬁB@Q}EplU@b@;‘ pA@MIE:l:?«Rn(dwhwhh pkastfidoh&6,ahe RE5A0R), p@¢ferably 400 to

PE006 134 PRIMItURG VEBEP%P&%HBI z@ B4 ich re highly

pTA1060 or pAl\/i beta.l permitting réplication |nB acﬁ?us xam eso
ORRJTMEOST e tidatibA fé?%équ&e@%%o?ﬂ@éﬂc&ré%@ﬁamrdw arighatefity of

repheagisARSHbRAAR SATHBE MepRRIBI 0 AR Shad ek GENS N Grar is
combipation of RS4 and CENG6. The origin of regllcatlon may be one

O RN PR RRE BTG AR 0 DSD R agorhermore, the
PET{E0004102665 nBcbtempearaiiiesensiive;iny the bside kdseaced On the

Ectmlé@ma%a?ﬁwp{;gst%@%gsb%f e NANPRAL AcadeMY-e" SCIRDGERURA £ non-

home ogous recombination.

{162] For autonomous replication, the vector may further comprise an origin of
replication enabling the vector to replicate autonomously in the host cell in question.
Examples of bacterial origins of replication are P15A ori (as shown in the plasmid of
Figure 3) or the origins of replication of plasmids pBR322, pUC19, pACYCI77 (which
plasmid has the PI15A ori), or pACYC184 permitting replication in E. coli, and pUB110,
pE194, pTA1060, or pAM.beta.1 permitting replication in Bacillus. Examples of origins
of replication for use in a yeast host cell are the 2 micron origin of replication, ARSI,
ARS4, the combination of ARS1 and CEN3, and the combination of ARS4 and CENG.

The origin of replication may be one having a mutation which makes it’s functioning
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[103] More than one copy of a nucleic acid sequence of the present

invention may be inserted into the host cell to increase production of the

gene product. An increase in the 5 copy number of the nucleic acid

sequence can be obtained by integrating at least one additional copy of

K8 S¥GILHER into the host cell genome or by including an akfplifipiay/e26655
selectable marker gene with the nucleic acid sequence where cells

containing amplified copies of the selecfable marker gene, and thereby
additional copies of the nucleic acid sequence,.c e selected for b )
oL R R ST e R R Py e varona
adentempaf StienprotEuuids 14S8d to ligate the elements described above

to construct the recombinant nucleic acid construct and expression

vélB3is Mamethire gBm ChRERtiB METE Afeif IasBURTYD FnbesRifsiitRIGPD may be
(Seesred)intd Banireek, & ifcrdakisebd @mdn oMo iRde, pARBS:. Malegtiaise in the
C(I:onin'\ﬁmﬁblaagﬁrtﬁiéo%c%%nggh 2d edition, Cgld }Sﬁpr_in%Har_bor, N.Y.). 15

[L05] Many of the expression vectora for tise i tha Bra an i eEtiRgreh gast one
cendirierciiipyaiaitalsienSuitable tornsereihkenpressicry wedtdisgnaludelifiable

P3AELAURTAVET, 1D theVRGLR% lgma:Aldrgh.Ghemicals, Stmol
o MO e ke 3 UM aromotes anc N oo ety S

fPBIESreE 6 IPTRRIA ARk Bet corlstaniaby pakiazRl Grijes of idplisusicin acid

and@emg@ictlin nesiaamemafy@tﬁtﬂ‘%a@mgi@m@&iﬂagp&@l%n@tbﬁfr%(lapﬂmpﬁ ate

sgéﬁggg%leexapg%sion vectors are pBluescriptll SK(-) and pBK-CMV, whic
are commérmally available from Stratagene, LaJolla CA, and plasmids

Eh a i ; ihco Gibeo BI3€I:_) REP4
\é\lﬂggg4 %?I}]é\jll rzggééqn!'l)té)gr@slgg?? (%L%Et%?e%%aﬁ?%}gg,%(gséén%%g,33%3-58339?333% t the
CEALB AN a]uen é’ﬁ‘fiF%&%S@éf, e PrserRInve IS rPfsthitreteeat tonadnaisn are

celtcarywrisingR palyaucipeticqpcoging SulREH NolYPeRtids ahie Maniatis,
ing.qperatively linked to one or

p tinvention, the polynucleotide be [a .

O QORI QLR BVBTESENAA Bl KD DRl SenaE hgteN. ¥
hﬁ%?ehﬂg%fqﬁg%{gkgégd r{/&)fgxrseé)?l [%% tlkllleﬂkgR ?e‘[s)erR ?r'%%ﬁc%'x? %.Se ommercially
encoded by the expression vectors of the preseﬁt invention are well

kAGIWRPYD iftHebkrcammpieitlaepigsare Nettirnitaelude pRetrGTMS” supression

aseFofOltoBIBRPIAMYAaSh WM SaMBone 3 DI UHMBCRlR 0 ehe9!ISromoter
succp @eaz)t, %ségogg !Sacch.arom ces WO 2005/017135

FETUE28028508 P80 SRS B R TP ESESHE A e K aad hopBR322
Nuig0ofl Zglicinseendelispiiittin asiddrasophike:S PaaSisodoptararStol. Other
cllsnimalcalssugh g CHO. %ﬁ%@(ﬁgﬁz agﬁ&?% .fiﬁr@l%w CoNRh  are

and plant cells. Afjgroprlate culture meditms and con
commercially available from Stratagene, LaJolla CA, and plasmids which are derived
from pBR322 (Gibco BRL), pUC (Gibco BRL), pREP4, pCEP4 (Invitrogen) or pPoly

(Lathe et al., 1987, Gene 57, 193-201).

Host Cells

[106] In another aspect, the present invention is directed to a host cell comprising a
polynucleotide encoding a KRED polypeptide of the present invention, the
polynucleotide being operatively linked to one or more control sequences for expression
of the KRED polypeptide in the host cell. Host cells for use in expressing the KRED
polypeptides encoded by the expression vectors of the present invention are well known

and Salmonella typhimurium cells; fungal cells, such as yeast cells (e.g., Saccharomyces
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the above-described host cells are well known in the art. 5 [107] By way of
example, Escherichia coli W31 10 was transformed by an expression
vector for expressing the variant polynucleotides of the present invention.
The expression vector was created by operatively linking a variant KRED
B’d?frqﬁﬁé?ﬁae of the present invention into the plasmid pC{TI&Ew4/026655
operatively attached to the lac promoter under control of the lacl

repressor gene. The expression vectoBalso contained the P15A origin 10

of replication and the chloramphenicol resistance gene. The transformed
EsEtavieniarcBicig3aavriad olksretcsrgnapioropti i tnrscmediismuch s

