WD 2008/ 103248 PCT/ US2008/ 001683 KETOREDUCTASES AND
USES THEREOF 1. CROSS REFERENCE TO RELATED
woNdb4A0e#El ONS [ 0001] This application clains henaidabosnoisss

under 35 U. S.C. 119(e) of application Serial No.
60/ 900, 494, filed February 8, 2007 and application
Serial No. 60/900, 430, filed February 8, 2007, the
contents of which are incorporated herein by
reference. 2. REFERENCE TO SEQUENCE LI STI NG TABLE OR
COVPUTER PROGRAM [0002] The "Sequence Listing"
subm tted concurrently herewith under 37 C F. R
1.821(c) and the conputer readable form (CRF) of the
Sequence LIKETOREDUGTASHS ANBUSES THEREOF 1. 821(e)
are incorporated by reference in its entirety. Two
copi es of the Sequence Listing, one on each of two

1. CORPSS REFERBNCESED RELADPY APPIACATIONS 2" are
provi ded. Each el ectronic copy of the Sequence

[0001]LTls$ appdicadsn Claind Behefinufdd 38N $.(8,§ PIOQS ofiapplieation|Serial No.

60190085 e ebary 1 SaHcerepy istonresinio LSRR, s Eebroary 8,
2007, ttﬁﬁgUﬁtgﬁt@ ok\zﬁﬁ%ﬂ"&e i 9;?&%9%@1%{19}5 RiflreRde. reference is

sanme as he Sequence Li sting being

2 3‘?@ gffgngl %@?fc\)ﬂcﬁbﬁke ofedu Wir{%bRAM
[oooz]tcﬁ]ebyﬁ%gg‘igéi 6%5 hf aeI% bk rll é/]heﬂe Lh ey 49 .ﬂg.%cifszl(c)

and th&&hﬁ}ﬁ&&%d(ﬂdwe fd@ﬁKZ(URB’)aif tH@Sdﬁﬂ@n@hSﬁixﬁgﬁ@mM&EDﬁder 37C.F.R.§
ally convert a ketone substrate to

L 821(ewrs ﬂwmaieﬁ@y rafesqnesin B ertirety; e cmg/s %tﬂﬁe Seaesrs Listing, one
on each Bgtv&@&ﬁﬁﬁeﬁ:t Hf‘s@ fabefdd “@689 qb aH@“ﬁB}% ?11 %S%tied Each electronic
su one/ al

strate e correspondi ng
copy of tlmdmhenc'éﬂestlrfg:lwai ¢roated bn Feboness, 2008 twith znﬁledsam azﬁ122debytes.

The 613 0600t ARy o aIAl- (1RO RaARAE ot an qeoe /0150 B The

SequerQﬂe rL‘i&h%théiﬁofaWelﬂ 'byrrgfé%?ﬁg i'he Qhrh P aftHEC RE B8R tHRS equence
di nucl eotide phosphate (NADPH), and nicotinam de

Listingalokimg submiited corsarieddy hetaBjthor ni coti nami de adeni ne
di nucl eoti de phosphate (NADP) for the oxidation
3. rBACKIGROUNADH and NADPH serve as el ectron donors,
whil e NAD and NADP serve as el ectron acceptors. It is
[0003]f Erenyen bElpngingao viedketdiedbcthset(ERFEND)cdraadonghet dad tassha bss

ect [T RE S r Hecuninssis st oaiealy NS ABus o8 hRgoreiponding

prochlfa‘?ﬁ%ﬁ@s@sﬁfﬁﬁ) KIOEDs E}%ﬁcaﬁ’l?tctlnvéﬂ)a ROBRE Q&%&ﬂé to the corresponding
PCT/ US2008/ 001683 04] "KRED enzynmes can be found in

alcohohpruduet, b@mg@ gso beteltyec the ravetse/rsastian, pmllatlmevf awglcohol substrate

to the é{fﬁ’?ﬁ 1\!%81'“:29183@? j%%ﬁ% V@ﬁ%@hﬁgé i oar}rl:g%gg the}gmdatlon of
alcohoRi 18t d‘r@?ﬁxfe@ 5kt dsGIRED e QiSRRI - fabofi bt )éom{’ddihl}Eﬂsduced
nlcotlngglrlcllengdee;uneI?c’l?lglllcleotlde (NADH) or reduced nicotinamide adenine dinucleotide
phosphate (NADPH), and nicotinamide adenine dinucleotide (NAD) or nicotinamide adenine
dinucleotide phosphate (NADP) for the oxidation reaction. NADH and NADPH serve as
electron donors, while NAD and NADP serve as electron acceptors. It is frequently observed
that ketoreductases and alcohol dehydrogenases accept either the phosphorylated or the non-

. phosphorylated co-factor (in its oxidized and reduced state), but not both.



Hei del berg New Yor k. 2000; Humrel and Kul a Eur. J.
Bi ochem 1989 184:1-13). Several KRED gene and enzyne

woeRasianess have been reported, e.g., Candi da magmed20682001683
(Genbank Acc. No. JC7338; d: 11360538) Candida

par apsil osis (CGenbank Acc. No. BAA24528. 1,
A : 2815409), Sporobol onyces sal noni col or (Genbank Acc.

[0004] NOREDRIGHM8Ocande 288 B4 vide 1ad@O6f bdcteriy aryehsts (for reviews:
ci rcunvent many chem cal synthetic procedures for the

Kraus prdWisddmash E@?m@yata%wﬂe Qrépsic wathssisdlelsas 2. 4(EH B\é@n@elm
;
1995; EAVEE385 BN ohoRPRLEYIn okl Enditi PRk Ba OIS g
HeidelBérgdeevayprk. 2800 dismarhaedrkubyEmhdl Biocket.| 19881 B4 dsEi)n§everal
t he ketoreductase foy biocatal yti,c keton educt
KRED(gine 404 PRadacrainees hove Roencebarisds e Condia kP gt isabank
Acc. N%If é@msl e 15&59@&@@93@%2@@61@9& %Gé{lﬁﬁk fAcel Y. BRA24528.1;

y he desired duct. For in vit
G1:2815409), Smrwénl@myaesomlmamtcdpr (Geatbiank Acwmmm@y@ﬁeﬁaﬁﬁwﬂ)
enzynme such as gl ucose dehydrogenase (GDH), formate
[0005]c[eiwmhmg eiraseveatt manyshemeﬂl synthectmrgronudures fomht Iprdduetion of key
ééei(educt ase. gng es using ket gﬁ%’t ses to. . £
compoypdse KePEedyciasssiare bHagnczgas il é’ c HEnZYmAtisEPRYSLsion o
dlffereflﬂ@t'(‘} LhReaRb tdtciahil ABRGIEHORGR. Al Kes€ ﬁ'i(ﬁtl()lz:h@&i'l en?]lploy whole
Chem Soc. 1983 105:5925-5926; Sant ani el
cells e}q:hgsmng:uag ketog@dugagfor :bg;c@t;a;l;ytlcustorﬁa‘@émtlom or@uﬁﬁgd esgymes in

those ifTgRrds MOfregeselte S BARE B P ucinteS et spetifilfy glilield of the
desired\erodict3 $8r #38)ro applidatibh R Rf fat®F INAWIY br NADRH 1@ éhepating
hydr oxy- 3- oxohexanoat e : Qﬁ) US Patent No. 6, 645, 746

enzyme seehge ghugose deydrogeay formate dehydregenase. siadebsed in
conjun?tgé(}ﬁ CE{HQP?e lgef%xgdu 2. @@Hg‘fé@tds pl{??ore&?cqgj s gé’e(?é%ée useful

stit ace enones
chemiddht@npounds irfel dGsgmfetriareduc it 4- ohlosfacetoacetate esters (Zhou, J.

Am. Clpg oA 105G uSOr: Ganimtic R b oero ) 954132 137

Patent %ns ksg9 #3690 Pafedtt N¥OT00, S‘?@‘XEJ ﬁﬂs%taﬁ N@B's@lﬂ %sls;%treducnon of

substrates to its correspondi ng chiral al cohol
dioxocprbodylit acidsi(e. gSUNB/RRN] NO0G,BITR29)p resmetion of tsuttogylr(8) chloro-5-

hycrof UGS (et £8lmt RECBERg 76 L o0 DT HTAE0F pegution

pynol&ﬁaﬁa@w@keacbﬂa 66ncfsl(u CL?S Hﬁilh:ﬁhoﬁN‘o 2006/0286646) reduction of
i ndol - 5-yl oxy) - 5- nEt rrolo[2, 1-

substituted 4th@pl§@pnpsde)g| &@/}’atsn art,30GHE)t an #@éuctlon of hydroxythiolanes

A di ng product (R
(WO 2@{@%@% uor o- 2- net hyl - I H-i ndol - 5-yl oxy) - 5- met hyI pyrr

r00os) ) e oo ol Bistist sirpssdh@aR b s8R0 Chfyou
conversiofl &f $83AA&REUbSITRACOR i80dRH3pordlisOchirid alRbRol¢froducts.

reduci ng or converting acet ophenone to
4. (RmMRRgNY! et hanol . I n the enbodi nents herein, the
engi neered ket oreductases have one or nore inproved

[0007] PrtRREEShE&isd1Bsure provides engineered or recombinant ketoreductase
polypeptides capable of reducing or converting the compound 1-[4-(4-fluoro2-methyl-IH-
indol-5-yloxy)-5-methyl-pyrrolo[2, 1-f][1 ,2,4]triazin-6-yloxy]-propan-2-one to the
corresponding product (R) 1-[4-(4-fluoro-2-methyl-IH-indol-5-yloxy)-5-methylpyrrolo[2, 1-
f][1 ,2,4]triazin-6-yloxy]-propan-2-ol. The engineered or recombinant ketoreductases are

2



converting the substrates to the product as conpared
to the naturally-occurring wild-type ketoreductase
woeheymagof Lactobaci |l us kefir and Lact obaci Idcd®us2008/001683
brevis. [0008] In one aspect, the reconbi nant
pol ypepti de capabl e of converting the 1-[4-(4-fluoro2-
nmet hyl - I H-i ndol - 5-yl oxy) - 5-net hyl -pyrrolo[2, 1-f][1
also capablé bf Fdduing-R cphetilhg BEIPFHRNEnORE RY-Q-pHefflethanol. In the
correspondi ng product
embodjmmgnty hmm( thef engegrepl kegqraguctases hmmnc@rynqmymp@vsrépmnertles in
convert: X%_pl?e sg{ggmgﬁs]% rﬁLL érod%cté‘el tcrolrrﬁaékégigg ﬁ%‘%/ r?c)ﬁ{l]all%o%gﬁr'?m% v9 ld-type
ketoreducPa¥a ieh£yrads ofd.aefdbdcidhus Eefdit aﬂdlﬁlﬂzcﬁﬂaﬁﬂluﬁ@k@ii esi due
corresponding to residue 94 of SEQID NO 2 or SEQ ID
[0008]N® dhe aspidt, Ahe feddmBrhaathsl9p&stidd cawa@ﬁdhb&%gttmn[&@ fluoro2-

and N at the amno acid residue correspon

i
methy} Bbinot-Sadowt): %E@hyrbpba@O@[%,rl E0 2 e Sl ooggoRan-2-one o
T T T T —
1-f][1 @ptjtiaz8b66y] 3Yeprdpbin2- BB%m}&&%B al® AindPdcid seR¥ncedBiing (1) an
0, 0, 0, 0, 0, 0,
aromaq\é{glngrsaé)gg@%; /% ﬂ%ég/?lw? ?11:? trgé lgﬁ?ﬁeggp%?gatlotrtﬁgdég% oID SEQ ID
NO:2 51@(%‘['19?\1 O ﬁlﬁﬁgp@ laf} gmtlﬁ)o &é 'rég%ﬁle%qhérghﬁﬂse 2hPR® e amino acid

am no aci d fesl or G Te engl neere tor educt ase
residuereyrrespondimatd rgsidne PO OE€ SEQeID)NOni) peSEQIBENOA.i ve

substitutions at other residue positions wthin the
[0009]clm sﬁﬂle&@ihﬂ)di&ﬁﬂilgl’th@ketb&ﬂﬂl&hsd ol gsepeide shndiissrihamihd acid

sequend iFe IR TRG: §320% B S StioRouh Bve iRt Ao ediedsve, 9436, 95%
96%, 9798 ¥gb4 Yor 999G N ddA1 M@QQD NE6Q J)lj%lﬂglﬂ N@Qldw 'fﬂ%rﬁr%%so that the

an ‘aromatic amno acid or G at the amno aC| resid
residugs@orresppodigrtg resaduec®t e ar@atof artifQ acid meigdae or GSH(DeIeDglneered

ketore%l.gtzf';'ﬁ g{ﬂ%}q&il]oeé\l&a%‘l%g‘%&%gg gﬂﬁ«? %q@e{vﬁﬁveﬂ(_se\t Zfjcyltu%ons at other residue
pos1no(1§v¢1dhﬁpﬂh@%nfiﬁé whsédﬁehwol 5-yloxy)-5-methyl -pyrrol o[ 2
, f1[1 ,2,4]triazin-6-yloxy]-propan- 2-one to the

[0010]019 Bﬁ%%ﬂ%’dﬁﬂerﬂg QﬂéJﬁétoreductase polyp 8t1des comprlse an amino acid
() -[4-(4-tTudro-2-met hyl -1 ol -5-yloxy)-5
sequemehhyhgyt ]naﬂt&p% amm‘o] dcid sequence 1dent1ty to SEQ ID NO:2 or SEQ ID NO:4
2. 4)1triazin-6- r
and cosgHk it EAFIANG A A CE B GRAREL AU cPECarpriggds residue
94 of SHPUD NE>Zor 88%) IIBRAO:488% 89% 90% 91% 92% 93%
94% 95% 96% 97% 98% or 99% identical to a region
[0011]%h sgﬁ%h{boﬁhﬁéﬁQfthé?ia&%%&t%éﬂ%l;pepﬂae §ﬁ9blefbﬁ\é@gé}emﬁg% 1-[4-

as resi dues 90- 233 provi so m no
(4-fluonel- metle'HHuedolciwkm{béﬂmthgl py;rrcrle@ ditf# 192,4{tsiazin-6-yloxy]-propan-

2-one Gy REB o RTLRL pRSHE: (4551 Bl SR BERE 00 -

methylip@tr6lofZUC]pis g, ﬁﬁla}tﬁﬁ@-tyl(ﬁ@f?-’pr(gﬁﬁ 2061 dMRIcBnPrisé Beegion havmg an
remai ni ng residues corres resi dues 90- 233

amino grid Seqyens Nt i aé.leasagopDS%@ 86 a8 b Do B A2, 93%,
oA, I Y 8 SE PO R B LA S B bE SR D NO2

or SEQ ID NO:4, such as residues 90 233, with the proviso that the amino acid residue

corresponding to residue 94 is an aromatic amino acid residue or G. In some embodiments of



met hyl -1 Hi ndol - 5-yl oxy) -5-net hyl -pyrrolo[ 2, 1-f][1
,2,4]triazin-6-yloxy]-propan-2-one to the

wocRig/RepRndi ng product (R) PCT/US2008/001683
1-[4-(4-fluoro-2-nethyl-1Hindol -5-yl oxy)-5-nethyl pyrr
olo[2, 1-f] [ 1 ,2,4]triazin-6-yloxy] -propan-2-ol

can conprise, in addition to an aromatic am no acid

these ketorédutast pelypaptides, aﬁiecbrm@@"e @ ¢heCromatporedidugs t(ﬁ'respondmg to
.. residue 94 &355 DNO2 or SEQID NO4, one or
remdu%f%r#é AfSHQ RN T2 SHE T N m@shay@@ @esqrgatawusmtﬁaon
cid other than S/N, residue 153 is an aliphatic
[001ZlaThed@tqedleptérSéﬂowép@@m@pabhaf cpnvergrg thgeompound; 14 hy4-fluoro2-
methyl@fﬁ-ﬂfdoﬁ%ggox )?f-nh’%gh%rl g&ﬁgfoé hlalﬁg‘ ?r%‘azﬂhg R&%&] g?c()]pcénof one to

the coﬂf&pbﬁﬂiﬁg ﬂﬁﬁlublS(Rarl -[@r@nfiaigro-2amie thy - HEIMﬁiddléSyldM?) Sintdldpyrrolo[2,
odi nents,_ the ketoreductase pol ypeptide
1-£](1 a@. ‘{]Hlatzﬁb%’ h'ﬂ)F%n*a?ﬁP]rf‘éme?@m’“é?’ in additign o 3 arogpptic amino acid
or G afERMRE R Al0uERE e Bonkfi 16 st AT IDIES or SEQ ID
NO:4, ag¢ dr messd afithe fahires sehextedfromesisiue 953s arsy aminacicti @her than S/N;
a resi.due;. residue. 54 is snmpl | .qr. . .
residud[3TR R Al PharlcBRl B R S3k ol L5 ria o189 sy apigo acid
residu®&theSthah L; RlsiddB2bR §s @8r AR afphatic’ Meind 4eidakivie dthdinth¥n A; and
__residue 95 is an al i phatic am no acid other than V,

residug 20 igga agomatic amisearid rgsidwe acid or G residue 109 is

a basic amino acid residue other than K, residue 147
[0013]ils sameamh@kianems aimd lmfooxadudas*eamlypwtidc wathdbe speBiddsanano acid at

it Y o ST PR 5 SR B SB1A1E] e

residuc49 Rhdidl&r AaiTthd acidGédidud ARétHen R R&Tdue s ki adidft amino acid
residue 233 is a small amno acid residue or G [0014

residuq; esidist Hes agsplor allph%wra@@laﬁ@plﬁamldwtbpre@a@ T4 aesidue 60 is an

aliphatgco 1%?%1%@%%1?&% rrele%lg{l Eék:fcﬁ%o%f _anI Ehz)ct {J%mld other than \'A

remdudﬂ'b{s%, smdallf dohiho acid, 04]@ rrbﬁdueﬂl@} i)slad)ayijc ADLiAp aﬁdZ‘e:ﬂm& (Bther than K;
residuq tfi i 1%3{3 |raﬁB %;){é%go gglﬁggﬁéﬂpc‘é%ﬁx%{e{f@ 1§ifhlyﬁ{%zx_g c%r srrrnee}l[1 amino acid

residue; ges‘f'cllferl'ﬁ% A sx@iaH lh@¥d a0l PRRIeord; {EQR 25€is AN alipft Oamlno acid

acl d sequence having an am no aci’d other than S an
residueattherttbambi arel meidde 283 isdusmaltanimessohgisidge boGr esi due 96

of SEQID NG 2 or SEQID NG 4. In sone enbodi nents,
[0014]tIhaaether sspecthihe asdonkehat ddtocthsasp pblypepidedapatdanf converting

the corgROHd L %uqe?anq?ﬁédlaﬁ&%%@?‘: eprmaglaviasl uehs

,2 4]tr19£1n)%§§20 i 1683 §E&tﬂern@§¥9(ﬂ7dn€g M@d&QQﬁi i—Q@%ﬂ'%uoro 2-methyl-

[0015] In sone enbodi nents,
IH-lndkleiﬂlcerthmsthymahybn@th ﬂél %iptazgeé y&rxy&wmnabpkjcompnse an
. 8 ence t is at.l eas 50/ /ﬁ] 870/ }{({_
amino §G84E55¢ B50pe SuBpinghie o PenS Aot e e iy Hejaue
correspdAltinigde Résidir! 96t ¢F SHESATH N o’% IHQ ﬁﬁ'—@(b . ﬂl@sélm&!\feﬁllboﬂlhfbnts these

proviso that the residue corresponding to residue 96
recombinard ketorgdustage pelypentidgs earveqrapriseriarangng agidequemee with a G, F,

Y, or I at the amino acid residue corresponding to residue 96 of SEQ ID NO:2 or SEQ ID
NO:4.




engi neered ket oreductase may optionally include one or
nore conservative substitutions at other residue
woPed/i03e43s Wi thin the ami no acid sequence. [ 0@kaiud2008/001683
sonme enbodi nents, these ketoreductase pol ypeptides can
conprise an amno acid sequence that is at |east
about 85% 86% 87% 88% 89% 90% 91% 92% 93%
[0015]94%)m95%bodﬂﬁ%ts 9Hc9/ket9&%10tas'e 9pepddatomptisdsanBfine Beid

sequengi o G RISV b 5 tos ol 850 SEoiO%, O0F, $h%y 52965 a; S0, 95%,
96%, 9'(’:72’(62%?’3; og?b‘?di'dgﬁﬂ:ta? to ﬁ]@@ Ibqggr?M@ﬂg NG RRR A oviso that the

converti ng
residud ¢armsp@hding toyresitie D6 di)dn &nipb axid)reGdueothyt they Srapiddf.2 The

engine%%];l}kgé)’s@ﬁ)afa%%Hﬁsébgegalw 1%)él¥1]dé Bne BA rrrllblze_ co%ggrvglt?vet shu%stitutions at
other résRluelpdsftidnd Wilhi@ tHe- a%iingtaBi}.‘l' seqidncadol - 5-yl oxy) - 5

met hyl pyrrolo[2, 1
[0016] 1A 58k " h%ﬁﬂn&ty lt%keﬁfr&ﬁﬁfbs@g@lh’g [4eS @APESHPri® an amino acid

regi on havi ng am no acid ce that I1s at | east
sequenadthat IS%%asEBfﬁ&b.lt 8%, 8%9/@7%988%989%) Y4 9@@0@2993‘%%3 94%, 95%,

96%, 530380 ch P ohedieablo SE PV S K37 1R ity i e e

residudorfe8pd to%s@@é”%YﬂGhFW‘Q)rﬂr oviso that the reSI due
corresponding to resi due 96 is an amino acid residue

[0017]9 qh @8&3&%&&@&9 tht kétGreaeaﬁse%mﬂwPHE@Eaaaﬁfe 6ffb%§eertmg 1-[4-(4-
ket or educt ase pO ypep tid one 0O nor e of
fluoroZ-ewthiyhilHegindelss-glloas)- éencthsbmrmbln@ id]d e%ﬂ]:tuesn @ﬁongpropan -2-

on o ST Aol 1 1 b ot LRSS 4

methyls§rSlogHUCE pISS ﬂﬁiﬁﬁﬁ@%l&@é-‘g%ﬁﬁhlﬁ&scaﬁ%oﬁiﬁ@@ a@&gifn having an

uence haVI ng at | east % am no acid sequence

amino peid seacper ASEQt KpshoR! 8%k SRR, 8596 WBhpR 1% 20, 93%

r a r | :
94%, 5% 9820 902 g5 pr 2% NGB Belo Bl R RPIGRARRESERAD No:2
or SEQeIIgN&:emﬂh keteaidds 00238, witly tlmqsrbmalthay thd'l@hlddéC@ﬁﬂpOﬁdlng to
nore conservat iV nmut ati ons at _ot her resid

residugpfyisnHENQAGIRITESI{YFOtBEN harpend & slécfegwce@bc{d@e&ryf of these
ketore(ﬁfe%%?mg?btm%gt&e Jrhﬁoxjé%tf‘ﬂ{eelgﬁfﬁrﬂﬁéaregfad?@cﬂ{‘ésggndlng to residues
capabl'e converting the conpound
90-23316{[SEQ ID N@:@rop 3HGE DN O K ihaynitoe -asonsarxativeSubsithiidon. py r r
olo[2, 1 -f] [ 1 ,2,4]triazin- 6-yloxy] -propan-2-one
[0018]tIa sbine eﬁﬂfodﬂﬁeﬁm dhmbet@:reddctﬁste I{dB)peptlde comprises an amino acid
4- 4f|uor§ nmet hyl -1 Hi ndg

sequen%q: Eg(\%lg at lgast 9 Vwmn&ag dzsqueqc]e[lqentlty to SEQ ID NO:2 or SEQ ID NO:4
and comﬁrléé 16 ?ZYnopI' Mltﬁé(i(&urﬁf &?@fés%u@ |coﬁ@§f)oﬁ ﬂgrtb %&1dde396 of SEQ ID
dition Y, at the amno a resi due
NO:2 QI(SIEQ&HDMQMn g htes;: mme@u@i l%orodu@@nha[y dy@ionably irslWi one or more
08/ 103248 PCI/ US2008/ 001683 | D L 4. .one or
conserfalivg MG o SHier RAUhEARRTP R M RiIhe Pl PRRlideHapEiog,
romati c cid residue or G .resid 153 i s .an
00191 p .Sgwstembog 2 ketoredpeiase H?éwpﬂ%aapaﬁﬁ feonycreng gy

bRd 1 4 PR -ACIHY TS hENSs-QfoR§Y-s ARy ILpyrf dyg 10 in-
cOmPOTs aﬂma(ll i phatic 611%1 no aci gs ?es?):jue OH%prrt(ﬁgqg’ llj,E’-}\],[Zfa’l%’é]mazm
6-yloxylesropare2 206 t¢ theanorrgspmelingpradudt @R pti[ 4+ (4-dkioth+@-methyl-IH-indol-5-
yloxy)-5-methylpyrrolo[2, 1-f][1 ,2,4]triazin-6-yloxy]-propan-2-ol can comprise, in addition

to G, F, Y, or I at the amino acid residue corresponding to residue 96 of SEQ ID NO:2 or



[0020] In sone enbodi nents, the ketoreductase
pol ypeptide with the specified amno acid residues at
wOo 264/ dgg96 can conprise one or nore of the fogtres0s/001683

selected from residue 49 is a polar amno acid
resi due other than K; residue 53 is an acidic amno
acid residue; residue 54 is a small or aliphatic

SEQ nalmq éd 6 heRituR: Rhheds delRiedfrdm: E&&l&l@a i68n hn@tic amino
aliphatic amno acid residue other than V. residue 95

acid remducanr @l repidue il &3 imamaliphetiel awintercid residuy.othee ghagle residies199 is

any amé%? amg é%sllcg{jne nl&rﬁlia}ndlrhrg a{e nge Sslda 11)%%.}4 a?mlang%%lsd resﬁue Offier than

A; andabdi@had06cis affafmaki dinine atiduesidiesi due 165 is a _
hydroxyl or small am no acid residue; residue 197 is

[0020)3An 38Rk lenEURRRS itk K&&eﬂﬂ&a@rpo&pdbﬁﬂé e tﬁ@?pebﬁ'leﬁrbmmo acid
ali phatic am no acid resid than L; and

resxduqsels regidue 983an sompysmone enthors fdhafephseshglectsd fom[eideg 49 is a
polar ammoa %cfng r%sF@Od:%Qr;agn?af’%lét Feﬁldlﬁggg i§ gﬁj %dg% nplnl 38§ ICr’ésllcgue residue 54

is a smaH [04 al(lﬁhafhb lalﬁﬁﬁlﬁad”f@tésyduel d'thetrrtﬂéﬂ T,@' Yésdiye)609is ﬁﬁbﬁp’ﬁaﬂl@)ﬁhﬁno acid
ol o[ 2 2,4]triazin- 6-yloxy]-propan-2-aone

residug q»fgerctb@q XS Eﬁ@]«ﬂ:\jlp r?é i pp ghighaticpynino ac% other than V; residue 97 is a small
amino &?lh%r 64 ééslld{{%rl(@%s ?‘P%{W %Ellujf(l)' 5(??’ Féflcﬁle other than K; residue 147 is an
a11phat1c2arxﬂ1}1b racﬂzresndlﬁe yd:smdqe] Hosrie pduyddxgl o smakdrembedid reaiduSkeyidue
197 is % émalé 2m11§)4ac1c§ge]s'%§8 ]6% 5% ]fés,gr@}e(s lig AB %Pgrlgagti%g@zlﬁg 2c1g rgs,grgue other

than L5§1d r@@du@@f& 1@%'3111@1{‘1 an@iﬁo a@i%'res-’igue &G, 74, 76, 78, 80,
6, 98, 100, 102, 104,

[0021] ]IE goma' gﬁﬁo&&r@entsl ﬁ?e’ ke]cc]r%ﬂuét&s@ epé)S}fEB%gf‘i&LB c é{aggzc%]cofg%rﬁ aé 25 o

reconbi nant ket or ypept1 des

compoahd b— éapmbEMethybﬁtiandrg i;yloxg)wemctthylg))amds[aphé]ﬁb r&4]triazin-
-yloxﬂg;aftpggrb- -g{ng S%ﬁ-g;&gbg ?r%;%tggqg (6} 1 2%22 {oﬁg methyl [H-indol-5-

yloxy)(%cx)ﬁEﬂWHﬁ/%ﬂﬂﬂ Rffihe, ﬂ%iﬁl%&ﬂ%r@ﬁ&ﬂﬂ%‘ is selected from SEQ ID

phényl et hanol " i ncl ude recombi nant ket or educt ase

NO: 6,80l Q0 #des 180ihP2s2hg6aR8.ci0 A3, 343bBE d(uehdé, Havi8nd0, 52,

54, 56, 385012 54346 B Bh Pt v PhaRafE G oy el RS oy 100,

102, 1635Q06,00801 10, 11 9023] 116) an@megenbodi nents, these
ket or educt ase pol ypepti des can conprise an amno acid

[0022] S@s%tﬁ&?@odv@ athe &&oa{blﬁﬁﬁkteto?&ﬁutas ﬁafyggﬁl&-s 8re %1033y ble of
89% 90% 91% 92% 93% 94% 959 % 97% 98%

reducirgoorcoguerting atetophesm® loDhNeme@anEQpr@mm Mphemyidﬁbanol

Addxtlcpna? l§'$ept@% apaﬁleaorfg:ﬁadé" mg%r:ertestgond o?tﬁtgggrrreesslgal fing Ip(l_:)c()]duct
(™1 -pl&n‘j‘@t%@ﬁfnﬂ:ﬁﬁa 4&oBINddbRE8 NI TOS Bol yseitides dorapAsifg BRYmino
optionally include one or nore conservative mutatlons

acid segyenge aying a&f.dye or BB@FQW'@WP lBFH at e ageing geighresidue
corres;{?ﬁﬂi‘ﬁg NG esiduR@e¥ S'EQ%?@ 'Kg) .4t he
ptides capa eo

et ofeduct ase polyp reduci ng or

C 0] n 0
[0023) ?%?é’rﬁg %h@%g&e ?1?1 aﬁ% g%ﬁreélglcttape gﬁ?éé’p?sdes szrll Jb%l]g{sg %‘f%&nmo acid
sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%., 95%,
96%, 97%, 98%, or 99% identical to SEQ ID NO:2 or SEQ ID NO:4 with the proviso that the

residue corresponding to residue 96 is G, I, C or an aromatic amino acid. These engineered



regi on having an am no acid sequence that is at |east
about 85% 86% 87% 88% 89% 90% 91% 92% 93%
wobde10926 96% 97% 98% or 99% i dentical to prRTVERIBN01683
or domain thereof of SEQ ID NO 2 or SEQ ID NG 4, such
as residues 90-233, with the proviso that the residue
corresponding to residue 96 is G |, Cor an aromatic
ketoredi¥td30 nis/l dptiohdllysideRide he 8t MoRd Sorérvatiie®@tations at other residue
ket or educt ase pol ypepti des, one or nore of the
positiong Wt thg PPEPRBIidsseaBeNces pondi ng to resi dues 90- 233
of SEQID NGO 2 or SEQID NGO 4 may have a conservative
[0024]siubgm|etembodnnent$ mmOnedu@WOém@ddmsbletOﬁ geducing or

cone S T P 0BG 60 P SM b comprise

region hgﬁﬁg |ah¥ini1@o ﬁ@sé@eh@ tha0is able@stldBoNE R, 6%, 851%188% 890, 90%,
anmino acid at the am no acid

91%, 92%@:,.9&% 960’% r9é%{qa 86% ﬁa%t, §8%; expYradggical togeroeion audomaiy thereof
of SE LI orcgglu ggei pol%{/% eslrljlgh gg Fgglad%g%? g‘?r\trvgla ltﬁ:eﬂﬁowso that the residue
corresppadingrtd iredurcds 8 [ﬂldnﬁra)e ah armlcmﬂime apidndn ngmp emtodiments of
heny|] et hapol can conp rlse in, addjtion to th

these Kforedicks o pOLROBlIBReane OF TR GT e amathing ok Eori3pppding to
remduése)‘é)' S fSH G ESRAHII &} EIQ)ID mh%’% BRe aAdRsQVatiiR! @ib&itution.

eat ur es Selecte from residue 94 Iis an aromatic
[0025] qmsgﬁe%gr%b%d}tééﬁ% nggke?ﬁ eﬁlcf‘ths%ﬁio%}) %aﬁ%p@%&%'am% h&d
sequenaérhavingai Bagt b darminotaeat sebamve lidentiey toadSiBQADNOL e’mSEQ ID NO:4

al i phat m no aci d. resi due other than A nd .
and copipERIGh SB0T 8 aipraats AR AP edeTins pededle qtsspanding to
residud 96 SCBQEPRGOI N EN IS bhepket or educt ase pol ypepti des

capabl e "of reducing or converting acetophenone to the

5 e
00261383 FERIAIRL b e e S o
converme atetopiendnetodBe corresppndiag pardund(Rel pihenyﬁh:thmé cat d:mnprlse in

si due 53 i.s an acidic,amno acid resid
addition s fote B Granceramalis agiho i Hiiat PRI estdUs cPRESReRding to

residud®$d) %ﬁe b ﬁfbr@_ éf)the rf@a?hl‘ék‘ §e1§c9ed Frof? rdlidudAatik Gn %FBMlcaéiﬁlqo acid
residue other than V; residue 95 is an aliphatic

residueaon Gioresidirel 1 53 hzem aliphatio/aminesicitl keside pthea thaurdl; Iresadentd9 is any

109 i.s.a basi m no aci.d resi due
amino BEHar ek L arhe 492 A PEReTe TR Gl i than
and redi@fs 20665 aﬁeﬁqnw@alqﬁaoia&d&emwoxyl or small amno acid

resi due; residue 197 is a 7 WO 2008/ 103248

[0027] Fif»?EéH@%%%/dQQérﬁs% he I%éf@ilehu@cgée%lﬂfe'pﬂdése&d doig o%ec@cmg or

residue 223 is an aliphatic ammno acid residue other
convertihgacdtopheapre toghe d@n@eszgsdlng peo@maw) lanhwlqharwl cas¢ainprise
0028 oreduct ase

addltloB%]Il)g/B%% rlragl]e ogglaeb%g 15?5 $€ e&ue(rgriefncan OIre51 uézn i @ polat amino acid

residusGtBérapAe RO A8idue 13Me as acidRS0IN0 labid rpsiaak GEsidue 54 is a small or
R) - 1- phenyl et hanol is selected from SE

I
ahphatg(p(pmlilg aciflgesigge othgr thap T/Byxesidue 6O, anz%lyphggc amino agxd re51due
other thr V?’I%Sldﬁg 95 %2an eﬁ%haﬂ@ amfHd acid other than V; residue 97 is a small amino
acid or G; residue 109 is a basic amino acid residue other than K; residue 147 is an aliphatic

amino acid residue; residue 165 is a hydroxyl or small amino acid residue; residue 197 is a



50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74,

76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100,
wolfes/ 105848, 106, 108, 110, 112, 114, 116, and »8vud2008/001683

sonme enbodi nents, the ketoreductase pol ypeptide

capabl e of reducing or converting acetophenone to the

correspondi ng product (R)-1-phenylethanol is selected

small dniif6aS8@:di GNP G:1é6idud 223 1s]a214a11p1121@c amihd&icidldSidud 8ther than L;
134, 136, and 138. [0029] In another aspect, the

and resigues233tis aismall gmine agid sesienssordd! ynucl eot i des encodi ng
the engi neered ketoreductases described herein or
[0028] dolsgme chmbotlinakngs, ﬁlhraketbuy:ﬂuc‘ptdsezm)lympgd@ hapable of reducmg or

ol C eotlde under hi
comverfBe SRR ER1<8 e RO rePtBe Bralibt DS Phsh Rl R Seteld srom
SEQ Imwlcalxow 12! @-nrem ssmfzg 24 B, %moesglmmf.%st he 42 44, 46, 48,
d engl neer ed et or ed UCt ase ancf can util

ode
50, 52,c56@|66»55896946% 54066, 68, Epda: 74766188, §02 82,845 8688, Qﬁ, 92 94, 96, 98,

o0, 1§39, RETRL i 1 ARIGLE . I53 WIS A9 GR. , °

ketorediidtasd polypSptideFpabstd of Aeducihl or 4dnvedfing acktophdnoreSto the,
7 71, 7 7 77,79, 81, 83
correspg)gain%éa’foglg:@(l?)gh pggiylgtg%nol g')s}sel%’ged 15 @q} SEﬂ)g) %51’201(1)3}2’, 124, 126,

128, 13369932]i]31i 13¢tdnd 338, 117, 119, 121, 123, 125, 127,
1, 133n 135, and 137. [0030] In still another

[0029] "’Iﬁ Qﬁgﬁwr Jtsgg%t P& ?)?&fantddl 1).&1?&' éx%vpc{eggapgfﬁ clggt%es %ﬁtécﬁng the

nuc éXpr essi on
engmecmed keﬂ@ﬁedﬂeﬁwsl d&edllfedr}fereﬁn off pelyhadéotidek kimt h?lyrldiee to such

a baci |l | us, kefir or ctobacj || us brevi
Polynuilﬁlﬁg?tl under l?lsléle/émn&?flb%&n%étﬁﬁnsﬂé\e RO DmOClgetdecoddnelna? promoters

and otHé? F‘(%uia% hen EXPHK ST 18P aREs son U Fahd 9&09&'1 E&%ﬁneered ke[toreductase

engi neer &d ket or educt ase enzynes, native
and can htelyzea@domeomsmdedj farepedific ﬂcmretlreexpmsme Systams. oExdmpiary

posm SRS PSS, £ 10\ PhSCLRARARhs FO9 3.,

37, 39, r4edm3:t4lsom7 r49as1,1 33155 $USH! 6t &3, 8HBTE69.9ANSs atd ¥7. 79, 81, 83, 85,
quires a cofactor, which i's normal 'y NADH of NADPH,

87, 89, 0 b.05, 9 hIDudol 1 0y K71 1B, 1 Bydnar LS, AT e, 121,123, 125,
127, 1%2?“1%5 l_a"sogm@?@-yrpl e glucose and gl ucose

drogenaé n ‘sone enbodi nents enpl oyi ng purlfled

ket d t factors a
oozo) SEHBSEHRS ST BEPEL BTGNS R HE] il S gpangtd
polynuélydtideslahil/ob F;aegkﬂﬁu Ve@tdrh dedciBed h&eIMeufms&éﬂ@may be

2008/ 103248 PCT/ US2008/ 001683 along wi th t

Lactobagjius kefir o1 daerobaeillusbrsvisdonthay maefrbswmbffsr)ent ergkelsmh el'he host
cells ca@%ﬂ}?@ Ifoﬁghl%ﬁ){é)%s%g) #%%golat?&zgfnt‘ﬁ% ergg Xeeefecf X%x(eﬁllctgsee enzymes,

or regenera em can
or, altemapipély ey cart breusedeletilp fbrl'fhe( toHversidh (bﬂ’tﬁe ketoryubstrate to the

ﬁ%fé or |ysates of such cells, or as purified
d“mlikéV ed¥ct | " “enbodi nents enpl oyi ng cel | extracts or

| ysat es, the cells used to generate the extracts
[0031] es%fs Wlllwfaap@sec peskiHed araisansg thegedugbion seactipe ilkusirgted (abpve
generalf}pféa[ﬂrés! e{]&)ﬂia&, %&iﬁéﬁsq{on{l?ﬂ?ﬁ?{ﬁﬁ'o&’ WADPH, and can include a system
for regenerating the cofactor, for example glucose and glucose dehydrogenase. In some

embodiments employing purified engineered ketoreductase enzyme(s), such cofactors and

optionally such cofactor regeneration systems, will typically be added to the reaction medium



systens al one, or together with the engi neered
ket oreduct ase enzyne. |In enbodi nents enpl oyi ng whol e
wocRbd/fa32dshe cel |l s can be engi neered to expresecing2008/001683
enzyne(s) conprising the cofactor regeneration
systens and the engi neered ket oreductase enzyne
together. [0032] Wether carrying out the nethod wth
along witlotiR sabittate abihe ketorédactase enzyma(s) ildke tHeaihgineehed tkageeductase

enzymes, a single ketoreguctase enzyme may be used or,
enzyme, A% RAYTEE) gpmprrﬁ% fhecatasfor TogsEratinp Uty 58P & spRlied to the
reactioft Mk {lre il YRY f 5}21 H8EHracts W Itk ' ¥AH QHIS, &R ﬁ@&teﬁzyme(s) In

t he engi neered enzynmes can carry out the reducti on or
embodtmmteemp@ymgaaﬁtelxnacmot belblydatgs, em olls used to generate the extracts or
1 ena%troselec |V|&% of, > 99% ghus,.the gbqﬁe reacti ons
ysates 4 Dp gGIBEETES, 10 SKALEsS RSy MISE CPBTiFDE e %tPhbegF’PFéat‘On
system@ﬁfdn\;“ érMo%’J thdrhBitie eI ABRIEEEd kelors RItNSE 888 meE Ak Sodafients
npared to a reference ket or educt ase, such as the

emplomg @rhehmﬂastbe celis @Ebelenginrered t@mse@ theenggme(s)| @og4ising the
cofactq(rq?%ener 18{1 ggs el{{? MPthe gg%%gr%gtkh%r d?lg{agg grgzsgn%tOSF] er.

e enzynes ere
tru Ct

osel ective, the.result duc
00321 RABEECDE i ool it Pifow RS SEh s@iresth b it
ketoreducise @nmoé) Bidlgle! Klorddiicdie l%ﬁzfn%: Mae 'b%‘iﬁsécnor alternatlvely,
subst ant’i al | St ereochem cal I'y pure formw t hout the
mixturese@ictWor gire imoyedsue@ar enzynjes nigyded ¥s68- cor r espondi ng
enantioner. 5. BRI EF DESCRI PTI ON OF THE FI GURES [ 0035]
[0033] Bh @adioud dmilsadiments, thh engioteared Endystescan gatrp saisthe medustion or

converflﬁg\r/%aquﬁ%ng pwtgll accgqgg eef (Hn eglgﬁtic?sg%]eﬂﬁbrn%ﬁﬁ Rg&o rrﬁ}o 3 nt?qﬁ %Lz)ve reactions

can be bbdilds sMrirdRAVForDE adkssing HRa8Gief of BB AgINBéred Retoreductase
systenrlnvoIV|nP gl ucose dehydrogenase (
C|

and
enzymey 3sco8warqdgo 3gpiemnce kthrfrdqq@rsr auelsag the ketoredustases of SEQ ID

) ses in the conversion of a defined
chzc#ﬁ%ﬁira?ﬁﬁa Compound (I1l) to the chiral al coho

duct The fi h )
100341 SGE Do TR P, e cpbtiere kel e diclRn B Restifeforibed
herein SR 9@emae&tﬁerﬁheaea11&huﬁeaect o? sM@&@%rﬂrﬁﬁa’z§§’) (“Compound
PCT/ US2008/ 001683 . DETAI LED DESCRI PTI ON [ 003

(D7) og seectprgl famylas@ie (¢ f@qmqu@ﬁ (b‘ﬁbr) eanebagspevRIed lrbwismtlally
stereoc?lgkfllecﬁlgggmealro I‘Il%l ut ﬁle ne? chlfaﬂg sFé/zHgte d{ ﬁgJ{HHg c&lréjs'bghdmg

S unless e con
enantiomidter Wi se. Thus, for exanple reference to "a
protein" includes nore than one protein, and reference

5. MMDEWRMON@FETHEMGMESW&N one conpound. In
addition, the use of "or" neans "and/or" unl ess

[0035] EFtI@t leillilu@ﬁ'eh@sf tht $6le o$ﬂ(€iokélfulcbéses 1ﬁQH@édlﬁ/@rsmn @Wﬂrﬁﬂ%ubstrate of
nP sin i nclu | udes, " and "including
Compoalrlé )ik@ éw%srﬁb@a@rcé pacrrbwheﬁ Compewle(dl)t d hgdigurgalse sigbws use of a

cofactor regenerating system involving glucose dehydrogenase (GDH) and glucose.

[0036] FIG. 2 illustrates the role of ketoreductases in the conversion of a defined substrate of
Compound (IIT) to the chiral alcohol product of Compound (IV). The figure also shows use

of a cofactor regenerating system involving glucose dehydrogenase (GDH) and glucose.



[0038] It is to be further understood that where
descriptions of various enbodi nents use the term
WO 209MdB248i Ng, " those skilled in the art woul dpcT/US2008/001683

understand that in some specific instances, an
enbodi nent can be alternatively described using
| anguage "consisting essentially of' or "consisting

6. IDETAIOOB YESCRIPIEON on headi ngs used herein are for
organi zati onal purposes only and not to be construed

[0037]%s hdediif tlﬁgsﬁehﬂic&tibm efd theripberded @ik ahe sm?ul&r forms “a”, “an”
finitions [0040] As used herein, the follow ng terrrs

and “tlmz’enqlm@ia@arqf@renmelqsﬁ theromterhilear! mﬂﬁaﬁﬁgs)thermm {fjhus, for
tc 3] r er “
examphe ?Meﬁ?egt%r ‘g?ﬁ?te oqncllﬁﬁg%}%xg 6{??&5(21% rbfe aﬁ&lf' gégg%ﬁpé % “a
componadtUeifdrs teambet thay beigorh pourids In addxﬁsp,dhdumgofabc’()iiﬁhns ‘and/or”
unless tsﬁgadrp[tlzegg(?ﬁlpf I&?Igh ' d{cggg}ﬁgé,gg%g%q?r&%gg “ggrlngrﬁ)selreé’l qnc uge ”
1nclud%ts)e RS lcRfdin g’ ’eiré’ uft@r‘éHé:ri%@gblE RRd ‘ﬁemﬂfklﬁﬁgd &f be 1%H}ng§"

supra to the al product of formula

[0038]?1”%{'[?})@ glgr‘?r}eg Iu?derg'%?oa t he J‘@esﬁﬁ cﬁﬁ%@tv %%ésnun;i%%ts use the

term “dewerishig> thB)e skihed mcthy pﬂp&mﬁidaundqmtmai ﬂhyt intsoimezpscific instances,

cof act or educed oti deni ne, di nucl eoti de ,
an embodpER! cap b eicrmaivey dorer hadviae faanisre capmiimecsteglly of or
conmgﬂ@eﬁhate (NADPH) as the reducing agent.

oreduct ases as used herein include naturally

10035 RS ihctineS uiokPR %lé%éﬁgﬁﬁé@?%ﬁﬁg%ﬁw Rises Gy amd mot to e
construgdns liatigng the shbjeatmaterides¢réiedon (i .e., reconbi nant

pol ypepti des). [0042] " Codi ng sequence" refers to that

1 t i dpeffitiéhsnucl ei ¢ acid (e.g., a gene) that encodes

an am no acid sequence of a protein. [0043]

[0040] " Atised Akteyi, AeCHIOWIEE terhs 2 ih@nHdP hake s BllbWidgWeanings.
formfound in nature. For exanple, a naturally

[0041]OCR&tbFdNEaR” att HRBIPCalRUs Y SRtk B eabwﬁl:aéﬂ%l Bk kdlg
sequence 1s a sequence 10 WO 2008/ 103248
polypep@iy @sze@wm@fesducpnegémto graupito mgmﬂsgcmdmmlcelmi Béore

specitif R, kot (e PR PG R By EreaRinc Raie ol el of

stereos[a[é@%ly re‘aﬁﬁlﬁgbhdl&ﬁﬁpoumfﬁf foimeida ) t.sh]tphﬁfoethe Al6hdlGroduct of
peptide, refers to

cell, nucleic acid,
formulg (Iﬁéamméﬁee HG. 4) ard/ex ﬁhalcompwe«g@%%amn@ (1), swzraria thg alsohol
tRe
productbf ALV PEER FIG: D TR rolisRbtide SRR EAL AR bofactor reduced
nicotinamideragdenioe dlrmclededtt (MADH)tdraedioced hicotipamieadenine dlnucleotlde

phosph%mwgl%[ }éec#gler}glfaggega ! %Ig?e{dﬁftggq%{ﬁigalﬂeégherem include naturally

occurritg tovi1d B geb ﬁ&o@&ﬂ%é&%s'%@i 44d%n- ﬁ%ﬂﬁﬂ¥ BtdFiSg engineered
reconbi’nant cell expressing genes that are not found

polypepiidesiganerated rbathumn(rn@mpulenmblenamo)mlﬁmnhpofypehtedasb| |
or
[0042] “Coding sequence” refers to that portion of a nucleic acid (e.g., a gene) that encodes

an amino acid sequence of a protein.

