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| MPROVED KETOREDUCTASE POLYPEPTI DES AND RELATED

POLYNUCLEOTI DES FI ELD OF THE | NVENTI ON [01] The
w@e@senti3s nvention is related to the field of PCT/US2004/026655

enzynol ogy, and particularly to the field of

ket oreduct ase enzynol ogy. Mrg specifically, the

present invention is directed to ketoreductase

pol ypepti des having i nproved enzymatic activity, and

o ?2%8"%%?%% @%@m bORXERHIERD o THE
[ v
I&SENTION [02] %gigg%g LECH§QE§xybutyr|c

acid esters are conner0|all 5§ortant |nternEd|ates
in the synthesis of F
act i

te di at be u opti cal
i SEEReRh g FRteR & fsf?#ﬁd B Age Oﬁﬁ/@yea% Fhdit Pagigularly to the
fielahvf ketordductaS €ty yad ]l diy0 Maespédificalflyl théasésahi 1ﬁiverﬂﬂﬂ is directed to
Rosuvastatin. Met hods have been described fo

kefprsducinsg RIMREPGdeubBRVIREIt HHPIOVAY d CBRYBAICY I aoslvam dand to the
p&?f %{H%qtlﬁggéqugég%ghig eﬁg"ﬁ&% tnlﬂﬁﬁ)vgg E&afe?‘i& §eeéjol§peptides.
4 br ono- 3- hydr oxybutyrate that requires the protection
of the hydroxy @FACKGRAUNR QF THEANVENTGIQNp prior to
reaction with sodi umcyani de. Acta Chem Scand. B37,
(0341 Chugzy-subssibeed B-bydraxybusymict ped estgsorare £omsrareilly gmportant
L t
lmteﬁgﬁets%fﬁ ne ﬁg@heé&s Sﬁ@gaggg%éaglg RO RN hlefin@fiheds £ BE wilized as

opmdahy Iaymqumﬂmbdh@m ttetHe Gy pthesisl 6 HMG-CH A bsfd@ﬁf@sef mhrﬂu@fs such as
threonj ne, which is_then converted to bronohy

A&%r%ﬂ% B’t"é“ﬁé‘é a“d ??S%‘Gitatlﬂg?'%thOdFH@Vmbé?‘bSl%ﬁC@P%@r @foducing
r 0
sod.vﬁkgﬁﬁ%?o%ﬂyﬁfé PLRhRCbES, A" KO, KEARDEOT, Hefila has been
repomcemrl prodwivg depimi-2alingysiteis add droeU-foaeti-Badrok butyrate
npl ement commercially. [03] Mdre recent routes to
thésmﬂhlé%ﬁ B¢ ﬂ@twlgﬁaﬁy&rhwgoﬂa/asreulb ¥R JEQEFGRBEropp RFLOT to reaction

| r y, o
oAb Stk OSSN YDk, TSR AR pons
metst| fort eyrabesizing UR )elocyaao-Staldryx ybDasicr apidi eﬂelofby reacting the
Ket oreduct.ase KRED. characterj zation 04 Enz
mEBSRIER GRIEE™ L RLtBSiseY HE B AioBEPraside 46 WRtee the di-bromo

forRAGhRDRinE! @ﬁﬁh(@@;lenlco%vér&@toa&smuﬁfddﬂ EXbohMate Res., 72:301

%nthe5|s of optically active al coh from
(10 Srhedwidondi siguipeiabs braatohiydtiv meprstegtpaioe fo HKRERmM with sodium

{ bstr at
bRl o oS B ar P PORRSARE s iy Sat Bprattating steps are no
p@a@arw\aa{ps@mér@a(aﬁm@fmangI dation of an al cohol
substrate to the correspondi ng ketone/ al dehyde

[081 Od\Gke rebbtR rb@EY! € dyAthe@zing 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

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

(EC1.1.1.1845 are useful for the synthesis of optically active alcohols from the
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ketones and the oxidation of alcohols by enzynmes such

as KRED, requires a co-factor, nost comonly reduced
woe@simaii de adeni ne di nucl eoti de (NADH) or rednTsm04/026655

ni coti nam de adeni ne di nucl eoti de phosphate (NADPH),

and ni coti nam de adeni ne dingfleotide (NAD) or

ni coti nam de adeni ne di nucl edti de phosphate (NADP) for

t he oxj dation reaction, serve a
CITeERRNRE ORI k empwebmrﬁt);ﬁﬁﬂﬁmbm%@r N ROmYER 3kstane gHbstrate to
th%%ﬁ@gepgﬁgrtnglglcdh%l gf i BH MaPBREMBN ZLNRE reverse reaction, oxidation

et or ses and al cohol dehydrogenases accept
ofeart hleohdl sebgiiats hibe ydoae gndingthetonatitdeplids predngt aTlmjreductlon of

f act in it | dj d
ki8rss inigas biueipS a0 lBhSR B BRyPEUHGT 1 SREBlysediiy d%o-factor
m%gt Q@ﬁﬁﬁfn‘ E)a ﬁﬂgceﬁe%%ﬁnéﬁﬂéfe ﬁ&&ill%/\ﬁdlnd@l@jﬂiﬂeamADH) or reduced
nzyme catal ysis in organic synthesis Vol

mmainemab w;ienmeu dinvologtider gbesphak (NADRHDarrlo isgtingnige adenine

dljlg‘gflgé A %Aﬁg (ﬁt}/ﬁaﬂﬁ@% E%me R Au@ﬁgﬁg(eu ﬁ%iélhﬁte (NADP) for the

oﬁki@tﬁhﬁr@hctibﬂS QJALISH dhd NBADRHesp)k. as S aoadoidREDv it s ABnghd NADP
enzyme sequences have been reported,

a
sqruy Adleleson @sFpiaiR Abds | Wenﬁtmgve@hﬁgl@ws%ases and alcohol

o B SRR R TR R (A mor PR RRE et - fector i

ubbmd&EdﬁﬂfﬁﬂuaﬁhﬁﬂspﬁmAynb6m5|red KRED Properties [06]
Metabolismin the living cell ensures the adequate

[(RIPPKRED efnicachwbs fouand in aduide Irzmgem@&@&tbﬂm%d)yeada (for reviews:
novo synthesis_and regeneration. The use of who

Keauis| 2y Weldgiege Bparmye Faalyss shergaeituomnitonis Yrlp LR NGE Meinheim

t gge g PiEal
L R R B DO R SR B S 50 gifmeer, Bertn
Hiafdaﬂmcg Ne¥ Yaw mmﬂﬂmmliaudé@ﬂmﬁsr JFBiochérat 1989ak34nl-13; Liese).
et _al. studied (sem %Ifled ketorgductesi% Ji
Se\rﬁz%ré%EQrf@nF S0 AN SSqREHES haFPSen JepATlsGue-Bs CRaf dp gragnoliae
(@Q{P%m% (WB“Q@F%' 614 1360388 e de Y Aﬁ%szs (Genbank Acc. No.

28-4031 07] I'n the absence of the cellular
Bretcddisa@ly Gd28hFH09M, vSparobadernyarat isalmaaedern ofiggnbank  Acc.  No.

atlon is needed to circumvent the need
A&ﬁp@é{ ?%ﬁsgﬁgg'lc anounts of these expensive
nol ecul es. The use of enzynmes for reduction of ketones
Debieé® KRED Pegpérties two enzynes - KRED and a cof act or

(NADH or NADPH) regenerating enzyne such asgl ucose

[ee3hy dieangsein| G livingOtdRRsdeN Yl agrpages®iply of co-factors for
Enzynes are general |y consi dered expensive due to

radyetion regaienst iy de povmaenthesisornsksiegermmiion: ohke pee gf whole cells for

bg)gtg?xf tlFerejotngg duV\ﬁx {1 %ﬁéé}er&) ' b Cﬂﬁghta%go%g @(é% %ﬁ“imcroorgamsms

typicaltly fhiacd gittipd B&bieﬂh(}tas(eghdhﬁﬂhmaneéadab lov@x@ﬁiducﬁmﬁllbmantlomenc

M crobiol. 1990 56: 2374
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

107:4028-4031).

[07] In the absence of the cellular machinery during in vitro enzymatic reductions, co-
factor regeneration is needed to circumvent the need for stoichiometric amounts of these
expensive molecules. 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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Bradshaw et al. J. Og. Chem 1992 57:1526), and
vul nerability to substrate or product inhibition
wQ@ Bmsaokas et al. Appl. Mcrobiol. Biotechnol. BROP¥S2004/026655
48:699); Kita et al. Appl. Environ. Mcrobiol. 1999
65: 5207). As nentioned abov co-factors are
expensive reagents for industrial processes and may

add si gni ficant a cal reduct on process
shposenusmamesgme M. O dvdeane Tt ) RO gencrally
cORMreRf expBRIR 8RS ©CIn¥RJo® GEIMAN) Endef PHREss YRitRons (e g. Sutherland
m crobi al' cells have been fredquently consi dered

ampt 8Vidlis, el Qe allyemn. 1998 635G 64:aBystilto memctTp@ai@drcas Assym 2002

R R SR G D o o 900 237

BfrdSidwWEePACE! O a%e(tr&he 1890 (’57815Q6}5 ah@%lr@emﬁmﬂytte@uwtdm or product
bakers yeast hou Chem

inhgntigy atg@g@@t %aﬁpghﬂ\éqcrqplol J Bl(@f‘élﬁpl FQ8§7 4@@99) Kita et al. Appl.

E%’\zl?o;h ]Ig?cgég 31%@9 5635‘%02}7“% g] g{l fg%\g}é@ wgﬁig%‘,e@é are expensive
rdagetits fdrongustisal ngocdsssodnidahay add mgatf&amod:ospar hdmsrlegmalt reduction
hi gh substrate conc ntration are not efficient, suffer
Proceshit BEi deageys BRIETagIEnt o conpeting reactions and gi ve
| ow enantioneric excess ("e.e. (U. S. Pats. ] ]
[08] 4130 gireumsers5oamm30of these7 percEYer! cepneyic gBaes, aviplgmiggbial cells
h%ﬁ%ﬁgn 43&%%”%) COnLﬁgxlefia rr&grltl&l &zﬁglx]&ffog Bﬁggtﬁﬁgﬁ?nqgﬁ&gions as they
typicall @ lconthimscor fastol hedlca- facmrregeaertatmg eW}miee oﬁfslyfnmetnc reductlon of
catal ysts for the reduction of ketones. The C%
ge”ﬁ% Chem.

4-rcéw§@éceg@ﬁ éS‘FFSoW}SCQFﬁ&%é“}P&Q it Bakess yeqshd
sg{q 36;'5% ¥ g{ahféﬁb"‘ﬁr&eﬁl RREYSH Mof4: 19213320 many other

or t uction of
nE(trb(ydgaFﬂlsmkl I(Ur&n-l’f&tshﬁdﬁ@ﬂ)?bui W()aﬂﬂ anfo5,88ho&3)e &Aowever, reductions

nifi roducti vi.t . NADP co-factor was added.. .
o8 ieroPahee R 1ot prGuHisd L s WPHATe SOReDlrRYon B eLTpg cffcien,
sy 3tofs redutbd i2ed 80 tPEorhiRing §8sckibAN and Bive AW 'édantiomeric excess
product was ekxtracted an gérlfled by comon

(‘ered0 e dUrSe s Patac H5,4183,.¥4r, o b Bg3&pHy7 0T 0dli §:891.68%:i &218,156; and
vagbg this procedure is an inprovenent over processes
t Se native organisns, significant drawbacks for

ong roduction sti er as _NA ont i nues
2 st ‘Socerey cencanEs DT cafl Gpicdue s tastgrowing

rrh&‘é@&taﬂ@ﬂt SichT8 MegAerhst @si1galiatBokthRiPE QHI céIN calysts for the
pure formfromthe reaction m xture that contains

reduci@bphiketones. smga]arbmylhreﬁh@tg@ gangelion Cendida magnoliae and the
reducti on pr.ocesses | i nd
GRS forBnp el fuefiler bRt oPeRRTEnees 4D for the
pidAactganer athiyPnchlor@DZyyaRKybltheld. T RAicHe | dsigRifid@MCRBuctivity,
and t he genes encodln&dsuch sequences that facilitate

thenNADIR icoifagior avig added dai the rreeflion enprrvide sufficient activity to the
&bt ¥ - A& ‘EH{ Qi Pof tt'i%eie%% e Eh%ﬁr%&? Jég%xgﬁ'aééd'a%%unﬁed by

ah reactron process
corafhof tprauedurey puchads| thdsmqugxraphy: eid disdikeient rhilotiss 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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of 5 g/L or nore, new enzynmes are described that

catal yze these reactions at enzyne' concentrations
whedosmi7i3y/ L, preferably below 0.5 g/ L. | n addPCT/082004/026655

the enzynes descri bed, catal yze the conplete

conversion of at |least 100 g/, substrate in |l ess than

20 hrs and require only small anpbunts of co-factor.

1] K above referenced patents and bl.i cati ons and
g o S € R S S o et Bl B S n mind,
ittWasSarb PBjett b BHel FrBseAt envRKAGESS Id¥sdriBe qn@%wr@@om}zsf enzymes, their
reference herein in their enti retg BRI EF SUMVARY
é

amie 4ChAIARETIRS P theTgrach prePdng sus mqeaeﬁsnb@t fﬁﬂlhtatfprl@ efficient

. bh
Igjsr ECIOET c {r%hugag%?or e Uét Jahé O%r %&%%&yja ypep ggtones in a clean
rehetiomproe¢sariihed, WhEDndAcbbial te}duttﬁa(brfsttyp'leallpra’ﬂlui‘fREal @bncentrations

r;S D NO 2, preferably having at |east 1. ,

gp%/}camrporf B SnERMEY AsIeSrE PpEEaNTy Uicpe Afaptians ot cnzyme

cEHRBMEatdns (HlRF - 1 géﬁg g ﬁt b%lb@vy 08f gﬁ;EQ in? al¥ftiof, ¥ enzymes
ecrease | or fluorescence

nmeasured by the sor ban

d@f:rilbbﬁs[)l@a{au'ue theocangetedodedrsion ofiiat feasthdOcghoobsttadntn less than 20

h %11 i on OLV a lfetone to. t fe correspondi ng al cohol. In

rﬁfi‘B FRITE OBk 4Rou S ot ent i on is directed to a
EQE geol pepti ehawnqatleastlSt mes, typically

(1415 The yoys meterenssd PG5 cad publicatiops anduall2sther rigdents and

pﬁlﬁféatlﬁﬁgl%lé@tthl\ﬂ g &fth&%eﬁﬂkéf%%pa{rb dg gslf olx@rg}pd ¥ reference

such as neasure he decrease In
hdrtinon decemtiectpf NADPH (e.g., Exanple 4) or by product
produced in a coupl ed assay (e.g., Exanmple 5), and

825%,:‘9”3? e pr of BIET UMY DEPEEIRYRAR Y of or ol
1) L R PR I R RERUSI e s
diaszprlctq at kaopdegaset (‘TKREDT)i poiyp;qﬁnﬂlerlmy!mgj ehitanged KRED activity
el R h ARRED ERPA Py st BERh Rt S rsgpisally 15 o

50NBne? mérk tty‘-iﬁcdll@%?drﬁﬁ@tofagﬁutlﬁ t?xﬂesh WﬁRﬂb a8vity 8f SEQ ID NO: 2
| east 1.5 ti mes, typically 1.5 to 100 ti nes, n{’)re

ast ysasyaed \pyf thermlecr@ise Gn atbsatbas® oF rfb@rescme KRENADPH due to its

oL T o BRSPS Sona. 1

ardtietl abpeRt) thé bfeséhan o HasdtE® g IKIED %lﬁeﬁﬁ&@ﬂﬁwﬁg) at least
t he corresponding al cohol. In yet another aspect, the

Lprigaentyniealont Sda 30 tigies.ewpedtypisaly KREDD pbpyipaptings the KRED

5, HESERIEFY SR} 8 SEED, 64 W LAY ol e

al}abrbSﬁKE, 01aﬂud>1e§l$hcel05 NADRIS ,(e. gy Hxaalple/ 41 ob by prddifet produced in a

ti { plcaII from1l.5 to about 60 tines,
CO&RE@ 2584y \<71gt s japd ﬁa@ngzﬂ l%aék?{)"/é@on@&wua»oprﬁvr%% at least
0P AehER e fhﬁbgb%%ag POFR ol ﬁdgpgrggeg&ﬁg el 321?@;11&8%&5 with the

amino ac1d sequence of SEQ ]D NO: 506, 520, 526, 536, and 538. In another aspect, the
present invention is directed to a ketoreductase (“KRED”) polypeptide having increased
remaining KRED activity relative to a KRED of SEQ ID NO: 2, after treatment for 15-24
hours at 50°C, at least 1.5 times, typically 1.5 to 100 times, more typically from 1.5 to
about 60 times, the KRED activity of SEQ ID NO: 2 as measured by the decrease in

absorbance or fluorescence of NADPH due to its oxidation with the concomitant
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(e.g., Exanple 5), and being at | east 90% honvol ogous,
preferably at |east 95% nore preferably at |east 97%
wae@sowass pref erably at | east 99% honol ogous WeeTUs1064/026655

am no acid sequence of SEQ ID NO 506, 520, and 526.
In one enbodi nent, the prese invention is al so
directed to a variant KRED pol ypeptide, as descri bed
herein, in isolated and purified form I n anot her

red e Plohketone do ta perresonding alephel e yeirangiier Rpges. the present
1n9%¥081ei9td5rg&ea $o h'KRD9 ﬁ)%l)’ pe pepdt HRAAD inbRaYeR re ARRENEKRED activity

t he present entionl1s directed to a
ret0ivp os b (KRED 06RBQI BI NO: &, aftar itmatmddiRED 1|§o24ylrm;m atd¥) @sat least 1.5

describ and a suit abl arri t

B (BoG b Bri 00BN PR bR AP AP gies e KkreD
adtBYy N8f 3:; [belN/@eQ Quéh aRdmBaddred byl theallsesdket il Abdofeance or
scope of i nvention that the buf ered KRED

ﬂu@msw of) NA&PH He.lgy dptamiple; 44 of by raroqueg pradycedh it Aeoupled assay

t. KR
SEOEREreR U AHEPhink TR QSRR PBe0Ls, PReBbRP R eqss 95%, more
pleeirail g dtichase %szndciﬁﬁsi Ipﬁiﬁfcﬂiﬁw ﬂda§1€9Q% h&E@ngJd\l@ith 2hd®mino acid
1-20 ami no acid residues, éilcll 1-10 am no acid

sqqegm;ésSEQTB? NG 396 RO, 9ncb§/ ig %ﬁeﬁ@oéﬁﬁl“d‘t’rté%l’%% nvention is
alfy ﬁ[} {I&{ od; ﬁaﬁgﬁ%ﬂ)}folk{)ﬁ)tﬂg‘ NG g R R qg?solzﬁ&ﬂand purified

aC| resi dues. 'I'n anot
faspemnt a,notH’ee embed;lardnt ithe esotateginaridsputtified otagantt IéREDK;REEijeptl de is in

T B LSBT ST B (b P
c&ﬁg&) I‘J é/or%[% 1ﬁego% ?ngéé% Ng@%é)’ef)h@e KRERCABLd Mdrbdh £d a suitable

pol ype havi ng the am no
caded tmcahbra:wffn‘r sSE@oh,DnN@ typicelily h buffer sodutionelrvyng a pH between

r ef er.abl one.to e of th ol.l owi.ng resi,du
B inhed fobr skap Rl B, Lt b8 P SR Burtered KED
ccE’ril: itidnlid M 1yO8RGz&d fovn. T18A; K191; N20D or S; E21K;
N or T; 4H or R, V25A; N32S or D; A36T; S41G

[légZNI flother égc-[ a\@ﬁﬁat KRED pof§ddptidblesttne Eresgntofnvgﬁtion differs
or R Ho Q D68G or N 1D; E74K or G
frisiABRe rd(oBE séfﬁlﬁR;e faBaiv; kemamctasgef\ﬁandidmgnol@e OﬁSEQ ID NO: 2

R
b3 arp GHAaPEges irpR Y By TH0 Apynd A sesFad ipgisypically by 1.9

alieraRid FbRREs QWeeroE@-%@aﬂ bY: 1-Dhiadhb adfd 34MueY, and bst typically
R, D137N or G; QL38L; V140 D143N ; L144F; Kl45R

byi Mmmv_as@l/xemdmsmar@rheqasm%w preseagnveTtion:iRdBeyed to a KRED

oGS o R ABES o RBP4 s 1.3

50/18dbs; mbiPBPicalt AIVio £bbAAYS 8 khe KIRELSReti 08K Ythe polypept1de of
V2181 ; N224S; E226K, G or D; S228T; D229A; V231l or

SERIKNEY 2randiipying the aminopstibkdpencaof ﬁﬁ@ﬂ? Nf%zésw*b?neéo twenty,

TR TS P Py AR 85 o
EoGhad;eaV; RI3E,; PléAcAl6G v ShiTEA; IKI Ot N2 edSt B21K; S22N or T;
Q24H or R; V25A; N32S or D; A36T; S41G; S42N; I45L; A48T; V56A; V60IL; 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; DI95N, G, V, Y or E; K98R; Q99L, R, or H; T100A,;
1101V; Q103R; 1105V or T; K106R or Q; H110Y, C or R; V114A; A116G; I1120V;
K124R; D129G or N; D131G or V; D132N; K134M, V, E or R; D137N or G; Q138L;
V140I; D143N ; L144F; K145R ; V147A; V150A ; H153Y or Q; H157Y; F158L or Y;
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40

a KRED pol ypeptide that has from1.5 to about 25 tines

the KRED activity of the polypeptide of SEQ ID NGO 2,
wob@s/omasured as the lysate, but that differspéT/osonde266ss

pol ypeptide of SEQ ID NO 2 by having one of the

followi ng sets of am no acid substitutions and by

havi ng the correspondi ng SEQ D NO 1. S42N SEQ I D NG

RASH 18809 VoREATK N BIAGT K SNESRaG0% Kakahy el A1705:

VhEzIN@né’éOM’iWW"T IR . SEQ4t:Dr 9, 200367, AYHAN:, P‘i@?ﬂf\kzom
ID'NG 254 7. S42N. V1401, Fi58L. ML77T, V184l

FIOBY\IOV2E&16 N224$5 EQR61E168%, DTS33KT'SBR29 4 N231D60 49, Q233K or R;

Eﬁ%ﬁ orﬁigi‘éz Sk %97?81%@542%%%*%2%2@% A262V,

T@72>D12$4ﬁ9 AL &412N,ana/iz@81rjk AL94V, T235K SEQ ID NG 364
13 'N7K, 'S42N, A194V SEQ ID NO. 368 14. S42N, D129N,

ﬁigﬁ‘ﬁ asﬁgférgd c@&gfth@ %bo@é&bo%‘ﬂl%%t e ééelgﬁQVérﬁlom directed to
2 16. S42N, 31G Al194V S 17.

a (KRN, poAgsepidSERt] IDsNBm 388 tgsabosmzm tumqssm KREmmcuvny of the

glége%&g%ggég% ﬁﬁéo%l &3‘\9“ S42N %B? B/ lﬁ%ﬁ\éﬂéggﬁ fl@fcrs from the

dYISHAEE ANOSBEQyY Dapg 6&0 P2he E9lKo 2dts DOQR id
pﬁgﬁ;\t} SEQ | DQAE? 448 23* §9K s42fx)| 5’131GW%94{7 o A

sutpaRIROSEMd iy INwingghie coespedng SEQND NP37N,  D143N,
A194V, K238R SEQ ID NO 484 25. E9K, S42N, VI147A