coriaiping shloramphwpiselsseh (el epiniransfonned & cricelothatos, and
expressed the expression vector suryvived. See e.q., Example 1. ..
HSeTE 5 Lo TP R <A BB sy e g i conditons for
invesition-dsce ddres setshycthelNamamtip dhgratleotides, the polypeptides
were purified from the cells and or the culture medium using any one or
rhH¥8 oBh& svedtf kiidwalte Ehrfglieddaiopr i Purmcatiormdutying expression
l)gc?_%y%ehéﬁg@t{ﬁﬁ@%hm '@eg}mﬁml_k &é@i@@éﬁhﬁ@@&t{@n@ﬁ%ﬂf@@tm ex;ﬁession
affinity chromatography, and the like. Suita tions for lysi the
GHERAERHE 95 B ORHOH B DTt O S P SO S e st
dgmmmiciml?lg &taﬂhbi&i@_mdéﬂﬂ@%gﬂmﬁimb' Gedchtid E'I't_lw_ftmpromoter under
Sé%ﬂ‘r%]‘ AqHeR2 %Pr ?b‘#s MO- s UIBRIS BROGESS: QL RUHEYRS e PRERrigin
polypeptides suifictently ft%m cell lysate for applications in a chemical _
prbepdsasaigaibbedtoRiplcd HelbicsEraeniny P yiaors &xsbeiicgia coli
clonefaf ihekRED Rl Replidas: i emthenfiassiprliPrari@soi@mphenicol such

enhanced KRED activity is typically performed using the standard.

ORI ER SRR R DF HID M AN HET 18 BrRERCiRR LEc S Y itte g e 8-
irEabspibance or fluorescence) of NADH or NADPH, as it is converted

into NAD' or NADP'. In this reaction, the NADH or NADPH is used up
(PpeidizesiRY the ketoreductase as the 30 ketoreductase stereospecifically
reduces a ketone substrate to the corresponding hydroxyl WO

2008] 0 VL85 He (KIKNHB 2004402665 So{3dig nownT heveatenivdeeressesedd by the

%@%ﬁ:ﬁ;@ﬁ%ﬁo"&a@ Qﬂg%ﬁﬁ(ﬁ%}g&g@&g{aﬁhﬁﬁ% WOI%Q%Q@EE}‘QC%&) or the culture

fluorescence, per unit tim ates the relative (enzymatic) activity of the
KREDMolSipepHidechs @figeticaphobn st tfadpsatectormaydphiiaiihpwiisation,
m@l?dingel?_@tr%% SUER & PTEeIUR sifaseibed dnE xamRie.diRRRIoh iffinity
[110] The libraries that were generated after th? first round of mutatlon?, .
v&&@%?@@?@é’ and the hike. ~ Smtable solutions for lysing and the high efficiency
extraction of proteins from bacteria, such as E. coli, are commercially available under the
trade name CelLytic B™ from Sigma-Aldrich of St. Louis MO. A suitable process for
purifying the KRED polypeptides sufficiently from cell lysate for applications in a

chemical process is disclosed in Example 3 herein.

Screening

[108] Screening clones of the KRED polypeptides from the expression libraries for
enhanced KRED activity is typically performed using the standard biochemistry
technique of monitoring the rate of decrease (via a decrease in absorbance or
fluorescence) of NADH or NADPH, as it is converted into NAD™ or NADP*. In this
reaction, the NADH or NADPH is used up (oxidized) by the ketoreductase as the

ketoreductase stereospecifically reduces a ketone substrate to the corresponding hydroxyl
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and the best KRED polypeptide (SEQ ID NO: 76) had the mutations H67Q
and F158Y relative to the C. magnoliae KRED backbone of SEQ ID NO:
2. The polynucleotide sequence (SEQ ID NO: 75) that encoded for SEQ
ID NO: 76 was then resynthesized from oligomers to be codon optimized

BPSBI8LEBH in. E. coli. The resulting codon 10 optimized BER/HERAGEESS
had the sequence of SEQ ID NO: 77. [111] Thereafter, a second

mutagenic or evolutionary technique w&s applied to the codon optimized
polynucleotide of SEQ ID NO: 77 to create a second library which in turn

R Berebifetffork dersasetRfit) Bl th@s AP TEEn#queasss uingetecrease in
repsingccianmmsreselied jorthe iselatinnafdhneerclaneshagdampasirated the

b n 1.5 and 4.3 15 times the KRED, activity of the wild-type

o B PR BT LS et AT AT LRy made
Thesérclonetichra fistectiineTatdech tvdlovEatomgenitrettiair mutations and
activity relative to the parental C. magnoliae based KRED backbone of

JiEW) pTeltranes fiaereeRErs Rt eohe Etdesrbhekspytations were screened
Enantieseieqtinity) PeppidsiNoseseitmNocRasadnisceeningd Mg KRED1S8Y

T P T E T
\ik4 @ chlESBRHDNGD B0)0th20h &8 foNER/T) NO0824 vGEQetDrdd(itiB42¢d from

%%ﬁr@rﬁ* P R7268 %‘pﬁr%%ét%rt@glr@s&%q)/ﬁz@é S9lF) IN§€38Eu1ting codon
relative to SEQ 1D NO: 2 WO 2005/017135 PCTIUS2004/026655 39

[PRETASE REDEPErIselids i Sies s rESEH Mteridon may be mutated

ofl?Y?lv’ﬁgextgafter, a second mutagenic or evolutionary technique was applied to the
codon optimized polynucleotide of SEQ ID NO: 77 to create a second library which in
turn was screened for KRED activity by the same technique. Screening the resulting
clones resulted in the isolation of three clones that demonstrated between 1.5 and 4.3
times the KRED activity of the wild-type polypeptide of SEQ ID NO: 2 using either
NADPH or NADH as cofactor. These clones are listed in Table 2 below along with their
mutations and activity relative to the parental C. magnoliae based KRED backbone of
SEQ ID NO: 2:

Table 2
KRED Mutations Cofactor X-fold Enantioselectivity
Peptide No. used in Increase in
screening | Initial KRED
Activity over
KRED of
SEQ ID NO:
2
SEQ ID NO: | H67Q VIi40l | NADH *E 98%
124 Fi58Y KI1671
V1721 MI177V
V1841
SEQ ID NO: | H67Q, V1401, | NADPH *k 99.9%
204 F158L, M177T,
V1841
SEQ ID NO: | S42N NADPH *E 99.9%
224

