KETOREDUCTASE POLYPEPT1DES AND USES THEREOF 1.CROSS REFERENCES TO
RELATED APPLICATIONS [00011 This application claims benefit under 35 U.S.C. Ilg%le) of
applicationvgje%ﬂ';‘l}\9 ﬁ6%9§6/976,345, filed September 28, 2007, the contents of Which &iE | Gorporated
herein by reference. 2. REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM
[0002] The Sequence Listing concurrently submitted herewith under 37 C.F.R. 1,821 in a computer
readable form (CR_F) via EFS-Web as file name 376247-018.txt is herein incorporated by reference.
The electronic copy of the Sequence Listing was created on September 28, 2008, with a file size of
254 Kbytes. 3. BACKGROUND 100031 Enzymes belonging to the ketoreductase (ICRED) or carbonyl
reductase class (EC 1.4 H64k 6 iseli o D AESis ol eRIRaY iy alconols from the
corresponding prostercoisomeric ketone substrate or from the corresponding racemie aldehyde
substrate, KREDs typically convert a ketone or aldehyde to the corresponding alcohol product, but
may also datalyZeRAESTRUEFSEREHION ReXidAHDMePRIC Ao substrate to the corresponding
ketone/aldehyde product. The reduction of ketones and aldehydes and the oxidation of alcohols by
enzymes %%Pc‘ﬁ}a PRACRERRIF R85 heaefa dRsEr ATd<B o M8 Sferpiisation it Bitimide adenine
dinucleotide/{MNEET1fled Repteibel picotiTamidenadeninenitinuel eatite-phospbatey (hagdl), and
nicotinamide adenine dinucleotide (NAD) or nicotinamide adenine dinucleotide phosphate (NADP) for
the oxidaton reaHOFRRAIB T afERADCE SR QsTAREE O G6HEPE TRRIFRNAANNd NADP serve as

electron a . [tis frequently observed that ketoreductases Icohgl dehydrogenases accept
either the E%%%ﬁ%%%%%e c8# fﬁen%(éoﬁlﬁ o%nﬁﬁg%fg&%%q&%rﬁg%ﬁp %ﬂﬁ %Z%%Me% G FRGEREY state).
100041 KReERPEdoyr{eSanatdd folinbldnfeewide Fafide-dfacterizeanocywastsd foreéwews, see Kraus
and Waldmaeict098. Epzune-crRiplsisTiR@oRa ceyriRasiséeis: 2& 2068 Hieinbeim,faber, K.,
Biotransfoiggzi\é{)oncss in organic chemistry, 4th Ed. Springer, Berlin Heidelberg New York. 2000; and
Hummel an la, 1989, Eur. J. Biochem. 184:1-13). Several KRED gene and enzyme sequences
have been reportaghia-go&Gandida magnoliae (Genbank Ace. No. JC7338; GI: 1.1360538) Candida
parapsilosis (Genbanlc Acc. No. BAA24528.1; 01:2815409), Sporobolomyces salmonicolor (Genbank
Acc. No. AWIBD 798y s 68887184 Jo hStoBSIUELIRRED Eafedibdifh 26dctddd@ass (EC1.1.1.184)
2009/04298ARGT AISROOHALEQ46,IQ0RPL I OLISHIR SCUMVERLMANY chemical syathetic procedures

for the praoduction of key compounds, ketoreductases are being increasingly employed for the

enzymatic CORVETEEHESY AR B e LR ERSPRE st ruba ity S IEBHYY 5PB%GEEs. These
applicatiohsteareidgioy wHlecelis@ipmdsing thelketonedue thee-doibiobatatytic ketome reductions,

or use purdfighBRZymaRdnaseiasiancesuhereiR esehonRhtinie ketaeduciasgs in whole cells
would adversel a&f%@t thﬁeﬁf'slterelcgg)gxrljtt1 tand f%lﬁ.la { Sf{ghe desired 8%ro For in vitro ?ppllcatlons, a

co-factor (NATSH ST REABBEFTEGeRaI4HHRE CARIAE By eiuRcgfiche HiBGEn 48 EBH), formate

dehydrog@raseratemysdda dentjorcide adevitks thevketode RMidiaEeoEsanpsausimgdketoreductases to
generate usefut chemisal-gomprideipsluda.asnmetic redudianekdsehlargacgtoacetate esters

(Zhou, 1983, 1Am. Chem, Soc..105:5925-5926; taniello, J. Chem. Re 984:132-133; US
Satont N BRSBTS R R P ] G St R B 0 BOL huction of
dioxocarbdxyliteeide geclicosimsrentiNe Ne.B ool 8y Presenscticiresfoeredspigrs (H)is frequently
chloro-5-hydepxyBaoxahexanaalien®EBonbl SR ateREMR: 8:64b:7HE ABEVRIMAAR . resluction

pyrrolotriazineshased.compounds (e.o., T.JS application No. 2006/0286646); reduction of substituted
acetopher%’o%S S ag‘3 IS ﬁgg){e%%g?{ %I%e(?(fx}f}f%o“ %er%&r%%uction of ketothiolanes (WO 2005/054491).

[20061 It iqﬁdeaﬁirﬁ%@%@ﬂ%@%%@g@%&@tﬁr@mﬁ%@&mmﬁ ihaycan be ﬁé%?eqfdé%%)(%éﬁ &?\zlxgiion
Of various a yae Su strates to Its correspon cnlr. Ql Proaulcis.

007 B e e B s e Bk BT e capabie o
reducing S¥XEHVEFRAGCDS [34B2ERLE FhCHISE- 2 UnEin ShrRay e BraiyHoitdnya] 8- Xopradyil Behzoic acid
methyl estemfittiesibayatesy, m«S, Bidetethys2: (333 -tert/akap guiselin2-yevigyhpbeny1)-3-
hydroxypropyliben. o?&%(EFQ?CQ{),%%C&QgTB%L}é'g%ﬁ%l%%@ﬁéc%ﬁ%‘k‘%d%%ﬁﬁ P%é@%ﬁéd%? and methods for

using the polypeptides. By comparison, naturally occurring ketoreductases t |§%1ay significant
activity in FEEALIRY SPedirteARToNRP SIEARE ketBits [StitSsne tbrire eaTeassisdiftg alcohol product.
[0008] Thé&Geriginesre Nketdradirtaskapatypeptides of the disclosure are derived from Lactobacillus
species ketoreductase. As such, in some embodiments, the engineered ketoreductase polypeptides of
the disclosure have an increased activity in converting the specific ketone substrate to the
corresponding alcohol product as compared to the naturally-occurring wild-type ketoreductase
enzymes obtained from Lactobacillus sp., e.g., Laktobacillus. kefir ("L. kgfir"; SEQ ID NO:4),
Lactobacillus brevis ("L. brevis"; SEQ ID NO:2), and Lactobacillus minor ("L. minor”, SEQ ID NO: 114).
In Some embodiments, the engineered ketoreductases have, as compared to the sequences of SEQ
ID NO:2, 4, or 114, at least the jollowiqg features; (rlg residue corresponding to position 190 (i.e.,

X190) is a.constrained residué:fﬁ‘éﬁg@) residue-corr gﬁgnﬁn%a to position 202 (i.e. X202) is an WO

2009/042984PCT/US2008/078046 aromatic residue. In some embodiments, the ketoreductases of the

dicelnciirea havve ac cromnared tn the ceadiriencece of SEO ID NO'2 A Nnr 114 at laact the followina



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, 8lv§§ 12? % %9 91, 93, 95, 97, 99, 101, 103, 105, 107, or 1009. Fgﬁ{f@&@;@g&pucleotldes
also include polynucleotides encoding polypeptides that correspond to the sequence formulas of SEQ

ID NO: 111, 112 and 139. WO 2009/042984PCT/US2008/078046 100231 In another aspect, the
present disclosure provides host cells comprising the polynucleotides and/or expression vectors
describédd #fdrémortitiechostioslisimaybeitmiceliyvorietifirevistrds fonitho nrodupieap widybe a different

organisgy [ BeRoNcrls.caRbaLsadfartbaigxprassionand isclationafthe.enainesredrketoreductase
enzymes described herein, or, aIternatlver, they can he used aurectly for the onv%\?ilon ﬁf the

substratéfo e SRopsGi SU RS B SBRISO BP Wi tHEF PG TS0 38 PGS & WithWhole cells, cell
extractegirpuiifiat-ketoretiuctagerénaymbsic &simg ledketored uctas eweiizyinmezymay nehesed or, '

alternatjygly, mixiure @EJM\&Q &GHQR(&&&%&@&M%%%‘%ME&/}@@&MQea&k%‘?&hl&}??c%J he

ketoreductase enzymes described herein are capable catalyzing the reduction reaction of the keto
group |r¥tﬁ‘i@’%ﬁﬁbwe& il dseaicforradial (15 0 3 lisatierd S-G5HbIMOR BtReny l
phenyli-8empioptepydlhiepzaigacidnetyhestefiting @hsir(a}eaﬁr) G@ﬁaﬁid c&}(y)zﬁd) genthe garkesponding

steremsow 1{{% Oa]!%%hol ro u%e%f str ctl,flral fgrmul S(II%S%%Ie s mett Xcs to emaﬁ a
(2-(7- ch‘l‘oro uimn d”(/ln eny drox ropy nzoate ("the uct% gﬁl} (11)a 100261 In

some erﬂﬂbmdmhmmh*é%@@r@@m%@ﬁW@@Ié@%ﬁbéﬁﬂhﬁéﬁ?%&@ éﬁﬁakﬁfél@f datalyzint the
reductionysaction of: ﬁ@@d@eﬁ@a@ uRdRihecempornd &f stm:t@@h f@rrnglﬁa@alﬁ) 1%152553*@@{2 (7-

chloro-2- umolln ) ethen |1-3-0x0pro nol ate 0 HO,<
WO 20001 AE5BHP TS IHBHIO BB the Su BRI B BBHEAE LB rbaUt o
StructurﬁhiﬁﬂmlaﬁQ%&&JE)eﬂk@}Qﬂ{(ﬁ%eﬁ -butyl (8) chloro-5- hydroxy 3-oxohexanoate (e.g., US Patent
Ch'oroq‘zﬂ@oé'@4%%2;"&%'%98%@)’&94?)0}%4&1&}’&{ wan%%yaeﬁlsaxsam(%a&@%-obs% RaRfpduct” with

respect to the substrate of formula (I %Fd IN%1 OH '?,".%---s,’ Accordingly, in some
embodifierte0praidatardir e thet ﬁ@%?‘?‘é&ﬂt‘iﬁﬁl‘?ﬁéﬁ’%ﬁsﬁgi’é@% MoeSettlictdradtimula (1) or

structuraddasiouler Yéthdadhaescowespundingialgohol product, which comprises contacting or incubating
the substrate with a ketoreductase polypeptide of the disclosure under reaction conditions suitable for
reducind8f@ofve rdingethe te idssiiStettotheprdateohsrnetdral forbutacd p sasrat eziesitnula (1V),

respectiyely;i 1002811 serg enubadimenissthekgigradyctase aolypenrtigessprovided herein can be
used in the production of intermediates for the synthesis of the compound 2-El -[[(1R)-I-P-RE)-2-(7-

chloroguinolin-2etethenyilphenyl]-342-(2-hydroxypropan-2-
y1)phenyl]propyl]sulfanylmethylicyclopropyl[acetic acid of structural formula (V): including solvates,
hydrate$d®itl phenerapetiballyeattalifebiors ate irsreufrifiseme dimspidindrasats eapaitheid for the

synthesis Qf the.semparnd of fosmpiila (Ke:d- §tasaﬂaim) method mﬁﬁom&(@%@q%@@%nvwng
the substrate of formula (1) to the product of formu a 1)) u3| a ketor tasey%%éf ;{)%Ide of the

dlsclodeétB}ﬂloeé?e}ééBﬁéﬁ %%ﬁlﬂﬁn@@dlf%]g%o‘ ddi 81% 8%‘%}8 0 the product of
formula{fdro}@p28} hbcsame Erhbeditvetits pﬂhﬁxuﬁtamuiesieat@{bﬁgomiuimi@lm)mm alsbrpehuded M the

synthesis, Qfsm@fﬁ%gm%%%&f SHUEhY @I&WHA@HM 4eanid t%n&m 2006 &Mmbogdiments, in a method

for the synthesis of the compounid of formula (V), a’step in ethod can comprise reducing or
convertlﬁgnfﬁéa§h¥?§‘t‘fﬁférblfef8ﬁ%‘fﬁlal(‘Iﬂ’}‘ﬁf"tﬂ%t ?éﬂ%ﬁ%ﬁfﬂ‘?ﬁﬂ‘l’gqﬁw i BorEETRGINE substrate with

the ketosrdustasgiadisclosed herein under reaction conditions suitable for reducing or converting the

substrate to the product of structural foula (1V). WO 209/042984PCT/US2008/078046
[0688] The engineered ketoreductase polypeptides of the disclosure are derived from Lactobacilius

species ketoreductase. As such, in some embodiments, the engineered ketoreductase polypeptides of
the disciosure have an increased activity in converting the specific ketone substrate to the
corresponding alcohol product as compared to the naturally-occurring wild-fype ketoreductase
enzymes obtained from Lactobacillus sp., e.g., Lactobacillus kefir (“L. kefir”; SEQ ID NO:4),
Lactobacitlus brevis (“L. brevis”; SEQ 1D NO:2), and Lactobacillus minor ( “L. minor”, SEQ 1D
NO:114). In some embodiments, the engineered ketoreductases have, as compared to the sequences
of SEQ ID NO:2, 4, or 114, at least the following features: (1) residue corresponding to position 190

(i.e., X190} is a constrained residue, and {2) residue corresponding to position 202 (f.e. X202} 18 an
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[0030] In some embodiments of the method for reducing the substrate to the product, the substrate is
reduced tq the in greater than about 99% stereomerie excess, th in.th 4}; ductase
polypepti(?‘e%%ozr%%%?s%%ﬁé sequence that corresponds to SEQ ID NO: 6, 8, éﬂ?ﬁ&?ﬁfﬁ /(31535%’8 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, 111, or 112. 100311 In some
embodiments ofetidien dthotidemedinimg the kelbsiiateder thishsrddeiotyat leastabonp@8d4cof the

substrajg| §e%9£h\é§§ teesiothe Rrosluctin lessthan aboui safausanben Fadied ottt argater than
about 100 %/ of substrate and less than about 5 g/L of the polypeptide, wherein the polypcptide

comprig¥S BiPaitfinG adid Se fuies e Ta SpBtitT g i Ltee iy Ry g [ aosi6 k54" 16032] In some
embodimerstsiod thiscmethaddorpedusingdhesapstadeiothiepradushoatieast phoith P020% of | g/L,
substrate is sonyerted 1o the. product in less than about 24 hours with about 10 g/L of the polypeptide,
whereinﬁ%@%ﬁfpeﬁ%elgéﬁgﬁges an amino acid sequence corresponding to 6, 8, 10, 12, 14, 16, 18,

20, 22, RA08H .18 8ddiRordR tR41cdRr 381 Qirtd alithy AheAB ioplinR s @R 012 98080018808 4868, 70, 72,
, 86, 88, 90, 92, 94, 96, 102, 104, %6 108, 110, 111, or 112. 5. BRIEF

74,76, 7&?80, 82, %ﬁ]ﬁ 98, 103?’” ( . G L0, 111, of
DESCRIBFIBRFCEHSE BIGHRIES T o3RS sl por St Ketdrbtuctised (RRED) in the
conversiomcofithedsubstate lcomploons: gbfgroptzy hytdnthergoirespendingcpi ecduehaf formuta (11). This
reductiap, s @ KRER desaibea el @@&Nég%a(-g@ﬁ%zf)@%% NADEH, dcglusasedehydrogenase

(GDH) is used to convert/recycle NAD(PY to )H. Glucose is converted to glueonic acid, which in
turn is c??roﬁfé’ﬁgﬁrf’o“?%“é‘iﬁ'ﬁfﬂW%%ﬁef%é?ﬂﬁ?lﬁﬁkﬁﬁ%@) Sath e Qaditi bFskrtinter/itsiins
Alternativelyc-a setandanecaioahnt dekydicgesase{ad. raikRER)canbeusad; meconver isopropanol
to acetone ane, Smverpeycls NADIE)-IoNADIEMA, 0 DETALED PESGRIETION,6 1Definitons
[0034] As used e?eln, e following terms are intended to have the follow ng meanings. [0035]
"KetoredtietadertzapaoiKREDe breatisas hearshnatioe BBy ke rain R fefctomcep polyeptide hittving an
enzymatimaapalility efredueiogr carbanvkgroundavitscongsnendingamlcohal.More specifically, the
ketoreduc%a%e ol ptf\?}iq[es f\;{hg in enti?. re caloablt% of? tereos ”Irectiv‘ellyr. ducing the compound of
formula > SUPFA to e CO o R AN sroauct b rsimis ?}?\é’ﬁﬂp’ra".dﬁlﬁ%&poﬁg%ﬁptide typically utilizes
a cofactormsducbuznicfitlainide adenihédinudie otides e YooK 28d ircedbhigotinamide adenine
dinucleotide phosphate (NADPH) as the reducing agent. WO 2009/042984PCT/US2008/078046
Ketoredi#tdd el strBeP AR It HR Hedtr s RRRaPifF (R ey REfTR atIE1a2EE as well as
non-natsialbr@aturiing lengibeerechnolypepiidesgeneratedehymanmansnvanipuiatjony1 08361 "Coding
sequenge; refers to,thatportion of a nucleic acid (e.g., a gene) that e .gmjino.acid sequence
o1 pror LB e B e B B M. For
exampléaaishsrallip seeuningesr RHduy pETBBIgREDEHe o dtyriisistteRs swilieneetisidedequence
presentyim R Ofg IS tBRLeaRDe s0jated fm acspuUres pdat e Andubichiaasnetbeen
intentionally modified tz%/ human manipulation. %003.84 "%?ec(ﬁmb_in_apt" w(!ﬂeorntu%gZ with reference to,
e.g., a ¢éll, RUCTEIC akid, O polypeéptide, Tetdrs e & matérial, 6r & matérialcrrespohding to the natural
or nativerformiofthimanzteidekrinathepibecwith ouified is dhadrmet drdtvioalicbhpepiiewise exist in
nature, I%Bé?t}f!%ﬂ&%l&b%ﬁ@eQ%FeQE@QH&@%%&%M&Q J&@ET?%VM@&!%&Q%@{E@L%&Q%@MQ&’ manipulation

using recombinant tecf‘lnlqu,es. Non-limiting examples include, among others, recombinant cells
expressiAYGRIELEHACHE Mot PBYIRC AN TRE HatIe pHE AP SRS B hER Y O F AT B BRII%r express
native gen@sithatarasihemlise exprassedatiadifieneritdevelud@038}liparientage: ahsatiience
identity 408 RPIERIIR0S. NAMAGAG AR HSAAIFTChANGC AR, IGIEIN IR GlEldR compatizons among
polynucfeotlde§ and polypeptides, ahd are determined by ¢omparing two c?ptlma%ly a |gne(§ sequences
over a dSAPEr RSB IHNABIF: IRIE Fae P orIYRMIHE DB FatlevtfecatopslypEptide’dequence in the
comparisgiopiaelow may comprise additions or deletions (i.e., gaps) as compared to the reference
sequence (which does not comprise additions or deletions) for optimal alignment of the two
sequen¢®s.iThe percentagemmay belcalovlatethbygeteripmpgrthe frumbemgkpesitions at which the
identicalapcleic acid,Rase onAmIRg ACKGSIAUSREGIE IRDIRSEAANEESdQ.Meld the number of

matched positions, dividing the number of matched positions by the total number of positions in the
window BFEBHp Yt AR hiTMHRARGTtHE FastitupyifotrtecyriatRensei kaniage: drsageitdice identity.
Alternativelynphe peraentdgenmaydoencaldulaied byddienmining ihéifunabeyakpoditianrssat which either
the ideryiggl elelR AGld base QuAMING ASJBRIANE ReAUTS IN RO seauenGes oA yleic acid base
or amino acid residue Is aﬁigne&wnﬁ a gap to yie the number of matched pJ(‘)nsrftigné, ividing the
number of matched positions by the total number of positions in the window of comparison and
multiplying the result by 100 to yield the percentage of sequence identity. Those of skill in the art
‘appreciate that there are many established algorithms available to align two sequences. Optimal
alignment of sequences for comparison can be conducted, e.g., by the local homology algorithm of
Smith and Waterman, 1981, Adv. Appl. Math. 2:482, by the homology alignment algorithm of

Needleman and Wunsch, 1970, J: Mol. Biol. 48:443, by the search for similarity method of Pearson
and | inman 1022 Proec NAall Arad et I IQA QAR-24AA4A hy \WWO 2000/0A202APCT/I IS20NRQ/NT7LNAA



WO 2009/042984PCIMS2008/078046 introducing gaps to optimize residue matches between the two
sequences, In ses, although the gaps are present, the numberin residue in the given
amino acisV og)r zp})}}ca)%%r%g?é?otide sequence is made with respect to the referegﬁtg:fe}rylsaega(li%e§thé%%f%c')51 which it has
been aligned. 100451 "Stereoselectivity" refers to the preferential formation in a chemical or enzymatic
reaction of one stereoisomer over another. Stereoselectivity can be partial, where the formation of one
stereoiStwse g favamentoverbtheutiboncoraemia e iye roain pleta e rbaoltined eubrardoibemey is formed.

When the SIRIeQISAASES:are SRBNMIAMEES, hestereaselestidy ausiorad 1o Raeaapiiaseiectivity, the
fraction_(typically reported as a percenta e? of one enantiomer in the sum of both. It is commonly

alternatiVaRI oV T HFHIYRRISAY B S2P STEEhtA gy HSIRE ERNRHEHTEAMSRIRYE &S calculated
therefrgmr-adeoidihg dedhe! irmglagmajoroenantigdiercamihoscenanticmerfrajoc@santiomer + minor

enantiomer]. Where t ert l| s, ' [ j Stereeselectivity | red to as
diasterggg’éllg%ﬁi\}c?t)% ?Egsgr%%ggr? %%é%ﬁy@%%%%gdqggg{ggﬁiﬁgi@ﬁ%§n?é?(§£a\§t%r§gfﬁfe§rgin a mixture

of two dREB BB SuCOMIRAHSSRERIVERR fepePda¥ the blasteiebimid Bxisdessdia e
Enantiomprigex6ess and diasiRraaminic poastaieiyresIsistersumes REexmess[0046] "Highly

stereosglective” refers to a ketoreductase polypeptide that is capable ing or r, ing the
e B R A R S R
"StereoBpeBKitity s fefabonthievprefarertisiconny srgionciroatbh &mical  dicwrednsiatic FE&CHON of one

stereois@merQvesanQilek. HiereesRpsiciican he-Rafiabcvhsrathe RORVElSIOR.0f.ona atereoisomer
is favored gver the other, or it may be complete where only one stereoisomerglconverted. 10048]
I

"ChemdSBEHORS TR thiy prafetaitia oAt oR i & &R SF SRSURISHE reaction of one
productcomespandiiein JO049] finaprovedrendym & iproperyt redfersito arketoredifc tasepohypéptide that
exhibitsr%rig“pngyf%mgggﬂ&@l&gﬁg@g@ﬁﬁg@g&gﬁi&gmpared to a reference ketoreductase. For the

engineered ketoreductase polypeptides described herein, the comparison is generally made to the
wild-typp&keioredusiasaipnnime, altheughiin samelgmhadinenis dhereferencepkatareductase can be
another improved [ d ketoreductase. Enzyme properties for which improvement is desirable
e BUPATE o oo B el A DL Lo o B ek oy e
conversiom ofitietsubdttze)ictHerprelustabilityasoment Staipilingy preeictivitisiofiien dofsster (or
requirementsrafractaringssite inbibitors R aumRradusiiphibitionhstereesnesiliciysandio as
stereos_electivi"g (including e;nantioselecti_vity).9 OOSO%"I c,reaseg enz g;&tic activity" refeirs to an
improved Sroserti st & B eaRss REISPSHIASE 3@8@6?’!(?65?}1 ich cah Befepresehted by an
increaseoila_esqaemﬁmetk\/itﬂw _Qe.tgrp@@MoW@Q&@%@WWU@Q@%@E&W@@ to the
produceg/fimeAveiont protEIM.o 3%INETRARSIN PESRERESOMYSESion abing RUPSIAIR 19he, Rroduct

(e.g., percent conversion of starting amount of substrate to product in a specified time period using a
specifie aidlinOBrRRE) Ri'c B%\%fal‘@d)fﬁ‘étbéf@%H’é@l%%Pédﬂ%ﬂ?@%‘ﬁ’ﬂ%g’@éﬁfﬁ%@ methods
to deterpnisEermzwn@@ctivity are provided in the Examples. Any property relating to enzyme activity
may be affected, including the classical enzyme properties of K™ V m" or k" changes of which can
lead to 1H8#éhsedenzyrmitraotivity: tneprovetietrinetzpoEraptidn eaerbd i OFTAbeTnE.5 times the
enzymafic aglivify ofithe sorrespendinguwildtypeksiredusiase ARZWPE; IR BSBUE RS times. 5
times, 10 times, 20 times, 25 times, 50 times, 75 times, 100 times, or more nzymatic activity than the
naturall§SEe PR RMETEHEERREO P ARdther SrgEsra Kato: H’dﬁoygge%l)ﬁ which the ketoreductase
polypepiidesswerpdikivad:dnspectfite nbopiovedts cthe @ngine prégbketidrdductate enmyragdxhibits
improved enzymatic AGtivits B Jangs 0f LB 0 S0Jimes, 1540100 fimes arepter dhap that of the

parent ketoreductase enzyme. It is understood by the skilled artisan that the activity of any enzyme is
diffusioAIPREBErE FERth AT BhiSTABRRHIC TiPn SverRitey fahmeriddt SBth (s URISBIT T e 9F th& substrate,
including-@ny: reeibied pofasintses Miadheanpticakmaxin undekiienddlusiendimiicas REGKD' is generally

about 108 tg 109 ( Hence improv ts jn e activity.of the,keforeductase will
have an%?m%é]rgﬁ?n(%i?{l r%?]a%é%ﬁ t(% %?zg)d? %@?@a%e’%q}t %asﬁggr%fé%%%%éé%b%}{b%hgg ’kgezt’oarie’égbtase

enzymes & efo faderbtases tictivity.ddn e Theds Bed by ant: Bhe bf Yrdtid APE. 483al/4t ukEd ¥ measuring
ketoredygiase, such as a decrease in absorbance or fluorescence of NADPH due to its oxidation with
the concomitant reduction of a ketone to an alcohol, or by product produced ina coupled assay.
Comparigis ofi emzaymebadtivitiastacdmadciusingadydefined preparatioblob enoymenatdefined assay
under aggtcondition, 3Rd.0Ne.Y HeLe delined SuBstAles..ARIMMNGT described, . detail herein.
Generaﬁy, Wﬁen Iysa]ges are compared, the numbers of cells and the amount of protein assayed are
determined as well as use of identical expression systems and identical host cells to minimize
variations in amount of enzyme produced by the host cells and present in the lysates. [0051]
"Conversion" refers to the enzymatic reduction of the substrate to the corresponding product. "Percent
conversion" refers to the percent of the substrate that is reduced to the product within a period of time
under specified conditions. Thus, the "enzymatic activity" or "activity" of a ketoreductase polypeptide

can be expressed as "percent conversion” of the substrate to the product. [0052] "Themwstable" refers
tn a2 ketorediictace nonlvvnentide that maintaine ecimilar activzityy (more than AN04A to QN04 far evamnnle)



5 x SSPE, 0.2% SDS at 42C., followed by washing in 0.2 x SSPE, 0.2% SDS, at 42C."High stringency
hybridizatign" refers generally to conditions that are about 10C or less fro ]5'11 Iting
temperatu?’ggrzogg}r%‘e &fmined under the solution condition for a defined prgé/?@c egcgt;tgi%’ae;sgné%uence. In
some embodiments, a high stringency condition refers to conditions that permit WO
2009/042984PCT/US2008/078046 hybridization of only those nucleic acid sequences that form stable
hybridsinlh018s NalCdudt B rikeipdhalhyorigdisimdirstab e ipoQy A48t NalGt et BEEisitanill not be
stable upder highsstringency.candifions, asenienelateg herein); High siringency.condiions can be

provided, for example, by hébrldization in conditions eggivalen}t to 50% formamide, 5x Denhart's
solutions 5 ¢ SEPE: 286 SD4Faf %I, Toidwédt BY: Rashing iffeIxSsPE "and' 0*1oh?stisat 65C.
Anoth_ei_gaigh, Stiggescyl m@ndﬁjqnzzislbybmm_ﬂg i_moccmdiati@esleqﬁbr@h_empm@mﬁizm@gmax SSC _
contanige, 0426 (L8058 63 REIASIINGIN A bk SSESANBANALA NG SDF.ALOPGOter gh

. 2} ‘h() %Cl .
stringency hybridization conditions, as well as moderately stringent conditions, are described in the

referen¢&s eitep Bh V@ 0f00T S HateyEsEs sl Didetide Jeterssty dnibpulyhededtifie that is
introducegirnto,adhest eeitby-laharatorydeabniquas aneinaludesRolwrucestidesdhal axe removed

from a host cell, subjected tq laboratory manipulation reintroduced into a host cell. [0079]
o Tk e P B R S S

preferemgially 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
represe M) bl sevs s bHBRES ARG oSG Ry ST BEPEGROAYFREARIE Qo ABME 1118 Wl RN that
codon usages by-pREtinulaz-rgRMSMS 15REN FRBaENTE ardbinsg hioxuards pattieulasteadar triplets. This
codon usage bi ay.be higher in reference tq.a given gen of common function or ancestral
origin, High ycg(%lcr%:rs}gegyg%{%i ’?s(%/é?s(l{@%) uti:%)cpiﬁ/n_n Jyﬁ‘ﬁé’%@?@%@%ﬁ? § & the agar tdeg%gapg)%f"otein coding
regions Bilan rgaHismscgshonresIindonieribod fered the Pl e eblides! efcelingecd
ketoredycinges e BN PES BMELscodan-antinized foqrptimalgproductiondiromthe hgst organism
selected for exp essiogw. 08_0% "P.ref.er‘rleg," "optimal;'lor."h%:lh codon u age bias codons" refers
interchd??gﬁﬁﬁl £ EEBOHE MaPHSUREH St RiGAE REUULREY 1R RBBIStS Y RS Fe5iHS than other
codons thatccade sopthecsamsramimg actdTRereferréd ¢odénsomnidy e Hettrnmiied iArelation to
codon usa?e in a single gene, a set of genes of common function or origin, highly expressed genes,
Wﬂﬂf(l

the cod 8 HBqliersrirtheiipiedghtd Hrotans RBAR RIS T et eo8HgERS Mie 8GR requency
in the aggregate prolgir cogling iegions-af related organisns] jar-eairbinidtiansthareab @edons whose

frequency inc S with I ne expression are typica timal codons for expression. A
arety O s BT s o it B BB e
synonymébg eedet tisegeraneresd oh prleterahine i spadific srydhishat iersiutirdg hitifivariat analysis,
for exanipig.+sing-cWSIRFA02NCHS Qa0 HASRONCdanEs.al Al Ysisc At T effective saumber of codons
used in g %%%f see GCG Cod nPr?ference, Gepetic g:o_mé) i

SRR 199

G isconsin Package; CodonW,
john Pe B R T Koo T S TS 5 BB B A DD 3551 atomico of

AR CLIA S 354 Stenico et al.,

1994, NucheitsAeidsnw@cR089(042084RO TS 60SHVBDAS Rés 3222437 -6 00V fights.F (), 7990, Gene
87:23-29). Lodonyspge tahles arejgvailaile for a growing list of organisms (see for example, Wada et
al., 1992, Nucleic Acids Res. 20:2111-2118; Nakamura et al., 2000, Nucl. Acids Res. 28:292; Duret, et
al., suprap Henauoard-basnchins Hschenchirealtrang ainpnafal: L6 Neidhardiyeiate Eds., ASM
Press, hington D.C., p..2047-2066. data source for obtaining.cod sage may rely on any
valable e e e S B S A A S T S o
sequeneesiact(faly Rt (G ¢hcodd e diprarsed i prbteingyBrgcnebrapledecprpretiil tsaiaate.
sequengﬁgfgpcﬁ)f@rﬁmﬂeﬁleﬂcﬁ@e@ r&%@ttgga &E&I&M%g@qi%%@giagé@g msx;é@lmm(i:ch .
sequences (see for example, Mount, D., Biginformatics: Sequence a enom alysis, Chapter 8,
Cold SoTTREFEL U7 EADBTRIEH Y BSE BRT Sh G PASH REPora 1 oSl £ C.. 1066,
Method§EnpyanohoRG61286s 28M; siilvarbptrats 1oRds ComputoAppkeBiosedl viBR268s 2@h 100811
"CO””OE§1%8H?é‘éi?é{ﬁn@%féﬂﬁ‘écﬁ%ﬁ‘é%&‘Pré%%&{gﬁﬁlb%@@99‘?@@?%&‘,"’1@,%?!@, RECRSSANY O adyantageous
for the expression of a polynucleotide and/or polypeptide of interest. Each control sequence may be
native o?”fo?@iéﬁa@tﬁ%’ ﬁ’ih‘glleli% acid sequence encoding the polypeptide. Such control sequences
include, re not limited 1o, a leader, polyadenylation sequence, propeptide seguence, promoter,
signal p[agggét ?s%?]oﬁ%en%%%%%?g et?ésh%gr}lﬁ ionrtll)étre1 mfr‘%{ac%)sr?’ ﬁet%g%rﬁ?(ﬁ??ﬁ% G?’fﬁﬁ%%%ﬁgﬁgigagences include a
promotexraadinascriptional ahdCtiantabioral stepdigrakband pomrbt Segueprdsieyibe provided
with linkers for the purpose of introducing specific restriction sites facilitating ligation of the control
sequences with the coding region of the nucleic acid sequence encoding a polypeptide. [0082]
"Operably linked" is defined herein as a configuration in which a control sequence is appropriately
placed (i.e in a functional relationship) at a position relative to a pol)mucleot de of interest such that the
control sequence directs or regulates the expression of the polynucleotide and/or polypeptide of

interest. [0083] "Promoter sequence” is a nucleic acid sequence that is recognized by a host cell for
avnraccinn of a nolvniiclentide Nnf intearact <i1ich ac a endinAa ceadirienrcre The control ceadriance mavy



resiaae positions as compared to the reference sequence of SEQ ID NO:2, 4 or 114. In some
embodim , t@g ] er of differencescanbe 1, 2,3, 4,5,6,7,8,9, 1 .16, 18, 20,
22, 24, 2(’?}%%,2 @#g%)%ut 40 residue differences at other amino acid reg?jég@%%r]‘j(gsoﬁ%]rﬁi%émbodiments,
the differences comprise conservative mutations. In some embodiments, the ketoreduetase
polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93] 404;195%b (O80T, (S8Yemerh9D Fdértidat tblearraeferdnce sequeidsbdséd on SEQ ID
NO: 2, 4.0fd34:03Rg- e Lreaedingdeatlirs with dhe Rrovsedhab heseioedictasehiagan amino

acid sequence havin}%siz%\;t} least the preceding features, [0100] In some embodiments, an improved
ketoredtidfase! EBTTBHRSMGrarrhimg EiricasRMRe B 6R e SEfLASEEfEPHEGIA éﬁ@éé) ID NO: Il
112, OrN3Rorixcapiary theveafiduchidstasidues 012 kilichaving thelspeciiedibatynésat residues
corresponding to X190 and X202 or th Ifi 231U tresiduesccorraspanding to X190, X195
and X202 nz(ilggégs%rnlﬁggg herein, %?ﬁé?gﬁiﬁfﬁﬁgﬁgg@ éne%%g or at ég’sétg’all of the following additional

featuregpiesiduescoK espomdiBg Ll Hig AL XSIeinti AR HaHGPRRQB IR A KesiduaPariularly
cysteine or lijan; residue corres ondinﬁ to X96 islagc sg{eigg, olar,.alippt tic,§5rtn?nt- lar residue,
particul &Ry TRFRSHIHESEPSEShE Ve, 16TEIRE oF iR IIne e Sl t8esponding to X194 is a
constraimedyqetanafiphaticiioreforpolariyesidie hpartichtanyide ucineysenilecdSglutaniite Pand residue
correspanding.lo ggﬁ[%t hﬂﬁc@sﬁﬂé&%a@é‘ NHIG, 80N ROlR: ACHEHOF PRIgEI eRidHe npatHKlprly valine. In

S!

some embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4 1-5, 1-6, 1-7,
1-8, 1-90APERY e pitichsompise gopenine pgidrepgencoiepsndingdo phg I MB: 6 85! br Hobht 1-40
residue differences, atotbersaming acidireskjue, posfions, as, sanspatedsio dhestef@ranceiseguence of

SEQ ID 2.4 Qr114.In iments, the number of differences canbe 1, 2, 3, 4,5, 6, 7, 8,
9, 10, 1%? (1%5? i%’,%fs, éélg%gzqz%gz%zé‘”%gl%s or about 40 residue differences at other amino acid

residuesydBo$Om .8 BAIRRIRIR:, e HilfLancRs FOMRIEE.CaRSEHMRINE: BIRHANS:tIRB05B6u:
embodiments, the ketoreductase Eolyp?ptide cog)/ggiggs an amino ac!g sequence that is at least 85%,
0,

86%, 8755 "SBAS BEOA G09S RIS, SRUEIGRIL G596 BEYAD THETAvA "B 8 Hiical to a
referencésedéndediasedon BSEQIEhNGdR4 ef Idi4hhavingetheprEcediygfeaturgsidsittidhe proviso
that the ketojeductase has AR.aRing. agidiseqyence having.at/sast e Areceding Jgatures. [0101] In

some embodiments, an improved ketoreductase comprising an amino acid sequence based on the
sequenéEREHFHFIGFREGIO NG AN S; britst:6Phdegion thereof, such as residues 90- 211,

having t ecified features at residues carresponding 1o X190 and . X202 or the specified features at
residuel}’ ?czﬁr?esﬁﬁ)losﬁ?f‘l%%l %"%&B‘f‘%ﬁ@ eéoﬁ% Saof g}gs(%ﬁ%(%sal glr%?]ﬁ??ﬁl%r teer?(fﬁ% lfgées’ %I}\(g or more or
at least tibofatré followingradbitionsi featites rasid ie orredpontding 19 %94. 1§aeySteirie; Aliphatic, or
non-polay iesidys, pariculasly,cysieine or glyeingsLesidue.cone spaRding ek @ WO
2009/042984PCT/US2008/078046 cysteine, polar, aliphatic, or.non-polar residueﬁgarticularly
threonm EAIEREMVAIHE? IREILTEC P RBIEtCINEY PEsTILE TB dBHH I G 0 KA %N aromatic,
aliphatic;oomqi@imgmianﬁesiﬂmé;smmicuwm;to@@@é@e’s;ﬁoh@iithgﬁé,XiQkB@Qa_, ¢bridtrained,
polar, aliphagic, ok nan-pelagresidue, Parliqulaglydeucing, serine oF glutamine;and rasidiies,

corresponding to X211 is a basic, aliphatic, non-polar, acidic, or polar residue, particularly valine,

9
leucine, J8otéudndd-GPtfifedhifd. 1 8melehiBotihehts e ®Etbteductase polypeptides can have
additionglly 1-2, 1-3,.1-4, 1-5, 1-6, 1-7, 1-8, 1- 9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16 A1-18, 1-20, 1-22,
20, 1INl T B s e A e R B s s
comparédtto:thetrafelewcdsdguen cerobSEGIDINOGE inrdize4o dumbaxibodienands: the number of
differengg 1%@1’&%@'11‘{%013&40&& %l%ip%i.)%ﬂé’l@@écﬂe c%%’igfﬂm@é!rgﬁogegs Al Aider 2 or3 eIk about 40

residue differences at other amino acid residues, In some embodiments, the differences comprise
conservAiif UEAAGRE P EBmereentbEasTEd llf?éﬂff‘éiﬁ%ﬁ%%3P§§é’3b‘81§)6%b?f&?élsc%‘6ﬁf§g§%én amino
acid sequerifie dbdtcis ableasiBH %86 Ybx 8 BB6hB 1880 ALk bO2HS,1B8%184%, 95%, 96%,
O7%, SHHNRSVIPLUTANI0 A IRICIENNS AEGHCRTR DASCHOR SR IDAGS 2rAar 3 4013YINg the

preceding features, with the proviso that the ketoreduetase has ‘an ‘amino acid sequence having at
least the preeddinfy -featdied’- 7101021 fh Sorfit Embodiments)di-itdprovet kKetbtedlretdSe: dBmprising an
ammo agid SequentiebasadndhaiseguencafiomimiaobSire edN@iebblptdiicortk39, or a region
thereof, such as residues 90- 211, havin ified featur residues corresponding to X190
and X202'6r 03‘2%&‘@%%8‘%%&%3?&%3&?5 u ﬁﬁé?ﬁdfﬁﬁ%ﬁl %190, X195 and X202 as described
herein, further includes one or more or at least all of the following additional features: residue
corresponding to X93 is a polar, aliphatic, or non-polar residue, particularly serine; residue
corresponding to X94 is a cysteine, aliphatic, or ndh-polar residue, particularly cysteine or glyeine;
residue corresponding to X96 is a cysteine, polar, aliphatic, or non-polar residue, particularly threonine
or leucine; and residue corresponding to X211 is a basic, aliphatic, non-polar, acidic, or polar residue,
particularly threonine, isoleueine, leucine, or valine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15,
1218 112 120 1-22 124 1-2G6 1-20 1-2E Ar aboiit 1-40 recidiie diffeareancec at nthear aminn acid



2,1-3,1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-
30,1-350 -40 residue differences at other amino acid residue pogiti red to the
reference {s)‘e%gg{ébrr?ggééc%%EQ ID NO:2, 4 or 114. In some embodiments, th?%ﬁ%%@%?ﬁﬁ%rences can
bel, 23,4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue
differences at other amino acid residues. In some embodiments, the differences comprise
conseni@d niueatithas 24peso fhereeniro distentss theykistdred geliasenpoiyipe phicieobomiseissan amino
acid seguencethatisAldeast Ba%n86% 87 % aB% 88%:98% s, Y106 9278 93%r DA% 353, 96%,
97%, 98%, or 99% identical to a reference se uence baseofl, er]SEQ_IQ_NO: ,4.0r 113 having the
precedilraEIPEE WHHIHS SN0 S iRt a b Rl SR B ARG P8 ¥ d K aving at
least thenpheeedingiieatures: {8426ds| desoiral @mbodim einis) aandim piroy ech ke torediictahefeotnprising an
amino agidl seqyencs. based 09, tie sednense-fopmyia.f SEQ ID NO: 111, 112, or 139, or a region

thereof, such as residues 90- 211, having the specified features at residues corresponding to X190

and X20geujthespesifiad featuies ald@sidnes Casespaneing 1a:Xd 90 pu ke radrRORas described
herein, further ir;c]ugjfzslfat Iegs’gtthe followin %ddit\ioyal L(?taturte: residue corresponding to X211 is a
basic, altBHAIE, hoRSSolar aeHiiE o potar Tesidue  particUTaty valine. leucine. 1soleucitie, or threonine.
In somekembbdintenteythe ketobedustase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6,
1-7,1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40
residue FStehbescitsthersRmsEsiacredhsd é‘eﬁ%iﬁ’@ﬁé‘%@l&&ﬁ%ﬁg’é {y tR eI &FRCE Wfuence of
SEQ IDiNQ&Z deinlid4ad oosarneenikadimentdtheanumberofdiffecances-gandially 260334} 5, 6, 7, 8,
9, 10, 11, 12,14, 15,16, WO 2009/p42984PCT/\I52008/078046 18, 20, 22, 24, 26, 30, 35 or about
40 residué differen espgt other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence that is at least 85%;86%~87%, 88%, 89% 0%, 9Py, S¥9%61:93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a nce sequence basep NO: 2,4 or 114 having the
preceding features, with the proVise Eforedlcrase T 0 acid sequence having at
least the preceding features. [0127] In some embodimests, an imptoved ketoreductase comprising an
amino acid sequence based on the sequence fommla of SEQ ID NOT111, 112, or 139, or a region
thereof, such as residues 90- 211, having the specified features at residues corresponding to X190
and X202 or the specified features at residues correspondin X190 and described
herein, fa r'tg*?ecrollﬁ% (a*éié”ﬁtﬁ‘}%raegisﬂn%e%‘lé’%"ﬁ%% B |%(ﬁa‘ %%% lﬁ%e%:%ﬁggi??déﬁéjé%%)églgﬁg?n%%% X212 is polar,
aliphatic? o7 wable:pokanotosiduley ipebtibeiabiy aline eyl Renmasotribeanidodinients, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 130, 1-35 or about 1-40 residug diff@r@}qges at other amino acid
residue positions as compared to ]® ]

embodiments, the nuppher of diffexepee
22, 24, 26, 30, 35 or about 40 fesidue dif
the differences comprise conservative mutations. In“seflie embodime#ts, the ketoreductase
polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ ID
NO: 2, AU TIPS M T o T Rt LA WA armino
acid seguendechavirgctttesdshtbetpeoadingfaatupesn{Ci 28 ¢nsdmenembiddiments; @rirmproved
ketored €, CoMmpyfiSi j id 10 () of SEQ ID NO:
L 11 B o P eraemon features at
residues corresponding to X190 and X202 or the specified features at residues corresponding to X190,
X195 and X202 as described herein,fththergcludes at least the folfdingradditional feature: residue
corresponding to X21§}i§ ais const _ g

embodiments, the ketoreductasa polypeptities C3 i

1-9,-10,1-11,1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-2 4, 1-26, 1-3 B85 or about 1-40 residue
differences at other amino acid residue positions as compared to the reference sequence of SEQ ID
NO:2, 4 or 114. In some embodiments, the number of differences can be |, 2, 3, 4,5, 6, 7, 8, 9, 10, 11,
12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residues.
In some embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase polypeptide comprises an amino WO 2009/042984PCT/US2008/078046 acid
sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identical to a reference sequence baded on SEQ ID NO: 2, 4 or 114 having the
preceding features, with the proviso that the ketoreductase has an amino acid sequence having at
least the preceding features. [0129] In some embodiments, an improved ketoreduc,tase comprising an
ammo acid sequence based on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region

thereof, such as residues 90- 211, having the specified features at residues corresponding to X190
and Y202 or the ecnecified faatiirece at reacidiiece corrcennndina to X100 Y108 and Y202 ac dAecerihed

8H 10, 11, 12, 14, 15, 16, 18, 20,




isoleucine, particularly threonine, tryptophan, alanine or serine; residue corresponding to X163 is
glycine @5155 @é@_\‘nrne valine, leucine, or isoleucine, particularly 'SOM}? e1-6
correspo |ng i Is serine, threonine, glutamine asparagine, glycine, me onrne alanine, valine,
leucine, or isoleucine, particularly asparagine; residue corresponding to X173 is aspartic acid, glutamic
acid, glycine, methionine, alanine, valine, leucine, isoleucine, particularly valine; residue corresponding
to X179dsttyrosinepphenstatamrirmetnygtophlanoduginfisaudysindoghydinéy nisthidriihé2-8lanine, valine,
leucine .ar isQlgHNe - RATICHIAEVYrRsIne. RRRAYIRIAAING . ypiney AR IHEINE | 1esid e catesponding to

X194 is proline, histidine, serine, threoninc, glutamine, asparagine, &eine, methionine, alanine, valine,
Ieucrnewo‘rhrh"élfﬁﬁfc @eﬁaf’ﬂﬂﬁﬁ%ﬂ@fﬁ%ﬁﬁéﬂ&gtam|ne serine, or leuc residue corresponding to X196 is
glyeine, methronrne alanrne vaIrne Ieucrne or isoleucine, partrcularly leucine; residue corresponding

& 3 id; ree' 2 correspondlng to X198 is

e, serine, threonine,
responding to X211 is
lysine, argrnrne aspaitic acrd glutamic acid, glycine, meéfhionine, alaning valine, leucine, isoleucine,
serine, threonine, glutamine, or asparagine, particularly valine, leucine, threonine, or isoleucine. In

some empegimertsiitie retionOHMalmEOMHesRONdINg i residies8Qudidzanhava-additionally
from about 1-2, 1-3, 1- 1-10, 1-11, 1-12, 1-14, -16, 1:18, or 1-20

1-
residue BfEHSHEL! 181’ﬂé@é3?n°rﬁ%‘%‘&?&f%)ééﬁ*b%ﬁzfﬁb?ﬁb%%"ﬁ(%%psoﬁ 0o} %3? é(’rg &K "48Compared to the
corresponapnigeslomairiind ariefebetnicetbesience abedon SEGIDNE R orlthd distlsarme
embod'Hh%&t%ala%@&'&nﬁr%%f&5&%%&@@&%%@&95 Lofvedidh e SuthnBredo H phddukd o éhribard6, 18, or

about 20 residue differences at other amino acid residues in the domain. In some embodiments, the
drfferengfé@‘cldﬂbr%é%ﬁgélr\ffaf%arﬂ&)aﬁ%ﬁgﬁ[ﬁ%] In some embodiments, the ketoreductase
polypep, ith a domai prre [ 0 ondrn tor sidues 9 1 of the sequence formula of
SEQ ID (%SYV hgeﬂeze Oig)éeand a%\n{?éc g%sﬁ Cl ?edaf’djrleog atresi Ilﬂle{’s‘,n%:gerr%sgong|ng to X190 and

X202 omthéuspecifédfoatdirds &rré@idu@@o@n@bpsnmmné Xl )R195 BAE X202 as described
herein, gﬁglgdgggﬁlrmwdgh%gj Hegien.or domaiskong Rk more or all of the features selected from the
in

following: residue correspon X94 |sa steine, I| hatic, or r residue, particularly
cysteing GRRIREPYES %g?é Wﬁ% (is‘l%{gl s%”ﬁ%‘f%o% ‘gﬁg%atlc or non-polar residue,
res&%r Pcorrespondrng to X21llisa

glutamrcacrd orglutélnﬁne re'e FFresy; ‘~ i ‘. i @

particularly threonine, cysteine, valine, leucine, or isoleucine;
basic, aliphatic, non-polar, acidic, or polar residue, particularly val eucine, threonine, or isoleucine.
In some embodiments, the region or. domain corresponding tor srdp@ 90 11 can have additionally

1-2,1-3, 1-4, 1-5, 1-642-7, 1-8, 19
differences at other amino acid residyg j ' . ~.\ orain of a reference sequence

number of drfferences can be 1, 2 3,4,5,6,7,8,9,
differences at other amino acid residu.es in the domarn In some embodiments, the differences
comprise conservative mutations. Jn some emb drment the ke ored tase re r domain
compris&§ %{}Pﬁﬁﬁﬁ’&‘%ﬁc.ﬁy B e ARG St s?ct?regts?eecseadfn efrggﬁrrlele?oglﬁ(& ?nerle]ienl thé"amino acid
sequeneerhasdfdeds BB 5869t Bxbp 88 BN LB0), 9 1%y @Z% 9356 0060 BB8%s 96%, 97%,

98%, or, 99 Qspéuxv@ﬁlﬁ@mpar&%% mammﬁ%dm%ammmm%wq [egifldes:R0-211 of a

reference seqlience based on SEQ ID NO:2, 4 or 114 having the preceding features. [0149] In some
embodiRfeE e Ko birleuse éﬁtﬂﬂ‘é%ﬁﬁlando‘fﬁ‘a‘ﬂlred?l rBIsTPR SESPSHER o residues
90-211 githaisesuencedfermibaeitiSEQ ID NO: 111, 112, or 139 and having the specified features at
residues corresponding to X190 and X202 or the specified features at residues corresponding to X190,
X195 a0 M asreesohipEndnerair, vtrnfedtite oirfelntdif Yheaegiorborgdmdls ereberiaidre or all of

the featyfess ?&ﬁ@dﬁgemtma follauing: residyaicoly ssReNFIBATOINAMS i@ syRiginealiRhatic, or
non-polar resi artlcularly cysteine or glycine; residue corresponding't X96 is a cysteine, polar,

aliphaticYBR%hopB 5?%’? é‘rﬂeﬂm‘%ﬁﬁéﬂh 3‘%9%}%?38%8%@“?8&% &8 PISHIRTEIRE:; residue
correspohnﬁn@mm&(d%m@m(ﬁﬁo)matﬁ:plaﬁphaﬁdpmmﬁoﬁlp)dbameadmg thastibsilartyslgudinc; and residue
corresponding 10, Xe kL5 A PRSIG, AHROAUG RRRAAIAL A 0k RAUALES dHE, Refficulady valine,

leucine, threonine, or isoleueine. In some embodiments, the region or domain corresponding to
residues\ eI Lo INades aefciviam Pk 614 1.5 1-6, 1-7, 1-8, 1- 9, 1-10, 1-11, 1-12, 1-14,
1-15, 1-16, 1-18, or 1-20 residue differences at other amino acid residue positions as compared to the
domain of a reference sequence based on SEQ I8 NO:2, 4 or 114. In some embodiments, the number
of differences can be 1, 2, 3, 4,5, 6, 7, 8, 9, 10, 11, 12, 14, 15, 16, 18, or about 20 residue differences
at other amino acid residues in the domain. In sonic embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase region or domain comprises an

amino acid sequence having at least the preceding features, and wherein the amino acid sequence
hac at laact QE04A QRO0A Q704 QQ04 QQ04 ON0A 0104 0204 0O2V/4 OA04 OK0A OROA O704 OQ0A Ar OO0/



G7H; A94G; F147L Y190P; V196L; A202W 6 ++ 45/46 G7H; 896L F147L Y190P; V196L; A202W 6
++ 43/44 Q7H; S96V F 47L; Y190P; 6 ++ WO 2009/042984PCT/USZOOS/%%}% ?i NO Residue
Changes &%3?’@3 t9084SEQ ID NO:4 No. of mutations from L. kefir SEQ | é @%’&% V196L,;
A202W 41/42 07H; S961; F147L190P; V196L; A202W 6 99/100 07H; S96T; E145L; F147L; Y190P;
V196L; A202W 7 91/92 O7H; S96T; F147L; Y190P; V196L; A202W; Y249W 7 ++ 93/94 07thS96T;
F147L; YD P96 kmnBRORVKZ kw Micth0d FOR Btk SEGTbFBAT o, IvF0RcY 186LbA2G2AW: K21 IT 7

++ 85/88 DL SAA Trdatidil oYk B0k L8R 001 Whe O W lsc S R2UAB A RAGT & 14 7L Y1901);
L195D; V196L, A202W 7 87788 07H; S96T; F14/L, YI90P; L195R; VI96L; A202W, K2111 8 97 /98

07H: SOETPEIUY CoRaTEH PRIRCHYSRTSTATEE PTHNP 8P4 % 8090 &7 HESE:AeAG*So6V:
F147L; %199R0LI95R; N5 96L40AZ02W 4K 2E150 142, 54 83/8% ORH6 L 8385 (A4 SQ6L4, FRATL: Y 190P;

L195R; Y196k Ag0eWo (<8114 10 05 100, 102, 104, 106, 108, 110, 111, or 112,

(0631} In some embodiments of the method for reducing the substrate to the product, at least about
95% of the substrate is converted to the product in fess than about 24 hours when carried out with
greater than about 100 g/L of substrate and less than about 5 g/l of the polypeptide, wherein the
polypeptide comprises an amino acid sequence corresponding to SEQ 1D NO: 6, 8, 14, 16, or 20.

[6032] In some embodiments of this method for reducing the substrate o the product, at least about
10-20% of 1 g/L substrate is converted to the product in less than about 24 hours with about 10 g/L of
the polypeptide, wherein the polypeptide comprises an amino acid sequence corresponding to 6, §, 10,
12,14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64,
66, 68, 70, 72, 74,76, 78, 80, 82, 84, 86, 88, 90, 92, 64, 96, 98, 100, 102, 104, 106, 108, 110, 111, or
112,

3. BRIEF DESCRIPTION OF THE FIGURES

10033] FIG.1 illustrates the role of ketoreductases (KRED) in the conversion of the substrate
compound of formula (I} to the corresponding product of formula (113, This reduction uses a KRED
described herein and a co-factor such as NADPH. - A glucose dehydrogenase (GDH) 1s used to
convert/recycie NAD(PY to NAD(PYH. Glucose is converted to gluconic acid, which in turn is
converted to its sodium salt {sodium gluconate) with the addition of sodium hydroxide. Alternatively,
a secondary alcohol dehydrogenase (e.g., a KRED) can be used to convert isopropanot o acetone and

convert/recycle NAD(P)” to NAD(P)H.
6. DETAILED DESCRIPTION
6.1 Definitions
[0634] As used herein, the following terms are intended to bave the following meanings.

[0035] “Ketoreductase” and “KRED” are used interchangeably herein to refer to a polypeptide
having an enzymatic capability of reducing a carbonyl group to its corresponding alcohol. More
specifically, the ketoreductase polypeptides of the invention are capable of stereoselectively reducing
the compound of formula (1), supra to the corresponding product of formula (), supra. The
polypeptide typically utilizes a cofactor reduced nicotinamide adenine dinucleotide (NADH) or

reduced nicotinamide adenine dinucleotide phosphate (NADPH) as the reducing agent.



a_ 75/76 GTH; DB6E; ASOV; A94C; S96L: F147L; Y190P; L195K; 11 WO .
2009/042984PCT/US2008/078046 SEQ ID NO Residue Changes Compared to SEQ ID NO:4 No. of
mutations B 1" R&F°8EQ ID NO:4 Activity' V196L: A202W: K21 1L 73/7% G BBEE*Ns0v; 193s:
A94C; S96V; F147L; Y190P; L195R: V196L; A202W; K21 IT 12 4+ 63/64 G7H; D66E; 193S; A94C;
S96L; E145Q; F147L; Y190P; L195R; V196L; A20.21A7; K211V 12 +++ 103/104 07H; A94C; 8961;
F147L; N&B0RdAO5R IAORK:A 2QAWE KR iT Dot ektri6 Z IGBI10 T DEEE:04Gs 896d!! FI4EL; Y190P;
L195R?1§é&§?9§¥'/&%8%¥1\§ éﬁ%ﬁkk‘er%%;&ﬁasép%é% 0. QH ARG 290Gk i Aidk: Y190P: L195R; VI96L;

A202W: K211V 9 +-F - 1/72 G7 66E; A940; S96V; F 1 47L; T152S; Y190P; L195R; V196L;

A202W 63811 VE S35 Walén D660 1B 66 AADINERL 2 RORVG. RIALL;) (X FARdbLAPR M 96L.
A202W: %uv 11 ++- 23/24 G7H; LI 7M; F27Y; A64V; A8OT: 1938; A94C; S96L: EIOOK; F147L;
Y190P: IKOER V40U 2 RIBGDW: K211V 15 +++  81/82 G7H: 1938: A94C: S96L: F147L: Y190P:

P194Q;[bé.39)§ R';N\Qu?ﬁi‘v;-&gg%%”lgg%i\{dgt%e” refers to the form found in nature. For example, a

naturally occurring or wild-type poiypeptide or polynucleotide sequence is a sequence present in an

organism that can be isolated from a source in nature and which has not been intentionally modified

by human manipulation,

[0638] “Recombinant™ when used with reference to, e.g., a cell, nucleic acid, or polypeptide, refers to
a material, or a material corresponding to the natural or native form of the material, that has been
modified in a mamer that would not otherwise exist in nature, or is identical thereto but produced or
derived from synthetic materials and/or by manipulation using recombinant techniques. Non-limiting
examples include, among others, recombinant cells expressing genes that are not found within the
native {non-recombinant} form of the cell or express native genes that are otherwise expressed ata

different lavel.

[6039] “Percentage of sequence identity” and “percentage homology™ are used interchangeably

herein to refer to comparisons among polynucleotides and polypeptides, and are determined by
comparing two optimally aligned sequences over a comparison window, wherein the portion of the
polynucieotide or polypeptide sequence in the comparison window may comprise additions or
deletions (Z.e., gaps) as compared to the reference sequence {which does not comprise additions or
deletions) for optimal alignment of the two sequences. The percentage may be calculated by
determining the number of positions at which the identical nucleic acid base or amino acid residue
oceurs in both sequences to yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the window of comparison and multiplying the result by
100 to vield the percentage of sequence identity. Alternatively, the percentage may be calculated by
determining the number of positions at which either the identical nucleic acid base or amino acid
residue occurs m both sequences or a nucleic acid base or amino acid residue is aligned with a gap to
yield the number of matched positions, dividing the number of matched positions by the total number
of positions in the window-of comparison and multiplying the result by 100 to vield the percentage of
sequence identity. Those of skill in the art appreciate that there are many established algorithms
available 1o align two sequences. Optimal alignment of sequences for comparison can be conducted,
e.g., by the local homology algorithm of Smith and Waterman, 1981, Adv. Appl. Math. 2:482, by the
homology alignment algorithm of Needleman and Wunsch, 1978, .. Mol. Biol 48:443 by the search
for similarity method of Pearson and Lipman, 1988, Proc. Nati. Acad. Sci. USA 85:2444, by
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k  79/80 07H; 1938; A94C; S96L; F147L; Y190P; P194Q; L195R; V196L; A202W: 1(211 V;I226T 12
+-t-+ 107/108 G7H: A68V: 1938; A94C: 896L: R108H: F147L: Y179F: Y190P: L 195R: V196L: D198E:
A202W: KD C42841. 40/50 G7H: A68V: 1938 A9AC: S96L: R108H: FIAFPIEERII4190p:
P1948: LI95R: V196L: A202W: K2111 14 +++ WO 2009/042984PCT/US2008/078046 SEQ ID NO
Residue Changes Compared to SEQ ID NO:4 No. of mutations from L. kefir SEQ ID NO:4 Activity'
77178 Gibkhpi@B8:INSHCnSO6lqR HDBlke bl 65AP, BESUPLPEASDA LAQSRAYTA6H IA202W:

K211V?éédﬁq%%&%?‘t&%lM&EZ%E@@@Q%&&' : é%&é@ﬁéné%ﬁ? LYl ¥eob 9ol V196L,
A202W; K211V: 12123 14  33/34 07H; LI'7M: 157V 1938: AGAC: SI6L. F147L- V1481: DI73V;

Y 190P: ¥idsriay B abtey Ap Ghiuped dhgt alg e Curmgmrdsogeaaly. £ Rt Fsmire Ry g cAGARSIS o6 : FI4TL:
Y190P; ub35RaVASOL AL QA \ind (R Wik &S (108, 07945 R66H:1O38,A04C)) H¥dmnpitddL . Y190P;
P194Q; L 195R: V196L: D198E; A202W: K211V: H216R 14.:H, ++ 3 9/40 07H: DE6E; 1935; A94C;
So6L CARTR GBI L e R P B TSR Ao R R S BT 1ot
157V; ABOT:SToRG Aokt SoelzorthyRl wiith 3tk dpsoded ingdreviael.; WIOWMK Ay 214 +-+  21/22

O7H; L1448 4G SN ABAT) 483 RuA4 G S9Rk: EQOIOE 14:pki 2ROROEIRRRGVI 96L; A202W:

K211V 15
performing BLAST analyses is publicly available through the National Center for Biotechnology

Information website. This algorithm mvolves first identifving high scoring sequence pairs {(HSPs) by
identifying short words of length W in the query sequence, which either match or satisfy some
positive-valued threshold score T when aligned with a word of the same length in & database
sequence. T is referred 1o as, the neighborhood word score threshold (Alischul et al, supra). These
nitial neighborhood word hits act as seeds for initiating searchss to find longer HSPs containing
them. The word hits are then extended in both directions along each sequence for as far as the
cumulative alignment score can be increased. Cumulative scores are calculated using, for nucleotide
sequences, the parameters M {reward score for a pair of matching residues; always >0} and N (penalty
score for mismatching residues; atways <0), For amino acid sequences, a scoring matrix is used to
calculate the cumulative score. Extension of the word hits in each direction are halted when: the
cumulative alignment score falls off by the quantity X from its maximum achieved value; the
cumulative score goes to zero or below, due to the accumulation of one or more negative-scoring
residue alignments; or the end of either sequence is reached. The BLAST algorithm parameters W, T,
and X determine the sensitivity and speed of the alignment. The BLASTN program (for nucieotide
sequences) uses as defaults 2 wordlength (W) of 11, an expectation (E) of 10, M=5, N=-4, and a
comparison of both strands. For amine acid sequences, the BLASTP program uses as defaults a
wordlength (W) of 3, an expectation (E) of 10, and the BLOSUMS62 scoring matrix (see Henikoff and
Henikoft, 1989, Proc Nat! Acad Sci US4 89:10915). Exemplary determination of sequence alignment
and % sequence identity can empiov the BESTFIT or GAP programs in the GCG Wisconsin Software

package (Accelrys, Madison WT), using default parameters provided.

[0040] “Reference sequence” refers to a defined sequence used as a basis for a sequence comparison,

A reference sequence may be a subset of a larger sequence, for example, a segment of a full-length
gene or polypeptide sequence. Generally, a reference sequence is at least 20 nucleotide or amino acid
residues in length, at least 25 residues in length, at least 50 residues in length, or the full length of the
nucleic acid or polypeptide. Since two polynucleotides or polypeptides may each (1) comprise a
sequence (i.e., a portion of the complete sequence) that is similar between the two sequences, and (2]

may further comprise a sequence that is divergent between the two sequences, sequence comparisons
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" 37/38 07H; D66E; 1938; A94C; 5961; F147L; Y190P; P194Q; L195R; V196L; D198E; A202W; K21
' V; H2I6R 14 +(;|-++ 53/54 07H; D66E; 1938; A94C; 5961; F147L,; PISl/%' %}I%%PSI?%%% ; LI9SR;
v196L; DISSERSEIN K211V; H216R 15 ++++  11/12 07H: L17M; F27Y- ABAU RSO 1035;
A94C; S96L; EIOOK; F147L; Y190P; L195R; V196L; A202W; T210R; K211V 16 ++++ 29/30 G7H; L1
7M; A64V; A80T; 1935; A94C; S96L; El 00K; F147L; Y190P; L195R; V196L; A202W; 1(2I IV; H216R
15 +++-betw @200/ 2084RGTE U BR2O0/0F BOABISEQHMDCN D Residue Bhamgesi@ompared to SEQ
ID NO:4.ow 0L meaions 5o bl SEQUR N AGUMNG 27/ 28, B LAV 21 16,64V: 1926;
A94C; S96L; F147L; Y190P; P194Q; L195R; V196L; A202W; K21 IV; H216R 15  15/16 G7H; L
I7M; FZWEOAWF%W;SF%@?WQ4C; S96L; EIOOK; F147L; Y190P; P194Q; L195R; V196L; D198E;
A202W'é§i@1 » H216R 18 +++++ 109/11 0 O7H; AQ4V; %QT_; 1938; A94C; S96L; EIOOK: FI47L,
y190P;! J“ PYE R PLIRI D oBETASOSW RS LI B2t T5° BT/ 3 076 BhekE; 1038; Ag4c;
8961; K@7kENFL AT Iereytho 6RO 4QuitkO 5Ry yA96Le DASSELARQRVT KRIIN epRd BRIES +++!

primary sequence. For instance, a “reference sequence based on SEQ ID NO:4 having at the residue

corresponding to X190 a proline” refers to a reference sequence in which the corresponding residue at

X190 in SEQ TD N(O:4 has been changed to a proline.

[0042] “Comparison window™ refers to a conceptual segment of at least about 20 contiguous

nucleotide positions or amino acids residues wherein a sequence may be compared to a reference
sequence of at least 20 contiguous nucleotides or amino acids and wherein the portion of the sequence
in the comparison window may comprise additions or deletions {i.e.. gaps) of 20 percent or less as
compared to the reference sequence (which does not comprise additions or deletions) for optimal
alignment of the two sequences. The comparison window can be longer than 20 contiguous residues,

and includes, optionally 30, 40, 50, 100, or longer windows.

[0043] “Substantial identitv™ refers to a polynucieotide or pelypeptide sequence that has at least 80

percent sequence identity, at least 83 percent identity and 89 to 95 percent sequence identity, more
usually at least 99 percent sequence identity as compared to a reference sequence over a comparison
window of at least 20 residue positions, frequently over a window of at least 30-50 residues, wherein
the percentage of sequence identity is calculated by comparing the reference sequence to a sequence
that includes deletions or additions which total 20 percent or less of the reference sequence over the
window of comparison. In specific embodiments appiied 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 or more (e.g., 99 percent
sequence identity}. Preferably, residue positions which are not identical differ by conservative amino

acid substitutions.

[6044] “Corresponding t0”, “reference ¢ or “relative 107 when used i the context of the numbering

of a given amino acid or polynucleotide sequence refers to the numbering of the residues of a
specified reference sequence when the given amine acid or polynucleotide sequence is compared to
the reference sequence. In other words, the residue number or residue position of a given polymer is
designated with respect 1o the reference sequence rather than by the actual numerical position of the
residue within the given amino acid or polynucleotide sequence. For example, a given amino acid

sequence, such as that of an engineered ketoreductase, can be aligned to a reference sequence by
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When the stereoisomers are enantiomers, the sterecoselectivity is referred to as enantioselectivity, the

fraction (typically reported as a percentage) of one enantiomer in the sum of both. It is commonly

alternatively reported in the art (typically as a percentage) as the enantiomeric excess {(¢.¢.) calculated

therefrom according to the formulia [major enantiomer — minor enantiomer)/[major enantiomer +

minor enantiomer]. Where the stercoisomers are diastercoisomers, the stereoselectivity is referred to

as diastereoselectivity, the fraction (typically reported as a percentage) of one diastereomer in a

mixture of two diastercomers, commonly alternatively reported as the diastereomeric cxcess (d.c.).

Enantiomeric excess and diastercomeric excess are types of stereomeric excess.

[0046] “Highly stereoselective™ refers to a ketoreductase polypeptide that is capable of converting or

reducing the substrate to the corresponding (S -preduct with at least about 99% stereomeric excess.

[6047] “Stereospecificity” refers to the preferential conversion in a chemical or enzymatic reaction of

one stereoisomer over another, Siereospecificity 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.

[0648] “Chemoselectivity” refers 1o the preferential formation in a chemical or enzymatic reaction of

one product over another.

[0649] “Improved enzvme propertv” refers to a ketoreductase polypeptide that exhibits an

improvement in any enzyme property as compared to a reference ketoreductase. For the engineered
ketoreductase polypeptides described herein, the comparison is generally made to the wild-type
ketoreductase enzyme, although in some embodiments, the reference ketoreductase can be another
improved engineered ketoreductase. Enzyme properties for which improvement is desirable include,
but are not limited to, enzymatic activity (which can be expressed in terms of percent conversion of
the substrate}, thermal stability, solvent stability, pH activity profile, cofactor requirements,
refractoriness to inhibitors (e.g., product inhibition), stereospecificity, and stereoselectivity (including

enantioselectivity).