AL94Y. EQ ID NO 486 26. E9K S42N, sg 0. 224
AL94 R gglo NO. 488 27. S42N, ; o
K2382E SE v 0:2

3. 42N A194V K203R SEQ ID NO: 246
4. S42N, E160G, A194V SEQ ID NO: 250
5. S42N, D95Y SEQ ID NO: 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
10.  E21K, S42N, K78R, A194V SEQ ID NO: 358
11. S42N, E163K, A194V SEQ ID NO: 360
12. S42N, V1841, A194V, T235K SEQ ID NO: 364
13.  N7K, S42N, A194V SEQ ID NO: 368
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
19.  S42N, Q103R, A194V SEQ ID NO: 408
20. E9K, S42N, A194V, K238R SEQ ID NO: 438
21.  S42N, V1841, A194V SEQ ID NO: 440
22.  E9K, S42N, N90D, A194V SEQ ID NO: 448
23. E9K, S42N, D131G, A194V, Q233R SEQ ID NO: 470
24. E9K, S42N, D137N, D143N, A194V, K238R SEQ ID NO: 484
25. E9K, S42N, V147A, 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
29.  PI4A, S42N, A194V SEQ ID NO: 502
30. Pl14A, S42N, T190A, A194V SEQ ID NO: 506

31. E9K S42N DI137N D143N V147A A194V K238R SEQ ID NO: 508
32.  Pl4A, S42N, V147A, A194V, 1275V SEQ ID NO: 512
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28. S42N, V147A, A194V, K238R SEQ ID NO 498 29. P14A,

S42N, Al194V SEQ ID NO 502 30. P14A, S42N, T190A,
wWAI®4V1738) | D NO 506 31. E9K S42N D137N D143NeOMAMFM04/026655

Al194V K238R SEQ | D NO 508 32. P14A, S42N, V147A,

A194V, 1275V SEQ ID NO 51233; S42N, V147A, Al94YV,

K238R SEQ ID NO 514 34. P14A, S42N, Gr71D, V147A Al194V

K238 ﬁ:@ @%%‘%% %Q%MZN V147A Algg\ég% 514
| 275 V147
|275 % Vigia @i%ﬁ@ %80516
NO 3 SAMN YHATAVA JOANNKS

39. 3ﬁ4A %@NN@Q@M2M‘9M/7MS§QV5}E@YD NO 5§EQ4@ NQ7 {20
P14A3642 NP 1A BA2AIITAQA | 2193V SEQ | D NO 528 4SEQHDNO: 522
S42N38/147RI14M S4IN SHQ4TDANGHVISTEVI2, P14A N32SEQAPNNO: 524
V14729.A19B 4 ACS3BR \IEQAI DMWY K338R 43. P14A SASBQUDANG: 526
Al194%0.1 27RYKIHQAl SANOV 1534 MiDavEIBP14A N20SSEAHAN NO: 528
T1904y AL9PM ARIAHG\GHQAI DINF 536 45. E9G PLAZR&ABRNO: 530
T1904p M9ﬁi&§ﬁ@z$@4bﬁvﬁ@% A@ \Piéé R42N Al9¢M '1%71565 532

ngg f T1|90Af StEﬁgl [§ 34
ool KI%?GI%FZ Saé)ﬂl‘ﬁ%d%‘éﬁﬂn'u 4Fed a | NG 230
t he X% otides are od QID NO: 538
nunb %I ypepti de of a pa ERAL NP: 540

(eve‘i‘ﬁ SE@@[Blﬂl@S"szl\Eﬁlc%‘ed by the pol ynucl eSERIP NP: 542
i mredi ately preceding (odd) SEQ ED NO. Hence, the KRED

U5 VRCRE BB SuER, DEfy9PaTEET8 B HURRED otypepides ar
e\mnerhemtremﬂ aspeldtof thSEQ B3 NDs bhenpolgmudlevtides aet @dﬂ hiombered.
aKRED?p eEﬂitldgthat hasfrom5to about 25 tine

Meggavek wrepbde fft 3 PAFUaR A5 VeMeSERI TP eeleﬁoded by the

drddt mﬁﬁ@ﬁt Hef ddyest SﬂﬁeNobUtHE ! the KRED
ﬁﬁﬁ erslH?r om t eﬁ[aca)cﬁ’ptel glgag? 2 D NO 2 by havi neg
padmeeptile phEEQJDI 1‘@(&: Adp enebdeddfy t}hﬂpnkynacdemhckuﬁzﬂﬁ(l D Nénd.
and by having the corresponding SEQ ED NO 24. E9K,
[1642Nn R1thoe podfedbll ApoetV thl33&nShYehoMNQs didektetb.to a KRED
E9K, 2N, V147A, A194V, K238R SEQ ED NO 486
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 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:

24.  E9K, S42N, D137N, D143N, A194V, K238R SEQ ID NO: 484

25. E9K, S42N, V147A, A194V, 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, VI47A, A194V, K238R SEQ ID NO: 498
29.  Pl4A, S42N, A194V SEQ ID NO: 502
30. P14A, S42N, T190A, A194V SEQ ID NO: 506
31.  ES9K S42N D137N D143N V147A A194V K238R SEQ ID NO: 508
32.  P14A, S42N, V147A, A194V, 1275V SEQ ID NO: 512
33.  S42N, V147A, A194V, K238R SEQ ID NO: 514
34.  P14A, S42N, G71D, V147A A194V K238R SEQ ID NO: 516
35. P14A S42N V147A A194V K238R 1275V SEQ ID NO: 518
36. P14A N20D S42N V147A A194V 1275V SEQ ID NO: 520
37.  PI14A S42N T190A A194V SEQ ID NO: 522

38.  P14A S42N VI147AA194V 1275V SEQ ID NO: 524
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26. B9K, S42N, S66R, A194V, F201L, K238R SEQ ED NO

488 27. S42N, A194V, K238E SEQ ED NO 490 28. S42N,
w&1eb3h1718394V, K238R SEQ ED NO. 498 29. P14A, BAPNS2004/026655

A194V SEQ ED NO. 502 30. P14A, S42N, T190A, Al194V SEQ

ED NO 506 31. E9K S42N D137N D143N V147A Al94V K238R

SEQ ED NO 508 32. P14A, $S42 V147A, Al194V, |275V SEQ

sa 5},@@35@@4@;{1@?@%@3\% 2V Ko36R

516 4. PR R4 M@MYA“M | 275V s

518 4b. PR RO d4TR MLWA A194V | 275V SEQ 0 530
520 47. PRI NA2R SHINOVW RP0AVVBER2BBRNO  5225EQ. IDFi‘iQA532
S42N43/14 7TRIMIA SY2N VBVASEDASDINGN 52439. P14ASERQIRN NO: 534
V14744 A19BSGRA3ARVBRFB4IN NH0523 940 E2RFG& PL4SEQAPNNO: 536
V14745 ALIBYGIPA4A\SRBET 19DAR19528 41. P14A SASBQIDANG: 538
A194Yg SEQp{ 4\ NPINS3©4%42278E4A N32S S42N V1478EHIDANO: 540

<2384y SEQUE PP S8 FibP14A SA2N VIATA ALSGHOIBING: 542
SEQ | NO. 534 44. E9G P14A N20S S42N T190A Al

E234G SEQ | D NO 536 45. E9G P14A S42N T190A A194V SEQ

(17D Nz arBEBerﬂﬁlordDﬁ.ﬁbﬁerMZNPMQEW [Ir@SEBVIrSERi A iN@ire@d@ to a KRED
47. E9G 190 ID NO._ 54

PSP b hisq AR, ACE. SHHE 3 GOBR MY hVEHTFIF o Gty Than the

pggf)&ﬁl‘d@ drtgE@ IBRRO: RO |v®H@ﬁ Rhéderel DRtthd dyxafe! ®M that Qiffers from the

Ut 25 times nmore ketoreductase activity than the

pplypsptidpt ofdSEQF IIBEND| B MO hazingwpieen ofrghes felkayviag seffeof amino acid
SL%%E%BEMZQ 1 b){]Qa\%'Enr%th (grrésspo{lcﬁﬂé ?Eﬁl pPriypeptide of SEQ

oW ng sets of am no
acid substitutions and by having the correspondi ng SEQ
I D NO 35. P14A S42N V147A A194V K238R 1275V SEQ I D

518 3?14&’!;4@1\1"@915'%3&?4&\)/@3@12@%4%/ | 275Vs56QD Ko

e
EQG 124847 q\?q%A N I8¢ SEQ ID 0: 528

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

[18] In a most preferred aspect, the present 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.  E9G P14A N20S S42N T190A A194V E234G SEQ ID NO: 536
45.  E9G P14A S42N T190A A194V SEQ ID NO: 538

[19]1 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 has at least 90% homology, preferably at least

95% homology, and more preferably at least 97%, and most preferably at least 99%
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45. E9G P14A S42N T190A A194V SEQ D NO 538 46. Pl14A
S42N A194V 1275V SEQ ID NO 540 [18] In a npst
w@e@seiTiesl aspect, the present invention, is dPCEUSEU4/026655
to a KRED pol ypeptide that has from 13 to about 25
ti mes nore ketoreductase actiyity than the pol ypeptide
of SEQ ID NG 2, when measuregd as the |ysate, but that

ngTEoaY NWETE OTOHARY SERISCDP! SR NG uaét%?%@&%z 254,

S e e

4HD @3 R1484, S22 MOULHDASAA, 50, SEQSIQN@; SB3820.19%2, 5214 526 528, 530,

SIS S U S D S 1
(HRDE QB&S&GU@S@ maslelcvadiy s@fuchéee wARhyRRRIdi e u%lersﬁ@iiuﬁl stringency

either (a) having an amno acid s

cmtmswalsh githérgBsthe 90giepiideosagygnceprie BR 4B gﬂoat Zﬁeaéfi 245, 249,
23S 3 TR 2B SO AR R o R s om0

43?93i4d784ﬁ3(we882618§f4§|,:_@9 BONF02 387, 44512465, 515'05192552,1 523, 525,
254 344, 354, 358, 360, 364, 368, 374,
5%7825293%1 éfsfia 53@9(537»4@%9 on3dl. 4 a subsequenes ohdh, ofsggleast 100

520
nifipridgo e @gs iy 3sd Fh ol (B e Fgyrdok B F
Ffitseti,eandaT’t daniduionb98&9g Mslepohry Gmingles Daboratory iManual, 2d edition,
encodergé_g% a Eﬁ;l eic acid sequence which hybridizes
bk 'ngency conditions with either (i) the
cggk:clé. @%ﬁsdg@' %5 @‘E%%’Sﬁu‘%g %:f% @%@322%%%4 22%%9 25%)%@5? 2245&1,7256 260,

307,344 38, 338560357, 3685744852, 386,73884400), 49874381440, 4483470, 484,

{5350, 435035, T80, FEEiRe i . o

5561 1538( 5t op 53 REMPHSIAE R fbsttutiomfdeddtioheasd/orl@Gertion of one to six
nucl eotides, or (iii) a conpl errentary strand of (i) or

arpmo)ac(CSee e.g. Sanbrook, E. . Fritsch, and T.

J.
(ME dg%?a}ééfgiﬁtlf:zlgg b?@ow%%c? wsﬂ%a ﬁx‘oh’n@ﬁﬁ]@b%ﬁt?ﬁ&of S‘lEsQ ID NO:

224 0n] 241, 206, zsnezmlzgggmnz g@ G4 S, BES,1900, 21 368/594, 382, 386,
0, 303 344’ 354, 358 ° 360
3&%41003‘&3‘3 4%&4440318‘23 43061843480, 43801904982, W8EI084 242, 543M’8516’ 518,

{3, it o400 00 Bty 1 20

(H49a tpblyﬁélﬁldemfr:(a) :élb)n gchorsidp dtat temams)rnorejtﬁaeﬂ)@npf tandiigal KRED
s RTaTeEREEOSE) 4R B AT EPHUS f o & pol ypept] de

[200f] S%(l?e novglloKRED polypeptides of the present invention also 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 after heat treatment of a KRED
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224, 244, 246, 250, 252, 254, 256, 260, 303, 344, 354,
358, 360, 364, 368, 374, 382, 386, 388, 400, 408, 438,
wd4@5/04A485 470, 484, 486, 488, 490, 502, 506, BOBUSHOL026655
514, 516, 518, 520, 522, 524, 526, 528, 530, 532, 534,
536, 538, 540, or 542; or (el is a polypeptide of (a),
(b), (c) or (d) that retains Pmre t han 60% of the

initial KRED activity after incub 0 C,. pHT
palypeptige 1of ik e@sef[tzmemrﬁé AR T oF5HY 15%2% d@slept 0% of the

pxteﬁ'gatﬁlreﬁts v1ﬂ ?'Vzﬁﬂlt & €1Jef%9alﬁ ?1&@@%@%%nvny (activity before and
ernost a yr el ative

aﬂmtmaeniemmastew@s&@uivlalem 12a)ble lrﬂu@tsrtb@;f amvntlyt fmw@s variant KRED

géqe[{;l e glaezpréaseég i{ﬁzg{qttég 4561&8&5{? ﬁéu%gll;‘(# élftl‘ﬂ etd bR%%E which is
thterv%?d fg?@tKI@DthB/p@ﬁIlde SYSERED NO: 30 € gy 11§1§)tHth8rﬂnostab1hty for

hours "(herei nafter "heat treatnent”). As a basis fo
vaiovp aKREBh potypeptideskbries IREENt i1Vepn iafier (her t@)atn@ﬁnt of their

respiy 9 e et LRy é@% e TR E: er Kﬁ Egt
KRED RED
il T biss bt somBira0s bt etfindel theribRlaRly Sndpiidn KrED

alB%tyCH %f&%deﬂRE F%ﬁy&pﬁﬂbaﬂﬁ]@%réshﬁﬂlmtﬁ)hlHab‘SEQ ID NO: 92, 98,
Pre erabl th D activity rermlnlzgafter

264,86 EHL 236, %ssKmpwpy@%tspaél@s 3he 2y 262, 334, 344, 506 526

0158%//26 %\ sp %Y%? é rSé:g agit tthgg)/sgr?tt byx%ntt%ngé a ﬁglgpﬁéle&f&sth%tl encodes a

Kmn pa@peptiae%fasq YD INO (%25 98 v 264y 2b@fmoe2mdzsst Ded, 3|®ea302 304,
nt were au i val ent Table 1 |ljsts the

3*%C3tli8v3¥4y 3280332 Rat\Adh APk RRED A3 Sk g8 ,acp@g/ngf:lepﬂge of SEQ ID

e ' v K s VAl 3233“327 331, 333,
N@R’?ﬁ&%’v%n ?s@hg% a%gg t§9§ %9%?%0[)1 ggﬁ) 3E;(Segptl de of (SEQ"
5635 S¥Oo0r 341, rédpeetivwedy, lor at:eddrhmtﬂxlnmdmﬂaivthelretqf for
various KRED pol ypepti des of the present invention

(22}t eIn heAhertangidivaerdt tated ditﬁinrerihen?@GCKREB ety a/paf@eed KRED
at 50 C for 20 to 24 hours. based

upon
P@]dmtﬁ‘ﬁtqf ke BCSAI AmYsaEan ﬂlh%?trﬂﬁ%ﬁt déi% Qf;}hﬁﬁ@%ﬂ Retibgof SEQ ID

f
N e D BB G0 SRR e sogal g, o7, o
2247 R76278, 2883822984, 286(28830%), 29042943296, 2'93830(8202 3328306 308,

300 3iReth aLrt1®y nabrtorh 326 3261 SRrb bR 308, 540,302

t 2
ssponts sy i gl PaBL el FEUURUR TR0, o, s

48&&903522, 58645083312, 530635165388, 320542, 52459262828 530, 532 534, 536,

S0 S0 4onSh RERR A i S u2Fhst Poon s
133350090 e KOZED QL Pitylof SEQ PONOVEAM hARlthéamRHdRid sequence of SEQ
opti m zed version thereo I n anot her enbodi nent

DG 46 AR ADBCHURIREDS 508 312, 51455 1 0¥ 13200 SREEBA, 526, 528,
T
dRBELED 16 pd] ERaeende whifchSichddd INRRETS Bolypeptide26f6SEQEAD), NO: 484,
4%67,0488?1920, 502, 506, 508, 512, 514, 516, 518, 520, 522, 524, 526, 528, 530, 532, 534,
536, 538, 540, or 542 such as a polynucleotide of SEQ ID NO: 483, 485, 487, 489, 501,
505, 507, 511, 513, 515, 517, 519, 521, 523, 525, 527, 529, 531, 533, 535, 537, 539, or
541 respectively.
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274, 276, 278, 280, 282, 284, 286, 288, 290, 292, 294,

296, 298, 300, 302, 304, 306, 308, 310, 312, 314, 316,
wW@31®5/082685 322, 324, 326, 328, 330, 344, 332, BEHUSBBH(26655

338, 340, 342, 354, 358, 360, 364, 368, 374, 382, 386,

388, 398, 400, 408, 438, 440,11448, 470, 484, 486, 488,

490, 502 506, 508, 512, 514 516, 518, 520, 522, 524,

532, 534, of 542

[zéfef The ewmtgeﬁgw p@amoaé %ff t‘e%i“%’?és @ﬂ{ypmﬁe@nﬁ%ﬁce Candida

mﬁgﬁolﬁg) begsd 1DA0G 3 bt KREDcRR tsulﬂé,'tﬁdfecpﬂ;% ﬁﬁ@ehﬁ)&ﬂx@i KRED activity

s the am no acid sequence of SE
antB@, th&@®stahddy aORmmEgEed SOEablg 121er®14Th641@m05msl SGQQ@WCS fora

4. 526, 5 30, 53 53640,038 r
NG Qo dBRTHF RRSD Rohwefdssolit pRFCaTaRra@d rdnced KRED
acdivﬁ@caha/érmnaoa@ﬂnmymlseeu ﬁie dﬂi&ld@;hd a8 IRSSEQ m&ms 42, 44, 46,
4£o ypepti de of SE 86, 488, 490

08, 5509, 56138, 68,162 651@ 6@,175) 7@,2’54 76018, 8642, 8g2g6 88580, 92, 94,
5 6
9@%&2%12%0& 344, 28 g@%% X 2223?%?g§9§@§238%§4, 35§, 360, 364,

3@?745333_2,, 3563,?:?885393 45%51;08543;8, 450.,944852]() 482314866288, 07502, 506,
531, 5 5 537, 539, r respectiv
SR S19es Hod Lo, 0081 TRUe S Hoo0t 1 s 5B SR ééﬁy%épéi(ﬁgl 542,

(source Candi da magnoliae) of SEQ ID NO 2 that have
[34d enIns @bsecondit asgedto the eregedniiypriEn KRAmeeed jtoj gy polynucleotide

%egéc%renc mE‘%ﬁE %k? tllné It &v@rd%s&fﬁm\fe%ﬁge 'I@{E:;I_g‘gloﬁfggptl%es such as a

acl d sequences for a nu
polghedlédtide df\IBIEIQ o INGreft, |46|;9$5 t4ad9 hely 63 d85ydiTs 69 b le @3, 65, 67, 69,

15 78, G e iy BT eoh o B NaT 25 2ad, 1256 3h3, a5, 249, 251,
25';9 2552259536152%3 585 2602662716473, 626/5 @7‘37 2?9 28712285 42:85 287, 289,

‘82, 84, 86, 88, 90, 4,
290893 2295, 2928992301, 3036052507, 325,231125113 325631726(D9 33244323 325,

NG T O T

3@%975@9 4014375480, 4218695483 45324875%9 592650387, 130513, 515,
534 536, 538, 540, or 542. : %&Ln a second
Iy

5&1%.;5&81 521, Fe3, éﬂésﬁ% 52\8ht 18n53% 5 etS4loresppgtively.
pol ynucl eoti de sequence encodi ng one of the above
[28scii bprefémadembodemétiRAbe poisgpaptdnties is dicectedade agolynucleotide of

sBQ) HERC: 335, 25, Y. s 25hea0955. 43 39348 3537 I, 00, 363, 367,
3%3.3883388887,8399, 887, &537; 4335344951-699183 138, 482'0589 283, 505 507, 511,
075 D43 245 349 25 255, 259, 261, 263, 265

5B B15281, 529.1521272%, 5275272529 521?@332815 528353928155412E§fiit encodes

5500 2880 ShberdRn SH 0TS B o520 o

3881854338, 36653643368 33393823486 33431003908, 43574403498, 4376)3484 486,
367, 373, 381, 38 399, 407, 437, 439

4853904508, sa@,§os4élr2 54395165@118 52057225074, 53615285 $30, @@5534 536,
53%95405&9%25@5 ecody. 525, 527, 529, 531, 533, 535, 537,

spec ively. [25] In a preferred
nent the present, inventipon is directed to a
[%@b ly i eta{nied pot eé?rrec? embodiment, e presenl ifiveéntion' s Hirected to 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.