** = greater than a 150% ( 1.5 -fold) increase relative to SEQ ID NO: 2
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generate libraries that can be screened to identify those modified KRED
polypeptides having the ability to preferentially accept other compounds
as cofactors, or NADH in 5 preference to NADPH. In particular, it was
discovered that the E226G mutation caused a change in cofactor

pYereievitéfiom NADPH to NADH (SEQ ID NOs: 102, 104, PEA/U§P04/026655

122, 130, 134, 136, 140, 142, 146, 166, 178, 188, 192, 194, 208, and 210)

as did E226D (SEQ ID NOs: 128 and 338) and E226K (SEQ ID NO: 216).
[113] The KRED polynucleotides of the present invention may be mutated

or evolved to 10 generate libraries that can be screened to identify those
mpdfietHsRERIpolpepticerichaying @akmnea@zthenmmstabmwaim or evolved to
particular,.it was discovered thatt Sti s. P14 V1 41
e (EEOES R a0 R Wi mele SRER v
etpﬁvarg:el@th@imbmabﬁfﬁyméialﬂwetctmmﬂWemIdéogﬁ@B@ ¢DFNOrs2 0[11M]DH in
T&@f&@ﬁ@t@ﬁﬁﬁ#@UH%EHE&EWR%Q&%@@@@%WWE%@%BER caused a

activity as 15 described herein. Four of the clones from the third round

nﬁra?%eh*aaca@ﬁmwﬁéeéﬁéﬁmmar et e SBRiR SEEnP ol 114
library 2mdi ane lrstemlem Tahle2, A4polyauchsotige, HaRingpSENSIDMNQ1363 did

A e P B PR R 0D koo
OHI%QTR:I\P@E% %U&%BH&" %ﬁgﬁ@}ﬁ 1%&%%@5%'%&5@%% evolved to

activity 20 relatlve to the wild-type KRED of SEQ ID NO: 2 using NADPH
aRehepietbbrariasdhet REDS PEBERRS MRutdRsH %?ﬁﬂﬁé%‘é& D polypeptides
EnantiosaiestbdtiheNfodniiahik RE PaARiviYY ©vwels UiRbkzeliSRQHe shiitiions:

093¢ - X gHie SENBNCT, LA Reonrbo s o i s 2

256 \84#2Not 40ar 8 Rherrog8bB iVIETHIPALLS AT HEM dDONEEQ 60 NE7D
F158Y T235K *** 99.2% *** = greater than a 300% (3 fold) increase over

dtipNeedwe DS IBERRCTR ISR Gp8e5teng! for KRED activity as

described herein. Four of the clones from the third round library had double the activity
of the best candidates of the second round library and are hsted in Table 3. A
polynucleotide having SEQ ID NO: 253 was the most promising candidate. It expressed
a KRED polypeptide that had the two mutations S42N and A194V relative to the KRED
backbone of SEQ ID NQ: 2, and that provided a 3 fold mcrease in inttial KRED activity
relative to the wild-type KRED of SEQ ID NO: 2 using NADPH as cofactor.

Table 3
KRED Peptide Mutations X-fold Increase in | Enantioselectivity
No. Initiai KRED

Activity over

KRED of SEQ ID

NO:2
SEQ ID NO: 250 | S42N E160G ok 99.9%

, Al94V
SEQID NO: 252 | S42N, D9sY Rk 99.9%
SEQ ID NO: 254 | S165N, A194V hkk 99.9%
SEQ ID NO: 256 S42N 1401 F158L H 98.3
MIT77T V184T

SEQID NO: 260  { H67Q F158Y T235K | *** 99.2%

**% = greater than a 300% ( 3 fold) increase over SEQ ID NO: 2
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[115] The process of mutating and screening can be repeated as many

times as needed, including the insertion of point mutations, to arrive at a
polynucleotide that encodes a polypeptide with the desired activity,
thermostability, and cofactor preference. [116] To obtain better expression
BAE PG Ndcleotide (SEQ ID NO: 123) from the 5 plasmid FERPIE6R0655
of FIG. 3, the polynucleotide of SEQ ID NO: 123 was reamplified using
oligomers to replace nucleotides that r?’l%y lead to RNA-hairpin loop

farmation at_the Sfil site of the yector and the 5' end of the KRED mRNA.
byt et e S R )
stcledire SHsyivkranenef thei 8" n8filtsite, 0b thei eGK 2 1890 0islectde aBaweticades a
"SRRG AGE saded fanssring aldesidns 6f et sngedad.KRED

polypeptide with the TCC codon which also coded for serine. The
ageitinpoosisten opticnizeskpeiynuelaatiga yestikesdin @pryaximately by eRm the

fold hj ' f the KRE I ide, db ,
A AR Rip e £ R R PP, £ SRS e
Roltgwihgrthe straeping ofidabtidty dundribraryd s Bolynbaigitidehdumgtion at
%@ﬁpsiﬂa%f%ﬁ’g’ 0@’@{5{@1@{1@%%’%9&%?%9 W%ﬂovg X&E(ijctﬁl}?o!i 20§ were

obtain better expression of the polynucleotide from the plasmi _
Sesensdsn gisrpi diey PRienpRly T IeeRBUSHSEDN chEingsewasSfilrsieof the
ipﬁp{ﬁl@b@wm@ﬂm%wyhi@;ﬂa@ggteﬁb%wmm @J@n%ﬂﬂ@ ?V@SQ%@:E of the
whic in_forming nuclegti ad been remoyed as for )
%ﬂ%%%%ivszquﬁ@e%lsultf‘ﬁ%c% o?u&(%tﬁ% 98¢ PUTntleRe SRS Rty The
mwpmgmd@mimmqumw@ma ambﬁEQﬂadMOhraé?@Zfbld higher
UbHBAdUHRNer B RRLIR S £0GRUNG RRKBED RRIMRSRITRSN: ine
the present invention may be codon optimized for optimal production from
R Hear et qudisisedelestordl ekprevdienthrtssemnyinlotidaiguatiiipary, a
hvadowiliRoagmzs auiaes 2and Ay ARIarBREAS RERUIIRGE ¢ N ever, to
pg%f%r%Ftcte |Q£0££natlon£oha Wlde r n%e o% organisms are readllg

SO Bt SEPEEEH T GA AT RRATISISRHAT, Qb HisriRRpreb pGig 19800 of FIG. 3,
Salpopeibgotizidhath D alEdS3 Wmsmmgimpﬂﬁg pvolutionary
RALFR0NI 08 18] Gene Rl ISR MG B RIRIOEMEALEB (N0l pecn

express KRED is a two-step process. First, oné physically separates the

S8 EAd e Fedethies Whiabreel S He Ehdtap srdopopsavses dekirgefcotides
RepastyhS plachiandsiadonaiaf stroanngmohish islentificatpnsand

physical separation are achieved simultaneously by expression of a

EEIZLtiom auditicer,, B peflyoh¢liersden ergedeticiot BRESIgnt @S pailiewsfodlSpresent
EXRIessing the,m t ' il r cells die (ar vice,versa). .
e e K e R ST RS creaion
peteriddL0eMpPEe85 ThrisdiatiesRiduernat iiadheibraceneprisrihat tables

arlestien rearkarsINsHaaifEUe-ARR Q¥ rence information for a wide range of

organisms are readily available. See e.g., Henaut and Danchin, “Escherichia coli and

Salmonella,” Neidhardt, et al. Eds., ASM Press, Washington D.C., p. 2047-2066 (1966).