[0043] “Naturally-occurring” or “wild-type” refers to the form found in nature. For example,

a naturally occurring or wild-type polypeptide or polynucleotide sequence is a sequence

10



express native genes that are otherw se expressed at a
different |evel. [00451 "Percentage of sequence
woidesrosi4g” and "percentage honol ogy" are usedPpPCT/US2008/001683
i nterchangeably herein to refer to conpari sons anong
pol ynucl eoti des and pol ypepti des, and are determ ned
by conparing two optimally aligned sequences over a
presenﬁﬁ%@iéaﬁ@:ﬁn it 4 be isWREIEdn thBuReliA hﬁ’tﬂreoind WHhich has not been
pol ynucl eotide or pol ypeptide sequence in the
intentigrattyanédified by hdwan menipubasiopr i se additi ons or del etions
(i.e., gaps) as conpared to the reference sequence
[0044] (Becahbibasts wien usealrpmhsrefemirde to,@rgs, ocell euémcom@, of pelypeptide,
opti mal. alignnment, K of the &luenc

refers (9 ERRgE R P! CATERIAR D drER A ARG (N Yfdhppteral

that ha@f)eéhorﬁb&lﬁ@ﬂ‘% @ba%é&ﬁatt\b&xld h@?&héﬁﬂhe &S igngtvd€ iodl ididstical
or ami no acid residue occurs in both sequences to

theretoytiug prpdubed onteriyed figm mhﬂm@dnqimals prger byimanipugionpsing
recom marlTrJR% chgfqugsat ]&Eg %HHP ?}% ??Slesb ch ur&g gn%r%] Jﬂgﬁblt%rco?lgfnant cells

ositions e Wn arrson
expresilhg gé1es Whdt aka/ndtqauﬁdbwyhml the hiteve (pefi-¢evhttgranvf fosmqu elliEC&ll or
identity. Alternatively, the percenta be
expreswtefmgfffl@bthbsﬁre QECEVISE ﬁmgsqeﬁétﬁdﬁffé?n ?vr%osn tions at
whi ch either the identical nucleic acid base or am no
acid residue occurs in both sequences or a nucleic

[0045]a@egceg €oPle %nﬁ oldé}ﬁt £1de‘IR }'Peen{age%ohl%ﬂfg&”l aY\é %Qng ?ﬁg

1nterchlnlg'dibry Iefreinad edfexcto cﬁﬁ@aﬁs(ﬁﬂ&nhyﬁgtpblyrmokahdmm‘idqa“olyp‘eptldes and
positions in the WlndOWOf conpari son and rrultlg Hg
are det@mme# BX GPRPHINEIOE QRSIALY) AHENRE STRMPRRES CXBl? E9T™R q%/f pdow

whereih #&bdrti¥n of &93)% @g{u %B’(l&&lhox' dﬁb&?ﬁlﬁatlﬁé % nibQHEeeﬁl' thé @omtﬁﬁ"’ston window

t here are man aval l abl e
may c(ﬂmprgsn atlditios & queésietems (Opt gapm) as aim}gincrbththotefsmqqemesnce

(it TR, SO 0 0 U REBl vences
The peﬁ‘émage MBiyTbe caldhfted Wdét@ﬁmh\(?%qh@ H¥mBEd & PBBRions at which the

al gori thm of Needl enan and sch, 1970, J. Mol . Biol.
identicalgnugledc adig basecoraaine acifl gesiduarncuysi ln;both@ﬂhmce@fo yield the

numbeé §P§1§ﬁ:ﬁe&" gsdg%r%gg vledrlI ; ﬁ% ‘Tﬁ%"ﬁ%@&}% ggﬂgomsg}; the lt@(él number

of positibd HIRE OB dIN 68D mpatigbe gmiltrﬂllti;ﬁﬁﬁg tDIﬁehltebﬁls by 40Q s yiehinthe
(GAP,. BESTFI T, FASTA, and TFASTA in the copsin
percen@sﬁ pme%réa@ gy, Aéﬁerf@yvelp‘/s@amemgﬁgem%e @ré?atedq

determ%ﬂ%ﬁélr‘b beet gfsnﬁorf) s ?R&@H’&J étﬂepthew@érﬁfcﬂi cl &t 94:199%5&: & amino

usube Current Protocols, a Joint
acid residn¢ ocaurdiatbhotle sequénaes oea RubleicsividhbpsAos et &8 rdsidue is aligned
and Jaq ons 1995. .Suppl enent
with a B e OR)he Mgt st uee O bichE R ReEtRe STEBe of mpjehed
positich®by €Rtt6falhithB& JT§osiBhs HEME SAEW bfl€sth B{éri/soﬁ RAd multiplying the
sequence simlarity are the BLAST and

result byl YWrtotyietd thwmr@dmt@ee)f selqueaes islentityn Those @ﬁihlllem thglart appreciate
o 35 b Ml LBy e ST008, 0 SRR gl
alignm&af df\waeent &y fop e@&pﬁﬂi@oﬂ@aﬁlbé\%nmaddy 8.&s byshe local homology
algorithm of Smith and Waterman, 1981, Adv. Appl. Math. 2:482, by the homology alignment
algorithm of Needleman and Wunsch, 1970, J. Mol. Biol. 48:443, by the search for similarity
method of Pearson and Lipman, 1988, Proc. Natl. Acad. Sci. USA 85:2444, by computerized
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publicly avail able through the National Center for
Bi ot echnol ogy I nformati on website. This algorithm
wo wolaseg first identifying high scoring sequeraaPaisioncss
(HSPs) by identifying short words of length Win the
query sequence, which either match or satisfy sone
positive-valued threshold score T when aligned with a
implent@itationt of tiess algerithemsgiCAP,/BESTEITABAST As and FRAS T ATin the GCG
referred to ﬁ t he nei hborhood word score threshol d
Wiscopsip Sefiware kackage), %ﬁHﬁ’r‘é{iua nesdion 5 generally; GBERHg@docols in

Molec:}ﬁ%{l gédr?bééFaM ARubacesl. fe‘age ﬂ%@rbf&oﬁe {cﬁﬁ‘te\%nhﬁﬁi)é%en

Ps contal ni ng e word hits are
Greenealeﬂrsng Assodieteb, Idc rmdtllohm WikdyokFoasdhc. semé rieppleareny)s

(Ausuiehd, SEponne e leiing o B SUORROE ST PR PoTRoPh spavpise
1dent1t? did %hbﬁ’d% sfﬁﬁﬂb)ﬁ@(%ﬁé thetrkl@AQ?raﬁa@tL@tﬂ t/b(angdmmszm&ﬁ are

a pair of matching residues; always >0)

descrll(epeméllftsyhtd@bale 1980, hiMotaBithi H: foBH 0 and Adtsehy st adO)1977
ST R T S N T

publicKiavaildble #a6iph e NegibhalCenit@ fhaBiotsthnbiegy Iffoemation web51te This
cunul ative alignment score falls off by the quantity X
algorithmdpyqlyes ﬁrﬁh}ﬁpmrwcmgb\s@amgaﬂeg@encs Raire (3R s by vdendidping short

words QPI%E%&‘W%S R é“er? ?éc% hed] Wﬁléhoe {ﬂg? qa&%%%@yélﬂy 'sQﬁeEb%gﬁQ@-valued

re negatrve-sc ng resi d I gnnent s;
threshedd dcaré Tewhdrealignsé qxuﬂ'rmwmdSoﬁthasdmdlenﬂhan Bldatibase sequence. T is

| gorithmparameters W T, and X determ ne the
referred dhas, e i GORREP el Sspresthiesholil ghlisatio! crmlesuBraAs Fiese initial
nelgthfH%QH N0rd has a&%@lsgégs'tgtemﬁ% g@@ﬁ%ﬁes tH ?ﬁa l@ﬁ'ge‘fl ﬁ@élcbﬁtaﬁllng
wordl ength (W o 1, an expéctation
them. [the avordihds are th@npﬁmd@dm bbthbbtehtlsmsraémgeacmpqlmmm tbr as far as

uences the LASTP oqr ses as
the cufiafly SRR Fost U5 SRl RO RTA Yool arf Ehifalepfing, for
nucleomw@i’ces CtBE bAGAm¥Bdrs MK (relvaRIscbiR ok @ bhir @ ¢hatiihd Rk idues; always
989, Proc Natl Acad Sci USA 89: 1091 &)d Exempl ary
>0) an@lé& @enaliyacoesriop mismaighing scadyegnahys 5 Fr serjne adid sequences,

r r
sorin SR o0 SITRL RN GRERTE o, R 99KRg] B o
directidil re hakedghetahathrmuladyanigmient peav tfa:IBd)ff By th&Quantity X from its

. 2008/ 103348 PCT/ US2008/ 001683 [ 0046] "Reference
maximygachifved Valseehs chgu UYEPPITE SOSTIQFERLY s, & 1Q asi s

accumtllgﬁo@oﬁé‘r%rlﬁ&e n(é MRRLIHAR réldlﬁfa@l{gﬁﬁlﬁﬁtssmg RE& of BiYher

be a subset of arger seqguence or exanp e
sequense tprreathedf The BJJAST elggtithny paremeterp®, Vip epd D@dﬁt@aqneﬁme

sesi S B SRS AEC TSRS B i B sompnoes
uses as’defABSIa0i@dlenBth @Y6H1 1,ah ekgaﬁéno'iQE) be$O,dVMeS, NA- 4 and a

| ength, or the full Iengt of the nucleic acid
Compapﬁﬁfwfé}%h gfeands; Fewaming aCﬁb@ﬁH@F&qeédhﬁ? BEASIP prOgram uses as

defaultd g'v%’o?&ﬁh%tﬂe(%{?% gﬂ%?g{c@tlsoglggz [)f ff a?ﬁ ??eqﬁﬁfb%%l\gl{ﬂ r?carm% matrix

nce IS SI'm
(see Hhﬁkdﬂé&lﬂd HbgikbffD 1989 weoc Narl 4and S¢i U4 883 0D US) Bfemplary
onp
determ(i:natlon o? sequence alignment and % sequence identity can employ the BESTFIT or
GAP programs in the GCG Wisconsin Software package (Accelrys, Madison WI), using

default parameters provided.
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a sequence that is divergent between the two
sequences, sequence conpari sons between two (or nore)
woPRby/Twgdseot i des or pol ypeptide are typically pegyd9ii¥Rm16s3

by conparing sequences of the two pol ynucl eoti des

over a "conparison wi ndow' to identify and conpare

| ocal regions of sequence simlarity. [0047]
[0046] BriifratideToquaniceltheférs (e déﬁndd()se@uma oeqt ased bsagoeatequence

at | east_ about 20 conti uous eoti de positions or
compagsAth A ZRFHEECT SGVBRAEMAN BT BRDSS! %fgﬁqlﬁ‘ég?é éeﬂﬁy% gor example, a

f e

e e B P PR S SANEA? PPl Eabrenlt sequence is
least 2@ oncleativleatr attino s@d nesidies iim lenigth, eblepsi 2 gesidwdsnul tangthpyat least 50

., conprise di Qns or el etions . €. s). of 20
residucif gl o el Rt B8 mbple i sl Sind b ce
polynu@lé’ﬁh@& ot %/p@ﬁﬁde%%@' éa%ﬁ (DRQiprise B%e@d’end@tz%t iaQsbttior Of the

ti mal allgnnent of the two sequences. The conpari son
cornpltwr priyanced gt iresimyagstweemthetposeaangero @ad (1dsmay) asthegspemprise

a sequén@g Oﬁilq ?ssdlr%%gl%t]oo%?\g%x ﬁg F]vtv? g?qu%g%eﬁt]'%t Uﬁﬁ)cre foﬂ‘ﬁgggons between two

(or mof) lpylymatieotidedr polypeptydeciit n)qﬁcﬂ@memﬁﬁed batompsrigd sequences of
| east 80 percent sequence identity, at |east 85

the twq)mlzé@mleqtﬂiémww aﬁ@pegsqrbwglsloweﬁe&w iSpyifsauppare local regions

£ g@gg LMriryTOr € usual |y at |east 98 percent sequence
° Sm“k i ?52? | east 99 percent sequence identity or at

[0047]I %%%ga%goiwg)n%o%ﬁ%fe% tonzpcgo%cgﬁg'yl le%eﬁt o%rlltt Iletagt a%%ut 20 contlguous

nucleotllenplspiticiis oatamligsdid2@sidasd ﬁhﬁeﬁﬁﬁ!;dqum mi)F Bﬂttﬁﬂ]bdryd toa
over a w ndow of at |east 30-50 residues, wherein the
referenge seaugngseRf aé#e%%ﬂ@mup%wawdp%owwwatdé @nd pyperein the
port1orf6§§ﬁ@5éd§191aéehﬁ tfliegéncgﬁlgdr?&gggﬁt o ns 3¢ Q&'&PSES Sletions Ge.,
gaps) qféﬂqxerltenmr lessss comphted to elﬁeare&remce%qumce éwbichrdotheot comprlse

npar.i s sp i fic enbodi

additiofts O i G Bl A it BEHSPa e ERCr o HiY Sy gindow
can be ‘ld’h%%r 4R 20REhARRMS 'réi?du‘é@odiﬁrlﬁ&ﬁdes\’\'ﬁ rﬁﬂg'mﬁhd) %0, 100, or longer

al igned, such as by the programs ESTFI'T ~usi’'ng
window®f aul t gap weights, share at Ieast 80 percent

sequence identity, preferably at |east 89 percent
[0048] S'Sgbsantial id!batim"’tryferﬁtb a mpdgductBtide oc polypetgiesageence that has at

entit ast 9 uence, 13 WO 2 /103248

least S BRtRSAILHERALY: FHER Coperisrt MEnH 001 5940 GapeiRpt sequence
identity 963+8 MG@allydR Nakt 98 pdPb&it QE@RhnYe ideBBiydhBeRP9D peRBAL ehu&Tte

are not identical differ by conservative amno acid
identity s tleastiP?-6 wercenioy4ngre seananes plentitynis qoppared tefagetenense
sequenb® by cchBANY Sirdl YN Teaioftlds b DB BRRL b0y Mo

windos @€ iclegse 3060&Eaﬁdﬁc& thereirithe @etdegtagé of E@ueﬁc&ﬁdéﬁtﬁ? iondal@ulated
speci fi ed ref erence sequence when the given am no_acid
by comparipg [HfiiGEraE seRensebIRIBCIe Bdipapes deertions or additions which

total 20 ?Jrgén‘? BF fos§ BEMHE Mo Rrentd s@fuRREe Y0¥ e widdBw GXotiariS D specific

embodiments applied to polypeptides, the term “substantial identity” means that two

polypeptide sequences, when optimally aligned, such as by the programs GAP or BESTFIT
using default gap weights, share at least 80 percent sequence identity, preferably at least 89

percent sequence identity, at least 95 percent sequence identity, at least 98% sequence
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resi due position of a given polyner is designated wth
respect to the reference sequence rather than by the
woambgia3243uneri cal position of the residue w tBor/id2608/001683
given am no acid or polynucl eotide sequence. For
exanpl e, a given am no acid sequence, such as that of
an engi neered ketoreductase, can be aligned to a
identity, @ @f RAGDISREUANSRUBNCE idEhtadUPteTgraBldPfesidue pokitioAd #Aich are not
resi due mat ches between the twog sequences. In these
identicgldiffgr bpanieivghive HeingAs4d spbstitufipesent, the numberi ng
of the residue in the glven am no aC|d or
[0049] “@gmsmgmmg_ta sgfg,mﬁg& oy “relalde @i’ when @S‘Fﬁbl@tthc eontpxt of the
ence _sequenc been. al.i

numbeflg%ggjl gIvEp aming %(flg % oty eotlc;;e seg‘&%n € tr«'#grs to ex?urﬁPerlqg of the

residuds@f @Bpedified ReférefdraRyaaice (Wheﬁl’lﬁe/ giRth ﬁmu{cﬁs’b@d bPpolPhuddetide
st ereoi somer over. another. Stereo selectivity can be

sequengg istGoRIparegHe the refrengecicAnsnicsn [ pthehwordsethe spsidugapumber or
Y r \V
re51duef O]ﬁq\éﬂfo%gonf‘eﬁ @{Ieer}r é@y@%ﬁ%rdels,lgﬁ?tba re%en {[Eée ?Jf@rei’x‘&egeﬁuence
rather thhe bg dhesarineen] aumerca pesitioo o tie, resibae withnﬂhs ghweataminhd ycid or
eferred to as enanti osel ecti vi, the fracti

[ n
polynugRofidc sargcee FAF PLAMBIE: S EfSER AR AR Sgepife Such as (hat of an
engineéréd 'REﬂo?éB%Etak@ chiiBe §H§ﬁé21f toQbferedct séq‘heﬁ@ém? [thbdﬁ@iﬂg Igh B0

in the art (typical as a percentage)

Optlmlmsmdu@mtths batwisss tl@atlwouieauwes hleartbefse@m%sccldTOdIgh ¢het gaps are

or.mul a ena
Presen ‘ﬁ“b‘%?é‘r“?ﬁ% @ rSF‘dB‘ﬁé{h e&r%eP apifyp ﬁ%‘ﬁ oL RehPrEfRtiqe sequence is
made \Wflﬁfe@péc}ﬁ&) thi @6fRAINSO BR[UBNEY © wititRgthas BedrsAigRes. the
stereosel ectivity is referred to as
[0050] Vst ReReEGHPClterd foV/the pherlch@flitbAMationik R hehlichl or enzymatic
reported as a percent age) of one diastereoner in thé
reaction ofong steregishmes ovgra@sther.” Sﬁegﬂﬂsvle@tvetrye:@sé)b@@ttnake’vhere the
s to a.ketore guct

e
formarff SFoBr i it 1 PR 6 P RER st e LB b B0 TREE oy

one ste€eiJoRE WMbringd. PG he Baron@nichrars BeaMtivMers, it sttedselectivity is
1) with at | east about 85% stereomneric excess.

referre{g boznanipseiest¥iibdhe fragtiq (typisallysepertadas qopesentags) phpne
enantlo(fﬁ’é}\ﬁ? fh%' sath 6fnooEEh ¢ ﬂthﬁahloﬁfyé%g&éféﬁaﬁl' thte %ulrt g@??{?'agg %9 é ggﬂzgntage)

tereol soner over anotner reospeci
as the epmnﬁd)raér,lc wtvesecalhidated dievefrah aocording e thet formola §magor ensntiomer

f avor ed ngﬁ .the other, or. it may be.c | ete where

~ minog gpantiogiea/kpaiprenastinme! + MinefAeptiYEerl| Hsodyrepisomers are
dxastergcggrﬁégg QRs8 é@%@ég’ctleQQ§ Aferréd R &Yﬁﬂtcﬁé@s\é%tlpﬁ)ﬁ RES Fr¥ction

refers to a ketoreductase pol ypeptide that exhibits an
(typicallypensviedesa perecentage)afonesligstaygameryin glee sompathedhdre. a

ref erence ketoreductase. For the engineered
[0051] K'élighl e dtecdamelectpal” ypfep toddsetaledwutase @dlyipepdanthat Beapable of

ari.san i.s neraII made to,. the wld-t, .
converfag B ttcre dte SEHE o derRtatondinedatice UL R ghemica
formulh (1) WRA 8 RBG Aboted594 @t‘é%h?b‘ir% ¢xédssbe anot her inproved

engi neered ketoreductase. Enzyne properties for which

[0052] {“%&%@E@ﬁ&t}{ ’Srgget?ﬁ/o:' t{ﬁg nge\l%{ég{jﬁggrnwé}k%n% & cBGhichi & érﬁgmatic

reaction of one stereoisomer over another. Stereospecificity can be partial, where the

conversion of one stereoisomer is favored over the other, or it may be complete where only

one stereoisomer is converted.
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be expressed in terns of percent conversion of the
substrate), thermal stability, pH activity profile,
WO requirements, refractoriness to i nhipirhik6s/001683
(e.g., product inhibition), stereospecificity, and
stereoselectivity (i ncl udi ng enantioselectivity).
[0054] "Increased enzymatic activity” refers to an
[0053]i ‘tivpesied eprapeplopei” tfigs &g k@t@@dd@dtasckﬁélsipqﬂide i@ @xhibits an
pol ypepti des, which can be represented K an increase
1mpr0\feﬁ1e§gg)cqnfy| CAZHBE PYAPEYLY @8 cgmpareg (c@glg@fprence etoreductase. For the
engme@{eerggcg%? (}%ﬁsgégﬁg%fdfe? {igsté:%'gg%h%é 1, the, o%ﬁaﬁ@@n isggnerally made to
the w1lﬁayge ketpﬁdmﬂmie cayivef dihonghin sintg émb@hﬁiemsnme oéference

ketore %g%tg%?xg E% ﬁggﬁ]l%%%\ieh%gaggfs grgé Ik]é@%cl e éiéer:rte e}irpléeogrogglltleg for

which ;Iﬁ{n%rv@tﬁ&% QL HaBRURLIAgE bu?Wilmlégqmnﬁflﬁﬁaf@&@%? (WRich can
determ ne enzyne activity are provi in the

be expeessadohderms ofipgropniogav exsianedfahé mgastr@tehn]zqrml stebiliy, pyl activity

g affecte cl udln th .c assical en .\
profiler Fufidfs RauFGheRe, e 0 RBiTOR i o8 iibidan an
stereospeéificity) and GlefRBEdcNBY IRl din@ ehintiokdlectivitypr ovenents in
enzyne activity can be fromabout 1.5 tines the
[0054]9rlﬁ&€?steﬂ CnARhdnd dovivR> tré‘t%rs t6Qh'; ﬁﬁﬁﬁ)@g 'pﬁﬂ)eWylhoﬁé/&Fgmeered
ket oreductase enzyne, to as nmuch as 2 tines,
ketoreductdsapelypsptides mehich tan be nqp;c;seﬁ@dthymspcrg@setm ﬁp@lﬁ@@:tlvuy (e.g,

[ /5 tjne 100. tinmes, or nore enzymati c actjvit
produc Ritteosl Sk polgioe F B et Bt Gatiot o cgrofbikepbiurae t
the prodn@d (@@e RebekedaiveRiti mﬁlﬁ% BnOhAIT subfigitket dﬁb&d&ﬂm asgecified

pol ypepti des were derived n specific enbodi ments
time pm@y i heneeidisd v etk REED@s @ﬁmyﬁ@dég theaefrgsice ketoreductase

C

enzymkz nE&Qﬁ{ﬁ% )EB@%?%B) ?e?ér:lr@sl}{%] %%z Jc{ﬁﬁgg %{Eﬂﬁ' Qifd]p& %rgthteqix%glples
Any pipopey teldirigab edryrh@aaivityayagbe hﬁfedtéd ideding dectlasbical drzyme

skilled artisan that the act|V|t of. an n
propergey ?4157 e Qe SEHARZFS w?m‘t h gapdedd, t&tla?ry%/%eg epéfmﬂfe%ctwﬂy
Improx‘é?[%e%tscﬁ%%mg % ﬁﬁf@ i ®edtdrh UBHRN .§ BlnRs Be dnbEmatic activity of the

strate |nc udirng any required cofactors. The _
correspdndorgevild-typerkeidredurtast enkanditd asigiuch ab 2 tines, Htimes, 4 times, 5

. [ K an o nerally a t 10 109 (M'1 1) ... .

times, fRBE. 20 GmPS 30 Sert e Ehimen Jgh S siypog B e sctivity

than thé @hfirABHEdca oI eltéreﬂ‘@éft@seaﬁ aHOMEr edginbeted @t @e@tttise fidke which
diffusion rate of the substrates acted on by the

the ketpeedpetashpal speptides yene. derzedr buipeeisis emhodinents, theyengiecered

ketored{ictizt e S%rn?{ %né&h i rﬂeﬁ%ﬂ%}rﬂahcﬂg‘%ﬂﬁﬁ 11&"&1%%1{1&' of 1.5t0 50
measur| or e ucta , SucC a decreas€ I n

times, &30 ﬂbamms(greaftéruhure&aedsﬁ:the phrehibkdféded 1B DIPA8. It is understood
PCT/ 82008/00 683 . NADPH due to | & OXI atloE vvl]th t he

by the glglled aytisam that th @etyisholpanyLngxmg s ditfision thit the,
catalytRy RS Er RECARGEkxcBe Pthe AiithEsh ﬁﬁé@ﬁ’the Q&waafe mnmlﬁg any

enzyme activities are made using a
requirquireofretersi The tfeomtizglmeaximudebf tlnedhf&tmg{yhmndelr k.a/Kgis generally

di. 14 Qn. bst
sbout {139 40 ke sEF TGS, St verRybte ERRGISATY of e
ketored¢ERE Q11 Abfe art @FRATIGH: relied fHURD aiffusiin /R dfsth@ﬂd)sirﬁlt%s acted on

anount of protein assayed are determ ned as well as
by the ketoreductase enzyme. Ketoreductase activity can be measured by any one of standard

assays used for measuring ketoreductase, such as a decrease in absorbance or fluorescence of
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use of identical expression systens and identical host

cells to mnimze variations in anount of enzyne
wologshieed by the host cells and present in thedysab®ioiess

[ 0055] "Conversion" refers to the enzymati c conversion

of the substrate to the corresponding product.

"Percent conversion" refers to the percent of the

NADPSLdf! th 3fs@xidadibn Wath 88 U68sdnlifant RAuctsrosilcketvnd ol an acohol, or by
period of tinme under specified conditions. Thus, the

product progyeed ing eosiplediassay. ompaa@pnwﬁ arzywe 25t Kigepriednrdedising a

s G XGRL AR O TRERLT 18 s RGO ROMIASS) Gor

defined ftRtrawes ta3flutheride$@itedtin datall bt eire dGeﬁeaa;lday pdieppesatdschee

that maintains simlar activi (nore an 60%to .80%
compatgl, s mambresy ol liapnd fheman eﬁw&&w SR eieggined a5 Well 2

f IRAREN R 4 0a8Qtchl A cAIPS iRt RE vhiidRons in amount

e o (e.qg., %ﬁ%gﬁﬁ ﬁ%g?n%%hpareg%to tﬁe untr%ated enzynmne.
of enzyjmd@projdut sy eha thostt cllk efid pesentsn the lgsatest or educt ase

pol ypeptide that maintains simlar activity (nore
[0055]t iGunyeion” refof3%o tioe &Q%naﬂf:t@invemmaiﬂtl@e mbsttameyd) tig corresponding

opcentrai ons

produclt S Oliﬁrgfmy po%\feé%%w refetréfq i}ﬁ}pafcspm éhe substrate tﬁatqs reduced to the
produc@ vﬁi‘?ﬁr{‘éf E&%J SyHE ﬁﬁé}l{r%ﬁemﬁ&%&ﬂﬁim‘fsoh‘ﬁﬁy &he “enzymatic activity” or

tate, nethyl tert-butylether, etc.) or sol vent
“act1v1ty|”)qf larl@;oredmtae pelypggtld;f canibegxpressed, asO‘pgx:cgm conpersion” of the

0, the untreated enzynme. [0058] "pH stable”
SubStrai?ee{EgtﬁgpfO&tugt ket or educt ase pol ypeptide that maintains

[0056]8‘%% feg%tq)g}g?tawdﬁﬁa?eepcgygep&ldgq@t g}angtg% T?t;ar activity

(more th‘aﬁ 60904006 or Rord, 'f&eex(aﬁré)@eg affdr Xpdfurdits kle@ﬁﬁﬁ@érﬁ?erﬁﬁues (e.g.,

the untreated enzyne “Therno- and sol ven
40-80°6Y) &én aeperiodfaditiong (@ 28 Qét%rlesbwna@eeqdoltwwma@mi argmear e
both thernostable and sol vent stable. [0060] "Derived
[0057]f‘{Soldentistabis™® d:ﬂms tehkeionedubmse poitypemldafthzftngammﬁrsesdmlar activity

(more @it Eafiiida 80GH AYREC nasiF g VEHIM AR (g <R of

solven{(@goﬁ%wy%@oha%yraﬁ%draﬁm ‘Qﬂh@t‘ﬂytt&%}@rﬂ%fﬂfaﬁr hddgoné@foluene,
For exa e engi neered ket or educt ase

butylacstgt,mactbyl tsEdguntbethle) et Gmglvabt mixter, foy ageriofl iof tigtel (g.g., 0.5-24

hr evol \altnq Quer I t| I e generations the gene encoding
S)m¥q%¥i.8t%%g%nﬁ Cr ketoreductase enzyne of SEQ ID

NO. 2. 008/ 103 8 / US2008/ 001683
[0058]¢ o Tutaes 58&9&%@5 SePYR b GBS SHBRAT Aty (more

than, e}yl_é/@% ¥PS0YUs e fdredpedias & Wikh SEQVJ' B—I (2 425 6109864 112) for a period

_ hilic Amno Acid or Residue" refers to an am no
of timex(eig b-24 dus)¢ampated tagheuntrdatpd eopyng. exhi biting a
hydr ophobicity of |ess than zero according to the
[0059] ﬁ@m'u@m_sgﬂmsmudé reffgrd to p kotoresiuciase pallypemide that are both

thermosJ(a%I% D¢ rs%lvent sa%ablé 1984, J. Mol. Biol. 179:125-142.

[0060] “Derived from” as used herein in the context of engineered ketoreductase enzymes,
identifies the originating ketoreductase enzyme, and/or the gene encoding such ketoreductase
enzyme, upon which the engineering was based. For example, the engineered ketoreductase
enzyme of SEQ ID NO: 10 was obtained by artificially evolving, over multiple generations
the gene encoding the Lactobacillus kefir ketoreductase enzyme of SEQ ID NO:2. Thus, this
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Genetically encoded hydrophilic am no acids include
L-Thr (T), L-Ser (S), L-Hs (H, L-GQu (E), L-Asn
wo(s/10s248 N (Q, L-Asp (D), L-Lys (K) and L- ApgT(2008/001683

[0062] "Acidic Amno Acid or Residue" refers to a

hydrophilic am no acid or residue having a side chain

exhibiting a pK value of |ess than about 6 when the
enginediét ketorcdudtab® enAyed elid €deriive dafrorye fiel wigd-gfpeketoy@iptaseef SEQ ID

Acidic am no acids typically have negatively charged
NO:2sjde chains at physiological pH due to |oss of a

hydr ogen ion. Ceneticall encoded acidic am no acids

(0061); fizcnaphilic &ing Byicign R asiduep iy (0 FOBBW0 1B tssi heving 2

side c}\agls?x&lgbéu Res| hﬂ‘g’oghObéf l%gs tﬁ g ?(!)rlﬂmg 18 r%n r%%hge r
conserﬁﬁﬁl@tcﬂépﬂobﬁﬁty%bﬂabf Elé&h&ﬂgteh al. aIHSIZlQJ &VZ[bld Bboﬁ 1790125(119@
pepti de pol ypepti de. Basic ani no

Genetiggly anspaes DTeo LTI ARG b D). 8EHS ek-His (), L-Glu
hyd

®) Lﬁ'é%‘“%&ﬁ%?* R PG DL ERRRAUPANS, 2 00l Lde

[0062] R g d C Lf(gs 8K &Fi'er%t%ﬂ Ig'cf ﬁghﬁ%c mg}n ocﬁf J?reregéiue having

a side &}ﬁ\/ﬂ ¥hibiting b & edrad &f Ibkbﬂﬂhan sbatn Ghalicertle ainino acid is included in a
physi ol o | caI pH, but which has at |east one bond.in .
peptidérpy RalYRapEd pémdwoqlmewea@tqsamwglhahe& negatiNshneinr gR Stl%chams at
b
physio BRI SRS B0 1 5Agaeh ol a0ReAly SREEH Ry g i
includg N)Glul(Eﬁmd LQspD)Ser (S) and L-Thr (T). [0065]
"Hydr ophobic Anmino Acid or Residue" refers to an am no
[0063]&BadicAmindsAclder Ravidag” fers idlghgdraphilie il did gr fesidue having a
hydrophobicity of greater than zero according

side chqg)( sxnbitinga pKordusof gregt 9‘dt|hé'b AbHIt &i W@enst@g p@lr@f a01d is 1P1cluded ina
pepid g BIVERAAS BRie amiRiompaly e Cosi R et i hains

physiologirabplue td adsbeia(idn with- }Bﬂmrﬁlﬁ)l ion.- YeheticaNg ¢ndodbdé basic amino

s O B LTARR b o o Fost suet rerofs (0

drophilic or hydrophobic am no acid or residue
[0064] i@bm&ei@hﬁﬁm:;ﬁ ¥t a/eskrophilie agito agikor residue having a
it .
side cHA{OMRL S ‘ﬁna{a.r%gﬁ ag?lﬁgél | ‘c'ai:gﬁ ﬁ&i sy}hxﬁ?ﬂ?stdt‘f@c{s dn gqﬁgvhlch the

aromati c am clu L yr
pair ofleletirpng Waredlin CHANRHOBY BOSAGsRCH¢IVBREO 8Io@dyﬁua3>ne of the atoms.

cemoR IS GRS BRSO oty o

(T). a basic resi due as an aromatic residue as its side
chain includes a heteroaronatlc ring, herein histidine
[0065] Gy GptRbicl AfirtSA 8q B WedRINE* | t)e‘fftrs ¢S bl ¥R acdPofresidue having a
constrai ned resrdue”™ (See ow). |[0067]
side cha@ondhibitinga tlydnophabicity df greateethiad ueto acedring todhanoramlized
consen‘gll(l:sI }gycgcgpho‘gfc’cugl%galte %?Eis%gger% etal., 1984, J. Mol. Biol. 179:125-142.
Genetically encoded hydrophobic amino acids include L-Pro (P), L-Ile (I), L-Phe (F), L-Val

(V), L-Leu (L), L-Trp (W), L-Met (M), L-Ala (A) and L-Tyr (Y).

[0066] “Aromatic Amino Acid or Residue” refers to a hydrophilic or hydrophobic amino acid

or residue having a side chain that includes at least one aromatic or heteroaromatic ring.

Genetically encoded aromatic amino acids include L-Phe (F), L-Tyr (Y) and L-Trp (W).
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constrai ned geonetry. Herein, constrained residues
include L-pro (P) and L-his (H). Hi stidine has a
woconssiosaisned geonetry because it has a rel ati weltyusomloo1683

i mdazole ring. Proline has a constrained geonetry

because it also has a five nenbered ring. [0068] "Non

polar Am no Acid or Residue" refers to a hydrophobic
Althoughondn@@i the pKalof $ts tieerodnamatigniaogérd&tomhiaiHis (Iﬂ)itt i$ ®ometimes

uncharged at_ physi ol ogi cal pH and which has . b s in
classifigpg A basie resishier Sichs 2o R ABHES NG AR 1S PIC COMRURCIESE o
heteroegﬁng@c %1?&2%?&{1 %Eesltlﬁugeig fla gslqﬁ@c% éésye}] g%’drslg}ﬁg? %sﬂggﬁgta}‘,\’gac?r;/stramed
residuer(seededowpon- pol ar ami no aci ds i ncl ude L-dy (G,

L-Leu (L), L-Val (V), L-1le (1), L-Met (M and L-Ala
[0067] (‘ﬂonstflﬁgﬁﬂinﬁmgl aclihartresidder I'Sfbrsﬂm ah anéinBaSihd:brgésidm‘ thashas a

to a hydrophobic am no aci orre e in n
constrajngd geapetryh FireiB osamsnaigsdessiduss ch H‘é?‘l’%@g 99 éﬁt‘%{éh
HlStldlﬂ{! hg&@&&ﬁngﬁg@g (ﬁfc‘:etgy?ll)fjdaﬁféolg g%ﬁ A-'r'e%}g,te(;’i Qmeal?-ln_\r’l agz&laérg}lﬁ% Proline
has a camtmned@y:sm(e@y besause itsilsl has  fiieabemberedningor m :

di sulfide bridges wth other L-Cys (C) ami no acids or

[0068] ONN.&FDCSM Ammd A01dror31ebfdhv’dfeférs wmhﬁdmbh@maainﬂm aid dsresidue
"cysteine-like residues” ail ude cyste

ha"mg@t%’féﬁrdléfﬁ tigunghargedat P&‘éﬂﬁ?kﬂgn‘f’ pHragd ariieh Fhes %15? gy which the
(=1 [

pair ofteplﬁfrgﬁ{ |at?é)§iqg c@EJ_n?&ﬂ; l%{ tc\scpétgﬁlts iy trﬁfeilglla}r&ﬁ%gd%?yg’? e\%gl? ﬁf the two

atoms (. 8H tixosidachwimiy it gelach Slenstjcatly cesadetl nion-pwlgyeptinaecidninclude

Ly fk B et@Soh " 85 as il St dametA s (o

h h hj h
[0069]; Oqt Iill Dutes net ydro lef%sorggﬁ‘ygro fclacr:mgo gél %tr%mdue

havmgr&}’l%lﬁﬁzt’cfbk}b@'rééér&fn s@d@&aﬁp LG Qdly e?ic&ih% eﬂ?thgﬁ‘(% iuﬁﬁf%gascidrds

consensus ‘scal e of EI senberg (E sen erg
includeslygrlayA),ilt-Vak(M)p LHeewiidend feldel(I).nat f or pur poses of

the present disclosure L-Cys (C) is categorized into
[0070]i“Cysteine” uThe amigr i) L-CHOCD]is tufirsakl inAhatritcahcfot disulfide bridges

) es) due" refers tpo an amn ido due havin
with Otg?rife%gyﬁ 4Ehaminezzel Ssor@&ﬁsagﬁwi Oréu{fbviqy FHRERE Aipgapids.
The “cﬁﬁéﬁi@-‘l‘ik@ R Rles MR RIdE %&Q@ﬁe GRX ol hthd e AMGEERRSIn s@Rdryl
ydrogens). The small“am no acids or residues nmay be

moietiﬁsahattaeer avalablgdor foematien af dipiléide bridgesortheaibdity of bt-@ys () (and
ot B S e P T B oD S SRS e reduced

free -SH&JrioRidizednd sul @ BEild ﬂoﬁn%ﬂ@@t@l%eﬁ{&U c @O onkitsles net

include L-Ala (A), L-Vval L- Asn (N)
hydropholgg or bg}rophﬂrq:ﬁhar@qg:r gpnquq_p.tlAgp V(la/e L '(Q)_ exhibits a

hydropgﬁylgf;(]f ég b%g i%géo%il gcg }]H%Lﬂdmlaﬁ%édg;o%e %5% of ﬁl@érﬁ)re% E]ﬁsenberg

con

etal., lesn;astu'pm)l, Itys mﬁeoﬂﬂérslrr;cdirthxtyfor pmpbeasmfmlge Puband da;clodere L-Cys
i ncluy L- Ser 191'21 L-Thr (T) and L-Tyr (Y).
O)is categorlzed into 1ts o ique group.

[0071] “Small Amino Acid or Residue” refers to an amino acid or residue having a side chain
that is composed of a total three or fewer carbon and/or heteroatoms (excluding the a-carbon
and hydrogens). The small amino acids or residues may be further categorized as aliphatic,

non-polar, polar or acidic small amino acids or residues, in accordance with the above
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[00731 "Conservative" am no acid substitutions or
mutati ons refer to the interchangeability of residues
womvg/ G241 M | ar side chains, and thus typical IpeT/US2008/001683
i nvol ves substitution of the amno acid in the
pol ypeptide with am no acids wthin the sane or
simlar defined class of am no acids. However, as
deﬁnititb&@.dGhﬁétﬁ:hﬂy-eﬁmdrsnﬁﬂli anginowutids irchaledo AlD(A), leVald®), L-Cys (C),

substijtutions from ydrophilic to hydrophilic,
L- AanbrLoﬁffc@? dgr ﬁgl)oar"g&h Pénghydroxyl contai ning te

xyl - contai ni ng, small to small residue, if
[0072]¢¢ %jb/dwi-ﬁon/tmm@@mm refers tpan amino acid containing a

hydroxﬁfyﬁ %)tl-i ltr}géle Gﬁ%%f@ggp g?kb%giﬁyd&:?)é@ saita ai% ﬂ%%ﬁ%)oca’c ds include L-Ser

(S)LHﬁl(iﬂb and baBir¢Y).o basic, aromatic to arormtl c, or
constrained to constrai ned residue. Further, as used

[0073]h€loRkditvative” Wmiko adlll shbstiditidig oe@ﬁﬁardnatréfvﬁdomhmt@tﬁﬁage@bmty of
ei ther another aliphatic residue or to another

residuashgving|sipilareidedrhainsand thyp Nwigedly dpy o rrsvegbeitatien af tie amino acid
in the &%@Flé?ﬂlt&%ﬂ%& g%l‘d% ﬁ%sfh%pﬁlﬁ sa@@% glg ?8@5’1{1&! ﬁas[s of a?'lAno acids.
However, a¥,usdd hetkiheconsenvapiod mlu’ta(ti@a’ns Hg’) ndt inbl,udéBsuH‘dIu;]utﬁns ffom a
oy RN o B o, Bl i Ao
contalrﬁ% o'r")smaﬂl’to %aﬁsre dug ¥ehe &leéfvat\(ve Mhtaiofche insfa@ TR C

00741 "Non-conservative
substltstubsﬁromwm arhphatroetbemsalmbam menipolar It@norepolautp@tarm polfar,anidic to

tl t I it h
sciic, BTy Pkttt s PO BHAI 1 EpReed Pl Fulther, o
used h&MS A VAL YEI Shltsel donbériy Stideel Gt HEEt oA HihBParhdt Aliphatic residue or
between, rather than within, the defined gr oups

to anothersnoacplargesidug. nTlamiablerisdeiv skows exenary conseayatiyeisybstitutions.
mutation affects (a) the structure of the peptide

Residuzackbone i n [tPmwsible€onservhtive Vhgations i on (e. g.,
A, L, arlol i ne for |ghthert algphalib)A, Lh¥, Dhar ge or

hydr ophobi ci|tQthePfiord-Bolat 8, DLW K, of M)he si de chain. 19
G, M VO 20087 TU324GEr4 lgp§Aq9kpqsG MPO75] "Deretion”
D,E 'Efers 1o O(I){HIGICQ&I DL §) e porypept ue by Temovat
K R o e ae R Ao e e o e & 2
P,H 5, Z:J E or ansqﬂmsa‘(&y) 10 or _nore a_m_n_g_a,r‘i ri,:,
N,Q, $d or nore afPWerpelAHs  or 20 or nore anmino acids, up
Y,W,Fo 10% of t NeOthet aomatin¥s WafF)ami no acids, or up to
C 20% of the t|dfade nunmber of am no aci ds

[0074] “Non-conservative substitution” refers to substitution or mutation of an amino acid in

the polypeptide with an amino acid with significantly differing side chain properties. Non-
conservative substitutions may use amino acids between, rather than within, the defined
groups listed above. In one embodiment, a non-conservative mutation affects (a) the
structure of the peptide backbone in the area of the substitution (e.g., proline for glycine) (b)
the charge or hydrophobicity, or (c) the bulk of the side chain.
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maki ng up the reference enzyne whil e retaining
enzymatic activity and/or retaining the inproved
woRhepaisidses of an engi neered ket oreduct ase enzpyfiaiS2008/001683
Del etions can be directed to the internal portions
and/or termnal portions of the polypeptide. In
various enbodi nents, the deletion can conprise a
[0075]¢ C‘(D‘Hldtfd)blo Wefe 500 MRydi fiditiof 3 tHeep ol septdé by b@hl@val bﬂ@ﬂeﬁd)r more amino
"insertion" refers to nodification to the ol ypepti de
acids tgg refanenes pBolypeptigae Ds%.letwss éarammmlsearémegalf APt ﬁé* 5 or more
amino 585@1%%3%1&9 }ﬁ@r?cpﬁ 1500 i gg?[ SIPRGATERSE or fnla?e amlno ac1ds up
I mprove cered kdtoreduct ase enzynes conp
to 10% ofhe tdtzdmmnﬂnfer ofemino adiisorup QRS bﬁEhettOtaI imﬁnhatdf raﬁhh(y acids

ot S e ST B 5 i

1mpr0\)%8 %‘rtﬂﬁtﬁ?éq%f ﬁtﬁtgﬁglgg&@% ?t&?gﬁfgﬂcogg Pﬁié/drfez oDéylglz(git'slcgg Be g?r@&ed to the
mternat h@ﬁoas bl(gr tormiani pmtwmarﬁ theipolyperstadet ilnwariass anslamliments, the

n i nclude fusion prot i s.known in the
deletloafim bR A SRR o el e S0 S ent. o
a o.a,l arated by ne or of the am no
[0076] 5 P el tﬁa@qﬂ?ﬁ?a}tvn&e@m P§° @Eéﬁtleg of papgrpore amino
!
ccids ighl IHe LRI <l ppTpeise 2&%’2‘%?3{”"?’3}‘%‘%’% e FPREl rdined
ketoredalcgisw enZyayis vompisel lrtscrti@uk pliond @ohoensiaqaeids o thieevaturally

ed, to t er ence sequence. Generall the .. ‘

occurrige kfBrai st B PHEIEaR S BatTHOR B SR ALt o other
engine@eg k@@tédﬁ@iakyp@&%aﬁﬁes TAséhiBhe BaESe inthé UAGNAINSRHbhsUTIhe
del etions, or substitutions of amno acid residues in

polypep@dﬁp &F tostbp canboxy er aminertemeiaus elpgertions ag wddprein include fusion
protemﬁ ag ?SQ&%% 1nq}§ aﬂ’? e?h@ﬁ'nrsgﬂt 5}1 chfl SE 3 Cél"}tl @10%9 ls%fé}ﬁa}tt Iog gm‘irﬁ%mds or

am no- t
separatdé bgbne Br moud omhe hﬂllﬁd‘lﬁzldiselﬂ\i&hﬂ nﬁtgraalm drouidighobggpede e
is identical to the corresponding positions in the

[0077] S‘Biff@ﬂéﬁﬁfronﬁf’ P NBfehs FAR” MGthaesjcetila é&lgaﬁteﬂ‘i‘ef%?én‘éé sequence
[ east 20 ami no aci ds Iona@ | east 50 ami no

refers ta@nfg@‘enqu aggiverogaiae ackher nedynusleptivs senwmnceowhsn algmed to the

0 t r
referen§€ s/%quglg(%a%\% GJlllyyﬁlg d}@é‘lén e%%%ﬁ d%fe%%%gﬁ%%ﬂggﬁcg sequences
are optinglyndlighedl Réffaemady 0‘,ﬁcﬂ1$ctb insdriipey deleond, 00 9itjstitutivas af &dino
) gg%% pepti de” refersg% pol ypepti de which is
acid re 118 GOMRRTISPNIR bhe eé%lnqerséﬂ‘n‘e”GF her contam nants that
rally acconmpany it, e.g., protein, |ipids, and

[0078] “Ergzm@z e@tqseéberemméers & @rp@lwwmd@slhway BB pRiRfEtermriak And/or

oo BT TSHR B B PATREE latelbaoPo

correspenting gosEivhs mthexmueﬁed diragivshte idar be @t leadn ostanﬁﬁcb hcids long, at

n V|tro nt he The i roved ket or educt as
least 2@ 58 S0 Rp iR lopecen! Pngeﬁr%'gié'lﬂ R%.189%, 90%,
95%, 9894, Eh'& 869, JTRRU HPF—IeH hQEﬁP&fc@gecidém\!@rsh&Pacs af&ﬂﬂﬁypéé&@'(‘) ID NO:2
as |ysates or isolated preparations such
or SEQelihNE: dpenengineened kﬁpmdu@dselqmlmwﬂdct ase enzyrre can be
an i sol ated pol ypepti de.
[0079] “Isolated polypeptide™ refers to a polypeptide which is substantially separated from

other contaminants that naturally accompany it, e.g., protein, lipids, and polynucleotides.