10

15

20

25

30

SEQ I D NO 223, 243, 245, 249, 251, 253, 255, 259,

303, 343, 353, 357, 359, 363, 367, 373, 381, 385, 387,
wW@2®s5/01%0Fy 437, 439, 447, 469, 483, 485, 487, HSOUSHOL026655

505, 507, 511, 513, 515, 517, 519, 521, 523, 525, 527,

529, 5831, 533, 535, 537, 539,90r 541 that encodes a

novel KRED pol ypeptide of SEQ I D NOS: 224, 244, 246,

0 125 ot R ol hent i s o

pdlaﬂucle!tﬁ%ﬁiﬁ ofSSEQAMD N(:058)5, 318, 539853%kdd Bl thabbhcodsd® KRED

pg'?/P%I of e@ﬁ@?\@%9%2?%?%&333%?&%%;%}?%%?] %1338 540,

nbodlnent the present invention is directed to a
?&ln yHue Ithisd pepeci fthesprosent inyntign s diyepted w7 nuglgl, adid tonstruct, a

0 1 5,t KRE
Vpo(f_}yp(gptZl | gt ?elﬁénﬂ%sﬁé 4@21&“%%%&9%85&%5%[) e&&%‘f‘“g a D
PP ptide 8f tfﬁlﬂeseﬁmﬁvem'ronwer,ativdg pieked toed profmdddr. | N an

even nore preferred enbodi ment, the present invention

[293 din edfbedh taspatt, Pk mwéhteﬁivbﬁiﬁ)rpfs &Iréd Drd\N@ mefed of making a
519, 525, 535, and 537 that encodes a KRED pol ypepti de
K&EUS Mpg)ql\ﬁg ogdge prosgnt doyentigmecomypiiging3ga) cultivating a host cell
I,V [ c
HERBRR aniokiq (£ cfhfel Bt AP 8 hoci i SaRd 88 hoe gncoding
KREE polypentida diabe pmséﬂt invampioh sinder eonditions waltatdé ifeteproduction of
se nce en a KRE tlde of the present
the rﬁ’f”? B‘b‘g&’atrg‘\%?‘}ng ‘?ﬁ ‘!ﬁ;&&dﬁ pronoter. [29] In a
fourt h aspect, the present invention is directed to a
met hoBRIEF MHSCRIPFIGRISE PRl ERAN! Hewsiot h‘?l]EPDR%‘WfNGS
i nvention conprising (a) cultivating a host cel

[30d npFiGs i Inexeanptifies eh oxalatioh-exinstidrcycle afpreisa Iketoﬁeductase reduces
Bucl ei ¢ acid sequence encodi ng a KRED pol ypepti de of

H‘@toﬁFé%é]ﬁPrPW%?ﬁ e resyging ageiHdTAPBHSodhg eertsisporfding B-hydroxy

SR8 5 PRYBSPI 5 BN A L e

bdbRAWN\l@BPﬂ-Bﬁi tiel fiieschce € ghldofd ®idnis oxidized to gluconic acid. The
OXI dat i %n reducti on c%/cl e wherein a ketoreductase
glpeqiit asidafopmed aip 4BIS TRAGRR i meukrlized By sodiumehiyrsprge to sodium-
gla@site. NADPH t o t he correspondi ng b-hydroxy derivative
and NADP, and wherein a glucose dehydrogenase (GDH)

d f
CAFCLBES. HAEuORR S0k LapRBIE) P, BUREDERR e 5 amin

aogi ideotiiycofahe 8 RED pelgpépidedt bBthEQ)a&Eh@mvelﬁldﬁ@ wehafit By their SEQ
| uconate. [31] FIGS. 2A

b odi um hy %de to sodi uny
ﬁ P%u yersyshe RelyRERtdsH of Bl@éved@dlaat@%en@r HbFAseIENGes (rows 1-
5 BIBIGL 2 Meheafrhitlo 'ae'ﬁ%qﬁaﬁc%f ghl%g J%%t %34 riéﬂeg%g ﬂmlsmz)

the present invention, "1denti
is peovades astSEQXRENG A (ﬂiﬁ’p@S)d g% geherteeFHGSVA 2/H iahg’ﬂﬁdlt$ were done

o BB LS S Mt 52 Bhve 2o

mtWRRAEHL pap3gethlties 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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is provided as SEQ I D NO 2 (CR2-05). To generate FIGS
2A-2H, alignnments were done using a dynamc

w@e@dngmi ng al gorithm for d obal Alignnment ScBCT/N§2004/026655
Matrix: PAM 120 matrix with gap penalties for
i ntroduci ng gap = -22.183 an?3extending gap = -1.396.
The percent identity = nunber~of identical residues
between the first sequence and the seco Shsgquenc

(R vi B&s Dys @ndDI0chpyenpisssion Vegton Gfgh h h&; BifSARt invention
) c !
G EE o AR e T, AT, 1 e
pio®taearkhribasonsil middimg sitee €T TgI0tRBS arhd @ cddrdmpbenier cesistance
of tmo Eroteins," Jour nal of Mol ecul ar Bi ol ogy,
gons: (@9mRU53 (1970).[32] FIG 3 is a 4036 bp expressi on
vector (pCKlI 10900) of the pr i nv
(33 npThe &wgg%nmwx gk asr |$ﬁ% rF{]e(‘@%g,@eéWB“O" of certain
CIlntdlm%ntg%I?t n;ggéeﬂglrﬁfbrtnt?o ]]l 8¢ b&&ﬁ’ 'ﬁﬁ&@rﬁt’oo@ whén read in conjunction
osomal” binding site FT , a
wﬁ:d’tltb&’ appehésd drabvingss iFet &mqmr[gmn ef (lhzatrﬁt)ng thg 3jvemtien, there is shown

f oi .ng sunmar det a
inbe %Pgsoﬁe%?m& ipdinetEn s Sranish e il %P&S%?{t I68€he present
ilveNEH [sOfbt 1Whitdd RethBelrtagEeHie hd dReuRARIEyebvMin the attached
conjunction wth the appended draw ngs. For the
dpwipgsse of illustrating the invention, there is shown
in the drawi ngs, certain enbodi ments. It should be

u_nd_erst ood, [E}g-}ug ePfDDt]ﬁ% ﬁﬂfﬁfblgr(ﬁfb?gbune i'S not

I|mtedtot rrangemsnsan I ns ntalty shown ,
t g &td H&J@ﬁd (Hi @Mh NG torbBubMlsb’ER PERBDP bk b dintbi#hangeably
ENTI ON [ 34] As used herein, the terns

héﬂe&t torreftu ¢¢ agetypepide’ (REDSS the abilitetd ¢aﬁalmmﬁg@&bpy of a ketone,

rein to refer to t that h
Pf erably aPy%OQ%énr%c‘g&‘%’oﬁg ; I(glpefet%ﬁssl)o% lélﬁeﬁakﬁi%{/ Heid in 2
sééﬁetog&%ﬂaﬂn@n&rk BiziAC rdiub&l W8t RARIIE HRBMHE M R1ddYidE QXADH) or

acl n a stereospecific manner, utilizing reduced
reducad nipetiiadedaadeningalinlicketide QhCi)S@bat@ KNBPHOrastegitgdueing agent.
ni coti nam de adeni ne di nucl eoti de phosphate (NADPH) as
[33]e ﬂ‘ﬁd pﬁf:isékg 1ﬁlmnbn hhﬁﬁl}lltfbﬂ’ﬂsaspecﬁseht orieraspet) tha pheaent invention is

mul tip ects aspe resen |nve .
et Roca Sabrnsione oRRERET Rebrerideehyingarypuss REED sctivity
%%Weﬂg aeﬁ_ﬁﬁﬁctﬁ’cbﬁ@@ I@@t QVﬁrEﬂérszﬂ/ ﬁﬁ\hf(}? aft Radd lmeé)ftyplcally, 1.5

prefeéerably haV|ng least 1.5t
td gtp; tioeh, morelyﬁcally 56 to nbes 25rionas thgx!i&fd) B@xlutys)ftSEQ ID NO: 2 as
about R activ
riragte B U S e Poatuni o AP BRCE o ATHR, A R g gridation
vith NELRAcsHRardt GellictionXdfdake@Re Wb tihe theespondiagid@nbl. In another
reduction of a ketone to the correspondi ng al coho

I'n
asm:ot, lileg prgsgns drventine ipdisecsgst to SRR @ﬁlypgpttﬂerlé%’!%‘dl $do ailbout 25

AER RO 0 ek S .0 LR by

deEasser @datdyralee or fluorescence of NADPH (e.g., Example 4) or by product

produced in a coupled assay (e.g., Example 5), and being at least 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 variant KRED polypeptide as
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decrease in absorbance or fluorescence of NADPH (e.g.,
Exanpl e 4) or by product produced in a coupled assay

‘W@ eoogoy71Bxanpl e 5), and being at |east 90% honBCDYS284/026655

preferably at |east 95% nore preferably at |east 97%

and nost preferably at | east 29% honol ogous with the

am no aci d sequence of SEQ EE) NO 506, 520, 526, 536

and 538. 1)@@” one enbodi rrent t he present i nvent

agsgriag Lt ein i bxoRiI B Eori it Rt ki Py gt the Present invention is
’ e

<SS LPESARFIIGE SoRRIEE, (PRERIST BRI H Udrid v

artl 1 euitablt dacriea, typicebint bR opsioppmpts typicaliye buffersetiution having a

rein in lyophilized form In yet another enbodi nent,
Pﬁﬁ’ét“ﬁeéég(h’{“}/q fﬁ@enti on is directed to a conposition
conprising a variant KRED poly Pe ptide as descrkgﬁi) .
(373 ol apiden 28057 ABF PIERR} TBYeN gl CiTeF(pdaton f polypeptide

( QIJeHﬁ) e)p ri%olggcﬁ g& éﬁgﬁ@![ﬂs%lﬁné)ﬂtf fegt F?ltﬁﬁéso'f&[ﬁ@h\ﬂzng 58¢oP5d times,

I anot her aspect
nmrcewnallyrivbm nbouti2S winee tecRED atiKREDL i ppleypcptwe of SEQ ID

NPLE L B R SR S 805 Rl v

prefabl) cabebikea, I)f me&ondswmgm@céuangésy APVt R8E; F5L or C; N7K;
pol ypéepti de of and havin he am no acid
EOGadHob B 19@@ PEADA 166w s 04, RIOF gty or ; E21KS S22N or T

@ﬁ%egwﬁfnﬁ%@ ¥ eli610's 45{37%%%‘5’16?%% Shay R: V6O Y64H;
NIBSKLD M S%G;Gam 6717884, DE8Glor NASNMIERK &2GKK78R; K79R;

% R, V25A; N32S or D; A36T. $S41G
KaABNAS XS NORA BPINOBEADIRBIC, VoY rar RSEASR LO9SL-0F, g H; TIO0A

S5 ML & Tk PG WA SR8 Sy oy

Kdr4E:; DKO3Ror AN 13 15 ooV; B 13ENOKA34MLOA, E 0QRO3R37NJ.6)5@ Q138L;

VRi9MiB 1 9SR0 e ikl s R SR s ISR gpissL o v

1\&91@1%86@%& 53§ or éfléﬂfb(} PLASR 165D 1646 KKk‘l%RI or R; A170S;
247N, VISO0A ;. HI53Y or Q H157Y’ F158L or Y’

VETBD G133CVMIFTE20¢ BrHE0EIG BR3IoT 190A;EA BEDY; AQ%W IF201L K203R;

P VIO St e SIS AT i R o o

EY2481 or D22%S5KESRAK NB7or; R38R 2B TE; D22y VYBSA] Ra60IA A262V;
QR33K or R, E234G or D; T235K or A; N237Y; K238R or E;

T22BAA2740R53 AL pr80I1and R283R:;,  T272A; 1274L; 1275L or V;

and P283R. [38] Except as otherw se noted, the terns

[38]er Eaodptiad entbarivyse” noted, itderﬁcrintsy"percep“eidceﬁty, 'd%n'ldbméib'," "percent
.and " identical’ are us erch

Bher. 09, Wl pRisabre bR OES B TReb @ HEHL Prye fggnt amino
ablﬁ sHQlAEdRAGURANG deREmiNeg dbiap ke MbaB&hardMalBEh global alignment
alignnment algorithm i.e., usi ng dynam c ro ranm ng

€

algogimi.t ten heng Ayobmic proggmming deeithpy for Global Ahgnment 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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Matrix: PAM 120 matrix with gap penalties for
i ntroducing gap = -22.183 and extending gap = -1.396;.
wo b@sperieent identity = nunber of identical reBCTHUSR04/026655
between the first sequence and the second sequence
di vided by the length of firiﬁ sequence in alignnment
(mﬁth gaps) (p) indicates par mat ch. See Needl eman,
& Winsch

| ble to
Bhe’ Feue e shagied KRED] ?ngqgﬂd?%%fh Sriers tl:ﬁ%ge‘&g’&ﬁﬁ pgeferably
c&%lﬁf"% DESLELD o en&@%rﬂ?}bst&ﬁ MR [ BSHHAr a &rﬁinﬁgﬁés[())urce of cofactor

3 (197 I'n use, the enhanced
quhw&&ﬁﬂ) pled gpeptide. hSechgseml' Anwiertt iaseinathe temefeafadior) refers to a

led to a cofactor re eneration systemtha
B cORp R R R Ee D oy B BB TP o gtk reaction
o RkfOLPFoFl8xanRAE, the 6b¥abtods, NADH 92 NAOPH] e utilided @fithlan enzyme,
"cofactor" refers to a non-protein corrpound t hat

suphersathe SKBERep@jyantidas of th presemt isvenying. arfl @404acjoreregeneration
sygf%%&h’ag ldc% eﬁ | (X (é: gfgse s d G0 c%ttﬁfyzg %%gtteférﬁ%ecmducuon

&6 Ut enzyne,
oKRER: gy R tac itk Sestd/atlide rlbeﬂe:ﬁlt domtqmntlmg almglirax ybutyric  acid
cof act or regeneration system such as Iucose
ederfamide gad gskalokaienss o their eqrespgndin ingospeci fic
reduction of 3-keto-butyric acid ester/am de to their
[4ﬂc)r r @hq:)amdi ?@f&i@ydgmhimlysyistené’cieﬁere@t@m am‘adiet ofingiictants that
t ones ir rrespon
PTG o 0900 BF TPRGISTOFAL Py SGHT ek L1 UF Rl igon sate.

AnQxa3mpRl is e Fe@asdraitinoft HadizRPESTAGbPRA®D bNADPEB&JK t8Mhe reduced
that regenerates a utilized cofactor back to its

fcmreofrtéa@@fagﬁ@r,g &t NADY apst AHIPRH| respastivelggdinerrgducsa (epenerated)
Ict?)ﬁés g Oqc,: cg f te%rf aEK‘\P rgaﬁR%anu? e’mﬁpﬁb&?ag% 512(2 %{'& Q%Mer Qch as a

kéﬁbﬁédﬁ&dw} ad }Slroagwﬂfeatseeeosp@ifmuprreﬂﬁcddhembsaaaabhce tné oxidized
ain reacting again with a substrate and an enzyne,
(@ﬂghd)a@f@ptckrew eredfy thedawer ip éeagpgaﬁélebyt the cofactor regeneration system.

S?ftzﬁﬁ? %%Pa%?dr @llle!ré(tlcfne \%ﬁs‘é&gs Sih@ﬁ i&o?éq dnd h@ ggae%le d&i@h?ﬁg) genase,

ctor, rein t [Fatter 1s nera
fcb‘ynatd"ldehgrdfo@emase ané gﬁmﬁiteatghmmscsﬁqmesphafémdhadﬂogemé aod gtucose-6-

PSP oHERILE) ORI desy G B gE S Pralny feghHarad the like, all of

wgllldlﬁcé?é Bsddr @mélﬁt@tbﬁAﬁP}WﬁbpﬂQﬂ%&Dﬁm&Dgﬂ UBRSEfoR example, when 4-
osphat e, secondary al cohol dehydrogenase and

halseﬂekejpa;bhtwiccmdlqstean@r amédel iskegdua¢d byf a WRRER aekypepsisly of the

i eit
oSO Ies B B podiRelthe ey Riprogicg PR i NaDP
d P qtdddee Yabk ERict@iraed
e TN oo XD LA Ly st 1 orgns
mr@b‘ﬁ‘éBHa(ﬂﬂNmﬂ’) borslweas) and weatplysiaamongt No@pcc{Sé idehydrogenase
I
a&A r%)‘[g‘ls m«%ﬁ&gf ?e% Rﬁ%’,ﬁﬁn( E)‘ége%gfg‘géggg\ée (gﬁs %eéi?é#egﬁft% of the glucose
dalielibdenati orgd dfscdsiere gaiyaioagesnamas eimpligied $n BIG. o]f act or
regeneration system The above-described operation of

[dhe Thecose “caipss %qmealr@felmé 2&kPo HIRUBGREHAHORduced form of
systemis exenplified in FIG 1.

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



10

15

20

25

30

35

40

[41] The term "coupled” is used herein to refer to the

use of the reduced formof cofactor in the reduction
w@boosloe71B®t or educt ase substrate, and the concoPCT/E81004/026655

use of the oxidized formof the sane cofactor,

generated in the aforenentio gd reaction, in the

oxi dati on of a conponent (e.g., gl ucose) of the

cof actor regeneration system which generates the .
enzythgde ghewn s dbeingreoupledetodae ghicese deffydeogengse mogactor, regeneration
Sytpe?n ket or educt aseenzynme i s shown as being coupled to
t e ‘gl ucose dehydrogenase cofactor regeneration

[ iggﬁ‘m%@]ﬁﬁa’%]ep:ﬁlgp%} gétglfﬁt%{){)\%% atgsdl%lg%gr?tg{hgitplr?%sg?tg]ﬁv?enéiog is directed to

a 1yRpRtd deatthetfrétasl.§ rtombdub2s airdsotie REFD a@bvity of the

t he KRED activitsﬁ of the polypeptide of SEQ ID NO _ 2,
pwimptlﬁeaxf HEQ IRSNOR@. Whsmimeeasyygd as the xsater Bristhat gifferh from the

0 t i depaf J o 2 By ' t - :
pASBEE 45 80 R 2 B nalaBYorl A6t W Morhe R of amino acid
s%gduggn%ﬁgl l\l?}d’f}?Vﬁfgﬂbﬂdéfﬂ@p&%g SEQAD NO: S42N SEQ | D NO
. 124R, A194V SEQ ID NO 244 3.

AL94V, K2BA®YSEQ ID NO 246 4. S42N, E160G % l‘é%'cgz“

ID N& 25843\, L, 394V SEQ ID NO 252 6. S2BR IDAY9axA4

SEQ BD NCS4ZSAMWAGK2QRY1401, F158L, ML77T, SKQdNQEH6

| D N& 25642, BHBDQ, AH938Y, T235K SEQ | D NO SEQ I NO: 250

S42N5. A19842NTRFBK SEQ | D NO 354 10. E21K, SEQND NO: 252

K78Re. A198¥M8EQ94% NO. 358 11. S42N, E163K, SEQAD ISB(R54

I D N 36Q43. v BARNF15¥L8M 177194841 T235K SEQSEQ INONO: 256

364 43. 7QSf Py Ab94X SEQ I D NO 368 14. §4@ND NO: 260
D129§, Al SEAP 374 15. E9K, S42N, ALf . 354
| D 38 % ool %Al94v SEQ I D NO No: 358
S42N, D131, A 1 388 18. S42N, . 360
A194VL: T2 g X %i 9. S42N, QLO3R 121%5;24
EQID NO:

I D N&2 408420, VEMk ‘N,Llfoz 4V, K238R SEQ | 8
13.  N7K, S42N, A194V S 7368
14.  S42N, DI29N, A194V SEQ ID NO: 374
15.  E9K, S42N, A194V SEQ ID NO: 382
16.  S42N, DI31G, A194V SEQ ID NO: 386
17.  S42N,DI31V, A194V SEQ ID NO: 388
18.  S42N, DI31G, A194V, T235K SEQ ID NO: 400
19.  S42N, QI03R, A194V SEQ ID NO: 408
20.  E9K, S42N, A194V, K238R SEQ ID NO: 438
21.  S42N, VIS4L, A194V SEQ ID NO: 440
22.  E9K, S42N, N9OD, A194V SEQ ID NO: 448
23.  E9K, S42N, DI31G, A194V, Q233R SEQ ID NO: 470
24.  E9K, S42N, DI37N, D143N, A194V, K238R  SEQ ID NO: 484
25.  E9K,S42N, VI4TA, A194V, K238R ~ SEQID NO: 486
26.  E9K, S42N, S66R, A194V, F201L, K238R SEQ ID NO: 488
27.  S42N, A194V, K238E SEQ ID NO: 490
28.  S42N, V147A, A194V, K238R SEQ ID NO: 498
29.  Pl4A, S42N, A194V SEQ ID NO: 502
30.  PI14A, S42N, T190A, A194V SEQ ID NO: 506
31.  E9K S42N D137N D143N V147A A194V K238R SEQ ID NO: 508
32 PI4A, SA2N, VI4TA, A194V, 1275V SEQ ID NO: 512
33, S42N, VI47A, A194V, K238R SEQ ID NO: 514
34.  Pl4A,S42N, G71D, VI47A A194V K238R SEQ ID NO: 516
35.  PI4A S42N V147A A194V K238R 1275V SEQ ID NO: 518
36.  P14A N20D S42N V147A A194V 1275V SEQ ID NO: 520

37. P14A S42N T190A A194V SEQ ID NO: 522
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21. S42N, VI841, A194V SEQ ID NO 440 22. E9K, S42N,
NOOD, A194V SEQ I D NO 448 23. E9K, S42N, D131G

wWA1PaN718233R SEQ | D NO. 470 24. E9K, S42N, DIBTMIS2004/026655

D143N, Al194V, K238R SEQ ID NO 484 25. E9K, S42N,
V147A, Al194V, K238R SEQ I D N@y 486 26. E9K, S42N,
S66R, Al194V, F201L, K238R SEQ ID NO 488 27. S42N,

;K\%gé‘ 8'SE§§§ %?g%ﬁ%; Von %é%:v:s% Z ;524
Eok Slon YA %43?7 v %ﬁ\ BI2RS e R SEQ | NEg528

32, Phaa PESRZNMAZA MY, | 275v SEQ | D NSEQFPING3530
SA2NF2.v14P A NB3SB42R08 B ASAEP4 PKRIBBRE 14 34, SEQ4R NO: 532
S42N43.G7 1Bl4A/ISH2ZN X142/ Ad9488R2EEOQ | D NO  516SEQ.IDRYQAS34
S42NA4/1 4 7BIGFIAN R2EBSIAN TH90SBQPMH D BI34G518 SEQ IPINA: 536
N20 D454 2 NEYGFIAASBNTISZE W 1SEQ | D NO. 520 3FEQRDANO: 538
S42N4d 1901 44 34IN FEQ4VI2EY 52238. P14A SA2NSNOADNO: 540
AL94Y7 | 27BYGIEQAI ANCr1G¢ 39. PLAA S42N V14g ¥: 542
K238R SEQ I D NO 526 40. N7K P14A S42N V147A AT94V

(43275

In sE@mare mefermsd gaspact, phe presepi inveatian Asodivectrl)tp pn KRED

oA % "B AR AR S Ry o

pdl4pephaS dPISHY MRASOS22 WhEd Ihswit@4Y the Bkaie SEQ that NPfers from the

9536 45.

P@i&%tiﬁzﬁggﬁgiﬁﬁu

subl@@formERd By MPingite crfetbotdin Sg‘grlﬁ Roeferred aspect,

the present “invention is dirett to a KRED

pol ypepti de that has fromb5 to about 25 tines nore

ket o24ducEQKeS4aN, IVI37N, DdBNT Ae9430| K233K | de SEQIBNOP184
NO  25. WhEOKSENjned7as Allbav] Ksagre, but t hat SEQfIDENS: 486
fromg.he pokypent iséeroA 1$HR #191NK2280Y havi §8QaneNef 488
the $pl | owinNg SRMY, ¥H3g|i no acid substituti 0§1§QQﬁ‘N@Y49O

2N T190A A194V SEQ | D NO 538 46.

5y Redaymenese ghdhy follgwyng seisaokamipo acid

havi g t hg,£9 £ERONIRY RESRR D NO SEQ ID NO: 498
29.  Pl4A, S42N, A194V SEQ ID NO: 502
30.  P14A, S42N, T190A, A194V SEQ ID NO: 506
31.  E9K S42N D137N D143N V147A A194V K238R SEQ ID NO: 508
32.  PI4A, S42N, VI47A, A194V, 1275V SEQ ID NO: 512
33.  S42N, VI4TA, A194V, K238R SEQ ID NO: 514
34, P14A, S42N, G71D, V147A A194V K238R SEQ ID NO: 516
35.  P14A S42N VI47A A194V K238R 1275V SEQ ID NO: 518
36.  P14A N20D S42N V147A A194V 1275V SEQ ID NO: 520
37.  P14A S42N T190A A194V SEQ ID NO: 522
38.  Pl4A S42N VI47A, 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 VI47A A194V SEQ ID NO: 530
42.  P14A N32S S42N VI147A A194V K238R SEQ ID NO: 532
43.  Pl4A S42N VI47A A194V 1275V SEQ ID NO: 534
44.  E9G P14A N20S S42N T190A A194V 234G 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 P14A S42N T190A SEQ ID NO: 542

[44]

In 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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24. B9K, S42N, D137N, D143N, A194V, K238R SEQ I D NO

484 25. B9K, S42N, V147A, Al194V, K238R SEQ ID NO 486
w@eosBoH3s S42N, S66R, Al194V, F201L, K238R SEQ PCX/NE2004/026655

488 27. S42N, A194V, K238E SEQ ID NO 490 28. S42N,

V147A, A194V, K238R SEQ ID 498 29. Pl4A, SA42N,

A194V SEQ I D NO 502 30. P14A; S42N, T190A, Al194V SEQ

I.D NO 506 3 E 137N D143 1 A194V K2 . :
podpRgRies S@ésnz),%?oﬁﬁ S47R, o913y Abe AABIOTE | S5 Spego acid
sub&it¥Fonsand 2tf1\5 cé@e@.ﬁ&ldu% JIDIRE8R SEQ I D NO

514 34. Pl4 Gr1D 94V K238R SEQ I D NO

516 35. P14A S42N V147A A194V K238R 1275V SEQ I D NO

518 36. P14A N20D S42N V147A A194V | 275V SEQ I D NO.