[118] Generally, screening for transformed cells that express KRED is a two-step
process. First, one physically separates the cells and then determines which cells do and
do not possess a desired property. Selection is a form of screening in which identification
and physical separation are achieved simultaneously by expression of a selection marker,
which, in some genetic circumstances, allows cells expressing the marker to survive while

other cells die (or vice versa). Exemplary screening markers include luciferase, -
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resistance genes, such as resistance to chloramphenicol, ampicillin and

the like. Although spontaneous selection can and does occur in the

course of natural evolution, in the present methods selection is performed

by man. 5 [119] The KRED polynucleotides generated by the methods
ﬁé&f&@&f’ Srein are screened in accordance with the protobof §EakHEaesss
in Example 4 to identify those having enhanced activity that are suitable

for inclusion as an improved KRED pdipeptide of the present invention.
[120] The following sequence summarizes the diversity of the variant _
RIS HOt P it S S RREF P QSRR O T SRR o tHE R g e oxin
mesignodiageKd Eixipalypeptice of SEQHDHNAR, asmishidisclosedkisn Although
CSS%EI]%%Q(I)(UAS(;&E(I:\I '%h%%:?%? éiocc:;sl:]é:cl‘?&%%?%fg gyxps%rqu LAUEL év.o 8{{%;8‘3 r}ﬁc present
ARG acid residues d‘eS|gnate as ollowed by the residue number
aretiredsiadleetitn ey dgréots KR ERolypeptides of the present invention:

15 %12%]?X2 X3 N X5S X7V X9Y P X12 X13 X14 P X16 H X18 X19 X20

KPP TP FRKDA BOREUSI K $°9E5IE RY R3S P9 K3deh ign are

XA4EefzdiXd drdArce AV pEbH (G AckEit@d 1A BG40 30X Ga i dsXbiving
AT X7TTKAX7T4ALAXISXI9Y GV KV X85 X86 Y, 90V S.X93
SR G oD A P s e HR oo o e
RESMPENEeI6 N A G X120 P W T X124 G AY | X129 Q X131 X132D
X134 H F X137 X138 V X140 D V X143 X144 X145 G X147 G Y X150 A
K353 TRy 8i4rIees SURBHIEeX 182 Kivgssikieal the variant KRED
X49pEpXdl MGXel pocbokl Vet S0 Adild 15 Gl 8AIVNYA 84 Pdgfiofiae KRED
X190YNX19 4AKAGVRHX201AX203SLAVEX209APFARYNSX218 X
EVIRSS, TR RS0 dodt W FER Ko PRss QoaP e
WINBISIBP WheEiE REGEXREL # Ehe X2550 AvidX2ecLd? gesem@ as “X"”
RN AN a0l D oo AR N RARETY O GOARES ot the
at various'residue positions for the KRED polypeptides of the present
IPRFESTi Y Ee%8hown to the right of the arrow in Table 4 below and relative

ino 30 acid residues of the wild-type C. magnoliae KRED polypeptide

Q ID NO: 2 (Genbank Ace. No. JC7338; GI:11360538) which are

gho¥urNr sHe Xe VoK s ePaXrawi: WK OB LY 01 X135 10 8T/ 5280470286682 D L

Fable HaxG MMXx S KT.GEXu1 X2 S G Xas G Y Xes LAEAFAQ Xs6 G A D Xeo
A TW Xos Xos Xos Xev Xes A T X71 KA Xz4 AL A Xzg X796 Y G VK V Xgs Xss Y K A

Xoo V S Xoa S Xgs A V Xog Xog X100 X101 E X103 Q X105 Xioe DF G X116 LD 1 X414 V
X1t NAG X120 PW T X42s GAY 1 Xi20 Q Xy39 X422 D Xyas HF Xqzz X423 V X140 D
V Xiaz Xas Xias G Xqar G Y Xyso A K Xy53 A G R Xis7 Xisg Xiso Xiss R Xiez Xve3
Xigs Xgs G X3g7 K G Xyyo L X472 Xsma TAS X477 S G Xy I VN X1 PQF QA
Kisg Y N X4gz Xsgs KAGVRHXop1 AXops SLAVE Xopec APFARVINS X318 8
PG Y| Xooa T Xazs | Xazg Xazg F Xoar P Xaaz Xoas Xoas Q Xoaz Xoas WW S LV P L
GRGGE Xoss AEL Xoss GAY L Xogo L Xogsc SDAGSYATG Xozo D Xogy
Xors VDG GY TL Xoga

The diversity of changes at various residue positions for the KRED polypeptides of the
present invention are shown to the right of the armow in Table 4 below and relative amino

acid residues of the wild-type C. magnoliae KRED polypeptide of SEQ ID NO: 2
(Genbank Acc. No. JC7338; GL:11360538) which are shown to the left of the arrow:



X5: F-*L, C X,:N-K Xg: E-*K,G X12: A-V X13: P-*L X 14: P-* A
X16: A-.G,\V Xis: T-* A X19: K-1 X20: N-*D, S X21:E ->K X22:S->N,
T X23:L-. P X24:Q->H, R X25: V- A X32:N-*D,S X36:A- T X41:
S-* G X42: S-N X45: 1-4L X48: A-* T X56: V- A X60: V-* | X64: Y--* H
XA ¥, S X66: S-* G, R X67: H-* L, Q X68: D-* G G§/UR7p4/026655
G--->D X74: E- G, K X78: K-*R X79j; 2K--*R X85: K- R X86: A- V

Table 4
Xg: A—-V
X5 K—E
Xs: F—1L1,C
Xy N—=K
Xo: E—KG
X;g: A—YV
X13: P— L
X 14. P— A
X](,: A— G, vV
) €T T— A
Xlgl K-»1
X2 N—D,S
X212 E—K
Xy S5—=N,T
ng: 1—P
X242 Q*“** H, R
X25Z V— A
ng! N— D,S
X352 A= T
X S—G
X421 S-* N
Xas: I=L
X.ag: A— T
X55Z V— A
Xep: V=1
X642 Y—H
XGSZ N-—s D, K, Y, S
Xsﬁi Ser G, R
Xﬁ'}l H— L, Q
Xﬁgi D— G, N
X G—=D
X74! E— G, K
X131 K— R
X791 K—R
ngi K—R
Xsss A—YV
Xgui N— D
X93I S N, C
ngl D> E, G, N, V, Y
ngZ K—R
ng: Q—P R, H, i
Xigom T— A
X I—V
Xjp: Q— R
Xmst I V, T




X90: N- D X93: S--> N, C X95: D--*E, G, N, V, Y X98: K-* R X99: Q-* R,
H, L X100: T-> A XIm: I-*V 1 X103: Q- R X105: I---* V, T WO
2005/017135 PCTIOS2004/026655 43 X106: K-> R, Q X110: H-*Y, C,R
X114: V- A X1 16:._._ A-' G X120:1-.V X124:K-R X129:D -G, N X131:

- BO@RPNARS: D -N X134: K-'M, V, E, R X137: D- G, N X1RETI52p04/026655
X140: V-1 X143: D- N X144: L-'F X145: K- R X147: V- A X150: V- A
X153: H-'Y,Q X157: H-'Y X158: F--' 143 X159: R- K X160: E->G, V