[0056] “Increased enzymatic activity™ refers to an improved property of the engimeered ketoreductase

polypeptides, which can be represented by an increase in specific activity (e.g., product
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96L; D198E; A202W; K211V; T212V; H216R; 1223V 20 ++  [0167] In some, em%ggén%%nés, the
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improve@tqﬂat @;f@teﬁmmmepﬂdammgﬁheamm:@idﬁewmﬂw@@&i@lI.E)“ N80 a Exe m plary
polypepides With, sugh.prRextien o use, but,ar8,09t uiedug.alvRenideswbishcanpgise amino
acid sequences corresponding to SEQ ID NO: 42, 44, 46, 48, 86, 88, 92, 94, 96, 100 and 102. 101701
In some'8iibolitiEAl; s kettrsttie s ThphitREest ¢ Cspanid BrcBHYBHM G e sHBRFate
2-[343-[2«(d-ehipra-R-quisDlinyd) ethenyillpbenytkdroxepmpyil benzoi iasid netbyhiasterto the product
(S,E)-methyl. 2-(3-(3-(2-(7-¢hloroquinalin-2-yhvinyl)phenyl)-3-hydroxypropyl)benzoate, with a percent
stereom@?fgégféélés% A ggggggoB‘t%@g%gagl%&\ﬁaetxé)%ﬁ%%hazzsllt(ﬁgi %g’tefgé%tgg%%%ﬁsfold improved over a

referenggorelyReptide having.the, N0 AcidSeEHeNGe oS RN FxgimianmRAyReptides
with such properties include, but are not limited to, polypeptides which comprise amino acid

sequencBE B RENGHIRG I SEGHEPRI MY hosupstrag Ui igadusd agibsgremicyuitss =78 g0 82, 84,
98, 104 pdiikat andrlOE dEO LT bd sorhie @ bodiinénts;theketerediuciaseqpolypéptides are capable of
converti Sir 3 - -2-gquinoli nyll: pk - ropyll oic acid
e cain SHOHAG SR U/ ehlorapag DRI LSRRI PR HOR R Y R0
2-(3-(3-(Bacs chinragisinglie- 2:yeVioy JRhe ayhBshygroxynmpyl benzaatesiwith acperceniostereomeric

excess qof at least &9 t 99% an(? t a rate that is at legst 250-1000 fold jmproved over a reference
o Imerox !

e
polypeptid® H&uis 3%%@@8'&%8&&8%%66? EEGTH R BIEXSHiplary po@%’éﬁﬁﬁgg with such
propertigsirielgde., B4t lare avotrlimitedtbe upobppeptidemavhich comprise amino acid sequences
corresponding to SEQ ID NO: 12, 18, 22, 24, 26, 28, 30, 38, 40, 52, 54, 56, 58, 60, 62, and 110. [0172]
In some! ¥iHodadlaensstablek st fUEIEEITERBEPOESRIE A FKB BT SHVEHARY THE SEtrate
243[34 2{+#rehlos092 g simalinyt: etbenyl pReryil3oxepropyi} henzeicsacidmeathyt ester to the product
(S,E)-methyl 2-(3-(3-(2-(7-chloroquinolin-2-yOvinyl)pheny1)-3-hydroxypropyl)benzoate, with a percent
stercomeric excess of at least about 99% and at a rate that is at least 1000 fold improved over a
reference polypeptide having the amino acid sequence of SEQ ID NO: 90. Exemplary polypeptides
with such properties include, but are not limited tol4polypeptides which comprise amino acid
sequences corresponding to SEQ ID NO: 6, 8, 14, 16, and 20. [0173] In some embodiments, the
improved ketoreductase polypeptides can have an improved resistance to acetone as a competitive
inhibitor to the conversion of the substrate to the product as 79 WO
2009/042984PCT/US2008/078046 compared to the reference polypeptide having the amino acid

caniience ofF SEO ID NO: AN Evemnlary nolvvnentidec that have thiec imnroved racictance inchiide hiit



72,74,76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98,100, 102, 104, 106, 108, and 110. 10176] In some
embodiments, the improved ketoreductase polypeptides can comprise an amino acid se%uence that is
at least abBiit #496488%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 9546 HEH % 88+98%, or 99%
identical to SEQ ID NO:2 or SEQ ID NO:4 SEQ ID NO:114, or a region or domain thereof, such as
residues 90-211, with the proviso that the residues corresponding to residue 190 of SEQ ID NO:2, 4 or
114 is piedinepihdroasicideatetiespanding:toylesityard A of HEAdDINRIZ Miokdd4ddsmanMnine, and the
residue.corre ding.to.residue 202 .of SE NO:2, 4 or 114 is ryptaphan, and additionally has
one or R i S R e e with
rke?pec;[t;atﬂ?regfedsﬁgv%feﬁ@amag&kmw%@ﬁ%t i&dﬁl%?%@éﬁ%&}@iﬁﬂ%ﬁé%ﬁr@l@ﬁ%f%;ﬁ@fg i
etoreductase or another engineered ketoreductase (such as :90): 17-4\,1;27-sY; 41-6;
oo, 57 ALY LB ECHOIIED T G Bk ot SR ACICETB e 1. T
97-41, 8;51B0ksK c@pArcliO8 sttt ited Mz8B80-41; 145->L; 147-44 152---sW, A. S. 163-41; 179-sF, K,
L; 194--sQ, S, L; 196--.L; 197-sE, 198-sE, Q; 2I0-R; 21 1-AL, L, R, T, D, I; 212-6, V; 216-sR; 223-4V,
233-4N1935ls\Wihaam-cand spheatagblons e fm P 7S P BSHE BB baRé aec ivth et aatbleductase
polypeptidesican aapnprise 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 SEQ ID NO:2, 4 or 114 (or a
region dfefeindPethersndnsirshiss! WWON2008/042084P GEILSR008/078046 T esidues 88+21it) with the
proviso hat b AeRidues- 00U eSRARdINg A GSIAUR IR OfBE QuP NG Ak LA 5.2 prgfine; the

residue cqrresponﬁjng to residue 195 of SEQ ID NO:2, 4 or 114 is arginine; and the residue
correspBiting (G reSFHED Y BrSEQ 1RG40 1A T FISFHER st At nafy) RS At least one
or moresofithecteliowing stilfsititions sugh thatilneppotypeptices b yriesiropreuad (e.g., with respect
to sterepselectivity, epz matic activity, and/qr.thei il ver the .wild-t kefir ketoreductase or
et B o e B A e
94->C; 9FasE 19 Gréril fmittirspidsyprdwteedugiget SR 19181 As will be appreciated by those of
skill in the art, some of the above-defined categories of amino acids, unless atherwise specified, are
not mutt Ay fex BRI ER A L IS A UG S GRS HTb b v 8P PASHES S8 co-chemiical
properties:tambe hydlupledntmefipicicategories:rding tappropriedb ethssifiatiohydfaphybarino acid or
residue will.ReapRALeNLA0;thesg of skill i hearioespeciallydnlght pidie detajled;disalgsure provided

herein. [0179] In some embodiments, the improved engineered ketoreductase enzymes comprise
deletiorte B e HAtrany bbcunih i kekretibiase Bk beplitbe or B GHs o aThEr drgificerad
ketoredUcCtase [pelypaptides. In some embodiments, each of the improved engineered ketoreductase
enzymes described herein can comprise deletions of the polypeptides described herein. Thus, for
each an@@sery sndisgaime ntidfahssdis rederstieselyéigpaptidewefié dissideubeytiseadtletions can
COMPrisg ARS:QEHIRALE: SR NAACHR s ZQLTRNE SIRE @SS FiMOIEANAAGIdSi# 9F more amino
acids, 5 o&more aminqQ.acids, 6 or more ﬁgwino acids, 8 or. mor ino acids, 10 Qr more mino acids,
|

. a
15 or mBEBRIG AtiHES BPE0 B 1 SR Emin SR RS TO9E P R & BRI REIRT BRI 8 Ao acids, up
to 10% ditielistal nlmivegcofiammiGenatidy apcta@04dof thenotal damber 6f@imifoaadidsigr up to 30%
of the tqtg) number of amino acids of the ketoreductase polypeptides, as long as the functional activity
of the ketoreductase activity is maintained. In some embodiments, the deletions can comprise, 1-2,
1-3, 1-4i685%] ¥98asic fmind adicQor el And 1dferk b2, b dip bt Rndind B il dSredinl@ hdvdy, 2lsidd, 1-25, 1-30,
1-35 or ghout 1-40. aming acid residues. .In som bodiments, the number of deletions can be 1, 2, 3,
55,6 D BHUR T8 TS RN S o SR S b R ID e e T some
embodimémetite deletionsmeaniéompride beletionsveiv cRargediside ¢hamsgit 9hudpisdicaiaHdie14, 15, 16,
18, or 20 anipa:RGId 78 sices Q1801 AR deasribrdbesain. hekelamduairse polypeptiges of the
disclosure can be in the form of fusion polypeptides in which the ketoreductase polypeptides are fused
to othe#ﬁ%ﬁﬂé‘ﬁmdes, such as, by way of example and not limitation, antibody tags (e.g., myc epitope),

p“rifica?&dk%ﬁ%%@%%ﬁ;&%&a Hi%&%%%)’r fl el @ﬁﬁ%ﬁ%@ﬁnﬂ%&&% ?w%si%%%%‘%‘iil fﬂasg'%fi‘/%'g)- Thus, the

ketorecluctase polypeptides can be used with or ut fusions to other polypeptides.

2009/042984CT IGO0/ 8780416 10918 T et ot dptiddsdedt ity Herdipbdre Pt #éstricted to the
geneticalb:encedadaminaacidsy lvagddition Rithageortioally, encoded anmno @&idsdite polypeptides

described herein may be camprised, either hole or.i rt, of n r@g -accurring and/or synthetic
non-enc%&%% a%?%ﬁiba}él%? S é:?H'(d[gol?hrﬁ%@gﬁggﬂﬁéé’:}éﬁlo@eaﬁ?%e lya(tﬁ%ino acids of which the
polypeptide.s described herein may be comprised include, but are not limited to: the D-stereomers of
the genetically-encoded amino acids; 2,3-diaminopropionic acid (Dpr); a-aminoisobutyric acid (Aib);
s-aminohexanoic acid (Aha); 6-aminovaleric acid {Ava); N-methylglycine or sarcosine (MeGly or Sar);
ornithine (Om); citrulline (Cit); t-butylalanine (Bua); t-butylglycine (Bug); N-methylisoleucine (Melle);
phenylglycine (Phg); cyclohexylalanine (Cha); norleucine (Nle); naphthylalanine (Nal);
2-chlorophenylalanine (Oct); 3-chlorophenylalanine (Mcf); 4-chlorophenylalanine (Pc();
2-fluorophenylalanine (Off); 3-fluorophenylalanine (Mff); 4-fluorophenylalanine (PM;

2 hromonhaenvialanine fObi1): 2- hromonhenvialanine (Mbf: A-bhromonhenvialanine (Phf)-




WO 2009/042984PCT/US2008/078046 3' terminus of the nucleic acid sequence encoding the
polypeptide. An termrnator which is functional in the host cell of choice may be used in the present
invention. W?g%}f ‘ample exemplary transcription terminators for frlar}ﬁéﬁ%w?ﬁ’ﬂaﬁ\ Rost cells
can be obtained from the genes for Aspergillus oryzae TAKA amylase, Aspergillus niger
glucoamylase, Aspergillus nidulans anthranilate synthase, itspergillus niger alpha-glucosidase, and
Fusariw[ﬁmysmvdmptrwmmﬁike a@i@teasﬁdiﬁe’l%@rlimpiaﬁwtefﬂrbaaﬁ@r@édray‘egst dudrstie@lls can be
obtained froep t %%‘%f?gﬁqé%{% @@M%ﬁ%%‘ér%tﬂﬁcﬁ%‘?@%l@%% ft‘ %E‘QS 1¥su s cerevisiae

cytochrome C rom ces cerevislae glycerald de- -3-p osp ate dehydrogenase.

Other uéétmaé@mrﬁmré%t%aét%@taéer 18%re’ d‘é@bﬁbédlt%?/ ﬁénﬁ%d@e@t%ﬁl 1992¢&dipra. 102001
The conitatgeaprnsaMay@lseine.a suiablerlaader sateqnsa. & aontransiated regignahan mRINA

that is IT%‘?‘%@’&W ‘E\P&ift'oﬁbil th ost cell. The leader sequence is operably linked to the 5'

terminus ucleié sequ nce encodrng the polypeptide. Any leader sequence that is

funCt'Onah@fheAhaﬁt&@un%sfaa@a A Re Hsed (X ﬁym@tttteadétﬁapﬁtuﬂeﬁdﬁ phage pill leader

sequence, E. colt maltose binding protein leader sequence, and E. colt. pelB leader sequence. Leader
sequencBST ARTENTG S ringE ARSI toar B amaﬁtt@c?tﬂtfmrﬂre@éﬂ%%r%aﬁ%r@mus oryza.e
TAKA amytalse zamdaAspeﬁgdImsaardtulems,mmse:pmgs;ahateare@merﬁw Suitableleadersdarcyeast host
cells are. Qse Ectr%r!a" (Hl]lea enis fora%m {ﬁ¥%et§ s%%&?t%@é@%lassz 9(% gs (aEb&SEC rQS1§aCCharomyceS
cerevrsrge 3-phosp og]iycerate ﬁase Sac aromyces cerevisiae a pha -factor, and sacc aromyces
cerevrsr&@@P@éﬁoﬁ‘é@ﬁ?éﬁé@étﬂﬁ%@%@h&i%ﬁ%@@ﬁ%%Fi’a% lﬁéﬁvdlréﬁ@ﬁfwél(%ﬁHQ@AP) [0201]
The confralseauUeRsRUPaYAlse b Raprly adrnytaticns sequence, a sequence operably linked to the 3'
terminus of the nuclerc acid sequence and which, when transcribed, is recoznized by the host cell as a
signal tddd] ptliyascennsine 5 tesfdagiScribe d mRiNncANid polysidentiatien segquericedwhich is
functiongl jp,the h@&t%etat&tmtaefmye%a&&dtrfutttﬁaptﬁéentr@(\f%nte@u&aeﬁaptawne%xageny'atlon

sequences for filamentous fungal host cells can be from the genes for Aspergillus ocyzae TAKA
amylasée%ﬁfﬁét%%ﬁrﬁé?w&@grﬁ%%@%%@tﬁﬁlﬁ|cf°dl%tH§ B ACOTTEEENES SERESEY PEtan
oxysporimstiypsinsikenproieasenand Aspergillus niger alpha-glucosidase. Useful polyadenylation
sequences for yeast host cells are descrrbed by Guo and Sherman, 1995, Mol Cell Rio 15:5983-5990.
[0202] TIH6Eo i tmnseddur iy piiges sy wifgraopeptisen eddinegimdthiaceiddekaforgn ammo acid
sequencegidipkad ta@nqa%r@a@mmaet@mbr@ﬁtM%B% dipetsthesnardad polyeaptide into the

cell's secretory pathway. The 5' end of the CO?&\? B ence of the nucleic acid segl uence may

inherentiyA& a?ﬁ“a%‘?ﬁr]?alt%ﬁf@ésé%a?ﬁaar@g AIRY IFARR G HErRHeTatBH r8a ﬁ@“flf:ame with the
segmentiaittirencopkig) regiondhibt emoddbssthpose creteckpobypeptid e -Bitakmativiety, (thelb5Vehd of the 87
WO ZOQQ/J;Oﬂ%@%ﬁPCMeH%Q%%@Zﬁ%\?‘ coding sequence may contain a signal peptide coding region
that is foreign to the coding sequence. The foreign signal peptide coding region may be required
where thenesd rr;gt@ﬁaueﬁﬁacdm@ cﬂ@&sl’@lb"@ébé1§@cﬂﬁat?d@0§l®'ﬁﬁ1 matr@a@@diegm@rmé@@%]
Alternative reign signal tide cod gion may srm repl ce at r eptide
coding r;:-(é3 ion. mg CP dér to eﬁﬁ%ﬁc@%g%ﬁg?\ f “theé poIdh {“ é Sﬁéverll(any r;“rgrrllal pz’git ?epcodrng
region WHich-ditects thé Ir:z)’ii@r@ésed polypeptide into the secretory pathway of a host cell of choice may
be used in the present invention. [0204] Effective srgnal peptide coding regions for bacterial host cells
are the $YA%I peptigeTihg-¥adlons YhtHdy Heid tHe @‘%‘h@@‘t@r‘*@ﬁ’&%ﬁfé e 918875 Haltogenie
amylasenBacitus stediatbanmephilys flpha-acaylasey Bmmbl usidichemnifariseulitdistidBacillus
Irchenrfor IS, betalactam Bagcillus s thermo I utra Qleases rS, nprM), and
Bacillus sﬁgtﬁrs S‘r%‘%e : ~Jtjlfr‘(t%:l"(%r1 g?élrltlg aﬁle&pt? gscoalr%%gislﬁln gmi |monaetr“tlrzf-ir%(a a%aggg% Microbiol

Rev 57:fe0miarofdsolidE Fadesre §@?&Pﬁ§éﬁﬁée%cﬂ%%§r@m rerlrrra‘mtemﬁttls%t@ar%egcells can
be the signalpepfidecodingfegians eftsinediinardhegenes:fofd-spargilkis eryzae HAKA amylase,

Aspergrll r.neu r lase, Asper |I us n Iuc hrzomucor h artic
proternas!fjfeS %ﬁﬁ?co a]t“rngol chré it aE%*"%n d%n?{égl &' 1anu Ot/’nléé%" |‘ci)]aaf'3,teeI 52@@]’ §e%1%§%nal
peptides-forydasthivts eelisicmhdbec froeh 38 g@ne@ﬁ@mmemyte@mﬁevmde lpharfacgor and

SacchargiyfRRCLIRVIRIAE nyeriase HehHSei SignabPaRlide codingregdiangars.descrihed by
Romanos et al., 1992, supra. 102071 The control sequence may also be a propeptide coding region

that cod&d For AFpEaid e it QEGUBHEE BY&Rioned at the amino terminus of a polypeptide. The
resultant polypeptide is known as a proenzyme or propolypeptide (or a zymogen in some cases). A
propolypeptide is generally inactive and can be converted to a mature active polypeptide by catalytic
or autocatalytic cleavage of the propeptide from the propolypeptid.e. The propeptide coding region
may be obtained from the genes for Bacillus subtilis alkaline protease (aprE), Bacillus subtilis neutral
protease (nprT), Saccharomyces cerevisiae alpha-factor, Rhizonmcor miehei aspartic proteinase, and
Myceliophthora thermophila lactase (WO 95/33836). [0208] Where both signal peptide and propeptide
regions are present at the 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
taiminiic nof the nronentide renion TO2001 It mav alen he decirahle to add reniilatoryy ceniiencece whirch

AL




OH 0 OCH3 CI WO 2009/042984PCT/US2008/078046 [0234] In another embodiment, the
ketoreduc described herein are capable of catalyzing the re reaetanof the
compound o sz'ﬁﬁb?:){ura formula OM, 2-[2-[3-13-[2-(7-chloro-2- quinolinyl) et g%?r%%l d
phenyl]-3-oxopropyl]phenyl]-2-propanol (also a "substrate™), to the corresponding stereoisomeric
product of structural formula (IV, (S,E)-I-(3-(2-(7- chloroquino I in-2-yl )vinyl)phelly
11-3-(21B47y dF SmepHrapian 2id ¢ pssislag|)piop sranianino@iliel waideldevree refelr stktd thal & "product”
with respecidedng sipstiate of farmuladiia QR Qw6 @lIRasalHe somssmediments, the

ketoreductases of the disclosure may be used in a methad for reducmg the substrate having the

chemicAVfbPAT (B‘"o??‘l‘ﬂ)%”t‘ﬁé“é%?r‘&ﬁ%ﬁ‘éﬁﬁ@‘%’rlﬁ‘dﬁﬁh%ﬁ%%“tﬁéeﬁ?étﬂddl‘d&dﬁ?}%’éd&ontact|ng or
incubatingathe stiistrats] wrtlmamydsme @idnoere) akthéketorddietsise palypephides desciibed herein
under reactl nelitions Sy itable for.re ing th bst t 0 ormula (1
or fornitla IS] resperg}[?\?e A[O% Tn s@r%e mbod3 mnpfsq%f t(hégsr%é%h ag\eforgr%e:| u%rnguﬁ;elfrubstrate to
the prodﬂétﬁh@l@ﬂoreductase polypeptide, as compared to the wild-type L. kefir or L. brevis or L.
minor KRED sgquences of SEQ ID NO 4, 2 and 14, have at least the followin ture ) residue
correspOHaflg tdustpgshe DIARER =TT f Tl dSRB 8ISl ?‘@% %Zﬁ% aromatic
re&duedﬁ)m@ye&ﬂwdmhbms;dﬁﬂl Ihetm«feﬁibrctasmipg)Btpmptm&lsa&wmbrﬁr@d&buﬁélwwatybe L. kefir or
L. brequr inor KRED sequences of SEQ ID NO:4, 2 and 114, have at least the following
features: (I) r e5|due corresponding to X190 is a constrained residue; (2) residue corresponding to 195

is a basjggegidicoplcpRlarresighiciancut3irericile eRiaspoRtng &@&(Qﬁ&mﬁeaammaﬁlc residue.
0237] In s ({n mbgdm nts cpf lipenm%t1 c%fj for red Cl}l;ll Qe sgﬁtgag&tgf ep rolduactétgedsubstrate is
reduced 16 thé p%l ”?ﬁaérséa érthan'a out 5 stereomeric & excess, wherein %ﬁeck {oreductase WO
2009/04@%&P®¢M$m@¢®®%tmlﬁp§pmwmi%ﬁ@%@qu@f@@tﬁm@&réﬁm@g 6 SEQ ID
NO: 6, 8dDntn Lk 516 %&bggxn?e%tszémamé@uéﬂ@ﬁ%%t%&%@&%&@5@% 52, 64, 66, 68,
70, 72,74, 76, 78, 92, 94, 96, 98, 100, 102, 104, 08 110, 111, or 11 02381 In some

embodiftERE B WERBE o ranRshY Rt T priEr st IR AL BBt TSoE B the
substrate isieDnvertdtirtsidhe fnbd ucnserwlfassetham‘adswmﬂsh@mm whésticaroiettoutnathrigraater than
about 100, gl sr0stale 4 Jess.dan ahous g gétagfcﬂla%pag peplide. herein hejqlypeptide

comprises an amino acid sequence corresponding to S NO: 6, 8, 14, 16, and 20. 102391 In
some eAiBBIH SR BT HSHRITERd ek tﬁ@‘@a’bgﬁs&i@dt{%ﬁfﬁ@ p"ro”zfiu%t on{ f@a&Fabout 10-20% of 1
giL su b@tr@i@«&smewatﬁedd@othﬁlardﬁtumﬂ atigiesithandaboutc2ddaersowipbiahesitidd ghbefithe

polype herein the e an amino acid sequence corresponding to 6, 8, 10, 12,
14,16 %goﬁé%]%‘ﬁs 55 a ‘E)Eg&ég '3 “’% WL’%@SQ‘? 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66,
68, 70, 12pkd: T80 3 rEle 2uBfi®Bieas, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110, 111, or

112. 10240] In some embodiments, the ketoreductase polypeptides provided herein can be used in the
productior@fdatermediates far rthaisynthasis-afithexsampaind of the structural formula (V): including
solvates, hydrates, and pharmaeeetidalhydccegiablé)salts thereof. The compound of foimula (V),
2-[1-[[(1R)-143-[(E)-2-(7-chloroqthieotim-2oyethenwliph enyd]-3-[2-(2-hydroxypropan2-yl)phenyllpropylis
ulfanylmefhyicyclopropyliaceti®éeicaiswknowh as Mentdlukast, is available commercially injthe
sodium |s&h Form shown in forpfefizeeeidid @. Bodium (R,E)-2-(1-((1-(3-(2(7-
chloroquitefn-2-yl)vinyl)phen VWI(W&-Fvanmnan 2.

y]_)pher\yﬁnﬁ'\p\/lfhin)mpfhynr Qﬁhﬁ‘i‘hm@ﬁm%\ﬁ}n7dﬂ As dvsgubgd_abmr_wmhgui_bemg_tound by
theory, MOnfelakAst is a leukdtHahis Rakas, bn of

|eukotri n% IS% E\n fhn r\\/cfnin llqg}q;\tgfﬁ%}f f
allergies-ahd--the-m ...a:ntcnar.woﬁ%atment of asth...u {see;e-g:U-5: Patent N +3)- sonic
embodiments of the synthesis of Montelukast, an important intemiediate is the ompound of formula

(I1). Accqyghpolyxin 3 Mefad I IRGSYHNEFIS:QL %@sﬁ%&&’%@)w@o’%@% Rifiedathgd can

comprise reacting or contacting the substrate of formula (I) with a ketoreductase polypeptide of the
disclosuid I CHIoHE R 1Hh F SRRy SHEES IFeTin §IHR RuBEHiSte XoORHEBFOGUEE of formula
(I1). [0242bdrrsamenembadimients;idhecopadndrafdiomitia (W mmmﬂmmeﬁdve mithe

compound of for ula (Iléas illustrated in %‘ ¢l be% lic ion p Ilcatlons
AL L S P e R
some e %@lfr&herwé,sm@m@a forodiprthie sis ORthed chapeasdVykarebmpriseic(dhyanticihg or
converting gaapaund (1) to compound (1) with a ketoreductase of the disclosure; (b) reacting
compound (1) with methylsulfonyl chloride to form compound of formula (VI); (c) converting compound
(V1) to the thio compound of formula (VII) followed%y conversion to the compound of formula (Vila); (d)
reacting the thio compound (Vlla) with the compound of formula (X) to form the compound of formula
(IX), where R' is a leaving group and R is H or CI-C4 alkyl; and (e) converting compound (IX) to the
compound of formula (Vb), or a salt thereof, e.g., formula (Va). In some embodiments, other

alkylsulfonyl halides or an awlsulfonyl halides can be used in place of methylsulfonyl chloride. The
convvarceinn of the eomnoiind of formiila (1) 10 the comnoitind of formiila (A\/b) can 1ice CH?RI 1 hiit the

OC)




[0244] In some embediments, the synthesis of Montelukast can use the intermediate of formula (V).
According%ér&&gm&mbodiments, in a method for the synthesis of the cgmpeundoifgipula (V), a
step in the method can comprise reducing or converting the substrate of formula (1) to the product of
formula (IV) by contacting the substrate with the ketoreductases disclosed herein under reaction
conditions suitable for reducing or convening the substrate to the product of formula (VI). [0245] In
some efBtdimasigione ssrierdseEdm folis @ Yaprpiede prtrasiyed fitih the Prsaiee efifbrmula (TV)
as illustradedin:sehemedlysipd s deseihechincbhgapplieatiandpuklicatiendias 2805/0334d41 and US
Patent No, 7,18 ,8553: WO 2009/0. 29§%4RCT/U{82008/O78%46_OH_ xCH%)éC. dsCOI—@ '1'* %I}Jel}) Scheme 2
[0246] REES Fﬁ{gﬁy R SOMEEMbo |mentosl,rﬂ?éerﬁ%{ﬁ%%f%sr’ syr?fﬁle“éll% abljfllélomﬁounﬁ ﬁﬁ can comprise:
(a) reduoiniap aridenvextinyceftipoortingisoaimpowredifl) uwith 2 ketd fevligttbhaerbitié digetosure; (b)
WO 2009/Q42984RG TS 20BN TRAME - SaSHRG 1R COMBAURAILT fOURYA VMW zining

methylsulfonylchloride to form the compound of formula (V1); (c) coupling the thiol compound of
formula BRI ARtACTHERE BRHSBITE B SR FHtIB TY RIS BPRBBERE ST FHE (AT Wiere X is -CN
or CONKY]eangk (@hh terivettirg dhie campdpodi offandiol a:(Mihpte dheeorm powed offotenuta (V), or a salt
thereof. Q241117 | me empbo é t Jhe Moni I MRy als L_ized from the
procuct oL e A B e e No. 5 614632,
the disclpsure afwhich isincarnerated gl einly seferante (SRREXABIRIRSB Bef dml$ Ratent
5,614,6%2). I%SC eme lll, the Sélbstrate of fqgr ula ({% is reduced to the product of formula (1) using the
ketored ML BFTHE HRONBERIES: AR IS TR EIE BB S B for TS (R for example by
use of aGrigracdmeagensdnethyl mmagnesiarmehiorde loCompoutic ofdormgle(Crsdrigaseacted with
methylsylfonylahloride. fo.form g hesviaiecampaundea b oalthanaheiheralkyisulfony! halides or

arylsulfonyl halides can be used. Reaction of compound (XIII) with the thiol compound of formula (XIII)
results PPEBISGEH AR B4rPORS BITTEIRIHEtHY St SRl fofini RO SR * Cl v)
OH Schemaa. [R48)pdThe thidleermpetind:dhfompuaipX 11 k) loanbe synieSie thasctonding to

Scheme 4 (see, e.g., US Patent No, | - AXIX) (X Sche . The R group in
Schem%iac(gﬁ% 5 O\S/\/SSF%@I?%S g?é%%%;& %g%it% Igéljl .O%/ééa%%ﬁsoﬁﬁlé%g}é%éﬁ]gﬁ%ontelukast from
the comifuntls SERSIRILIAINSKfoimula (IV) are also described in US Patent No. 5,565,473; US
publicatigﬁ %OQ‘5Q10761,2; USfEuin.catAi?r]‘ZOOSO 45569;ﬂllJSh%ublipatiorJfZOOGQSOO 204; and US
publicatlOh 3b0BE SRS L RSTER LS TG B PR i by Pt BT B B S 5811 EW Y the
importamce o tie sesytate coatpoumdsnofdernma aciV EpawddormddatiCd iy thecketopeddiotases of the

disclosuse. can:he Msedhindhe syahesis.oh the,crmpeungef SoHnWR4kast 20 dmik¥2ifl1 or the
compound of formula (XXI): WO 2009/042984PCT/US2008/078046 OH wherein Rl is an

alkylsulfSR$ 2SR BRI dP SFarPSHRAhYE i Womd émbotirierténthe AIRYHE a lower
alkyl, e.gnliCGheEhaliily andithegigtoisdbenzdivirsbimefamDdadine itsy RE(S oltiénesulfbfiyl or
methylslhgf%y?/:ll i]4C_)251] In some embodiments, a method for synthesis of compound (XX) can
comprise: (a) contacting compound () with a ketoreductase described herein under reaction conditions

suitablejfprieduciionof forpreiNefhde, cmpesdd kh)iand (bl £eastind-pampoHog (evith an
alkylsulfonyl, (,peré?fluoroalkyI?;Jlfon |, arylsulfonyl halide o an}éydride tf) farm cQ epound (XX). In some
' I

embodifiPEHRIHES AR REIREHGT 1SRBEAIEEH T ey SRy RS RIF RIS 8 udATHATR 1 in compound
(XX) is methdsulfomdp{d26@hirh seméembodimne ntsua imeéthod foisywebisefumiezompound of
formula QXD GARCOMPHSE: (A, CRpLACHNg Jhe omppayRg b}gmhm. arketrsduciast Aesctled herein

under reaction conditions suitable for réduction of compound (I11) to compound (1V); and (b) reacting
compout{W With b iHEHSTiiTey GilaPHatdhii iyl P S dPid e et tHE Coitmd (XXI). In
some embhdimests, dhs adledpufpaylibalidesuseld in hhismethylsulfonyleploride;suethihaie121 in
compou(g}g_ %gg(&lilsbmetp%lls%éléoj%yl. LO : 5;3] Alternatively, in some embodiments, a method for the

an use'the

synthesis ¢ compoﬁﬁ% ?ar C e process illustrated in Scheme 3, where the method comprises:

(a) contagifing eqmpanRdi{hwith-a ketodedusiase descrbedonersinundenieacdisncorgitians suitable
for reduction of compound (1) to compound (ll); (b) conveﬁég‘%com oua%%&) to compound (1V); and (c)

reacting SoPRESTRRFEAY At I dlk1gufB Ay P (BerTB RO RS U RVE AR HSUHE AV AR S form
compouindi{Xd4) nfssrnoteeb alboyectherchavenspositaficompbowack (i) te sdmipoiais iivfirl (b) can use a
Crignardsaasnt ol fehidk o ffepdlinsame,erbRdimenis.!5e elerpgkisiases ah i disclosure can be

present as compositions, for'example reaction compositions, with the substrates acted on by the
ketored sietaise 8rarrl/BY Witk the°praalictS poalieer W e RbBrEat et s BT GoRP LSt aitgly, in
some embodiments, a composition can comprise a ketoreductase of the present disclosure, and a
substrate of structural formula (1) or the substrate B¥ structural formula (1l1). In some embodiments; a
composition can comprise a ketoreductase of the present disclosure, and a product of structural
formula (Il) or a product of WO 2009/042984PCT/US2008/078046 structural formula (IV). In some
embodiments, the composition can comprise a ketoreductase of the disclosure, the substrate of

formula (1) and the product of formula (11). In some embodiments, the compositions can comprise a
lkataradiictace nf the diceeclaciire a crithetrate oof formiila (1IN and a nrodiiet of formaiila (1IN 1025K1




RN

provided in PCT publication WO 2005/018579 as SEQ ID NOS: 62, 64, 66, 68, 122, 124, and 126. The
polynucle é s that encode them are provided in PCT publicatp@rygg)z&g%ég 579 as
SEQ ID N%; e’éﬁfﬂg?ggf 67,121, 123, and 125, respectively. All of these sequences are}ﬁlcorporated
herein by reference. Additional non-naturally occurring glucose dehydrogenases that are suitable for
use in the ketoreductase-catalyzed reduction reactions disclosed herein are provided in U.S.
applicatiompisblibatio?l Ko, RORSDOS56ccanyRoTBOBE34a7mthe theeidslras BPIRHIERUAre

incorpotatedharein.BY s6ierensce, 1026246 Measa dehysrogenasesemployadigii@esent in
ketoreductase-catalyzed reduction reactions described herein,}ﬁﬁy exhibit aitg activity, of rqalt least about
g t i

10 mrodHiTRG 4Rt SBREMTBL U AL, AUy S0P ARSIMHIRTHG OF SBEUL 63 aRBIMittfg, up to
about 1&htunolimisprigseritigher derdbteddsshy degerbed by Exammplend oftRGTIpeiicdtion WO
2005/018043, L‘R@@éfll;mﬁi!ﬂ%L%gﬁ%%?égéﬁagﬂgalt&y%%%g%dmg&%%%%@eﬁe@';%ssc@mgnh ginare generally

carried out in a solvent. Suitable solvents include water, organic solvents (e.g., ethyl acetate, butyl -
acetate SRS FEFTRNE, B the Tt it et APMSE TlsEHe aRamAEIHE), ionic liquids
(e.g., |-efiayled-methyimidadolicis, iy aidinsohapatecd Kowbypdtemetmdippidaidelivastetradlisdisoborate,
1-butyl-3-met Iimi%%z(%!ium hexafluorophosphate, and the like). In some embodiments, aqueous

Ure polypeps TP OSIton,
solventg, indluding water and agueous co-solvent systems, are used. [0264] Exemplary aqueous

co-solvegi-Rystemshave walerand QRe-0hMAreOFaenc Salveohs Mhasnerh alRIganic solvent
component of an aqueous co-solvent system is selected such that it does notéomgl,et ly inactivate the

ketored(iCPHS8 Bh3URE. ADHIOBHRE e SOREM SYSEM LS SR B SAM AL RAABE 1S T &¥suring the
enzymatieiaativitypofdioe: specified krigine cregkhetdrdductbgeyeri zymia viitn dudefivred substrate of
interest jp. the, candidate, selvent systemy kilizing, Ap gz Activity assayr sughasthose described

herein. [0265] ’Th_e organic solvent component of an aqueous co-solvent system may be miscible with
the aquethiauessTistshett bprolitire L ERsgBIMGUIBSHRES & dr TR SIFHS HEEBIE Y (ieinfigcible with

f[he aqug@l@_@%@.@ﬂ@%@rﬂﬂiﬁmg@yo_&qw@-phasaﬁt@eﬂﬂr,aﬂ%mvheﬂ.maqmau&cw&&_lvent system
1S emp'o%%%%ﬂ;'&%&'&%&?‘%Jﬁ.,%?ép asiCyyy|th water disperseddn an Organic ojvegL o vice-versa.

Generally, Whén an aqueous’co-solvent system is utilized, it is desirable to select an organic solvent

that canMoé- réadily & é ek ateth Trobd thelageatigpHasd e generab hé YEu S vilhae tte B¥anic solvent
in Ithe corsQlvent aystemys dypically i-thedange, Q/fufdl@mf&bm%(l@@g@;ma% %Da(.\,/é\tg?mganic
solvent {o water, an tween 80:20 0:80, (v/v),organic solvent to water. The co-solyent system
ey be SREGT e Do G SERE (2 TEAQIGH PR G5 Dy BT o i remction
vessel. MH0:2009764 288UP Gl S2008/07 8045 (0266 Phéialifedlis286Ivatitnihtenosaqueous
co-solvept systemlemawhe-Rikkuffared or uabyiierad: Generalleitberedicionican e parked out at a

pH of about 10 or below, usually in the range of from about 5 to about 10. In some embodiments, the
red uctioﬂsﬁ‘ﬁagﬁﬁbem’é\ﬁ‘ﬁbﬁ’ﬁ’ﬁﬁ YRGS B hat oL S AT IERGE SFREM ABBIFS to about 9. In
some emtbagimentsitithe, neductionpisicanied sufrata pht @fiabautBiocdrelowoaiiendse threrange of from
about 5 SPtl?eb%Ee%’f gﬂgotéﬁgally in the range of from about 6 to about 8. The reduction may also be
carried out at'a pH of about 7.8 or below, or 7.5 or below. Alternatively, the reduction may be carried

out a negial PHyYigidabel s%-hmﬁ%@ﬁ E&Lg%iﬁg&ln%mu.rﬁ@)@t&h@itﬁ@ﬂl@gﬂ@ﬂaﬁmﬁaﬁ%&&k@aﬁh&gﬁ éhe
reaction mixture may change, The pH.of the reaction mixture may be maintained at a desired pH or
it 2 B A A LSy 6 AR G S0 & DASE A g TR EDIae o7 e akhon,
Alternatifédyysherplsenayié sontroledhiby afsimyian tag bebusssolyert thBtcomprisesabiffer, Suitable
buffers E%-mmtﬁ;@lﬂﬁﬂ&%@%&cﬁg@Qsal@ﬁgﬂmmwnm%ﬁg@;afsmr{glyg@,afealﬁm@mlerﬁmmte buffer,

triethmolamine buffer, and the like. Combinations of buffering and acid or base addition may also be
used. [O3E81 R BIE GRIG LRGN dBes B aPgG AL R AR S ehiRafion S P& employed, the
coprodustion eftykeoniciacichpKae3i6dnas fepresentédunlegidati®dhpleausesdheipkhaidte reaction
mixture to drop if the resultin 0 luconi id i 0 wisen V4 1e pH of the
reactioncgﬁ%%%%es %gfloggl lfrlﬁg?%t%%%%lg? {tﬁ) &%gllzﬁg%ﬁfg{}éld%ytfgﬁﬁr%}éég’ buf?eé?i{%ﬁ%%ﬂzr%?q%’es, wherein the

buffer nétizdstheS BRisoCadillap o they tliffering -2 apaidin grovitied 2oty thEig8dition of a base

concurrent-wath.fhererise of re-camersion. coambinationsabbufferiog an baserdgitionimay also be
used. Suit tble buffers > Lo gna}ingaitn desiér[ed Hﬂran%efc, are dg 1ciriil‘i)e_olaaclibgved Soé’i%%%lg%ﬁ ses for
neutraliinailélﬁgot?%’l)ﬁ%bni% aci §r'8ﬁ3?6%n% eés]ecss,’ cl)lrl(é%é%}p]le{)amoilnes? alkokides and the like, and
inorganichases, foseranmpledimpdroxideissitingengy, NeDia), ety dheradszins (bagpeNaHCO3),
bicarbonate salts (e.g., K2CO3), basic phosphate salts (e.g., K2HPO4, Na5P04), and the like. The
addition of a base concurrent with the course of the conversion may be done manually while
monitoring the reaction mixture pH or, more convéﬂiently, 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.
[0269] When base addition is employed to neutralize gluconic acid released during a
ketoreductasecatalyzed reduction reaction, the progress of the conversion may be monitored by the

amount of base added to maintain the pH. Typically, bases added to unbuffered or partially buffered
reaaction mivtiirac nver the coirirce of the rediictionn are added in adirieniic enliitiocne 02701 In ecaome




ADEL-CM Candida magnoliae AB036927.1 12657576 SEQ ID No 1 in US Patent Appin Pubin
20060195%@@%@4&%@10 2 in US Patent Appin Publn 20060195947 YDL ;Ealc&}%%géﬂ%g&cerevisiae
NP_O 1 0159. 20079 SEQ ID NO.121 SEQ ID NO:122 ADH-LB La.cto bacillus brevis INXQ_A
30749782 SEQ ID NO:1 SEQ ID N:2 ADH-RE Rhodococcus erythropolis AAN73270.1 34776951 SEQ
ID NO:123 SEQ ID NO:124 YGL Saccharomyces cerevisiae NP_UI 1476 6321399 SEQ LE) NO:125
SEQ |DxOdizsionPR Shdbhsrowifces shrelisiaes NPt 10638k 826576 SEM DO 12 7CSEQ ID

R e e
- Cictobaclilus Ketl A . . . -

Sporob&iBHYERs ?aﬁﬂ?&eﬁ“?ggﬁfc?ﬂ b%fﬂ}il ﬁ‘&?ﬁ’é@?ﬁ“@ EEIENT Y BRE I N 133D sC

StreptohyceszeteliotonditRnG &idlBelt 21 275 636nSEQ: ) DNBikES SEQHD NCSBE, ADH-JES

Thermagnasrop,im, brackii364BA1 1 AGHE 90:SHQ BAR28 SEQUR NG: 136 ARK-CP Candida
parapsilos s BAA24528 .. _ .
condition is hybridizing in conditions equivalent to hybridizing in 5X SSC contaiming 0.1% (w:v)

SDS at 65°C and washing in (0. 1x SSC containing 0.1% SDS at 65°C. Other high stringency
hybridization conditions, as well as moderaiely stringent conditions, are described in the references

cited above.

[0878] “Heierologous™ polynucleotide refers to any polynucleotide that is introduced into a host celi
by laboratory techniques, and includes polynucleotides that are removed from a host cell, subjected 10

laboratory manipulation, and then reintroduced into a host cell.

[0079] “Codon optimized” refers to changes in the codons of the polynucieotide encoding a protein
to those preferentially used i a particuiar organism such that the encoded protein is efficiently
expressed in the organism of interest. Although the genctic code is degencraie in that most amino
acids are represented by several codons, calied “synonyms™ or “synonymous”™ codons, it is well
known that codon usage by particular organisms 1s nonrandom and biased towards particular codon
triplets. This codon usage bias may be higher in reference to a given gene, genes of common function
or ancesiral origin, highly expressed proteins versus low copy number proteins, and the aggregate
protein coding regions of an organism’s genome, In some embodiments, the polynucleotides encoding
the ketoreductases enzymes may be codon optimized for optimal production from the host organism

selected for expression.

[6088] “Preferred,” “optimal,” or “high codon usage bias codons” refers interchangeably to codons

that arc used at higher frequency in the protein coding regions than other codons that code for the
same amino acid. The preferred codons may be determined in relation to codon usage in a single
gene, a set of genes of common function or origin, highly expressed genes, the codon frequency in the
aggregate protein coding regions of the whole organism, codon frequency in the aggregate profein
“coding regions of related organisms, or combinations thereof. Codons whose frequency increases
with the level of gene expression are typically optimal codons for expression. A variety of methods
are kmown for determining the codon frequency (e.g., codon usage, relative synonymous codon usage)
and codon preference in specific organisms, inclueding multivariat analysis, for example, using cluster
analysis or correspondence analysis, and the effective number of codons used in a gene (see GCG
CodonPreference, Genetics Computer Group Wisconsin Package; CodonW, John Peden, University

of Nottingham; Mclnerney, J. O, 1998, Bioinformatics 14:372-73; Stenico et al., 1994, Nucleic Acidy

20



2815409 Julich Chiral Solutions Cat. No. 03.11 DR-LB Lactobacillus brevis diacetyl reductase
ABJ6335 %@%%?4 :Mich Chiral Solutions Cat. No. 8.1 ADH-HE Hor}s@ﬂjﬁggﬁg‘ﬁ% 625197
SEQ ID NO: f) NO:138 ADH-CB Candida boidinii CAD66648 28400789 :lunch Chiral
Solutions Cat. WO 20091042984PCPUS2008/078046 No. 02.10 LDH-LL Lactobacillus leichrnannii
Fluka Cat. No. 61306 ADH-AF Aspergillus flavus P41747 1168346 SEQ ID NO 115 SEQ ID NO 116
ADH-0ResOBA48bd6us siehi. ZP 1 93 187047123885 483 susiye| phi o1y Sy for Nerari8d ADH-RU

Ralistor!kl@%yg@m%%s&%%%@,4%%@%3&47, ﬁ)ﬁ@j@c?&%ﬁ&&cﬁ@@@l\l@ﬁﬁ@; &&&%ﬁl ka et oned
Polynucleqtides encoding engineered ketoreductases.of the present invention were likewise clone
into vecty @Z_ﬁffc@é@l%ﬁ%&%gez%o%%e@t@di’l g1 %arﬁ%?gaﬂ?é’%dé%ﬁlgﬁl%hfw}g% uctase
Powders:iBhvaide . FIEsk PYeidedutest i) 207 A Sidiemibfoibialzonl oh(.of E0boREntasiAga plasmid with
the ket%%%%%%&ﬁ%% %éfmgazle%? {pecatrd.ntainl T arificBiath canainirg 3G mainil

09

chloramphenicol and lucose. Cells were grown overnight (at least 16 hrs) in an in‘cuBator at 30C
with shaRIFEEER 28GR PHS CEINIF WL ARSI D6 TR ST B SRR CBACIT Y Brone,
240/L yeast extidet; ¢rondth @i¥ieerelebraMpsiassiusphasphatetapH 73051 mvidgE0 40 86¢
tig/michloramphenical) in 1 liter flask to ) ic ity at 600, run (0 of 0. lowed to
arow ot B B A B o e 00600 o

the cultdrelisie. 6 teptrsSaflinotBut B bvdragrt ¢ht faeist T6hreyediiy e harkidsted by
centrifugatiend£Re0rpm;obs mekde Eaneshe supsratanidiscarded osThe salhpelisswasseesuspended
with an eq%é'él ggégjme of cold (4C ) 100mM triethanolamine (chloride) buffer, pH 7.0 (including 2 mM
Mg504 }rfi ‘case of ADH-LK and ADH-LB and engineered ketoreductases derived therefrom), and
harvestggh oy G%ﬁﬁiéigg%éﬁ-égaléé’@p@eﬁem&mhﬁa&@Lﬁl\ef&m@mm&% RAQ¥Qlgmes of the cold

triethanolamine (chi uffer and passed through a French Press twice at 12000psi while
maintaiASEER SRR BR BHEHHR IR BOREISY SR ATIGARS PERIBE FOMES A4 the clear lysate
supernataitwameolected andstosadoabe 208cik yoghiizationcat frozemciedmksate Swevided a dry
powder of crude ketoreductase enzyme,. Example 3:Rroduction o t yctases: mentation
Proced iy S T 2 e Lo e s i 0,88 (21
ammoniMSGHAEN0 08 sandirsatiaireianae 219 SR bR g StaEs v HYaBEERPhopHIECtrinydrate,
6.250/L Qi patassidmudinyaracen pnsphatpubn ok oinkastanesibAiveast extasin01083 g/L ferric
aimnonitun citrate, a%% 8.3 g%élé of a.trace elegment solu 'olr;trcgné%ggngc%g/rlésg)t %%Iciqq eschloride
dihydrat&1F S WE2008104 2984 S BT G O e T ata e ptahyarate. 0.5 giL
mangarfesétsigiateanonoipdaerd gluauproat sulfatdrostaydrdie neeig ACEFEISHASM molybdate
tetrahydraieiad Pole Gikgsodium tetraborate deeahydrate was brought to a temperature of 30C. The
fcnnenter was inoculated with a late exponential culture of E. coil W3110, containing a plasmid with
the Icetogesghctase geReiofdatesestgimwing shaleflaskas desdribadinExamplei8 to a starting
0D600 of 0.510.2.0..Th rmenter was agitg - L T | air iad te the
fermentg')r%|9|p\r/131i'=f231 ef g}f gi% “15.0 t/min to Qr‘r%ﬁ%ﬁ%%rﬁ% Zggﬁ/]%%c? %égggelf% Ellgvgol %\?3 % %gtlt{_ljﬁr%égn or greater.
The pH ipfethe sulubewhas ot ofe e PO 6y ddamibicotzov wa iahthevierhy Pifdiehdaer&rbwth of the
culture \p@ﬁgﬁi{m@mg@ﬂg%the addition of a feed solution containing 500g/L cerelose, 12 g/L
ammonium chloride and 10.4 g/L magnesium sulfate heptahydrate. After the culture reached an
0D600 ¢8d0] tHerexpressionietketoredisdtase! wasanaubadsoychmiacititionhoft cell for
isopropylb-Rethiggalagiaside HETE hig- & fnahcpnceniiation fhdmiv. Ths Gy likre.wasgrown for

another 14 hours. The culture was then chilled to 4C and maintained at 4C until harvested. Cells were
harvesteeBY EeF TGS A FODOUFERAS i BLT ESERYSI R CASB Famiiiier sk A8 Yarvested
cells wergyusees directlyrinithe fiollowingidownsieancfeabitaryiproaesslarpueretstaradbat4C until such
use. [0299i The cell pellet was resuspended in 2 volumes of 100 mM:triethanolamine (chloride) buffer,
o 6.8, e e T B o the
cells by ipassing the kisisersiorithrng may eriveaed Asrfiges wins ARy st 8Miogenizing valve
assemblysingia prassyeiaf J200QRSig: Fheaalldranegenalr waseagled to 4C immediately after
disruption. A solution of 10% w/v polyethyleneimine, pH 7.2, was added to the lysate to a final
concentration of 0.5% wi/v and stirred for 30 minutes. The resulting suspension was clarified by
centrifugation at 50000 in a standard laboratory centrifuge for 30 minutes. The clear supernatant was
decanted and concentrated ten fold using a cellulose ultrafiltration membrane with a molecular weight
cut off of 30Kd. The final concentrate was dispensed into shallow containers, frozen at -20C and
lyophilized to powder. The ketoreductase powder was stored at -80C. Example 4:Analytical methods
for the conversion of 2-[3-[342-(7-chloro-2- quinoIﬁ'}yEethenylIphenyl]-3-ketopropyl]benzoic acid methyl
ester to (S)-2-[3-[342-(7-chloro-2-quinolinyfiethenylipheny11-3- hydroxypropyllbenzoic acid methyl
ester. [03001 Reduction of 2434342-(7-chloro-2-quinolinyBethenyllpheny11-3-ketopropyl]benzoic acid
methyl ester and chiral purity of the alcohol product was determined by reverse phase HPLC (2.1 x 50
nun Zorbax XDB column with guard cartridge; 90:10 ACN/0.25% AcOH in FLO at 0.6 mL/min at 30C;

AdAetectinn at 227 rim with the followina retentinn fimec: anantinmearic alecohole O BE min: ketnne O 72




Example 5.Analytical methods for the conversion of 2434342-(7-chloro-2-
quinolinyp y1]-3-ketopropylkpheny1]-1-methy1-1- ethanol to \ :
(S)-2-[343§F23?2§]-X%%}f§)§-¥-quinoIinyEethenyI]phenyI]-3- hydroxypropyld-phePr%/T({-} 2-(}%86/3%?1% 4 fi -ethanol.
103011 Reduction of 2-[3-[342-(7-chloro-2-quinolinyeethenyllphenyl]-3-ketopropyll-phenylk 1- methyl-
1 -ethanol (prepared by oxidation of the corresponding alcohol)-and purity of the alcohol product was
deteimined byHPLCK4t6x80amifRmaomix Gemini C18, 110A column with the following elution
profile: 40% to 80A in water/0.1%TFA gradient for 4 min, 1.5 min hold, return to 40% acetonitrile/0.1%
TEA in PFH ViR RSt Fardosro BHETmfine BFftR Rt iperatarE RF&teCtsat 8% Hih with the
followingapetenifamtime scaledhalddodmin cketamiecshé mnyratO30213Chirakplarity: wais@ssgssed by
HPLC (2.1 x 150 mm ChiralPak AD-H column. solvent: 40:60 isopr alcaholheptane; flow rate = 0.5
L i R B e S e S
(R)-alcohsiraqumetin kérane 'hcsyiifry TR 6 | Pranastion! O Wit ipe wedorentictages for
ReductignnghiR4 3lisdie nitreinisdraminalinyeethenylinhenytlodkatanrenpyllbenzoie @gisl methyl ester
[03031 KREDs describeg.in | 3,0f Exampl e screened using NADH and NADPH as
cofactoéga%)dobgjé’&?ggﬁ%@&gng%@giuﬂé&‘%%b ﬁg%rrgé./aﬁ ohol %él %%R%aéfgrwgégffglration system.
To wellsipizc96ddeapieiplate was. atdedt @B0t apnohtod i trlethén elathine (@hibrideyinsffer pH7.0
containifg, .2, 9L NADIR k:30-60.8lkief KRER Natiant. 200 phafIRA and 20 k4 2RO/ of the

ketone substrate in THE. Alternatively, each well in a 96 deep-well plate was pre-loaded with 10- 20
mg of CAEHS 25 5 106 e RERaTBrantiRstRRoriod ) Wiy B coitamh g B&a/L NAD(P),
30-5(_) gﬂmﬁfﬂ(l&gﬁ@o&@ﬁ@r@d@@fa@ﬁﬁﬁﬂ@i@@{%[@l(lt:@lsie_)ofﬂk@mategwerﬁﬁealedmiﬂa
aluminupipelypraRylsne aminale Deat a9l [3ps (elaciitd (Manlo Bark, i, Gl 06643-001), and

shaken at erature overnight. The reactions were quenched by the addition of 1000 pL of
EtOAc. Ahepdeipimyl é*éw@wmm‘fvtﬂbws»ﬁfﬁ g NGO AN FRIESEN B LSBT Yonversion
using thenasmabrhasehiBle methas:ior cxample hNeneref these.enzymescahewed any activity
under any of t onditions tested (detection limit -0.5% conversian). 4].This exampl
R
[34342-{FuetoraZbgLinbliiyeetidenylipbioaglia: ketopitospyljiichzoid EEidomEtRIlebe 2. Bxample
7:Examplg £ Eyaluation QfiARH:4 Y ariapirife ReduGlanab 83ton 202 (i.e., X202) of SEQ ID
[342-(7-chloro-2-quinolinyl)ethenyﬂphengl]-?a-keto ropyllbenzoic acid m | ester WO

th
2000/042984PE TS B0BAITEGAE [3505] SEVRFAIA WET%%‘??&H%“ER%F?F § BEER generated were
evaluatedigngtitisvasfotirddcihateanyd Dii: LK) vier iemitiwg i SEL1 DY @: SO convéftéd:thel 80bstrate to the
chiral (59)561%1’5.22,@'&“1'?!iqg%'c%iﬂ%-iﬂ%){f%‘é%d&y("ﬁ@@%‘%XQ&&{%‘WPJ%X%M%@%Qi‘f@%'jizde.methy' ester

when evaluated under the conditions described in Example 6 and as listed in Table 4. [0306] Table 4
Table 4 ARVMYSEFAR ASH-LICVA R PeEGA A% B IHRERIIHS S A1) RABHORY ADH-LKO 1 -
10 1 9C:6rs6O3igh @ dayiof Q30 7] I iz e@xanpbe) shavws: thatan AR Hr ko matiarkeartaining (pH, 596T,
F147L, Y190P, V196L, A202W mutations converts

243-[3-190831 chlorott abimol iy ewredndiptre nyihg distopropyidericsicizuidrrrstiayice stéhto
(S)-24343d2- (& gress Qe inplinyesthenvinhenytdadRydronmsopyithensoie acid methyl ester with
high stereoselectivity (>99% stereomeri ‘excess)ZcExampI%ajéHi%): Throughput HPLC Assay for
Ketored@@fﬁs@l&gﬁ(ﬂ{’f/%ﬁ”‘é-’f‘é”-“’[’é@ﬁ‘;—‘i’?@%ﬁffﬁié@?-"qd}f?(ﬂin% s %ﬁ-eﬁ‘}ﬁeet}o‘ﬂr%%ﬁenzoic acid
methyl estércasingcisopapykalcohokiorleosfactorréoyaling (0868 sFlasmiddibraties obtained by

directed gelyfion andaaniaining sualveckielateduriae generIeLe ipsiumedinig . coli and
plated on Luria-Bertani (LB) broth containing 1% glucose and 30 lighnL chloramphenicol (CAM). After
incubatiBtfifisidt 1848evEs HryiH3pedcuraiay ‘i}/}/”e%‘%lﬂﬁéﬁér&%‘sﬁ?@ RIEYIHREPS AR %Wﬁ'ﬁséﬁ?(er
(GenetixnkiSA riney B eaweston: R} iaton26welishallowh wel mictotitarplatescontainiog 180 id..
Terrific brath, (1B). 40lucose: 30,00/mhsloramphenicol (GAMD. and.2 BMMIB0d, Cellz were
grown overnig t 5306 With s’ﬁaﬁqng at 588arpm. 0 |(]:ll.‘“,’ of this culture was then transterred into
96-deepdvéiPprarekidontamiviteB 501N, aF sk pifienB PO P T BRI GS O 4 a1 BOAY/ FREVERMS After

incu bag%@ﬁﬂ@@&é&‘ﬁluem&_rﬁﬁ igtté%ﬁ}@ %:%ililgh §!|5}al§mtﬁh%5,@d0wm@a tgfe?eé J@tﬁel}l@ﬁaﬁe@l@@%g -6-(?F-)8T)é)
recombipant gene expression by the cell cultures was indu isopropy! thiggalactoside toa
final con SRRt ATGTTOY LN LA ok e ST THCUTSR S A SOC Y BRI 5250 Fpm for 15-23
hrs. [0308fcTowalidief m@tovshhomdtotiter platehwas aaddethd004the 160 Msdetranaiamine(chloride)
buffer pH7.0 containing 0.2 m.M Na-NADP, and 2 mM Mg504, and a sufficient volume of cell culture
such that the best known enzyme at any point in time (e.g. SEQ ID:90 in the first round of evolution)
would give 10-20% conversion of ketone to (S)-al%%hol. IPA and a solution containing 1.67 to 16.7 g/L
2-[34342-(7-chloro-2-quinolinyl)ethenyl]pheny11-3-ketopropyljbenzoic acid methyl ester in THE was
added to the wells to give a final composition of 100mM triethanolamine(chloride) WO
2009/042984PCT/U52008/078046 buffer pH7.0, THE and IPA in a 4:1:5 ratio by volume (final

substrate concentration of 1 to 10 g/L). Acetone was added to a final concentration of 0 to 2% as
AdAecirad (tvnicallvy ac a ealirtion in IPA or THE The nlatece weare heaat caaled ac deaceribed in Evambnle A



++f11007 rt927++n947 rt1027++rt. 867 rt967 888 988 rt 7010 Ft +++ 8410
7611 Ft 74 12efitaett* 64 PCT/US2008/078046

residue/minor residue”. A substitution mutation, which is a replacement of an amino acid residue ina
reference sequence, for example the wild-type ketoreductases of SEQ ID N(O:2 and SEQ ID NO:4 and
SEQ ID NO:114, with a different amino acid residue may be denoted by the symbol “—", Herein,
mutations are sometimes described as & mutation “4o a” type of amino acid. For example, residue 96
of SEQ ID NO:4 can be mutated “to an” aliphatic residue. But the use of the phrase “to a” does not
exclude mutations from one amino acid of a class to another amino acid of the same class. For
example, residue 96 of SEQ ID NO:4 is a polar residue, serine, but it can be-mutated to a different
polar residue; for example, the mutation can be a “S96T” (96—T) mutation. The amino acid
sequence of the natwrally occurring ketoreductase {also referred to as “ADH” or “alcohol
dehydrogenase™) of Lactobacillus kefir, Lactobacillus brevis, or of Lactobacillus minor, can be
obtained from the polynucieotide known to encode the ketoreductase activity (e.g., Genbank
accession no. AAP94029 G1:33112056 or SEQ ID NO:3 for Laciobacillus kefir; Genbank accession
ne. CAD66648 G1:28406078% or SEQ ID NO:1 for Lactobacillus brevis; and SEQ ID NO:113 for

Lactobaciilus minor).

[0086] In some embodiments, the improved property of the ketoreductase polypeptide, as compared
to wild-type or another engineered polypeptide, s with respect to an increase m its activity for
reducing or converting the substrate of formula (I), 2-[3-[3~[2-(7-chloro-2-quinoiinyl) ethenyl]
phenyl]-3-oxopropyl] benzoic acid methyl ester, to its corresponding (S)-alcohol product of formula
(1), (S,E}-methy! 2-(3-(3-(2-(7-chloroquinolin-2-ylyvinyl)phenyl)-3-hydroxypropyDbenzoate. In
some embodiments, the increases in enzymatic activity can be manifested in an increase in its rate of
conversion of the substrate to the product or manifested by the ability to use less of the improved
polypeptide as compared te the wild-type or another reference sequence (for example, SEQ 1D
NO:90) to reduce ot convert the same amount of product. In some embodiments, the improved
property of the ketoreductase property is with respect to an increase in stereoselectivity in reducing
the substraie to product, i.e., herein, an increase in the stercomeric excess of the product. In some
embodiments, the improved property of the ketoreductase polypeptide is with respect to its stability or
thermostability. In some embodiments, the ketoreductase polypeptide has more than one improved

property, such as increased enzymatic activity and increased stereoselectivity.

[0087] In some embodiments, the ketwreductase polypeptides herein can have a number of
modifications to the reference sequence (e.g., naturally occurring polypeptide or an engineered
polypeptide), which is some embodiments can result in an improved ketoreductase property. As used
herein, “modifications” inciude amino acid substitutions, deletions, and ingertions, Any one or a
combination of modifications can be introduced into the naturaliy occurring or engineered

polypeptide to generate engineered enzymes. In such embodiments, the number of modifications to
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the amino acid sequence can comprise one or more amine acids, 2 or more amino acids, 3 or more
amino acids, 4 or more amino acids, 3 or more amine acids, 6 or more amino acids, § or more amino
acids, 10 or more amino acids, 15 or more amino acids, or 20 or more amino acids, up to 10% of the
total number of amino acids, up to 10% of the total number of amino acids, up 10 15% of the total
number of amino acids, up to 20% of the total number of amino acids, or up to 30% of the total
number of amino acids of the reference polypeptide sequence. In some embodiments, the number of
modifications to the naturally occurring polypeptide or an engineered polypeptide that produces an
improved ketoreductase property may comprise from about 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10,
1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 modifications of
the reference sequence. In some embodiments, the namber of modifications canbe 1,2,3, 4,5, 6,7,
8,0, 10,11, 12,14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 amino acid residues. The

modifications can comprise insertions, deletions, substitutions, or combinations thereof.

[0088] In some embodiments, the modifications comprise amine acid substitutions to the reference
sequence. Substitutions that can produce an improved ketoreductase property may be at one or more
amino acids, 2 or more amino acids, 3 or more amino acids, 4 or more amino acids, 5 or more amino
acids, 6 or more amino acids, 8 or more amino acids, 1G or more amino acids, 15 or more amino
acids, or 20 or more amino acids, up to 10% of the total number of amino acids, up to 10% of the total
number of amino acids, up to 20% of the total pumber of amino acids, or up to 30% of the total
number of amino acids of the reference enzyme sequence. In some embodiments, the number of
substitutions to the naturally occurring potypeptide or an engineered polypeptide that produces an
improved ketoreductase property can comprise from about 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10,
1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 amino acid
substitutions of the reference sequence, In some embodiments, the number of substitutions can be 1,

2,3,4,5,6,7,8,9,10,11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 amino acid residues.

[0089} In some embodiments, the ketoreductase polypeptides herein comprise an amino acid
sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
06%, 97%, 98%, 99% or more identical to a reference sequence based on SEQ ID NG: 2, 4 or 114
having the following features: residue corresponding to position X190 is a constrained residue,
particularly proline; and residue corresponding to X202 is an aromatic residue, particularly
tryptophan, with the proviso that the ketoreductase polypeptide has an amino sequence in which the
residue corresponding to X190 is a constrained residue, and the residue corresponding to X202 is an
aromatic residue. In some embodiments, the residue corresponding to X190 is proline. In some
embodiments, the residuc corresponding to X202 is tryptophan. In some embodiments, the

ketoreductase polypeptide has an amino acid sequence in which the residue corresponding to X190 1s
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proline, and the residue corresponding to X202 is tryptophan. In some embodiments, these
ketoreductase polypeptides can have one or more residue differences at other residue positions as
compared to the reference amino acid sequence. The differences can include various modifications,
such as substitutions, defetions, and insertions. The substitutions can be non-conservative
substitutions, conservative substitutions, or a combination of non-conservative and conservative
substitutions. In some embodiments, these ketoreductase polypeptides can have optionally from
about 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, -9, 1-10, 1-11, 1-12, i-14, 1-15, 1-16, 1-18, 1—20, 1-22,1-24,
1-26, 1-30, 1-35, 1-40, 1-45, or about 1-50 residue differences at other amino acid residue positions as
compared to the reference sequence. In some embodiments, the number of difference canbe 1, 2, 3,
4,5.6,7,8,9, 10, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35, 40, 45, or 50 residue differences at

other amino acid residues as compared to the reference sequence.

[6090] In some embodiments, the ketoreductase polypeptides herein comprise an amino acid
sequence that s at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%.
96%, 57%, 98%, 99% or more identical to a reference sequence based on SEQ IDNO: 2,4 or 114
having the following features: residue corresponding to position X190 is a constrained residue,
particularly proline; residue corresponding to X195 is a basic, acidic, non-polar, or polar residue,
particularly proline, arginine, lysine, aspartic acid, or asparagine; and residue corresponding to X202
is an aromatic residue, particularly tryptophan; with the proviso that the ketoreductase polypeptide
comprises an amino acid sequence having at least the preceding features, ie., the residue
corresponding to position X190 is a constrained residue; the residue corresponding to X195 is a basic,
acidic, non-polar or polar residue; and the residue corresponding to X202 is an aromatic residue. In
some embodiments, the residue corresponding to X190 is proline. In some embodiments, the residue
corresponding to X195 is arginine. In some embodiments, the residue corresponding to X202 is
tryptophan. In some embodiments, the ketoreductase polypeptide has an amino acid sequence i
which the residue cormresponding to X190 is proline; the residue corresponding to X195 is proline,
arginine, lysine, aspartic acid, or asparagine, particularly arginine; and the residue corresponding to
X202 is tryptophan. In some embodiments, these ketoreductase polypeptides can have one or more
residue differences at other residue positions as compared to the reference amino acid sequence. The
differences can include various modifications, such as substitutions, deletions, and msertions. The
substitutions can be non-conservative substitutions, conservative substitutions, or a combination of
non-conservative and conservative substitutions. In some embodiments, these ketoreductase
polypeptides can have optionally from about 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-1G, 1-11, 1-12, |-
14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35, 1-40, 1-45, or about 1-30 residue differences
at other amino acid residue positions as compared to the reference sequence. In some embodiments,

the number of differences canbe 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30,
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35, 40, 45 or 50 residue differences at other amino zcid residue positions as compared to the reference

sequence.

0091} In some embodiments, an improved ketoreductase polypeptide comprises an amino acid
sequence based on a sequence formula as laid out in SEQ ID NO: 111 or SEQ ID NO:112 or SEQ ID
NQO:139, or a region thereof, such as residues corresponding to 906-211. SEQ ID NO:112 is based on
the wild-type amino acid sequence of the Lactobacillus kefir ketoreductase (SEQ ID NO:4); SEQ ID
NQ:111 is based on the wild-type amino acid sequence of the Laciobacillus brevis ketoreductase
{SEQ ID NO:2); and SEQ ID NO:139 is based on the wild-type amino acid sequence of the
Lactobacillus minor ketoreductase (SEQ TD NO:114). The ketoreductases based on the sequence
formuia of SEQ ID NO: 111, 112, or 139 specify that the residue corresponding to X190 is a
constrained residue; residue corresponding to X195 is a basic, acidic, non-polar or polar residue; and
X202 is an aromatic residue. In some embodiments of the sequence formula of SEQ ID N’O: 111, 112,
or 139, the residue corresponding to X190 is proline; and the residue corresponding to X202 is
tryptophan. In some embodiments of the sequence formula of SEQ ID NO: 111, 112, or 139, the
residue corresponding to X190 is proline; the residue corresponding to X195 is proline, arginine,
lysine, aspartic acid, or asparagine, particularly arginine; and the residue corresponding to X202 is
tryptophan. The sequence formula farther specifies features for various residue positions, as

described below.