520 39. Poid S42N VIL9A8A UMK 2 SIQIITBWO. 522SBQ.IDRIAAS1S

SA2N34.47 p14RRIODHIAINSEQR1DAN YV I275\89. PLAASEAIN NO: 520

V1474g, A1914W6§$§18\&5@Amd@ K226R 40. N/K Pl4gn§4p MJO 526
?—M?%fﬁ@vlf% 19298249y P14A SAQ

V147 A ALOGY,

A194Y), SE 2@% v147 536
K238R" SE gg?

SEQ %%i’\ . S S42N T19OA £ 538
E234%-SE kS

G P14A S42N T190A %E?ﬁo
ID NO 538 46. P14A SA2N A194V | 275V SEQ I D NO 540

451 PG RAA prdhed 1RpA: Shie bR:bKe irdRtdA s Hileddl @Y e KRED

nore preferred aspect, the present invention, is
poliypeptide dhatohas ﬁ@EDl?pm ypeyst Zij@ntehanomal@wrp@uﬂt@et@tlwty than the

bout t e ket oreduct ase
o hich A TRES Bl SR e ALY LR e rom e
pdl%ﬁe}ﬁﬁe GUSEQhEY NOf Rebg Habid éreepp i plidviiag OdetsSERQadiho acid
2 by having one of the follow n g sets of am no

swmtlgmbmd lmhavmgsthaﬁ@r%powbwg AEQIReNOor r espondi ng SEQ
DD NO 35. P14A S42N V147A A194V K238R 1275V SEQ I D

B0 S S o A e T e

[46] The KRED polypeptides of the present invention have enhanced KRED activity

(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 amino acid residues, typically by 1- 10
amino acid residues, more typically by 1- 9 amino acid residues, even more 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
to 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
either

(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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40. N7K P14A S42N V147A A194V 1275V SEQ ID NO 528 44.
E9G P14A N20S S42N T190A A194V E234G SEQ ID NO 536

W@ 200580@PL4A S42N T190A Al194V SEQ I D NO 538 HGI/USDM026655
S42N A194V 1275V SEQ ID NO 540 [45] In a nost
preferred aspect, the presentginvention, is directed
to a KRED pol ypeptide that has from 13 to about 25

230 TR0 TRLSHESR! SRS Baoi S A0 S0, B YRR o, e
4m f41’8&,r4586f nssn@besamlsyoem& 51192 ofi4,3H@, 518,800, LD 8240 506N8028, 530,
ne of the | ow n am no acid substitutions

S G305 g3t A A (Pt AEmOREoNToNEPO RS RO

T DR I ED L B s

cétdiRies pakly pitptr i (Daebe aficledtédepregs@nt of ISEENTDANONRAS, 243, 245, 249,

250 IR0, 50 Rolrade! s A3 TR, % Tt U0 G687, 437,
430, aav ef6ot hgm 4%5648?%@9 ol i ¥4 SO‘PfS 1&@1?%@5%’*}95@%@1 523, 525,
5£7ar§/29e ptide from C. magnoliaé of SEQ |

fr561n gE’QfBD By, BDyr 5420 @riansnbaequincesf dijex, at least 100

b 10, am oaC|dr ret | |
iR of (P st 6,08 BT (it 104tk B
Fﬁtsa’m dnd BCMinia68,] (0895 MBEh1aOS ontngpiAC iab(Yrak&‘ :Marﬁlal 2d edition,
ami no aci d residues. Preferabl y, the KRED pol ypepti ‘des

Cold SmagdtakeanN.Ydvent i on have enhanced KRED activity

DI wpfor B QobBedoB Ll S50 MIN: HACHEL 20l R ggpegse. 260,

3G5; B, 35¢, 358 Bhe, IvdckdrR)Be4, FG:SE[B&’QBB@GNO d68 04385&@) |4D8 470, 484,
aspect sent invent

4§ 188450, o, 506 SRR S0y oy 51 HOADTAnG 4, 96 951590532, 534,
5% 588 ”?ﬁﬁ) b %45 %Bf-h?ﬁgﬁ{gt a%%stﬁ?ﬁ(;)ﬁ/ | dederiSh, 4o BLé{H&%f d8e to six

of "SEQ ED havi ng’ an am no
anamquemls,e vvh| ch has at | east 90% honol ogy, prefer abl y

(iog TRt 1o ek AL g tenebe-Som bRV gy e REGHD NO:

28O0 A6 ﬂs&@gyemezsé 2§EQd3D34ND3522§58 3693644968, %22 382, 386,
252, 254, 256, 260, 304, 344, 354 358, 360,” 364, ,

3833741003@ 43&64403‘3‘58 41@,048444)% 4&&81904%!2 5@6&084512 5484516, 518,

180 89,50 55 590000 M 0 Sl e 18 520

(epih2a pIgpepitidalof €x), (B)orDbe ghURatRelaRaRbledBs 60% (dP)hd fhitial KRED
encoded by a nucleic acid seﬂuence whi ch hybridi zes

acﬂﬁkﬂléﬁft%ﬂ@{hﬁl@@ A MG &n oVl Thm@Otmipgswi th either (i) the
nucl eoti de sequence of SEQ ID NO 223, 243, 245, 249,
[4851, Ties 30ved SKREDS 9ol ypersides 48, thes@escb Anvasion 868,ha86 nhanced

thg’ dsta%%flty re% 8&1Ve t0§h wﬁg-?ypeﬁ(%Zdredchase 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 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 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



439, 447, 469, 483, 485, 487, 489, 501, 505, 507, 511,
513, 515, 517, 519, 521, 523, 525, 527, 529, 531, 533,
woe35/05835 539 or 541, (ii) a subsequence of (PQT/O82084/026655
| east 100 nucl eotides, or (iii) a conplenmentary strand

of (i) or (ii) (See e.g., J.2§an‘orook, E. . Fritsch,
and T. Maniatis, 1989 l\/bl ecullar C oning, A Labor at ory

Col d .
N R e e S e
KRED pdBBeptiRRe of %ﬁéapre%éﬁt in¢eftion3Rhativ34d, thd KREBS&:tivit§ bf CR2-5
364, 3 374, 382, 386, 388, 400, 408, 438, 440, 448,

which, is4gw, wildeypes SRERoplysotide 566(SEQID O 25140t g3 lists the
th%%fg(’)st%zlotg 4%22%%24315%§%a p%f}/%th§cfé8t ofg ﬁ% <>1:§41?t %\%’gmlcﬁl?’%fter heat
treédiBhe B of | tR&i Efspetive telDIygattDatHOR Gafioic 0O - as Ihdsrs (d) is a
fragnent of at |east 220 anmino acid residues froma
TapleviPept i de of SEQ BD NO 224, 244, 246, 250, 252,

254, 256, 260, 303, 344 354 358 360 364 374
g%%lli%, 388, 400, 408, 438, 440, |448.Adi 484, TH@®o-

90, 50AmaBGAciB0utadBibds 514, |S5der conrol 326tabHRE after
526, 528, 530, 532, 534, 536, |538, 540, Oorhdaftteatment
) [M6T@Irps8ypeptide of (a), (D), (c)sof (d) that
relBing more than 60%of the inifidl KEED activity -
afgr i 651% HONFERB YSR1 671 YWH2T for |60 minutes.| [48]

Thé no‘M M384bl ypept i des of the |present invention

al nhanced thernostability relatjive tq the
%ag %@l\ﬁetoreduct ase of SEQ D N@r 2. Thernogtability

vvag4det§4'2|fq )31@94\618 a per cent age of initiak (untreated)

o Al aft Ay oot
u

-y
XIS

y u\all’Jl C “I'} I CI Cll III Ily Cll l T rnmeat

t r3d m=>$f‘2 Ai?t,\é r‘pll lysates to 50 C at pH 7 for 20F
t 3534 HSAMNEALOEY B2ASKt er "heat tredt ment® ). A a basis
f auuoconguN vosdI Afewi | d-type KRED |pol ypepti de (CR2-$5)
oT47§EQ EX NOND A ey 9%l 1ty I niteal KRED

TR TS VAR NG A K T e
S0yt (14A SAP T 90N ALOBHo of 1t s flrets &4t ment +F
act0vi {R144eNa0R SHENIEH4TA AGIHETE BHhanc &t -

t pnosp e §41y ViR afcroahl g238rhe KRED aetivity aftef+

hear Tneqs Tl R203 YN aboKRERb AT ypepti de g the
pr5é3§entEi3Ql nti on was at I east 50%|act | Mddy Tremaining,

g—ostEpreterg e e
Ta8e {96 PidA tzﬂl--f‘p%ﬁiéw AR ENES TR AR
pd4Ppepp isdesami At1b¢vgg"e§;ent | nvent i on r*ei*at ivg to the
ad which 1S the -type [KRED
nr:gak pej éq\'llg XA%A% ]&%Al\h ')\ Lt aLcn Iq<| c}*/g tthe ++

Wﬂe@éWSﬂsébsdo%yctﬂ‘vﬁwsE NKRED pol ypepti des of the
present invention after heat treatnent of their

*i“ es pe0DV0Fdtivity §6BEQ &N@o% for 20 - 24 hours.
120l € 9b0_13009% activity of SEQ ID NO: 2

*#%% = 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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SEQ D % Activity Thermo NO Am no Acid Miutations over
control stability after heat treatnent 76 H67Q F158Y *

WO 20241HBY Q V1401 F158Y K1671 V1721 * ML77V V1Ba1/uSa4/026655
S42N 254 S42N A194V * + 344 S42N A194V + 354 S42N
Al194V T235K * - 440 S42N V18éi Al194V * + 470 E9K S42N
D131G A194V Q33R * - 486 E9K S42N V147A A194V K238R -

506 P14 N T190A Al V ++ 520, P14A N20D S42N V14
iy i ?vwz 50 8 EpiT ACADEA WA BFACTRIONRPURS pkebelinuclectide

thEP o g/yeﬂ_ Qs SEP4Y NG634R2IAG 5S> 526 OB such as a
E9G P14A S42N A AT94V -~ 540 P14A'S42N A194V | 275V

polyfutfeoBde FP19BQIR Q186N 43%+505hSR8,0r 541169p&H0eky, or a codon
% of SEQID NO 2 * 500-900% activity of SEQ ID
H%I@’?‘hé/@@ esRo6 act i vity of SEQ ID NO 2*_greater

0 e B SE 0 R A Bt e
p@%@é é‘g{: é)f %iet gr;e]séé?l@ AvehfiSRhieRtledss 180% 01 %0& RRED Qi) of SEQ ID
NO: 2, and has the amino acid sequence of SEQ ID NO: 262, 264, 266, 268, 270, 272,
274, 276, 278, 280, 282, 284, 286, 288, 290, 292, 294, 296, 298, 300, 302, 304, 306, 308,
310, 312, 314, 316, 318, 320, 322, 324, 326, 328, 330, 344, 332, 334, 336, 338, 340, 342,
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. A more preferred KRED polypeptide of the present invention has at
least 500% the KRED activity of SEQ ID NO: 2 and has the amino acid sequence of SEQ
ID NO: 484, 486, 488, 490, 502, 506, 508, 512, 514, 516, 518, 520, 522, 524, 526, 528,
530, 532, 534, 536, 538, 540 or 542. Correspondingly, the present invention is also
directed to a polynucleotide which encodes a KRED polypeptide of SEQ ID NO: 484,
486, 488, 490, 502, 506, 508, 512, 514, 516, 518, 520, 522, 524, 526, 528, 530, 532, 534,
536, 538, 540 or 542, such as a polynucleotide of SEQ ID NO: 483, 485, 487, 489, 501,
505, 507, 511, 513, 515, 517, 519, 521, 523, 525, 527, 529, 531, 533, 535, 537, 539 or

541, respectively.

[511 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 is one

integer lower than the respective polypeptide that it encodes.
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++ = activity after heat treatnent is 50-100% conpared

to untreated clone [49] Thus, based upon a conbi nation
wobkoosniasted t hernostability and enhanced KREDPCT/US2004/026655

activity, a preferred KRED pol ypeptide of the present

i nvention has SEQ I D NG 3442340, 506, 526 or 542.

Also within the scope of the®present invention is a

£0| K%u}%gzgct)tl gri@i)gcgg@g g&ggﬁs’lgﬁe@% ?%Elgclfg){%st%te}hgﬁD lypeQ1des that
hRRI K RMEEE thﬁﬁ@ ity E;geEBlé}qu fe%ctlélﬁgg 505, 525,o0r 541

respectlve or a codon optim zed version thereof.

[5[43 t] VI o?lﬂ:? Sﬂ@\?glh{{gg%e %hl% 98 afe élpﬁoeg Idﬁiﬁpgolypeptlde

R ypep |de 0 e present
thlam/seéﬁcbﬂétl bﬁia ratclelueaati s&@%@f\vlﬁhﬁhﬂﬁ@e&omdw tmedmdn stringency

B e vateitfesd) A s cotseasenge ob S0 B0t 25, 8%3;?39 249, 251,

2 2 29k ) 0
2%38%55 3@3‘3@433%% 3%?%»593%93 3892373 %1 3%96387 969 4@@ 0437, 439,

443724169,349&3 48323187 34889, 5314,450535127 533,4513335 533,85193521 5332525 527,

3o, 8 0% sl AT il o2BB s 10

Sudkbro&&. FoBitsch, and
n%%%tldg%iﬁr (gégcogégﬁm%%%y stréfd 05@?% ﬁ%ﬁé pr efrce)r r ed KREE)SC o

Tpdapissist iL989, dYIolﬁhlelalpEm 'A ma@marqm Maiaht2d edispn,500lsh Spring

Ht&g)e @Rgajactivity of SEQ DD NO 2 and has the am no
ence of SEQDD NO 484, 486, 488 490 502,

(5535, FarpohBageoisy ofp g least; 400, Miglealdes, it feliguh By Ry very high

sthh?e&&%%ﬁ&‘ihohé"é‘r@ RleiREH AsSfoRb®S: Stk ?ﬁmbﬁ’ afid hybridization at 42° C
ynucl eoti de whi ch encodes a KRED pol ypepti de of SEQ

nﬂB SEPE AB3% S1%%,2008@/mUgBarcs @ démureS(sSmosﬁzemSDNA and either

518, .5 522,. 524, 5 28, 530, 532,. 534, ,53
28hglormgids, 4o SpRErales Sph BRTETER [eleGH u8Ew b ttum-high
stiPeet®3, oA $3% feiamiie Jor ﬂaana%r Rost ncies Joll&kg standard
51% 519 521, 523, 525, 27, 52 31, 33, 535, 537,

Saagemrblawng precsgeres. Vet polypgczll?(otwleﬁrﬁf at jspeiflO0rmaglertides in length,

l’% pt I‘%‘gﬁl ?{/fl{l§®o\p rsgggﬂ-ﬁ? ﬁﬁgié%ﬁg {:gimt%mése&%%’%)gp QS/?: 0.2%

SBS! A 16R0keTeC PowScbhddaAcNOat foddt,at 330C @?ﬁﬂlurﬁg&ngEﬁE@) at least at
538, or 540. [52] An even nore preferred

6RDCy Rk o gt stripgenpye sldfest ah@%’r@ (agh ﬁa@g@w&taéd at leagf at 70° C

94 t act ty of SEQ DD NO 2 d h SEQ DD
@R%é%%%ypl cia?/: yy t he fagove descri ggd K;ED °
(90385 B Rt oPy 52 LB UEP L Re58 § AR of e

pblfygépttda%f@?@mwwm Dale 246, 5&92@@ m 286, 260:;7@03 344 354, 358,
preferred are nucl eoti des whi ch encode for the
3B ci0a, 368, 37 br SR B0, dOB, 8veih Ay 470; 254, 458 ass. 00, 502,

558! 30RUSL £ Y 1149856, K3%Es 7, S5R 50, ok, §73253,55391834, 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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i nteger |lower than the respective pol ypeptide that it
encodes. [ 53] In yet another aspect, the present

wo pwsoiiieh i s directed to KRED pol ypepti des t hBtT/DiS2004/026655
enhanced activity in a coupled chem stry reaction.
[54] In anot her enbodi nent, gge present invention is
directed to a KRED pol ypepti that is encoded by a
nucl ei ¢ aci d sequence which hybridizes u Hder nmedi u

PapiidE B Hosmulb FAICFIGRSg {20 EREHEHN(iFstion AYGhaRgingdit charge or
f 9,
@E}géf?%goﬁ sg?ﬁ%é?ol@g%@%gg%@ gagga%ﬁg mgéé Fb* a b%rrtﬁmggldomam.

95 o880 80 B B s

(a®dihine D dine 22®hisbdihe), 23dic dniibo a&dy (@ﬁﬁnncoz[m&dﬂd asparticiacjd), polar
a subsequence of (i) of at _|east 100 nucl eot

amjnoj acids (gélﬁgm%ﬁtdagsspagagfng}]&yél(o o icogminp; ac1 sjaeucme isoleucine
@Uﬁﬁh& aro%atlc affihd S&Rs (ﬁ%{fglan%mt gtoiharilgﬁg ’t¥r031ne), and small

ecu oni ng, A Laboratory Manu 2d edition,
afiblochc s (ghyginkleal rong, séting, Yhre¢ring, pﬁdmep@tsmmmar@onctdmirmb. Amino

Rl B A L BT o o
aer %Y&érsér%eﬁa%roéka?rﬂﬁe hoyoHi Medmtn and R 143Hi@, 1979 X%inSBRE Proteins,

3% SDS, 0 nmg shearéd and denatured sal non sperm
Ammlarﬂiem tNﬁev Y5k Tbe ekt droniraenly mcgmgn@@héngﬁ are Ala/Ser,

r a di n S,
VT SR By TR, A0 SR AR YAy Ee Ty
AGPIOWyEArst AsslakS [Sauld) dlen/ I oAta/cnm ﬁﬁ@@&ﬁl@l?&s Wl as these in
pol ynucl eoti des of at |east 100 nucl eotides in |ength,
revpesccarrier material is finally washed three tines

each for 15 m nutes using 2x SSC, 0.2% SDS at | east at
[m CIn( armrshestemhﬁpgmy)the aresgridgyengion 55 diceqterb @i afragment of (a), (b)

4 RS Bt 0Dl S DBl or o

ﬁ@ RRE® of SEGID(NGT Y, shttghs @dtémn@aﬂsww mhéfdd dbMExample 4. By
ano er enbodi nent, the present invention is directed
thegierm v/ &agment” a§ meat thal isdilypertidss hasgedeleriogoof 249, 10" amino acid

PN e e e .

iA180 1070siddB4fro86e c4BBxy 4&thimEH) 2norb PiefeibB), the Aclebdntjs 1 to 5
516, 518, 520, 522, 524, 526, 528, 530, 532, 534, 536,
resiglyies B the carboxy WEYINAY a substitution, del eti on,

and/ or insertion of one to six am no aC|ds therefron]
[3d Fmwiehgenpihsm embpdimentpdhe mresent daventigs KReinected to a KRED

DB N0, 55 5 RPN ey s

nivi¢ tHanagdw@ ofhhd gﬁﬁalé(pﬁ:-iaﬁulﬁitiﬂthREmﬁdﬂvay atflhﬁincubatlon for 20 -
conservative am no acid substitutions that do

no
24 hgwiset eQired BH 4f 1 reteratie thopelyprpUidativione insention Vt%? at least 20%
of NfeiPif8l Qctlﬁ% #ogwkt%tférgﬂ s atl %Qétc %%yof)fthé?f"?nﬁl‘al Sbevity after

am no aci ds no- car boxyl -t erm nal
irexbatitgi fon 2 —L4shairs al 50Tk@ et iThe; mnmal andremidining KRED activities

OR zl%ee]gra Iafi(l) o haheaft %r%latedtlyzlis,talg:s(ag grrei)grle xamgl)é 33 han[%aéllg/ determined

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

Polynucleotides

[60] In 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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anot her function, such as a poly-histidine tract, an
antigenic epitope or a binding domain. [57] Exanples

w@boosomaes vati ve substitutions are within the BPCDUR2004/026655

basi c am no acids (arginine, lysine and histidine),
acidic amno acids (glutamc g{lCI d and aspartic acid),
pol ar am no acids (gl utam ne and aspar agi ne),

th&&gﬁgfg]c%%gftg%gfqggntgﬁif%%oél eyel glﬁqﬁ:é«?ﬁiqoé%g%oﬁgmglgotide that encodes
f&fﬂﬁkﬁwﬁﬁ& dE)(ﬁ%Q@ N@n@b siebb, 961182, 864, d%66, 268, 270, 272,
ycCli ne, anin seri ne, threonine, i ne,

ro
27:<y§t76,| e, asm 218@121840161861@?)88 290, 302,82 d2%u1B98; 100 BOH304, 306, 308,

S50 15, 306, SRSAR:Y 2 SIE SO 55200 0ot S0 50

38858t T502864,R368 |-374HBBQ 38595'2% 3981, 4015h¢083r4@8 e44m$448 470 484 486,
Academi ¢ Pr €ss,

4&&6&9%5% SORy %11/25&14 5\1§I ﬂ& é20 A’é?é/ @% 5264152/85530 '532,'534, 536,
% E Y54 a/ Thr, Ser/Asn, Ala/Val, Ser/ Gy, Tyr/Phe,
’ r ‘ys/ Arg, Asp/ Asn, Leu/lle, Leu/Val, A aldu,

RS, P b, L FRSal ol RISh R Rl opynageotic o

SEQ ® NOagnent, 95 ar261 (263 2!;6‘5 2{67) 2693,827d533’¢3I276d2”ﬂb(2\79 281, 283,
that has from 1. imes the KRED activity

285, 28288, RO, tZQée2%R@@)7 64998@3 |3@3 N@5. 307, éQS*ﬁHs 313,315 317, 319,
sfeLgmae il e oL TGS g 96109, 55 .37 7
381EI385J 387, 097, BIDPACIN) 42T 430, 4k, d69 48301485 487 0489, 581, 505, 507, 511,
S ar 3k 5 150, 323 agreTs 2% 500 9. 33850k Pt} fat encodes
a{ﬁ%&@%ﬁEﬁj{J 5’;’@ rom&@%@Qﬁb‘?ﬁ@f a7, 76 gy, @S% 926]40%6 268, 270, 272,

resi e~car boxy ‘ter mnus
2 QAT 8 BB ARISRE2R4, 286L628|Br%r292,| 4en96,3M8) @Q;IBQAdOéd?ﬁ% 308,

318 a2 T oRE ARTR, 452 Haat o, ceBa M e A 8368 S0, 302

35D azg 2655 964 1368, 3711 9821'38693@8 308 Wt u@m)43b<F%E£0 aa814m0t ¥84, 486,
after incubation for - 24 hours at 50

485,408y 31, 906,08, 1A, )S%pithéQS 5201 192, PR SAbi g% 580.4133, 534, 536,

t. .20% of t I t t
5%%@#@?%&4 ey éo!%”'of' Therr 1 ni t.yal Tactivity
(301 o B PG BB Bt 1 T LB IyB i i< fpeted to
pB9 ﬁ&cl&ﬁfa*e otfrs Q{@N@%B%&%ﬁcdﬁ%@%fﬁﬂyﬁeglﬁé‘ﬂ‘@ﬁ@ IB)NO: 254 and

are readi |l erm ned an assay for KRED activity,

tosthe |¢0é@1 %mzé%%ynwlwldﬁﬁaﬁegm HBMDMOMW IRV a43, which

econd 0! I nvent i
cotBV B 00 POnARRER oo R B Sl e eBpuperrice o
SEQ@ENGGQBW@M téle m‘ pdriicul @ geedton By@hizadon ifFoieg floheSEQ ID
eneracy ofthe enetlc code, the present invention