X106 K—R,Q
Xno: H— Y, C, R
X1]4Z V— A

X] 16+ Awr G
X]z{)i I—V
X124I K—R
X;zgi D G, N
X1313 D— G, v
X]321 D—N
X KM V,E R
X1373 D— G, N
Xz Q—L
XM{]I Vees 1
X143 D— N
X1441 1L—-F
X145: K- R
X147Z V— A
X[sgl V—A
Xis32 H—Y,Q
X;572 H—-Y
ngs! F— L, Y
Xlsgi R—K
Xigo: E—G,V
sz: F— Y, S
X153I E— G, K
X[MZ K—R
X;ﬁj: B D, G, K
X;mi K— I, R
X]';i{)l A— S
X]',rz: V-]
X173Z F—C
X]T,'Z M— V, T
X)go! H—Y
X]gai V—1
X]g(}I T— A
X193I A—V
Xiog A—V
ng;: F— L
X293I K—R
Xogo: F— Y
ngg: V—1
X4 N §
Xzzg: E— K, G, D
nggi S T
Xzzgi D— A
X23]: V— I, A
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X162: F--'Y, S X163: E- G, K X,64: K- R X165: E-. D, G, K X167: K- 1, R
X170: A- S X172: V->| X173: F-C X177: M->V, T X180: H-Y X184:
V-*1 X190: T-' A X193: A-. V X194: A--)V X201: F- L X203: K- R X209:
E-Y X238: V-1X224: N-. S X226: E- K, G, D X228: S--' T X229: D- A

REBIRITTR Wo 2005/017135 PCT/1752004/026655 44 XS3A15804/§6655

R X234: E-. G, D X235: T-. A, K X237: N-Y X238: K-tR, E X251: T- A
X255: V- A X260: F-> L X262: A-V

Xomy: Q— KR
X2341 E— G, D
Xozs: T— AK
X237Z N—Y
Xosg: K“«“}R, E
X25;: T— A
X255Z Vo A
Xzﬁ(}l F—1
Xzsgi A—V
in: T— A
Xg'ml I—L
X275I I— L, V
X283: P— R

Example 1: Construction of Expression Constructs for Expression of Ketoreductase

{122} An analog of the gene for Candida magnoliae ketoreductase was codon optimized
for expression in E. coli and synthesized based upon the known sequence disclosed as
GenBank Accession No. JC7338. The analog gene was synthesized using 60-mer
oligomers, and cloned into an expression vector (pCK110900 of FIG. 3) under the control
of a lac promoter and lacl repressor gene, creating plasmid pKRED. The expression
vector also contained the P15a origin of replication and the chloramphenicol resistance
gene. Several clones were found that expressed an active ketoreductase (as per the
method of Example 4) and the synthetic genes were sequenced. A sequence designated
CR2-5 (SEQ ID NO: 1) was used as the starting material for all further mutations and
shuffling. CR2-5 had approximately 60% nucleotide identity with the wild-type Candida

magnoliae ketoreductase (GenBank Accession No. JC7338).

Example 2: Production of KRED

[123] In an aerated agitated fermentor, 10.0L of growth medium containing 0.528g/L
ammonium sulphate, 7.5g/L of di-potassium hydrogen phosphate trihydrate, 3.7g/L. of
potassium dihydrogen phosphate, 2g/L. of Tastone-154 yeast extract, 0.05g/1. ferrous
sulphate, and 3ml/L of a trace element solution containing 2g/L of calcium chloride
dihydrate, 2.2g/L. of zinc sulfate septahydrate, 0.5g/L manganese sulfate monchydrate,
1g/L cuprous suifate heptahydrate, 0.1g/L sodium borate decahydrate and 0.5g/L. EDTA,

was brought to a temperature of 30° C.
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X272: T-> A X274: I-> L X275: |---> L, V X283: P-> R Example 1:
Construction of Expression Constructs for Expression of Ketoreductase
[122] An analog of the gene for Candida magnoliae ketoreductase was
codon optimized for expression in E. coli and synthesized based upon the

- Yisbtitrddgdence disclosed as 5 GenBank Accession No. JEF35E2681026655

analog gene was synthesized using 60-mer oligomers, and cloned into an
expression vector (pCK110900 of FIG#3) under the control of a lac
promoter and lacl repressor gene, creating plasmid pKRED. The

Skpibs i TREBPLIES ¢ e e B 185 SRRt Teptitatod Sechtrghia coli
ohIremph|ico| gesistan asshgen élaSeveral gianes Weredaumnd {Sagma Chemical
ressed an active ketoredyc as per the ethod of E le.d4), .
e b o s e R et S R A L P i
(FEQuD: N@xtiny wakcus dehsity the@aning Gizteliaf b6 ad ﬁ_,(iithé“!hmfgatm was
%@M“S&%&@Mﬁfﬁﬁw%m %O UCIEQAS ISP UM %150
-type Candida magnoliae ketoreductase (GenBank Accession No.
JemauandhapibRe Sremibtction ShrRED 1 5 -fL s pdd i e g vay rEmanivm
f@ylmﬁﬂm, A@cé]? h]é;fcamwt&mﬁ&i%m(?gw@nmtg &ﬁ%&qf&ﬁ@gf@m@m l‘éﬂﬂlc/ed ch) 25°
sulphate, 7.SdfL. of di-potassiu rogen phosphate trihydrate, 3.7g/L o
SotRLd R ERB g RO e SaR e YA By SR Ui sopropy-
@ asbgiofersousidsulha®), dhgamldthahadraceplensentsalefiaodO) to a final
containing 2g/L,of .calcium chloride dihydrate, 2 2q/l. of zinc sylfate . .
RV OB THERIREES Rte R e p IO e B pguctin.
shefatd heptalrgoetied Gigienttdigatoboretevdesahy dhat@raNuroBeHiurE Pifsphate

W@ﬁ&,r%w@.bFoﬁéew@%Eéty R?a@fugig}girw& %9%%%§§eam recovery Iprocess or
PCT/US2004/026655 45 [124] The fermentor was inoculated with a late :

evgsoiatal ciituteustiB&€herichia coli W3110 (pCR2-5) grown in a shake
flask containing LB, 1% glucose (Sigma Chemical Co., St. Louis, MO),
ahaiaplenl cllianvadaptaa Eokybighahetioedl GphiBredpuis, MO) to a
starting optical density at 600 nm (OD600) of 0.5 to 2.0. The fermentor

WS b ddRaelinies0ni SeopHPASHSERTHEE Suishires (SN RINeEsediRAste in 3

vessakabl QbR 1iwinuand ﬂj}ﬂ pthpfféhwtusecmmgﬁﬁmﬂed sobPfor 40
by addition gf 20% v#] a moniéjvm hé{groxide. After t%%gultére eache %n

SR Bt 400t 12Rperdt RIS SEBRRE Y e the Koraedel U
JlusbsHate(pifoge Hseiwasadiduc R Bip thaes acldition fofrisdpropid-by passing the
suspension through a homogenizer in two passes using a pressure of 14,000 psig for the
first pass and 8,000 psig for the second pass. The lysate is warmed to rcom temperature
then a 10% w/v solution of polyethyleneimine (PEI), pH 7.2, was added to the lysate to a
final PEI concentration of 0.75% w/v and stirred for 30 minutes. The treated homogenate
was centrifuged at 10,000 rpm in a Beckman lab centrifuge for 60 minutes. The
supernatant was decanted and dispensed in shallow containers, frozen at -20° C and

Iyophilized.