[0692] In some embodiments, the ketoreductase polypeptides comprising an amino acid sequence
based on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues
9(-211, and having the specified features for the residues corresponding to X190 and X202 or the
specified features for the residues corresponding to X190, X195 and X202 as described herein, can
further include one or more of the features selected from the following, as provided in the sequence
formulas: residue corresponding to X7 is a constrained or non-polar residue; residue corresponding to
X17 is a non-polar or aliphatic residue; residue corresponding to X25 is a polar or acidic residue,
residue corresponding to X27 is an aromatic residue; residue corresponding to X41 1s a polar, |
aliphatic, or non-polar residue; residue corresponding to X53 is a polar, non-polar, or acidic residue;
residue corresponding to X357 is a non-polar or aliphatic residue; residue corresponding to X64 is a
polar, aliphatic, or non-polar residue; residue corresponding to X66 is an acidic residue; residue
corresponding to X68 is a polar, acidic, aliphatic, or non-polar residue; residue corresponding to X72
is a basic residue; residue corresponding to X 76 is an aliphatic, non-polar, or polar residue; residue
corresponding to X&0 is an aliphatic, non-polar, or polar residue; residue corresponding to X93 is a
polar, aliphatic, or non-polar residue; residue corresponding to X94 is a cysteine, aliphatic, or non-

polar residue; residue corresponding to X95 is an aliphatic, non-polar, or acidic residue; residue
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182040 +: g%& fopslie} gdyict per liter/g enzyme/day; | : 0.03to 1 g product é#}&éﬁg(ﬁr‘@émglday +++: 1
to5¢g product per Ilter g enzyme/day; ++++: 5 to 20 g product per liter/g enzyme/day, +++++ >20 g
product per liter/g enzyme/day. Example 10:Reduction of 2-[2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl]
phenyl1- 3-oxopropyliphenyl1-2-propanol by an Engineered Ketoreductase Derived from ADH-LK.
[0312] Ferzmrantbey widPandeswicinitpor. bApiwas adeedydioriaius 08idyg corresponding to
2-[2434342+(%- QEQQngn%BﬁHWf})&EP%Ydh@h%ﬂﬁﬂé%&?@@ﬁé@&}iuﬁb%ﬁ%%%ﬁs@@%@%clp@ gL 100 inM
triethanolamine(chloride) buffer containing 0.89 i, /J)_ NADP-Na and 13.3 g/L qof KRED variant
SEQ ID*NB%6, % MRmIfgSatidy iﬁtt ?ﬁfﬂ'\ogﬁ%’?}‘g“i‘ﬂﬁocﬁ CB SAVBRE (ISR SFIBRIERES "Fhe vials were
closed asxitiimmersednifirgrncol Bath controlibd @atalifBiiSeaviphe srovehe takesp(Bdiite yaX 824 zand 29h
and dllttggg [YSQ? 3'15.9%1@&(91 eg_t : 1%%&&6@0%%@9 é%n@};%wg%&@@cgmﬁ%%do%%mﬁs dissolved in

1000 p.L acetonitrile prior to HPLC analysis for chemical conversion as described in'Example 5. [0313]
Chiral at%z%srwg&lb%wtﬁ%efé@aﬁ@rw%ﬁ@&Mﬁ@t&rﬂtwt@&&mﬁw%ﬂr@%@%ﬁ%{%ﬂfm|ows the
sample w&&ddmﬁﬁ@ withi 28m 2 lpoine @nd Banphakid Feﬁﬂﬁdﬁb@iﬁc@iammaﬁ@ breaki The aqueous phase
was extrggsted with gltl I acet (ah%%gspill_ %Qd the oCOsTat?)'ITcF qug)@{yg ayers were dr drled over MgSO4.
The organic solution as |tere rough a bedd of Celitd and toncentrated 1o dryness "The analytical
sample #aBapee proiertsad ISsERANG IR G BTHmeTEsI et hf’i ¥t aeetoritritesdintran &sigeel as described
in Example@ige &&%etp(;ﬁ&%n%mlgfwmmnzm@vmMttan@ﬁma)@rtae(zehw%mp@mzm
thphenggﬁ]opan -|- Oi; was obt |ned W]Ath >99° )9 Steregmeric excess oggg sion was ter than about
X

67%. ExampleTre é’“‘pﬁ?gtR? EIEBYE G 8%‘ PR EOSSASR e ok SOmANC, Dsic
quinolingfitdthenytipteny!h]: @dnyattdwmopyhbm@dtcmléi tﬁéthylfestemiidd&l@d}ﬂ@hal]am@t‘ed 2-L 3-neck
flask unggr Fﬂtﬁ?&%fhﬂ%“i’bi%‘é% DRI sebalaliend PR SininaL heak exchanger and equipped

with internal thermometer and mechanical stirrer at 250 rpm was added 300 mL 100 mM pH 8.0
triethanSPAITPRMIRELC &b/t 27 RE G EULS, YO SEE YR30 CHAN S 4S Piefftedin Example 3,
0.1 g NABRR:b a2 doegivecsppadeny el oW isolutioriaAftenstirdsiduto rkQlminutegohBBgic X211 is a
24343-[2-(7-chlar dinolinyfteth ]:3-k ropylibenz c h er was added
portion- \%Vlég Sl erag%C rﬁtl)n tells 13((31t e sI[]Jrry W%ij %(dd%egd%og melf%(%ngc% 8? g%gb:gﬁlag%b mL (85 g)
toluene 2MHE Y REsPOfAHES e s FEOTITOPMiSTEE By adhilal FPHTRIER! Wigsic residue;
2009/042984PG 2200810 78046 desarihed i Hxaatp I&Ad@ed&;dﬁhecﬁf@{;eﬁtm@ axgesgribed in
o2 PLSAmPINg B0 SEpIG RIS (DRI Ay SUing ALARE for i hours, the
reaction was com ete accordlng achiral BPLE Enalysis reactlon mlxture was fiitered through
three layerssoP18aairn dimetaoWaararie tﬂt@pap@éw&awmmdhmt@ vadtimm punmplar o

Approximaighc 1 mipuleswas feaHigd g comriers tha filatian (Qigive & R PasIRdHRGLan paste
was washed with 2 x 500 mL w ter. The tan p ted Wasaalr -dried Overéﬁ%‘%o give 104 of a tan solid

of (S)-245- TSRO 6 DFETHEN B ‘i‘?yiﬂ‘iﬂe Vi 3Ky dFESyBropyIr s &8?2??11&‘%@ Ester
monohyoinatei(d609/ayiiedd]ypeoddct asnaproroehyoatelcwithqasche hical paeityofl@8dHRIEC area
percent {({he MAUAHMBYRR, baIng P3-Q-HHRE G arsaRriae b Ol INesiatiRginaierial.the

(R)-stereoisomer was undetectable. [03161 All publications, patents, patent applications and other
documeitiendiffiicane éb‘ﬁﬁ@éiﬁcb’ﬁsé‘t%nﬁé?éki&ﬁ?hféﬁtﬁié%t%’d‘ﬁﬁéfé?éﬁéé inthseiErtieties for all
purposesde:Hie sERe extet asaﬂt)eam ncivisahpothlivatiomepaten@atantteplicatonqrather
docume eeld nct e,incorpgrat ference fo 125 CLAIMS:
[.A ketorfzeEdVL\J{c as§ bolkgl‘la{ egca?g e o? co?t%/efrtll%altﬁg gu (gtr%%% g?é{ £3§4g23${80§|g?o Z%m%olmyl)
ethenyl]pHeigyijs- M@m@wlwélma@a@@lﬁt@m%@m@mwmt pesaetP{SKEhyethysome

2-(3-(3- %&Z@m@mqw}dtﬁb& yhuimvhphenyd s34 tw@rotxyspsopyt )benzoate atia, raztettha%@@t least 1.5
times the rate of%l ¥ §tld§ of | E%rgé) NO:4 Wflﬂch co ﬂg es an amino aci uence that is at
least 85%/% Lk &SR SHEEBESY TATEEE edtoi’iﬁlﬁa\ﬁl e following
featuregmésddual&otheslﬁﬁﬂdmga t@XI90 wrpmhﬂe/ereastdtmleorrespondlng to X195 is arglnlne and the
residue correspond X202 is a tryptophan, in which the residue in the ketoreductase pc:As/peptide
correspéﬁt’e?ﬁ'ig%b%@geni%@%tdeatﬁtég thenensnides AaspiRg g 1509 95 9s wremiRBosA aRE residue
correspeR@ing d0:%202 is SBpiopkeni 12, Thepapeptidecafictaion luavhichiscapatie otgonvening the
substratlgato the rrgg%c(to\%th agerrgetgtlgltlgreomenc %xc%?esaof [ aa(tl ast 9%%@ oG g%t%l % 3. The
polypep de of caim T, in W he ketoreductade amino aci sequen has ad nally oné or more
of the follewitht festuEyyresisiEaEbrraspoatinec tedX TuighiatidigelaresieieseorEs porting tteX 17 is
methionine; residue corresponding to X25 is aspartic acid; residue corresponding to X27 is tyrosine;
residue corresponding to X4l is serine or alanine; fésidue corresponding to X53 is aspartic acid;
residue corresponding to X57 is vanne; residue corresponding to X64 is valine; residue corresponding
to X66 is glutamic acid; residue corresponding to X68 is valine; residue corresponding to X72 is
arginine; residue corresponding to X76 is alanine; 126 residue corresponding to X80 is threonine or

valine; residue corresponding to X93 is serine; residue corresponding to X94 is cysteine or glycine;
recidiie earrceenondina tn XYXOR e laricine or aliitamic acid- racidiie eorreenondina 1o XOA i ovetaine



residue corresponding to X198 is glutamic acid or glutamine; residue corresponding to X210 is
arginine; rg&&'pﬂ%ﬁgﬁgﬁ)onding to X211 is valine, leucine, threonine, or isﬁkel%@%ﬁﬁﬁ%‘i
corresponding to 2 Is serine or valine; residue corresponding to X216 Is arginine; residue
corresponding to X223 is valine; residue corresponding to X226 is threonine; residue corresponding to
X233 is asparagine or aspartic acid; residue corresponding to X235 is tryptophan; residue
correspendiméptonxiug kgieiraremtnybnash X2 Phesithirnesrrespthami to xaugiiserptophan; and

wherein, gptigngiy. the amingagid seauencs bagne RkMeRtasiduediffierencesatheramino acid
residue positions as compared to the reference sequence. 4 Theapglyp?gitéide %g clajm 1, in which the
1 16 {

ketoredtIBtYE: TS0 e b ALRS: 70 RARIRT oG SeRL e MR T NiE" 874090, 12, 14,
16, 18, 26y Rp2d,POhER, 1BO(B2 ¢34, vBBn38pABONGH, 1B G658 160162, 16 K66 681176172, 74, 76,
78, 80, é:%’ v@ﬁh ﬁ%t@eg’aglgic%singé ’ejgo,%hiltgﬁlcaa@gijl% @ ment &l‘%sﬁﬂga‘@g 9@&9@{%@9 the substrate

to the product at a rate that is at least [50 times greater than the reference polypeptide, and wherein

the ketorstRiEERE 6ptibaiy c ARSI SHfitE B S GOBRPOUBRFEE PO Y TS SBOD NO: 86, 88
or 96; ofnotheliipds-pajpablalphannusiiing dhe substraigtethetprodudtatareaienitiag is A0kast 50-250
times greater.than the reference, pol ytide, and v.vheriei,n the kgtor ductase 0 ioggllyi Qmprises an
amino ASa S B L B e, SR S % 0 76, 78
80, 82, 84ni9g{AD%ith 9E0theid IHBOE THElWb Iy e pliteBTeiasIcRyRichsidueapEBieWEME 19) converting

the substrate: tp dhe Rradust @t anratedhatisighlerst 260- 1000t mes grealplthanther refrignce

polypeptide, and whergin the ketdreductase optionally comprises an amino acid sequence

Cor e B St NP0 TE e BRDge Ao G A5 meq B SR80 KM 110 or

ii) convertingrtheisphsiate tolthe(protitctatizrate thatisratidast 1600M1times gedaterthan the
referencg, polypeplide.and whessinahe kstoraductase. ORtionakEAMPTSSS.AN aMipg,acid sequence
corresponding to SEQ ID NO: 6, 8, 14, 16, and 20; or i) converting at Iea}stf’%% of the substrate to
the prodtRFSATERS AN DY HSTHLWRES Caiibd GHIRAA JrEatarivaRCIoN 0 oHEIBLE R 4 less than
5 g/L ofdhe ipolkypeptidelant whefraindhekbigrediriase opiionglyitomphisesamaminaiacid sequence
correspgndi EQ ID 6, 1.1 - T ide pf.claim L..which has an
improvee(f"r’e{};%%gﬁgdt(}f érceﬂ%)crf gl%% Cﬁ%ﬁ%ﬁﬁ%é (ly)ﬁ h?gltt:(\)? &9 !t%%g@g{r%/g% }%ﬁ é(:% gﬁltielygstje bstrate to the
product 8 Esiparetmenting FefdiendS s Ripentide LBnyikrerdif théliketotdiuéiaselvpidhally
comprisgsiaramingnl 28-asiEl SEQERER BRleCipaifnm BEQIRINGY B a8l kaiddt, 46,18, 20, 22,
24, 26, 28, 30, 32, 34, 36, 38,40, 50, 52, 54, 56 62, 64, 68, 70,72, 74, 76, 78, 80, 82, 84,
36, 85, SH 0k 5B LR Al U KRBt de nRSoG 4 o e S5A5ArANS any one
of claims 2.-8yepindbarhich optionally comprises a sequence selected from SEQ ID NO: 5, 7, 9, 11, 17,
19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 49, 51, 53, 55, 57, 59, 61, 63, 65, 71, 73, 75, 77, 79, 81, 83,
85, 87, Y745 18 5omppsmpplmey's. @ﬁ&%@"@@%ﬁ%ﬁ@%@ﬁ%%&f&ﬁ”&%ﬁ%ﬁ@“tﬂe‘*eﬁ&ﬁfﬁﬁcleotide of
claim 7 media)hlwaé’eqh&l@?fpﬁ_ﬂglﬁmkéd(g Ji0] Nma_trd)l Sequent¥s @d@lglaﬁﬂretﬂoé@thng e_expsrﬁlsss';o_n _in a
nost ceby® A esh ol RRIIAG (1E TANESSIONXCLIAL LIRS0, A aarmposiign compreing: 2) a

ketoreductase of: i) any one of claims 1-6; ||§ a ketoreductase polypeptide capable of
convertiigeifigdsishationtoalaraadmeseerirpd g tinol by B Ethpy K e A5 45:3U5%6 BFEPYBenzoic acid
methyl gst@etatheRredusttfk omeiyanti~d(Arehlatequipeti-2residuc corresponding to X7
yevinyl)phenyl)-3-hydroxypropyl)benzoate at a rate.that is at least 1.5 times the rate of the
Dol B S A A B s S A B i 1 G ol B dentical to
a referehistdsey mesnte basedod@EQYD N ondihighiavingnine feliowilsgcleatisdeigiasidue
correspoRding.IR, %L 0is R ling. A e RIdue LRFESNRDHIN 105402 Ja Iy RIRPRa:IN which the
residue corresponding.to X190 is proline, and the residue corresponding to X202 is tryptophan; and b)
a substiAE RS- BB P RIGRE G ST SR BRe IR SHfo Y BERFSIERRE thithyl ester of
structuralzformylasigly, A2y abnode ctiBiEprmatyi@:(84(3v(Bs{e clitdoguinolips2dirpvinidiphenyl)-3-

hyd r0Xy%ﬁ%{%yjt}pgf}ﬁl%?}ﬁ&;rﬁgg,C?IE)‘HQ”L&&%@ MI&QQ 9&&%8&%&&?U:!Bﬁ%&af&mme, or isoleucine,
242434342-(7-chloro-2-quinolinyl) ethenyll phenyl]-3-oxopropylipheny11- 2-propanol of structural
formula HCErEE IO S Byt 3D ORI PORTRDIMS 3 i HerRpiy e ptpine,
hydroxypiepain2-yephenybpiofan-d-alef sinweiusalifermulanéiv), kO ol Ehdhgcanaposition of
claim 10, Ruhich the substiate 5. ) the: sulistiale, of siiucturel farmula, () and the-gamposition
further iNcludes the proélut%g structu 3I“tormu a (ﬂ? or ﬁp?he S%E)strate structural formula (1) and
the confpositorafithispifeluddsotpesipropitedhdrrueioral fofsmlargwendisg te X4 e for reducing
the substrate 2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl] phenyl]-3-oxopropyl] benzoic acid methyl ester
of formula (1) 0 (I) a to the product (S,E)-methyl 248-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-
hydroxypropyl)benzoate of formula (11) OH3 0 OCH CINk which comprises contacting the substrate of
formula (1) with the ketoreductase polypeptide of: i) any one of claims 1-6; or ii) a ketoreductase
polypeptide capable of converting the substrate 2-[3-[3-[2-(7- chloro-2-quinolinyl) ethenyl]
phenyl]-3-oxopropyl] benzoic acid methyl ester to the product(S ,E)-methyl24343 -(2- (7- chloro

nrnunolhin-2-viwinvNnhen v1)-2_-



hydroxypropyl)benzoate at a rate that is at least 1.5 times the rate of the polypeptide of SEQ ID NO:4,
which co }ino acid sequence that is at least 85% identical to ence based
on SEQ l”é@@g%%ﬁf(%@im having the following features: residue correspoﬁ%ﬁ%ﬁo@l&qj?yprolme and
residue corresponding to X202 is tryptophan; in which the residue corresponding to X190 is proline,
and the residue corresponding to X202 is tryptophan, under reaction conditions suitable for reducing
or convéningithe stdpsiratesportigoprgdeiot.ofdtimine. @n18. Ehecniethiod of sl in which: i) the
product Mﬁ%ﬁ%é‘h@r‘aﬁlﬁiﬁo@%ﬁ%@%‘%@%ﬁeﬂ!&%%o%ﬁ’g&%@%%%{ﬁu%c ach) 8f é@lﬁ%%@f the

substrate is reduced to the product in less than 24 hours, wherein the concentration of the substrate is

at least 00" ACBF R EOH CEM AT ML e PURPERRIBTEES THAA'S B/t HREWREFEI the
polypeptige comphisesaniamino doid seqivencediatdorrespondstohSntDal@i6 a8dl14, 16, and 20.
14. A mﬁm%g fw?aﬁ %dHCmaqgﬁ §&QS}£%§§124(%L§%%[‘% Zf E)h.;@f 9;;1’%@%'{%}@11%@% cularly

p eny] -3-oxopropyliph eny1]-2-propanol of formua(

tothepréERiEHS ijquwﬁ(lzeeweﬁte%aPji?ﬁ)wrt@zﬂyettﬁfgﬂmﬁeﬁmmsr@ @afagme glycine, alanine,
hydroxypnapanrdwiyd)ph @rampﬁ@pgﬁhmldmmme BinrisesitOntarling dhessubtipie 0f formuie (I11) with
the keto eductas egtldeaof .of clala 1S %61‘1015 . f a kee(tjgge uctase polypeptide
capable 8 Convér n% StbSfate 9- é %’7) Hioro- (e:{umo myl) e ethen f en;il] -3-oxopropyl]
benzmd}ﬁﬁldliﬂéﬁt@%remeﬂlteomecmbtm@ﬁs FEidpnethtisgBd(BL(R- W%Fﬂ@mq"tuﬁ@wﬂ@ﬂyéinmﬂ]}mhenyl) 3-
hydroxyprapyihenzeate Atditatethakisalleast beiimesthasate phthanapantide of3&Q 1D NO:4,

which comprises an amino, acid sequence that is at least 85% identical to a reference sequence based
on SEGE Riow S 91 T 4G S8 TG, TGRS Fed e B RSB N X £905% profine, and
residue leorresponding e X20Rusthy prepharglininhich: Here sidde coomegpodding t82% 190 is proline,
and thegaidugcoruraRRRdng 1 X203 /S AmvAtRPhAn. JAendaastion condlions:Hitahlg for reducing
the substrate to the product of formula (IV) OH HO".< (V) CIN171 15. The method of claim 14,
whereinYa)#fd HFdtfuet %‘fﬁ’é‘%%ﬁ%ﬁ‘t@%&ﬁﬁ@ﬁéﬂé& @t%%?ifﬁa??‘é‘bodﬁg‘@%cor 132 i) at
least 95gmahing sipasisaie gvwesheednionihe praductatleskibian 2diusrsnsvpbeteinde concentration
of the substrale.is atleast100.0/k andthe conoeniration of ihe Robmspifc.ia 1855 Ihanp.olL, and
wherein ﬁte po'ily eptld’e comprises an amino’aci sequencet at corresponds to E ID NO: 6, 8, 14,
16, and 2gnire, Bsidamngadisictier synthesidsf SheBoiapo MRRERIBTniBTECOIeR BRMpIIFERIne. wherein RI
is an al@'&ﬂ@@yb@a@rymumnth@ mﬁtmd}@am Rising:, (@) RduciRgiiBe RIS Qsparagine,
2434342-(7-chloro-2-qujnolinyl). ethenyl hen 3 oxop Il henzaic acid met I ester of formula (1)

et b S ah e e b
of formullarniiy: G)tsic@@@tﬂ@smymta&ilr@@ mezsumstﬂatemfit@ﬂmm)( ywlitte. the”tlwtl@tbfdmmase or

polypepfideaf:. rettdawomg}&tcﬁtm%éﬁ iOF1 cﬂﬂt)e8;11%@&%%%9}@%%@%{%%9@1&@@@“e of converting
the substrate 2-[3-[3-[2-(7- chloro-2- qumollnyl ethe hen?%}is oxopropyl] benzoic acid methyl ester

to the proEHEs: eafmaﬁftxzﬂ@h@tf (ff%%fcs’afﬁﬁ%ﬂ nzg R B IRAY- B8 HPBBY ) benzoate at
a rate thatiis deleasi & 5dlmesdchenate oftheqalypeptideof-SeQiily NOIE S \ihisteognprises an amino

acid sequanee thaf %t?cﬁt ‘éatﬁétﬁ?oﬁ%g%nﬁﬁﬁé 0. Auelgrence Seauance hasedian, 51%811'52 N2, 4 or 114

having the following features: 133 residue corresponding to X190 is proline, and residue
corresp8hiiiisgrorsesds @*ﬁwfeﬁﬁgﬁeRﬁ%i&ﬁ%ﬁ@%émélé@%eﬁaﬁwa% SbiriansHeRABEand the
residue getrespendingutonX 20 AisdAnptophatularypeles raaetion-qenditons: suitablesfenaadusing or
converti ubstrate 0 the PID duct of formula (I1); b reacting the co ound of formula (1
with an 21%%15 DIﬁ:h cj}éoglrnghaz% Hs(_:ijlvohr}i1 IE ((33 lﬁjﬁ e?eélonaiﬁ)gﬁtg“squbﬁepb& Slrlnea ion of
compomﬁmftwm)d@ﬁdtwﬁéﬂemmﬁtt@nbsltycthe alkymIfmt?tdmalmlélt‘@lmtﬁill%Ff@ﬁytechtorlde 17. A
method Qe synthesisQdae oAb ALIMAMAKSAL) is sl R Isiaalky]sufonyl or
arylsulfonyl, the method comprising: (a) reducm the subsitéate 2-[ 2-%@- 2- hloro 2-quinolinyl)

it AR RS Bl e G, or
totheprostu@té&dzpdtt(ﬁﬂ@h(‘t’htﬁ@ktir@qmmaiphaﬁ-)a@mmeyt)lptmetnym)séaé@%arres;nOndmo to X163 is
hvdroxy%eH@nn%txtmttﬁenmgteﬂemltehatctggnav M&S&%M&%‘;@%%&B@ subgirate of formula ()

with the Ketoreductase polypeptide of: i) any one of claims 1-6; or i) a ketoreductase
polypeptm@wﬁ%@%?&ééﬁmﬁﬁ@etﬂe@aﬁgt@m“fe PDEREIC RIS TEHENIR | 2EtHERy ]
phenyl]-3iax0premd] henzeiciasigrethyhesienioiibe-didde prouyetiSik X e1R w233 acid,
-(2-(7-chloro umo vin hen -3- hydrox Dbenzoate at te that.is at Ie t 1.5 times
the rate c&)]ta{tat'u((qal po épef)ft%? }B%[I‘D':D(Snf E814 w hl% cocnelp?nésé)éegﬂnae Jlﬁécg?:at% seéﬁ%r%c?él tH%at is at least
85% identical to a reference sequence based on SEQ ID NO:2, 4 or 114 having the following features:
residue corresponding to X190 is proline, and restdue corresponding to X202 is tryptophan; in which
the residue corresponding to X190 is proline, and the residue corresponding to X202 is tryptophan,
u,nder reaction conditions suitable for reducing or converting the substrate to the product of formula
(IV) and (b) reacting the compound of fonnula (IV) with an alkylsulfonyl halide or an arylsulfonyl halide

under conditions suitable for formation of compound (X_XI), and wherein optionally the allcylsulfonyl
halide ic methvlerilfonvi chlaride or calte hvdrataec nr enlhvvatece tharenf wharain a cten in the



hydroxypropan-2-y1)phenyl)propan-I-ol of formula (1V) 1366H (W)CIiNr- by contacting the substrate
of formulavgg)zx%i% 4}519‘§;J§etoreductase polypeptide of: i) any one of clair%%g.{:' '2%8/0;%@6
-C

ketoreductase polypeptide capable of converting the substrate 243-P-[2- oro-2-quinolinyl)
ethenyli phenyl]-3-oxopropyl] benzoic acid methyl ester to the
product(S,E)-methyl2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)pheny1)-3- hydroxypropyl)benzoate at a rate
that is abteaptidBgimed tHesratesofetmbqolyhaipiderpiosiEg reoedlywhich xommpredoaRamino acid
sequengg thatisiat 1eash85%0;identical a-adeielencaise PiercaiasedenSEQIRNQ:ddor 114

having the following features: residue correspo,nding to X190 is proline, and rtejggdue corresponding to

X202 i HYBRPHES: th v Rfch R PE ST BBy Eo ARG 1S LG AR S BN St e Fasidue
correspasilingite X20@cis stiptdpldmr, undelcreactivntcohditiondisuitablerfor reducing itueisubstrate to

the proguct of farmula £1¥)., 310247:018 SEQUENCE IRTING 51405 ANGcdagk BORUP, Birthe
MITCHELL, Vesna MUNDORFF, Emily LALONDE, James HUISMAN, Gjalt <120>

KETOREDOETASEPO I PEPrIres KND S ES FreRECLsgyarE 547018494 2008-00-26
<150> GO/ 34k <3H0R 200X w1808 188 mrdOrill chikdimid 68 A Be, DINAmIR] 3>
Artificia!}%gg][gence <220>.<223>.C glon Ogtimiz%dDIT&%%\éisCISdegygﬁge £400> 1 . atgtctaacc

me, OF asparaging, particula S Ttl(f‘ ac amme, 1e81

gtctggatyg Caadagtagec dtcattaccg gcggaggctc gggtatcggt 6 ttggcféatcg ccacgaaatt tgtagaggag
ggtgcgagsgs taatsttaciydtigienine iy sty At tag Ryatsa gy edqec Aaated glaggeaite Bdyatcagat
teagtttit1 30 icageacaati-cricEIaldA ApAIREI0@cTaAGI RRGICAanATAYRRARKENRAR CggCceCay
B S S e N B o R RO R T PR e R A
particularly lysine, valine, leucine, arginine, threonine, aspartic acid, or isoleucine; residue
corresponding to X212 is serine, threonine, glutamine, asparagine, ghycine, methionine, alanine,
valine, leucine, or isoleucine, particularly threonine, serine, or valing; residue corresponding to X216
is proline, histidine, arginine or Iysine, particularly histidine or arginine; residue corresponding to
X223 is glycine, methionine, alanine, valine, leucine, or 1soleucine, particularly valine; residue
corresponding to X226 is glycine, methionine, alanine, valine, leucine, isoleucine, serine, threonine,
glutamine, or asparagine, particularly threonine; residue corresponding to X233 is serine, threonine,
glutamine, asparagine, aspartic acid, glutamic acid, particularly asparagine or aspartic acid; residue
correé:ponding to X235 is serine, threonine, giutamine, asparagine, tyrosine, phenylalamine,
tryptophan, particularly serine or tryptophan; residue corresponding to X248 is glycine, methionine,
alanine, valine, leucine, 1soleucine, tyrosine, phenylaianine, or tryptophan, particularly glycine or
tryptophan; and residue corresponding to X249 is tyrosine, phenylalanine, or tryptophan, particularly
tryptophan, In some embodiments, the amino acid sequence can have at ieast two, three, four, five,
six or more of the additional features defined by X above. In some embodiments, the ketoreductase
polypeptides comprising an amino acid sequence that is based on the sequence formula of SEQ 1D
NO: 111, 112, or 139 (or region thereof) can have additionally one or more residue differences at
residue positions not specified by an X above as compared to the reference sequence of SEQ 1D NO:
2.4 or 114. In some embodiments, the differences can be 1-2, 1-3, 1-4, 1-5, 1-6, 1.7, 1.8, 1-9, 1-10,
1-11, 1-12, 1-14, i-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences
at other amino acid residue positions not defined by X above. In some embodiments, the number of
differences can be 1, 2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or 40 residue
differences at other amino acid residue positions. in some embodiments, the differences comprise

conservative mutations.
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ctggccgtta atctggatgg tgtttttttc 360ﬁg‘gcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag

catcatcaat 420 atgagcagta tigaggggtt cgtaggcgat ccgagcctgg gggeatacaa ggefiecaad 480 ggggeggtac
gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 gtgcegtgtca acacagtaca tccgggctat

atcaagaccc cgctggtcga tgatctgccg 600 ggtgctgagg aagcgatgtc acagcegtacg aaaaccccta tgggccacat
tggcgaaccg 660 aatgacatcg catatatctg tgtgtacctg gcatctaatg aatcgaaatt tgcgacgggt 720 tccgaatttg
tggtcgaﬁglgftig@gwwc@r@@dhagmmrgialpm@d&@l@ad@:wQﬂqmzsﬂwmlmﬂickmwmmm Sequence

<220> Eﬁ%%sérd@%&%ﬂﬁug& [ORIEMIZAd 12 Brevs 3eg 400> Met-aghASnArg Leu Asp
Gly Lys Val Ala lle lle Thr Gly hr 151015 Leu Gly lie Glé eu Ala lle Ala Thr Lys Phe Val Glu Glu

Gly AlaZ02Bsens e vricist Freiﬂrwﬁ é@%laeﬂ%g@éle%éw&f& RPEN Ly92MaNAPSERE45 Lys Ser val
Gly ThrfE’mﬂré@p e @m&hedlﬁige@mﬁéms‘pa&emméﬁebd&ml@m AspEtypddpidmalitys Leu

Phe Asp Al THT. Gl AEs AR GO TR ROTGUE P YAl B Tk GHNEAAST ASRAR G e Ala Val

Asn 8590 H%

non-polar residue, particularly histidine; residue corresponding to X94 is a cysteine, aliphatic, or non-
polar residue, particularly cysteine or glycine: residue corresponding to X96 is a cysteine, polar,
aliphatic, or non-polar residue, particularly threonine, cysteine, valine, leucine, or isoleucine; and
residue corresponding to X147 is an aromatic, aliphatic, or non-polar residue, particularly leucine. In
some embodiments, the ketoreductase polypeptide can have in addition to the foregoing features, one
or more of the following features: residue corresponding to X93 s a polar, aliphatic, or non-polar
residue, particularly serine; residue corresponding to X194 is a constrained, polar, aliphatic, or non-
polar residue, particularly leucine, serine or glutamine; residue corresponding to X196 is a non-
polar or aliphatic residue, particularly leucine; and residue corresponding to X211 is a basic, aliphatic,
non-polar, acidic, or polar residue, particuiarly valine, leucine, 1soleucine, or threonine, In some
embodiments, the ketoreductase polypeptide can have in addition to the foregoing features, one or
more of the following features: residue corresponding fo X17 is a non-polar or aliphatic residue,
particularly methionine; residue corresponding to X27 is an aromatic residue, particuiarly tyrosine;
residue corresponding to X64 is a polar, non-polar or aliphatic residue, particularly valine; residue
corresponding to X80 is an aliphatic, non-polar or polar residue, particularly threonine; residue
corresponding to X100 is a basic, acidic, polar, aliphatic or non-polar residue, particolarly Iysine;
residue corresponding 1o X198 is an acidic or polar residue, particularly ghatamic acid; and residue
corresponding to X216 is a constrained or basic residue, particularly arginine, In some embodiments,
the ketoreductase polypeptide can have in addition to the foregoing features, one or more of the
following features: residue corresponding to X25 18 a polar or acidic residue, particularly threonine;
residue corresponding to X41 is a polar, aliphatic, or non-polar residue, particularly serine or alanine;
residue corresponding to X53 is a polar, non-polar, or acidic residue, particularly aspartic acid;
residue corresponding to X57 is a non-polar or aliphatic residue, particularly valine; residue
corresponding to X66 is an acidic residue, particularly ghutamic acid; residue corresponding to X68 is
a polar, acidic, aliphatic, or non-polar residue, particularly valine; residue corresponding to X72 is a
basic residue, particularly arginine; residue corresponding to X76 is an aliphatic, non-polar, or polar
residue, particularly alanine; residue corresponding to X953 is an aliphatic, non-polar, or acidic
residue, particularly leucine or glutamic acid; residue corresponding to X97 is a basic, constrained or
polar residue, particularly histidine; residue corresponding to X108 is a basic or constrained residue,

particularly histidine; residue corresponding to X111 is a non-polar or alipbatic residue, particularly
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Page 1 W3'\76247 018 Lys Ser Val Glu Glu Thr Thr Thr Ala Glu Trp Arg Lys Leu Leu Ala 100105110 Val

Asn Leu e Phe Gly Thr Arg Leu Gly lle GIn Arg 11512012 s Gly Leu
Aa%ﬁh%%%;i\/let Ser SP%? %er@eu&g]

Gly Ala Ser Ser lle 130135140 Glu Gly Phe val Gly Asp y Ala Tyr
Asn Ala Ser Lys 145150155160 Gly Ala Val Arg lle met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leta
165170175 Lys Asp Tyr Asp val Arg val Asn Thr Val His Pro Gly Tyr lle Lys 180185190 Thr Pro Leu
val Aspuiethidraue PreidshycataGladiBiutalal et 8epGinla96200R08 meifThpiysufhhPeocmet Gly His lle

Gly Glui%'i@u“%eﬁ%jmtﬁ;é'% 2302152205 M%;QM% \éf:lhaﬁé bigtr Al S8lARNIGIV RS Phe Ala Thr
Gly 225 230 235 240 Ser Glu Phe val Val Asp Gly Gly Tyr Thr Ala GIn 245250 <210> 3 <211> 759

<212> BNAUSI IS Rper 5?%%%%71@&4ﬁ%@%ail?%gf%&ﬁﬁ’&i‘ﬁﬁﬁ?‘é@‘betp%gﬁ?%édﬁéﬁ‘ﬂé@ %400> 3
atgaccgatiigécigaagagitaaagisgcs atogtaaced, gogggaciot ophtatcggilct ttggcalatbgbogataaatt

tgtagag%@%&gé%&%@Q@l@%tﬁ‘@.ﬁé%%(?ﬁc%é3&% 9699319130, Q1082aRAAG CIGEARAIGR Algggcggca
ctgatgttat tcgctttgtc 180 cagcacgatg catccgatga ag caggctgggacgaaactgt tcgacaccac cgaggaggca 240

ttcggccé@«gdﬁaeg%wpé@t@aaé iye A9Hatty Lairietadcakyegitgiaietn beleadisctaitiyaggaaty
gcgtaaacigctotehgiia atmggaiggiar, non-polar or aliphatic residue, particularly asparagine; residue

corresponding to X173 15 an acidic, non-polar or aliphatic residue, particularly valine; residue
corresponding to X179 is an aromatic, basic, aliphatic, or non-polar residue, particularly
phenyiatanine; residue corresponding o X197 15 an acidic residue, particularly glutamic acid; residue
corresponding to X210 15 a polar or basic residue, particularly arginine; residue corresponding to
X212 1s a polar, aliphatic, or non-polar residue, particulariy valine or serine; residue corresponding to
X223 is a non-polar or aliphatic residue, particularly valine; residue corresponding o X226 1s a non-
polar or polar residue, particularly threonine; residue corresponding to X233 15 a polar or acidic
residue, particutarly asparagine or aspartic acid; residue corresponding to X235 is a polar or aromatic
residue, particularly tryptophan; residue corresponding to X248 is a non-polar or aromatic residue,
particularly glycine or tryptophan; and residue corresponding to X249 is an aromatic residue,
particularly tryptophan. As will be apparent to the skilled artisan, various combinations of the

features in the foregoing groups can be used to form the ketoreductases of the disclosure.

[6096] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formuia of SEQ TD NO: 111, 112, or 139, or aregion thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, fuirther includes one
or more or at least all of the following addinonal features: residue corresponding to X94 is a cysteine,
aliphatic, or non-polar residue, particularly cysteine or glycine; residue corresponding to X96 is a
cysteine, polar, aliphatic, or non-polar residue, particularly threonine, cysteine, valine, leucing, or
isoleucine; and residue corresponding to X211 is a basic, aliphatic, non-poiar, acidic, or polar residue,
particularly valine, leucine, isoleucine, or threonine. In some embodiments, the ketoreductase
polyneptides can have additionally 1-2, 1-3, 1-4, 1.5, 1-6, 1-7, 1-8, 1.9, 1.10, }-11, 1-12, 1-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid
residue positions as compared to the reference sequence of SEQ ID N(:2, 4 or 114, In some
embodiments, the number of differences canbe 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,
the differences comprise conservative mutations, In some embodiments, the ketoreductase

polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
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tgtttttttc 360 ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 atgagcagta

ttgaggggtt\%g)tgg&ggﬁggfgacgctgg gggcatacaa cgcttccaag 480 ggggcggtag giatcatglc gagaagegea
gcgctggatt gcgcactgaa ggactacgat 540 gtgcgtgtca acacagtaca tccgggctat atcaagaccc cgctggtcga

tgatctggaa 600 ggtgctgagg aaatgatgtc acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 aatgacatcg
catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 gcagaatttg tggtcgacgg cgggtatacc
gcacagfijie. 759, LPL0%,L9%1 $726 €21 Y PR Tiefied soArtifviel S eepencebazd@m £B23P Translation

of Codaqrptimizet: ln.kelinRenrense £400x AMELIBFARE MAghertlylMd R yval Manle Val Thr
Gly Gly Thr 151015 Leu Gl%llle Gly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala 202530 Lys val

Val lle PRI EIGUARSS Y RILIAGS AR RETSERS (SAUS% Ala 354045 Lys Ser lle Gly Gly Thr Asp Val lle Arg
e A1 A IR A S AL ST Ly B AR gl o e
859095¢0n the sequence formula of SEQ IDNO: 111, 112, or 139, or a region thereof, such as residues 90-

211, having the specified features at residues corresponding to X190 and X202 or the specified

features at residues corresponding to X190, X195 and X202 as described herein, further includes one

or more or at least all of the following additional features: residue corresponding to X94 is a cysteine,

aliphatic, or non-polar residue, particularly cysieine or glycine; residue corresponding to X96 is a

cysteine, polar, aliphatic, or non-polar residue, particularly threonine, cysieine, valine, leucine, or

isoleucine; and residue corresponding to X147 is an aromatic, aliphatic, or non-polar residue,

particularly ieucine. In some embodiments, the ketoreductase polypeptides can have additionally 1-2,

1-3,1-4,1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-3(,

1-35 or about 1-40 residue differences at other amino acid residue positions as compared to the

reference sequence of SEQ ID NQO:2, 4 or 114, Tn some embodiments, the number of differences can

bel,2,3,4,56,7,8,9,10, 11,12, 14, 15,16, 1§, 20, 22, 24, 26, 30, 35 or about 40 residue

differences at other amino acid residues. In some embodiments, the differences comprise

conservative mufations. In some embodiments, the ketoreductase polypeptide comprises an amino

acid sequence that 1s at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99% identical to a reference sequence based on SEQ 1D NO: 2, 4 or 114 having the

preceding features, with the proviso that the ketoredactase has an amino acid sequence having at least

the preceding features.

[0098] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 96-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further inciudes one
or more or at least all of the following additional features: residue corresponding to X94 is a cysteine,
aliphatic, or non-polar residue, particularly cysteine or glycine; residue corresponding to X96 is a
cysteine, polar, aliphatic, or non-polar residue, particularly threonine, cysteine, valine, leucine, or
isoleucine; residue corresponding to X147 is an aromatic, aliphatic, or non-polar residue, particularly
leucine; and residue corresponding to XQEI 18 a basic, aliphatic, non-polar, actdic, or polar residue,
particularly valine, leucine, isoleucine, or threonine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, i-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid

33



Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leta Ser 100105110 val Asn Leu Asp Gly

val Phe Phe, Gl % % Leu Gly lle GIn Arg 115120125 Met Lys Asn Lysl%li(#_g ﬁ % Ser lle lle
Asn Met S%sroszg‘r) @;5 g135140 Glu Gly Phe Val Gly Asp Pro Thr Leu Gly A a/ yilvr6 s!g’i %Ser Lys

145150155160 Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu 165170175 Lys Asp
Tyr Asp Val Arg val Asn Thr Val His Pro Gly Tyr lle Lys 180185190 Thr Pro Leu Val Asp Asp Leu Glu
Gly AlariduG hesiteniecSepaih e 98200205 /rgUPhed §isSERY IPrY MetiGly! His Hies@h Glu Pro Asn Asp

lle Ala 210245220 TR HebysYakTyhbauAlaSenAsp Gly Seg ysPhe AaiFhi:Gly, 2250830 235 240
Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin 245250 <210> 5 <2(£1> 759 <212> DNA <213>

Artificial Seduihcd- 2956 2P09Auss s HiGF Proeat LATGLE 2cigsilad iR sy Rattistagee
atcgtaadegigtgggacaangggtatcggiH0 dtggeaatsg tractaaatadytagadgdgggigegaaag tagttattac
tggtcgt%ggyi 19595819189 S10RARAYAG. CURSAARIGA AICHUGSacA Soaiatiat dsactigic B0 srgcacgaty

tctecgatga’ céaggcég aocgaa}}actgg tcc)%%cacca% cgaggagacc 240 ttcggcecgg ttacgacegt cgtgaacaat
gcagggldit-gegtittdan Bagclittadd 300 Gach it s EHGhY s SRG e BT O] gatgg
tgtttttttc 36 0299 eaccegaciig ggcaticaigegeatgana datrapggsbtigog tiageaiaaticaal 42thatgagcagta

ttgaggggc(:lgcs: ctlgg%%%%ging at least the preceding features.

[0106] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further inchudes one
or more or at least all of the following additional features: residue corresponding to X94 15 a cysteing,
aliphatic, or non-polar residue, particularly cysteine or glycine; residue corresponding to X96 is a
cysteine, polar, aliphatic, or non-polar residue, particularly threonine, cysteine, valine, leucine, or
isoleucine; residue corresponding to X194 is a constrained, polar, aliphatic, or non-polar residue,
particularly leucine, serine or glutamine; and residue corresponding to X211 is a basic, aliphatic, non-
polar, acidic, or polar residue, particularly valine. In some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, [-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid
residue positions as compared to the reference sequence of SEQ IDNO:2, 4 or 114. In some
embodiments, the number of differences canbe 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26, 30, 35 or about 40 residue differences at other aminge acid residues. In some embodiments,
the differences comprise conservative mutations. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
0284, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ ID
NO: 2, 4 or 114 having the preceding features, with the proviso that the ketoreductase has an amino

acid sequence having at least the preceding features.

10161] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NQ: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corrc_:sponding 10 X190, X195 and X202 as described herein, further includes onc
or more or at least all of the following additional features: residue corresponding to X94 is a cysteine,

aliphatic, or non-polar residue, particularly cysteine or glycine; residue corresponding to X96 is a
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ccgacgctgg gggcatacaa cgcttccaag 480 ggggcggtac gtatcatgtc gaaaagcgcea gcgctggatt gcgcactgaa
ggactacg%%@’ %tg{ca acacagtaca tccgggcccc atcaagaccc agcggctcg

ggttgggagg aaatgatg acagcgtacg gtaaccccta tgggccgcat tggcgaaccg 66 atgacatcg catggatctg
tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 gcagaatttg tggtcgacgg tgggtatacc gcacagtga 759
<210> 6 <211> 252 <212> PRT <213> Atrtificial Sequence <220> <223> variant of L. kefir <400> 6
Met ThiesspnArpplaedaliyisatiisor penvetliizesidug ataTiru@ Ny diyedhine SigdBeMetiGHeGpL eu Ala lle Ala

Thr LysibytoVak Gl saluc Gyl 2230 by s YahMal e Ehﬁl%é ARG i MabsouY dkfabfaly Lys Ala
Ala 354045 Lys Ser lle Gly Asp Thr As Val lle Ar?ﬁ%‘g@“j %g His A Val 505560 Ser Asp Glu Ala

Gly Trp'SHi ey &t ﬁ%eﬂ’gﬂdﬁhtﬁ(rl & &P ?ﬁ%ﬁﬁlﬁ}ﬁe Gly Pro Val Thr
Thr ValpdalcAsriyAsnchla GlipSereCysval belr8be05s iy Semy &l XQQ IAsp FesreTHmREIcGlonGIu Trp Arg

Lys Loty Sor 1900110 a} s ey Aan byl Phe BB Ol T e Laugly o Gin A

115120125 Met LYys Asn Lys Gly'Leu Gly Ala Ser Ile lle Asn Met Ser Ser lle 130135140 Glu Gly Leu
Val G|y€Asb@(iﬂrﬁ% ﬂ%ﬁf@ﬁﬁ%%?%ﬁ%ﬂ&% set s 19858150 Sy Ald-vdrady Tid Mét Ser Lys
Ser AladAlallbeu Asp-Cys Ala 1-es) 1681704 7510ys-Asp Pyr Asp, VabArg Val Asm Tho vialddis Pro Gly Pro

lll_i rL\)ZlI e%gusc%ﬁg\%egg%%ghﬁ{% ﬁ E()i;?,{s:l)ilt IGSS# aGél,%ri% Kfﬂ% %e re elymll\ég el\cﬂlt?etn e 0@%11%5200205 Arg
NO:2, 4or 114, Insome embodm}cnts the number of differencescanbe 1, 2,3, 4, 5,6, 7, 8,9, 10,
11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid
residues. In some embodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence that is at least §5%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114 having the preceding features, with the proviso

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

[0102] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified featares at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes one
or more or at least all of the following additional features: residue corresponding to X93 is a polar,
aliphatic, or non-polar residue, particularly serine; residue corresponding to X94 is a cysteine,
aliphatic, or non-polar residue, particularly cysteine or glycine; residue corresponding to X96 is a
cysteing, polar, aliphatic, or non-polar residue, particularty threonine or leucine; and residue
corresponding to X211 is a basic, aliphatic, non-polar, acidic, or polar residue, particularly threonine,
isoleucine, leucine, or valine. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, -8, 1-9, 1-10, 1-1%, 1-12, 1-14, 1-15, i-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4 or 114. In some embodiments, the number of
differencescanbe 1,2,3,4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence that is at'least 85%, 86%, 87%, 88%, 899, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 2, 4 or 114 having the
preceding features, with the proviso that the ketoreductase has an amino acid sequence having af least

the preceding features.



210215220 Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly 225 230 235 240 Ala Glu
Phe Val V OA s% %3/ Tyr Thr Ala GIn 245250 <210> 7 <211> 759 <21§5 &T’?%
Art|f|C|aISequence <§ > <223> Variant of L.kefir <400> 7 atgaccgatc gtctgaagca taaagtagcc
atcgtaaccg gcgggacaat gggtatcggt 60 ttggcaatcg ccaccaaata cgtagaggag ggtgcgaaag tagttattac
tggtcgtcac 120 gcggatgtag gtgaaaaggc cgccaaatca atcggcgaca ctgatgttat tcgctttgtc 180 cagcacgatg

tctccgal§di3pdagguigerhodasadigitcganycd e eaygagacePiontcypntygtia coneagt bytigaacaat
gcag99&9@5&&%@;@%@&&%&9&%?{%%@@@@3&9Qﬁgg%ﬂlé%ﬁﬁ%@%@tﬁm&{&mﬁ@e@mggatg9

tgttttttc, 360 ggcaccegee tgggeattca gegeatgaaa aataaaggct cat tcaat 420 atgagcagta
ttgagggtct EGYAFIa é?‘ff’ég g&@f&’ﬁ%@?ﬂ&%‘é}%@&@g%& %%%gﬁaﬂ l‘ﬁféf@gif&gggaaaagcgca

gcgctg gasttgﬁgmacighasggaeiacgahgzﬂmg@bglgtéalabﬁwgtamstﬂd@ggmuﬁc, &ohagacedagoggctcga

or more or at least all of the following additional features: residue corresponding to X93 is a polar,
aliphatic, or non-polar residue, particularly serine; residue corresponding to X94 is a cysteine,
aliphatic, or non-polar residue, particularly cysteine or glycine; residue corresponding to X96 is a
cysteine, polar, aliphatic or non-polar residue, particularly cysteine, threonine, valine, leucine, or
isoleucine; residue corresponding to X100 is a basic, acidic, polar, aliphatic or non-polar residue,
particularty lysine; residue corresponding to X147 is an aromatic, aliphatic, or non-pelar residue,
particularly leucine; residue corresponding to X152 is a polar, aromatic, aliphatic, or non-polar
residue, particularly serine; residue corresponding to X194 1s a constrained, polar, aliphatic, or non-
polar residue, particularly leucine, serine or glutamine: residue corresponding to X196 is a non-polar
or aliphatic residue, particularly leucine; and residue corresponding and residue corresponding to
X211 is a basic, aliphatic, non-polar, acidic, or polar residue, particularly valine, leucine, isoleucine,
ot threonine. In some embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-
4,1-5,1-6,1-7, 1-8, 1.9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35
or about 1-40 residue differences at other amino acid residue positions as compared to the reference
sequence of SEQ ID NO:2, 4 or 114. In some embodiments, the number of differences canbe 1, 2, 3,
4.5.6,7,8,9,10, 11, 12, 14, 15, 16, I8, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other
amino acid residues. In some embodiments, the differences comprise conservative mutations. In
some embodiments, the ketoreductase polypeptide comprises an amino acid sequence that is at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114 having the preceding features, with the proviso

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

[0104] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes one
or more or at least all of the following additional features: residue corresponding to X7 isa
constrained or non-polar residue, particularty histidine; residue corresponding to X66 is an acidic
residue, particularly glutamic acid; residue corresponding to X93 is a polar, aliphatic, or non-polar
residue, particularly serine or glycine; residue corresponding to X94 is a cysteine, non-polar or
aliphatic residue, particularly cysteine; residue corresponding to X96 is a cysteine, polar, aliphatic, or

non-polar residue, particularly isoleucine, leucine or threonine; residue corresponding to X147 is an

6

L)



tgagctggaa 600 ggttgggagg aaatgatgtc acagcgtacg gtaaccccta tgggccegeat tggcgaaccg 660 aatgacatcg

catggatctg tatgiae gatctgacg aatcgaaatt tgcgacgggt 720 gcagaatttg toptagpEaRdagaiatacc
gcacagtga g’% %‘3% 8 <211> 252 <212> PRT <213> Artificial Sequence <220> <223> Variant of L.

kefir <400> 8 Met Thr Asp Arg Leu Lys His Lys Val Ala lle Val Thr Gly Gly Thr 151015 Met Gly lle Gly
Leu Ala Ille Ala Thr Lys Tyr Val Glu Glu Gly Ala 202530 Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly
Glu Lysiiizatita @515t yenPefaecicAsy ioklany fensatq) acalrpPiearsyapGineHis AR al 505560 Page
4 3762410183 AP M&a@@mmghw&%msr@s%@ T3 Ik Gl F1 6% %0u€5 80 Phe Gly
Pro Val Thr Thr Val Val Asn Asn Ala Gl Ser s val Leu 859 (P ? IEVS Ser vé yS As r Thr Thr Glu
Glu Trp ATGE YRS LS P Br Tl T 16 YHIMAL &z‘hfié AEFEN VA PREBHE SR E §'LeF Gly lle GIn
Arg 1153 2092 % Medcidis ssriuys@Glycl putGhiedta Benieda! Asrd M@ﬁ@@@@pﬂ@m@(m?@ﬂ@s Glu Gly

Leu Va'a%bgf‘\sa%@a% %;!r HENCAHR TYD Ypdtan ARSI AP IR0l QG AR alArg lle met Ser
Lys Ser Ala Ala Leu Asp gqﬁﬁla Leu 165170175 Lys Asp Tyr Asp Val A Val Asn Thr Val HiS Pro

Gly Prolﬂéeregﬁgelémmg@ EsRisaty E‘é‘ﬂliﬁjéﬁt@ﬁ}’ﬂlé” cest %W“r‘?ff RIMEd Met ek Gin
1952002@51%91%[1 ¥Yal Fhr-RyoiMet 1Gily Argtlle Gy Giu 1PTe, Asn, As2 | le Ald 2802.362205Kep lle Cys

Val Tyr eu Ser. glu Ser Lys,Phe Ala Thr Gly, 225 2 35 24% Phe ValVal Asp Gly
Gly TyréfJ % es‘@féai } 25105 af gis S adtmpse cl)\?}f%lfl Al ﬁ%?g?s%qzé‘?;,gg <220> <223>

variant @fq@q@ﬁ p%ﬁ@i@l\l@étgla@ddétcln some embodiments, the number of differences canbe 1, 2, 3,
4,5.6,7,8,9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 4( residue differences at other

amine acid residues. In some embodiments, the differences comprise conservative mutations. In
some embodiments, the ketoreductase polypeptide comprises an amino acid sequence that is at least
83%, 86%, 87%., 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114 having the preceding features, with the proviso

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

{8105] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes one
or more or at least all of the following additional features: residue corresponding to X715 a
constrained or non-polar residue, particularly histidine: residue corresponding to X17 is a non-polar or
aliphatic residue, particularly methionine; residue corresponding to X27 is an aromatic residue,
particularly tyrosine; residue corresponding to X64 is a polar, non-polar or aliphatic residue,
particalarly valine; residue corresponding to X66 is an acidic residue, particularly glutamic acid;
residue corresponding to X80 is an aliphatic, non-polar or polar residue, particularly threonine;
residue corresponding to X93 is a polar, aliphatic, or non-polar residue, particalarly serine or giycine;
residue corresponding to X94 is a cysteine, non-polar or aliphatic residue, particularly cysteine;
residue cotresponding to X96 is a cysteine, polar, aliphatic, or non-polar residue, particularly
isoleucine, leucine or threonine; tesidue corresponding to X100 is a basic, acidic, polar, aliphatic,
non-polar residue or constrained residue, particularly lysine; residue corresponding 1o X147 is an
aromatic, aliphatic or non-polar residue, particularly leucine; residue corresponding to X194 is a
constrained, polar, aliphatic, or non-polar residue, particularly leucine, serine or glutamine; residue
corresponding to X196 is a non-polar or aliphatic residue, particularly leucine; residue corresponding
to X198 is an acidic or polar residue, particularly glutamic acid: residue corresponding to X211 is a

basic, aliphatic, non-polar, acidic, or polar residue, particularly threonine, valine, leucine, or
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gtctgaagca taaagtagcc atcgtaaccg gcgggacaat gggtatcggt 60 ttggcaatcg ccgataaata cgtagaggag

ggtgcgaa?%éaﬂ)g%&%ggtcgtcac 120 gcggatgtag gtgaaaaggc cgccaaatcap%tgg%g%@.,%g(gtgttat

tcgctttgtc cagcacgatg cgtccgatga agcaggctgg acgaaactgt tcgacaccac cgaggagacc 240 ttcggcccgg
ttacgaccgt cgtgaacaat gcagggagtt gcgttttgaa aagcgttgaa 300 gacactacca cggaggaatg gcgtaaactg
ctgtcegtta atctggatgg tgtcttttic 360 ggcaccegtc tgggcattca gecgeatgaaa aataaaggct tgggcgctag

catcatcaaipedaaydgesdia tgRsuuying gty atactpacyeni Yerstatiidus cyetindatiopuBogggcggtac
gtatcalglc:garaREeasR-ASaRlIaAllIsaGACIoRAD gaRGiasa Al RARGlasalgIca acacagiaca teegggcece

o R D o0 s el ey st e
residue differences at other amino acid residue positions as compared to the reference sequence of
SEQ ID NO:2, 4 or 114, In some embodiments, the mumber of differences canbe 1,2, 3, 4,5, 6,7, &,
0,10, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid
residues, In some embodiments, the differences comprise conservaiive mutations. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence that is at least 85%,
86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114 having the preceding features, with the proviso

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

[6186] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NG: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional feature: residue corresponding to X7 is constrained or non-polar
residue, particularly glycine or histidine. In some embodiments, the ketoreductase polypeptides can
have additionally 1-2, 1-3, i-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18§, 1-20,
1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue positions as
compared to the reference sequence of SEQ 1D NO:2, 4 or 114, In some embodiments, the number of
differencescanbe 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketorednctase polypeptide comprises an amino
acid sequence that is at least 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 6%,
97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 2, 4 or 114 having the
preceding features, with the proviso that the ketoreductase has an amino acid sequence having at least

the preceding features,

[0107} In some embodiments, an improved ketoreductase comprising an aminc acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described heremn, further includes at
least the following additional feature: residue corresponding to X17 is a non-polar or aliphatic
residue, particularly methionine. In some embodiments, the ketoreductase polypeptides can have

additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-§, 1-0, 1-10, 1-11, 1-12, 1-34, }-15, 1-16, 1-1§, 1-20, [-22,
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gcagaatttg tggtcgacgg cgggtatacc gcacagtga 759 <210> 10 <211> 252 <212> PRT <213> Artifi’gi'al '

Sequence 220> <223> Variant of L. kefir <400> 10 Met Thr Asp Arg Le | Ala lle Val
R SHie

Thr Gly Gly Met Gly lle Gly Leu Ala lle Ala Asp Lys Tyr Val G y Ala 202530 Lys
Val val lle Thr Gly Arg His Ala Asp val Gly Glu Lys Ala Ala 354045 Lys Ser lle Gly Gly Thr Asp Val lle
Arg Phe Val GIn His Asp Ala Page 5 376247-018 505560 Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe
Asp Thri RHr Gla, GiROThE 58701580 Phes@iy Pifeeivadetar Therdalinsadoibresibie miat@hy Ser Cys Val Leu

859095 Ly5, &l ¥ahGlAR: TREERETINSBHIE N T Afg1LYS hedhethpehirRa%0nl 10vpAsn Leu Asp
Gly val Phe Phe Gly Thr Arg Leu Glé lle Gln Arg 115120125 met Lys Asn Lys Gl%l}_ieu Gly Ala Ser lle

lle Asn Mt esrsaR ig 130135240 Gitr S LEL Va1 Gy Ads Pro*Phi et &y Riad TS REW Ala Ser Lys
145150458160i Eheala MatibrghndtetSeridys. Serdla dtbidnAsp BydMaikeudbFtRO175 Lys Asp

Ty Ayl LG Val ASn TVl s Bia G Bra. I dys ASA1ERA0 THIRIA ARG B1ASR ASP Leu Glu
Gly Trp &rllu Glu Met Met Ser GIn 195200205 Arg Thr Val Ser Pro'Met Gl(y His lle Gly Glu Pro Asn Asp

lle Ala 2E02E5220eThp! F@éﬁ\ﬁé%%%@%a‘&é%% BEf i SBr 1y PnE id $hr Bl 29%230 235 240
Ala GluPhe déal jabdvspdaeiic@ iy TyefHhnAlgGuktn 24228008 ZHIPIDINGR 212 of 59 452427 BIAA <213>
ArtificialSe Hen e <220>.<2§3> Varia to{ L k?fir <490> 11 aatg%c&%gc tctgjah%ggn% %%?%grtagcc

Tecoding 1eatures, with 1 oreduc a%e hag an

atcgtaalcy gegugacaat gggtaféﬁ&?é(bt %tgté%lé?cg ccgataaata chFagaggage g?lécgaaag’ tagttattac

tggtcgtche 112G gogdatgtay gtgaaaaggc cgccaaatca atcggeggea
[0108] In some embodiments, an improved ketoreductase comprising an amine acid sequence based
on the sequence formuia of SEQ 1D NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional featune: residue corresponding to X25 is a polar or acidic residue,
particularly threonine. In some embodiments, the ketoreductase polypeptides can have additionally 1-
2,13, 14, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-
30, 1-35 or about 1-40 residue differences at other amine acid residues as compared to the reference
sequence of SEQ ID NO:2, 4 or 114, In some embodiments, the number of differences canbe 1, 2, 3,
4,5,6,7,8,9,10, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other
amino acid residuss, In some embodiments, the differences comprise conservative mutations. In
some embodiments, the ketoreductase polypeptide comprises an amino acid sequence that is af least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114 having the preceding features, with the proviso

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

10169] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ 1D NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
jeast the following additional feature: residue corresponding to X727 is an aromatic residue,
particularly tyrosine. In some embodiments, the ketoreductase polypeptides can have additionally 1-
2,1-3,1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18§, 1-20, 1-22, 1-24, 1-26, 1-
30, 1-35 or about 1-40 residue differences at other amino acid residue positions as compared to the
reference sequence of SEQ ID NO:2, 4 or 114. In some embodiments, the number of differences can

be1,2,3,4,5,6,7,8,9, 10,11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue
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ctgatgttat tcgctttgtc 180 cagcacgatg tctccgatga agcaggcetgg acgaaactgt tcgacaccac cgaggagacc 240
ttcggcccgg ttacgaccgt cgtgaacaat gcagggagtt gegttttgaa aagcgttaaa 300 tac gaatg
gcgtaaact%vc?gzt%’ggqégg ctggatgg cgtttttttc 360 ggcacccgtc tgggcattca gcgca g&%@gfé;%ggégct
tgggcgctag catcatcaat 420 atgagcagta ttgaggggct cgtaggcgat ccgacgctgg gggcatacaa cgcttccaag 480
ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 gtgcgtgtca acacagtaca

tccgggatiteatcangacts egogycidgasigatctdyasnBidnygligggagh adtitgatgic @oagsgtagg gtaaccccta
tgggccacat 109e0aacedi6R0 AAlgACcalon GRIOERIGHY IIHAGEIC OFATLARE BaORAAH, tBrgacaggt 720

cagaatttg tggtcgac C tatacc gcacagtga
Jead 301% s%guegce { gt jggﬂeast 85"/8 86%,%%%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

- B7%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 2, 4 or 114 having the
preceding features, with the provise that the ketoreductase has an amino acid sequence having at least

the preceding features.

[0110} In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence fornmla of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 96-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional feature: residue corresponding to X33 s a polar, non-polar, or acidic
residue, particularly aspartic acid. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, {-10, -1, 1-12, {-14, I-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4 or 114. In some embodiments, the number of
differences canbe 1,2, 3,4, 5,6,7,8,9, 10, 11, 12, 14,15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a reference sequence based on SEQ ID NG: 2, 4 or 114 having the
preceding features, with the proviso that the ketoreductase has an amino acid sequence having at least

the preceding features.

[0111] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NQO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at vesidues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional feature: residue corresponding to X64 is a non-polar or aliphatic
residue, particularly valine. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-3, 1-6, 1-7, 1-§, -9, 1-10, I-11, 1-12, 1-i4, 1-15, 1-16, 1-18§, I1-20, I-2Z,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NQ:2, 4 or 114, In some embodmments, the number of
differencescanbe 1,2,3,4,5,6,7,8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 4
residue differences at other amino acid residues. In some embodiments, the differences comprise

conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
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759 <210> 12 <211> 252 <212> PRT <213> Artificial Sequence <220> <223> Variant of L. kefir -

<400> 12 Met Thr Asp Arg Leu Lys His Lys Val Ala lle Val Thr Gly Gly Th lle Gly Leu
Ala lle Ala%(i;%q?%mﬁ%'\/al Glu Glu Gly Ala 202530 Lys Val Val lle Thr GI;E;) é?é%@%?aﬁ% val Gly

Glu Lys Ala Ala 354045 Page 6 376247-018 Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe val Gin His
Asp Val 505560 Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Thr 65707580 Phe Gly
Pro VakditisddueMalthvaliss neass A XIaS6ly SBH.CH8\I LSBT0 Ys K. VAT S At Fhr Thr Thr Glu

Glu TrpArg doss Leydeth S 400108110 vaLASA L esABPG® RbePhe:Giy FhviAred-eu Gy lle Gin
Arg 115120125 Met Lys ASn Lys Gly Leu Gly Ala Ser lle lle ASn Met Ser Ser lle 130135140 Glu Gly

Leu VaPeRydg oot anP (R IPERP AR P REAANE S6FS8eE 4B IBHEEIBT BRPRAVEE AT Met Ser
Lys SerlaAtailedcAapCys Ala Leu 165170175 Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly
Pro lle Lys 180185190 Thr Pro Arg Leu Asp Asp Leu Glu Gly Trp Glu Glu Met Met Ser Gin 195200205
Arg ArgG2T hin e srrettGinissl enGRpeTadRonsiicsp (RmATRIDG 0P P9 PPOTAF ICHS VETyr Leu Ala
L e
el <e005 5 iU Rt G A e b ey B 960e St SSBtatbain 80 tggoantcg
ccgatadatacgtagegday gotgpgadiag talyitattac fjgedidl 2 0csutiydtopteingiedzaatdeleyticaaatca
atcggcqg&?tﬁggi%ﬁg)%éc«ﬂﬁm%gl %&%@gl%gigg@%nespondmg to X80 is an aliphatic, non-polar, or

polar residue, particularly valine or threonine. In some embodiments, the ketoreductase polypeptides

can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, i-11, 1-12, 1-14, 1-15, 116, 1-18, 1-

20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue

positions as compared to the reference sequence of SEQ TD NO:2, 4 or 114, In some embodiments,

the number of differences canbe 1,2,3,4, 5,6, 7,8, 9,10, 11, 12, 14, 15, 16, 18, 20,22, 24, 26, 30,

35 or about 40 residue differences at other amino acid residues. In some embodiments, the

differences comprise conservative mutations. In some embodiments, the ketoreductase polypeptide

comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, RG%, 90%, 91%, 92%, 93%,

94%, 95%, 96%, 97%, 98%, or 99% identical {0 a reference sequence based on SEQ ID NO: 2, 4 or

114 having the preceding features, with the proviso that the ketoreductase has an amino acid sequence

having at least the preceding features,

[0113] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, ora region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specitied
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional feature: residue corresponding to X93 is a polar, aliphatic, or non-polar
residue, particularly serine. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, -4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4 or 114. In some embodiments, the number of
differences canbe 1,2,3,4,5,6,7,8,9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
residue differences af other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence that is at least 85%, 86%, 87%, §8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 2, 4 or 1 14 having the
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tctccgatga agcaggctaé acgaaactgt tcgacaccac cgaggagacc 240 ttcggcccgg ttacgaccgt cgtgaacaat

gcagggag ‘6’% ggttt'i&aa aagcgttaaa 300 gacactacca cggaggaatg gcgtaaactq)gtlg({%z%ta?y%%citggatgg
caa

tgtttttttc 36 tgggcattca gcgcatgaaa aataaaggct tgggcgctag catca tgagcagta
ttgaggggct cgtaggcgat ccgacgctgg gggcatacaa cgcttccaag 480 ggggcggtac gtatcatgtc gaaaagcgca
gcgctggatt gcgcactgaa ggactacgat 540 gtgcgtgtca acacagtaca tccgggceccc atcaagaccc agcggctcga
tcagctggaadiitn otigggagl) deatgatgtchachg égtaedugtaadesciadgggceitatiggcybadog B6Asaatgacatcg
catggatgig }g@@ﬁgt@a%@gctgacg aatcgaaatt tgcgacgggt 720 gcagaatttg tggtcgacgg tgggtatacc
gcacagtga 759 <210> 14 <211> 252 <212> PRT <213> Atrtificial Sequence <220> <223> Variant of

L. kefir fAQQP Ilﬂsé\ﬂ%teTﬂHo&sﬁ&pM,gahﬂﬂpL(y\&M%tbﬁéaﬁ@dsé\@H@r&éﬁ!gﬂﬂ&(ﬁlﬁ@b&dﬂ&ﬁde’i&@&@d\dlet Gly lle
Gly Leu Al e Al Acp Lys Ty GG Bl 15,202530 Lys Y| Vel T Gly g s Al Asp

211, havmfr the specified features at residues corresponding to X190 and X202 or the specified

features at residues corresponding fo X190, X195 and X202 as described herein, further includes at

least the following additional feature: residue corresponding to X 94 is a cysteine, aliphatic, or non-

polar residue, particularly glycine or cysteine, In some embodiments, the ketoreductase polypeptides

can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7. 1-8, 1-9, 1-10, §-11, 1-12, 1-14, 1-15,'1-16, 1-18, 1~

20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue

positions as compared to the reference sequence of SEQ ID NO:2, 4 or 114. In some embodiments,

the number of differences canbe 1,2, 3,4, 5,6, 7,8, 9,10, 11, 12, 14, 15, 16, 18, 20,22, 24, 26, 30,

33 or about 40 residue differences at other amind acid residues. In some embodiments, the

differences comprise conservative mutations. In some embodiments, the ketoreductase polypeptide

compriscs an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, %1%, 92%, 93%,

94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 2, 4 or

114 having the preceding features, with the proviso that the ketoreductase has an amino acid sequence

having at least the preceding features.

[01153] In some ecmbodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional feature: residue corresponding to X906 is a cysteine, polar, aliphatic, or
non-polar residue, particularly valine, leucine, isoleucine, threonine, or cysteine. In some
embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-
9, 1-10, 1-11, 1-12, 1-14, 1-15, i-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as compared to the reference sequence of SEQ ID
NO:2, 4 or 114, In some embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7, 8,9, 10,
11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other aminoe acid
residues. In some embodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence that 1s at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114 having the preceding features, with the proviso

that the ketoreductase has an amino acid sequence having at least the preceding features.
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354045 Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe val Gin His Asp Val 505560 Ser Asp Glu Ala Gly

Trp Thr Ly&,ééég\%?%eﬁp Thr Thr Glu Glu Thr 65 70 75 80 Phe Gly Pro Vaé%ﬁ%%ﬁ_%@%@ Asn Asn

Ala Gly Ser eu 859095 Lys Ser Val Lys Asp Thr Thr Thr Glu Glu eu Leu Ser
100105110 val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle Gin Arg 115120125 Met Lys Asn
Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lle 130135140 Glu Gly Leu Val Gly Asp Pro Thr Leu
Gly Ala [#ytéAsh AlmSertofyikas] 50155060 BlpnduaeicAapidivieeSeningadéscahguiabieed Asp Cys

Ala Leuolmgyé%ﬁﬁpﬂ@s% wah Arg MabAsn INLyalbis PRl Rre lerly$,4804.85190 Thr
GIn Arg Leu Asp Gin Leu Glu Gly Trp Glu Glu Met Met Ser GIn 195200205 Arg Thr. VVal Thr Pro Met

Gly Arghle: Gy e BBeA SRS A998 8550 FRi s APl e 0r AR B&FAXD Glu Ser Lys
Phe AlaicBhrdht RREIR30235p4dn|a GhIR Ha M Mal AseGlysGlye T yieihr AiehGin@4&250 <210> 15

<211> 192 ielRn NG saldnA sl §§s%h%%?re<s§&9cﬁn§[%@%?0‘(?1%@%835&%81@[ 30> 15

atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacaat gggtatcggt 60 ttggcaatcg ccgataaata
cgtagagdgabrletgtripg¥astidtactyifdatedssizo geypgngky dandigetgefissitca atcggeggea
ctgatgtipbigaetitetcdi8cageasoaigytetecgalgaageaggctog acgasaatg iegacacrac ggaggagacc 240

woosesiy psgecet LAkl gl el LM EAR g
residue positions as compared to the reference sequence of SEQ ID NO:2, 4 or 114, In some
embodiments, the number of differences canbe 1,2,3.4, 5, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some embodiments,
the differences comprise conservative mutations. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ 1D
NQ: 2, 4 or 114 having the preceding features, with the provisc that the ketoreduciase has an amino

acid sequence having at Igast the preceding features,

[0117] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formuia of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional feature: residue corresponding to X108 is a basic or constrained
residue, particularly histidine. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-3Q, 1-35 or about 1-40 residue differences at other amino acid residue positions as
compared to the reference sequence of SEQ 1D NC:2, 4 or 114, In some embodiments, the number of
differencescanbe 1,2,3,4, 5,6, 7.8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues. in some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 2, 4 or 114 having the
preceding featares, with the proviso that the ketoreductase has an amino acid sequence having at least

the preceding features.

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

on the sequence formula of SEQ ID NQO: 111, 112, or 139, or a region thereof, such as residues 90-
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aataaaggct tgggcgctag catcatcaat 420 atgagcagta ttgaggggct cgtaggcgat ccgacgctgg gggcatacaa

cgcticcaag, 480 gagacggtac gtatcatgtc gaaaagcgcea gegetggatt gegeactgag, ggadiagdabad gtgcatgtea
acacagtaca ccgggcccc atcaagaccce agecggctcga tgagetggaa 600 ggttgggagg aaatgatgtc acagegtacg

gtaaccccta tgggccgcat tggcgaaccg 660 aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt
tgcgacgggt 720 gcagaatttg tggtcgacgg tgggtatacc gcacagtga 759 <210> 16 <211> 252 <212> PRT
<213> Attifibiai@abentcdie2emrepR3ssifaniantrofionfisfirta 5008 a8 MEEPhibaspeaiftsdeu Lys His Lys

Val Ala fleyal The GGy rdpdrila M@b%dﬁ@x@%a@@&%&@rﬁ%%ﬂdwﬁi@ldtGlu Gly Ala
202530 Page 8 376247-018 L s.Val val lle Thr Gly Arg His Ala A Val Gl ﬂ/& %é{s Ala Ala 354045
)

Lys Serfisidy ely s %déjbtwl iTEeRFe PRI FETRRIRIRE A 45:’? 58388 WA Gly Trp Thr
Lys LewmPhpohspeditiac] parGlul@iuiciainG 5 HOH8: Rhad@isnRrohy &t T edddwsy pd Madpides Asn Ala Gly Ser

Cys Vabheu 8580954 Y5, Set Val Lys Asp TorThn T Glu Gl TIRAG Lys ke ey Senlp105110 val
Asn Leu Asp G@/ Val'Phe Phe Gly Thr Agg Leu Gly lle GIn Arg 115120125 Met Lys Asn Lys Gly Leu

Gly Ala 5% lle?fle! Rén miét 5é# @”abﬂ‘éfi Fsd ﬁ‘a‘f@fﬁs@éat%ﬁ@ﬁ}%ﬁﬁ‘ BRGFHPEEPERE Ala Tyr
Asn AlacSepdys 114015018501 66y GheAa ) AvgiterMesSen LyssSae AteAlanban AsprayisAda Leu

165170%1}?%1 cseﬁzs nb Té’ﬁﬁ?@,%a%%rgvﬁlﬁﬁﬁp r1§/6}|4H1|§ P(%O %%35% Iﬁ |2%S 9089} oF gﬁ)out 40
residue differences at other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%., 98%, or 99% identical to a reference sequence based on SEQ 1D NO: 2, 4 or 114 having the
preceding features, with the proviso that the ketoreductase has an amino acid sequence having at least

the preceding features.

[0119] In seme embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional feature: residue corresponding to X151 is a constrained, non-polar or
aliphatic residue, particularly alanine. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue posttions as
compared to the reference sequence of SEQ ID NQO:2, 4 or 114, In some embodiments, the number of
differencescanbe 1,2,3,4,5,6, 7.8, 9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues, In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an aming
acid sequence that is af least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 2, 4 or 114 having the
preceding features, with the proviso that the ketoreductase has an amino acid sequence having at least

the preceding features.

16128] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified

features at residues corresponding to X190, X195 and X202 as described herein, further includes at
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- Thr GIn Arg Leu Asp Glu Leu Glu Gly Trp Glu Glu Met Met Ser GIn 195200205 Arg Thr Val Thr Pro
Met Gly A gr éy% Pro Asn Asp lle Ala 210215220 Trp lle Cys Val Ty, éf'?] % g 9 p Glu Ser
Lys Phe A %‘?% 1y 8L 530 236 240 Ala Glu Phe val Val Asp Gly Gly Ty# s lg' 50 <2105
17 <211> 759 <212> DNA <213> ArtificialSequence <220> <223> Variant of L.kefir <400> 17
atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacaat gggtatcggt 60 ttggcaatcg ccgataaata

cgtagadgaytgiotosaagddigtdatggtogtthe toteyrgdatgtaddtfananges torvahatealatbyiscggca
ctgatgtiatigactitgic 130, caarAeaata,IClrrOaiaR SUCRAYIAI0N AFARAACIGIIaRARE AEGRRFgagacc 240
ttcggccegg, ttac%accfgat c?t aacaat gca agtt cgttttgaa aagcgttaaa 300 Eacactacca cgga_ gaatg
gogtaadth VLKA A ateidaloh {qiiic 360 Golaletgde lopaiated tgbatudad datiabgge
tgggcgctey . cattatcaati420oatbagicadardtghg gitiot cgiag gtiyataotgaegdtgy: dggsatacesarcgcticcaag 480
tggggcggg%g@tp@ﬁgge@%gggg%&qg@g@% 97952£1993 H9AGR69 8B QIIRIIIGR.AGARItaca
CcC cccc ’
999 differencescanbe 1,2,3,4,5,6,7,8,9,10, 11,12, 14,15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40

residue differences at other amino acid residues. In some embodiments, the differences comprise

conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino

acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99% identical to a reference sequence based on SEQ ID NQO: 2, 4 or 114 having the

preceding features, with the proviso that the ketoreductase has an amino acid sequence having at least

the preceding featares.

{01231 In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thercof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional feature: residue corresponding to X173 is an acidic, now-polar or
aliphatic residue, particularly valine. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18§, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amume acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4 or 114. In some embodiments, the number of
differencescanbe 1,2,3,4, 5,6, 7, 8,9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues. In some embediments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical 1o a reference sequence based on SEQ ID NO: 2, 4 or 114 having the
preceding features, with the provisoe that the ketoreductase has an amino acid sequence having at least

the preceding features.

[0122] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof. such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional feature: residue corresponding to X194 is a constrained, polar,

aliphatic, or non-polar residue, particularly serine, glutamine, or leucine. In some embodiments, the
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atcaagaccc agcggctcga tgagctggaa 600 ggttgggaggr éaatgatgtc acagcgtacg gtagtgccta tgggccgceat

tggcgaac tcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt t agaatttg
tggtcgacgcga/teg%g({g@%g%pcacagtga 759 <210> 18 <211> 252 <212> PRT %%g%?tl |C|a %Cequence

<220> <223> variant of L. kefir <400> 18 Met Thr Asp Arg Leu Lys His Lys Val Ala lle val Thr Gly Gly
Thr 151015 Met Gly lle Gly Leu Ala lle Ala Asp Lys Tyr Val Glu Glu Gly Ala Page 9 376247-018
20253 0kElpsevdedinsapivty MinfiGhcargaiissddaimep val Gy .Ghd. Lys Aa AMa 354045 11 Sét.ife Gly Gly Thr

Asp Vahlle;Arg Phe yalGin £is. Asp-yal h0556ESerAIR S Ala.Cly T FRiERE biysgithe Asp Thr Thr
Glu Glu Thr 65,70 75 80 Phe GE}{ Pro Val Thr Thr val Val Asn Asn Ala %é Ser C s Val Leu 859095 Lys

Ser Valti ReBeriorir i REHIER AT RS R 8 D8I BEreic10 1651 16 W/HT N WLed AL Gly val
Phe Phix Gl finbiries Gy terBin A ki5120425Metl §stASH Lys Glyited Gl Wal Setlle lle Asn

Met Sern Sep lle, 130135349 Glu, Gly: LRl GNASR R IALLGILG N bt Ashalg Ser Lys

145150155160 Gly Ala Val Arg lle met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu 165170175 Lys Asp
Tyr Aspcvaw:\?&%ﬁmffm?w qqi’S}P%C@WP’P@YFe“LWfSMW% THPIRAREY 16U Asp Glu Leu Glu
Gly Trpiciu&dluddepVetSee Cimf2h20020mAngid &m&é&hb’adaﬂwa{\dl@tsﬁﬂy/msgme Gy, &l Pro Asn Asp

val Ala 2 JrRl Ty Gl s Phe Al Thr Gly 225 230 235 240
N O S UG A%i/e % 2%/,96;% A I S
Artificial@@qi}éT@éﬁk@ZEQ <2223’1> Ué‘riﬁr‘ft@ﬂi@l@éﬂ?ﬁd%d&a&@es m@a&@gﬁ%’ @Qé@é@gca taaagtagcc

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

[0123] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ 1D NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features af residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the foliowing additional feature: residue corresponding to X196 is a non-polar or aliphatic
residue, particularly leucine. In some embodiments, the ketoreductase polypeptides can have
additionalty 1-2, 1-3, 1-4, 1.5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue positions as
compared to the reference sequence of SEQ 1D NO:2Z, 4 or 114, In some embodiments, the mumber of
differences canbe 1,2.3,4,5,6, 7,8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a reference sequence based on SEQ 1D NO: 2, 4 or 114 having the
preceding features, with the proviso that the ketoreductase has an amino acid sequence having af least

the preceding featores.