B4 SERIELNO: 3¥hcansistasdarfyh follewingalephabsatiops 4 16T, G17C,

C%QE ?%@?F%@g}ﬁf g@gkt%%%é%(? "h%sé\lglen%?subs%ﬁtl&g reStted 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 polynucleotide
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274, 276, 278, 280, 282, 284, 286, 288, 290, 292, 294,
296, 298, 300, 302, 304, 306, 308, 310, 312, 314, 316,

wW@1i®s508485 322, 324, 326, 328, 330, 344, 332, BGHUSBBE026655
338, 340, 342, 354, 358, 360, 364, 368, 374, 382, 386,
388, 398, 400, 408, 438, 440,2848, 470, 484, 486, 488,
490, 502, 506, 508, 512, 514, 516, 518, 520, 522, 524,

h2fhs thRBthe i0leib3dAd fRigtenbA6es RGASeonHie O ly%&tan&ﬁsl}rolrpthe form

ferred enbodi nent, the present invention i

1&?15@3 {rom pajurg. Jheerme | widd-iype” of am@d tda N@ypdﬂnde?(dxr pr?)ﬁ:m) means
: 6 3 275, 277,
tﬁ§t thg 8%tel%2§11511 %g %.939% §'9‘?’q§"9€l %? é)ﬁ%w )égcg_lndj@?natlirg 9and3tdglcally will

c@mpns@ (D]Ef; a@ﬁi) a308¢qiithds a8 IGund3ihSnatdd 7, TRED the3im 3&21’})6 type” or
‘325hta§ 43, 331, 333, 335, 337, 339, 341, 353
g ueg%e3 in Sa;tes 3 §@n11'§8q_r refpg@ce ggquengcg prioi3@x mqiﬂmulatlon of

thSihverkich, 447, 469, 483, 485, 487, 489, 501, 505, 507,
511, 513, 515, 517, 519, 521, 523, 525, 527, 529, 531,

5 1 e s a novel KRED
B8, amarig Shyoet i pldl o6 in DS o8 £ 3y Ring Jrateral to be
impBvedode @ad]y 20afified by Lf&ening! 8enotBO. libtSes gﬁﬁrgagﬁﬁls for the
? i PZ Féfg h 296, 298, 300, 302, 304, 306
@%%D agliyities, flgsc e@% Sggoe gg@zamg@44 ﬁgure@lﬂgqccaﬁmg KRED

egéygnes?% fotgrggm agsgfgde %gge oﬁggcter%oé'ld 9%3& gl?g asy dhdz ﬁgnagnollae

(@7@3“&8940‘3 496, JQ@SS 4221352%,8) Sggndlﬁgg»ar@g&los@%g}cn@%}g Ac. No.
5 5 5 9 534, 5 5
%245%?% ?3%% zﬁ%@& oggq%om%jcgﬁ]mlpﬂcac{orbgﬁqq ank Ace yNo AF160799;

QireBerisd anfesdul® ) e
di rect e42 to a pol y%f:lfleaotﬁl ggl?%f MSE%@%%NEW%Q "[Mfgnglzae In the

P diB¥entioa ﬂoP%foéﬁlt pelanerfle BEQ seQuédce @bddiapahe avildreype KRED
PERRIGERE AR MRS o or EyPeh Fom e Ry semese based upon
therkaeivdepol ypepti die Gé}ﬁﬁcf@idKREU R&HI QU Y,

é gﬁ seq KREDS fesi8 pard?{acifz}i'égnro@l‘ale \Qﬁgﬂ dﬁglﬁ-‘thhed
% F‘PE?SEA%CF 04 Jr¢7éé$ nah? P@rﬁmsla@w@cmndasalwocdsaeglg@ted as CR2-

SASECEA3 5018 N QAL BB o s s
sw@ntﬁﬂkm(ﬁrorﬁ héwe vald-gp¢ palipicidotide Ofuérey! t BRe | SbdBn-optimized

ea ressi on of the KRED
S‘i‘%eé’g‘f‘F 8’8 LO ﬁi%‘&ﬂ@ﬁp glonng sidegpf taétemrpssyor( eector, pCK 110900
(dEgnatml i FG. f3)0hddd & ofifb] 01* HRAE ﬁ}&er ! gprg#&r gene. The

[63] To make the inproved nucleot
eXPERSyion peftae slsotonthimeg Itf%EIﬂ:A lorlglarttfl roplicatio afd &iet shldafBhenicol

e nucl eotides that encode a
re%%‘éb %‘{I‘%peﬁtv ?fép le%? Wg fé&"fg that exaessed amjetiveckatpreductase in E.
colinW IOy g’ tiRs gaRpl wed %@u&c@@ltbf%hﬁﬂt IR TBRAS s&ﬂ%&ces The

the nucleic acid fragment does not conprise any

SeriAnge idssignated Rhe (BERMD MD:alewas tnpaahuseueddeeutilel as the
st TR o) e B i B naBERon 2, (21 Vel or

[651]Ct 'dﬁcte% sfu(%arl tlaﬁmréaégtcr:r?alasnu%h tag Phlecpaoll}llnucleotllle 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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conprise the am no acid sequence as found in nature.
Thus, the term"w ld type" or "parental sequence"
WO p@soaties a starting or reference sequence prPOT/UBIHO&026655
mani pul ati on of the invention. [64] Suitable sources
of naturally occurring KRED, ,as a starting material to
be inproved, are readily ide%?ified by screening

BT G bR 5 PR 1o ShSERLAT D 482 o
1@@@3"&62 @1@85(3%%@8?1)’&5&? aS@atf:@é@&hddl gﬂc%ﬁicﬁﬁ@ of @rﬂgﬁ‘ro%utagenesm

bacteri a an east S, SUC as Can rragnol | ae
S¢iGer bmlmmﬂdw&m@amr @ltqtm@maegytag@mm”dﬁ_mchem J., 237:1-

L M T e T ST e

“@ss&@%ﬁ@fg&nesﬁ Py bfmmrrhythawlfoatgeﬁeﬁ@m cf ﬁaﬁltiﬁﬁElﬁlutStlons at
Candi da magnoliae. In the present 1nvention

defined nites,” ﬁmjﬁééﬂéé@ﬁ&b%édugﬁb@“ eeﬁébdil’ﬁ@temrﬁéfolutlon by molecular

brgsé}ggt y@erreKth iBg yHe(EHe'Irq aloélo B ggg%%f} n%&\}\rbs, et al.,

“DRéNEE PUoldEors of teynidinkokin#§eHor fAZb’mpﬁasIdIodﬁatlmgnmhg &NA family
which is published as Cen

styiiagt M@@a@e@é@mé@% ﬁgﬁ@@%ﬁfﬂgﬁg 333' B%?& shuffling of
a R, bPobi rlom (MRRCGAOAE, RREIMH &Skl GURIRA S| 0Alulc 391:288-

substantially fromthe
ZN;IC&amypeetpml YWokkelat e@ummfmwsenﬂedemﬂmlopmamwy DNA

sl g s B BRode? Tieie A Bo005 e ghrR bl e evolution

ofBhn 4RERVe FR1IJRIastrohN® L AsctoM@RPtS DAY shafling and screening,”
repressor gene. The expression vector also_contained

MM&&M Arcatflﬁmvgf SeiencesdU S, Ok Eiahi9e iraraer, et al.,
T Efonr e re Rl ol RlecFrre Y, bIGE A, ppine.

Nahge %M&M;ﬁ, 323u6339d 1096)¢ Sednhrhén, t“R@pli‘d @Nﬁltlon of a protein in
sequences uence desi nated

vitip hnsDNheslwgihéﬁi’ o8 3@ i3 2@8949)3 St“ﬁ@mé’f’ a{}QNﬁgshufﬂmg by
%@gﬁrﬂ fé&%en@'ﬁlt}on %Aes d a?t i @1&'6 @b@ﬁﬂﬁnﬁﬁ rl‘fﬁ(t)l'e&ﬂeelr evolution,”

asu ing material, suc
Prgkadibi®y efahé ﬁatloﬁal SRd&hy NOStiendms Utk An 91d1é]7t17ﬂ|0éﬁi], (094); WO

9@/%2941”52%‘&15247'( 3R Ay QbR WO RSt W 01175767 and

125897 H26 WhiaYssOREtLArMIE, dedil ok Ma¥h %t 2069984 Ss entitled
Irected evolution nmethods.” See, e.g., Li ng, et

“Meth,od fépgre aangedyuoleDiitde mﬂm@msdsseqamqwér vi ew, "
Anal . Bi ochem 254(2):157-78 (1997); Dale, et al.,
[66] | qopust ®edd fethdids eat &d applicbo PutagenERED psliymg:ldsd‘nides. To

s s, o LR LR
4
@t fr?ttlz%llg'gl"lé%lcglﬁg ﬁ&agmhfﬂeﬁgfoﬂrﬁ'cféotﬁés 1§‘£reated g one mutagenic

appl i'cat1ons n vitro nutagenésis,
oSaiveheienary2 28hdif)0e- abd0 the{rl 985 ssidbapratucts” et @cxdcrre@ct(edmd the

polytpgp%e %avmg tEe %1g¢1%£? KllEnggti.v:llt_y. 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 pCK110900 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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7 (1986); Kramer, et al., "Point Msmatch Repair,"

CeU, 38:879-887 (1984); Wells, et al., "Cassette
wondagenasi s: an efficient nethod for generatiPET/08§2004/026655

multiple nutations at defined sites,” Gene, 34:315-323

(1985); Mnshull, et al., "P& tein evolution by

nmol ecul ar breedi ng," Current ?}Ji nion in Chem cal

Bi ol ogy ,. 3:284-290 (1999); Christians, et. al., :
(67 r Bb4reftca b1 695 MFagERGOTF YRIURIHREL dechgidUazas applied to the

S i i : 3 ich in

BRI S0P PO B ke b vy i
tusth wfah | scregnad far KRED getivftydonts fameniedinigues e Ssisetingghe resulting

accel erat.es di.rect ed ol utian,d 11~23971:..288- .
o555 RIS 1 egiou o Ui QIR iy g3 A0 223, encoding
thR KRB iR e p@aes fof SEQ I NuS: heay20ayandd245Beetlivelg, having between

Nat ur e Bi'ot echnol ogy , 15:436-438 (1997); Zhang, et )
3.dland 4:imet the KIRII lagki Vibhofahe wildeypepelypaptide o€ sgg ELA: 2 using

NSNS AR .
pidc&s Af mutfihgdbd4cbiiflg ciir Bapeatedhs mbny tithbsrpy moedeld, including the

~green fluorescent protein by nol ecul ar evol ution usi ng )
inSRENOB I9f; PPINF ARL2UIORGLR AETVBj 3 £ dORMYFIsgYde that eppgdesaypolypeplide with

th@:%%gl@dbai;ﬁm%mofsﬁ?ﬁﬁ ,,"aﬁéf QbféEﬂoPBre@érelﬁzepr otein in

vitro Nature , 370:389-391 (1994);

e (P hutfli. [ n
(PSP IS8 Pld YRR R R PINOY 625 o e
plavaldpCr N 090Bradd@edBdngs pofyniubieotikd oO$EBQ IBCHetQ3 ofas reamplified

Sci ences, U.S. A 91:10747-10751 (1994). WD 95/ 22625; .
usNIE 92 09s ;Lo ygplace; mistrosides ihagpiay deashic Kb ot oop Aagnation at
; . 0, e i rss A .
e e L e
désiated ool dfseupt tiresa potagtigd cteymloop souctdes by dhpgdiypepty’ dgfil site of the

o BIYBRES sk B o T BB Sorc B 5 BEyps e  of e
efliold KAYD Jﬁgy&&)ahe HitH R OOVEsHRSKhichOfsd 864¥A fUE%rine. The

can be use equentially. Typically, a Iibrary of
reshiting | codop @ipfimizsidepalynlwdeatide gesadied dn mpporématgiyatyemiand one half

B falEhieher Bickyiof RL IR RER e, HegSia By getivivy i
tlfeh?salﬂﬂi SRS trakIREieAGInt Cultired hBsticBB. present case, a
pol ynucl eoti de having SEQ ID NO 75 was the nost

[Gy]on:l:&](;\gin?atﬂgisgéEﬁnE M ehikE FRAASbrhdyPhGhY NISDPE NAEdTactor, a
as cofactor. However, to obtain better expression of
polysugiedtide el iegtSE.R: 1D MNn 233evesl the magt prokiising ogaliddte. FHowever, to

ot ol ynucl eot j.de_ of . D-NO: . 75 was
ohat) RSB QIS P C T REPLAT AR e 5 <1 10900 of FIG. 3,
tHePdI pueedtiti® bf SERY B3 N@MI3Nwhs fuidlet imprdeed 8§ Wpplyitp evolutionary
codon optim zed polynucleotide had the sequence of SEQ
technigaes #d plongd Theregfor ép , whick sl hairpintfagaing ciugleotides had been

evol ytign t i | ] . .. )
RSB IO HOUR D! TAT PR, TR il gprimizeq pptymucteotides
ifelRRH ehePpcl g iedtilesufBQ WhINGh 300 ahd SEQUEBNEX 3dgned f or

KRED activity by the sane techni que. Screening the

[708SUlidskdd@ 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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clones resulted in the isolation of three clones, SEQ

I D NOs: 123, 203 and 223, encoding the KRED
w@oelogpenss des of SEQ I D NOS: 124, 204 and 224 PCT/US2004/026655

respectively, having between 3.1 and 4.3 tines the

KRED activity of the wl d-tyag pol ypeptide of SEQ ID

NGO 2 using NADH (SEQ ID NG “124) or NADPH (SEQ ID

NCS: 204 and 224) as cofactor. The procgss cc)if nmut at i n%
orapRl ymerase Mediptech mehieds )9 dtTB $SEEUARNh §NY ARIEILONHBRYS Fequence.

ti . . _ .

e D R R B e TeE B R Ene o b pepared by
clidngicalesyntiedisaasing,i ky,, theeclsidahbphosphoramidite c okethmdodescribed by

preference. To obtain better pression of t .
Blfsicgstiel o BT SERa S Resort 2 1BOR0 HE BF ASHGR desgribed by
MEAPO00f1 Hlogd) BMBOET. BAHM K g0t dsdie iPtypRialdy | fradNded 372 dutomated

was reanplified using oligonmers to replace nucleotides
synittztic magthodaid  Aecoriing Hai thei phospspamishteatedadapligpricisotides are

site. of the vector an e . R & he -
SENESIP g1 ), a“oﬁ“?"d‘a%“g%fr"g d gtshie'g%%dsé%ﬁ% & u% dt@%ed and cloned
iPPeoirad vedt6) |1aadaion) edseiitedlytnyohiegd agdtdas te' cus®m ordered

site of the pCKI 10900 vector as well _as 1{4,?(@' aci n%the
framcnsoeba Vegetysel foramarcial sgngee chps (e Miglanrk feiitieg Reagent

I j i-i-h T j r

B RE MR LK ThT Brck A ARAN AL EBRatl IERRRE, L xprossGen
Ifce€Hichgs ILNOpgpn Techimalagiss Inow Adamcedan@Ahard maRy Stherfsol d

hi gher expression of the KRED pol ypepti de, as neasured

y. KRED .activity in the |ysat f the t sfornmed and

%]qﬁg&%ﬁu@é{ﬁxprﬁswr %thgedﬁwefsh@ &g{:}géni ng of a

third roupd library using NADPH as cof actor, a. . .

(P y Fanebin areetia e ettt intsien TosirerEd ¢ bnyige acid construct

His 19 ] : &f KRED Y wepridke o &h t inventi

Cée}il ré]z ?oﬁ&gmlﬁgkgoﬁnﬁﬁgeoti de ?l?) oﬁﬁe?rl}e pl aserrip(rzlesgr(llKinven on
o 9@l plink¢d3o 8pe phenque lhpterdbgaisirdgulabrySrQuemrenthat2ggtrol gene
was further inproved b%/ arg?l éti ng,evol uti onar tor oF expression
X RIESHINGOSLUG B WFISHRAF T RORIY e P57 15 RIPEH S PR e RRT PP
csQ&f. NPhdpéteP Ahé ARGt hubRRNadiEBENsaUctasuchals ahERptdssibvector or

123 above. The resulting codon optim zed ) ,
epRrEssIctasestiedwes insertediodd emheppepy#e hpeselldos ulimatgexpression of

e T

l ynugl eot.i des, and ol jgonucl eot i des of the. invention :
(] Be G AEY BYPSIindn A s TRFIRERT olEclle, cither
sigeMrdionBlel Prak By ok el dt6d frBihOstRurally Btéatihy gene or which has
fragnents of up to about 100 bases are 1 ndividually

bsgmmhdidied ¢el contpiarsegmente af peclgic acigycompinadeandguptaposed in a manner
chem cal |itigation.r s, se. medi N
OFRRHBEI S SRR PGS Pl B HIFEASRITEHRS(ls inctusve o

tfeQ8HR BLfessidr casseiig ok exprogionctos ethied @ife @uetbic acid construct contains
ol i gonucl eoti des of _the invention can _be prepared by )
all g Qnkol saaHees reguired f@"exgr_eés_lc’)n phaceding sgquence (polynucleotide) of

B Gr on Lot ters 22: 1859, 60, “or the met hod

[’?ﬁsc%ihgetgrn?y‘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
(prokaryotes) or by the ATG start codon (eukaryotes) 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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Matthes et al. (1984) EMBO J. 3:801-05, e.g., as it is

typically practiced in automated synthetic nethods.
wa@\ewsndiiay to the phosphoram dite method, PCT/US2004/026655

ol i gonucl eoti des are synthesized, e.g., in an

automati c DNA synt hesi zer, g§|fied, anneal ed, ligated

and cloned in appropriate veCtors. In addition,

essentially any nucleic acid can us rde
just gavasiieaBF of thea PPt Jeaginec Bame rdi e B ¢ 56%05% s'i&}@ﬁdf’as A coding
e:ﬁp]@ncgé% aRdube it {4 £ 1ReRQLR! DROTRAMNA, M@%&Bﬁﬁbm@ft nucleic acid
e eat American Gene Conpany, Ranpna, CA,
sdguencessGen |1 nc. Chicago, IL, Operon Technol ogi es Inc.
Al ameda, CA, and nany others. Nucleic Acid
[749ns AR sl dték polgasdlenideanselingd KR palypeptideof dre [[ré’sb]lt invention
I n_anot her aspect the present iny %Jon I S dlr

g b TR PUAEA B A OF GES BORSGE: {9p Sapression of the polypeptide.
Nﬁ‘ﬂlgﬁmﬁ%h?&tthg Efscﬁﬁ@@gbpﬂuﬁe&% rRQl REPIs e oR finfoh$ vector may be
ent invention o atively linked to one or nore
ddfsaahleallr @geassary eigpdnaling gn the q:uemm@n vévaer. Thertacbhiqgemfor modifying
create .a nuc acid con
oSS RLES b GAEE o SRl e B Pp DvAHER o e we
kdd\ed pahé e, the resulting nucleic acid construct, such
as an expression vector or expression cassette, was
(757 efrhe; %rfnn‘tc%nﬁ'gl RERRP '@H@flﬂ?:ﬁeﬁeréiﬁ lid idDdeUAt b&ﬁf)&lents which
expression of the KRED pol ypepti de encoded by t
amanecasﬂar)pairyadmhtagwlmefor[fhE] expresspol of @ a@luygeptlde of the present
constr i S dffined her ej

BT achoPEE “CaPedny PBBEe SP I RE P e 3 seauence
eﬁc%@ln%t &d fdipBpadaatsical dovuBr seluehdd igeinge, Obut\ik Glvt Nasited to, a
been nodified to contain segnents of nucl’ei ¢ acid
le@é¢rb| prdpadenplafion t sqavenss. i PrORERtidancPquenes, WaMAeTotignal peptide
herw se. exi st A 'y C
<SUABE AP PR OB L PR EbReA ety o

pRIMARNP bR &hﬁ&&nﬁﬁ@ﬁa@ andMi@nslathmanstop 8ighaRCiTheCaumsol bkfuences may
contains all e control sequences requjred for
bexprpeided ot linkeso dphdhes dyiirase eof ;s@ir%leeuge éﬁqcefé) rggtriction  sites

fgchﬁg%eﬁgdg%ﬁe 25 ViRE tcbf?tpol Jegl]?'e]ncggq &ith etflgnco&lg oﬁ' %gmﬁéq ﬁﬁclelc acid

I'n-as a nucl eot1 de se
setjuesetdnyodipgaipblygsptidee am no aci d sequence of its
protein product. The boundari es of a genom ¢ codi ng

[RRUERE GrA ©pRbB 1adke” alefined herdinliy aaconfipmaas®in which a control
bi nding site (prokaryotes) or by the ATG start codon
sqqpERagriy apRIepriatelytlecgd Jaagtpowelt Fedalinede tharodyessapensgioh he DNA

{@@&% sibh R cofitdh ﬁgg @gmhg%gﬂésam@&?a%éﬁggen

rmnator sequence cat edj ust stream o

(A quane ol RT et sbiotlfs oo 35T0ER7 The “promoter

s&foiise” 308 réleG@IP kG hudi€ labidGegednde HRY EREEEizdd/Bh| a ABst cell for
i sol at ed polfnucleotlde encodi a KRED pol ypepti de of

expresspinegle e fopgesrradig Wagpnb@ahﬁﬁiow at el PraQier, squeRcg contains

tr%sc%ggnatl Lotk Vsie&ll?enfcgsr, Wi S8ShRMhE Exﬁx@&&%fy fRE Fbtol)%@ptlde. 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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Mani pul ation of the isolated pol ynucl eotide prior to
its insertion into a vector may be desirable or
woemessdasy dependi ng on the expression vect or. PANES2004/026655
techni ques for nodifying pol ynucl eoti des and nucl ei c
aci d sequences utilizing recggbi nant DNA nmet hods are
well known in the art. [75] The term "contro
qugnc [ clud
g O s BE L0 URLl hrb ReleBE ot Sreling TREBREE b Bop of the

naifleia apid| ppspictdel tthé ptd%éntnhmbh 1m6MElEl1thd)[ﬁromE\%fb obtained from the
control sequence may be native or foreign to th
Engeliette RN se/trintr 8 riastrHe tagarapiol ppe dapgre): %@reﬁus subtilis

1&%&5@&3 paceE BAFNBICoh R %Bﬂgtanl 4% LI et(meﬂ) Bacillus
| eader ol yadenyl at1 on sequence, seque
stmr@rfmveophzhas gmalogpephinyéase gqmaemaMhMcﬂhtanmtalmefawens alpha-

arp ; %ngf‘glteo aw@:)m?(éc:ﬂlus renlefcfzj{%g% E’%B{:lﬁlmﬁlé? g%};ﬁ&)er?ﬁ) Bacillus subtilis

%A | 8B QRaks, 3he Pr&da%ﬂb%etaﬁa&aﬁgw sk (S/@l@diﬁﬁﬁﬁr%fﬂ&yal 1978,
provi ded with [inkérs for the pur pose of

Plion@qdmﬁgicgf ithee Naseanial Acadeay ofiSeidnoes YBASS: BALT- Bmlax asrwgell as the tac

pio bR PO S i APED e MR Bk Nulihel AR a) B sciences usa

8ol ypsept Fdeher [[7r61]no%h€ akeeIdavcribperiabl'Ysdfiilnlsesieing Srom recombinant
defined herein as a conflguratlon in which a contro

bagtsaige H aciFRtifip MePeanad 884, 2AR:adedt: and in pyabropkgt al., 1989, supra,
relative to the codi ng sequence of the DNA sequence