The term embraces polypeptides which have been removed or purified from their naturally-
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[0080] "Substantially pure pol ypeptide" refers to a
conposition in which the pol ypeptide species is the
woRbeseEigant species present (i.e., on a nol apcafus2008/001683
wei ght basis it is nore abundant than any other
i ndi vi dual macronol ecul ar species in the conposition),
and is generally a substantially purified conposition
occurriB @AvikdiEn &R joe eXpre s 8EtedP (88,1 &S cél of RasH o sﬁbﬁtﬁisﬁ crhe
percent of the macronol ecul ar species present by np
improvgd ketopreugiese cxBymas anay be presentpathima rell. pyesguiria the cellular

e t [ .
i S EHE) RRGRGEVRITSL R SRk aE ARl Aghh. n
some eatbodinénts, Ao préwdd lstomtnctasendymb ot b Bi¥asotatetbpalypepttide.

al | macronol ecul ar species by nole or % wei ght present

[0080]i“'Subsi@ntEOIFRRS hd19Peptide” $EIEB to ﬁ%’@ﬁ%bﬁﬁﬂﬁ $n whith tﬁ&)p@ltypepnde
species is purified to essenti al onngenelty

speciescis theapredriminankspeeice preseibe. pea sl avpight bapis it i more
abundat%ggﬁggl rr%03| mdlﬁaﬂé/lqﬂédr&ﬂeiecglﬁ{ S%Heg/ ﬂb?i%;c%gﬁ)?% tleM]ﬁ AL

I On consl sts esse

generaﬂﬁa soevdreialll purifipd corapositon wher tl&pﬁg}dce Speciesreatiprises at least
nol ecul es (<500 tons% and ele

about S\ Reriast OE B RerEBACCAL RSP BRSSP DY gl'@loés/" Wbl hgnerally, a

| | I 0) %
substarﬁ@?%’upt | imflg&gsescég{spﬁbgﬁ%n gfmyc%ié%?légg% t%g )?:b?ﬁﬁﬁe about 70%
or more,Gppuis§ A% onmar @bt 9036 |or e tabbyti5%el dr aores lahd RbowtH8Yo or more

herein tq refer nd ons, under  whj c
of all npermolstitatPedies bEasilF ot b4 8o hb s I e Samgpsibif fn sqme
embodiriéhtafthe olljB& spEAN isipuyified t&w@émm hb&ogé&ﬁtwfsé e€britiminaft
neltlng tenperature (T,,,) of hybrids. In general,
specieg ¢paneft betletdcted ifthecempesitdon by C@Vﬁmﬁ@taﬂ detegtion mathods) wherein
t
the corizécgsﬁggl «{2)}181%&0@%6@%#\2 Sf a gﬁ‘g‘ef?%&@‘gf’lﬁggﬂp (}grelgﬁes.p SERRHE s%emes,
small rpelkdinesc{<s00 Ddgsndaindelemahtalioatsperitssirs gokeumsilerst hods

for predictin mel ti pg..tenperatures (see, -
macrorBalleail ﬁrospésle&| th | SOt ¢1Bhdimsn n@FéWti‘éBnﬂf@IC‘gl?%oreéBFtﬁ%ﬁ?

polype fide 1§|a sub&%ﬁ?allg%u?&chl%@éﬂtgie’%%ﬁﬂmsé%h USA 48: 1390;

ressl auer et Nat . Acad. SCI’ USA

[0081] g‘?ltrﬁﬂ%%qt ﬁsﬁ)%d’lmltzl 08“ ﬁsgé(lhseﬁlrez e‘i?]%%? toa{)c.ynfaﬁgfno der @ﬁ%ﬂ nucleic

83. 9373- 93

acid hydbidy 8rGstabBel 6A s Ryowh itdk theke af skill D@ arththel sﬁb@llt&mfﬁsbﬁé@s
reﬂectefglnggeglj%cﬁééﬁﬁm(g%{gtr@% l('IZré"‘T],,) 0. %91 NUC| gbgqjé(r:%d 5|sta%115§g gia hybrid is
a functgdt?l oaflri)&?{ ?téég)gff)ﬁ ?érﬁ%ergﬂéﬁ’% Qg’g cléﬁgcglg (?g?n rtl‘éef ﬁr@?eélgg Be §he{§)%roﬁi’g‘agents
The T \Wealues for pdgaycledtides RavbeBiabaitged Mihg Bhown BGLIRRIE fospredicting

melting lsmgRHisS Pttt &, BE R0 Arn e e A9 eBRLES TRE 75T dhon o

al., 19@0@%c1%214§c££1§w%%99& @@Q(ﬁ&%essmwwt 198, Pregl MBe A cad Sci

herei n and hybri di zes under defi ned condltlons such

USA 8%§8%&&97aﬁ7§¢19r etal.y 1%,&*0@ Vagh éngc{; Sei USAg?érﬁ373 -9377, Kierzek et
al. Bzo%%lgfs}rg 983845 38&%?10)?0%@ ef4E n1t999f N ﬁcl?z%%?%cﬁesel%c@ﬁw& 12

I neere ct ase enz ent
(erratushi, $991QMukcRic Acids Res 19:698); Sambrook et al., supra); Suggs et al., 1981, In

Developmental Biology Using Purified Genes (Brown et al., eds.), pp. 683-693, Academic
Press; and Wetmur, 1991, Crit Rev Biochem Mol Biol 26:227-259. All publications

incorporate herein by reference). In some embodiments, the polynucleotide encodes the
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[0082] "Hybridization stringency" relates to such
washi ng conditions of nucleic acids. GCenerally,
wowbg/iodeat i on reactions are perfornmed under QeIAIS2063MH1683

of |lower stringency, followed by washes of varying

but hi gher stringency. The term "noderately stringent

hybri di zation" refers to conditions that permt
polypebfid@éisclpsddtiveeih and heiesdikes Widetdefirzdrioheitiens, aush as moderately

pol ynucl eoti de that has about 60% sequence identity,
strmgeab@rdtlghlmrsreqmemélthnaéﬁttht gomplggigat %e%egeatfé gagoding an
engmeglggrtuowduce@ Uy BARIPRACE didlfdtuid y, Or Wi th about

or gr ea er sequenc ntity to the
o] | eot |, d I t t

(00821 3L AFAR0N HFLENL ! 0B EXS %@%%p”%c%r ﬁygpﬁa&éle&{ S0ks.
Generdll? Eﬁ%cﬁﬁtm%&ﬁonﬁaﬁé peefohed usder sohditibaof 15W8§REngency,

2% SDS at 42C., followed by washing in 0.2xSSPE,
followgi byyvashss of paryiigcbut heghwp piringergy. khe;jthiga n@yderately stringent

t are

oY 2 LB PR o B b
compldmeerpay glolymaclBotide that ltstabom 602d sequetace tdeetnsrohbnu't @6% sequence

) .conditian for a detln nucleot| uen
lden“tiéoaﬁe 63?%’6%%?“31 denfity; %H)‘-‘E?’b foriganare FBt BW"E’@@P%%% or
greatelts@qt‘féi‘ﬁg hdénﬁgﬁts olth@tar SR IHHFnudMeBril i Eﬁéxhllﬂarﬁﬁo@é}hﬁélf #88&nt

nucl ei ¢ aci equences t'hat form stab brids in
conditionarg Wbmétﬁbnmqmnt to hebr;dlzdthm 1h35@% fbnnemmdzet, SxtRevhart's

sohutioy i MRS S ande ol wiinst e Bb AR Kl RS,

42°C. High stringency conditions can be provided, for
exanpl e, by hybridization in conditions equivalent to
[0083]5@f(&h §t‘i’i§1§?ﬂ@vqﬁ'bn§?&aﬁ&9hﬁférs erRPAIN 1oQdnd RSt ale- a%o/ﬁt 10°C or
at 42C, "tolTowed by washing i'n 0.1 xSSPE, and 0. 1%
less fr@&eahemmemngetpmmc@mrs i asgletecl}alrwbmdeh thasplotion condition for a
S, .as._we

detined BG4S Bt e EC Pt of b M sqpatiion refers

to concﬁb@fvsethat[&%ft]hybhetzeﬂi@t 0SS thdRe huetdie] Rt ded@erices ﬂfats fdrfh stable
ol ynucl eotide that is introduced into a _hos

hybrld-‘i:@l §. 0 BMNasd raaééﬁqf (tecgihybed is pefctabie inye M NaCl at 65°C, it

. | f
will nof 8%¥etg1§ée 8&1’ lﬁ Iir g{e X y&rrrlgﬁ{sg%’le% tclog%mp"l’}ﬁ%f) ?%]rglﬁﬁ.ehllgh stringency
conditibas mmmoelded rfboeﬂn’(pjs,tbydqlblndu[aﬁeﬁﬁi corﬁm‘bm equivalent to 50%

formargigt %@gg@ﬁr’ ef rS tg ggﬁg%eéﬁcﬁéé Q%%S ed bthashlng in

0. IXSS?"Eefclﬁ& 8NY §blsYat H§Q§l Dfhed h [ difife @g h9b9&RARIR c%lﬁeﬂlohpaz{s well as
thé encoded protein is C|e expressed in th

moderajelyatringenofondiions.ce des&:lrrtbhd) ugﬂnetrerferegleesectlted abov® i s
degenerate in that nost am no acids are represented
[0084] B\ Hesrvlogals”qotiomsleotidd tefers 'teymmpg'lnﬁuclemlcEth mtroduced into a

/103248 PCT/ US2008/ 001683 synon codons
host ccfl B JEbqraicRb G TE RAS: ERUISH S5 BRY B BaHIeS LA &1 TSFGARH S @ host
cell, su'b_&cteﬂqa 10eR5yaRshiPhlagsd ahe ‘t‘l?erndt%lrﬁ%ﬁﬁe&lbihﬁf a kadeal

triplets. Thi$§ codon usage bias nay be higher in
0085] €85 B@I & o !
[ ]a 0 9 72d S{e%er\bl Eclpcl%% se 1)?%?@ géd s of HE Y ekl Q8n&ding a
protein to those preferentially used in a particular organism such that the encoded protein is

efficiently expressed in the organism of interest. Although the genetic code is degenerate in

that most amino acids are represented by several codons, called “synonyms” or
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proteins versus | ow copy nunber proteins, and the
aggregate protein coding regions of an organisms
wodR{mB248! N sonme enbodi ments, the pol ynucl eot ipdg®a1$2008/001683

encodi ng the ketoreductases enzynmes may be codon

optim zed for optimal production fromthe host

organi sm sel ected for expression. [00861 "Preferred,
“synoryRidusBtoddnk AhisGeEi PRndieRaRt dddh BOLIBSpartielleF Srganisms is

|nterchangeably to codons that are used at higher
nonranpecapdriigseql fowards prisicalancedsaitiiplese dhisroden aﬁag@&t@rmay be higher

in refere(ﬁcgoﬂ)s %S g%%h elge?; of CBH AIECRIN d&%n@gs't 1?5%1?1 {11§hly expressed

err etermned inre
protein8 @dfis UBAGEP) mumberqdrdilgine :gﬁlnhe aggregdte pfotgﬁmedlngfreglons of an
common function or origin ghly ex essed..ge sk h(e
Organigyg gANOMG- elcﬂ’tﬁé’ﬁ%?f”ilbpquﬁémég‘@? eala(pecls?t c8ieAC ﬂ?j etoreductases

enzymEse&La BS cBdort (gﬁnﬂ\f%’(!l Q)E)Qﬂﬁl Bf@du& oﬁlrtﬁch %Ygdn%m Ed16cted for

aggr gate protein cod g regions rel ate organi sns,
expressibncombi nati ons t hereof. Codons whose frequency
increases with the | evel of gene expression are
[0086]t Peéfeatd, \opaipial, High cadtmnsagobias eodons’s ifas mtérchaig'eabl)y tofcodons
hods are known for determ njng the codon frequen
that arg g_.se& ath ﬁeq}geg@ém @ap&qtpwogyl‘gd‘ﬁ%lﬁﬂﬁ ap othsh g oar&etgat code for

the sa%?mﬁl%da%m Ff K n&Fﬁ%ﬂ cb?orfsﬂﬁ bd GetOmURR ﬁf%fatloh'?g ks Sage in

I'vari a or exanple, using cluster
a singlegeriey aiset afrgener mfe&pundteﬁmetiamat gusgis, highlycexiptessed genes, the codon

BT AR T R SR - S
the aggt Sl%telﬁjeg&ﬂg\&egl&ﬁbrbfp TERGA, orbiHi MRS, %lrQ:MmenaN@Iﬁ !h@ﬂ:'&ﬂ”Codons
ner ney, 1998, Bioinformatics 14:372-

whose ﬁteemrw ingreases withghet levaluef gsie e»@m@soms typlsz'czllzsﬂ@mmﬂ :codons for

g N us | es
expresgp% g‘\/vfir]leyb?fl m?tgpds are gmg %%r cfe?g glrleg%onaﬁ)ger% Q ney (e.g.,
codon i§¥ge Soe Rtk 8yndiy@dbustco@dn usag®hd de@h pieferbaddin sBeﬁﬁc organisms,

20:2111-, 2118; Nakanmura et al ., 2000 Nucl . Aci ds Res.

1nclud12g mpghvargg p@qu&mfom:xam@g@wg qliester anakysig or Baﬂgsmop}dence ‘analysis,

and the %%eccﬁ% hﬁgkgﬁ\ftg!oggf}ngs 3241 ng ¢ {)s e 8%9 %dor‘ﬂ?g%?@r&cga(geﬁéncs

CompuktreGrbap aW ssooutsire Packageit @doniwiglohn Bedern) i;hge:m&yoﬁlébtymglnam

viinef). 3B LSR5 159 BB SR Rl .

22243 R2E8URDERS Paclt996| G¥n&kSPIBLHY EHERAREX RIbRISRaRHiRbRI fB8a
(e.g., conplete protein coding seqiences- CDS),

growingljst e%@ednlsmq Gsader ¢xugpl¢, BRTE) ¢t aby 1902 c}{ucieedAodang 20:2111-

211 K0S Pl RO RSALERE 232607kl ARG

Danchiah@Réc@eridhia coli dn@gblnwenla rhopes LNa&iaratkyalPEES SAssopﬁéss
‘ Spring_Har bor, 2001; 23 V\o 2008/ 103248

Washnrt&tcm Dsf;‘z@@sZQﬂerm Thselatrasonege, fopobtaining euign uspge@ay rely on any

avallalﬁggwymcltléie %ue%é? g%%g% %@&ng[ f8gé 9?&@1&0 ]r%%Z dagé; g@l}g nclu,de

nucleid &idlsdfquarets hetuelly khown tcéncdde aklbressed]ptmems $e.g. \Mmmple&r [®rotein

necessar . . .
coding sequences- &DS), expressed sequence tags (ESTS), or predicted coding regions of

genomic sequences (see for example, Mount, D., Bioinformatics: Sequence and Genome

Analysis, Chapter 8, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 2001;
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or advantageous for the expression of a pol ypeptide of
the present disclosure. Each control sequence nay be
wombs/ ue28r foreign to the nucleic acid sequenggT/us2008/001683

encodi ng the pol ypeptide. Such control sequences

i nclude, but are not Iimted to, a |eader,

pol yadenyl ati on sequence, propeptide sequence,
Uberb4thet] B, €1.,,1996 OWedhoHE Bhiyihol SESHEICES | ; ANlarti 041S AV PLCEMput. Appl.

termnator. At a mninmum the contr ol sequences
Bioscij13¢343d2’Q: pronoter, and transcriptional and

transl ational stop signals. The control sequences may
[0087]5‘Wmmﬁﬁ’uwdﬁmﬂémmm tr inchide pll cpmpenatts, which are necessary

nt r odu tiop,sites facilitaty
or advirageB s for 3 oREigmF airelirnting St Repn @RI EigAR contol
c€giage mafivd befordl h&ith aﬁlbxélcsﬁﬁw en®EneadiAg ti polypeptid
Sequenpolygeptlde [OO8§ Cﬁerabl I|ﬁﬁ§h i's def?nedF yPepRee:
Such cpatrelisgqugsnces leel#fie,g]w ate as limjteghip cnleaderopplyadenylatige sequence,

propep'nﬁe s&ﬁv@s o hfo"i’ﬁo%ry F@n@lcpp?ﬁ%nﬁ& ?qelBHééd tedh@ g}gxas‘égglégﬁ gea@gnatt&‘? Ata
mlmmtnhathetcbﬂtr@l(mmlidmlceSﬁnqllﬂﬁ @gromp et tahdaranadripeiohsl dnkderanslational stop

signalsg ﬁ[ﬁ'@gégtlro { eg{ﬁ@%ﬁgwﬁ gg E)lé(g\tolég.‘gwﬂtl %@g/ 2 rfor%?lls %ﬁl{p@tﬁel gte introducing
specifié FGHHoh SltbssfaelllwﬁJ§ié:dt16{:[ log tl'&%ﬂﬁ'epﬁqhaﬁks 'w‘f’th the coding region

recogni zed expressi on of
of the puslein act ecquedeq ers:odtngaespdymtlyinucl eoti de cont a| ni ng
the coding region. Generally, the pronoter sequence
[0088] C‘(l_mi_e ibihys lihkeal SCdéfirteid diegdin asmbmuﬂgmmuammch ahontkol sequence i is
expression of the nucl eot i de
appropﬁﬁ@bﬁ?‘éfedr.aéﬁ RositigRyelativs hbg ae ige seapsarcel %\Pﬁq%‘“ﬂ%‘ﬁ@&s
sequenté mctﬁét%é O8tdol @é‘c{deﬁbé Sirdds &hﬁfé&%%e E%ﬂess@cfn & h%cﬂ?nucleohde
i ncl udi ng nmut ant runcated, and hybrid pronoters;
and/or anU’PnMydekeaC@rtﬂdeyrthd pf)l'yonclgem encodi ng extracel |l ul ar
or intracellular polypeptides either honol ogous or
[0089] h‘@rmmieomusndeb ii ilﬂudi@&tacﬂi&ﬂehuex{c@@lﬂﬁ]ls fe&»gram‘d:iry a host cell for
SS F Y refeﬁ to a, ,set of ctapts that
CXPIESHE P & P%C ?‘H ?‘@ @ ipdpelynugieotde 8‘&‘3@§“ng © 64188 Feedon-
Generdll§! me%frorh&%r %&éﬁe@on(a@nsgt‘ransw&ai SorPEEGuentea @Hc‘ﬁrrﬁedlate
oxi di zed the ket oreductase-catal yzed reduction of
expressipe ok e @051111!991@0@469 "Ehrecproaptarenat bjanymuckaicaad s¢quensdwhich
en tian,s f.act or
shows e8It GG SRaRE Ab RE PYEAER iopTioBa Bhapy srpmcated, and
hybrid peshieitRNind Ray bé SbRiRdUFdie gohesle@tdtihg extiacdPELsr intracellular
equi valents and is capable of reducing the oxidized
polypepiigancither hpmelpgaustos heterplegeustta dheohost eglbner at i on syst em
na further conprlse a catalyst, for exanple an
[0090] c epfaet 9z am” gefersl tg asst oftrsactents diat partiofpatetia a reaction

that rec@()I d ht%%g(l rlzeeéie g%ﬂge cog cg (I%Bg ,%Ai)g’e é(E]Weﬁ\g chfbctors oxidized
by the E&@&ﬁﬁ&ﬁs’@&tﬂﬁ%ﬂU@&%ﬁhQﬂlﬁﬁﬁeto M&ldaw ar®AgRIkrhfedih NATated
or. NADP+, respectively, are known in the art and may

form by ghe qodacior ragensEativpisHeigR- deafartPhrsgerspléamsystsnys comprise a
stoichibRE @I GEMItAP Thab Y MSce of reducing hydrogen equivalents and is capable of

reducing the oxidized form of the cofactor. The cofactor regeneration system may further

comprise a catalyst, for example an enzyme catalyst, that catalyzes the reduction of the

oxidized form of the cofactor by the reductant. Cofactor regeneration systems to regenerate
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[0091] The present disclosure provides engi neered or
reconbi nant ketoreductase ("KRED') enzynes that are
wochpsisgsgof reduci ng or converting a defined lpetras2008/001683
substrate to its correspondi ng al cohol product and
having an inproved property when conpared with the
natural |l y-occurring, wld-type ketoreductase enzyne
NADHOS AN fromNABC top DRLDPT, wespk@tvely, @fe kilcaat lrde bitland may be
brevis, or angther reference ket oreduct ase enzynmne,
used insthe megkodsidseritied dtrimeer ed ket or educt ase enzyme. In
the enbodi nents herein, the reconbi nant ketoreductase
pb?ypdﬁﬁpﬁﬁsdaﬁéE@ﬁwﬁﬁle of stereosel ectively reducing
or converting the substrate 1-[4-(4- fluoro-2-nethyl-1
[0091] Fl?hemjgsensdlyclgs(lyy pEvidastepiinegred oF oedombindtf k@toreductase (“KRED”)

enzymiy Gpiet ot 5l erictol e PERBR YesmriREo e g iy

correspfond cdh'a) fodhiét dndl- Halvi#grdﬁ'lﬁrprd%ﬂlgxbpdrt when compared with the
Hin Foxy) - met hyl - pyrrol o[ 2 ?a triazi

natural,lﬁgog;uym@gey)]'ll (3] ;kﬁtoze(gqc sggnzyp@pqtgglg E’rbé,aqtq?{gzczllus kefir or
Lactob%%zrlh'tﬁ%%}é'v?sé g{l Cxiogfééer% avek l(%toﬁe?iur:ﬁgé g&fzrgn%l §&c%sa§eagoﬁl%l' fbineered
ketorediemse ehzynge. t Inghe elﬂnbbdlateatsﬂferélﬁ,r thel Ireﬁ:o(ﬂb)mdrm kttbﬁecmctasleu ct

f | d h
polypegidksrart FEPARIA A AL E SRV B Pecr coRvarBs fie jubrate 1-(4-(4-
fluoro Z%JggyprHﬁ@Jl@%ky -SSndiRl r#)Jrfb?o[Z log?lzi 49&121%91'596 -yloxy]-propan-

ments, the reconbi na ket or educt
2-one, pstqpp@pmled by tha grwhgo of fpaivla(l), 86 thegutaduat gRpt -[4-(4-fluoro-2-

st.r at t te
methy g (RS o) 5 RO pI oy £ Rar e Y GRS RgPa2-ol a
 represeRfeddiicihe @Bﬁct&re@ﬁ'ﬁbfh\ﬂb |OH Qk furftfer ARRHLSE BERWV. DPhe! IRforeductase

structure of fornmula (I1V), as further discussed
have apanpravedrpipperty ecanygrtigdhe substratsrod domnuls €8 te the pyeduct of

formul§ Efg};% eéa? c{ ﬁ)ftﬁég&l%?al kgf gﬁ%#(i(t Fo%ﬁ’:\f_cya%a %ﬁz_);ntﬂées of Lactobacillus

h#?oﬁb&h@%&ﬂhﬁlﬂ@ﬂhg] pyrrol o[ 2, 1- f][l 2,4,]triazine-6-ylo
Xy] - pr opan- 2-one or acet ophenone, or both. In sone

[0092] G RREkNE FRIVoTimQHIE thefe8b8BAnEkESEdRitBe(RIEbeptides are also capable
1-[4-(4-fluoro- 2- met hyl -1 H-i ndol -

of reduging) a5 epnvating theygubpiyate atespphenons, pg represenied by stnetugl fprula
(1 to)ﬂXE]f cHifa? Bﬁghgl (}p@ctg Bﬁerﬁ}l‘gﬁ% J U%qg%reg\%ntt%jﬁéh&e %{Ingtﬁre of

rence su rat ace

formula (I'Vpass ﬁlgtheh@sa&‘sed/bdlngofrhtxh ehe aidneeRt lkedoreductases can be
ketoreductaﬁes to the reference ketoreductases

compa@é@r exgace q}pregmaqe[gusm@t su getgé]- (#-tHpero-2- methy%J 1H-indol-
-yloxﬁ@-ﬁf@tmq&% Fkgﬁ qiLf} % rfﬁ%itng WBQ&P%%PeSI cfﬂl%%tr l,8&Sphenone, or

conpri se n am no
both. Ipcsmeieorbodiments, ojmelrsfemmcasldrmatec(egmlnkﬂ @cﬂwbroé’smdt]gl-dH indol-

S-yloxy BRI atrolgfer| ol A BRI aY SPIRPFHEFHE) Sah be Subsituted
with the @fHe® sdFerRALNELbRatdEL. %0 Q8td, él@%ﬂﬁe)%énmfn@ Qﬂ@&ﬁlvny of the

resi due position of type kefir or
enginegred kptoresigiasesde shotefgamel @tweﬂ@t@nsj(wg SE@sIPeI&Q Zet §EQ ID
N0,4)Thus, in various enbodi nents herein, the

ket or educt ases of the present

[0093] In the embodiments herein, the ketoreductase polypeptides comprise at least (1) an
amino acid residue at position 94 which is an aromatic amino acid residue or G, and/or (2) an
amino acid residue at position 96 which is an amino acid other than S/N in the corresponding
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di scl osure conprise at |east the follow ng am no acid
substitutions: (1) residue 94 is nodified fromA -+
woosHaeRt i ¢ amino acid residue or G and/or (EYI/US2008/001683
residue 96 is nodified fromS/N-* any am no acid
other than S/N, for a polypeptide corresponding to the
am no acid sequence of SEQ ID NGO 2 or SEQ I D NOG 4.
residud f3@#In oFhks&ildappe At kfialok §. brewisrsedueticlscs ORI D NG 2sand 4,
can be generated by various well- known techni ques,
respectiypdy, BRUS, i varioug em&ég&%%ﬁege@r thgiketredugtaseoPiiie Bresent

dlsclosél%lkgc)/c)glgﬂ}%% legﬁttgé fcﬁ1o| fﬁ%cﬁ&l& E\ﬁ)sﬁteutt Bhé& dﬁ‘i e 94 is

act obaci eflr or Lact obaci revis,
modifiedftomi Meﬁtahfaycbmglqomhmmldemtsuddesr Ghand/ex(@) msdue 96 is modified

from SE ARy PPITSLAGY OTRE RS> (EA DRSPS rRSppnding to the amino

acid seQhQREE 8EE) HPND: P8t SERALYRep4.i des or to their
properties in the formof nmultinmers, as they may be

[0094] pf}%%e%rne g%tﬁg%’l‘lg oMb iR Eor8M A Y4¥Es cin% ééhf%@dqgﬁﬁh‘?ﬁiﬁ well-

d vol uti on techni ques use
knownpecrhpapes, shek as in 1dtre mutagengsisl esdlrech)ﬁﬁevoﬂuttdme)f the genetic material

encodlﬂ%%hgr at urcﬁg:tassﬁgzydgépgkw&ac |kefA‘EB{38 L aczl us b%s and
1dent1fy'11 Oé &)@yn&gl%t}'&s thile®pRks CFmeel&Pghzymes with a desired property. The

gonucl eoti de-di recte random nut agenesi s usi ng
capabilitigs qi llassKREDstcah sefertonthein @mpertlx@tah amld\mlype&‘tldes or to their

propert%:es Vlg @l@:etr%lp of f&}lﬁ%r %gﬁi% (51%asyt }gresetnpunl {#e wigigtgpe enzyme
itro, mta

10095] piaferies 55 3Hee2E Byifien Pt lgtymeti Ty GRS gh are

amply Hégcﬁg@dlﬁlst% liter&uRE rﬁﬂg el al 289471 “%ﬁ)%ﬁéﬂé@ o B‘N@Imutagenesw an
984, "Point M smatch air, 38:879-8

overqugf |Agzaét31@qhem 29548): 15?33&3 pleeet adut ]&Qén‘é@pg)nughotlde -directed

nt et hed f,
randonf iy A1 B¢ ohStane BB Mkl By 36574,
Smith, 1999,“In viﬁroqheﬂagere:ml Ul A ReRYG ods. e1®u4m463 m@btﬂg ef: alQUlr9I85
in Chem Bi,ol 3;284-290; Chrlstlans et al.

“Strategqéﬁ pad eeplications.afiip yitsy mutagenesise Swm@é%lc}?—’)ﬂzw Carter, 1986,
“Site-dit Qté@ Hﬂ.ﬁé@;ﬂé%@n gﬁh@% A7 lf"?mk{ﬁ\ﬁ‘leﬁ‘ tékl% |81'9§f$ PoifdtNshatch

I ot ec aner i
RepairSHdlE BBBFI-BB7aWellawt ly, 1685 gelmsctemmuragkinesis san effieienemethod for

accel erates dir.ected volut 28
generaGo BT mpar TG e BIgg Plse et L3 o oGt &l 199,
“Proteidle¥SRALE by %dlé‘duflérqj%é(ﬂﬂgsp eyl h%zol %bﬁ%ﬁtﬁm @hristians et

Nat ur e Bi ot ech 15: 436 8; Zhang et al

al,, 1999D|“Dee¢tedj e‘eq}@ﬂlcm plohywidine km@ﬁtf @mtAZ/Tephqsphcorwt@asemfgrleA

ity Ry LSRR 2h RSO 0820, SOOSAR sl Bore

family of grafe@\ﬁeﬂl @wege spddiky ReeleRitesliftRURVONitioND INeG#MHeBI1:288-291;
| ution using DNA shuffling,' Nature Biotech

Crameri gt 939931 Mdeenrgvolutiguof anaggspte detaxifigation paﬂwy by DNA

AL SNG e Ay L2t SR L A cvotion ot

effectiveGfldtiB2dH38 0Bl & 8BlactbOiddse BYODIN Asfhuifflinigragd byreerdngSiRroc Natl Acad
Sci US1f4 59391'%‘311 4964 %prar%grq e{ gla8189992b"Improvedvglrgernoﬂlgoergs%ggtl pnr%%elng) Qy
molecular evolution using DNA shuffling,” Nature Biotech 14:315-319; Stemmer, 1994,
“Rapid evolution of a protein in vitro by DNA shuffling,” Nature 370:389-391; Stemmer,
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nol ecul ar evolution,” Proc Natl Acad Sci USA
91:10747-10751; WD 95/22625; WO 97/0078; WD 97/ 35966;
woWhHHs248230; WO 00/ 42651; WO 01/ 75767 and USpRaius2008/001683
6,537, 746. Al publications are incorporated herein by
reference. [0096] The naturally occurring
pol ynucl eoti de encodi ng the naturally occurring
1994, ‘KeNarshdfftihgbe rﬂfdohﬂﬁﬁg}bﬂﬁaﬂldd@dmﬁdsémﬁ Ihastre Boibinasion for

brevis (also referred to as "al cohol “égro enase”

a

moleciypr evgy 0}) "cRtigcBtlobgash Seé &S Vrid Q- 10551 ¢ 5/22625; WO
0 0
OO o O A VG SRR e O BBl IS P
6,537,71@6. 3811 j)ﬁbl&ﬁtlbm are iaotrpdrated [hetein ketdfereacd Genbank
accessi on no. CAD66648 d: 28400789 for Lactobacillus
[0096] brle\mw)rally\bé@ﬁﬂﬂg nghxyclecaldecﬂnydsuiﬁg aeiiatgaBnoodirfigg t h e
ural |y occurr|ngwﬁetore uct ases can _be synthesiz

ketorecwtaés of ftielp st ilupckedty anth éasiebegillrsris grlse rqf%%lntq 38 “ﬁhehol
dehydl?géenaEQS&d L 6in HeSbed dfl@djfrgﬂl tHE Ps%la%lf aécggmfc%ﬂfﬁ@ &SoRh to

et or educt’ase- enco
encodecthb elioneintmse adivityr(e.lge Gedba;mk adaestldjaha)vo;AEMZ%}ILmall 12(956 for

Lactob e ko Epa i e e PR AER SRR ek 3 gpits

brevzs)o mlltéﬂlz?tﬁ/élyl q polRiuckB@NEnR R QBé ﬁ&uﬁh\l’ly%c@ﬁ’ﬁﬁﬂgﬁdefor%&ases can
used for expression of t e enzyme

be Syntphaméfnt byypolyricdeatide sypibesin methedplogiesdmowatiin ghe drebased on the

ccurrin i.ld.tyvpe ketoreductase is
reporte Hotflobifl ShEAdIhthe Krafeal RS enfSHREIRHE AP Farlohs
embodl’ﬂalérﬂg Qe @ﬁﬂﬁar ABStribe & beloR, Bt nadirally @célﬂhﬁ%) golgaucTustade edBSding
into the Hnucleotlde The nut at ed ynucl eoti de

the ketp@de%g?eeé%ws an ﬁletqn%@?@ﬁié@mf?fh@ﬁ?éﬁil cgré he eedqngptimized to the
codonseﬂigfeﬁr% g% g%pE g)gﬂcckf;}%%@ I%S%ﬁ Bfthg‘éﬁkyxh ations

use e|n |ons
I-RC ude am no _acj tutlo
100971; T i AL 5 oy RS it Ry Rl apngna wee
ketorediRtas® & sulbj&:feﬂdu ﬂﬁﬂagdildbrbbﬁsmfdﬂe&hin)ﬁldl@ﬁ@kﬁﬁ In@agenesis and
enzymatically active pol ypeptide to generate

recombipgjiofe Ky BHOdbrEyEAtiontHn i hg pelynHelsotds: ebtaguisiedplymigisotide
is expr{:@:‘s{e(ﬁ1 QP r&%ldt%g %érﬁ%’vgéﬁe)’a?ﬁ teh gﬁl‘égred @(@ﬁj)r&ﬁlrc{agé Q e@givith

po ynuc eot | I mprovement

modifiepioas fa the pokypaptidep rm:pmretiyxere@n pmhqmﬁcaitmk | ohelueln camimmgcld
neered ketoreductase wth roved perty
substit S PGP UGB T U T & St Fiins Fan be

introducé® ﬂﬁ&ﬁﬁtrﬁtdrgllﬁgm e mAReRly Qﬁﬁle\ﬂoi}rbe?ﬁ&’é' foRherate

i mprovenents in th esi fed enZyne proper Enzyne
enginegred pezytnmsWhmh amhth@h scnenmdd%evmmus |nsetblfe;lzsuto adﬂngfy polypeptides,

je activ
and cou ot eleFuS. pai ¢ Ahitel imPRRETRR! fuf eple heyme
property€QUpsIgNBIN RideleBESdAE o bﬂ@ﬁ&ré@kétﬁfﬁdhbtﬁw Wwith @n @mproved property
product inhibition), sterospecificity,
can be gykiscigkior additionmt spundef RBlageRnsisSTeANELE {0 gezrprev@olypepndes with

e A0 05540 TR0 6 OB AR i

improvemghtis @esichble include, but are not limited to, enzymatic activity, thermal stability,
pH activity profile, cofactor requirements, refractoriness to inhibitors (e.g., product

inhibition), sterospecificity, stereoselectivity, and solvent stability.
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pol ypepti des derived from and thus can be conpared
to, Lactobacillus kefir ketoreductase of SEQ ID NGO 2
woaoodast@baci | 1 us brevis ketoreductase of SEQPJR/I¥08/001683
In the descriptions here, the amno acid residue
position is determned with respect to a reference
pol ypepti de. For the reference sequences of SEQ ID
[0098]N®s@me rerrféEQldlé:ﬁté\lﬂlérecbllﬁblrfanm&ﬁéﬂe8@cth§egﬂoﬁ£prfsé eﬁgmédfred
initiating nethionine resi du present
polypeptidgsdigaivpd o, apd thus can Pﬁ salgnarefi t%lIaF’ObH@’”Efﬂ &@" rslf%rsductase of
SEQ NG Tiloh DL blSR iRy dlle S SR IANGS, PRI RN}fions
resi e renove I'ol ogi cal processing
here, thieparininn excid, resdump@ssnomlsaletmmﬁnedewth mspecn tova terference polypeptide.

transl ati on syst ner g ture praqtein
For thq ssRyg SeMenien 91 St @ A NELHror 45 NSt othe opuheria bygins from
the inilgai{f%r%%@tﬁio‘fhner(ﬁ'ﬂ' d488e Ble. NSRBIty RSHMIBoRS 1), Qﬁh%ugh it will

bet ween the two reference ketoreduct ases
be unddisfdodrbarthe slelalectimésalaﬂ@t ﬂmmmtaﬂlneynthomne\m&mhmt ey be removed by

arrangenent bein fir. br.evi residue” = A
b‘°1°g‘§ﬁ't%r?19‘isﬁﬂf‘%’ﬁacﬁiﬁ g’i BH) 2% gfﬁ’ F%e% °f ’Efff’ Si"l“"é‘fsyé‘ﬁm to
generafil MAtUAECpidtdi fdcling the lrﬂtlath%f 86BN SR§IH 66 CWhetdthe amino acid

exanpl e the w |l dtype ketoreductases of SEQ |ID NO 2 and
residuesptyhesamraesidus paskion ¢iffer beteigen theitwe raférew &stogrglactases, the

Q 32 - .
dlfferegte{ég %18 e{?g 8%12)% & Mgg h ye f\&ﬁ}gﬁrgéearg %gergm%gl kgﬁl(r: ﬁes(;%uet/tﬁ%ws
residug¥atAsubstisution @muauiam QvhicH gsmerpplladan@ft oSEQaﬂnDld\ﬁidZ re3iduSii)a

I D NG 4, that pr ces n i nproved or educt ase
referene SeAMeRSE. ARRFxa SilREp e e tanes ﬁ@S%@i IPNOs2 gpd SEQ ID

NO:4, Woth& AR t@rﬁirgsdmd?’regfdue Ao c}gﬂh@%’rﬂﬁol «4,6r nore

am no acli or nore am no aci or nore am no

- [0099] aﬁ{e%ﬁ.\mb%r Sf moﬁﬁfcfitlgﬂg 6% dl%‘férgrg; gjo?yﬁgptl@g) rsﬁc}iagg e ngﬁﬁgﬁf

re am no aci am no ~ aci
occurring pdbBfeplidd sESEQIRING ME@ﬁDNﬁDﬂQtIﬁCp@ﬂucesmnhmpi@@éd
ff the total nunber of am no acjds, up to 30% of
ketoreqygtase BrOReTty MRAYSHOMHATISE oA AT HIOr¢iamyyo atcrf’é 2@f BIOg, ggino acids, 3 or

more afliky 8&ds gl i anfio adH C:h?r hBf ARinY Q@ﬂg ' @?IsmGPC 3o acids, 8 or

present osure can differ fromthe reference
more apohy aady, il@er n{are gminSEQY, Or NDo2 more 8&iQolaid¥20 pr nprelamino

it G 07k e s oo i b0l e B of amine
acids, @Qipts .30UPot Be 1Y RimbdrOfamiMPadi8d Sthe Mi¥eleice d¥¥affsefiidhce. As
amno acids, or up to 30%of the total nunber of am no

such, thg:pel¥peptidenef the peasericdiscleweieacdiffe flomahe refersgaed pelypeptide

o EPPINERRSE eI SRl S L ARl 193416 g8 200

25 or net8 aﬁl(ilmildidlﬁﬁ 0B upsd 5%Udﬂ tBsﬂSm&io ahdsZup ?a 10% ,theﬁaml?m a&ds up to
11, 12, 14 nor e
20% Og@fﬁ aglm%w%sp OF Bp 9@/&% qfﬁlée @Fﬁl r‘i‘BH%?ET @%amlae a@tsiSPé%ecﬁeference
sequentd® amno acids, up to 20%of the am no acids, or up
£0 30% of the total nunber of anino acids of the

I e C
[0100] '{%fvg{l%e%n&c@rﬂ?{ﬁg yosd1 %ailogg@etjrha yg‘e%&%f)ﬁ %t*dre) to produce the
1mprov26@Bi)&@éﬁﬂ)%eﬁﬁﬂdﬁﬁﬂ%e%bﬁ&ﬁtlons at1,2,3,4,5,6,7,8,9,10,11, 12, 14
16, 18, 20, 25, or more amino acids, or up to 5% of the amino acids, up to 10% of the amino
acids, up to 20% of the amino acids, or up to 30% of the total number of amino acids of the

reference sequence, such as SEQ ID NO:2 or SEQ ID NO:4. The substitutions for generating
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an i nproved ketoreductase can conprise conservative
substitutions, non-conservative substitutions, as
wobd/108348conbi nati ons of conservative and PCT/US2008/001683

non- conservative substitutions. [0101] In sone
enbodi nents, the ketoreductase pol ypepti des have
i ncreased enzyne activity in stereoselectively

an impir&bddietGeducta30 0xetdrh sddﬁﬁsﬁum\ter §i1b§tltut10ns non-conservative
1-[4-( 4f|uor02mat -1 Hindol -

substltwl%eéﬁs welas egmbiggiionsi qf[cgnmthf azdapomcpnmqﬁw Subgtisytions.
]- pan-2-one to the product (R)-1-][4-

{0101](1n- spm(pmhoghmmtﬁyhe ketoreductase polypeptides have increased enzyme activity

in ster?silegt(?\je'lf réﬁu& Oé goxﬁ:tm%g th%%g%s(%rﬁ?iz?é& (ﬂﬂuL)roQ-metlayl-1H-1ndol-5-

I azl n as comnpare
yloxy)tﬂﬁﬁxe&fywyrrbmmﬂ -fH1W,4 ]inhMﬁ@-éf)ﬂf)ﬁ}V]q:ﬁﬁpaﬂ@-toﬂé eﬁwxetpa@daﬁ:t (R)-1-[4-

PR <R S A R e T

proparf oV Gorb e PRAAPRRRY of Mif® byicErcHcl KEMREUE B! G0 D

NO:2 @f&EQEDEMDMVlInyoms emboﬁmﬁs 2hdlintreass] anzymo metidtyzig meleast 1.5

I Vi east S or,nore enzyne, activit

times Gfingnt e engine PRy ofibe el BpRa-aREG PO POBICeT Lo

embodith 8RS, tRE il¥RaSe FOEY IR a%ﬁ{/it)?’ {staf leaRl 2.08ANSs 02 thdrk BRSNY act1v1ty, at
more enzyme activity, east 25 tines or noré

least 3é)ﬁzry¢seoranone\¢nzyne a@tl\{lts'asit le&0 Sttimessorgnonesneyrenastinty, at least 10

. activit [ nore__enz act
times Jfhonk h¥ym Sher ok 1550 b s ¥ R Snasf YR d sk F g fimes or
more eh@yrh8 @ctityl, ¥ le¥st 0 tinledfoR meste enpohy RaRitydadeSERD tikeNok dore
or SEQID NO 4. [0102] In sonme enbpodi nents, the
enzymp a¢iayiti atleass d 0D simpes O tote snayaeaciivIty 98 campargd to the activity of

referengggégﬁ,g#@&s SERS b Nb-SLESeesf) Rk vel v reducing or

-[4-(4-f
[0102]#@{38%% g{q%tt% tl1e ltfequﬁedlictise fﬁ?}/}}ﬁtp&lﬁfﬁﬁl@()g ai}lnag{e?sed conversion
rate in st@f@l@é‘i@ct&e@ﬁﬁdhﬁng e c@f\fé&h&ﬁg I{Rﬂ-ﬂubﬂr 2 -4nethyl-1H-indol-5-yloxy)-5-

fluoro-2-nmethyl-1 Hindol net hyl rrolo
methyl wr101¢ﬁ2 1[ -f1i1.2, 4dtt}atzmea(rwl%yls-pgnp@;e%onqudb%nrodgctcﬁ?)ds[4 (4-

fluoro 2HBAY B Rad e BRDY St B iHgTo B 1R i R - oreg ropen-

2-ol aswodgareal tdelid cvatesamdiatel afra wild-tygerefeeerve dictoeedustasé bESEQ ID
engi I tor ctase are _characterized by a .