[0124] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional feature: residue corresponding to X198 18 an acidic or polar residue,
particularly glutamic acid or glutamine. In some embodiments, the ketoreductase polypeptides can
have additionally 1-2, 1-3, 1-4, 1-3, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, }-14, 1-15, 1-16, 1-18, 1-20),

1-22, 1.24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue positions as
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ey

atcgtaaccg gcgggacaat gggtatcggt 60 ttggcaatcg ccgataaata cgtagaggag ggtgcgaaag tagttattac

tggtcgtcacyl40,459034giag gtgaaaagge cgccaaatca atcggeggca ctgatgttat jegetitgiseleR zagcacgaty
tctccgatga agcaggctgg acgaaactgt tcgacaccac cgaggagacc 240 ttcggeccegg ttacgaccgt cgtgaacaat

gcagggagtt gcgttttgaa aagcgttaaa 300 gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg
tgtttttttc 360 ggcacccgcc tgggcattca gcgcatgaaa aataaaggct tgggcegctag catcatcaat 420 atgagcagta

ttgaggoetreyrige temicivetee stgueefuathbay dfettc daad W Omtstefctpbadigiareatite gaiaagcgca
gcgctggatiasacacida’ gaactaceas 546, gtg@gtqtqa acacagtaces tQ@gggquQ@tﬂa@%@%@mgctcga

catogatit HROLEHED SRl B AT (5o SUB ity 20 me ol Dol n Whtatace
gcacagtgascrvative mutations. In some embodlmems the ketoreductase polypeptide comprises an amino

acid sequence that is at lcast 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

7%, 98%, or 99% identical 10 a reference sequence based on SEQ ID NO: 2, 4 or 114 having the

preceding features, with the proviso that the ketoreductase has an amino acid sequence having at least

the preceding features.

[0125] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional feature: residue corresponding to X210 1s a polar or basic residue,
particuiarly arginine. In some embodiments, the ketoreductase polypeptides can have additionally 1-
2,1-3,1-4,1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, i-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, i-
30, 1-35 or about 1-40 residue differences at other amino acid residue positions as compared to the
reference sequence of SEQ ID NO:2, 4 or 114, In some embodiments, the number of differences can
bel,2,3,4,56,7,8,9,10, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue
differences at other amino acid residues. In some embodiments, the differences comprise
conservative mutations. In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 2, 4 or 114 having the
preceding features, with the proviso that the ketoreductase has an amino acid sequence having at least

the preceding features.

[6126] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ IDNO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional feature: residue corresponding to X211 is a basic, aliphatic, non-polar,
acidic, or polar residue, particularly valine, leucine, isoleucine, or threonine. In some embodiments,
the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10. 1-11,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at
other amino acid residue positions as compared to the reference sequence of SEQ ID NO:2, 4 or 114,

In some embodiments, the number of differences canbe 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15, 16,
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759 <210> 20 <211> 252 <212> PRT <213> Atrtificial Sequence <220> <223> Variant of L. kefir

<400> 20 %‘é{;% @gﬁsérg Leu Lys His Lys Val Ala lle val Thr Gly Gly Thrﬁ)%gg%@%g%, 0

376247-01 e Gly Leu Ala lle Ala Asp Lys Tyr Val Glu Glu Gly A Lys Val Vval lle Thr
Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 354045 Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val
Gin His Asp Val 505560 Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Thr 65 70 75
80 Phe Gle®Ra2\2dl Thi3Thrs\vakhait AsreAdm AlEGcSeart OYs Valloewi§500864 ys Sereval Lys Asp Thr

Thr Threﬁ%&%&gpt@aiﬁyé&@woﬁ%%@@&%@%@ﬁ&éﬁ&(@iﬁ&mh%&%@m&ﬁh&Phe Gly Thr Arg
Leu Gly lle Gin Arg 115120125 Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lle

130135440 SH'e5R PERVEIAPRESP G CRPP At CRIRIET TRNS A AR 'Sar 1 /8245780155160 Gly Ala
Val ArgdiedvigtSet kys2Sendla Aie LSt AP CYS AR e ure51 diTmily s Aspchys &spedal Arg Val Asn

1&%%%%@&é&ﬁggﬁ%ﬁ%ﬁﬂ%ﬁ%@%9%J rp Glu Glu Met Met

Thr Val Hi% fros(zé%ﬁggjgevl_xs 153#‘
Ser Ginbﬁ)SZO(S’O 05 Arg Thr val Thr Pro Met y Arg Tle Gly Glu Pro Asn Asp lle Ala 210215220 Trp lle

Cys VakT9radetintdasen AgH oo Senss Pl TG Prsesse 5235920 Ala Glu Phe Val Val Asp
Gly Gly Tyr Thr Ala Gin g4p250 <210> 21 <11> 759 <212> DNA <213> Arificial Sequence <220>
<223> VAt B KeHP 0B D1 R R At G A R & SRR A S A AR 86 R At
gggtatcggtitGtggeadivg cegdtzida i ddtadadgods gyttéy enag tagithttacitggtbgtcas AR Yeggatgtag

gtgaaaagqC Gorcanalsa.Aleeacacaclgaigual saagitaind R0:eagCcaAaaIe IeIergigaRdcagyctag
acgaaactgt tcgacaccac cgaggagacc 240 ttcg%cccgg ttac%acc t cgtgaacaat caggg;gg gcgttttgaa

aagegttEA 06! Gt RGATE4atd §lotddady et IO ittt 66 Gdacccgte
tgggcatasca: gegedigaaa aidinaad geliggoegdiag eatonietas 4?Rdgagoagialbgadgggetcgiaggcgat
CCgan%E@%&gg%%%%?&? %Qﬁﬁtecgraé‘e%ﬁegqr%%%&%%ﬁh%%‘i%?t‘igctﬁe%"é‘g&%%%%%igﬁ Gl9qatt gegeactgaa

ggactacgat gtgcgtgtca acacagtaca tccgggcccc atcaagaccce cgcggctcga tgatctggaa 600 ggttgggagg

aaatgatedéiaergbgtacd §tdabdcétd-fydgbdatattygogadcdy 660 adtydchict Kathdatdtdtgtgtaccty
gcatctgacg; aptegaantt tosIAGHa! 720 g5agARGAgIcYa000 £U00IRIAGEURRGATIRTRI <210> 22
<211> 252 <212> PRTf<.21.3,,> Artificial%: g\gﬁz 0> <1%2§> \{{arianiiof L. k firt1<400>§% et Thr
Asp Arg PBETSS HIE IS5 AT 18V VGl ThPPage 117476349018 151615 Mt Gly lle Gly
Leu AladiffcAdecaspilys T VAl Glu Gl G Ala 2025805 y§, Val AMab UL RO Gy, ArgHiI4iAsp Val

Gly Glu,Lys Alada35804%kys.Ses Gl Gl Thrbse MaldieAra RheMahGinHis.hspoval 505560
Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Thr 65707580 Phe Gly Pro Val Thr Thr

Val val ARG R D1 By ByeRE T EEGHo R JEERGRAE JEMSBIARETIPTERT BIESIE Trp Arg Lys
Lau LewSésch00d058:41 0s alkAs A e Rs S Gly 8l s Phes GH The2Asgd BBy Bly, Be°GivcArg 115120125

Met Lysﬁ%‘ d@y/a S%J)éd‘*/g lfd&'(%ﬁ'@) §%rf41‘3nu§ g%&&MQB%@& égﬁﬁé ﬁ%&@lﬁl gr 114 having the
preceding features, with the proviso that the ketoreductase has an amino acid sequence having at least

the preceding features.

[0128] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
ieast the following additional feature: residue corresponding to X216 is a is constrained or basic
restdue, particularly arginine. In some embodiments, the ketoreductase polypeptides can have
additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 5-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22,
i-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residue positions as
compared to the reference sequence of SEQ ID NO:2, 4 or 114. In some embodiments, the number of
differencescanbe 1,2,3,4, 5,6, 7,8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid restdues. In some embodiments, the differences comprise

conservative mutations, In some embodiments, the ketoreductase polypeptide comprises an amino
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Glu Gly Leu val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys 145150155160 Gly Ala Val Arg lle

met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu 165170175 Lys Asp Tyr As \{Q@r v ;@ Thr val His
Pro Gly P@ﬂgtﬂ?@ﬁ%i%l% Thr Pro Arg Leu Asp Asp Leu Glu Gly Trpgﬁu u‘%{ﬁ"{?{} g{Ser Gin

195200205 Arg Thr Val Thr Pro Met Gly His lle Gly Glu Pro Asn Asp lle Ala 210215220 Trp lle Cys Val
Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly 225 230 235 240 Ala Glu Phe Val Val Asp Gly Gly
Tyr Thrabid SineRdb250is 37624 0L MetsThr ASp. ArfpLeiil ¥4 Hi8LyIVal Mapllesabdhr Gly Gly Thr

151015qMet Galy Il Saby, LemAlale Rla-A3D Lyaehvr Malfl &8 finbla 206530 hysnalyal lle Thr Gly
Arg His Ala Asp Val Gly Glu Lys Ala Ala 354045 Ie_g/vs Ser lle Gly Gly Thr Asp Val lle Arg Phe Val Gin

His AspPafdinsEetse asghe Riokise &R Hio-Rrelystse das e WUPPRICFRT SIS BT hr882%0 75 80
Phe GlyiRigvalidhtedinreyal Val Asn Asn Ala Gly Ser Cys Val Leu 859095 Lys Ser Val Lys Asp Thr
Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser 100105110 Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg
Leu Glyi#E%irdnsagat EBL200RBINMent inyerdvsa keper Gy e GhpiiaSaraiinfeandiaenSersdr lle

130135040 Gl GheL eyl GYRRPRIe T Lag GIVi AlaoT YEAsn Aokl 424hR165160 Gly Ala
val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu 16517017;){,_%3 ASE‘%;%’; Asp Val Arg Val Asn

Thr Val His BrEE PR TEc e BB mETE0 1P BRI ASP ARD TR BINERFHTGIu Glu Met Met
Ser Ginf&:8&200205d4eg chhedpahdihg BrE MetGHf kg HE03ly Glsefral AsriAdprilerAtal2dft215220 Trp lle

Cys Val Lyr bt M Re AR, Rkt RThe A6 £23220,233.240413 G 4;‘1«%’&9 Val Val Asp

|

Gly Gly Tyr Thr Ala Gin 245250 <210> 25 <211> 759 <212> DNA <213> AtrtificialSequence <220>
<223> VTidif BRSNS 35 Soug SRE e Gt RdGi it REga aRL §Y€gggacaat
gggtatcgglibhiggcaatcg, ccgataaata cgtagaggagd ggtgegnaampiagitattac tggiegtaac 112Q geggatgtag
gtgaaaagge egcoganica alcducqasa staatpliat ieactiots 180 cagcacanta eegalg, agea00°iog
acgaaactgt tcgacaccac cgaggaggca cggceegg

compared to the reference sequence of SEQ ID NO:2Z, 4 or 114. In some embodiments, the number of

differences canbe 1,2,3,4,5,6,7,8,9, 10, 11, 12, 14,15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40

residue differences at other amino acid residues. In some embodiments, the differences comprise

conservative mutations, In some embodiments, the ketoreductase polypeptide comprises an anino

acid sequence that is at least 85%, 86%, §7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, or 99% identical to a reference sequence based on SEQ ID NQO: 2, 4 or 114 having the

preceding features, with the provisc that the ketoreductase has an amino acid sequence having at least

the preceding features.

[0130] in some emboediments, an improved ketoreductase comprising an anxno acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following addifional feature: residue corresponding to X226 is a non-polar or polar residue,
particularly threonine. In some embodiments, the ketoreductase polypeptides can have additionally 1-
2,13, 1-4, 1-5, 1-6, 1-7, 1-8&, 1.9, 1-10, I-11, 1-12, 1-14, 1-15, I-16, 1-18, 1-20, 1-22 1-24,1-26, 1-
30, 1-35 or about 1-40 residue differences at other amine acid residue positions as compared to the
reference sequence of SEQ ID NO:2, 4 or 114, In some embodiments, the number of differences can
bel,2,3,4,56,7,89,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue
differences at other amino acid residues. In some embodiments, the differences comprise
conservative mutations, In some embodiments, the ketoreductase polypeptide comprises an amino
acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 2, 4 or 114 having the
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ttacgaccgt cgtgaacaat gcagggagtt gcgttttgaa aagcgttaaa 300 gacactacca cggaggaata gcgtaaactg

ctgtccgtta atctggatgg tgtttttttc 360 ggcacccegte tgggcattca gecgecatgaaa aat ctag
catcatcaat‘ﬁ?(?%?ég%é‘g“gta ttgaggggct cgtaggcgat ccgacgcetgg gggcataca?%gcﬁ%%aa%g/g%%%ﬁ%gggcggtac

gtatcatgtc gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 gtgcgtgtca acacagtaca tccgggecce
atcaagaccc agcggctcga tgagctggaa 600 ggttgggagg aaatgatgtc acagcgtacg gtaaccccta tgggecgeat

tggcgaaceg@6f fadtgacattl thatggeatctriytgtaesig gratst jacgramttgaaat stgegacdgytiz 20 lgoagaatttg
tggtcgaﬁggnt&gg@qg&gggcagtga 759 <210> 26 <211> 252 <212> PRT <213> Atrtificial Sequence
<220> <223> variant of L. kefir 376247-018 <400> 26 Met Thr Asp Arg Leu Lys His Lys Val Ala lle Val

Thr Gly@lyiT hi 1530 18 0ah@i | e Glyrbesd AatieilasAsprdpys iy eV ahbih Glu Gl AleraR3530 Lys
Val Val lle Thr Gly Arg His Al LGly Gly Lys Ala 354045 Lys Ser lle Gly. GI r Asp Val lle
Arg Prd VI SR AP LSl S A Y S T e s Rk o0 o, ol
Ala 65 20175280:Pthe Gyifad fmiThet Terdvad Soatosmrmdian AR IEWSEK Oy ht Brgig59095 Lys Ser val

Lys AsprhhkcEh £anGIL G TIRNEGd-Xedee st 1eUmmex AO0LQRIMD MalAsh kenAsR Glkyval Phe Phe
Gly Thr Ar%Leu Gly lle Gin Arg 115120125 met Lys Asn Lys Gly Leu Glry%?\la Ser lle ”j Asn Met Ser

Ser lle 1965188 14 tiRg &g @RV ER A@iﬁﬁ"&“’?ﬂ?ﬁ?@ﬂd@ﬁ/%?ﬁﬁw AERRIRESF LR A% 150155160
Gly AlavatirgdtecMed SiesildiseSesidlachteipeuddgpCyhia keuciBSid0ins: kysihspidyr Asp Val Arg
val Asnrlgﬁug?ﬁm%ullaa@y%%tgﬁg ékegiy}éﬁlﬁf?éh%@fh%@ corresponding to X147 is an aromatic, aliphatic,

or non-polar residue, particularly phenylalanine or leucine; and the residue corresponding to X196 is a

non-polar or aliphatic residue, particularly leucine. In some embodiments, the ketoreductase

polypeptides can have additionally 1-2, 1-3, 14, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15,

1-16, 1-18, 1-20, 1-22, 1-24, 1-24, 1-30, 1-35 or about 1-40 residue differences at other amino acid

residue positions as compared to the reference sequence based on SEQ ID NO: 2, 4 or 114 having the

preceding features (e.g., SEQ ID NO:48). In some embodiments, the number of differences can be 1,

2.3,4,56,7,8,9,10, 11, 12, 14, 15, 16, 18, 20,22, 24, 26, 30, 35 or about 40 residue differences at

other amino acid residues, In some embodiments, the ketoreductase polypeptide comprises an amino

acid sequence that is at least 85%, 86%, §7%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%,

07%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 2, 4 or 114 having the

preceding features (e.g., SEQ ID NO:48), with the proviso that the ketoreductase bas an ammo acid

sequence having at least the preceding features.

[0132] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formuta of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X193 and X202 as described herein, further includes at
least the following additional features: residue corresponding to X7 s a constrained or non-polar
residue, particularly histidine; residue corresponding to X96 is a cysteine, polar, aliphatic, or non-
polar residue, particularly asparagine, serine, valine, leucine, isoleucine, or threonine; the residue
corresponding to X147 is an aromatic, aliphatic, or non-polar residue, particularly phenylalanine or
leucine; and the residue corresponding to X196 is a non-polar or aliphatic residue, particularly
leucine. In some embodiments, the ketoreductase polypeptides can have additionaily 1-2, -3, I-4, 1-
3, 1-6,1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or
about 1-40 residue differences at other amino acid residue positions as compared to the reference

sequence of SEQ ID NO: 2, 4 or 114 having the preceding features (e.g., SEQ 1D NO:42, 44, 46, or
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Thr Gin Arg Leu Asp Glu Leu Glu Gly Trp Glu Glu Met Met Ser Gin 195200205 Arg Thr val Thr Pro

met Gly le Gl % Pro Asn Asp lle Ala 210215220 Trp lle Cys Val T f\g p Glu Ser
Lys Phe A ad%}r&&}%? % 230 235 240 Ala Glu Pho val Val Asp Gly Gly Tﬁdﬂiﬁ ﬁaﬂgé??ﬁg%%zso <210>

27 <211> 759 <212> DNA <213> ArtificialSequence <220> <223> variant of L.kefir <400> 27
atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacaat gggtatcggt 60 ttggcaatcg ccgataaata
cgtagad§agigengegasagitagtatizctgeget dd tzoagegepbgtad glghdaag e cydéadhida dfeggeggea
ctgatgtiay tegqitals 380 £39CaaRigGie00ai98 RUCANASIIF-2005ARCIaileGRRACSRGSIAPIaggca 240
ttcggcccgg ttacgaccgt cgtgaacaat gcagggagtt gegttttgaa aagegttgaa 300 gacactacca cggaggaatg
R &

gogtaadtif SHEPRLGRE S dtg Fatg G ROSE6 g R SLORgER Y lé%cgéga%lét&éta {Gyct

tgggcyctety, catcatcaaaz) wtgageaga KoRGgguct Chtagtyab Cug atycifggyctitaidenticgotiecaag 480
reference sequence based on SEQ ID NO: 2, 4 or 114 having the preceding features (e.g., SEQ ID

NO:42, 44, 46, or 90), with the proviso that the ketoreductase has an amino acid sequence having at

ieast the preceding features.

[0133] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X193 and X202 as described herein, further includes at
least the following additional features: residue corresponding to X7 is a constrained or non-polar
residue, particularty histidine; residue corresponding to X96 is a cysteme, poiar, aliphatic, or non-
polar residue, particularly asparagine, serine, valine, leucine, isoleucine, or threonine; the residue
corresponding to X147 is an aromatic, aliphatic, or non-polar residue, particularty phenylalanine or
Jeucing; the residue corresponding to X196 is a non-polar or aliphatic residue, particutarly leucine;
and the residue corresponding to X211 is a basic, aliphatic, non-polar, acidic, or polar residue,
particularly valine, leucine, isoleucine, or threonine. 1n some embodiments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-§, 1-9, 1-10, I-11, 1-12, i-14, i-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid
residue positions as compared to the reference sequence of SEQ ID NQO: 2, 4 or 114 having the
preceding features (e.g., SEQ 1D NO:88&, 94 or 102}, In some embodiments, the number of
differencescanbe 1,2,3,4,5,6,7,8, 9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ 1D
NQ: 2, 4 or 114 having the preceding features (e.g., SEQ ID NO:88, 94 or 102), with the proviso that

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

{0134] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
ieast the following additional features: residue corresponding to X7 is a constrained or non-polar

residue, particularly histidine; residue corresponding to X96 is a cysteine, polar, aliphatic, or non-
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ggggcggtac gtatcatgtc gaaaagcgca gcgetggatt gcgecactgaa ggactacgat 540 gtgegtgtca acacagtaca

tccgggccc%gtgmg% ,agcggcetcga tgatctggaa 600 ggttgggagy aaatgatgte AcRAGcHIRGY.gIaacCCCta
tgggccgcat tggcgaaccg 660 aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720

gcagaatttg tggtcgacgg cgggtatacc gcacagtga 759 <210> 28 <211> 252 <212> PRT <213> Artificial
Sequence <220> <223> variant of L. kefir 3762'47-018 <400> 28 Met Thr Asp Arg Leu Lys His Lys Val
Ala lle VeleTtesiciy: Gigidarhi5H0a8dinet GipdleaBng. legingal At A $p BT e ShdWSIu Gly Ala

202530 hyrssValdvd dexiy @hnAfehidie Al RSk, MAhGLY dRitrbysul I phlauRRR Odenk v E e Gly Gly Thr
Asp Val lle Arg Phe val GIn Hjs I 505560 Ser Asp Glu A&a Gly Tr Thr L eu Phe Asp Thr Thr

Glu GIURRES TSt BHR ‘ik}“ﬁ?% ST T ERP VAP APRER RS CLel §é’°‘é’ ALeu 859095 Lys
Ser Valp@hnﬂ&ﬁ)y‘lrhm'ﬁlar SFvp@he GlucTing: ArgduysdrespbediBeap m@&%ﬂn@lvglaAwwaﬁvsp Gly val

Phe Phe. G T ATLe LGNS GG LISLABIARMEKL 5 stde SludeuGiala Ser lle lle Asn
Met Ser Ser Iie 13013 140 Glu Gly Leu Val GIy TDro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145150355460 9k ATaidra) W&qum‘faé%? L%‘S%ﬁ‘ﬂl?ﬂf& Loé&h}l@ﬁlt*fys‘wgﬁltee%“ﬁfe@f’?@’f7s Lys Asp
Tyr AsphaitdrgdatAspolipepakklisre SlydRiandle Llys 180185190 Faricini Arg et Ksp-Asp Leu Glu

Cly Tp Gl G4 MeMel Ser Gln 495200305 ArG TN el Thr RiR e G AR IBGIEIYPro Asn Aep

lle Ala r’p I €u Ala Ser A lu Ser Lys Phe Ala Thr Gly 225 230 235 240
Ala Gludtse mpwﬁ@@x@mqulwampwpar@pp the reference sequence of SEQ 1D NO: 2 4orll4

having the preceding features {(e.g., SEQ ID NO:98). In some embodiments, the number of
differences canbe 1,2,3,4,5,6,7,8, 9, 10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40
residue differences at other amino acid residues. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
02%, 63%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ 1D
NO: 2, 4 or 114 having the preceding features (e.g., SEQ ID NO:98), with the proviso that the

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

[6135] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residucs corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional features: residue corresponding to X7 is a constramed or non-poiar
residue, particularly histidine; residue corresponding to X93 is a polar, aliphatic, or non-polar residue,
particularly serine; residue corresponding to X94 is a cysteine, non-polar or aliphatic residue,
particularly cysteine or glycine; residue corresponding to X96 is a cysteine, polar, aliphatic, or non-
polar residue, particularly asparagine, serine, valine, leucine, isoleucine, or threonine; the residue
corresponding to X147 is an aromatic, aliphatic, or non-polar residue, particularly phenylalanine or
leucing; residue corresponding to X196 is a non-polar or aliphatic residue, particularly leucine; and
residue corresponding to X211 is a basic, aliphatic, non-polar, acidic, or polar residue, particularly
valine, leucine, isoleucine, or threonine. In some embodiments, the ketoreductase polypeptides can
have additiopalty 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20,
1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at other amino acid residues as
compared to the reference sequence of SEQ ID NO: 2, 4 or 114 having the preceding features (e.g.,
SEQ ID NO:84). In some embodiments, the number of differences canbe 1,2,3, 4,5, 6,7, 8, 9, 14,
11,12, 14, 15,16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid

residues. In some embodiments, the ketoreductase polypeptide comprises an amino acid sequence
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245250 <210> 29 <211> 759 <212> DNA <213> ArtificialSequence <220> <223> Variant of L.kefir

<400> 29 wRigansaaty gtctgaagea taaagtagcec atcgtaaccg gcgggacaat gggtategahoaAggcaatcyg
ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 gcggatgtag gtgaaaaggc cgccaaatca

atcggcggca ctgatgttat tcgctttgtc 180 cagcacgatg tctccgatga agcaggcetgg acgaaactgt tcgacaccac
cgaggagacc 240 ttc gceeqg ftacgaccgt cgtgaacaat gcagggagit gegtittgaa aagegttaaa 300 gacactacca
cggaggRatd Gebihaty %?%gc%ﬁagététéa%é@ thythititc3 %Hiafg‘f:/gg?c (b&&é‘at%é%‘)ggcgg@a?baaa
aataaagget igggcaiatagrelteaicaaidz: dtgaycagtadtigaggggct cgtaggegat cogmegatoy ggecatacaa
Cgc““?&g fg%bgl%glgﬁ9&5?‘%%%%%%%%@%%@%@59&3&ductasc has an amino acid sequence having at

least the preceding features.

[0136] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional features: residue corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding te X66 is an acidic residue, particutarly glutamic
acid; residue corresponding to X93 is a polar, aliphatic, or non-polar residue, particularly serine:
residue corresponding 10 X94 is a cysteine, non-polar or aliphatic residue, particularly cysteine or
glycine; residue corresponding to X96 is a cysteine, polar, aliphatic, or non-polar residue, particularly
ﬁs;aaragi.ne, serine, valine, leucine, isoleucine, or threonine; the residue corresponding to X147 is an
aromatic, aliphatic, or non-polar residue, particularly phenylalanine or leucine; residue corresponding
to X196 is a non-polar or aliphatic residue, particularly leucine; and residue corresponding o X211 is
a basic, aliphatic, non-polar, acidic, or polar residue, particularty valine, leucine, isoleucine, or
threonine. in some embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4,
1-5,1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, [-35 or
about 1-40 residue differences at other amino acid residue positions as compared to the reference
sequence of SEQ ID NO: 2, 4 or 114 having the preceding features (e.g., SEQ ID NO:64). In some
embodiments, the number of differences canbe 1,2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 14, 15, 16, 18, 20,
22,24, 26, 30, 35 or about 40 residue differences at other amino acid residues. in some embodiments,
the ketoreductase polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%,
8R8%, 89%, 90%, 91%. 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to a reference
sequence based on SEQ ID NO: 2, 4 or 114 having the preceding features (e.g., SEQ ID NO:64),
with the proviso that the ketoreductase has an amino acid sequence having at least the preceding

features.

[0137] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional features: residue correspending to X7 is a constrained or non-polar

residue, particularly histidine; residue corresponding to X 17 is a non-polar or aliphatic residue,
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gcgctggatt gcgecactgaa ggactacgat 540 gtgegtgtca acacagtaca tccgggeccce atcaagacce cgeggctcga

tgatctggaa 600 gtt gg aaatgatgtc acagcgtacg gtaaccccta tgggccgcat t aacc 660 aatgacatcg
catggatctg d‘t‘g’ %?géatctgacg aatcgaaatt tgcgacgggt 720 gcagaatttg tggiga gﬁ@%@&é?ﬁ?acc

gcacagtga 759 <210> 30 <211> 252 <212> PRT <213> Artificial Sequence <220> <223> variant of
L. kefir 376247-018 <400> 30 Met Thr Asp Arg Leu Lys His Lys Val Ala lle Val Thr Gly Gly Thr
151015pviatdiyhledaiphiet Aladle o%i@sﬁespcﬁay@t?b{e?\dah&wﬁduo@kgmia ﬁﬁ-ﬁ&a&w@mahk/,al lle Thr Gly
Arg His Al Val Glé/ Gl,y ¥ Ala 2.354045 | ys ser lle GI R ql lle A Phe val Gin
e Ao R A o R e R R e ra80 Phe
Gly Proc¢aicyiigihe %K%Mgﬁlm@ﬁwa@wo%wcwam%@ 85@(995@3/%“5@?1%6&%_‘9@73?% Thr Thr Thr

Giu Glura'giﬁu%@)#éé%d&ﬁhkﬁw@@ﬁswﬁ&%&ll&ﬂ@d Asadkeis AR VRlRbeRha-saly Ehadyrg Leu Gly lle
Gin Arg 115120 g I%/Iﬁg% Asr1[ Lys GI eu GI atSer I IIe As‘nﬁ% t Ser Ser IIe 130135140 Glu
Gly Leu \)fa?sé(f PLEUS ﬂoy?l,&sn 3& g géﬁ_ 6181 ng(‘\}lézr Arg lle met

Ser Lysrmmmwﬂmh%gp?@ﬁswM@u}i@@lﬂoﬂmﬁaﬁys%swmaﬁgﬁlw m‘glvdlaﬂfsn Thr Val His Pro

Gly Proaﬁga%&%k%?k%% h@%%@m%%@ ARRkRY Gl E ORI SEI Metdel BEIGIn
195200205 Arg Thr Val Thr Pro Met Gly Arg lle Gly Glu Pro Asn As IIe Ala 210215220 Trp lle Cys

Val Tyr i‘é@}%Pé’@ePWéﬁ}é’ﬁ& sEppyar bHéS}BEFa *?HP@ISP*Z%’%‘B"%% Y0 KIPGIESHE Yo Asp Gly

Gly Tyr dhtoAdsoBinesidue, particularly phenylalanine or leucine; residue corresponding to X196 is a non-
polar or aliphatic residue, particularly leucine; and regidue corresponding to X211 is a basic, aliphatic,
non-polar, acidic, or polar residue, particularly valine, leucine, isoleucine, or threonine. In some
embodiments, the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-
9,110, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue
differences at other amino acid residue positions as compared to the reference sequence of SEQ 1D
NO: 2, 4 or 114 having the preceding features (e.g., SEQ ID NO:22 or 24). In some embodiments, the
number of differences canbe 1,2, 3,4, 5,6, 7,8, 9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or
about 4{ residue differences at other amino acid residues. In some embodiments, the ketoreductase
polypeptide comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 935%, 96%, 97%, 98%, or 99% identicai to a reference sequence based on SEQ 1D
NO: 2, 4 or 114 having the preceding features (e.g., SEQ 1D NO:22 or 24}, with the proviso that the

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

[6138] In some embodiments, an tmproved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NO: 111, 112, or 139, or a region thereof, such as residues 90-
211, having the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further includes at
least the following additional features: residue corresponding to X7 18 a constrained or non-polar
residue, particularly hisiidine; residue corresponding to X66 1s an acidic residue, particutarly glutamic
acid; residue corresponding to X93 is a polar, aliphatic, or non-polar residue, particularly serine;
residue corresponding to X94 is a cysteine, non-polar or aliphatic residue, particularly cysteine or
giyeine; residue corresponding to X96 is a cysteine, polar, aliphatic, or non-polar residue, particularty
asparagine, serine, valine, leucine, isoleucine, or threonine; residue corresponding to X147 1s an
aromatic, aliphatic, or non-polar residue, particularly phenylalanine or leucine; residue corresponding
to X194 is a constrained, polar, or non-polar residue, particularly asparagine or leucine; residue
corresponding to X196 is a non-polar or aliphatic residue, particularly leucine; residue corresponding

to X198 is an acidic or polar residue, particularly giutamic acid or asparagine; residue corresponding
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245250 <210> 31 <211> 759 <212> DNA <213> Artcial Sequence <220> <223> Variant of L.kefir
<400> 31 atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacaat gggtatcggt 60 ttggcaatcg

ccgataaatt ¥ft=Ay8Y6HIYYgtgcgaaag tagttattac tggtcgtcac 120 geggatgtag gl CHdaaatca
atcggcggca ctgatgttgt gegetttgtc 180 cagcacgatg cgtccgatga agcaggetgg acgaaactgt tcgacaccac

cgaggagacc 240 ttcggcccgg ttacgaccgt cgtgaacaat gcagggagtt gegttttgaa aagcgttgaa 300 gacactacca
cggaggaai graiaaaaty Liglec iaraiclagalag tatifiie AR89 %ﬁ%ﬁﬁ%ﬁl&émﬁ@g catgaaa

saazagic BRECREo CHcapal 20 Spescats Losagonc cagiet A odcaacas
particularly arginine. In some embodnnents the ketoreductase poiypeptides can have additionally 1-
2,13, 14, 1-51-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-1%, 1-20, 1-22, 1-24, 1-26, 1-
30, 1-35 or about 1-40 residue differences at other amino acid residue positions as compared to the
reference sequence of SEQ ID NO: 2, 4 or 114 having the preceding featares (e.g., SEG ID NO:58).
In some embodiments, the number of differences canbe 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15, i6,
18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In some
embodiments, the ketoreductase polypeptide comprises an amine acid sequence that 1s at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%. 96%, 97%, 98%, or 99% identical to a
reference sequence based on SEQ ID NO: 2, 4 or 114 having the preceding features (e.g., SEQ ID
NO:58}, with the proviso that the ketoreductase has an amino acid sequence having at least the

preceding features.

[0139] In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ 1D NO: 111, 112, or 139, or a region thereof, such as residuss 90-
211, baving the specified features at residues corresponding to X190 and X202 or the specified
features at residues corresponding to X190, X195 and X202 as described herein, further imeludes at
jeast the following additional features: residue corresponding to X7 is a constrained or non-polar
residue, particularly histidine: residue corresponding o X66 1s an acidic residue, particularly glutamic
acid; residue corresponding to X93 is a polar, aliphatic, or non-polar residue, particularly serine;
residue corresponding to X94 is a cysteine, aliphatic, or non-polar residue, particularly cysteine;
restdue corresponding to X96 1s a cysteine, polar, aliphatic, or non-polar residue, particularly cysteine,
threonine, valine, leucine, or 1solencine; residue corresponding to X147 is an aromatic or aliphatic
residue, particularly leucine; restdue corresponding to X194 is a constrained, polar, aliphatic, or non-
polar residue, particularly glutamine; residue corresponding to X196 is a non-polar or aliphatic
residue, particularly leucine; residue corresponding to X198 is an acidic or polar residue, particularly
glutamic acid; and residue corresponding to X211 is a basic, aliphatic, or non-polar residue,
particularly valinevaline, leucine, isoleucine, or threomine. In some embediments, the ketoreductase
polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-§, 1-9, 1-10, 1-11, 1-12, i-14, 1-15,
1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences af other amino acid
residue positions as compared to the reference sequence of SEQ ID NO: 2, 4 or 114 having the
preceding features (e.g., SEQ ID NO:40). In some embodiments, the namber of differences can be 1,
2,3,4, 5, '6_5 7,8,9, 10, 11,12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at
other amino acid residues. In some embodiments, the ketoreductase polypeptide comprises an amino

acid sequence that 1s at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
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ggactacgat 540 gtgcgtgtca acacagtaca tccgggeccce atcaagacce cgeggctcga tgatctggaa 600 ggttgggagg

aaatgatgt taaccccta tgggccacat tggcgaaccg 660 aatgacatc acctg
gcatctgacg aa cgagagt%gcgacgggt 720 gcagaattcg tggtcgacgg cgggtataccqa%??ggggggﬁ%% <210> 32

<211> 252 <212> PRT <213> Artificial Sequence <220> 376247-018 <223> Variant of L. kefir <400>
32 Met Thr Asp Arg Leu Lys His Lys Val Ala lle Val Thr Gly Gly Thr 151015 Met Gly lle Gly Leu Ala lle
Ala Asplys PBhie &89  iiGlrGly Aef@oRB30duysey bisvd IS FRAGN Ay His Nahaspatar Gly Glu Lys

Ala Ala 384045 kys.Rerdle GGl NHHsR Maliakdis e MakGlritis ASR.AR BRRRER SEer Asp Glu
Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Thr 65707580 Phe Gly Pro val Thr Thr Val Val Asn

Asn Al EREE PEGREA I BB RS £E€EFYal Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu
Ser 10%&8?01119} \s/ériqusn %Hn’é“ft? o ¥mg%x?eﬁ‘?£ Qéd%}’asch:ro%p%% a%%n' So%é?d%@u%ﬂc%%@éd% Met Lys

Asn L Leu Ser lle fle Ash Met Ser Ser lle 130135140 Glu Gly Leu Val Gly Asp Pro Thr
Leu G|wmae159ﬁtm§?p/ﬁ¢alsér@ﬁ?@d&%@l%&éé}m Rfa ﬂxeaAﬁagunethﬂ@p‘éém% seipnRia Leu Asp

Cys Al b et 1001701 & ks A&mrmt/;\@mﬁ{@laef@@p@h&,ﬁ@ S vakitisPro &hydkedadys 180185190
met i FIRTEAED) B0 AR A T Al 21058530 oA I S VAT Co AT ALp Gl Sor
Lys Phécﬁd’atlﬁfpﬂiily@@@d@g@lmﬁlm%@@mPbﬁéewmgﬁisﬁﬁﬁya@I’Ps‘ﬂ?ﬂﬂf@lﬁ?m@l@ma?45250 <210>
33 <2112i(R0 54T BNATA3 A BLSEIMERE S SA203 iSedn MaTANRhke kefif,s400> 33

particularly methionine; residue corresponding to X27 is an aromatic residue, particularly tyrosine;

residue corresponding to X64 is a non-polar or aliphatic residue, particularly valine; residue

corresponding to X80 is an aliphatic, non-polar or polar residue, particularly threonine or valine;

residue corresponding to X93 is a polar, aliphatic, or non-polar residue, particularly serine; residue

corresponding to X94 is a cysteine, non-polar or aliphatic residue, particularly cysteine or glycine;

residue corresponding to X96 is a cysteine, polar, aliphatic, or non-polar residue, particularly

asparagine, serine, valine, leucine, isoleucine, or threonine; residue corresponding to X100 is a basic,

acidic, polar, non-polar or aliphatic residue, particularly lysine; residue corresponding to X147 is an

aromatic, aliphatic, or non-polar residue, particularly phenylaianine or leucine; residue corresponding

to X194 is a constrained, polar, or non-polar residue, particulasly asparagine or leucine; residue

corresponding to X196 is a non-polar or aliphatic residue, particularly leucine; residue corresponding

to X198 is an acidic or polar residue, particularly ghutamic acid or asparagine; residue corresponding

to X211 is a basic, aliphatic, non-polar, acidic, or polar residue, particularly valine, leucine,

isoleucine, or threonine; and residue corresponding to X216 is a constrained or basic residue,

particulatly arginine. In some embodiments, the ketoreductase polypeptides can have additionally !-

2,1-3,1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-1(, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-

30, 1-35 or about 1-40 residue differences at other amino acid residue positions as compared to the

reference sequence of SEQ ID NQO: 2, 4 or 114 having the preceding features (e.g., SEQ ID NO:14 or

16). In some embodiments, the number of differences canbe 1,2,3,4,5, 6,7, 8,9, 10, 11, 12, 14,

15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In

some embodiments, the ketoreductase polypeptide comprises an amino acid sequence that 15 at jeast

85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical tc a

reference sequence based on SEQ 1D NO: 2, 4 or 114 having the preceding features (e.g., SEQ 1D

NQ:14 or 16}, with the proviso that the ketoreductase has an amino acid sequence having at least the

preceding features.
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atgaccgatc gtctgaagC'é"taiéégitéé(;c."éfdétéééég g'cgg-gaéaat gggtatcggt 60 ttggc'aatcg ccgataaatt

tgtagagga%%%?%% tagttattac tggtcgtcac 120 geggatgtag gigaaaaggce 9ecaaaisa-alggacagca
ctgatgttgt gcgctttgtc cagcacgatg cgtccgatga agcaggctgg acgaaactgt tcgacaccac cgaggaggca 240

ttcggcccgg ttacgaccgt cgtgaacaat gcagggagtt gegttttgaa aagegttgaa 300 gacactacca cggaggaatg
gcgtaaactg ctgtccgtta atctggatgg tgttititic 360 ggcaccegte tgggcattca gegeatgaaa aataaaggct

tgggcgdfid BatoatcaacuPoimgaigoagartgaddgtcdetigg cyaesgeciairo gecgeitance etecaag 480
g999cogiasglaleMAe.aaraagceaer nogctagttt gegcactgas - agastacaalofdgiacaigisa.acacagtaca

tccgggceccc atqagggccq Q%%%]Ectcgq t atg;tg aa 600 ttgcg% 8a§£ lgtc aca .Cgt ttaaccccta

tgggccacat HGEg AR E Re At ARty it g%?@pfg%f’at Eg&a? ggéa%gzé’éfﬁag%ﬁ%%gcgacgggt 720

gcagaaftigugs te gatdg cgggiatacing cacadtna VBOand2{ 34 de@ibdABRein, further includes at
least the following additional features: residue corresponding to X7 is a constrained or non-polar
residue, particularly histidine; residue corresponding to X17 is a non-polar or aliphatic residue,
particularly methionine; residue corresponding to X25 is a polar or acidic residue, particularly
threonine; residue corresponding to X27 is an aromatic residue, particularly tyrosine; residue
corresponding to X53 is a polar, non-polar, or acidic residue, particularly aspartic acid; residue
corresponding to X64 is a non-polar or aliphatic residue, particularly valine; residue corresponding to
X80 is an aliphatic, non-polar or polar residue, particularly threonine or valine; residue corresponding
to X93 is a polar, aliphatic, or non-polar residue, particularly serine; residue corresponding to X94 s a
cysteine, non-polar or aliphatic residue, particularly cysteine or glycine; residue corresponding to X96
is a cysteine, polar, aliphatic, or non-polar residue, particularly asparagine, serine, valine, leucine,
isoleucine, or threoning; residue corresponding to X100 is a basic, acidic, polar, non-polar or aliphatic
residue, particularly lysine; residue corresponding to X147 is an aromatic, aliphatic, or non-polar
residue, particularly phenylalanine or leucine; residue corresponding to X194 is a constrained, polar,
or non-polar residue, particularly asparagine or leucine; residue corresponding to X196 is a non-polar
or aliphatic residue, particularly leucine; residue corresponding to X198 is an acidic or polar residue,
particularly glutamic acid or asparagine; residue corresponding to X211 is a basic, aliphatic, non-
polar, acidic, or polar residue, particularly valine, leucine, isoleucine, or threonine; and residue
corresponding to X216 is a constrained or basic residue, particularly arginine. In some embodiments,
the ketoreductase polypeptides can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-§, 1-9, 1-10, 1-11,
1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at
other amino acid residue positions as compared to the reference sequence of SEQ ID NO: 2, 4 or 114
having the preceding features {(e.g., SEQ ID NO:6). In some embodiments, the number of differences
canbe 1,2,3,4,5,6,7,8,9,10, 11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue
differences at other amine acid residues. In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence that is at least 85%, 86%, 87%. 88%, 89%, 90%, 91%, 92%, 93%,
4%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 2, 4 or
114 having the preceding featares {e.g., SEQ ID NO:6), with the proviso that the ketoreductase has an

amino actd sequence having at least the preceding features,

10142} In some embodiments, an improved ketoreductase comprising an amino acid sequence based
on the sequence formula of SEQ ID NQ: 111, 112, or 139, or a region thereof, such as residues 90-

211, having the specified features at residues corresponding to X190 and X202 or the specified
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<212> PRT <213> Artificial Sequence 376247-018 <220> <223> Variant of L. kefir <400$ 34 met Thr
Asp Arg L i Val Ala lle Val Thr Gly Gly Thr 151015 Met Gly | lle Ala Asp
Lys Phe V%#%%@Ezg“; Ala 202530 Lys val val lle Thr Gly Arg His Ala As%:@aﬁsg%ég §°é§s Ala Ala
354045 Lys Ser lle Gly Gly Thr Asp val val Arg Phe val Gin His Asp Ala 505560 Ser Asp Glu Ala Gly
Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala 65 70 75 80 Phe Gly Pro val Thr Thr Val Val Asn Asn
Ala Gly Baweya allewr 853005 ngs el NWaK Gl oid g0 FhieTmbGlbeGin. Tuphargitiydes et Leu Ser
100105110 M@lha LU ARR G MalBhe B Gl THE AL e %Sl JIg EinALd 418420125 Met Lys Asn
Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lle 130135140 Glu Gly Leu lle. G‘Iy,Asp Pro Thr Leu
Gly Ala™$HEsHERIPERY PHEdaG 18 PBE el AR 04t Ar fEFHar 8ey /8 ks Ki'Afa Leu Val Cys
Ala Leupi6bila03 A thysAsprebydudsprdaloAdinyal Xshislhpdfal dil iSiRco @ ind parteulars, 180185190 Thr

Pro Ar gul'-}%&n% PARREEL G N TIPG MGl MEL MELSEL J%%?a%fg%}%%,%&%éreu Thr Pro Met
Gly His | y Glu Pro Asn Asp Ilg Ala 210215220 Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys

e Gi
Phe Al£THSIORAPESNE3 385 moky: APR-CHIP A E Vel s pPaRc e ighT P TPIE AR GiIP5250 <210> 35
<211> t88csiobdm ON A2 3nArtificial S eshieincesidd Gartddas vatiantefidukefif-s40n sh

atgacc tctgaagca taaagtagcc atcgtaacceg gc aa tatcggt 60 ttggcaatc taaatt
A o R e e OB
ctgatgttgt ggjetity o180l vagcadyatyidgargitgragbegging gracdanaetiirrcgavaeedagagidggea 240
tticggccegg fiacoantalicuoAaCaRLIcRAAYAAgII0aR Aa05H0aA- 300:UAAGIR0E 3 GOgaggaatg
gcgtaaactg ctgtccgtta atctggatgg tgttttttic 360 ggcacccgic tgggcatica gegcatgaaa aaIaaaggég:t
tgggeg a8 R S HpGA b?ét%“ﬁ@&&&éﬁjﬁt‘-‘@&%ﬁé%%@&‘t 8@’&8@@*@&%&%’&&%@% Raag 480
ggggcggtac gtatcatgtorgagaagcgea gegetygatiigegeaitgas ggastapgatsSat: gtgitgigtcaiacacagtaca

tCCY99CLER AEAAGIRESFACIOGIRGR alsldana 800 091l900AA0 ARRIGAIGIC AcNsAtarg:giaaccecta
tgggccacat tggcgaaccg 660 aatgacatcg catggatctg &E%%Egcctg gcatctgacg aatcgaaatt tgcgacgggt 720

gcagaalty g Ragacyy ¥ dyiistdes GaCaggatss FprL SIOTAEES S HPBYHS. RIS Artificial
Sequengeiddd,Ga4it- 048, R0 RrAd3d:\Vakant ekldukeflirsh00ai3aMauT iy AspsAagtepdiys His Lys

Val Ala lle Val Thr Gly Gly Thr 151015 Met Gly lle Gly Leu Ala lle Ala As he Val Glu Glu Gly Ala
02530 P A A T TR B o e R A I T B 2
Asp ValvdinhagPhadyanaifcHishAokie: 5oBB60cSeinARHE (e Al GiyaT g5 TPROLysittagsEhe Asp Thr
Thr GlufalicAlaib 517 82RPesfaIudRe MakidheHRipiakivatAsniAsnAlaiGhiSenCysal Leu
859095 Lys Ser Val Gl ‘Asp,Jhr_Thr. T r}GIu Glu iTr .ArgSf /S Leu L%u Ser 100105110 Val Asn Leu
Asp GIyPIEFBRSTPHE @Tﬁ‘f HRF R CA 1 i &%5“1 196 RSP TEYR N AT YE BN Leu Gly Ala Ser
lle lle Aserivtet8ereSeke61i30186440:@ o Glyit euidtal BiyiaspiProciFir du Giye AtebTYimaen, Ala Ser
Lys 145,2Q43R400y Na¥ahArgigMelisebkyg $er Ale Ala LeuAsp GysAlrd ey 465470175 Lys

Asp Tyr Asp val Arg Val Asn Thr Val His Pro Gly Pro lle Lys 180185190 . _
i-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-26, 1-30, 1-35 or about 1-40 residue differences at

other amino acid residue positions as compared to the reference sequence of SEQ IDNO: 2, 4 or 114
having the preceding features {e.g., SEQ ID NO:R). In some embodiments, the number of differences
canbe 1,2,3,4,5,6,7,8,9, 10,11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue
differences at other amino acid residues. In some embodiments, the ketoreductase polypeptide
comprises an amino acid sequence that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% identical to a reference sequence based on SEQ ID NO: 2, 4 or
114 having the preceding features (e.g., SEQ 1D NO:R}, with the proviso that the ketoreductase has an

amino acid sequence having at least the preceding features,

[0843] In some embodiments, the improved ketoreductases of the disclosure comprises an aming
acid sequence that has a region or domain corresponding to residues 90-211 of the sequence formula
of SEQ ID NO: 111, 112, or 139 in which the residue corresponding to X190 is a constrained residue,
and the residue corresponding to X202 15 an aromatic residue. In some embodiments, the domain or

region corresponding to residues 90-211 comprises an amino acid sequence in which the residue
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Thr Pro Arg Leu Asp Asp Leu Glu Gly Trp.Glu Glu Met Met Ser Gin 195200205 Arg Thr Val Thr Pro
Met Gly His lle Gly Glu Pro Asn Asp lle Ala 210215220 Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser
Lys Phe A?X%"r“gfﬁ% 230 235 240 Ala Glu Phe Val Val Asp Gly Gly Tyr ThY RIa i 245250 <210>
37 <211> 759 <212> DNA <213> AtrtificialSequence <220> <223> Variant of L.kefir <400> 37
atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacact gggtatcggt ttggcaatcg ccgataaatt

tgtagaggag-gotggaadd! gitatche:tggicgtoas gegyatgirgdtgaaday s egogaadton atcggeggea

ctgatgttah IcaRHIgHC BQ Lo0. 180 LAURRCAAIY SAlGCIR 20H AARAIFIYY,ACYARGII IGARLICEAC
cgaggaggca 240 ttcggcccgg ttac%accgt cgtgaacaat igéc;)lgggagtt gcgttattaa aagcgttgaa 300 gacactacca
°36

cggaggadtd gedtealactd Etdtéedtid-didigdatgg! td ettt gbdacethed tgttratitargigedtgaaa

aataaaggel tlgg@ogciagcateaicant 420 aigpgcagiaigagegoatvglagasgal ecgregetoggggeatacaa

cgeticcaag ¢ §;059%995 a@as gft%}cl%gt‘fn%%%%%%%%ﬁﬁn%ﬁ%.‘3}999&%%%98981@%%}99&%%9"f‘t »40 gtgcgtgtca
ggg g gcgg g9

acacagtaca fecgggecce atéaagacce age Ctcga tgagctggaa ftgggagg aaatgatgtc acagcgtacg
gtaaccctté: fhGgbcltat tdgctindécytebd amrbredittprdig gaietgragigibebey Yemighicgsihttgaaatt
tgcgacgagii640:8 eaoaaiie g icaacagutangtatace.aeaeRdiga. iaftic 2 Aaddise hlmdad <al2> PRT

some embodiments, the ketoreductase polypeptide comprises an amino acid sequence with a domain
or region that is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, '
98%, or 99% identical to the corresponding demain of a reference sequence based on SEQ 1D NO: 2,
4 or 114 having the preceding features at residues corresponding to X190 and X202, with the provisa
that the ketoreductase domain or region comprises an amino acid sequence having at least the

preceding features,

[0144] In some embodiments, the improved ketoreductases of the disclosure comprises an amino
acid sequence that has a region or domain corresponding to residues 90-211 of the sequence formula
of SEQ ID NO: 111, 112, or 139 in which the residue corresponding to X190 is a constrained residue;
residue corresponding to X195 15 a basic, acidic, non-polar or polar residue; and the residue
corresponding to X202 is an aromatic residue. In some embodiments, the domain or region
corresponding to residues 90-211 comprises an amino acid sequence in which the residue
corresponding to X190 is proline; residue corresponding to X195 1s proline, arginine, lysine, aspartic
acid, or asparaging, particularty arginine; and the residue corresponding to X202 is tryptophan. In
some embodiments, the region or domain corresponding to residues 90-211 can have additionally 1-2,
1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, i-16, 1-18, or 1-20 residue differences at
other amino acid residue positions as compared to the corresponding domain of a reference sequence
based on SEQ ID NO: 2, 4 or 114, In some embodiments, the number of differences canbe 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 14, 15, 16, 18, or about 20 residue differences at other amino acid residues in
the domain. In some cmbodiments, the differences comprise conservative mutations. In some
embodiments, the ketoreductase polypeptide comprises an amino acid sequence with a domain or
region that 18 at least §5%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
ot 99% identical to the corresponding domain of a reference sequence based on SEQ ID NO: 2, 4 or
114 having the preceding features at residues corresponding to X190, X195 and X202, with the
proviso that the ketoreductase domain or region comprises an amino acid sequence having at least the

preceding features.



376247-018 <213> Atrtificial Sequence <220> <223> Variant of L. kefir <400> 38 Met Thr Asp Arg Leu
Lys His Lys Val Ala lle Val Thr Gly Gly Thr 151015 Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Glu
Glu Gly AI?M@%@*E@% Val Val lle Thr Gly Arg His Ala AS val Gly Glu Lygﬁ?%{%@( &76 y Lys Ser lle
Gly Gly Thr Asp Val lle Arg Phe Val GIn His Asp Ala 505560 Ser Glu Glu Ala Gly Trp Thr Lys Leu Phe
Asp Thr Thr Glu Glu Ala 65 70 75 80 Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly Ser Cys val lle
859095[hyss e MUalGlidbAgmdhs, Thr kEhnréalutsiup S pagid yéilh e ddnetinSe rebel0bt i vikAsn Leu
Asp Gly Val Rhe v Thr Ar le Gi 5120 : | ly Ala Ser
lle lle ASh W g}[lesqeg;djs%?ﬂé%%ﬁ%%}lﬁgogﬁl ﬁﬂé ﬁ%%%\f?ﬁ'lf ﬁs%%r%?’%%%%@%%%%g%?%gf Ala Ser
Lys 145E5019531 6ol Araowmares e MeP sur X seimaradie fFagsels it eu 165170175 Lys
Asp TyrobspMalifgvah Sex Ty, Yal ks PranGlyiRiakialiys 18018603 W dohfaGinnd g et ASp Glu Leu

Glu Gly T'rp Glu Glu Met Met Ser.Gin 195200205 Arg Thr.Val. T ro met Gly. Arg. lle Gly Glu Pro Asn
o e RETEBY B30 5 Tty AT et M S AL B L S B M 5 55 230 235
240 AlarGly RhEWakvdloxsp Gy @Iy Ty PR &3S rne 45PBaie 0w Bk 1xips geaduo> DNA <213>

Artificial . SeaUENEE. T2 2% 5 2R 3rpuaiant Rl biakefisiRaz:30atdaece aleraistdaageataaagtagece
atcgtaaccg gcgggacact gggtatcggt 60 ttggcaatcy ccgataaatt tgtagag a9 gt%tgpgﬁaa&g tagttattac
tggtegtcad P96 Begn Al Gy dRa AT EGe s a i A TRy ER ettt & 10§ Gt 8E €Y cacgatg
cgtccgapgar agohggsigipacgaaaotygitcgasattacaigaggagticap240 tiaggcecggtiapghecgtidgtgaacaat

gcaggogat gealialliag, aagcot9ae 30 IRcAHARFIPR0YRAIYEAIARACKLAIRICIYa AlGlggatag
tgtttttttc 360 g{gcac cgtc tgggcattca gcgcatgaaa aataggggg; tgggcgctag catcatcaat 420 atgagcagta

tigagggger-estagyelabaiyardetyt YlgcaHEeRe EiRHEcR A 480 Hggtg gar gttt gaaaagegea
gcgctggaiigegeacigendggactacyaiS4dgtgcgigieaiacacagipoartecggicasdatcaagasasiagaggctcga
tgagctg 00 ggttggga aatgatgtc acagcgtacg gtaaccccta tgggccacat tggcgaaccg 660 aatgacatcg
catggatg%%tgisg%é%%?g% gg%ca%c %ﬁéﬁ’gégzogné%%%? %§é§%%g%sé ufzc ré%?%%%ﬁfé%%t%%é%g%"% é)éltla%cc
gcacagt P80 xoiios: AR rosapMBTERAYLON § «oapsRY aBdaniifibidrSeHEsHee <220> <223>
Varianlt %shu%%ﬂﬁ&fa%&lﬁrl@@o'?ﬁ%i Qra‘}ﬁ&ﬁﬁg@-h?ﬁcli-yﬁptﬁﬁﬁdiyﬁr?éalp%t& H&M@é;%ﬁ%aﬁ&){ C|5|y I}hr 1|51015
Leu Gly lle Gly Leu Ala lle Ala Asp Lys P al. Glu.Glu Gly Ala 202530, Lys Val lle hr Gly Arg His
Al Ay TEPEN G Db A A SR L SGF ) B AR VBT Rrg BhE VBT Gin s Adk
Ala 505560186 Glauli@ietiAlas@hy TepiderchysshewdRhe AS ThrT idiuGipAlka 65:70:7%:80 Phe Gly

Pro Val Thr JheValyalAshARRAREY R6h Gys¥Rl HeR5309R kY srash YahGIiARR-Thathr Thr Glu
Glu Trp Arg Lys Leu Leu Ser 100105110 val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle Gin

Arg 11599EED% Rt Pyst A 5Ty e RSl AP SEr1 R N RS VRS SEr & e TF0R 540 Glu Gly
Leu Valicly1Asp Pronfhvldren GppdlardydvsreAdacsertsysiilidyz 58155 160 GliiAlasiat Argidle Met Ser

Lvs Ser LR AREY AR R AR A AL AP IAIRAND MiyBLASRIRENAL S Pro Bly
Pro lle Lys 180185190 Thr Gin Arg Leu Asp Glu Leu Glu Gly Trp Glu™Glu Met Met Ser Gin 195200205

residue; and residue corresponding to X211 is a basie, aliphatic, non-polar, acidic, or polar residue. In
some embodiments, the region or domain corresponding to residues 90-211 can have additionally
from about -2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, or 1-20
residue differences at other amino acid residues not specified by X above as compared to the
corresponding domain of a reference sequence based on SEQ ID NO: 2, 4 or 114, In some
embodiments, the number of differencescanbe 1,2,3,4,5, 6,7, 8,9, 10, 11, 12, 14, 15,16, 15, or
abowut 20 residue differences at other amino acid residues in the domam. In some embodiments, the

differences comprise conservative mutations.

[0146] In some embodiments, the ketoreductases polypeptides having a domain or region with an
amino acid sequence cotresponding to residues 90-211 of the sequence formula of SEQ ID NO: 111,
112, or 139, as described above, can have one or more conservative mutations in the domain or region
as compared to the amino acid sequence of the corresponding domain of SEQ ID NO: 2, 4 or 114,
Examples of such conservative mutations include amino acid replacements such as, but Iimited to:

replacement of residue corresponding to X93 isoleucine (I) with another polar residue, e.g., serine:
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Arg Thr Val Thr Pro Met Gly His lle Gly Glu Pro Asn Asp lle Ala 2102'1%220 Trp lle Cys Val Tyr Leu

Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly 225 230 235 240 Ala Glu Phe Vgl ly Tyr Thr
Ala Gin 24@?5@93%5%%41 <211> 759 <212> DNA <213> Attificial Sequen%%¥ﬁi§§é%@gqg Variant of

L. kefir <400> 41 atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacact gggtatcggt 60 ttggcaatcg
ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 gcggatgtag gtgaaaaggc cgccaaatca
atcggcgggsacetgatgitatdogettitgtesi8iicage Fegalgriat cagatyaagtaggetgy acgaametgtdcgacaccac

c9ag9agacen £ 40, 11edgeha99-lacoaGeal calgARE Al AcAgdaatd traliataa.aRasditaasHhf gacactacca
cggagga tg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360_ggcacccgtc_tgg%cattca gc cat%{;laa

aataaadtietiggyglEsi earbterlas A sty totiraguERet cotiyEEgat coyde ge atacaa
cgcttccaagid8Q goagegaiacgintealgicdaaangeeaagoaiggatkycy eachgas ggactacgat b gtgcgtgtca

acacagtaca tecqqgecc aicaagacee cqcigriona (4alclg0aa 400, 0911009300 Fa3I9AglS ppaocotacy
aaaacccecta tgggccacat tggcgaaccg aatgacaicg catggatctg tgtgtacctg gcatctgacg aatcgaaatt

tgcgacgyigt 2RO gepejerattitggtiegacyuccgiierace gEasaitgerrrspondagks A20378re13018%R211> 252
Ly s A e o 1o Gy Lo Al Ll Al Asp Lys e val G

ys His Lys Val Ala lle Val Thr G y Thr } eu e Leu Ala lle, A Phe Val Glu
Gl Gly KR S I T JE TP e PP R AL O DA A SIS Lys Ser fle
Gly Glywikir ssthd/aliledrg:fihe, \fal Ginchlis Aspoktaent of residue X198 aspartic acid (D) with

another acidic residue, e.g., glutamic acid.

[0147] In some embodiments, the ketoreductase polypeptide with a domain or region corresponding
to residues 90-211 of the sequence formula of SEQ ID NO: 111, 112, or 139 and having the specified
features at residues corresponding to X190 and X202, or the specified features at residues
corresponding to X190, X195, and X202, can further include m the region or domain one or more of
the features selected from the following: residue corresponding to X93 is serine, threonine,
glutamine, asparagine, glycine, methionine, alanine, valine, leucine or isoleucine, particularly
isoleucine, serine, alanine, or giveine; residue corresponding to X94 is cysteine, glycine, methionine,
alanine, valine, leucine, or isoleucine, particularly cysteine, glycine, or alanine; residue corresponding
to X935 is aspartic acid, glutamic acid, glycine, methionine, alanine, valine, leucine, or isoleucine,
particularly valine, leucine, or glutamic acid: residue corresponding to X96 is cysteine, serine,
threonine, glutamine, asparagine, glycine, methionine, alanine, valine, leucine, or isoleucine,
particularly asparagine, serine, valine, leucine, isoleucine, or threonine; residue corresponding to X97
is lysine, arginine, histidine, proline, serine, threonine, ghitamine, or asparagine, particularly lysine,
histidine, or sering; residue corresponding to X100 is lysine, arginine, serine, threonine, giutamine,
asparagine, glycine, alanine, valine, feucine, or isoleucine, particularly glutamic acid, lysine,
glutamine, or alanine; residue corresponding to X108 is arginine, ysine, histidine or proline,
particularly arginine or histidine; residue corresponding to X111 is giycine, methionine, alanine,
valine, leucine, or isoleucine, particularly methionine; residue corresponding to X139 is glycine,
methionine, alanine, valine, leucine, or isoleucine, particularly leucine; residue corresponding to X143
is aspartic acid, ghitamic acid, glycine, methionine, alanine, valine, leucine, or isoleucine, particularly
glutamic acid or leucine; residue corresponding to X147 is tyrosine, phenylatanine, tryptophan,
glycine, methionine, alanine, valine, leucine, or isoleucine, particuiarly phenylalanine or leucine;
residue corresponding 1o X151 is proline, histidine, glycine, methionine, alanine, valine, leucine, or
isoleucine, particularly alanine; residue corresponding to X152 is serine, threonine, ghitamine,

asparagine, tyrosine, phenylalanine, tryptophan, glycine, methionine, alanine, vaiine, leucine, or
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505560 Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala 65 70 75 80 Phe Gly Pra
val Thr Thr val Val ‘Asn Asn Ala Gly lle Ala Val lle 859095 Lys Ser Val GluP’%ﬁ% %}I@?Jhg Glu Glu Trp
Arg Lys Let P &P 810105110 val Asn Leu Asp Gly Val Phe Phe Gly ThrArg Teu yﬁﬁe GIn Arg
115120125 Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lle 130135140 Glu Gly Leu
val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys 145150155160 Gly Ala Val Arg lle Met Ser Lys
Ser Alaifladcai, Aspi@ysiplarteunt 6517Q12b. bixeiAspr TynivkspskbilcArgrdiabiEm ThX V& His Pro Gly Pro
le Lys 1801A5190:FnPia. ey Let 290,850 beu @l Gl Tia Gl Gly menoeL Bet Gin 195200205 Arg
Thr Lys Thr Pro Met Gly His lle Gly Glu Pro Asn Asp lle A?Ia' 210215220 Trp lle Cys Val Tyr Leu Ala
Ser AspEIRPBARgIPRE AL Yoo oaEns APAREBTSBINES JITRPNED BRIy Tyr Thr Ala
GIn 245250e<R210nc43r sd1clizinth YasZl2at DN gih3r ArtificialSaueing @220 s<s@@ s dakant of L.
kefir <400> 43 atgaccgatc gtctgaagca faaagtagce atcgtaaccg gecgggacac tatcggt 60 ttggcaatcg
oo s e B e A aaca
atcggcgycaeraigaat Ehtingteos8s. chgedelatoccity i AgeaFg by raghaaacyticgaraccac
cgaggaggem L491ite08eEea b HAcRACHE! GatanRcRal 9eRgguRIig AadiYigaRalgcatipeadifhgacactacca

cggaggaatg gcgtaaactg ctgicegtia atctggatgg tgtttttttc 360 ggcaccegte tgggeattca gecgcatgaaa
oL UL g A AR TAE A 20 Bt HABBS et R e S aeBitdy oggcataca
cgcttccaaghd@inggdydgyted intatoaigtc gasdagoyc agogdigyatbjogclictgeia g gactacg dtsiB.gtgcgtgtca

acacagiacalceggaseha:AIGA3d965E AAGICInaRlaRICtalARE00K0NadeA0Y ARRIgAlgIC acagegtacy
aaaaccccta t g?ccacat tggcgaaccg 660 aatgagzagq&g. catggatctg tgt.gtacctg‘gcatctgaQ%ra_atcgaaatt
tgcgacg@ﬁ?ergﬁ ylersHsitto e aRTh g iRttt (tavatio sy BYePEAY{PEIINL <211> 252
<212> RBREusR b3x Astificind Sequente «22008 4223 Matah kofidmiefiid<400=, dd¢ddetd hr Asp Arg Leu
Lys His Lys Val Ala lle Val Thr Gly Gly Thr 151015 Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Glu
G oy e Gt Rt At R e R S 05 Ly Ser e
Gly Gly<PhesRepirgl tesAtY PreVar GIANISAEs AL BH55601s8ASH GIFARGRATHYTAY Lys Leu Phe

Asp ThrfblldehAMab andQ:4a.8Q RhepaliiRre. el T iThnd/ alvah Ast,Asb Ala, @tdieAla Val Val

859095 I@/ %ﬁhVal Glu AS{: Thr Thr Thr Gly Glu Tr& Ar%Lys Leu Leu 1Sner(;IIOTgll(l)]%llQ Val Asn Leu
Asp Glya ( Cénﬁ'h%e@ifll i ?Eﬁ‘f’eﬁa f)?’l ey ﬁ%rgeﬁ 1726175 tl{ﬂg? }_y% ASH ]?_ys ’(31y Leu Gly Ala Ser

lle lle AsypivretiSepaBauibell STIBSENCIGIthGipineLrVah ISlgiks drPranT kmbediGtA B ToEiaser Ala Ser

Lys 1453042 od0Q fohumiaMalifg: b6 MetaehiyS:eBf Al AR ke Ash-EYsAlal ey 165170175 Lys
Asp Tyr Asp Val Arg Val Asn Thr val His Pro Gly Pro lle Lys 180185190 Thr Pro Leu Leu Asp Asp Leu

Glu Glylrrlﬁgdifg dlﬁ%é’ﬁ&ﬂéi@e}'&lnz 195200208 ARG THY EPLHHPBIERE BRIEIENE G GIu Pro Asn

Asp lle Aladdi 02E6RR0:dirpdlefEysMakiyreleuciipaBerntAgp GlueSendivg Riverhlal TheiGp@25 230 235
240 Ala Gl ERe, Xal YakASRIGUeEl Ay 1hr Ala,Gin.e432h0 selfzdnse blaifagsatar RNA <213>

Artificial Sequence <220> <223> variant of L. kefir <400> 45 atgaccgatc gtctgaagca taaagtagcc

atcgtaaded getigydeadct Jodtaldgdt 6 tiggtaattPEabritathittgtagaigat titheysay tagttttac
tggtcotcac die gepgataiag. gigaaaagaitoticaeanateal daggegycasigatgiiaitageitigiei&B.cagcacgatg
catccgatga agcaggctgg acgaaactgt tcgacaccac cgaggaggcea 240 ttecggecegg ttacgaccgt cgtgaacaat

gcagggéitig Hadttteeacaigdytgaa BoOd-yacdstascardgyagdaatty gcyrasaciy agiceguaeiggatgg

t?tttttttc@?&ﬁg@@@&@gtﬁcoﬁqga%ﬁe@cg@&9@5&6@%@@?@@9@3&893g@,gﬁt@@%a&%@g&t@&ﬁ%@cagta
gaggggct cgtaggegat ccgacgcetgg gggeatacaa cgcttecaag 480 ggggeggtac gtatcatgic gaaaagegea

gcgctg ﬁ@@&%@@ﬁ%‘d’é\”@ﬁ&@ﬂ%ﬂ%ﬂbﬁ%‘&' Heydhgtasstie gﬁi’ﬁﬁ&%@éfﬁéﬁﬁ@%\ccc cgctgetega

tgatctggaar&p0gditgy e, adatgatd K2ac ag dgtado-dhaaoccetaftgygceatdt iggegaacegeb60 aatgacatcy

catggatglg Wlafacely, gcalclonca aalcaaaall l9caas 999t/ AN AGAgARIG 10glRgaRagi caRgiatace
gcacagtga /59 376247-018 <210> 46

18 a cysteing, aliphatic, or non-polar residue, particularly cysteine or giycine; residue corresponding to
X96 is a cysteine, polar, aliphatic, or non-polar residue, particuiarly threonine, cysteine, valine,
leycine, or isolevcine; and residue corresponding to X211 1is a basic, aliphatic, non-polar, acidie, or
polar residue, particularly valine, leucine, threonine, or isoleucine. In some emboduiments, the region
or domain corresponding to residues 90-211 can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-
9,1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18§, or 1-20 restdue differences at other amino acid residue

positions as compared to the domain of a reference sequence based on SEQ ID NO:2, 4 or 114, In
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<211> 252 <212> PRT <213> Artificial Sequence <220> <223> Variant of L. kefir <400> 46 Met Thr
Asp Arg Ledlymdiisbys Val Ala lle Val Thr Gly Gly Thr 151015 Leu Gly lig-Glydgikiadie Ala Asp
Lys Phe Val Glu Glu Gly Ala 202530 Lys val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala
354045 Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val GIn His Asp Ala 505560 Ser Asp Glu Ala Gly
Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala 65 70 75 80 Phe Gly Pro Val Thr Thr Val Val Asn Asn
Ala GlySt@ARRRRmaN 8 550s o SEffanesirads T ?h‘??ﬁh?:éilﬁ:@id@ﬂ]ﬁﬂlzg 144186 L&y ser
1001054:14p.d4ab Assibiedifspeaiy ViadiRherhe 4ok rEhtdegn @ dolyatie GisoArgeiibbd2(-hR5tMet Lys

Asn Lysdﬁlgn Lg{ys (L_BOIXIAISaeS(()-:-r !:Ir(% zﬂ% Asntl\{lethSr SSerclle %§%13%%4ﬁ1 QI%OGIXHL%chaIiSBI&ASp Pro Thr
Leu Gly aclnyr Ash Ala §e1rlsl_ys 145153158160 éll?/ Ala VaPﬁrg lie Met eriys 5&r°Ala Ala Leu Asp

Cys Alaipmain 65RFOET B0 4simsis Thyeispeo SRARg VatmsiTnesadingSmpe s RpPrddian i 180185190
Thr erahgﬁbl?@w Ié\e%ﬁfﬁémaw (el @isl%,TgEl»/@ Bﬁ@!@ﬂ%@%%@dlﬁ% QMJ&%@%@@ZQ%@@@ bys, Thr Pro
Met Gly His lle Gly Glu Pro Asn Asp lle Ala 210215220 Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser
Lye P A i G S S s S b T BB A RSB e P A i Jide0 <210~
47 <2115 5@ rad2seDbine<24@oASHiiEl Sequdntd KARQing RR Preitdiigricates kefir <400> 47
atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacact ttg%caatcg ccgataaatt tgtagaggag

ggtgcgd Akt tabttticegdydmngtity thtdalaslig v Reids sttty 4 CgHEh daitiat TRy Aty
catccgaigaageagyciyy Aeaaaactatiagasaccas Hognoacyd tacyacsgtogighacaal gcagguaily
gagtttccaa gacactacca cqgaggaatg gcgfagact cgtta atctggat tatcggt tggtcgtcac tcgcetttgtc
o L T S S A ey o
aataaaggerspoebyetagidatcattRamnd 20 Slge geautbettgagiyger sathyjeguictydedesig gygcatacaa

cgcttccapaA80,.099969910G.0@taRlgl6082RAYRICE ACaC I EIRN BE0ac R R BRacAGdak 1 9.gtgcgtgica

acacagtaca tccgggegec atcaagacce cgetgcetcga tgatctggaa 600 ggitgggagg, aaatgatgte acagegtacg
aaaoC T B AN 26 A B O At A e S el T O S s B Mt

tgcgacgyet #20:goeaigaattigrigtitbgée gy non-polar residue, particularly threonine, cysteine, valine,
leucine, or isoleucine; residue corresponding to X147 is an aromatic, aliphatic, or non-polar residue,
particularly leucine; and residue corresponding to X211 is a basic, aliphatic, non-polar, acidic, or
polar residue, particularly valine, leucine, thrconine, or isoleucine., In some embodiments, the region
or domain corresponding to residues 90-211 can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1.7, 1-§, 1-
9,1-10, 1-11, 1-12, 1-14, 1-13, 1-16, I-18, or 1-20 residue differences at other amino acid residue
positions as compared to the domain of a reference sequence based on SEQ ID NO:2, 4 or 114, In
some embodiments, the number of differences can be 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 14, 15, 16, 1§,
or about 20 residue differences at other amino acid residues in the domain. In some embodiments, the
differences comprise conservative mutations. In some embodiments, the ketoreductase region or
domain comprises an amino acid sequence having at least the preceding features, and wherein the
amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%. 95%, 96%,
97%, 98%, or 99% tdentity as compared to the amino acid sequence corresponding to residues 90-211

of a reference sequence based on SEQ ID NOZZ, 4 or 114 having the preceding featores.