[78lichF Qﬂf&@mpmt@us:@mgal&osts@ammebld iprazeaters forediencping i tommscription

| t|d The ca nt r-ol ence
ofgs b BIeLPEE sbisfaesrofae AR B RIS BroTRerd e from
the Sefesr fot Akporeiliys 8?}@&& TAKA @h@la@@'ﬁu&ﬁt%@ﬂ fiffeHel adpaltic protemase
recogni zed by a host cell|l for expression of the Iong
APPSR ﬂ&grdwutrhlaalpharpmme Atpergitlenviger asihgehleealpha-amylase,
a a C
A%% d%zgitugsh eg‘ @f’( %r bt {I%E Jn?)c%?(ﬂfl %16?0%%3%[%9 d@%aAl)W'}éhzzomucor miehei
lipasemotspergithy beyzaayalkalmeemeotaasled Apaugihee oddaeh tséseWphosphate
transcri tloq activity in the host_cell of choice
ISPRERNI A gv it e, @S @i dask garkly diuserige opgrem Agyasin-like

proRYsPewePbeon ) LoWegeRase mgir r[:ﬁgﬁnléfeg gouéﬁ)fg{i Yf tRE promoters

intracellular pol ypeptides
frovatthe gtregdasAspergifies higst noxtal alpli8hmiytase bad Aepdrgillub @gpzae triose

I i tahl t f di t] th
PIESEAL sBETS: S1 R et a6 ARshEB ot tsreotne
esent |nvent|on i ncl ude the pronoters obtained from
(8Bhc i @ et ?S&dlssis% PWO@‘@%PW@?%&@ gedppfor Saccharomyces
ce@%fz@éeeﬂﬁgﬁ ( ch:!ulc')% §éf\‘bt &Arkﬁszhgvggﬁ}:‘&mge N éGALl)

gene (sacB), Baci Ius cheni form s al pha ase
Sdcahyonycddaci térawisige e a r md’n@i nmoplehy dregermke/ g]ge«tmtdehmel-apbosphate

o AR hDF B o ke 2Lt A BROAIYLSE . e

OfhRe B¥ul Iﬁ@ﬁble'ré»'ﬁ)r%&tt hbéteMy hd RBciBed! E&H%S @Afl, 1992, Yeast
prokaryotic beta-l'actamase gene (Villa-"Kamaroff et

8:423-488.978,

[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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Proceedi ngs of the National Acadeny of Sciences USA

75: 3727-3731), as well as the tac pronoter (DeBoer et
w@bk005/019838, Proceedi ngs of the National AcadenpCDiiS2004/026655

Sci ences USA 80: 21-25). Further pronoters are

described in "Useful protein? from reconbi nant

bacteria” in Scientific Amer J: 1980, 242: 74-94;

and in Sanbrook et al 1989, Fo .
Any (eapiRtsuehich Ay inchienal i el host %ﬁq{ oy %Oécep‘f‘%%? gped ingpe present
inYkgRating the transcription of the nucleic acid

constructs of the present invention include pronoters

[82?ry ?ﬂ’re?e(;re&ﬁgl%lhQgrsrquﬁl%ﬁeg{oumg%pﬁds C o sga.rré/ G3Gind8%Bm the genes

aspa nase,
fobSRplegdillis) DryYa@ €T AHAU amdlasa)| al‘;&rgﬂw aﬁ@r Aspeargylhdeyi sAspergillus

er acid stabl e al pha-any| ase, il 1us, niger (i)
m/i@@téf gaqtlpragﬂaé%%ﬁhasa ém&%asrggf@ elpgsidsg.apd Fusarium
%&%M thgg,Sﬁke ReLOi | 1 us oryzae al kal i ne prot ease,

per gl us oryzae triose phosphate isonerase,

A SERI hH AR aTe BE FHREl g, a es

S&shiromybéeeiiisi iy @toddses Sdcehdryayced cofevisie qy[cm:imirm € (CYC1), and

AnCli B G i At
ek AR &R e s@ﬂgst'&’ﬁf‘%% de&'ﬁ%@&% Rgmaﬁ&detréybmgé supra.

pronoters t er eof In a yeast host, usef

[@ionﬁﬁg I 8n 01 Sse gﬁé&' nlggy alsB B gewg%tgﬁé};{cgf sequence, a nontranslated

aronyces cerevi siae eno

repfshCdfan AR NBSthaEis GvipSite f(gafaaﬁlhﬁtdm bpee Ho&Atdll) , The leader sequence
Saccharonyces cerevisiae al coh

isd éwab'%gbﬂé?@efﬁl%e? e EBIAYY é’fs&ﬁh BuIFist &idietrgbrnsgerneoding the
PQW/S l%gr ﬁgﬁﬁ&%ﬁﬁm&ﬁﬁ FSTEM Bé ﬁ@st cell of choice may be used

phog ycer at ase useful pronoters for
1ryteasptesbmshvmiohs R.teferrddei;aadex‘s éot ﬁnlytmaomm ﬁmwt hedt cells are obtained

1992, Yeast 8;423- cont r ol uen
Fimo e aenes it As s AREes ITARLS DM st GNP G e Ridans triose

pRosPRAL RoRfRrAs8 C SANAAE talldts For\Radt ho8H dellb Are! SHiaTh&4r8m the genes for
tr nscription. The term nator se?uence i s operably

Stdchiveehyces t hrerdisieer ranalase of (BN LhucSeichararires eqerspdgiae  3-
e. Any term nat

t.h i d
P QJSRE glﬁ%é?te elﬂg{l%ﬁ ﬁg ngzrocné)rcrzy SErevisige. a al%'fla %c{t)&h anﬁ Saccharomyces

cdRisiak €S efltotolV € Nddhgtrogh @t/ gRicefabieh gdk-8 - phoiphateo r S dél@ydro genase
filanentous fungal host cells are obtained fromthe
(YeHRLABY Aspergillus oryzae TAKA anyl ase, Aspergillus
ni ger gl ucoanyl ase, Aspergillus nidul ans anthranil ate
[85)nt th&onﬁsb@ccgiehtmsnayi gbp bg phaoclyhdenyhitionssequensd, a sequence

OB R L AT O W S8 sbdit nd which, wen

taicAbaEds kécdphizbe bg&ﬁ@ﬁoitﬁellﬁa%hgﬁﬂw(hﬁﬁ Wa@l&h&hn’b‘iremdues to
enol ase, Saccharo es cerevisiae cytochronme C (Cyd

tramﬁ@n%@w@n@@g enlagjonesequence which is functional in the gost cell of
clgcl)ié{ec ?Ja?l b%el.l?s}égelﬁ %ﬁ@ B&%Qﬂ%%&%ﬂ)’ cﬁrgﬁ%a%%iya%mﬁndﬁs ?efq%nces 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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termnators for yeast host cells are described by

Romanos et al., 1992, supra. [84] The control sequence
woreysalaes be a suitabl e | eader sequence, a PCT/US2004/026655

nontransl ated region of an nRNA that is inportant for

transl ati on by the host cell 2The | eader sequence is

operably linked to the 5 termnus of the nucleic acid

sequence encodi ng the pol ypeptide. A | eader .sequenc
[86hat Tb%c%wiﬁff%lﬁ ge pay lﬁ%%g B enalioptg cofige ceeiih apades for an
a#‘llﬁ“ﬁ%dadi@ sEQRnPE GRRBE 1b MHE iR terRliRlsCHf @dpdI RS dn@r directs the

amentous fungal host cells are obtained fromthe
ergorebpdlypeplidpenrtgithd cedl soegrztvey Pakaagnifhadecrdraf the coding sequence

o TR S LR L SRR BRI oL SR A godine resin
n%t{é%gy }H)ﬁﬁe(ﬂﬁﬂ&ﬁnsflﬁfonﬁ@ﬁdihglfﬁﬁ%cxeﬁh aRr R¢hthaef eaodsr region that

, Saccharonyces cerevisiae 3- phosphogl ycerate
ericodesstic seprelcH pobypgpiade. cAkempiayedy the shend efcthe codipgpequence may

Sacchar . IS I - - -
QG dr L BETAE Bt 1% BERIBiienao the codipg sequence The foreien
sigAIPHRERAP) cod[n@blegldte nagnbe eéqusred uehere tiveycodlingo sdimence does not

pol yadeny| at i on sequenCﬁJ a sequence operably Iinked
nqtyraflp gonfein 35 g3k peptisle CORWEAERPRI ¢ aci d sequence and

whi ch, when transcribed, is recognized by the host
(8731 | Alernativglynthe forsign gigpd)l pepddn Gofing feaiondmay sirpply replace the

t.ranscri 1 | yadanyl aLi e |C -
o S B o AR VOB Lo SUERSE G poepie
HoWetdreamy sigraltpeptidte cdding reghynedkich elireps Itiyaebeprydsad ipolypeptide into

sequences for filamentous fungal host cells are . i '
thelsearPieauPFth Y Phihef el of Gloicadpa b pseddn theypresentrakgntion.

anylase,.Asperﬁillqs ni ger gl ucoanyl ase, Aspergillus _
[88] duEffaetivensignal npapsidle cogdimghigsions Hos Ractarialoless s6He mre the signal

trypsin-like.pro d [ A :
PR S AR R SR by Al RCIR L1857 maliogenic
ai®lasd] EBGdill 0 SteakoehdriiophitusOgplea-ameldsd) yBdailusa lichdalfe rmiarsubtilisin,

1995, Mol ecul ar Cel | ul ar Biol ogy 15: 5%3%— 5290. [869
Bagidug disheriforgety heiclactampsen| Byt srearagfedimopaies ggutral proteases

[ r n ! r [ :
G 5| MR BhoACBR Aol SRR S e gRmcaed
Sthereatand Phkyag93dMicrpobiojgpeql Redewnttd: 109%elXel | ' s

secretory pathway. The 5 end of the codi ng sequence
[89] t Bffetivel @peal aepiildes estlig fegidm)for filuienndusyfungal thwsinceals are the

signal peptide coding region naturally |inked j
sighAnRIPHEF SRdEatsEINgs fabsiedafrom theeeae fn@skaraiis oryae TAKA

[ LR i &N peEHT [u¢BSRY a6 R
SSPRLEHPPUAD PGPSR R APEA RRPBLUBRERE oo
ntighat adpartit gogimabe, fhpticae isolénn celtubge comdt Avanicok lhoygnamn lipase.

to the codi ng sequence. The foreign signal peptide

[909di NQefuEGiganl PRytids fequasiedowhedle drbeoktgidedidrom the genes for
s&%uence does not naturally contain a signal peptide
Seesinramicey corevisiag AIphariagton and varsharemycer seravigitesingeriase.  Other

ubSRL g1 G RLobiE 1R STRbY BFRbAGRosI G, 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
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natural signal peptide coding region in order to

enhance secretion of the pol ypepti de. However, any
wak@sal7ipept i de codi ng regi on which directs thBCT/US2004/026655

expressed pol ypeptide into the secretory pathway of a

host cell of choice may be u gd in the present

invention. [88] Effective signal peptide coding

regions for bacterial host cells are the. sign - .
PTRRHH B S oUB o IGFD S BN rfEe b A dop GaL gpbrilis alkaline
profasd (MRENCBEAS 3bmB hedeni srora @ﬁﬁT?,Bﬁ&dc%#ﬁnyces cerevisiae

st ear ot'her nophi | us al pha-anylase, Bacill us
alphafeetiirf Bhitvmuetrvriidhies aspartRapidt¢ingse| pahdhvdebeplitkora thermophila

bet a- Baci | | us st earot hernophil us neutra
1aﬁ?§i@&§§éﬁ¥§%§*, nprS, nprM, and Bacillus subtilis
sA_ Further signal peptides are described by Sinonen .
9Bha Baeisa oo sgnpen B 1 GoRP e s 87 PSR 1g7he amino
tebBhlus 6F f 96lyp¥RiR BRproppat: ficPdipdsitioRe AHE té Ble amino terminus
filamentous fungal host cells are the signal peptide
ofcaoplypeptidgiand theatigral peptiderregion kepagisivagd next tadlsearginp|tergninus of

oryzae .TAKA anyl ase, Aspergillus niger neutra
ﬂﬁﬁéﬂﬁggaé$§6@rgillus ni ger gl ucoanyl ase, Rhi zomucor
nm ehei aspartic protei nase, Hum col a insol en .
B0 | irabebioa e el toas e bGP s e AL B g ot b deulation
ofSihgRRbrePER bR JoPfpepd@stel e o @Rl ¢rowl 6f MBtHRENGM. fEQMples of
the genes for Saccharonyces cerevisiae al pha-factor
regnlitcBpsystemoarny tease odridveasbateienprestienel thoghes tothsdfumed on or off
93t SRR PGS BB GAELBE BB PR ety
céthgounde 1R pivkaieat ihde &Nidi figtabRGeilalohatequen@s ihelud@the lac, tac,
am no aci d sequence positioned at the amno term nus
angt trp qstajresiisieans: Thaease dast eolls, putadlsersenlaiory syrtamsrinclude the
rQ Y, r ol j en .
AT SO G RIS RF o ¥ RERBEAGS Ringh, SRRl p TBquences
ifdRide ahy ArAKRA dlphasarflase proaciéry Aspokilae piigateglbyoamylase promoter,
catal ytic or autocatalytic cleavage of the propeptide
and APRESHUHPBY §IBedYdidse PI9TRYFopept i de codi ng regi on
may be obtained fromthe genes for Bacillus subtilis
[l kaPthes erampiess ©f (egspiajory Birguenags abthose swhisht pigw for gene
rofease (pp C : Vi
BpBHETR G B Corr SRR THERE ifGUETIRY, dfuarsfoline reduetase gene.
wandh iMielifiehi the paesther sfapdthbteexlars hied the (MYIRGHidBEB @enes, which
[92] Where both signal peptide and propeptide regions
argragnifiederith beavyHectalsi Ao these Aisetsthe nueleisacifhiggpprge, encoding the
SvitHThE Fegul
T e g
s¢gmgna@n i S positioned next to the amno term nus of the
propeptide region. [93] It may also be desirable to
[98]d Tags)lintaabthes aspeer) ales prevdiit Giveatibows tlke diegetabiorecombinant
of the expression of the polypeptide relative to the
CYPIBAA 5C qrwenmagmg@é?qunuelea@q ehsthg resgpfinygnsiop (which encodes a
t [ : e I -
Kg%%%pgét?%eupﬁZ% ns%r? 1g%ﬁﬁn5,hﬁld SR 65 S0 RbrdstiBn 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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in response to a chem cal or physical stimulus,

i ncl udi ng the presence of a regulatory conpound. In
w@e@garyet i ¢ host cells, suitable regul atory sSPOUERme$026655

include the lac, tac, and tip operator systens. In

yeast host cells, suitable rzgylatory systens include

the ADH2 system or GALI syst In filanmentous fungi,

sui tabl e regul atory sequences i ncl ude the TAKA
AliprRtivelyntha Jwclsiconid SPIUCASHEF dia Pigsenhiigentigh eaya b exRrgssed by
- PRLE Of NFARE 1Bl oRAFIE 8Rprising th
‘“g‘?rg‘ﬁg?@ '.m(?gglg]aé% %g?é gé?ﬂﬁl es of ar egul atory sgaﬂrel%ceessequerfce
ind @n tappreerizthivettoaféroanpfassiogerle casnphg ftheexpressionl vector, the coding

eukaryotic systens, these include the di hydrof ol af. .
SRERRCL S 5B ROReLt oot FPOIBe STeDsfo s PRl with the

s ERtE secRBRkek 6 dxBEatibet hi onei n genes, which are
aﬂﬁpﬁ?ﬁ%ed mﬁ?%ﬁhegby ne alg. In these cases, the
cl g i iR Byt BEatiRAERe DEPhIasRiPbr virus),

R B Bl e s PN E P plepfic b virus
whivh canghd adoveniendy usmbireted| t95kecahbisanti BNan prdvedurgs medtcan bring

the present .invention is alsp directed.to a . .
et IR enBiRES 2k B At PEWPORESSHE EHEIces] RGE 4hoice of the vector will

t)%‘ﬂ! afl gﬂ@%&‘atdn%e @(‘;mf)ﬁﬁ)ilﬂzeﬁ BtvelfdY Qiithi tROhS0BEIE Tt RbRdhaBe vector
KRED

ol ypepti de of the present inventionL§ and one
isap beromtevdeggt cBEi eatoremay he lineproe giosrsscisnylds piasmads.

pronoter and a termnator, a replication origin, etc.,
[9F4 pedt egpressidrhecdiyrp@ay be lao stusoniontonshyheplicating yweatog iteo, a vector

be i ntroduced. ng variogs nucl ei ¢ ?cid %gd Eogtrol dent of
whichy BHEE 25 FESHPHUGMABYNG Y- BB° [eRlRP PgubifRs {iglepende
cIRORfINGRaIR feﬁﬁ@iﬁéhpagﬁg.,exapr BRSIAD VAC! SliradhioftbsbRYl element, a

I nclude one or nore convenient restriction sites to
maniclnenfospme. nereant artificial chromosomet iTde \sEtor meayneiitain @ny means for

aci.d sequence.encqdi ng.the pol ypeptide at s .

APPIRE S 'f%?Wngbegg?”%ﬂggﬁdgFé%%oggﬁaqgédﬁéﬁgghbwh?hgmommed
16 B8 Most REBNLJ PRtep@EdDBIENRE anbtie byhd RgRichiedJtogbler with the
nucl ei ¢ acid sequence or a nucleic acid construct ,
cromesomesyinthwhishdueasdech integraied-aPpspnPe: 8 sipgler setor gF plasmid

expression.. Jn cr : ! I .

o PO el A0 AR SRR WA e inrocuces
i1t6 e @ n 6/ WE EHechdsScetiper abvinspbionkaal bvd ddedt he

appropriate control sequences for expression. [96] The
[981COMRE RAPlesRAEPHESRST ONhéesitRht IF¥ntéh BRYerdlsl§todhtai®. Ghe, or more
a plasmd or virus), which can be conveniently

seletplde magkars whictopdymitzassy sHgction of ansieanegigllsan sshectagle marker
_about th . . i
SR o R e bR B 6T MR ERE RS o heavy

@A) Brotbirbphyytociix biephe earidahe Viké. hExdigplbost bacedrial sel¢avable markers
whi ch the vector is _to be jntroduced. The vectors

afge thei ddagengy Teomy Sigiliss rsublily Op Bgstiug Jichprfarmis ot markers, which

cgﬁ(fgf SR ¥6StAte SRY aQ\‘;\éﬂﬁ’Jﬁbﬂﬁi% 95“%9?6%, ¥hloRRhpHedidoN@Example 1)
vector, I.e., a vector which, exists as an

o xdtraagdiine rescianme. eSuitablg markers fepydastaiasoceltsf areRIER,iRIS3, LEU2,

VR YR and URAS.

[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),
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chronosomal replication, e.g., a plasmd, an
extrachronmosomal el enent, a m ni chronbsone, or an

w@edosOiTBal chronopsonme. The vector nmay cont ai NP@MNYS2004/026655

means for assuring self-replication. Alternatively,
the vector may be one which, 4ghen introduced into the

host cell, is integrated into the genone and hi o
. . . it . .
DR AT Ple Ak B SRR ORI RN B P we n o

Axpepilasniell o thean@lS sid @yiE @EmgsSofOAsHYr aHNG ediMMisChr Aspergillus
together contain the total DNA to be introduced into
opyrae gathBrdapgener Swsgiomyess ygspscapie¥sansposon may be
used. [98] The expression vector of the present
(100 edthe siPrsssior vedspip of dhe aresentdneengien rpoeferabby eantaiblan element(s)
r .ch. perm sel ect | of t.ransfornmed
58] 5, SRR PE e FEROr PES e B0 hM BRGBE BE cvtonomous
replicatiorpofothiedestot o thei cfliiddependatit blther @&Slofiea R integration into the
resi stance to heavy netals, prototrophy to auxotrophs,
hgstdcelh&enome . they ¥erTeMayf rehn On ethe auckeif csidhisequenss leageding the

ple{)/g)ﬁﬁtnﬁ Gabn PeRRs i BRGhL |dStos YL ;Atég?aﬁgn g‘?glixtji i\:/&%or into the

enl form’, or markers, which confer” anti
gemsns buhemobgols @snoahpnglogbusrecdmiiaaymn. n,
chl or anpheni col (Exanple 1) or tetracycline

[1049i stlenceivelSUihe@Rp@ssitd ¥eter thay coneas hddiaseial @atlkis sdfdsequences
ADE2. HI S3. LEW2, LYS2, MET3, TRPl, and URA3. [99]
fagefigscting fmicgratine by hpmplageus resombmajianriie sieseamemsadf the host cell.

THESHSERY AR At 0 ML VLS i TS e s o
gbarmg phaspbdisotdeatian(s) aceeydhromosihe(gseTo ihgbase the likelihood of
1%3%8{3(?12%@%1 %r%&%é%lg%{o%? t Sfﬁrée%gzﬁzobﬁlg!%lgggétgIshcr)ﬁtdepreferably contain a
s RN D AAMbASEY) nuckic GSidL.f AR 284804 tlb@f@%flﬁlﬁégﬁi}s,%é’fcrably 400 to
trpC (anthranilate synthase), as well as equivalents

101089 dwe priTef and ewbst prefersblyi B0Gito AEOgbdsk umitselwhictr ere highly

the, andS and r G genes. of Asperqgillus nidul ans, or .
hoSloBaR 1 OUY 4hS SRrCREdn R T GHRIE oSEPIASED e dobability of
hbMgIoR5 6 PdcotbinalidR 0] TH ﬁlt@%ﬁ@tﬁ(ﬁﬁﬁ b%emcaﬁ]r/ eOhnyt BQuence that is
present invention preferably contain an el enment(s)

hemalogpes withsthe sareefrsgapange ot thengenpaet @ the iost ¢dlle Haghermore, the

‘ ¢ 0 . repli e . the vector
o EOAHER s Qs APOR SR ch R Rl OB HBGREs, On e
othiet hahdiethbosdctareinby denmegratédiénty et ofentiy dfethe Bkt tdB by non-
nucl ei ¢ aci d sequence encodi ng the pol ypeptide or any

hgmRlogowy ERYAPINAHOR-he vector for integration of the

vector into the genone by honol ogous or nonhonol ogous

[102¢ o Kby restanemmous 1eplicatipn.e theatvester ymay Hortkstpeerspiissn an origin of

. [ i ti L nucl ejc acid,sequences .
A, SRRETENEBEH KeER e Bhed S eE IBRCRT Ty, aveston
Exahplet o€ bgewameodding be rdpdisiticiehre . PIBRe oadd h@@lin the plasmid of
nucl ei ¢ aci d sequences enable the vector to be _
F;weeé} gt BY qrigins ehrephgiion f|nlasgudorBRAL2, P K ipACYCI77 (which

pilai%&gf ?ﬁgggk 1 %R I Cor U CTRS B itting FepRGHEERFEE! B9, and pUB1I10,
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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integration at a precise |location, the integrationa
el ements should preferably contain a sufficient nunber

w@booswciied ¢ aci ds, such as 100 to 10, 000 base PEi/IS2004/026655

preferably 400 to 10,000 base pairs, and nost
preferably 800 to 10,000 baseygpairs, which are highly
honol ogous with the correspondi ng target sequence to

ce . .probabi | it f hono ous cgmbi nat i on. .
AR P ATyl 20 BBARHeL B PR T2 e Nons
AvaderhpebSsietdes USA @5 tianget sequence in the genonme of
the host cell. Furthernore, the integrational elenents

2018 ARarE BEOEbPY00104 nBA1Ee HclisedHé R oF (BE bfksent inventi b
[ggguen%es. On théﬂ%?hep hand, tﬁg vect or ngys%é‘“vm‘“”‘“my €

insgried i & host eelf treingeeassnprodictionf hlas gereairbdusy. Aanincrease in the
honol econbi.nation. [102] FEor .autoponous .
cPé%lnlugxg?y 3f {het li]]L{E?CIC a{ngrse u(%/ncF Lj']ra{lf? rObg%lH%C? |%§ éntgﬁragpg gfit r\east one

i on, e Vec
additioagll dopfiof e s2qadice Mgo tthehose eélbberiding 6Pby GRlRling an amplifiable
aut ononously in the host cell in question. Exanples of

splgetalale imarkes gegie ity they msloic agid spquenec prhem enlls cogwining amplified

i.gur t-he ori gi L
cBBBYBE U, R R B B ety AU BN ol B of gl acia
spdueacd, dahds seleeteB¥bAbprultivating HAQETL 8 threpraidntt 0@ the appropriate

replication in E. coli, and pUBHO, pE194, pTA1060, or
Sﬂﬂ%@ﬂ@@ﬁ?ﬁ'pernitting replication in Bacillus.