NO:2 GRS TN ot e SRR PDog™ DA PBRpUeTRalhegagineered

ketore&lfctas% ﬁ@tcﬁﬁraEtIEﬁBecple/ & cOlvediSRbLE /ﬁreﬁﬂ%@fhaﬁ@%% o gﬂarafe"i‘tﬂ?aﬁq 80%, of
han 98% or of greater than 99% of the suBstrate

greaten,th@te90°é dﬁegrﬁa'teldthem RBYa, pbareattn thandi$ih ar ¢f gredtenthdn 99% of the
tio

subsir et 3By RORMER 85 <5Peple fRednatRadhsymppion in 24

hours &armg/gmb@atawttﬁabémqo@L@fMREm pol ypepti des have
an increased enzyne activity in stereoselectively

[0103] rlﬁ%ﬁﬂe %%H%Blrﬁé}fﬂéf Shd k&&eﬁﬂ&as%%}ﬁe?hﬁe@%% QRRERONR. Eﬁ’zyme
he product (R)- phenyl etthanol as conpared to theée

acthltsamt stcme@gplqwflvaympdwlrtgﬂr@onwr@ne tlaeesubstrate edetoplenene tsf the product

(R)-1 I?ﬁ%lgg\gg@ a3 ﬁ? re tf)l 1% 3 ct1v1t¥ g{a w1[ae %@F otggn{:e %&étgreg}lgtases of

SEQ IIDW@2tdﬂSEEI1H)/BE) ACTn ¥drhey elﬁf)odllhﬁnw tid-ihyressed eheyredaqivity is at
ypeptides. In sone enbodlnents the increased

least léﬁwrmrpm snzymegctividnet the vold-type sefsrense pelypsntides In some
embodﬂﬁéﬂté’,'tflé’ rnc?etasedze%zyme activity is at least 2.0 times or more enzyme activity, at
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WD 2008/ 103248 PCT/ US2008/ 001683 |east 3.0 tines or
nore enzyne activity, at least 5 tinmes or nore enzyne
womhs/W3kes, at least 10 times or nore enzyne air/vN2006/001683
at least 20 tinmes or nore enzyne activity, at |east 25
times or nore enzyne activity, at |least 50 tines or
nore enzyne activity, at least 75 tinmes or nore
least 3 ON&NEForafdrehtyme aitivigast ledP8 tinhd¥as rRdre ¥BEEME BENTY), at least 10
activity as conpared to the activity of reference
times q53NGI EPEYHLACIRED MpeaH2f tigres QE@arpengIE aqtiyity43t least 25 times or
y
more 12 03, BFBAS a0 RS A RRLVATEL) 95 o
enzyme ectirdiyyat least d 00 vieresion gndré ensmbsiotivite aacempaﬂeém@tlw deavity of
t he produ a as conpared to the
refere“ﬁEPPg’P?V“%F SgaAp? él(?? %53&@?&%@ ket or educt ases of
SEQ IDNO 2 or SEQID NO 4 under a defined condition.
[0104]|In sgmﬁ@n@@sam%ﬁhes etpredutass nodvneptidesdeave ea dngreassd sonversion

e n 4SRN RS Y SRS, Bl B T, oo o

-phenlyhaHmnBB% condpage et the ad:th.aty cﬁ“&%/ﬁd-t}qfe rgfeeﬁtce tketoeduc2886 of SEQ
he defined condition

f
ID NO&@%Q,@*E@%%@% 2 0hned GRafton, JRoeme RO oS Bgneineered
ketorecﬁfcta%gs] e lehHBREE AT By YWverdRPsK grdfleOthkn 9004 BE gxkégépthan 80%, of

I'n various enbodi nents, the ketoreductase
greatergbduywpt oftgeater thap&8bYe obgrestee tran98Peot ofvgkater then §8%mef the
t he .substrate
substrafd R U AP o RBIAR AT Sk dapedsgyyltion spgyersion in 24
hours dMOr L. QLiEstrhte With aBout, ot d/L R HREKREW. 0XY] - pr opan- 2- one
to the product (R)-1-[4-(4-fluoro-2-

[0105] TR&AMbad é?hl')&ﬁﬂlené thb ‘Réﬁé}ecﬁlcﬁ?é PM\%F%}%}H&E% Qe{p%bpe cfﬂskel'ec?sefectlvely

,]triazi ne-6-yl oxy] - propan- ["'east
reducittg oreconvérting thd spbstyatofl - [SE(QﬂLDrN@mefdwl SHend - N@io«,y) -arrdethyl-

pyrold{ IR AR o e} Srep BEALSRE € ptafith ity Mg
methyleHi-hﬁd N&Qéxﬂf-S niéﬂﬁflf}ﬁfh%lcﬁ[ﬂ qaef] ﬁlezgw ?@ﬁ%n@@lb?ysj\ﬁoﬁam -ol with

an am no ac her than

at leastt lh% UFP@P thesassnHy ﬁé %@smjhl@ De5PEQJR NE:bfand gemipaipes anangino acid
sequen§§ﬂé&§ﬂ%§lg%E(Rrélﬁat%)ax%m%rac 8 GB thNQoﬁ‘e%Jo ﬁﬁm%r{‘g&due position 94 of

am no acli r eS|
the referemde%qumxde SEQ B3 N2 opSEQ IDNOO4, ori(3) &t frdinotdedthothedthan S/N

ome of these e i ent s, the ket or.educt.ase
at the Cﬁgﬁw@émgdemé%posaﬁl% Q? ? thg geferracs squeRsrcREQdR R0 $EQ ID
NO:4. 3n %mg@ﬁl%oaﬂé?l@s A Qnirngsa'cféi%ﬁduéat%e G&& ggmhﬂg r&Gt po(imon 96

resi dues, or nore amno acid resid as-conpare
is othet than SendaN. ehmwce Qfdhmrmd}odaﬂentsilth@haemdudateopmly][)@hﬂspan

difer iy B e e e I T PO M PR Fai U Car e R acid

residueb & SoMIBbfednfino acid residues as compared to the reference sequence, as
4- (4-fluoro-2-nmethyl -1 Hindol -5-yl oxy) - 5-net hyl -

dlSCUSS|§9|[bPJ@IV\b[2 1-f]1[1, 2, 4,]triazi ne-6-yl oxy] - pr opan- 2- one
to the product (R)-1-[4-(4-fluoro-2- nethyl-1
[0106] i isorde embodingmuys), 11t kmmhguet@prpo@rmpﬂdelca‘p]ab{e of stereoselectively

reducing (ke b8 Biibniale R GG B0 B LA S grmey-

pyrrolof2, 11fl{@, X |tFi@ SR8 168y ]-propan-2-one to the product (R)-1-[4-(4-fluoro-2-
methyl-1H-indol-5-yloxy)-5-methyl-pyrrolo[2,1-f][1,2,4,]triazine-6-yloxy]-propan-2-ol

comprises an amino acid sequence having an aromatic amino acid or G at the corresponding
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30 WO 2008/ 103248 PCT/ US2008/ 001683 resi due position

94 of the reference sequence SEQ ID NO 2 or SEQ ID
woNobgho3As such, in sone enbodi nents, the ket paduRb®RHB1683

pol ypepti de conprises a nodification at residue 94 of

A -+ an aromatic amno acid residue or G of the

correspondi ng sequence of SEQ ID NO 2 or SEQ ID NOG 4.

residud PosHPITRIPGS the eFereQod diubRiRt SEQ IDNB A @ISBQIID 28B4, As such, in
pol ypeptide can differ from_ the reference sequence in

some eznbﬂdnn@rrté therketoredustase Ry Rrpiide comprisessymodificafipnaatirgsidue 94 of
A— aB%?AI‘QEHE%II?IQB aﬁld r8§lgﬁ@BPG%%ﬁk°c&%sgoﬂcﬁ@ %.ldﬁénc%%f SEQID NO:2 or
conmpar e othe re

erence sequenc I'SCUSS
SEQ nbeu@w In [s6h© 6f tHege smbﬁdlﬁmhcsdthedmtcﬁ'educkBe pelypegtitectanskiffer from
ypepti de conprises an a sequence havin
the reffignifienisnce i3 lr mpge ppnig 0 i QIR 6T1BP A AFRIGHSS, oF 4

or mo%hﬁné £34 h u;ﬁhugg as E@rﬁh%h'g t&ﬂle%feﬁlﬁ% k%%l'éﬁez a?ﬁlséggzd Blow.

In so nbodi nent s, ket or educt ase
| .
[0107]2191};58@’%%9]3? e t@@{te@ﬁ@gg rorq d ‘ﬁﬁe Q&mf)giés%&e{ﬁaggﬁo ?&d

sequenSERavihPaiNem?noaci SEQW, [PI,NO Y at the cmmo&dlhg dmmfimzicﬁd rdsidne of

rsiau T 005 Do S Il B b okt B8 B, o

\Y, N
ketore%@ j@?ﬁﬁ{p@ odreo(%%ﬁbrﬁest@ﬁgﬁﬁfcﬁl_{i{hﬁlogQ@re%)l#%@;ﬁ/;@)tfgx rrthW Hp )(/)rr Y of

the conr@slpo{ldang sequehde, o, SCE(]QIID N her BEQ IBXND-4r blmmeze-rmmhmonts the

r od 1-[4-(4-fluoro-2-nmethyl-IHindol -
ammo%"\?lg djuggﬁéﬁy pyrrolo[2,1-f][1,2,4,]triazine-6-ylo

speci fied . am no aci ds at

n 2-0
(0108}, splisan @deawt%f‘pp?t%ﬁwawfm!&mp&f#gs capable Rk stergpspigetively
converfii fhd EBLEHES- (814! MBro QOREMTRPACKAA.- SFaxl Ps N Ry108y 2, 1-

i ncl u i'ng non-conseérvative of conservative
f][1,2 é,ﬂmsnnci@tylgxbd -prijpan-2-ons &0 thatpreducs 0&)31-1[4-04 “flopr-Z-anethnd-1H-indol-

s-ylon G SR Bl sTota 0 B2 g RS Bk 21§31 G speciied

amino 461@s aPRSidu@ndl cZBSompigsel Hbdiffistiondias 6th‘éf5ﬁﬁ1d@3icm/\te51dues of the
Addi ti onal substitutions, when present, can conprise

correspayding SkR IR N@ érpjegrﬂﬁétui)%oéub@iu@l@ﬁ n@hgora‘@rvet%er eamseryative
substltﬁﬁn%rgjs rl\?dcﬂ ?&h@e&gﬁéé éu%gﬁ tlL)QS‘IY(O ?ie ¢ dt anty %ﬁ O%dues corresponding to

reco |nan

re51du¢)ﬁ(bsytpﬁ13t5|3d5¥a %Qﬁb,rllélge 165 158 9% 168 Zd)6$ 228)@and @3\hisdhirther
am. no acid positions from SEQ I D

di ff
dlscusqqébega IUPH%J st}lg%wg% WRED PHSCHNGaNS ORI e PBE PHmOTe
conser@é)tweesﬁgﬁﬁﬁiﬂl&g ak etﬂeﬁglln@hbeac%reerdu%gs&l@nw 2 or SEQ ID

is aromatic amno acid such, sone

T
amino zcld&cq&ncaathlcmdlfferxzn 116 25 héyind Bcid POsitions ﬁsﬁlaﬂﬁ’@ DD with
or in 1-

S e 5 am no. a

the preio harhe armwcgﬁﬁegpdasgpwwﬁg g0 e dhoro s iy NB:2 or seq
ID NOpépfs' ArbRRFo amfﬁo]ac?fﬁola@" 538 B8, @oﬂ@%‘ﬁp@ﬁﬁdes%o%ns@ﬂh Qﬁ’uno

acid positions, - am no acid positions,
sequemqmdmlabffdrs;fugn 515@13? NQ; 2eriSEQ ID NO:4in 1, 2, 3, 4 5 6 7 8 9,10, 11,
12, 14, 16, 18, 20, or 25 amino acid positions, for example, in 1-25 amino acid positions, in
1-20 amino acid positions, in 1-18 amino acid positions, in 1-16 amino acid positions, 1-14
amino acid positions, in 1-12 amino acid positions, in 1-11 amino acid positions, in 1-10

amino acid positions, in 1-9 amino acid positions, in 1-8 amino acid positions, in 1-7 amino
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am no acid positions, in 1-9 am no acid positions, in
1-8 amino acid positions, in 1-7 amno 31 WO
wo20f30388248 PCT/ US2008/ 001683 aci d positi ongcrivy2dosoicss

amino acid positions, in 1-5 am no acid positions, in
1-4 amino acid positions, in 1-3 amno acid
positions, or in 1-2 amno acid positions. [0110] In

acid po%mrﬁls eiRbog b foid bb‘ﬁu&%t 9{ =1 la?fhﬁ§ BciAPoyipiens,iifl@s4 amino acid
capa e of stereosel ectivel X reduci ng or converting

position,dn d thamingtagid positions, or in 1-2 amino acid posmons
1-[4-(4-fluoro-2-nethyl-1H i ndol - 5-yl oxy) - 5- et hyl -

[0110] d}arspmlewﬁrﬂ)oﬁ}mér{ts. 1 Kstbrediietaseryml ypeplidesjappblepd stepeaselectively

reducn'\_g? cc%llv 1%1%3 Lflbg(%(bR%atﬁé-[%- 4%@8':{5'- -@Féyk?ﬁ]-m%iol § yloxy)-5-methyl-

pyrroldf2a-#A1],3,8 /] @kine- @y])ékﬂﬁ{ﬂopﬁ{ -ORMR 18 11 pro&&UTR)-$ 8- (aluoro-2-
am no aCI d sequence W an aromatic amno acid or G

methylatHridal duslospr 7 -segplex] diyiglo[2d -{ Hs2.d dwiagined-yiory) - propam2:ol
comprﬁéﬁ glE%anéB Ng s%qﬁ‘{k%e Q){érﬂnl 291:) arg}?{ g g{nll&(ﬁ&(ﬂ(ﬁ 66U $Ssidue corresponding
to residu@r 94e ISR IIID NOQ or SHQIR NIH4iand Ay oﬁmom)oﬁlthe deavtitee selected

than S/IN, (2), amno acid residue correspondin .
from: (1) amingeacidal residug crsspARIING toyiesidye 86 iga %ﬁm@%@rpther than S/N;
) am(r%)ac?dTEeQﬂu@‘ébrgesg)Sﬁ&lﬂg ?%fe@fdil_@sl?g AL Qi Qi Qﬁ'llquﬁzlé- g&ef thanL;

ny am no aci er “than L; amno acid resid

3) amrm»rac&tlpmdde ngrrespondiag toeesRD 109 iGinyrangino akidpdther than L 4

cid other,.than A amn cid.res
amino G RN AP QTGS 150 B AP Al GUfT A Sther than A;
and (5 Pdihfo abiluRsidhidlcorbPBndnD @FicBRINE 206 I di6matie deias®d. Thus, in
pol ypepti des can conpriSe an am no acid sequence  wth
some emidithenis,ithnketaredpetesecnpdymptides grn-compyiise @b BENQ acidsermience
with m%ﬁ}fi%a 8125J zglﬂ&l&{egﬁ ‘?fnsg 9 %S a%matggr)ﬁ{nﬁmg%gfd O)Jeg’ ?Eé 89{‘} and one or

more Iﬂd\ﬁcatib'ﬁg s&ﬂhcted fraﬁl 98l stmablaﬁyamlﬂ@aad lothel ﬂSdnCBIN)OIS‘Be(L — an
(L any _anj no_aci d resjdue, other than

ahphatua ammg@zld(rASIdge @h@f thaﬁ Loy 199t Teamymmio eidresidus gihgr than L);

0 i _a
202 (A2 g aft AllpHatic Al 308 relte ARe TRy g REAR PR oati
amino acid 3&Rue) oNhedorjeSidhntijng seqeame of SEQIIDMNIN:2 or SE€) BhiNGb4.

acid residues, and corresponding nutations, in the
[0111]6Ib&ttmereﬁﬂdodmtzartl$e aﬁirﬂm*cﬁdreﬁlﬂom andisdnd&b@oﬂ,&‘ﬁﬁg mmtﬁmrs m the

resi due 1 , resi due 2

above ;egl ues gre ssllectg? fré)ﬁa rp%glllqj{ﬁé 126‘505‘ 4; {gSldlug i\/\é]l Knl, ke V Q or

W; resﬁfﬁ@@@ﬁnéeplsor EhendrRiRe906iase pol ypeptides capabl e of
stereosele¢tively reducing or converting the

[0112]?HF§&1%}E?%0831?%m the kﬁOﬁedlﬁ_tfse r%)o)(pegtldf \%tblg of stteﬁe()'selectlvely
reducinyyor cngerftidg the Jubktrate 1- [4 (4-fluoro-2- methyl 1H-indol-5- yloxy) 5-methyl-
pyrrolcg[;j' fi[l][ i4,btglzap|rlllg&,-%lo§§)f( IK‘JQPE‘VS 0?12 tg thoenpei*o 1?ctt(1r2])el %lrt %4 l%‘luoro 2-
methyl"i‘PIHl’ijcfHI =59k PXY- }rie'ﬁiﬂlﬂypﬂbllo[ﬁ}i[f] al, Ph%tn]azi‘n}: d- 1ox ]Spro an-2-ol
]tri1azi'ne- 6-yl oxy] - pr opan- Corr'p st R
compnam mmramp@cgleeqqme with hGaF G, 6, I ay theoaminoatcld lh:eldam no

comesifipipedf Rl o6 R TANC A SHA BINGE. BrBiprigren

embodhfiéhtég&héék@ﬂﬂgégﬁafsﬁs%ypﬁpﬁﬂéd dhesprise Ahd & Scaidiod Irésh&@et 9HE S/N
resi due 0
— G, F, Y, or I of the corresponding sequence of SEQ. ID NO:2 or SEQ ID NO:4. In some

of these embodiments, the ketoreductase polypeptide can differ from the reference sequence
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-+ G F, Y, or | of the correspondi ng sequence of SEQ
IDNO2 or SEQID NO4. In sone of these enbodi nents,
wotdoes/lsi@r educt ase pol ypeptide can di ffer fromcing2008/001683
ref erence sequence 32 WD 2008/ 103248 PCT/ US2008/ 001683
in 2 or nore amno acid residues, 3 or nore amno acid
residue, or 4 or nore amno acid residues as conpared
in 2 ortnfort BRikEied 8iRERIesNGONOR, anfifo AtidGeEdesy obeloeworé Bhird) acid
In sone enbodlnents t he ket oreductase pol ypepti des
residuegras campared Ap His efestnce segiense o discrssed Yelodduci ng or
converting the substrate acetophenone to the product
[0113](IRsome epthedimenth éhmketonedu@@wmqifpephéeseare alsogppabie of

or ductas t] o &3, an G
stereosglafi Ty BEREUEI 26n PN P O SuBSurdi® TR R o, AL DR CRS -
phenyleth@n@ A o€ bfitheSsS e bedimeats( ﬁﬁp@mﬂedi@tatse poBpestide Qmpefses an

SEQ ID NO 2 or SEQ.ID NGO 4. As such, in saone
amino apg seqUeRRe Bavipga q«h 6108 Al afoaRaicFp asidlia the asinp priddgesidue
f > an
corresgiplle 6 JIAR B of FE0 SN2 G559 h NOH” 43 skl ifrsBne
embodimentg nhekadreSisfadepdpeptides ccﬁ‘iﬁﬁi)lslela micdification & oesedwf 96 of S/N
se enbodi neni s, eto uct ase olype tide
-G, %Efqr@fl QIR %‘H’é‘oraéi‘J;’Fé‘hB% Oggﬁﬁéﬁég"%ﬂ ingsGiidenst of SHOD NO=2
or SEGMD N3:8S 1if4iSe oBthele émﬁ(?dlr%@hﬁOth@‘kb@récﬁléiagé@@lypﬂftld@ cah differ
more amno acid residues as conpared to the feference
from tlmaqfag(mpe seq;gendq: B esmdrdhahing, acid 1©4idugs, Bror gre amino acid residue,
i nent s ket or educt asg po eptides with. the
or 4 or B A SR PrIGOMER B0 YR UGB distiied below.
nodi fi cati ons at other am no aci ds residues of the

[0114]darsb@e Qﬁfb@dﬁ@ents?ﬂ@ kdtofsdutasy pobpidptiBes\Nate thel spetifidd agino acids
non- conser vat ive or conservative substitutions,

at residys A6 on semprss mediinalens aithagminmanids meidyps ¢ighe cpmesponding |

SEQ I]gg\f'(b ggﬁ %{&gﬁj %%g@ nl?xg@lgll{fglf; eédélgéﬁitb&éoocr' 9&2&}]@% nggéltltutlons

Non-cénsetvhtive slibstusisngicarbled abwmidal deitliresidiles sotyetpondinigdo sgsidue

positoly 55 Fornd Bl 6ot REF 190 Ho 06 PeRA e, Botirfep fcussed

below.[ Qa&@bnil%uﬁﬁﬁﬁtl@lﬁb%hﬁrﬁfgs&t &Rt Qe bAs br ﬁ’l@l‘é’ &ﬁﬁ&ﬂvﬂﬁ‘ve

onprises an am no acid sequence which differs in
substltutap@ﬁt athenaminei atidresidue asitibnom SEQ ID NO. 2 with the
proviso that the amno acid residue corresponding to
[01 15]\}8%61%8 %m%ggﬂlflen‘?ﬁ(ige{o?edﬂgtagf @5]{;/?59 Odel%o rﬁ?% %ne aﬁ{*o aacld sequence

which giffereincletoVd i mndlaéqumltfdne moﬁEﬁQDD NIO 2 2vitl thSlpedisd that the
NQ4 in 1, 2, 3, g 11, 12, 14, 16,
amino ggid r%ﬂ@dueocpnysp%rrgowamleue %9 $E@ﬂ9 N%?r O SERIPNO;4jis'a G, F,

Y,orll A%Eéué}msﬂﬁﬁe%%l)% gg&és;dr% ise laf} g.ﬁllx?(pse%{ﬁ'ém vﬁﬁbﬁi dlffers from SEQ ID

posi tiadns, 0 acl d positions,
NO: 2 anBEQ [RNO:piwsk, 2} 3,5, 65 'LZB Ql;ril@Ld lat2,d4pds) 18 @ﬂsor 25namino acid
osi ti m no

. 1- am no .aci
positiof, s SGTe 1 175 Aiaiehg AP e AL g cuBRgitans i 1-18
amino 861t PosiABRL, i PN% anhifo heid REIRAs,ACT HaRRR doi PPSsitiddd, fhr 1212 amino
am no aci d positions, in 1-6 am no acid
acid positions, in 1-11 amino acid posmons in 1-10 amino acid positions, in 1-9 amino acid
positions, in 1-8 amino acid positions, in 1-7 amino acid positions, in 1-6 amino acid
positions, in 1-5 amino acid positions, in 1-4 amino acid positions, in 1-3 amino acid

positions, or in 1-2 amino acid positions.
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positions, in 1-5 amno acid positions, in 1-4 am no

acid positions, in 1-3 amno acid positions, or in
wolods/ag2430 aci d positions. 33 WO 2008/ 103248 pCT/US2008/001683

PCT/ US2008/ 001683 [0116] In sone enbodi nments,

ket or educt ase pol ypepti de conprises an am no acid

sequence which differs in 1 to 25 amno acid

[0116] Flﬁ%bltnle @itholimsits ke okddudkase go@fiébti‘délmmm‘vﬁ& 4n arhinoGcl¥ sequence
romati c am no acid at the residue correspondin

which tiréfer%@. lige2Sganiap agE@ostionefiemyPEQHD NB: 2@@4%@8%&1; Coran

o ST PIHUPIATH KRGS0 QBB RASHPIINGE g s o

NO:4. 4As suchfSsomé, pcﬂyp@hdé@corﬂﬂnse]aﬂ anilﬂo sdcﬁyend&BwhEB dlﬁﬁﬂ's Zom SEQ ID

NO: 2 G BB BN 4 BE 258 L5 ol Baloads 1 ot 161 1. iap 25mino acia
p081t10ﬂ§nf81°e>é1 l{gk: RR$iYS zﬁ’ﬁ‘iﬁo abfd s&@n@%ﬁ%(ﬁ&hﬁ’lo%ﬁi ﬁdsﬁfb?ls in 1-18

acid positions, 1n 1I-12 amno acid
amino p@d |ppsmnss, in ih-16- ahﬁnaamdcpoamods pob4 amngresacid positici3, ani-h2 amino

Ros! ] ons in 1-9.amno id. ostlo.s in 1-8. .
acid pififis Bar H FBTioce GRSt e ool- S pinc g s B aino acid
positiohs,8n 308 &RINBGICH pd3RFink) iANS7 amholadkd pHdiAéhsA sl L6 amino acid

positions, in 1-4 amno acid positions, in 1-3 amno
positiongiiel 1-ryainpiagigkpostsions rinil-$ aminaesidpestignss in |-3ramino acid
o I : nts, the ketoreductase
p"s““’[ﬁ%ﬂ"%’leiﬁzun“ elgggi‘n{a%%gglgggn amno acid sequence with the
specified amno acid at residue 96 of SEQ ID NGO 2 or
[0117] IxQoinB edBodimeritx) viee, keanréddadtaseqrol ypepadotohpsel @ah laminaacid

f eat res anm. no acgid at Si C ondi t
sequenpguit)fae wgffledéﬁna? acidet esidve S5 0??1%& in 5‘%?‘9 g“ﬁgﬁ%gf@“
above, %ﬁa gné §SinBHELfGRE fcﬁﬁﬁ@ﬂ? feurkQ ( [fﬁhﬁ%%md]ai%eél&lea&rrespondmg to

al1phatic amno acid other than L; (3) amno acid
residuer ¥bis doergoaticespionderdpri@ 2psintheeacid 89idus cangspaniling to residue

. i.d h h
153 is BEpimidlin Ayt omet & bR o actd R carrosmandine to residue

199 is &Y 41RindGkcill Ahdtahard DA@) Amimdakid dsiAIFi dPreHfindingad iréBidue 202 is G
cor r espondi ng to residue 206 is an aromatic am no

or an aliphatic angnag g¢id pHies thanpA sande(Se Aming asichtesidug jgerresponding to residue

| ypeptide conprises an am no acid
206 is Mﬁr%fn%ggﬁ% arrgdl fications at residue 96 of SIN- G

F, Y, or | and one or nore nodifications at residue:
[0118] %uSAn-spma remodimednits; tixnketoreductaser dy mipeide cofiprisek a8 afriino acid

sequengq with mdiiliEHons St s 98 5 08 o3 1S Yagnt ind OSGerzhors +
modlﬁ&étféhs ﬁtr}e?hh@fﬁt('AC—ﬁﬁﬂ AQnfsic Andifs held @es@a&éedr 6{1 a53 62 — an

- an aromatic am no acid residu
ahphattecamleg p@uddm@ues@herethme%ﬂ%@ ﬂma@nzn@ ﬁCLQEQSldlD Ntmrzlthan L);

202 (ALOE@%B ld@%glg ﬁ%}%)g g(l,l (zurﬁ o et atié ’s gf}fgﬁzg{ " fnﬁaromatlc

amino 58d irdsidiRY bO1he c@ﬁefp@ﬁdﬁ@%e@@er@é oB8BQ IPNG:2 br SEQAMAINOE
or nore nodifications at the follow ng residues: 94

[0119] (Iﬁsmﬁét@m%ﬁﬁ’ﬁ%n'tsc tiRReftededtihe RS P8O orfprised @R afnlins add

al | atl C
sequence W?[h modifications at residue 96 of S/N — G, I, C and one or more modifications at
the following residues: 94 (A — an aromatic amino acid residue or G); 153 (L. — an aliphatic

amino acid residue other than L); 199 (L — any amino acid residue other than L); 202 (A —
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am no acid residue other than L); 199 (L - any am no
acid residue other than L); 202 (A -- 34 WD
wo20053103243248 PCT/ US2008/ 001683 G or an al i phaiorausaisno1683
acid residue other than A); and 206 (M-* an aromatic
amno acid residue) of the correspondi ng sequence of
SEQID NO 2 or SEQID NO 4. [0120] In sone
G or alpshatioaniiso adidh eesédderstherthah A§3,Sajnd 206 (Mahdan aromatic amino acid
correspondi ng, nutations, in th above residues can be
reSIdues)@rf he CE PR ABFIESHLSER) 1) NO2 0r FEQ HyNQ:dsi due 94
For G residue 153 is Gor A residue 199 is K,
[0120]|In spme ququu@nt@ ﬁhwmm@sqceqj@sgggs, |agd porrep_spogqhng;,mlga\t@pns in the
S di ne
above re éf ?éjganzt? se'let%ge{a fé%xgjog%]r?r h‘ﬂ)rec' gfg%lre?gl‘?oa ing: r%ts‘%ge g|4 s F]pr G;
residud hSB iskRboAerbdiuad 09 poKyRentR, a8 @,rd@wdj Eeidus 26Dk Lt or G; and
enhance one or nore properties of the polypeptide’
residug2dq ¥ikt y, such as, anong others, enzyme activity,

t her mal stablllty, and/ or sol vent stability. Thus, in
[0121]dpseme ehthedireents additionplenulationsceande ipestrpgratsdi igtosalkefithe

ketoredifoPIE ! 8&&@ f&ﬁﬁdcﬁ#lgﬂrstago@ 1.10 e% cgt%)%gl ?%Hrg P,{%%%M%S .of the

one 6P oW n fea
polype@tldelr ﬁSivﬁiy,E‘swhraS Qﬁmmgdcbth@sl@zymladmtﬂ%drﬁlaastﬁblﬂw}f, and/or solvent
aci d residue other tha aci d at

stablhtwegrhamn EXRF EBPBAMRGS. the keé%nea'eréass:mb@eaﬂd%faaa.cemaﬁlﬁmn
addltloﬂ% dir’ ?éfn@H&ime@ft?S) alﬁ% e%'nﬁjor@tof h e%ll&*\%ﬁxgcf%thf‘e?p?i‘ﬁ hih$ho acid

residue b4 1's or aliphatic ammno
at remdwsodﬂmondmgrtotrd,mdueﬂ%;s a podar amman @clda:esniduﬁ othashaluK; (2) amino

acid at::rgsg 7y ond 1&&0 Wgﬁ&@&“& 6soaglnaisc Q g@%r@p gﬁl&u@? amlno ac1d at

resmuecafrfe@ﬁ&msig f@)&ehaué §5isHignAPot ﬁlphan@hmmch&re@mue %tlfé? itichn T/P;
other than V;, (6) am no acid resi due correspondi ng

(4) aming alcéisatd@ﬁedwcar@saom 10 ramlm)%m adl adiphaic gmjno agfd residue other
hd at corre due
than VP St b oEFEP BEFRRENIRT MOIAR S B Al slhing pd ot
than Va(6) heshdlagd aofcsRap 0ot pondidg e sdsithie 9749 aistalRmino acid or G; (7)
aliphatic amno acid residue; (9) amno acid at

amino pgid jatiesidys cPEEROREINEFO £esiduesi0f e a basic paing Hydiresidpe ogher than
K; (8) SR acﬂﬂtggsﬁ&é Ejorrersgoc‘ﬁﬁféfao %glglle Wy ﬁoﬁn]aacff ﬂat% ax{lﬁﬁ) Wfresidue;

corresponding to resi 'S a s m no acl
(9) aminesic i resndue@or(eiﬂx)nchug toaesiduel 1 6 isradnjideery] or small amino acid

., _correspondi esi due 2 3 i s an aliphatic amno . .
residucy 0| ) SHRES P B ifbE comsPondingg rich fhing smeflgmipo acid residue
or G; (1 B a1k ?@smadsoﬁgsﬁaldiﬁtb%@d@ﬁzsl i8 aft afipRdtlc aniftbA6id

acid residue or in these enbodi nents,
residue ¢therthamkpandc(lay ernpwl qqubpttnesidu@mrraspwphngm wnidani2Ad is a small

| e wth the specified nodifications
ammoamgé?sugg rtgr every enhodi nent of the Kketoreductases

nore, o fol |l owi ng .nodificati ons:
101221 5 in 555 oo it ket e RSB For AP Agnino
acid seﬁ@n-Ee withelle 85dcii&d RBUTR A6 sHek&ed 48D eve%ﬁeﬁlﬂ)ﬁrﬁenft ofithe
small or aliphatic am no acid residue other than P);

ketorect;(gta(st:ﬁ/ gbove apehon¢ ppimatd ef thefelloveog thodifications: 49 (K — a polar
amino acid residue other than K); 53 (G/T — an acidic amino acid residue); 54 (T/P — a
small or aliphatic amino acid residue other than T/P); 60 (V/F — an aliphatic amino acid
residue other than V); 95 (V — an aliphatic amino acid other than V); 97 (K — a small

amino acid or G); 109 (K — a basic amino acid residue other than K); 147 (F — an aliphatic
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resi due other than V); 95 (V -- an aliphatic am no
acid other than V); 97 (K ---+ a small amino acid or
woRnis/MBYus( K -> a basic ami no acid residue ot hgcThitm08/001683

Ky; 147 (F -* an aliphatic 35 WO 2008/ 103248
PCT/ US2008/ 001683 am no acid residue); 165 (I -* a
hydr oxyl or small am no acid residue); 197 (D -> a

amino 8&i@lrksidw)i 1635 (@65 d hydsixdlier Qﬁalﬁamﬁﬂﬁaoﬁd raraiuaj ilph Qlt)i—e a small
am no acid residue other than L); and

amino geig|residus H§Piadi(resinglphafic @}ufzﬁ a%%@S@&F Pélse 8}?&.16 and 233
S £n
ON -SRI EED ase i B QU BL e SReirdn g e ietlsto N0z
SEQIIDcNfDmses an am no acid sequence that is at |east
about 85% 86% 87% 88% 89% 90% 91% 92% 93%
[0123]9ﬂ%m95%b0dﬁﬁ&ﬁs WhetOBAuctase ;Qﬂ%eipddm ¢an@riseOarSinodcid

NG 2 or SEQ{ D NO 4 Wlthtohe gé; 0haéothe0 o o o
sequence diay i least 2houptnai Bieyer 87°C °1§ Au 1%, Lo, 93%, 94%, 95%,
96%, 9369%% Or 999N BefaPtd §50 3BGNGV2 &ss %%o@%th fif rQHEO that the

am no acid residue ot her an S/IN. In s
residuasrvbadsponrding, to ( Heresidua B4 #carcarometic dmmqaacml tesidue or G, and/or 2)

. r espondi n res due, po 6 is ot than, S a
residu 6 [GRAFIG RO GRS RS Y. Fhiomee O Gae amino acid
re51dud°:9c|tH@&ﬁ%ésﬂ&?dlﬁéifbs%%Bhl%%n 28 @Uih@f)th@ﬁ 'S%d%@ quence t hat

is at | east about 85% 86% 87% 88% 89% 90% 91%

[0124]?@%‘%@%@{@80% élt DM kéc 31@%1?\%%? m?%#hdﬁs‘é caf ¥ gﬁ@%}% ﬁltﬁlmo acid

prOV|so t
sequenph hat tmilmouoss%smdsm 8895, 8%, 9G3%] Uite, T, B%, 94%, 95%,

96%, 9}9@@ 0 %géé%giﬁ%tfcﬁftiodcé‘fgq?@ﬁé&%ﬁg\ﬁg,h?(ﬁ- '%@’ﬁle $iso that the
re&du&sQ@)ﬁ@gpoth%QBE(fI?F@@Qﬂiem% F, W, dret; QR pRbueas6 is G, F, Y, or I; or

epti dés the inventi on can COfT'pI‘I sSe a regl on
(3)reSIda¢/96|g5€m1 &norren agemnatic agpinoased-t hat is at | east about
85% 86% 87% 88% 89% 90% 91% 92% 93% 94%
[0125] 95 Bpm® &%fbofiméntD 8 ketored@dtasedmhypeptitles af the mygintoon can comprise a

region PG nG Sk s He THES B SUF Ao ER e Yer 2 i 9%, o0%,

91%, 9294, 19856 9%, 9§, 96%197%998%" Br 99l iderAitaPloAREof oRAbAAin thereof
aci d residue or and/ or 2) residue 96 is an am no

of SEQH? HQ:2or §EL 15 N@r4 ;tsuglh asyesidyes PPrd33.ovitle thsamayipythat the residues
conesﬂoﬁlﬁingqﬁéﬁtreﬁgﬁqép lS'\Q a%or%atlcs gtgu{o acl '\pre%%dute 0L %o Hd/or (2) residue 96

am no aclid residue a

is an amnrormcpfeaﬂua gtheetiad BN qiakd Eores3pSading residue fof SEQNIIENGN or
some enbodi nents of these ketoreductase

SEQ HB o Q/ 6e bR soag cmbadiments, Hgraminp aﬂﬁiéefilé‘t‘\%@tﬁh‘ﬁ gOrFesBPRAiRg residue
posmo%%g ?%@P@hﬂg an@ N ef éii)'ﬁ?eserggocglﬁ% of Ries: ngPglgtg ]i)onlypeptldes,

may be conservatively nmutate
one or g@meo kb octhammgsesities doetespanding tagesipads\BfelR3 afeEQ dd NO:2 or

rise a region hV|n n am no acid sequence t hat
sEQ 15 N i Coiyit 5 8706 B88% 89% 90% O919%
93% .94% 959% 960/ 97% 98%. or 99% i denti cal

[0126] %8 sqmg g@ Q@ﬁmgﬁnqt% M%orpﬂ%thﬁo&peg%@s' qan cognlpnse a Ireglon having

an amino acid sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a region or domain thereof of SEQ ID
NO:2 or SEQ ID NO:4, such as residues 90-233, with the proviso that the residues
corresponding to: (1) residue 94 is F, W, H, or Y; (2) residue 96 is G, F, Y, or I; or (3) residue
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NGO 2 or SEQ I D NO 4, such as residues 90-233, with the
provi so that the residues corresponding to: (1)

wo'86d/ufs94 is F, W H or Y, (2) residue 96 ipgT®s2608/001683
Y, or I; or (3) residue 36 WD 2008/103248

PCT/ US2008/ 001683 96 is G |, C or an aromatic am no
acid of the corresponding residue of SEQ ID NO 2 or

96 is GOE@ ot &h HNOhvhtic hmis®add efrthedorresiondiig refidseof SEQ ID NO:2 or SEQ
ket or educt ase pol yp one or nore of the

eptides,
ID NOj4e faisams $nHoodimenis oté‘@weelse;s@rﬁ@wqﬁgsetp@lxp@gnwegnw magre Qffthe
{

remamﬁ%@e lg‘éé\gq[oérf%nﬁﬁg ﬂé)(?ﬁ%@ée%b r:r)’eﬁi%sm Tl%g‘ﬁ(g %g(%r\nsgig ID NO:4 may
be condegtapiveuntitatd. pol ypeptide is sel ected fromthe amno

acid sequences recited in Table 1. Table 1 ranks the
[0127] @R 3yiie eﬁfbbdihhdn)fs it giredrdddetdrbductase Pobipe prideis selected from the

conver si on

amino gcigl 4ewnﬁqsus‘fl&9ﬂznr¥@bl@yl -Tale haanks she engyine.astivity mppsysgd for the

reductl?ﬁ lOPLgH\%ﬂSé(EII «%f; f4 @t %15%1‘1?@‘%:1-%8&} i 13—* %Q()%]-SW ?ﬂan:? glﬁ'@? _pyfrolo[2,1-

ﬂ[1,2,6}tmhnn&)§-ﬁexy&}tﬁnmbanp3#onmtoaﬂlé piodukf R)21- m {4-fluami 2rverehyt 161-indol-

S on R Do T et e S s

engme%&%b’fo?&iu@ﬁb@%%l > 1dks cén?%te(!l B MNabivityf &%@edﬂ?ﬁﬁ@AbH LK

Nucl ei ¢ Acid epti de ations from ADH
(SEQ IRXNOWM)t y Ranking SEQ ID NO. SEQ I D NO (SEQ | D NO. 2)
(see legend) 5 6 L17Q A94F; S96Y; F147L; L153G L1991
[0128]Fable 7 8 GB3D;, S96G + 9 10 S96G + 11 12 S96G KI109R
+ 13 14 S96Y + 15 16 A94F; S96P + 17 18 S96F + 19

20 T54A; A94F; $96G KI09R FI147L; L153A; +++ [ D233G _
Nucleig Acjth V@HAeptvtsaOAMtAms fomAPHLK: 23 24 VA3A; | AgtiNity Ranking
seq IPR6L: |SEQIBN cklﬂggzouéﬁ% 1223V 25 26 VA3A, Fibkiegend)

S966—FH4FE—E153A—BI9/E

S 6 L17Q; A94F; S96Y; F147L; L153G; L199l +++

7 8 G53D; S96G +

9 10 S96G +

1 12 S96G; K109R +

13 14 S96Y +

15 16 A94F; S96P ‘ +

17 18 S96F +

19 20 | T54A; A94F; S96G; K109R; F147L; L153A; i

D233G

21 22 V43A; V60A; A94G: F147L +++

23 | 24 V43A; F74L; S96l; F147L; L153G; L199K; .t

1223V

25 26 V43A: F74L; S96G; F147L; L153A; D197G; -

L1991; A202L
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L1991; A202L 37 WD 2008/ 103248 PCT/ US2008/ 001683
Nucl ei ¢ Acid Pol ypeptide Mutations from ADH LK

woAmbs/wistas Ranking SEQ ID NO SEQ I D NO.  ( SEQpdR/d¥0d3)001683
(see | egend) 27 28 V43A, F74L; A94G S96G F147L;

L153A; +++ D197G L1991; A202L; 1223V 29 30 VA43A;

F74L;: A94G S96Y: F147L; L153A; ++ K211 R 1223V 31

32 \/43A; F74_L; A94G .F147L; L199K; A2021 ++ 3B 34_ .

Nucleig£gid | Ppiypeptides (;Mytations fram dOH-LK\2021; M2O6F; | Actisjtydtpnking
V43 Al Yoy L153A: 1165T ++ 37
SEQ"§/§§A; %ﬂ% r14q§§91§% 240 \43aA04G—E1066 é%fh'f’*c’f" 2

#202L |++ 26 42 |\WABA FAQAR4G/894G; FOBGLISIMTL; | L153G,

D197G| D233G 43 %gyésﬁggA%@L 296, F147L; L1b3G

DI97Gl D233G 44 VA3A: 'AQ4AFE’ "SOGG |:147| | 153G

49197G| L1gPQ DR&%@, F1721L4&94V§4%ésv,/k94ﬂ,§9§aﬁ, F147L;

L153G| D197/G +++ 1%_%9% ., D233G 49 50 VA43A; A94F; ++

S96G, |F147L; L1=3Ké ++ D233G 51 52 V43A: A94F;

96G, K97C,:552 F14'I_v L153G D197 MPO5T; D233G 53 54++

43A: | A94F? So6Y:VABAEREL MG G147L1 bHRK A2R2h21: | 1223V

53 00 [VAsA, TosA ’vﬁﬁ;“m?&&% vait! Cloot Az *H* -
M206F; 1223V

35 36 V43A; F74L; A94F; S96Y: L153A; 1165T ++

37 38 V43A: A94G: F147L +++

39 40 V43A; A94G; E106G; F147L; A202L ++

41 42 V43A: A94F: V951 S96G; F147L; L153G; —t
D197G; D233G

43 44 V43A; A94F: S96D; F147L; L153G; D197G; .
D233G

45 46 V43A; A94F: S96G; F147L; L153G; D197G; s
L199Q; D233G

47 48 V43A; A94F:S96G; F147L; L153G; D197G; s
L199R; D233G

49 50 V43A; A94F: S96G; F147L; L153G; D197G; .
D233G

51 52 V43A; A94F; S96G; K97G; F147L; L153G; s
D197G; M205T; D233G

53 54 V43A: A94F: S96Y; L153G; D197G; L199N; .
A202I; 1223V

55 56 VA43A; T54A; A94G; S96G; F147L; 1223V +++

57 58 F74L: A94G; S96G; F147L; L153A; A202I; .
M206F
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57 58 F74L; A94G S96G F147L; L153A; A2021;
WD 2008/ 103248 PCT/ US2008/ 001683 Nucl eic Acid

woPebg/nBpisi de Mut ations from ADH LK Activity Rapighta2008/001683
SEQID NO SEQID NO. (SEQ ID NO 2) (see |egend) 59 60

F74L; A94G S96G F147L; L153A; D197G
F74L; A94G F147L; L199K; A2021 +++

M2O6F 38

L199K 61 62
63 64 F74L; A94G

F147L; D197G 1223V ++ 65 66 A94G F147L; L1991;
Nucleit2@idl |-Polypgptidss |Adutatiorsifioth ADHHIGO1: A202L: M206 Fptlv'ty Ranking
0 : © S96Y; F147L; L153G '
SEQ "5. 2i'b/\0 Jétqvgg"f,; sﬁgéﬁ '%}6%57%’; L153G 44t 73 74 A_ﬁs%t legénd)
506G [F14760 L153FX4L1ARBVSoAR F34YL1++453A7 D194, A04F;
S96Y; |L124Q F147LI;'9%1536 +++ 77 78 A94F; S96Y; ++
F1471: 1153G ++ 8 0 A94F; S96Y: KIQ9R. F1471l:
153A;| D233G +++ g% /%i A%f , qggg éé@QR; F147L; 4t
153A;] D233G ++4 F7 Cri AL WA AL8E Y- " F1a7L:
53G ng?é’*“ 86 T54AL A94F: S96G F147L: -
153A: 44 F78‘7 ASAGTEIL: DL 1238% G F147]:
LTI53A;] L199V: +++ D233G 89 90 TH4A; A94F; S96Y;
1471 L1580 DIFSEG:EM7LOII98RATIUAA AJAF: SO6Y: +
F14 /L] L1593 D4ooG +++ U3 Y4 154A;, AY4l, SUoY,
8C109R;| F1498.: L19®AG; FwrL; L1D9DAR0ID2B3CEF, B3106 T54A; ++
AHAF—TSOEY—KIOgR—FI47—Lt153A—+—1Lt195R
69 70 A94F; VO5|: S96Y; F147L; L153G +++
[a 72 A94F; VO5L: S96Y; F147L; L153G +++
73 74 A94F: S96G; F147L; L153A; L199V; D233G +++
75 76 A94F: S96Y: L124Q; F147L; L153G +++
77 78 A94F; S96Y; F147L; L153G ++
79 80 A94F; S96Y; K109R; F147L; L153A; D233G +++
81 82 A94F; S96F; K109R; F147L; L153A; D233G +++
83 84 T77A; A94F: S96Y; F147L; L153G; L199W +++
85 86 T54A; A94F; S96G; F147L; L153A; D233G +++
87 88 T54A; A94F; S96G: F147L: L153A; L199V; s
D233G
89 90 T54A; A94F; S96Y: F147L: L153A; D233G +++
91 92 T54A; A94F; S96Y: F147L; L153G; D233G +++
93 94 T54A; A94F: S96Y: K109R: F147L; L153A; it
L1991; D233G;
95 96 T54A; A94F; SO6Y: K109R; F147L; L153A; —
L199R
97 98 T54A; A94F; S96Y: K109R; F147L; L153A; it
D233G
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97 98 T54A; A94F; S96Y; KIL09R, F147L; L153A;, +++

D233G 39 WO 2008/ 103248 PCT/ US2008/ 001683 Nucl eic
woRighoBRisypepti de Mutations from ADH LK Acti Vipict/us2008/001683

Ranking SEQ ID NO. SEQ ID NO. (SEQ ID NG 2) (see

| egend) 99 100 T54A; A94F; K109R, F147L; L153A; D233G

101 102 T54A; A94F;, KI109R F147L; L153A; L199K; N221

D, DZ233G 103 104 T54A; A94F, S96F; K1 09R, FI4TL,
NucleicAs3R;| Pol)3@B@iel (SVutationfosm ARBUIK F147L; D197G| AstgfyRanking

seq g fip, TG elB M3 sRAIBNGRIT: SO0 Ol o b dddtna)

TN OUJITY = |== =S~ A~ o aa v =TT Do OO O

ol 112 11boV; A91"9§A+A941r1ﬁ1c991?4Fﬁ%Qf53A'°§133¥;'t

Ranki ng: + Un t 0-f ol Lnpr oved 1n activi ty ¢conpar pd
b9 ADHE LK. qgp+ Fr omﬂlAgJFOK&Sbﬂt pharLi lmBR,V@I@SK,n activity
conpar|ed to ADH- (Lﬁ%z +++ e than 80-fold inproved ittt
activilty conpare 8 [0129] |In sone

gIPodment 5, {Nd oA REARY Stk R QL HE A5 RoRNZYIES are

| ectled fromthe ahlino’'acid sequences$ recited in +++
Tabl e 2. Table 2 ¥%38Rs the enzyne activity measured

TOr the Treductijon or conversion of acetophenome to

1PR) - 1- phen&pﬁet hart19RuA4() FiiE.; Dit §1&:h202@i neer ed ++
kKetorgductase pgtypeptides derived fromADHLK
l@onparied t198t he |ami3AyF14L; ABEFS Bo&d LUSIGY-  ADH LK (SEQ++
Ho-NGT2)—108430}H—TFable—2Nuectetrc—Aetd—ol ypept: ge

18t at ijons fioom ADH4RKAYASESREE) KAQRR \F14TL, RASHEA; ng| SEQ
D NOJ SEQ I D NG\ {86k Hoogfs ADH LB (SEQ D N0 4) see &t

end 115 116 ADH IR "A9BG 117 118 ADH- LR NOGE|119 120
AP LK S90E 44 44y, agarF +
113 114 A94G +

'Activity Ranking: + Up to 20-fold improved in activity compared to ADH-LK. ++ From 21-
to 80-fold improved in activity compared to ADH-LK. +++ More than 80-fold improved in
activity compared to ADH-LK.

[0129] In some embodiments, the engineered ketoreductase enzymes are selected from the
amino acid sequences recited in Table 2. Table 2 ranks the enzyme activity measured for the
reduction or conversion of acetophenone to (R)-1-phenylethanol using the listed engineered
ketoreductase polypeptides derived from ADH-LK compared to the activity measured using
ADH-LK (SEQ ID NO:2).