Example 4: Ketoreductase (KRED) Enzyme Activity Assay

[126] Cells were grown overnight in terrific broth (TB}) with 1% glucose and 30ug/ml
chioramphenicol. This culture was diluted 10-fold into fresh TB containing 30 ug/ml
chloramphenicol and after 2 hours of growth at 30°C, 1/8 volume TB with 30 ug/ml
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30

(3-D-thiogalactoside (IPTG) (Sigma Chemical Corp., St. Louis, MO) to a
final 10 concentration of 1mM. The culture was grown for another 15

hours. After the induction, the cells were harvested by centrifugation and
washed with 10mM potassium phosphate buffer, pH 7.0. The cell paste
WRLUSAd drectly in the downstream recovery process or wBSEISRae#AR665S
-80 C until use. Example 3: Ketoreductgse Enzyme Preparation
(Lyophilized) 15 [125] The cell paste was washed by suspending 1 volume

W h&@é&%@@ﬁ{g@@%@/Q@éoa}sfwr{lng;{mMoH&é)/wkf%‘aé@W?.@éunure (0.5
followed by centrifugation at 5000g for 4Q minutes in a Sorval 12BP. The

VR AEd @é‘i?"ﬁ_%f’eg?i?&éa&%ﬁéﬁ&@&%aﬁz\%%mes of 100mM Tris/sulfate
t(ﬁlg’li'z?: ;EQ%&?%?%SHH'%@ ?&FBM’ S Jplea8d fram he (ﬁ?p?. %Balﬁs%r?g PMBS

uspension through a homogenizer in two passes using a’pres

H0poipsiBion thieeR02finstgides:an d B BOY iy fomaensdesidpass. e PMSF

Iygﬁggﬁwg{wmfgggpgmggmperature then a 10% w/v solution of
polyethyleneimine (PEI), pH 7.2, was added to the lysate to a final PEI

dangentationopdldbdo /s amidugtinadatar S8 0ies mlhgsis@ated by shaking at

homogeenate wa cgntrifuged at 10,000 rpm in a Beckman lab centrifuge
100, mﬁeratur Or 2 hours; ) .
for 60 minutes. The supernatant was decanted and dispensed in shallow

q‘ga%in%a@r%%n At 10 L300 2RdoRbilized: Brampledi Kelgreduetass mm
(KRED) Enzyme Activity Assay [ ZGéCeIIs wereﬁgrown overm%ht in terrific

prsthanet AP biaEo5@afd ot/ G RR ShEHICHTL PRisRMelHcose, and
v6as dihtethdshiolgtintafitesheT B oniainingodttiug/ofl Ichiaramphesitelo-3-keto-

d aft th at 30C, 1/8 vol 1B with 3 /ml W

BB FEI o L0 D28bEee26 (Rid RERA A a f Jocs (
(lsopropy) thiogatactosideywés et dyThddultuties (kSomipwas atiowed as a
tBr%ﬁ%ﬂfgﬁ) %%tﬁ)#%%@h%? 916[1%%7{11!{%%‘1% QHiflfgr @%%Ts’ﬂf%ocgﬁMe of reaction

triethanolamine buffer (pH 7.0), 2 mg/ml PMBS (polymixin B sulfate), 2 ul
oF Bnidle ve8 0ty Unea e man iy e 2k fe 2 i ADMEBENSS (Bhéf| #rbdly Py the
stuiaeyddiv erigie)od 28] deelisiatempelietefindadseestttifigating raddysest flotted as

0,25 ml lysis huffer by shaking at room te ature for.2 h r429].
Pt Cati s A At e K
trhethblapelitin elbuditer(pined GYbSrbi00® @nitsivhid ADRFUGniINADH, 600 mM
glucose, and 10 600 mM gluconic acid with one volume of a solution of 1

paP0dthYibic e Fpvauketo Bl BrErdigEeahad) HHUTO FAPES BRISATEER (R TBED S, it
NAUIRS Mas-alowing dhaPBases 18 the art that various changes may be made and
equivalents may be substituted without departing from the scope of the invention. In
addition, many modifications may be made to adapt a particular situation or material to
the teachings of the invention without departing from its scope. Therefore, it is intended
that the invention not be limited to the particular embodiment disclosed, but that the

invention will include all embodiments falling within the scope of the appended claims.

Example 5 KREI/GDH Coupled Chemistry Assay

[1317 To a 100 ml vessel equipped with a pH electrode-controlled automatic titrator
was charged a solution of glucose (7.5 g) in 100 mM triethanolamine pH 7 buffer (25
mL). To this solution were charged the two enzymes (100 mg KRED; 50 mg GDH) and
NADP (6.25 mg). Butyl acetate (10 ml) was then charged. Finally, ethyl 4-
chloroacetoacetate (6 g) in butyl acetate (10 mL) was charged to the vessel. 4M NaOH is
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separate. The reaction was initiated by adding the ketoreductase enzyme
as a predissolved solution in 100 mM triethanolamine buffer (pH 7.0). The
course of reaction was followed by measurement of the decrease of
absorbance at 340 nm or by the 15 fluorescent emission of light at 440 nor

 HO MBI of time. The results were plotted as  AbsorbanBE U 026655

relative fluorescent units (RFU) (NADPH or NADH) vs. time, and the
slope of the plot determined (Absorbad@e units/min or RFU/min). [130]
While the invention has been described with reference to certain

éffls8 et rrviiradRychsteB B thsssekife@ih ¢he &t riatsehaddstower
qhanpes maheynageand 29 eavivalenis mayibe subsitimigelovithontno more
departing from. the scope of the invention. In addjtion, many modifications