[0158] In some embodiments, the ketoreductase polypeptide with a domain or region corresponding
to residues 90-211 of the sequence formula of SEQ ID NO: 111, 112, or 139 and having the specified
features at residues corresponding to X190 and X202 or the specified features at residues
corresponding to X190, X195 and X202 as described herein, can further include in the region or
domain one or more or all of the features selected from the following: residue corresponding to X94
is a cysteine, aliphatic, or non-polar residue, particularly cysteine or glycine; residue corresponding to

X96 is a cysteine, polar, aliphatic, or non-polar residue, particularly threonine, cysteine, valine,
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cgggtatacc gcacagtga 759 376247-018 <210>.48 <211> 252 <212> PRT <213> Atrtificial Sequence
<220> <223> variant of L. kefir <400> 48 Met Thr Asp Arg Leu Lys His Lys Val Ala lle Val Thr Gly Gly

Thr 151015 P&l &Wi’é}‘bly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Aig 9784t WS al val lle

Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 354045 Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe
Val GIn His Asp Ala 505560 Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala 65 70
75 80 Pheclaty P ieoMatmhnddiiny abVabAsindAsn N Gly tenGhyindal (Bén 85908k LysiGepdval Glu Asp

Thr Thr;cfs'?éu% ﬁ'é*uﬂ;{iw&m LEHLRY 26 1%89&%959 %%hﬁég@o%% AR Gl Vakihe Phe Gly Thr

Arg Leu Gly I GIn Arg 115120125 met Lys Asn Lys Gly y Ala Ser lle lle’Asn Met Ser Ser lle
130135&%@"@&@@4%@15&%?@% REHFPHITHRESY ieww&wmgnom%?‘smeyslam%mssleo Gly Ala
Val ArgdieblehSey, uié&s%ﬁfn/bkad&{mmurfkslm&yﬁm&smas@@lﬂnmﬁ 1!@(& é\cﬁm]sysiu%ﬂpz\/alwg Val Asn

Thr Val His Pro.Gly. Prq lle Lys 180 Thr Pr Glu Glu Met Met
Ser Glnf_l| éz%dzc%é ) %h]r{y]sll‘?}hﬁ’ !\(j E%L({e IZ;%yl 1} E’r slrelb ﬁ@%\ 5&8&15220 Trp lle
Cys Vabihgr meumaa@@rmw @IGP@EFYE%OFDJ#@M@HEM G!I?@%Q%&%SCQE@A@ PRV Val Asp

Gly Gly fTyr iihr faszneddhadnnd >R Liaifalrdlds RNA <2133 Artificial fpquence <220>
<223> variant of L, kefir <400> 49 atgaccgatc gtctgaagca taaagtagcec atc taaccg g acact
ol siroetiing Ltk i

gggtatcdt 60 Bodta ey teyhistdi I EE Jotcuteat1 jgatgtag
gtgaaaaggodgeoaadtcdiftcggeg geacigatgttattaictttgtek8o. dagoa@gmgodmgatga agtgggctgg

acgaaaglql 16ARGACEAT GARYOANGGA AA0IegaaarAd.liacaacedt 89&%%%2%@%9&@&%909““9%1
aagcgtt% a 300 gacactacca cggaggaatg gcataaactg ctgtcc tta atct ! g%g?t tttttitc 360 ggcacccgtc
a

tgggcatleayeycatyxhintheierg grensg bt /2089{@ ttdadudfce e5taggegat
ccgacgelyy, 999catacas egotiecaay. A80.000ucy (laegiancatgic ghpargegta gageiggaitgcgcactgaa
ggactacgat 540 tgtca ac a ccee atca ga tct 600cr ttgggagg
aaatgatézfc agag%g tgg%a gacc%%?gitg%%cc%%% f’g‘é nggcgb %C ga%f%%catc% tggtgg%%?%ﬁté’t%%ct
gcatctgaesalnederiattstgcgacgggt 720 Page 25 376247-018 gcagaattcg tggtcgacgg cgggtatacc
gcacagtga759 <210> 50 <211> 252 <212> PRT <213> Artificial Sequence <220> <223> Variant of L.
kefir <85 B0 AFHIREHIRTE : &iF KFTRUTSS DAIRRITIE VI THYER) SIFSAr I8T61%188 Gly lle Gly
Leu AlatecAtaASP-Lys Phie MahGice GlunGlyoAREQAOZES0: LS Mak Malllé ddrbahnAtigr iscAlaiAsp Val

Gly G'U%@&ﬁﬁ!@ﬁé@&é“%@e%ﬁﬁ& ée;a%é Gl aiﬁﬁ%&y%&%@z{%ﬁ’&%&é@l&%@s Asp Ala 505560

Ser Asp Glu Val Gly Trp ThrLys Leu P hr Glu Glu Ala 65707580 Phe Gly Pro val Thr Thr
Val Val wwg?ﬁm&f@?yl Yordys %P@@a W@E@Eﬁ% vl ethadirteas PrkersRIGheGIu Trp His Lys
Leu Lewi&esid 00106038 vaﬁ%ﬁlh&hﬁ&& Gy vl ﬂﬁhﬁ‘{ﬁ’ﬂ’lﬁ) GlyiddrAvgdeeur ety dleli@ineArg4115120125

Met Lysﬁa‘ ascpys me; a¥1p a 1c 1'1A(‘)|1iapso A Irleeqll geAgaQTm St%'hn'e'%z glycine; residue corresponding to
X096 is a cysteine, polar, aliphatic, or nen-polar residue, pamculariy threonine, cysteine, valine,
leucine, or isoleucine; residus corresponding to X147 is an aromatic, aliphatic, or non-polar residue,
particularly leucine; residue corresponding to X194 is a constrained, polar, aliphatic, or non-polar
residue, particularly leucine, serine or glutamine; and residue corresponding to X211 is a basic,
aliphatic, non-polar, acidic, or polar residue, particularly valine, leucine, isoleucine, or threonine. In
some embodiments, the region or domain corresponding to residues 90-211 can have additionally 1-2,
13, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, i-15, 1-16, 1-18, or 1-20 residue differences at
other amino acid residues as compared to the domain of a reference sequence based on SEQ ID NO:2,
4 or 114. In some embodiments, the number of differences canbe 1, 2,3, 4,5,6,7, 8,9, 10, 11, 12,
i4, 15, 16, 18, or about 20 residue differences at other amino acid residues in the domain, In some
embodiments, the differences comprise conservative mutations. In some embodiments, the
ketoreductase region or domain comprises an amino acid sequence having at least the preceding
features, and wherein the amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 57%, 98%, or 99% identity as compared to the amino acid sequence
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Val Arg Asn Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu 165170175 Lys As _Txr Asp val Arg val
Asn Thr V& ﬁ?é"iﬁf%“éé‘ Pro lle Lys 180185190 Thr Ser Arg Leu Asp Asp E&E’%ﬁa @(9#?666Iu Glu Met
Met Ser Gin 195200205 Arg Thr lle Thr Pro Met Gly His lle Gly Glu Pro Asn Asp lle Ala 210215220

. Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly 225 230 235 240 Ala Glu Phe Val val
Asp GlycGatyspydiartdlas@Qir24b2600£2 1z dntes2dibncé H9ss@ d2 SHONA W21 B> Artificiad Seqgiience
<220> <%é203 .r}é%i%&j[egf L. kefir <400> 51 atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacact
gggtatcagt% ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 gcggatgtag

gtg aaaet?ﬂﬁ?%%ﬁé@ﬁ&%ﬂ%&g% Eiﬂg%%&hé@%@{%ﬁ%é@@«ﬁ;ﬁgﬁ?ﬁﬁ%g&%@&g@&&%@%ﬁ@gﬁg g
acgaaactgt tcgacaccac cgaggaggca cggccc acgaccgt cgtgaacaat gcagggagtt gcgagattaa
g A e AL S S P utosbte Kckadalt e o Shibecgos
tgggcatttangegeatgamasaataapggitt dgggdgttay c2Catcdat 420 aid dgoagtaittgadgggct cgtaggcegat

ccgacyelga. gadGataRAR 69 clte6aag 480 900aCcaotae YilralglGARPRYRACE-AR0clgRatt gcgcactgaa
ggactacgat 540 gtgcgtgtca acacagtaca tccgggcccc atcaa%accq agcggctcga tgagctggaa 600

gottggodByhatg AidReaCAgEREES Iraue el A T R et iRtgBat i b Pag e &376947-018
aatgacakcgreaiggaietgitotgtasciygoattigacgrdaibghaatidg cgacgogirtithgdiag aaity tggtcgacgg
tgggtatacc gcac 759 <210> 52 <211> 252 <212> PRT <213> Artificial Sequence <220> <223>
it SR D O R R e e R O A MRS i 151015
Leu GlyXRS Gly welgindapniatdinRepelL srPhaclrar 6itue REGRIATY J00B30: oy sewany adleesHieGly Arg His
Ala AspNad@iydaltl b e MasAlBa3eA0dndiysnoeh R G &Yof Pridsks\at lleAtaiRhenal &l His Asp
Ala 505560 Ser Glu Glu Ala GI% Erp_Thrész EII}_eu“ Ph@: As%’g%%r Thr Glu Glu Ala .507t() _75.§O Phe Gly
Pro Val THFFHIFVAPVAT A& AR Al2 Iy SECEPS Erifd B PR EP AP LD TS Thr Glu
Glu Trp %rgllysd swvd ®idi8eral®010D51310 ¥al Ash-¢.du’Abp.Gi. ial Phe Rhel Gl TFhd Afg 1-ét1 Gly lle Gin

Arg 115120123 Mef Ly ARdIR & W &ﬁ&-%ﬁ'&é@é&lﬁly‘%a@é&w% éﬁ{gé%& Hed3Q3at40,Glu Gly
Leu Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys 145150155160 Gly Ala Val Arg lle met Ser

Lys Ser'AiIAS 1QHASPEGE MR FRIPBE 1701078 1y s Ny R A B PAIRE Thr Val His Pro Gly
Pro lle Ly&t803851906 Ty, Gl Arg, [eti Adp, Glu LewGls, Gy IRrprGiuuGhi MethdeifSemGinal 95200205

Arg Thr @l T E&%M%&%&\{»ABQA&%%%'%@5&@&%@&&&%&%@%}%&&%QOE{Br;'Jg Cys Val Tyr Leu

Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly 225 230 235 240 Ala Glu Phe Val Val Asp Gly Gly Tyr Thr
Ala GIn 245758 1xongliEma I apsunlodiDsntsnac Lo Rductificied SbefUlEnLPPIEL2 98> Variant of
L. kefir +40Q>83 algrccgricigicigaagda (rargiagecatcgiarced-gog ggactet gggtaiegat 6@iggcaatcy

cogataanl 41aga0da0 AUICaRA AT H0log A6, 100 Hoa0algia0 gigagancg pgocaaatca

atcggcggca ¢ gctitgtc 80 Cagcacgatg cgtccgaaga agcaggctgy acgaaactgt tcgacaccac
cgaggaddeait2 49 woggertiggitaeyac cgilcgyarcaar geagggudgt geynertinladgéatrfas 800 gacactacca

cggaggaaif-acatanacis staleoatie. alglaoalog.lghiiHc, AR08 SUcAGRGIEC tgggcattica gegcatgaaa
aataaaggct tgggcgctag catcatcaat 420 atgagcagta ttgaggggct cgtaggcgat gcgacgcetgg gggcatacaa

cgcttccaagr480-ggggogaiadigiatcaigitcgasdagegcalgegaifgattigofeacigaagdactacgatodbdidgtgcgtgtca
acacaglaGa teaagreoeee &1%%%9&}%%% ARCHOLIGPe-ga9Gl90a3 SQQ.Page 21, AfRat a0 aa1igg0agy

aaatgatgtc acagcgtacg gtaaccccta tgggcecgceat tggcgaaccg 660 aatgacatcg catggatctg tgtgtacctg
gcatctg 5@@%%é@g§gﬁe@@§r§%&im X180 and X202 or the specified features at residues

corresponding to X190, X193 and X242 as deseribed herein, can further include in the region or

domain one or more or ali of the features selected from the following: residue cotresponding to X993

is a polar, aliphatic, or non-polar residue, particularly sering; residue corresponding to X94 is a

cysteine, aliphatic, or non-polar residue, particularly cysteine or glycine; residue corresponding to

X096 is a cysteine, polar, aliphatic or non-polar residue, particularly cysteine, threonine, valine,

leucine, or isolencine; residue corresponding to X100 is a basic, acidic, polar, altphatic or non-polar

residue, particularly lysine; residue corresponding to X147 is an aromatic, aliphatic, or non-polar

residue, particularly leucine; residue corresponding to X152 is a polar, aromatic, aliphatic, or non-

polar residue, particularly serine; residue corresponding to X194 1s a constrained, polar, aliphatic, or
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gcagaatttg tggtcgacgg tgggtatacc gcacagtga759 <210> 54 <211> 252 <212> PRT <213> Artificial

Sequence é 2 %ﬁg variant of L. kefir <400> 54 Met Thr Asp Arg LeL(J;]j.(yHﬁ—éi WI&M IGAIa lle Val
Thr Gly Gly Iqéﬂl Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Glu é u% y Ala‘ﬂ202530 Lys
Val Val lle Thr Gly Arg His Ala AS val Gly Glu Lys Ala Ala 354045 Lys Ser lle Gly Gly Thr Asp Val lle

Arg Phe Val GIn His Asp Ala 505560 Ser Glu Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu
Ala 65 T0175 BOPHGIGHPeolarl SEHRTH Qe vialb ASHINS A ONSIGII B tCyE Y ¢l 416085985951 ys Ser Vall

Glu AsR VS MGG Ha TR ARhL Y R4 el SR ARSI NVRLASHL§IbA8R: Gl Val Phe Phe
y Thr Ar%Leu GI)@FIE? GIn Arg 115120125 Metsf%f Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser

Ser lle 508K A esfr ARPIPSGVAT Gy R8BI BT S AR A§?1 SRS ERPPYL IS 150155160
Gly AlanvalbargfitefivtetSecdoys $et, Ald Alab L2 6, AspiCis Kaltels 185170% abduy8(hspdiyr Asp val Arg

val A THC gl £50 GIY EIRISAYBASDARSAARIIG QI Aok o ASP. Gl e Gl 3B TP Glu Gl

Met met Ser Gin 195200205 Arg Thr Val Thr Pro Met Gl g lle Gly Glu Pro Asn Asp lle Ala
710215520 PRETIBECY ST P 2k S8 WSS 5P LY P B i Gy 058 S0t B34 240 Ala Gl
Phe VahVal Asp-Gly1Gly Tyr ThiAlg Gho 245260i82405:55 sl minOasid 12sdDINAsKERhS 2
Art|f|C|aISe%ueg<%§ t<ezgq§m<nZ%3a reyearl%nt ofuIEnkef rafc‘éo )0; Sga Iglﬁgec‘zcglatc gictgaagcea taaagtagce
atcgtaaccg gcgggacac(f gggtatcgg 60 t?gg aa%cg ccgataaatt tgtagaggag ggtgcgaaag tagttattac
tggtcgt@@@@@gﬁggmm@gééﬁ&gg@%g@@@ﬁdm% Attgydydct BidAtdttatdckotiyttt18% eagcacgatg

cgtcecg a%@t@@@@@%ﬁﬁﬁ%ﬁ@%@@@ﬁé@%ﬁm £€ga0dad @ﬁ@d%ﬂQ;HCglgC&ﬁ' grﬁ!ﬂﬁﬁﬂ@ﬁ?@t fagtgaacaat
gcaggg%%; ttattaa aa? aa 300 gacactacca cgg @ c%t a§ct tccgtt’ta atctggatgg
tgtttitttc 6%69 EHERRE 5&? fiLy a%b% 1ighal 4 ga‘§§ Sqé% ST RS e Phtgagcagta

domain comprises an amino acid sequence having at least the precedlng featul es, and wheremn the

amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,

07%, 98%, or 99% identity as compared to the amino acid sequence corresponding to residues 90-211

of a reference sequence based on SEQ 1D NO:2, 4 or 114 having the preceding features.

[0154] In some embodiments, the ketoreductase polypeptide with a domain or region corresponding
to residues 90-211 of the sequence formula of SEQ ID NO: 111, 112, or 139 and having the specified
features at residues corresponding to X190 and X202 or the specified features at residues
corresponding to X190, X195 and X202 as described herein, can further include in the region or
domain onc or more or all of the features selected from the following: residue corresponding to X93
is a polar, aliphatic, or non-pofar residue, particularly serine or glycine; residue corresponding to X94
is a cysteine, non-polar or aliphatic residue, particularly cysteine; residue corresponding to X96 is a
cysteine, polar, aliphatic, or non-polar residue, particularly isoleucine, leucine or threonine; residue
corresponding to X147 is an aromatic, aliphatic or non-polar residue, particularly leucine; residue
corresponding to X194 is a constrained, polar, aliphatic, or non-polar residue, particularly glutamine
or sering; residue corresponding to X196 is a non-polar or aliphatic residue, particularly leucine;
residue corresponding to X 198 is an acidic or polar residue, particularly glutamic acid; and residue
corresponding to X211 is a basic, aliphatic, non-polar, acidic, or polar residue, particularly threonine,
valine, leucing, or isoleycine, In some embodiments, the region or domain corresponding to residues
90-211 can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-186,
1-18, or 1-20 residue differences at other amino acid residue positions as compared to the domain of a
reference sequence based on SEQ ID NO:2, 4 or 114. In some embodiments, the number of
differencescanbe 1,2.3,4,5,6,7,8, 4,10, 11, 12, 14, 15, 16, 18, or about 20 residue differences at
other amino acid residues in the domain. In some embodiments, the differences comprise

conservative mutations. In some embodiments, the ketoreductase region or domain comprises an
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gcgctggatgggcgécact%a%a ggactacgat 540 376247-018 gtgcgtgtca acacagtaca tzc[:g’%cg ccce atcaagaccc

agcggctcg @3@ &%00 ggttgggagg aaatgatgtc acagcgtacg gtaacccctzg(fg é%%’g{? %%gaaccg 660

aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 gcagaatttg tggtcgacgg
tgggtatacc gcacagtga 759 <210> 56 <211> 252 <212> PRT <213> Artificial Sequence <220> <223>
Variant@fiko kelfirssfiQ0ze hovinglbisAsp pregebioy fopaitdis dndsaaleAlahtleMad Thd Glynhe Tar 151015

Leu Giy g Gl et Al s Al Ay by, B1o Vil Gl Gl Gl A1B- 202530 Ls Val gl Thr Gly Arg His
al' Gly I G

Ala Asp Val lu'Lys Ala Ala'354045 Lys Ser lle’'Gly Gly Thr Asp Val lle Ar Phe Val GIn His Asp
Ala 50558015er STRIBIEIAIG RPTiep APk eguenet CPRSHRBAThO TR BidJAI8 83cRI°RE°80 Phe Gly
Pro val &£hnchbg Matyal sisn Asnd b {2y Semtys\al HeBaloIetys Ser Val Glu Asp Thr Thr Thr Glu
Glu Trp Arg Lys Leu Leu Ser 100105110 val Asn Leu Asp Gly val Phe Phe Gly Thr Arg Leu Gly lle GIn

Arg 115028525 Metd gshddmiys, Glykeaue@ly At Sepdbe dievitre dretaBerSegi tecd 80485449 Glu Gly

Leu Val Gly. Asp B0 Fhrdeu Gly.Ala iy AshratanSentys 14518015 p60. Gly Al wakhugrla Met Ser
Lys Ser Ala Ala Leu Asp Cys Ala Leu 165170175 Lys Asp Tyr Asp.val Arg Val Asn Thr Val His Pro Gly

Pro lle (580 S5106s AT eshige e AL A E GLOEHE &SP IS GRIESIAMEY NSt Ser GIn 195200205
Arg Throvaksbhndrg Met GlyxArg BelGlyoGh Reordst AsfnlleaA B2 2 HRPA TP #ei@ys Val Tyr Leu

Ala Ser Asp Gl Ser Lys P A THL GIY. 225 230,235,240, Glu P16 Vol ol A5 Gly Gl Ty Thr

‘ 210> ‘ > DNA <213> Artificial Sequence <220> <223> variant of L.
kefir <400>pSRratljpktisate Hretoelanta taaarigeerhtcgiaacE§ yenggatdet syetaetits ttgdcaateg
ccgataa@lf {giagaodagQuiocoasagiagiatiag lagiericas b gcegaigiaeg gigaanadgx egneaaatca

atcggcggca ctgatgttat tcgetttgtc 180 cagcacgatg cgtccgaaga ageaggctqg acgaaactgt tcgacaccac
cgaggaé%%??4@°??&gﬂ?§38& 5%%“&88]3 Eﬁ%g(%a% 24 Ca%g%g%)aaf%a‘ég &) aaozaégé%(a}t légaéc U gacactacca

cggaggaatgsgogdaascty Kigtcegita tatitgeadiy gttt 360 gyoardeyssidyg gtastca degutiiina

aataaaqﬁ%égﬂﬁggﬁﬁg; caloalcaR-420. A1gagcautA; lHRAAAGE COIROBEIRLERGRIGIGRgggCcatacaa
cgcttccaag 480 Page 29 376247-018 g&ggcg%tfc gtatcatgtc gaaaagcgca gcgctggatt g?gcactgaa

ggactacAF SHY HgeoRGtCa KA CAHRRAT IR fut i dd Bt EXBHREE G gitcttE R thayctglal oo
ggttgggaguiaaatgaigiciaeagegiacy gtamecostantgggesgoatitggegdacdy HG60-patyacatagaatggatcty
tgtgtaccid 4GatGlance, ANICARA T GEARIAgL /Rfh 0EANT Y JOALRAREOg.IdRLRIRC G gnRgagIoa 759

glutamic acid; and residue corresponding to X211 is a basic, aliphatic, non-polar, acidic, or polar

residue, particularly threonine, valine, leucine, or isolencine. In some embodiments, the region or

domain corresponding to residues 90-211 can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1.7, 1-8, 1-9,

1-10, 1-11, 1-12, 1-14, 1-15, i-16, 1-18, or 1-20 residue differences at other amino acid residue

positions as compared to the domain of a reference sequence based on SEQ 1D NG:2, 4 or 114, in

some embodiments, the number of differences canbe 1, 2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 14, 15, 16, 18,

or about 20 residue differences at other amino acid residues in the domain. In some embodiments, the

differences comprise conservative mutations, In some embodiments, the ketoreductase region or

domain comprises an amino acid sequence having at least the preceding features, and wherein the

amino acid sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%. 96%,

$7%, 98%, or 99% identity as compared to the amino acid sequence corresponding to residues 90-211

of a reference sequence based on SEQ ID NQ:2, 4 or 114 having the preceding featares.

[8156] In some embodiments, the ketoreductase polypeptide can further comprise a domain or region
corresponding to residues 1-89 of the sequence formuta of SEQ ID NO: 111, 112, or 139, where the
domain or region can have one or more of the foliowing features: residue corresponding to X7 is a
constrained or non-polar residue; residue corresponding to X17 is a non-polar or aliphatic residue;

residue corresponding to X25 is a polar or acidic residue; residue corresponding to X27 is an aromatic
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<210> 58 <211> 252 <212> PRT <213> Artificial Sequence <220> <.223> Variant of L. kefir <400> 58
Met Thr A dt}[ %ﬁ (éys His Lys Val Ala lle Val Thr Gly Gly Thr 151015 k@ @ ﬁé u Ala lle Ala
Asp Lys P%]% é%’ # fu Gly Ala 202530 Lys Val Val lle Thr Gly Arg His IgJT s%zgﬁa& @%glu Lys Ala
Ala 354045 Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala 505560 Ser Glu Glu Ala
Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala 65 70 75 80 Phe Gly Pro Val Thr Thr Val Val Asn
Asn AlaGijuSerBips Matipo8800 95X 4isiSepilal GivhfispoT heFhelTheGlucGhsi®ep Arg Lys Leu Leu Ser

100105&%@%&@ {eesAap, GlaVabRReENE GlMidRLANG, keiRYHR GindWg d 365201 25:Met Lys Asn
Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lle_ 130135140 GJu Gly Leu val Gly Asp Pro Thr Leu

ly Ala Ser | \ ]
Gly AlaPPATARERIRRTIS Ssidps- Faudrrsssaray By RIX 4t ARY it MBREE Ty SRy RIFAH L eu Asp Cys
Al_a Leurdohikddtréphydindsp Nga dsp MﬁdiA@Maé;A@Mihcwahmmgx@l@émuelhysdﬁm%190 Thr
Gin Arg,|; %{*S%T%' P'g%ié@é&(%éy s %‘&9&%&4@&%@ >§|~ﬁ£ &A%?%%QQEQ,%&J éUn\égéom&gfo Met

{
Gly Arg | )(/ u Pro Asn Asp lle Ala 210215220 Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys
Phe AldoTHY Gy 28rhais oum-palgrata re e FRidwaroydracysresnpesiiperin T inmg eiphods 380 <210> 59
<211> FR<2lg5DNAIEL 183 Artitiginb Gaamenee ol pt d22myadiant efdiokefidosd00> 59

atgaccyae gicigaanca asnaagge pcalasces SCaagaCReranpIaleng! £0,(99gaalcg cogaraaa

- JIC! a
tgtagaggad gt géléﬁé)éés%a%%attac tggicottac gcggatg tgaaaaggc cgccdaatca atcggcggca

ctgatgttaddoyerthtet80 mag@g@igg@giifferences at residue positions not specified by X above as
compared to the reference sequence of SEQ ID NO: 2, 4 or 114. In some embodiments, the

differences can be 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, 1-10, 1-11, 1-12, i-14, 1-15, or 1-16 residue
differences at other amino acid residue positions not defined by X above as compared to the reference
sequence of SEQ ID NO: 2, 4 or 114, In some embodiments, the number of differences can be 1, 2, 3,
4.5.6,7,8,9,10,11,12, 14, 15, or 16 residue differences at other amino acid residue positions. in

some embodiments, the differences comprise conservative mutations.

[0157] In some embodiments, the ketoreductase polypeptide can further comprise a domain or region
corresponding to residues 1-89 of the sequence formula of SEQ ID NO: 111, 112, or 139, where the
domain or region can have one or more of the following features: residue corresponding to X7 18
histidine, proline, glycine, methionine, alanine, valine, leucine, or isoleucine, particuiarly glycine or
histiding; residue corresponding to X17 is glycine, methionine, alanine, valine, leucine, isoleucine,
particularly methionine; residue corresponding to X25 is ghatamic acid, aspartic acid, serine,
threonine, glutamine, or asparagine, particularly threonine or aspartic acid; residue corresponding to
X27 is tyrosing, phenylalanine, tryptophan, particularly tyrosine; residue corresponding to X41 is
serine, threonine, glutamine, asparagine, giveine, methionine, alanine, valine, leucine, or isoleucine,
particularly serine or alanine; residue corresponding to X53 is serine, threonine, glutamine,
asparagine, glycine, methionine, alanine, valine, leucine, isoleucine, aspartic acid, or giutamic acid,
particularly threonine, glycine, or aspartic acid; residue corresponding to X357 is glycine, methionine,
alanine, valine, leucine, or isoleucine, particularly valine; residue corresponding to X64 is serine,
threonine, glutamine, asparagine, glycine, methionine, alanine, valine, leucine, or isoleucine,
particularly serine, alaning, or valine; residue corresponding to X66 is aspartic acid or glutamic acid;
residue corresponding to X68 is serine, threonine, ghutamine, asparagine, aspartic acid, glutamic acid,
glycine, methionine, alanine, valine, leucine, or isoleucine, particularly threonine, aspartic acid,
alanine, valine, or glutamic acid; residue corresponding to X72 is lysine or arginine, particularly
arginine; residue corresponding to X76 is serine, threonine, glatamine, asparagine, glycine, alanine,

valine, leucine, or isoleucine, particularly atanine or threonine; and residue corresponding to X80 is
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\cgtccgaaga agcaggctgg acgaaactgt tcgacaccac cgaggaggca 240 ttcggcccgg ttacgaccgt cgtgaacaat
gcagggagtt gcgttattaa aagcgttgaa 300 gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg
tgtttttttc 363’98 8%&‘&?@6 tgggcattca gcgcatgaaa aataaaggct tgggcgctag ¢ € fggg??%éﬁ& 6247-018
atgagcagta ttgaggggct cgtaggcgat ccgtctctgg gggcatacaa cgcttccaag 480 ggggcggtac gtatcatgtc
gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 gtgcgtgtca acacagtaca tccgggceccc atcaagaccce

agcggciegadgageiggnaitntiggltgpoage-0aptgaigicacagegtaseglaatseatadigaecgtaicdiggcegaaccyg 660

aatgacatcg catggatctd totgtacctg gcatetgacy aatcgaaatt tgcgacgagt 720 gecagaatttg.tggtcgacgg
. S P T R e B .
variant of foRafirceteTsre0aterFiiuash et teastgpsnaisiosmizat AR VP THI G2y I THr 151015
Leu Glyclig aly hadiailleoMaAshd ysiRRevat GGl e GiAa 202538 kysyali ¥akdie,Jiw &ly Arg His

Ala Asp Val Gly Gluy Lys Ala Ala 354045 | er lle Gly Gly Thr Asp val lle Arg Phe Val GIn His Asp
Al SOLEHTEE) BT PSR 150 Lo Bre S thr FAP A CI RIS 5 75 50 Phe Gl
Pro val ditiic®heeyabiad Agn: Ash-Ald-Gi-Ser’Cis Mah 1le 18590951 E\s Bét,Val Ghu ABprdmvEhr Thr Glu

Glu Trp fg: Ly LeWheLmeh 100105440, Yak ASH belsh (3% MalEhe BhsGly I BALg.Lew Cly lle
GIn Arg 115120125 Met Lys Asn Lys G%Leu Gly Ala Ser lle lle Asn Met Ser Ser lle 130135140 Glu

Gly LeuSRIESIy ASFRID B8F Eetioy AIkr porashirirsars s 1ashgof s5iseresy Md % Ary lle Met
Ser Lys4SercAla Aka Ligu Asp, Cy9 Alar Letediahd dBkrimdey 2 tAgRTamiAs peMat AdgevakAsnasThe val His Pro
Gly Pro lle |€¥1§ng'81%1§5t1$E6T fe%mcéé%r%e%ségg Gll%alf%%’ (;71! at%lﬁ’s Trp Glu Glu Met Met Ser GIn
195200205 Arg Thr Val r%ro met Gly ,Rrg lle l&fy Glu Pro Asn Asp lle Ala 210215220 Trp lle Cys

Val Tyr lgughla,S6hASRIIRE LS RNSARIRLGY 4230 230 240riasClukhanaiiialAsp Gly

Gly Tyr Thr Ala GIn 245250 <210> 61 <211> 759 <2iLZ> DNA <213> Artificial Sequence <220> <223>
Variant SFTESRR} 1%‘@6gs€ﬁfes 1-89 of the sequence formula of SEQ ID NO: 111, 112, or 139, where the

domain or region can have at least the following feature: residue corresponding to X7 1s a constrained
or non-polar residue, particularly histidine. In some embodiments, the polypeptides comprising a
region or domain corresponding to residues 1-89 of the sequence formula of SEQ ID NQ: 111, 112, or
139 can have additionally one or more residue differences at other residue positions as compared to
the reference sequence of SEQ ID NO: 2, 4 or 114, In some embediments, the region or domain
corresponding to residues 1-89 can have additionally i-2, -3, 1-4, 1-5, 1-6, 1-7, i-8, 1-9, 1-10, 1-11,
1-12, 1-14, 1-15, or 1-16 residue differences at other amino acid residue positions as compared to the
corresponding domain or region of a reference sequence based on SEQ ID NO:2, 4 or [14. In some
embodiments, the namber of differencescanbe 1,2, 3,4, 5,6, 7, 8.9, 10, 11, 12, 14, 15, or about 16
residue differences at other amino acid residues in the domain. In some embodiments, the differences
comprise conservative mutations. In some embodiments, the ketoreductase region or domain
comprises an amino acid sequence having at least the preceding feature, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to the amino acid sequence corresponding to residues 1-89 of a reference

sequence based on SEQ ID NO:2, 4 or 114 having the preceding feature.

[0159] In some embodiments, the ketoreductase polypeptide can further comprise a domain or region
corresponding to residues 1-89 of the sequence formula of SEQ ID NQ: 111, 112, or 139, where the
domain or region can have one or more or at least all of the following features: residue corresponding
to X7 is a constrained or non-polar residue, particularly histiding; and residue corresponding to X66 is
an acidic residue, particularly glitamic acid. In some embodiments, the polypeptides comprising a
region or domain corresponding to residues 1-89 of the sequence formula of SEQ ID NO: 111, 112, or

139 can have additionally one or more residue differences at other residue positions as compared to
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atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacact gggtatcggt 60 ttggcaatcg ccgataaatt

tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 gcggatgtag gtgaaaaggc cgccaaatca atcggeggea
ctgatgttat t%’&c S%i%g%agcacgatg cgtccgaaga agcaggctgg acgaaactgt 1 Hé?:%”@/gé’%)é aggca 240
ttcggcccgg ttacgaccgt cgtgaacaat gcagggagtt gegttattca tagcgttgaa 300 gacactacca cggaggaatg
gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360  376247-018 ggcacccgcec tgggcattca gcgcatgaaa

aataaaggetdggegstageoatcdRBaiA2amageddia figaggggebatitagacdat cegacgoigggyggcatacaa

cgeticeang 480,4909¢0diae. O1al6aIgE. 92aaAAGHGA 9°9G199RY 4CECRsigan adaplacasl 540 gigegtgica
acacagtaca tccgggcccc atcaagacce a?cggctcga tgggctggaa 600 ggttgggagg aaatgatgtc
1-12, 1-14, 1-15, or 1-16 residue differences at other amino acid residue positions as compared to the

corresponding domain of a reference sequence based on SEQ ID NO:2, 4 or [14. In some
embodiments, the number of differencescan be 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 14, 15, or about 16
residue differences at other amino acid residues in the domain. In some embodiments, the differences
comprise conservative mutations, In some embodiments, the ketoreductase region or domain
comprises an amino acid sequence having at least the preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to the amino acid sequence corresponding to residues 1-89 of a reference

sequence based on SEQ ID NO:2, 4 or 114 having the preceding features.

[0160] In some embodiments, the ketoreductase polypeptide can further comprise 2 domain or region
corresponding fo residues 1-89 of the sequence formula of SEQ 1D NO: 111, 112, or 139, where the
domain or region can have one or more or at least all of the following features: residue corresponding
to X7 is a constrained or non-polar residue, particularty histidine; residue corresponding to X17 s &
non-polar or aliphatic residue, particuiarly methionine; residue corresponding to X27 is an aromatic
residue, particularly tyrosine; residue corresponding to X64 is 2 polar, aliphatic, or non-polar reéidue!
particularly valine; and residue corresponding to X80 is an aliphatic, non-polar, or polar residue,
particularly threonine or valine. In some embodiments, the polypeptides comprising a region or
domain corresponding to residues 1-89 of the sequence formula of SEQ ID NQ: 111, 112, or 139 can
have additionally one or more residue differences at other residue positions as compared to the
reference sequence of SEQ ID NO: 2, 4 or 114. In some embodiments, the region or domain
corresponding to residues 1-89 can have additionally 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-§, 1-9, 1-10, 1-11,
1-12, 1-14, 1-15, or 1-16 residue differences at other amino acid residue positions as compared to the
corresponding domain of a reference sequence based on SEQ TD NO:2, 4 or 114, In some
embodiments, the number of differencescanbe 1,2, 3,4, 5, 6,7, 8, 9,10, 11, 12, 14, 15, or about 16
residue differences at other amino acid residues in the domain. In some embodiments, the differences
comprise conservative mutations, In some embodiments, the ketoreductase region or domain
comprises an amino acid sequence having at least the preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to the amino acid sequence corresponding to residues 1-89 of a reference

sequence based on SEQ TD NO:2, 4 or 114 having the preceding features.

j0161] In some embodiments, the ketoreductase polypeptide can further comprise a domain or region

corresponding to residues 212-252 of the sequence formula of SEQ TD NO: 111, 112, or 139, where
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aatcgaaatt tgc 720 gcagaatttg tggtcgacgg tgggtatacc gcacagtga 75 @gg}? > %% <211> 252
<212> PR%%%%gagréﬁfcial Sequence <220> <223> variant of L. kefir <40]())l§ré %%’{ r0 ﬁ\sp Arg Leu
Lys His Lys Val Ala lle Val Thr Gly Gly Thr 151015 Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Glu

Glu Gly Ala 202530 Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 354045 Lys Ser lle
Gly GlytFhdoasprivaltgorgiPhred\tal GimbliscAdp AlRBOHS60t8es: GlaiBhratasBipding PRLYs Leu Phe

Asp The T GIU Gl Al 892 40,02:80.508 GEIoMAL IhkB K YalValAsRAsnhla Ghaeer Cys Val lle
859095 His Ser Val Glu Asp Tﬁr Thr Thr Glu GIu Trp Arg Lys Leu Leu Ser 100105110 Val Asn Leu

Asp Gly Sy RIBHEINE A Ard FaRWHM e5inliRpgle f81 551 55 RECLTEPEHIG O SRAL B Gly Ala Ser
lle lle Ast:MelSermSee Heidid) 13514 0dbypadihe th Vel Gly AspaPooatiid eisiGly AleedpmaAisp Ala Ser
Lys 1451 5160 Gly Ala Val. Arg.lle Met Ser L erAla A J Asp Cys 5170175 Lys
ey S LAY Al e R e e A G e
Glu GlyFgusiand fgsifiet MBeSerdtin ta 50 0205 Th FVERThPRe KA SR SHEMGTP U Pro Asn
Asp lle Ada 2220 T UeilausMaknkyE, lkau Alve SO Asiots bt SRrakysifRhediarthidhe @25 230 235
240 Ala Glg 'he Yal Val A%p 53IgéGlyﬂTyr 'll'hr Agl Gin 245250 <210> 63 <211> 75t<19 §21b2>/5)NA <213>
Artificial SEqUEN e 235 58 OISR, A P R DR 5L A AR At e S ab e YR E S E cc
atcgtaaduysgogggatantggutatsy gp 6Mtthycdatcgrecataaatiaythyaglaydutgaydaag by tattac
tggtcgticas, 20,05695461eq, HYARARRAC FARRIRAICA AIGA0EAYGA SIGRIOLAl Ieantigic 80 cagcacgaty

cgtccgaaga agcaggctgg acgaaactgt tcgacaccac cgaggaggca 240 ttcggcccgg ttacgaccgt cgtgaacaat
gcagggd Fﬁa}fﬁﬁﬁ@?%’[%%@g@ %bﬁﬁa‘ﬁe{%‘b %ﬁﬁﬁf}%@wﬁ%é&%@@ﬁ%@&@@dc&éawg

ctgtccgtta latctygatgg tgtittific1360:ggtacesgte tifgeaticagocatgansadtaariggobijgocgotag

catcatcagt.420,.atgadeagta, eaadact cola0969at CoIACHEIAG J0aCcaAlRGaq cgstizcaag-A80,ggggcggtac
gtatcatgtc gaaaagcgca gc%ctggatt gcgcactgaa ggactacgat 540 gtgcgtgtca acacagtaca fcégggeccc

atcaag egcyetedy tintingras cogatg0 geddcaidatgay e icdy eyt tutiveatdityggccacat
tggcgaageaeRl aatgaaaicgreatggatcigitgigiacctg gcatctgacg aatcgaaatt tgcgacgggt 720 gcagaatttg
tggtcgacgg cgggtatacc gcacagtga 759 <210> 64 <211> 252 <212> PRT <213> Artificial Sequence
<220> 40P} Vasant efibokinfints 400 ko6 ciletabh p dgpeiide lkew fLybaHisiydsv alikeiieoVakThr Gly Gly

Thr 151015 Ley Gly lleGhi ey Aladle AlaAspiysRhayal Gl BIWE!y Ala 202536 yg¥al Val lle
Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 354045

the domain or region can have one of more of the following features: residue corresponding to X212
is serine, threonine, glutamine, asparagine, glycine, methionine, alanine, valine, leucine, or isoleucine,
particularly threonine, serine, or valine; residue corresponding to X216 is proline, histidine, arginine
or lysine, particularly histidine or arginine; residue corresponding to X223 is glycine, methionine,
alanine, valine, leucine, or isoleucine, particularly valine; residue corresponding 1o X226 is giycine,
methionine, alanine, valine, leucine, isoleucine, serine, threonine, ghutamine, or asparagine,
particularly threonine; residue corresponding to X233 is serine, threonine, glutamine, asparagine,
aspartic acid, glutamic acid, particularly asparagine or aspartic acid; residue corresponding fo X235 is
serine, threonine, glutamine, asparagine, tyrosine, phenylalanine, tryptophan, particularly serine or
tryptophan; residue corresponding to X248 is glycine, methionine, alanine, valing, leucine, isoleucine,
tyrosine, phenylalanine, or tryptophan, particularly glycine or tryptophan; and residue corresponding
to X249 is tyrosine, phenylalanine, or tryptophan, particularly tryptophan. In some embodiments, the
amino acid sequence can have at least two, three, four, five, six or more of the additional features
defined by X above. In some embodiments, the polypeptides comprising an ammo acid sequence that
is based on the sequence formwula of SEQ ID NO: 111, 112, or 139 (or region thereof) can have
additionally one or more residue differences at residue positions not specified by an X above as
compared to the reference sequence of SEQ [D NQC: 2, 4 or 114, In some embodiments, the

differences can be 1-2, 1-3, 1-4, 1-5, 1-6, 1-7, 1-8, 1-9, or 1-10, residue differences at other amino
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Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val GIn His AS Ala 505560 Ser Glu Glu Ala Gly Trp Thr
Lys Leu Phe Asp Thr Thr Glu Glu Ala 65 70 75 80 Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly
Ser Cys V@ 2W¥BHIBE Lys Ser val Glu Asp Thr Thr Thr Glu Glu Trp Ardt EyEWatIPETPEE
100105110 Val Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle GIn Arg 115120125 Met Lys
ASn Lys Gly Leu Gly Ala Ser lle lle ASn Met Ser Ser lle 130135140 GIn Gly Leu Val Gly Asp Pro Thr
Leu GlyaAlpr A soshlenSest ysik4 5150151 60h GhynAlmbaliAtgileiveaider bydiSasilia Aa Leu Asp
Cys Alg Leu, 16517017 Asp T sp Val Atg Val Asn_Thr Val His Pro.Gly Pro.lle Lys 180185190
Thr Pr§) Ar?g %ie?uigsb%A?é:ﬁﬁr %%7390\ ﬁsrﬁ(}é‘lul U Met al?/l%tth er Gin afé%fﬁ(%%%og%gglﬁhg l?/al Thr Pro
Met Glys¢tis HratGhnGiis Phs ASKTASps e iIEse TORES2P0CTHYRECSYs Val Tyr Leu Ala Ser Asp Glu Ser
Lys Phe Ala Thr Gly 225 230 235 240 Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala GIn 245250 <210>
65 <21191980 122175 R Re A STanSD 555 S J25i AR oF CORaMT 2466 05
atgaccgatesgiotgaagoataaagtageesatefiaacagegegfymoacd HRitatodgb 60 tigdéaatdgcedataaatt

tgtagaggag, qatacgaaag tagitatiag 1gieaican.d 49.809alalag. oldaaRRgac ceesaaalca atcggeggca
ctgatgttat tcgetttgtc 180 cagcacgatg c?tccgaaga aﬁgaggctgg acgaaactTgtD tcgacaccac cgaggaggca 240

376247018 HBg TR et i PaT YA ARSI e Ao g Bt S H MG RagegRepii3pryatEetacca
cggaggaaigigcatanasty wgtepaitangtctggalgy QUtco36l ggaaacegimigggcstcarpogoatgaaa

aataaags! loqgeactag alcaicast 420 algagcanta foqgaact cqlaggoaal fedacgeing gugcatacaa
cgcttccaag ggggcggtac gtatcatgtc gaaaagcgca gegctggatt gcgcactgaa ggactacgat 540 gtgegtgtca

acacagtarepteeyygbecefarosaganeoccgiguiidgatgatet giabl 6 be gty e nadighrgtclacagegtacy
?taaCCC&m?g%)gﬁﬁ@ 1GRt 100608R668 £O0,AIEACRICY LRIGERICIGADIONREC IR QCAIGIURGD aAcgaRalt
gcgacgggt gcagaatttg tggtcgacgg cgggtatacc gcacagtga 759 <210> 66 <211> 252 <212> PRT
<213> A?f%fi&'lgfl ]S%qﬁ@r}céi 6&&5%@%1%‘& REBHES f(l[e?f%e AOHL S8 MEVTIHRIS RPG Leu Lys His Lys
Val Ala Hemakd hr @y GElysiduding domain of the reference sequence based on SEQ 1D NQO:2, 4 or 114

In some embodiments, the number of differences can be 1, 2, 3, 4, 5, 6,7, 8, 9, or about 10 residue

=

differences at other amino acid residues in the domain. In some embodiments, the differences
comprise conservative mutations. In some embodiments, the ketoreductase region or domain
comprises an amino acid sequence having at least the preceding features, and wherein the amino acid
sequence has at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% identity as compared to the amino acid sequence corresponding to residues 212-252 of a

reference sequence based on SEQ ID NO:2, 4 or 114 having the preceding feature.

[0164] In some embodiments, the ketoreductase polypeptide can further comprise a domain or region
corresponding to residues 212-252 of the sequence formula of SEQ 1D NGt 111, 112, or 139, where
the domain or region can have one or more or at least all of the following features: residue
corresponding to X212 is a polar, aliphatic, or non-polar residue, particularly threomne, serine, or
valine; residue corresponding to X216 is a constrained or basic residue, particularly histidine or
arginine; residue correspending to X223 is a polar, aliphatic, or non-polaz, particularly valine; residue
corresponding to X233 is a polar or acidic residue, particularly asparagine or aspartic acid; residue
corresponding to X235 is a polar or aromatic residue, particularly serine or tryptophan; residue
corresponding to X248 is a non-polar or aromatic residue, particularly glycine or tryptophan; and
residue corresponding fo X249 is an aromatic residue, particularly tryptophan. In some embodiments,
the polypeptide comprising a region or domain corresponding to residues 212-252 of the sequence
formula of SEQ ID NO: 111, 112, or 139 can have additionally one or more residue differences at
other residue positions as compared to the reference sequence of SEQ ID NO: 2, 4 or 114, In some

embodiments, the region or domain corresponding to residues 212-252 can have additionaliy 1-2, 1-3,

72



151015 Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala 202530 Lys Val Val lle Thr

Gly Arg Hig;4lshparal Gly Glu Lys Ala Ala 354045 Lys Ser lle Gly Giy Thrf\sR M@l dséeg Phe Val
GIn His Asp Ala 505560 Ser Glu Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala 65 70 75

80 Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Gly Leu Val 859095 Lys Ser Val Glu Asp Thr
Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser 100105110 Val Asn Leu Asp Gly val Phe Phe Gly Thr Arg
Leu Gly'tfe bfinlAérgl 171 1%1%8%&&&%@6%%&1@9%’3@6? Peihengaing adf frsiffee RN Ber Ser lle
130135dehbhésdd Gl&ld_ﬁmvglﬁmésanﬁm drfarrbfereGdys e o Asrl Alss 8erhys 251600185160 Gly Ala

Val Arg lle Met S r r Ala Al a}_ C S AlalLflé 165170175 Lys Asp, TyrAsR, val Arg Val Asn
Thr val'His IS %ﬁ mm 01 %51%8 rx%lrgeArg Lég'Asp Asp Id_:eu G? ?{/Trp Glu Glu met met

Ser G|nd1f@%g@@2@5>mpgﬂmnwitrmspir@wreﬂlewrpﬁ@||élwem1%m€sﬁw§f)mﬁemacmoz15220 Trp lle

Cys ValJupheuMNa:Sartsiaidnzenl sk Bﬂb%lﬁrﬂ_éﬁﬁscihé 226R3Q B35 2AthAlaiteliiihe Val Val Asp
Gly Gly Tyr Thr Ala Gln 245250 <21Q> 67 < 59 <212> DNA <213> ArtIfJCI%| Sequen ce <220>

<223> VAo L ket ‘g’szbcg%}?cc A &aéccaasfc gt%]i%'saeaﬁlga Egggzétgﬂcc a]rel aa%%m é%ﬁblgacact
gggtatcegred:tigcadtey trgatadatt 1‘@@@5@@3&9@@@@&%@@%&9&%@%@@&&% 12®‘ngﬁé/atgtag

gtgaaaqg @@%W@%cﬁﬁﬁ%@%% GlaRtoLtad ggwf&te&ﬁgp&é%z QL3 cageacgalg ticggcecgg
gacactacca cgtccgaaga agcaggct ttacg ccgtc aacaat ngagﬁ%ﬁ :dgﬁgcgtaaactg acgaaactgt
t

tcgacacCACYEANIHENG BOGHAREE Cichita Bttt Ai@albgtaaabf‘g Geitgaa
[0165] Table 2 below provides a Hst of specific SEQ 1D NOs disclosed herein with associated
activities, The sequences below are derived from the wild-type L. kefir ketoreductase sequences
(SEQ ID NO: 3 and 4) unless otherwise specified. In Table 2 below, each row lists two SEQ 1D NQOs,
where the odd number refers to the nucleotide sequence that codes for the amino acid sequence
provided by the even number, The column listing the # of mutations is with respect to the number of
amino acid substitutions as compared to the L. kefir KRED amino acid sequence of SEQ 1D NO:4. In
the activity column, one “+ corresponds to the ability of 10 ¢/L of the enzyme to convert 10-20% of
1 ¢/L. of substrate in about 24 hours. Two plus signs “++” indicates that the polypeptide is about 1 to
50 times more active than SEQ TD NO:90. Three plus signs “+++” indicates that the polypeptide is
about 50 to 250 times more active than SEQ ID NO:90. Four plus signs “++++" indicates that the
polypeptide is about 250 to 1000 times more active than SEQ 1D NO:90, and five plus signs “+++++"

indicates that the polypeptide is greater than 1000 fimes more active than SEQ 1D NO:90.

[0166] Table 2: List of Sequences and Corresponding Activity Improvement

Residue Changes Compared to | No. of mutations from

SEQ ID NO SEQ ID NO:4 L. kefir SEQID NO:4 |  Activity"
, 6 +
26100 G7H: S96T: F147L: Y190P;
V196L: A202W
47748 G7H: A94G: F147L: Y190P; 6 *
V196L: A202W
9] ]
45/a6 G7H: S96L: F147L: Y190P:
‘ V196L: A202W
43/44 6 A

GT7H; S96V; F147L; Y190P;
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tgtttﬁftc 240 300 360 ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420

atgagcagta ttg
gaaaagcgch

Sxgebtia

cgtaggcgat ccgacgctgg gggcatacaa cgcttccaag 480
gcgcactgaa ggactacgat 540 gtgcgtgtca acacagtac‘é

et

atcatgtc
Bittaagaccc

cgcggctcga tgatctggaa 600 ggttgggagg aaatgatgtc acagcgtacg ttaaccccta tgggccacat tggcgaaccg 660
aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 gcagaatttg tggtcgacgg

cgggtatacc gcacagtga 759 [<210> 68 <211> 252 <21 t> RIE <2 3> Art ficial Sequence <220p> <223>
Variant : St -a‘ PG LET RIS HIS Ly ;‘g‘ﬁ\%ﬁ} Bly Gly Thr 151015
Leu Gly ATE G S H e va GGG CYyS Vat-yat |IFU -Gt Arg His
Ala Asp Val GIy Glu Lys Ala Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp
Ala 505560 Ser Giu Glu Ala|Gly Trp Thr Lys Leu Phe Asp [Thr Thr Glu Glu Ala 65707580 Phe|Gly Pro
Val ThriThr Val Val Asn Asrl Ala Gly lle Gly Val lle 859095|Lys Ser Va| Giu Asp Tlhr Thr Thr Glu Glu
Trp ArgiLys Ley Lgt] Ser 100105130V &I ASR EébORsp Gly|val Phe Phe Gly Thr Arg Leu Gly Il Gin
Arg 115120125 Met | ys Asn MY8GEALBINGIy Ala Ser lle lle Asn Met Ser Ser lle 130135140 Glu Gly
Leu Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys 145150155160 Gly Ala Val Arg lle Met Ser
Lys SerAla Ala Leu Asp Cys$ ”;l’gl s 16 11475 112? 172_/5 Asp Tyr Asp Vat Arg Val Asn ThrVYal His Pro Gly
Pro lle Lys 18098%1®0 Thr Fr 195 i Glu Gly Trp Glu Giu Met Met Ser Gin 195200205
Arg Thret-Thr-Pro-Met-Gly-His-He At
7 ++
01/92 G7H; S96T; F147L; Y190P;
V196l A202W, Y249W_
o304 G7H; S96T; F147L; Y190P; / -
V196L; A202W: K211V
01102 G7H; S96T; F147L; Y190P; ! -
' V1961, A200W: K2111
0556 G7H: S96T; F147L; Y 190P; ! -
B LI9SR, V1961, A202W
05,06 G7H: S96T: F147L: Y 190P: 7 *
) L195D; VI96L; A202W
. G7H; S96T; F147L; Y190P; : i
L195R; V196L; A202W; K2111
57708 G7H: S96T: F147L; Y 190P; 8 o
P194L; L193R; V196L; A202W
G7H; D66E; AR4G; 596V, 10 .
69,70 F147L; Y190P: LL195R,; V196L,; ‘
A202W; K211V
G7H; 193S; A%4C; S96L: F147L; o e
83/24 Y190P; L195R; V196L; A202W; o
i K211V
75176 GT7H, DO6E; ARGV, A94C, 11 +t
! S96L: F147L; Y190P; L195R;
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210215220 Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly 225 230 235 240 Ala Glu
Phe Val Va@%}g %@ Tyr Thr Ala Gin 245250 <210> 69 <211> 759 <2g,8%9§¥&§%;%§> Artificial
Sequence < > Variant of L. kefir <400> 69 atgaccgatc gtctgaagca taaagtagcc atcgtaaccg
gcgggacact gggtatcggt 60 ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120
Page 35 376247-018 gcggatataq cagcacgatd ttcagcccdd gacactacca gtgaaaaggdc cgtccgaaga

ttacgaccgt cggaggaatg cgcqapales, A eAgRag e figataiiat ﬁgqag:gqma@ggg%gﬁgi tcgacaccac
cgtgaacaat ggagqgatig gggtigtgaa gogirpastg@lgiccgtia alciggaigs icgeilielo.agaggagass aagcgtigaa
tgttttttt T80 240 300 360 gaoap%gtgﬁggsq@mqgcgcatgaaa aataaaggct tgggcgctag catcatcaat 420
atgagcs gcgat ccgacgetgg gggeatacagd cgcttccaag 480 ggggaggtac gtatcatgte
gaaaagcgca gcgctggatt gcg ,act aa ggactac at 540 cglgtca acacagtaca tccgggcccc atcaagéaccc
cgcggcicga tgatctggaa 600 g g é% glacg gtaacgecta tgggcgacattggcgaaccg 660
aatgacatcy catggataty tgtgtcl ﬁ?; B%\;’Q)K%?ﬁdgé%tt tgegacgggt 720 gcagaatttg tggtcgacgy
cgggtatace-geacagtga—+59 212> PRT<213>Artifteral-Seguence<220> <223>
Variant|of L. kefir <400> 70 p is Lys Val Ala lle Val Thr Gly Gly Thr 151015
Leu Gly lle Gly Leu Ala lle Aﬁ%}g%@g% ggﬁ{%%% Gly Ala 202530 Lys Val Val lle*Thr Gly Arg His
Ala Asp Val Gly'&it Lys Alaj Alggg 4@4@)@/3{5@(\% Gly Gly Thr Asp Val lle Arg Rhe Val Gin His Asp
Ala 505560 SerGlu Glu Ala|Gly Trp Thr Lys Leu Phe Asp [Thr Thr Glu Glu Ala 63 70 75 80 Phe Gly
Pro Vali Thr Thr Val Val Asn|AsmAke Gty disiGiy A7al Val 859095 Lys Sger Val Glu Asp 'I;hr Thr Thr Glu
Glu Trp Arg LngIlgﬁsﬁégLeu Ser 10@F051 $6RVEN AEN Leu Asp|Gly Val Phe Phe Gly Thr Arg Leu Gly lle
Gin Arg 11512 A202W:K211T
GT7H; D66E; A94(; S961; 10 it
67/68 F147L; Y190P; L195R; V196L;
AZ02W; K2TIL
G7H; A80V: $96C; F147L; 9 s
L05/106 Y190P; L195R; V196L; A202W;
K211V
G7H; D66E; AY4G; 896V, 12 .
1172 F147L1; T1528; Y 190P; L193R; .
VI196L: A202W; K211V, S235W
G7H; D66E; A94G; V951, 1 i
65/66 S96V; Fi47L; Y190P; [L195R;
) VI96L: A202W. K211V
GTH; L17M; F27Y; A64V;
ABOT; 1938; A94C; S96L; s et
2324 E100K; F147L; Y.IQOP; LI95R;
B V1961 A202W,; K211V
GTH; 193S; A%4C; S96L; Fi471L; 1 i
21/32 Y100P; P194Q; L.195R; V1961,
A202W: K211V
G7H: 1935; A%4C,; S96L; Fi47L;
79/30 Y160P; P194Q; LI9SR, V196L,; 12 ekt
A202W; K211V 1226T
GT7H; A6BV; 193S; AG4C; S96L.;
RI08H; F147L; Y179F: Y190P; 4 s
107/108 L193R; V196L; DI198E; A202W,
K211V
G7H:; A68V: 1935; A94C; S96L;
RI08H; F1471.; I165N; Y190P; 14 e
49/50 PI948; L195R; V196L; A202W;
K2i11
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Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn met Ser Ser lle 130135140 Glu Gly Leu Val Gly Asp
Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys 145150155160 Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala
Leu Asp CYOAY 385170175 Lys Asp Tyr Asp Val Arg Val Asn Thr vaP HISHBE8ER 16 1le Lys
180185190 Thr Pro Arg Leu Asp Asp Leu Glu Gly Trp Glu Glu Met Met Ser Gin 195200205 Arg Thr
Val Thr Pro Met Gly His lle Gly Glu Pro Asn Asp lle Ala 210215220 Trp lle Cys Val Tyr Leu Ala Ser

Asp Gl Ser Lys Phe Ala THr Gly 225 230 235 240 Ala G|

£
e
376247-018 ttggcaateg ccgatagatyt ﬁgﬁg@?&ﬂ

gtgaaaaggc cgccaaatca atC(;gqg‘gﬁant)gﬁgg{}z%gEgg&t;@t@lE
acgaaaltgt tcgatattac cgaggaggea 240 ticggecegg ttacgs

B\?ﬁ%f&l

Phe Val Val Asp Gl

AT e

Gly Tyr Thr Ala Gin

i\ﬁart'a tpf L. kefir

taaccg g

%Qaac

cgggacact Ugytatbgyt ¢
tagttattac tggtcgtcac

30 cagcacgatg cgtccga
ccgt cgtgaacaat gcagg

U ragc
20 gcggatgtag
Aga dgcaggatgg

gattg gggttgigaa

aagcgttgaa 300 gacactacca|cggagganigracytaaacioeigicc
tgggcatica gcgcatgaaa aatapaggct t9gucyciay; catesrcaat 4
ccgtcgatgg gggcg}t]%caa cqctidcaag 480 goggugyiadgtatca
ggactacgat 540 gtgcgtgtca acBadtaca tccgggeccc atcaag

gtta atctggatgy tgtttittte
120 atgagc&gta ttgaggggct grgtgggcgat
gtc gaaaagcgca gcgct

ACCC cgcgactcga tgatct

360 ggcaccegtc

jgatt gcgcactgaa
ggaa 600 ggitgggagg

aaatgatgtc acagcgtacg gtaap€dttaltgggctavatitggegaacey
gcatctgacg aatggaaatt tgcga
<211> 252 <212z/PRT <213

t 7ot/ e é%lﬁt@lff’ tegag
ticial %J

660 aatgacatcg catggd

gg cgggtatacc gcacag
<223> Variant of L. kefir

10151 ey Pl\l ||n ("I

\tctg tgtgtacctg
[ga 759:<210> 72
<400> 72 Met Thr

Asp Arg Ley Lys His !_ys \Mal K?:H \Ial Thr PI\I r“!u Thlr

354045|Lys Ser lle Gly Gly ]
Trp ThriLys Leuw3PBé Asp Th
Ala Gly e Gly var var8590"

100105{110 Val Asn Leu Asy ﬁmygymﬁﬁeé{@%ngrg
Asn Lys Gly Leu Gly Ala Se

Ala Ser:

Leu Gly Ala Tyr A

1
LI I

75 80

114 43

edig AsnMetSerser te 3

Lys Phe Val Glu (élu Gly Alg %%é%gﬁre{%%ié i%&[rgllry A_rg His Ala Asp Val <
asad

t-Ada-He-Ala Asp

Sly Glu Lys Ala Ala

N His Asp Afa 505560 Ser Ghir'Glu Ala Gly
Phe Gly Pro Val Thr T

hr Val Val Asn Asn

Leu Gly lle GIn Arg 11
0135140 Glii Gly Leu \
55 485150155160 Gly Ala Val Arg lle Met Ser Lys $er Ala Ala Leu Asp

mraiusia irp Arg L

VS Teu Leu Ser
5120}_25 Met Lys
al Gly Asp Pro Ser

Cys Ala Leu 165170175 Lys Asp Tyr Asp Val Arg Val Asn
Thr Pro|Arg Leu Asp Asp Leud@ly BigEiy BIvGia:MetMe

QysSlu Pro AER4AS| 11?@9?1611’22@2175@2@Tr|c
Lys Phe_Ala Thr Gly 225 oqn‘éh%baﬁlgi‘fﬁ(ﬂn%m L2VLN A

Met Gly| His lle

Thr Val His Pro Gly Prg

Asn Glv GivTvr Thr A
| J J P4

Ser GIn 195200205 A
lle Cys Val Tyr Leu A

b lle Lys 180185190

rg Thr Mal Thr Pro
a Ser Asp GJu Trp

a-Gln-245250 <210>

73 <211> 759 <212> DNA <238 Aﬂﬂ%éﬁ@é
376247:018 atgaccgatc gtcty

ccgatagatt tgtageigiiag ggtgqgas

ce <220

ity tpaccg

t{gc tggtcgtcac 172

> <223> variant of L. k

gcgggacast gggtatcgg
0

efir <400> 73
t 60 ttggcaatcg

2122

G?H L 7M F27Y; A64V;
ABOT; I935; A94C; 896L;
E100K; Fi471; Y190P; L195R;
VI196L; A202W; K211V

18

et

37/38

G7H; D66E: 193S; A94C; S961;
F147L; Y190P; P194Q; L195R;
V196L; DI9SE; A202W; K211V,
H216R

14

et

53/54

G7H; D66E; 193S; AS4C; 5961;
F147L; P151A; Y190P; P194Q;
LI9SR, V196L; D198E; AZ02ZW,
K211V; H216R

15

e

11/12

GTH: L17M; F2T7Y; A4V,
AR(QT; 1938, A94C; S9aL;
E100K; F1471; Y190P; L195R;
V196L: A202W; T210R; K211V

16

bt

29/30

GT7H; L17M; A64V; AROT, 19385;
A94C; S96L; E160K; Fi47L;
Y190P; L195R; VIS6L; A202W;

K211V; H216R

15

Ao
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gcggatgtag gtgaaaaggc cgccaaatca atcggcggca ctgatgttat tcgcﬁtgtc 180 cagcacgatg cgtccgéaga
agcaggctgg acgaaactgt tcgacaccac cgaggaggtt 240 ttcggcccgg ttacgaccgt cgtgaacaat gcagggagtt
gcgttgtgaa%é\(a&%&%f&g%éoo gacactacca cggaggaatg gcgtaaactg ctgtccgtta% &?aa%%?ﬁf?tc 360
ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 atgagcagta ttgaggggct
cgtaggcgat ccgacgctgg gggcatacaa cgcttccaag 480 ggggcggtac gtatcatgtc gaaaagcgca gcgctggatt

gcgcacigaa ggactacgat 540|g cdigtca acacagtaca tecgggecec alcaagacee ic!_g}crgjctcga tgatctggaa 600
ggttgggagg asaﬁaégﬁ;%%acagcg acg a%%c&agg gccacat t&ggg%gg%%: gacateg catggatcty
tgtgtacctg-geatctgacy-aatcyq U—,t/iil‘itgigﬁm,%‘ T2 W-"'@B—'S’Lﬁ tggtcgacyygcyygtatarc gcacagtga 759
<210> 74 <211> 252 <212>|RRJc<3da> ArkHicial pggauence <220> <223> Variant of L. kefir <400> 74
Met Thi Asp Arg Leu Lys His tysdyal Alerlie Mal TG Gly Thr 151025 Leu Gly flle Giy't'eu Ala lle Ala
Asp Lys Phe V ‘Git Glu Gl /1121202638 ys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala
Ala 354045 Lys Ser lle Gly Gly7Hnr Asp; Vabite AggvPhe Val Gin His Asp Ala 505560 Ser Glu Glu Ala
Gly Trp|Thr Lys Leu Phe Asp A% THB S4B ¥&d165 70 75 80 Phe Gly Pro Val Thr Thr Val Vdl Asn
Asn Alg Gly Ser Cys Val Val 889005 LyEL.S&1 V&l GBl¢4&sp Thr Thr Thi&lu Glu Trp Argittys Led Leu
Ser 100105110 M@} Asn Leu Ad By etiRR e S1)2r Arg Leu Gly lle GIn Arg 115120125|Met Lys
Asn Lys (?.Iy Leu (?.Iy Ala Se 1Y pRBAIREet Ser Ser lle
GT7H; A64V; AROT; 1935; A%4C;
S96L; E100K; Fi47L; Y190P;
P194Q); LI195R; V196L,; D198E,
A202W; K211V; H216R

G7H: D66k 1935; AY4C; 5961,
KO97H; F1471.; Y190P; P1940Q);
L193R; V196L; DI98E; AZ02W;
K211V; H216R

G7H; DO6E; 1938; A94C; 5961,
Fid7L; Ti528; Y190P; P194Q;
L195R; V196L; D198E; A202W,
K211V; H216R

G7H; D66E; 193S; A94C; VISE;
S96I: F147L; Y100P; P1940;
L195R; V196L; D198E; A202W:;
K211V; H216R

G7H; D66E; 193S; AS4C; S96I;
F147L; Y190P; P194Q; L195R;
V1961 D1980; AZO2W;
K211V: H216R

G7H; L17M,; F27Y,; Ao4V,; 1935;
A94C; SO6L; E100K; F147L;
Y190P; P194Q; L195R; V196L;
DI198E; A202W; K211V; H216R
G7H; L1TM; F27Y, Ab4V;
AROT; 193S; A94C; S96L.;
E100K; F147L; Y190P; P1940Q); 18 -t
L195R; V196L; D198Q; A202W;
K211V: H2i6R

G7H; L17M,; F27Y; AodV,
AROT; 193S; Ab4C; SB6L;
EIOOK; F147L; T152S; Y190P; 19 et
P1940; L.1G5R; V196L,; D193Q;
AZ02W; K211V; H216R

G7H; L17M; D257, F27Y;
(G53D; A64V, ABOT; 19385;
AG4C; 5961 E100K,; F147L; 20 A
Y150P; P194Q; L195R; V1961,
DI198E; A202W; K211V: H216R

16 et
109/110

15 et
61/62

15 oo
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15 et
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17 ot
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130135140 Glu Gly Leu Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys 145150155160 Gly Ala

Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu 165170175 Lys Asp Tyr Asp_Val Arg Val Asn

Thr val Hié"@ré"&é’(&“éﬁ“lle Lys 180185190 Thr Pro Arg Leu Asp Asp Leu 2R )%(ﬁﬂt%H@Plj‘%IugMet Met

Ser Gin 195200205 Arg Thr Thr Thr Pro Met Gly His lle Gly Glu Pro Asn Asp lle Ala 210215220 Trp lle

Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly 225 230 235 240 Ala Glu Phe Val Val Asp

Gly Gly| Tyr Thr Ala Gin 245250 <210>.75 <211> 759 <212> DN <21%> Arttificia Sequence 220>
Sggeﬂé %% ¢f muta 0

<223> VarianhQf knkefir 37¢ ’i‘ég{@ﬁ? o1is from

mpared {6 T No.

5 4 A109CC0tG GG iRadeaeRAdatCayalggiaacta
gcgggacactgyytatcggt66 ug@xﬁgi}&wmqﬁg@%‘btﬁ}ggdgg g gutgryaaag tagttattgetggtegtcaci1 20
gcggatgtag gtgaaaaggc cgceapaicagipggragcag@atatiat fegetttgtc 180 cagcacgatg Cgtccgajga

agcaggctgg acgaaactgt tcgacageas £gageaagtti24R ttcggeecgg ttacgaccgt cgtgagcaat gcagggattt

gcgttttgaa aagcegttgaa 300 gpeactaceawygageaain gegtaaactyg ctgtccg]tta atctggalgg fg”’ittﬁftc 60

ggcaccggic tgggacaftca gegealgssd datasget1gyditjdtag | catcatcaat 420 atgagcagta tigagggpct

cgtaggcgat ccgacgctgg ggqacataedd cgcticcaag 480 ggggcggtac gtatcatgtc gaaaagcgcea gegcetggatt

gcgcactgaa ggactacgat 540 gtgéytyicatacacagtdda’'tccgggecce atcaagacce cgegdctcga tgatctggaa 600

ggttgggiagg aaatgatgtc acag :ﬁ%i@é&é@&% )écacat tggcgaaccy 660 aatgacatcg catggatetg
L1985

tgtgtacqtg geatct 2 : I P20> dcdda; g a
gtgtacdtg gca clgi(;g aatcga. cé%"g?g thE; ﬁzﬁggl(%wa;tttg tggtcgaclfl cgggtatatc géddagtga 759

K211V; T212V; H216R; 1223V

{01671 In some embodiments, the polypeptide has at least 85%, 86%, 87%, 88%, 89%%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence identity to a polypeptide a reference
sequence based on 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, 38, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 92, 94, 96, 08,
100, 102, 104, 106, 108, or. 110, with the proviso that the ketoreductase polypeptide amino acid
sequence includes any one set of the substitution combinations listed in Table 2 as compared to SEQ
1D NO:4. In some embodiments, the ketoreductase poiypeptides can have additionally 1-2, 1-3, 1-4,
1-5, 1-6, 1-7, 1-8, 1.9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25, 1-30, 1-35 or
about 1-40 residue differences at other amino acid residue positions as compared to the reference
sequence. In some embodiments, the number of differences can be 1,2,3,4,5,6,7,8, 9,10, 11, 12,
14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 residue differences at other amino acid residues. In

some embodiments, the differences comprise conservative mutations.

[0168] In some embodiments, the ketoreductase polypeptides are capable of converting the substrate
2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl] phenyl]-3-oxopropyl] benzoic acid methyl ester to the
product (S,E)-methyl 2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-hydroxypropyl)benzoate,
with a percent stereomeric excess of at least about 99% and at a rate that is'improved over a reference
polypeptide having the amino acid sequence of SEQ 1D NO: 90. Exemplary polypeptides with such
properties include, but are not limited to, polypeptides which comprise amino acid sequences
corresponding to SEQ ID NO: 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42,
4446, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 92, 94, 96, 98,
100, 102, 104, 106, 108, and 11¢. Because the reference polypeptide having the amino acid sequence
of SEQ ID NO:90 is capable of converting the substrate to the product at a rate (for example, 10-20%

of 1 g/L substrate converted to product in 24 hours with about 10 g/L of the KRED) and with a



<210> 76 <211> 252 <212> PRT <213> Atrtificial Sequence <220> <223> Variant of L. kefir <400> 76
Met Thr A @‘%‘%ﬁ %?/S His Lys Val Ala lle Val Thr Gly Gly Thr 151015 ?&’r@ &i%ﬁ Izéeu Ala lle Ala
Asp Lys Phe u Gly Ala 202530 Lys Val Val lle Thr Gly Arg His Ala Asp v lu Lys Ala
Ala 354045 Lys Ser lle Giy Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala 505560 Ser Glu Glu Ala
Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Giu Val 65707580 Phe Gly Pro Val Thr Thr Val Val Asn Asn
Ala Glyie@siscalt €19°859098E e Sersvaih@ it MIpoThe T P G GHET R Nigjdlyit eu Leu Ser

1001051410Vl As ALK ASRS ¥k BN BRe: G iy T A0G L el GiHe, GiRAF1d 5320125 Met Lys Asn
Lys Gly Leu Gly Ala Ser lle lle ASn Met Ser Ser lle 130135140 Glu Gly Leu Val Gly Asp Pro Thr Leu

Gly Ala{§y6%sh @dm&n&o;ﬁﬂﬂ&lﬁﬂ%ﬁ;iﬁﬁd&lge Abdy vapltdeg dte dvfeb Ber bys Sendda: Adastrets Asp Cys
Ala Le“ﬁ@ﬁ%m QJ(;-%}hX%é%%flEXﬂf‘ ctYért 1¥%J1ﬁ”§- >;I<-) f ¥9f é%?P %)Oa%" eﬁgfll%sléﬁoltﬁg 185190 Thr

Pro Arg L Asp Leu u met Met n19 05 Arg Thr Leu Thr Pro Met
Gly His nred@%/(gﬁ;) DY AL ?e%@mc@mw@ Thy e leys ) i’r;}wééimaps@b%ﬁa@m Ser Lys

Phe Ala,TiRra(éy-225%1230M3h 24QA @ B Bhe Mab¥alAspr @th(t@rl&ﬁt'ﬁyh{ﬁbdi%ias@fm@%%ﬁ10> 77
<211> 759 <2 > DNA <213> Art|f|C|al Sequence, <220> <2§ @ é keflr 376247-018 <400>
atcggt

QVET & T olypepiide l%avmo i 10 actd sequence o
77 atgaccge?tc g 5 gaggcyé(f agcc afcg aaccg gcgggacact g 0 fbgé)aa%g ccgataaatt
tgtag aggdgpggm‘gggaaagwégttamcqrg@tdgi@dwtl@@ nyddipatetde gidamatdyycvbboamatase artggcggea

ctgatgttat;leaetitgic 180 ca0cacg /G £GIeEaRt0a,29¢ag9 iy g Acgagaaigidcgasasgaecgaggaggca 240
ttcggccecgg ttacgaccgt cgtgaacaat gcagggagtt gegttttgaa aagcgttgaa 300 gacactacca cggaggaatg

gcataadotg @idicegita abiggatgy, lgtitkticr @ﬁ@t@@ @aoﬁ;&gtmtg ggoaiiebigepaaigane aaiasagget
'aagcacieq cesateagt 120 SleaasA0ia Inseaedch alauRegel Sedpaociqn agGAlagaR pactocaad 100

ggggcggtac gt tC gaa agcgea gegetggatt cgcact actacgat cgtgtca acacagtaca

tccgggcredmicadgdeetragegoctddd tyhletsti Boo-yhrigy ek dnatgatyie teagobtatti§taaccecta
tgggccagat W@@ﬁ@%@@&@&iﬂ@%@@@gwb@@@mﬁﬁpﬁtg Qealcigacg aatcygasatidgicgacgggt 720

gcagaatt tata a759<210>7 <211> 2 <213> Artificial
Sequenélgj é%%é gﬁ%@ %arla m %12&) T8 NS TRFRSP ARG %Eg Eys(gl ;{ys Val Ala lle Val
Thr Giy Biniphrd sigdstids S $Lesieigpn@ueAlacnei¢\I¥aMas"p ILcyélﬁh@Vak@l@@nﬂi@ bybAdla 202530 Lys

val val g B Gl RS YRLG G LISAIANGER40B Ly S50 lla Gly Gl ThnAsp val e
Arg Phe VaI Gin His 5560 Ser Asp ) Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu

Ala 65 70-75:88 éﬂ@é@% vaFTHE 3 VA val Asn Asn Ala Gly Ser Cys Val Leu 859095 Lys Ser Val
iy T Let e AR A b R S R o o
Ser lle @i@ﬂéﬂzﬁ@@ﬁ@r@%ﬂy@wwwe%%}#%F@thﬁ Eé‘EPGIVN?PWF%ﬁW Reigeestydo1ths150155160
Gly Ala MakArgsAsmnbpal Senlys Ber-MrHlaihah Asp) Gy AR A8 LEREAAS Hyse Ao d yr Asp Val
Arg Val Asn Th val His Pro.Gly Pro lle Ly 180185190 [y Gin Avg Lett ASp ASR kg GJu Gly Trp Giu

improved over a reference pelypeptide having the amino acid sequence of SEQ I NO: 90.