[0130] Table 2

. . . . . 9
Nucleic Acid | Polypeptide Mutations from ADH-LK (SEQ ID Activity Ranking
SEQID NO. | SEQID NO. NO:2) or ADH-LB (SEQ ID NO:4) (see legend)

115 116 ADH-LB: A96G
117 118 ADH-LB: N96F
119 120 ADH-LK: S96F +++
121 122 ADH-LK: S96G; F147L; L199N +++
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121 122 ADH LK: S96G F147L; L199N +++ 40 WO

2008/ 103248 PCT/ US2008/ 001683 123 124 ADH- LK: S96F;
woRbdsHo328+ 125 126 ADH LK: S96Y; F147L +++ PeT/Us3808/001683

ADH- LK: S961 +++ 129 130 ADH LK: A94H ++ 131 132

ADH- LK: S96C ++ 133 134 ADH LK: S96W ++ 135 136

ADH LK: 5961: F147L +++ 137 138 ADH LK: A94S; F147L

F++ ' Acti V, ty R‘“)\'{ﬂl—{]%% 5@%? benone conversion|to (R

123 phenyl et'Rénol of Exampl e 16: [ <70%

nversion, ++ 1 / n; +++ >90% conyer si on
1? 131] In1§ ms E%OD &%% Ye"”??g ket or educt ase T

Iypeptl conyl m no acid sequence [hat i
B0 YR30 dBace séﬁ@%%r%@?% 88% 89% 90% 9five 92% "

1?%% 94% 1% % %%§7%hmﬂ98% or 99%identical to SEQ

NG[2 or “SEQ | erein the amno acid

1§ quence 9 risg\%kﬁlmrs%?ﬁeof the set of nutatfons

nt ailned 7 any one o0 pol yvpeptide sequenpces

| sted in Table 2. In sone enbodinepts, the
1E tore=duct1§§e pal ;A\/Dg{enlgl%%%ﬁ/ conprises any one of the

Pt dle i ofdSRF TR B oo and whicn *

J]ffers fr%gnthef%%{_{ﬁaggg;d¢1ggLi?guegcg frlorlnoabgijtll et

lACtIVIé’ Ilg?klo%sﬁc?tépﬂe%bn& #g\' ds}oggj (Slé’arlt-%ﬁee%g eﬁ{ﬂngpmalﬁé g1é3thod of

n-sone e nent toreduc
Exampi0] 6 prep10% eovaigiom;seis 7@09%usvaversidnk e+% et90%0¢onveitsidn. ons
listed in Table 1 or Table 2, and additionally from

[0131] 3AQhe mbodilnehts, ihe‘ketdre&ucté-seﬁ)olypl“pﬁde dorﬁprlsl*s 8n adriddacid
1-11, 1-12, 1-14

_ Sequen%ﬂ@élsxﬁéiqawbgub&i%t %ﬁ%o&%a%%o%%ﬂ(}‘yes? lé’e»e"s?r%,ﬁa’n/s 94%, 95%,

0,10 R0 PR o S0 5362545195 9 B o s

sequendcﬁcon’iﬁrlseﬁ @ny one @Sthasetnuf nunthdorBaointaigsisinany onﬂ‘pfathe potypeptide
lle 1 or Tab

sequenfﬁissﬁ%mpﬁoag% ’ﬁ%ﬂas eS%rlnen nggﬂlgf%‘fse g}jzcl%egggductase polypeptide

comprif& a)ﬁ@%?k o heGRNo CARRII RS a@d TEIRE 2 is g&:lﬂ&i re@ﬂi‘u@ ?osmons of
aci d’sequence that is at |east about 85% 86%

Table 188 9habBIandOGhich diffgrs Siom tl@mesmm%nm%eme%ongm%ut 1-2,1-3, 1-

415, TR B-$d JofL -6 b8 i TG B o B g MR8 i
posmoﬂﬁ InkBmekBbodiments, theKetor@uctdsh pcﬁgaepﬁae c&ﬁgrl% an§ %ne of the set
40, 42, 44, 46, 48 50, 52, 54 6, 58, 6

of mutzgg)ns (l;lgted'p@Tatle 1 074T abl;eg2 apgd adgl@on@b’ frgm abggt I- -3gl- 39@-4 1-5, 1-6,
1-7, 1-84-9, 1-10, 1-11, 1-12, 1-14, 1-16, 1-18, 1-20, or 1-25 conservative substitutions at
other residues. Thus, in some embodiments, the ketoreductase polypeptide can differ in 1, 2,
3,4,5,6,7,8,9,10, 11, 12, 14, 16, 18, 20, or 25 amino acid positions as compared to the

amino acid sequences in Table 1 or Table 2.

[0132] In some embodiments, the ketoreductase polypeptide can comprise a region having an
amino acid sequence that is at least about 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a region or domain thereof, such as residues
90-233, of SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42,
44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92,
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41 WO 2008/103248 PCT/ US2008/ 001683 94, 96, 98, 100,
102, 104, 106, 108, 110, 112, 114, 116, or 118. In
woENI®1BpRodi nents, the ketoreductase pol ypepticdess20@001683

conprise a region having an am no aci d sequence that

is at |east about 85% 86% 87% 88% 89% 90% 91%

92% 93% 94% 95% 96% 97% 98% or 99% i denti cal
94, 96,198, 200 el@Qom@ﬂOdom%i, ih10,ndaeedf4, 1$6,0dr 1d8. e sorde embdOinEn©ss, the

of SEQ I D NO 120, 122, 124, 126, 128, . 130,, 132, 134
ketoreci@gase @plypg}gldeF G913 g?mpﬂs%%wgl%hfgmg]aé}ﬂrgxnotaﬁgi sequence that is at
least a%o% g%@d g@% g?o/opgk%pw%lg@/o'zgl %gb@%t %l%f 9] @ﬁ@ 96% NﬁS/o 98%,
or 99‘%8141¢nt’3@,1 tBBregikth ordldmaiy thed®f, sigh a5 @qsuﬁ@s 994233 'of §EQSED NO: 120,

0, 64 74, 76, 78, 80. 82, 84,
122, 1%61288 289430, 8‘22 gff‘ lég 0‘9@8 100, 102, 104, 106, 108,

10, 112, 114, 116 and 118. | i ments, t
[0133]klétseﬁlécfﬁttloé%ené%lt%'é%ﬂeé%“?%e rabypsg ?JISfSF ' S@E@ NOS:
6,8, 1(%%9 1%21% 1862, 2326 26288 3038 34376 38340, 40344, 4?610,8 382, 54,

I'h Some enbddi ments, Whete thé Ketoreductase
56, 58,08, pR@t, 6A6& GAPTI, s7és7@r78a&ﬁ) rﬂd 8¢, &b, 88 YL &R 4,6t H8,a00, 102,

PR TESTR I MR S

polypebﬁa@rs%eléefea%r@sEm@NUm1g@m2l261§4al1%tm fiIsom3INe34, 136, and
am no acid sequences of SEQ ID NOS: 6, 16, 20, 22,

138. 28, 30, 32, 34, 36, 38, 40 42, 44, 46, 48, 50, 52,
54, 56, 58, 60, 62, 64, 66, 68 70 72, 74, 76, 78,
[0134]90,s082 enﬂwdilﬁfﬁxts %er@ﬂxe @Ere@lﬁase @ply@Sptidm@),mmtsgs an amino acid

sequenb withsoriags,pad O 7ot B kidne Fomesatitind s G dtlersko 0

NO:2 GEAY 15 N0 ANtIR KefReRfetdde p 55@ bftidecanite Re RBted FdM® tiCdntino acid
other than S/N at the residue correspondi ng to residue

sequenges ff SEEGHONOS NG 18, 30, 2228139, Ry 34, 36h%8 146t $2.6dud 6.4 50, 52, 54,
{ fy-0my t i
56, 58 geéﬂq)égﬁégté%g é:ggtffgﬁl\@%ego 8:&0% §lse§83é6 @91%‘3?,'9%8?8,216)’0, 102,

104, 1084,10261102812,304, B, ad@ 12814, 46, 48, 50, 52, 54, 56,
58, 60, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90,

[0135]%2 goﬂ% ,Zeg%ggng&tsl é}ﬁr}éreatnhﬁ()%?éédu&aaf% é&yp%ﬁtgig rréé)%?priségén amino acid

sequengerdi aneVRIBo aeid gl thancs/N ﬁéh«@ptsirué goaewording to residue 96 of
seQ IFNABSREP, S e SRLAL oo IR0 Gn O YRSEN 1 e
amino hmdae@mhy@emsmmﬁ\l(as @aslamzamn,nm 18y20,124| 26,28/ 80, 36, 42, 44,

46,48, 56 S e & B Bh a1 Totfioc Bo 15 85088 501 Tl ol 38y 104,

108, 1 P18 @05 127 melﬁqy@rm 134,3948n6s can be at |east
14 "ami no’ aci’ds 1ong, at |east 20 amino acids |ong, at

f
[0136] Iﬁ@&é %glr?t%ginﬁ‘é}h?%gﬁeﬁtg g glgé(Ftedr‘gM se ?ldgfopggg%%s cgg 5}3 deleted to
generat®Gialyeplicle ﬂBg/mentSQ(Ydle %ﬂb“fﬁig%eng%us% %reﬁﬁ&fer@ 9% polypeptide
96% 97% 98% J/ of t he, fiJ en%

that has an amino-terminal and/or car oXy-termina deletion, But where the remaining amino
acid sequence is identical to the corresponding positions in the sequence. Fragments can be
at least 14 amino acids long, at least 20 amino acids long, at least 50 amino acids long or
longer. In some embodiments, the fragments are up to 70%, 80%, 85%, 86%, 87%, 88%,

89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of the full-length
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42 WD 2008/ 103248 PCT/ US2008/ 001683 reconbi nant
ket or educt ase pol ypepti de above, including fragnments
woofood/fvs24get or educt ase  pol ypeptides of SEQ | Dpd@usioosioiess

10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,

36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60,

62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86,

recomﬁﬁant kahrecﬁﬁtasQ ﬁoly@@ptuﬂs&bo&@ anlil@ifxig ﬁb@ﬂ}enﬂsQﬁ",thelﬁéioreﬂﬁ&ase
In sone

polypepl’rlé@rﬁén’%EQdPeNQpﬂ% 179@4/8 Kodp ’a%f%) %?6%4 %6;40%3 é%%z 84046, 38,
i 2345385 925 570 B0 82 B0 5001 0, 820,13,
90, 9219, PHLIR, il 0@, mowea; li06c 108Ji116, FlRagiwrit s, ofd ntse In some

el S B3 U e, 55 5, W 90 30 B 1%

92%, 93%@4%@5*5@@@%@#% 38, %9w%e&ftH@yumréngﬂheré&ﬂﬁbMﬁtmeEbreductase
cel’l”, 'presént i'n the cellular medium or prepared in

polypeptidé shayef inchdingsfiagments bf thaketorestuciasopalypeptides of SEQ ID NO:
rati .1 ,AS J 14N S enbodi nents, the
120, lm?&@t@ E%?ollsgdb%iggg legrggf}?r@?%%n be an i sol at ed
| ypeptide. The term "isol ate e efers t
10137) b PRt hstoraciave Ruriahgs i br BrestR SELN A ge LopFoeihin the
cellulaPhﬁﬁfurr? %?P?éﬂafh@ﬂhizahb@é foras Usru@h |a§'ly@&t‘é?ﬂpﬁlﬂétédtpre@argﬁons As

protein i pi ds, pol ynucl eot i"des. term
such, in macmbomeyxpﬁe thel igasovid Wméwadg@ezwm@mwamrsolated

polypegtidee X’E]i?edtgfgr{l ggog;%cf %?W?eg)ttl grg s g gJHyp E?srrseunbtstantlally
separaﬁzhl Mone&ihe) cor{t&ﬂ;ﬁﬁﬂltshﬁat&ﬁftﬁ‘aleﬁm%higﬁﬂj% e ghprdt&ﬁj kaypiesl and
npr.oved ket or educt ases pol y(g tide is a
lage

polyn@mgfl%snﬂhmtﬁryn pubeacspPYlyBentidgs Whishdwae bpghrempyed og pusified from
t ¥
R e L L
synthesis)edom nant species present (i.e., on a nolar or
wei ght basis it is nore abundant t han any ot her
[0138]I Iﬁdbwe Q@uiodBE 19T RElakad infReddactoreductaies polypeptide is a
nposi tion), and is general ly a substanti al ?,
Substalﬁmllwmug'dp@zﬁm@ietcpmomen The team) ‘substandigHy ipuee polypeptlde refers

I
toa co%l%g?ghtgﬁgc i c&ﬁﬁ%é&lg?é@i&& ggcélgstefsg@@%rgﬁgmg{&ﬁt %}) cies Eﬁesent (i.e.,on

a molaﬁenweght Yasisait ssuhstecabunddrt yhamiang d(l&frmnichdlduhlaﬁmcromolecular species
0,
i the RO Vl“%'%%ma i Lﬁﬁgtaﬁg? t p@%&ﬁ%ﬁ%@ the object
spemesa&ﬁﬁ’ﬁrlsgés%l%st ABE&R: 50 ﬁk‘?&n@gpﬂfé rl?&/élﬁélemﬁlesﬁéf:le@bksent by mole or
macronol ecul ar species by nole or % wei ght present in
% weigtie Geperafipsd substantially parketortdigtase nempositien vilj earprise about 60

o speci e sentia nei t .. Eco
7o or iR e AARe B i BBo bR B Bl apR: Prmpifs b0 Y5% or more,
and ab6@Y896 bt inBfe BalCRAMBRIoINR: sPEli@y @ble 0¥Bh RREU) present in the
wherein the con(gosn tion consists essentially of a
P

composifing| & saRes erbediments thembiqce speciesds parifiedsipesseatial horapgeneity
(ie., cdﬁ%ﬁﬁﬂn%eéé? %m éé 8&%2ted ﬂle%l ﬁ&%gﬁl% bg%gn\%?l?%hasdetectlon

consi nacronn ecy’ Speci
methods) wherein the composition consists essentially of a single macromolecular species.

Solvent species, small molecules (<500 Daltons), and elemental ion species are not

considered macromolecular species.
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43 WD 2008/ 103248 PCT/ US2008/ 001683 6.3

Pol ynucl eoti des Encodi ng Engi neered Ket oreduct ases
wol20d$3fB248n anot her aspect, the present di scl oP¢mas2008/001683

provi des pol ynucl eoti des encodi ng the engineered

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

operatively linked to one or nore heterol ogous

re&yul apdlynuciiotided EncddircBrigineasd Ketredieniseo! gene

expression to create a reconbi nant pol ynucl eoti de

[0139]CARABIWer Spe&X the§FedetOdib 1851 bitedysi pdynublepti@&nedding the
constructs containing a heterol ogous pol ynucl eoti de

enginegi¢d dgtoseductise polypemdi édTh@p@hyeaﬂe@t&!seé mayzhe qperatively linked to

one or h[btré Bgtgfo %goug hg%u?aq ogégl &Qlf‘%ﬁ%}ﬂa ccgrﬁroef é@ﬁf&%éggﬁ)n to

correspon Ct
create & mwhﬁﬁtgmt pcﬁlyhiitﬂedmié(l:ﬁﬁalﬂe bf e;emesrsmgwtge 1poly1pbpudear Expisssion

am no acj ds, aval lability a i de, seq nce
constrysieeATIRINg adelse? Pgwwlwc&rqﬁdﬁ b %ﬁfgjﬁﬁémgwra etoreductase
can be gﬁp&ﬁlcgd fito gé}ﬁeﬁr‘]dw hbi%e AR é@?es@ N REREHSRting R oreductase.
e genetlc code,

egener acy V\,here the sa am no

[0140] %e‘ialsseac{ﬁheel@xgo%ﬁgg?é(f tfil: bEddR 'niér MR gl%)r?gacids,

an ex clelc aci
availaHthynﬁdq)ol}qiebtlﬁé semfnemie }ﬁmddf_‘a *dbnerlptmm of/altithe polynucleotides
éoreduct .enzymnes d cI osed herein, Thus,. havin %
capable geefcofingdhesyPigdt pelypgpt! PRETASRISRE gendtinsede, Where the

same aﬁhh+ h&ds élg_egg&lgﬂ/r Ia@tg aﬁvggkgyrﬁﬂgm%ﬂgp@&on‘gfallgwg faﬁ%ﬁ%mely

nucl ei ¢ aci mpl'y the sequence of one
large nombapoEnwbdoadds o be Iwa@e whiof whideencnde thehmpgrs/etlﬂretoreductase

I, [ t | t d,
enzym WP §Erreit Lor e iuERf EhFrulas Aplistid SE06keythose
skilledaR ¢hedE€EdLld RARS hxb} RurMBér GHdiFeref mRMiy ReigS B LN ntohﬁtymg the
coul d be made sel ecti ng conbi nati ons based on

sequenge 95 oy @ m@r@@ﬁd@mﬁdn@egay tphadqes solcthapgg thatemine acaﬂ eequ@nce of
the prof BL< R0, BEPRCEM Aics it SRRy o Merlonongh and gy

possibl&ezqﬂeﬁ’mﬁsf lpagiictided thaflédul@be inade Byfalbbtﬁ)chond’ﬁnﬁwhb based on
tﬂﬁe ynuc| eoti des of the present disclosure ingclud
the posg %ﬁd@n&mceb gadpl} |Séclb64%a96ﬁ awsttp de contiderd srecifiratly Gisclosed

for an@ﬁg%%tlggﬁlsﬁ'é lgéiiéiﬁt &%I}xgﬁ’r@z%@%gﬁhﬁg%@ %@E%ég%rggmegin Table

1 and ’%,le 38As 4ﬁ)qh ﬂﬁe pdﬂ)ucﬂe@)ﬂddﬁcf the présent dgklosubbinchide asPand all
posmb]gé)ol)g)b\clegtzde g&luelg:éé ﬂ'glg enc}glﬁ tggbgoredliﬁgse pfﬁ%pe%%’ %gp ﬁ.@ ID NO:
6,8, 1412, 1411143; 151126),, 22@& 2@22; 30233, 34296, 38260, D284, 4363Q8 5’10332 54,

134 [0141] 1 some enbodi ment’s,

56, 58 pﬁ@l 92Llﬁf‘| ,é@,tﬁgdég E’Aé’éd?ﬁl 8t B 32eBbr&d 8§81 U582, %?ﬁn%& 100, 102,
104, 1@3{0%%00?9?'119%1'6'“1 f§d12fo°i%?%4”ﬂé %le%t ﬁ?_i; 154496, or 138.

st’organismse XPpreéss

01411 PR Emp Py, e S PSRRI ey SES ARt es o

be codd)rﬂo;?tﬂﬁfz%d %r%gﬁ&ﬁ‘lj pfd@lﬁlcﬁdrperﬁlSth@ Bostfbrgaﬁﬂﬁﬁ sel@&gd for expression.
preferred codons used in mammuals are used fo

For example crsfesied |Cﬁd<Pﬁ§rﬁ$941 irabactesia are ugsd taRKpEess th@emm & backsia;
preferr@c? %3&‘68 Iu dﬁ(# er% re%?sgd 'R %@ ELlolégﬁ iyg%b&n%%q'%rred codons used in

EXDTESSIOH
mammals are used for expression in mammalian cells. By way of example, the

polynucleotide of SEQ ID NO: 1 has been codon optimized for expression in E. coli, but

otherwise encodes the naturally occurring ketoreductase of Lactobacillus kefir.
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ot herw se encodes the naturally occurring

ket or educt ase of Lactobacillus kefir. 44 WO
wWO020643103£%8248 PCT/ US2008/ 001683 [0142] | n sonmpCT/UuS2008/001683

enbodi nents, all codons need not be replaced to

optim ze the codon usage of the ketoreductases since

the natural sequence will conprise preferred codons

[0142]dAdolae eabdainkaes, allfcofsaf ed @dt BoRRSedRyopthizO the codon usage of
uired for all am no acid residues. Consequently

the ket@@g@(ﬁaseé stcerthectptyyal sequence oyl gempeise pes (ﬁgeq qggions and because use

of pref %o%gg%ggl% B@%égﬁﬁsw Zloc@élﬁg r'amgr g% ongpcg%glfl actodon

optimimddmhymmmotldmcodmghhae kétuﬂeﬂudtmﬁmhymesjmlag cb&lglropreferred

codonst 6ot RGOV ALY o 80k b ERAERBAL » oF e kBihociogs of the

ﬁﬂ]lengﬂpégdg:nganNOS: 5, 7, 9, 11, 13, 15, 17, 19, 21, 23,
5, 27, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49,

014394 o, ool i S s ppucaes

are seléofR] frd@SEQ T NARS, 719111,13315,17519, @023, 05, 27,29 8ihE33, 35, 37,

59, 41 o5l 86 o Sriaet B0 61 658 B 2 Pk Ty 83, 85,87,

89, 91, "9@595 3917999 124, 12305175, 1@671111293 11§1and1ﬁ3 I 38meand

0144] Thesé pol ynucl eoti des encode t he
embodummlpmmdymglmdypgpiwmhc elpglewﬂi b@totwlucth@s aghsahested from

T
B iyl Smiil S e RO

amino mgéﬂlﬁﬁ%%stetdhﬁ TﬁBieypé&Ri 'F@Jlé deRhicRRREE 8&ived by subjecting the E.
l ynucl eoti des that encode the pol ypeptides

PO
coli codiersentimiaed heetebarilbus kefizgencatoalitecRd%ene eyainidors teqlrinues
demxﬁ>g§g}‘ty’ about 85% or nore sequence identity, about
5 o™ mor e sequence |dent|ty, about 91 % or nore

101451 T ST £ poosizRts, PosRBrTiflso0 Ses HRITES ROGHE Py e fpt focode th

polypeStidés AesdHbeg h§1%?d'§1ﬁQﬁ‘wé dBa\ti80Ys 08! se@Rhc iddHRIEE about 85% or
sequence |dent|tg about 96% or nobre “sequence

more s¢qiigned idgntitibahout 80%asmere sequsacuisiantétyi aleant Ot % orabengtsequence
1dent1t)9 %l{glﬂr92@5r§m§{ee %§lech| g éltl{%% a%8%ﬁ3 ({a gf glt\%cfggé%gtrécenaerﬁlty, about

sequence’ |

94% or'RbrRrseqidice pdzhiitiy abantoisteocneticqaens idntity) aBo@®D6% or more
ket or educt ase. In some enbodi nents, the reference

sequengfoldg ity | houf 887 of naeie sequeace KisAito RN OB ¥oen mere sequence
ldentlté %9 h’gcglﬁ @g é 0&21?5@ fsal%@1%e§nt}gegtﬁ%t}anjt%oéfld%ii\;@ Z%a }er%reglge
polynudléotidbxncbding a8 enpingerdd ketoPedubthse. 61, sofife, emBotlime#Xs, the reference
polynuég(’)tic%gifi sglé’%}gz (iar’j_)ggg'dlxxggc’leo%gl'g Sgéﬂfilgegs, @%ﬁZQ i]i g\l 8@.}1%%1 9711, 13,15,

17, 19,00, 3078, e1rbods Tent 55, 371897 £f Qﬁemw&osmuskeﬁ '59'659 %1 63, 65,
‘sel ected from ’sequencés’ of

67, 69,72573,75777,79981,1831 85,1873 89185 933% 97399, 101, 103, 105 107 109 111,

113,115, and 117. In some embodiments, the reference polynucleotide is selected from
sequences of SEQ ID NOS: 119, 121, 123, 125, 127, 129, 131, 133, 135, and 137.
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45 WD 2008/ 103248 PCT/ US2008/ 001683 [0146] In sone
enbodi nents, the pol ynucl eoti de encodes the
woeRby/pBpdsi de di scl osed herein and hybri di zes perngs2008/001683
defined conditions, such as noderately stringent or
highly stringent conditions, to the conplenent of a
sequence encodi ng an engi neered ket oreductase enzyne

[0146]% sbi@ eﬁﬂféﬁﬁﬁ‘ém:ﬁ |t§§4)(51§h'l!i&eotﬂ% ehbsdes thﬂpcﬂ?ﬁ%txde disclosed herein
enbodi ments, the pol ynucl eoti des enco

and hyhedacwm ds@nqdmoyéépns,cselgh epmederately Sirlpé¢131 o0 bighbi steiagent

condiy B e RS RSB ML b ARG AN ANk Qe
of the ﬂrbsenl axsch5urel As stbh, iR Som@3mbodments] thefolydikleotides &ftoding the
- 37, 39, 41, 43, 45, 47, 49, 51, 53, ?F ,37, 59, 61 i
ketoreyptasg polypeptidss compriseszt polymucleopide fapt hybridiges ungisr highly stringent
0
cond1t1§§§t09 R@?@@%ﬁ%&cﬁ%gf%&é@ﬁ@g% ﬁtﬂﬂ% 195, #410, 21, 23,
25, 27,28, $iyAS, 86137188, £nddghRg T, He, Mebdy $JGEs 61, 63, 65, 67, 69, 71, 73,

75, 77 b B S ddr o hognes T DortantOf JRS: fhonl.id 1113, 115, and
117. I¥ 9(‘)1?{5‘ Hﬁg@&gﬂzegﬁ‘s ?% é%q;}rgf%léco?g@ §5@iin@ ;ﬁ%@tg%%@ctaé’e% 7ﬁ/pe’gnldes

comprnsgioa pelynugiesitida that dybridieeswedsd lhrgjlljaﬁtrlnggﬁ @omtitlons toa

oty F N AL GRS, T B JLOEALER 18 455,155, an

137. polypeptlde Mani pul ation of the isolated
pol ynucl eotide prior to its insertion into a vector

[0147] 7Ry iBRit&BSIyRRIR1iAE eAGKBRSA ¥n r@&&ﬁk@ib@auaabetdaﬁypepnde may be
expression vector. The technlques for nodif

manipyafied iue Vardaty dEwapntp praeideifer expressioncd éhﬂ:mlymtlkie zMagipulation

of the i@l%%gﬁai((z) eyanrl]ltgleg{\@cil{)rrgée ggqﬁ i%&l%é)(\?/}g%):(o K ?g(ﬁ?r ring)éégﬁeséllrragle or necessary

dependiiy 66 tHeask pfekssioh REsto Tiadietiaiiqiies fPs/xElﬁhtbdifymgC’po@rnﬁéﬂeotl&?&e\;I dhd
Spr.ing Har bor Laboratory Press; and Current Protocols

nucleig wwqeleraﬂeawllazlag seppmbingns FINA methodscare weH dapwn iy ghe art.

Guldarl%é %@gfo@{dgﬁ in §§1ﬁ§rooﬂ REGL e2?)0t1 O PiMGar CEIQr]ﬂ@] AI EabdP85ry Manual,

ments, e control sejuence nu
3" Ed. a@pkdcﬂmmgt}hrmrdmhbmtorysfeqm and Cuvﬁancﬂratmlbm MbleenlaeBiology,

Ausubi} o e d Patei e SRttt hR0MF ol ogous to. t he

ost cell. For bacterial host cells, suitable
[0148] dflé%ﬁ gmbodigents, F@cﬁtqratr@ ﬁ%lﬁ%%ermax b%ﬁn 6prf>hféatﬁ QEQURQter
sequen@ﬁ'v%lgﬁ)&ﬁit Sé%tél o frB Jbtﬁhn%éx? or ihitfdeHiRr
e pronoters o btal ned ron1 ac operon,

polypeﬂldasmthmylmmolog(mslor(hetemloggsrtashae lmsmeel( dBgrAacteHaLhdsit valls,

I 1is |eyansucrase n Baci | | us
suitablf PRARSHF Pt oM HATSHPAS 6T Jenakleigh comGupisofdhe present
disclosfife AlcRidR RSP Jiets oBRideAdRSh thABYIAS8c ofGDE, &@ég%‘wyces
Baci | | us amyl ol i quef aci ens al pha- amyl ase gene

coeltcomrcagarags genec(ldem} agilbys spbirliclievansperase @@nésa@én&)cﬂlus

llchem,Eor is alP blt ée! gengﬁém%?rkfagzlﬁgmr o?@ rrtlopqllllugJ mfé n?ct: Iax%ylase

gene (ai{yM), B}slaillusAﬁ@%ltqﬁ@faczekﬂﬁ&pﬁ@anﬁffz&z -g338(a§h)yQ)§lBaczllus licheniformis
penicillinase gene (penP), Bacillus subtilis xylA and xylB genes, and prokaryotic beta-

lactamase gene (Villa-Kamaroff et al., 1978, Proc. Natl Acad. Sci. USA 75: 3727-3731), as
well as the tac promoter (DeBoer et al., 1983, Proc. Natl Acad. Sci. USA 80: 21-25). Further
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well as the tac pronoter (DeBoer et al., 1983, Proc.

Nat| Acad. Sci. USA 80: 21-25). Further 46 WD
wo2005103843248 PCT/ US2008/ 001683 pronpt ers ar e pdaam20d3ad1683

in "Useful proteins fromreconbinant bacteria” in

Scientific American, 1980, 242:74-94; and in Sanbrook

et al., supra. [0149] For filanmentous fungal host
promotéiﬁ 4rs desoibed i ﬁjwftﬁlrﬁibt@frﬁ ffomi rebomiridnn gadtéréa” in Scientific
transcription nucl ei c acid constructs of the

Amerigepe L& 207 3619656?43“‘1 m‘?}@@k rdad¥&Fs obt ai ned fromthe
enes for gm ql | us oryzae TAKA anyl| ase, Rhi zomucor
ga

[0149] oerﬁéamqum prost @qllﬁa@etablem@amgrq for dirp¢tyerthe gapscaiption of
the nucj 1% agldac% Bkt olﬁﬁgﬁ 'erlntl scéos ncﬁlﬁ%% (ﬁﬁ&g}seqbltamed from the

ha- any ase, I'ger or per

genes RVWABDdrgillils wepaellASA aﬁgila?séo ha%mmum@hemtslmec pfdt@aam

Aspergillus oryzae al kal i ne proteas per
Aspergdﬁgﬁzfaée't Irqu&rébalblwoglpmléﬁ% Aspergilfuiguger fa&yﬁ%?lg}ﬁ |a|nb§-amylase

Asperg:flm ?qu%@?ﬂéz?‘:agge c??v\%lu%g%?%lgw ﬁﬂfzumucor mzer}]zet lipase,

Asperglm drpzaemllommb @roteaeh,ymergkllof othae prascrphmpdaatfenmmdzrhsc,
nes, f illu er neutral al pha:. | ase
Aspergfiyananiany e, vt Bl G S5htram CuRir LBTHAES, TV
96/007%‘7'} %5‘ Rvelltars WKQQpl prochdirh 'h?bﬁdi B e §rSmbREY Bt the genes for
50] east host, useful pronoters can be from

Aspergt:lulw rggae@utre alSaa:@mala@mwbésneegtélw giyaee trinse pheswphgENgmerase),
cC S. £erevisij | act oki nase (GAL 1),
and muh, RS, B AR EGPROIES B

B T L —

enolas€ QUL B %cﬁampﬁ.@&w&% gﬁlac%kM§@(G&mSamtmyces
pronnters for yeast host Cells are describ

by
cerevistemal ol é@h)alrogena%@ycereldshy®~34r2130%8te qeblm?genaﬁe §OREI2/GAP),

and SaEL B EF AR EOMORTOH ST R LA Bifimoters for yeast
host ceIe @HEMEEribRIBIROBBRbIB aB, 130! Yo 8:423-488r m nat e
transcription. The t er m nat or sequence is operably

[0151] ThRkRE e%oﬂhﬁerﬁs tﬁ@édﬂtl‘i‘)‘l‘ §ecﬂlfen$é"'1%a§‘ Wb ®k G sﬂﬁhlﬂe %ﬂé@ﬁbﬁ@n
encodi ng the polypeptide. Any termnator which is .

termmatgn gaqUORCEL a sequenes m@gmm by ahostsel] @etemwateoteanss@wqrn The

eeninBE QUSRS hiHBDHRR0 o} B4R RERTE B ORI
encodifig kHeSpolya;&qube At Rimidtor WhitH ReugRivRsl inQhe H@sneem of thisice may
oryzae TAKA anyl ase, Aspergillus niger glucoanyl ase,

be use%@F@FqSF%n}’ﬁn&‘@Pans ant hrani | ate synt hase,
pergi | lus niger al pha glucosidase, and Fusarium
[0152]d3©}§p@m9l¢; ¢ arw-tranﬂglmmtté@yeaw{sofps ﬁ}angmml fungal host cells

can be oﬁ{ameﬁaﬂ'&n Oern a?oarﬁzf p DG oeI éase "ICIQRA \‘éﬁéaggpeedrg;l[us niger

enes ces ereV|S|ae

glucoaﬁ@mb a{s@%gﬁﬂﬁs rignlemy shtaeaniliteayhthass A@o&@ﬂmk)mgama:bha-
Sacchar gmyces cerevisi ae gl¥ceraldehyde 3- phosphat e
glucosiglassy ape Jurméw? ovpRemmS¥psim-like protease

[0153] Exemplary terminators for yeast host cells can be obtained from the genes for
Saccharomyces cerevisiae enolase, Saccharomyces cerevisiae cytochrome C (CYC1), and
Saccharomyces cerevisiae glyceraldehyde-3-phosphate dehydrogenase. Other useful

terminators for yeast host cells are described by Romanos et al., 1992, supra.
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termnators for yeast host cells are described by
Romanos et al., 1992, supra. 47 WO 2008/103248

woP0dd/14324308/ 001683 [ 0154] I n sonme enbodi ment pcTitR2008/001683
control sequence may al so be a suitable | eader

sequence, a nontranslated region of an nRNA that is
i nportant for translation by the host cell. The

[0154] IR3ERk cBRIIIBAGHES,ithe ERBFABEGuchédmas als bk B%uﬁablé ¢adensefuence, a
of the nucleic acjd sequence encodi

nontrap@atedeagioniel anapiRNAe thab s lm&éwcfér tr;m@sgauog tyithe hrgiegll The
- leader %&]gla Sts fogglja}gl nk%B% fife S;TEérg'm olﬁ c]@[ig gBh%E yence enc(?dmg

| 'ament ous hos §9are obtar ne
the poI@rpqmdteh Argdesder fajuendsihat glﬂlhdlﬁ)nﬁilrmzﬁehd'st\KAI aﬁgllicﬁ&emay be

nd Aspergill I dul ans_tri ose phosphate
used. Emm%xyeleia@aﬁ&xﬁmmyg%@wgw t eedisjage %bt@ns@?raph@)a genes for

I
dsperLRTDA A% EERR s SRR ANE AL A PO AR B
Suitablkei lemtsss, for &mt hast @niglrs:as obtaimadi &mmehagthafdra&atdrqroamdes

_Sacch | coh
cerevisiah WG AL OBy SRy Bty GE NI SsRISPRO ST SiRiTes
Sacchdyé@b@és%f’éwsz&eoﬂﬁﬁi facforS MBS RERInTBEM &reifiBe &RBASIO!

sequence may al so be a pol yadenyl ati on sequence, a
dehydmemdgb/cotp&ehbdgﬁmmmtq echydeoggnase dARHASAY. t he

nucl ei ¢ acid sequence and whi ch, when transcribed, is
[0155]rIa(soglﬂienﬁld)dbyertthehhcmttrcd etquease may alyn &k atpolyaddnylation sequence,

ol yade e s to nscri.bed ,nRNA .
a sequfie YRETRHI RS Dot GELTHICHF R IHE RUEREREC? A pgich, when
transcritRd! isG&ddgntled b9h9é H@st RBY a¥8 sishifldoiadd pBEa@éRsRR residues to
i nvention. Exenplary pol yadenyl ati on sequences for

transcribeidanﬂéNﬁo usny nwgaqlenbrmloncseque@% whidbds funstipadidn g@d&st cell of
Ius Qryz.ae
choiceny BN B e RosBh ARG B AP s BB S Bonges o
filamesp0¢ NG AL hdstisellsi ddibe s r,mr gem:st foy pSpérglllus @rpnetTods 8, amylase,
and Asperglllus n| er al | ucosi dase. Usef ul )
Aspergilbysigarglieaamytass edinengs ys f" lapis anthrapdlate systhase. drusarium

oo SRR S B A S Vi,
polyadseyjatorceqnences faoychst ssicjisare gupiibaicbycGdo agd Shegiann1995, Mol
CellB%m%E@%gg%f%of or an amino acid sequence linked to the

nus of a polypeptide and directs the
encoded pol ypeptide into the cell's secrengég pat hway
[0156hlnéosle e@%hﬂ’déﬁeftthéhe BUHT §eaienerRmAE 2lsp beRet p@?t@ea?@ﬂalg
[
region JEAUSAR To LMY a ORI LR INRLH (1 s | ARLISUR o polypoptide
and difectanhe ercoted p‘(dyp&mjlde nnntocihe tdiEs seortitory pathyvagn Thedt end of the

encodes e rete tid Al ternativel t he .
coding R gmGe oF (EmBc Eu oy SOk HEEY HrenU GPRAR S5ighihpgpide coding
region RERtAIHAIKRE i fah@S i rehlidk ffa%mef@ftl@ ek Reht T tROEbdI8g region that

sequence. The foreign signal peptlde codi ng region

encodeyale mrqt@hmlm@tndhe Aétemaélvekydthtrgi sacdjoicthe eodiog sequence may
contail & §igh& ¥t1dé3 gcpcfu?gl pegiaonstlhge1 foféle tlo(ﬁ% go%dlllgngeq{lglgceg rhe foreign

signal peptide coding region may be required where the coding sequence does not naturally
contain a signal peptide coding region.
[0157] Alternatively, the foreign signal peptide coding region may simply replace the natural

signal peptide coding region in order to enhance secretion of the polypeptide. However, any
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[0157] Alternatively, the foreign signal peptide
coding region may sinply replace the natural signa
woem/icdgiscodi ng region in order to enhance se@caitiRsAN1683
t he pol ypepti de. However, any 48 WD 2008/103248
PCT/ US2008/ 001683 si gnal peptide codi ng regi on which
directs the expressed pol ypeptide into the secretory
signal péstiteaydidly ragibn sthictedirecty the lkRpressetplypeptidesitd the lsb@etory
present invention. [0158] Effective signal peptide
pathwayoefi afepst eq]l ofthojcsmpabe wieddn theayresepbinventige t he si gnal
pepti de coding regions obtained fromthe genes for )
[0158]Haid¢ativa signai®plidgsqding regiefsHiot bagigrial hest celatel thegignal peptide
. stearo I hi | al pha- |.as [ ) .
coding e ERBEDASHIR Bt 1 ePnd s RURF RaBYis 1 B amvtase,

Bacillibsteurbaetmopisias alpasiahlylase SBEANM heHenphvik vsbthBid, Batillus
. proteases (nprT, nprS, nprM, and Bacillus subtilis
lichenifgraus betarlackasnass; Beeallusygeqrothesmaphilusdspialgaatepses SaRrdnaprS.
. M ' 57 n
) R RS s AL KRR QnTeotdes ahCdefifed PSfinen and
Palva, fl D9 B et ahicel Rewrd§all 0Md37. cel | s can be the signal
pepti de codi ng regi ons obtained fromthe genes for

[0159]Asfibestigt Isignal supyid@codiAilegadnsl fas ilameAsqBIfahddl USstedE€Ean be the
neutral anyl ase, As_pergri [ 1 us niger gl ucoanyl ase,

signal penptids eodimg rﬁgigwethalgg% op] the Fgle:@@seﬁoh grergilfusrrsne TAKA amylase,
AsperfROEORR A, 20N SIS BE 0 LB Emite
aspartib @rdteiaase; Mangearnie ssblens Selbudisar and/Hemicodelapugmbselipase.
al pha-factor and Saccharonyces cerevi siae invertase.
[0160] QU el sl péptilegfalyeps pobte1ls eatlbé) Gomethit @agesdoLSaccharomyces
.descrjbed by Romanos et al., 1992, supra, [016%1#1 I.n .
cerevz%%?éplae}‘rfeﬁ HrRBA Seccharymecss crispisiqeduesitase nifhes usefubdenal peptide
codingne%aeﬁpsee%s&ﬁ,@u B9 KUY ot h1A0080(Rs,.f Or an anino aci d
segjuence positiohed at the amno term nus of a

o161 3RS 8O 0L RLYRP S AR 5 i

that cogasbs hn aﬁlilﬁg apdbyguendd sisitiched anti ah}iuo 'tdﬂmm(:jds\og agotypeptide.
converted to a mature active polypeptide by _
The reﬁﬁtaat RRIYRepyHe 35 410 38 A RToEnZIM Ry ePJY PeItisle fPThepsnogss in some
¢ ' . . ) ) .

e AR BAR0S MpERRl o TaR e bep L AR 0L Ml

polypeptidtaby raalytic ot adset{lzpc Beaviraif] It]hejlsro_pegitdel fran tleupropdlypeptide.

The Bl 37 S BEa DR L S8 R H AN s altine
GSHE) OBV T sdbEiREhERRN bl Aedsd ﬁfﬁﬁg SaPhardml d333Favisiae alpha-

prmea%lgg]) Wher e botlh Si gnaip pegti@ e and praorpg{vti de rae apna

factor, Réégoptsommichgi aspattic pagteinase, anil A cebomitharg todrmoghila lactase (WO

95/338?%} ypeptide, the propeptide region is positioned next
‘the am no term nus of a polypeptide and the signal

[0162]5&5%{:%3%&‘}{ %grllaﬁ %@t&eﬁ%@ﬁr#ﬁe&? gg?e%ﬁnst are tppeeser?trgt % amino terminus of
a polypeptide, the propeptide region is positioned next to the amino terminus of a polypeptide
and the signal peptide region is positioned next to the amino terminus of the propeptide
region.

[0163] It may also be desirable to add regulatory sequences, which allow the regulation of

the expression of the polypeptide relative to the growth of the host cell. Examples of
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[0163] It may al so be desirable to add regul atory
sequences, which allow the regulation of the
woepg/assison of the pol ypeptide relative to thecgymdsnoiess
of the host cell. Exanples of 49 WD 2008/ 103248
PCT/ US2008/ 001683 regul atory systens are those which
cause the expression of the gene to be turned on or
regulatoff ?ystemsraes Eﬁms evhiich cﬂm@eh?ﬁle&piesﬁ?n phiheigeat tebd mua:hdalSon or off in
inclu e presence of a regu tory oun In
respongg @kaaqgﬁav?aﬁ R glYSic pigulus, incliging t %gmsgt%r#gsréauéﬁqsés
I |
compouh HIRSkTalifost bl sTLe EBaRAF A RECGHRINF il ac, and
trp opeagoesyatepise dn yeast bostOells, syssderagulaBidy systepstimrtudd, as examples,

nt ou ngi, suitable regul atory ,sequences
the AD{HA AT B GATL A e ha Ry Frst B ghot abie REBBEGH spapences
includdWhe ATAKIA UGSADh A& ﬁbﬁx‘@i&tr e,as ea%ﬂus NEeLrE mbmawm@%m and
| ucoanyl ase pronoter. her exanples
Aspergillug arazagrgjucoemytase lpmm@tGQUences are those whi ch al | ow
for gene anplification. In eukaryotic systens, these
[0164]i®itthhmmntnh® afiregudatofyodradomtrobshgotmse aggethese which llowdor gene

T NEN W T TR
is ampliBé@inSthe bresétRHE nféil?(ﬁ?exafeh Endihe Infdt8ll ARiofeinQPRHE) Ghich are

encaodi ng t he KRED pol ypepti de of the present
amplified et heary vstalel bethogseqaatsh fhelnusledeiacidl s¢quehes ensadingthe KRED

polypeét?&uf 1 upresgrgli ?Jntl-gh l<|)V°'dul Qe 8 eorgl!;l? rlmﬁéc? \%’?&1 th% contpol %éc'que ce.

|rec reconb
101651 R neBet ek dFaaeray goiﬂs? il sl O3 Savnane
expresdiB@ V€A comPtistiia poly Hﬁﬂl&)tﬁi’é%@&ﬁh%@n Eﬁ?@kﬂ:e’#&d R&toFQUEQRS

such as a pronnter and a termn a rep i cation
polypepfideyprra vastagt thetr@itie'wduqmg op Mare) exnryis@rblfeghlégng r¢ghens such as a

promot‘é'?I lngcp anegr%}/na a ?e%h%gtl(lérpnérg g dee dep[c)arﬂgm\é tgéI ’Ee’yp% % h%gtg into
which Ihey B.ﬁﬂtothagﬁﬂrdithrceﬂ OTbé oahime raicleCcauidi aﬁtaﬁéntﬁﬂ pécﬁ&ﬁt@;rﬁescrlbed
vect or .whjch may |nclude one, or nbre conveni ent

above Y b P LREENERS ATQUCIATREATBPITAHEEPIESHAN gector which may include
one or ﬁx‘él?cs Edrwéhfeﬁf‘re%lcﬁl?ﬁ s@ééctb %llSW 8f &gelﬁSH e Qﬁ%tlﬁﬂfbﬂ%f Mk nucleic

t he pol ypeptid such fernativel
acid sequagice encaaiingithe $>empep1¢d£ aifsutlh satqsr ddemativebg tlmmuclmmd

be ressed..by inserting the cl.ei c.acj,d seguen
sequenge o thB pres il sl RS ey b CuREYEA SoiBoer i e peguence or
a nuclefdlacid Bé1RBE B0t prREHOthe S&ucBEPIES 8h BFpropitaté VE&@b! 9 ek Prssion.
expressi on vector, the coding sequence is located in

In creatipg theeesprsssign vedat, thm@dutgaqugw@eq losated in thegysetaalsp yhat the
codmg sé gges YX‘O Icl.raer)sa lirggﬁprv%h haet ?8 ﬁ;g)nﬁl e ongrog%'leggl eséﬁff?f 8(11)8?’551011

WMﬂﬁ%rs%o%%ﬁqﬁ%%é%%aién g%a?rere?ibgﬁ’%“v el it or i),

which Eindeebal @fieRRidsubfdtddl toRecorktbint DN& pRYdIaRS1aAA c biiR€about
pol ynucl eoti de sequence. The choice of the vector wTl

the exprgpgionifithe mlw@mbpotldn seqnenewnhla ¢heide efithe veatorawilblypisally depend
on the &é&éfgﬂgg g?fﬁ &e% or w1ﬁ‘1t e %gt clglltlrr;'t% h18111 e e%to‘i' s &)eoe introduced.

The vectors may be linear or closed circular plasmids.
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The vectors may be linear or closed circular plasmds.

50 WD 2008/ 103248 PCT/ US2008/ 001683 [0167] The
WOEXDPg/Ri3sdson vector may be an autonomously replpcaaid206/001683

vector, i.e., a vector that exists as an

ext r achr onosonal entity, the replication of which is

i ndependent of chronosonmal replication, e.g., a

[0167] ﬂl@\%ﬁkﬂassi@ﬂ veotbr mah be anaamabmeusiyRailicating vector, i.e., a vector that
m ni chronpsone, or an artificial chromsone. The

exists Me@,traﬁgg;m@gpmgl, eatifh yhererHeationrof yehueh 1Sﬁ§dependent of
chrom@s%ua\ll\;]e%kiét?o\?\h %ﬁ ‘a rﬁlﬁnﬁ il méit}’a%h%r%&sgﬁnayagﬁlg{l ,g%%ﬁgﬁ:ﬂromosome,

duted Tnto t
or an artificégrchtamtosomet lteh&c@e ncayecoataiin ampimeam;tfedast.sogeg bedf-replication.
wth the chronD to, which.it -has been ..
Alterngliye i i 4sator PPV B RS ad s OilD (B it sethigindperated
into thd %QIO%C 41" rEp chea@é(ptB%?\tlAEr \Qitﬁ?ﬁ@ doMBidnie(s)iRBRLARH it has been
tain the total be introduced’into the genone
integratefd. tHyetheimeare casihgle yectar ot plasmpb@rdwomymbfe veeter. or[pbdsgg{ls which

The expressi vector ent i NV
togethes PEp e SOANA R bt PR REHngn b ithe Al pehor a
transpo¥Bh alayRRNIed. easy sel ection of transforned cells. A

selectable marker is a gene the product of which

[0168] pf}fé\@nge%mgﬁ KedbOSH 18 pRiset 1B@éntiroﬁ5ﬂr§tﬁl%ﬁﬁﬁconﬁa?§§ &ﬁea&%ore
heavy netals, pr ot ot rophy to "auxotrophs, and

selectablemarkaxawbkbs)enmt bagyt sehdctibn Qétremf@tmeé . kérssleataéle marker is

he dal nes . .fromBagi |l us K subt.i Baci
a gene PRECpraflic: BF RRleh PVAER R buoS g prital ihisBinc 3R g to heavy
metals) 81030BRE B £kOopiss, anP® el lilel. IExakdMdfGatterial selectable markers are
chl oranpheni col (Exanple 1) or tetracycline

the dalrggnessfrom Becilbysisy PSeorn%ﬂaxlézrsSlufhény‘fgréastor msskers.ovhigh gerfer

ol o S 15, g R 6%

tetracyblixgt resiefahce. rlitatle, mékersabeyust host celistae ADE2, #1i8S, LEU2, LYS2,
argB (ornithine carbanoyl transferase),
MET3’b§§t Ggﬁ*(\%rot hricin acetyltransferase), hph
gronyci n phosphotransferase), niaD (nitrate

[0169] r%zelgabgs@yrkem,ﬁoglse( rachilagientous rfurrgqbg% gelbinclude, but are not
llmlteddtg,g%ﬁ«?ﬁj Qéh ; gﬁcl)e}sel? grg( A¢ rx{{nﬁ%@g )@Q{BQ%' %\Eﬁqp&;ﬁ% E%PV ﬁ@ﬁ)hmothncm

acetylttanefieensé), hpniggremendis phosphogrendferase), xﬁabe(hgtaltd td:ﬂuctad;el) pyrG

(orotidiEgPHRPER AP PSR e iAeTe >gaé§ietrlz¥f‘ (anthranilate

synthase) | RREQMHCRRiVAKAEORERBE CERbolitde i fof 1§ ﬁ’%ﬂr@s%%} Tlus cell include
vectors of the present invention preferably contain an

the am@$ enfbm'r@sgerleh af Aspregitius sidwarsgr atspogilbis oryeaewndtior bar gene of
SnetJer)éfg os} cell's genone or autononous replication
PIOBPEHEE"PERREFS i n the cel | i ndependent of the genome
EQr integration k)gtothe host cel | vect

101701 TRy exBies o vedtas mheieabrEseat (ot eis e an BRHLEn lgment(s) tha

permitPRtEPRRn! d?@h@{/ec%’r)in@ttri@ ho&!ceM8 Rknorké of ﬂﬁoﬂcﬁﬁ&&rref)ﬁ&tlon of the
integrati on of the vector into the genome by

vector lothe cellindspandeniooflibergémgor SF or integration into the host cell genome, the

vector may rely on the nucleic acid sequence encoding the polypeptide or any other element
of the vector for integration of the vector into the genome by homologous or nonhomologous

recombination.