B A S T A P pase
thrd;iédmuimit WMMG@WMm iiéthcqpmtfﬁhenfefm, H}dsdgtegdeadsample 3
Lﬁﬁ%ﬁ R VR R REIgp ﬂ@i%&%&%Gt?ﬁl%ﬁ%ﬁzmgQﬁé@%&ﬂf%&'&%@ﬁfc layers

that the invention will include all embodiments falling within the Scope
dtaes sppErRieEr Hline dasmips s e kiR eEETE D ISE tupler CHiidityputyrate
W&&%&,ﬂ diaraiH80 mL vessel equipped with a pH electrode-controlled
automatic titrator was charged a solution of glucose (7.5 g) in 100 mM
trietharildimithe pherthufiers @snnidskribediwsgis obitioncwerewhdngethtdanents, it
W %’é@{ﬁ'&@&@o‘&%ﬂ%*&@i%é@ M HEAP NAPRHE 4R 19)- BUNkde and

acetate (10 ml) was then charged. Finally, ethyl 4 30 chloroacetoacetate
(S1) Bt ac Seate LTS E \Wike W HisRiEiND e dsserravedo s, In
20091 5hah REdAIRRAOMALBE Tt AAHMAR STRNESROMERIDABE Biterial to

the automatic titrator (a pH of 6.85 was set as a lower limit) to constantly

AEUSE OIS BV THE PR LR GrREHBRBRET R T10 HEFLOEallgfdntended
was treettechtinengaiotioimiaid sonbeepdaterainesbbyimeasiisitigstde but that the
IR L RS ARIRLRSEARILIT 61 PY Rking.sanRIee Bl (1S JRaG 10 ms
mixture, extracting the sample 3'5 times with an equal volume Fet yl
acetate, and analyzing the combined organic layers by gas

chromatography to determine the amount of ethyl
(S)-4-chloro-3-hydroxybutyrate produced per unit time. [132) While the
invention has been described with reference to certain embodiments, it

will be understood by those skilled in the art that various changes may be
made and 10 equivalents may be substituted without departing from the
scope of the invention. In addition, many modifications may be made to

adapt a particular situation or material to the teachings of the invention
without departing from its scope. Therefore, it is intended that the

invention not be limited to the particular embodiment disclosed, but that

the



invention will include all embodiments falling within the scope of the

appended claims. 15 48 CLAIMS What is claimed is: I. A KRED

polypeptide capable of converting ethyl 4-chloroacetoacetate to ethyl

(S)-4-chloro-3-hydroxybutyrate with at least 1.5 times the KRED activity of

the polypeptide of SEQ ID NO : 2, agd which comprises an amino acid

sequence that is at least 90% identical to the sequence of SEQ ID NO: 2.

2. The KRED polypeptide according to claim | with about 1.5 to about 25

times the KRED activity of the p%é@\ ide of SEQ ID NO: 2, which differs

from the polypeptide of SEQ ID 2By having from one to twenty

amino acid substitutions selected from the group consisting of. A2V; K3E;

F5L or C; N7K; E9G or K; A12V; PI3L; P14A; A16G or V; T18A; K191;
WhiN20DioreSisE21K; S22N or T; Q24H or R; V25A; N32S or D; A36T; S41G;

S42N; 145L; A48T, V56A; V60I; Y641-1; N65K, D, Y or S; S66G or R;

H67L or Q; D68G or N; G71D; E74K or G; K78R; K79R; K85R; A86V;

NoOD; SOINTHE: PRRERPIES (Peplsr o CRGBRI&YBA. AR5 BER 0 ethy!
(S)-HLO1Mp-Q1OBRYDLGSAeor T K 1GBR OriQeHiht R HD aciRjtY bl dA ;pAlyb&Be of
SEG BN : KL2ARHKRA 296G QLeNa2A 316208 Mol2h32MNalil 34 My Yods QEReal 1o the

137N or G; Q138L; V1401; D143N; L143F; K145R; V147A; V 150A ;

sequgieey S YPRYB7AY: F158L or Y: RI 59K: E160G or V: F162Y or S:

E163G or K; E165D, G or K; K1671 or R; A170S; V1721; F173C; M177V

or T H180% Vi8R Polpamiale ACOBNEAA 9aNe FRON ARFOSROEDDYYS times the
KRM2 18k N2 foddelide SR 82281 2 D220A:Y23 o@rify LR3SHRIIRSEQ

34G.or,D;. T235K or A; N237Y; K238R or E; 1A: V255A: F260L;
1D RORANETBOIE T3n0m e ST BTl SO R o
cong{siinsr @i g 10 clali I Hhavirg theabiRora&idSEq(idice: Séfestédd from e 184;
K 19ropsensistng of BEQAD: NOwPadr 2d4 1246; 250, 252368544 26565 260 145L;
A4 354 3 368, , 382, , 388,.40Q0, 408, ,
negsRi iR SO0k % 360 980 8000 800D 4R i e
or (530/80 X BR4 K§9B; 588Y 501333 353er, 5387 B34 5410 airfd BABR4ATHe R, or
H; ‘KB&ED polypeptishk Ancard kg taxc@ma2 vbenein, thexaringagid saquence v,

ORI :
K T T o ) M ook oBo U S g ¢ o
D130 L3sE7: 388 800 | 408, W8 AMuld 8801400 g a8 58iger 8B 480 H5E9C or
V; BB YRS, 51836 M KO E06 5118 220, 82871924 ;926105281 580r b32; 2847V or T
118G Y020 RAS: A104v: F201L: K203R: F209Y: V2181 N224S: F226K. G o
D; S228T; D229A: V2311 or A; Q233K or R; E234G or D; T235K or A; N237Y: K238R or E;
T251A; V255A: F260L; A262V; T272A; 1274L: 1275L or V; and P283R.

3. The KRED polypeptide according to claim 1 having the amino acid sequence
selected from the group consisting of SEQ 1D NO: 224, 244, 246, 250, 252, 254, 256, 260, 304,
344, 354, 358, 360, 364, 368, 374, 382, 386, 388, 400, 408, 438, 440, 448, 470, 484, 486, 488,
490, 502, 506, 508, 512, 514, 516, 518, 520, 522, 524, 526, 528, 530, 532, 534, 536, 538, 540,
and 542.

4, The KRED polypeptide according to claim 2, wherein the amino acid sequence
further has at least 90% identity to the sequence of SEQ ID NO: 224, 244, 246, 250, 252, 254,
256, 260, 304, 344, 354, 358, 360, 364, 368, 374, 382, 386, 388, 400, 408, 438, 440, 448, 470,



5. The KRED polypeptide according to claim 2, wherein the amino acid
sequence is a variant of the polypeptide of SEQ ID NO: 224, 244, 246,
250, 252, 254, 256, 260, 303, 344, 354, 358, 360, 364, 368, 374, 382,
386, 388, 400, 408, 438, 440, 448, 470, 484, 486, 488, 490, 502, 506,
508, 512, 514, 516, 518, 520, 522, 324, 526, 528, 530, 532, 534, 536.
538, 540, or 542, comprising a substitution, deletion, and/or insertion of
one to six aming acids, 6. The KRED polypeptide according tqQ claim 2
134, R ko e BecUorcd: TN compiies SHrHgiah: o acdadt
536291 .driinoideids of a polypeptide selected from a polypeptide of SEQ ID
NO: 224, 244, 246, 250, 252, 254, 256, 260, 303, 344, 354, 358, 360, 364,
3685.374, 362KB86) @BFhefl: 4081380 440 448h&4é0, HSA 48Gcid8&uence is
_ , 516 , : : 3 A
a va‘é%% g@ﬁ? gggf)(%glg’e%}i%fié]fél RO z?&%ﬁﬁégabe?égo,% g%@ 2368a3%;3, 344,