Exemplary polypeptides with such properties include, but are not limited to, polypeptides which

comprise amino acid sequences corresponding to SEQ 1D NO: 12, 18, 22, 24, 26, 28, 30, 38, 40, 52,

54, 56, 58, 60, 62, and 110,

0172] In some embodiments, the ketoreductase polypeptides are capable of converting the substrate
2-[3-[3-[2-(7-chloro-2-quinolinyl} ethenvl] phenyl]-3-oxopropyi] benzoic acid methyl ester to the
product (S, E)-methyl 2-(3-(3-(2-(7-chloroquinolin-2-ylyvinyhphenyl)-3-hydroxypropyl)benzoate,
with a percent stercomeric excess of at least about 99% and at a rate that s at Ieast 1000 fold
improved over a reference polypeptide having the amino acid sequence of SEQ 1D NO: 90,
Exemptlary polypeptides with such properties include, but are not limited to, polypeptides which

comprise amino acid sequences correspondmg to SEQ 1D NO: 6, 8, 14, 16, and 20.

[0173] In some embodiments, the improved ketoreductase polypeptides can have an improved

resistance to acetone as a competitive inhibitor to the conversion of the substrate fo the product as
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195200205 Arg Thr Val Thr Pro Met Gly.His lle Gly Glu Pro Asn Asp lle Ala 210215220 Trp lle Cys Val
Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly 225 230 235 240 Ala Glu Phe Val Val Asp Gly Gly
Tyr Thr Al?@iﬁ“%@ig%zlw 79 <211> 759 <212> DNA <213> Artificial SetlisAld L5t <203
variant of L. kefir 376247-018 <400> 79 atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacact
gggtatcggt 60 ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 gcggatgtag

gtgaaaaggpegtcanatedatoggodgeaidgatgitat tegetiigtecl8-gageaof SEAGI06gR0a agcaggctgy

acg aaa%%&%gﬁ%?gﬁ&%%;%&@&%%%@ %fg%ﬁ_c%gg&&9&%&%%%8&%&9}%@88‘?1‘&9&&9%9 agtt gegttttgaa
aagcgttgaa 300 gacac gtaaactg ctgtccgtta atct %gté%%tg%tttttttc 360 ggcacccgtc

acca cggaggaatg
tgggcatttS&Y@@&E%%g‘é%iﬁhéé?ﬁaaﬁgﬁ@éﬂ%ﬁg@éﬁgfﬁﬁ'&’é@&%{%ﬁ“{%@?a‘i‘g§ gaggdgctityadgcyat

ccgacgayg yogcatacaacociiceaay 43099ggr0gns Plaicaigic gaasagegea graeiggatgegcactgaa
ggactacgat 540 9}%%9}%%3851“3&‘,3 t%%aitggq%%ci:&p atcaagaccc agcggctcga tgatctggaa 600 ggttgggagy
L} L) g » " +

aaatgatgtc acagcgtacg gtaacccctatgggccacat'tggcgaaccg 660 aatgacatcg catggacctg tgtgtacctg

9CatCtgggﬁﬂaﬁﬁ%%tEM%&QQHﬂ@@e&?&&%&@%&ﬂ%@%ﬂ%@gQ&Q@ﬁt@é%@%&%ﬁé}%tgﬁegs?gboi@10> 80

<211> 252 <212> PRT <213> Atrtificial Sequence <220> <223> Variant of L, kefir
95% of the substrate to the product in less than about 24 hours when carried out with greater than

about 100 g/L of substrate and less than about 5 g/L of the polypeptide. Exemplary polypeptides that
have this capability include, but are not limited to, polypeptides which comprises amino acid

sequences corresponding to SEQ 1D NO: 6, 8, 14, 16, and 20.

[0175] In some embodiments, the ketoreductase polypeptides of the disclosure are highly
stereoselective such that it can reduce the substrate 1o the product in greater than about 99%,99.1%,
99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8% or 99.9% stercomeric excess. Exemplary
ketoreductase polypeptides with such high stercoselectivity include, but are not limited to, the
polypeptides comprising the amino acid sequences corresponding to SEQ ID NO: 4, 8, 10, 12, 14, 16,
I8, 20,22, 24,26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 34, 56, 58, 60, 62, 64, 66, 65, 70,
72,74, 76, T8, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, and 110,

[8176] In some embodiments, the improved ketoreductase polypeptides can comprise 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 SEQ ID NO:2 or SEQ 1D NO:4 SEQ 1D NO:114, or a region or
domain thereof, such as residues 90-211, with the proviso that the residues corresponding to residue
190 of SEQ ID NO:2, 4 or 114 is proline, the residue corresponding to residue 195 of SEQ 1D NO:2,
4 or 114 is arginine, and the residue corresponding to residue 202 of SEQ ID NOG:2, 4 or 114 15
tryptophan, and additionally has one or more of the following substitutions such that the polypeptide
1s farther improved (e.g., with respect to stereoselectivity, enzymatic activity, and/or thermostability)
aver the wild-type kefir ketoreductase or another engineered kejoreductase (such as SEQ 1D NO:903;
7—H; 17—M; 25T, 27-Y; 41-8; 553-D; 57V, 64V, 66—E; 68-V, E; 721, 76— A;
80T, V; 938, A, G; 94-—C, G; 95—L, E; 96—V L I, T; 97—H, 5; 100—K, Q, A; 108—H;
M 1391 145—L; 1471 152-»W, A, S; 163—1; 179—F, K, L; 194-Q, S, L; 196~L.;
197-—E; 198-—E, Q; 210—R; 211V, LR, T, D, §; 2125, V; 216-—R; 223—-V; 233—N;
235—W; 248—W; and 249—W.

186177] In some embodiments, the improved ketoreductase polypeptides can comprise an amino acid
sequence that is at least about 85%, 86%, 87%, 88%, §9%, 9%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, ¥8%, or 99% identical to SEQ ID NO:2, 4 or 114 {or a reglon or domain thereof, such as
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<400> 80 Met Thr Asp Arg Leu Lys His Lys Val Ala lle Val Thr Gly Gly Thr 151015 Leu Gly lle Gly Leu
Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala 202530 Lys Val Val lle Thr Gl His Ala Asp Val Gly
Glu Lys AI¥R12%8%33%! Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val G%F %SA%??’ATQ‘%&%O Ser
Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala 65 70 75 80 Phe Gly Pro Val Thr Thr
Val Val Asn Asn Ala Gly Ser Cys Val Leu 859095 Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp Arg
Lys Leué;aul&eaom@)l%ﬂ,a& yahASHaethASH daty ééﬂcEﬂ&ﬁcﬁQ&tﬁbéﬁﬁH Aok e8GR NGl Arg

val Gl Ao Do T Lo e R AR T D PR TE oy AT Ul AR et Ser Lys
Ser AlaAlhtietgsiisp @ygsmaiwiqe@w@@% cﬂyﬁﬁﬂéﬁ T Adpov Al Jisgrvesprbss. TRt Val His Pro Gly Pro

lle Lys 1301:8pAR0: N GIn A58 &:SHoASH AsRuewit @u@mirﬁan@luc@{udM@é ngpagrd@im 1436200205 Arg
Thr Val Thr Pro Met Glﬁ His lle Gl{:ﬂ lu Pro.Asn As lle Ala 210215220 %\;‘ val T r Leu Ala
S? 4] 121% ;

Ser Asp B EEL-§s BHERRET Y 7S 55555 38 SR AR G PR Va (@[fy yr Thr Ala
GIn 245280 24 08 cwRUtictdd5 Or<@iPer Bigihecl Intdrtificial-SeghenEQ 2ROV 3B 2W7-0M8 <223>

Variant 9f Lkefir 5409z 8. y-atgacaoaic giclgaqgea fagaglagee alcgianncd geggaagact;gggtateggt 60
ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 geggatgtag gtgaaaaggc

cgccaagigagtcgocgosasioatgttaticagaitaici0cageacoaig cogteegpiga ageaggeigg:acgdaactgt
tcgacaccac c%agg%%geca %ﬁle? &t}(s:g%%%gg% ttacg cc%t cg }/g&a aat g c’ggg%agnoglc%ttfg{aé%oasqgcgttgaa 300
gacactacca cggaggaa gcgtaaac ‘tta Catety ggatg %gut% fiit

chains exhibiting two or more physu,o chemlcal properties can be included in multiple categories.

The appropriate classification of any amino acid or residue will be apparent to those of skill in the art,

especially in light of the detailed disclosure provided herein.

[0179] In some embodiments, the improved engineered ketoreductase enzymes comprise deletions of
the naturally occurring ketoreductase polypeptides or deletions of other engineered ketoreductase
polypeptides. In some embodiments, each of the improved engineered ketoreductase enzymes
described herein can comprise deletions of the polypeptides described herein. Thus, for each and
every embodiment of the ketoreductase polypeptides of the disclosure, the deletions can comprise one
or more amino acids, 2 or more amino acids, 3 or more amino acids, 4 or more amine acids, 5 or more
amino ackds, 6 or more amino acids, 8 or more aminoe acids, 10 or more amino acids, 15 or more
amino acids, or 20 or more amino actds, up to 10% of the total number of amino acids, up to 10% of
the total number of aminoe acids, up to 20% of the fotal number of amino acids, or up to 30% of the
total number of amino acids of the ketoreductase polypeptides, as iong as the functional activity of the
ketoreductase activity is maintained. Tn some embodiments, the deletions can comprise, 1-2, 1-3, 1-4,
1-5,1-6,1-7, 1-8, 1-9, 1-10, 1-11, 1-12, 1-14, 1-15, 1-16, 1-18, 1-20, 1-22, 1-24, 1-25,1-30, I-35 or
about 1-40 amino acid residues. In some embodiments, the number of deletions can be 1, 2, 3, 4, 5, 6,
7.8,9, 10,11, 12, 14, 15, 16, 18, 20, 22, 24, 26, 30, 35 or about 40 amine acids. In some
embodiments, the deletions can comprise deletions of 1,2, 3,4, 5,6, 7,8, 9,10, 11, 12, 13, 14, 15, 16,

18, or 20 amino acid residues.

[0180] As described herein, the ketoreductase polypeptides of the disclosure can be in the form of
fusion polypeptides in which the ketoreductase polypeptides are fused to other polypeptides, such as,
by way of exampie and not limitation, antibody tags {e.g., myc epitope), purifications sequences (e.g.,
His tags), and cell localization signals (e.g., secretion signals). Thus, the ketoreductase polypeptides

can be used with or without fusions to other polypeptides.
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ggcacccgte tgggeattca gegeatgaaa aataaaggct tgggegcetag catcatcaat 420 atgagcagta ttgaggggct

cgtaggcgat ccgacqctgg gggceatacaa cgcttccaag 480 ggggeggtac gtatcatgt c cgctggatt
] ERIRANEHA

gcgcact_gagg 540 gtgcgtgtca acacagtaca tccgggcccc atcaagaccc agcggctcga g%tctggaa 600

ggttgggagg aaatgatgtc acagcgtacg gtaaccccta tgggccacat tggcgaaccg 660 aatgacatcg catggatctg
tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 gcagaatttg tggtcgacgg cgggtatacc gcacagtga 759
<210> 8@ 8% 1 The2bRseplides BRIiRBrchrtiftcial Saguedce thd 20wt RBenakidntrofd addfir <400> 82

Met Thi ASpALG keH s ialys ek AR YaTIN GGl T 81005 betu BhulleSly Leu Ala lle Al
Asp Lys Phe Val Giu Glu g(lél la 202530 Lys Val val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala
y

Ala 354698 iRt sipsianhany ih PRSI Vaftialer Bery SPEHH PR ATCBUEEB8CR? Asp Glu Ala
Gly Trpathie LysrteucBheMAspehbsuhterd kbt nodtr 6l 2680 PheidhnProtabilis Thcialdval Asn
Asn Ala Gly Ser Cys Val Leu.85909 s Ser.val Glu Asp.Thr Thr Thr Glu Glu Trp Arg Lys.Leu Leu
Sor 1001 CR TN R T R B PR Wl A D e P oS e Ly
Asn LysiGly laegsGhs AllarSegiiepiimidgpidBpSer-Seinies diBO 35440 Gib) Glyrinabvrainaiyandp Pro Thr

Leu Gly Al TyLASR AR R Lk YR LI0IRAIR0 G AlR Yl Ad e Mes erbygRer A Ala Leu Asp
Cys Ala'Leu 165170175 Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lle Lys 180185190

Thr Glnoard insu g Rup R0 IPERy ToBaRY e ieeMsrsgiaiploucine (Mclle): phenyIglycine
(Phg); cyclohexylalanine (Cha); norieucine (Nle); naphthylalanine (Nal); 2-chlorophenylalanine
(Oct); 3-chlorophenylatanine (Mcf); 4-chlorophenylalanine (Pef); 2-fluorophenylalanine (Off);
3-fluorophenylalanine (MfY); 4-fluorophenylalanine (Pff); 2-bromophenylalanine (Obf); 3-
bromophenylalanine (Mbf); 4-bromophenyialanine {Pbf); 2-methylphenylalanine (Omf); 3-
methylphenylalanine {Mmf); 4-methylphenyialanine (Pmf); 2-nitrophenylalanine (Onf); 3-
nitrophenylalanine (Mnf); 4-nitrophenylalanine (Pnf); 2-cyanophenylalanine {(Ocf); 3-
cyanophenylalanine (Mcf); 4-cyanophenylalanine (Pef); 2-triffuoromethylphenylalanine (Otf); 3-
triflucromethylphenylalanine (Mtf); 4-triffuoromethylphenylalanine (Ptf); 4-aminophenylalanine
(Paf); 4-iodophenylalanine (Pif); 4-aminomethyiphenylalanine (Pamf); 2,4-dichlorophenylalanine
{Opef}; 3,4-dichlorophenylalanine (Mpcf}; 2,4-ditfluorephenylalanine {Opff); 3,4-
difluorophenylalanine (Mpff); pyrid-2-ylalanine (2pAla); pyrid-3-vialanine (3pAia); pyrid-4-
ylalanine (4pAla); naphth-1-ylalanine (InAla); naphth-2-ylalanine (2nAla); thiazolylalanine (taAla);
benzothicnylalanine {bAla); thienylalanine (tAla); furylalanine (fAla); homophenylatanine (hPhe);
homotyrosine (hTyr); homotryptophan {WTipY; pentafluorophenylalanine (511); styrylkalanine (sAla);
authrylalanine (2Ala); 3,3-diphenylalanine (Dfa); 3-anino-S-phenypentanoic acid (Afp);
penicillamine (Pen}; 1,2,3 4-tetrahydroisoquinoline-3-carboxylic acid {Tic); 8-2-thienylalanine (Thi);
methionine sulfoxide (Mso); N(w)-nitroarginine (nArg): homolysine (hLys});
phosphonomethyiphenylalanine (pmPhe); phosphoserine (pSer); phosphothreonine (pThr};
homoaspartic acid (hAsp); homoglutanic acid (hGly); 1-aminocyclopent-(2 or 3)-ene-4 carboxylic
acid; pipecolic acid (PA), azetidine-3-carboxylic acid (ACA): 1-aminocyclopentane-3-carboxylic
acid; allylglycine (aOly); propargylglycine (pgGly}, homoalanine (hAla); norvaline (nVal),
homoleucine (hLew), homovaline (hVal); homoiselencine (hlle); homoarginine (hArg); N-acetyl
fysine (AcLys); 2,4-diaminobutyric acid (Dbu); 2,2-diaminobutyric acid (Dab}; N-methylvaline
(MeVal); homocysteine (hCys); homoserine {(hSer); hydroxyproline (FHyp) and homoproline (hPro).
Additional non-encoded amino acids of which the polypeptides described herein may be comprised
will be apparent to those of skill in the art (see, e.g., the various amino acids provided in Fasman,

1989, CRC Practical Handbook of Biochemisiry and Molecular Biology, CRC Press, Boca Raton, FL,
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195200205 Arg Thr Val Thr Pro Met Gly His lle Gly Glu Pro Asn Asp lle Ala 210215220 Trp lle Cys Val
Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly 225 230 235 240 Ala G% %%}@7@ p Gly Gly
Tyr Thr Al 8248288 <210> 83 <211> 759 <212> DNA <213> Artificial E(%%ence’ g§47-018
<220> <223> Variant of L. kefir <400> 83 atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacact
gggtatcggt 60 ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 gcggatgtag

gtgaaaagge egécadatcasdtoggegyta tigatyttadt ¢Cgbittytecis@ umtadhangietpresyaldasageagyctgg

acgaaa&tgigg%ggggglggghggggqa%g@@C%ﬂggqgggg,gpcgg ttacgaccgt cgtgaacaat gcagggagtt gcgttttgaa
aagcgttgaa 300 gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 ggcacccgtc

tgggcatigesgrgaaigasaaataarggehiggeageliagmateaiaaatid20r algagedgtaitgaigggydh cgtaggcgat

ccgacgelgg gggcatacaa cgcticcaaq 480 ggggeggtac glatcatgte gaaaagegea degciggatt gegcactgaa
ggactaéﬁ%%% éfa%%&%g%gacggﬁ%é%ea%ggggg@c g?ﬁg%gg%%gc%%gégggﬁ%a% é’tctggga 600 ggttgggagg

aaatgatgid acaigogianygtasidecetaclygdbisaes bglngaate 6o Hatgaeaicg Aty Sei§idigtaccty

goatcloang A3lead LI0RAACO0sH7R0- A AsRRITIG- I0GIeaACTY Yeegiaase gsasagtoa 759 <210> 84
<211> 252 <212> PRT <213> Artificial Sequence <220> <223> Vari%{:ﬂt of %%k fi <4}OO> §34 Met Thr
VT ERYL

Asp ArglEepYSene sy A RIA IRy AIS R SRR ABTD1E 1R RIS Ala Asp

Lys PheidabGla Gy, By R025300-yemwal)Veilid [© DhiAsly2At g Hi©AmAsp Val Gly Glu Lys Ala Ala
354045 Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val Gin His Asp Ala 505560 Ser Asp Glu Ala Gly
Trp ThriBi83Levortsecrdpe R Thec GG ke 67T EBe! P KenaTy by SR FHIVAERIEIFASN Asn Ala

Gly Ser Cysall-pi8p2005: by 3T MalRIuAsk: Tor Thwcins Gl TpiArgdys Leu Leu Ser
100105110 val Asn Leu Asp Gly Val Phg Phe Gly Thr A%ggLeu gllg/1 lle Cf‘.ln Ar. 115&[120125 Met Lys Asn
5fu

) y - - qin Arg Llols
Lys Gly L& ERPRIP G AR KRR & sPird 13BT38 L A0 G RIS IS T ArEI) Ksp Pro Thr Leu
Gly Ala chysoAgicAladSermtoysoldb 15045516 0-BhnAdpclatAngetie dwet:Sr kyis.Ser Ala Ala Leu Asp Cys
Ala Leu 165170175 Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lle Lys 180185190 Thr
Pro ArglEi#iady despribed aBoviecty W@@éﬁf%&%@fi‘s@ceﬂ EIBo oetE PEF R ®/al Thr Pro Met

Gly His Jlg /sdpfaluPuadan Aspdigoplel 220240220 Trpyiie: CastV alrdyed euAjacSerphgprGlof Ser Lys
Phe Ala Thr Gly 225230235240 Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gln 245250 <210> 85
<211> 7}%‘9@2 > DNA <213> Atrtificial Sequence 376247-018 <220> <223> Variant of L.kefir <400>

85 atgaccgalg gictgaaqea 1anaglages Alcolaeed.apedoacagt Agatatcggt 60 tiggcaatcy ccgataaatt
tgtagaggag ggtgcgaaag tagttattac tggicgtcac 120 gcggatgtag gtgaaaaggc cgccaaatca atcggeggea

ctgatgttag 1ggCtiOte B aspect, the present disclosure provides polynucleotides encoding the engineered
ketoreductase enzymes. The polynucleatides may be operatively linked to one or more heterologous
regulatory sequences that control gene expression to create a recombinant polynucleotide capable of
expressing the polypeptide. Expression constructs containing a heterologous polynucieotide
encoding the engincered ketoreductase can be introduced into appropriate host cells to express the

corresponding ketoreductase polypeptide.

[0186] Because of the knowledge of the codons corresponding to the various amino acids,
availability of a protein sequence provides a description of all the polynucieotides capable of
encoding the subject. The degeneracy of the genetic code, where the same amino acids are encoded
by alternative or synonymous codons allows an extremely large number of nucleic acids to be made,
all of which encode the improved ketoreductase enzymes disclosed herein. Thus, having identified &
particular amino acid sequence, those skilled in the art could make any number of different nucleic
acids by simply modifying the sequence of one or more codons in 2 way which does not change the
amino acid sequence of the protein. In this regard, the present disciosure specifically contemplates
each and every possible variation of polynucleotides that could be made by selecting combinations
based on the possible codon choices, and all such variations are to be considered specifically

disclosed for any polypeptide disclosed herein, including the amino acid sequences presented in Table
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cagcacgatg cgtccgatga agcaggctgg acgaaactgt tcgacaccac cgaggaggca 240 ttcggeccgg ttacgacégt

cgtgaacaakgragggatig cagttacaaa aagegttgaa 300 gacactacca cggaggaaig-graianpamptagaigiccgtta
atctggatgg tgtttttttc 360 ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420

atgagcagta ttgaggggct cgtaggcgat ccgacgctgg gggcatacaa cgcttccaag 480 ggggeggtac gtatcatgtc
gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 gtgcgtgtca acacagtaca tccgggecce atcaagacce
cgcggctegh fate Rtk 800 G Jiegyg apprEaa e %@‘%%f%\g’é thabatcetiy fﬁ}a@}égﬁo%f’fﬁf@ébaaccg 660
aatgacajsg.catgnetalorigigiacsly geaistgacdategdantigegoagagt 2R geaganittgdggicgacgg
cgggtatgcc %Eaac;c; _'ﬁg 7%? <2%E(:) ‘1186 <%11> 26%21?<‘2€121~>S|;>.{I)?n'|'jE <213t>aArtifi_c'%aI _S(FC uence < 1%0> <223>
Variant 5 I Refi 8§ 8 Net hr}f&gsp %?gu eu%ygq-ﬁs Lysn\)/aela%darﬁjep a?nﬁwr%f/ é\]y hr 151015
Leu Glyrlen@hyslaacusdd e oxtacism iy s:irhealiah Gills Gy Gy AMla20m5300E pelvaiaiedtiis Thr Gly Arg His

Ala Aspsﬁ%'ﬁ%'m@'@ E¥S AR DR BHARA:kYS: 88 Ha GG drAspiatile AaRhenyal Gin His Asp
Ala 505560 Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala 65 70 75 80 Phe Gly

Pro val I PAFUAE AR AL ReoE Y R PATA KT hir 859095 Lys Ser Val Glu Asp Thr Thr Thr Giu
Sl PSR S La RELIO0 R RLAT ek aRR oY SFhERS G (LLINE dradeu Ol le
20125 M ly ly Ala

Gin Arg 11 fet Lys Asn'Lys Gly Leu Gly Ala Ser Ile lle’Asn Met Ser Ser Ife 130135140 Glu
Gly Leukstaraaiytisspsing TRnRETRIGHYERE TYH s pisc Ser ity 1ada5013 56T G K AANTEIFATY Ile met
Ser Lys.§@inA\aaf gl 8L SR YS Altak:@M acid residues. Consequently, codon optimized

polynucleotides encoding the ketoreductase enzymes may contain preferred codons at about 40%,

50%, 60%, 70%, %0%, or greater than 90% of codon positions of the full length coding region.

[0188] In some embodiments, the polynucleotide comprises a nucleotide sequence encoding a
ketoreductase polypeptide with an amino acid sequence that has at least about 80%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 9% or more sequence 1dentity to
any of the reference engineered ketoreductase polypeptides described herein. Accordingly, in some
embodiments, the polynucleotide encodes an amino acid sequence that is at least about 80%, 85%,
R6%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%. 98%, 99% or more identical to a
reference sequence based on SEQ 1D NO: 2, 4 or 114 having the following features: the residue
corresponding to position X190 is a constrained residue, particularly proline; and the residue
corresponding to X202 is an aromatic residue, particularly tryptophan, with the proviso that the
encoded ketoreductase polypeptide has an amino sequence in which the residue corresponding to
X190 is a constrained residue, and the residue corresponding to X202 is an aromatic residue. In some
embodiments, the polynucleotide encodes a ketoreductase that has an amino acid sequence in which

the residue corresponding to X190 is proline, and the residue corresponding to X202 is tryptophan.

[0189] In some embodiments, the polvnucleotide encodes a ketoreductase polypeptide comprising an
amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
049, 95%, 96%, 97%. 98%, 99% or more identical to a reference sequence based on SEQ 1D NO: 2,
4 or 114 having the following features: the residue corresponding to position X190 is a constrained
residue, particularly proline; the residue corresponding to X195 is a basic, acidic, non-polar or polar
residue, particularly proiine, arginine, lysine, aspartic acid, or asparagine; and the residue
corresponding to X202 is an aromatic residue, particularly tryptophan, with the proviso that the
encoded ketoreductase polypeptide comprises an amino acid sequence having at ieast the preceding
features (i e., the residue corresponding to position X199 is a constrained residue; the residue

corresponding to X195 is a basic, acidic, non-polar or polar residue; and the residue corresponding to
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165170175 Lys Asp Tyr Asp Val Arg Val Ash Thr val His Pro Gly Pro lle Lys 180185190 Thr Pro Arg
Leu Asp Asp Leu Glu Gly Trp Glu Glu Met Met Ser GIn 195200205 Arg Thr Lys Thr Pro met Gly His lle
Gly Glu Pr¥y B398 Ala 210215220 Trp lle Cys Val Tyr Leu Ala Ser ASSEEHY2884/4%845he Ala Thr
Gly 225 230 235 240 Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala GIn 245250 <210> 87 <211> 759
<212> DNA 376247-018 <213> AtrtificialSequence <220> <223> Variant of L.kefir <400> 87

atgaccgrtopicigargeataragirgce Megamcsgrgsgs gacachagotaiceaiti dipgcaateg.cegrtaaatt
tgtagaggag ggtgcgaaag, tagttattac tggtegtcac 1 atgtag gtgaaaaggc cgccaaatca cggca
ot T R B R C Al 00 240
ttcggecanyttacyaisstt btuaasemtigeadgyatiprdgitasabhamgdytigerse S00der tictaééascggaggaatg
gcgtaa ghecatia Alclaaaigon LHUC,300 QOCARE G 999 callch-gcakalgrad- Adlaaaggct
tgggcg?ggtggtcatcaat 420 atgagx(,:agta ttd’gggggct cgtaggcgat cc%ﬁe ctgg § gcatacaa cgcttccaag 480
9999co SR RIEAPPGHRR AL RN U TG yeaR d%‘ﬁ“g‘%%%t B%{ 4 ggéaté?céﬁa cagtaca
tccgggcetateaatiacecicydygetctia 18attigaasl 600 49tihoPady aadtfaiic2acagugisicg@tzaccecta

tgggccasati9eedanaed H6Q.a349acaled cAIoRISIYFIIIACHE, 9681cIYaGY aatcgaaatt tgcgacgggt 720
gcagaatttg tggtcgacgg cgggtatacc gcacagtga 759 <210> 88 <211> 252 <212> PRT

[0150] in some embodiments, the polynucicoiide encodes a ketoreductase polypeptide comprising an
_amino acid sequence that is at least about 80%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99% or more identical to a reference sequence selected from 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, 34, 56,
5%, 60, 62, 64, 66, 68,70, 72, 74, 76, 78, 80, 82, 84, 86, 88,92, 94, 94, 98, 100, 102, 104, 106, 108,
and 110, where the encoded polypeptide has the features specified herein for residues corresponding

to X190 and X202, or has the features specified herein for residues X190, X195 and X202,

{61911 In some embodiments, the polynucleotides encoding the engineered ketoreductases are
selected from SEQ IDNO: 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, 63,95, 97, 99,
101, 103, 105, 107, and 10%. In some embodiments, the polynucleotides are capabie of hybridizing
under highly stringent conditions to a polynucleotide comprising SEQ IDNO: 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, or 109, wherein the
polynucleotide hybridizing under highly stringent conditions encodes a ketoreductase polypeptide
capable of reducing or converting the substrate of formula (1) to the product of formula (IT}. In some
embodiments, the polypeptide encoded by the stringently hybridizing polynucleotide is capable of
reducing or converting the substrate of formula (I11) to the product of formula (IV). In some
embodiments, the polypeptide encoded by the stringently hybridizing polynucleotide will have the
specified enzymatic activity, and the features specified for residues corresponding to X190 and X202

or the featares specified for residues corresponding to X190, X195, and X202.

[6192] In some embodiments, the polyaucieotides encode the polypeptides deseribed herein but have
about 80% or more sequence identity, about 83%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% or more sequence identity at the nucleotide level to a reference
polynucleotide encoding the engineered ketoreductase. In some embodiments, the reference

pelynucleotide is selected from SEQ ID NQ: 5,7, 9, 11, 13, 13,17, 19, 21, 23, 25, 27, 29, 31, 33, 35,



<213> Artificial Sequence <220> <223> Variant of L. kefir <400> 88 met Thr Asp Arg Leu Lys His Lys
Val Ala lle Val Thr Gly Gly Thr 151015 Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala
202530 Ly¥ Q2PU4MEE%thr Gly Arg His Ala Asp val Gly Glu Lys Ala Ala 35H€/I§E%J§%Pﬂéﬁely Gly Thr
Asp Val lle Arg Phe Val GIn His Asp Ala 505560 Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr
Glu Glu Ala 65 70 75 80 Phe Gly Pro val Thr Thr val val Asn Asn Ala Gly lle Ala VVal Thr 859095 Lys
Ser ValGB|gAsp, ThriFhaThe, Gly BlusT g, Argdlysd 68, beusSer 100185110V al Asndsew7Asp Gly val

Phe PhgéGéx 'Bgr r%;&ﬁ@#]q(g%q_ﬁr%ly@%m% Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn

Met Ser Ser 1le 130 u el val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys

145150179360\ GlyolavRl ARG MEL Rk FE5HNRAR HEHASR fs alad.Gh:1 82170175 Lys Asp
Tyr Asp@al f\rg Val Asn\{? hyr%VaI Hiis Pro Glii/gProgﬁé Lys 180185190 %??@o Arg L}eu AS? Asp Leu Glu

Gly Trp BRI & MBHEE PETE S DITBEE A RSPFAE L THPPRE MRSy MLRE SiMBro Asn Asp
lle Ala 240215 2@0nliptedCysovad TyinkstddlmBernvAsp Ghy Berdsysithe AdecTary@hparn2 380 235 240

Ala Glu e, val Val AsR SHGIL M TR G AR LB 90TG2T018 <400>

&
90 Met Thr Asp Arg Leu Lys His Lﬁ;s Val Ala Ileli%agf%r éviy Gly Thr 151015 Leu Gly lle Gly Leu Ala lle
Ala AspHii&imhsogabeii Gl SRERrivo 530 kyaradntsate ThideicArgridaladepRrarialy Glu Lys
Ala Ala 354045 hyseaerdleiSiySly TivoAsp-valdieArgPbe \(aiGiphisrAspAlakeabeger Asp Glu
Ala Gly Trp Thr Lys Leu Phe Thr Thr,.Glu Glu Ala.65 7075 80 Phe, Gly Pro hr Thr val Val Asn
Asn Alaaécryg?ére ‘éjé{fa{?ﬁ%rig 5%{%95 l&%\’/& géﬁg?oeﬁzhr(}f%’fi ﬁ'ﬁ?rl Gﬁjsgg{fﬁa%f;{g% ﬂ}é—%éu Leu Ser

100105118l Asn Leu Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle GIn Arg 115120125 Met Lys Asn
Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lle 130135140 Glu Gly Leu Val Gly Asp Pro Thr Leu
Gly Ala FP&?ﬂngAPé@éPL%*&%élié@ﬁ%iB@@Wﬁlﬁ)’v’éﬂ%‘@% fEepistrsiar PO RSRICS K4 Leu Asp Cys
Ala Leucbebht8lofahk yscAsp diydiAse, MalwrieghiardsmcEhodahtlis-Rnalely. Psb He dpyso130185190 Thr

Pro Leu ey é\%cg FRP &G SR Bl Gl M etn'é"@%%é%@g 22290200 Arg LOLLys, Thr Pro Met
Gly His ﬁ)e Gﬂ/ ﬁ_J Pro Agn_ Asp lle Ala 210215220 Trp Ife ys Val Tyr Leu A?a Ser Asp Glu Ser Lys
Phe Ala(SehP GRFGIS: 3801 335 s AUHATIGIE B Al X e A& @y @R g Tiak i Gk 288950 <210>
91 37624(t&ene (amyM), Bacillus amyloliguefaciens alpha-amylase gene (amyQ), Bacillus

licheniformis peniciliinase 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).

[0195] For filamentous fungal host cells, suitable promoters for directing the transcription of the
nucleic acid constructs of the present diselosure inciude promoters obtained from the genes for
Aspergillus oryzae TAKA amylase, Rhizomucor miehel aspartic proteinase, Aspergiilus niger neutral
alpha-amylase, Aspergillus niger acid stable alpha-amylase, Aspergillus niger or Aspergillus awamori
glucoamylase {glaA), Rhizomucor miehel hipase, Aspergillus oryzae alkaline protease, Aspergillus
oryzae triose phosphate isomerase, Aspergilius nidulans acetamidase, and Fusarium oxysporum
irypsin-like protease (WQ 96/007873, as well as the NAZ-tpi promoter (a hybrid of the promoters
from the genes for Aspergillus niger neutral alpha-amylase and Aspergillus orvzae triose phosphate

isomerase), and mutant, truncated, and hybrid promoters thereof.

[0196] In a yeast host, useful promoters can be from the genes for Saccharomyces cerevisiae enolase
(ENO-1), Saccharomyces cerevisiae galactokinase (GAL1), Saccharomyces cerevisiae alcohol
dehvdrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADHZ2/GAP), and Saccharomyces
cerevisiae 3-phosphoglycerate kinase, Other useful promoters for yeast host cells are described by
Romanos et al., 1992, Yeasr 8:423-488,

[0197} The control sequence may also be a suitabie franscription terminator sequence, a sequence

recognized by a host cell to terminate transcription, The terminator sequence is operably linked to the
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<211> 759 <212> DNA <213> Artificial Sequence <220> <223> Variant of L. kefir <400> 91

atgaccgatc gtctgaagca taaagtagcc atcgtaaccg gcgggacact gggtatcggt 60 t ataaatt
tgtagaggaé‘%g?t‘g'c? Oa%%gé tagttattac tggtcgtcac 120 gcggatgtag gtgaaaaggcti%:%ggf?ﬁa%g‘?g@%agpéggcggca

ctgatgttat tcgctttgtc 180 cagcacgatg cgtccgatga agcaggctgg acgaaactgt tcgacaccac cgaggaggca 240
ttcggcccgg ttacgaccgt cgtgaacaat gcagggattg cagttacaaa aagcgttgaa 300 gacactacca cggaggaatg

gcgtaadttgroigtscytie atcliggatgd dgittittic S60dggchepodtedygygcaticaegugeatgabiabataacgget

t999caGiag CRIGHGR 402 AlRAGANE: 110R09AQC GagRsGgat ccgacgetgg gggeatacaa cgcticcaag 480
ggggcggtac gtatcatgtc gaaaagcgca gcgcetggatt gcgcactgaa ggactacgat 540 gtgegtgtca acacagtaca

tcCygoCcmeoRITaRgRLEFICIKIAGICOR TgRGIgIAERGGRI00E FugRaRIgatiaie AtAgcgIacgaaaaccccta
tgggccacgb%incd from the genes for dspergillus oryzae TAKA amylase, Aspergilius niger ghicoamylase,
Aspergillus nidulans anthranilate synthase, Aspergillus niger aipha-glucosidase, and Fusarium

oxysporum trypsin-tike protease.

[0199] Exemplary terminators for veast host cells can be obtained from the genes for Saccharomyces
cerevisiae enolase, Succharomyces cerevisine cytochrome C (CYC1), and Saccharomyces cerevigioe
elyceraldehyde-3-phosphate dehydrogenase., Other useful terminators for yeast host cells are

described by Romanos et al,, 1992, supra.

10200] The control sequence may also be a suitable leader sequence, a nontranslated region of an
mRNA that is important for translation by the host cell. The leader sequence is operably linked to the
5" terminus of the nucleic acid sequence encoding the polypeptide. Any leader sequence that is
functional in the host cell of choice may be used. Exemplary leaders mclude M13 phage plil leader
sequence, £, coli maltose binding protein leader sequence, and E. coli. pelB leader sequence. Leader
sequences for filamentous fungal host cells can be obtained from the genes for Aspergilius oryzae
TAKA amyiase and Aspergillus nidulans triose phosphate isomerase. Suitable leaders for yeast host
cells are obtained from the gencs for Saccharomyces cerevisiae enolase (ENO-1), Saccharomyces
cerevisiae 3-phosphoglycerate kinase, Saccharomyces cerevisiae alpha-factor, and Saccharomyces

cerevisiae alcobhol dehydrogenase/glveeraldehyde-3-phosphate dehydrogenase (ADH2/GAP).

[0201] The controi sequence may also be a polyadenylation sequence, a sequence operably linked to
the 3" terminus of the nucleic acid sequence and which, when transcribed, is recogmzed by the host
cell as a signal to add polyadenosine residues to transcribed mRNA, Any polyadenylation sequence
which is functional in the host cell of choice may be used in the present invention. Exemplary
polyadenylation sequences for filamentous fungal host cells can be from the genes for Aspergilius
oryzae TAKA amylase, Aspergillus niger glacoamylase, Aspergillus nidulans anthranilate synthase,
Fusarium oxysporum trypsin-like protease, and Aspergillus niger alpha-glucosidase. Useful
polyadenylation sequences for yeast host cells are deseribed by Guo and Sherman, 1993, Aol Cell Bio
15:5983-5990.

[6202] The control sequence may also be a signal peptide coding region that codes for an amino acid
sequence linked to the amino terminus of a polypeptide and directs the encoded polypeptide into the
cell's secretory pathway. The 5" end of the coding sequence of the nucleic acid sequence may
inherently contain a signal peptide coding region naturally hinked in transiation reading frame with the

segment of the coding region that encodes the secreted polypeptide. Alternatively, the 5' end of the
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tggcgaaccg 660 aatgacatcg catggatctg tgtgtaccfg'i\gcatctgacg aatcgaaatt tgcgacgggt 720 gcagaatttg
tggtcgacgg@cgg%%tﬁgacc gcacagtga 759 <210> 92 <211> 252 <212> PRT <213> Artificial Sequence
<220> <2 %8t L. kefir <400> 92 Met Thr Asp Arg Leu Lys His Lﬁ%%%“i‘(&%ﬁhr Gly Gly
Thr 151015 Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala 202530 Lys val Val lle Thr
Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 354045 Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val
Gin HiscAsiMNey bbb o SenhspaGilthfllpeGiye Traithrdoys: tew P hedfspolihe dhih lsequkndla 65 70 75
80 Phe Gly Pro val Thf T_h{. al val Asn Asn A %I .IlgdAIﬁl va!ﬂgtgr@g 095 lvs fer Val Glu Asp Thr
Thr Thr% ul%fffﬂ“ ?]ﬁ’r%g LiPyls %OL\JAA 1I1_~l’é"llf;:glénr1 rlnt%lt él%(l)rvaYVAgﬁ Leu Asp Gly val Phe Phe Gly Thr Arg
Leu GlyAerain wrtaims3igmd psoist o ABEIPYs Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser lle
130135140 Glu Gly Leu Val Gly Asp Pro Thr Leu Gly Ala. Tyr Asn Ala Ser Lys 145150155160 Gly Ala
val Argfle%et S8nty e@eﬁ“ﬁ&fg’fﬁﬁf E%’vﬂ%&??@ﬁ%ﬁ%‘a’li By T RSP YFRE) Vi Arg Val Asn
Thr ValHisiRroo@hg Ripdier ysid80 t851h80sthretiRrool di belupaspdA s dvey G lenGheTrpSudGlu Met Met
Ser G'n&:&ﬁ@QQ&&?A%&J&M%I@&&&&MP%%ﬁd&’é le Gy GCRF9 @aﬁmﬂga BrllenfNa: 410215220 Trp lle
he Ala Thr Gly 225 230°235 24

Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Ala Glu Phe Val Val Asp
Gly Gly hAFTAIRARS B4 SUBO5EFSSVEOYRRLPTS <210> 93 <211> 759 <212> DNA <213> Artificial
Sequenge <220= <223> Variant of L. kefir <400> 93 atgaccgatc gtctgaagcea taaagtagee atcgtaaccg
sc0gon ot R A R S R e B om0
gcggatgteippigatimgdutybesante doafbygbggeal iy btgttarttgerie tenyBeecBgedegaty cgtccgatga

agcagoclag A9aa351at IHHRCAGEBR.CARGUR085R:4 A ICUGNEGE HACIACLOLLGIIRACRAE-gcaggygatty
cagttacaaa aagcgggaa 300 gacactacc cggag{gaatg gcgtaaactg ctgtccE tta tctggatgg t{% ttttttc 360

ggcacc T g dHHA GG A R E AR A Py aRae e CatPitc AR A 8P 43 e dgt g gggct

cgtaggogat.cégatgetgygggoatacaa ageticchbyAB0gygad fatec Hiatcalgto/gaaaagdgdygtabgcyctggatt
gcgcactgaa ggactacgat 540 gtgcgtgtca acacagtaca tccgggceccc atcaagaccc cgctgctcga tgatctggaa 600

gottggg i abffatytessrabeetady g tinacestentdgpeeacat tybyaaceyyieebs satdudhtciceatggatety
tgtgtacqigpgaatcigace.anicaarat-l0egacBIHnéL Q092G IGOCORBELCagaiatass@eatagiga 759
<210> 94 <ﬂ21@1?.{%52 <1212> PRJ;<2130> Alitificial ieeqc%gnce <220> <223> \4%riaqt .01; L. kefir <400> 94
Met Thr & R TSIV HIZETERAArAR fEVAPTRF Gl ERHHF TS161E TR G T8ty Leu Ala lle Ala
Asp Ly ey alGirGleBlipalar0Z580d4 ysnvieatineal lieaFhir Gly Arg His Ala Asp Val Gly Glu Lys Ala
Ala 354045 Lys Ser lle Gly Gly Thr Asp Val lle Arg Phe Val GIn His Asp Ala 505560 Ser Asp Glu Ala
Gly Trp il y5 158 PHelRepiRT PhY@ilheirdinces o fggphe genes for Succharomyces

cerevisiae alpha-factor and Saccharomyces cerevisiae invertase. Other useful signal peptide coding

regions are described by Romanos et al., 1992, supra.

(8207} The control sequence may also be a propeptide coding region that codes for an amino acid
sequence positioned at the amino terminus of a polypeptide. The resultant polypeptide is known as a
proenzyme or propolypeptide (or a zymogen in some cases). A propolypeptide is generally inactive
and can be converted to a mature active polypeptide by catalytic or autocatalytic cleavage of the
propeptide from the propolypeptide. The propeptide coding region may be obtained from the genes
for Bacillus subiilis alkaline protease (aprE), Bacillus subtilis neutral protease (npr'l), Saccharomyces
cerevisiae alpha-factor, Rhizomucor miehei aspartic proteinase, and Myceliophihora thermophila

lactase (WO 95/33836).

[8208] Where both signal pentide and propeptide regions are present at the 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.

10209} 1t may also be desirable to add regulatory sequences, which allow the regulation of the
expression of the polypepiide relative to the growth of the host cell, Examples of regmiatory systems

arc those which cause the expression of the gene to be turned on or off in response to a chemical or
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Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala Val Thr 859095 Lys Ser Val Glu Asp Thr Thr

Thr Glu Glu Trp Arg Lys Leu Leu Ser 100105110 Val Asn Leu Asp Gly V E\/(% é@e #ﬂ‘ Arg Leu
Gly lle Glnwﬁé)%@gﬁéizs Met Lys Asn Lys Gly Leu Gly Ala Ser Ile lle A?Fm jpetSP P Je%” % 130135140

Glu Gly Leu Val Gly Asp Pro Thr Leu Gly Ala Tyr Asn Ala Ser Lys 145150155160 Gly Ala Val Arg lle
Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu 165170175 Lys Asp Tyr Asp val Arg Val Asn Thr Val His
Pro GlypRyeidée sbysd80 bR Thrreice wilewdspoAspieoGlu 16 yrdupyGlu Bl dvdét Met Ser Gin

19520%9&@%;@&5’3'5 Qjem Maﬁé%'m&]@cg%%%é?aéﬁ sRdle,N2,elifR13220 Trp lle Cys Val

Tyr Leu Ala Ser'Asp er Lys Phe Ala Thr G 0 235 240 Ala Glu Phe Val Val Asp Gly Gly
Tyr ThroaighlsircedsonosysirepArciis eoagas by APHEGEIY Gl 25198 ARRRFYetuence
<220> f2d3xarianteidkokelinrd0iRhde atgpesgaitpicigaageatanagiagpe aligiaaeeg gcgggacact

gggtatcggt 60 ttggcaatcg ccgataaatt t agga tgcgaaag tagttattac tggtcgtcac 120 gcggatgtag
gtgaaa ggjcgacﬁgiyc%%eapétac%gg?égﬁé@%{()%gcg@a%ﬁ?fgﬁ%g%%% T8 rgé%oég(:gatg cgtccgatga agcaggctgg

acgaa{atﬁigm gg&@ﬁ%ﬁ%@@?&@%‘:&a@g%@uﬁ% %&%&%W@%ﬁ%ﬁgﬁ%‘g gAgttacaaa
aagcgttgaa 300 gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtitttttc gcacccgtc
tgggcattPAGEYKatGEE dAtsa Ty tﬂj‘ﬁ§8§%§£§°B’é‘?é%‘ﬂBgtéfe4%%t‘§%ﬁ%éﬁ5W?b‘£ B Qfg?%cécgat

ccgacgeiyg-gogeaiacaalaciecaagh480iggggsggtac gtatcapljitcgaakdgegcageictggattgcgcactgaa
ggaaac(%@és, the nucleic acid sequence encoding the KRED polypeptide of the present invention would be

operably linked with the regulatory sequence.

[0211] Thus, in another embodiment, the present disclosure is also directed to a recombinant
expression vector comprising a polynucieotide encoding an engineered ketoreductase polypeptide or a
variant thereof, and one or more expression regulating regions such as a promoter and a terminator, a
replication origin, etc., depending on the type of hosts into which they are to be introduced. The
various nucleic acid and control sequences described above may be joined together to produce a
recombinant expression vector which may include one or more convenient restriction sites to allow
for insertion or substitution of the nucleic acid sequence encoding the polypeptide at such sites.
Alternatively, the nucleic acid sequence of the present disclosure may be expressed by inserting the
nucleic acid sequence or a nucleic acid construct comprising the sequence into an appropriate vector
for expression. In creating the expression vector, the coding sequence s located in the vector so that

the coding sequence is operably linked with the appropriate control sequences for expression.

[0212] The recombinant expression vector may be any vector (e.g., a plasmid or virus), which can be
conveniently subjected to recombinant DNA procedures and can bring about the expression of the
polynucleotide sequence. The choice of the vector will typically depend on the compatibility of the
vector with the host cell into which the vector is to be introduced. The vectors may be linear or closed

circular plasmids.

[0213] The expression vector may be an autonomously replicating vector, i.e., a vector that exists as
an extrachromosomal entity, the replication of which is independent of chromosomal replication, e.g.,
a plasmid, an extrachromosomal element, a minichromosome, or an artificial chromosome. The
vector may contain any means for assuring self-replication. Alternatively, the vector may be one
which, when introduced into the host cell, is integrated into the genome and replicated together with
the chromosome(s) into which it has been integrated. Furthermore, a single vector or plasmid or two
or more vectors or plasmids which together contain the total DNA to be introduced into the genome of

the host cell, or a transposcn may be used.
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540 gtgcgtgtca acacagtaca tccgggcccc atcaagaccc cggatctcga tgatctggaa 600 ggttgggagg aaatgatgtc
acagcgtacg aaaaccccta tgggccacat tggcgaaccg 660 aatgacatcg catggatctg tgtgtacctg gcatctgacg
aatcgaaatt%[&caﬁlgéiéa%gfzo gcagaatttg tggtcgacgg cgggtatacc gcacagtga %ggf%éz ‘5’% %211> 252
<212> PRT <213> Atrtificial Sequence <220> <223> Variant of L. kefir <400> 96 Met Thr Asp Arg Leu
Lys His Lys Val Ala lle Val Thr Gly Gly Thr 151015 Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Glu
Glu Glyjsta42 0P&36 hiyss Malk Mabi lef Tampshy i igvilis oA lprdispbilat Giyids lonk ys Adec Ad381045 Lys Ser lle

O SVIKASRMBLIEAIGEISKA G s ARaRb 00 RELASHGIAA Sl HPoIDRLYS Leu Fhe

Asp Thr Thr Glu Glu Ala 65 70 75 80 Phe Gly Pro Val Thi Thr Val Val Asn Asni Ala Gly lle Ala Val Thr
8590959 yeh 5B il dSHIB ST THAThICEIHISTu TYSNEg 1S euncals SurteBoris210 Val Asn Leu
Asp Glya¥alRfie; Rihe &lYidhreisgpies By deri@inAeanld mb2Qi2bMet dy sAsattys Ghiteu Gly Ala Ser
lle lle Asir% et S%%S r I}ek13 135140 G|lf(G|y e;éhvarlafg%ﬁﬁ Dtl%r%STanlaeléjuc IygAI% T¥LASN Ala Ser
Lys 14518615878 lff/ Kia Val ?’r‘sg e fet'Se tysc§er Ala Ala Leu Asp Cys AR T 1&170175 Lys
Asp Tyrammveh AtgovatphercphBrainglis Pro Sipd@ebitadsiptang0 IRS100 MkPrIASpabdwAsp Asp Leu

Glu Gly I Slu et Mgt MetSernGign 1062200209 Arddiiik kys Thr Pro Met Gly His lle Gly Glu Pro Asn
Asp lle Ala 210215220 Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly 225 230 235

240 Alaj@&isP f%i&fﬁib\%aﬂnéigﬁrgbt oyl yrfildmoAtauGim24 3050 Rbgel v, BAG247-0181k210> 97 <211>
759 <2 la%d?ﬁcﬁ‘:t&%%ﬂ%?eﬁaﬁ%@ I(%'rr%ﬁ%e&?gaé%%grﬁnééga%g} ,\@f'@ﬂ%&)ﬁhﬁo‘%ﬁ% i g{pc%?klsgm fcraésg accgatc

gtctgaagca taaagtagcc atcgtaaccg ,
hph (hygromycin phosphotransferase), niaD (nifrate reductase), pyrG (orotidine-5'-phosphate
decarboxylase), sC (sulfate adenyltransferase), and trpC (anthranilate synthase), as well as equivalents
thereof. Embodiments for use in an Aspergilius cell mclude the amdS and pyrG genes of Aspergilius

nidulans or Aspergillus oryzae and the bar gene of Streptomyces hygroscopicus.

{62167 The expression vectors of the present invention preferably contain an clement(s) that permits
integration of the vector info the host cell's genome or autonomous replication of the vector in the cell
independent of the genome. For 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.

[0217] Alternatively, the expression vector may contain additional nucleic acid sequences for
directing integration by homologous recombination into the genome of the host cell. The additional
nucleic acid sequences enable the vector to be integrated into the host cell genome at a precise
location(s) in the chromosome(s). To increase the likelithood of mtegration at a precise location, the
integrational elements should preferably contain a sufficient number of nucleic acids, such as 100 to
10,000 base pairs, preferably 400 to 10,000 base pairs, and most preferably 800 to 10,000 base pairs,
which are highly homologous with the corresponding target sequence to enhance the probability of
homologous recombination. The integrational elements may be any sequence that is homologous
with the target sequence in the genome of the host cell. Furthermore, the mtegrational elements may
be non-encoding or encoding nucleic acid sequences. On the other hand, the vector may be integrated

inio the genome of the host cell by non-homologous recombination.

[0218] For autonomous replication, the vector may further comprise an origin of replication enabling
the vector to replicate autonomously in the host cell in question. Examples of bacterial origins of
replcation are P15A ori (as shown in the plasmid of FIG. 5) or the origins of replication of plasmids
pBR322, pUC19, pACYC177 (which plasmid has the P15A ori), or pACY CI184 permitting replication
in E. coli, and pUB110, pE194, pTA1060, or pAM[1 permitting replication in Bacillus. Examples of
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gcgggacact gggtatcggt 60_ttggcaatcg ccgataaatt tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120

gcggatgtag gtgaaaagge cgccaaatca atcggeggea ctgatgttat tegetttgte 180 cagcacgatg cgtccgatga
agcaggctg%/%gﬂ%%{ ‘g%;t“tcgacaccac cgaggaggca 240 ttcggcccgg ttacgaccé’ggé%%cl%\"cgé%%&tﬁagggattg

cagttacaaa aagcgttgaa 300 gacactacca cggaggaatg gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360
ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag catcatcaat 420 atgagcagta ttgaggggct

cgtaggegaiecomegitgtogdgontanasy egeliceany 48GhggagconiadGiaitatgicajanaaRitycarfegctggatt
gegeacigaa gaaciacaal 40 algeelalca AG3eagiasa ISrIagecee AlaRgageC icggsicga toaiciggaa 600

ggttgggagg aaatgatgtc acagcgtacqg aaaaccccta tgggccacat tggcgaaccg 660 aatgacatcg catggatctg
tgtgtaccRy geamtgatPasisdaERg @g@@tﬁ@@ggﬁ@iﬁh makes it’s functioning temperature-sensitive m the
host cell (see, e.g., Ehrlich, 1978, Proc Natl Acad Sci. USA 75:1433).

[0219] More than one copy of a nucleic acid sequence of the present invention may be inserted into
the host cel! to increase production of the gene product. An increase in the copy number of the
nucleic acid sequence can be obtained by integrating at least one additional copy of the sequence into
the host ¢celi genome or by including an amplifiable selectable marker gene with the nucleic acid
sequence where cells containing amphified copies 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.

[0220] Many of the expression vectors for use i the present invention are commercially available.
Suitable commercial expression vectors include p3xFLAGTM™ expression vectors from Sigma-
Aldrich Chemicals, St. Louis MO., which includes a CMV promoter and hGH polyadenylation site
for expression m mammalian host cells and a pBR322 origin of replication and ampicillin resistance
markeré for amplification in E. coli. Other suitable expression vectors are pBiuescriptll SK(-} and
pBK-CMV, which are commercially available from Stratagene, Lalolla CA, and plasmids which are
derived from pBR322 {Gibco BRL), pUC (Gibeo BRL), pREP4, pCEP4 (Invitrogen) or pPoly (Lathe
et al., 1987, Gene 57:193-201}.

6.4 Host Cells for Expression of Ketoreductase Polypeptides

[0221] In another aspect, the present disclosure provides a host cell comprising a polynucleotide
encoding an improved ketoreductase polypeptide of the present disclosure, the polynucleotide being
operatively linked to one or more control sequences for expression of the ketoreductase enzyme tn the
host cell. Host cells for use in expressing the KRED polypeptides encoded by the expression vectors
of the present invention are well known in the art and include but are not limited to, bacterial cells,
such as E. coli, Lactobacillus kefir, Lactobacillus brevis, Lactobacillus minor, Streptomyces and
Salmonella typhimurium cells; fungal cells, such as yeast cells (e.g., Saccharomyces cerevisiae or
Pichia pastoris {(ATCC Accession No. 201178)); insect cells such as Drosophila 52 and Spodoptera
S5 cells; animal cells such as CHO, COS, BHK, 293, and Bowes melanoma cells; and plant cells.
Appropriate culture mediums and growth conditions for the above-described host cells are well

known in the art,

[6222} Polynucleotides for expression of the ketoreductase may be introduced into cells by various

methods known in the art. Techniques include among others, electroporation, biolistic particle
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120 gcagaatttg tggtcgacgg cgggtatacc gcacagtga 759 <210> 98 <211> 252 <212> PRT <213>
Artificial Sequence <220> <223> variant of L. kefir <400> 98 Met Thr Asp Leu Lys His Lys Val Ala
lle Val ThrtR2e80/%A18451015 Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phé"?i{Pé%Bf’ 0 Ala
202530 Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 354045 Lys Ser lle Gly Gly Thr
Asp Val lle Arg Phe Val GIn His Asp Ala 505560 Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe Asp Thr Thr
Glu GlubAdaeanfehi! ﬁlﬁ@oﬁi&enaﬁa@d@réﬁaf&ﬂlﬁ[ hﬁlM&h\éalo%ﬂe wABRfAkeof bh@rdlapidal k859095 Lys
Ser Val Glu As r.rar lu Célu Ir S.Leu 100105 1 S Asp Gly val
Phe Phé%él(i/ El'ﬁe-[ ?SSLPS{JH fle'& I%OK " %%’bfﬁ%b etviys Asl?f fﬁg%l?/hﬁgﬁ% y"lli&{fz:lé Ser lle lle Asn

Met Ser&@éﬂ'%%%ﬁﬁl&%@ W&alg k@éhé/@%@lyoﬁ&pﬁ!@ TheL&H QAR AN Han Ale.SeY Lys
145150155160 Gly Ala Val Arg IIe Met Ser Lys Ser Ala Ala Leu Asp Cys Ala L eu 165170175 Lys Asp

Tyr AspP08TRYS X/%?]ﬂ’éma’r’ﬁr‘%‘l poildpracesirpes i’épﬁ‘ifﬂéﬁi’ééi‘&@*@rﬁﬂ%‘ﬁ #E8u Asp Asp Leu Glu
Gly TrpGkIIGI0Metdviat Seiitkkl 1052 002A66nAxg: Thddrysifhl Pithdet] Glyrédis|sT@p-@tesfeo Asn Asp

lle Ala %9%??@8901{@ é@ &}e@ Nglol rnlowep @ﬁ@ﬁ Aﬁ%@ &éﬁﬁ%&t}% @&hg géer 2251230 235 240

Ala Glu Phe Val Val Asp Gly Gly TYyF T Gin Page 5 018 245250 <210>
99 <21ﬂ‘%@’@@?ﬁ%ﬂfﬁ\p@bﬁgeﬁ?ﬁﬁéﬁ’a@‘géﬂde”’r‘fbéf’éﬁég Q???ﬁ“\‘z’ﬁff‘&rﬁyo‘i‘l@eﬁ@ﬁ% thg et 99

atgaccoatchginigprgsafagagiagec atcgtaaccg gcgggacact gggtatcggt 60 ttggcaatcg ccgataaatt
tgtagaggag ggtgcgaaag tagttattac tggtcgtcac 120 gcggatgtag gtgaaaaggc cgccaaatca atcggcggea
ctgatgttat tcgcthtgtc 180cthods of Generating Engineered Ketoreductase Polypeptides.
[0224] In some embodiments, to make the improved KRED polynucleotides and polypeptides of the
present disclosure, the naturally-occurring ketoreductase enzyme that catalyzes the reduction reaction
1s obtained (or derived) from Lactobacillus kefir or Lactobacillus brevis or Lactobacillus minor. In
some embodiments, the parent polynucleotide sequence is codon optimized to enhance expression of
the ketoreductase in a specified host cell. As an illustration, the parental polynucieotide sequence
encoding the wild-type KRED polypeptide of Lactobacillus kefir was constructed from
oligonucleotides prepared based upon the known polypeptide sequence of Laciobacillus kefir KRED
sequence available in Genbank database (Genbank accession no. AAP94029 G1:33112056). The
parental polynucleotide sequence, designated as SEQ ID NO: 1, was coden optimized for expression
in E. coli and the codon-optimized polynucieotide cloned into an expression vector, placing the
expression of the ketoreductase gene under the control of the lac promoter and lacl repressor gene,
Clones expressing the active ketoreductase in E. coli were identified and the genes sequenced to
confirm their identity. The sequence designated (SEQ ID NO: 1) was the parent sequence utilized as
the starting point for most experiments and library construction of engineered ketoreductases evolved

from the Lactobacillus kefir ketoreductase.

[0225] The engineered ketoreductases can be obtained by subjecting the polynucleotide encoding the
naturally occurring ketoreductase to mutagenesis and/or directed evolution methods, as discussed
above. An exemplary directed evolution technigue is mutagenesis and/or DNA shuffling as described
in Stemmet, 1994, Proc Natl Acad Sci USA 91:10747-10751; WO 95/22625; WO 97/0678; WO
97/35966; WO 98/27230; WO 00/42651; WO 01/75767 and U.S. Pat. 6,537,746. Other directed
evolution procedures that can be used include, among others, staggered extension process (StEP), in
vitro recombination (Zhao et al., 1998, Nai. Biotechnol. 16:258-261), mutagenic PCR {Caldwell et
al., 1994, PCR Methods Appl. 3:5136-S140), and cassetic mutagenesis (Black et al., 1996, Proc Natl
Acad Sci US4 93:3525-3529), Additional mutagenesis and directed evolution techniques useful for

the purposes herein can be found in the following references: Ling, et al., 1997, “Approaches to DNA
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i

cagcacgatg cgtccgatga agcaggctgg acgaaactgt tcgacaccac cgaggaggca 240 ttcggeccgg ttacgaccgt

cgtgaacaat gc agttacaaa aagcgttgaa 300 gacactacca cggaggaa tccgtta
B A 220

atctggatg ggcacccgtc tgggcattca gcgcatgaaa aataaaggct tgggcgctag ¢

atgagcagta ttttggggct cgtaggcgat ccgacgetgg gggcatacaa cgcttccaag 480 ggggeggtac gtatcatgte
gaaaagcgca gcgctggatt gcgcactgaa ggactacgat 540 gtgcgtgtca acacagtaca tccgggecce atcaagacce
cgctgctogdatyatsig gaa 600 gotidggadydaatgatftt dtadighady dabadéctdtygyedacadiggcgaaccyg 660

aatgacaifo. CAIgalaiiNBCHO Sra HIRACY ARICIARALLIBARACOAD!: £ 40rasagaattig Jagtegacgg
cgggtatacc gcacagtga 759 <210> 100 <211> 252 <212> PRT <213> Artificial Sequence <220>

<223> &&?i&%t’ ¥, Retiedngastiss et thf RsF Ay LEGAVCHIBYE VAl Bd O VATRREEly Gly Thr
15101 5ehé apiiyies by hevidlmtedahS Lysheoval G Bly GiyeA 9202530 tiysMdl Val lle Thr Gly

Arg Hisﬁ%;!%%%@si&’ Al Gl FysAa AR ER8 043 ,%é%&'ﬁlﬁbls&%{] %gﬁﬁp Vgl i, Arg e Val Gin

His Asp Ala'505560 Ser Asp Glu Ala’Gly Trp Thr Lys Leu Phe Asp Thr Thr Glu Glu Ala 65 70 75 80
Phe GlyfHs @i THEThrovaiovarmgyastsata Siyine mehpd fqrgencration of multiple mutations at

defined sites,” Gene 34:315-323; Minshull et al., 1999, “Protein evolution by molecular breeding,”
Curr Opin Chem Biol 3:284-290; Christians et al., 1999, “Directed evolution of thymidine kinase for
AZT phosphorylation using DNA family shuffling,” Nature Biotech 17:259-264; Crameri et al., 1998,
“DNA shuffling of a family of genes from diverse species accelerates directed evolution,” Nature
391:288-291; Crameri et al., 1997, “Molecuiar evolution of an arsenate detoxification pathway by
DNA shuffling,” Nature Biotech 15:436-438; Zhang et al., 1997, “Directed evolution of an effective
fructosidase from a galactosidase by DNA shuffling and screening,” Froc Natl Acad Sci USA 94:45-4-
4509; Crameri et al., 1996, “Improved green fluorescent protein by molecular evolution using DNA
shuffliing,” Nature Biotech 14:315-319; and Stemmer, 1994, “Rapid evolution of a protein in vitro by

DNA shuffling,” Nature 370:389-391. All publications are incorporated herein by reference.

[6226] The clones obtained following mutagenesis treatment are screened for engineered
ketoreductases having a desired improved enzyme property, Measuring enzyme activity from the
expression Hbraries can be performed using the standard biochemistry technique of monitoring the
rate of decrease {via a decrease in absorbance or fluorescence) of NADH or NADPH concentration, as
it is converted into NAD" or NADP®, In this reaction, the NADH or NADPH is consumed (oxidized)
by the ketoreductase as the ketoreductase reduces a ketone substrate to the corresponding hydroxyl
group. The rate of decrease of NADH or NADPH concentration, as measured by the decrease in
absorbance or fizorescence, per unit time indicates the relative (enzymatic) activity of the KRED
polypeptide in a fixed amount of the lysate (or a Ivophilized powder made therefrom). Where the
improved enzyme property desired 18 thermal stability, enzyme activity may be measured after
subjecting the enzyme preparations to a defined temperature and measuring the amount of enzyme
activity remaining after heat treatments. Clones containing a polynucleotide encoding a ketoreductase
are then isolated, sequenced to identify the nucleotide sequence changes (if any), and used to express

the enzyme in a host cell.

[6227}] Where the sequence of the engineered polypeptide is known, the polynucleotides encoding
the enzyme can be prepared by standard solid-phase methods, according to known synthetic methods.
In some embodiments, fragments of up to about 100 bases can be individually synthesized, then

joined (e.g., by enzymatic or chemical litigation methods, or polymerase mediated methods) to form
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859095 Lys Ser VaI GIu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser 100105%10 val Asn Leu

Asp Gly V%IB Thr Arg Leu Gly lle GIn Arg 115120125 Met Lys &5&}8@ @# Jﬂg Gly Ala Ser
lle lle Asn e 130135140 Leu Gly Leu Val Gly Asp Pro Thr L i\ yr Asn Ala Ser

Lys 145150155160 GIy AIa Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu 165170175 Lys
Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro ,lle Lys 180185.190 Thr Pro Leu Leu Asp Asp
Leu GluGlyFrpdGhr@hridetdiars el G nag82.00 1208 wmtgiFrni pdidthndreriNte oGy MigelivoGly Glu Pro

Asn Asplig, QrQ&Z 2k 1an dekys Yahd W L edAMaser 1%@,&@\%%%&}{%%@ Al Gly
225230235240 1 376247-018 Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin 245250 <210>

101 <2 Pravysiy s 2&9@1\45‘*&%{2%2&&?%?51 S buAtedesabeS Y MAhEs Af B L RERFYAB0S 101
atgaccgate gttlgaageataaggitatjepategtddcegtgoggdacabt gggtatodgt SCctigicaatéyg ccgataaatt

tgtag aggﬁc% S9i95anaag fpgitatias lagcaicag 1 40, 4cgaataiagd 9gRAAR005. G9CARaIRa Algggcagca
ctgatgttat tcgctttgtc 180 cagcacgatg cgtccgatga agcaggctgggb @g’[ aactgt tcgacaccac E‘algagga gca 240

ttcggcc@ggftﬁ&c@a@e&flcggg%@aétc&eﬁ@gga%?@oegaﬁaég?aa HiRia SO AR ARG EG gaaty
gcgtaaasighetgicsgitenaiatggalog fgtittitier 38lggeareagiesgggealith0dgnaigaaaiaalaaaggnt

tgggtgcﬁ(ggg{lgtc aﬁéZ%gtqgg&ag}a ttga gl?%ct cg}a(?éga akcc ac tg%%g(g%g%%g acgcttccaag 480

ggggcggd atgtc gaaaagcgca gcgc t'gcgcac gga acga ca acacagtaca
tccgggc@b@ﬂ@d&g@ﬁ@@%é@t@@ﬁé@%@@ﬁ&e@@égmgb@a@g@ﬁmgatgtc acagcgtacg attaccccta
tgggccacatt cgaaccg 660 aatgacatcg catggatctg gtgtaectg catctgacg aatcgaaatt tgc acgggt 720

gcagaatlg g B GG TatHE e CRRRYR PR LS Yo hpgr b Do eesor s g Srpsiipe sl Artificial
Sequengel s2208zd2R3ndatiantiaf dnykefir 4002102 Met FirwAspeBagnlosdiok ysoldis Lys Val Ala lle Val

Thr Gly Gr}/f“ {&]fjjigl%él elé.lg;OlXG g‘ljsy é??&%c‘@ll% Jgaélgiéﬁgn@é%f gl‘yﬁlo%lga%ﬁé g’l!x)( @1'@* 202530 Lys

val val fle Th Arg HiS Ala Asp Val u Lys Ala Ala 354045 Lys Seér lle Gly Gly Thr Asp Val lle
Arg PheSpEiiesates ﬂéﬁ%@@@%ﬁ@géplﬁéb‘ SR ERAPEPRA s BIREKES<TRETHr Glu Glu

Ala 65 % ﬁ&&gs Plae: @zlthr@ M@ﬂhETd%\éaé VahAsRiAS A aGily digsAtacViald rbo095tlys Ser Val
Glu Asp_ T ThrSThr G eu Leu Ser 100105110 Val Asn Leu Asp Gly Val Phe Phe
Gly Thr Arg & ﬁm‘ile ?é}ﬁ% Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser

Ser lle J(/ %égnﬁwg%%&%&ﬁiqﬁéy fo‘rsfgolfatt(i)o]_m eSS MRy gﬁ% Op%@e%ﬁddxsa 2450155160
Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu 165170175 Lys Asp Tyr Asp Val Arg

Val AsnCHKFvEERE RS GRI PRI IRy f@@fgsffwm1@}6%@@{9&]&@9@&;%&1@6}1%@G ly Trp Glu Glu
Met MetiG e iard 2 00205 AnghdiaritlexrbhitProy et Gdyokip e GhynGlvRrbrAsnfisp He Ala

210215520 LR ”% Saldk éédﬁeﬂléé%%ﬁrfﬁ&s%ﬁh%% A ? g o&é}ﬁ: hiiR(§247-018

225230535240 Glu Phe Val Val Asp Gly Gly Tyr Thr Ala GIn 2 5250 <21 03'<2115'759 <212>
DNA <21giscalfficiilSapplentt drposiep onbWilbarprenidefpeadpyneodill in o art

[6230] Tn some embodiments, affinity fechniques may be used to isolate the improved ketoreductase
enzymes. For affinity chromatography purification, any antibody which specifically binds tiﬁc
ketoreductase polypeptide may be used. For the production of antibodies, various host animals,
including but not limited to rabbits, mice, rats, etc., may be immunized by mjection with the
ketoreductase polypeptide. The polypeptide may be attached to a suitable carrier, such as BSA, by
means of a side chain functional group or linkers attached to a side chain functional group. Various
adjuvants may be used to increase the immunological response, depending on the host species,
inchuding but not limited fo Freund’s (complete and incomplete), mineral gels such as aluminum
hydroxide, surface active substances such as Iysolecithin, piuronic polyols, polyanions, peptides, oil
emuisions, keyhole limpet hemocyanin, dinitrophenol, and potentially useful human adjuvants such as

BCG (baciili Calmette Guerin) and Corynebacterium parvum.

[0231] In some embodiments, the ketoreductases may be prepared and used in the form of cells
expressing the enzymes, as crude extracts, or as isolated or purified preparations. The ketoreductases

may be prepared as lyophilizates, in powder form (e.g., acetone powders), or prepared as enzyme
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at‘-_gtélcc':gatc gtctgaagca taaagtagcc atcgtaaccg gcgggacact gggtatcggt 60 ttggcaatcg ccgataaatt

tgtagaggag ggtacgaaaq tagttattac tggtcgtcac 120 gcggatgtag gtgaaaaggc gcggca
ctgatgttat %g%c?%@éét%}@gg’ cagcacgatg cgtccgatga agcaggctgg acgaaactgt tc]a%gg::/g@gg(c}:g c@g@%ggglaggca 240
ttcggcccgg ttacgaccgt cgtgaacaat gcagggattt gegttattaa aagegttgaa 300 gacactacca cggaggaatg

. gcgtaaactg ctgtcegtta atctggatgg tgtttttttc 360 ggcacccgtc tgggcattca gecgcatgaaa aataaaggct

tgggcgctdgticatcdicaatc4ddhadgageadia kgagdggortegtaggdydiecbgacdotdpgigyglintaraa cgcttccaag 480
gg99cggias diigatgtc gaaaagegca gegetggatt gegeactgaa ggactacgat 540 gtgegtgtea acacagtaca
tccgggceccce atcaagacce cgeggcetega tgatctggaa 600 ggttgggagg aaatgatgtc acagegtacg acaacccecta

tgggccanatiggagancts bbfraigagalcgtatggaici iglgiacaigag Catatgaed to a solid substrate.,
The substrate can be a solid phase, surface, and/or membrane. A solid support can be composed of
organic polymers such as polystyrene, polyethylene, polypropylene, polyfluoroethylene,
polyethylencoxy, and polvacrylamide, as well as co-polymers and grafts thereof. A solid support can
also be inorganic, such as glass, silica, controiled pore glass (CPG), reverse phase silica or metal, such
as gold or platinum. The configuration of the substrate can be in the form of beads, spheres, particies,
granules, a gel, @ membrane or a surface. Surfaces can be planar, substantially planar, or non-planar.
Solid supports can be porous or non-porous, and can have swelling or non-swelling characteristics. A
solid support can be configured in the form of a well, depression, or other container, vessel, feature, or
location. A plurality of supports can be configured on an array at various Jocations, addressabie for
robotic delivery of reagents, or by detection methods and/or instruments.