Exanpl es of origins of replication for use in a yeast

[H¥M+ The| proggadureshised tej Hgase thw ickpmenest desspbpd &bpm to construct the

rcoﬁobzindﬁﬁ%cleitchfc&gggﬁﬁgﬂggg Wﬁﬁ%ﬁ# vc%g)?sn gglg\ﬁge pl%gglttil?\eention are

i nati on of e orl
weHlKniogattb one silledm thaartlisee] a1g., & SamitabolqE. BhFtciakaT. Maniatis,

i.1's functiQni ngt rature-sensitive in_the host cel
1hag. dolgeiiar Clpring; &il-bogiasy Vg ea Piion SFod verg e N.Y).
Acadeny of Sciences USA 75. 1433). [103] Mre than one
[Kdy Mimyofiihe pepression vecksy(ns mee inbthetpiesepy inyenton are commercially
' tien ' r i t,.cel ™ .
o UL, SOhuIER) ORI SBtabih Lebigh RO SRAFT ABITMOG expression
vedtotts feons Spymardidrioh Cientibats,rf1cLaiic MG, dvhighguelndes £E8MWY@romoter

' d. by int¢ it i t | ddi t ] I
3§ WL Db rtls e HSToReR FgBRORAG boStSgIIS and a pBR322
O?Eﬁ.l df%]lﬂgc,aﬁﬂn amhmgicﬁhh Ses n%@tn%m(nﬁ m@gﬁmf&%&&] W ENcoli. Other

e nucleic acid sequence ere cells contalning

seifpbld féxpdessiopi esctofs fatee pRihesctipbl eSK@) kard gBIe-.CMNJ which are
t her eby, addi.t i onal copies of t | ei cid , X
Cg%ﬂﬁé‘i%b‘/, agailb el Sitdgne, Lﬂhﬁﬁa Lotk FRALP asgidsnwhich  grg derived
filokh pBR3P? @SARGEBRL), t MO BREY, HREFC GLRPU S TRIEH Pol
ééog] TheQ roceduréénﬁégg to Ii%i?% the%elengﬁts §m)0rp oy
(epsbeeti e d9%h &gae 69, 193r¥).uct t he reconbi nant nucl eic

acid construct and expression vectors of the present

i yé@ﬁgon are well known to one skilled in the art
El(ugee, e.g., J . Sanbrook, E. . Fritsch, and T.

T B PR A P ARG 3 Y ot comprising
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
in the art and include but are not limited to, bacterial cells, such as E. coli, Streptomyces

and Salmonella typhimurium cells; fungal cells, such as yeast cells (e.g., Saccharomyces
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[ 105] Many of the expression vectors for use in the

present invention are commercially available. Suitable
wa@oeoomsmITBal expression vectors include PCT/US2004/026655

p3XFLAGTM t n) expr essi on vectors from Si gma- Al drich

Chemcals, St. Louis MO, Whig?h i ncl udes a QW

pronoter and hGH pol yadenyl ation site for expr essi on

in mammal i an host cells and a pBR322 ori

n

careyitine X Bishignaasiens 6ATCCh AcsessianalNoe Ik cnest cells such as

D?&B thifd §§tén8n%¢(ﬂiogterac Qkd ng %fmacluéetll%béu@h %Péﬁé)S'é@s 293, and

ors-are pBluescriptP SK(- CW, are

Bﬁwmmhaﬂnh)cehs/ aintl gibdre céllo m@tomtawg@nwre tradmllrrlsaalﬂAQondltlons for
and pl asm ds mhlch are i ved. from pBR322 (G bco

therbgve-¢aseribed hashoadiviaye W% VI A I nvi trogen) or

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

(161 | By [Way69f mnmlﬁatliféhergélﬁééffh WHdOpyassatsiarpd iy @hexpression

e
b S0 R, pe e R pah R TR Ph, Spression
védia pal greated bptdpelmtlbdy rlgmkmga adriane KRED lpbla/uiutleotateeofdhe present

more cont rol en . expressign
TR GRPORRa e PRSTKGP LoD GPeRFBED SR I el Bg Rrgmoter under
céntidf 6F ﬁferlgcltrjégre@g@elﬁ’@l YRERIPr&SRn 8REPEH &R0 R¥ntafiRd the P15A origin
expression vectors of the present invention are wel
okmplmatuon andh ¢heaghl oramgthémicesd] m@estamt: genee Hust transfarmed Ecseherwhza coli

eri cells, such as Stre ce
e s RS s Ao i 5oL 5% by ERRREPRE Rl Mghenicot such
th4EaslYy t@RibEMERE ol cORCGRREH@RASSRIBE Eﬁg/rhﬁla}lﬁv@tor@uﬁ\hv@. See e.g.,
pastoris (ATCC Accession No. 201178)); insect cells
Examopleak Drosophila S2 and Spodoptera Sf9 cells; aninal
cells such as CHO COS, 293, and Bowes nel anona cells;
Pﬂﬁ g{[ St cells. Appropriate culture nediuns and
conditions for the above-described host cells are wel |

e it Y,
LR Bl 115" SRED gk bPEapry i Rbechil MR SRASRADERCA by the
vt @Sl‘;‘yhﬂ@edjth&s VEAE ipahyipepriey rvmd: potifiete fronf tht fvellpamd enthe culture
i nvention. The expression VeCt or was reat e

mﬂ%vﬁlvélayy!qnﬁmrﬁgorg e il kegrs ff‘& e g)dt rgiginy purification,
iﬁcnﬁilr% d (RAeh© @oﬂuEﬁtﬁ) nt hﬁra@bﬁsﬁl%gogﬁka-%ganon affinity
oper at 'vel’y at t ached e’ l'ac pronoter under contr ol

clabntatvgrdphd, aephrtks didke. gSmmbleTh@luEGmr frg sliysing vandt de Bk cefficiency

cont.ai ned the P15A ori.gin f epl.lcation and,t
cERU P AR oo PSR ErArIEh g ot rAE: {PARER oY N aileble under the

trgéccli‘@rﬁé eRire g/ti%q*sw H8h1Sig ﬂﬁsmaﬁl:ﬁ Bf 8¢ IURSEMGP QRfabRL Srocess for
cul ture nmedi um cont ai n| ng chl oranpheni col such t hat

ptmfyyng tlmwgﬂ?(ﬂﬁrmml@ept»dqs swdfigignt h drone cgH elysatel fonapplications in a

SS|on ve |ve .e.g., Exanple 1.
p&%ﬁers%ﬁ C’st%@f ’éanill?] ‘pol ypepti des of the
present i nvention were expressed by the
Screening

[109] 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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waig00®1aey one or nore of the well

vari ant pol ynucl eoti des, the pol ypepti des were
purified fromthe cells and or the cul ture nedi um
known t echnPQU&S2000026655

protein purification, including |lysozyne treatnent,

sonication, filtration, saltihpg, ultra-centrifugation
affinity chromat ography, and”the |like. Suitable
solutions for |ysing ficienc

d t
geupr abis Bt of dsFrsess Rlﬁl%% 213?\5}1’ assﬁlgﬁu\geéi By tgebld,s:crease in
%gﬁ)fgﬁ'%feﬁ'gﬁr@ckﬁ/ce mﬂélll déﬂnghﬁle glrﬂg%%sglfkberga.rtﬁﬁgzﬁﬂﬁu.c) activity of the
KRED @blyepepnctn:cess fixad pmpumtyofnghet hsatkRED s dyopbaizedl ctmvder made
ffi tl . t
HERGiADa Ouph SOLEUNE ekl Badh T ATERAR S horei n. -
nﬁ@i %E%oﬂ%@e%so b RGeS BF O f’sfsz)f:e?e%pé)? TRgptions were screened
@@2{&%@5‘3@)&2{) dptidE YSE® TOVYROE a6} HaddBHef ALARENH6MQ and F158Y

en1stry techni que of nonitoring the
reﬂauve tofthel & rreemoliGe IKRED decktoas of iSEQBBONOarRceThe polynucleotide

f1uor Bﬁ%g‘t?s%/dﬁgﬁsﬁed from

P RAROD Napes) rerehil LB NO; A

oliSorkki e do Uk (B 'o@ﬁﬁ‘ﬁzeGderh&ﬂf@h@h et asdli. asThd @esulting codon

ket or educt ase stereospecifica
optirized pelynedeqtide hed theesspuangs A

of decrease of NADH or

[lida;r Sheeaftar, abwoeivhmugagenict buerelstemney teq@@rqu@nws apphed to the

R
tdrb( Q@Jﬁ' dchzgeld RVRREDTRESifyNsy &

Is described in Exanp
clones respltesl ipetheriseledompt direq Blones that demgneiradgd hevaen dmsand 4.3

@Pﬁgﬁﬁ%‘é%’g\;ﬁ@ at Vel?gsing either

NADPIE or NV lak @6fakiSEDThese kchoiee aef1istdQn TabNC2 bﬂowTahﬁng with their

pol ynucl eoti de sequence (SEQ ID NO 75
mugAtiogEENd BOAY Tdativgstorthe BB Kt HeAsnolde PRSH
to be codon optimzed for expression in.

ik TR 8t I

B PTLE

the sequence of SEQ ID NGO 77.

| e

A%

1 oNns

ESEQUPNS! 7

reduces a
f-ou

ket one
p. The rate

NADPH, as neasured by the

her ei n.

TSRO B e

[110] The

SCCO
ysate

t hat

libraries

E.

resul ting codon optim zed pol ynucl eoti de had

[I1l] Thereafter,

a

Tabrand mut ageni c or evol utionary techni que was appli ed

KrEEDNE codaviulhiong zed| eekacisic! ed-fslg of SEQEnEniibielettivity
P%@ti&{g%&%e a second |1 D1 ggaq ihi Cf Thékehdt i Wap screened
r gctivity by t gcdé@]m; eGhRi A XREDC] €eeni ng the

resulting|clones resulfed In Bhe a?tgt ggp pf t hree
cl ones that denonstratéd betweer B tines the
KRED actiity of the wild-type pﬁ%ﬁgg hf SEQ I D
NO 2 using either NADPH or NADH tor. These
clones arg listed in Table 2 belléw along with thejir
SEQ 4Di O [aHE7Qct iWi40y | NARHI ve [t*6 t he par enP&fe C
12dgnol i ae |FES8Y KREBTbackbone of

V1721 MI177V

V1841
SEQ ID NO: | H67Q, V1401, | NADPH *ok 99.9%
204 F158L, M177T,

V1841
SEQ ID NO: | S42N NADPH *% 99.9%
224

** = oreater than a 150% ( 1.5 -fold) increase relative to SEQ ID NO: 2

1[1(5 lilgrary which in
of Qe teShitifud IScRGRTIE e resulting

121%]%% backbone of
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SEQ ID NO 2: Table 2 KRED Mutations Cofactor X-fold
Enanti osel ectivity Peptide No. used in Increase in

~waewsemiay | nitial KRED Activity over KRED of BEXQQUSI04/026655

NGO 2 SEQ ID NO H67Q V1401 NADH 98% 124 F158Y K167l
V1721 ML77V 1841 SEQ I D NGO 7Q, V1401, NADPH 99. 9%
204 F158L, ML77T, V184l SEQ NGO S42N NADPH 99. 9%
224 * * -= greater than a 150% ( 1.5 -fold) increase
relative to SEQ ID NO 2[112] The KRED pol ynucl eoti des

[12D] t R RREFEPSIyhRVRAUELSY tHEPredent iwteati 6l maky be\mhtmed ot‘ ®volved to
generate I|brar| es that can be screened to identi

gqﬂqm libeadiies itead GRREDD j56¢apee 30 iidrnsify Ahase gn@%ecaéﬁl’rlr?@ ypqlxpeptldes
zﬁ‘A ﬁlreezﬂ)t fltgf er%nce&{%ngﬁgg{qt %FHQPQ:B ﬁg a%so&lﬂ‘%@fs or §ADH in

prféfesm\éedi BH\I])IPI:’H It pati&A26 G \mstcatdo@eredalmdté E220Gangeation caused a

S5 S RS hog AT R OB S5 Bl s 1

1 8; 0 i
1%(%&82 Eﬁ) 158! 1%%%§2d1%814%a236 E‘Q&*eﬁg’@)&% 194 dz(J%Z%ﬁ@)zlo) as did

ERAGIB{SEXDED RRED 123 kg il&S)emti iE286K ¢SEQHP Pﬁ@e%h@t
i nvention may be nmutated or evolved to generate

[118br Bhé KRBDpélyesitedoieles of the pederitonveddoh nfay biehosteted or evolved to
nodi fi ed KRED pol ypepti des havi ng enhanc

SeREALPIDTagISH |th%tycan|tr? Sapaned (i aiiemﬁ%r those fa?‘gés% &RED ppbypeptides

4
s L 10y OB g B R s

PthaNd 4Ql, tWﬁDAﬂ%VI(SEQ R 0s:ve2,t 26, 33Ky pépt FOfe 16 and 542)
PRSI FerEated e T r ABA b s epfof £ SEQ DN X

[114] Thereafter, a third round library was prepared and screened 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 listed 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 NO: 2, and that provided a 3 fold increase in initial 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. Initial KRED

Activity over

KRED of SEQ ID

NO: 2
SEQ ID NO: 250 S42N E160G kxk 99.9%

_ A194V
SEQ ID NO: 252 S42N, D95Y kokk 99.9%
SEQ ID NO: 254 S165N, A194V *EE 99.9%
SEQ ID NO: 256 S42N 1401 F158L | *** 98.3
MI177T V184T

SEQ ID NO: 260 H67Q F158Y T235K | *** 99.2%

*** = greater than a 300% ( 3 fold) increase over SEQ ID NO: 2
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descri bed herein. Four of the clones fromthe third

round |library had double the activity of the best
waeamdiodases of the second round library and areCT/US10e4026655

in Table 3. A pol ynucl eotide having SEQ I D NO 253 was

the nost prom sing candidateyglt expressed a KRED

pol ypepti de that had the two nutations S42N and 194V

]tlﬁlla’tfhé/ grocgses Ool}einl.gagr%% %)11%0%:6%2115{1 ggapiEgﬁP%ateﬁsé@aH%es as needed,
maIHdmg !hy 1h§ir@<§n ¥e pbiat firatitink dtot yfiee KRED ¥ nuSRQiED YD encodes a
2 usin as cofactor. Table 3 KRED Peptide
p%t)eaﬂfi@ NgthXh? desired ae Wiys Bermostahility; @&H(ﬁeqt?wrﬁﬁﬁr%e
Initial KRED Activity over KRED of SEQ ID NO. 2 SEQ ED
[146] Pe@bgunr Netrreo@ression oy thepalydaiegity EEQAED NO2 123) from the

PIEHEd RE0o0 o G, e POl %1%5%93#91@?813 S8 olicicd

udiey oﬁﬁ(ﬁnéﬁ%@rﬁiﬁﬁ\ﬁuf%ﬁﬁeﬁﬁaﬂﬁia? *léad=to R]gAem@in {dvpNfodmation at
300% ( 3 _fold) increase over NQ_ 2[ 115] The

the :SHd st obtheNsElr iRRg thend f‘é‘é‘r‘tfé'i*ﬁ F&%ﬁlWr %@@fwly@@hgos were
d&%ﬁﬁ\éd% Hﬁﬁ]p@ﬁlcQ@E&@&ml isfar 0] Q@u&{ﬁ% ?gfgﬁr{%r%khgg %‘H%te of the

tions, 'to arrive at a pO ynuc enco
p@KﬂJHD%Oﬁe‘fHCtalieasvwd:lh a$ Ineplabireg thedAGC€Y cadonyfor serine at residue 6 of the

f f [11 T .
LT g BB 40 v,
re%@nné%gﬁorf b mntzg@p@l ﬁ‘&%(ﬂld@%ult@@%pgpﬁf)mﬁ{agél @hreé 19, fold higher
NO: fie

pol yhucl eotlde of 123 was reanpl i usi ng
e)mrfpsg@nmféhtt KREé?Jp@laeem@eJ mncﬁe@dtﬁyaKREEyadtlead in ohe lysate of the

RNA- h n,at. t S site of the vector
el Bl R O R B i B g FpgCorary. o
pIBfiR1€lEigE Gaedg SEQID N2 5B hesehd flosiprontisi @z[ﬁdid?&p However to

structures by chan%mgthe 5'- Sfil site of the

om@lgd@tt%@mf@ssw qlethe pebynuelsptids figmt the p}mx@@e:&maoo of FIG. 3,

oSSERCEAES 940 R S SRR, IR bV B S chionr

tecletigphdsi 40d clontinoptvietioz édl witndhy Hechempin derntigg wutkOtides had been
approxi mately three (3) fold higher expression of the
repiQees! gb fQFpeiie TddYO0xa ﬁmaf die ﬁeﬁukr@gwoalev .wrlwerirpodmcleotldes

int X384 fhePolyrli€leotides having SEQ ID NO: 303 and SEQ ID NO: 343,

[117] In addition, the polynucleotides encoding the KRED polypeptides of the present
invention may be codon optimized for optimal production from the host organism
selected for expression. Those having ordinary skill in the art will recognize that tables
and other references providing codon preference 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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transfornmed and cul tured host cell. Follow ng the
screening of a third round library, a polynucleotide

 Woa00s0g713Q | D NO 253 was the npst prom sing PCT/US2004/026655

“candi date. However, to obtain better expression of the
pol ynucl eoti de fromthe plasHlK)pCKl 10900 of FIG 3,
t he pol ynucl eotide of SEQ ID 253 was further

i.mproved by appl yi ng evol uti.on t.echni ues
SRS ARY GBER BHOR Bl PERE E el fipR sy ﬁ?‘ﬂb& drug and toxin
reglbﬁh@é)ééng§ Sublfsk RESANEEIRYRAarAshdnRol 2BPidinNAd tA2Bke. Although
ove.“ The resul ting codon optim zed E | ynucl eoti des

spontanealsdeteh@ompeinandcloepodcden thegpurge tpl NNOlutBmRingthg present
SEQ,ID.NO  343. .[11 In_addition, the polynucl eotides
mgﬁg%?eﬁegf“f)ﬂés %5&%“6%%5@& i des of the present
i_nventiqQn on optimzed, for o
(439} hes KRED) BRVEN-HBGE PGS hY SBp oBELaY gfisclosed hercin arc

sc‘?é%‘ﬁ&@ AP AQRBrdanBOWfth MRV OtbcBY disB@bed i ixapld tdRletifly those having
recogni ze that tables and other references

erﬂmn&adchctlglt}c thab arepuishlele Eordaclisipo asan inoprovest KRER pledypeptide of the
e of .organi sns are readily avail able. See e.g.
Pt VeRUeM Danchi n, "Escherichia coli and Sal nonella "

Nej dhard et al Eds ASM Pr es shi.n n.D. C
138 7T sl Ippenge) eaferes] SEBREnZS) Jio SVun g (5 varisht KRED
p&g,gécb%eg B dhE Prdsdnt Hkn@oPr@sEve<RE ild-t mptst;ﬁ@gnohae KRED
|rst one physically separates e cells and

p(blblmptldet@fr &E@M@hk@sIaésmohsame@onn&nwksé@g Ho. JCT7338;

perty. Selectio s a _farm.of e oy
G&Eﬁé‘ﬁ?é efeil% AP A¥REe ytg Mg e%cégaf: %gﬁeesaﬁé el as X
fMoNe8ROihei RMULERBRVE! drebipRYs 8S&leae Bt KREP! gslipePtides of the
mar ker,” which, in sone genetic circunstances, allows
p@eemtywe;nmressu ng the nmarker to survive while other

cells die (or vice versa). Exenplary screening markers
[§24¢l ude | uci ferase, b-gal act osi dase and gr een

fI Qt eI S|n %]24X25LDL
A okt %5%%5 %“5%@
&Qx &x‘t Xeo Y K A

Xechrﬁa?(e:r §IX95\P0VUX986§99 X100 Xtoe wethoBsk & Xewtli Bl X114 V
X & Gofael WyT dan. GIALYD] XiEh KRE%@dD%BICHGE)KHﬁ@@SS V X140 D
Vo¥ngaier 8)G Dhe, BeYods AdKSXkode@ ReXer Kisr X158 dieeRediez Xies
Xk Res A atame G hy It Xg, X at dCAlS MegcBiBotisd NVENaXRI @ Q F Q A
X, 8 Y et iy ot ase \hﬂ\/Hf)qzoﬁAb@G&sCL AG\I E\oqoyAtmaEtAav NS X215 S
PS%'\I’ @%s T %,26 mizyfxz nF aemam BQsmdzygmpw g VPL
R E % Lf AW Y REALERSS D Xors

iV r SI ty o]
Hly e ??S%

e var [ ant KRED
S o 2%he present invention relative to t he
b e S e SR AR RER! o BT ot of e
@scr& 13R0838 are"!*ﬂ%fvﬁ't@ tl‘%‘l@g(t@ lof fﬂ%rﬁro‘@»f mt T%l@mbelb“ﬁﬁidjrelatlve amino
reS|dues designated as " by the residu
acidniseiduesr ef rthegp Maldetype . cmem@lat? hTéREPE@OmeqﬂQpQﬁ §EQ 8§ NO: 2

(g}en%ank Acc. No. JC7338; GI:11360538) which are shown to the left of the arrow:



present invention: [121] X 3 NX 5 SV XgY P X13 X u

X19 X20 X21 X22 X23 X25 KL X GKV XS T GX41 XS G
woK2@5M1M33 AEAAQXGADXAWX X X X X AAT/ESH0H026655
CXALAXXYGVKVXXYKAXIOVS X903 SXAVX

X99 X100 X101 Q X105 Xi oe D E GL DV X116 X120 X124

X129 Q X131 X132 D X134 H F )(%37 X138 V X140 V X143

X144 X145 G X147 G Y X o A K X153

X157

X158 X159 X X

Tébi%? K G X170 L X172 X X177 S G X180 V N X184 X190 Y N

(924, X201 A X203 X209 AP F A|JR V N S X218 S X224
”‘"3))(5%8 X226F X231 P X233 X234 X235 Q X237 X238
>t %ﬁl’;ﬁm EX262-SBDAGSYAT G X272 D X274

e di-versity—of—echanrges{at various residue
ideg of the present
inentE-o’rKéie shown to the right of the arrow in Table
Xibpel Awavid rel ati ve ani no _acid resi dues of the
vp'(,I d-tppelL. C. magnol i ae KRED pol ypepti de of SEQ I D NO
(AGenpa.nb, Ace. No. JCr338; d:11360538) which are
f?ﬂ%.v‘“/{ (l:,hg eft of the arrow lablle 4 X: AV X: KE
Q(I;S:L,_\_glg.!\u\r\L.}VCI\I:Ir\TUV)\..I/-\VX:X:G,VX19:
1*;9: I(,—)IJI\./\.QI\I,I/\.LI'
Xzol N— D,S
X212 E—K
Xzz: S— N,T
X23Z L—-P
Xo4: Q""’ H,R
X2 V— A
X322 N— D,S
X36Z A—T
X411 S—G
X422 S— N
X5 : I-L
X432 A—T
X56I V— A
Xeo: V—I
X64Z Y—H
X65i N— D, K, Y,S
X66: S— G,R
X¢7: H—L,Q
X632 D— G,N
Xq1: G—-D
X741 E— G,K
X732 K— R
X79: K—R
X35Z K—R
X362 A—V
Xgo: N—-D
Xos: S—N,C
Xes: D—E,G,N,V,Y
ngl K—R
Xoo: Q—> R,H,L
Xigo: T— A
X1015 -V
Xiz: Q—R
X105: I— V,T