0, 0r542.77. The peptide according to
334chaitn PRt 18%AcddEd-bPG Aticldie- 8% Sidgddhdd which Hbrighzags. 490,
502ufEe sIRetiRmIgiingenGy onaitoRs With, aitbeshe smckotte sequenees42,

g :, 45 24 5 55, 259, 303, 343, 353,
confiSgd SN 3R 00 R AR A TRV 48 a7 4c0
4836 485, 487, 489, 501, 5035, 507, 11Jt 513, 5,}15, 517, 519, 521, 523,
5250527, 539 NEED) BY¥PGYES Achsidingio iy Z oyt an seauence
furtistragvehtinese of. [Bghet KREDopolyi38 ptiviecascdsdiia tocdmyntde efisiaimBot a
poliRAicdvRerein thevdolypepiidesretains more than 6670301 the: iniahKRER 364,
%gag%l |té/ g\f erélréﬁgbatlon %t 50C, p{l)—| 740 41:05 %o min. 94 ThegKF%IgD 08, 510
polypftid&tadtbrditty 18 it lwhéréin ti8 haRhéftine falreale-o0® 512
S14timesiite SRR ED. aétivitofihe Polijie plitie Bt SBQAD NG42, and
comprises an amino acid sequence of SEQ ID NO: 518, 520, 526, 528,
5367.538, ohbABEDpdNiR K RER:palypeptiderarcording de:claimyls Whekeisid
h lypeptide. has at_least 13 times the KRED, .activity. of t lypeptide.
e e o e R e
sequseedy 538! 11 NHE RRED polypthtidé detortingtd Waint2, nheteinitie 363,
367potypeptide frtherdragonaraged sprcifigjtysirigefaston AR ansl wirich 1,
~differs.from.t i f D-NO:; havin utation at )
S S B D T RRED ol et Bementary
strapdfterept, wherein the mutation at E226 is E226G, E226D or E226K. 13.

The KRED polypeptide according to claim 2, wherein the polypeptide
furtiier had hindiBaSe davprpticstatsibitiirant whichndiffédaramitive 7. wherein the

polRRERLdG SEANANSE @b SERIRND kR BY DaVIRGAMHLAHAN ALAIMHACHH 7.0
acid residue P14, V140, V184, or A194, or any combination thereof.

for 60 min.

9, The KRED polypeptide according to claim 1, wherein the polypeptide has least 9
times the KRED activity of the polypeptide of SEQ ID NO: 2, and comprises an amino acid
sequence of SEQ ID NO: 518, 520, 526, 528, 536, 538, or 540.

i0. The KRED polypeptide according to claim 1, wherein the polypeptide has at
least 13 times the KRED activity of the polypeptide of SEQ 1D NO: 2, and comprises an amino
acid sequence of SEQ ID NO: 536 or 538,

I1. The KRED polypeptide according to claim 2, wherein the polypeptide further has
increased specificity for cofactor NADH and which differs from the polypeptide of SEQ ID NO:

2 by having a mutation at aminoe acid residue E226.



14. The KRED polypeptide according to claim 13, wherein the mutation is
one or more of Pl 4A. V1401, VI 841, or Al 94V. 15, The KRED
polypeptide according to claim 2, wherein the amino acid sequence
comprises the following differences from SEQ ID NO: 2: P14 is A, S42 is
N, and A194 is V. 16. The KRED poiypeptide according to claim 2,
wherein the amino acid sequence comprises the following differences
from SEQ ID NO:2: P14 is A, S42is N, T190is A, and A194isV. 17. The
KRED polyé il aeespamigta Cran o iR i tHESpHINB: deitr ey diehtd is

E2266miprisesattiz toHowing differences from SEQ ID NO:2; P14 is A, S42 is
N, V147 is A, A194 is V, and K238 is R. 18. The KRED polypeptide

accogding M@i@m)?pam@psm H&@oﬁ{ﬁi@% aGich SeAUEREEHEPRNYISESNRther has

followin d|f nces fr 1D NO Is G, P14 is A,
o IR AT AT 10 18 i D e R BN BRI SF oy o 2
havmgcﬁézilﬁ’i@ﬂn@ ai@ﬁﬁ@.ﬁﬂd@ﬁi})@ﬁ’dﬁ;p‘éﬁ@dé’ @ﬁaﬁ%ﬁé of alairashitetks thereof.
lyophilized form. 21. A composition comprising a KRED polypeptide of any

oneief claifits KIRELBdinigebtittetechtiedivnia2. 1A, pdlyrucieotidesanceding or
moid ﬁ%mp@b{@ﬁ@%?{ oglqﬁméwe of claims 1 to 18. 23. A nucleotide

construct comprlsmg "the polynucleotide of claim 22 operatively linked to

one.qQr mo us regulator nces that control gene
exprgssm 5‘?‘3]& g]o ¢ ot?a%oar%cﬁf%l %ﬁealr%%smuc 60 |8te ?gc'?gl?ﬁ’ g gequence
Comé@&ﬁ\?é”lg}lnrﬂ@dﬁtﬁes@wtﬁ@nséa@éﬁ@&o% X és8icH D tNeskREIDA is V.

polypeptide encoded thereby, said vector capable of transforming a host
cell 16. expigsSKIREIKRER: paly pepiidedhe wim 25 wAdchosticeigampfisieguance

confPBAYRLERAS:0f alaim g2 inwhiehihe RelyAUGeETdE @99@5@%@ is A, and

linked to one or more control sequences for expression of the K
Al%dRPeptide in the host cell.

17, The KRED polypeptide according to claim 2, wherein the amino acid sequence
comprises the following differences from SEQ ID NO:2; P14is A, S42 is N, VidT7 is A, A194 is
V, and K238 is R.

18. The KRED polypeptide according to claim 2, wherein the amino acid sequence
comprises the following differences from SEQ ID NO:2: E9is G, P14 is A, , $42 is N, T190 is
A, and A194 is V.

19. An isolated KRED polypeptide of any one of claims 1 to 18.
20. A KRED polypeptide of any one of claims 1 to 18 in tyophilized form.

21, A composition comprising a KRED polypeptide of any one of claims 1 to 18 ina

buffered medium,
22 A polynucleotide encoding a KRED polypeptide of any one of claims 1 io 18.

23. A nucleotide construct comprising the polynucleotide of claim 22 operatively

linked 1o one or more heterologous regulatory sequences that control gene expression.
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24, A vector comprising the polynucleotide of claim 22 operatively linked to a
control sequence for expression of the KRED polypeptide encoded thereby, said vector capable of

transforming a host cell to express the KRED polypeptide therein.

25. A host cell comprising a polynucleotide of claim 22 in which the polynucleotide
is operatively linked to one or more contro! sequences for expression of the KRED polypeptide in

the host cell.