51



reconmbi nation. 51 WD 2008/ 103248 PCT/ US2008/ 001683
[0171] Alternatively, the expression vector may
wocRnd/fistysaddi ti onal nucl ei ¢ aci d sequences f orpcT/US2008/001683
directing integration by honol ogous reconbi nation into
the genone of the host cell. The additional nucleic
aci d sequences enable the vector to be integrated into
[0171]t ARcrROS el ¥, @hd eX{RERITR vedior dndy atase addifidhdl Qﬁél&i’c acit $elj@ences for
chr onmosone( sé@ To increase the |ikelihood of
dlrectm&tré@%ratﬂ%w melogpiiseererabingien ingmthergeaomaoéfiediasberdl- The
gﬁ@; e [
addmo%fale 1 gléiggaéggggés eglgé hé/ v% 8(8} {3'dd igt gx%gefdblg{so:tﬂg gp%’crsggﬁ genome
at a prévief lecaitain(/s) ‘M)ﬂleto(hrcikﬁ)os@ﬁfb(@a% ipedenss, thatillelitmod of mtegratlon ata
. preferahly 800 to 000 bas airs, which are_hj
precisd, WY g}fsm%sfaﬁwpﬂee f‘ea?rrt%glwﬁ%Bwéera?larceg&al%atféﬁl@gt pimber of
nuclei@ﬂiﬂ@&n ScH 4ye100148 h@%b Ibtaﬁle l%flrsb E?ér%lﬂ? U905 $0/000 Balel 19«1'?('5 and most
The I'ntegrational el enents y be”any sequence th
prefereibd;y &@(hwl Hg@ﬁi)sbam ’phurst Ivéhitlnargatighl e humnkgoummméh@mrmpondmg

of 0 her the integrational . .
target GaARER 1S SHERPE SR TR TG oToRHR SHCRIAIRE ar ‘sggtional
elemerft§ 49 He @Ry s@heh&'@th@i RelonfAdbus Wlﬁl the ‘t‘dr?ét s@lf&’en@@ in the genome of

integrated into the genone of the hos

the hosisall hErshagons theintesitinnel damepe 7D bepen- %nppém@rm ggcoding
re t
nucle1 (P lri 8% Ieég | éﬁnxpt%e rc])?}b% Bin %eié\%é:l{}g & fmégp?tgd ﬂﬁo ﬂ{e' &'ngme of
the hoﬁlaenrbg:ﬂiousiomdlcsgcmheed@ﬁﬂﬁneaﬁinl in question. Exanples of
bacterial origins of replication are P15A on (as shown
[0172] Fbrtalil&)rﬁhl%%g‘r 11R4tidT, the Rt mirBet &nisriseQn or _;m of replication
replication pl asni ds pBR32 pUC 19 pACYCl
enabluég/\lhuecquctpr m«rphcaﬁgeutph@nwsmm ®eihpst qghl in an@‘?@nlﬁuamples of
bacterlfgarnélhgrgqgghgﬁor a‘i’% 3 togl (%s slgog%ﬂ rr{ t?g gé;a%{gdp 11‘11 %Eor the origins
of replﬁﬁﬁbh bﬂplasxﬁid%fﬁBImZQf)U@ﬂ D pASYQN7T eptitle plabmid IﬁasrtheuB ESA ori), or
yeast host cell are the 2 m cron or

PACYEL §11 PRI repbeation imfepml o PLetH Dk 1 G Pgﬁlﬁ&g of PAYM-beta.1
perm1tgFé\|§eé)p1]@Qt%x{ DB LAMR! 'E‘?(tahl%ﬁksc?ﬁ ofigitt o rl‘ﬁ;z}gg{}@n fokRe ﬁLé Gédlt host

Icatron may be o avi-ng a rmutation whi
cell arertle@smidromns otfigmcxf ireplicagon, ARRY, A RS 4 -tbeosnbinuton of ARSI and

L T ARY N A

havind Wih&ition 3@ich SERLLANS urRtiohh@ tBhBS@Ire sENsaRLe iR Mhd M5t BAI (see,
Inserted into the host cell to i ncrease production of

e.g., EhtlishgEiY8, BrasdMet AcahS¢intibddSel43d)-t he copy number of
the nucleic acid sequence can be obtained by
[0173]i Mipegthat bngjcapty dfeasiclaneacid dequenonafl thewynﬁhvtm@)n may be
ue I nto the host eII nme or i,ngl udi ng an
inserte3 IPIRE ot G151 BETAS: RoSHRIRA HORE TR n U djedn the copy
numbeR &F heSRAENESEd Mﬁ efceCinlbe dHhéd by ﬁﬂe% gbzitll@iit 6@PAERStional
of the selectable marker gene, and thereby additiona

copy of ¢si s&gumce infe thejlaaserell amqmes@rduembldmgaﬂn gyeplifipbleselastpble

marke1f %enet%l;df tn'u},(l%f | ?da%ﬁla%er?c%l \le?e Qells @on‘t’&ﬁ%@%&%h‘? edtclgﬁes of the

selectable marker gene, and thereby additional copies of the nucleic acid sequence, can be

selected for by cultivating the cells in the presence of the appropriate selectable agent.

[0174] Many of the expression vectors for use in the present invention are commercially

available. Suitable commercial expression vectors include p3xFLAGTM™ expression
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[0174] Many of the expression vectors for use in the
present invention are commercially avail able.
wobd/ Bl conmerci al expression vectors incl uger/us2008/001683
p3XFLAGTMIM expression 52 WO 2008/ 103248
PCT/ US2008/ 001683 vectors from Si gma- Al drich
Chem cals, St. Louis MO, which includes a CW
vector@ﬁMx@ha@ﬂdrlcm%mMaMSe myohBtMm whitke nfcdl[deehrﬂMS’SprOmoter and

in nmanmal i an host cel]s.and a RiW orig
hGH ppl;fsﬂwaqqo@ﬁlta AeF SXPERSSion iR H‘af‘él%?l?tn slcehis @Ré @§Brl%3r22 origin of
r
replicai ahd WABICAR ofudmoc iirkers RSpitaliohh g, £IE) GRS Aljable
expressipe ve@mmre:pﬁlule;cnpmn SiK(aX® and pBim(Sthawd@@nap chmjwdrtially

availa r))mr%t[%] ,blgag ﬁggbp agéa%}@gr%rlcéf\égg&{l eTSaAT {vlggg@é ;?g?%?z (Gibco

BRL), @66@ GGlBé@BRE) R4, pCEPA] Iélmﬁf#@@n ) or pEAF(Bhe et £1. 4980SGene

for ExpreSS| on of Ketoreduct ase ol ypept i des
57 193f21).1175] I n anot her aspect, the present disclosure
provi des a host cell conprising a polynucleotide
et odi Igpt &iells firxpeeksioatdfkadoredegasefolypeppdésde of t he
present disclosure, the polynucleotide being
[0175]dpenatheradpgct] ihe Ipedsehodledesunc provides @dst cilll ayrsrges

polynu;i%rg{ig% g*qoafﬁgggklg{pé@\fegq@ket gadsg %to ptzgesgtﬁge pﬁéelﬂ disclosure, the

polynuk,ﬁ‘ebﬁﬁ@géiﬁ% @?@raﬂ@éﬂl YiRR&Y 10dgR R e %Qnt%’l sEﬁk%n@%spfo? $RpreSsion of
vectors of the present invention are well known in

the ketptedueiase epaymi i thﬁd@sbmll a{rI@st aols for pba @cﬁxmﬁssmaélnfek@tmeductase

polypepiespfdtatyBhe PuofSibny B BEPE ARt Eedrion e gt known n
the art @ Hcde ibuu@elok ﬁmlfedm@ﬂdacféﬁbl Gellsssich agg. colgdsicrovabiitus kefir,
Sacchar omyces cerevisiae or Pichia past oris

(e.Q.
Lactobeﬂﬂg@cbmeve SepRiamers anddedmenefla iyplwurivedells; fynga cgls, such as

R R

20117®ndngecacdllsceth ss Déppplopy $2dmed Spbdopteea Sfﬁe«:hllsnmlmaﬂcells such as

it sfor t he aboye i b host cells
cro, 8D8BEE Wi Bowestaelahoms SHlT w6e Bloot oxlfic Ao Fulpure
medlutﬁl( Ql'icf-‘ ér%'V\QH cOlditi i*éﬂli%ra%@b'@-ﬁ@s%ﬁbg@}ioﬁ Rell ke QUL nQhe art.
vari ous nethods known in the art. Techni ques

| ﬂ:"“‘q i
[0176] oo Fgﬁgpsﬂ%r e §s?on ?1} tﬁg l(étge%ﬂl@{g:sg{ﬁg btg rngthd g%{f 1n(§o cells by
variouc@kthiodstkudwiom the artt rT&nhrﬁlqud:SI incipdaadong othery, al@ttrtbpmatmcm

arlosmeth ds f introd nucl eoti des i.nto
biolitig G TG POy BPeiRta BeAlst iePHe i R ICkish ChlpHge 7]
transfe@ﬁb@éﬁw{@émaﬁ%m& eVhribds ESROES fof Mtfodueing ﬁé%ulzféoua&eimo
ession vector was created by operatlvely I'i nki ng

cells will B@h}gp@mté@ﬁed&ll@ﬁmaﬁg an i nproved ket oreduct ase

into the plasm d pCK110900 operatively |linked to the
[0177]1 e exemaptanydrosieedleis Lsofericaia cm‘li WBé 10.a¢he exmppssémsvector s

createcflgp qr)l?eegéiv%j}ln @ﬁ%{? frl R ynucl‘ég{1 ée enco mtgg% 1rFr>1p%05vaed(?<re{o%c?uc?Jse into the
plasmid pCK 110900 operatively linked to the lac promoter under control of the lacl

repressor. The expression vector also contained the P15a origin of replication and the
chloramphenicol resistance gene. Cells containing the subject polynucleotide in Escherichia

coli W3110 were isolated by subjecting the cells to chloramphenicol selection.
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chl or anpheni col resistance gene. Cells containing the
subj ect polynucleotide in Escherichia coli WB110 were

wo ®0d/aied by subjecting the cells to chl or anphenie2b08/001683
sel ection. 53 WD 2008/ 103248 PCT/ US2008/ 001683 6.5

Met hods of Generating Engi neered Ketoreductase
Pol ypeptides. [0178] To nake the inproved

ks or edigthivds ef Geheratired Enginekrad Ketbrahiciase polygestides. t he
present disclosure, the naturally-occurring

[0178]KES miaRelthetimpeoved kytoreduvaise palyauiyleetiddsaad pe@peptim of the present
reaction s obtained from Lactobacillus kefir

disclogugg; thanatwrllyrocerang ketorslusiise coymsdhatessiadyzes the resaqtmreactlon
is obtalRRHYRHE Lgabb%‘?llix%ﬁﬁ RE 2 abSbEQBR QP! T &6l %lﬁb&ﬂ Hfsethe

expression o etoreductase in a specitied
parent pelyhucléstlchrsequdms iy eddoaroptitthecdrareahdree eppleysiome bﬁ'dnb [ d e

eore R IET sET REaE A o ST LS R Pt
sequenkt @H&dﬁ'lﬂggtﬁ@ Waldeghe ﬁ@t%r&fu@ﬁ@é F@lgg?lif%i@ Sg mgéeyfolbégﬁ%gék»m was

po ept1 de sequence of Lac
constr-s@qﬁ*g@me)hgomdlmid@s prepaxedthased mabgk@o\(/@ﬂlbacmde sequence of

Lo BRSPS SOERERH s T FARPEP T FE R ecpion o

AAPI¥GRD GR3BIN2056)i mhéqﬁrefn@dl pRlyueRStiddsdgherie, mhgnaedaldastslm ID NO:
codon-optim zed pol ynucl eotide cloned into an

1, was éseilﬁrb@gmﬁed/%teépreswam Acalianddhe eedosiremiingized pelynucleotide
clonedlfﬁlroqaﬁee‘ipfgsﬁ thk QQ reSQ6H éftlhe %to}&ﬁc 286 gené: under the

onot € r ssor ene ones express
controk &fehalablpvmoﬂeehm kadhmlpﬁseon genk. Clarles exgressinglibntactiveed

nd the _genes se d to confirmtheir idept
ketore%wéasg Y ferrlievered ‘ﬂﬁ‘gic%gc?nfl%q%s R@ueﬁﬁed\@§°?ﬁré‘1 H}éﬂre‘ﬂ?nmy
The se§&HE BESritdd GSE‘??I@N &8 wdsaht bAent s}%@hé}{ce LAlizé ds the starting

exper| nment s and i brar Yy constructi on of engl neer ed
point fardlbexpdtioteatsend dibodry edns$trustion ol enginestresbleatpteductages feivolved from

ket or.educt.ase. [0179] The engi neered ket oreduct ases
theLa%ﬁ%“ﬁ@“gﬁ? ?ﬂ8§h89 ay bj ecting the polynucleotide
occur.ri.n reduct se to

cod in nat ur al |
[0179] gﬁ@@%}?&? tan @&%0‘%%?%5 Je%@sﬁ golya%cleotlde

encodlﬁg %%ﬁﬁ@lﬁ@&ﬂ%nﬁet@f&%ﬁ&h% 1}4) Igﬁtﬁ% &d aﬁ&'/@l‘ 4L Q& evolution
techni que 1s nutagenesis shuffling as

methodfe st distissed aboSe e Ameexempbyy dlrmtgd erelutionsalniPad islwBtagenesis

SRS S ok SRR848 AL I IR IS .

10751 6W553975/Z%32,5 @b or/0d78 W@ 4788964/t WOV IOIW®EB0M4R851; WO
used |nclude anong others st ag gered

01/75 7é% taésim &isolhatm ot (@tlEpyhreqted gyalption progediresdhataian bzhged

inelud apofte il Plaggf®d pPh QbR SR ROES Koo BIAAER hao o

al., 1991836/5 Bid@yhnadrid: mgéu, enumageaigePER i(€aldBetekalet1 984, PCR

vennod i, F50%-SE34, AR b ontTe o g e JBERE & 4 (1988¢ heh Nl Acad

Sci US@'98: 3056809yl for engineered

[0180] The clones obtained following mutagenesis treatment are screened for engineered
ketoreductases having a desired improved enzyme property. Measuring enzyme activity from
the expression libraries can be performed using the standard biochemistry technique of

monitoring the rate of decrease (via a decrease in absorbance or fluorescence) of NADH or
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ket or educt ases having a desired inproved enzyne

property. Measuring enzyne activity from the
woeXpg/RI834s0Nn | i braries can be perforned using tpgg/us2008/001683

standard bi ochem stry technique of nonitoring the

rate of decrease (via a decrease in absorbance or

fluorescence) of NADH or 54 WO 2008/ 103248

NADPRCIHISRARBN 06 8% onb &R HNGONADTtoral ADR! . Bsthistreh@ion, the NADH
converted into NAD+ or NADP+. In this reaction, the

or NARRBHs sensumpspifoxidizedhbthe ketassqustase @y theykefergductase reduces a
coneS O PSS o AU o S e bt Ot
NADPHatmceaitrafion] ssaneasafedN¥Dhe decreMDHlalbmhmn tor ﬂluomncenas, per unit

time indhaiAdRC e (GEE o Tk L Ot el glegfily i  fixed
amoun( Sf‘ﬁﬁé I’]?s‘ahac()or ﬁ%dp‘l’ﬁlbéd %Bwtdgleml{l&é ﬁfe%ﬂtﬁﬁ)asw h@x‘é'tﬂ@ﬁﬁ’ﬂt’od@d enzyme

f1xed anobunt of lysate (or a |lyophilized
prOpem'odv@ecd reetbierntah etabilitn reylzyrxm eetevltyn@ay hp meaafe@aftgraubjecting the
enz

enzymB iRttt B4 e RerbPERERE o RBbucint BN o Ehdythd detiviey

remairPiE R AehtQrathentd RnkHeshthiaihpel polyfiecletide ¥Basdihg 89
t he anmobunt of enzynme activity renalnh@%éafter heat

ketoredyctase peathen isolaterk Sequsneed tRilARNTAY ths Yuelrofide seanence changes (if
any), ?H%Q | 3% Rm% L8 ggfggoﬂgguthen i sol at ed, sequenced

entl e nuc e sequence changes (|f any),

l°18113§@e§5%§q§‘a§&fp 138 e et LT ntnicR iR i pollidedtiaes

encodikg W enziie cB® by prephRatbydemdafedidifitisé MRt Yateordaiy tb emown
repared by standard solid-phase nmethods, according t

syntheﬁﬁ Biethodsy fit seaeq embedimsats., fragmempre! Bprduehont AOQ bases can be
indiv1c{u%g?g§gu 9 fglgxrl] ﬁcﬁ%ég‘f@% l;}p%%ﬁfagﬁ r?g gﬂe(rg‘?:al. l}t1g§§10n methods, or

polymﬁﬁmﬂﬁdlhﬁ:d atethditoctorml anyldgatecbcmmiﬁtlhm:kmumce. For example,

rase . nmedi ated nefhods) to formany desired . )
polynuef?ﬁwgmw ligapueleptides phihedyygnbion can gspwaeﬁiatq%eggcaéﬁwtheSIS
using, 9 | gntigdsRat fi)ﬁ’c%fahc%mtx&l?e ﬁl@fh%ﬁtdbwlb%é%y%a%a%@%'f gd 1081, Ter Lett
en1ca| synthesis using, e.g., the tlassical

221859485 phtheandttipd deseribésblly Naribes Hel. bgsemeglemmws ¢.g.,as it is

typicalipiiskap efipimarcu e A ss AfGe! i Bng BRSO

method, Yiig6akdlsbtidefbie s§Rthesie B led, Tmtaﬁdluﬁiiﬁliti&@NA ﬁﬁﬂi&ﬁd&r purified,
Accordlng to the phosphoram dite nethod,

annealey], ligated @né stongd in 2pnsopriate Headerse dn addigjon, dssengially any nucleic acid
can be %H{a (frogrﬁ WP%X O{iﬁ&i bf %mmgwlélfgoﬁpc’es sﬁ@lp Q@Jll'ﬁéledland Certified

appropriate Vvecto
Reagexac(tbmpam, Ivbd;lsed;m)e,llrbe Gyt Atnehean:Gam dom(pamy Ramona, CA,

ta from riet commer Cl Sour ces,
Expresgﬁ g Ings Chicagqs 1 Qhero egl}efﬁmlealyes g&fag%lﬁ{ne@%ré%ﬂ%f‘d many others.
lland, TX, The Great Anerican CGene Comnpany,
[0182]@1gmq5;@ﬁrleé<§@wt%ﬁ EnzYmecagHessed in apest o9l mbﬁnr@%‘gﬁre%from the

cells a%(cf?r the N,ll %dil%usiﬂg Qnggﬂé( oPHOFL Sf the Wﬁ% r\gélﬂl e@ ‘flor

ore ase enzyne ressed 1 n a host can
protelrr;mrrﬁoanmd ificl oding, hmmgeithers,alymbzymettk&tmeﬁtt smmcatned; ﬁ:lmnanon

n r r f th n hn for
salting- out u%r gnt Inugagon r'crl?ld(:Z‘:hpomaEtOgerail)\ﬁ llﬁta%Ymsoth?tgonsIfqrulggmg%nd the

high efficiency extraction of proteins from bacteria, such as E. coli, are commercially

available under the trade name CelLytic B™ from Sigma-Aldrich of St. Louis MO.
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protein purification, including, anong others,
| ysozyne treatnent, sonication, filtration,
wosabd/iodgesout , ultra-centrifugation, and chronglcaarpidyeless

Suitabl e solutions for lysing and the high efficiency
extraction of proteins frombacteria, such as E. coli
are coomercially available under the trade nane

[0183] @hrbiriatoprdphid fetluiiySEsgonisblativh of thefkefreductdst polvipeptide MElude,
2008/ 103248 PCT/U82008/001683 [0183] Chromat ogr aphic

amongtaiagihirgYRIES Phnse F%rsnefqgé%plm lslh séTEaAEE ligidbromatography, ion

exchar%g Ico ngr?cﬁ%gg llﬁn % Hgﬁctrog;ﬂ rra g ﬁlt{j ngéﬁ[]ﬁ&gﬁrg@gﬁ Qlorhdltlons for

purifyinga pasgticnlza ngafmmmhﬂtmdamman ge Ifaoedre stchogshet e]sarge, and

onb bR SR s SRS, ot et L B apare

to thosé'ﬁﬁﬁn@%kﬂﬂ% tkhat.ge, hydrophobicity, hydr OIOhI licity,
nmol ecul ar wei ght, nol ecul ar shape, etc., and will be

(0184]3RRBHE %_Bg)ghﬁnéd??%?ﬁlpf}y C%lallféslrﬁ r?l B 428 t@'fstoe)at& ﬁﬂeﬁﬁ.lpré%d

I ment s nit ques may be use
ketoredt&tﬂsabmzyxm iFop affirsy chk@hmnogdmhy asnﬁeatwylmsy arffﬂuody which

O TR S N T ST R

antibodi®y, Xfﬁﬁ@&s‘ Rt SadhalReinéhRfing F@Mnok hﬁll@ﬂ@&%it@%ﬁg rats etc., may be
anti bodi es, variolUs host ani mals, incl udi ng but not

immunigedi bygel ectgon wbbuatos)mmuné Thecempeuns! mayrbg atrwhed to a suitable

carrier, 1M B3y B pheiof 5 4 S0 pa h SRR ol [y FERRHRE o 0 sie

chain fayctigRangro0p. FafibGCadjihaints iy bt usydab idroake thy mhmﬁirf@bglcal
attached to a side <chain functional group. Vario

responsgy deRending qrpife hest specics, dngluding hytengt ﬁl@lquﬁiﬁg AEEWY; Sc;(&pmplete and
1ncom1§l§t§fJ %?n%aégago ﬁ%ﬁ@ﬂm‘;??hj@?%?é%ﬁffa@esac#gg %h#s‘?%r{l)gs Bih as

lysoleclrdme phirogje lpsly:alsg bol@ramahs;rpepmhashmdi ElelSdB)S eyhbhclémpet
acti ve subst a such sol ecith pl uy onj .

hemocmugp(ﬂe léltrOng @Qtenﬂéﬁy paeé:él udqla}n ‘faé‘F ﬁ a&é&ﬁ%{b@cﬂh

Calmettd tm@ﬁn) DAY AYaBreriflipdri@Rhenol , and pot entially

useful "human adJ uvants such as BCG (bacilli Calnette
r|
&y ﬂ*gg SPOAE B B PR Byl e Eompouncs

repare Ther ewith [0185] The ketoreductase
0185] ZeX(mteor C Ll R% %e({egcrplr uorn 6eq§tc€é¥ehztel]ytz h?he rg&iuc? fon F tl?J
substraHr 14[141-@4-1150136 Q)lee)th)ﬂ Ikl SPMBI(@Lﬁn{e&yl—;fy}rolo 2,1-f][1,2,4,]triazine-

2,4,]triazine- 6-yloxy].-propan-2-one,_ as represented
6- yloxndyprpael romgcasuerrestitechbiheatrupture of fopmuley(f):

q
W,

@
T

L
N

to the chiral alcohol product (R)-1-[4-(4-fluoro-2-methyl-1H-indol-5-yloxy)-5-methyl-
pyrrolo[2,1-f][1,2,4,]triazine-6-yloxy]-propan-2-ol, as represented by structure of formula (II)
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F OON' )- Nto the chiral alcohol product
(R -1-[4-(4-fluoro-2-nethyl -1Hindol -5-yl oxy) - 5- net hyl
wo200/{030480[ 2, 1-f] [ 1, 2, 4, ] triazi ne- 6-yl oxy] - pr eansBedloo1683

as represented by structure of fornula (1) 56 WO

2008/ 103248 PCT/ US2008/001683 H N\ I / (11) NF

HO O N' [0186] The above conpounds useful in the

synthesis of protein kinase inhibitors, and are

enconpassed within a class of compouny dedgtri bed in US

application No. US 2006/ 0004007, U 6/ 0128709; US

2006/ 0257400; US20060264438; and USRQC 86646 (al

publicationi gncorporated her ei n &f erence). Thus,

ot her conpo Hds of the class\with theg requisite keto

group can be used asg¢ tr OFNt he ket or educt ases

di scl osed herein. h@ﬂS?]cl \ary o%¢Jenbod|nents t he

nmet hods can conpri se contacti g‘bm m xi ng the

conmpound of formula (I) with a ketoreductase of the

present disclosure under reaction conditions suitable
[0186] fTire abovw esrspamde isdfhkeinghé sgmtixtsés dfprotem ldoagedninditorfs, and are

encomBshiF o 95 R BTE L SSHARR ' 20060004007

US 200?6;‘0 1t2%bb§ U$2006/095740000€000608 444 8. land € BBOSIRAL46 Pall he
artisan. Exenplary ketoreductase pol ypepti des

pubhcattimas mcormrajed bereir bynrefdrenaept b, iofher aerapoungs ofi the m\ms with the

requisi%izk’rgt(té grr?)utg g’fm §§ ’%elélga’s I\s%s’tpaé%’stE élo é)ré%tdsaségl’sﬁgse% 4lbere1h
48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72,

[0187] 14 varibus efithodBtlent§, Zhe %thcﬁl@ ,ca18 SomPfise Gatactifg oPmixidg the
100, 102, 104,.10 11 112, 114, 116, and 118.

compopih effiormplad Dritly %s@r%ﬁ%e Of the Present distlesuges ander reaction
conditiBf¥ YRGB IEONEREIH fafle BTt Blife 8 oP§tructural forglula (ID).
converting the substrafe acetophenone, as represent

Exemplary s¢actictisumoallitfons axel desédibed)in tiid Ekamplbm Other suitable reactions
condltlg% \Evﬁr%gondl n ﬁg%%Llllglg%fqg%lpe@éﬁtp@%r%?tg{epﬂgﬁﬁgﬂlypepﬁdes that
can be used in the method include, but are not limited to, SEQ ID NO: 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66,
68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110,
112,114,116, and 118.

[0188] In some embodiments, the ketoreductase polypeptides described herein are capable of

converting the substrate acetophenone, as represented by structural formula (III):
1)

to the corresponding chiral alcohol product, (R)-1-phenylethanol, as represented by structural
formula (IV):
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formula (1V): 57 WO 2008/ 103248 PCT/ US2008/ 001683 CH
(I'V) [0189] In various enbodi nents, the nethod can
wWOERIPL0338 contacting or mxing the conpound gictie088/0@1683

(I'1'1) with a ketoreductase of the present disclosure
under reaction conditions suitable for conversion of

the substrate to the conpound of structural fornula

(1'V). Exenplary reactions conditions are described in

the Exanples (see, e.pH Exanple 15). Oher suitable
reactions conditions wll be apparent to the skilled

artisan. Egﬁ;;p educt ase pol ypepti des that
can be used i'n et hod i ncl ude, but are not limted
to, SEQ ID NO

@ 10, 12, 14, 16, 18, 20, 22, 24,

26, 28, 30, 32, 314, :36, 38, 40, 42, 44, 46, 48, 50,
52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76,
78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102,
[0189] 184arid @emBdiBmertd Ot.he Hlothodldath, cohpise dBactindOor Mikzng thé4,
126, 128, 130, 13 134 136, or 138. I n sone
compoundefiforaiiagIIl} with @éﬁe&r@h@&swé thsdirgssepiselesure wageragartion
f ver,
condmlgﬁs %{&;3 le fﬁf coer%FSEano Fgﬁgsglfa{eéctt% etgé ? ﬁéurﬁcofftsﬁ'ﬁ%ﬁ? BStmula
av). E)(dm@ﬁ’gtred:ﬁﬁn@éorﬂﬂﬁ@dslﬁr&ﬂbscﬁﬁﬂi inlthe Exadples 188, e.§2 Example 15).
130, 132, 134, 136, 138. [0190] In sone,
Other jiablaifpastioss condions vt pparBHGdhe SRIEH PTishe cExgmaary

ketored®@Rtdsk ﬁHfgﬁEptﬁfe@ ke 'c§r99@ﬁsed ih 1 meHRARQUAE, bli dre Abt limited to,
conpound” (1V)

np : used herein, a conpound is
SEQ ID &¥(:i G Be 10, 1i2|;116o 1694B120; BRAR4, 2602805 OB, RIS, HAA2, 44, 46, 48,

50, 52, G P Bt B2 [P BBRE: th Tenas g s Hipb l Thats 96,98

100, 1025 1041060 €08, i1n0A1 1220 14,ClUl6al 18,906) EXY, $24EI26\M 28, 130, 132, 134,
t |caIIy conprise at | east about 60% or nore, 70% or

136, oisi8e In soms smbrdineents, dkespredygtase rodopestiderdhat cagdweuged for
. A I 5%

edueR6 R o e e B0 (TP e SRHD) M e nonPBs

polypeptidds it S IDNCr 1201 1225UR4r1265128,61G0s b3 134 a186)er 138.
confirmed using conventional analytical nethods

[0190] {Iﬁ l'sltgllaﬁieg%ﬂas ed bﬁteetsrba(s) faat g%)éiagttls Bpn{h%lgg @I%@chu ar 1st%%c],oisomer,
ie. coﬁﬁ? ggmaﬁlpaam tzegl g%slswﬁae&p%(ocom BinEsaeRliéhed’ 858

an 9% less than 8% | ess than 7% less t han 6%
partlcul@ggrqqhmeswhenéh&t Steh@msorn%ls presenttih axce899vérawy othesn

2% 1%or ven | ess than .0. 9% .8% 7
steremﬁ) /p%c's% Zf%)mgl% comp%unf{)}%atéts 8?%%} g d a%g‘]uf%
stereoiomidrotitid @Gﬂmmml%faalea@mvoat 60%tor &6, 7088 o¥¥ore, 80% or more,

2008/ 103248 PCT/ US2008/ 001683
90% or more, 95% or more, 96% or more, 97% or more, 98% or more, 99% or more, or

99.5% or more, of the specified stereoisomer. The amount of enrichment of a particular
stereoisomer can be confirmed using conventional analytical methods routinely used by those

of skill in the art.

[0191] In some embodiments, the amount of undesired stereoisomers may be less than 10%,
for example, less than 9%, less than 8%, less than 7%, less than 6%, less than 5%, less than
4%, less than 3%, less than 2%, less than 1% or even less than 0.9%, 0.8%, 0.7%, 0.6%,

0.5%, 0.4%, 0.2%, or 0.1%. Stereoisomerically enriched compounds that contain at least
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about 99.5%or nore of the desired stereoi soner are
referred to herein as "substantially pure"
woshheg/aargoners. I n sone enbodi ments, conmpoundecng2o®f 001683
substantially pure in a specified stereoisoner
contain greater than 99.0% 99.2% 99.4% 99.6% 99.8
% or even greater purity. Stereoisonerically
about BN5 % kbre oEHeUIteRed fafeolomenhit refedd 99harkir d3e‘sdbsaritiatly pure”
stereoi sonmer are referred to herein as "pure"
stereoigqraers o {m #iR¢ embp@ments, %@np@uqdﬁ&mawubﬁegréalbfplgﬁ in ¢ spegified
sterem%cnﬁeraé’oﬁn aifk gxteg{e? RIS C@ ey é%g o, 9? 68419918 §CBE Ly bieater
yplca y Fequire a co factor: Redl ori ‘reactions
purity. CSlﬁeﬁdoysbﬁrérlbyll)t bierichedicom@pentiskritaortiict a3E9%eifzlyndasired
descrlbe ein also_t P;cally require a cofactor,
Stereo‘é‘?‘??ﬂﬂﬁﬁﬁe ﬁ‘é?fitoeh%‘aalaﬁeﬂ%% SETCOIRECEN gi neer ed
toreductases require far | ess cofactor than

[0192]r@at§thn@n@ byahageyofetfilhin the gty léPtOIFQ‘pféaS@étaEﬁlb@déﬁ‘é‘éﬁélon reactions
plcalgp%ﬁﬁ% 2 g ?&cf&eﬁeﬁﬁaﬁn eacﬁf&? E&B oCQy ﬁl%te g}%een%fd%?or&&ctase

oun I nati on
enzymwi didfscﬁbécbh@emdummpealéﬁ Zuie a@ofa&&tpﬁlﬂqo&gh trainly&nfhmdiments of
se with the en |neer§géﬁetoreduc ase en

the englaesseq ERprelErtBIon HIC 1Bk SSLRRMCIPEAR feapiinng Gplyfed, with wild-
type k%ﬁct%{@h&Qgﬂneén}kg &fjl?é?élﬂethg 'té}H{:‘l‘c%@etc't&e rPRRSBhAR)protein

educed or m of DP+) , D+ (nicoti nam de
compoaude thah epetates o emnbidefiorawith NA:Bteerdm@sc enzyoeel Eofantons suitable for

d d.fo
use witldhb angBe Ry Hisc PR AT dorRe® heralBERIRALE By ot limited

to, NAm*r(m@aﬂnd@@ld@ RHéMR@HInYcle8G&NSHRpRA:) NADPH€theXbdicee form of
+ form usin a cof act or regeneratl on system

NADPfDD( " @icatimpmed egiguciesttisie) a1d NAGHh gharedyged form of
NAD f’yéér%erl]%b} G?etrea&yed%nﬁ'g? h c%‘i’{act&' %cge’g tg Ll!llle reggt?orpr%xture The

ucose and ucos

reduced IM‘\]D(F)HB&)emd:ﬁhbé I‘op@@xﬁtﬂk?&e ger@kalécbﬁremﬁh@ bmﬁlﬁﬁbﬂt}éAB(llﬂ) form
gl ucose- 6- phosphat e dehydr ogenase, a secondary (e.g.,
using g %Qfﬁfrt%rprﬁﬂ%ﬂe)"an% ¥8%¥8l and secondary al cohol
dehydr ogenase, phosphite and phosphite dehydrogenase,
[0193]piilable exempledy egtantos mgen%ﬂ@@ eysaeses thahmay e cmpkeyed include, but

are not,\llﬁ%g&} %{%@Eﬁ%ﬁ%z}ﬁéagy n%? rﬁl%%é Eahl Mgte%ehp&rogenase

glucos&El6esHos plehe sid glucosee@phespahte Qllehytﬁb g‘@ab\g/ drs@g@ﬂhS}e(er@ylsopropanol)
alcohofaryfseealaplooneldie P BB ESE PHARENS S OB BhHTgEEnase,
molecY Ur&cn dnﬁq'ﬁfﬁﬁgéﬁ&s%damg ijfRe DY hede® g%ﬁl@ 9&%@1@% R

cofdct of regeneration systems conprising a
combumtoalvylsh eithred NeADP ¢NAD R oatyerDd /N’ArDH ES(ﬁW'pﬂOﬁa,CtQTD |Fdenmtoghemical
re al so suit

regencRfion SO DAGEGN R RS BESYEISS AATCEHO eBTREpay ey See

e.g., URPaRINLsDY, 588867 @Ad 8.495 929480l BE whithBe ir2bHfR%8d herein by
dehydr ogenase” and "GDH' are used |nterchag&eably

referenger Bhamicg! cofagter rageneratippEystems ¢onmpisinipmethd aatabistyndea

reducu%é@%ﬁﬂgééla%%aﬁgq Crgcﬁlieglﬂglz iﬁ(ﬁ%egl cﬁkfﬁia%)uq\lgégﬂ saﬂﬁalé\IA?" ee, e.g.,

PCT pulsifqacich We 12900/86873 1, orhi¢hlis incopforated herein by reference.

[0194] The terms “glucose dehydrogenase” and “GDH” are used interchangeably herein to
refer to an NAD* or NADP*-dependent enzyme that catalyzes the conversion of D-glucose

and NAD" or NADP” to gluconic acid and NADH or NADPH, respectively. Equation (1),
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WD 2008/ 103248 PCT/ US2008/ 001683 bel ow, descri bes the
gl ucose dehydr ogenase-catal yzed reducti on of NAD+ or
wobiosg gl ucose. (1) glucose + NAD(P)+ + HPQT@H4008/001683
gluconic acid + NAD(P)H + H+ [0195] d ucose
dehydrogenases that are suitable for use in the
practice of the nethods described herein include both
below kb etiti the gaedse deR@irogdhaes catdlfRydifedgeiaseNADS omBIADRSby
non- naturally occurring glucose dehydrogenases.
glucosggat ur al | y occurring glucose dehydrogenase encoding
genes have been reported in the literature. For
exanpl e, the Bacillus subtidds 61297 GDH gene was
&lbr essgldcdsa +BAREY) Y + HRT was—epogliechit acidxINATIP)H ket
same physi cochem cal properties as the enzyne
[0195]%&@9&%h}!&0§&§&35@ﬁ1¥1¥ Se RORIDIE HRRO I Be Practice of ha8Rethods
Proc. Natl. Acad. Sci. USA 80:785). The gene sequence
descrited heken Bichsigthtoth nauGhiH ogeureing\ghicoke dehydesgsoasss, asovell as non-

naturalgfggc%&l%ﬁos@@gb%ﬁéé&se%&@?%&%&n&é &E\?(ggee lleh%ftdrogenase
encodiﬁg gé%th@de benPeportedpinBRE likkatate. ,Fol 3Q8mpll| e BolcBh8 Q¥btilis 61297

142: 3047- 3056 as Genbank Acc. No. D50453. Natural ICX]H cal

mica

GDH ggae vas ichpresor i énedfi andswas rrpptiad tq prdilt theseme phipsieo

properﬁa%%s%g? gﬁzﬁ&&ggﬁ%ﬁ @3}%&%\465&%6 gg%gf@ﬁs%eg %12,0]%83, Proc. Natl. Acad.

Sci. USA86785). Urhe(derié seqhent oftthe B subtF88DH izend 8bhiéR Oorresponds to
nbank Acc. No. X12370;  J. Fernent Bi oe

Ge : . ., 199
Genbank Agg3Nedd] 244 wan keneeted bid-ampeb ¢6373930.¢ Eg%ré'_%? 186:238-243,
and in gg@y&é@ﬁ%a@eﬁa&%%t APagddd, %c%gz?%ﬁ hgz"égml 6?(25[]6 dag fgé;ﬂ;ank Acc.

I cation WD 2 018579°as SE
No. D{&13 odéaturbly patuynng GE3H geles stglscluds those thespaede thy GDH from

B. cergis R ctrory (e . AR To Rt Rt N AP Lepd B
megatVBR (BurPy, BibEhedt 1983, 1791961 obloBerahk AL Mo 0% E2870} MOFerment.
gl ucose dehydrogenases nay Ib(glzgienerat ed usi ng known

Bioenget390d40:3611809,{senbpnl As.aND ARTQg &fluedss delydreganases from
.evol ution,. ke.. Vd Fhab
pacit G50, g b S RBP4 18O Fopa 12
(encodeé By pblyngclesiide sRquericeadbrraspoldintitd SEQ IMBNOS: Dhaddassay
descri bed_in Exanple 4 of PCT publication WO .
respech il O 1h&HG T nublication | the diselogire \phivdnch is inGosRarpise Aetsin by
referefd€r €i n by reference. Exenplary non- naturally
occurring glucose dehydrogenases are provided in PCT
publication WO 2005/018579 as SEQ I D NOS: 62, 64, 66,
[0196]a8on-n2Rrally¢curaing gl®®se déley dvedopases neayt hedgene s msiregsknown

hat ,encpde them ar rovi ded .i PCT .publ i, ¢at.i,on
methodsy SR B 6P Se Pabr Rttt e TGS g9 T4 Gl enoymes
havingahigtaBl2 activifs Methel Ratkrallpl dec@ringht® $0n SRERSME S udtik, may be
[ nco%por ated herein by reference. Additional

readilyrigentifzaduising the assay desoniged inEvaraplgdrgidich anblicaton NA@
2005/0%%?7&2 Che disclosure of which is incorporated herein by reference. Exemplary non-
naturally occurring glucose dehydrogenases are provided in PCT publication' wO
2005/018579 as SEQ ID NOS: 62, 64, 66, 68, 122, 124, and 126. The polynucleotide
sequences that encode them are provided in PCT publication WO 2005/018579 as SEQ ID
NOS: 61, 63, 65, 67, 121, 123, and 125, respectively. All of these sequences are incorporated

herein by reference. Additional non-naturally occurring glucose dehydrogenases that are
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WO 2008/ 103248 PCT/ US2008/ 001683 suitable for use in
t he ketoreductase-catal yzed reduction reactions

wodoegiesgd herein are provided in US appli catpcainus2008/001683
publi cati on Nos. 2005/0095619 and 2005/ 0153417, the

di scl osures of which are incorporated herein by
reference. [0197] G ucose dehydrogenases enpl oyed in

suitablt 6y Uselip fiRdedragrtalcatayed ré REHEH kdabti622did16d0Ra herein are
descri bed herein may exhibit an act|V|§¥ of at |east

rovide S DmghOP M bReRdoR Atbs BIRS/D0RS ] Sind PASK 1S9 5:the 02
. [ m.nl . 1 b 104
s BN LR 1,20t

| f PCT bl i 2005/ 018579. 01,98 )
019715 B RiscasPufbebtased bty o ity KitofeeRlaSe A g tiathon reactions

descrifé@3@fdiR ﬁﬁg&ﬁhﬁiﬁhnadcﬁvﬁ? BEAEALASY ab@ft0§nolAHIn/MB aAd sometimes at
solvept. ui t abl e solvegts i ncl ude water, organi c

least ab@yit\} @hpaol/min/mg asrakgut HE emalaningng.yip togbewtgkle pmol/min/mg or
. - act .t
igher AR08 BRGNSy R .