6.6 Methods of Using the Engineered Ketoreductase Enzymes and Compounds Prepared
Therewith

[0233] The ketoreductase enzymes described herein can catalyze the reduction of the substrate of
structural formula (1), 2-[3-[3-[2-{7-chloro-2-quinolinyl) ethenvl] phenyl}-3-oxopropyl} benzoic acid

methyl ester:

~ 5 OsOCH;

O

to the corresponding stercosiomeric product of structural formula (ID), {S,E)-methyl] 2-(3-(3-(2-(7-

chloroquinolin-2-yhvinylipheny})-3-hydroxypropybbenzoate (“the product”™):

Ou_OCHs




aatcgaaatt tgcgacgggt 720 gcagaatttg tggtcgacgg cgggtatacc gcacagtga 759 <210> 104 <211> 252
<212> PRT <213> Artificial Sequence <220> <223> Variant of L. kefir <400> 104 Met Thr Asp Arg Leu
Lys His LyS Q&"Xi84t8%/al Thr Gly Gly Thr 151015 Leu Gly lle Gly Leu Ald H& ARARER Y Phe val Glu
Glu Gly Ala 202530 Lys Val Val lle Thr Gly Arg His Ala Asp Val Gly Glu Lys Ala Ala 354045 Lys Ser lle
Gly Gly Thr Asp val lle Arg Phe Val GIn His Asp Ala 505560 Ser Asp Glu Ala Gly Trp Thr Lys Leu Phe
Asp Thit23rGlu Ghuhalartih 7ith#5, 3k Riveréllciso daldidrdEhrivad YakhsneAsmifitao Glydleziys Val lle
859095 5. S5 VA ASPAIN RN Gl Gl B ALY, e&gﬁ@q@@t 100395310 val Asn Leu
Asp Gly Val Phe Phe Gly Thr Arg Leu Gly lle GIn Arg 115120125 etL s n Lys Gly Leu Gly Ala Ser
lle lle AQWW@W@@IWI@Y@&@W@T@M iy i VEIPE) AdRP e u#hﬁ%d :Gly Ala Tyr Asn Ala Ser
Lys 145150155160 Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu 165170175 Lys
Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Pro lle Lys 180185190 Thr Pro Arg Leu Asp Asp LeU
Glu Gly Trp Glu Glu Met Met Ser Q5206 PRt Gly His lle Gly Glu Pro Asn
Asp lle Ala 210215220 Page 53 3} ~'
Thr Gly 225 230 235 240 Ala GHi Ph&'Va N'al ASp G 245250 <210> 105 <211>
759 <212> DNA <213> Atrtificial Sequence <220> <22 fir <400> 105 atgaccgatc
gtctgaagca taaagtagcc atcgtaaccg gcgggacact gggtatcggt 60 ttggcaatcg ccgataaatt tgtagaggag
ggtgcgaaag tagttattac tggtcgtcac 120 gcggatgtag gtgaaaaggc cgccaaatca atcggceggca ctgatgttat
tcgctttgtc 180 cagcacgatg cgtccgatga agcaggctgg acgaaactgt tcgacaccac cgaggaggtt 240 ttcggcccgg

ttacgacgggh%&zg&?gggi a9a9alg.§ %%@%?Qﬁ&ﬁﬁ%ﬁ%@a%ﬁ@a@% Ga £99pagaaty gegtaaactg
ctgtccgtta atctggatgg tgfttttttc 360 gcacccg&g tgggcattca gcgcatgaaa aatal éﬁg ct tgggcgctag

catcatcSAASH R Ryc ARGy Y ot Cotady ey B Aty g R ayeRtResz "8t §§ggcggtac

gtatcatgtergadaagegca gigetggattgpgaacigasuggantacdainbAd (@igegtgtca acacagtaca tccgggecce
atcaagaccc cgcgtctcga tgatctggaa 600 ggttgggagg aaatgatgtc acagcgtacg gtaaccccta tgggccacat
tggcgaaccg 660 aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 gcagaatttg
hs2463 106 <211> 2520<H212$%9T 213> Artificial Sequence
6 Mt Thr Asp Arg ¥eU Lys His Lys Val Ala lle Val Thr Gly

Ala 202530 Lys Val val

GIy Thr Asp Val lle Arg Phe
Val Gin His Asp Ala 505560 Ser Asp Glu Ala Gly Trp T ys Leu Phe ASp Thr Thr Glu Glu Val 65 70
75 80 Phe Gly Pro Val Thr Thr Val Val Asn Asn Ala Gly lle Ala val Cys 859095 Lys Ser Val Glu Asp
Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser 100105110 Val Asn Leu Asp Gly val Phe Phe Gly Thr
Arg Leta Gly lle Gin Arg 115120125 Met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn met Ser Ser lle
1301351%%@1@%@@%@9%& BrTPRrtses ehPARPTY PR Al R oasrd e Pi%bPE 5160

reducing the substrate having the chemical formula (I) or (11 to the corresponding product, where the
method comprises contacting or incubating the substrate with any one {or more) of the ketoreductase
polypeptides described herein under reaction conditions suitable for reducing or converting the

substrate to the product of formula (I1) or formula (IV), respectively.

[6236] In some embodiments of the method for reducing the substrate to the product, the
ketoreductase polypeptide, as compared to the wild-type L. kefir or L. brevis or L. minor KRED
sequences of SEQ ID NO:4, 2 and 114, have at least the following features: (1} residue corresponding
to X190 is a constrained residue and (2) residue corresponding to X202 is an aromatic residue. In
some embodiments, the ketoreductase polypeptide, as compared to the wild-type L. kefir or L. brevis
or L. minor KRED sequences of SEQ ID NO:4, 2 and 114, bave at least the following features: (1)
residue corresponding to X190 is a constrained residue; (2} residue corresponding to 195 is a basic,

- acidic, or polar residue; and {3) residue corresponding to X202 is an aromatic residue.

[0237] In some embodiments of the method for reducing the substrate to the product, the substrate is

reduced to the product in greater than about 99% stereomeric excess, wherein the ketoreductase
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e

Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu 165170175 Lys Asp Tyr Asp Val Arg

Val Asn T%(\{%M;&%& Gly Pro lle Lys 180185190 Thr Pro Arg Leu Asp A3i- kYl fadyeTrp Glu Giu
Met Met Ser Gin 195200205 Arg Thr Val Thr Pro Met Gly His lle Gly Glu Pro Asn Asp lle Ala Page 54

376247-018 210215220 Trp lle Cys Val Tyr Leu Ala Ser Asp Glu Ser Lys Phe Ala Thr Gly
225230235240 Ala Glu Phe Val val Asp Gly Gly Tyr Thr Ala Gin 245250 <210> 107 <211> 759 <212>
DNA <ZE3sratiticiamBesseneaarp 0 ap3spoadidftbfLIKSRP<ad03 107 4 dfacedaté gittgaagea
taaagtagecategiaacey geagoacact 49aaleggbitggcaatey fcealaastt gngaguagggeyegaaag

tagttattg% tgg.t gtggc%gg,zgog%czgggt%agggii%a?:%gﬂg Af:ggga]%%tclal 5‘%99%99?% ctgatgttat tcgctttgtc 180

cagcacgdatg tdtccgatga agtgygctgg acgaaa: Ccgacaccac cgdggaggca 240 ttcggcccgg ttacgaccgt

cotg aa‘%'ﬁ%QC%QQ%QEB%SME%%%%Q%Q@cﬁféf’l@(ﬂl@&@‘%ﬁ%%sﬁ%%g%@ﬁ%&?&}%ﬁ@ﬁ@aﬁ&ﬁccgﬁa
atctgga gg tgtttttttc 360 ggcacccgtc tgqgcattca gcgcatgaaa aataaaggct tgggcgcta .

5% of the substrate 15 converted to the product in less than about 24 hours when carried out with
greater than about 100 g/L. of substrate and less than about 5 g/L of the polypeptide, wherein the

polypeptide comprises an amino acid sequence corresponding to SEQ ID NO: 6, §, 14, 16, and 20.

[0239] Tn some embodiments of the method for reducing the substrate to the product, at least about
10-20% of 1 g/1. substrate is converted to the product in less than about 24 hours with about 10 g/L of
the polypeptide, wherein the polypeptide comprises an amino acid sequence corresponding to 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, 111, or
112,

[0240] In some embodiments, the ketoreductase polypeptides provided herein can be used in the

production of intermediates for the synthesis of the compound of the structural formula (V)

COOH
HO

(V)
cl

mncluding solvates, hydrates, and pharmaceutically acceptable saits thereof. The compound of
formula (V), 2-[1-[[(1R)-1-[3-[(E)-2-(7-chiorogquinolin-2-ylethenyl|phenyl]-3-[2-(2-hydroxypropan-
2-yhphenyl]propylisulfanyimethylicyclopropyllacetic acid, also known as Montelukast, is available
" commercially in the sodium salt form shown in formula (Va) (i.e., sodium (R, E)-2-(1-((1-(3-(2(7-
chloroguinolin-2-ylvinyliphenyl)-3-(2-(2-hydroexypropan-2-
yhphenyhpropylthio)ymethytcyclopropyljacetate):
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catcatcaat 420 atgagcagta ttgaggggct tgtaggcgat ccgacgetgg gggcatacaa cgcttccaag 480 ggggeggtac

gtatcatgtc gaaaagegsa gcactggatt gegeactgaa ggactttgat 540 gtgegtgica agacaalaea fecgggeece
atcaagaccc cgcggctcga tgagctggaa 600 ggttgggagg aaatgatgtc acagegtacg gtaaccccta tgggccacat

tggcgaaccg 660 aatgacatcg catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 gcagaatttg
tggtcgacgg cgggtatacc gcacagtga 759 <210> 108 <211> 252 <212> PRT <213> Artificial sequence
<220> 48243} Vraressripd aliatir wiioos o et hy Asprady eweluipst iis leykoyiadualeedietvtal Thr Gly Gly

T o G e B B R e v P

r Gly Arg His Ala_Asp Val Gly. a Ala s Ser y Gly Thr Asp Val lle Arg Phe
Ul G R R ot S e TR T L ST BREAES T AT, Al
6570758hRhés&l\eRrdNalPTantTHr. valodad 7AsnAsmilenBlyliBentCysthadyner8508bntsyskser Val Glu
ASD TG T FHGG G TR Y5 it A S A0HOSA10NRIASN LS Gl Phe Phe Gy

Thr Arg Leu Gly lle Gin Arg 115120125 met Lys Asn Lys Gly Leu Gly Ala Ser lle lle Asn Met Ser Ser
lle 13038 T4T IS KPTB VA Ciy #eh PHor PRI SIS IR T FASH 008 S8R {R I5186T55 160 Gly
Ala Val &igrieiMat San b¥siGetitadallepiipOys dda dsate 1684 20ARRons suitable for

reducing or converting the substrate to the product of formula (I1).

f0242] In some embodiments, the compound of formula (V) can be synthesized from the compound
of formula (II) as illustrated in Scheme I and as described in US application publications

20070135480 and 20050245568.

N
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Lys Asp Phe Asp val Arg val Asn Thr val His Pro Gly Pro lle Lys 180185190 Thr Pro Arg Leu Asp Glu

Leu Glu G{%QT @?Hrﬂﬁ% Met Met Ser Gin 195200205 Page 55 376247- Ol%%f){%ze@i}/ﬁb r Pro Met

Gly His Il ro Asn Asp lle Ala 210215220 Trp lle Cys Val Tyr Le sp Glu Ser Lys

Phe Ala Thr Gly 225 230 235 240 Ala Glu Phe Val Val Asp Gly Gly Tyr Thr Ala Gin 245250 <210> 109
<211> 759 <212> DNA <213> Artificial Sequence <220> <223> Variant of L. kefir <400> 109
atgaccgatc gtctgaagca taaagtagce.atcgtaaccg gcgggacact gagtateegt 60 ttggcaatcg ccgataaatt
tgtagaggag ggtgcgaaag tagttatts gtcg cac 120 gcg G gtag 9t N aaaaggc cgccaaatca atcggcggca

gcgtaaactg ctgtccgtta atctggatgg tgtttttttc 360 ggacccgtc tgggcattca gcgcatgaaa aataaaggct
tgggcgctag catcatcaat 420 atgagcagta (In

{>\/CHZCOOR
HO

CHZS

Ci

{Vb)

Scheme 1
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ttgaggggét cgtaggcgat ccgacgcetgg gggcatacaa cgcttccaag 480 ggggeggtac gtatcatgtc gaaaagcegea
gcgctggattvgggéa%ﬁ%%ggactacgat 540 gtgcgtgtca acacagtaca tccgggccccpgtfﬁ%g@&g&ﬁ% ggctcga
6

tgagctggaa 600 ggttgggagg aaatgatgtc acagcgtacg gtaaccccta tgggccgcat tggcgaaccg aatgacatcg
catggatctg tgtgtacctg gcatctgacg aatcgaaatt tgcgacgggt 720 gcagaatttg tggtcgacgg tgggtatacc
gcacagtga 759 <210> 110 <211> 252 <212> PRT <213> Atrtificial Sequence <220> <223> Variant of
L. kefir <400> 110 Met Thr Asp Arg Leu Lys His Lys Val Ala lle Val Thr Gly Gly Thr 151015 Leu Gly lle
Gly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala 202530 Lys Val Val lle Thr Gly Arg His Ala Asp
Val Gly 31 yd capadmgl 3 s ens: ey sipaesclyoahp d i Aspbeas net6opRewd GiftMis Asp Val
50?5?]005;?5&&'9@' I%&tan@bﬁ[imviﬁllﬁmy&h@uﬁ@ AsppsRING WG Ehr &R 75 8Q Phe Gly Pro
Val Thr Thr Val Asn Asn Ala Gly, 5 er Val Lys hrT r Thr Glu Glu
Trp ArGUSTES (B SR ROGTBE TR Ut A B AL 0 VAR L E R T iy e G
Arg 115321)1(2)514\#6@111313 Wsmmysl Gly) Eteth@lyomr@emﬂ@ﬂéﬂmﬁah@éﬂs@ﬁwdllefmﬁ)\mqmt@ Glu Gly

Leu val Gl ASREEOCF RSl @Wﬁlmyaaéﬁn ARELeYs AR EORIPRARA.GlyriYa N Arg lle met Ser
Lys Ser Ala Ala Leu Asp Cys Ala 165170175 Lys ASURG-ll-yr Asp val Arg Val Asn Thr Val His Pro Gly

Pro lle Lgf@fﬁdfésa%mrﬂ’re@?wwiefQOng%ﬁLéﬂlﬁ RATHR BREEHE m@ﬁw&ﬁ%? é;ﬁ% Page 56

3762474048 and (¢) converting compound (IX) to the compound of formula (Vb), or a salt thereof, e.g
formula (Va). In some embodiments, other alkylsulfonyl halides or an arylsulfony! halides can be
used in place of methylsulfonyl chloride. The conversion of the compound of formula (IX) to the
compound of formula (Vb) can use CH;Li but the step can also be carried out using a Grignard
reagent, e.g., methylmagnesium halide (see US application publication 20670135480). In some
embodiments, an alternative process following step (¢) above can comprise: (d) converting the
compound of formula (VII) to the compound of formuta (VII) followed by conversion to the
compound of formula (VIib), and (e} reacting the thio compound (X)) with the compound {VIIb) to
form the compound of formula (Vb), or a salt thereof. Details and conditions for each of the steps is

described in US application publications 2007013548( and 20050245568,

{0244} In some embodiments, the synthesis of Montelukast can use the intermediate of formula (IV).
Accordingly, in some embodiments, in a method for the synthesis of the compound of formula (V), a
step in the method can comprise reducing or converting the substrate of formula (I111) to the product of
formula (TV) by contacting the substrate with the ketoreductases disclosed herein under reaction

conditions suitable for reducing or converting the substrate to the preduct of formula (VI).

{0245} In some embodimenis, the Montelukast compound can be synthesized from the product of
formula (IV) as illustrated in Scheme TI, and as described i US apphication publication No.
2005/0234241 and US Patent No. 7,189,853,
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195200205 Arg Thr val Thr Pro Met Gly Arg lle Gly Glu Pro Asn Asp lle Ala 210215220 Trp lle Cys Val
Tyr Leu Alg, gel ARGy Ser Lys Phe Ala Thr Gly 225 230 235 240 Ala G T%%%M%@@p Gly Gly
Tyr Thr Ala Gin 245250 <210> 111 <211> 252 <212> PRT <213> Artificial Sequence <220> <223>
Engineered Ketoreductase Sequence Formula with L. brevis backbone <223> Synthetic Construct
<220> <221> MISC_FEATURE <222>(7).,(7) <223> Xaa is a constrained or non-polar residue <220>
<221> MISC_FEATURE <222>(17)..(17) <223> Xaa is a non-polar opaliphatic residue <220> <221>
MISC_FEATURE <222>(25)..(2%y323%Xaa is a polar orgeidic resigde <220> <221>
MISC_FEATURE <222>(27)..(21 2 3>/aa/is an aromafic residue |<220> <221> MISC_FEATURE
<222>(41)..(41) <223> Xaa i8la pofar, aiphatit, o 220> <221> MISC_FEATURE
<222>(53)..(53) <223> Xaa is a polar, non-polar, ot acidic residue g> <221> MISC_FEATURE
<222>(57),.(57) <223> Xaa is a non-polar or aliphatic residue <220> <221> MISC_FEATURE
<222>(64)..(64) <223> Xaa is a polar, aliphatic, or n%Y’?—polar residue <220> <221> MISC_FEATURE
<222>(66)..(66) <223> xaa is an acidic residue <220I<<221> MISC_FEATURE <222>(68)..(68) <223>
3

Xaa is a polar, acidic, aliphatic, or non-polar residue [37624%.018 <220> <221> MISC_FEATURE
<222>(72)..(72) <223> Xaa is a basic residue <220>¢y221> MISC_FEATURE <222>(76)..(76) <223>
xaa is an aliphatic, non-polar, or polar residue <220> <221> MISC_FEANTURE <222>(80)..(80) <223>
¢ potar e ATURE <222>(93)..(93) <223>
EATURE <222>(94)..(94) <223>

><CH2X
ChHy3SH
(X111

CH,X OH

(XIH)

NaOMe or NaOH

I><CHZCOOH OH

CHzS

Cl

Scheme 2

[6246] Accordingly, in some embodiments, the method for synthesis of compound (V) can comprise:

{a) reducing or converting compound (I) to compound (H) with a ketoreductase of the disclosure; (b)

161



<221> MISC_ FEATURE <222>(95)..(95) <223> Xaa is an aliphatic, non-polar, or acidic residue <220>
<221> Ml % % <222>(96)..(96) <223> Xaa is is a cyteine, polar,ﬁjgggﬁ A-R0R- polar
residue <2 TIH ISC_FEATURE <222>(97)..(97) <223> Xaais a constrameg or polar residue
<220> <221> MISC_FEATURE <222>(100)..(100) <223> Xaa is a basic, acidic, polar, aliphatic, or
non-polar residue <220> <221> MISC_FEATURE <222>(108)..(108) <223> Xaa is a basic or
constraineding sidwera2R00 of 2 (BT i ATURE I&my htaridg o farm) tap p@spxa iaf ororzpolar or

aliphatigygsidyg,s4ad s 4445 it EATWRE ($282%(130)-L3Run2 2Bhan 8w ReRRplar or
aliphatic residue <220> <221> MISC_FEATURE <222> 145)§ 45) <223> Xaa is an %glc aliphatic,

or non-PASPTESINS LPspLab 1 s PERTURE RS 2@(‘_{ C?liff)m% A7 <223> xaa is an
aromatigyraliph&fic) orihocepptandediduend2 Z0» cc224k tMISE. FEATURE <222>(151)..(151) <223> Xaa
is a constrained, non-polar or aliphatic residue <220> <221> MISC_FEATURE <222>(152)..(152)
<223> NBHH dlpmﬁ arbpdimientalibhdrnterkshepoRripdsar glseiposndmsirsdNipTth FEadgRE

<222>(L@&)nﬁﬁ?ﬂﬁ%aaaq&a@dlma@ﬁr@mafe%auamaélae@eﬁtsaaa;ﬁzz@»a@zzﬂ&sl\ﬂhsgzFEATURE
<222>(%h7&§% %165 W i XI?L% Ismaa e iem [};oiJarn%?léol}gnc [ csslq e%cgten %ﬁikﬂé?z? FEATURE

<222>( ah acidic, RON-potar o Bfesi
MI SC_HEA@T@F&E&ZQ@@(@@Q@.@ 7@ B sxaéws:daw dr@maﬂlm‘f basiepalighatieingrion-polar residue

<220> 52212 MIRG FEA ENREF2227 HAQVoldRR) 12832 K@M IR &RaDataned residugpdd> <221>

mi8C_PEAtURP <222>(194)..(194) <223> xaa |s a.constrained, polar, aliphatic, or non- polar residue
<220> %@?f’ﬂg“l\ﬁ}%mﬁ@ﬁ\gﬁu&rﬁeﬂlyl magnesiam chloride). Compound of formula (IV) s reacted with

methylsulfonylchioride to form the mesylate compound (XTI}, although other alkylsulfonyi halides or
aryisulfonyl halides can be used. Reaction of compound (XIIT) with the thiol compound of formula

(XII¥) results in compound (V), which can be converted to the sodium salt form.



<222>(195)..(195) <223> xaa is a basic, acidic, non-polar, or polar residue <220> <221>
MISC_FEQJJRE 5.£42:(196)..(196) <223> xaa is a non-polar or aliphaticgesjduesmadds221>
MISC_FEATURE <222>(197)..(197) <223> xaa is an acidic residue <220> <221> MISC_FEATURE
<222>(198)..(198) <223> xaa is an acidic or polar residue <220> <221> MISC_FEATURE
<222>(202)-(202) <223> xaa is an aromatic residue <220> 376247-018 <221> MISC_FEATURE
<222>(210)..(210) <223> Xaa is aQolax.or basic residue <2208 <22trMISC_FEATURE <222>(211) .
.(211) <223> Xaa is is a basic, 3 atic, non- polar aC|c or polr residue <220> <221>
MISC_FEATURE <222>(212)(23Z ' atisyor non- polar residue <220> <221>
MISC_FEATURE <222>(216). (216) <223> Xaa ing
MISC_FEATURE <222>(223)..(223) <223> Xaa is a non-polar or aliphatic residue <220> <221>
MISC_FEATURE <222>(226)..(226) <223> Xaa is‘@ non-polar or polar residue <220> <221>
MISC_FEATURE <222>(233)..(233) <223> Xaa is a polar or acidic residue <220> <221>
MISC_FEATURE <222>(235)..(235) <223> Xaa is & polar or aromatic residue <220> <221>
MISC_FEATURE <222>(248)..(248) <223> Xaa is § non-polar or aromatic residue <220> <221>
MISC_FEATURE <222>(249)..(249) <223> Xaa is an aromatlccges@(% <400> 111 Met Ser Asn Arg
Leu Asp Xaa Lys Val Ala lle lle T y y Thr 151015Xaa Gly T yieu Ala lle Ala Xaa Lys Xaa
Val Glu Glu Gly Ala 202530 Lys S rALg NS XaaAsp Val Gly Glu Lys Ala Ala 354045

f ig ) 505560 Ser Xaa Glu Xaa Gly Trp

{><CH2-SH
CHp-COOH
(XTI

CH,COOH gy

Scheme 3
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'he Gly Pro Val Ser Thr Leu Val Asn Asn Ala Gly Xaa Xaa Xaa Xaa 859095 Xaa Ser Val Xaa Glu Thr
Thr Thr AI@v _%@&%ﬁﬁ? Lys Leu Xaa Ala 100105110 Val Asn Leu Asp GlyMal-BherbgGly Thr Arg
Leu Gly lle Gin Arg 120125 Page 60 376247-018 met Lys Asn Lys Gly Leu Gly Ala Ser lle Xaa
ASt1l Met Ser Ser lle 130135140 Xaa Gly Xaa Xaa Gly Asp xaa Xaa Leu Gly Ala Tyr Asn Ala Ser Lys
145150155160 Gly Ala Xaa Arg Xaa Met Ser Lys Ser Ala Ala Leu Xaa Cys Ala Leu 165170175 Lys
Asp xadbAsH vEakgolapmenThe A RRLG Gas Theyie cisI@ S IgOoTHIXER WAL Ya@ Asp Xaa
Leu Pra Gly.%aenly @l Alg:met Ser Gin 195200205 Arg xaa xaa xaa Pro met Gly Xaa lle Gly Glu
Pro Asn Asp Xaa Ala 210215220 Tyr Xaa Cys Val Tyr Leu Ala Ser xaa Glu Xaa Lys Phe Ala Thr Gly
225230235240 Ser Glu PRe Valyal Asp Gly Xaa ¥aa Thy Ala Gin 2452 <21Q%,112 <211> 252

<212> PRT <213> Atrtificiil Seqyience <220> <223 Engjpheered Ketoreductasd Sequence Formula
with L. kefir backbone < ?gic Constr > MTI3T_FEATURE <222>(7)..(7) <223>
Xaa is a constrained %9non-polar residue <2 <2

MIST FEATURE 222>(17)..(17) <223> xaa
is a non-polar or aliphatic residue <220> <221> MISTFEATURE <222>(25)-(25) <223> Xaa is a
polar or acidic residue <220¥x321> MISC_FEATUREW222>(27)..(27) <223#Xaa is an aromatic

residue <220> <221> misc_FEATURE <222>(41)..(41) <223> Xaa is a pole% aliphatic, or non-polar

residue <220> <221> MISC_FEATURE <222>(53)..(53) <223> xaa is a polal, non-polar, or acidic
residue <220> <221> MISC_FEATURE <222>(57)..(57) <223> xaa is a non3polar or aliphatic residue
<220> <221> MISC_FEATURE <222>(64)..(64) <223> Xaa is a polar, aliphatig, or non-polar residue
Page 61 376247-018 <220> <221> MISC_FEATURE <222>(66)..(66) <22§\§//Xaa is an acidic residue
<220> <221> MISG,FEAEHRE <2223(68).488) <223>xaa i@ polar, agigic, aliphatic, or non-polar

residue I - <

(X1 {XIX) (VI (XVII)

Scheme 4

[6249] The R group in Scheme 4 can be fower alkyl, preferably a C1-C4 alkyl, Variations in the
synthesis of Montelukast from the compounds of formula (11} or formula (IV) are also described in
US Patent No, 5,565,473; US publication 20050107612; US publication 20050245569; US
publication 20060004204; and US publication 20060194839 all references incorporated herein by

reference.

16250] In view of the importance of the mesylate compounds of formula {VI) and formula (XII), the

ketoreductases of the disclosure can be used in the synthesis of the compound of formula (XX):

or the compound of formula (XXI):
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<220> <221> MISC_FEATURE <222>(72)..(72) <223> Xaa is a basicresidue <220> <221>
MISC_FE%@%%?%)_(?G) <223> Xaa is an aliphatic, non-polar, O /%%ES&?@H?{#? 20> <221>
MISC_FE <222>(80)..(80) <223> Xaa is an aliphatic non-polar, or polar residue <220> <221>
MISC_FEATURE <222>(93)-(93) <223> Xaa is is a polar, aliphatic, or non-polar residue <220> <221>
MISC_FEATURE <222>(94)..(94) <223> Xaa is a cysteine, aliphatic, or non-polar residue <220>
<221> MISC_FEATURE <222>(95)..(95) <223> Xaa is an aliphatic, non-polar, or acidic residue <220>
<221> MISC_FEATURE <222>(96)..(96) <223> Xaa is is a cyteine, géiar, aliphatic, or non-polar
residue <220> <221> MISC_FEAT ' OB Xaais a constrained or polar residue
<220> <221> MISC_FEATIRE e i8~a basic, acidic, polar, aliphatic or

8) <2 23> Xaa is a basic or
constrained residue <220><221> MISC_FEATURE <*22>(111).,(1TT) <223> Xaa is a non-polar or
aliphatic residue <220> <221> MISC_FEATURE 376247-018 <222>(139)..(139) <223> Xaais a
non-polar or aliphatic residue <220> <221> MISC_FEATURE <222>(145)..(145) <223> Xaa is an
acidic, aliphatic, or non-polar residue <220> <221> MISC_FEATURE <222>(147)..(147) <223> Xaa is
an aromi4tESabHaAR 0¥ hoHopokdPradeniealybylionsb pLap et u R UREL2990 98 1151) <223>
Xaa is aheetisttainddwacikpdlas.or aliphaticl residbessA20» k621> IMIGE: FEATURE, $222>(152)..(152)
<223> Xaa ;%S%@%Jl}@qu%%r{%g&ﬁwhatic, or non-polar _residge <220> <221> MISC_FEATURE
<222>(163)..(163) <223> Xaa Is a'non-polar or aliphatic residue <220>

[0251] Tn some embodiments, a method for synthesis of compound (XX) can comprise: {a)
contacting compound (T} with a ketoreductase described herein under reaction conditions suitabie for
reduction of compound (1) to compound (11); and (b) reacting compound (II) with an alkylsulfonyl,
(per)fiuoroalkylsulfonyl, arylsulfonyl halide or anhydride to form compound (XX). In some
embodiments, the alkylsufonyl halide used in (b) is methylsulfonyl chloride, such that R in

compound (XX) is methyisulfonyl.

[6252] In some embodiments, a method for synthesis of the compound of formula (XXT) can
comprise: (a} contacting the compound (1) with a ketoreductase described herein under reaction
conditions suitable for reduction of compound (1) to compound (IV); and (b) reacting compound
(V1) with an alkylsuifonyl or arylsulfony! halide or anhydride to form the compound (XXI). In some
embodiments, the alkylsufony! halide used in (b) is methylsulfonyl chloride, such that R’ in

compound (XX1) is methylsulfonyl.

[6253] Alternatively, in some embodiments, a method for the synthesis of compound (XXI) can use
the process illustrated in Scheme 3, where the method comprises: (a) contacting compound {I) with a
ketoreductase described herein under reaction conditions suitable for reduction of compound (1} to
compound (II); (b} converting compound (IT) to compound (TV); and (¢) reacting compound (IV) with
an alkylsulfonyl, {per)fluoroalicylsulfonyi, arvisulfonyl halide to form compound (XXJ). Asnoted

above, the conversion of compound (1T) to compound (IV) in (b) can use a Grignard reagent or CHsLi.

[6254] In some embodiments, the ketoreductases of the disclosure can be present as composifions,
for example reaction compositions, with the substrates acted on by the ketoreductases, and/or with the
products produced by the ketoreductase reaction. Accordingly, in some embodiments, a composition
can comprise a ketoreductase of the present disclosure, and a substrate of structural formula (1) or the
substrate of structural formula (TI7). In some embodiments, a composition can comprise a

ketoreductase of the present disclosure, and a product of structural formula (II) or a product of

105



<221> MISC_FEATURE <222>(165)..(165)<223> Xaa is a polar, non-polar or aliphatic residue <220>

<221> Ml E <222>(173)..(173) <223> Xaa is an acidic, non- i Ic residue
o SHATHRE B ARG

<220> <22 "FEATURE <222>(179)..(179) <223> Xaa is an aromatic, basic, aliphatic, or
non-polar residue <220> <221> MISC_FEATURE <222>(190)..(190) <223> Xaa is a constrained
residue <220> <221> MISC_FEATURE <222>(194)..(194) <223> xaa is a constrained, polar, aliphatic,
or non-puishrebiduenkd20)> L221Mre MISCIREATUREBRRBRNO8)c(198)<PR3orHdacds afbsic, acidic,

Non-polaf QfsRRlard %&&QH&&%%Q&&}%%%%M”@ FRATYREN2423 (1900130 cRd3rX@a is a
non-polar or aliphatic residue <220> <221> MISC_FEATURE <222>(197 ig%.?? <223> Xaa is an

)-
acidic rESTBRRS USRS SHYCOTEES S¢S LU R S FRIURE ST YT §Iﬁé2§é %aa is an acidic
or polarpresiduef <@2aQita<B21> MISC_PEATURE <222>(202)..(202) <223> Xaa is an aromatic residue
<220> <221> MISC_FEATURE <222>(210)..(210) <223> Xaa is a polar or basic residue <220> <221>
MISC_HR2ATIURE s (ziorpdrptpgg ragBusxan is ¢graadasiteatipiatico horrgetar QtdiE! or polar
residuﬁﬁ@@%ﬁ%ﬁ%&ﬂi@@%&ﬁﬂ%@éﬁ%ﬁsﬁaélﬁhz@a%hﬁ?;%%zﬁ-liéﬁaei%?ﬁg@g abiphatic, or .
non-polar residue <220> <221> mISC FE/ <222> . <223> Xaa is a constrained or
pasie reBIEEE308 53 1 WS PEICF DR D56 G (o a5 S50a8 5 Bt FORCFBIAP o liphatic
residue @ 20ze«i22 tormiéSGork BARURE w RBER26) 1H226) 23> Maar is e mosipokastempolar residue

220 ‘ 999> 33) <22 . g re
<220~ <2 MISG BEATHRG, 2R2a(A TR I 20 e andan POlRAARI IR5iYE5720>

and a Secondary alcohol dehydrogenase. In some embodiments, the secondary alcohol dehydrogenase
is an engineered ketoreductase. Other enzymes and substrates that can be used for co-factor recycling

will be well known to the skilled artisan.

[0256] As is known by those of skill in the art, ketoreductase-catatyzed reduction reactions typically
require & cofactor. Reduction reactions catalyzed by the engineered ketoreductase enzymes described
herein also fypically require a cofactor, although many embodiments of the engineered ketoreductases
require far less cofactor than reactions catalyzed with wild-type ketoreductase enzymes. As used
herein, the term “cofactor” refers to a pon-protemn compound that operates in combination with a
ketoreductase enzyme. Cofactors suitable for use with the engineered ketoreductase enzymes
described herein include, but are not limited to, NADP™ {nicofinamide adenine dinucleotide
phospbate), NADPH (the reduced form of NADP™), NAD™ (nicotinamide adenine dinucleotide} and
NADH (the reduced form of NAD™). Generally, the reduced form of the cofactor is added to the
reaction mixture. The reduced NAD(P)H form can be optionally regenerated from the oxidized

NAD(P)" form using a cofactor regeneration system,

102571 The term “cofactor regeneration system”™ refers to a set of reactants that participate in a
reaction that reduces the oxidized form of the cofactor {e.g., NADP to NADPH). Cofactors oxidized
by the ketoreductase-catalyzed reduction of the keto substrate are regenerated in reduced form by the
cofactor regeneration system. Cofactor regeneration systems comprise a stoichiometric reductant that
is a source of reducing hydrogen equivalents and is capable of reducing the oxidized form of the
cofactor. The cofactor regeneration system may further comprise a catalyst, for exampie an enzyme
catalyst, that catalyzes the reduction of the oxidized form of the cofactor by the reductant. Cofactor
regeneration systems to regeneratc NADH or NADPH from NAD™ or NADP™, respectively, are

known in the art and may be used in the methods described herein.

[6258] Suitabie exemplary cofactor regeneration systems that may be employed include, but are not

limited to, glucose and glucose dehydrogenase, formate and formate dehydrogenase, glucose-6-
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<222>(235)..(235).<223> Xaa is a polar or aromatic residue <220> <221> MISC_FEATURE

<222>(24 <223> Xaa is a non-polar or aromatic residue <220> <221> M| TURE
e KEyRana ol

<222>(24 > Xaa is an aromatic residue <400> 112 Met Thr rg Leu Lys Xaa Lys Val
Ala lle Val Thr Gly Gly Thr 151015 Xaa Gly lle Gly Leu Ala lle Ala Xaa Lys xaa val Glu Glu Gly Ala
202530 Lys Val Val lle Thr Gly Arg His Xaa Asp Val Gly Glu Lys Ala Ala Page 64 376247-018 354045
Lys Semfles@iytodad Sihcoasi-WalsKlawe AelyPivg vakGincklisdasp XaalsDsB6008atckilad @l Xaa Gly Trp

Thr Xaa LeHdahe BsR PiRa i Gl GHXam Ear Rhe 314 aNalThEch: WalYalAse Asn Ala
Gly Xaa Xaad ‘)l(lga g(aa 85%%)95g Xaacgler Val Xaa%é&hr Thrg]IT?]rngl?J_ Glu Trcp Xaﬁr s Leu Xaa Ser

100105 BiBgEAS AElALS GYREBREPHY ey 'SP R oR s M GIRARY BT D618 Met Lys
Asn LyssGiyDeNGIyAa BetdiecXaarAsnddeinbel Seedtealidn 13bd A0 aanthlyniaa XaseGdydAsp Xaa

Xaa Ley Gly Alg TYLASHAIR [ELLYSs14915G135140) LYfé%g{ﬁ%é} ﬁl@%@aé\ﬁ}b%%f dEuRfr Ala Ala
Leu Xaa Cys Ala Leé 165170175 Lys AspXaa Asp Val Arg Val Asn Thr Val His Pro Gly Xaa lle Lys

180185490 FPiPXag Mg Ay AR CRINGH) GRCRAE SRIGIIIMET B CSBP GIRL05980205 Arg Xaa
Xaa XagzBresMel Slyasangledsly s ek RigiA s RepaXaniAtaer bORDARD ¢ pIxariGays VadTyr Leu Ala

Ser Xaa Gl a Lys Phe h 5 230 235 240 Ala Glu Phe Val Val Asp Gly Xaa Xaa Thr Ala
Gin 2455’2%0$§L !;E’Yicfg@z‘?ﬁz-[}%%g&%i‘éﬁ%1S<§]f§r>p‘ff3t§t)% paci Eéf i\ﬁ%’\%‘ﬁc&ow 113 atgaccgatc

ggttgaagpgqasroiagra-aligiangie, acoeiacet 4oassie gebR iograalel.cloptaagtt igtgapgaa
ggcgcaaagg ttgttattac cggccgtcac120 gctgatgtaqé{gtgaaaaagc tgcc@afggtca afcggcggca cagacgttat

cegtittg® B0 Cadic AdHig e SR R4RE JYLIGE A Cea Ryt PHT G g #R8aata240 tiggeccag
ttaccacgut gtcaagaatniiceddaadty £Dgcagedargagigitgaad)Ogatacadtaadtgadganiegtgcaagctg
ctetcagtia acttogatgg QLetcte360.9 9%9&&?&t%§{9£ﬁa%%9@AW%§9§%&ée?taaaggac tcggageatc

aatcatcaat420 atgvtcat%ta tcgaagvgttt tgttggtgat ccagctctgg gtgcatdcaa cgcttcaaaa480 ggtgctgtca
gaattatgtc taaatcagct gccttggatt gcgctttgaa ggactacgat540 gttcgggtta acactgttca tccaggttat atcaagacac

cattggttga cgafcitgaag Aa0ocagnag aagaiga CYIACH AAJRCARRARFggAicatat cggtgaacct660
aacgatatcg cttggatctg tgtttacctg gcatctgacg aatctaaatt tgccactggt720 gcagaattcg ttgtcgacgg

agggtacacc gcccaatag759 <210> 114 <211> 252 <212> PRT <213> Lactobacillus Minor <400> 114
Met Thrif&i§IAfrgucets okvaReesasey dlantae iai ik Toir Siyraly MRetis pOIs pethaiydtecBiydLeu Ala lle
Ala AspieysiRR@uab Gall bl G\o 2202030 de Y aldahdles Ty aly AigtHiscAtaipseMahsly Glu Lys
Ala Ala 35304% ol 1_S(gern lle SGlxa(féully ;Fhr éus,ﬁ Val Ilgogrg thcf val aC\%ine I—!g)sdfng -A!;% 15Q§$6€(:)1 Ser Asp Glu
Thr Gly%hrlpoﬁwrl S'CelPhe Asp ‘ﬁfﬁfhr v} Eﬁlu Ala'65 7657580 Bfie E%I)? ro \/aaf R¥'Thr Val Val
Asn AsneptetGlin Hee Aleratak SEpRagerds the Baciilus subtilis 61297 GDH gene was expressed in E.

coli and was reported to exhibit the same physicochemical properties as the enzyme produced in its

native host (Vasantha et al., 1983, Proc. Natl. Acad. Sci. USA 80:785). The gene sequence of the 5.

subtilis GDH gene, which corresponds to Genbank Acc. No. M 12276, was reported by Lampel et al.,

1986, J. Bacteriol. 166:238-243, and in corrected form by Yamane et al., 1996, Microbiology

142:3047-3(:56 as Genbank Acc, No, 50453, Naturally oceurring GDH genes also include those

that encode the GDH from B. cereus ATCC 14579 {Naiure, 2003, 423:87-91; Genbank Acc. No.

AEQN17013 ) and B. megaterium {Eur. J. Biochem., 1988, 174:485-460, Genbank Acc. No. X12370; J.

Ferment. Bioeng., 1990, 70:363-369, Genbank Acc. No. GI1216270). Glucose dehydrogenases from

Bacillus sp. are provided in PCT publication WO 2005/018579 as SEQ 1D NOS: 10 and 12 (encoded

by polynucleotide sequences corresponding to SEQ ID NOS: 9 and 11, respectively, of the PCT

publication}, the disclosure of which 1s incorporated herein by reference.

[0261] Non-naturally occurring glucose dehydrogenases may be generated using known methods,

such as, for example, mutagenesis, directed evolution, and the like, GDH enzymes having suitable
activity, whether naturally occurring or non-naturally occurring, may be readily identified using the
assay described in Example 4 of PCT publication WO 2005/018579, the disclosure of which is

incorporated herein by reference. Exemplary non-naturally occurring glucose dehydrogenases are
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376247-018 859095 Lys Ser Val Glu Asp Thr Thr Thr Glu Glu Trp Arg Lys Leu Leu Ser 100105110 val

Asn Leu e Phe Gly Thr Arg Leu Gly lle Gin Arg 11512012 ‘ Gly Leu
et S RRRTE

Gly Ala S sn Met Ser Ser lle 130135140 Glu Gly Phe val Gly Asp Ala Tyr
Asn Ala Ser Lys 145150155160 Gly Ala Val Arg lle Met Ser Lys Ser Ala Ala Leu Asp Cys Ala Leu
165170175 Lys Asp Tyr Asp Val Arg Val Asn Thr Val His Pro Gly Tyr lle Lys 180185190 Thr Pro Leu
val Aspgpded i Glul Gip ki GITVOIENEE NIEP'Se BN PISRE02D 5 MR Thr 137 Pir PrblRfet Gly His lle

Gly G|Uﬂ%&§ﬁh&§&ﬂi@ ARA10215220, 8608 G¥ N dRY Rt eoAlasBel 08 meItoben Ly Phe Ala Thr
ASB Gl Gin 245250 <210> 115 <211> 1050

Gly 225 230 235 240 Ala Glu Phe Val Val K Gly. Tyr Thr Al
e SRABHTES Rl o 2h 2 39 s T el Al IEah CArETor P AE ehe from
Aspergillusifidyusferd@0> Ad&tionabigtetaticaig geaatges Biggg didadrgtagsgytgceagasiaggcgg tccgctgatt

N S I A A K
_ g a cctgtgaaa 180 atgccactgg tgggtggeca tgagggegeyg ggtgttgteg
tcgctcgfij’é‘%@%l?&@é%%@%qé@%a 098G gryh2ila c%ﬁéﬁ%@é@‘?@ﬁgﬁaﬁgﬁr%tgcctggca 300

tgcgagtiat giasachigeiigacgaanag.ctgtgcccta acgcgagcect gtctggttat 360 actgtagatg
{8262] Glucose dehydrogenases employed in the ketoreductase-catalyzed reduction reactions
described herein may exhibit an activity of at least about 10 wmol/min/mg and sometimes at ieast
about 10° wmol/min/mg or about 10° yumol/min/mg, up to about 10* umol/min/mg or higher in the
assay described in Exampie 4 of PCT publication WO 2005/18579.

[0263] The ketoreductase-catalyzed reduction reactions described herein are generally carried out in
a solvent. Suitable solvents include water, organic solvents (e.g., ethyl acetate, butyl acetate,
L-octanol, heptane, octane, methyl t-butyl ether (MTBE), toluene, and the like), ionic Hauids (e.g.,
1-ethyl 4-methviimidazolium tetrafluoroborate, i-butyl-3-methylimidazolium tetrafluoroborate,
1-butyl-3-methylimidazolivm hexafluorophosphate, and the like). In some embodiments, aqueous

solvents, including water and aqueous co-solvent systems, are used.

[0264] Exemplary aqueous co-solvent systems have water and one or more organic solvent. In
eneral, an organic solvent component of an aqueous co-solvent system is selected such that it does
not completely inactivate the ketoreductase enzyme. Appropriate co-solvent systems can be readity
identified by measuring the enzymatic activity of the specified engineered ketoreductase enzyme with
a defined substrate of interest in the candidate solvent system, utilizing an enzyme activity assay, such

as those described herein.

[0265] The organic solvent component of an agueous co-solvent system may be miscible with the
agueous component, providing a single liquid phase, or may be partly miscible or immiscible with the
aqueous component, providing two hiquid phases. Generally, when an aqueous co-solvent system is
employed, it is selected to be biphasic, with water dispersed in an organic solvent, or vice-versa.
Generally, when an agueous co-solvent system is utifized, it is desirable to select an organic solvent
that can be readily separated from the aqueous phase. In general, the ratio of water to organic solvent
in the co-solvent system is typically in the range of from about 9(:10 to about 10:9G (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 pﬁ‘e-’formed prior to addition to the reaction mixture, or it may be formed in situ in the reaction

vessel,
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gtactttcca gcagtatgcc attggcaaag ccacccatgc.aagcaagctg 420 ccgaaaaacg tgcctctgga tgccgtggca -

ccggttetgt gege t taccgtatac 480 aagggcctga aagaaagegg tgticgtect ggecaaa atcgt
aggtgcggd% %qug% ggtgg%f‘ggg gctccctgge getgcagtac gcgaaagcta tgggtattcg %%tggtgg%gg%é%%%gttgatggcg

gtgaagagaa acaagcgatg tgtgaacagc tgggcgcaga agcctacgtt 660 gactttacca aaacgcaaga tctggtagca
gatgttaagg ccgccacccc tgaaggtctg 720 ggcgcgceatg cggtaattct getggeggtc gccgaaaaac catttcagca
ggcggctgaal 788k tatgteaget-gygtacggr ggttgosatt gdtengerygrogeycceit-tetfeytyog 888 tdggtgttta
acactgtggf Icgiatgatt-aacaiaag g AagcipGatiggaasseas PR £ agRACUCAgAE cagE Qo actictic

gcgcegeggcec tgatcaaa?c %ccgttcaaa 960 accgctcctc tgcaagatct gcc aaaatc
about 5 to about 10. In some embodiments, The reduction 1scarried oufat a pH of about 9 or below,

usually in the range of from about 5 to about 9. In some embodiments, the reduction is carried out at
a pH of about § or below, often in the range of from about 5 to about 8, and usually in the range of
from about 6 to about 8. The reduction may also be carried out at a pH of about 7.8 or below, or 7.5

or below. Alternatively, the reduction may be carried out a neutral pH, i.e., about 7.

© [0267] During the course of the reduction reactions, the pH of the reaction mixture may change. The
pH of the reaction mixture may be maintained at a desired pH or within a desired pH range by the
addition of an acid or a base during the course of the reaction. Alternatively, the pH may be
controlled by using an agqueous solvent that comprises a buffer. Suitable buffers to maintain desired
pH ranges are known in the art and include, for example, phosphate buffer, triethanolamine buffer,

and the like. Combinations of buffering and acid or base addition may also be used.

[0268] When the glucose/glucose dehydrogenase cofactor regeneration system is employed, the co-
production of gluconic acid (pKa=3.6}, as represented in equation (1} causes the pH of the reaction
mixture to drop if the resulting aqueous gluconic acid is not otherwise neutralized. The pH of the
reaction mixture may be maintained at the desired level by standard buffering techniques, wherein the
buffer neutralizes the gluconic acid up to the buffering capacity provided, or by the addition of a base
concurrent with the course of the conversion. Combinations of buffering and base addition may also
be used. Suitable buffers to maintain desired pH ranges are described above. Suitabie bases for
neutralization of gluconic acid are organic bases, for example amines, alkoxides and the like, and
inorganic bases, for example, hydroxide salts (e.g., NaOH}, carbonate salts (e.g., NaHCO?3),
bicarbonate salts (e.g., KoCO3), basic phosphate salts (e.g., K;HPO,, Na;POy4), and the like. The
addition of a base concurrent with the course of the conversion may be done manually whiie
monitoring the reaction mixture pH or, more conveniently, by using an automatic titrator as a pH stat.

A combination of partial buffering capacity and base addition can also be used for process control.

[0269] When base addition is employed to neutralize gluconic acid released during a ketoreductase-
catalyzed reduction reaction, the progress of the conversion may be monitored by the amount of base
added to maintain the pEL. Typically, bases added to unbuffered or partialty buffered reaction

mixtures over the course of the reduction are added in aqueous solutions,

[0270] In some embodiments, the co-factor regenerating system can comprises a formate
dehydrogenase. The terms “formate dehydrogenase™ and “FDH” are used interchangeably herein to
refer to an NAD™ or NADP'-dependent enzyme that catalyzes the conversion of formate and NAD" or

NADP" 1o carbon dioxide and NADH or NADPH, respectively. Formate dehydrogenases that are
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ttcgaactga tggaacaagg taagattgca 1020 ggtcgctacg ttctggaaat cccggaatga ~1050 <210> 116 <211>

349 <212> <r% > Artificial Sequence <220> <223> The adh from A i <400> 116
Met Ser Ilé)‘l%%lg u} & Gin Trp Ala Gin Val Ala Glu Gin Lys Gly 151015 Gly &Hg@gu@(ﬁéﬂ?yr Lys Gin

lle Pro Val Pro Lys Pro Gly Pro Asp 202530 Glu lle Le u val Lys val Arg Tyr Ser Gly val Cys His Thr
Asp Leu 354045 Page 66 376247-018 His Ala Leu Lys Gly Asp Trp Pro Leu Pro Val Lys Met Pro Leu
Val 5058886I{rGlst kisGiuGlysatar@iyo\iadtvia abalatieg Glssaepalwadrad 8B R0PstBOsThr Glu Phe

Glu lle Gly. ASR FIR ARG b8t hyRAIR beASD G AoAANASRNLYS heWAla Gusdattdpe Cys Lys
GIn Ala Asp Glu Pro Leu Cys 100105110 Pro Asn Ala Ser Leu Ser Gly Tyr Thr Val Asp Gly Thr Phe

GlIn GIPEEHBR IR AAMATOE Bty § WP I BRI EY PSS9t SUTSPREARAP P56135 140 Pro
Leu Aspidta MeltidaoreMalheundys Klan@hy beidin MaIPTYT 145t 0A5HT6DLYS G, edhiciys Glu Ser

Oly Val g, 215, 0l BIn THLYA AR ST 10415 VBl Cbe Al Glu Gl 4 Gl Sl Al Leu

Gln Tyr Ala Lys 18| 0 Ala Met Gly Tle Arg Val Val Ala lle Asp Gly Gly GIU Glu Lys GIn 195200205
Ala MePEYHirein 2815 Ghy Nid BRANKLTYFAPAMIED PRETTHP IS POBTSZETHPGIN Asp Leu Val
Ala Aspr¥iahdwy Sohlarblanti Bep G edGl etk 23 5230235240l AlathistAlaigldiednent leu Ala Val

Ala Glu L S Flrga hg"(;ln. 20452’50% u%iGaIQ -Al?v AI% %{L{cg%ra E\:)/aU.I??e';n Ar %I%';I'hsg Val Val Ala lle Gly Leu
260265270 Pro°Ala tﬁ’ﬁ/nmﬁ PheTel Arg KEPSVa ' r Va FArg 5580285 Met lle Asn

e Asn |
lle Lys @lyuSEr TyehalnGhz. Asat Agt@havasp Glyelaipee2a5R8C0GId Alavimsmedizhe-Ala Arg Gly

Leu lle Lys HaProBhelys:30R3 1034832 0T BisAlaRiad-aumGlnAsR heurro lysdieRhedsIu Leu Met
Glu GIn 25330335 Gly Lys lle Ala Gly Arg Tyr val Leu Glu lle Pro Glu 340345 <210> 117

<211> PFLI5YDNA <213> Artificial Sequence <220> <223> Codon optimized version of the adh

gene fr?ﬁa’ﬁﬁr}%oc&%glljl%%%p ghé%(@l%ﬁ‘%b%l%&te” 1%%9&%%%%9%&9@%0_) formic acid (HCO.H),
and mixfures thereof. Formate may be provided in the form of a salt, typically an alkali or ammonium
salt (for example, HCO,Na, KITCO,NH,, and the like), in the form of formic acid, typically aqueous
formic acid, or mixtures thereof. Formic acid is a moderate acid. In aqueous solutions within several
PH umits of its pKa (pKa=3.7 in water) formate is present as both HCO; and HCO:H in equilibrium
concentrations. At pH values above about pH 4, formate is predominantly present as HCO,". When
formate is provided as formic acid, the reaction mixture is typically buffered or made less acidic by
adding a base to provide the desired pH, typically of about pH 5 or above. Suitable bases for
neutralization of formic acid include, but are not limited to, organic bases, for example amines,
alkoxides and the like, and inorganic bases, for example, hydroxide salts (e.g., NaOH), carbonate salts
(e.g., NaHCO?3), bicarbonate salts (e.g., K2CO3), basic phosphate salts (e.g., K:HPO., Na;POy), and
the like.

{02721 For pH values above about pH 3, at which formate is predominantly present as HCO,',
Equation (2) below, describes the formate dehydrogenase-catalyzed reduction of NAD™ or NADP™ by

formate.

(2) HCO, + NAD(P)*®

CO, + NAD(PH

{0273] When formate and formate dehydrogenase are employed as the cofactor regeneration system,
the pH of the reaction mixture may be maintained at the desired level by standard buffering
techniques, wherein the buffer releases protons up to the buffering capacity provided, or by the
addition of an acid concurrent with the coﬁrse of the conversion. Suitable acids to add during the
course of the reaction to maintain the pH include organic acids, for example carboxylic acids, sulfonic

acids, phosphonic acids, and the like, mineral acids, for example hydrohalic acids (such as
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taaggtggcg atcgtcaccg gcggtaatag cggtattggt 60 aaggcaatcg cggcagactt catcgccgag ggcgcgaaag
tagtgattac cggtcqcaac 120 caagagaagg gtcgccagac tgcgcetggaa atcgecgg ffcagcag 180
gacgtgagc"g %%8%3%%589% ctggcagaaa gttatctcca aaaccatcga gaagttcggt 24 a%egét%%gba‘;%ggggttaa
caacgctggc gtcggcggcg tgggtaagcc actggcagaa 300 atgtccctgt ctgaattcaa ttggacccaa tccattaatc
tgtccggtaa cttcctgggt 360 attcacttcg cgctgaacaa aatgaccgaa cctggtagca ttattgacgt aagcagegceg 420

gctggcdtgb@igatittesd gatycagetl gataphgig witt cad digditggrasicet 4 80 atanyicge gegecgegge

gctg%a?%%%%g%ﬁﬁ@sﬁ%gé%kgﬁ%@gﬁktﬁgﬁé%?@t@t&m%&ﬁgqug@%mmtgmm@csga& atcgtaccaa
aagatatgc agcCa alcC
O R e A e i o e eaaand AlAgGEa8 faigacaacy

are maintained.

[8274] When acid addition is employed to maintain the pH during a reduction reaction using the
formate/formate dehydrogenase cofactor regeneration system, the progress of the conversion may be
monitored by the amount of acid added to maintain the pH. Typically, acids added to unbuffered or

partially buffered reaction mixtures over the course of conversion are added in aqueous solutions.

[6275] 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 NADE or NADPH, respectively. Equation (3}, below,

describes the reduction of NAD' or NADP" by a secondary alcohol, illustrated by isopropanol.

ADH
(3) PH + NAD(P)" : & + NAD(PYH + H*
/K )'k

[0276] Secondary alcohol dehydrogenases that are suitable for use as cofactor regenerating systems

in the ketoreductase-catalyzed reduction reactions described herein include both naturally occurring
secondary aicohol dehydrogenases , as well as non-naturally occurring secondary alcohol
dehydrogenases. Naturally occurring secondary alcohol dehydrogenases include known alcohol
dehydrogenases from, Thermoanerobium brockii, Rhodococcus etythropolis, Lactobacillus kefir,
Lactobacillus minor and Lactobacillus brevis, and non-naturally occurring secondary alcokol
dehydrogenases include engineered alcohol dehydrogenases derived therefrom. Secondary alcohol
dehydrogenases employed in the methods described herein, whether naturally occursing or non-
naturally occurring, may exhibit an activity of at least about 1 pmol/min/mg, sometimes at least about

10 umol/min/mg, or at least about 107 pmol/min/mg, up to about 10° umol/min/mg or higher.

[6277] Suitable secondary alcohols include lower secondary alkanols and aryl-alkyl carbinols.
Examples of lower secondary alcohols include isopropanol, 2-butanoi, 3-methyl-2-butanol, 2-
pentanol, 3-pentanol, 3,3-dimethyl-2-butanol, and the like. In one embodiment the secondary alcohol

is isopropanol. Suitable aryl-akyl carbinols include unsubstinrted and substituted 1-arylethanols.

[8278] When a secondary alcohol and secondary alcohol dehydrogenase are employed as the cofactor
regeneration system, the resulting NAD™ or NADP” is reduced by the coupled oxidation of the
secondary alcohol to the ketone by the secondary alcohol dehydrogenase. Some engineered

ketoreductases also have activity to dehydrogenate a secondary alcohol reductant. In some
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660 tatctggcat ctgacgagtic cgégtatact acgggctccg aactggcagc cgacggcggt 720 ctgatggca 729 <210>

118 <211> 243 < %PRT 376247-018 <213> Artificial Sequence <220> < i?s; g %;Ii& from
Oenococcﬁoo’%or?igé 6% 118 Met Phe Asp Arg Leu Lys Gly Lys Val Ala ||eP9§| 2{r;g §y7 y Asn

151015 Ser Gly lle Gly Lys Ala lle Ala Ala Asp Phe lle Ala Glu Gly Ala 202530 Lys val val lle Thr Gly
Arg Asn Gin Glu Lys Gly Arg Gin Thr Ala 354045 Leu Glu lle Ala Gly Asp lle Leu Phe lle Gin Gin Asp
Val Ser@irnd05560:Ghy Atanisy TpiGindydwahilehSerdiys ThkboGluclays RAehGyc6BIZY 75 80 Lys

Phe ASQ]&%&%Q{@ nAsh-Ala Gly. Val.Gly Gly Val Gly Lys 859095 Pro Leu Ala Glu Met Ser Leu Ser
Glu Phe Asn Trp Thr Gin Ser lle 100105110 Asn Leu Ser Gly Asn Phe Leu Gly lle His Phe Ala Leu

Asn Lygdees;1 5532081200t hinBhdiRealy dekdertadsp-Val1Sai Salublanilabind @4dchngd 30135140

Gly Phe Pro Gly Ala %EIA_ Tyr Ser Ala Ser Lys Gly Gly Thr.Arg 145150155160Q. L.eu Leu Thr Arg Ala
o A RS AR ST ARTS LR (iR isteed Banad e et AT
Asp Th mmb¢IETW¢%®§851-96@@%%40@W@%@W GEshZHtfe NitemerTHirPrgiMetdHis His

195200203k oGy RN Rty SvARR HerdlaukiNscb e a i Ty bEeY R rSel- 2102422240 Asp Glu Ser
Glu Tyr Thr Thr Gly Ser Glu Leu Ala Ala Asp Gly Gly 225 230 235 240 Leu Met Ala <210> 119 <211>

768 <21 E8DNA si2dSemBstifictalsSeduencegs?@otios 223 adentaptiniFedruirsion ofthienadh gene
from Ralgtania euiraphasa003 419. ., A1958499968 aartidcact 9aliacqogc.aatgeatcig. giataggtet
ggccttcacc 60 cgtcgectgg cccaagaagg cgcacgtgtt téct\{caccg

mixture m reduced form.

[0281] In some embodiments, when the process s carried out using whole celis of the host organism,
the whole cell may natively provide the cofactor. Alternatively or in combination, the cell may

natively or recombinantly provide the glacose dehydrogenase.

[0282] In carrying out the stereoselective reduction reactions described herein, the engineered
ketoreductase enzyme, and any enzymes comprising the optional cofactor regeneration system, may
be added o the reaction mixture in the form of the purified enzymes, whole cells transformed with
gene(s) encoding the enzymes, and/or cell extracts and/or lysates of such cells. The gene(s) encoding
the engineered ketoreductase enzyme and the optional cofactor regeneration enzymes can be
transformed into host cells separately or together into the same host cell. For example, in some
embodiments one set of host cells can be transformed with gene(s) encoding the engineered
ketoreductase enzyme and another set can be transformed with gene(s) encoding the cofactor
regeneration enzymes. Both sets of transformed cells can be utilized together in the reaction mixture
n the form of whole cells, or in the form of lysates or extracts denived therefrom. In other
embodiments, a host cell can be transformed with gene(s) encoding both the engineered ketoreductase

enzyme and the cofactor regeneration enzymes,

[0283] Whole cells transformed with gene(s) encoding the engineered ketoreductase enzyme and/or
the optional cofactor regeneration enzymes, or cell extracts and/or lysates thereof, may be employed
in a variety of different forms, including solid (e.g., Ivophilized, spray-dried, and the like) or

semisolid (e.g., a crude paste).

[0284] The cell extracts or cell lysates may be partially purified by precipitation (ammonium sulfate,
polyethyleneimine, heat treatment or the like, followed by a desalting procedure prior to
lyophilization (e.g., ultrafiltration, dialysis, and the like). Any of the cell preparations may be
stabilized by cross-linking using known cross-linking agents, such as, for example, glutaraldehyde or

immobilization to 2 solid phase {e.g., Eupergit C, and the like).
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. acattaacgg cgccgcgggt 120 cacgcgacgg aaagcgagct gcagggtgct ggtctggegg tcgtattcct gcgtcatgac 180
gtgacccag%éaaac 4azcgft gctgcgcegte ctggaacata ttggcgcetgt tgacggtcgce 240 %qé;‘% t%%%aataa
tgccggcatt’'gcdattictc acaacattga gacttgtact 300 actgaggatt ttgatcgcac gctgaa aacctgaagt ccgtgtttct
gggctgcaaa 360 cacggtctgg ctctgatgaa acagaagggt ggcagcatca ttaacgttag ctctatcacc 420 gcgatttgcg
gcgaacctgt ggcgctggceg tatagcgcta gcaaagccgg cgtecgtttt 480 ctgagcaagt ctgttgccct geattgtgeg
gagaagi¥gethdjecatotyigitaacage Badneigelectgy gitabatigaiteddedyctepctiggcaggedsgcaacgcggg
tggetecgig Q09 %Qﬁgca&m@%@@&?gg IRYARLAR §95§tmggdgméﬂgac QeiaaRasarER0 cocggeacce

cggacgaagt tgcaggcgceg gttctgtace tggctagega tgaatccacce, 720
99 gsus%cnglonggndgthg | he reac EigIltS can be 169&(111}7 lyophilized or spray dried using methods and

equipment that are known to those having ordinary skill in the art. For example, the protein solution
can be frozen at -80°C in small aliquots, then added to a prechilled lyophilization chamber, followed
by the application of a vacuum. Afier the removal of water from the samples, the temperature is
typically raised to 4°C for two hours before release of the vacuum and retrieval of the Iyophilized

samples.

{0286] The quantifies of reactants used in the reduction reaction will generally vary depending on the
quentities of product desired, and concomitantly the amount of ketoreductase substrate employed.
The following guidelines can be used to determine the amounts of ketoreductase, cofactor, and
optionai cofactor regeneration system to use, Generally, keto substrates can be employed at &
concentration of about 20 to 300 grams/liter using from about 50 mg to about 5 g of ketoreductase and
about 10 mg 1o about 150 mg of cofactor. Those having ordinary skill in the art will readily
understand how to vary these quantities to tailor them to the desired level of productivity and scale of
production. Appropriate quantities of optional cofactor regeneration system may be readily
determined by routine experimentation based on the amount of cofactor and/or ketoreductase utilized.
In general, the reductant (e g., glucose, formate, isopropanol) is utilized at levels above the equimolar
level of ketoreductase substrate to achicve essentially compiete or near complete conversion of the

ketoreductase substrate.

[0287] The order of addition of reactants is not critical. The reactants may be added together at the
same time to a solvent {e.g., monophasic solvent, biphasic aqueous co-solvent system, and the like),
or alternatively, some of the reactants may be added separately, and some together at different time
points. For example, the cofactor regeneration system, cofactor, ketoreductase, and ketoreductase

substrate may be added first to the solvent.

10288] For improved mixing efficiency when an aqueous co-solvent system is used, the cofactor
regeneration system, ketoreductase, and cofactor may be added and mixed inte the aqueous phase
first. The organic phase may then be added and mixed in, followed by addition of the ketoreductase
substrate. Alternatively, the ketoreductase substrate may be premixed in the organic phase, prior to

addition o the aqueous phase

[6289] Suitable conditions for carrving out the ketoreductase-catalyzed reduction reactions described
herein inciude a wide variety of conditions which can be readily optimized by routine experimentation

that includes, but is not limited to, contacting the engineered ketoredoctase enzyme and substrate at an
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tatgttactg gtactgagct ggtaattgat ggcggctacg catgtcat 768 <210> 120 <211> 256 376247-018 <212>

PRT <213> Arfifici %zh uence <220> <223> The adh from Ralstonia eutr. <4§& Met GIn Gly
Lys lle PO %g ly Gly Ala Ser Gly Met Gly 151015 Leu Ala Phe 18%?@%2 QF%EE%%”%Ala Gln Glu

Gly Ala Arg Val Tyr Phe 202530 Thr Asp lle Asn Gly Ala Ala Gly His Ala Thr Glu Ser Glu Leu GIn
354045 Gly Ala Gly Leu Ala Val Val Phe Leu Arg His Asp val Thr Gin Glu 505560 Asn Asp Trp Leu
Arg ValekperiGhutblisHlenG iynaieratalckeg Glycnrg B5MOLAE80dmenicAspny did oefhpd Asarkshinla Gly lle
Ala lle gerHlis Ara lle8a0R»-Iu Thr Cys Thr Thr Glu Asp Phe Asp Arg Thr Leu Asn val Asn Leu
100105110 Lys Ser Val Phe Leu Gly Cys Lys His Gly Leu Ala Leu Met Lys Gin 115120125 Lys Gly Gly
Ser lle [edBnialSergatiie Jduifa teitys:GiynRol32h40 Glut Bre Mapatauteis Alardnge Ser Ala Ser
Lys Ala,Gly Val he 14 160 Leu Ser.Lys Ser Val Ala Leu His Cys Ala Glu Lys Gly Tyr Ala
1o 16aE TR Kl B e, Pre B RS B S T R S Ty Ser
Asn Aldte grehosEppagorh? Riatnsy @ b Yal TaH Aphgermigsrogro s &iepviad Avgafle Gly Gly Glu lle

Pro LeudayseAre- Ao haddaroP 10 R 18245220 Aspo@lusval Ala: Ghtitanyal heunT kel Ma Ser Asp Glu
Ser Thr 225230235240 Tyr Val Thr Gly Thr Glu Leu Val lle Asp Gly Gly Tyr Ala Cys His 245250255

<210> $I1IRIS OGP LTSS DNA <213> ArtificialSequence <220> <223> YDL ADH from
Saccharpgyres, coryisaf =4005 1k n-AIRIGHIG AGCIRGAQH (HGRGISIE.A9CARGEMCa Alggaatcee

ggcgattgcc 60 atcatcggca ctggtacacg ttggtataaa aatgaagaaa ctgacgcgac cttctccaat 120
complete, reduction of substrate is obtained. Reduction of substrate to product can be monitored

using known methods by detecting substrate and/or product. Suvitable methods include gas
chromatography, HPLC, and the like. Conversion yields of the alcohol reduction product generated in
the reaction mixture arc generally greater than about 50%, may also be greater than about 60%, may
also be greater than about 70%, may also be greater than about 80%, may also be greater than 90%,

and are often greater than about 97%.
7. Exampies

[0292] Various features and embodiments of the disclosure are illustrated in the following

representative examples, which are intended to be illustrative, and not limiting.

[0293] in the following descriptions, wherever glucose dehydrogenase (GDH) is used, 1t 1s GDH
CDX901, obtainable from Julich Chiral Solutions, Jitich, Germany.

Example 1: Wild-type Ketoreductase Gene Acquisition and Construction of

Expression Vectors.

{6294} Ketoreductase (KRED) encoding genes were designed for expression in E. coli based on the
reported amino acid sequence of the ketoreductase and a codon optimization algorithm as described in
Example 1 of US provisional application Serial No. 60/848,950, mcorporated herein by reference.
Genes were synthesized using oligonucleotides 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 lac promoter. The expression vector also contained the P15a
origin of replication and the chloramphenicol resistance gene. Resulting plasmids were transformed
into E. eoli W3110 using standard methods. Codon optimized genes and the encoding polypeptides as
well are listed in Table 3. The activity of the wild-type ketoreductases was confirmed as described

US preﬁsi()n&l application Serial No. 60/848,950.

[0295] Table 3
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agtctggttg aacaaatcgt gtaﬂjcgttg aaactgccgg ggattatcca catcgacgcc 180 gcggagattt atcgcaccta
cccggaagt: taaagcac tgtccctgac cgaaaagcct 240 cgtaacgcga tttttctgac t caga
ttaaaatgaga{ a%gpg&%,[g%o gcggacggtc tggatttagc attgaagaaa atgggtacag %%§g$g%8%{§§§§'§c%g 360
ttacattccc cgtttgtttc gaaggaagtg aatggcttaa gcttagaaga ggcttggaaa 420 gatatggagc agttatacaa

aagtggtaaa gctaaaaaca tcggggtttc caatttcgca 480 gtggaagacc tgcaacgtat cctgaaagtc gcetgaagtta

aacctcdoghseaceagall S0 420NIGIelG GRIIGHIARA ARPSCARARA G38ARaY alaaattely tcaggageac 600

gatatccigg lggaagcata ticiccgctg ggcccgcetgc agaagaaaac cgcgeaggat gacagccaac catttittga
gtacgtcpaa gaattgai f "é’&}%{é’gtﬁ&at daaatccgag 720 gcccagatga tcctgegcetg ggtcactaaa cgeggtgtge
TOm wilic
enzyme was Polypepiide
originally Genbank Ace. | GI Polvnucleotide SEQID NO or
KRED identified Ng. number SEQ ID NOs source

SEQIDNolm | SEQIDNo2m
US Patent Appln | US Patent Appln
Publn Publn

ADH-CM Candida magnoliae | AB036927.1 12657576 | 20060195947 20060195947

Saccharomyces

YDL cerevisiae NP_#10159.1 6320079 SEQ D NO:12L | SEQ ID NO:122
Lactobacillus

ADH-LB brevis INXQ A 30749782 SEQ ID N1 SEQ IDN:2
Rhodococcus

ADH-RE eryvthropolis AANT3270.1 34776951 SEQ ID N(O:123 | SEQ ID NO:124
Saccharomyces

YGL cerevisiae : NP 011476 6321399 SEQ IDNO:125 1 SEQID NO:126
Saccharomyces

YPR cerevisiae NP _010656.1 6320576 SEQ ID NG:127 | SEQ IDNO128

Saccharomyces

GRE cerevisiae NP 014490.1 6324421 SEQ IDNCO:129 | SEQ ID NO:136

ADH-LK Lactobacillus kefir | AAP94029.1 33112056 SEG IDNG:3 SEQ Y NO:4

Sporobolomyces
ADH-SB salmonicolor QOUJUND 30315955 SEQ ID NG:131 SEQ I N(O:132
Streptomyces
ADH-8C coelicolor NP_631415.1 21225636 SEQ IDN(O:133 | SEQ IDNO:134
Thermoanaerobium
ADH-TB hrockit X64841.1 1771790 SEQ D NO:135 | SEQ IDNO:136
Julich Charal
Candida Solutions Cat.
ADH-CP parapsilosis BAAZ452% 2815409 No. 0311
;?‘é‘;‘?sbaoﬁus Julich Chiral
Solutions Cat.
DR-LB diacetvl reductase ABJ63353.1 116098204 No. 8.1
ADH-HE Horse liver DEHOAL 6251697 SEQIDN(:137 | SEQID NO:138
ADH-CB Candida boidinii | CAD66648 28400789 Juizch Chiral

Solutions Cat.
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tgcc'agttac cacctcttca 780 aagcctcage geattagcga tgctcagaac ctgttttcct tcgacctgac agcggaagag 840

gttgataaaq teacqg

cgccgeccagd aaag

ggtctggaa catgaaccgc tgcgcctgta ctggaataaa 900
9@%‘%%9 939 376247-018 <210> 122 <211> 312 <212> Pﬁ%@%@@l [

%aacta
cial

Sequence <220> <223> YDL ADH from Saccharomyces cervisiae <400> 122 Met Ser Phe His Gin
Gin Phe Phe Thr Leu Asn Asn Gly Asn Lys lle 151015 Pro Ala lle Ala lle lle Gly Thr Gly Thr Arg Trp

Tyr Lys
Leu Lys
Leu Se
Met 85¢

Tyr Va

Glu Glu %HT
Asn Phe'Ala
165170
Phe Cy

Ala GIn
Glu 225

Thr Se
Glu Gl

Asn Glu 202530 Glu Thr Asp Ala Thr Phe Ser Asn Ser Leu Val Glu G
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DNA <213> Atrtificial Sequence <220> <223> ADH <400> 123 from Rhodococcus erythropolis

atgaaa

d&%%ﬁ{té)m%go%%g@@p%@1&%%1%@&6%?@% of the present invention were likewise

cloned into vector pCK 110900 for expression in £. coli W3110.