Q*H RVAX: N D
HND K Y, SS, R
wWoR2030171B5 R K R A V X
~ YKRX99: @ RH L
X105: I- , TR QXY

NX45 : ATVAVI Y
X71: GD X74: E, KK
S, X95: D PCTRUBR004/026655
01: I- XiO: @ R

Xis: K—R,Q
X]]()Z H—- Y, C, R
X1142 V— A
X1162 A—G
X120I -V
X124I K—R
X1292 D— G, N
X13|I D— G, Vv
X1322 D—N
X134Z K— M, V, E, R
X137I D— G, N
X Q—L
X1401 V-1
X143Z D— N
X1442 L—F
X145I K—R
X147I V— A
X1502 Vo A
Xis3: H— Y, Q
X157: H-Y
X1532 F— L, Y
X1592 R— K
Xi60: E—-G,V
X1622 F— Y, S
X163i E— G, K
X1642 K—R
X165Z E— D, G, K
X]672 K— I, R
X1702 A— S
X1721 VoI
X173Z F—C
X177I M— V, T
Xlgoi H—Y
X184I V-1
X19()Z T— A
X193I A—V
X1942 A—-V
Xoo01: F— L
X203I K—R
X209: F—Y
legl Vo1
X224Z N—S
X226: E— K, G, D
Xzzgl S—»T
Xzzgi D— A
X2312 V— I, A
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XV AI16: | V X129: XD - G X134: KM V E, R X137:
G N X143: X144: X145: X147: XI5(>Y, QHY F* L RK YV

WO20050G1B5SE D, GK X 161" |, RV I X173: F X17FCT/US2004/626655
©*Y X190 X193: X194: K *R X209: K, GD
44
Xo3: Q= KR
X2342 E— G, D
X235I T— A, K
X237Z N—Y
Xo3s: K—-R,E
X2512 T— A
X2551 V— A
Xz@oi F— L
X2622 A—V
X2722 T— A
X274I I-L
X2752 I—-L, \%
X283Z 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, 2¢g/L. of Tastone-154 yeast extract, 0.05g/L ferrous
sulphate, and 3ml/L of a trace element solution containing 2g/L. of calcium chloride
dihydrate, 2.2g/L of zinc sulfate septahydrate, 0.5g/L manganese sulfate monohydrate,
1g/L cuprous sulfate heptahydrate, 0.1g/L sodium borate decahydrate and 0.5g/L EDTA,

was brought to a temperature of 30° C.
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S*TQ , E- DT- ,k NK>R ET- A X255: V- AF AT -
X274. . L X275: . , V PExanple 1: Construction of

~wazpspsason Constructs for Expression of KetorBODUSAS€026655

'[122] An anal og of the gene for Candi da nmagnol i ae

ket or educt ase was codon optipized for expression in E
coli and synt hesi zed based ug%n t he known sequence

di scl osed as GenBank Accessjon No. JC7338. .Th l.og. . . .
[1gdhe Thgteraghion3as z@?ug&%ﬁlt%@HﬁtsreXBP?e&Bﬁle?lQEurf‘Zﬂ@ggch%chm coli

“@3)1?92@%1}@?2 é%(;\vﬁﬁpﬁesﬁ%@ﬂas\keﬁn@ilmﬁg%, 10 I ggé ($ibfaa Chemical

ontrol of a lac pronbter an
Coepr.dsans, Meneandc 3@ agimigchidrasmplenddREDIgnEhEhemisake€si, $it. Louis,

vector also contained th 15a i qi r i cati.on
MhdorhEagRE APARPns L Rt g%fg ey gﬁé@‘%g‘gn(g.g t%?fﬁer Tfie ‘ementor was
aéla%eﬁ W—?S(fdﬁ%‘lﬂdaﬂd@i} »@ﬁépﬁﬁ)?ﬁ&ﬂ t&NMh@GérméRtation vessel at 1.0-15.0
ase (a hod of

et or educt s per the ne of Exanple 4) and the
L&win; dvelt the pHeofabe ndtuze ses oenimildd an’ Sdyweddwndyd J0gnwivegnmonium

-5 ( DNO 1 u a starti i al o
o5 g R i e B N TR A e Mokt MRSt o s
CaRA t1RXdXPRdsSilon o@%ﬂ@cﬁﬂﬁd& Hiogdendsel et idiced byrtHeh@dition of isopropyl-

wi | d-type Candi da magnoli ae ketoreductase (CGenBank _
BAr-teesilastosils. (RIGBISignex {theimacad: Corpd it ilenisnf MEGRER® a final

123] | d it d f .OL qf . .
b 8B P o PR LA, B mascion,
th%- 7g§ efd hitvedd@t By sédiRfudasOaIRNwRHRA Piat €0mM Pytdssad® phosphate

.79/ L of E’Ot assium di hydrogien phosphate, 2g/L of
baffert pHelQ.54hg seld pagig tyagarsed Airgsly/in thedeyusrean gpAcEy process or

and 3m /L, 0of ~a trace el ement solution containing 2g/L
WBT%&"F&‘GW&%P{SN%& di hydrate, 2.2g/L of zinc sulfate

sept ahydrate, 0.5g/L nmanganese sul fate nonohydrate,
Example 3: Ketoreductase Enzyme Preparation (Lyophilized)

(1251 The cell paste was washed by suspending 1 volume wet weight of cell paste in 3
volumes of 100mM Tris /sulfate (pH 7.2) followed by centrifugation at 5000g for 40
minutes in a Sorval 12BP. The washed cell paste was suspended in 2 volumes of 100mM
Tris/sulfate (pH 7.2). The intracellular KRED was released from the cells 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 room temperature
then a 10% w/v solution of polyethyleneimine (PEI), pH 7.2, was added to the lysate to a
final PEI concentration of 0.75% w/v and stirred for 30 minutes. The treated homogenate
was centrifuged at 10,000 rpm in a Beckman lab centrifuge for 60 minutes. The
supernatant was decanted and dispensed in shallow containers, frozen at —20° C and

lyophilized.

Example 4: Ketoreductase (KRED) Enzyme Activity Assay

[126] Cells were grown overnight in terrific broth (TB) with 1% glucose and 30ug/ml
chloramphenicol. This culture was diluted 10-fold into fresh TB containing 30 ug/mi
chloramphenicol and after 2 hours of growth at 30°C, 1/8 volume TB with 30 ug/ml
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| g/L cuprous sulfate heptahydrate, 0.1g/L sodium
borate decahydrate and 0.5g/L EDTA, was brought to a
wo esoperasure of 30 .[124] The fernmentor was i nPCTUS108€026655
with a |ate exponential culture of Escherichia coli
WB110 (pCR2-5) grown in a shdke flask containing LB,

1% gl ucose (Sigma Chemical Co., St. Louis, M), and 30
cHIBragipherieamaSmMaP TGS ® @i gailctdslle) wat addeduiThe culture (0.5
I\/D)igdty(})1 a starting op?%:a?ﬁjggsj}tg? at 60)0 nof 0.5to (

mp), Was afleweflée gt anotigd heyradL8L-at  500- 1500r pm and ai r
was supplied to the fernentation vessel at 1.0-15.0
[127hi hysiabdffeheonsdins 0@ meMdtitthanadamins wibter (pt| &@), gt mp/mg PMBS

by additj o f. 30% vy, a j hydr.oxi Af t
(p@&f’?‘ﬁ%br %‘g@ﬁeéd %a‘hl %f{‘ ﬁﬂﬁs@@ﬁg& {Ue/ i b rlatl L%?rgﬂ WAS Eflé%rug M PMSE
(ﬁh@ng%&hﬂr},d]fbﬁ]ﬁ fRxpdessi on of gl ucose dehydrogenase

was i nduced by the addition of isopropyl-

' | ' ' ioh Shd BedIHORS &l 1§ Buffer BY shaking at
o e o o A S ufer B shaking
raoml tenrperaners for bhwur.or anot her 15 hours. After the

i nduction, the cells were harvested by centrifugation
(1298 wessine dniwi ishthé Quivkq@ot pisse Wibtgiias ph anxingiflf eelumeHbf 100 mM

eSS0 P40 o8 SO g BB, cogmst oo,

| iEXAIRLeh 3ne KBhALHUS tsBRB RV YINBarP e8I LA }B-3-keto-
6%%%?&?&)&[ 1215] 'rll'?we cell paste \%/as vvanghegl b &0

y
betysyee (ICKE) and @ pags atyl westghifont0 geinitep agd ellowigg the phases to
vol unes, _of 10 Tris./sulfate H7.2).foll d b
SchGRT A5 B S0ttt 6 iiita, e KR bRl heme as 4
predRBolvddigolu@siac 00ahM widfafolieetisee (e d.0) N The ¢obrs@Breaction
of 100™M Tris/sulfate (pH 7.2). The intracellular KRED

waaSoleveh dydmersaranane afethe sdasieapn 9§ Ahgorbarces s Bt ing pr by the
th . h nj ' '
ﬂg?rregc%%gﬁrglsg@% ogflglrltzz?r%b?uﬁ é%’a RiRaéiw 01“3’1@’@.88'8(3 g%%gt? %?e plotted as

h ir pass and
Abb&rbaeets pagslativh Aubigseheunis RETUYINADPHaeNADH) vs. time, and
tenperature then a 10% w v sol uti on of )
theigRetahyheapiet dateranipgsiiAbsotbapce witsigya op RELYMIY.- ¢ he
| ysate to a final PEl concentration of 0.75%wyv and ,
(6300 r Whlef the iB@nHPMhasekeenTgecribed atidurefrspirgda geBaifeanbodiments, it

centrifuged at 10 000. [ I tri
TR, WA B AT 85
cuiSHens ethy be shtitvd eombal depagingf fromethe atope26f theaimdention. In

' yophilized. Exanple 4: Ketoreductase (KRED) ,Enz,%/rre .
adgitipr,j mgnysmedificptions) may pe éade te agRRinPa e fivetipm or material to

It oS P B Wehdlye bpHiE B8R, L opOUGhH , it is intended
ﬂ%:%%drhgﬂ t?ke?rgllg)écgﬂ\’é % S C{H t u?e li\}gs {gllll ut gg 10-?%Fodreiln%som ende
that elsdr inMBndanai bé Agnidd wgthel pactidubar aerpleinner| diacidsedf et that the
2 hours.of growh at 30C, 8 val.u TB wi th, 30 )
IQY@PW%WFIgWﬁﬁ’Sﬁ\éﬁ ieg&odmtsstlﬁwngpﬁ*@l%ﬁg&ﬁp%ﬁhe appended claims.

t hi ogal act osi de) was added. The culture (0.5 m) was
Bhhipies KREDADACRED EnbRitsy Absa§CC.

[131] 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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[127] Lysis buffer contains 100 Mtriethanol am ne
buffer (pH 7.0), 2 ng/m PMBS (polym xin B sulfate), 2

‘Weefobnase (2000 Unl), 1 ng/m |ysozynme, 1 nhCENVEB04/026655

“(phenyl nethyl sulfonyl fluoride). [128] Cells are
pel l eted via centrifugation ﬁgd lysed in 0.25 ml lysis
buffer by shaking at roomtenperature for 2 hours.

129 h
o oS D eenaB By AR B 0T G R TELFT G efips @ lower
lu?utg)to cgns]caﬁtgl DdjdstiNe NP 70y, WhPHea oA Wi sbiflREEWhaR®o more

nmM gl uconi ¢ acid with one volune of a solution of
cduispawes reddpd.- The rdaction Rtdgetenbdetymained pFaByurmgdhgamount of base

e N e T
tiddsliwvi@ dnh@uKEVSILRE U telBE abdiay Wﬁldaéha@zﬂfgembi‘c‘p‘)ﬁib‘y’lﬁd organic layers
solution in 100 mMMtri et hanol am ne buffer

byrges euomaesEPhy s deleBRnQEE FrePunbRE athu&/(ﬁié‘a%*uia@n%hvdr@rybutyrate

%ﬂﬁa%?%?ﬁﬁﬁﬁn%f absorbance at 340 n or by the
UGrescent en1SS|on of light at 440 nmas a function

B e BT S SRR B, i

wYI$ be tindBrstodachyt dssIskidied Gh thdrartthat vﬂ%@fdﬁhm may be made and
(Absorbance units/mn or RFUmn). [130] Wile the

equivalents arayhbes sHsE b vithpHedepating fremdheseepe of terinyeniion. In
di_nent
SHSEAB, Spa bt mBny BG83 008 W RAE SHLALRO: el o

thRGedchlge f shendye®nswitisduit tie{]ieexﬂng/\frbﬂmotst scdppaThemfprd, rivimintended
the scope of the invention. In additio

(b e R Bh 8Ot 1B e PasiFdffr nisdimert isglosed, but that the
invehtiH Wﬂﬂn@lﬁldﬁgﬁ %ﬁl‘b@bln{eﬂtstfﬁﬁfm% SAMHM 8IcHe ke appended claims.

I'nvention wthout departing fromits scope. Therefore,
it is intended that the invention not be limted to
the particul ar enbodi nent disclosed, but that the
invention wll include all enbodinments falling within
the scope of the appended cl ai ns. Exanpl e KRED GDH
Coupl ed Chem stry Assay [131] To a 100 L vesse

equi pped with a pH el ectrode-control |l ed automatic
titrator was charged a solution of glucose (7.5 g) in
100 mM triethanolamne pH 7 buffer (25 nL). To this
sol ution were charged the two enzynes (100 g KRED; 50
g GDH) and NADP (6.25 ng). Butyl acetate (10 m) was
then charged. Finally, ethyl 4- chloroacetoacetate (6
g) in butyl acetate (10 nL) was charged to the vessel.
4M NaOH i sadded dropw se on denmand by the automatic
titrator (a pH of 6.85 was set as a lower limt) to
constantly adjust the pHto 7.0. The reaction was
conpl ete when no nore caustic was needed. The reaction
rates were determ ned by neasuring the anount of base
added per unit tinme or by taking sanples of the
reaction m xture, extracting the sanple 3
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times with an equal volune of ethyl acetate, and

anal yzi ng the conbi ned organic | ayers by gas
wae koosoetieayr aphy to determ ne the anount of et hpET/US2004/026655

(S)-4-chl oro-3-hydroxybutyrate produced per unit tine.

[132] Wiile the invention haggbeen described with

reference to certain enbodinents, it will be

under st ood by those skilled in the art that various

changes may be made and equld8Viénts may be substituted

wi t hout departing fromthe scope of the invention. In
Waddistdlaamed rany nodi fi cati ons may be nmade to adapt a

particular situation or material to the teachings of

the |n 0 t a fir SSC

Ther ef reﬁ ébl seﬁ)lﬂn ehr?g‘g% %[{1 E{L hlesolrprrl]il/etgn hl%o%&ﬁzot Eg:twlty of the
pd)lzmﬁtlﬂé of SBQhED 0:t 2, cinki deirgnt detistre0% tobinsslbgamdyittbtte amino acid

at the_inventign will include all enbodi nments

sequendersd SKQ W NQ:Re scope of the appended cl ai ms. CLAI M5

What is clainmed is: 1. A KRED pol ypepti de havi ng at

ol eas %[%D Cll f Kepgp of the

of SEQ | DﬁNggg'g ﬁtnﬁ bei nglyga{{) ?[Hgggtz%%%}o&ﬁgﬁl ogoutélbl‘ill&aty
pWypé‘ptIldb @f Y 2 01iY) NQ d2 sbsqhmmtf@fbasatgnb Pf SBQ D NO: Aand from one

KRED i de h about 2 he KRl
LB T S e BaR ToRD s 2B PR I gl RAETFSL or
NIRY E9G; drh@ Aeokbone.; o4 SEQI6GoND; T28ANK 15T, 0N6r $:0621K; S22N

twenty residue ‘chan 3&es sel ected fromthe

ot Bn &4t @ngoszxavN St o, 841 G752 oo by AQSTAMSGA; V6OL;
Y@ NgskeD: YA Fbcier R Rugups 6 RPN G HD; Bk or G K78R;

KFIRNK SRS !,486)%(48®0D1583)3No\/®|13951‘§4<ﬁ|, VNG5 K ED,K9‘8RorQ9&L R, or H;
15505 R oo e Ban R 045 S Vit 1o
Il%vE Kﬁ%&g@%‘-or IEE%%H} oT]\@%132"f4-01h341@193% 01' 110@{37N or G;

R VI14A AL16G
Qnmwlzcmzpu.m u,14m,3<msar m47m3/21r§0AKJBva:QEHdﬁ7Y F158L

o 4 PR FHAT0 MESTIGTY OF SuBTAV ph KGR0y O @R dsacio or R

AEJ}@§GVW2IVF1ﬁ@21\Y4197V%r ﬁlﬁ%é\OFVKMIEﬂﬁ@\ £195VKA194V;F201L;
671 or R S’ V1721:" F173C¢ ML77V or T, H180Y

K\Z!I)8BU F2019®90V¥18MI§3MS E2Q4K; G20 1):; 3222703922%;0@2/311\¢21"8|Q233K or

R S0 S R o e Rl PR o

TI?§4H27214251§#~5L6260LandM§2R/ T272A; 1274L; 1275L or V;
and P283R 3. A KRED pol ypepti de having an am no aci d

sequence seI ected fromthe group consisting of SEQ I
3NO  2oKRERD) polypagiidebaying gp ampmo, acidsygquense selpgied fzom the group

ORdstin BF'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, 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. 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 has at least 90% homology with SEQ ID NO:
224, 244, 246, 250, 252, 254, 256, 260, 304, 344, 354, 358, 360, 364, 368, 374, 382, 386,
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360, 364, 368, 374, 382, 386, 388, 400, 408, 438, 440,
448, 470, 484, 486, 488, 490, 502, 506, 508, 512, 514,
wo1i®5/05m83 520, 522, 524, 526, 528, 530, 532, BGHUSHBE026655
538, 540, and 542. 4. A KRED pol ypeptide having 1.5 to

about 25 times the ketoreduchgse activity of the
pol ypeptide of SEQ ID NO 2, and either (a) having an

ST 0 P SETRE LD D95 A0, LRSI 516 518

52?65@22 @4; 52%4628 354, 585834,368, 5536440,368 543,74, 382,
40077408, 438, 440, 448, 470, 484, 486, 488,

(bago en@mi,e;d bsrozsnue@@ acid sequence which hybrigizes 2odemmpdiugp atringency

o3 i e o B SB35 20

231N dS3, ZHSQESHIBSB r3439 85&38509359 8631%7;/\3’133 381 t%r 381,)390407, 437,

IS ) T BB, etk B
e , 3 a1 431, 3

s S0 00 51 e o9 oo

m&ZébUdEsZBr (i525 cobpEmeb 20y sttRd 0f5133r (1535 537 539, or

541, (H) a. subsequence ' f t 1
(©hifcd ‘é%}t‘bi“ﬂ%%t?‘e aplygf:l?t}cbe 05%@8&137} Nk 4, ?‘?‘@?f‘sn@&oﬁ%’i 354,$6, 260,
3(53 '3)14 55@,2 358 3@0@64' @68 B, 381 386! 3680, 468 0f 385D, 1438, 470, 484,
244, 24 50,” 252, 254, 256, 260, 303, 344

4%4.88,3% 5(’325(5063@8,, 5%61435ﬂﬁﬁ 53825203542, 53657264608, B08332, 534,

siiustth. 382 rd5 o880uid8he 438, 20 nEfon 2re o
arﬁ%’acﬁng’ 538, 540, or 542 conprising a substitution,
del etion, and/or insertion of one to six am no acids;

(d)d§ 2 fepgment eigardenst 820 aminoeassd respenfipio Belypentidsiof $EQ ID NO:

2R 55 560,40 B, by aqi g, s 3

3&74100341% 438640388, 47004844085, 488819045, 506285084302, A84516, 518,
486. 488, 490 502. 506 508, 512. 514 516, 518, 520.
5%(2222@?41 529828500, SERG34538, SER 4003542593 540 or

(e? 42a pgféfpéllﬁ del ot (D), QQ) YBQ@B }jﬁqaplfeteﬁﬁs) mofeb%an 69% &Y thé Glitial KRED

ns nore t’han of the initial
acan»hny\alftbg/maﬁltaeuomanﬁﬁlf’cﬁipwﬁ fat 6(B@InGfespH 7 for 60
m nutes. 5. A polynucl eotide encoding a KRED
pol ypepti de of any one of clainms 1, 2, 3 or 4. 6. A

snucl aoldidRick8nad EntoHingMRR EDI gy JeP@dP&H angumk @0 tiafiBs 02, 3 or 4.
claim'b operatively |inked to one or noré heterol ogous

regul at ory sequences that control gene expreSS| on. 7.

Ave tor .conpri si t he cle

Gpper 2 HURFG, FoteE tomBtndiopobaiefiss”pEetlit 5 operatively
lifRY 18 DRt 0P mBte fidigoloRER RohMpepidqiens andeshttdl gerbyxpression.

sai d vector capable of transformng a host cell to

express the KRED pol ypepti de therein.
1. A vector comprising the polynucleotide of claim 5 operatively attached to a

control seqhence for expression of the KRED polypeptide encoded thereby, said vector

capable of transforming a host cell to express the KRED polypeptide therein.

8. A host cell comprising a polynucleotide of claim 5 encoding said KRED
polypeptide, the polynucleotide being operatively linked to one or more control sequences

for expression of said KRED polypeptide in the host cell.
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8. A host cell conprising a polynucleotide of claim5
encodi ng sai d KRED pol ypepti de, the pol ynucl eoti de
wheiosgiaperati vely |inked to one or nore cont redT/US2004/026655
sequences for expression of said KRED pol ypeptide in
the host cell.9. An isol atedgand purified KRED
pol ypepti de of claim. 10. KRED pol ypepti de of claim
1inlyophilized form 11. A conposition conprising a
KRED pol ypeptide of claiml1l in a buffered nedium 12.
9. A KREDQsHgkeY REPpintiee PKREDR Y pkpitid bf dlaior Based

specificity for using NADH as cofactor having the
backbone of SEQ ID NO 2 and where E226 is nutated.

105, " & XKED pReeROEb One} ELRRMARIR © 0, v casod

thernostability having the backbone of SEQ ID NO 2

and where P14, V140, V184 _aor Al94.is t.at ed. .
11KRED pRINYQSEHAN Q@RSHING] %éﬁﬁﬁzpq}m’é%d‘b‘if}q?‘g‘ ﬁ,‘“ %‘%%{f&ﬁ%med‘“m‘
is |, or V184 is |, or Al194 .

12. A KRED polypeptide of claim 1 with increased specificity for using NADH as
cofactor having the backbone of SEQ ID NO: 2 and where E226 is mutated.

13. A KRED polypeptide of claim 12 where E226 is G, D, or K.

14. A KRED polypeptide of claim 1 with increased thermostability having the
backbone of SEQ ID NO: 2 and where P14, V140, V184 or A194 is mutated.

15. A KRED polypeptide of claim 12 where P14 is A, or V140 is I, or V184 is I, or
Al1%4is V.