AWl e TS -
out in dsdluént! Saitame Bylverts thatelel water, Bepaald 6OFaBh@ S vk acedtd, butyl

the like). In sonme enbodi nents, aqueous sol vents, )
acetate, hroctpaph depiane octaanameiliybobiycasherdM/ERE), d9lyerargnd giedike), and

ionic lib@{%g 'r(e.%.g é Qegllerg %@%ﬂﬁxda@(&iﬁﬁl@tr i ot systems have

re organic solvent. 1n general, an
1-buty b8 g@anhylirsidhxeinim coaflao@bbratd, 1abutlgd-actisy] toidaadlivgnt
systemjs selected sych that it does not conpletely .
hexaflygraphqsphite ANk Jg a%mag@tbewm, Ao SelveRte, including water

andaqﬁ&ﬁéQb%ﬁﬂknh§¥§h%UQeQRdee readily identified by

nmeasuring t enzymatic activity of the specified

0191550 S0 BSONERP S SIEHTE e g e e s,

In generyls trprganid dolveEnhgoraporenr yhan &piebwd torsasansystemab selected such
ot 3 S L 000 et g e
system@1 %b@ke%du%&dehﬁﬁbg b?%&%qugg@g%ﬁc é?:_'ii@ﬁ%r EF g&os?eciﬁed

single liquid phase, or ma y msc
enginegnerlikstorérluetase ehzynieewith aelefised supstate wf jntprestindhacanididate solvent
i gui.d phases. neral |y, en_.an .aqueo cO- sol vent
system il R SRR gAY Py ssudBog B PR Bt
.t h wat.er di spersed in_ an organic sol vent, or .
10200] fheorgane solvent,campepsnt AfAR AGUGP ﬁﬁ'éBG@nE%’-s%} fpgy;be miscible

ith the%§h&Ss'cBmipbhértZ8vidind a LifigRaRuIPMRe [ rftf miscibl
_WI . Qrgani ¢ sof vent Itﬁﬁglt 1cgta% lb%' (gladi y g’eparﬁjt e %‘rgﬁl%cﬁeeor
immiscblgevtisthe phasoals compgeend; erbyiditeetwodiquid phaseat Sengrelly, when an

arganic sol vent in.the co-sqlve systemis . i call .
2queouBABEnP Fateilsrertavit, it Sesedts RPiaBBts, St Syl Gatgrscd in
an orgdMi@ént S WeerkD Gehediilly, avHénRatagBedus B0oRnfEhtedd) isB@ilized,

(v/iv) organic solvent to water. The co-sol vent system

it is degigaplee sshest aenganic sphvent thalraadireadily sepanated framdhg asyeous
phase. \r;lé?%}e{{r_gh g'%rra{ﬂ) omtel? %o B@aﬂﬁ%oi\fénﬂntt}{e Eé‘-smﬁn{ s‘?'%h{ QQypically in
the range of from about 90:10 to about 10:90 (v/v) organic solvent to water, and between
80:20 and 20:80 (v/v) organic solvent to water. The co-solvent system may be pre-formed

prior to addition to the reaction mixture, or it may be formed in situ in the reaction vessel.
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WO 2008/ 103248 PCT/ US2008/ 001683 [0201] The aqueous

sol vent (water or aqueous co-solvent system may be
woldedisiggr ed or unbuffered. Generally, the reguaid2603/001683

can be carried out at a pH of about 10 or bel ow,

usually in the range of fromabout 5 to about 10. In

sone enbodi nents, the reduction is carried out at a

[0201]p1“hecnfqua@msblx&no¢wdw4 shiquesisalol yo1vent meenﬁ)aﬁ@pb@f)Hflﬁﬁ’fered or
t 5to abo . In some _enbodi nents

bou
unbuff?@éu &en%rﬁll%sth% W@an 64& bea@araefbwtc% a el absmbw PP, usually
g=Tolel
in the %g%gﬁ {r/&lntagt&fl]te s 09{ 1 r S aegh’la td@rg@:r:&(s) qg o ljitugtéor?[rl.dcamed out
ata pH @ﬁ:bbom D or batawy, adualiy lnetheaamgeemf foarh abdutd tp Hbmﬂt Sabknu;bme
bel.ow, or 7. t ernati

embodffaaﬁ&tthf‘owdﬁﬁgpndé CRieA R 2t AL t BT b W=.°f@n In fhsganee of

from about[SA8@Bbut Bhdi‘ GSJaIH? iff e AR Obf bR ab@ﬁ‘M‘Pfo‘ d@dut 8. The reduction
reactions, the t he reactlon m xture may change.

may al§hbe pﬁﬂrlgd ot arpéhof abont ﬁ18>arlheb>wm>y Ttfeorrhelaw.aAltethatively, the
desir desi H range by the

reducugaé‘ﬁyebc? J%gfeg?}ltgﬂeagglrp%’ "Sad Oﬁhfl ng the course of the

veI t he controlled b

act r nat
102021, 135ipg G canye 60 oAbt eashont R SEegentionap Kiure ay
changesufﬂe%ﬂ §f @Hfréa%fﬁn bx iR Hfa?'b@ nfifstaled apbdéﬁfég%?{ & @thn a

known in the art and include, for exanple, phosphate
desiredopHl frange bb'rthteachhn@i afdmeridof & base dunagtthecdursesof the reaction.

ns and acid or ba dditi.on’
AlternRaR), AR B B 0R i B uER oF e 2 Gn eS8 a butfer
Sultabl@QJﬁY@fsQG enAs@inCdksied PH raR@RRed RidvainShe kR Ahdl $nclude, for example,
npl oyed, the co-production of gluconic acid

phosph(a rsylethagola@mee@éfﬁre@di the bikeaErmhinagpngefdieringand acid or

baseaml&fma§gﬁo%§%§éd on mxture to drop if the resulting
eous” gl'uconic acid is not otherw se neutralized.

eact xture tain

LR MU IC N N —
the co-pRauetich éthBudvaid &id (U4+36), #efeptdientad m:amaﬁo@ggcbau&sttﬂe pH of

the buffering capacity provided, or by the addition
the reaﬁtforhtnsﬁ%ré te drapuif flt,emew%tlgw aqyeeug alyearic @Pldtlh got otherwise
neutralgzgg.?/ gne H&@af )}ﬁ‘é;fgal:ﬁ](%{e h‘g’g‘;‘%?%@ﬁ H% I‘rgi r{tfﬁg u? epgs) ﬁgs?red level by
standamiehufifesing tetbmiques) witdreia tigelsuffor eediesizes tl&cglmtmmmd up to the

Sui t abl e bases for npeutraliz t|on of Iuco acid

bufferigy BARGIRGAY 5aseety TorRCRisme b (G SR ROR e SourRg of the

conver§1B§ bbﬁl%maﬁeﬁis bﬂﬂff%i‘ﬁig‘-‘andtiﬁ%%dltfl&{ m&y 8RB Ibe us&i’ dSlﬂﬁijeebuffers
g., NaOH), carbonate salts (e.g

to malrbamaiebmdatfé rargai; ats descriped alb,@m;&mtdbé:sbaseqafowpmlaauon of
Na 3P4

etocon el s el B TRr bR Pl Fosand G LA ape fnpuseni

bases, fUBBXzﬁﬁplleolﬁydi@Md@@ald;Cw% A0, Icirbohatk Salts ey tN’a[FIO@J BRarbonate
reactli on m xture or nor e conveni ent | g usi
®

salts (et Korte(93) cbaﬁctnh@mahat%@ahé (e-grKaHRO4, Max?&rbuaﬂatt hkef f The addition
of a ba otnI ﬁ’% ﬁlévlthetﬁlh 8us80R G c%n@élglgg%a%' l?ed&jdnte'n%hu%ﬁy wHiRO

process control
momtorlng the reaction mixture pH or, more conveniently, by using an automatic titrator as a

pH stat. A combination of partial buffering capacity and base addition can also be used for

process control.
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WD 2008/ 103248 PCT/ US2008/ 001683 [02041 Wen base

addition is enployed to neutralize gluconic acid
woRbgased during a ketoreductase-catal yzed r@dﬂmgzmmom%

reaction, the progress of the conversion may be

nonitored by the anmount of base added to maintain the

pH. Typically, bases added to unbuffered or partially

[0204]bwhE£baE ad8RIBhiiOEmPioytd teseudiatite ln€onioutitiaelRhsediiring a
reduction are added in_ aqueous solutions. [02051 In

ketoredustase satabie dregstustion Frackien, theprogreseabiie Cany§iion yaydy monitored
(o]p3e]s y T,
by the Q@Quﬁt a%]psﬁcisdgra (t)é g{ﬁ‘gﬁé‘ﬁ théjgﬁ,, ﬁg&#@g?,g@dagse%ﬂea % Mbuffered or
partlaliyrﬁtﬁfecdmwwnl rmxtlhes evar thocawrfecof the ratuctiiDareadded in aqueous
. NADP+- dependent enzyne that catal yzes the conversion
solutiogs. f ormt e and NAD+ or NADP+ to carbon di oxi de and

NADH or NADPH, respect ively. Fornmate dehydrogenases
[0205]Ip somg cenbodimestss, dhe en-fagtas rg&enétaﬁlagtswemé@e FemRFisesp formate
[13 r ’a ” |
denyaRAEIES TP G TR SUGLRSRSF bl AT S bty
herein acefiérrto ag NADT ﬁﬂﬂﬁnﬁmen@n asame that vatdlyzeashe conversion of

formatg RN Ay APy ERbET sl it BH CONALBLEpREitel-

:
Fma%c‘?f*?g#ﬁ".ﬁ%%s i Al o

ketorechwmsdedtawed p@iuyhm: tegotiorsaleseripedriessin dwludssietindetngplly@ccurring
S ID NOS:. 69 a 71, respectivel. f P

formatP X BsFs S BOR DRGNS et Brt PG Pelyydragenases

Formaie i MoE iRk in€hude thddY cb@époadiag to SEQ MANOS: 70 (Pseudomonas sp.)
dehydr ogenases enpl oyed in the nethods described

and 72H{Epndida et B nwlmcavon 8@ 3PP3/AYB DAY, whichaze aregded by

o SRR 05PN 55 By oo
public#tfona006/04 8 5 7% lleudisclOshireddd f whioh &g, 1nc¢rpota®ecﬁmuh b/ @8ference.
Formalg JePyiogeines aPuSAip (A BSHIs dgsaribebhsiiin v E pcsrlly
occurrﬁ’igkblr hSﬁ‘trlhfﬁ?a@Qc%ggﬁ{go By € hll{n%oa@avﬁ ofl §lelga§t‘ %f)@dtrl the

f or mat refers to formate anion (HCO2-), formc
umol/mipimdg, S(omixd)% at has:t abyputt L jenolier/mgf or :Ftdcasaalmtwdg) pwol/min/mg,

up to agputmﬁ} :}/1 iymg or%x%i;&é@%%lg ﬁf%g,ll\%al | %ﬂgﬁl\nt)é%the assay

descrieli€n Eb(m;;l,e 4 & pAE phiBlicaioh woaoos®18s79l, typically
aqueous formc acid, or mxtures thereof. Formc acid

[0206] Bs GsedDERAR L Re teﬁﬁ"%nﬂa@e %F@Qi&!ﬁfoﬁﬂhﬂéte{nﬁﬂﬁ(}m@ %m1c acid

several pH'units of its pKa (pKa=3.7 in water) formate
(HCO, i, arghrosdtures therdodt Rota@ie maydehieodded im thq fiotm bf a salt, typically an

et PO ARl KB, B Rl i e o o

formicfa@ldBtpecalll§ agi€dUs F66hid acid0bringxtafek thered N FobBRCA PR a moderate
mxture is typically buffered or made less acidic

acid. Ia@ﬁumys golysiens wihinrssyerabpk paits gbiss pka (pfp=3.Y watewf%enate is
presenta:% ‘th PL‘éOSz 4 dﬁ@@)\éﬁl mgg{ltl%pluﬁl &)%%grﬁfafnﬁgls n?yhf{a\la‘h{e@abg& about .

or m C “acl
pH 4, forrgaiicpredsamantly presuatrap [HC@41 Welsen falhkiaiisipovited ak fiermic acid,
li. ke, .and . .
the reaction mixture is typically buffered or made less acidic by adding a base to provide the
desired pH, typically of about pH 5 or above. Suitable bases for neutralization of formic acid

include, but are not limited to, organic bases, for example amines, alkoxides and the like, and
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63 WO 2008/ 103248 PCT/ US2008/ 001683 i norgani ¢ bases,

for exanple, hydroxide salts (e.g., NaOH), carbonate
wosabd/f3t®. 9., NaHCO3), bicarbonate salts (e.@cr/us2008/001683

K2CO3), basic phosphate salts (e.g., K2ZHPO4, Na3PO),

and the like. [0207] For pH val ues above about pH 5,

at which formate is predom nantly present as HC02

1norgaﬁ‘€ltl'ﬁ§ésofbr e2dmpr! H’%ﬂrgﬁ@é GAlthes. trh‘ﬁ)fflp rcHﬂ)bﬁate salts (e. (.8, Na NaHCO3)

drogenase- catal reduct’i on of
blcarbcprmtqulte (e.£2X260aR basipiphosphatersaits (e. MZHP(&A@(@?Q‘;I gl;grd)g]e like.
Wien formate and fornmate dehydrogenase are enpl oyed as
[0207]t Fre ptb¥autsaborve glmfuilpél e (] wlﬂglsfomatetihprepibm@fantlh gresent as

1oy Bfion 2 Dol estFinsibe Frmi s AT GbRA Sallar e qugtion of

NAD'RuNADP T RASGR. Pr ot ons up to the buffering capacity
provi ded,” or by the addition of an acid concurrent

with the course of the conversion. Suitable acids to
gl dysdeg. g seur SEbf, t 5 LQQBEFJ Qn to maintain the

pH i ncl ude organlc aci ds, exanple carboxylic

oom A5 e B i B S R i

system) W& (18 Bf @ieir€actioh tlixtusé! ifaybeGnAfifathed R ARSI CleR€l s standard
and the like, acidic salts, for exanple

bufferigi fgehnisigen prissgin shesbuffir releqses grotonsroshe b%ﬁf@fmg eapacity
prov1d§($ioﬁi%¥e z&idltlom%&d 21 eu%njggrb\k/ tﬁ ﬂ}e c% €0 ma O(den@@mo?h Suitable

or m c acl
~ acids t6add éﬁlﬁiﬂi@thle(muﬁl of tHé&eﬂiﬁdﬁfto&ﬂﬁnﬁml thé pHnnd[lée orgamc acids, for
mai nt ai ned. 209] . When aci d, addi t| on is e

examp}ﬁaqaﬁl?oaﬁymtaﬁlés,pﬁnlfaaw.%&Sapbcéab@v? 8¢ f’é‘ﬁétﬂi‘f‘oﬁg%ﬁlﬂﬁfa 24ids, for
exampieoﬁﬁtg}?fh‘:: %Ef@t(ﬁlcﬁ%g lﬁ%x%gﬁﬁ?é %cﬁﬂ f ALAL a&ﬁg@fb%gﬁ&ﬁ@&ld and the

he progress vVer si on
like, aardlnlsakmr (20) doi)ampll'ﬁedlhyldmgenpifosphatejsaéﬁ deg., Kdl 6l pthasubfatersalts (e.g.,

ically, acj added..t o .unbuff.ered oy partjall
NaHS Guropd YRR aime RGP ES U8 PG 2y nbachy B the borhar
concerﬁﬁ%ﬁ%ﬁdlﬁﬁ;ﬁ{ 8f A dBRitioN aROMERSn&P! Ut | ons. [0210] The
ternms "secondary al cohol dehydrogenase” and "sADH' are

[0209]UV&En hﬂﬁ %H&l@l%ﬁgﬁéggﬁéye&'ﬁ{ fahihtdif e 3;}? Bufife #Red¥isn Rlaction using
NADP+

ependent enzyfre that catal yzes the conversion
the forpfategforrpeteaietipdrpgetiaso bafactan cegrindation syDR-th¢ progrése b the

convery08 e PP RO P Y b SRSGH oA agnsfippainfyh e pr T9eaty,

acids aaa@cpfa)dﬁfbﬁffaie@m lanlylﬂuwﬁwd%samWnixaﬁeg @&arm@é couedd of
SADH | O I\ + NAD(P)H + H+

convergQo e ghiz 8n moussdgemomss

[0210] The terms “secondary alcohol dehydrogenase” and “sADH” are used interchangeably
herein to refer to an NAD* or NADP"-dependent enzyme that catalyzes the conversion of a
secondary alcohol and NAD" or NADP" to a ketone and NADH or NADPH, réspectively.
Equation (3), below, describes the reduction of NAD" or NADP™ by a secondary alcohol,

illustrated by isopropanol.

sADH

o)
3) )O: + NAD(P)* )J\ + NAD(P)H + H*
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[0211] Secondary al cohol dehydrogenases that are
suitable for use as cofactor regenerating systens in
wotdoes/lsi@r educt ase- cat al yzed reducti on reacti @g3/us2008/001683
descri bed herein include both naturally occurring

secondary al cohol dehydrogenases , as well as
non-naturally occurring secondary al coho

[021 1]@@&5&1@9 amaﬁ@Sdehy%Fé@dsbythacm istitdtle £RAROAAE fa@beRBOherating
droggnases I nclude known al cohol dehydrogenases

systemp g he RBP QLR caB A BRICRPR RO ASS SRR heroim meTude both
natural%? g&c'ﬁﬁ‘?x?gﬁleagndalrﬁgltc 81‘%1 :hyél‘x%ggrgsl:g 2501 R =iz all% Bgmfmng

non-nat ura curri ng secon

seconddghylcsing delagiesgenasds L tatwally nemnﬁdg sdcontiarly alcohol dehydrogenases
al cohol

. dehdyr ogenases derived _the rom Secon
includgiEpRyte égmgsgydé%qna%oﬁ% Thtematsranatioek qeigdococcus
etythrdpBli& It o bABBL P REAN A HL B rb¥aPBE B LS Qanernoﬂ%t&aws@uhyng

ccurring, may Xhi bt an activity o | east
secondarynalt¢hreil d:‘:}tlsgiIOMﬂESuméBdeatnglmd abahol dglﬁliygwgdnbms rdkrrgt;d

therefr&wn %t/e SR alggﬁ)oﬂ-tdﬁﬁg(ﬁ'og%és%mméa?%w g-t?ﬁa gtﬁf” €d herein,

whethealn@ﬁiaﬂlysodcﬁﬁldgdﬁ noAWRkura B¢ 08¢ Rfikg,ahdaaalisit anktivity of at least
carbi nols. Exanples of | ower secondary

about EROH I Mg BeIN IS FaSHAOE |0 URInNS: 0 arigast about 10°

B L
T N T L T

carbind1$iDBkarh ple£6f [bwat yéc@hﬂz&@%ﬂcﬁ)hofs%élﬁ]ie 4B pandl EZ-BGHAAGY 3-methyl-
al cohol and secondaré al cohol dehydrogenase are

2-butargin?-portancls3-ppetanal o} &lmﬁthyé@emé&rml,u thg Bk ndn qngembodiment
i DR
the secéﬁc?agg%%cggol??%ﬁx%ﬁg@@on éﬂrasﬁ/le afggb‘%(gf %}thto% 1n§18?§ lrllxgs bstituted and

substititeé 1sylethdasly. al cohol dehydrogenase. Sone englneered
ket or educt ases al so have activity to dehydrogenate a

[0213] sWEen 8 8¢cyn@drg @ltdhol drRiécdmidty alcbhS ARy &B&HseBRtetployed as the
usi ng secondary al cohol as reductant, the engl neere

cofactqr gegpnerption sEderayide f%@ltw&&ﬁ@aw NARBhisiredusd &y dhgerupied
ox1dat181r1 8f gﬁ%g@ﬁgfsﬁgﬂ{gf 1o {h%ﬁ%eﬁl ine t Stfei@ée[act\ég{i@rzgg:tohol éltyldroolgenase.

Some drgafebredﬂ&torekh&ta’sei)ﬁdo haveedcnivanmd d@hyﬂgo@nmfamt@fdary alcohol

nerati on stem. either. the oxidi zed or reduced
reductng [ 199 HROQMERS gsingsecandaty algohpd @s reduetant, the engineered

ketore&@&@é hixethe 3P Rar a‘ﬁ@oﬂb‘l’ﬁ@ﬂ&Sgén%Qeeﬁg dﬁe{: b en%%‘nﬁtevml ch

converts oxidized cofactor to its re ed for

t
021418 7 e bl b Gt T FRUER e Slal Bredupimmpagtion
descrlbedhamimemplegmgelr@tﬁim mg&te@ﬂmlmyetennhlthaeﬁe oXidized or reduced

duct.i on actions carr 0 out the u e of a
form of ¢ 46t wtor maydarratiag el yen%S desoebesd Rarseohe coipgaggeneration

systemtcgnw}f‘s Jadedd GHfaJTbﬁ(ttoLifsereﬂﬁbqugHﬁ 66hitRidMhe P tilf¥Rd in the reduction
2008/ 103248 PCT/ US2008/ 00168

of the ketoreductase substrate.

[0215] In some embodiments, cofactor regeneration systems are not used. For reduction
reactions carried out without the use of a cofactor regenerating systems, the cofactor is added

to the reaction mixture in reduced form.
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[0216] In sonme enbodi nents, when the process is

carried out using whole cells of the host organism
wotdoes/wbplse cel | may natively provide the cof a®icarys2008/001683

Alternatively or in conbination, the cell may

natively or reconbinantly provide the glucose

dehydrogenase. [0217] In carrying out the

[0216] EIﬁ aﬂxhb efbbaiidnvs; whed uld prodess eagdrtiedsu wheld cbiy 6f the host
engj neered ketoreductase enzyne, any enzynes

orgam%ﬁbﬁi wéplesell meayopntivehyaprovids s enfactore g‘&ﬁ@'ﬁ%ﬂ‘f ogyrsqo@rhmatlon
the celﬂﬂXy Hﬁlv%?yd&g;etz&nf)fﬁgnﬂ}eﬁx%tviq%ghggfﬁl‘éb'geede'h d# %@ne{s rvru ?L

enzynes tra

[0217] qg L %{rfl}]g SUE &1 t%o@gleﬁtl? cz:é/e xinFi%Ctlth géc? ions ?gs)crlgﬁ(i L%%ng t}%eh e

engme&ﬁ@ k%%dﬁdtak@érmyﬁﬁu ehBSS @IME camf rlslhgl ﬁldxﬁitioﬂll&iofactor
COfaCtor regeneratlon enzynes can pe transfornmed into

regencigen sYdeMsmay e added t thy reagtinempdyrejip the form of haspuidiad
F
enymE s RAASTE |y RO AROATENY s Sl Bl

and/or rgienofswet ckbs. oTkdgateésy enevdiygrthe @ngdinearet rketoremtctase anzyme and

nsforned with ene encodi.ng the ac -
the optwélafa PeeT TS RenSHE: 5% FAnot GO e OO Hads ceparaely or
togethe‘f' Ei‘rﬂol?l?e hnid lﬁo?sﬁgelf q@c?rteliﬁﬁplen i} {fnd GAGAdiRRNEIoHE Y oI Hdst cells can

formof whole cells,” or in the formof |ysates or
be trane‘xotmecbwsth cgem(v)e@cpﬁmgéher engindenedokdtencdegtissdingpme end another set

can be JE3MoSed with Benel e R0RE M tec kbt a B itoMerG MRS BOth sets of

transfoaRéBEdRIcah B8 @fiRE &t ﬂogahe;rnzmn@ﬁeactﬁ&%&hm\éhﬁ ltige foinl &f whole cells,
transformed with gene(s) encoding the engéneered

or in thg dergn afilysatgser @Wz’iywéiena%ﬂ@reft% betherrgmbadimants ot host cell can
be tran%fﬁgﬁéelg?ﬁh ge(%ﬁée H3th ﬁglehgl ééx%@ﬁ%l%ré%@g{gg{ ?ﬁ enta%% the

oyed I'n variety o
cofactot e¢generation bndimeg. sol id (e.g., |yophilized,
spray-dried, and the Iike) or semsolid (e.g a
[0218] aVhiste cpidstrasforiied With ddir(s) @hbodend the@hBineéred &leiorédtfé&ise Snzyme
may be partlally purified by precipitation (amobni um

and/or ﬁ@lorpaf)@a cﬁ&cwtrﬁgqnéwélpmen@'m%at cell exdragisrander lysates thereof, may

e eme}8in hOLLAYSE APt EnIELSARIE SRS, e Sy i
and thetlike) bt semisolfhfe. ©f a thude padtt). pr epar ati ons nay be
stabilized by crosslinking using known crosslinking

[0219] 61'@16 ’RER exsatonl] Iy Sitesniaybé partiglly parifiédiBy peteipiation (ammonlum
mobi | i zation to a solid phase : Euper |t C, and
sulfate,tn?évqtm@)elmmzh@ﬂt treREnend Pf erlﬂﬁﬁc{%‘ﬁt’*@d ¥ agdesa &Rg prRoedure prior

to lyopﬁfrﬁlzgt?on (‘:éf%: L)C}tlr +aln pc?ﬁyklg eaﬁildttﬂ h%}@n gﬁ‘gg%gg ce%lgl.)%.p?ratlons may

vari et erent , Inclu
be stabilye@ by Icrcyselmkusgmsmg dnéwenl croasithkiinpeadentse jych aspfoutekample,

syspensi on, the |like. The reactants can
glutaraﬁnﬁbf% ingSotyBERen f2 b oot phath .- BpRat oS ARG tetade

prent that are known to t hose having ordinary,
l0220] éﬁbre |S1>h<iij FFagiamts4¢-€.» epayme,salin cts.) maw by praveqsd 1 g gepetipn in a

i SR RSB B TR il b U S

solution, emulsion, suspension, and the like. The reactants can be readily lyophilized or
spray dried using methods and equipment that are known to those having ordinary skill in the

art. For example, the protein solution can be frozen at -80°C in small aliquots, then added to
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a prechilled |yophilization chanber, followed by the
application of a vacuum After the renoval of water
wofoednosh® sanpl es, the tenperature is typical IpcTr@26801683
to 4C for two hours before release of the vacuum and
retrieval of the lyophilized sanples. [0221] The
guantities of reactants used in the reduction reaction

a prechiiléd lygphigizaldnychamibyr, fdﬂ@ﬁétﬂbﬁﬂw@?ph&ﬁiloﬂl&ﬁt\da&m&ﬁ @ffter the
product desired, and conconi t ant t he anmount of

removadeaf avaser fram the samplesy Eheée@ngqagy@g; tqu@lly gisedyip AL for two hours
before %i% S egﬂ'?esva%&ﬂnt&% gvél%f dé lglr 1ﬂ9ecf &%1&195”0 unts of

uct ase I Ona actor

o221 fSRRR LR y%@?%ﬁssﬁdgiae rgfh%iloe*ofﬁ%%?w&f‘.gsaefs by 3t

depencﬂ@g be t&%aﬂtﬁt@é’ﬁ&ff'pré(ﬁfct desitedardd e ada@biitlybiBle ABhout @foout
g of ketoreductase and about 10 ng to about 150

ketore@rctase svbstratsremplpyese Fhp/folgwingigwdelines kan be psedite éetarmme the
amoun éfl kel Qcﬂlck uc% &E ! QHC? e@ﬂ%aﬁ Q?t*é@t%f’ re I?é‘gtlo {gﬁ{ '1?5%
o tallor he d red lT'eve IVI

Generallygdk&o ahbsmfes RAf Bu etripbdyed af\ppo@hiratien qﬁmm 2(i) &33(10‘ grams/liter
opti onal_ cofactor regeneration sys ?ghgaé be readi

using fgep @boit PadnB P sy d g keiqreductashien Fo1qbouh 630 me of
cofact&n%% H’cfvu‘;ﬁoéﬂﬁ{ggﬂé tslgﬁqﬂ ?{ e AELAI FQH% nde é‘[ﬁl‘ld hg\?% vélr)‘l these

e re ucose, orna
quantxtu@sdp ltalkw theim toethe dysiresl lavél I0|f pmjiuauvﬂtﬁami s:ahblf\peoddwon

nmol ar. | evel . of k oreduct ase substrate.to hi eve .
Approgiite ibadhies St Grisiat EoToRoRERPI R OB Lo P A defermined by
routind ek MeAaBEH 64R8 DnIHY Binbahteof oBreRlandloe keofiuc@te utilized. In

addition of reactants is not critical. The reactants

generahdhe ducienidest @gaonerforrmte,tm@rgml,@mmmmlaecgm Igeals above the
equlmcélja}rs ‘éer%] oﬂnﬁ) uﬁjtas? syt s¥ {é tP a&x ?\éer Esse I‘Ilt%/ eljllec%}’lns 66%% OICS) oéatr%omplete
conver£i®a f Sl letdredudbie 3dbathtGepar atel y, and some toget her

at different tinme points. For exanple, the cofactor
[0222] "ERe518E 1 f1aQBitioN Dif Bhctan@ B GbPEriticak eTRE RAMGAR Ny Ehnéilded together

ketoreductase substrate may be added first to t
at the sagle\tig to 4 m\@} (q:gss mqmpphﬁseodsqlwm‘t ﬂ?gpl‘éiﬁfcl a@nm;ﬂo\ﬂ%\rﬁnawstem
and thea e ocgjr al %gla’?igelve ome Xﬁtth? reac§ \ébé E%chs%‘g?r‘&{e 1y, and and some

ré era on's SF et r

togethé&eu difttecht ainck Imlmed Fbﬂ txariple, thaq@uaems rdpeaGetidn §3tem, 'Btofactor
ani ¢ phase may then be added_ and_ m xed |n fol | owed

ketorewgasamthe&ﬁewmﬁ substiets Ay be addeddisistorthg wlvent.

Al ternatively, the ketoreductase substrate may be
[0223] das amnpenyed mixing eéﬁfgamﬂwam@eaqtppuwo -sajveny dyattqfrnns uged, the

cofactocrg%e?m?}r%lggg E}rﬁ%}ﬁ ﬁ#}rgor e% nci gobflagt ?lgg bg 385‘ mlxed into the

ase ca

aqueous@hadd 6 Titesganib @Had@:&ﬁﬁy theh e laddkal ﬁld\/mﬁ(ed\i@,rtbﬁbWede)y
condi tions which can be readily oBt|n1zed by routine
additiog,gh dhq lfFé?fF%‘fﬁ%*ﬁ sphstrats- ndftermat velp he ketoprgucapesubsiate gnay be

premlxgﬁc_';_'r} ﬁfétdr gl?aég,gqid}qg L&& 6 té"@e%%@édrérgﬁ%es

USZO 8 001 ket or educt ase enzy and substrate

[0224] Eguiﬂgle%ﬂgﬁihg? R %Llrrpi'ﬂg%rﬁg tﬁeq{EPoqEﬁcﬁsg—cq{ﬁﬁjyzgg tr&ﬁltc'tlglg reactions

described herein include a wide variety of conditions which can be readily optimized by

routine experimentation that includes, but is not limited to, contacting the engineered
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product, for exanple, using the nmethods described in

t he Exanpl es provided herein. [0225] The ketoreductase
wocabsoyz8d reduction is typically carried out patr/ig2008/001683

tenperature in the range of from about 15C to about

75C. For sone enbodi nents, the reaction is carried out

at a tenperature in the range of from about 20C to

ketoredloeudt eﬁ,’é@le arid sibbtrdte @t :hﬁéxp%ﬂhﬁdtaﬂ@ﬂt'&d tefperature and deecting
out at tenperature in the range of from about 20C to

producatf@mxaame uphig thegethods demgbe@ms@e%aemlerslréawé@fi rRter

anbi ent conditions. [0226] The reduction reaction is
[0225]Mrb@uc@sle @W@b/zwb rq&iuon@ed typically earsed putagtjafemperature in the

e G50 S 196500 TR0 S ML A HBEHO o ou

at a teripdthiugy @dhel i:‘dnlgl ok o abvat hordstobpodes Ct ilngtil vlirt embediments, it
and/ or product. Suitable nethods include gas

is carrig puAtACEPRRRIre BRherangsf fioam pbaus 208 /ot 635Gy Bieggaction
may al% bé {:"ﬁn@éi 60N@ldel SAUEH Qhdit nlgdUCt generated in the

Ion mxture are generally greater than about 50%

o6 AR BB BT S sompe o
near c&%@te%ﬂu&icﬁﬂof@ﬁbgf@ﬂs%ﬁlﬁ@ I@&%ctlalﬁl df aubstraktte product can be
greater than about 97% 7. EXAMPLES [0227] Vari.ous
monitoredpsin@knenrmethads Pireatestieg subsbatgiandiops caritable methods
Q V
mclud%zls%%&cgrﬁgét%gr }{rc}—hg[d(fg e{r{()i P? USF e?‘%igﬁ] 1Vy?e:tl ds 5§ tﬁé( ABhSASeduction
produck gendratad in {he 2%}10h mikiuee fnﬁl gleﬁWaﬂg grhasa ltlnem ab@nt 50%, may also be

wher ever ucose dr ogenase
greaterdppp ém@é@‘l 70, BRY & %Y%e%t?rotﬂ% 6\"1”‘&?—&& ] ﬁ@g‘mfe%ﬁ%than about
80%, Idée},t 158 Be x@%{em{a}ﬁ 90%, hnfAR P dreatd¥ fhdn LYRR 97%.

or edu tase Gene Acquisition and Construction of
7 BRARAS g Vectors. [0229] Ketoreductase (KRED)
' encodi ng genes were designed for expression in E. col
[0227]5@%?0%5 é@ kut ancﬁg B&‘hﬁije %r‘ngR 81%&1‘3@8%@ strzﬁgd prtﬁe following
etore ase an & 'codon op I'mzation gon
represéhegtbici e ples, Whidhpteeinfendéd tdDillostraivenand aqrimitiagi on
Serial No. 60/848, 950, incorporated herein by

[0228]f1ﬁftﬂé RINeHingRERHpHEH, Svifeydileh ﬁjcaﬁsﬂddh[sydﬂ;@enase (GDH) is used, it is
onucl eot i des conposed of 42 nucleotides and cl oned

[
GDH GRG0 brqranalie fovabiigh Gpud Soitons, delits Cemamy. Fi G 3
in United States Patent Application Publication
ZDo60 18sey 1undWfild-type Kstaredictase Genedecqpisgiast and Canisiruction of
expr esxmesswacYenrtoml so cont ai ned the P15a origin of
replication and the chl oranpheni col resistance gene.
[0229]R¢stuteductgsen(KRED encading genenetrerdesignedifar ekpressibn in\B1dddi based

on o SR S B ERO 0811 7 08, 0 i

as desc%@ﬁg/lﬂ-ﬁﬁgrﬂ 1e AT S BRAGG G0 @ﬁﬁhcaﬁ%ﬁ Sefi@l No QO/W@W §Rbrporated
gene (Cenbank Acc.

herem@r@igmg@SGynes were synthesized using ollgonucleotldes composed of 42
nucleotides and cloned into expression vector pCK 110900 (depicted as FIG. 3 in United
States Patent Application Publication 20060195947) under the control of a /ac promoter. The
expression vector also contained the P15a origin of replication and the chloramphenicol
resistance gene. Resulting plasmids were trénsformed into E. coli W3110 using standard

methods. Codon optimized genes and the encoding polypeptides adh-LB gene (Genbank
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can be found as SEQ ID NO 1 and 3. The activity of the
w | d-type ketoreductases was confirned as descri bed
wo fodds3psovi si onal application Serial No. 60/ $8/892008/001683
O her ketoreductases used herein, including codon
opti m zed genes and the encodi ng pol ypeptides for
Yd1124wp (Genbank Acc. No.:NP_010159.1; d:6320079),
Acc. Nadl mlm@em)(ag B&bl'blﬂK dar. (Gehbank A‘NXQOA A@QWHK&Z)M 12056)
n nbank
can be @ur@@p%@ Oy ra|ns 39% a(c@gﬁb gmbe Rél@ tym@ ketoreductases was

o A A S B e

ketorecprcmsmuserl dkreim ppxtlu«hag icodorSeptimizedgenes @h8 418, Gs0dingipobypeptides

for PAR3 YA IQTIBER Age. NRoSBi W hgs BLBP L Rkl Bt Cienbrok Ace

No.: 1R®) B Qﬁefotmdmgl SFURE 8BE EGedbakRWcs NG} madnmca
vector pCK110900 f or expression in E. coli WB110. 7.2

GL 347%3571;31 ED"ZP glg@ ﬁ@n&@nmany)o NPSQb@Qiﬁalt &I&f@@ﬁ%)‘i Girg2p gene
2
(GenbaR s Nogiih Hliaod 02 Erfxdadd HECu AEARARH in355 Bfbkisibnal

applicafiofSerigf mem@&% O)@hi¢Hi8 Ghdorpstatet] MERiDPy fdfeleHEd. a
Bertani broth containing 30 g/m chl oranpheni col and

[0230] |I%’l§&ldéfe%§§es &Ebhﬁg%éﬁe%@%t&é&%ﬁk&mf tﬁ@farelsaﬁ%sscmure were
in an incubator at 30C with shaking

likewisgredongdlintorveciaa pCHilll 09@Yfar gkpresgon inl . mhrWBil 1:0 Br ot h
(12 g/ L bacto-tryptone, 24g/L yeast extract, 4 m/L
d.3 cerExampbS ANL QM SAES drssaypfoo Spbsttats Spﬁdifi’city, antifbnversion.
MySO4, 30 gg/m chloranphenicol) in 1 liter flask) to
[0231] adn smglel mitobidlenkinyyofdi. c60@omainitdP6plagmaf with Zheakaloreductase gene

owedt row C. ressi on of the
of i lnterﬁé&%?selaa 115@3@ wﬁsurraﬁﬁ‘gmﬁwﬂ@ FOnARIMESE HMn t he
chlora%@co‘l’fan& e, QHMSW @ell§ “Qreﬁgrb%%v%m@ﬂ(taﬂ lRsdh8te 1r6 an

overni ght (at | east | s were harvested by
incubatogat 3G°Cuyith skmklmgﬂw@pmn lilE cmltnre \4&3) dibutetl int@250 ml Terrific

Broth (j#t%ﬁf g%étg%ggn%c%{ézﬁge%; Iggg%c {a—@@l ?ﬁ#)? ESmﬁ gs%jr%d
phospHafd pHTRO Alnvi MeS Og,8 001 ¢/8# khidwdrh sHenidet) ir -1Qitéd ALY € Afoptical
MySO4 in the case of ADH LK and ADH LB and

denSItYe'rﬁ épﬂ a8y QPR of Sk andaliogveddp gt at 3076r dixnspgsionafdhe

I
ketoredRIASE BLEBYnBEAL LA AN BB @S RAGNEOREOS ot ARGl s o 03
and indubatet baeral @Jltr(an dedst hé hrs).dElDutledtaranttdigseatifufativng5000rpm,

15 ming ¢ el i Saperma L st eidB G d rbgeILBIIek D G RRAdE Sl an cqual
volumé& molc‘f'@°@ Yt OOnﬂ\@tnet—EQﬁ‘ol%lnﬁﬁ écle)ﬁﬁtt:)eou?féP I @mclwﬁg 2mM

| ect ed "and st ored ophi lizati on
MgSOzf mdhe pas¢|of yDHyldated MﬂdiamChengn}cemd\mrednctmea derived

ke or educt enz 0232 act |
therefriif} 4o P REd b7 GENTET AU aa Ao T nitt e Yo BondrF espsaded in
two voRin8sioF itield eRithdro®inhiad (S361idd) bNEfer £ B4 hEbughQ Brench Press
solution of 1 nL 100nmM (sodi unm) 69 WO 2008/ 103248
twice api2)00gsiogkilomaggsned at 4°C. Cell debris was removed by centrifugation (9000
rpm, 45 min., 4°C). The clear lysate supernatant was collected and stored at -20°C.

Lyophilization of frozen clear lysate provided a dry powder of crude ketoreductase enzyme.

[0232] The activity of the wild-type ketoreductases was confirmed as described US
provisional application Serial No. 60/848,950. To a solution of 1 mL 100mM (sodium)
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phosphate buffer, pH 7.5, were added 10 ny
ket or educt ase powder, 50 ng NAD(P)H, 100 L

wo Bepiepgnol and 10 ng 4' - chl or oacet ophenone @CT/US2008/001683
unsubstituted acet ophenone. The reaction m xture was
stirred at roomtenperature for 16 hours, then
extracted with 1 nL MIBE. A sanple of the MIBE phase

phosphwesblﬁ’fbaJ PH e, bi¢reciddedl1 Ohig Ketbraduttase sonde) 30 mg NAD(R)EE 100
-chl oroacet ophenone and the enantjoneric conp osition

KL lsomppml apf 4Bl 3 -chioroacctepicapp ety B HaH arciophiegone. The
reactioE;ﬁggﬁJé@“és stﬁfé&%%&érﬁ%ﬁ er%&ﬁ@fcﬁg%%ﬁﬁseﬁle eQEE&&'i @ithAmL

edure. aer at e agltate
MTBE! ex sample of the. MIEB(Efplgse)mh amagiadrbycahidiab HRLEgfoD tHe& ogidrsion of
, ni um sul fate /L of sodi mC|trate 12.5 g/L
the 4’-ghlorgageionhenppgand e sa@}%%mgcpﬁ%pgs 1top; o g BPduCls | 25/ L

1(4’-cﬁfor6’1§He§l ]?étﬁmd.ﬂl hydr ogen phosphate, 6.2 g/L of
Tast'one-154 yeast extract, 0.083 g/L ferric amonium

Gj 4 ratgy, n'gf'gys 3?!"81141(!110 fof@(ét&%ﬁﬁct%e@ eﬁ%rlHﬁ PP&Sdure

cont ai nin cal cium chl ori de ate

[0233] quapggra@dpﬁgltﬁﬁ.h 3} Feftfe %& %a&fegm\gthSIn?élgttne%ﬂ%ﬂﬁég.SS g/L.

rate cuprous su
ammoriaptsatfads @08 ,g/[Ooﬂsa;;l/idm a[traml 126 gibl ofelifipdtasshueit hpdrpgerapleosphate

Lsodlu trabaor at g decahydrate was
trlhydraﬁeoﬁgﬁgﬁogj potasy ¥ P&cTHPospea 1‘?12 gﬁf ngr 1 Jfgreast extract,
0.083 /ﬁ%&'ic%ﬁgoﬂﬁlﬁlrh@atle 3411% EX Hﬁﬂ?@fd @licecél'élﬁéﬁt%o&ftlogcox‘}tgidmg 2g/L

0, containing a plasmd with the ketoreductase
of calcgmnelllofld¢ dihpdratst, 2.298/bvad zine sulfgieadeptahydrete, 8S gl swanighagse sulfate

oy P AR SR el e

and 0.(RUPBIsb@iem @trhlst&afﬁeereaﬂ@aadte Qs besipht toad tedprabire @f BOTE.NThe
to maintain dissolved xygen | evel of 30% saturation

fermenggr wasdpgcatatedryyith mlatsfexr)me al qultuge oflE. «@bnWBA b1 (. egnigining a
plasmlg F&Qtthﬁ}{e k@tﬁféd{l&t%le et if t¥{e¥t gW{nﬁc{Q %gg%ﬂ Qsedes&l%‘ﬁtiﬁ

e cu urevva rraln né I on 0O
Example® b & siarting@D6ANd 0.6t 2. OSOIO@/ﬂ:rn@ﬁitﬁl vosseagitdtedat B00-1500 rpm

amoni um chl orjde and 10.4 g/ nesi um sul fate
and alrmsaﬁtsaaéfl&% ¢ feppentatpmvesse 5&”?%934@&1 termepigpdistolved

oxygerﬁgveltdfgo%eQSNrgﬁ&{ RfteK efl?é@‘éﬂ%lﬁﬂ?éwh@%ﬁ%%ﬂe@)ﬁ 7.0 by
he addition of 1 sopropyl hi ogal actosi de (1IPTQ

addmon of 20¥4 viwlamommeen thydtoxade. dGrowthiof thEhaltord wasr mantagned by the

.. gr for.another.14 rs. The [ture was then.
aasiioffof leci R Rfpie AOOK Fsarelioea & i FhmHRRyb LT Gride and
10.4 g/QthLg‘he!ﬁﬁfnesu'ﬁ@f taB6ldraly & R8t the U@t iréithad ad OPHE0foT150, the

40 mnutes in a Sorval RC 12BP centrijfuge at 4C.

expressigh Qbkgtergduciese vasyipduced dydhelpddition of isaprongl-p-5)-thiggatagtoside
oyt ESRR AR PR B B S B ind 34 oy, e
cultmelthZhMDd:lumEtBtoWC]ﬁﬂ mdihtainedtd04PO luatil I véstdd. aCéldayere harvested

buffer, pH 6.8 4C | f |
by cengifugagon sha0t For darmizies IR REFEBALIZEE SHOUEHSGe Harvested
cells wHquE& Hﬁe&ﬁfl #ﬁh@%dlgaﬁﬁ%@&vﬁﬁﬁaﬁl%%y BRCER R Stored at 4°C

honogeni ze itte a two
until such use.

[0234] The cell pellet was resuspended in 2 volumes of 100 mM triethanolamine (chloride)
buffer, pH 6.8, at 4°C to each volume of wet cell paste. The intracellular ketoreductase was

released from the cells by passing the suspension through a homogenizer fitted with a two-
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WD 2008/ 103248 PCT/ US2008/ 001683 stage honogeni zi ng

val ve assenbly using a pressure of 12000 psig. The
wocRbd/10aggngenat e was cool ed to 4C i medi at el Ycafts608/001683

di sruption. A solution of 10% w v pol yet hyl enei m ne,

pH 7.2, was added to the |lysate to a final

concentration of 0.5% wyv and stirred for 30 m nutes.

stage hbhiR gbMisiNgtVall@ B5HIN IiRR aWesstleaifi 12000 plig. The cell homogenate
centri fugatl on at 5000Gin a standard | aborataory

was coeb.edtte #PG gmnrediatedp aferdiswptiornd sejusigp of dP&r Wéﬁ Blyetlgneimine,
ot 7 29FRE A L SERSEIL RS RALOAL oo} 0 mppied o

mmute@f fI‘h@iesﬁEiﬁ@ susﬁﬁelohlwmlclarﬁ'reddjytdeatréugwmncht§ﬁ@®@eniaistahdard

hal | ow cont ai ners, géen at -20C and | ?gqh%é
laboratﬁammn $ﬁ§°rk3@t18¥”é‘&ﬁ§ct €legpSieRernajad Was sfeg

ten fold uéinF% PRLIBstu ﬁgﬂit%ﬁﬂoﬁ e BLROFTh b S8 QAMVEGht cut off of 30Kd.
CONVer si on an enantioneric excess of Conmpound .
The fu[atI) eaﬁ]enm ovas elmbp@lmdenﬂdﬁhﬁllm santainers, fromnereats2O1C arlth ophilized

f.ol | VVI HPLC net h was .us anal yze the
to powtg 4 foreuciass resngbIRNSBedRs AEEa (1) to the

conpound of fornul (rn h t hr ou

|1t r Upeastple A Yti‘i%‘“‘é]g?qsé% FJP““W&“??B rﬁ‘&ﬁ@nd enantiomeric

1549- IW@cﬂf&%ﬁlﬁoyﬁ (IIkc| i pse XDB C 18 Col um si ze:

2.1 x 50mm Packi ng size: 3.5m Cl8 Zorbax XDB Run tine
[0235] Reviersgd PhasedPLe apsmader gumeeiat e rf@hlqw@g%&@%@) r@ﬁ%d was used

to analzrﬁ)tthI ??&%Be? of {h%\’é(o%%b@n% g{)ﬁ)ﬁﬁhgmm otn ri‘q Rg{ll:lla @) in

high theohpuiut e  ketone: 1.2 minute. [0236] Chlral HPLC f or
determ nation of enantioneric excess. The foll ow ng

InstiRlentiet hodAgiGS 1U6@sericd HFepar ate and anal yze the ()
and (R) enantioners of the conpound of fornula (I1):

Methogd ramfsnt : 154§ 156ht 1100 series HP 71 WD 2008/ 103248
PCT/ US2008/ 001683 Col urm: Chiral pak AD-H, 250 x 4.6

Colll}n type: Eclipse XDB C18

Column size: 2.1 x 50mm

centrated

Packing size: 3.5um C18 Zorbax XDB

Run time 3 minutes

Mobile phase 50% acetylnitrile 50% 0.25% acetic acid
Flow Rate: 0.6 ml/min, Temperature: Ambient
Detection: UV 250 nm |

Elution time: alcohol: 0.9 minute

ketone: 1.2 minute.

[0236] Chiral HPLC for determination of enantiomeric excess. The following HPLC method

was used to separate and analyze the (S) and (R) enantiomers of the compound of formula
an:

Instrument:  Agilent 1100 series HP
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Sol vent: Isocratic, 80% A (Heptane) and 20% B
(Hept ane- | sopropanol 50:50) Flow Rate: 1 m/mn,
wohenpesaigur e: Anbi ent Detection: UV 220 nm ReQTAISI88/001683

45 mn [0237] Retention tinmes were as follows 29.1 mn

for (1), 35.4 min for R(Il), and 38.7 mn for

S-(I1). The R and S al cohols showed baseline

SEHiafmt | on @hir%/l\}aék AIRHeaso &t4.®mnf, 5 Example 51

Eval uati on of | d- Type Ketoreductases for Activity to

RedveR: CompRUAGE, 19004 Al (HpHnds ARE20AB @paRe 150:50

Dehydr ogenase f(;r’ Cof ag?egr Rggener ati ?#iﬁ[ 0235’%?r0pan0 )
i m g/ L KRED, 12 ng/ m

PR RAE, L /g, SERb R f haiichD .

i Rdal - 5-yl )so- et hyl -pyrrolo[2,1 j9 |

1],8?,69}]‘?% agpy-%z-%ﬂ%xy] propan-2-one (1) (obtainable

algco ding to_scheme 1 and Exanple 1 in WO06130657,

i NEDr PoT-at €6’ Fétein by reference), 1.5 ng/nl GDH

CDX901 (Julich Chiral Solutions, Jiilich, Gernmany), .
[0237h Rejeniigortimesswererig follows 424 gain fond). dRg iR (R ppst38. 7 min for

S~ YK ROnd SORERLGH SFOETOABIThE APl B vl LBIahtio 1Y
W N SELLELOY. At ELAGM o] SPRELEHIA a8l fod Ry 1o
h 3 A b
el AL
Exanpl &OBCQf RBWIAINES7. The results are shown in
Table 3. .Table 3: Activyit i | d- t R
l02381£?ﬁ9§9ﬂ anﬁ%yeseoeﬁ%ly}ég :&&1“?&;@%&% mé@rgl E&E@-ﬂ?@rwb@ebyl-lﬂ-
indol—ﬂly@_xy)\f%tﬁﬁl%ﬁﬂﬂo[ﬁ, I_Yﬁglﬁl'h]tﬁaziﬁwjyﬂogy]b%@a\r}%m& (1) ®btdinable

i hdi Cates that” activity was obserVved: .
accordQ®/sth3rel 8 aRCEASRROBIMOWIEE3 306 12 B@prpomasedvhendin yprsference),

s L BEOTR) (AR P SOSES BBt TR o

mg/ml bludsde, 20@mM NaFBPa), e, HP O, GHH V) | thOkiNg @rikBAKY SfllHel AR fle
for activity and enantioselectivity when used in.
buffer O 4MMaS Ol im 1 mbfegetion volageveraincyhateq withptirring at room

temper(ag\lrgI ¢8R hr, then extracted with 3 mL ethyl acetate and analyzed by the methods as
described in Example 4 or according to Example 2 of WO06130657. The results are shown
in Table 3.