Exampic 2: Production of Ketoreductase Powders; Shake Flask Procedure.

[6287] A single microbial colony of E. coli containing a plasmid with the ketoreductase gene of
interest was inoculated into 50 ml Terrific Broth containing 30 pg/mi chloramphenicol and 1%
glucose. Cells were grown overnight {at least 16 hrs) in an incubator at 30°C with shaking at 250
rpm. The culture was diluted into 250 mi Terrific Broth {12 g/L bacto-tryptone, 24g/L yeast extract, 4
ml/L glycerol, 65mM potassium phosphate, pH 7.0, ImM MgSO,, 30 pg/ml chloramphenicol} in 1
liter flask to an optical density at 600 nm (OD600) of 0.2 and allowed to grow at 30°C. Expression of
the ketoreductase gene was induced with ImM IPTG when the OD600 of the culture is 0.6 to 0.8 and
incubated overnight (at least 16 hrs). Cells were harvested by centrifugation (5000rpm, 15 min, 4°C)
and the supernatant discarded. The cell peliet was resuspended with an equal volume of cold (4°C )
100mM triethanolamine (chioride) buffer, pH 7.0 (including 2 mM MgSOy in the case of ADH-LK
and ADH-LE and engineered ketoreductases derived therefrom), and harvested by centrifugation as
above. The washed cells were resuspended in two volumes of the cold triethanolamine (chloride}
buffer and passed through a French Press twice at 12000psi while maintained at 4°C. Cell debris was
removed by centrifugation (9000 rpm, 45 min., 4°C), The clear lysate supernatant was collected and

stored at -20°C. Lyophilization of frozen clear lysate provided a dry powder of crude ketoreductase

enzyme.

Example 3: Production of Ketoreductases; Fermentation Procedure.

[0298] In an acrated agitated 15L fermenter, 6.0L of growth mediam containing .88 g/L ammoniam
sulfate, 0.98 g/L of sodium citrate; 12.5 g/L of dipotassium hydrogen phosphate trikydrate, 6.25g/L of
potassium dihydrogen phosphate, 6.2 g/ of Tastone-154 yeast extract, (.083 g/L ferric ammonium

citrate, and 8.3 ml/L of a trace clement solution containing 2 g/L of caleium chloride dihydrate, 2.2
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aatcccgaag 60 chgaaccgg geccgggega agtactgcetg gaagtcacgg cagetggegt gtgecattce 120 gatgatttca

ttatgtctct g&ﬁgg@}@%%%gfgtacacct acggcctgece getgaccctg 180 ggtcatgaag QE?‘C%% Agfigecgea
gttggcgaag gtgttgaagg gttggatatt 240 ggcaccaatg tggttgtgta cggcccatgg ggttgtggca actgttggea

ttgcagtcag 300 ggcctggaga actattgctc ccgtgcgcag gaactgggta ttaacccgcc tggtctgggt 360 gectccggggg
ctttggcaga atttatgatt gtcgactcac cacgtcattt ggtcccgatt 420 376247-018 ggcgatttag gcaatcaaac

ggtggcatdgodetngyticy eyt gehitgbtoroguytggubrg greticcigiadtgateyprotetfgicgtgcggtag

accctgtiaaaRciaticed galCarigns SR ARFBEHC U eRLAIAA6 laitpaacie IGoeEdR laRakiag g Alaaagatgc
agcggagaat tggattttgt gggctatcag ctgacgtcac cattgttggt agagtcctta tgaggcatcg aatt tcgla tctggcgcat

ataatggtgt BUAEYCCAMEBIEEETTY chigta fITETHEG CEoGRR e cett: Ei?a?xa&’&@g &t'Acagtagt
gatcggtats. etgcyithitt tasotgoige agieggidatchotgdeiaccacaagoggedcnavatgaayta gigespipadasttactggtag

ccaagglgca oG AGACSA6CAL AR50 ACIUAAY BECAJICACAIICARRAIL OtiRcaaiaC
cttattgggg cgctcgtaat gctggtattt tcgacattgc cgttgagacc cgtc%cctgg ctgcgggcac actgtcaggce 480 540 600

660 72007881840 ved IBDAbLGhEoamaniion oIsrl® 1 {51 3hd-apn e ppppinadinalygdifgigF S equence
<220> $2&2BzrARHsirem:Rhadesaccus epythrapolisdle: iR dombhedag D byaddreohd Bra Gly 20 Thr

Ala Ala Gly Val Cys His. 35 Glu Glu Gln Tyr Thr Tyr Gly. Ala.Gly Lys Val Ala Ala Val 65 70 Gly
T AR EE SO G T A e DR R S AL s et no
Val AspeSuriping Age/L ceBOB85 Ped \asi g uph ehieride mnd ¢4 2518 mlgue 34/81Arg Ser Leu Pro 165
Val lle Ghpdiraaly. Ghel-gl doElisd081 2€OBRINR ThiY ald 288 WiGokarBla TR lysval 210

215 Lys Asp Ala Ala Glu Asn Val Arg. 225 230 Ala | eu Val Ley Asp Phe val Gly 245 Met Ala Val Ala
iy VAT B A AT RS VA 2 SRR SRP VA UACER Tyt Trp
290295 W gitevAsp trethéldHisAla 1B B8058 10:Pha Sellddiu AspaasmGipatd GHr325tiThr Leu Ser
Gly Argrél@ex‘éhvélﬁé\%%?a@%%&é&]&% centrifugation at 5000G for 40 minutes in a Sorval RC12BP

centrifuge at 4°C. Harvested cells were used directly in the foliowing downstream recovery process

or were stored at 4°C until such use,

[0299] The cell peliet was resuspended in 2 volumes of 100 mM friethanolamine (chloride) buffer,
pH 6.8, at 4°C to cach volume of wet cell paste. The intracellular ketoreductase was released from the
celis by passing the suspension through a homogenizer fitted with a two-stage homogenizing valve
assembly using a pressure of 12000 psig. The cell homogenate was cooled to 4°C immediately after
disruption. A solution of 10% w/v polyethyleneimine, pH 7.2, was added to the lysate to a final
concentration of (1.5% w/v and stirred for 30 minutes. The resuiting suspension was clarified by
centrifugation at 5000G in a standard laboratory centrifuge for 30 minutes. The clear supernatant was
decanted and concentrated ten fold using a celiviose ultrafiltration membrane with a molecular weight
cut off of 30Kd. The final concentrate was dispensed into shallow containers, frozen at ~20°C and
tyophilized to powder. The ketoreductase powder was stored at —80°C.

Exampie 4. Analytical methods for the conversion of 2-[3-[3-[2-(7-chloro-2-

quinolinylethenyl iphenyl]-3-ketopropyl]benzoic acid methyl ester fo

(8)-2-[3-[3-[2~(7-chloro-2-quinolinyl)ethenyl] phenyl}-3-
hydroxypropyllbenzoic acid methyl ester.

[06306] Reduction of 2-[3-[3-[2-(7-chloro-2-quinelinyljethenyl]phenyl]-3-ketopropylibenzoic acid
methyl ester and chiral purity of the alcohol product was determined by reverse phase HPLC (2.1 x 50
mm Zotbax XDB column with guard cartridge; 96:10 ACN/0.25% AcOH in H.0 at 0.6 mL/min at
30°C; detection at 287 nm with the following retention times: enantiomeric alcohols 0.55 min; ketone

(.72 min) or normal phase, chiral HPLC (2.1 x 150 mm CharalPak AS-H column with guard cartridge,



<210> 125 <211> 1047 <212> DNA <213> ArtificialSequence <220> <223> (CL ADH from

Saccharo e rvisiae <400> 125 atgaccacgg aaaaaaccgt agtgttcgt Igﬁg gttttat
tgctctgcac%gg é@&% géagt% acctgctgaa aactggttac aaagtaattg gttccggtcg ttc%agga%%%%%@%%atgacg

gtttgctgaa gaagttcaag tccaacccga atctgagcat ggaaattgtg 180 gaagatattg cggcaccaaa cgccttcgat
aaagtattcc agaaacatgg taaagaaatt 240 aaagtggtcc tgcatatcgc gtccccggte catttcaaca ctaccgattt
cgaaaad@jéc Baddrattgatotieggoggtadantygtacuddi tolatttty antftaataath decialige:860 gcagacaccy

tggaaagaghagiialiact CAlKgHY CoaRgLaRRAEIREI0GhA20 arAlgRARY, Ataccaget catggttaac
gaagaatcct ggaataaaga cacctgggaa 480 tcgtgtcagg cgaatgctgt gtccgcettat tgeggticta aaaaattcge

agagaaaacg Sgihgetiggoachieiiggaagaiariaccagagonageatiadat Ragtergir-edegattaac 600 ccaggcttcy
tttttggtcc gcagctgttc gccgactggdholinyl)ethenyljphenyll-3-ketopropyl}-phenyl}- I-methyl-1-
ethanol to (8)-2-[3-[3-[2-(7-chloro-2-quinolinyl)ethenyljphenyl]-3-
hydroxypropylj-phenyl}-1-methyl-1-ethanol.

103811 Reduction of 2-[3-[3-[2-(7-chloro-2-quinolinyl)ethenyl]phenyl}-3-ketopropyl}-phenyli- -
methyl-1-ethanol (prepared by oxidation of the corresponding afcohol) and purity of the alcohol
product was determined by HPLC (4.6 x 50 mm Phenomix Gemini Cl& 110A column with the
foliowing elution profile: 40% to 80% in water/(.1%TFA gradient for 4 min, 1.5 min hold, return to
40% acetonitrile/0.1% TFA in | min with a flow rate of 0.3 mL/min; ambient temperature; detection

at 254 nm with the following retention times: alcohol 4.4 min, ketone 5.7 min).

{03621 Chiral purity was assessed by HPL.C (2.1 x 150 mm ChiralPak AD-H column: solvent: 40:60
isopropyl alcoholheptane; flow rate = 0.5 mL/min at 400C; detection at 280 nm with the following
retention times: (S)-zlecohol 12.0 min.; (R)-alcoho! 11.2 min; ketone 10.3 min).

Example 6 Evaluation of Wild-Type Ketoreductases for Reduction of 2-[3-[3-[2-

{7-chioro-2-quinolinyDethenyl]phenyl]-3-ketopropylibenzoic acid
methyi ester

[6303] KREDs described in Tabie 3 of Example 1 were screened using NADH and NADPH as co-
factors and glucose dehydrogenase/ghucose or isopropylalcohol as co-factor regeneration system. To
wells in a 96 deep-well plate was added 250 uL of 100 mM triethanolamine(chloride) buffer pH7.0
containing 1.0 ¢/L NAD(P), 30-50 g/L. of KRED variant, 200 L of IPA and 50 pL. of 10-20 g/L of
the ketone substrate in THF. Alternatively, each well in a 96 decp-well plate was pre-loaded with 10-
20 mg of CaCOs, 250 ul. of 100 mM triethanclamine(chloride) buffer pH7.0 containing 1.0 g/L
NAD(P), 30-50 g/L of KRED, 10-20 g/I. of GDH and 10% glucose). The plates were sealed with
aluminum/polypropylene laminate heat seal tape (Velocity 11 (Menio Park, CA), Cat# 06643-001),
and shaken at room temperature overnight. The reactions were quenched by the addition of 1000 uL
of EtOAc. After centrifuge (4000 rpm for 10 min, at 22°C), the oz'ganié phase was assayed for
conversion using the normal phase HPLC method in Example 4. None of these enzymes showed any

activity under any of the conditions tested (detection limit ~0.5% conversion).

[0304] This example demonstrates that wild-type ketoreductases have very little if any activity on 2-
[3-[3-[2-(7-chloro-2-quinoliny])ethenyljphenyt]-3-ketopropyl [benzoic acid methyl ester.
Example 7: Example 7: Evaluation of ADH-LK Variants for Reduction of 2-[3-

[3-[2-(7-chloro-2-quinolinyliethenylphenyl}-3-ketopropyl]benzoic
acid methyl ester



tgcgcaatgg tattaactct 660 agcagtgcga ttattgcgaa cctggtgtcg tataaattag gggataactt ctacaattat 720
agcggceccgt ttatcgacgt ccgtgacgtt tccaaagctc atctgetggce atttgagaaa 780 ¢ tcagceg
cctgtttctg tggcgéggg{a{}fta S{%‘ftctgttc ccaggaagcc 840 ctggacattc tgaacgaaga att ccaca%ggggg%%%ca
agatcgcaac gggcgaacct 900 ggcagcggct cgaccttcct gactaaaaat tgttgcaaat gcgacaatcg taaaactaaa 960
aacttgctgg gcttccagtt caacaaattc cgcgactgca ttgtcgatac tgcgtcccag 1020 ttgctggaag tgcaaagcaa
aagctade3toy Bex@1 06026 K 21iamB4B <242 RT a2t wArtHiclahSequeh cax<RrO>tkR 28> YGL ADH
from Sageharamuiees; caisiaenia0ad 20 MELT: TGl Lvddiniaky sl Bhe Ma Serly Ala Thr
Gly Phe 151015 lle Ala Leu His Val Val Asp Asp Leu Leu Lys Thr Gly Tyr Lys Val 202530 lle Gly Ser
Gly Arngkgw;miw&vmﬁlh%ﬁyéqvmmfé@W&iﬁ@%ﬂéﬁ%@%@ﬁiﬁb%g?@- SEfUREH BIGABR Leu Ser Met
Glu lle Vald@ionAspdieAlan305060: AlandPio 1AsA AlaMBhet Asp Lys Val Phe Gin Lys His Gly Lys Glu lle
65 70 75 80 Lys Val Val Leu His lle Ala Ser Pro Val His Phe Asn Thr Thr Asp 859095 Phe Glu Lys Asp
Leu LedddédpPraakiad/al Asn Gly Thr Lys Ser lle 100105110 Leu Glu Ala lle Lys Asn Tyr Ala Ala Asp
Thr Val Glu Lys Val Val 115120125 lle Thr Ser.Ser-Val-Ala-Ala Leu-Ala-SerPro Gly Asp Met Lys Asp
1301351 4bikhr: SetiRhesV/at WalABK @ity Ser Trp Asn Lys Asp Thr Trp Glu 145150155160 Ser Cys

Gin Ala Asn AfarVat Ser Ala Tyrcys Gi r Cys.Phe 165170175 Ala Giu Lys Thr Ala Trp Asp Phe
Leu GILMMM&&%&M Pro Gly Phe Val Phe Gly

Pro Gin ADBE-LKX 0 0
90 6 <0.03 gL Zenryme.day

10307] This example shows that an ADH-LK variant containing G7H, S96T, F147L, Y190P, V196L,
A202W mutations converts 2-{3-[3-[2-(7-chloro-2-quinolinyljetheny!jphenyl}-3-ketopropyl]benzoic
acid methyl ester to (8)-2-[3-[3-[2-(7-chloro-2-quinolinylethenyljphenyl]-3-hydroxypropyl]benzoic
acid methyl ester with high stercoselectivity {>99% stereomeric excess).

Example &: High Throughput HPLC Assay for Ketoreductase Activity on 2-[3-

[3-[2-(7~chioro-2-quinolinyl)ethenyl|phenyl}-3-ketopropyllbenzoic
acid methyl ester using isopropylalcohol for co-factor recyeling.

[06368] Plasmid libraries obtained by directed evolution and containing evolved ketoreductase genes
were transformed into E. coli and plated on Luria-Bertani (LB) broth containing 1% glucose and 30
pg/mL chioramphenicol (CAM}. After incubation for at least 16 hrs at 30°C, colonies were picked
using a Q-bot® robotic colony picker (Genetix USA, Inc., Beaverton, OR) into 96-well shallow well
microtiter plates containing 180 uL Terrific broth (TB), 1% glucose, 30 ug/mL chloramphenicol
(CAM), and 2 mM MgSQ,. Cells were grown overnight at 30°C with shaking at 200 rpm. 20 pL of
this culture was then transferred into 96-deep well plates containing 350 uL. Terrific broth (TB}, 2
mM MgSO, and 30 ug/mL CAM. After incubation of deep-well plates at 30°C with shaking at 250
pm for 2.5 to 3 hours (ODgg (.6-0.8), recombinant gene expression by the cell cultures was induced
by isopropyl thiogalactoside (IPTG) to a final concentration of 1 mM. The plates were then incubated
at 30°C with shaking at 250 rpm for 15-23 hrs,

[6309] To wells of a 96-well microtiter plate was added 106 pLL 100mM triethanolanﬁne(chloride)
buffer pH7.0 containing 0.2 mM Na-NADP, and 2 mM MgSO,, and a sufficient volume of cell
culture such that the best known enzyme at any point in time (e.g. SEQ [:90 in the first round of
evolution) would give 10-20% conversion of ketone to (S)-alcohol. IPA and a solution containing
1.67 to 16.7 g/L. 2-[3-[3-[2-(7-chlore-2-quinolinyl)ethenyllphenyl]}-3-ketopropylibenzoic acid methyl

ester in THF was added to the wells to give a final composition of 100mM triethanolamine(chloride)
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195200205 Leu Phe Ala Asp Sef Leu Arg Asn Gly lle Asn Ser Ser Ser Ala lle 210215220 Ile Ala Asn
Leu Val S%{, " Y Gly Asp Asn Phe Tyr Asn Tyr 225230235240 Pagg/ 18294818 Ser Gly
Pro Phe lle s¥p k)rg Asp Val Ser Lys Ala His Leu Leu 245250255 Ala P% %S u Lys Pro Glu Cys Ala
Gly GIn Arg Leu Phe Leu Cys Glu 260265270 Asp Met Phe Cys Ser Gin Glu AIa Leu Asp lle Leu Asn
Glu Glu Phe 275280285 Pro Gin Leu Lys Gly Lys lle Ala Thr Gly Glu Pro Gly Ser Gly Ser 290295300
Thr Phéviféa TRT-LyEHsmEaOys Y5 Gy Ispohaye gl yebTrtd ¢@3m5310825820l Ash-L.eu Leu Gly

Phe Gin,RiagAwBsla¥addne AT ASREeMS BN SR % as desired (?%ﬁ?’@ég@@omeﬁlﬁ Pey dein Leu Leu
Glu Val Gin Ser L s Ser 340345 <210> 127 i]é’]]éﬁgsg <212>, D §13> Artificial Sequence <220>

<223> PR A%ﬁp O SRR B SR R RERS gaR S nd ing “é TR G AR € cagtgcet
accttaasg@fitdaataczpptgegachilBQ.catgieotyd cg"glnn:gg@ammg@cggtft@vgmémaewaraqggma%a

tagtgtagft, | 26,gGH9racieR AadedrAaRiacAllcRIALC AIRIaG0R reAldalct erRlARUARAAR Maagicggce
gtgcgatcaa ggac tccggt gttcctcgtg aagaaatttt tatt accacc 240 aaact tgg%a caccgaaca acgcgatcca

gaagcalet e HERLRR e T EGAURE IR B HO Cittelge et Mgty hede e ceetet

gaaaacagagoashd eg@taa@ﬁtgoaeggtmgtcﬁctg{gﬁateamgﬁcmtggxaag&tgqmd mgtgg"eﬁzet@mzo

gataccacaengﬁugcd and the organic phase was subjected to chiral analysis via the normal phase HPLC method

described in Example 4.

[0310] This example describes the method that was used to identify KRED variants improved for 2-
[3-[3-[2-(7-chloro-2-quinolinyljethenyl]phenylj-3-ketopropyljbenzoic acid methyl ester reduction.
Example 9: Reduction of 2-[3-[3-]2-(7-chioro-2-quinolinyDethenyiphenyl]-3-

ketopropyilbenzoic acid methyi ester by Engineered Ketoreductases
Derived from ADH-LE.

[831%] To an amber vial under air with stir bar was added, i order, 50-500 mg of substrate, 1.5 mL
100 mM triethanolamine(chloride) buffer pI 7.0 or 8.0, containing 0.33 ¢/I. NADP-Na and 10.0-33.3
g/L of KRED variant, 2 mM of MgS0O,, 2.5 mL IPA and 0.5 mL of co-solvent (THFE or toluene). The
vials were closed and immersed in an o0il bath controlled at the desired temperature. Two 50 uL
aliquots were taken at 1, 2, 4 and 8hr and four 50 uf. aliquots were taken at t=24h. The aliquots were
dituted with 1000 ul. THF and centrifuged (4000 rpm for 10 minutes at 22°C) to remove debris, The
supernatant was diluted 9x with acetonitrile and conversion determined as described in Example 4.
Chiral analysis was performed on the 24 hr samples: 0.5 volume of brine and 2 volumes of THF were
added to achieve a clean phase break and the organic phase was dried with MgSO,. The organic
phase was diluted 10x with EtOAc and analyzed as described in Example 4. Table 5 gives the SEQ
ID NO. corresponding to the ketoreductase, the number of amino acid mutations from the wild-type
ADH-LK and the conversion of 2-[3-[3-[2-(7-chloro-2-quinolinyhethenylphenyl]-3-
ketopropylbenzoic acid methyl ester to (S)-2-{3-[3-[2-(7-chloro-2-quinolinyl)ethenyljphenyl}-3-
hydroxypropylibenzoic acid methyl ester. All variants tested gave (S)-2-{3-[3-[2-(7-chloro-2-
quinolinybethenyljphenyl]-3-hydroxypropyl]benzoic acid methyl ester of >99.2% stereomeric excess

(reference standard was 99.2% ee; the undesired stereomer was undetectabie).

Table 5: Activity of ADH-LK Variants at the Indicated Temperature

SEQIDNO # of mutations ADH-LK Activity Temperature (°C)

S0 0 + 1t
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agtggaéttt tattaaaacc tgggaactga tgcaggaatt gccgaaaact 480 ggtaagacca aagccgtcgg tgtgtccaat

tittccatca acaatatcaa agaactgctg 540 gaatcgccaa ataacaaggt cgticcagea %%ca}%tca
tecgttgetg BODELYIEatg aattaatege ctittgtaaa gaaaaaggea tigtggtega ageatatage

28 1304

tcgagattca
Ccattcggct

ccgctaacgce ccecgetgetg aaagaacagg cgattatcga tatggccaaa 720 aagcacggceg tcgaaccgge gcaactgatt
atcagctggt cgattcagcg cggttatgtg 780 gtattggcca agtccgtaaa tccggagegt atcgtgtcga actttaagat ttttaccctg

840 ccagagga& atttcaaaac catctctaac ctgagcaaag tgcacggtac gqaacgygtg 900 gttgacatga aatggggctc
atttccgatt tttcaataa 939 <210> 128 <211> 312 <212>PRT <213> Artificial Sequence <220> <223>
'(PR ADH fromSaccharomyces cervisiae <400> 128 met Pro Ala Thr Leu|Lys Asn ger Ser Ala Thr Leu
Lys LelL Asn Thr 151015 Gly Ala Serlle Provalleu G \Vi Phe Gly Thr Trp Arg Ser \al Asp 202530 Asn
Asn Gly Tyr Hig Ser Val lle Ala Ala Lew Lys Ala Gly Tyr Arg 354045 His lle Asp Alaifla Ala lle Tyr Leu
Asn Glu-Glu-Glu-al-Gly-Arg-505560-Ala-He-Lys-Asp-Ser-Gly-Val-Rro-Arg-Glu-Glu-He-RPhe-He— hr Thr 65
70 75 80 Lys Eeu Trp Gly Thr Glu Gin Arg Asp Pro Glu Ala Ala teu Asn Lys 85909% Ser Leu LLys Arg
Leu GlyteuAsp TyrVatAsp teu TyrteuMet His 1001065110 TrpPro-ValrProteutys ThrAsp Arg
val Thri Asp Gi¥Asn Val Leu 115120175 R rt

82 7 + It

94 7 = 1t

102 7 -+ it

86 7 + Tt

96 7 ++ 1t

88 & =+ 1t

08 8 el 1t

70 10 A 1t

B4 10 -+ Tt

76 11 et -

74 12 e 1t

64 12 et rt

104 9 b it

68 10 ++ 1t

106 9 Tt rt

72 12 b rt

66 11 -t 1t

24 15 Aot Tt

82 11 = 35

80 12 it T

108 14 e -
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Page 73 376247-018 CS lle Pro Thr Leu Glu Asp Gly Thr Val Asp lle Asp Thr Lys Glu 130135140 Trp
Asn Phe lle Lys Thr Tgr? Glu Leu Met Gin Glu Leu Pro Lys Thr 1451501551 %%ﬁ’o}‘éﬁ% &rﬁLys Ala Val
Gly Val SeV RANBRELE: 11le Asn Asn lle 165170175 Lys Glu Leu Leu Glu Sér Pro KL RGR Lys Val Val
Pro Ala Thr Asn 180185190 Gin lle Glu lle His Pro Leu Leu Pro Gin Asp Glu Leu lle Ala Phe
195200205 Cys Lys Glu Lys Gly lle Val Val Glu Ala Tyr Ser Pro Phe Gly Ser 210215220 Ala Asn Ala

Pro Leu Leu Lys Glu Gjn Ala lle lle As; met Ala Lys 225230235240 Lys His Gly Vall_tGIu Pro Ala Gin
Leu llellle SerTrp_Ser |le Gin 245250 %5 Arg Gly Tyr Val val L eu Ala Lys ser Val Asn Pro Glu Arg lle
Val 260265276;Ser Ash Phe Lys lle Phe Thr Leu Pro Glu Asp Asp Phe Lys Thr lle 275280285 Ser Asn
Leu Ser Lys ValHis Gly Thr Lys Arg Val Val Asp Met Lys. 290295300 Trp.Gly Ser Phe Pro lleé Phe Gin
305310 <21@y 129 | <211> 1029 14 <212>DNA | <213>-AttificialSeguence r<220> <223>
GRE ABPH-from-Saccharomyees-cervisiae—<400>129atgtetgtgttecgitgtcagg-cgegaatggttttatigctc
agcacatcgt agatctgctg 60 ctgaaagaag Bttacaaagt -+ 1t

36 12 | 4t Tt

58 14 bt 35

40 13 bt 40

32 14 -+ 35

22 15 -t 40

38 14 At 40

54 15 ++++ 40

12 16 it 40

30 15 At 40

28 15 ot 40

16 i8 A 45

116 i6 4+ 40

62 15 et 44

60 15 -+ 44

52 15 et 4

56 14 At 40

26 17 et 40

14 I8 s 44

20 19 s 45

6 20 ettt 40

g 21 At 45
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aattggttcc-gcacgttctc aggaaaaagc tgaaaatttg 120 accgaagcct tcggtaacaa cccgaaattt agcatggaag
tggtgcctgav%t G %3.480 ctggatgcct tcgatcatgt attccagaaa catggtaaag atg% Bé‘g%ggé%:at 240
accgcgtccc cg%%gt t Cgatattacc gattccgaac gtgacttact gatcccggeg 300 gtaaacgg%g tcaaaggtat tttgcacagt
attaagaaat atgccgcaga cagcgtggaa 360 cgcgtggttc tgacttcatc ttacgccgeg gtatttgata tggcgaagga
aaacgataag 420 agcctgacct tcaacgaaga atcctggaat ccggegacct gggaatcgtg tcagagtgat 480 ccggtgaacy
cttattgcgg ttctaaaaaa ticgcagaga aagcagegtg ggaattetty 540 gaagaaaacc gtgatagegt gaaatttgag
ctgacagcgg tcé%cccagt ttacgttttt 600 g@ccgcaga tgttcgataa agatgitaaa aaacacttga @caccagct
cgaactggtg-6606-aactetctgatgeatetgagcectgaagat-aaaattccggaactgtttggcggttacatc 726-gacgtccgtg
acgttgcgaa agctcatctg gttgcatttc agaaacgtga aacaatcggt 780 cagcgcctga tcgtgtcgga

+: <0.03 g product per liter/g enzyme/day; ++: 0.03 to 1 g product per liter/g enzyme/day; +++: 1 to 5

g product per liter/g enzyme/day; ++++: 5 to 20 g product per liter/g enzyme/day; +++++ >20 g
product per liter/g enzyme/day. '
Example 10:  Reduction of 2-[2-[3-[3-[2-(7-chloro-2-quinoliny]) ethenyl] phenyl]-

3-oxopropyliphenyl]-2-propanol by an Engineered Ketoreductase
Derived from ADH-LK.

[€312] To an amber vial under air with stir bar was added, in order, 580 mg 2-[2-[3-[3-[2-(7-chioro-
2-quineliny) ethenyl] phenyli-3-oxopropyliphenyl]-2-propanol, 1.5 mL 100 mM
triethanolamine(chloride) buffer pH7.0, contaimng 0.89 g/l NADP-Na and 13.3 g/L of KRED variant
SEQ ID NO:20, 2 mM MgS0Oy4, 2.5 mL IPA and 0.5 mL of co-solvent (THF or toluene). The vials
were closed and immersed in an oil bath controlled at 40°C. Samples were taken (30 ul) at 6, 24, and
29h and diluted with 1500 ul. of THF; 30 pl of the diluted sample was concentrated to dryness,
dissolved in 1000 pL acetonitrile prior to HPL.C analysis for chemical conversion as described in

Example 5.

{0313} Chiral analysis was performed after working up the entire reaction mixture at 29h as follows:
the sample was diluied with 2 mL brine and 6 mL THF affording a clean phase break. The agueous
phase was extracted with ethyl acetate (3x10 mL) and the combined organic layers were dried over
MgSO4. The organic solution was filtered through a bed of Celite and concentrated to dryness. The
apalytical sample was prepared by dissolving 1 mg of the restdue in 1 ml acetonitrile and analyzed as
described in Exampie 5. (S)-1-(3-(2-(7-chloroquinoiin-2-ylyvinyl)phenyl)-3-(2-(2-hydroxypropan-2-
ylphenyDpropan-1-o! was obtained with >99% stereomeric excess. Conversion was greater than
about 67%.

Example 11:  Preparative scale production of {S)-2-[3-[3-[2-(7-chloro-2-

quinoclinyl)ethenyl]phenyli-3-hydroxypropylibenzoic acid methyl
ester.

[0314] To ajacketed 2-L 3-neck flask under nitrogen with jacket temperature set at $1°C via an
external heat exchanger and equipped with internal thermometer and mechanical stirrer at 250 rpm
was added 300 mL 100 mM pH 8.0 tricthanolamine*HC], 0.6 mL 1 M MgS0,, 3.0 g of SEQ 1D
NO:20 catalyst as prepared in Example 3, 0.1 g NADP-Na,, to give a pale yellow solution. After
stirring for 10 minutes, 100 g 2-[3-13-12-(7-chloro-2-quinoiinyl)ethenyl]phenyl]-3-ketopropyi]benzoic
acid methy] ester was added portion-wise over ~5 minutes. To the slurry was added 500 mL (390 g)

of TPA and 100 mL (85 g) toluene. The progress of the reaction was monitored by achiral HPLC as
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ggcacgtttc acgatgcagg acgttctgga cattctgaac 840 gaagactttc cagtactgaa gggcaatatc ccggtcggca
agcctggcaggc cgccacc 900 cataatactc tgggcgccac cctggacaat aaaaaaagca aaaaaté/gct (ﬂggcttcaaa
960 ttccgt ?(?%‘ a%@ggéac tattgacgat actgcgtccc agatcctgaa attcgaaggt 1856@&38? %029 <210>
130 <211> 342 <212> PRT <213> Artificial Sequence <220> <223> GRE ADH from Saccharomyces
cervisiae <400> 130 Met Ser Val Phe Val Ser Gly Ala Asn Gly Phe lle Ala Gin His lle 151015 Val Asp
Leu LeuldsetivkysnGltnAsie T ynd §s VelecGlyser dkarhrg 20RG3E Rdgeay 4s<@ M6« Set Gin Glu
Lys Alasg%]ég% l.eu Thr Glu Ala Phe Gly Asn Asn Pro 354045 Lys Phe Ser Met Glu Val Val Pro Asp
lle Ser Lys Leu Asp Ala Phe 505560 Asp His Val Phe Gin Lys His Gly Lys Asp lle Lys lle Val Leu His

657075803 1Kr £43:98#REq PR Gy R REuAS I -ddRb ASRsLEME MAGASR:LLH @DEBRE Leu lle Pro Ala
Val Asn Gly Val _Lys Gly lle Leu His S Ilec{_@s 100 051110 Lys'{

| 5 e > Ala Ala Asp Ser Val Glu Arg Val
Val Loy R T DI T DR NI AL LR A YRS P S e Ty

Phe 130135140:Asm GlueGlac8en Trpmpshiproxitadinrl TpiGly:Ser CysiGihiSemaspe 150155160

Pro val Asn AT ¥R CY S Ger sy Rbe Ala SlbilverAla Alg 463140178, Jth RluRhgdeu Glu Gl
Asn Arg Asp Ser Val L%/ég he Glu Leu Thr 180185190 Ala Val Asn Pro Val Tyr Val Phe Gly Pro Gin

met Ph@' AR YRS 1I8 266208 41 1578 B9 Vet A TS EyBPE e AT 'Asn Ser Leu Met
210215226 His e t-Seniope | HenAdp doys HelRiesshunoavhPhe &1y O@ky Byt ber225 230236240 Asp Val
Arg As%é%aé:)%éﬁsa A IS eV 3t das Bhe SIDLLYS Ald 5%%%?%?;&-&%%5%_%{4%91,%’ g Leulle

Val Ser Ala Arg Phe Thr Met 260265270 Gin Asp Val Leu Asp lle Leu Asri Glu Asp Phe Pro Val
Leu Lysa@ﬁpgpgggéﬁggtarting material), The (R)-stereoisamer was undetectable,

[0316] All publications, patents, patent applications and other documents cited in this application are
hereby tncorporated by reference in their entireties for all purposes to the same extent as if cach
individual publication, patent, patent application or other document were individually indicated to be

incorporated by reference for all purposes.
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Asn lle Pro Val Gly Lys Pro Gly Ser Gly Ala Thr His Asn Thr Leu 290295300 Gly Ala Thr Leu Asp Asn
Lys Lys Ser Lys Lys Leu Leu Gly Phe Lys 305310315320 Phe Arg Asn Leu Lys Glu Thr Ile Asp Asp
Thr Ala Ser Gin lle Leu 325330335 Lys Phe Glu Gly Arg lle 340 <210> 131 <211> 1032
<212> DNA <213> ArtificialSequence <220> <223> Codon optimized ADH from S.salmonicolor <400>

131 atggcaaaga tcgacaacgc agttctgccg gagggttcte tg@tctggt caccggegeg 60 aacggctttg tcgectagecca

© tgtggtcgaa caac@g%cacggcta taaggtgcge 120 ggcactgcetc getctgecte caaactggeg aacctgcaga
aacgttggga cgccaadatac 180 cctggtcgtt tcgagactge cgttgttgaa gacatgctga agcagggtgce atatgatgaa 240

gttattaaag gcgcggceagg tgtcgeccac atcgegtecg tggtcagctt ttctaacaaa 300 tatgatgagg tggtaactcc

tgcgatcggt ggcaggetga a}ggg%g}c tgcg%gcagct 360 gctacgcctt ccgtgaaacyg ttttgtgcetg accagcagea

ctgtttctge actgattcea 450 SRaHsTes ERGUHER fareRig A pegaeaagcthggainstige 2 dagedngat 480

 aagyctaaaa coctglutyd-mbtgltyty hgashagenynggaisiAIRCESAAEC 240 IRaRcpaaes paRgaciooe
tgcctggaaa ttca aaaac c_gcactttact 600, ctgaatgccg ttctgccaaa ctacactatc ggtacc
l9gacg 3@@-@&5 Chpaiaces aa atC gt
ttgacccaga aacccaatcc 660 ggtic At C(Yggctggatzg é?c § i eteEgdiagtartce gimeotgysy 720
ctgatgccge cgcégfﬁémgmr@@w‘@ﬁf@ataicgtgg%dﬁgﬂal@@tgggme%&ﬁ&%g&t@ﬁ% %?e}kf&aof
acgccgtcgt gtttagsg ‘ aacaccgttc tggcgacctt ccgtaaactg tatccgtcca
agacgttccc %W@Qﬁ’g‘%%%?ﬂggan AmImno acz% sequgnce that is at least 85% identical to
: 3 refe;ence sequence based on SEQ ID NO:2, 4 or 114 having the following features:

residue corresponding to X190 is proline; residne corresponding to X195 is arginine; and
the residue correspond X202 is a tryptophan,

in which the residue in the ketoreductase polypepti&e corresponding to X190 is
proline, the residue corresponding to X195 is arginine, and the residue corresponding to
X202 is tryptophan. '

2. The polypeptide of claim 1, which is capable of converting the substrate 1o the
product with a percent stereomeric excess of:

1) at least 95%; or

ii) at least 99%,

. 3. The polypeptide of elaim 1, in which the ketoreductase amino acid sequence has.
additionally one or more of the following features:

residue corresponding to X7 is histidine;
residue corresponding to X17 is methionine;
residue corresponding to X235 is aspartic acid;
residue corresponding to X27 is tyrosine;
residue corresponding to X41 is serine or alanine;
residue corresponding to X53 is aspartic acid;
residue corresponding to X57 is valine;
residue corresponding to X64 is valine;
residue corresponding t0 X66 is glutamic acid;
residue corresponding to X68 is valine;
residue corresponding to X72 is arginine;

residue corresponding to X76 is alanine;



ggctgacttt 900 ccggatcagg gccaggatct gtccaaattt gataccgccc cgagcctgga gattctgaaa 960 tccetgggcece
gccctggcetg gecgtagcatc gaggaatcta tcaaagatct ggtgggttcc 1020 376247-018 gagaccgect aal032 <210>
132 <211> 343 <212> PRT <213> Artificial Sequence <220> <223> ADH from S. salmonicolor <400>
132 Met Ala Lys lle Asp Asn Ala Val Leu Pro Glu Gly Ser Leu Val Leu 151015 Val Thr Gly Ala Asn Gly
Phe Val Ala Ser His Val Val Glu Gin Leu 202530 Leghglu His Gly Tyr Lys Val Arg Gly Thr Ala Arg ser
Ala Ser Lys 354045 Leu Ala Asn Leu Gin Lys Arg Trp Asp Ala Lys Tyr Pro Gly Arg Phe 505560 Glu
Thr Ala Val Val Glu Asgdwtetdrspoysiaindtisila:limcAse &lv:-6ae/0 75 80 Val lle Lys Gly Ala Ala Gly
Val Ala His lle Ala Ser Vdal Val Ser 859095 Phe, Ser Asn Lys Tyr Asp Glu Val Val Thr Pro Ala lle Gly
Gly Thr 100105110 L&URERORER W RES Ay AR KA Kla Thr Pro Ser Val Lys Arg Phe 115120125 Val
Leu Thr Ser Ser Thr Mail&ecoeshandite Rro(94$sRyetéinn ofall1d0d;:35140 Glu Gly lle Tyr Leu Asp Glu
Lys Ser Trp Asn Leu Gly Ser lle Asp,1451 60 Lys Ala Lys. Thr.LL.eu Pro Glu Ser Asp Pro Gin Lys
Ser Leu Trp Val 165&%%“750 qr)r/ersg?épﬁﬁ erzE%yésﬁurc ﬁﬂ&ﬁ?‘%ﬁ%ﬁ”ﬁ@ﬁl la Ala Trp Lys Phe Met |
180185190 Asp Glu BsidueyerPespiiisiidpeo X4 sucpspinkloaMalrs grePralisndiikd 541028k Thr lle Gly
Thr lle Phe Asp,. ﬁﬁ%oﬁiﬂe;rhr GIn Ser.Gly Ser Thr Ser 210215220 Gly Trp Met Met Ser Leu Phe Asn
Gly Glu Val Ser Pro Ala Leu Ala 225230235240 Leu Met Pro Pro Gin Tyr Tyr Val Ser Ala Val Asp lle
Gly Leu Leu 245250255 Misasrondiogso B0 Akstidivepradinelle Glu Arg Arg Arg Val Tyr 260265270
Gly Thr Ala Gly Thr RheiAspTERAaR o \el depy Lhr Phe Arg 275280285 Lys Leu Tyr Pro Ser
Lys Thr Phe Pro Ala Asp Phe Pro Asp Gin Gly 290% 95300 GIn Asp Leu Ser Lys Phe Asp Thr Ala Pro
Ser Leu Glu lle Leu E%@G%W%%X&%@P}SM@WO Gly Trp Arg ser lle Glu Glu Ser lle Lys

Asp 32533@8350keLpYakiGiSRI Gl FunAlai340 <210> 133 <211> 1041 <212> DNA
<213> Artificial Sequen%e <220> <223> Cqodon optimized ADH from S. coeiicoior <400> 133

atgaaggcac tgcagtacty CECCHIETP IR %t ddg BiTiEBac cgtcccggac 60 Page 76 376247-018
ccggagcecgg gececcggesdggigetghichahgatozcag radeeggagbetgeeasticc 120 gacatcgegg tgatgagcetg
geecgeegag ggetteecgt cgagfcrzggcgn%%g%%gﬁ?wq[e% ccacgagg gegtcggeac cgtggecgeg cteggegeeg
gggtgacggg getcgeedan 240 Gocgacyeny teycigtytacdiycectgy ggctgeggea cetgegecaa gtgegeggag
300 ggcaaggaga actesigectorergedgartgagetsgoeditecgtcegee ggggcteggg 360 cgtecggggt

coatggecga glacelaciapggasaARe.RARAY5Ice 09'asaRld 420 gacgggetc acccggtoge 9geggtgecy
ctcaccgacg ccggactgac geegtaccac 480 gegatcaage ggicgetgee caagetggte ceeggcteca cecgeggtggt

catcggcacc 540 ggtg@ﬁé‘ﬂé@ eEspgishescatéddgatgetiyeycgecc tgacgtcege ccgggtggte 600 geectggacg

tcagcgagga gaagcelgageicieansragic aRa0949e §G8Gead9Eg 660 gtgctgtegg acgcgaagge cgeggacgceg
gtgcgcgaga tcaccggegg teteggtgcee 720 ga gq%qtgt tcgacttcgt cggegtggeg ceccaccgtge agaccgecgg

agcegtegeg 780 gecdtelyas G angdiag GYesBEYHRYgcy gatcgetgee cgtecggctte 840 ggcatgcetge
cgttcgaggt gtcggtcaaesghecesirst SEEgEaIRIg Tagagaecty 900 accgaggtgce tgaacctgge ccgeteeggt

090003690 1020 o Ao BeE AR s IR B0 Bl 00 G5 SBABE PR <2195 Articil
Sequence <220> <223EkDbtExpmnSingaelXoddris glutamine, serine, or leucine:;

residue corresponding to X196 is leucine; " |

residﬁe.corresponding to X197 is glutamic acid;

residue corresponding to X198 is glutamic acid or glutamine;

residue corresponding to X210 is arginine;

residue corresponding to X211 is valine, leucine, threonine, or isoleucine:

residue corresponding to X212 is serine or valine;

residue corresponding to X216 is arginine; |

residue corresponding to X223 is valine;

residue corresponding to X226 is threonine;

residue corresponding to X233 is asparagine or aspartic acid;

residue corresponding to X235 is tryptophan;

residue corresponding to X248 is glycine or tryptophan;



<400> 134 Met Lys Ala Leu Gin Tyr Arg Thr lle Gly Ala Pro Pro Glu val Val 151015 Thr Val Pro Asp
Pro Glu Pro Gly Pro Gly Gin Val Leu Leu Lys Val 202530 Thr Ala Ala Gly val Cys His Ser Asp lle Ala
Val Met Ser Trp Pro 354045 Ala Glu Gly Phe Pro Tyr Glu Leu Pro Leu Thr Leu Gly His Glu Gly 505560
val Gly Thr Val Ala Ala Leu Gly Ala Gly val Thr Gly Leu Ala Glu 65707580 Gly Asp Ala val Ala val Tyr
Gly Pro Trp Gly Cys Gly Thr Cys Ala 859095 Lys CysjAla Glu Gly Lys Glu Asn Tyr Cys Leu Arg Ala
Asp Glu Leu 100105110 Gly lle Arg Pro Pro Gly Leu Gly Arg Pro Gly ser met Ala Glu Tyr 115120125

Leu Leu lle Asp Aspre¥idud ighimispoatingddrdsey W@M%@sp 130135140 Pro Val Ala Ala val Pro
Leu Thr Asp Ala Gly Thr Pro Tyr His 145150155160 Ala lle Lys Arg Ser Leu Pro Lys Leu Val Pro

eu
Gly Ser Thr Ala Val f%?i%f?g%}{ﬁeﬂélwpi? GHP ERIUDGRS RS RPse e eshivr 1dfierenssarg
180185190 Alat bekisr BlnriGeschd acidnd/pbaitid:A las eethpspd\takiGerlencdtdqyent85200205 Leu Arg Leu
Ala Arg Ala val Gly Ala His Glu Ala Val Leu ser Asp 210215220 Ala Lys Ala Ala Asp Ala Val Arg Glu lle
Thr Gly Gly Leu Gly Ala 225230235240 Glu Ala Val Phe Asp Phe val Gly Val Ala Pro Thr Val Gin Thr
Ala 245250255 Gly Alz Yalyatpiila df al@BiulGly weplvake HutdredudatdSly lle Gly 260265270 Gly Gly Ser

Leu Pro Val Gly Phe.Gl ey P . er.ar 28 la. Pyo. Tyr Trp, Gly Ser
Arg Ser Glu Leu Thrlg‘fléflyaﬁgl%seIEJH1 2%%%%%%6%%%@ %usre g?g%%%zgf%@@;@{% gf \llé’l Lﬁ’sﬁlihr Glu Thr
Tyr Ser 305319818320 Raget 770,386 2073631 84. 80, A KEPAIAZ i LU MatOy G I64AGS L& His Glu

Gly Arg Val 79 75 74 7820330385 AseEheAsg Ala MRl 'i%é—,%‘é)é?%ﬂl"ﬁ@% 340345 <210> 135 <211>
1056 <212> DNA <213> Artificial Sequence <220> <223> Codon’ optimizéd ADH-TB from T brockii

<400> 135 atgaaafytt WEECARCEYRTEAREJhE WRaH bRt aiRabe agasdhrdegidessticcaggce
cgticgatgc aattgtaesiesCEIACatAR0eaCceGdRACCaUNgMtR, and wherein the ketoreductase

optionally comprises an amino acid sequence corresponding to SEQ ID NO: 86, 88 or
96; or _
| iii) is capable of converting the subsirate to the product at a rate that is at least
50-250 times greater than the reference polypeptide, and wherein the ketoreductase
optionally comprises an amino acid sequence corresponding to SEQ ID NQ: 10, 32, 34,
36, 50, 64, 66, 68, 70, 72, 74,76, 78, 80, 82, 84, 98, 104, 106, and 108.

5. The polypeptide of claim 1, which is capable of:

1) converting the substrate to the product at a rate that is at least 250-1000 times
greater than the reference polypeptide, and wherein the ketoreductase optionally
comprises an amino acid sequence corresponding to SEQ ID NO: 12, 18, 22, 24, 26, 28,
30, 38, 40, 52, 54, 56, 58, 60, 62, and 110; or

ii) converting the substrate to the product at a rate that is at least 1000 times
greater than the reference polypeptide, and wherein the ketoreductase optionally
comprises an amino acid sequence corresponding to SEQ ID NO: 6, 8, 14, 16, and 20; or

1it) converting at least 95% of the substrate to the product in less than 24 hours
when carmried out with greater than 100 g/l of substrate and less than 5 g/L. of the
polypeptide, and wherein the ketoreductase optionally comprises an amino acid

sequence corresponding to SEQ ID NO: 6, g, 14, 16, and 20.

6. The polypeptide of claim 1, which has an improved resistance to acetone as a
competitive inhibitor to the conversion of the substrate to the product as compared to the

reference polypeptide, and wherein the ketorednctase optionally comprises an amino



attcatactg tgtttgaagg tgccattggc gagcgtcaca atatgattct gggccatgaa 180 gccgttggtg aagttgttga
ggttggcagc gaagtgaagg atttcaaacc gggcgatcge 240 gttgtcgttc cagcgattac cccggattgg cgcaccagcg
aagtccagcg cggctaccat 300 cagcactctg gcggcatgét ccggctgg aaattcagca atgtaaagga tggtgtgttc 360
ggtgaatttt ttcacgttaa cgacgcagac atgaatctgg cgcacctgcc gaaagaaatc 420 ccgctggaag cagcggttat
gattccggat ( gt 0.C ca it tacg gg{ tactgg
gcatcggtccggég%gg cg%%%l%%e%%%ag%gg gcgctaa g%%@%%%giig%??%%%a%%%c%@ c%.t:gc 600
ccggtgtgty ¥ggadgo6gd tadbiattatagigcasct, #abdiced BacaagTmhCA604gJ6cTaaRg,Rtctdagat
catgaacctgs%cs%%?ggsg% Lﬂalq)%?%g? aﬁgc‘l(i%ggatt 720 atcgctggceg gcaacgccga catcatggeg

7. A polynucleotide encoding a polypeptide according to any one of claims 1-6, and
which optionally comprises a sequence selected from SEQ ID NO: 5, 7, 9, 11, 13, 15,
17,19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69,
71,73,75,77, 79, 81, 83, 85, 87, 89, 95, 97, 103, 105, 107, and 109.

8. An expression vector comprising the polynucleotide of claim 7 operably linked

to control sequences suitable for directing expression in a host cell.
9. A host cell comprising the expression vector of claim §.

10. A composition comprising:
a) a ketoreductase of:
i) any one of claims 1-6; or

1i) a ketoreductase polypeptide capable of converting the substrate 2-[3-
[3-[2~(7-chioro-2-quinolinyl) ethenyl] phenyl]-3-oxopropyl] benzoic acid methyl
ester to the product (8,E)-methyl  2-(3-(3-(2-(7-chloroquinolin-2-
yhvinyl)phenyl)-3-hydroxypropyl)benzoate at a rate that is at least 1.5 times the
rate of the polypeptide of SEQ ID NO:4, which comprises an amino acid
sequence that is at least 85% identical to a reference sequence based on SEQ ID
NO:Z, 4 or 114 having the following features: residue corresponding to X190 is
proline, and residue corresponding to X202 is tryptophan; in which the residue
corresponding to X190 is proline, and the residue corresponding to X202 is

tryptophan; and

b) a substrate 2-[3-[3-{2-(7-chloro-2-quinolinyl) ethenyl] phenyl]-3-oxopropyi]

benzoic acid methyl ester of structural formula (I)



accgcagtta aaatcgtcaa gccaggtggt 780 actattgcta acgtcaacta cttcggcgaa ggtgaggtcc tgcctgtcec
acgtctggaa 840 tggggttgcg gtatggcaca taaaaccatt aaaggtggcc tgtgcccagg cggcecgtcetg 900 cgtatggaac
gcctgatcga tctggtettc tacaaacgceg tggatcctag caaadtgfytg 960 actcacgttt tccgeggcett tgataacatc
gaaaaagctt ttatgctgat gaaagataaa 1020 ccgaaagatc tgattaaacc ggttgtcatc ctggct 1056 <210> 136
<211> 352 <212> PRT <213> Artificial Sequence <220> <223> ADH-TB from T brockii <400> 136 Met
Lys Gly Phe Ala Met Leu Ser lle-GhgtySVal Gly Trp lle Gju 151045, lu Lys Pro Ala Pro Gly Pro
Phe Asp Ala lle Val Arg Pro Le r@ :

Ala 354045 lle Gly Glu‘Arg Elis Ash Mét 1le Teu Of Ala Vf Glu 505560 Val val Glu Val Gly
Ser Glu Val Lys Asp Phe Lys Pro Gly Asp Arg 65¥Q7280 Val Val¥alPro Ala lle Thr Pro Asp Trp Arg
Thr Ser Glu Val GIn 859095 Arg Gly Tyr His GIn His Ser Gly Gly Met Leu Ala Gly Trp Lys Phe
100105110 Ser pwadaal Lys AgpighnMakPhe Gy Bl Rhelhaddisi@AsRiend G2k Ala Asp
Met Asn Leu Ala His Leu Pro Lys Glu lle Pro Leu Glu Ala 130135140 Ala Val Met lle Pro Asp Met Met
Thr Thr Gly PRECEIPIERY AhsEnTe 42 158588 d0 I aAsp lle Glu Leu Gly Ala Thr Val Ala Val Leu
Gly lle Gly 165170175 Pro Val Gly Leu Met Ala Val Ala Gly Ala Lys Leu Arg Gly Ala Gly 180185190
Page 78 376247-018 O& -0OCH3

= OH

HAARA CAe s

a substrate 2-[2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl] phenyl]-3-oxopropyl]phenyl]-
2-propanol of structural formula (III)

k]

(1ID)

or a product (8,E)-1-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-(2-(2-
hydroxypropan-2-yl)phenyl)propan-1-ol of structural formula (IV)

MRS Gl &

11.  The composition of claim 10 in which the substrate is:

1) the substrate of structural formula (I) and the composition further includes the
product of structural formula (II); or

ii) the substrate of structural formula (II) and the composition further includes the
product of structural formula (IV).



Arg lle lle Ala Val Gly Ser Arg Pro Val Cys Val Asp Ala Ala Lys 195200205 Tyr Tyr Gly Ala Thr Asp lle
Val Asn Tyr Lys Asp Gly Pro lle Glu 210215220 Ser Gin lle Met Asn Leu Thr Glu Gly Lys Gly Val Asp
Ala Ala lle 225230235240 lle Ala Gly Gly Asn AlalA8p lle Met Ala Thr Ala Val Lys lle Val 245250255
Lys Pro Gly Gly Thr lle Ala Asn Val Asn Tyr Phe Gly Glu Gly Glu 260265270 val Leu Pro Val Pro Arg
Leu Glu TraBly CysdblyiMet Addudiad yse2sh280283- T Ileolys GlvGly bemaysyBredalyGly Arg Leu
Arg Met Glu Ar 0295300 L.eu lle Asp Leu val Phe Tyr Lys Arg Val Asp Pro Ser Lys Leu Val
305310315830 fir FECDPy S&é"&ﬂ?‘ﬁ*ﬁ@ﬁ% ASSTRE &myje Bla Phe Met Leu 325330335 Met Lys
Asp Lys Pro Lys Asp Leu lle Lys Pro Val Val lle Leu Ala 340345350 <210> 137 <211> 1125 <212>
DNA <213> AtrtificialSequence < > <223> Codon optimizechDl-thqg Horse Liver, E form

<400> 137 atgagcacag cag | idagctg tgcigtggga ggaaaagaaa 60 ccattttcca

to the product (S,E}-methyl 2-(3-(3-(2-(7-chloroguinolin-2-ylvinylyphenyl)-3-
hydroxypropyl)benzoate of formula (II)

(D)

which comprises contacting the substrate of formula (I) with the ketoreductase

polypeptide of:
1) any one of claims 1-6; or

ii) a ketoreductase polypeptide capable of converting the substrate 2-[3-{3-[2-(7-
chloro-2-quinolinyl) ethenyl] phenyl]-3-oxopropyl] benzoic acid methyl ester to the
product (8,E)-methyl 2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-
hydroxypropyl)benzoate at a rate that is at least 1.5 times the rate of the polypeptide of
SEQ ID NO:4, which comprises an amino acid sequence that is at least 85% identical to
a reference sequence based on SEQ ID NO:2, 4 or 114 having the following features:
residue corresponding to X190 is proline, and residue corresponding to X202 is
tryptophan; in which the residue corresponding to X190 is proline, and the residue

corresponding to X202 is tryptophan,

under reaction conditions suitable for reducing or converting the substrate to the

product of formula (II).

13.  The method of claim 12 in which:
1) the product is present at an stereomeric excess greater than about 99%; or

ii) at least 95% of the substrate is reduced to the product in less than 24 hours,

wherein the concentration of the substrate is at least 100 g/L and the concentration of



ttactcctca gtgtgggaaa 300 tgccgtgttt gtaaacaccc tgaaggcaac ttctgcttga aaaatgatct gagcatgcect 360
cgtgggacca tgcaggatgg taccagccgt ttcacctgcc gtgggaagcc tatccaccac 420 ttcctgggca ccagcacctt
ctcccagtac accgtggtgg acgagatctc agtggccaag 480%tcgatgcgg cctcaccgct ggagaaagtc tgtctgattg
gctgtgggtt ttctactggt 540 tatgggtctg cagtcaaggt tgccaaggtc acccagggct ccacctgtge cgtgtttgge 600

ctggggggoakeganciainillialaaly aasalaaRg SFRUGIIIGHC HIGRAYIAGHR0.AfYggal9g agaicaacaa
agacaagttt gca%ge%gcca aagaagtggg %gi%ctg&g 720 tggtcaa%%gctcaggacta cg%gaaacct atccaggagg

tgctgacaga HAfggRERte/ 88 SEEGERaRYS RetkEA P SH Ayt bytdiand Hbaccatggt gactgecttg 840
tcatgctgtc aagaagcata tggtgtgage gtcatcgtag gggtacctce

14. A method for reducing the substrate 2-[2-{3-[3-[2~(7-chloro-2-quinolinyl}
ethenyl] phenyl]-3-oxopropyl]phenyl}-2-propanol of formula (II)

VT

to the product (S,E)-1-(3~(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-(2-(2-
hydroxypropan-2-yl)phenyl)propan-1-ol, which comprises contacting the substrate of
formula (IIT) with the ketoreductase polypeptide of:

1} any one of claims 1-6; or

1) a ketoreductase polypeptide capable of converting the substrate 2-[3-[3-[2-(7-
chioro-2-quinolinyl) ethenyl} phenyl}-3-oxopropyl] benzoic acid methyl ester to the
product (8,E)-methyl 2-(3-(3-(2-(7-chloroguinolin-2-yl)vinyl)phenyl)-3-
hydroxypropyl)benzoate at a rate that is at least 1.5 times the rate of the polypeptide of
SEQ ID NO:4, which comprises an amino acid sequence that is at least 85% identical to
a reference sequence based on SEQ ID NO:2, 4 or 114 having the following features:
residue corresponding to X190 is proline, and residue corresponding to X202 is
tryptophan; in which the residue corresponding to X190 is proline, and the residue

corresponding to X202 is tryptophan,

under reaction conditions suitable for reducing the substrate to the product of

formula (IV)

(V) ¢

15. The method of claim 14, wherein:

1) the product is present at an stereomeric excess greater than about 99%; or



tgattcccaa 900 aatctgtcta tgaatcctat gttgctgctg agtgggcegta cctggaaagg ggctattttt 960 ggtggtttta
agagtaaaga ttctgtccct aaactggtgg ccgattttat ggctaaaaag 1020 tttgcactgg atcctttaat cacccatgtt ttaccttttg
aaaaaattaa tgaagggttt 1080 gacctgctgc getctggggaFagtatcegt accatcctga cgttt 1125 <210> 138
<211> 375 <212> PRT <213> Artificial Sequence <220> <223> ADH from Horse Liver, E form <400>
138 Met Ser Thr fjaGbakyssVablienkys:biytte/s AdvdaiVal fxe byt Gl ShuLysilys Pro Phe
Ser lle Glu Glu Val Glu Val Ala Pro Pro 202530 Lys Ala His Glu Val Arg lle Lys Met Val Ala Thr Gly lle
Cys Arg 35X04EEe RGNS TRV ANAF SBPEReris: tdgayal ¥hetrandbihproviarbagenre
376247-0181R0B5RP i MaSIsHiBda1S AR Al GiyhipiakicIn Sesdiei GGl G657 975380 val Thr
Thr Val Arg Pro Gly Asp Lys Val lle Pro Leu Phe Thr Pro 859095 Gin Cys Gly Lys Cys Arg Val Cys
Lys His Pro®if B2 PrLceyeseopdns1a8Q &3 1N Ash-Adp i@ Met Pro Arg Gly Thr Met Gin
Asp Gly Thr 115120125 ser Arg Phe Thr Cys Arg Gly Lys Pro lle His His Phe Leu Gly Thr 130135140
Ser Thr Phe Ser Gin Tyr Thr Val Val Asp Glu lle Ser Val Ala Lys 145150155160 lle Asp Ala Ala Ser
Pro Leu Glu Lys val Cys Leu %e Gl s Gly 165170175 Phe Ser Thr. Gly Tyr Gly Ser Ala Val Lys Val
Ala Lys vaI%‘r G%n“i‘%})éigg‘ib f‘(ﬁpg}vlé%lﬁlfﬁ CREPOUPP RS B 1A ‘Gly Val Gly Leu Ser Val
195200205 lle met Gly Cys Lys Ala Ala Gly Ala Ala Arg lle lle Gly Val Asp 210215220 lle Asn Lys Asp
Lys Phe Ala Lys Ala Lys Glu Val Gly s vaFAsn Pro Gin Asp Tyr Lys Lys

Pro lle Gin Glu val Leu Thr (XX) Gly Gly val Asp Phe Ser Phe
Glu Val lle Gly Arg ¢

wherein R1 is an alkylsufonyl or arylsulfonyl, the method comprising: (a)
reducing the substrate 2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl} phenyl]-3-oxopropyl]

benzoic acid methyl ester of formula (1)

to the product (SE)methyl 2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-
hydroxypropyl)benzoate of formula (I)

(1D

by contacting the substrate of formula (I) with the ketoreductase polypeptide of;
i) any one of claims 1-6: or

i) a ketoreductase polypeptide capable of converting the substrate 2-{3-[3-[2-(7-
chloro-2-quinolinyl) ethenyl] phenyl]-3-oxopropyl] benzoic acid methyl ester to the
product (S,E)}-methyl 2-(3-(3~(2-(7-chloroquinolin-2-yl}vinyl)phenyl)-3-
hydroxypropyl)benzoate at a rate that is at least 1.5 times the rate of the polypeptide of
SEQ ID NO:4, which comprises an amino acid sequence that is at least 85% identical to
a reference sequence based on SEQ ID NO:2, 4 or 114 having the following features:



260265270 Leu Asp Thr Met Val Thr Ala Leu Ser Cys Cys GIn Glu Ala Tyr Gly 275280285 Val Ser val
lle Val Gly Val Pro Pro Asp Ser Gin Asn Leu Ser met 290295300 Asn Pro Met Leu Leu Leu Ser Gly
Arg Thr Trp Lys Gly Ala lle Phe 305310315320 Glg?%ly Phe Lys Ser Lys Asp Ser Val Pro Lys Leu val
Ala Asp Phe 325330335 Met Ala Lys Lys Phe Ala Leu Asp Pro Leu lle Thr His Val Leu Pro 340345350
Phe Glu Lyscheiksn@Gias@iydite sy L2l LepaipSen@lyrGidiSer@55360365% AT hritle Leu Thr
Phe 37037%1 <2é0ﬁa%3€13n<‘%}cﬁ g;{g}:@é g{l;%r;l'e<201 . Argfgl;l %e uence <220<f <223> Engineered
Ketoreducta@gJ Bquénce ormuta with L. mlnorSBac one” 3> yﬁfﬂéﬁg’égnsg?ﬁc{eé > <221>
MISC_FEAGdIREp«2PBe (6)X DR <223ptdidmns a constrained or non-polar residue <220> <221>

MISC_FEATURE&%ZZ; N..(17 §223> Xg%fsfa noncigolar or ali h%gic reég}i%ueb;220> <221>
MISC_FEATURE $25235(25)" ($8) S525SYaRIE S hOMAr SPETEiCVESTHIRE 56287518 o> <001>
MISC_FEABtdREet< 82 Xo(Rif)a (21); <22BXWaacscangnhmatieniesidd ecf220ms1d2 TH) MISE_MmEATURE

<222>(41)..(41) <223>.Xaa,s a polar,.aliphatic, gr non-polar residue <220> <221> MISC_FEATURE
re(53) 15 SRR R & S R e eSS S Fre ek ure
<222>(57).£6mpe22BXXKNp md ndrenlaomi@lithatiber etigialfA20>haAdd S VGG o ATARE
<222>(64)., E <223> Xaa is a polar, aliphatic, or non-polar residue <220> <221> MISC_FEATURE
<222>(66)..{ ff;” 23> xaa is an acidic residue <220> <221> MISC_FEATURE <222>(68)..(68) <223>
Xaa is a polar, acidic, aliphatic, or non-polar residue <220> <221> MISC_FEATURE <222>(72)..(72)
<223> Xaa is a basic residue <220> <221> MISC_FEATURE <222>(76).,(76) <223> Xaa is an

aliphatic, nqryPolat, B BRI IEEEHRHEER T HetcbmMimsa S ro R %7 >(80) - (80)

o - __R1
(XXI) C[ON//

TG

wheremn R1 is an alkylsufonyl or arylsulfonyl, the method comprising: (a)

OH

reducing the substrate 2-[2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl] phenyl]-3-
oxopropyl]phenyl]-2-propanol of formula (11T}

@ g

to the = product (8,E}-1-(3-(2-(7-chloroquinolin-2-yl)vinyliphenyl)-3-(2-(2-
hydroxypropan-2-yl)phenyl)propan-1-ol of formula (IV)

HO
s H

TeTTTOTTC

by contacting the substrate of formula (III) with the ketoreductase polypeptide of:
1) any one of claims 1-6; or

1} a ketoreductase polypeptide capable of converting the substrate 2-[3-[3-[2-(7-
chloro-2-quinolinyl) ethenyl] phenylj-3-oxopropyl] benzoic acid methyl ester to the



<223> Xaa is an aliphatic, non-polar, or polar residue <220> <221> MISC_FEATURE <222>(93)..(93)
<223> Xaa is is a polar, aliphatic, or non-polar reﬁigéje <220> <221> MISC_FEATURE <222>(94)..(94)
<223> Xaa is a cysteine, aliphatic, or non-polar residue <220> <221> MISC_FEATURE
<222>(95)..(95) <223> xaa is an aliphatic, non-polar, or acidic residue <220> <221> MISC_FEATURE
<222>(96). B76247-0185Bpmsthsh is is2a3yfikite| peldpratipiwtin-dnhbingbihandidie <220>
<22L> IS EEATHRRSEERA(O T (I SRR %0 93 £ Sasbained.or Belae Igsigus el <221>
MISC_FEATURE <222>(100)..(100) <223> xaa is a basic, acidic, polar, aliphatic; or'non-polar residue
<220> <22 BENISCN e AT FiEc 2 Pristd 08 piiiosyeid 38gukaac shatbasid enst Shktrdinmstt abkidue <220>
<221> MIS¢ _EEATURE <2223(111) (1A N2 R yraayl j ic resi <220> <221>
MISC_FEA%URE6<222> u139)-(139) <223>bxaa IS an%%%l%ﬁ%&%g @%@ﬁ‘%’f 201>
MISC_FEATRSRE <222spongng146YJdP03s xpeeinen asldicsaliphaticaspostingokar pe&idués<220>
<221> MIS IRE 522324 7).(147).5723 s tic, aliphati -polar residue
{ :

<220> <221§>3"EIE\/|§I‘@C1;1%_1J FEATU%I(Q%E <%§25> 151??(1%?%%%%!%&%2@%%§§%e ,dn%ﬁr‘{i]gg?%ugr aliphatic
residue <220xespRadiMISCCREATURERRE2>(152)..(152) <223> xaa is a polar, aromatic, aliphatic, or
non-polar residu > 1> Mk <222>(163).. <2 Xaa l rpolar or
aliphatic residueﬁgg%%geag%icﬁﬂ%éﬁgjﬂé;%ﬁ%%%%zéﬁ?:{ré%)%%(%@?gggz%aﬁ?géa%ggwﬁon-polar or
aliphatic regithderet 200 fozraale> (M5 Gné EAT RERD 2Be (7B R(rd o 2R8mlaa @/ arvatidiz, non-polar
or aliphatic residue:. <220 > E <222>(179)..(179 >.xaa is an aromatic,
ool aliphé@ﬁgﬁﬁﬁggéﬁr%ﬁ %l\%%ue fealtShM WG @27 ol Mubhi A 3R R A2

compound (XXI), and wherein optionally the alkylsulfonyl halide is methylsulfonyl

chloride.

18. A method for the synthesis of compound (V)

V)

or salts, hydrates or solvates thereof, wherein a step in the method comprises
reducing the substrate 2-[3-[3-[2-(7-chloro-2-quinolinyl) ethenyl] phenyli-3-oxopropyl]

benzoic acid methyl ester of formula (1)

to the product (S,E)-methyl 2-(3-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl}-3-
hydroxypropyl}benzoate of formula (II)

LI




<220> 376247-018 <221> MISC_FEATURE <222>(190)..(190) <223> Xaa is a constrained residue
<220> <221> MISC_FEATURE <222>(194)..(194) <223> Xaa is a constrained, polar, aliphatic, or
non-polar residue <220> <221> MISC_FEATURE!2222>(195)..(195) <223> xaa is a basic, acidic,
non-polar, or polar residue <220> <221> MISC_FEATURE <222>(196)..(196) <223> Xaa is a

non-polar obpkiphaiitngsitues@2e of ZatruM IOy itk AbUBbre222ad filyidfiided23> Xaa is an
acidic residue <220> <221> MISC_FEATURE <222>(198)..(198) <223> Xaa is an acidic or polar
residue <220> <22y MISGEE dHEATURE<222>(202)..(202) <223> xaa is an aromatic residue <220>
<221> MISC_FEATURE <222>(210)..(210) <223> Xaa is a polar or basic residue <220> <221>
MISC_FEATURE k@ Reo@8 1421 plvpesidXarpidis atbasivealiphatic stienepelar] a¢ic-or polar

residue <220> <221> MISC ,FEATU 22 12)..(212 23> Xaa is a polar, aliphatic, or
non-polar ré%?é) 6‘5‘%&38@%55%%@?%&’@ g’ "<2§3§§E@1<§)?‘?&’i%)a9§§’>g§t§a&i§f§ d8ntffained or
basic residyegod220> <221> N8 SE AT URE2Z<222>(223)ciR23) widid 8- XadisnaInsiepalas-or aliphatic
residue <220> <221> MISC_FEATURE <222>(226)..(226) <223> Xaa is a non-polar or _polar residue
200 <o A E PO S A ToA e D AT A SRS 250 Bf G YEERAE Plage 03
376247-018ELp> N2, it B oA REar222 2 *BS)q (2859 2P R axRasS33 Rdldndicar egnatic.
residue <220> 221> MISC FEATURE ~(248) 223> Xaa Is a_non-polay or aromatic
residue <2 Zaogeé:é%g Rﬁ%&{fﬁ’ﬁ%ﬁﬁ §g62ﬁ£2166)2(, 4 o)r i%zg}laymg tﬁe f&?oweng {’eatures:

residue corresponding to X190 is proline, and residue corresponding to X202 is

tryptophan; in which the residue corresponding to X190 is proline, and the residue

corresponding to X202 is tryptophan,

under reaction conditions suitable for reducing or converting the substrate to the

product of formula (11).

19. A method for the synthesis of compound (V)

V)

or salts, hydrates or solvates thereof, wherein a step in the method comprises
reducing  substrate  2-[2-[3-[3-[2-(7-chloro-2-quinolinyl)  ethenyl]  phenyi]-3-
oxopropyl]phenyl]-2-propanol of formula (III)

SN o HO

EAAAR G ha &

to- the  product (S,E)-1-(3-(2-(7-chloroquinolin-2-yl)vinyl)phenyl)-3-(2-(2-
hydroxypropan-2-yl)phenyl)propan-1-ol of formula (IV)



<222>(249)..(249) <223> xaa is an aromatic residue <400> 139 Met Thr Asp Arg Leu Lys Xaa Lys Val
Ala lle Val Thr Gly Gly Thr 151015 Leu Gly lle Gly Leu Ala lle Ala Asp Lys Phe Val Glu Glu Gly Ala
202530 Lys Val Val lle Thr Gly Arg His Xaa Asp V& Gly Glu Lys Ala Ala 354045 Arg Ser lle Gly Xaa
Thr Asp Val lle Arg Phe Val GIn His AS xaa 505560 Ser Asp Glu Xaa Gly Trp Thr Lys Leu Phe Asp
Xaa Thr Glu Glu Xaa 65 70 75 80 Phe Gly Pro Val Thr Thr Val Yal ASn ASn Ala Gly Xaa Xaa Xaa Xaa
859095 Xaa Ser Val Xaa Asp Thf T Th AN
Asp Gly Val Phe Phe R}y Thr Alg Lel Gl IIe/G
lle lle Asn Met Ser Sér lle 180135740 Xaa Gly Xag
Lys 145150155160 Gly Ala Val Arg lle Met Ser L 5 S 3
Asp Xaa Asp Val Arg Val Asn Thr Val His Pro Gly Xaa lle Lys 180185190 Thr Xaa Xaa Val Asp Xaa
Leu Glu GlyXaatsatinGthasebsireteS€ f@inulH620020b heditaceciad s Frpietichf:Xaa lle Gly Glu
Pro Asn Asp lle Ala 210215220 Trp lle Cys Val Tyr Leu Ala Ser Xaa Glu Xaa Lys Phe Ala Thr Gly 225
230 235 240 Ald) @&y Preofalaizisilsp;@ly Xaa Tyr Thr Ala GIn 245250

ii) a ketoreductase polypeptide capable of converting the substrate 2-[3-[3-[2-(7-
chloro-2-quinolinyl) ethenyl] phenyl]-3-oxopropyl] benzoic acid methyl ester to the
product : (S,E)—mcfhyi 2—(3-(3-(2—(7—chléroquinolin»Z~y1)viny1)pheny1)~3-
hy&roxypropyl)benzoate at a rate that is at least 1.5 times the rate of the polypeptide of
SEQ ID NO:4, which comprises an émino acid sequence that is at least 85% identical o
a reference sequence Based on SEQ ID NO:2, 4 or 114 having the following features:
residue corresponding to X190 is proline, and residue corresponding to X202 is
tryptophan; in which the residue corresponding to X190 is proline, and the residue
corresponding to X202 is tryptophan, |

under reaction conditions suitable for reducing the substrate to the product of

formula (IV).