Table 3: Activity of wild-type KREDs on Compound (I)
Enzyme Activity Enantioselectivity
GREc + S
YDLC + Sand R
YPrR + S
ADH-LK + R
RhoC + S

+ indicates that activity was observed.
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and gl ucose dehydrogenase). W I d-type ketoreductase,
ADH LK, provides the desired (R)- enantioner. 7.6
wobasmes6: Eval uati on of W d- Type Ket or eductpagass2i@3ioo1683

Activity to Reduce Conpound (1) using |sopropyl

al cohol for Cofactor Regeneration: [0241] Reaction

m xtures containing 15 ng/m KRED;, 2 ng/m (1) in DWF
[0239]0The wild-t¥pe Ketddeldidttdsy, ADK-UKI, ptovidesR-AM) witR 6999441

stock solution), 2 ng/n NADP+ 0.4-0.5mM IPA 0.4
enantl(?ﬂelefmﬂﬁi\h9|9r9e/? B&nol ani ne/ chl ori de buffer, pH 7.0, 1 nM

'\Zlg in 1 m reaction volune _vverelncubated wth
[0240] herEXaﬁgalgtlluSH@tm tl@rqyeluatlgm ef wdri -t@phketpigduetamnfongetvity and

enantlosﬁl%f: 1V1§y A éen %1{16& usre V\?lﬁgwg ?‘gétOrArr%ggrger%%‘on[V%gt%Em] (glucose

and glmaedenyhﬁsgenmawilmymbﬂed@aaseAQBH-mH pesRides thetesited (R)-
provi ded 21% conversion in DM and 61% conversion in

enantiomgr. whi|e ADH-LB from L. brevis provi ded 70%
converS| on in DWF and 26% conversion in THF [0243]
@ Exdampinie b1 | uBraluation afWiléviape Keteradestasgp far-Agfiyaty to
Lact oResiucé Gomipetind €Yl using dsprémyl alcabol for Cpfagtnt Regeneration:
enanti osel ectivity when used in conbination with |IPA
[0241]fRaactiorf maxtores megtahﬁngi 5 org/ml KRED; tmpe/nddi )onddMEtanse THF

(aaded 10l T 82l Blosp S 3 e mloRAnE Y, D gim 14,

0.4 m1 ThoaMIGRManbRkLfinAeaMdé BhffES pRI R0l UGH RISeL é@u hﬁ/lﬁll’re‘aﬂtlon volume
Conpound (1) using gl ucose/ gl ucose dehy enase for

were ingybatad with Sﬁlér@}g:aturﬂgm telpgmtqre farts kv (When |Di‘1(ﬂg eesweed or 16 hr

(wnen BEFGHL 307 8RR 00K Ll OB G SRLAIN ESKROL ORI X
02621 JieR ey G Kt S e Gt ol oonversion i

DMF an§8Ws cdafetsfor¥arEHIE Wit ADYELBI fdth 12bred/sprohidBd F0%Kiondersion
at 250 rpm 10 gL of this culture was then transferred

in DMF gnd 26%-coguerpionan THH at es containing 390 L Terrific
broth (TB) and 30 g/nL CAM After incubation of
[0243] mp‘::mnle Pluatratss the eg@l@amm hf whakypegl attosdusetoreductases for

act1v1tye§&ﬂ, eémggﬁ %srs??ekzj‘ywllt)F1 O‘Rglé psed 1lr}|cpm,b %dt\% ﬂhnﬁj& gca CB%c?or regeneration.
Wild-typedidtstpdictasd, XOH2DRE HAREARh P GdsiredSZRNBNAMIBERB in high e.c. in the

thi ogal actoside (IPTG to a final concentration of 1
presen¢p\ef e ThiFat es were then incubated at 30C with
shaking at 250 rpmfor overnight. [0245] Cells were
Pel | etkxample7c e rifighflingenghpnt HPESUA srap derK etaredottase Activity on
| ysi s Ganipemddhdisingsducosbiglwoak dehydaigenasenfot esvfietatrecyeling.
for at least 2 hours. The lysis buffer contai ned 100
[0244) rI:Wbrar)r ccémlnamwba:rplde:d(ushigxr Qdﬁjt®tmbém colpy gicKer{Genetix USA,

Inc. ng’erton dﬁ ¥on86 szgl?ovg ml'l tglcrgltlter plates containing 180 puL Luria
Bertani broth (LB), 1% glucose and 30 pg/mL chloramphenicol (CAM). Cells were grown
overnight at 37°C with shaking at 250 rpm. 10 pL of this culture was then transferred into 96-
deep well plates containing 390 pL Terrific broth (TB) and 30 pg/mL CAM. After
incubation of deep-well plates at 30°C with shaking at 250 rpm for 2.5 to 3 hours (ODggg 0.6-

0.8), recombinant gene expression by the cell cultures was induced by isopropyl
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B sulfate. [0246] Ketoreductase activity was neasured
by transferring neasured quantities of the lysis
woHobd/ e into the wells of mcrotiter plates pcT/us2008/001683
containing 205 L an assay m xture containing 1.7ng/nL
GDH CDX901, 0.7 ng/m NADP+, 66.7 ng/nL glucose, 200mM
NaH2PO4/ Na2HPO4 (pH 7), 100nmM tri et hanol am ne/ chl ori de
thiogalbetbéige (IPAG) 7o @ finknddriveBEdtion dRaaaM. OTise piafee weid theAtimaibated at
by addition of 25 L 2 nmg/m (1) in DV (final
30°C va&nsi@htng@ﬁ%%rmﬁ fengvernighty. 2 ngy/m ) and i ncubated at
25C for 1 hr. 500 L acetonitrile was added per well,
[0245] G etisdveravptllcted Viarcemﬂnifcgatibﬁl)relsuapasdetdria 360 gulr lysfis boffar and lysed

Sol t (MI1i | t fial
o in B R 2 b g 90 o
trietharifHith nef(MRBE HObUBfer E[ﬁ}g 7907.3€en ﬁfg?mL'lHoQS/me %QWSO @%/IRQ Polymixin

rpmfor 1 mnute. sanpl e pl ate’ was seal ed
B sulfapg.event evaporation of the solvent and anal yzed by
HPLC according to Exanple 4. 7.8 Exanple 8: Hi gh
[0246] Wonegh@aﬁe aielﬁt'@ ras measwed Kp trensfeutigaseasiet qu'antjrtiesmf the lysis

mlxtur@elﬁ) %18|\Ye gf y@{:rggbe:rggéf ol o@gg ébg bl, recyel I A O%gtgning
1. 7mg/hﬁ§@m¥cm@bo1no bﬁﬁﬁhlw&m 86.7 gzﬁnoglaéeseeiommr i de
buffer, s, 1 L 1so | al cohol

NaHzP@aé‘IazkIB@e 6p1t1 d ),t IrQé‘n‘rMéUth@mi@dlr@é#thnd&rwf f.trdt 7 D hiniMh 1S 0.

Reactlc%né i r|? 21%1? ?tgd Bh%g\%%or o If ?glpi %X]%errﬂ (?% ]?ﬁiJ @'r%s F&foé&%ﬁon of (I)

is 0.2 rﬁrg/ﬁu) &f inb Wb atsPOrfedl . 2500 [AC hétodidtilvaas BBESISeR Gvdlly mixed
transferring neasured quantities of the lysis

well after xtmﬁle%OQ Wl ovas Hransierred toof SelvinesdMidinorg, MAD filter plate. The

e LB TSSO 2 oP g
plate am07rpﬁx f025%1inﬁwp rkHeySampdd plateolas(sefed to phévanaivaperatidmdf the

O4and07ggbn1 NADP+, as well as 50 L of 5 ng/m
solvent(qn)d anglyzed yyBPE SoacoardipgBranpladt i ons were initi at ed

(% addition of 25 gL |ysate (diluted with equal volune
8 | Axampladcesdighyhhropghput HEECotissay dier Keterasactase Aativity on

shaki r@mpmmlda(i)msirmlqur@og@@mfmpycmlghr At the end
of the reaction 500 L ethyl acetate was added to each
[0247] w€lell, pellbts wirapepredaeat@dingrid Ex4ampe 0e8ikp0812d8n 150 pl 200mM

a8 PO o o OStak rRE MY 1ot o BRI wes

added foQhe AldusgeRdetced8 Gnd afted§¥dling Bi¥ pldtds) the SIRRIRE lyskdl By 8R4king at
70 L of the ethylacetate reaction mx were

room teIpATatuEY plean oxbital shoked foeat least| 128 mipptgs.e (M 11 pore,
MA) and the filtrates were collected in a Nunc round
[0248] B@lwmdmcpamaetibiyy wentmeasweghby tmnsférrmlgen@@uncdmlantitﬁdsl otfehe lysis
m f or

mixturiRfoSy® busTi o8 b 8- 02 pil iSer Pies e hukipd 128 Rr B hssay

mixtur@ O sitiag obYOO mM triethanolamine/chloride buffer, pH 7.0, 25% isopropyl
alcohol (IPA), 2% acetone, 1mM MgSQOy and 0.7 mg/ml NADP+, as well as 50 uL. of 5
mg/ml (I) in 50%THF/50%IPA.

[0249] Reactions were initiated by addition of 25 pL lysate (diluted with equal volume of
IPA if necessary), heat sealed, and incubated in a shaking incubator at 25 to 50°C for 18 hr.
At the end of the reaction 500 pL ethyl acetate was added to each well, the plate resealed and
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HPLC according to Exanple 4. 7.9 Exanple 9: Hi gh
Thr oughput Fl uorescence Prescreen for Ketoreductases

woXebd/ 828N | sopropanol . [0250] Cells were growgr/us2008/001683
harvested and | ysed according to Exanple 8. [0251] In

96-wel | black mcrotiter plates 20 L of sanple
(diluted in 100 M triethanol am ne/chl oride buffer,

shakenpHigdrosly 6t MaSE ihute 6@ 86 arbifal Wﬁ&ex&dﬂ&l@s mrel&!ht@ﬁlgé)d for 20
ssay m xture consisting of 10

to 30 seS-ab AWM 40l Pscdpmirele BOd fost Qlithaetbylasaigteiraassion gy were

e LSS0 TRt LRI SR AOMNLESSl

Nunc rofind\B&dnu plme b;ocmenﬁlganort of tlldAl@EPHeHﬁrt filtér plate af 2€0 rpm for 3
in a Flexstatjon cul ar

. ex tatlon t
mmut%e%e samplgiglate was i%ﬁ@tgrﬁ%enisvanqrﬁwnﬂf&%ﬁ agg paalyzed by

HPLCfaeéor&iﬁgtt@Eﬁarﬁ‘bFébﬂ e Ketoreductases [0252] Cell pellets
vvere prepared according to Exanple 8, resuspended in

0 AP L AR s

20% T one was added to the resuspended
and afte Lin IIs wer e
1025017 15 ¥ et R 88 B DOEA pRoRIER 1o BREuE S B 15

s eéL%ﬁvé‘rﬁﬁfeep%é%ﬁgﬁm AR Polodin o>

triethah)@hfne/dRlotdérRstet, PHP 7 10D emVe M S Of if ae&gswy)vwéd adddd #d 180 pL of
mcrotiter plates containing 175 an ass%@; m xture

an assayansqnsfc corpigingdd 19fmy telpﬂnan@llamm%@ﬂ@rmwu 7R Yo

1 h .89
soproflafesl RAR fei0iin SARRoR PRt i Yonohi e
reductibn @ flRore8ente Of NAIDP WW%%%NADEH@ 4Re At Aftorxcitation at
were initiated addition_of 25 gL lysate (diluted

330W‘X%F]@éﬂ&Wf\/@ﬂﬂlﬁﬁulé?DeYlF’%Hsﬁf?ecessary) heat seal ed,
and i ncubated in a shaking incubator at 25 to 50C for
181Ghr Example he: edighoFhronghpug dercen forshetaneditalp Kegareducgases
was added to each well, the plate resealed and shaken
[0252]\GeJbpadlgtsl were prepared asgerding mlgxme 8nrea\rsp9mdﬁdtla|150 pL 200mM

trlethari%%glen%/chﬁg%g)élffwﬁ d?{ 9?) A Ittll Exlillg% ieig%élf)ﬁ Rt Loo M Lﬁf{dnt@hmg 76%

IPA, 20€TIEF hiyd a%eicatone R@@Qﬂd@toﬁﬁe V@ué’;ﬁb@ﬁécﬂ&ﬁ&‘h&d after sealing the
PCT/ US2008/ 001683 m x were transferred to.a Sol vinpert
plates, thq qells Wsreabveed Ry phaking ¥ ropm)terperatuie of pp proatabshaker for 18 hrs.

collected in a Nunc round bottom pl ate by
[0253]d§¢tonedﬁ¢1§e@tacawtbwas measwed by érransfﬁrrlrtgeneq@umiéluantltzwf the lysis

mixturcs f}‘& ﬁ)lr v&%ll@o@gt % wEh‘h?@Eﬂh&oH e?&a?até’%%n?‘a?rﬂ}xgge% ?%,yan assay

prev en evaporatl ana

mlxturHE’blﬁlsmlg@lf 80 mgMt teiethuAdipménedchldridelbiirea iH ¢.01 26.2| tﬁ'@ﬂd\%d
Activity of En i neered Ket qreductases Derived fro
isopropyl alcohol (IPA), 1.8% acetone, ImM MgSO4 and 0.7 mg/ml NADP+, as well as 50

uL of S mg/ml (I) in 50%THF/50%IPA.

[0254] Reactions were initiated by addition of 25 pL lysate (diluted with equal volume of
IPA if necessary), heat sealed, and incubated in a shaking incubator at 25 to 50°C for 18 hr.
At the end of the reaction 500 pL ethyl acetate was added to each well, the plate resealed and
shaken vigorously for at least 5 minutes on an orbital shaker. Plates were centrifuged for 20

to 30 sec. at 4000 rpm (3220 x g). 140 pL acetonitrile and 70 pL of the ethylacetate reaction
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Wl d-type ADH LK for the Reduction of Conpound (1) to
(R) -2 using |I|sopropyl alcohol for Cofactor

woRRasngs@at i on: [ 0255] Reaction mi xtures cont aipgitigs24d/001683
ng/m KRED, 2 ng/m (1) in THF, 2 ng/nL NADP+, 0.4 m
IPA, 0.5 m 100nM tri et hanol am ne/ chl ori de buffer, pH
7.0, IMMMSA in Im reaction volune were incubated

mix wie tfanSteirbd | td‘zg S@IR/lrfthQIItetr ?ﬂ'ﬁ@@ (lﬂilﬁf)@ref MIA)adhhe ﬁm| Vesre
were anal yzed t he nethods of Exanples 4 an

collectpd ipsNunp démdthfvég@ retadyicsntrifagationiod ke subrener fgm &lage 4,200

B e T e e e

analyzeéd by EIP3i(Darcaitingito BMahpgl4variant with SEQ ID NO 18
gave 93% conversion. [0257] When tested under simlar

rearct | Dang10a1 | Riysroted Avlivity Sf PigifderdtREBoadtihcthsésDérived from
(1) 1 nwlidhy 'IDHE-'Lﬁ R $he'R EdLcAbhtok Bompbthd @) NAR) Lldsing
and S }%@QO . Jdhof? otr@ofgctgr ﬁ5$engf%ﬁ651 on tinme were 11,

100 an espect 1 vel I nt uction of the nutati on

s BRI BB 5 ULt TR

NADPPHQ)Jl]:ﬁl Il’ﬁ’&\g@ Smiri Ownh/amtethanbLamlm/dlﬂ%lﬂh\/FuffetrOﬁHQ}O 'IIImM MgSO4 in
illustrates,

ari sons of ketored a
i reggiQRmoRims whtiporbatechiith STETE A SRIBASHRAGUTE (R if. Samples

were aﬁél k fﬁg kBRI A EhADRS 4dffd yed fromthe wild-type
uctase ADH LK provide inproved activity

G 9 ' LB gave 26%
rsGE SR bt SR B 03700 v
convel’s&e’hon &HiK b aded -1 vanad v#lth)&EQDB NR: 114052501 OU%e:onversmn and a

versi ol e - LK oI. eptides was
ADH- ’g]gtvéflﬁﬁ’tn ‘g’gé(ﬁﬂﬁﬁg ﬁ{ A @]F?n Qvfgr !Oous KRED under
conditions as descri bed [ n Exanpl e 7, 50260 KTI%HD ﬁ
[0257]gW@§% tested ugég upilpgyeactiny gg]ggf%s ,lg)blt ngh /ml and 1 mg/ml
() in THEF Q:Bﬁ%%%?f%ltﬁ%‘@ﬁrLK% ID‘N@WM%@M??(?Q) 6048 aftera 2 hr

nmut’at| ons omt e ADH LK a he conversi on
reactionftimeOaapallnd0q hnd 23j’/o(r63)pe2t1vailyt hﬁrozlﬁctmrmﬁthe megatianoh?4G from

se0 153 SRS B TSRO, KO RO

NO: 118%les@d\mmo @mhsxrecsmxﬁ&na@lrv&ymlm D¥PH LK SEQ I D
SEQ ID ++++ SEQ ID NO 10 1 ++++

[0258] Thls Example 1llustrates, by comparisons of ketoreductase amounts, reaction times,

and conversions, that engineered ketoreductases derived from the wild-type ketoreductase

ADH-LK provide improved activity compared to ketoreductase ADH-LK.

7.12  Example 12: Improved Conversion of Compound (D by Engineered
Ketoreductases Derived from ADH-LK.

[0259] The conversion by engineered ADH-LK polypepticies was determined by incubating 1

g/L of various KRED under conditions as described in Example 7.

[0260] Table 4 gives the SEQ ID NO. corresponding to the ketoreductase powder, the
number of amino acid mutations from the wild-type ADH-LK and the conversion of

Compound (I) to (R)-2 in the 20 minute reaction.
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SEQID NGO 12 2 ++++ SEQID NO 14 1 +++ SEQ ID NG 16

2 +++ SEQID NO 18 1 ++++ SEQ ID NO 112 2 ++++ SEQ
wolJoodsdd4 1 ++++ +: <20% conversion; ++: 25- $o%0US2008/001683

conversion; +++: >75% conversion. 7.13 Exanple 13:

| mproved Conversion and Tol erance to Acetone of

Engi neered Ketoreductases Derived from ADH LK [ 0261]

o LRBE etiro Ve ety 8 Rloibfe AEFAGRTShais "o/ ©

var i KRE vvitg g g/ tlg isr mxtur% ?n(/e %%)TH
oredugia E cﬁ‘n
Ié\l/gisoml pHegat%é%ﬁ)f%q/ﬁH e{-'\ql\lAl; T'?alg% fhghlagglengé Iifr i

presencesggJI O/Rléczetone for 20 min at {roomtenperaturg
fol | owed et &m natijon of conversijon according to

Exanpl e lo Tabl e 5 gives the SEQ | D NQ

col respo%gﬁlﬁé'% he ketoredu?t ase pagwder, t e+ nunber
of |am no [ tationg fromthe wld-type LK an
t he conv<§?§I n'qgf"%(l) flo (R)E12 in the 20 nér?l}te

reaction 5.~ TOl @rance qf engineered LK
EREPSoda, £

vari ant ? t ong. Ket 6r educt dses Mut ati ons

Conver si ggpovxf[?t,[}g%t“ Conyersion with §EQ ID NQ. from
e

ADH LK a &t one |77 WO Joos/ 103248

PCI/ US20 g{%olgég/?%gESEQ I D NO 514 1 7% 12% ?EQ I D

NO} 50 7 QID NGO 7874 99.10% 96. 0% SEQ I D

NO; 110 8 0% 98..2% T.14 Exgnple 14: Preparation of
R- 1 sorrersgﬁ @o&é& nd (If1). [02631 To ja 20 rﬁaHgan'pl e

vial (21 gnt,ai niing a gnetic |stir bar (4xl2nmm
was addgg%%qgf NADP+ (nmfno sodijum sal*faq'?r om
O i ental tow~Japan),| 25 ng,of KRED wth QID
NO| 78 anﬁ%@@ %@? (1). Anmidture of 1.5 rﬁ+S+EF
2- et hy I<Dbith dovelfsionh ++USBN75% donflel¥ion; sepr 9Ptk caheakioh.,
and 2.5 mM 100 mMtriethanol am ne/ chloride (pH 8), 1nmM

MySO4, was added to the solids and the resulting

three-Ephase m xture was_stirred and heated (oil bath) .
7.13 xample 13: Improved Conversion and Tolerance to Acetone of Engineered

Ketoreductases Derived from ADH-LK

&N

‘-1_' U

|®N¢))

[0261] The conversion and tolerance to acetone of engineered ADH-LK variants was
determined by incubating 1 g/L of various KRED with 0.5 g/L (I) in a mixture of 10% THF,
40% IPA, 50% 100 mM triethanolamine-chloride, 1 mM MgSO, pH 8.0, 0.7 mg/ml NADP*
in the absence or presence of 2% acetone for 20 min at room temperature followed by

determination of conversion according to Example 4.

[0262] Table 5 gives the SEQ ID NO. corresponding to the ketoreductase powder, the
number of amino acid mutations from the wild-type ADH-LK and the conversion of (I) to

(R)-2 in the 20 minute reaction.

Table 5: Tolerance of engineered ADH-LK variant towards acetone.

Ketoreductases Mutations Conversion without Conversion with
SEQ ID NO. from ADH-LK acetone acetone
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at 40C for 24 hr. A sanple was taken fromthe stirred

m xture for analysis according to Exanple 4 or
woameH1ide43g to Exanple 2 of W06130657 at whi chequoig2tos/001683

(1) was conmpletely converted to R (11) of >99.9%e.e.

7.15 Exanpl e 15: Hi gh Throughput Chiral GC Assay for

Acet ophenone Reduction using | PA for co factor

r cling.,.]3264] .Chirgl GC an IS nst r uneny,,
%CID(%? }A dex B-DP cdl um (38.]’#/S 0. 25 nm {zv/
T 110C I nl et] tenper e: 250C Spli
%‘ a’@eSSL ]?5 psil Helium {ector EL D, Zéazgt

R@E%ﬂblm7él me: Ketone:| 6.6 migyi@s (R} al cohgspe9. 1
nut es -lal cohol - 5 mnutes 78 WD 2008/ 1()’2'?48

P@g@ww@c 1683 g 7. 16 Exanpl ¢gé@: | nproved Aggpyity
f Engineered Ketoredudtases Derivedfrom Wl d-type
Kefir for the Reduction of acetophenone to

(R¥ 1- Phenyl et hanol  usi ng Isoprop al cohol for

bt dctoranmde dher Brepaation o BS?LOT(E@]Q Goppauad (Her e
prepared by picking colonies using a Qbot(r) robotic
[0263]clx @a9rqd|smne Vl%l@é%@ QRD)SAntaimieg 2 MBEAstEr tiobar @R 2inm)ovas

added § 308 pENBER (RSnii Sy SRS T ol 2 g of RReD
with SEQ/ D OpH8edndc3nio thEOMI). Bahl:GureWEN e @I ety THF @Udriet, USA),
37C with shaqudgzjat 250 rpm 10 L of this culture was

1.0 mlisepropyi plapldledndediS it 190 amllamupﬂ/%hl@rsdq:w &), Amid MgSO,,
was addo®to-thd SS1idsk a'fn‘a éﬁé %‘é{ﬂtlfng@:e@?ﬂas%%glggé 4:‘{1{}(? fleated (oil bath)

I ncubation o eep- pl ates at

at 40°(25£ﬁ 9,04, 1)) fADs’arr&ﬂéwhs) taken Hfi@ut fhe(sﬁﬁ@@ﬁhlﬁtuﬁe fbr 8)1aly51s accordlng to
r econbi nant ?ene expression by the cell cultures was

Example,¢j g& acgoriing fosiyamen)y 2 of iV 09&I 20054 <t wlichy potit) (T yageompletely
f 1 mM Th | at th

°°nve3é€39‘%‘aﬁ§3©“‘?t%§8*&' %”t‘ﬁ shaking at 250 rpmfor

% lé ?; 66IJI1 ! ?CBS’@]IO e"gﬁs% Abcch%ngn%rhe d

fon, r

g%ﬂgfl% ‘?rocé’ afté’rrrﬁ%cryﬁ e for at |east 2
The sis buffer contained 100 nv

m“”:&?@?ﬁ}%?ﬂ sne (chl ori de) buffer pH 7.0-7.2, 1 ng/nL

Iysed

| ysozynme and 75
Instrumeynt y Astec 8h1raldex B D column (30m x 0.25 mm)
Temperature: 110°C

Inlet temperature: 250°C

Split: 1:100

Pressure: 15 psi Helium
Detector: , FID, 250°C
Retention time: Ketone: 6.6 minutes

(R)-alcohol: 9.1 minutes

(S)-alcohol: 9.5 minutes
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B sulfate. To 100.tL cell |ysate was added in 50 gL
100 nM Tri et hanol am ne- HC1 buffer, pH 7.0, containing

w0%008/108HADP sodi um salt, 300 .tL isopropanol ,pcangs2663/001683
.tL 50 g/L acetophenone in tetrahydrofuran (THF) and
after sealing the plates, the cells were incubated by
shaking at roomtenperature at 850 rpmon an orbital

shakerEt#iipld 181 Simprde&l A ctiViey of Psktifidered Kefogedueasds Dékived from
(1- phewyidely parefi) fd&‘@ﬁe Ré&ﬁc%%h%‘? abdtopte bﬂ@toj(g}yilng : rs{lethanol

ethyl 4 QIIBI% gloal@cﬂ{b GABL& gen%fa&i%h se
microtite P I ng at gg m at room
[0265]]tc Gggpgfsﬁky{)v@r gpQana}%d %gf&(ﬁ‘% co%rﬂése?saﬁtf%ﬁ 8- l?oq@tljbkétgﬁjcgceoqony picker

m nut e Inanp centri
(Genetﬁ)BUS(A )In(g,)Beﬂltvepﬂ@ DR 12QD9(i_waﬂ shiléovo mgmhicrquitargdatés containing

t f d t I I ||
180 i Fistp Beren SEam AT gp alocee et foie/ane %%hsﬁcmﬁ' Cells
were gl 88 B bt 8057 R ek e ps6 3hE PORL DK Bl bpeE Bas then
transfefed imto 196 -deicp dvellmaeéﬁﬁ'nal(lﬁ@l-}%mL ﬁendlﬁcﬂnotthc(ma@ asd 86 pgfmL

acet ophenone to (R henyl et han 79 WD 2008/ 103248
CAM. pifieiaoehPn ol desp- wcrléef)aéew @o%w%sﬁhe kingfat 250 rpm for 2.5 to 3

o
ours G351 0SB L AR08 D e 0 BRIyt
1sopro¢§ED|-t-h1b Kalactesid SHOTGPtONDfihé] ébneentrdbion df D . 6Bhedpldtes wBSEQhen
120 .1 +++ SEQ ID NO 122 3 +++ SEQ ID NO 124 2
mcubaﬁﬁfilat 3 with sheking gt 250,rpm fasmmemighto 128 1 +++ SEQ I D
NO 130 1 ++ SEQID NO 132 1 ++ SEQ ID NO 134 1 ++
[0266] s werripeHaed Qia-pentrif@on[rem;pg@kdzinéﬂ@ ne lyS:i$ buffer and lysed

by shagi%gxgl:'ozolng Hamperature(%or g%eas&ja %{ch’sl e l;s-'i; buﬁer contained 100 mM
triethanolamine (chloride) buffer, pH 7.0-7.2, 1 mg/mL lysozyme and 750 pg/mL polymixin
B sulfate. To 100 uL cell lysate was added in 50 uL. 100 mM Triethanolamine-HCI buffer,
pH 7.0, containing 0.5 mM NADP sodium salt, 300 pL isopropanol, and 50 pL 50 g/L
acetophenone in tetrahydrofuran (THF) and after sealing the plates, the cells were incubated

by shaking at room temperature at 850 rpm on an orbital shaker for 4 hrs.

[0267] The product of the reaction (1-phenylethanol) was extracted by adding 1 mL of ethyl
acetate to each sample, and after sealing the microtiter plate, shaking at 850 rpm at room
temperature for 10 minutes. Plates were centrifuged for 2 minutes at 4,000 rpm in a plate
centrifuge (3220 x g) at 4°C and 200 uL of the organic phase from each well was transferred

to a shallow well plate and the plates sealed prior to chiral GC analysis.

[0268] Table 6 gives the SEQ ID NO. corresponding to the ketoreductase, the number of
amino acid mutations from the wild-type KEFc (ADH-LK) and the conversion of
acetophenone to (R)-1-phenylethanol.
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[0269] Al publications, patents, patent applications
and ot her docunents cited in this application are
wohabgfagdsncor porated by reference in their entpcdraid268/001683
for all purposes to the same extent as if each
i ndi vi dual publication, patent, patent application or
ot her docunent were individually indicated to be
i ncQr porafed reference for all purposes. [0270]
Wi | e \eRIg %-u%°'§'ﬁé%?’f?ca°€|‘ﬂ96‘&f‘?r’é%ts have been
i1l pstrated and descrl | t WI I ?8@\5 eci at ed
that &tqreduciasesnge i t hou G3HPY i ng
fromt REQH N ap @CE’ ﬂ%ﬁt@% r‘?rﬁe i nvention(s). 80 WO
2008/ 103248 PCT/ Us2008 3 VWHAT IS CLAIMED | S:
A reconbj n?r_ ketloreductase pol ypgeptide caQabI e of

TR
—

conyerti e conpound

1- [ #~(4-TluoroZ- met hyl -TH: T ndol - 5 yT oxy) - 5- met hyl - pyrr
ol o] 2 EP'H'P'Q1 Bl triazin-6-yl oxy] - propanﬂg one to
1-[#-(4-FT]luoro- 2-rrethy|-| i ndol - b-yT oxy) - 5rrethy|p)rr

ol o EP4'H'3!0662 Al triazi'h- 6-yl oxy] - propan- H. ol, with
at e b tiges the acfivity of the pon eptlde of
%&I@i“oﬂﬁ poI ypeptfde conpfi sing an gm no acild
seqlience win a east 90% sequepce |dent|ty to SEQ
8 '\kﬁéf‘%-D NO 4 arml havi ngl (a) an didmati c

am ac:| G |t the no aci I residue
cor e%%%'aﬂ%?‘b resi due 94 of SER ID NO 2*8r SEQ I D
NO 4 b) an_amno acid other fhan S and N at the
103§@i'é '\l%'é?@lue corres%Jondl ng to resi ddé 96 of $EQ

I D NO 2 SE O NO 4. 2, The refonbi nant poI ypeptlde
of ¢l %'1:-93'5 '\Kﬁ% ch the a1n no acif sequencé’ conpri ses

an aro amnol acird or, Gat thge amno acid residue
cor %%1?’% residue B4 of SEQ ID NO P or SEQ I[D
NO 4 The_r econbi nant olypept de of claim?2 1In
whi t‘hs’iz*ﬂéDNQ"S?ie 94 is FP or Y. 4.7 he

rec ant polypeptide of cl al m I'n which the am no
aci jng%ﬁdgﬁ%&# It her co{‘rpri ses pne or nofe features
sel gcf e rom regidue 96 1s any amno acid other
t ha &&;'6@13 153 is 4n aliphatic am Ad*acid
resid ner _Lpah L, res]due 199(is any _am no acid

resi o%éngbr%é % ah L; restfdue 202|is G or *&# aliphatlic
ami no_aerd residue other ~Than A and residue 206 Ts
an & GARCICONYFFIAG: HEi 1P-PE4icanEETsIon; Tk FULpAHIEEHRN-

pol ypeptide of claim4 in which the am no acid
[0269]sféld| mhlmtlhas pagnts, mterrtmpellmtlome atum piher é@qtmmn@edclfqdomhls

apphcadon arg Ewgyf glgoraa&g&%g‘y refer2t rlencq_ln t CIr &(i'ltlrgt( %s Ilrog gﬁl (?ngo%’%to the

same elxfnkas if each individual publication, patent, patent application or other document

were individually indicated to be incorporated by reference for all purposes.

[0270] While various specific embodiments have been illustrated and described, it will be
appreciated that various changes can be made without departing from the spirit and scope of

the invention(s).
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6. The reconbi nant pol ypeptide of any one of clains 1
to 5 in which the amno acid sequence further
wocoupio3sgs one or nore of the features sel ect @dTfu008/001683

residue 49 is a polar amno acid residue other than

K; residue 53 is an acidic am no acid residue; residue

54 is a small or aliphatic amno acid residue other
WHAT (RCLMMED &i due 60 is an aliphatic amino acid 81 WD

2008/ 103248 PCT/ US2008/ 001683 resi due other than V;

residue 95 i.s an_ ali atlc am no. aci d th r than V;
rlesi dud reepmbinant kgtor ucglﬁ? H%lya%ﬁttﬂieaapfé e P’E%qrwe@mgobe Fempound

1-[4- (4329&%2 (fmflfﬂllnl@{ ﬁfdbﬂ-sfﬁéi;g-%e-gl%&g/? F;éﬁl?l%'[‘z K-1] £ ,ﬁggzgng@.g1oxy]-

I'phat 1 ¢ ami’no resi

pmpanh;ydnmwl -[4(4-Sltraitdl-2-gamdting - i indlo}-8 il ahyd::S- ety thyerol G[ 9714 1

2 ANl - BRPHG 240 Wh Bb1eatta b TRy o s poldpeptide of
SEQ IID 8§ Uﬂle%%%/ﬁeﬁtlae §diﬁf3xl151ﬁ’§h1§‘ S #id KIuEMR With § ledst 900

reconbi nant eptide of claim6 in which the amino
sequenge id¢ntitoto rar &) AN 4 and havihg 4 amesometie amind acid

or G at/_{fle ?.Iélé rog%:ég ddﬁe C}g\rresp.ec%llﬁeSI gg%u?lge %f" ot%eE(é gﬁgﬂg? or%ﬂé? ID

NO:4, 6ed) %leﬂ&a(tla ther tiemi Slad N4T tHeSankino atidsesldee ddifesponding to
residue 197 is G residue 223 is V; and residue 233 is

residug6 SfSEQéDrI‘é@@rM WRADPiAept i de of claim 7 in which

the am no acid sequence has one or nore features
selected from residue 54 is A residue 109 is R
rkesi duEhelggombingnt podypeptide pHiglainp 33n whidh thg antipeacid sequence

compr{sgsc%){'?rlo&%m agl%cy &’c%) H % t?ﬁe ﬂorpcljd Peﬁ&&@{;ﬁ?es&apﬁdlﬂgyﬁzsmue 94

es an amno aci

of SEQIDINQ: atorlSEQ H]TNI®)4aCI d residue corresponding to

residue 96 of SEQID NGO 2 or SEQID NG 4. 10. The

reconbi nant pol ypeptide of claim9 in which the am no

a:i d SEeebsabinast palypeptite olvclai 2lin athidhhde agsidue Bicis &, W, H, or

resi due corresponding to residue 96 of SEQ ID NG 2 or
Y. SEQ ID NG 4. 11. The reconbi nant pol ypeptide of claim

10 in which the am no acid sequence further conprises

one or_nore of the follow ng features- selected from

resi d u“éhmcwgblaﬁnt relyneptide ohelaie 2 ae wWhichethe @mangacigsequence
further’ cﬁﬁiﬁgl{é& or%ff %Blleg RALEEd BT OreBLid 96 ?ssérgpa‘?nﬁb REId other
res ue ot her

IS any am no acl d resi
than SNyaesidue I'Ssis dn ah]’z?lﬁwaI amiao aeidirpdiditd thanthawLandsitlue 199 is any

. residuye ot er than A, or. resjdue 206 is an aromati,.
amino aﬂﬁﬁas@a grdbagyeresylye 2?%& ¢'é>63ﬁﬁ IpAtic a5yng ﬁé‘g?fFﬂ ugypther

than AChR fBsilite D06 WinChlohbfc iR adF tdigeguence conpri ses
one or nore of the follow ng features sel ected from

residue 94 is F or G residue 82
5. The recombinant polypeptide of claim 4 in which the amino acid sequence has

one or more of features selected from: residue 153 is G or A; residue 199is K, I, N, R, V, Q,
or W; residue 202 is I, L, or G; and residue 206 is F.

6. The recombinant polypeptide of any one of claims 1 to 5 in which the amino
acid sequence further comprises one or more of the features selected from: residue 49 is a
polar amino acid residue other than K; residue 53 is an acidic amino acid residue; residue 54

is a small or aliphatic amino acid residue other than T/P; residue 60 is an aliphatic amino acid
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WD 2008/ 103248 PCT/ US2008/ 001683 153 is G or A
residue 199 is K, I, NN R V, Q or W residue 202 is
wol2008103248 G and residue 206 is F. 13. The r ecandy¥20@min16s3
pol ypepti de of any one of clainms 9 to 12 in which the
am no acid sequence further conprises one or nore of
the following features selected from residue 49 is a
residuoethér thamivi) eesidiiedSrie an dliphatichseing heid oher tiesi Vuresidde D2 is a small
. an acidic.amng acid residue;,., residue 54 is a small _ .
amino geidor G residue Hiiing bagip amin pdd sesituseatherihgn Ry yosidc 147 is an
i hifdecReliguiRe @il is G hyARP oPSh#l R foHfd RE1IBE; resid
ahphattq‘ﬁé{ﬁ V, cr eg%lgﬂe’ %5 'S anlsall}yghz;atgli@g amgno agid% ot her resicue
197 is b lmall ¥minesdid uesidu@ driG residwa??3 mmnadipbaticchnoino @id residue other
residue 109 is a basic am no .acid residue other than
than L%ﬂ%f&%‘ﬁ%z% ‘f@?sn?agla aéwnglalctﬁﬂrgﬂageg ho acid residue;
residue 165 is a hydroxyl or small am no acid residue;
resid 197 is. a small amng acid.resique or. G .
Bt dubhezséomEinan i vRsRar B s thSich B Amind aci prguence
comprfs@sa%lel-of L{ﬁ&‘é fERHed Y8edSP filot: FeTIR! 49 ig'ﬁ; REsidfe B & €5 irfdi8ue 54 is
or

The reconhi nant pol ypeptide of claim13 in

A; residhé 6Bist Agresiiinds acli;dresidue8neel; woidpe i1 82 & Ryresidugnbd Bis L;

.o f ures sel ed from residye 49 is R,.hesidue 53 is
residudfE% 8 Bt o3 ol HRUSHE g regfdS2ap 06 08 To L
residue 97 is G residue 109 is R residue 147 is L;

resid 165 is. T, resid 197 is resi due 223 i.s V;

T r errseonSaat poiypeptte 3hiapd Zhatidihe Burpuif sefence has
one or @foré FaahiFes sbldfedMibmh rédigucrsy ROA ;a6sibud BORIR RS fesid\@sS14Mig L; and

~or nore of the features selected from residue 54 is

residugp?3¥ig¢di.due 109 is R residue 147 is L; and residue

233 is G 16. The reconbi nant pol ypeptide of claim9

in which the am no acid sequence conprises a G |, C

dt an Hreoweerhbinant pedypeptide af claive 1 amiwhichetbe dmirssacid sequence

correspondi n o.resid 96, of SEQ | 1 2 or SEQ.1D
comprigdy 45 Ship0 St pbthe thirbS AR A3nS g 3 ispidef gPhiespominE to
residusé 6hSEQEDNDMoorsSEQ [Dagoence further conprises one

or nore of the features selected from residue 94 is

an aromatic amno acid residue or G residue 153 is

ay. al | PharebSmBikhMoREieptite ST Eldin 9tih WhidhidB atnind &5 Sétfience has

199 is any amno acid residue other than L; residue
a G, F.20.orilat the aminp peidiresidyd ¢rsresporflingto igoiduePhef SEQHD NO:2 or
SEQ I@%ﬁgr esidue 206 is an aromatic am no acid residue. 83

'6108/ 103248 PCT/ US2008/ 001683 18. The reconbi nant
pol ypeptide of claim 17 in which the am no acid
gue 1ses e or re. of -t - .

Seer B EPIRbnARGoREeghe PRURinD) 0 'k plehith o aciq seguence
further@omphised @l ctigort 9 thesfolowing Natuks sélected faym iesidesd4ue an

202 js I, L, or G. and residue 206 is F

aromatic amino acid residue or G; residue 153 is an aliphatic amino acid residue other than L;
residue 199 is any amino acid residue other than L; residue 202 is an aliphatic amino acid

residue other than A; or residue 206 is an aromatic amino acid residue.

12, The recombinant polypeptide of claim 11 in which the amino acid sequence

comprises one or more of the following features selected from: residue 94 is F or G; residue
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19. The reconbi nant pol ypepti de of any one of clains
16 to 18 in which the am no acid sequence further
wWOoCRPI3s8S one or nore of the features sel ect @ TivRn08/001683
residue 49 is a polar amno acid residue other than
K; residue 53 is an acidic am no acid residue; residue
54 is a small or aliphatic am no acid residue other
153 is GhaA ;Tesdue E39 dikg 16N, RsVaQ, at Mahredidwe 209 ind, L,axi(@ and residue
residue other than V; residue 95 is an aliphatic am no
206is Ecj d ot her than V; residue 97 is a small amno acid
or G residue 109 is a basic am no acid residue ot her
than K. residue 147 is .an aliphatic am no

ri8si dubhe regambinantppbyneptide waaaﬂ of Glaimg) tp lgml Mhichcthg amino
acid segﬁecﬂcg lf%e&%é?%ﬁ?ess]tgﬁ dél‘f‘xllcgﬁ %mel fg%ﬁ!ﬁg%ai??tgpers esSII%bQH §ro™: residue
49 is apbhae amtidaacid resadve otlees itltneK 22 8idus 53 isaraddidiamimoo acd desidue;

esitod G B e oSN SRS 450 1 Mo

amino 380 e Qdue diRerf Rt V¥ RSidwelo8GS &4 aﬁﬁl&@i‘c anfifé 8418 oftiRr tRanlV; residue
residue 53 is D, residue 54 is A, residue 60 is A

97 is arse@lldtuen@ scldgr G; resiédiied®9 i97 basic @mineadid rrsidvedthes ﬂRn K; residue

147 is ?‘é% Ig'ﬁlglc Z8una %Cl{i}l'esgﬁla Ifegg%%aﬁg?gghydm@%s' %&%Jll]a%nl) ic@remdue

residud BEOR QI siRMtangiab Yoidptdide &f Gclegidoe 203 isanliphhtid findncibresidue
aci d sequence__ has one or  nore of the features

other than lacanddesidunn? 3} s gismnsll apainp geid residag ofifd- 109 is R
residue 147 is L; and residue 233 is G 22. The
recombi nant pol ypeptide of claim1l which conprises_ an
airfi. no B rgcomsbigarimodypeptide pbelain danin whickthe pmino acid sequence

compr g@g’ﬂ é#jnggéggtgég%ae@? rrg A{esﬁg%elg%gjl% 4’8&6%2&? 14? ﬁ%z%ﬁ@e 54 is
A; residfie 6(5[6% LA 5r§s1dge‘695 g% rgﬁduggﬂ 15{8% regldue 669 1sa3; reglgue glg isL;

74, 7 7 4 : :
remdueﬂﬁ)i 18 f@QeSl%zﬂ 971?)6} Efble 212;{305 Vi fg?ref@e 2%165 ©118,

120, 122, 124, 126, 128, 130, 132, 134, 136, and 138.

23. The reconbi nant pol ypepti de of _.any. one of clainms 1
tlo- 21 The spprebingpierolynee b heiam b6 iRy phjshithe aminogeid sequence

o o By BREGAT BURERL B e AT St R o e 17
is L; amd @bidu@333 is @hi ch t he isol ated pol ypeptide is
substantially pure pol ypeptide. 25. A polynucleotlde
encodi ng the reconbi nant pol ypepti de of any one of
cléai nmsThel rchmﬂbmanﬂﬁolyﬁ'dqmdmifyctuml Eintwiteh dfe amhiao m:iﬂ&'sequence
selegt fromthe grou tlng D
COIl‘lpI'l?GS@ ,i orlagl argglatlggxml Cl itt Izcsamg?esmgg cogfsp031§mg to
residuc’fs oﬁgEQaﬁ NGB oABQ I NGG. 49, 51, 53, 55, 57, 59,
65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85,
87 89 91, 93, 95, 97, 99,

17. The recombinant polypeptide of claim 16 in which the amino acid sequence

further comprises one or more of the features selected from: residue 94 is an aromatic amino
acid residue or G; residue 153 is an aliphatic amino acid residue other than L; residue 199 is
any amino acid residue other than L; residue 202 is an aliphatic amino acid residue other than

A; and residue 206 is an aromatic amino acid residue.
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101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121,
123, 125, 127, 129, 131, 133, 135, and 137. 27. The
worobg/wagdseot i de of claim 25 in which the pol ymraaleiiste16ss
hybri di zes under high stringency condition to a
pol ynucl eoti de sel ected fromthe group consisting of
SEQID NO 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25,
28. 29TheXtcomBinadpolybeptiddof dldim 43 in Whichdle arhtho d&xld sequence
53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 15, 77, )
compripes org1or gye of e iggturgsgelegied from: rosjdug isgor Gy repidugds3 is G or
e - 11Q9%: V1 : 21 119,~.12%, 2R F
s resifig199 546 YR Y3 o B redtlh 2P0 Lt G tdeiddhaden
vector conprising the pol ynucl eoti de of any one of
lAi 5 : j :ant 3
' apl e bl PRI of WIS drSRRIE BT VERGERe
amino a¢id sequenes firtrer veapisesohe ok aion 3Bthe fieatinies beledted front: rexidue 49
. sequence is a pronoter. 30. The.expression vector of
is a polar amAAFid Fesifhe Ofher fRandf oivicus ggm*}%@g agHngact _5?5?4%& residue
54 is aRFANR %E hatit-amhiAE aEMRESEH OReBah T7P; Asi@heP60Ms 21 alliBhatic amino
whi ch t % control sequence Is a secretion signal. 32.
acid refidhesthecthah V6 oepdis?nig anradipbatpr asisio @nidkgberdhanV; wasydue 97 is a
one of. claim28 t 1. .85 WO 2008/ 10324 o .
small 45np GRiFGOR] e ausI0%S 2 bARE R AR rroigie QP s Rgidu 147 i
an aliph#tidAARbAGRUSsMLE; edi@e F63 #s alhiidfox8 of §ialainthd dtRkEresidue;
ket or educt ase enzyme from whi ch the_ engi neered

residue B Tois adtnad laseine agidrresidiags oy fegidye 22315 an iphae aming geid residue
f claim3 ' iS.h r 0l Qg0 | the cell type
other t%‘%n e dv&eTlé‘-‘%%g akszqacl)lrege U gtag%ergszlﬁ%{)r@(if rom whi ch the
engi neered ketoreductase enzyne was derived. 35. The

t [l of ¢lai 2 in.which. thg. I ,is E _.col
" ifharsSomBifh R aepliokOL 5 T4 Rty e mifigicia sequence
compris€siSHtSorGRHRI0f Shea @ atubs sekRic@TFIrR TesidBE 4D is RionesidbesB is D; residue

_optimzed for expression in said host cell. 86 )
54 is A; residue 60 is A; residue 95 is L; residue 97 is G; residue 109 is R; residue 147 is L;

residue 165 is T; residue 197 is G; residue 223 is V; and residue 233 is G.

21.  The recombinant polypeptide of claim 20 in which the amino acid sequence
has one or more of the features selected from: residue 54 is A; residue 109 is R; residue 147
is L; and residue 233 is G.

22.  The recombinant polypeptide of claim 1 which comprises an amino acid
sequence selected from the group consisting of SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22,
24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72,
74,76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116,
118, 120, 122, 124, 126, 128, 130, 132, 134, 136, and 138.

23.  The recombinant polypeptide of any one of claims 1 to 21 in which the
recombinant polypeptide is an isolated polypeptide.
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24.  The recombinant polypeptide of claim 23 in which the isolated polypeptide is
a substantially pure polypeptide.

25. A polynucleotide encoding the recombinant polypeptide of any one of claims

1to 22.

26.  The polynucleotide of claim 25 selected from the group consisting of SEQ ID
NO:5,7,9,11,13,15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51,
53, 55,57, 59, 61, 63, 65, 67,69, 71,73, 75,77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99,
101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131, 133, 135, and
137.

27.  The polynucleotide of claim 25 in which the polynucleotide hybridizes under
high stringency condition to a polynucleotide selected from the group consisting of SEQ ID
NO:5,7,9,11,13,15,17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51,
53,55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99,
101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 131, 133, 135, and
137.

28.  Anexpression vector comprising the polynucleotide of any one of claims 25

and 27 operably linked to control sequences suitable for directing expression in a host cell.

29.  The expression vector of claim 28 in which the control sequence is a promoter.

30. The expression vector of claim 29 in which the promoter comprises an E. coli.
promoter.

31. The expression vector of claim 29 in which the control sequence is a secretion
signal.

32. A host cell comprising the expression vector of any one of claim 28 to 31.
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33.  The host cell of claim 32 which is homologous with the cell type of the wild-

type ketoreductase enzyme from which the engineered ketoreductase enzyme was derived.

34.  The host cell of claim 32 which is heterologous with the cell type of the wild-

type ket’oreductase enzyme from which the engineered ketoreductase enzyme was derived.
35.  The host cell of claim 32 in which the cell is E. coli.

36. The host cell of claim 32 or 35 in which the codons comprising the expression

vector have been optimized for expression in said host cell.
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